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S U M M A R Y[ Stat~ iien t of

r This report is an assessment of the st ructure  and the capacity

of the U.S. aircraft turbine engine industry . The pu r po se of the

I] report is to assist the DOD in developing appropriate policies for

the acquisition of aircraft turbines and for surge planning .

Characteristics of the Aircraft Turbine En Inc Industry

o The Aircraf t  Turbine Engine market is one of the most highl y

conc entrated industries in the U .S .  with four  of i ts seven m a n u f a c t u r e r s

accounting for over 90 per cen t of outpu t in rec en t years.  The size of

the market for  military eng ines has declined from $3.75 billion in 1966

to $2.00 billion in 1975 (in constant 1975 dollars) . The market share

‘I of the two leading manufac turers (Pra t t  & Whi tney  and General Elec tric)

has increased from 67 percen t to 80 percent.  This trend to fewer acqui—

j sition dollar s and an increasing degree of concen tration is also eviden t

in 12 of 13 o ther DoD procuremen t categories.  The leading manufac turer s

are obtaining a larger share of the f ewer dollar s spent. However , ther e

has been no manufacturer  ~~iting from the turbine market in the last

12 years.

o The turbin e engine market  consists of 6 submarkets whose products

are d i f fe ren t ia ted  by engine characteris tics , tech nology , m a n u f a c t u r i ng

scale and marke t size. Each submarke t a t tr ac t s  a d i f f e r e n t  set of

manufac turers .  Two submarkets have accounted for  over 80 per cen t of

- 
production by weight in the 1961— 1975 t ine  period . These su bmarkets  ar e

[ i 
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turbojet  and tu rbofan  eng ines in the 6 ,000— 18 , 000 lbs. of t h r u s t

class and 18 , 000—55 , 000 lbs. of t h r u s t  class. Although there are

7 manufac turers  of turbine  engines in the U . S . ,  the max imum number

of manufacturer s in any submarket is four. In the two major sub—

markets there are onl y three and two m a n u f a c t u r e r s  respec t ively .

o Product ion in the 1961—75 time period has been chara~~tcr i~ ed

by a prominen t peak in 1966— 1968. This peak was caused b y a c oinbi n a—

tion of Vietnam War surge d emand , strong DoD major  weapon ac qu is i t ion

and a peak in civilian engine d ema nd . S ince 1968 , produc t i on  has

dec lin ed and was signif icantly lower in 1972— 1975 than a t  any tim e in

the last  15 yea rs .  Annual produ c tion in 1971—75 , as measu r ed by

weight of engines , was 49 percen t of production in the 19(~~—7O period

and 75 percen t of production in the 1961—65 period .

• o Lead times fo r  ce r ta in  component pa r t s  hav e var ied ever tim e,

with shor tes t  lead t imes in the 1963—1 .96 7 pe riod and i o ng t st  lead t imes

in the 1971— 1974 p eriod. T yp ica lly lead t imes fo r con trols was around

11 months in 1965 and 15 months in 1973. Overall eng ine lead times

varied from 10 to 21 mon ths .

O ~~p1oymcn t of production workers  and outpu t during the 196 1—75

period were closely related . The averag e production in 196 1—7 5 was 14 .~

million pounds of engines annuall y.  The marg inal number of p r e d n c t i on

workers required to produce an addi~ ic’na 1. m i l l i on  pound s ci en~’, in. -; w.i .~

1730. A much wea ker rc1at~ onship exi st s  between engineer  in  and

managerial sta tT f and ou tpu t .

— ii -
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• o Labor productivity measured by pound s of eng ine per production

• worker over the 196 1—7 5 per iod shows tha t the peak p roduc t i v i ty  of

315 pounds per year per production worker occurred during the 1966— 68

production period . Curren t p r o d u c t iv i ty  is the lowest  tfl th e  t im e

period and is Less than 175 pound s pe r worker per y e a r .  L . i r :e  amoun t ;

of s ub con t r a c t i ng  during the peak t~~~—~S per iod na’. inflate s e u t w h , i t

the  appa ren t produc dv it  -3f ~-erkers in th e indu s  ~r v  du r f a ~ t h i ~ per  ‘ c J.

o Al though tur b  inc eng m e  prod uc ~ i en has dcci’ eased by 4 ‘~ p er c en t ,

data available on indus t ry  f loor  space shows no si .~~’i f i c an t  c e n t r a c t i e n.

o A rap id inc rease in product ion occurred in the 1965—i ~n7 per ied ,

r ising from 13.4 mil l ion pounds to 25.2 mill ion pounds.  S t u dy  of da~ a

in this period provides the fo l low ing insights into p r o d u c t i o n  in torii~s

of surge.

0 A s ign i f ican t pa r t  of the  tu rb ine  eng ine  i n d u s t ry  surge  —

r capacity  depend s on the subcontractors. It aprears ,

from limited data , tha t the  make buy ratio shi ~ t s  i rom

around 50/50 in periods of non—peak p r o d u c t i o n  to ~0/ 7O

in periods of peak p roduc t i on .

o Third sh i f t s  in periods of surge beccii e 15—25 percen t of

• the wo r k .Eorcc as compared to 5— 15 percen t in o ther t i m e s .

Second shift uti].iaatiou does no t  change drastically .

o Surge capacity is the m ax i m u m  produt’ tion capahilit w i t h  p r e s en t

• plant and equ ipnen t , assuming uni  tin I ted labor and ra ter  i at  ~~ pp 1 ~cs. The

• calculation of this surge  cap.ie i ty  however is i i p r ce  se w i t h  no cue

m et hod bei ng comp letel y sa t -tsf  ac tory .

—
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a H i st o rical per iods  of peak p roduc t i on  (1967— 8) caii be

taken as prov t~n p roduc t i on  c a p a c i ty .  Assuming no chang e

in cap a c i ty  and p lan t between 1968 and 1975 , and the same

subcon trac tor c a p a c it y , est ~ m a t c s  can be made of the  r e lat i on -

ships of peak pt oduc t ion  to pre sen t pr o du e  t i on .  The r a t  to

of 1975 produc i ton to p o i h  ‘-e ar  p r o c u c  t ica  f o r  t~~; t . indus t r . ’

as a whole  is i/ .  .6 or . ~3.  B e c a u s e  i i i  it a ry  p r o d u c t i on

cousL i  t u te s  abou t 50 p er c en t  of c u r re n t p r o d u c t  ~on , sur ~;e

m i l i t a ry  p r o d u c t i o n  could p o t e n t ia l ly  be increased 1~v ab o u t

500 p er c e nt  based upon this e s ti ma t e .  Th i s  percen ta~~e

var ies  among the d i ff e r e nt  t u r b i n e  ens, ine submarkets. For

very l a rge  t ur b o sh a f t  engines ( 
~~~- 2000 lip) and tu r b o j et

eng ines (13—55 thousand lb s .  of t h r u s t ) , surg e r a t i o s  (1~~75

to peak year p r od u c t i on )  ar c  a b o u t  . 5. For smaller  eng i n e

mar !
~
e ts  the surge r a t ios  arc in the • 15 to .5 r a u~’ e.

o H iat o r  ~cal surge  r a t e s  can also p r ov ’de  some e s r -aa tcs  of

wha t p er fo rm ance  m i g h t  be exp ect e d  in t imes of f u t u r e  su rge .

From 1965 to 1967 , t o t a l  industry p roduc t ion  inc r eased f r om

13. 4 to 25. 1 mi l l ion  lbs.. a r i se  of 90Z . Ind~ v i d u a t  com-

panies experienced p roduc tion  inc r eases of f r o m  u0~i to 30O~i

in terms of max imum p rodu c t  ion increase  over a iwo y ear

period.

—
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CHAP T I R I

hit r o d uc l i o i i

rv  of MA ’l’ l I ’I’l CI I -\na  lv  si s  of t h e  l u du ~;t r i o )  ) ‘o se

A t  t h e  i i t ~~a t i ~~ ii ~ot f t t  r e s en t  c o u t  r o u t , 1) o t )  Ii ~t c l S ev e r O l  r o n c e

\\ h i c h  p r o : u p t e d  t h e i r  s t ’a l v  of t he  i i i  t i - i a )  b a s e . T h e se  c e l u e r t i s

inc I uded

• .-\ p p a r e r i t  d c t l i n i u  ind ~~ ;t r i a 1  bas~ in  t h e  s h c v n t  roc~ or
i I l du s  I r v ,

• I11d1 ) i l i t . v t o  i i i e et  s i l l ’ L t ’ de n i a n d  j i~ i~~~~ t~nt  p a s t  fo r
Se lt ’ ( t t ’d  i t t ’n~ s

• i n c re a s i ng  U n i t  p r o du c t i o n  C o s t s  of C r t a ~~u p r e c u r t - t u e n t
i te ms ,

• A p p ar e n t  o \ - e r — c ap a c i t v  in c e r t a i n  (1e~ e l i s e  i n d u s t r i e s , a nd

• App o  i~t i i t  l o w e r  t t t e s  of r e t u r n  f o r  d e f e n se  cen t  r a c l er s .

The e xp r e s s ed  n~~cd to  N I A T I 1 T f l C 1 1  f r om  the  po in t  of v i e w  of t he

anal y sis to be d~’ne wa s  t w o f o l d :

• To d e v e lop  a na l y t i c a l  too l s  c~~pabic  of a d d r e s s i n g  t h e
q ue st i o n s  c once r u i n g  i n d us t r i a l  h~ Sc s u r e eapaci  Iv , and

• To a na l  y ce  s o r e  c tp - ic  i t  v i i i  two  i udu st ri os — — I w-b in e

~~~~~~~~~~~~ and m i ss i l e s  ( l a t e r  c I i o n ~~od t o  a i r f ra m e  i n d i t s ’ r v i .

• In e-spo i ;e t o  t h ~ f i r s t  t a s k , MAT11T l - C 1  I s w or k  in t h e  ar e a  of

( 1 c V e l o 1 ’i t i L ~ and ~t p p k u i t ~ .010 ) v t i c a l  t o o l s  t o  t h e  s i t  r r e  p r ob l e m  is  s t i n i t i a  i - i u e d

h O 1  OW.

• The Fe ~~O r i  , P ot 1 cv  N I edt ’ i s  fo  i. ~-bi r i~e :\ n o )  
~

• si’ , cen t  d i n  s

• WOrk  on f oui — m ode i~ de vi I )j ) cd to  a pp I v t o  (h e  S i t  r P~’ C a pat ’ i t  \

P’ 01) 10 m. ~~~~ ~~ re
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I • A long ru n  eq ui l ib r i  urn m ode 1 of a de f ense  i n d u s t ry ,

• inventory  p roduc t ion  sche du i i n g  model fo r  s u r g e
Ca p a c i t y ,

• I n d u s t ry  s i i i iu ) a t i  on model , and

• P e n a lty  c o n t r a c t i ng  to meet sw-ge  C ap ; i C i I  y d e m a n d .

• A p pen d i ce s  B and C of t h i s  r e p o r t  ce nt  :ti n addi  t i  e n i l

mod e I s  ari d a n a ly s i s  app ) i caI~l :  to the g e n e r a l  s i  r i t e
r Cap acit  p r o h i e t i t . The St rn o t l t l s  r t f e  ai)p l iC ’ a l ) I e  to  t h e

a i r f r a m e  or ai rc r a f t  t u r b i n e  ir i du s t  rv  u s i n s  av i  i
pub l i sh ed  data  as i n i t i a l  e xam p les of a n a l y s i s .  T h e s e
models are:

• Economic c o n c e n t r a t i o n  ~tnd c a p a city  i i i  i i i  a : t t j  on
in the a i rC  raf t  eng ine  i n d u s t r y ,  and

• Impact  of com p e t i t i o n  On DOW c a p a c i t y  b u i l du p
in the a e rospace  i n d u s t ry .

Our work on the second t a sk  is summar i zed  as  fo l lows :

• A r e p o r t , An_Ex t ~ Anal  sis of Do)) P r o c u r e m e n t
Pol icy A l t o  i -n a t i v e s  f o r  A i  r f r a n i es ,  c o n t a i n s  app l i ca t i o n  of

• the long run  e qu i l i b r i u m  model  to the a i r f r am e  i n d ust r y .
Data used in the model was collected by Sy s t em s  P l a n n i ng
Corporat ion.

• This repor t , Stud y of th e Tu rb ine  E n gi n e  In dus t ry ,  con ta in s
resul ts  of j n i t i i l  anal ys is  of data co l lec ted  by M A T 1 IT E C H
from t h e  t u r b i n e  eng ine  industry on historical production ,
enip loyrn e ut , c a pac i t y  and p r o d u c t i v i t y  e x p er i e n C e  of s even
to rh in e  e n g i n e  i t  a n  u f t  c Ut r i  F s.

* 
This r ep o r t  is the  l as t  of t hr e e  r e p o r t s  t i nde r  C o nt r a c t  MDA 90 3 — 7 6 — C — d d O .

S

I.
-2 -

_____ - 
— 

~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~ ~ ___



- 
—--- -

~

------- -- —

~~~

- —-—----

The Surge  Capaci~~ Problem

The pr oblei  ii add cc s sod in  t he se  r e p o r t s  is t ila t of d e ve l o p i ng  d ttic m i s c

p rocu r em ent  p o l ic ie s  wh ich  mi ta in t a i n s  an  i t i d i t  Si cia  I ha s~ - ( ‘ap ab 1 of

e x p a n d i n g  to meet  soc ~t e  d e m an d  whi le  i t t  the  s a nt e  t ime  i m l a i l l t i t i i t i  ig

e f f i c i e n t  pea c e t i m e  u ni t  p r o d u c t  ion  cii st and  tec hno Ic g i c i t  1 s upe  I- i c r  it y

These  o bj e c t i v e s  a r e  often conflicting and i m p r o ve d  p o l i c i e s  in t h i s  a r ea

r e q u i r e  d i f f i c u l t  jud g me n t  S c o n cer n i n g  t r a d e o f f s  b e tw e e i  t i l t ’  d l e gr t e  of

r is l’. ~u i i i cd  in f a i l i ng  to  m eet  su rge  p r o d u c t i o n V S . 11 ~u i m i z i n g  pe i l  ci —

t i m e  d e f e n s e  bud get s .  The effects of t h e  policic’ s a( lupt  ed u iso go f a r

beyond ( l( ’fcnse  bud gets  since t h e  i nd u s t r ie s  t in d e r  s t u d y p r o v i de  s ib s t a n t  ia 1

emplo ym en t  iii t h i t ’  IT . S. econon y and c ont r  i l )t l t C a s i g n i f i ca n t  p or t i on  to

U.  S. ex por t s  ov er se as .  T e c h no l og ica l  s u p e m-i o r ity i t th e civi l h i t  s e c tor

has o f ten  1) l l uwed  f r o i l d t ’ve lopnici i t  S Fl it (IC in t h e  iii  it~I i~~ 5CC t m - . 1 m m  s

in the long rum , t he  c o m p e t i t i v e ne s s  of U. S. i n d u s t r y  cou l d  dep en d  on

policies adop ted in the  d e fe n s e  sec to r .

Surge  demand  for  war  m at er i a l can a r i s e  e i t her  f ro nt  d i r ~~~t

i nvo lvemen t  of U .  S. f o r c es  or t h r o u g h supp l y ing  of U . S. m a t e r  i i i  I to  a l l i e s .

T h e r e  arc ’  on l y two f i m i d a m i  ent  oil y t l i f fc  r e m i t  si r a t e  gie  s wi lb  r e s p e c t  ( I )  i i  i t ’  c l i n g

t he  n e ed s  fu r  s u r g e  d e m i t a n d :  in v e n t u r y  ~ifld su r g e  p r o d u c t  ion t a p : h t i l  i f y .
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j lie 1 r o h l t ’r l t  I t ;  to t l t ’ t t ’ i m i m ’ i e  tvlm.m t I i i i \  1~~1 n m t t ’ m i l i ’ r ~ . m i i c l  ~ m i ge

i s  • t p 1 i I t b p I ’ i i t e  fu r  e a ch  i t t ’ m i  i i i  dt ’z i i ~~i i d. l i i i ’ • m j 1 i r ; ’ p i i t e m i t ’ st

( 1  i t i v i - m i l i ry  p u l t u \  cm’ t ; t m c g - pr oi m e t  i ’ m m  gel u v  i t ;  dep t i t i e m i t  HI  Si ’\ t r ~ I

• 1 i _ m m - .m mt ’l e i s ~li~m i - •c t i n _ - t ug ( l i e  n a t i i t ’ ci  ( i i - i t e m i , m i t l i e  of t h e  ‘ t f I i ~ I

~a t i o t i t ;  cos t ; ; . h a b i t ’ 1. 1 ;.is~’ t c h m e ; ;  t i m e  r i t i g h  ( l C f l o i i ( l - l i ( ’ ( ’ i i  t I e

i i . l t i r e  o t t h e  ; I r i ~t - d e m i o t u l  ~i i l v c m i  spe l l ;  i i .  i a ~ I i i ; ; I ;; . h~~~e m i t o i ’ v

xv i i I t e m u t  i i  li t ’ f i t - i u > h ) l t I ) I i . l t t  1 i u h i t \  ~‘ h i e i i  t i e  t h t i r a i  i l l  i f  t i m e  t ’~~pt ’ i f e d

c m t h i ~ t i t ;  s h o r t , altI’i t it tm r a t - ;:  h i i ; ~i , h a i l  t h u  I ’ m -  j i i ’ i d ; i s t t i  i i

• i t t . t \ t~ u i m t . i i i i i g S i t t~ 5 t ’ h r i 1 t i 1 t t ’I ~~~11 t _ p i c m l v  ~v j h l  h i t  t I i ~ h m i I i m’ ih lH’ i i i ’

\ V l t i ’ l i  t i m e  t i l i m O t i O n  I i  t ’\j l t ’t ’ t t ’ I I  i n f l i c t  is  l u g .  t . t t e  ‘f t i - chuii i I i~~t _ i i

t t p r t i v e m i t ’ t t  is b i g h t , h t ’~~tl l i i i ’ I ’ m- j r ;~~iu t ’1 I I  i ;  s h i r t .  t ’t ~~ .

A p 1i r cp r i a l t - s i l - g i ’  t h i ’ i i i ; I  p r ’ i t i m ’ t ’ i i e i m l  1 i i  i~ o ; ~ ~v t i  I d~- 1~oi~~l c m i

I he c I . i  i .  l e n  1st ic u i  ( t i e  i i  e u m i  m u d ~’ 1’ O T t  t i l t ’ i- a  I i - ‘ i i  • t n  r~ of t hi -

exp t -c t t ’t! e~~t i t i  i c t  a u t h  l i t ’ t i e g m ’ O i ’ o f  t i t h  t np i c i t l ~ . m s ; ; n i i t  i i  a - I  L o u t

~~ i ; . t . l i t  i m o j i r  t r o t h - o t t ’ m u  t~ i n  l l ~ ti ~ ’ m  i~ i i ; . 
~~‘ l u t  c S  I I ’  t i  i t t  l u t o t ! u u l

is  lii ’ t ’\ I - n t  t i  w h i ~~h t i e  1 t v ~~~~~~L e t  t v ; i i t  t o  m m i m n l m i l : n -  t u i r i t n i l  t n I ;~ t t m  i v

c o s t s  ( h m ( a t ’ e t i m f l c ’  c i s i s l  . s  t i p h i t i s e t i  i i i  t i e t  i c a s i li g  l h i i ~ c i i i  o S S t i t l a l t ’(l w i t h

i iot  im ee l  i i i g  h ic i 5 5 j h i le - t l t ’g e  t l e m m i id . .\ Ia i t  ~~u t  r t o i m t v  ~~\ i s 1; ~l i  50111 ’ t ’i

( l i t ’ l~~\ 1, u u l l e l t ’ r; ;  u u t - e t ’ ; ; ; a m ’ v  t i  d t - l t t m n i i i t ’ a j i g n c p i i f e  s l m r g i  g o l I ~ i t ;. .

l ’ c u ’ m m i s t i ; t  e . t i l t ’ t i l n u i S  • m i d  i l i t i - O I V  of e t i u f l i c L a ; ;  ~~e t t  i S  tet hu ~~~I i ; ~~ ~ l

— 
t - . i lc of m t m u j ’ l - t ’v e m m l t ’ n i  • i m t  ; ; t t h i e t (  I t ’  N .h ii u t e ~~ i ’ I a i l t t \  . ht ’ I t ~ rt ’ I ’~~t~ c ’ t i i h

- I ~i % ) V t : e  1 L t m m u i m t g  c m  ( . 1 ’  p l a t e . t i s si  u m u c t  r t . m i m i t  n ;  m u m u i s t  I s  n t i u \ i t l  i n

- 

~ _ ,T . 

~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~ ~~~~~~~ - ~~_ —~~~~-- -



____________- 
;~‘- 

—--‘- 
- - -

~~~~~~~~~~~~~~~

-- - ..— ------ - ‘ -  - —I-- -

-

r r
ii 0

“ici t~i

~~~~~ ~~~~~- .t4~~ h t ,  ~I m.
(I

,I

• -a
~3 t :  ‘~ ~~

ci. ‘t ’ I’

1t~~~ i ’
C) i~~~’

—
i-

I ~ LI

•

C)

in

‘y
• 4, ,, ~~ • i

ct
I 

— 
-
~~ 

~~~~~~~ 

: :
“I 

~—

4) 4)

:d ‘~
& ~~~~~~~ Ii -

~S - - -  t t  C
in H ’ ~~~1 4- .e’_’ ’_

S - ,

‘ 4 C

—‘a ‘- I ii
0
4)

I t’ ‘
4 ,

14 - ; i ’

r .1 
~~ — — —

I . — ‘ ~
, 1 .

I 0

1 t i  0
C Li
4) -

-ci
— C —

4)
a’

• 0) ci ’ 
~ 

4r) ~ii ’g c~~_.
- 1

0

0

• 1’
4)

- ‘~~
11

i i i U)

~1

r 
- I,.

-

— —- — - 
- - - ‘i’— _ _..~~~~~~~~~~~~~~~~~~_ : i T

~~~~~
’: ~:

--T 
-



m i l i t a r y  or  p o l i t i c a l  j U ( I g h i l e t m l t  . These  j u d g i i m t ’n t s  are usu~t l l y in ip l i c i t i  y

incorporated in specification of t h re a t  s c e n a r i o s, win c h  specif y the  t ype

and i 1 it e n s it y  of cun i l i  et . Given  t i c  n a t u r e  of t i m e  t h r ea t  s t t ’n a r i o s  , t h a ’

p ar t i cu l a r  mi x  of ~v a r  n ot e  r ia l  ( h i t  would be u s t ’d in  w t i ’ t i i m e , the ; t i m i i i n g

of t i l t’  C dILl i ci , am id p i• i ( i i ’ j (  i u s  wi i i i  t e n  peel  t o  p ci; at - l i i i  t e b t idg t -  t s and

\ V a r t i m i ’ ie r i s k s , S u rg e 1) m ’o c t i r e m l e m ; t  p o l i cy  sp e c i f y in g  an i t i d m n t r i a l  host-

conf i gu r at i o n  and a p pr o p r i a te  in v i ’nt cr y  p oh i c ’y  C t i l l  Id be r a t i  dna l i v  d~ - f i  n t - d .

Ther e  \vi 11 .e lway s be C ont  ccvi ’ r sy  tV i t i t  resp et ’  t t o  t h e  liii  Si C’ p t i l i  I i  c i i

and nu l it a  i•y j ud g m i i t ; n I  s f r o m  w hic h  Sl m t ’gt ; p o l i L i i  ii cci g i m i o t e  . 1 I o w e\ t ’ r

t her e  ar e  a sp ’c t s  of s u r g e  po l icy  wh ich can p r o f i t a b l y be s t u d i e d  f i - t i m i m  s t r i c t l y

a n l am l a g c i l i e f l  t per spe eti  ye — nat  i t c h  V , t l i e C ;t l i  - reilc’ ’ , con~ i S f e n e v  and

flexi hi lily of so r’~e procti i ’ ei i i ent  Pd ICIO . One m i i a J  01’ o h i i e c t ~ Vt ;  of s

amia lysi s should be to dcl  e i’n ine  w i t ’ t hi ;  t’ p cc cu i ’e  file mit  and so rg e ’ p~ i i( ’ ie  S

are  comi s i  st e i lt  OVe; F m aj o r  dc t en s e  i tu t i l s . Spc ’ i t c a h l  y , is  ( l i e  tieg 1’t’C C ) f

r i sk  inhe  r e n t  in a dop t i o n  of in v e n t  cry p o s i ti o n s  all(l in du st  i- i  a t 1  base  p o l i c ies

t im e same ac ross  all i t eiii  S ? It WOli l(I be P°5 si ble t o  devel  op gene ral poli cie S

and DoD g end e l im ie  s speci f y ing  sf1-ge demand p o l i c i e s  aC 1’uS ~ pr ocu  r em it ’ mi t

c a t e g o r i e s  ami d s e r v i ce s  ~v lii ci) i t or e  or  lu - s n  as ;;  u m n e  t h e  sam i m e ’ i ev i - i s  of

r isk  fo r  ii g i v en t h r e a t - sCe ’ m l a i ’ ) t )  anti iii ~tke l i e  t I c  m c  set  of ; t s s u t i i p t i c u n

coI lCi ’ m -u i f l g  u I h m m -  t ’ i i m i p o r l - t i m t  P it1~ t 11l t t t ’ r s .  
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Anothe  1’ il ;t3O 1’ 0 1 ) 1C C  (j \’ t ’ of 811 m’gc 011 1 l v  sis is t o  di ’ I e l - I  & l ine ’  w h i t - i  t ic ’  r

cur  rent proc ure  m e ’  nt policic s e n c o u r a g e  t h e; t y p e  cif i m m d i i  s i n  al ha

d e s i red , and ~vlie ;t1ie r the se ’  p r o - u r e m m m -m i t  pdl ~( ‘ i t ’  S h O V e  re’ Si ) t ) i ld e ( i  t cm

Ch am i g e s  in key p a r a met e r s  such i t s  t e ; c h m n u i o g y ,  i l i r e - a t s , i m m d  t i m e  t ’t - c t u i C i m u i t

C f l V l V O f l h i i (  nt ( pr od m c t i o m i  c o s t s , C u p a c i  ( V  c’ o~~t s , p~~it fi I s  • c-ft • t ’v c’  I ( i i i -

The m u l t i  cc- of t h e  so r g ’  de; ii m a u d  p t u l  n.’i i - _s ii rid f l i t -  i i i d i i  I i ’~~u l  I i~~ ~it ’  n h ~~m i Id

change-  ~~ c h am i g e s  oC ’e ’ti m’ i i i  th e  i i i i p o r t i t i i t  p~t i’~~ i i i t ’ t i ’ i ’~~ i i ~~t t t l i i i  t i i l t l a ’ I .

For in s ta n ce  as ~\T Cit p t tm i S be’co u i i e  i m i o r t ;  C o i i m p l t \  a m i d  I t - c d  l i m f l e ’S i t - i  t h e m ,

lilt )  1C  t’i ip liIt S i S 511 ( 1c m Id be ’ gU I  cii  t ive ’ iii 0 i-’, a n eippost ’d l e t  S iii t ~i u’ t i d i u c  t~ c i i .

The que st ion of C oI~~- t’t ; 11Cc l i t - i i v e t - m i  pI .0& 11 r o i l  i e f l t  p e a l  it  e n  a i d  t u t \ 1i 0

of i n d u s t r i a l  base; d e s i r e d  is a c i - i t l e i t i  opt ’ . T im i - i i i d i i . - ; t  i - i _ m i  h i . s u  is  s i u a p t -d

by both m a r k e t  for e ’ - - s  _ i ; ;  we l l  i5 Dci)  p ro d  i’ e ’ i i i t - n t  11 1(1 R ~ 1) ~t~~l i t _ t t s .

Defense’ c om ti’ac t o n s  i ; i ay  fim i ci I nc  r a t i  Vt ;  c i v il  ia n  i t  i’k 1 - t ;; a i d  q u i t  d i - t o  1 :-c

b u s i ne s s .  Shap ing of po l i c ie s  t o w a r d  ( l i t -  i n d e n t  m - i~el b a se ’ l a s  to  hi ’ d ou R ’  i l l

the con tex t  i f  a sound u n d e r s t a n d i ng  of t i e  i n d u i n t  n a t  d y n a m ic -s i t ;  u r i v - m i

• indim s I i•y. Tins’ nu de ns f  a im d ng e ’~~i n onl y e on i u ~ 0 ben t t h i -  t i l l 1 de t a i it -il e- -~ 
i-n i

nu t  ion of h i s t o r i c a l  i mid n u t  ry da I a , ‘~~~ t - n  si v e di  a i ogut ’ w i t h  i m d  us t r v i i  & i i i gu ’ m s

and an cit ici t ’  r s t a n di n g  of t ime tc ’ ’ h tm l  t ig i  t ’ i l l  1 cm - mid s a m i d mi o i’ke I fo  c e;; i i  I I to  i m m i i  i t t  i - V

-7-
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C u r r e n t  ~~~~~~~~~ rg e

The e f fo r t  wi thin  DoT) c u r ren t l y to e n s u re  adequate  s ur ge  c a p a c i t y

is c u r r e n tl y d i r e c t ed  p r i m ar i l y it t  n i ic r o l ev c l  i s s u e- s .  C u r r e n tl y da ta

• is col lected at the i tem level f r o m  p i in i e  and s ub c ont  r~t c t o r s  w h i c h

esti mates the  level of p roduc t ion  po ssible  in a s u r g e  sj t l i ~i ( i t  r m . ~t O I k

is a l so  done to de to n m i I ine ;  i tcn i  ci’ i l  i ca l ity  and p r i o r i t ie s  • f l i t ’ i’C a ct ’

S e V e r e  pr oble ’; i iS w i t h  t h i s  kind of data , h o wev e r .  1’~s t i iu a l c  S a ri

F collected omi onl y one i t e n t  at a t i f l i c ’  , m d c  pendc nt  of othc: r w a rt  i i n c

peace t ime demand . Also , liii; o r ig i n a l  vend or am id suI) c t i n t  i-ac tor  is  I I to

only one p i-ovid ing  such data.  In t imes when cc ot l on li  c c o imdi  Ii omi s  amid

the defense i n d u s t r i al  base is r e l a t i ve ly s t ab l e , s u c h  p l a i m i t i n g  a t  t h i s

level , a p p ropr i a te l y du ’ c , Can pi’ ovide use fu l  in f o rn i a t :i  on. I lc\ve\- t- F ,

as economic condi t ions  and the stal) i li ty of c onipanie  s in t h e  ‘iimd i st  n i a l

base become subject  to i n c r e a sin g  v a r i a b i l i t y ,  then  i n c r e as ed  p l a n n i n g

at the mac ro— l eve l  is necessa ry .  Our c o n c e r n  s h i f t s  f ro ;n  w h e t h e r  a

given company can provide an individual i tem to how maml y compan ie s  of

this type ~viI1 be in bus iness  and wha t  thci  r l ikel y i’c sp onse  ~~j 11 be to  s i t  i-ge

r equ i  rcnicm’it s • Mac no lev e l  p l a n n i n g  is es pt; C al lv ilnpc i ’t ant  i i i  an c- i-a

of a c o n t r a c t i n g  i n d u s t r i a l  base  wh e n  the  c on d i t i on  of i m i r l i  v i t i t m a l  con t  i’ac ’l or s

ami d sul u c o n tr a ct e ir s  i s  e;4 p e ;c ] a l I y i m n i : t a l ) l m . T l i e r e i i ’ e  ; i l S O  S t \  t t’ i t h  c i u m i t ’ i i t

-8-
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issues in defense  planning which rc -qui  cc im i i p r o v e d  c ons ich - r a I l  on c i t  lu a u  FO —

level i n d u s t r i a l  baSe’ pl a n n i n g .  Th e tic S i mic lod e foreig n m m i i  I i ta cv sit h ’s’, NA F()

s tanda cdi ~~ I ion and I m i t t ’  i’ opt- ra l mi i i  t ~ , a ccc’ S S t (1 r aw l i l a  t t ’ I• i~d 5 , ~i m t d  (10 cli m m i i i

p rocu  r e r i m e n t  d o l l a r s .  T ab i t -  I . ~ prov i de s  a s i i m i m r n a  ry  of t m-end s or i s  s i te s

~vhi i cli , I ( l i i  m ik , would i n  gut ; f o r  in c  i-cased  c m i i  si  s cii mid t i s t n i  a 1 Ii ; m se-

pl a n i t i m i g  a t  the  i i i a c  r o — l e \  - l r a t h e r t han  n i l e ’ i- e m — l e v e l .

• Wha I a i- c ’ the’ t nd S deft ;  u se  p lc h u t ’ i-s c an  ci s c ’ I ci lie 1 ~ ~ h i ~~pi’ i ne 1 t i s t  r i ;

c a p a c i t y  t o  n-tee I DuD ot i~~-c f ive - s at a ii iaC ro — I t  \‘e 1? l ) t i l  ) c- a m  i ef fe ’ e I c- !; . & ng  m S

t h roug h c -j  (he i’ pr ocu  i’t ’ m i i c m i t  p o l i cy  c b a i i g - s ci’ p roc  c i m ’ c’ in c nt ~i\V ~l r d n .  i\l 0 j  or

p ro dun( ;n  ti - mi t pol icy a r ea S  are :

1)  Re guiat ;d p r o f it  i i ia  u-g-i m i s ,

2 ) Tin m i n i ~ a m d  am l ic t i l It  of p i’ccmi i- cm ne- m it aw a r d s ,

• 3) P ay m i l c u i l policic~ :3 ,

4) Type of c o n t r a c t i n g ,

5) R eg u l a t i o ns  r cqu i  r ing  ind u s t r y  nidi~ i t o n i n g  and r ep o r t  b i g ,  a mid

• 6) Allowable cost- s amid other ASPER i- c ;g u l a t i o m i s .

The o rg a m uz at io n~i I p r o b l e m m i  is h o w  1(1 i n cor p o rat e  eN p i i c i i i  \‘ sil t -ge p1 a n i t i n g

con cel- jis in to  d e- c is i o nu  t h a t  a rt’  r o u t i n e l y u u m a d e  in  h i t - n c ’ a r e a s . C nt ’ s t i l l m t i o n

~5 t o  exp at id ( l i t ’ d ti 1’ cc mit ret ~ P°° 811) 11 i t  y of l)o 1) m ’ c i i i  
~~~ 

d oi ii i m i d c i : ;  f r i  a I t i c

wt i r k .  S u c h  a g r o u p  w o ul d  I m .t v e  ( l i e  added r e S 1) c i i ) S i t m i l i u y t t i i  lu t e  i’ a ’ - h e ’ \ i - I

- j ) 1~1 111) 1 t i g .  T ;th ) h e I • 3 c- let - t che’ s s du n e  of t i m e  m I S S  i t l f l s  a mmd c l m a r ~cc - t  o m i ;; I i  c ; ;  i ii

surge plann i mi g g r o u p .  \ V ht i  let m i t a n y  of (lie - t t - n u t 5  a t - c  st cc i  g l i t  ft i i ’wc m- d e’ i u t i i i m i e t mt

- 
on a few a Ye ’ ap pr op r i a te .
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I
• Major p r o c u r e t m u l e  mit dee - i  Sio m i s C cmi  h av e  a e r i t i c  ci i m m ip ac  I on

J the confi gui- a U on of the - i udu st i-i~t I base ’ . The’ s m ’  dc’ ci si ens n o t  c m i i i  v j u n  pat-

a s i ng le  We ;tpdum s \-st e- ni hut  ( l i e  c o m m f i g u u u - c1 ion  vt t he  i m i d u i s i  i - i d h~~s~- i i i

f u t m u t - c’ \- e ’~m r S .  Sj~~ce ’ m a j o r  pre ’c i i r t ’ u i i t ’ i u t  d c H s i c i _ i~ a rt ’ c z - i l i c a l  !e t i m e ’

I f o m ’ n m a t i o u m  of Uic ; i n d u i s t  11a1 base’ , 1 5 5t ’ S S h h h t u h t  of t h e - - i f ~-~- t  of va i-b i t S  p t ~c m —

- c u r en i e m i t  o 1iti~~ t lS cmi t i l e ’ i u i c l u s t m ’ i a l  ft;~~t ’ w~~m u l d  Sec t ; ;  ; : l ip r o I )n i at c .  l t l d i \ ( l i 2 ~~l

pm - t m c u t-ei i~ e - m u I  cIe -~~i~~i c t i s  ~;r c  i i i adc ’ cii t h e  b as is  of i c ’c ’ I i u i i c a l  d c si ~~m m , c os t ,

amid pou t i c  :11 cdli side; r at  i otis , hmo ~v -vc r , c once ci;  s ( c i -  I lie - I mi d i t s  l i - i i l  ha st ~t

— Pi. e ; Set ml t i i i  a l m ; i o s t  C\ e ’ 1 ’ m i i a l e ) i’ ( 14-’ C i 5 i c 1 ! I .  l- ’c u i - r m i a ? i ; ; a ~~io n  of ( 1i~~si ’  e c t ; c ’e r m ) S

ii m the  t or i n  of i ndu st m’ ci ha Sc ; aSS  c-s S t u e  mit s l i t  c m l i i -  m i t  S \\‘i iU h i  d I1~~w a t i l e  t’ c ’

f c ir im ia l  re’ v ~ e’w of the ; d i r e c t i o m i  a g i Vc ’m i  aw ;u  t-d wou ld  l e t _ i d  in  I t ’  c m o s  e i~ : m _ idu i s —

I m - i ~u l  b ase  st u d ie s .  These a s s e S S n h c ’u u t s  app~- cr  t o  be c i - i t ~~cal i i i  l i m e  t ; c ’\l

5 —  1 0 v cc i-s Sj f l C C  C c i t _ i t  ra  cli elli of I l i t - I i_ id i t s  I 1i a 1 h 1  S c ’ I i i  S ~‘\‘ e ’ m- a I a i e ’a S a

l i ke l y. The- n u n i  hi; r of mm m aj o r  a wa m-d s f r o m  i _ i  Do I ’) is d c c l i  i -t i  ng i i i  m u l t i  c i  j u i - oc  it  t - ’  —

ment  a rc -as , thus  t i_ ic ; r ole ;  of m d i  v id iua  1 awa i-d s _ ivi i i  he - to  p a r t  i - i  l i v  dt -  c ’ i - i i i i  t _ ic~

- what  t~ onipa nit’  s wi l l  be viable dcfe ’ns c C om it  t a c t  or S • I ai m _ i  ger  It ’ i ’ i i i  ~
‘ o im sid ’ ra I i  c u l t S

• shou ld  cv s t e ;  n i t i t i  c al iv  l~ie ; j u p u mi  j i l t  o t i i t ’S ~ P re ic i u t e ;  h i _ i c ;  :1 ! c - t i c  i o ns  s - m t li~ I I lie ’

- r - m t u l t c u u l  i m i d u m c t r i u l  b~~s~- j i l t - c  c e m i t m ’ a c ’ l i c i m  w i l l  m i t a t c h  t h ~ - de - 1e: i~~i - i mm ~~~ !:-;

of t h ~’ m i l i eu . T I m e - n e  m c s t -~~s h i l t - ; i t :  m m c c i i  t o  be ’ b u i l t  c i i  m n m m s i . u i i : c ’d pco’ i c i ( l

• of d a t a  e i i l c c t i c m m u  u m d  c m t i i~~~: i % 8  I r e n e  1h~- i i t t l i t ~~I t - u i i m c l c t ’ ( ( l i e S t  I i i S  M u i t t i

cu t i m e ’ (L i l a  um t ’e’dC (I t~ m 1 me m f c r i m i  su c h  c u t  a m l a I v s m ~ w i u t i l e i  h~ - e - t S i e m ’  h e  e~~~h ! t -e ’ I

•ul l i i i ’ po~~u mt of a t m _ i a _j t i r  p r c e - u r e ’ i u i e ’ i t t  t l t ’ e’ I S  t o i l  n m u i e ’e’ SO l l i t - c i t  t h ~’ ( l i l a  i _

t ’ ou t i n i - l y fc m ~v u  r dt ’d a n  p~u m t  of I t ic -  p rop o ~.i 1 pr o  c e ’ S S

I -i~-
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L The abs ;m m c c  ef good h i s t o i ’ i & ’cl d a t a  is  ~i m m m c  j t i r  i u u i p c d i u u m e m i t  i n  d o i n g

i n d u s t r i a l  h •u s e  al_ ia l v s i s . 1)ata is l i k e l y  to t ak e  a lo n g  t i m m i c  t t  a t  I t e m -  j i m

t h e s e  s t u m e l i c s  dci i ’  I v  t i m e  eie - e e m n  t - j l i . -e d m t u l u t ’ e- o f s u d u ~~~si t  t-~i ct o i - S  a m i d  t h e ’

(‘ j e t  t h a t  d e f e n s e ’ tn i m i _ i u f a c t i m r t -  r s  I r e - l i _ i t ’ m ’ t ’a s i t _ i g iv ht - c c m n i m m g  p a r t  of

I l a r g e  t-~u r p e u r _ t t i e n c  e I o i ’ i _ i~ si g m ; i f i ~~ i n t  t ; e i : ; e h - ~~t ’ m _ i s e ’ ~_ i e u r L .  C h u m s  d a t a  t~e U t  i i t t ’l ~

i v a i i c l u l t ’  f r o m _ i _ i  c c i h t l j l e m _ i i e c  i s  not  u t m-i ~~f u t 1  f o r  c m _ i i l v s i c  c i t  S~~~e C i t j e ’ c l c l t ~t _ i s t ’

• d iv i s i on s .  l) j t c  h~’e c i_ i t e s  1ti ~~h 1_ i  _ i ’ a l m m . m h l c  ai i ( 1 m _ i e c ’ti ~ sv~~l c ’ i i _ i t i t ~~c j m i d  S i : S t . L U i e -u

J c o l l e c t io n  ii\’e’ r tim _ i _ i c’. Am_ i c_i t hiem - f a c t e u i ’  i s  l i me 1 i r c i 1 u m i c ’ t i  m y  i t d t u i re ’ v t  t l ~~- d a t a

- 
C ollt - C t C ( I  wh i ch  m i m a id a l e -s t h a t  cLuta  1 ) 1 - _ i m _ i l -  e - e _ i u l t - ct c d  by a u  o u t s i d e  ce nt  m i c t o

C o m u u p t u i i c s  ~u cc’ l e ’SS 1ik ~- 1 t c ~ r e - v ’ ~ i i  c’e - i ’ t j i m _ i  e l d i l di m c d l v  t o  t i _ i t  g ove ’ i 1 i l i _ i e ’ t ~

Somi_ ic i m l l l i r c \ C h i _ i C u _ i t S  j r _ i  (~j 1~j  eç i u i ld  h~’ ~_i i _ i t  a j m _ i e ( (  i i V t _ i t i ; i i  C’ l c i S t ’ r c ci o~ mt i ’ a t j e ’ t ;

w i t h  Ol 1 lt~ r f ede  cal  dct~i g a t i _ i e r i m ; g  c g c - t _ i c i c:: 
~~~

- I C .  C - m i s m n ’ , l ah i o i -~ . S c m _ i _ i c

addi  i i  c m _ is  t o  cmi  c- i t  cci r y e - v  s a s t i _ i c  a n m _ i u t a  I su m ry e  v of i m L u i _ i u t f~ c l i t  t~e ‘ ; , j  s W e ’ i i

I as spe - c i f i ca t i o n  of c i t e  m ’i m a te ’ d a t a  h r c ’ i l ~c _ i u i t s  w c u u m l d  g r e a t l y  i i i _ i~ i r e e v t ’ l i l t ’

- u s a b i l i t y  of t h i s  d a t  a fo  i de Ic’ m i s c ’ pur })ei S e t i  - i i  \V otilil  a I t :  ~ m _ i ; i m i i  i t  i i  -~e ’ t u e  i ic t ’ d

for  i u i d m i s t  cv t i _ i  p r o v i d e  a d d i t i o m _ i c  I (Li l t t o  l h ’  gt uve  i - t u n e - n t .

I The n a t u r e ’ of t i _ i c  s t u dy  e f f o m ’ t  wcnm l d s c c m i _ i  t o  a m ~g t i e  f o r  ,m c c u i _ i _ i u u l m i t ’d

j m _ i uioum tie ’ amid cml — of — i t e m  se e ’f t ’c i r  I w i _ i c’ re ’ t i _ i c  cci i  — ~~~ l t e u i t  ~ t c I t s _ i  i~t i s  a s t i s ij i  m _ i e ’t i

L
e f f o r t  a t  : i t u i d v i m m g  ce - v e ’ rj l  i m m d u i : - t  c i t ’s i l c \  i n g  : 4 1 1 _ i _ i l I a c  c i _ i c r a c l e -  m - i c t i e ’c . The

euti t  — o f  - h o u se c c t _ i t  r i  c i  t i m -  \ V e u i m  Id t ic  l’t S P °m S i ’ l u ’ i c r  i t i u l u t  ii i m v  t L u I  a c o l i c  c i i  ~ ‘ t i

.i m m d i m i t u d i - l i n g ,  \ v l i i i e  t h e ;  i t m i i u i u i ~~e’ t i - _ t i m _ i  ~ ‘ oui i i l  C e i l l t ’ e ’ l i _ i c i i~ e 1 i t . i  c u d  t ie

rt ~s 1) o m i S j i u l t - fcu 1 o i i t ~’V r t - V i t ° \ . -

1’ - 1 3 - -.
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j u t S  l u t ( h t ’ .1 ci u m m ; 1 i i e x  se t  of ej U e - S t i C i t i S  ( l e 5 i l t l l l ~ _ i _ i ’ u t lm t h e  p u t ~ i t i l i l c  r o l e  1 f

f o r e ’ i g u m  pr~ ’J c m e - e ’r s  in m _ i ; e - c l i t i  w~ i r u i t ; l t  - s t ir  ~ ‘ r e ’d h i t i l  cu t e s t

\%‘ i t I i  t i m e e ’ ’ i d e ’j ) t i e i t i  of \ \ ‘ t l l h t i u h t  R e n - c ’ i i ’ e ’ I t , t ’ • ~ ‘ I ;  t t u t t t l c i i i 5 c O t ~u t

t u r i u ; i t c  c i t t ~ 1il e : -  h i _ i c ’ p a r e - u t  c e ’ l l t p l t h i s ’S l i s t e d  ~m t ; - ’ ; i ~ t h e ’ l a i ’ i ’ e ’ : - l  ~i 1O

c c m m _ i p~t u i i e -S i t _ i  i i i - ’ U - S . \ l i I i L i ’ :v t u i : ’ b m t i e  e l i g i b l e ’ t i t l e :- i m i  I ~ V e b ’ l s ’ —

s c t~~m t - s a V l 1 v i t l ; ~ i m ’ i c ’t  i ’ s  c _ i f t o t ~ i l  Se ’ m _ i , 1 i : b l v :- - i l cs . \\ j h I ~~i t m i : -  U e :- ~~’ , i r e  1 ’

is a i’ e ’ L i f l \ ’ c hy  S l O t h  c ’ e u l _ i _ i~~~ S \  _i_ i ’ i t h i  a l t n s ’s i  a t !  c u t  i t :  ~i u : - i m l c ’~~ : h i

O b i S t i e ’ ::~- c t ~ t r . I ‘ ra i l c u d  \\ h i i h i t e ’V d c ) t h : - - l ! i l i t e ’S  a l t i u i t t  ~~s ~‘cO e e t l i  ‘I : -Ole: -

L 

b r  i_ t t i t ( i  I h b : t 0 l e ’ i ~ l e ’S .  h e ’r  e ’ _ l ~~’ h i  _ ‘ l  u s ’  t ’ c ’ b t L i t i h l l t l ~ c e ’ i h j i ’ ’ h s ’ i _ t ; ’ i l ; t ‘ \

b u n _ j u t s  c t h g i t t e - : - i l e ~ i-o p m - e ; - 5 - t : t c -d p r c t h i h l _ i  lc ~S :i  t h o u _ i  I c )  1i 5 - r 5  u t i  o t  io i ~i l

C e) t l i ~~~- t i _ i  S m I e S. I h i S  C e ~~S 1 ’ ’ S u e ’ j i ’ r a t l :~c - ’ t t c t i 1  e 1 l I t e - t O ~ S i g :  i t i c ~~~ ’ t I _ i  I ts ’; ;

: uj m- f u - t m ; ’ e ’ m ; i a t t ; : f , c t i t s c ; c  \ v h ;~ - m ’ ~ - t O i l i t O i \  i e ’i ’ 0S~ i e ’ s ’ -~ i l S S

~~;: ‘~~ i l i C - ’ ’1  1) i - ~~~j ’ s ’ t ’ t i O 5 S  of t o t i l  e~~’ t i ; j ’ t h i y  s~; i c ~s ~o i ~ e s i m 1 t j ’ i : t I e ~ :’ l u l o ’

Nh ~~i \ ’ ; : t t c ’ h l  I m ’; .S l t t O  l c ’ c ’; n i ~ ~ t d  l L ’ e k h t c e ’d . Ot i s  e f I c ~~l cm ’ i h 5  c ’ ’ t

t ’ t _ i V l h ’ O b S l t d ! i t  1- - i -  t t -h . t ic  t u u ~~i l _ i e~ i ; ; , t - i u m f c c ’ i u i ’ c ’r s  iS  1101 Sp c ’s i O S  e L t i 5 i  t o z ~

t im i i ’  t t t ’ e ’ ’ l t ~ e m i t ’ ~‘~o r a t  s’ ‘I S  i S  n t _ i a  V~l i  b ib l e ’ t i _ i r s _i u g h I he ~;i ~ l :  ~e l . i r d ii~ d l i :- u u’~

dat a Se ’ c l V c ’ c S  ( a t _ i t - o i l  t - epe ’ t ’ t : ;  - Sl- C l- ’v i n i _ i  10 N , S t i n c l a  u ’ cl ~t t _ i e I  ~~~~~ ~• I 5~ et c .  I

\ \ ‘ l_ ie’i’ t ’ dat a  is p r o v i d e d  by ce u i ; ; p l t ; v .  ~ 
/ 

l \ u t~t 1_ i r e ’V i e l c e l  1,_ i t i l e ’ e s i i _ i ’ l _ i u m n e ’

to t h e ’ gs ’vs -r m i m _ i i e t i t  l u _ i  t h e  ~i t i t ; t i ~ i l  s u i t ’ v e v  ci ui ~~l t ’ t 1 t - i e ’ t t ” ~~ i~~ I S  of  S e S _ i i~~’

_ i i i u u t ’ j i m  t i e i i t ~~~ ~i m i  i n t l _ i - i ; ;  c u t ’ i l _ i c m i i s h i t s t ; ’ _i ’ . i l ’ _ i _ i s ’ _ i t~~t m l , ’ ~~~

_ivl mici u ~-~ ‘:; 1 i i u _ i S  ~t i V } ’ i ~ i i i e - t t u m l _ i b - c c ’ h h I d ’ t s ’ : -  ~i lSe ’ c’ ’ t i t I t t : : ’  p 0 - i s ’ 1 e ’ t t ; ’ Iu L s -

) If F S e ’ S t _ i t  p u s u j ~~u : i c d i  e’ l L i ’ I gs :i i i i  e- c i u i _i p i f l \  r c~i~~t ’ t i : t g  ~
t 5 e ’~~ 

e S ? u l t ’ eO-  b _ i t h e ’

Sl-~C a m’ e a t l I p t e ’ t I , c l i v  i t -  u o t ~~t I  t t u t ~t u-o u t l e t  be r e ’i i e i m ’ t e ’iL
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_ i t _ i t !  e m t h t i ’ r  e i u g i m m c  c - c m _ i m i p e i m m e ’ i _ i t s  c i l ( 1  Pil i - i t ; . A m i o t l t t ’i - 1) ct t h m l t - t l i  _i_i’it  Ii t i n : ;  d a t a

i i-; t h a t  m u c h  of t h e  d a t a  e ’ e m h i c c l -d t -~m i m I l c ) t  he i e 1 u i t r t c ( l  ( l i l t ’  t o  I l _ i t  d~~i u _ i u u i . u m u e ’ e-

I of two of t i m e  j i i . t m i u f ; u c t c m m - t r t _ A st u d y of l i m e -  ( u t - h i n t ’ ‘ i m g i m u c  i i m d u m t ; l t - y i t -

i

i 

i l i u m : ;  h i e i _ i ’ i i y ( t t ’j )e u t ( i t i m l  c m i i  ( I I t d  v , t h i i i u 1 . i i i h ~ ’ 1411 1i 1) I  i t I l  l iv  t ’ u ’ u u i f i l u i j ( ’ S .

I i i  t h u  - - i- it , t  I J ’ u u ’  I -— I t~ 
‘
~‘ 

‘ t i m e - i - c ’ t m c t ;  t i c - u - i i  e m mi 1 i, t i m t  t ’  i u _ ite ‘u i t t ’ O t t t  I m u l i t

l h i t  t u u ’ t ’ i u o  e m i g I m e - se - c - t i ’ m ~ . \\ ‘ u i l i a i m i t t  R e c t u m ’ ’ i i  (
~~i r i m i u - . u 1  t i m . m l I I i i u m t ’ I i

t l t O r t ~ Sh i i i  I t t I , , I  h a t ’  i t - h i v ed  t ; t g i i l I i e ’ .i m t t  : c u l t - t -  i b t i  ( i i i ’  t h us ’ h . i L -  i ’~~~~ ‘ u i t l

- e a m - l y ~~~~~~ \ \ ‘ i i l i , u i i m : ; ’ t u i e c s - s c I m m i  e m i t  r i n s e ’ i - i s l u t  i i _ i . u~ u i1 y l i i  t e ’ c h m i b ’ t - g h s  u i

I t ’ u i u u m p - l i t i v s - u m e : ; t -  i m t  1l m t ~ v e t - V  ~ m i m i i l  u u u r i t i i , t - e m t ; t I ; I u  t i i , u r l , i ’ t .  ‘ h u t - u t -  h u i v ’ ’

[ u l t ; i t  i t e e h i  m u , ’  t x i ~~:; f m - t i m _ i  ( l i e ’ t u i r h , i m i t -  t ’ u i ~ i t s  h ; e e ’ l , i t -  t t u i e t ’  ( l i t  l i l t ’ “ 0 ’ :-

m i d t ’ ,i u iv  ( f l t  5 - mi i ’ l l : ;  t - ~~~ m i g l m t  a m m d  I ~o t -  i u i g  wi  u s- I t m -  l ; m  t i  e t m i  _ i i p u u _ i i t ~ t :  I i

( t - x i i  t r t n i i  ( h i t  - c e  ( t i n .  I ’ u l u i ) i u i t - , - u m i - u m m e  i m i , i u i t u l i t t u i i ’ i u i g  \\ ‘SS Ph~~ - ’ d  c i i

h i t ’  l u t e  ~~~ 
()  hi for  I l m , - t ; t -  c ’ ’ ’ i t ~~ e m  m m i i - : :  - ‘I l i u m ; i i i  l i m e  l i i i ) — l~ 7 -  1- t m - l o t 1  -

b i t s ’ i u i m u u l h ’ t - t ’  of  d e u l _ i u l m . i m m i e ’ :i  1 _ i l l y t -  m - u - m m i : u l b c - C I  i- c - i - i l i v e ’ i V  ~- t ~ i I d ~ ’

I. 1 t’  ~‘ t ’ l i ~~ I ( l i i i . .m ; - u i - _ i - t \  w i ; ;  f , t n m _ i i u u i i l e e i  u i _ i t t  st - m i t  ( i i  b l u e - ~~u n i u m t u -

t ’ I u g  h u t ’ c l i v  i i  ( 0 m m ; :  ci t i _ i  ( ‘ S u ’V i - t m  c c i i  u i _ i i u i u t: l i s t  cci i i i  h u t  I t ’ -
- 

- I - A e u ’ i u \ ’  i t t

ii’ - m V s y  i t  pi ’u ; v  i d t n i  ~i i  A p p t - i m d  is I ) . Ti m e  t I . i  t i m  r e ( h m m i ’t i  I~ - d w i t h  h u t  t ;  b r  i~~- i l

— d c l i  f t - o n _ i  I ~) m 1 —  ~~q71, i t t  ( l i t ’ f o i l t i w i m u g  g e m m t ’ r . m I  m u e . i t t :

I— I — 1 t m  i — i u i i u e~ c - t i  u _ i - p t - u n i m t  m~ i i i  d. u t  - I

-~~~ i ’ t m n l ’ u u m c - - n g i u i e  i ’ l m u t . u t ’ i e i ’ i t t i t :; i s o  t a t - l i  u - h i t i t i t ’ l i r t u h t i t  t i

- ~ . m h - : ;  c l i i i  i s m ’ , t h , -n  l i _ i ’  t ; ’ ’ l i i  c t~ ‘ ‘ I  t i l t ’ ( t ’ u _ i ’ s ’ m ’ i u i u i t S i t , ‘ ‘ i O i h t t ‘ i .

— 

I ’t u  t~ t ’ i g I l )

— I _ l s t S i ( I  t h u d  d m 1 _ i  11)’ c t u m i u i _ i u u i m e m m l  i i u ( 1  t s u i i m u c ’ -
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5. 1’4i _ i tp l t i y i i i c ’ m i t  _ i i t c l  c- - i  r u i i i m t ~;; ~i _ i l i

6 . Ca pa c - i l  ‘y ( i t t  Ia ( _ i- a 1 U c ~ c u  hui lit mui r - ;- - u m m d  m m i . i c h u m  m e ( e t C  u s  1

I- 7. (ost da ta

8_ l - o  i - e l  g u m  ; - u u  p~
iI m e - 1 ; ;  ~u m i t  I i-i i i i  m~~t ‘ i i i  u _ _ i  c - b - n

l- ’ i m i u r e - e x 1_ i t ’ t t e e l  e u _ i  u n e u u m m _ i  c u m l

10. R t - t - t - - i : c ’h u u u i d  ( i c . \ ’ e i e i ( ” t O u u l  c - \ ( ’ s  : , h i m u b t - C - : .

h t  5 ’ i t I _ i  t - ‘_ ‘t’t~~ i i-i S c ’ i ,  c’S t i i i  ~~ ‘‘_ m - t i _ i i ’ s  _ I ‘ 4 i ’  — I t  s - 5 t s  ‘ t  5 s ’ u s ’  t l , t ’ i - h i m -

\V.t S i _ i e u i _ i  I l l _ i l  i t ’ t m  i i  — _-\ i t i g t  t t’ c ’b ! l _ i i _ i~ u m b  _i n e l i i  t ~d I c ’  p_ i s i _ i ’  ct ~ - a m t _ i -  e l _ i  t . m  - u I ;  I

t~t u u t  m p c u u j  t - S 1 d i e t  V i t i c - t i  i _ i c  - ~u m ’ e d t  i i  P h ’t e ’ d a 1 t  S c i  :1 - ‘ l ’ I ; m  e~ e e l i  i i  s - r c s ” t _ i l I _ i c m l t  t -

- l r e m _ i - ’j d1~~d }m _ u u t m a  I ( l i t _ u . ‘l i m e- I j i u m e  t L t \ \ (’ c t m t h u c ’ i m m i t i m I  s i m m  i i i  b u t - ~ u m i _ i t - _ i  u m u c i

t i m e ’ t i m i _ i t -  \_ i i i c - t _ i  f i t _ i a  I _ i o l t i i u t t u -v  c- t _ i i l t p u t m \ -  d m l a  \_ i m c  re - c - c - u _ i  i t t  V i t t  1 l u t i o t i l m c - ’ u

t O m m t c i t  l ” c - c a t t _ i e  c h - ; t t  _ i v i t i e - h t  ( 1 1 1 . 1  e c ~t i _ i 1 _ i t t u i c ’ Ii _ i \ c  r c - t~e i u t g t o  j i e ~~’_ i ’ j d t ’ , ~~u u p 1 u i t

t i u t u i t 5 t l e I . e t c  u - e- cl u i c ’ S t : ;  1s’s ’ C 55 I c ’S _ i _ i l i- c i t - cl i c _ i  t i m e - - \ i  S t ’ e u t n  e -\e - t i m u m u i l i e - _ m i  S_i’ :: t c u i i ; t

I m _i- i S l i u l u  at  W~ u - i  g l u t  I “ a i t t ’ r : :  c i i i  ,-\ i i -  l ’ s’ ro e 1 ~ m t~e • ~~~ 1 5  c _ i f  I h~~- m u  t j m : t ;  j u l  5 d i  t a  m c u t

- p r t ’_ i ’  i c led  _ i t u l  m i n t  .c m i  Iv  l i _ i -  t h e -  U o u t  t i _ i c  m i i i - _i_ i’~ t -i Ii t i c ’ l  i mu i t _ i -  t i i t -  c~~t I i e  e ot I ‘,~t ie m i t ~c- —

J i _ i u c ’ m m t  t m u d  N l t u m _ i m i f m c - t e t r i m _ i 1 -. t 1  \\ ‘ n i g i l t  i ” _ _ i t t c ’  r ; h t _ i u m _  ‘ V t i l u i e  ‘
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‘ t ; h t u u ’sV:; ( i _ i t  : : t i ( u t s

ot ei _ t tj. c c m l i c ’C l i t _ i t u  cmi ( l i e  t i j l t e r c - m t t  S it  U V e _ i ’  t i l ) h 5 i~~ ( t i i t ~ t t - c t u t _ i p l e t c -  ci a t _ m  h i u  s

-ê 
h ;t ’c ’ i t  e - 0 t i ) ~)i hi ’ (l i ’i i i  F u i r h i m u c - c ’ u u g i  t i c ’ j~u i i ’ c l i t c - t  i c i i i  u t  I i t e  I~ t i ’ I - I ’ u  5 p ’  i i  oul -

1~ 
J-~ ic - c - I I c — mi l  h m t i  h t i  ~t I : e i  _ i _ i i i l u i ” i c ’ c i i i  l ( S l t l  f i i t t , ’ i’i , t ’ . t i ) i t ’ i I \  u n i t  t - I u i h i i t u \  i b i s - l i !.

( t ’ lie ’ m i  I_ i • t i _ i t ’ d m I . m  cit  m ; i i c - ~~ u mid c - s i  St  _ i t ~ u - m it - l i t  V t  ‘C i t -  \‘ l i i i  l i t  - t~ i l i v  c - t i m  i i  ) ‘ l l :  i c ~ !

mm mcl l u m ’~- tii ~ i uut; ~ we- i - c mmcl . i v , i i t ,ihl c - i i i  t b u c  u l e t m u l  sh , ’ t i i  s s i .  h I u m s  c h i l i  I t u t u

tti Iit: -t u -_ i’ _ i _ i’m : : ; i i h u l i l c u t s ’ h t c ’ t h  li _ i ’ h u i ; ~t , u m - u s ’ u I  I )eul ) ‘1’ s i t d h u h i i s ’ t i . i t ~~i I m ’ - ’ t tt

l),’l) i ut— s mt t i m e - m m u t -mm1 1 m l . u i ” m : ; c ’. h u t -  t’t u i t m m _ i’_ ’ i u m g  t ;t - c t m e ’ i e : -  e e t u t - I i t u i l ,  i i i  i m i u t  m u l

I amm ;c i y :;i ; t u f  t in -  e ’ iu h i c - t ’ t , - t I  d i t . m .
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Turb in e ’  h ’ m i h t i m _ i i -  Nl ~t rl m.t t

• ‘l’hue u- i - d c _ i c - s  m ud e-x im ;t a ; : i ii t-lc- m m i t t m - 1 u _ e t  fu r  t e i r l u i t i e -  t i C S , h i l s S i i i  t l i c  ec ’ eu u i s u u ’  t e

; ; c - m u s e ’ t h a t  t i t c  p r c i c l e t c t ; ;  ~t m e  st ~t m u e l a u i h i y c - d  or h i c l t t i ’ e ’l t e titiS . Ra t li s r l iii ‘ c

a u e  ;tc ’Vt-iSil i u t t t k c t s  ~~h ci~~t ’ t ) r e _ i ( t i m c’ t ; -  i- i ’ c I i t t ~i -  ~ c i t t i i t i ’ c l  ( m y  e l t ~~ i I _ i ( ’  C i u a  t i c ’ -

I t - r i s t i m s . t o i ’ , I  c i i i  I u t i b i i ~ t e -  -u m g i u u t ’  p u - c t e h m m e - ( i c i t  d c i i I t ’ o i i u  l~~~u O -  i’
’ . wi  L u v t ’

j e l c m _ i t i f i e ’ c l  i t m i ’ I s : i i e - u - m i g i i t e - c 1 , ’ s : : c ’ : t  ci ., t - i e - t e - u - i t , e - c l  l i v  g r c ) u l 1 t t  U e o t u i h m m i u i c s ;  t h a t

e e u u u i p e t e ’ _ i _ i - i t l : i u  5 t m i  e i i c i m i c - c i u t ; s . ‘- l ’ h i c - s t  c - i i t t s i f i s ’ t u t i C t m i : t  ~t i ’ t ’ i ’ . i s i - d  l i i i  a ’ t u a l

p u c _ i d i u c ’ i s  ‘i i  t i f  t~ u i l ’i i t e S - IS O dc  i _ i  ob i n c  t u  i i i  c e m ig  j u ~ - e t i m ’  r e i t i  I _ i  i i i  u t ’ ;;  e - u i _ c i i  c i i

e l e v e - I i t p m u u e m t t .  Sc -y e ’ r t c l  e e i lmi p tilit S e t i r re m i t lv a S c -  i i t t e ’ i u i p l  t u g  t o  e - i i l t ’ m- m u d - _ i _ i  m i _ i~~i u L -I

t h i i  oUt ~li e ’ i u : t  l u _ i c ’ l i_i  e l e v t ’ 1  c t 1_ i i  i _ i t ’ i _ i t  . N_i- 0 ( l i m i t  c m l  S I C i i  S ~i (‘ C c i i i  i t  f c c ’  i t  i s t  st  c _ i t  ( t i c

p i c_ idim ~ t ~l i f I~ ’ - c- u t  b i t t  I I  cmi a m u _ i c i n g  tcm i~ I i  m i e  c - t b  ~i m _ i c :t 1 ~(_ i W t~ V s - I a ; :  - i _ i C 1  d l  i t _ i  l i t  - ( V  ‘C ’ -

Tiu ~ - i- c - a m ’ t -  -1 l s i t - i~ 5 1  i n s ’ l \ ’ 1 u t - t m  c ’ h i i u - i C l c - t i t - t ( l l i_ i’ t i _ i s  e i u m i ( t t t  ~~t c : c  s C t  t i l e - t u t u m i m i c ’

— t ’ u_ i g i  m t , . ‘rl n ’ Sc-  ~t i c ’

I )  t tm u~h ofse  i_ i e m i 1 ’h i c s

~ 
) I n i-b o _jc ’ t  c ’t t g i m _ i c -  S

3) ti m rh o pr o p  r u g  i i i e

4 ) In  r h i c i s h i f t  e - m i m t i  i t - s

\V i t I u i m m  e - . u  c - l i  c - t t g i t u -  Iv  pt’, c’ mui ilm t S ( l i t  I s  r I _ i _ i ’  p e s \ \  s i e l i - ti: - ‘ h ’ h u c ’  r e  - i  l ’ l ” ’ V I 0 I s t ’

ut le ’c : 1 u ’ t c ’p a  s i b u h ”  1 _ i r t i e t m ’ (  _ i _ i ’ i t l i  i i  t l ~ (ui ‘1 , 1 i s  5 ’ i t  t i l t ’  r- I i l t j ~ _i\ h i t ’ i t ’ ( I ’ s ’ i d

c- ~~( t t t ~- :;um ft ’iei c -ii t t v d i f I ’e -nc- t mt siu lt it me - tc -e t uiio is ’ ; ’, \ , i i i i u i t u t t~~~t i u F i u b ! t  - c u d , cOd
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ma r k e t  ~; j t c  t em a t t u - a c t  ch ffc - m c - i u t  I t m t ’ h l i m e  i - u i g h m l t -  i c u a i m t i t a c t t i m e - i - ; _ i ’~~h ’li  , ‘ —

gr o up s  t u m r h _ i o I _ i m _ i  t i m _ i c !  I m - u i l i c m ~ c ’t  e - m m g i m m e i - i  a l i t !  eH ;ti i i_ i g t i i~~l t t - : :  1 s r c m c l i t l  S i S  d im I l l s -

ha Si :1 of a - - m ug it _ is 1m~m_ i_ i~ - i c i t  s - s . ‘l’ .t Itt t~ . iS ‘ S t  h~ ~m m ~ l ’ i t  h .t  f t  t m i i i  I i i  rhs , -

p rop - i i g i u _ i e ’mi  and  d i s t j m i g t m i ; ; h u e - i -; p~~c-~~’ u s L i s ; : c - ; ;  .-\ lt h u c u t 1 t l m  t h ~- i t ’ . i t ’  t a - _ i - c u

t i c i i c t i ~ i i  ~ rcme itice- V t t  s ’ ’ t u t i - I d m m c -  e - i t t ’ t ue - s , ( l i t - L1 i t - c - S t u - C t m m t ! C t - i- c i i  e - s ’ u ; m p s t t h - : ;

c e ” i i  m i s c - l i l t  w i t  hi mu ~u u _ i c’ w i  i u e  S U t i m t  t i t  I ;; t 5 uu tr - I l b e ’ i b C , u i T ~ i t ;  I L i t  h a _ i  s ’ u l u e

i i i  n c ’ S t t t i i t  m i m e - t - ob p r e  d l i c e ’ t :i a i- c- f tc  i~ ‘ _ i - ’ s - i e ’ t u t t  se t ; _ i _ i ’ i l i t  m l  m l  us - l i i  r i s c  :- t I mc f t  -

t u i r i m e u h i  i- t u j  m i t _ u  i - Icc ’t . m  m m i i  ( l i t ’  mi m e s _ l i  t i m _ i t  a u _ u t t  i t - ;  I I  ( i t t  I s 5  s l i t ~i m m c i  t u t  r i s~ - ; t i  c m i S i  ti c

i i t i V ! ~e I S . t I C s - i t r g e  c - u _ i g i i u _ i  ( i i V t C c i j c t , t m t m b s d i u u  i t m a i ~k e - t t :  h t i ~ c u u i l _ i  i _ i _ i t s  1 i r c s ( l t i c ’ s i s 7

t - t o -  i-al t-; l e cti - i c  a m m i i  l i i i  k-d i s c  l i n t _ i t s  s - t ; , C C I  u j i  c~ I i t t  \ e ~ V _ i ’  s u i t ~i l l  b i t t - h Cs ‘k

e ’ ms i z i n c -  ) i m _ i u’ h i ’ t l _ i . t t 4  s ’ u u i _ i -  ~i : ; i i _ i g l c ’ p r c ’d i mc’ t m - , \ \ i h l i c m m _ i s  kc t ; e a v c i m .

ri mc - t i tr hi um - s ’ti5 j i i s pm suc) u t s c- i i ;  e l t i t e  V i i  ib i ~’~ t ( h e g r c t ’ s t t ’ S l _ it
~ l i i i  t i - i t  t c t t i

a u t m e i n i t  l u , u - h u j u~~- t ’ u i u m i c ’ t ; • t j g t i t  c ; t -~~. I cu _ ic! -
‘
. - ‘ i i i u i t I i - c ( e ’ ( l i e -  i~t t ui ~ ,~ 5~ f t u s h

i m m _ e m i t m i t e l i t t — c ’ i ’ :’ l t m s i t h t i e 1 l i m i t - i i i  t i ’ s ’  t t i r l _ i s , ) .I c ’t  tm m i ( i  t u t i ’ l , c s t t l i i t t  i i i ~ i t i _ i t . I \ u i u i i i ; t t

t u I r ) s i t s ’ c ’ u i t t i t _ i I ~ ce _ i u t l } _ i . u m u i - : ; , u _ i e - t c ’ m ~~u i  i - h c ’ e ’t  u - i c - m t i d  i t m _ i u I ( - c l  I’ ( t l i t t d _ i i L C I ’ l eic luc\ e-

ti _ ic bi- e i t id e -~~t p r c s I u t t ’t I ‘l u _ i c  - 
( 

~~_ l- _ p r e u d u _ i c c -  :; e’mug ii u c -s _ im _ i ~u c u  l i m e -  i ’  s s i t u ’t m _ t  r k c t

( _ 1-~ d i f f c - m - m - i  f i ’ t m j m i  l t t t j t c ’ c !  rt - i - I ui _ i ciicu t t _ i ’ i m i  Ic  I l i u m :  s i t  j ) r e s l t i c t  h u e ’  m m h c i m u t _ i -  I t _ i ’

h i _ i~- i i _ i g  m b ; i h t m _ i l f j c ’ t u _i t  j_ i _ i i ~( c ”l t h i t ~ t m m e ’ I i e u i _ i u e u h u , t t u i - h i c , : ; f i , i f I  t i m _ i  r f c c - I ~~. h, l m m i ( c - e  l Uec h i —

i u c s l s u g _ i  t l m t - c m t t ; i l ’~~, ( l t d  m m c m l  J ) m - c s t i m i c ’ ( ’  i i i  h ut ’ : ; i u t _ u l h  I u m i i u ~ m t : t m _ m I t  s i l t  I i i - ’ i i l , C  m i ,c - t  . s u i t

c _ h it - i~_ic- j t - t  h i _ i ; ;  c ’ u b ; u m l s - t t  i i i  -t e u  ( l i e  u s  : ; i u l m u m t . i  m r - i - I ; . ‘F lu ’  c ’ t h m c i  p r s ’ c t i b t  t -  m ’~ .t i c ’

111 (1  u. t t  i i i  1~~ ’ p~ ~~i - m  I i  _ -,e ’cl l i i  }i m’ s u t l  I c t  . 1 _ i c 1 i  e~i ( I~ ~~ Sc ’ h  h m~~:; c ’ i_i 1 ’j  i i i - - i i i  oh I l i e ’  u s
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subnia i-kt ’ t s , but  i t s  u u _ i a i u _ i  v olume  is iii I he- t u r b o  s ha lt , ( c i  m-bo px - cm p ii m a r k e t

AV (~O i m u t i _ i c ’ I 97 0 — ’u ‘ - ‘pc’r i ) ( l  1_ iui i l t  e x c h u t ~~iV e d v  tu r b o  sIi mit , tu m - h 5 m p m - o p  e u i g i u u e  : ;

- Cr - c i- i- cIt sp e c - i~i l  ~t~ c s i u m s u _ i _ i t i l I  I u i r h _ i oj  ci a m u d t u r b c m s h u _ t  f t  ei ig i i i e ’S oi i l y , wi_ i Ic ’
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I
C om _ i c e ” u u t r a t i o n  in ti_i c’ Tu r b i n e ’  1- mt ,~~i ns ’__I n d u s t_ i L

• The tu rbim ’uc c i_ i g b-me in du st iy  is ofl(’ of t i _ i c ’ m r s  hi g u i y c- on e e~li —

trated of U. S. ind us t r i e s.

‘rai le 2. ~i 
-

I > e’ nc c -r i t a  ge  ( : o i_ icc- i i t  r t u  I - i c m i  Of

• F’o u m - I _ s a r g -t- -t N 1 ; _ i t _ i c m f a c l u u -e ’r s

in V a l u e  Of ~ h t i j~n i c m t s

• 
196 3 19(s7 l 97~~

SIC 372-1-1 ( Air c  i-aft Eng ine s  mol
Milita ry C u s t o m e r s )  96 94 97

SIC 3724~~ (A i i- c’r a f t  Erug i u _ i c - s f o r
Other  t h an  IT . S. C u s t o m e r s )  N/A N/A 92

• SIC 37211 (C omp le te  A in c  r a f t ,

Military Ty~~’) 68 77 74

• SIC 37111 (P5t ssc’ng c-r Cars) 99 99 99

- S o u r c e :  e j _ i~~~~~~~ i- nig 1972 Cct m_ isus c_ if T--~;u i i u f a c t u u - i m _ i 1 -,
B u rea u  of the ’ C -n s u t s , ~‘c- I C 7 2  (S} ~ ) — 2 .

Table 2 . 5 shows that a i- out_ id 95 pc_ i i c  c- nt  of ou tput  in the ’ a i i- c- r a f t

- eng ine i n d u s t r y  conies  Ir o n_ i  f o u r  m a nu fa ct u r c ’_ i - s .  It i s  onl y s l i g h t l y

• i r s  s Com i c ’ et mt . i-a ted t i i , t i _ i  I I_ ic  U . S. ]_ i ul S S e’iig c- I ’ c a  r i u _ id _ i t _ i t t  i ’ y a m _ i d  m i _ i n s - i t  m i _ i c  m~e~

(‘ unc’ e ’ i _ i t _ i -at c-d  th am ’ t t i _ ic ’ ro i l  i t t t m  i ’y a i r f I ’~u 1 i _ i e ’  i i i d u i  :t t  V ’s’ -

‘l~u b ’ Ie - _ i -  - ‘ 6 a u _ i d  t . 7  sr-ni _i_i ’ l i _ i c ’  t m _ i u l i t a  m - y c - o r - i l _ i c’ S~i 1 s ’ t t  1) 1 ( b c  i t _ i p  ~~~~

cont l- a ( : t o r s —  fo m’ I) o l)  p r c ) c u r c l _ i _ i s u _ i t  c a t e g o r y  A — i  1~ f _ u s  ] u~,( , i u i d  l~~ ’s ’ s . ‘ h u e

c-a t v goi-y  I ~mc lu_ i des  di  i- ’c t c-rig ins pr  t ic ’ i i  i- c - i _ i _ i  c - i t t  a we]]  - i ~; cr t g i t _ i c ’ J s m  i I  S .

!lA 1up e’t_id i ~i l’ p r o v i d e- s  da t a  on a Ia i-g - r nu i i ibe  r of c - c _ i n _ i l  u t m n i - s fu  m l i i i  s

I - p r oc ur e -m e -n t  ca t i - g or y .

• -2 7-______________________ _____________________ _____________________ 
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T i tu s , seVe’ i- ti 1 e- I i ~~ i t _ i c  i t t t l _ i i  mi t  m -y s _ i u l i c  c i i i  m a c  t e m  i- a ~~~~~ m on t h e - l i s t .

The ’ C c i f l C t _ i t i (  r i t i e _ i u i  of S t i I c :b chc d l a  r s  i i i  flu ’ e . i ( c t  c i t y  i s  r - i v e - u _ i  i i i  l i m e-

i’ i h _ i t Icazid  c ’ c ’ I t t f l t Y i _

c’ — ~
‘ 

~ 
_ i 0 V  id S S a ~mm a1 ’u ’u i _ i ’  ~_i u - y u _ i f  t it I m m _ i t e m  i - u m t _ u i  i c i i i  Ic ’ t’ ( l i e ’

Id _ i l) 10 c ’ u i i t m ’~u e I c ’ i ’ s i l _ i  ( I t s  y s ’~ i i- s  l~t t ’o  t i n c i  l °? ’ t_ i~}tc ~ ch il i _ i - h c m _ i _ i ’~ ( l i i i

i _ i _ i J Q 1 s t , i’m - a l t  • m n d \\ l t i t m u i - _ i  h i d  ~7. 7 pe t’ i ’ e ’ it t  ‘at ’ _ i i l  pt - c5 - _ i m u’ e ’ _ i _ i _ i c’ m u t

d o l l i r s  i i i  t i t i t t  e ’ t i t s ’r - s ’ t’_i . f c ’ l l c w c ’ sI  1 , _ i, ( ‘s e n s u a l  1 ’ i ~ ’~~1 i ’ b s ’ \‘s’ I t l _ i  ~~~~~~ 7

L l m c t ’ c c ’ m t t .  Th e- (op  fo ur f u u m i _ i s  l id  ~tm c 1 
~~ 

re ’ e ’ u _ i t ci I ttul s t i r - l O s ’ 1) 1 ’ s ’ —

[ c’ u r c m c m t t  c l c t l i ; m  t’s i i i  1° c - u - . it _ i 1 5 _ i 7 : s . c ’ c s u _ i c e i u t m t u i c _ i t  lu _ i  t i n s  i tm’ d s ’ _ iurc - —

t i ’ i c i _ i t  c’a t c -g c ’ l’ \ h a d  m m _ i c r u _ - a _ i - s t _l m t r - ’ t t t f m ~~ _ i m _ i t 1y .  l~ _ i ’ a i t  a u _ i d  \\‘ u t n ’ \  m - t m r ~

• m i u i i t t _ i i u ( 1~’ 1 _ i _ i C Y e’ ,_ i  s e _ i l  i t s  c i c u i t _ i u i m s i m _ i c’ c - f i t _ i t _ i t  I s h u c ,  a t _ i d  t c - e t _ t c i i u t e d  l ie

I ~~ 7 pe rc - em _ i t  s ’f c’ i! _ i’iii e i s i ’ c)c ’ i i V c ~f l t c~t u i  c m ’ h i a  i~ 5 , ; l h i C s ) _ i u g l _ i i t _ i

d c _ i u l t i T _ i 1 t , _ i i L t s Y 5 C l  - i  ~‘i ] _ i c  i ’ c - c - i _ i i  c i sc  Sc ’~ t t - S  i _ i _ i  i l _ i c ’ 10 ~~ e ’~ b S

Gc ’i _ i c m a h  l - 1 c ’ c ’l t i e  i _ i i ci 5 d m _ i ’ o t - l  i l _ i d ’  t t i i _ i _ i c’ _ i _ i _ i t i . u~ht ’t s I tu _i - c ’ it _ i } s _ i 7 f  i~i

J 1’)c ’t ’ . \ V i _ i u l s ’ e ’’~~ s c i ’ b e t b s t m m I ’, ~u l ( ~ pc 1’ e c ’ i u t  sa l e s  d l e c  l’ e ’ i _ i t c ’ \ V l b c il i _ i _ i ~~’~~~s_ i u i~~ ’cl

in c t _ i n s t a n t  d o l l i e s . A\ ’ _i ’ L ) ’ s i t _ i  i ’ l s t  S l _ i 1 1’c’ (l m ’ ctp i i t ’(l f r c ’ i _ i _ i  14 .)  t o  ~~ 0

wi t h  a c -o nx’ c - s I m c _ i m _ i d l i l u C l  ~~~~ pi’t ’ s~- e’m _ i l  ~ i t -t _ i  dl cc ’ i’S”  t t c ~ i l l  c ’e _ i u _ i S l t i t i t  c i c u l i t i  i- _ i _ i .

I A fl i son  a c t u a l l y i i _ i c r e a s c -ci i t t - _ i  t _ i t a r k e t  s i ia i’ c ’ l i - o n _ i  7 . 7  I c _ i  11 . 0 W i l l i e ’ c - x —

pe’ r i C t L ’ i l _ i r -  a 1’ })e rd ’ e _ i _ i t  t i l e S  d l i ~c’~~ R e ’~~t u l t  i C t  t i _ i c  s ’\p e ’_i _ i c h l ( _ i i  Se ~h e ~ h u e ’

\V~_ i S  t o  i l _ i c ’  i’ e ’ ,l I - c ’ t i _ i c’ c o u i c e m _ i l  t i 1  m c m l  i i i  l i m e ’  t i _ i _ u t - I  r _ i ’ ~i i t c1 m ; u _ u i _ i - t i i i I  i a J 1 ~ ’

~ne ’ l i _ i  sc  ( i t t ’ c i  t O  u _ i  i n m  u m s  s - s t  I I i  I t  \\ ‘  ‘ i i i  s - _ i -  I I C  I I _ i s ’ m i i i  I i  Li i _ i  m i  i i  rh - i . --\ i i

cii l i m e ’ l u m - g e ’ st  I ’ I i m r L ’ i i _ i c ’  e m _ i _ i i m _ i~’ m _ i _ i • lt _ ii u itlcltt m ’ s - i s  • ‘‘-t 1’c i ’ l c ’ t ) c t ’ c I  _ i - i u l ’~t L t m m t (  u a l
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i _ i _ i c r ge r , or decl ine of t i _ i t - size of each Ii rn _ i  o I~ (he  nuI _ i_ ib (m i- of fi rn _ i s

Dive i’sifica (ion  of i_ i_ i 1 n u I a c t u t r i I i~4 capaci t y to oth er  pro d i lL  t s by ai i-c i-~i f t

en g i ne  n_ ia m tfact uz ’c ’  r has not  t a k e n  p l a c e  t o  any  Ia I-ge ext  i ’ i_ i t .  Thi’ t-e ’ n_ i . u i n

ar eas  of dj v e i- s i f ic a t ic ~~i a rc  I l la r i n e  c i_ ig i r i es , l i i ( lUS t  r i a l  t u t - b o i c t s  a i id  t r i u c i s

die si-1 t ’ f lg i I_ i c  s _ M a u -h it ’ am _ id  i m _ i d u s  t i - i  a i  tu r b o j c  t c i _ i~~i u_ ic st  i 1 C ’ U i_ i s l i t  u t  a vu ’ r v

• sm a l l  P (m 1’ct ’I_ i U1i~~- ( 1 - s s  t I t a n  3 pt- i- ce - n t )  of i i i d u s t  ry  p r o d u c - t ; s> n  D e t r o i t

Die sd ha s d lv i -  i -si  f i ed t o  t l m c - n _ i a n u i f a c  Eu  ret of t i -u ick  d i e t  ~el eng i 1_ i t t  s

1-loweve 1 , tO i’C i’aft c ’ i _ igh l _ ie l i _ i b i l U t  f t L C  ( t i r i n g  d _ i l ) e b  C d l i  c_ i t_i s h t l \ ’ c’ ~ol lO\\’ e ( i  ( 1 s$

ge m_ ic  r a t  I r s - n d  I o~va rd m i _ i c ’ i~~ ’c 1’ in U _  S - i f ld l i .i S t’ 5) y LOu d i _ i  hi i i V  l b  ) , L  i n u f a c - 1c m i’ - r I _ id  V t ’

b e con_ ic  p ar t  of a n_ iu c h  m o  i-c d i v c rs c ’ coi- po ra k ’ -tI C U d I U 5 ) ( ’  i l _ i  t h ~_i ~ — I Q i  P ( - r1Ud ~

This has lb : i  tipem_ ied (I _ i r e _ i d  git i _ i _ i t ’ C gc’ r \ ‘‘i 11~- c_i l l _ i t t  r C c_ i ’  m _ i p a m i l  i s  u _ ic _ i t  U_i  t i l e -  al F L  i~ _i it

i t_ ic) u~~tJ’-y (l -’r i t t  \ V h i t m _ i e y  , Te Ic- dy mie CA F~ ) and t im r o i l  ~:l u f u r  I l i t -r  di ‘c c - i - s i  f i c a I i  c ) u

of cng iu _ i e  c o r n p a m _ i i c ’s ( A \  CO , GAR R E ’IT) . TI _ ic ne t  C s 5 ) S d i  II I S

• that ai i-c i-aft t - i i a i  t i c  op er at i on s  a i-c ‘ tnbcdd ed ~ (h i  i_i  - 
~ r r - c  m - c - o i l _i h ,a u l - ‘s a i _ i d

generall y cons t i tu te  onl y a small  por i i  an of ove Ftc1 I c o m _ i _ i p a m _ i y  sa l es

It is i n t e r e s t i n g  to n o t e  it_ i Ta ble Z • 8 that W i l l i a m s  R e s ’a r c l _ i  i t _ i  I~ ) ~~ s

ranked ninth it _ i DoD eng i i_ ic sales ar_ i d I~,olls Ftoycc’ r anks  f i f t i I  \\-‘i l l i a m _ i _ i s

has c - _ i n c  i-ged as the  t e c i _ i u u c m l o g ical  lit dt l i -- i i l_i  ‘ c c )  i-v s n_ i a U  I u r i _ i  u _ i c ’ e m  ~, i t _ i c~ a m _ i d

u ’ep r e’ 1-m c i _ i t s  f l u e  onl y new c o i_ i t - r a c t o r  in  11_ic I ~)(_ i 6 -- I 97 ) ; t i u t _ i t ’  p~’ i t - i l  -

— -‘------ -— — -‘----‘— - —-‘ —‘ - ‘— -
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I~o1J s l~~( s y d ’c is tim e onl y for e i gn ‘i_ i g i u_ ic m ; c i p p h i e ’ r w i t h  a si g n i f i c a n t

• DOl) sti l e S  level  - li oll s l i c iyc ’ c - s t il e s  e-xea’ e ’dect  t h a t  of G a i-  i’ c ( I  a uid

Tele-d ync iii 1975.

To con_ ip a  i-c whc t l i t ’ i -  t i _ i c  t i- c- i _ u  t o  g r i t s  I c r  c ’une u - n t  r a t i o _ i _ i  i i i

n_ iu lit a i-y c -i _ i g i n e  s t i l t -s  i s  t y j t i t ’ t u l  esf 1)01) i _ i u 5 s 5 ’ t u i ’ c - m _ i _ i e’ m u (  ) _ i u _ i u i t ’ i e S

g d - i_ic -  i - t i  11 y , LI c~ ( _ i F ’ c  c - _ i _ i t  m ci t u o _ i _ i  a m _ i a  1 y m- i 5 wa m - U t  i i i  c r L _ i  Id s _ i i  f~s i I ~s 1)01)

~>i’oe - u r e m i s u ’ i _ i t  e _ i l c - g o r i e ’s . ( ‘ c s i _ i c ’ s ’ m t t i ’ a t u t s _ i u a b t o C s  l i i i -  s u i t - a  w i t h u j u u

c - i t c h  L ’ i i t e ’ i 1 C _ i 5 )~ ’ \\‘ e F s 5 )  c t u I u ’t m la tc ’d  b t i s t ’d c m _ i  i m n l i l a  _ i -y : t t _ i l c - t - :  d a t ;u

p 1’ _ i \ ’  ud~-d f o r  t i n ’  t op  ~ 5 I i rn_ i s im i  d-a ’ l _ i  a _i’ c’ ; t - TIt u ’ _i ’~ ‘U i t  S t l l ~t - \ ‘  s - l u

in ‘i’;m b l e s ~~_ C) a u _ i c ]  ~~. 10 a n d  1’i g t i r c - ?L . 3 _ I t t l ) l e  2 .~~ S lio \V S p~’~ 
c - c - i t —

tag i~ c d i f l e ’ c_ i_ it r at i  (_i_ i _ i  ‘cv i t t _ i  i _ i _ i  u -Lcch _i r oc ’u n - m m _ i c - u t  s ’t i  I ego ry  i-u I I I _ ic  -1 , ~~ n u t

20 f i _ i m _ i i  ]t -vc ’l i  l’i g u u ’ i - Z $ sI_ io ’c ’c-s t ha t  t h e ’ c- U I _ i c’ u - _i _ i t .  i - I _ i t i _ i m _ i  r a t  ic_ i t m ’ d m t ’ s ’

‘cv ide) m e ’Fo  S S J i l l _ i t ’ d i r e- in  i - m _ i t  c - t i  t c -g  or i i - ’ - ‘J I _ i c  da ta  a l i e _ i w  a t 1 c t -  ( i s

— 
a i m d - i’t u f t  e l _ i t ’  u i u ’  ~_i m ’~ - t u  i5  ( l i t ’  m n c u ~~t h i g h l y  co i t c - c ’nt r a t e d  i u s h i u a t r y  i s _ i r

IX)1) st i c  s wh e_ i_ i  c ornpa rc-cl t o  11_ ic o f l u  c ’F 1i  roe i nc- m i _ i  c _ i _ i l  a i ’e ; i  S - i’abl  t

2.10 c’ u i_ i _ ip iu t’ t - S  d i i - t - c ’t c on c e n tr a t  j o _ i _ i  at  t I m - - -l Lu -n _ i  i t - v t ’) f t s i ’  )~~t 6  a u _ i d

1975 f o r  tI _ ic  33 p r oc t i  n c - n _ i c-nt  a r c ’a s. Ti_ i - i~t -sti .1 t s s i t u w  i t _ i c’ r e - a t - b c’ s i i i  con —

c e’i _ i t  n ’s t i o i_ i  i_ i_ i 32 of t i _ i c -  I P FOC di V u ’] ) )  t ’l it ii r c -~u t ;  li- ui _ i _ i  3 ~~t (~ t o  ~~ 75 ~t I _ i  ~

t t - c-uid tu _ i ’ cva i- cl r c a t t ~ _ i • s. o i_ i c e - m i t  i-t i io u _ i of 1)01) h i _ i ’ t _ C ( ’ t i r c ’ l _ i _ i e ’ m C t  c1t _ i ) l t ~ i - s  I t t ’ s  V

ri--li eu t on l y t i m - l u s u m d c ’ m _ i e ’_ i  t o  b u b \  t ’ i - w - r  u l m a i i s u ’  ‘s’c’ e - t t p e _ i u s  m y s t e ’ m n m i . i ) H I )

1)1- tic ’ti m- c - u l _ i ci _ it t i c s )  i t t -  ‘c~~t s i i ]d t l m c ’ u i  I _ i c - s i _ i  u t - t ud  I t s  i i  s_ h a l l s - m i _ i t o _ i _ i l _ i t’ i e s t
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- -  Tabl e 2 .9

Comp arat ive Concentration Across 13 DOD Procurem ent  A re a s  for 1q 66 am - ut! l 97~

1975 1966
I I

Number of F irm s 4 8 20 -i 8
(5 ~~~) ( C ~ ~

~~
- 1. Airframe s and Rc-late d Asseth-

blies and Spare s (A - l A )  65 87 99 58 83 99

2. Air craft Eng ines and Related
Spare s at _ id Part s  ( A - 1B )  92 95 100 88 95 99

• 3. Other Ai rc ra f t  Equi pment  auid 
-

Supp lies ( A - I C )  33 49 74 25 40 59

4. Mis sile and Si_ i acc Sv at cn i s  ( A -~~) 4 9 69 94 38 59 87

L ~~. Ships ( A — 3 )  57 
- 

81 93 41 58 75

6. Combat Vchicl~ s ( A- 4A )  65 88 99 67 81 89

- 

7. Non-Combat Vehicles (A- -i 13) 61 80 96 56 70 82

.~ 8. Weapons (A-- 5)  43 55 73 32 41 55

9. Am mu n it i o n  (A -6 )  31 53 90 2 1 32 50

•4

- - 
10. it~lect i’ c ’ tu i  co and C o i _ i _ i _ i n u n i  ca t i o i_ i s

- Equi p _ i _ i _ i c n t  (A--  
P

s’)  - 32 44 68 20 3-1 57

- 
11. Pct i -o lcuin  (A -S~\ )  42 62 89 41 6-1 94

12. Text i les , Clothing and Equi pa ge-
(A-9)  18 30 50 14 20 32

13. Production Equi p t _ i _ i c u _ i t  (13-9) 48 60 71 21 35 54

~‘ ) I I t ’ t ’ s ’ C !  ! i ’ s t m :  I ) o l )  l_ i r~~C u i u ’ e 1 u 1 t ’ i m 1  d ’ s t .  b u ~~ - _

I _
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TABLE 2 . 10 -

1975 Concen t r a t i on  for  DOD C o n t r a c t s
‘ For 13 Pr o c u r e - n _ ic -nt C a t c g c_ i r i c s

1975 1966
F 

Concentratio n for 4 Firms

1 1. AI r craft Eng ines - 92 88

2. Combat Vehicles - 
65 67

- 
3. Airframe s and Related 65 58

Ass emblies

4. Non- Combat Vehic les  6! 56

5. Shi ps 
- 

57 41

6. Missile and Space Sy ste~ ’_i s 49 38

7. Production Equi pment  -48 21

8. Weap on s 4 3 32

1 ~~. Petroleum 42 
- 

41

10. Other Au -c r a f t  Equ i p a _ i c n t  and 33 25
1. Supplie s

11. Electroni cs a u _ id C o m m u n i c a t i o n  32 20

12. Ammuni t i on  31 21
it

13. Textiles , Clothing - 18 14

Sou ~r c e uf R t i  ‘J’ab le  ~~ - II) c_ in p• -
~ 
- ~~ I

•

1 
-

- I  -

- 
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E u_ ig j~~~ j~~~p~~~d itu

- 
- DOD during the p -r i o c l  1963— 197 5 has accounted f o r  a dec l in ing

- 1 percentage  of tota l a i r c r a f t  indus t ry  sales. In 1976 , DOD pi-obabl y

~~ accounted for  approximatel y 50 p erc en t  of sales , whereas  at

ear lier t i n _ i - s , it accounted fo r  up to 80 pe r cen t  of sales .  Sales  to

U a i r c r a f t  eng ine c ornpan ic- s f r o m  thc- - g ove rnmen t  occur  j ) ’~ima1-11y u _ i

J 
f o u r  spending c a te g o r i e s  as show_ i_ i in Table 2 . 11 and Fig u r e  2 . 4 • ‘l’hc

f i r s t  ca tegory  (FSC2840) covers  pr ocurement  of jet  ari d t u r b i n e  a u - --

I - c r a f t  eng i n e s . DOD pr c_ i._ ir cmc ’nt e~~p e n di t ur e  f o r  j e t  and tu rb ine

- 

J a i r c r a f t  eng ines (FSC2840) ar e  sl_ iown in F igurt -  2 . 5. Sinc ’ c- 3966 , DOD

procurement  expenditures for  jet  and turbine eng ines have decl ined

11 by almost 50 percent  mc a s u i c d  in con s tant  d ol l a r s . Fi g u r e  2 . 6 shcs\:s

RDT &E e~~pc-r iditurc s fo r  a i r c r a f t  engin  cs.  TI_i CS C expenditur e  s have

also dcclined , although not: as  severel y as eng ine p r o c u r em en t  expel_ i —

II d i tures .  External funds fo r  eng ine maintenan ce  and mod i f i c a t i o n  peaked

1 during the 1968 Vietnam W a r  y ea r s  a_ i_ i d have s ince  dec l i n e d  s u b s t a n t i a l l y.

•5
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1-li s tor i c -il l u r b i i _ i e I-~n g i n e }~ r ciu ci~~~~_

*

I-l i stc_ i r ical in rb i t _ i c ct_ i g i l _ i c -  p r e _ i d u c t  ion c a _ i _ i  bc n _ i c - a  su red i t _ i  eve r i  1

ways :

• 1) 1)olla r ~ e _ i l t _ it _ i _ ie c_ if In i - b i t _ i c -  en g i n e  s a l e s

~ ) N’un _ ibc - r c _ i l  e - I _ i g t l _ i c’S p i - oc i t _ i ced

3) ic_it a t  \V C 0 i _ i t  of cn~’. i i i  i - p r u du c - c-d C

4) T o t a l  
~~~~~~~ 

c_ i t t Iti - ust pl’ cc (hiCC d .

F or i_ i c  s c - V e t _ i  tu t b i t _ i c  C _ i l _ i  ) D 1 _ i i~~’S i _ i _ i q_ iic -s ti e_ ii_ i . d o I l : _ i r \ o l O t c : L -  d a t a

s not  p r ov i d e d  in al l  ca Sc- s e I I c _ i W C V  or  - p1- _ i_ u n  c t  on da t  D C 01- r _ i -  j ) (_ i1  C U i n g

to  n u m ber  of eng ines  p r o c l u c u -d , t o t a l  we  igi_ i t  a_ i _ id t o t a l .  t h r u s t  h a v~ - l c c c - _ i _ i

• 
dle -v c - lc _ i i_ iecl f r om  the d a t a  p r o v i d e _ i l . S~~c L_i hlc ~~~_ l~~_ 1 ;DC I _ i C~ t t i c  U _ i e’D -

s u re -s  u sc -U  f o r  t _ i t a i  i t _ i du  s~~r v pr~_i d c _ i e t i c _ i i _ i  C Op a C  i t  V 3 _ ia  ( I c - t i  C I C i _ i C I  C S  - ‘fl_ i c

i _ i _ i c - a  :-U 1 - C  0 t 1_ i t _ i _ i  cu- of c-no i l i e  S 1_ir 4 ’du ç ed c- c3 t_ ia I lv \\ c- i ‘r c r y  s i _ i _ i a  I I  a i_ i d

v e r y  Ia rgc  en~’ i t _ i c  s - If t h e  u_ i  x of v er y  s i_ i i a i l  or v e r y  l a r g e  eng i _ i _ i c  s

changes  ov er  t i _ i _ i _ i c -  t h e i r  I_ i i e ( l  s t_ i l - c \\‘iil i - _ i o t  t r a c k  a c t u a l  p r o d u c t  ~d’l_ i ca —

pacit y a c c u r a t e  1 ~~. The f l _ i c - i_ i  s u r e  of w - i gl_ i t  of cu _ i g in c  p i-oduc c-cl s olve - s

t h i s  p rob i c-ni but  f a i l s  to  t r a c k  t i _ i c -  t r e t _ i d  to  u s c  of 1 ig l i t  Cr m a t  c r i a l s

a _ i n !  g r e a t e r  t h r u s t  to  tvc-ig ht  r a t i o _ i _ i  l i _ i  c - _ i i g i t _ i c’S . T i _ ic-  t _ i _ i e a  s t _ i r e  ~~ 1_ i t n t _ i c d s

of t h r u s t  i s  p c r i _ i ’ l c : ;  t I _ i e _ i _ i r c t t c a t ly 11n he~~t i t _ i c - i i s i u t ~e _i~~i t _ i C e  i t  I : - a p e r t c _ i r -

t ’ _ i~cc i l l e a su r e . U u i f o r t _ i _ i _ i i~~t c l y ,  t _ i _ ic ’ a c u _ i _ i _ i _ i _ i c I i t  ~c I p4 _ i t i _ i _ i cls  of i 1 _ i r : _ i : - i  m ay

n ot  bc t _ i u _ i i ( o r u n  h e t w c - c u _ i  c t _ i _ i~~t I i (  t y p e - s . l~~c r  i l l S t D I _ i C e . t i _ i  _ i- J _ i & , s I _ i _ i l l  i - l _ i~~ c ; : c - S

C 
ai ~i s t t . - ll y r a ted  u _ i  l_ i c_ i r S C p e ) \ V c 1  r a t h e r  t i _ i _ i _ i _ i p e _ i u I l ( i s  ol  t i _ i _ i -t i _ i _ i l , i _ i t _ id C e _ i l _ i  --
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1/
ver s i o n  f a c t o r _ i - _ i  5 _ i t ~c’ onl y - c c  cnratc nucl e i- a s ing le t e s t  ope1-~ c l i n g  c a t _ i d i t i u _ i _ i .

Fi g u r e  ~~. 37 c on_ ip a  i-es t i _ i _ i- tlir ~$ i_ i_ i c - a  sn _ i - e s  c-st i i _ i _ i _ i t e d. TI _ ic’ co r  i-el _ i t j o t _ i

C O c d f j ( r i t _ i t 5  ar e s I _ i o w t _ i  in ‘Fab le ~~. I .~~~. S i t _ i c c -  t i _ i c ’  con  e h c t I o _ i _ i  c - _ i n ’ f f j c - j - _ i _ i 1

is  ye ’ _ i -y i_ i ig I_ i b et  \V _ i ’c’ i_ i t I i c~ i _ i _ i t -a su r u - s  , no _i-_i i g_ ilific a i_ it bi~ s ~v i i l  I~t - i _ i _ i l  r o d _ i _ i  c c l

by t) _ i _ i u! _ i~ sc i i ’~’ 4 5 _ i _ i ) _ i _ i c s l S t _ i 1 e  as it r n_ i -a  s n_ i - c of  p i - o d u e t i o i _ i .

‘l i _ i c  p i - _ i c d _ i _ i c t i s c n  d s t l _i s l _ i _ i _ i w s  l i _ i t - e s  c i i s t i _ i _ i c t  1_i 1 - r i - ) d s . I _ i _ i’ 3_i - i-iod

3 
(1~ 1 1 ‘~ _i ~ S i b_ i  \\- s- r e l a t i v e - I  ~ st  a b l e’ pi- u n l a c t ion .  ‘f l _ i c  p c i_ i  Ic p

~ ~
,sla _ i t it )  i_ i 

~~~~~~ 
i~~d

tv~ s fo _ i -  19 (_ i~~s — I ~~~~ ‘ I l _ i _ i~ ~c _ i -~~lc C _ i _ i i  _i C 
~~~ 

tic !  S W i t h )  i I _ i _ i  \ jef l i ~I _i _ i t  \V~~_i 1’ d i _ i d

p_ i- ~k c ~\ - i l iD 1 1  ( tu l  c- r i_ i ft dc’ _ i _ i _ i ’ _ i d .  D t _ i i -  i l I g  t h e  pe~~ ~~cl 1° 7 1 — 1 ~s
_i -

‘ . d e n _ i ’ _ i  i_ i d

I_ ia n d t-opp c -d ~“ell bc-low I ~ I — l~)70  le \  _i - l s by i _ il l 11 _ itS _ i’ f l_ i e S t  S i _ i  ~cS 1~ t l _ i l c ~- ~~. I -
~

• c o i_ i_ i p a r e s  t o t s _ i l  p r c c d t t c - l C L ) _ i 1  cltn - i _ i _ i g  I l _ i s t I _ i i - e _ i - — 5 — y  ca r  pet- i _ i _ i d e .  U - v _ i - I s  c _ i f

pr o du c t i o n  i_ i_ i 1( 171 — l~~) 7l ~ I t s _ i ve folio _ i_ i i- _ ict _ i gh_ ily ~ 5 p_ i - r e e t _ i t  w l i c - _ i _ i  cutup s_ i i a-c

t _ i _ i  P _ i b l  _ 19~~5 and  SH p e r c e n t  ~v h i e _ i _ i  c _ i _ i. s _ ip a  i _ i d  to 1~ u e — 1 0 7 O  le v e l s .  P r ’ c i _ i _ i _ i- t i u c _ i _ i

i _ i _ i 1°7s  wi _ i s j - u t _ i g hl y S~~~ p er c en t  c_ if p eak p r od u c t  j o _ i _ i  in 1 h _ i c  1~ ) t ~1 — } _ i u 7~~ p cr iOdI •

‘i~ tblc ~ - 1 5 bi~ c - s i  h s t I _ i c  p r i a du  e l i _ i _ i t _ i  d i i i  a b c-I  \vc ’c_ i _ i  i l _ i t’ We n i aj u r

eng ine cia sscs  Table ~ . I t -  s n _ i _ in _ i _ i a  ] - u : scn  t i _ i s  p r o d u c t _ i s _ i _ i  d a i s _ i  ci g i _ i ul _ i  in

t erms  of t ite  t h r ee ’ tnt _ i c per j ods . P r _ i _ i d u c t i o n  of t n _ i - h o  -s h a f t , t c_ i i -bop r op

e 1 _ i g i _ i _ i c - s  h a s  f a l len  mo r e  d _ i - a : _ i u i c a l ly t h a i _ i  Intl_iC ) j e t , I(t i - 1) u f i _ i 1 _ i  & - t _ i g i _ i _ i e s _

C o n _ ip a r i t i g  1~Yi~ h - v t -I _ i ;  lu _ i peak y c ’ _ i  r~_i , t t t r b u _ i _ i i _ i a f t  , I t t  i - h _ u p _ i - op  _i - _ i _ i g c so’S a F c ’

~~~ - p~- r c e _ i _ i t  _ i _ i f  p t ’ - - k y C - _ i l~ S , u’l~ i l _ i ’ t i _ i  i-l_ ie j c- f  , t u r b o  fart arc- ~l t ~ p_ i - r e e l _ i t  _ i _ i f  J 5 s ’~~5 I _ i

y e - s _ i  r j r _ i  ] 07  , .

• !1 1-e r c - c u - t _ i i ; t l i _ i i g  t o t s _ i l 1_ i _ i n _ i n d s  of t i _ it - u _ i -I , a c c _ i l _ i v _ i- r s i u t _ i  f a c t o r  of 1 . 6

po u t _ id c _ i f  t i _ i t t i n l  / h o _ i  5 ’  p _ i )  it’s _i \V~l S 11 s e -c l.
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Table 2. 17 shows the size of the different turbine eng i ne

J submarkets based on total number and total weig ht of eng ines produced

from 1961-1975. In terms of n u m b e r  of eng ines , the largest market

was for turbojet , turbofa n engines  in the 6- 18 thousand pou t_ ids of

thrust  range , with 35 , 000 eng ines , fol lowed by t I _ i c 1-6 thous and

pounds of thrus t  with ~2 , 000 engines . 1_i_i t e rn_ i s  of wei g ht (mo_ i- c c losel y

corre la ted  with sales) ,  ti_ ic market  is d on_ m ated by two c la ss c - ’ i — —

tu rbo je t , tu r h of a _ i _ i in the 6-18 and 18-55 thousand  pou _ i_ ids  of t h r u s t .  These

two classes  account f or over  80 percen t  of the product ion by wei g ht .

For c a l c u l at i n g  to t a l  p o t _ i t _ ids of t h r us i , a c - o l i v e r  s i o t _ i  f s _ i  c lot  c _ i f  I - 6

poun ds  of h i m  n t / h o t  sepo~ver wa s  U nec! .

I

; 

-
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Table 2. 12
V 1/

Tui- b i_ i_ ie  Engine Prod uction Di (1961- 197~~~

Y ear  N u _ i _ i _ i h t sr of _Eng Ines  Lbs . of Eng in e s  Lbs . of T I _ i r e _ i l

( 10~ ) (1 06)

1961 5772 14.4 56,8
1962 5780 14 . 0 53 .0
1963 5742 12 . 8 48 . 9
196-1 6362 13.3 56 . 6
1965 6962 13.4 59. 9
1966 9996 18. 1 81. 2
1967 12798 25 , 2 111 .4
1968 13797 2 3 . 3 101 .9

1969 10321 19,0 85.6
• 1970 7791 18. 0 83 . 3

1971 471 1 U .7 55 .9
]972 3235 8. 7 34, 1
1973 4164 9. 6 39. 6
1974 4744 10. 0 41 . 8
1975 5189 9.- ? -13 , 5

Average  7160 14.81 63 . 6

Standard  3170 4. 97 23 . 5

V 
Deviation

Source  of Data:  MA T I I ’ fE CI I  S ur v ey .

L
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N U M B E R  OF T U R B I N E  ENGINE S

0 0 0 0 0 0 0 0 0 0 0 C) C) 0
NJ .q’ ~~~ ‘SC_i - N) 0_i -

~~ 0 —i_i N a__i
. 4  N N’ C1 ‘4’ ~~‘ U_i U_i N N Q~ (So 0’
,_i N) — 0 0’ 01) N- —0 It_i -ti NJ —

~~~~~~~~ ~~~ 

-:

.0

~~ 
.
~~

> V _-ii~~~~
’ -~~~

-

~~~

- J ,/ l  
-i 

___ _1— ~~~~~~~~~~ 1 ~~~

• CO 0) ‘-1’ NJ C) c_i_i .~C_i ‘-P NJ C-’ u_ i - 01 ~t
(‘4 (‘-3 (‘4 (‘-1 (‘—3 —I .—~ . — 4 .—‘ ‘- --- 4

~t N l t ) N -I eb) ~— t h ’ I .-1C) P~-~OI’ 1’I I1”I

.-~ in 0 ‘4’ (50 NJ ‘ — in CT’ C’) N N) ~~
V • V V V V

C) .-4 C’) ‘t’ L~ t— CO C) .-‘ N) ‘4’ 1(1 ( -  Cr_i

- 1 (‘-1 ‘-4 0 0’ CO N ~A) ~~ It) ‘4’ C’) N) .—— — — JJ~D)l lI .L .-1c) ~ t I ’ I  . 10 p N 01’I’11 1’-~
-~~ —__ 

—~~~~ ~~~~~~~ 
— 

——~~~..  
~~.-_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~



r
I

Tabl e 2. 13

Corre lation Coeffici ents Be tw eet_ i Measures of Turbine Eng ine
Produc t ion  _________

V ( 1) (2) (3)
N u _ i _ i u u i e r  of e - _ i _ i g i _ i c - s  (1) 1, 0 - 96 . 96

Pounds  of c _ i _ i g i _ i _ i e  (2) • 96 - 1, 0 • 99
Pounds of t h r u s t  (~ ) . 96 - 99 1. 0

-4

-. S o t _ i _ i - c -c of D a t ;_ i  : 1 a b E _ i -  2 . 1 2 u _ i _ i  p. 2 — 3 2 .

Tabl e 2 , 14

Compar iso_ i_ i  of Turbine Eng i n e  Produc t ion  i’11ea s u m _ i - _ i- ; for  ‘flu- c-c i’m _ ic
_______ __________ Pe r iods

• 

- 196 1-65 1966-70 l 9 7 l — 7 ~
Number of eng i nes  30580 54700 22040

Pounds of engines - 10
6 

68 104 51

Pounds of ti_irust -- 10
6 

275 463 215

- Source of D a t a :  Tab lc_ i  2. 12 u _ i _ i p. 2-33.

1 -
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r Table 2.15

Eng ine Pr oduct io~J~\To. of E g~p cs)  For Two Eng~~ c~ T ypes

• Turbojct ,-Turbo Fan Turboshaft_3’J’~_ ir _ i ) Pr oj_i

1961 4490 1282

1962 4075 1705

r 1963 3465 2277

L 1964 3836 2490

r 1965 4039 2923

1966 5708 4288

L 1967 7309 5489

1968 7099 6698

[ 1969 5932 4389

1970 5192 2599

[ 1971 3194 1 5 1 7

1972 2419 816

1 1973 2745 1419

- 
- 

1974 3172 1572

[ 1975 3428 1761

[ 
___
Sour c- c- of D at a :  MA ‘11 I ’I ’ECI 1 S _ i _ i  r v~-y -

Ii
I
I 

_ -~~ t_

I-

- 
_ _ _ _ _ _ _ _ _ _
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Table 2.16

Cornpar i so_ i_ i of P r o d u c t i o n  Data f o r  T h r e e  Time Pe r iods

T u r b o jet  — Turbo  í a_ i _ i
- - 1961-65 1966-70 197 1-75

N u m b e r  of cI gu_ ic s  19905 31240 14958

Turbo  sha f t  — Turbo  p rO ))

N u m b e r  of ei_ ig in e s  10677 23463 70$S

I I
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Lead Times for Turbine E_i_ igi_ i_ ie Con_ipo _i_ ien ts

The long lead times fot - turbine eng ine product ion  is pri n _ i a r i l y din -

- to the lead t ime requi red  to obtain c e r t a i n  c o _ i _ i _ i p o _ i _ i e n t  p a r t s . Ac tua l  i _ i _ i —

I house product ion time for  e_ i_ i gines  i s  onl y a i ?p r o X i n _ i a t e l y 20 ~~u _ i  c e _ i _ i t  c_ if

total lead t in i~~~~ Table 2. 1 8 shows longes t  a_ i_ i d si to _ i - Ie  St lead t i _ i n c  c > i I ) _ i  ~ -

— enced for  d i f f e r en t  C o_ inp one r _ it part . s  du r in g the  I 96 1 — pe n o d . C o _ i _ i t  r u _ i l _ i -

and b e a r i n g s  have the l ong e s t  lead t i _ i _ i _ i c -  t a k i n g  a p p _ i -  o: i i_ i_ i a I ely 1 3 c _ i _ i _ i d  10

months  it -on_ i o_ i - de i -  t i _ i _ i _ i c  - F i g u r e  2 .8  show s the  I ru - _ i _ i d  i _ i _ i  l ead  t i _ i _ i _ i _ i- s  e x p e l - ;

F enced by manufacterers from 1963—75. D u r i n g  t h i s  pe r iod  h ; _ i d  F t _ i _ i s s

[ have cl-tanged si gi_ iuf i ~unt l y . For in s ta i_ ice  lead l in i e  for  coot  ro l  has  b e e _ i _ i

I 
as low as 11 months  and as hi gh as 1 5 m o n t h s .  Cur  i- c- _ i _ i t lead l i _ i _ i _ i c -s a i- c \\ -11

- above the lead t imes  exp er ) ( -n cc --d in I l _ ic  ea r l  C_ i o ’  s for  cent  m e l _ i ’  a_ i _ id  b _ i -s _ i  _ i - i _ i _ i~~_i -

I The- t r end  to longer  lead t ime could be c a u -sc- d by ~:c\- c-r a 1 f a c t _ i _ i _ i - s :

I
. More comp lex components

- . Changc s i _ i _ i c apac i ty  and capac it y u t i l i z a t i o n  i _ i _ i  s c _ i b c o _ i _ i l r a c t o r  i _ i _ i d _ i _ i r l r i c - s

I • Wart ime vs.  peace time p r i o r it y

- . Longer raw mate_ i- in lead tinie s

-. 

F u r t h e r  i n v est i g at i o n  of I-he rca so_i_i for ic-ad ti i _ i _ i c  v a r i ance s e c _ i l _ i s  ~~ ;t i  _ i - _ i _ i _ i t e c I

j since Il _ icr _ it - lead t i _ i _ i _ i c - s  a re  e l len  on the c_ i - i t i c a l  p at h  n_ i c _ i _ i g i i _ ic  p _ i - e d _ i u t i o _ i i.

- R ed u c t i o n  i _ i _ i  t o t s _ i l  - n g h _ i c  1 _ i -ad t u e_ i - s  ef p t u ~~~~~~p’ - _i (‘ c _ i _ it _ i u _ i r i y  I n  _ i_ i i h l e  i f  t e n]

t i n _ i t - s  c x p - r i v n c u _ i d  d u _ i - - _ i n g  a _ il _ i - f c _ i i _ i _ i4 t _ i  s t _ i _i~~ s v.a r c _ i  e q _ i _ i _ i l  t o  I l _ i c  a l _ i  r h - S I  I i _ i _ i ; h u i i c ; _ iI

II expe r i tu _ icc i - a Ll _ ic r I han the l o _ i _ i g _ i _ i  St .  
-

II 1’ Acro rc ij i_ ig L I )  M A I l  I I ’  ECI I s u r vey  d ; i t ;c .

1 -52-
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Based on the lin_ ii tcd data available , p r e s t o c k i n g  of c e r t a i n  control

items also looks to be a po licy wo_ i -t1_ i inve sti g a t i n g  i_ i_ i reduci _ i_ ig surge lead

tin_ ic s. Prestocking of e i t h e r  ce r t a in  raw mate r i a l  ot- end urodticls sc_ich

as cont ro ls and b ear ings  n_ ii g l _ i t  lead to s i g n i f i c a n t  r e d u c t i o ns i _ i _ i s _ i l _ i - g e

le ad ti _ i _ i _ ic _ is .

Table 2. 18

Lead Time Data i _ i _ i  Months  for  Turbine  Eng ine  Par t s  (~~~6 2 _ 1 9 7 5 )

ii
1/  1/

- ‘  
Company — Company — Average  of

Averages for  A v e r a g e_ i s for  2/
Shortest Lead Longest Lead

- Ti _ i _ i _ i c -s Tin_ i CS

Castings 6.3 7.9 6 .8  ± I
Forg ings 6 . 3  1 0 . 0  8 . 2  + -~

Controls 11. 3 15.2 1 3 . 4  2

Fabricated and
Machined Parts 7. 0 9. 2 9. 1 ~ I

Gears and Gearboxes 5.6 8.0 8.1 ~ I

Bea rings 7.9 12.7 10.7 ~~2

Source of Data: MATJ-ITECI-I survey data .
1’

1/
Data available from 3 companies on longes t  and s h o r t est  Ic-ad t imes

Data available f r o m  4 con_ i 1_ ian ics on average  lead t i _ i _ i _ i c - s .
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Table 2.19 sl_io-w s data o_ i_ i total c_ i_ iginc lead ti _ i _ i-_ ic for eng ines cur _ i -eiutl y i _ i _ i

pr oduc Lion. Companies w e r e  asked to  provide the  l o n g e st  a _ i _ i d  she r t e  St

lead tin_ ic exper ienced lot - cad _i eng inc- . The ave_ i - ag e  t u r b i n e  e _ i _ i g i _ i _ i e  c u r r e n t l y

in p i-oduct ion has an average l o _ i_ i g e s t  a _ i _ id  s h o r t e s t  lead t i n _ i c  of 1 6. 7 and i - I . -4

r n o_ i_ i f l _ i s  i -e sp e c ti ve l y, and e _ i _ i gin e  lead t i n _ i c _ is can _ i - a _ i _ ige  f r _ i n _ i _ i  10 t o  21  _ i _ i _ i o _ i _ i t l _ i s .

Eng ine lead t i n_ i c  seen_ is  to v a r y  w e a k l y w i l l_ i  eng ne s i ze , a _ i _ i d  by n _ i a _ i i u f a c b  u i - _i - i- .

Table 2. 19

Lead Time Cl_ ia ra c t _ i _ i  ri ~ I i r s  f o r  C _ i _ i _ i -  _ i- t - _ i . I

E _ i_ i gi 1_ ic S i _ i _ i  P i -od i_ ict i  u_ i_ i

Longest  Lead Shor t e s t  l ead
— Time (M o n t i_ i s )  Ti _ i_ i_ i c__( M o n t 1 _ i_ i~

Av er ag e  l6~~7 14 .4

Standard Devia t ion  2 . 8  3.4

Ra i_ ige 12 -2 1 10-2 1

4.

P roc tac t i o_ iu  a _ i_ id  Emp loyme_ i_ i t  i _ i _ i  the T u r b i _ i _ ie En g i i _ i c  I n d u s t r y

Data was available f r o m  6 c on _ i_ ipa _ i_ i i cs  on en_ ip l oy m c _ i_ it j r _ i t i_ ic 1 9 6 1 —  1975 t i _ i _ i _ i c

period . l- n_ ipl ny_ i i -t en t  l)a ta gal I _ ic _ i  i-cd broke out  p _ i - o d _ i _ i c t  i on  w o r ke  vs f r e t _ i _ i  C _ i _ i g i i  t e e m  i _ i _ i

and 1_ i_ i n  flfl genia l st~~ff .  TI_ ic i -c- ia  l i e _ i _ i s  hi p l ,c_ itwec i _ i es_ i  C i _ i  o .  t i _ i  e s _ i _ i  c_ i _ i  p l o y _ i _ i _ i _ i- i _ i f

c a t _ i  ga - i t - and p r o d u c t i o _ i_ i  as _ i _ i _ i c _ i s i  SO red in lbs . of _i _ i fl~i _ i i I~_i V . 1  1_ iX 1) 1 ci i- c d  • l ’

prod c_ i c t i o i _ i  w o r k _ i.- r s , t i _ i c -  _ i i w n b e  r of wo r 1w i- s was as i-a_i _i i _ i i cd  to I ~c- a s i _ i _ u _ i l  - l i _ i _ i  t a

f u n c t i o n  of p ro d u c t i o n  le ve ls

-5 5-
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Pt 
- 1_i u- d u c _ i d t ~~~_ i u_ i  l ( - \ - c - l  ~~ m i l l i o n  lb s .  c_ it c - i_ ig i _ i _ i C i n  y~ -a1 -  t

a s_i - r c - g 1- c s s i~ _ il _ i  c- oc _ i L f i e ; e _ i s t s
0 1

The i- _i - s u i t s  of tw o  r c _ i _ i~ r e i - ’ s i c ) _ i ) s  b ased c _ i_ i _ i d I f ~~_ i - c _ i _ it cl c _ i 1 s c - ~s is  _i~iv  c _ i _ i  i _ i _ i  T a t h -  ‘

L 
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-
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L
i _ i _ i I _ i _ i  _ i b i s _ i - i _ i _ i d u  a _ i r v

Dc_ i 1 u v  fl~- l a \
(O yc s_i r s )  .(j v e ; t u )

_
) (  ~ 

‘)  7a 0 
-

fl 
- 

1. - l i  1 . 73 
—

s l a _ i d ; s _i-d - r r u r  a 3. 6 2 . 1

s t a t _ i _ l a r d  _ i -  _ i - j~_i u _ i •  a 1 
.33 . 19 -

11 • 5o)

s ta i_ ida r c l  error 4 . 82  2 .8

‘ri_ic d a t a  s1io~vs that  a n _ iu c l _ i  b_ i - t t c r  f i t  iS  ~ b t , t i i i c-cl w i l l _ i  :c d c - l ay  of u _ i _ i _ i _ i  c - a r  i _ i _ i

t i _ i c-  1)i c I d l I Ct i O i _ i  ~v o r k c _ i i -  v a r i a b l e r-~1 - T i_ it _ i ( 1_ i-h -tv  pr~_ il sti l \  i _ i i d i e a t t - s  t i _ i c ’  t i _ i _ i _ i c -

t i _ i  t _ i~~ if l  i_ i c - v .  pr - d _ i i c t i o _ i _ i  ~v o _ i - k c - r _ i _ i  t ed  1 _ s i n g  i l _ i - _ i _ i _ i  t o  m _ i~~ i s n _ i _ i _ i _ i _ i  u _ i l  i l i : _ i t i _ i - _ i s

and p r _ i _ i d t _ i c t i o t i. i- ’ i _ i _ i _ i _ i c -  ~~~~~~~ c- _ i _ i _ i u l p a r e  ~ - t _ i _ i~~l p_ i - o d _ i _ i c I i _ i~
_ i _ i v . _ i _ irkc_ i - s i _ i ’ t h e

p _ i - e d i c t _ i-c l i_ iu f l _ i l ) c - i -  f _ i - o n _ i  I h i e  _ i- _ i - g r c - s s i o i _ i  c d l t t ~
t t i _ i _ i u 1 . A i-_ i _i i _ i t  h _ i- - t n , l i u _ i _i~ i _ i t a

c- l o s t ’ tela( j c_ in s l_ i tp h c t w t ~en p~-o d _ i _ i c t i o _ i i  t - _ i u _ i pl o y _ i _ i _ ie i _ i I  • _ i _ i _ i _ i l  p r o d _ i _ i c - t m _ i _ i -
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Eng i_ i _ i e c  r i _ i _ i g  a_ i_ id _ i _ i _ i z t n a g t -  r ial  s t a f f  I _ i -  v_ i Is v. - oc _ i l d  b_ i , exp ec i _ i d  to  be 1_ i - _ i ;  s

d ep e n d _ i n_ i t  u _ i _ i  , t n _ i~ti :tl pi- otl c _ i c t i o _ i _ i  le ve l s .  A s i _ i u _ i f l s t r  a _ i _ i ; t l y s i i - ;  w a s  u _ i _ i d _ i -  _ i - t ; _ i k - _ i _ i

-~sp l c ’ r i _ i _ i g  t i _ i c r c - l s ~ t~ _i u _ i h i p h _ i - l w _ i - c _ i _ i  p _ i - o c l c s c t i o t _ i  o u t p u t  a _ i _ i d  _i - _ i s g iu _ ic- _i - i - i _ i _ ig a _ i - _ i l

_i os _ i  _ i _ i ag t -  _ i i  al _ is t a f f .

N’ si~ 5 a p
t (3 I t

N ’ - n o_ i  i _ i t t _ i- _ i -  u t  c - _ i _ i  g i _ i  s e c _ i _i~i _ i _ i~~ ’. a _ i _ i d  _ i _ i _ i a _ i _ i a g e  m i s_ i l ~vu eke a n t i _ i _ i _ i t _ i _ i _ i _ i -_i a

i _ i _ i  y e a r

P t 
- p_ i - _i_idu c t  i o_ i_ i 1e v _ i -i i _ i _ i i t _ i l l  Ii u_ i of lb_ i- s — i _ i _ i \ c -~~ V

a
1
, a 0 

rc’ r c - S s i o~_i coc’ f f i c - i c _ i u _ i t~

Table  2 2 1

f l c _ i l a t i _ i e _ i _ i s u i ip l c- t~v_ i - . - _ i _ i  T i _ i _ i - h i _ i _ i c  h_i~H i _ i _ i ’ Pri d s _ i c - t i s _ i s

a t _ i d  - ; , _ i - i _ i _ i _ i- - - _ i - I u _ i _ i. 5 ’ _ i~ _i~ \ ‘ S 5 n _ i _ i~ t- i - _ i s _ i l  ~- _ i _ i ~~

a
0 

13. 5~_i

a
1 

. 14

s tanda i-d  i- ~- _ i - o r  a 2 . 0

staudai- d c _ i  101  d
12

s tancla t -d c i ro r  v 2 .6

— Table  2. 11 i- ;how~ t i _ i _ i- _i- _i - a c _ i [ t s . 1- i g c t r c _ i  1. 10 ( - 0 _ i _ i _ i l _ i s _ i  i- _i -a  . t - l c _ i a l  _i - _ i _ i g i _ i _ i _ i- _i - r i u l g

a t a t !  I _ i  t h a t  predicted by t ) _ i _ i i- _ i- g r i - a s  o _ i _ i .  T b _ i ’ d a t a  S t _ i a \ v s I _ i ’ _ i~ h _ i _ i t  1 _ i a, _ i - _ i : ; t _ i  a

si i _ i  - a _ i _ i t  i _ i t _ i _ i  j _ i _ i t r : e _ i i t  of ‘‘1i~~_i - d ’ ’  i _ i _ i i _ i l _ i~~ in c - u _ it , i . _i . st i f f  a t  a_ i - i- _i ’ h - \  is i _ i _ i  0 _ i s _ i  ~_ i _ i I I  -

This  c.ci _ i  be’ i i _ i t _ i - r p r t - t e d  ~_ i _ i  i l _ i _i - a t _ i _ i l l  rc - cj _ i _ i i red t o  ; n t i ; _ i l a i _ i _ i  a c - _ i -_i - d _ i h l _ i -  c . u 1 _ i s h i l i l y

— r:,t -t —
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I
to p r o d _ i _ i _ i c -  eng i n e s . ‘l i _ ic ’ c _ i t _ i _ i _ i l _ i _ i t _ in _ i _ i t  of t i _ i _ i- s~t i f f  t h a t  _ i s —  f ix ed  (~t

0
/ y )  n-_i

I _ i - c tc _ i gh u l y 7 >  1_i~~_i~~- t ’ _ i _ i t  f~~i- i l _ i _ i - c - _ i _ i g i _ i _ i e e _ i  l u g  c - a t _ i -g o r y  a _ i _ i d  ( - I  1t, -rc - t - _ i _ i1 f _ i _ i -  t i _ i _ i -

pr o duct  b _ i _ i _ i  ~_ - _i I _i~ _i~ _ i t  _ i - y — i- i g U _iw 2 . 1 1 _ i - i to ~~~ l i t _ i -  - _i ‘_i t ’ i - a g _ i -  o u t p u t  p~- ~

i _ i _ i-~_ i c i _ i _ i c t i _ i n t  _ i i u d  e _ i  i t _ i  c - r i n g  ~v _ i _ i i - h e r .  Gt - _ i ier~t ll y , t h e  d a t - t  s _ i 1 _ i _ i u W s  l i u s _ i l

) _ i _ i~i t e r  _ io i lp t i t  p_ i - r  w _ i t r k c - r  1ev _ i - i a -  _ it r _i - ~t s _ i- _i ,u _ i i s _ i t t -d will _ i i _ i i g l u i _ i v _ i -ls ; of

_ i ’ t t t p _ i _ i l  - 1 _ i _ i p_ i - _ i - _ i _ i t d _ i- _ i i t !  i _ i i g i t  h - v _ i - I a  o f _i~_ i _ i l p t _ i t  c _ i t i l _ i  i s _ il jo _ i _ i of i _ i  u i _ i  i _ i _ i _ i  r v  . _ i  t d

— 
pi - _ i~p l _ i - f t - _ i _ i _ i l  t o ha m o _ i - c c - t i _ i c o n _ i t  ( - ~ c - e l i _ i _ i t o, t I _ i . 1. I _ i _ i p c_ i - _i u i _ i -  ‘I

lc-~~_ i l  ~ I . _ i _ i t l l _ i _ i u~ ~~ I - i n _ i _ i l, t i _ i c -  iL _ i l _i \V _ itt _ iI (1 ~~~~~~~ 
i_ i -as _i~ t t i i  t i _ il

- _ i _ i  I - _ i _ i t _ i - _i ~~~ _ i _ i~- - ’ H c -  _i _ i ~~~ - _ i l a _i - i _ i i _ i _ i _ i t \  _ i _ i _ i d  _i ¶ _ i _ i - 1 . t _ i _ i~~ _ i _ i  _i _ i - _ i - I _ i t  I - - , : , ~~

S I _ i _ i  
- _i - _ i r~ _ in~ j _ i - t _ i -~ a t .  _i _i l _ i l l  t V _ i _ i _ i  s _ i u l l . - _ i l u . _ i i  u - _ i  L u  _ i r _ i _ i u d  i _ i t i  - 

- cl~~
_i _i

h_i’  d c _ i _ i- f _ i l  t i _ i _ i  - 1 :i rge _i p _ i u t  i t _ i _ i _ i  of c i t _ i  l i t _ i _ i l  s _ i _ i l _ i c _ i t _ i t t  ouch- _ i l u _ i t _ i  t i _ i _ i r i s _ i _ i  

~

_i_ i

~~~~ 

h p _ i _ i  d i _ i t  l u _ i _ i

p~
- i- i _ i t c i s . ‘l’hi s p i- _ i t _ il _ i _ ic- l iv iii it~_ i t t  _i~ r _ i _ i  i a I l t t 0 1 4 1 1 _ i _ i ’ S  i t _ i  _ i _ i~ \ I _ ia  I \\ ( I t _ i  1_ il i _ i l  C -

~~~
- _ i _ i t _ i _ i I

of a i _ i  i n d u _ i s t rv _i ’p - _ i-~~t leg n _ i - s i r o p t i _ i t _ i _ i l  _ i-i ~ _ ic~l _ i - _ i _ i c - v  - - \ a ( i _ i _ i l _ i s _ i _ i _ i d  !_ i o e a  up  i _ i _ i

a 
st _ i c - i _ i s _ i _ i _ i j _ i _ it~ _ i _ i _ i - t  :-v , i c _ i _ i s _ i f 1ic - i _ i _ i _ i t p t _ i _ i d _ ic - l i _ i _ i n  r _ i - : _ i 0 _ i _ i l _ i - t ’5 ~v , t t t i d  i _ i s t v c  I _ i lu i _ i _ i a _ i s _ i- i _ i t
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Figuc-c 2. ° a _ i _ i d  i- ’i g c _ i i~ _i~ 2 . 1 0 ~v i t c -  re  i _ i _ i  ti _ i c - 1 ~~~~
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du c t io n  si s_ iff is art -a t _ i- r t i _ i a n  t i _ i _ i t !  1) _ i - e d i c t e d  i~~- ti _ i t - r i - g e t - s a L _ i _ i _ i  i s q i _ i s c I  l u _ i _ i . h ’l _ i _ i -

ct~- _i -ra1l t i - _ i - _ i _ i d  ( 5 _ i _il  _i~l i t ( )  p t _ i - l l \  i - _ i - t i _ i-c - I ii I t _ i _ i _ i l_i -nc -v I t >  g _ i - _ i a l t - r  i - _ i _ i g i _ i _ i _ i ’  _ i - _ i t _ i _ i _ i pi _ i -~~i lv
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1-’igu t-c 2. ) 2 s l i uws  ti _ ic  i- _ i- l at i  u _ i _ i s  I_ i p bc -I ~v t -  i -n  eng i It _ i _ i  p r o d u c t i t t _ i u  s _ i i_ i d

f l oor s ps_ic o~ (co _ i _ i _ i l _ i,_ i iw a _ i _ id g o _ i’ _ i _ i i _ i _ i _ i _ i _ i _ i- i _it  0\V_ i 1u ( 1 I ovc _ i  r t I _ i _ i _ i  1 9(_ i I — ~~~~ pc- n o d

fo r 5 f i t - _ i _ i _ i s .  TI_ ic c l _ i _ i t _ i t  S 1_ io\V S a p _ i _ i i-iod ( I  t) ( t t _ i — i _ i 7 1  of _ i u u i j o _ i  e x p a _ i _ i _ i i _ i 4 _ i _ i  _ i _ i _ i

i _ i _ i d _ i _ i s _ i _ i - v  f l ou r  sj e _ i c - _ i’ c - _ i _ i i _ i _ i c i d i _ i i g  v il l _ i ti _ i _ i _ i p r _ i _ i d _ i _ i c - lu _ i _ it p_ i - _ i t k _ i i _ i _ i w _ i-v _ i - _ i - , t i _ i _ i-

p - o d t _ i C l _ i u i _ i  ti _ i - _ i 1 i _ i _ i _ i -  i f  t i _ i c  1 t !7 u ’ _ i _ i h as  _ i _ i _ i t t  v _ i _ i t  i- _i - s t i l t ed i _ i _ i i _ i s v  d _ i - _ i  I _ i _ i t t -  a_ i

F 
i l _ i d _ i _ i s t _ i -\ i l _ i _ i _ i _ i _ i -  i- p _ icc _ i-. [‘1_is i s  p r _ i _ i l t u h l y (I_ i _ it Ic _ i t b _ i- ri -1 _ i _ i _ i \ c l v  i _ i _ i _ i ’_ i j t c - _ i _ i a ) V _ i

cost c_if k c _ i _ i -~ _i~ _ iug  c~N C c - 5 S  f l i _ i c _ i r S p . t c _ i _ i  \\ I_ iC _ i _ i cc _ i t _ i _ I a _ i i- _ i- cl t i _ i  I l _ i c  l _ iote _ i _ i t _ i_i I _ i _ i s t

1~ i _ i f  b _ i _ i u 1 d j _ i _ i _ i~ s u d d i t i c _ i t _ i s t i  f l o o r  a p t c - t _ i  if  s a l _ i _ i a  i i _ i  i~_ i s _ i a _ i~~ i 1 _ i~- c l _ i _ i t _ i  _ i _ i t _ i _ i5 a i t _ i _ iW

t i _ i _ i _ i t i I _ i _ i-~- -  i s a c o r _ i s i _ i l _ i _ i_ i_ i ab l c  c -ac -  _i - ss  of f lo _ i _ i _ i -  s i _ i _ i _ i c _ i- c_ i _ i _ i - r e i _ i l 1~ ii i s _ i - _ i t _i - - u _ i~ _i~_i c _ i d

t i _ i  1,_ i c _ i d c _ i _ i t i _ i _ i _ i _ i t  l e v e l _ i _ i  c_ if  ti _ i _ i _ i I~!(_i0 s_
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Surge  (
~~J �acity of t h e  T u r b i _ i u c~~~~~~i _ i _ i~’ 1 i_ i d u s t~~y

Ai_ i econon_ iic  de f in it ion  of Surge Cap _ i c c - i t  y is ti _ i c ’ _ i_ i_ i axi tm _ i c _ it _ i _ i s _ i _ i  _ i _ i o c _ i t _ i t _ it f
lbs . (_i f c _ i i _ i g i _ i _ i _ i _ i s  t i _ i a t  can bc_ i pr ct duced clu i - i _ i _ i g  a gi v _ i - i _ i  ti _ i _ i _ i c w i t  i_ i  _ in~. i s t i _ i _ i g

p l a _ i _ i t  s t _ i _ id  e q u i p _ i t_ i c  i_ it i_ i _ i the tc_ i _ i b i  ne _i - ng i nc_ i i _ i _ i d _ i _ i s t  _ i - y  . I t  is a s s _ i _ i _ i _ i  t ed i i i  l i i i  is

d e f i u t i t i o t i  that :  labor a_ i_ id i_ i t a f t -  n a  I i _ i _ i p l t t  a a r u i _ i l  i n _ i  i _ i d , ui _ id  ( i _ i t  c _ it _ i l y C d _ i _ i _ i  —

s t r _ i _ i i _ i _ i I .  i t _ i _ i  u l t i _ i _ i _ i a t c - _ i  C _ i t p a c i t y  is t i _ i _ i _ i  phy s i c _ i _ il p t a _ i _ i t  a _ i _ i d  c _ i q c _ i i p _ i _ i - a - t t l . .\ s-s _ i _ i _ i _ i l p _ i _ i

is i_ i _ i c r e a s -d , c i t i l i z a t  j o _ i_ i  of _ i _ i u t c I _ i i  i_ ic  _ i - y  a i_ i d  p l _ i _ i _ i _ i t s  i t _ i c- i-case by a d d in  1 _ i _ i  h _ i _ i  ~~.

e_ i-~t :ra s h i f t s  a_ i_ id _ i _ i _ i c _ i r c -  d ay s  p e r  \ t _ i I C . At  S _ i _ i _ i _ i _ i c  p ( a _ i _ i _ i t, n _ i s _ i _i-_ i i _ i _ i _ i _ i _ i _ i _ i  p _ i - a c - l i t - a l

c apac i ty  wi th  c u r r e n t  p lant  and cqui~_ i u u _ i c _ i _ i t -  is r c s t c ] _ i e d .  N o t - _ i _ i t a l i c -  t _ i _ i t - i _ i~ n_ i -

m a n u f a c t u r e r s  will. op e r _ i c t c - s o _ i -u _ i c -w h a t  bei _ i_ i \ \ -  I 1_ is i _ i _ i a _ i _ i - i _ i _ i _ i t _ i _ i _ i _ i  p r a & - I k -a l

c a p a c i ty  fo r  a t  l e;cs t  t w o  l- ( - a s o l_ i S .

o Unde r mos t _ i _ i _ i ; c u _ i c _ i 1~ I c t t _ i 1 - i _ i _ i g  C c t s t  c c t _ i _ i d i t i _ i _ i _ i _ i s, i _ i _ i t i _ i _ i- f_ i _ i c - i - _ i _ i ~ s l i _ i - h —

as t ic  d_ i ’ _ i _ i _ ia_ i _ i d , c_ i ip a  c i t y  ~vi l  1 be i _ i _ in  i t  c ’~ c - c- d i _ i - u  avc -  u _ _ s  f_i _i (Ic - _ i _ i _ i _ i _ i _ i _ i _ il i _ i _ i

orde r  to n-ta x i i _ i _ i i :- se p r o f i t . TI_i ns a c _ i _ i r l a i _ i _ i  I c -y e !  of s _ i _ i r g _ i- c _ i i p t c - i t y  -

wi ll e x i s t  to take a d v a n t a g e  of _ i u _ i _ i c - x p e c t _ i - c l  c l _ i s _ i _ i _ i a _ i _ i d .

o Profit _ i_ i_ ia x i_ i i_ i iza t io _ i_ i u s u a ll y o C c - _ i _ i 1 -s ape _ i - a t i n g  b _ i _ i l _ i _ i _ i t ’  _ i _ i _ i s _ i a i m _ i _ i _ i n

p ract ical  c a p a c i t y  s i _ i _ i c - c -  ;tdd -d labor in p u t  a a re  I t _ i  ss j ) r _ i _ i d i _ i l c’t i _i ’ _ i -  t i _ i d

more  cos t l y.

The t c _ i r b i _ i _ i e  _ i - _ i t g i l _ i c  i i m d _ i _ i s h - y  i n _ i _ i d d i u i _ i _ i _ i _ i  i _ i _ i t s 5 _ i > _ i t _i_ i -  i _ i t - c - c i l i a _ i -  _i l _ i . i  t a _ i t t - r i _ i _ i l  i _ i - a

i_ i c - It i _ i _ i _ i l _ i c -  d - f i _ i _ i i t i t _ i u _ i s  of s _ i _ i r g _ i -  c _ i c p u _ i- i f y s o j _ i _ i _ i-t v l _ i _ i _ i (  i _ i _ i _ i - _i - di f f _ i t - _ i _ i i t t b _ i _ i _ i  _ i _ i _ i I _ i i

i _ i _ i a _ i _ i _ i _ if _ icc - I  _i~i r i n g  5, c - C t _ i )  _ i -  i_i -
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In zu t o s t  n _ i a n c _ i f a c  [ui . i _ i t g  s~~c- I _ i _ i i - s , t i_ i c  I l i _ i _ i t _ i  1- e q_ i_ i  i-ed to  ad j c _ i  sI  1 ) 1 _ i _ i _ i _ i t  s _ i i_ id

e_ i qu i p _ i _ i _ ics l i t  C ap _ i c - i  I y is  si gui ( ic-a i_ i tt y I o i t g e  _i - t h a n  ti _ i _ i _ i l i t _ i _ i _ i- x- _i - q _ i _ i i  r i d  1_ i a  ad j o t  i - _ i t

r _ i u a _ i _ i c _ i f _ i t _ i -! c _ i t - in g o c _ i t p u t  . T i _ i _ i _ is p t - ot l _ i_ i - t i _ i _ i _ i _ i  l i_ i c:  c _ i -_ i c sc - s  c a _ i _ i  c i s c _ i _ i _ i l l  \ t I c - c  c _ i _ i -  _i w _ i -_ i -

s_i p_ i - r i _ i _ i d  of _ i _ i _ i _ i _ i _ i _ i t l _ i i - s, \v l _ i _ i I _ i _ i  c a p _ i _ i c i l y  i _ i _ i C l c 1 _ i 5 t-_i c _ i _ i s _ i _ i _ i _ i l k  t a k e _ i  1> h i_ i’ u _ i \ _i a

p_ i r i _ i _ i d  _ i _ i f  \ _ i _ i _ i  _i -
~~ — T i _ i c _ i s  p c- _ i t c l _ ij _i_ l i _ i _ i_ i _ i  i _ i _ i  ti _ i _ i- - - i _ i _ i _ i _ i t  m t _ i _ i _ i  \c t i _ i c c _ i r e _ i- _ i _ i t  c

_ _ s p _ i _ i c - it \

au_ id p r _ i >~~_ i _ i _ i  t i c _ i _ i _ i  i _ i _ i  i is - 1 _ i t i _ i g  c c _ i _ i _ i  V . 1  l i _ i  i nc  r _ i - _ i  ss _i - d c _ i _ i _ i  p t _ i  l v  a _ i~_i - c - i _ i- ~_i i - i v d _ i - I - i _ i _ i _ i - _ i _ i  i - _ i l .

I l _ i t \ V t ’_ i c F , p r _ i _ i d _ i _ i c - t i _ i _ i _ i _ i  i _ i _ i _ i _ i_i~c - _ i _ i _i cs; i _ i _ i t i _ i _ i- Ic _ i _ i -h i _ i _ i _ i- ~_ i _ i d c _ i _ i _ i _ i  _ i - y 0_i- c - _ i s _ i - _ i _ i _ i~_ i - _ i _ i _ i _ i u Iv

OV _ i - _i _ i _ i  p _ i _ i _i l _ i _ i d  c _ i f  I _ i _ i t  2 v _ i - _ i _ i rs  d c _ i _ i  I _ i t  t i _ i c’ i _ i _ i _ i _ i~
_i . i_ i s _ i d t i _ i _ i _ i _ i -  r _ i - c 1c t i _ i - c - d  f _ i _ i _ i -  c - _ i - i- t a _ i _ i

c i_ ig i  _ i _ i _ i - c- c _ i _ i _ i  _ ip c tv _ i _i_ i _ i _ il a - T i_ i  s i c _ i _ i - u  g l o s _ i d  t a _ i _ i _ i ~ s _ i  _ i _ i _ i k _ i- a s_ i p _ i - _i - c - _ is c d c l  I _ i t _ i  j  I _ i _ i  t _ iI _ i _ i _ i _ i _ i

csl~ _ i s _ i c i t y  .i _ i _ ior e  d i f f i c _ i t _ i u t  u i _ i _ i c - _ i -  a d i _ i _ i a t _ i u _ i c - _ i _ i I  of p I _ i v _ i s i c~~1 p 1 _ i c _ i _ it s _ i _ i _ i _ i l  _i ’_i i _ i _ i  t i _ i _ i _ i c - i _ i l _ i _ i _ i -  _ i - t

• c _ i _ i _ i _ i  c_ ic c _ it jr_ i j j  f l _ i i~ ~
) . l a d _ i s  i _ i _ i _ i  V o i _ i _ i _ i.’ wi _ i ’_ i I I c _ i t  _i~~c- _i t i _ i a _ i _ i c _ _ i u g i _ i _ i _ i  i _ i~ _ i _ i l  _i i _ i _ i - - 1 _ i _ i

ti _ ic f _ i _ i  c_ i - c_ if c-s  t i _ i _ i _ i _ i _ i  I _ i d  s _ i t  r _ i _ i n  _ i _ i _ i _ i s ; I ai ti _ i - cl i _ i _ i c -  I_ _i _ s t  a _ i -c l d _ i a _ i _ i _ i u _ i _ i l. i_ i d _ i _ i _ i s _ i  r _i - t d ~ 5 _ i _ i _ i  t i _ i _ i _ i _ i _ i _ i

~ f p t a _ i _ i l  ,_ i i _ id  equi p _ i _ i _ i _ i- _ i _ i t c- _ il _ i _ i _ i c- c _ i c  w i l l _ i  I _ i - a _ i l  l i _ i _ i _ i c - s  _ i _ i _ i _ i ly _ i _ i _ i _ i t d e- r _ i l _ i - i y I _ i _ i _ i _ i _ i~_i _i _ i i _ i _ i

a c t u al  j _ i u _ i - _ i - _ i _ i _ i S _ i’S i _ i _ i  p _ i - _ i _ id _ i _ i c - l i _ i _ i _ i _ i. \\ i_ ii i _ i S p r o d _ i _ i _ i - I L _ i _ i _ i  i _ i _ i _ i  i- i - _ i _ i _ i n - S  c - _ i _ i _ i  _i _ i_ i - c _ i s  _i~ i _ i _ i ~_i

I—2 y _ i _ i  _i t i _ i _ iuc ~ - s c _ i _ i _ i c -  dc - p _ i - _ i _ i c L n g  0 _ i _ i  i ’ _ i _ i gi _ i ic- lyp _ i - , c a p _ i _ i c - i t y  a d j c _ i s t _ i _ i _ i t ’ _ i _ i t s  _i~~_ i _ i _ i  u c - c - c t r

in s_ i 2 — 3  y c _ i t _ i - l i _ i _ i _ i c  f t _ i _ i u i _ i t ’. T I_ i s  i _ i _ i _ i s l c _ i s t r y  c l _ i _i i - a c t _ i - r i a t i c -  s c _ i _ i _ i _ i _ i - w i _ i _ i t  c l i _ i _ i _ i i _ i i ’ _ i I _ i _ i- s s

ti_ ic i i _ i _ i p o t - I _ i _ i _ i  c~ _i~ of Il _ ic ’  c _ i _ i _ i _ i c -  “p t  c_ if i _ i _ i - _ i ’ :  i _ i _ i _ i  i _ i _ i _ i _ i  
P 

_ i - a e l i _ i~ _i i c - _ i t  p _ i _ i  c i (  y (c_ ic dt -f _ i~_ i _ i _ is _i ’ _ i s _ i _ i _ i -~

p h _ i n _ i _ i l  _ i _ i g  j _ i _ i  ti _ i _ i~ I c _ i i - i _ i _ u - i i_ i~Ic _ i s t i- .

— (Th p s u - i t v  I ) a t - _ i  g _ i t l l _ i _ i- r e - d i _ i _ i  t i _ i c  S _ i _ i r t - t -_ i - _ i _ i t  P 1. _ i _ i _ it ( t p _ i c i f _ i  i s _ i  _ i _ i i t _ i_ i w _ i _ i  i _ i _ i 1 . _ i l _ i l  _i -s

2 .  2 - 
‘ . ~_i _ i _ i d  2 _ i . ‘l ’ l_ ii s _ i _ ii~_ i I~_i \V~ t ~ i _ i c _ i _ i c  _i -~~t t  t n t  i _ i _ i u p _ i - c - i _ i l  t j _ i  i _ i _ i _ i l  _ it u u _ i _ i _ i _ i  i _ i - _ i _ i _ i _ i _ i_ i - _ i t _ i l

f r om 1 k _ i _ i -_i - a _ i _ i  _ i _ i f  t i _ i t  ( _ i ’ _ i _ i~~ _ i _ i _ i :  1~ . _ it ,_ i tn_i , i v i - _ i _ ig _ i -  si _ it t _ i _ i I>
~~ 

d _ i v .  _ i t _ i - _ i _ i _ i _ i  d a t  _i~ ~ _ i _ i - _ i
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i _ i _ i t u g c - r  1 _ i - s _ i l I c _ i _ i _ i _ i- t i _ i _ i t _ i  i - ’ a _ i - t ’ l e _ i _ i i _ i’_ i i  u _ i _ i  c _ i _ i c. l _ i c n _ i - \ t ’ r , t i _ i l _ i _ i  _i -
~~

i _ i _ i - c _ i _ i  i _ i a _ i -

i _ i _ i _ i _ i _ i _ i  d t s _ i _ i  _ ii _ i _ i _ i h- c t - _ i s _ i l _ i _ i _ i - _ i t  t - _ i ; _ i _ i _ i _i ’ c a p _ i c  i t _ i  _ i s i _ i t ( _ i - t l _ i t _i~_i - i _ s a t _ i ’ _ i _ i  _ i I s _ i: _ i -u’ _i - ~~~~~

_i _ i _ i _ i _ ilti r i _ i  i _ i - i t  e l _ i - _ i  i t  - u _ i _ i _ il i a _ i _ i  a t  i-a t i _ i t

d
- 

-
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Table 2. 27 shows in c r e a s e d  product ion  rates  f o r  i i _ i d i v i d _ i _ i a l  cu _ i g i _ i _ i _ i - s  d _ i _ i r i n p

— the 1 9 6 1 —  1975 period . Tb _ i_ i engines  we _i- c sc _ i c_ ic - ted  i)y t a k i n g  those  c _ i _ i g l _ i _ i _ i - s

1_ iaving peak p r o d u c t i o n  i_ i _ i I 966—68 a_ i_ id h avi _ i_ ip a s_ itb st s_ i _ i _ i t i  s_ i l d c _ i _ i _ i a _ i _ i d  i i _ i _ i :  _i -Casc ’ it)

that  ti _ i _ i _ i c  p e r iod .  T I_ i c_ i data sl_ iows tha t  fo r  s _ i _ i _ i _ i d le  r cn g i _ i _ i - s  i n c _ i - c _ i _ i  s i - c l  p i- o d _ i _ i c- I  ~u _ i _ i u

- r a t e s  r _ i _ i n g e d  f r om  2 to 1 1 cvhul _ i s s f o r  l a r g e r  _ i s n g i _ i _ i _ i _ i _ is u _ i c _ i -cased p r o d _ i _ i c _ it i _ i _ i _ i _ i  _ i - _ i _ itc -
~ s

ra _ i _ i gc _ i  f r _ i _ i _ i _ i _ i  1. 7 to  Z 8. The d i f f i c  i a - -nc -c  i _ i _ i  S _ i _ i _ i -~~ _ i _ i  by e _ i p i _ i -_ ic  S i ~sc ; c c _ i _ i~i d ,  _i u f  c- _ i _ i  5 _ i  c a _ i - ,

reflect dean s-_i _ i_ id co_ i_ i st ra i_ i_ it as t v_ i- u as pr n du c t i o_ i i  c ap s_ i c i ly  c o n _ i - s t r a i t _ i t s .

o Table  2 . 27

• Su _ i - g i - RaIse s  f _ i _ i _ i -  S e i c_ i c t e d  1-lnp i _ i _ i _ i- s

• - 1961— 1975

Appro:- si rn at c_ i  e n g i n e  I l i s t _ i c - a - i c - a l  2 ‘! _ i s - i a ~‘\ l _ i t N s  ‘n _ i a n

• Wei g }tt (Lbs - ) S u r g e  R a t _ i -

150 11.8
- 200 3. 6

350 3.6
350 4.2
350 4. 0
500 1.9

1800 2 . 0
• 2300 2 . 3

3200 1.7
3400 2.5

4500 1. 8
-1700

Sc u _ i i r _ i - -_ of i ) a l _ i u :  M A . (  I I I  i- C11 s _ i _ i r\’ t’y t I _ i _ i t _ i .

— 7 5- .

- 
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C u r r e n t  s i_ i t -ga cap s_ i c i ty ca t _ i  a l so  bc_ i f l i e s _ i  s _ i _ i _ i -ed by i l _ i _ i -  1~_ i _ i  li_ i) of

pt-sc -I_ i p i-oduct ion y e a r s  to  1975 Ic-t a- ’ 1 a . ‘I’s_ ibI _i 2 . 18 S }_ i O W S  I l _ i t S_ i ’  i - a t  jo _ i - i

foi ti _ i c_ i t h r e e  n _ i c - a  sc - _ i r _ i -~; of p r _ i _ i d u c t i o _ i _ i  c - s ip s _ i c i ly  c_ i s_ i - c l I _ i _ i-re . 1 i _ i c _ i .  l i _ i _ i - _i n-

n _ i _ i- s i  a c - _ i _ i -  c_ is a r c_ i i _ i _ i  good s-_i g ~- c _ i _ i i _ i _ i t _ i _ i t S_i u _ id  S I _ i _ i ) W  t i _ i s _ i t  i~’ a d _ i _ i c  I j o _ i _ i  c - _ i_ i  c_ i l_ i l  I _ i c

i_ i lC r c -Z_ iS c _ i ( l  by s _ i f s _ i c ’ t c _ i r  _ i _ if 1. (_i c - _ i _ i _ id _ i-c t i _ i _ i  f o l l o c v i _ i _ i g  s _ i ss _ i _ i _ i _ i _ i p l i _ i _ i n _ i _ i:

I I N _ i _ i  p _ i o d _ i _ i c _ i  i t - i l y  li _ ic - r u - a  _ i - ; _ i -  _i-_i 1_i a v _ i -  c _ i c c _i _ i c  r i _ i d  i i i  _ i _ i c _ i~ 1 0 i - 7 _  1~~_i 5 ,

2)  1 1, _ i _ i _ i t  s _ i _ i _ ic! i _ i _ i s _ ic- h i _ i _ i c ’  c ’ s _ i  p_ i _ i c i l y 1 _ is _ i s - - u _ i _ il dc -c - li _ i _ i _ i-cl : i s i _ i  a

I ~_ i l 7 — J  °t - S  ( p r e v i u ) c i _ i ;  _i ’ } _ i . _ i  i - l a  ~ l t _ i _ i c c -  t i _ i s _ i l  ph\- :- - i t s - _ i _ i I
l ’nc a pr ob _ i_ i  bl y _i i _ i _ i t  dc - c _ i l  i _ i _ i c - c l ) ,

3) J _ i _ i b _ i u -, I - a_ i c ’  _ i i _ i 1 t t c -r L t l s  c o u l d  be _ i _ i i _ i i _ _ i i _ i _ i _ i-d , s _ i _ i _ id

4) S_ i_ ibc o _ i_ i t _ i -5_ i ctc_ i r c - s i p s _ i _ i _ i t _ i_i ’ t i _ i s _ i l  c - - x i s t c-d i _ i _ i ]~~~_ i a 7 -  } ‘ ) I - p  i 5

still  P1_ i ’ s c’ uu I.

Si _ i _ i _ i c’ l _ i _ i u l i t s _ i r y  j _ i r _ i _ i d _ i _ i c’t a t _ i _ i  is _ i - _ i st _ i _ i gi_ ii y ~0 I _ i _ i - r c - c ’ t _ i t  i_ if I _ i _ iL _ i l p _ i - o i l _ i t _ i- I  I~~i _ i _ i

c _ i _ i r r - _ i _ i t 1~ , c -_i _ i l - i- c - _ i - _ i t  _ i n i l i l s t _ i -y p r t c _ i i _ i _ i c’I  _ i 0 _ i _i c - i _ i c - _ il _ il 1 _ i _ i- t -’s 1 _ i a _ i _ i d _ i ’ d  by _i f _ i c - i ,_ i r

of s . 2 _ i _ i u _ i d _ i-i- t i _ i _ i- S c~ a s _ i I _ i _ i _ i i ) t  i _ i _ i _ i _ i s  -

T a l , i _ i -  I _i-P ,~ si_ ia_ ic ’s t l _ i _ i- _ i s s _ i r _ i _ i _ i’ _ i - _ i I i c s j oy  c - s _ i _ i- I _ i  i_ i f t i _ i c  s - s _ i d _ i _i _ i _ i _ i _ i  r h _ i - I i-s

j dc _ i _ i _ i t if _ i -d _i ’s c _ i - l i c ’ r ,  TI_ i c - d a I s _ i  s _ i l _ i o w a  l i _ i s _ i t f or  0— 1 0 0 0  I _ i _ i _ i - b _ i-_ i _ i _ i _ i s _ u , l _ i _ i _ i -l t ~_i p r _ i i p

eu ig i _ i _ ie a , c _ i_ i _i- r i - _ i _ i t. p ro _ i l _ i_ i c- l i _ i _ i _ i _ i  c - c _ i c _ i d  bc - _i - x 1 t . _ i  i _ i d _ i-c l by _ _ i  f_ i _ i c- l _ i r c _ i f _ i .  —I _ i u u i ( I _ i i ’

t i _ ic _ i _ it l _ i _ i _ i _ i ’ e  a _ i _ i a c - _ i i l p I i o _ i _ i~~ , w i _ i t i c -  i _ i _ i  t i _ i _ i’ Is_ i _ i -p t a- st s u b _ i _ i _ i s _ i  _ i - k i ’t , I -  I S lbs . c_if ti _ i _ i - _ i _ i _ i _ i

pr _ id _ i _ i _ i _ iti a t _ i  c ac_ i d b _ i _ i cXp_ it i_ i_ i l _i--cl bt- a Is _ i c - I _ it _ i - i _ i l  $ — -l -

-

~~ I

- —- --—~~~~ 
— 
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A P P F -~N l) 1X A

$

I. - l ’l_ i i~ A c r c _ i _ i ;~~ l ee l _ i _ i _ i l _ i _ i S t 1 - y j l l i ’a I _ i t _ i ’~~ I re _ i

• A c -_ i _ is _ i - f t _ i l  I _ ic -g i u t _ i u u _ i _ i g  p _ i _ i l _ i _ i l  f c _ i _ i  c - _ i u _ i _ i I _ i sr _ i s l , _ i t _ i ( u i _ i _ i g  t i _ i _ i- s l s _ i l . - of t i _ i _ i- i r e _ i - s _ i t t

t _ i _ i r h i _ i _ i _ i -  c -_ ug h _ i _ i’ i _ i _ i d _ i i _ i ; t r y  i _ i s  b y a u i z _ i l c _ i _ i - i _ i L ’, t i _ i c  l _ i _ i _ i _ i g — t c-i - _ i _ i _ i  I c _ i - _ i _ i _ la i _ i _ i ( I t _ i ’ s _ i _ i _ i _ i~o~’

51)~i C _ i -  i t _ i _ i l _ i _ is I r v s _ i a s _ i cc I _ i _ i _ i l _ i- - ‘I _ i _ i l _ i t _ i- A I s i _ i  _i _i w a s _ i _ i _ i  c - s t  i _ i _ i a _ i c’ _ i t u  a c - c  a _ i _ i 1 _ i~_ i c - _ i’ _ i _ i  -

• c l _ i_ i  s t r v  s _ i _ i l _i - s f y c _ i _ i _ i _ i  l~’5 0 - l 9 7 5 ,  _ i \ c c _ i _ i c c l i _ i _ i t :  ~~~~ 
V _ i l _ is c- s - I  l _ i~ _i , _ i i _ i - . ~l _ i _ i - l _ i _ i _ i h _ i _ i - l ] ’\

c- x pc- _ i ’ i c _ i _ i c _ i c l  _i _i i _ i _ i _ ic _ i s - _ i t c _ i t _ i _ i L l _ i _ i _ i t O _ i _ i _i p _ i - o _ i _ i ’ t I _ i  i _ i _ i I c s _ i _ i a  al c O _ i _ i s - _ i_i~_ i _ i _ it c l _ i _ i l l _i c s  f _ i - _ i t _ i _ i _ i

- l °~~0 I _ i _ i  l~
t cS c - c - ILl _ i pe’s _ i k v c - s l r  i _ i _ i  1 9 _ i _ i S  c c - _ i l l _ i  20.0 i b I I i _ i _ i s c  5 5 _ u S . i _ i _ i _ i _ i _ i _ i  10 _ i S

to  1’)7( - , _ i_ i sd _i -s 1_ iavc ’ d _ i ’ c I i t _ i c - d  5 pc -F c c _ i _ i l  \ v I_ i_ i- _ i i  _ i _ i _ i ca s ; c - l _ i c  _i i i _ i s  c - a _ i _ i s - t i _ i _ i l  d a l i _ i _ i  _i

~~_ i _ i r_ i - _i ’ _ i _ i I  s _ i I _ i - _ i ;  i _ i _ i  c~ _ i _ i _ i _ i sI _ i u _ i _ i t  _ i l c _ i u i , _ i  c-s 5 _ i 1~c- t i _ i c -  i _ i _ i c _ i c - st s i t _ i a  t i _ i c -  c - _ i _ i _ i - ia i~~i _ i i e~~,

- ~~tn ’  i- ’i~~_ i s r c -  \ , 1. ‘l i _ i c -  1~~a S — l ~1 _i ’ t-  _i ~_ i _ i ’ _ i -i _ i _ i _ i c _ i’ i s - _ i u _ it _ i s i l _ i _ i  - I  ‘ _ i - _ i ’ ’ _ i~i _i _ i f _i ’~-

i c _ i _ l c d  _ i _ i  _ i _ i ’ c ’ _ i i C i _ i l _ i _ i _ i - _ i _ i l  c _ i - _ i _i ’ s _ i c _ i d  by tI _ it l _ i _ i c h _ i s - ;t r \  - ‘t i _ i c ’  
~~~~~~~~~~~~~~~~~~ 

c- c _ i  -
~~~

• rap id s - c c - c -  V _ i  a _ i _ i _ i l  c l _ i - c - l i t _ i _ i’ i _ i f  S _ i _ i  t _ i _ i s ; p~ I C c _ i  i _ i _ i d _ i _ i _ i _ it i-v d _ i ’ _ i _ i _ i a _ i _ i _ i i  l _ i ’ _ i v c ;  _ i _ i _ i s _ i c -  i _ i s _ i _ i _ i

w i _ i _ i l l  I _ i - c c - I  i t  c l _ i - _ i _ i _ i _ i s _ i _ i d  c v i i i  c _ i i _ i c - i~~ _i i _ i~~~_i ’V t i _ i _ i- u _ i _ i -~~j 1 0 — 1 ’  _i- _i - s _ i r _ i , A _ i _ i l _ i _ i _ i_i _i c - c _ i s _ i _ i t

r _ i - 1 _ i t t _ i - _ i i _ i 1 _ i _ i c - _ i t  i c _ i _ i _ i  i _ i _ i  t 1 _ i _ i  _i-xt _ i- _ i _ i I I c _ i  \ V l _ i l c’ l _ i  f _ i _ it _ i _ i c_ i - ci a _ i _ i _ i _ i t _ i _ i l  c v i i i  _i - \ l _ i u l - i t  _i~ _i l i l a _ i

• s t a l t u l i l v  _ i _ i r  h -  ch~_i r _ i t s - u t - r i  _ i _ i c -d i t ) ’  _ i _ i _ i _ i r p c’ cl _ i - _ i _ i _ i a _ i _ i _ i l  s _ i _ i c -I_ i S _ i s  t i _ i c - 19 cc- i 1 _ i _ i _ i - S  peah .

- ‘I ’li& - peak y c _ i r 0f s _ i s _ i l _ i- _ i -  f ou -  c - a _ i _ i _ i ’ n _ i _ i- c c - i , _ i l  s _ i c - c _ i_ i s - - i _ i _ i c _ i’ i_ il - _ i _ i _ il _ i - c t _ i -  c _ i - _ i s  1 b - S  c c - H _ i

a

ti l _ i l!lh i _ i _ i _ i I _ i s , _ i i t ’ _i~. l - ’i p _ i _ i r _ i - ,-\ . 1 _ i _ i _ i d  ,\. 2~~~_ i _ i _ i c i  k _ i l _ i _ i- \ . I i l l _ i _ i t _ i’ , _ i u i ’ _ i _ i  V _ i _ i - l r _ i u _ i _ i i _ i -  u _ i _ i

I
-i
-

~~ 

d t ’ ’_ i _ i’ s ’ ] c . _ i  i - _i - _ i s _ i l _ i’S c - i _ i _ i _ i _ i 1 _ i _ i _ i _ i _ i t’t u t _ i 5  l i _ i  c o _ i _ i s - s t - _ i _ i _ i l  a _ i _ i _ i l  _i ’ _ i _ i u ’ r i ’ _ i _ i t  _ i i _ i _ i 1 1 , _ i i- a c t - s i t _i - _ i  i _ i c _ i - I t  - l i _ i _ i

I _ i _ i _ i _ i _ i t _ i  _ i _ i c -_ i _ i_ i _ i s p_ i - , _i h i _ i _ i  _i~ _ i _ i  f t  I _ i a _ i ;  _i~ t _ i t _ i u _ i p _ i _ i u _ i’ _ i _ i l _ i ; c-,-~ _i i_ i c- - i _ i _ i _ i  - _i - i i  li t - _i _i - _i - _i i _ i  - i _ i l ’ 
- _i - i _ i s _ i  - _i i _ i _ i l _ i  ‘~~

_i _i~~~~~ ’ i _ i  i - I

a

( I _ i ’ _ i l _ i i _ i _ i _ i _ i _ i  h _ i _ i i l _ i _ i- p r i\. _ i 1 _ i  , _ i i _ i d  1 _ i _ i _ i I _ i l _ i c -  s _ i _ i -c- I t _ i _ i a - ;  i t _ i a _ i l _ i’ _ i _ i _ i  u i _ i _ i- I _ i l _ i  ilL u t _ i d  _ i _ i _ i I t

• N \S~\ d t - c - i _ i ; i _ i n _ i s ;  f _ i t _ i S  _ i _ i _ i _ i_ i _i _ i _ i t  _i’xp l _ i _ i i , _ i t l t _ i _ i _ i  i _ i _ i I l _ i c  _ i- , _ i _ i l v  (~t~ _ i s _i ’ t c - _ i~ _i ’_ i I _ i I _ i - _ i _ i _ i ,_ i _ i _ i _ il i _ i _ i c

N A S s\ r i - I s _ i t _ i - c l  ._ i C _ i ’ _ i _ i _ i 5~~_i , _ i t ’C prc )dc-_ic- I _ i s \_ iI _i i c - i _ i  
~
-_ i t - - _ i I_ it -cl i _ i _ i  I ’~_ i _ i -  - I i _ i _ i ’ 5 - _ i  (It - c - l _ i~i _ i _ i _ i _ i _ i -

A - - i
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TABLE A . 1

At ’ _ io sj ,~ s c-c 1s - r _ i _ id _ i _ i e t s S 1_ i ’a~~~~in Cu r n _ i d ( I 1  I ) o i l a  i-s

Ye ar  C t _ i _i- r i - i _ i t  1 ) _ i _ i l l s _ i  _i s C a _ i _ i  s t _ i _ i  1 _ i l  1 ) _ i _ i l  h_ i c _ i  /

19F_ i() 3116 580~)
1951 (_ i2t c-1 1 0_ i l 

~7

i c_ i S -) 10130 1 7-1( 5

I 2- 159 I I  ~ _i ’~

I9
~

’- i  12807 I I  -k_ i f -

l9~-S 124 1 1 20  _ i _ i - 2

— 
] _ i ) f _ i f _ i  139-IC _ i 22 17 I
] _ i _ i 5  7 I S S taS 2-138 °
1958 I (c O (_i 5 2-1 1-1

1 (_ it _ i -t (~) 2 -ic _ i-i-i

19_ i (1 17 3 2 _ i,

1° _ i _ i l  17997
191 (_ iI I ’ / l _ i _ i l

19_ ic 3 20 13 -1  281 2- i
19_ i.- --t 2(V -_i <)4 28 ~
I 9C c 5 2 0 o70  27 8 12
1 9 C C _ i  2 - I _ i _ i  10
19 _ i c 7  272 7 ~- i f - _ i t t _ i -

-— I9 (~8 21-_i ’_ i 77  -i f _ i _ i _ i _ i i

I9 (c ’-1 2 _ i l - i  ~i 3_ i
~l

i 9 7 0  2 -1 °01  2 7 . ’ - ’?

1971 22 1 5-1 2 4072

1972 228) 8  22818
1-17 3 2-180 ° ‘ 4~i -~

1971 2 (_ i - 100 2 4_ i _ i -1 7

1975 28374 222°?

197 C c  29 279 2 188-1

p— 5---—- 5
‘\ ‘ r _ i s-s pace 1 _ i _ id _ i _ i _ it i _ i c - s  ,\ _ i s s _ i t c - i _ i _ i t i _ i _ i _ i _ i  ( \ i A )  c’~~t h _ i _ i _ i _ i _ i l c _ i ;. i _ i a _ i c - t i  c _ i _ i _ i i - _ i t _ i- sI a _ i al l _ i _ i l _ i l _ i -

i _ i f _ i n - _ i _ i _ i s _ i  I i _ i _ i _ i u  T i _ i _ i’ -\ I -\ t a t  i _ i _ i i l _ i - i _ i t  -\ t -  c _ i _ i _ i _ i i~ s _ i  c _ i ’ _i i _ i  c - s _ i _ i t  i-v s _ i l _ i- _ i -  _i a . _ i  c _ i - _ i a _ i d

s _ i t  i _ i _ i_i ;_ i clcI _i _ ip  I )  i ) ( ) I ~ _i - _ i - _ i 1 _ i s ’ _ i _ i cl i t _ i i r c _ i _  ¶ ‘ _ i _ i ’  ; _ i i ~c _ ic~c - t _ i~_i_ - _ i _ i _ i _ i’ ’ _ i t ’ c_ i f u _ i _ i _ i  v _ _ i t  s _ i _ i _ i ti _ i _ i _ i _ i _ i _ i~~~_i _i _i _ i ,

2 ]  1 ) _ i _ i l )  _ i - \ i - c ’ _ i _ i u i _ i I _ i _ i_i c-S t o _ i -  c _ i - a _ i - s _ i  _ i ’ _ i ? _ i , h - v _ i - ] _ i _ i 1 _ i _ i _ i _ i _ i- _ i _ i t . t i _ i s i  s _ i t _ i _ i l  _i - v _ i h _ i , _ i i  i _ i _ i _ i _ i  I _ i _ i _ i ’  u _ _ i  —

c _ i - s - _ i t t . _ i u _ i _ i _ i ; _ i ;l l t ’ _ i - _ s _ i _ i _ i _ il _ i _ i  l u - _ i _ i _ i _ i _ i _ il _ i  _i • ~~ ) r—_ i \~ - -_i _i ’\ 1~_i - _ i _ i _ i u j t _ i _ i i ’_i - _ i  I _ i c - _i - _i ’ s _ i ’ , _ i _i I _ i  _ i _ i _ i~I

~~~~~~~~~~~~~~~
- I )  .-\ i -~~ _i ’ \1~ _ i _ i _ i _ i ! _ i N _ i i ’_ i s  i _ i _ i _ i ’  -_i~~ _i , _ i _ i _ i ’ c a _ i _ i _ i _ i l _ i _ i t _ i _ i _ i  \ _ i ; i ( _ i _ i _ i _ i ;  s _ i t _ i _ i t  s _ i _ i _ i _ i
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Table A. 3

Comparison of Compound Growth  Rates in D i f f e ren t  Sec to r s

1950 - 1968
Real Dollars Co~ s 1ant Dol lar s

GNI3 6. 4 3.8

Federal Purchases  of Goods and 9. 5 5 .6
Serv i ces

* 
Defense Spending 9. 9 7. 3

U. S. Government Aerospace  12 . 1 9.
• Spending

Aerospace In dus t ry  Sales 13.2 10. 5

— From data in Task 1

1968~~l975
Real l)ollars Cons tan t  1)oliars

GNP 8.3 1. 6

Federal  l’urchases  of Goods and 3. 5 -4 . 3
Services

Defense Spending 1.3 -5 .0

U. S. Government Aerospace -3.6 -10. 2
• Spending

Aerospace Industry Sale s - . 5 -6 . 9
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A ~ L L 4 . 1 l 1 ( I  ,l u l ~~.\ C (  i n d t t : . t t ’ \’ I ; i u i i  t t 1 l I 4 I C  1 r ) l l I  i’~c l  1’~~~’

• ~~i Ve f l  in ‘ I ; t l u ! c  A . .l . l h i i ~ - c s t i i n : i t~ i a  I , i h t i i  ( 1 t 1 (’I j \  I 1 4 ) 1 1 4  i l l(h l u I  rv  rI-

p o r t e d  d a t a  p ruv it h ’d in the ai lntI ,l1 ~t i r v cv  ni i i i t f a u t t i r t i~~. II i~~~~ nhi- :

data f r c m appf o X L I l I a t t ’ l V  70 eoi l lp. ln i i ’~
-; . ‘Fin dai.t I t ’ u ) l l i  IhII ( u t L i l i l I t’

show : t h a t  ( I 1 I I 1 I I F  I I 1 t ~ pc~~t Ci ( l  i n t l _ i  ~h - (  
• t h e  4 ’.o V t l ’ % i f l i e l I (  .11111:1 1 I l v  1n I r ~

( ‘ I l a I I e(I  l u H w t ~~~i1 7 7 — s i  ~~~~~~~~~~~~~~~~~ 
( ‘ 1  l i lt  I,I~~ I1  : 11. 1 1 4 ?  1 1 4 ( 4 ’ ~

i( ’ l 1)
~~

1).it t

• II i’ : , t I  Ct  1 ~t ~~, (II u 
~
)t cc e l i t  4 1 ’ ‘~~ it  1’ ! ~~. i I t  ii it! ii I i v 1’ 1 ( 4 1 1 1 1 4 .  : :  i t :

* to  t h e  .(\ ‘ i I I I U I’iil 1 4 . 4 1 .  W c l , u u t ’ t i  I I’  t h~ l~~~u ” l I V I l  ‘ ‘ I  ~q r’~ ’ ’~ ’ . ( 1 1 4 4 : ,

• L h t ’  I t  Nit 4 . . Ii I1l ,4 I t’  . i I l i l ) ! V  i d i h  ( ‘ u t i l  4~~~ V t l I I ) I i t I1t p t 4 I I h I i l i ’ I I)  . 4 1

pl 4 1 ~~ 
( ( lf l l l I iu’ l ’ I . t l  u . i l t:  I 1 i 1 u u 1 I ( ’tI II lie , u I I T I I I i 1  : i i I V v ol i i u l l i i 1 t , i~~~l u 1 l ( ’ I : : .

t i n  I;t ’ C 4 u i l I I  (‘ . I I l l l , l t (  u :  t i L e i i  ,‘n t i r t ’I v I 1 1 4 4 4  t~~4 , % l l i l i i , ( t  I I I 1 ’ \ t ’ \  , 1 . u  Ii c : ?
l’S t i l l l , ) t 1 ’  1~~

i l i \ ’ l ( I 1 i 4 l k t l t ’ L  i iu t h 4 , i t i i i i  ~u I ( 41. 4 ?  ( h 4 i 1 , I i ’ ~ : J i t u u l  I l l

• ~‘.‘hi1t’  t h e  , t ’ i .’ I i I ) ( I  t ’ 1 ( l i 1 I . 1 I 1  P T ~~~\ 1 ! 1 ’ii  1 1 0 1 t ’ t ( l I 1 n t ( I i t  ~l . i ( . i  c i i i  a I l i I ) l ’ 4 ’  ~~t ’ I I
( I t ’ L i  t i e d  ( 1 4  C t Id  4 t.~ ro t i  I~ 

t i t  . 1 4 ’  j ( I  

~~~ ~ ‘ C l i i i  1 . 4 1 1 1

1. A - ’)

__________________________ -

~~~~~ _ _ _ ~~ _.
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the govcrnlnel1t  is s t i l l  t h e  don i ina r i t b u y e r  in t h e  ma i’k t ’t  , all boug h ( in

• d om i nan c e  is  less  t h an  t h e  c a r l i t ’ i ’  per iod.  ‘I ’ht ’  ( h i V C i ’ S i f R ’ i l t i O I i  i i i  L i i i . ’

i n d u s t r y  is ~hown by ( h i .  Ia st c o l u m n  of T a b l e  A . ~~. I’ ’ z’o i i i  1 9 61 N i  1 976 ,

- 
i ion—ae ro :; pacc pro (I t i c t  s h a v e  gl ’owI i  as  a p u r c u l i N i g e  of i u i d i t  si L ’y s~t I e ~

. ir on i  S~ 2 pe rC e nt  to  16. ~ pcr cuiit ,

• ‘Tabl e A , I~ shows  i l I i i l ’ & ’ - i 1 ) 4 ’ (  i i i .  dat a  for  i i iaini la.- l u i r ’ r : -  I I  ~~I ( 4  r a f t

en~~ines and pa i’l s , ‘[‘ his (‘l ii) ’ t . i t t c , u ry  ii i .  hwh i-i l , i t Lh j i  s t o ui m u !  Ill i’h in’

eiig~ n~’~ as  \\ eli  as (‘ Un1p~i f l i ’5 whn~~e 11111111 i ) r u ( J 1 1 t 1~ ;i , L -  pa I N - . of t I i i ’ I ! 1 t ’ ’ ~ .

C om p ar i son  ~if dat :: in T a b it ’  A . 1 :iiid A . 5 sh ow:. t h a t  s , I I L ’s of a i ‘ 4

enginC’ s h is to mca l l y uo ln p l ’ i s c  a !) i IJ’vx imat I’ l y n— .~ put’ cu . lit o f i ( e r i u : - j i .i( i.

i n d u s t r y  s alt ’s .  Thu da ta  in T ab l i ’  \ , ~~ al~ : u .i ‘- i i i m I ’s\ :1 14 i - i ( i I l l ’ . ’ V , ! I , I (  li. ’ s~~~r

d ep u n d e n u l  oi i  U. S. ~‘ c ’vt 1’nln(’nt p r o i 4 n 1’ &’ I i l( f l t  5 f l i O i 1~~ 
( ‘ l i g l im ’ T f l i I l t l i S t t t l i ’ t ’ I’~~

I t h I ~1fl a ( ’ 1 O S
~~

I.i4 C e()n)pzinIes in Fen4 ’ra l . T ilt ’  p u i ’ u t ’ l l f a g  (If ( ( 1 1 , 1 1  elI inc

t o t h u  U. S. ~ ov e r m n e n l  ha ’; u l c u I l l i u d  f r om  70 .-75 p i ’ u u ’ n t  i l l  (11.’  ‘:i  i’l y t u U’

to 4 5 —  50 p .  ‘ u ent in t h e  197 “u — 7  h pci’ (1(1.

A — l0

_______________  - - ________
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Tabic A. ‘1

Sa t s  of M aj or  Ac r os pace C omp a ( l i t :  S

(‘uln u t , l l l t  P e r c e i i l ;t : ’ i. Of Non Ae ros~ u , i~~~’
* ( ; u r r & ’n I  l ) o i l , i i’s 

~ / 
A c t u a l  D o l l a r  S a l e s  S ;u l t : s  as  P e r c e n t  of

* D o I t a t ’ ~; ( i ’ N , .  1 1 ) 0 ) ’ - - hi 1I ,S • (b i ~’ i’ r u i i n e i ) I  ,‘\ u t t i a l  l ) o l i , i I ’ S

I ~~~ I 14. 11 •‘ 1. 80. 5 8. .~

I n~~ I Ii . I,) ~1~~~~ 7 ‘18. (4 n . 0

16 . 1 ,~~~~~. 
q 80. •h ‘ I . 7

In . 7 ~ . 0 7(~, 5 10. ~

1’~0~ 7. 0 ~~~I 4.
,) 73.

_
i’ I I . )

S

I ~~(u() 20. •~ ,‘ ( u • ‘u ( 1 .8  1 0

— I ‘167 23. ‘1 ~~
()
. I’ (~~)

• 7 1 1 . 0

i Ii(,s 2ii , n ;j ,  ti 65 .0 10 . (I

1~i(~’) 24 .6  ,‘5 •1 (17 . ~
‘ 10 . u

• 7 ~ 7. 0 (i6 . 10 ,

197 1 ~ I .  7 2~~. 6 6~~. I I ) .

197 2 21 .5 2 ! , 62 .8  I ,~ • -i

1973 ,~4 3  22 .9 7  r e 4 13 . 5

— 
I ‘ 17 1 16 .8 ,~ ~, (1 6 1 ’ ’ . 1

* 1q7 5 2 ~~. 15 ~ 5 • 7 I i .

Sot l t ’ t’t ’: I 1. i i i ’ , t i . i ~~l (he (~~‘n~;ii::, (i i i’ i’ t ’iil l i iu l i ist  t ’ i,i I  U u 1 ~~u ’ t - t i ;  S t ’ r i~ -~
; \ I i  :1)

1 / ‘(‘lie p I ’ i u I  I u ’ l i , ul  U i: ( I i i  ini
~~

u i i u  ( ( Ni’ 1 ) I i u u  t I l t  I,ihii , : - u c  1 ( ‘ 4 1 ( 1 1

4) 1 1 a o u I o I I l t t  A d v i s o r : , i ’ u I ’ m 1 l n i t  I~ ‘ m u l l  e l t I m e  I ’ u u ’ : ’ i u I t - u i ( , .1 ,111. i N ,
p. 190 , ‘1 , i l d t ’  1 ~~— ~~. 
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Table A . 5

- Sah m~ of Scven Compa1n M a n u f . t c t t i i ’ i i i ~
A i i ’ c r a f t F n ’~i’ ncs_a t d Eiii ,~in t : P , i r I s

(millions)

Y e a r U. S . Cove r i l l i l t  I l l  o t h e r  ‘I’otzt l Total lk ’ l ’ c e l l I a c l ’
Curren t  ( l ~ l 7 5  

1 (ur l’ u ’ lmt  (1 9 75  (‘ u r r e nt  
( l o T S  Con- ’ 1 .5. Coy-

• l)oh i r s J  I ) o l 1 d V ~ D o l l a r s )  D o f l a v s~~~~~ 1i nt 1 l ) o 1 1 : u r s  u m ~o m t n t  
-~~

I un o  . 1 3  1 70n 4 17  779 1330 145 00

I ‘~~ 1 1021 1884 433 799 1 4~~4 1i,~53 70

10 6 2  1 1 3 0 1066 383 700 1 5 1 3  276n

• 1963 1 1 7 2  2 I 3~) 404 737 1 576 2 5 ’ 6  ‘I ’!

1Q 63 l u ô G  1960 45~1 835 1520 279 ’!- ‘i’O

1°65 1132 2077 5i~~ i0(’iS 1 7 14  3l~h~I

1966 1372 2.-1.5~1 723 12 96 Z0~) 5 3754 65

I 9 (7  174.16 3 1 1 1  1016 1758 28 11 4865 61

• 19h 8 17l ’ 1  25~t 2 1151 2 0 7~> :b ) t ~5 4~~I , ’ 5$

196 ’) l77~
) 2806 1086 1713 2865 4518 62

- 
1970 19 12 285~t 119 7  1787 3 109 4441 61

- 1 97 1 1360 1929 986 1399 1346 3325 58

1972 1255 1752 1 1 14  1516 2402 32 i u5  54

I ‘1 ’i’ .~ I 3 0 ~i 1 64 9  [• 1 I~ 1757 ) 7 1 i , 3436

• I N ’~ 1420 16 0 !  17 14  I ( 1~~~, ’ -~~ I 3-!  3 l • l 0

I’~~i
’
~ ’ 13 6 2  1~~tu? , I6s~______ 

i l u S mi  ~01u 1 30~ I ‘iS

Sot I V ( t ’ : cu r r e n t  In d u s t  n . h  l~ ep or t ~~, }“ o r m n s  M17( ’. ‘ ‘A i r c r a f t  l n g in t ’s ’t , A ’ r e i u a ?  c i i

~~~ ( I u i ( u l l i l 4  1 : a , l i , i t I1 l1 I i i ( I k c S , .iiil y, l9 i~~, Dt r  utiii’,tLt ’ tuf (.o:(. m\ oa t ) :  L I , ,

‘At ’ i’o i ia t i ti i .a l  ,S~~: : t t ’ i i im. f l i s ’ i s i m ’ u i, W r i ght I’,it tl ’ rson A I’D , Ohio — 1 1 1 . 1 C c ( I I ’ ?  l , i t t u i ’ s

used an . ’ de~r ’ l o i ut ’d  f o r  a i r t  r a f t  t ’ l i g i n t ’ :u  s1~u ’t i f i t a I  iy .  

- 

~~~~~~~~~~~~~~ 
-
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S u e s  ( l , l la  in  ‘ l a b i e  A , u f m ’ t  u ’ i im ~~ lii’ l i l t  iitif .n’tui’ i.’ t ’ :; s hows 14t ’ i l ~~ 
(o r 11 .5.

I
~4 ’vern1nent ~,i lt’s iii 1~~ ’ ’ i ntl t,’o i) i i i i t’ r t i i l sa l t ’s 1it’;iI~s ~~ i ° 5  i t i

J (l( i1l~i l’s. ‘un ’  ‘ 1 ) i ~~J i ) l ’  ( 1 , 1 1 , 1  dj sp I~i~’ :; ,i Ii t’ gt’ r 5 ,1(1 I’ (’t ’ ( 4)i ii } )illt ’ui t t u tu t i l l ’

,i t ’l ’ O s pa i.~ i.’ j 11(1(1:: t r\’ as  a \VIl0l ~ ‘. li l t ’ pt ’,i ii. v u ’~ i t’ t i  1~ S f t i  1l~ t ’ co g h u e

u ’ J u i p ~ u l 1 i C ’s  i’ t ’I)l’ ( ’ S t ’ l)t 5 .i Ia l i ’ i .’ t ’ pt ’ i ’ c t ’ i i t t m ~ ” lOu r t I 5( ’ t )V ~~’ I  lo l l  II 1 ’N’~ ~~ t ’ l:;

t ’ i I l i  t he ut ur ~~.’ a l m ’ u u l l1 lm e 11e1’ 4 . t ’ 1 I , i
~~t ’ t t ’ t ’  t i l t ’ i t ’ r t~ : p i~~t ’ i u u l:i:.i ly .  Hit s

i 1  r e m  s t ’d 1~~” 
1. ,:0(! Ilu i l  S 4 : l ’\  t ’i’ t ’ v c i i  4 . , i  1 I L 4 I I I ’ t I? I’ u ’Vt ’l m u t ’:: IS  pt ~~ h I  5 -  I

* 
~i l t  rilnui hit ’ Ia t in 4 I I ’ l’ 4 1\~’ I i 4 5 5  Ill } ‘ ul ’ 1RIII, ’ t  h i m 4 . ’ : l u l l ’ 154 ’ t ’ l 4 ~ l i lt ’ 4 I l i I l ) I I u  I : ’

t 4 t fl1h)~
i se th  In l h i ~’ a i ’ r t u : l u m , ’I,’ j I l( l t151l’V i : ;  ,l \\ l i t i h . ’ .

a

1 4 -
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Table A . 6colnp a rc s th e sales of a ir c r a f t  engine c O l i lp I L l u c  s to ( N  I’ .

in tile period 1 9 6 1  —66 , engine sa les  remained a f a i r l y  c o n s t a i i l  P t’ I ’Cel lt ; t  ~‘ c

a (. 2 4 _ . 18 ) of ( N  P. Dur i n g  l i i i .  peak pr od u c t i  (iii pt’ n o d  of I Q o 7 — 1 o ’,’~1 , p er  —

Cent age C O f l t ” i l ) l I t i O l )  to the (~N 1~ iu mp e d  to  . 3 1 - - . ~5 . The St ’\ ’Ci ’ t d ’t ,’ l i i i t

s i n c e  11)70 
~~~~~~~~~~~~~~ 

t i le  p c ’r c u nt a l ’ c  at  . 2( 1 — . 2? , ,

Table  A . (

(.o1l~p r s o n u~~A i r c r a f E n g l m n 1wd 1~~n ’ i s S : i 1 u s L9~~ ~~~
<J

~~~

A ir c r a lt  l ’ n g in u ’  and

• ~~~~
_j_i , ~~~~~~~~~~~~~~~~~~~~

• 60 506 1.330  .26

• 61 523 1.454 .25

62 564 1. 513 . 27

63 59 1 ’ 1.576 .26

64 63 t . u 1 . 520

65 I .  714 .25

66 753 2 .0 95 .18

• 67 796 2 . 8 1 2  3r,~

68 8o 9 2. 96 5 . 31

69 936 2 .865 .3 1

70 981 3 .109  .32

71 10 ’.i3 2 .346  .22

1 1  7 1 2 . 1 02 . 2 1

73 1306 2 . 72 5  . ‘

74 1407 3 . 134 .22
-. 

i’ I .[9u) 4 . 05 1 . ~ 
(1

I
4 4

- A - I d
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III . Ae ac~~~hldu~~t r1j l’ L’ o f I t a b i 1 i t y

‘l ’hrce sou rces  of data h iv e  been ex a m i l u  ed to  vi ew t h e  f i n a i l c i a  I

• heal th  0? t h u  a e r o s p a c e  i r ic ius t  ry .  rf l z e  197 1 GAO s t u d y ~‘x a i n i n t ’d  t h e  1) l’o —

f i ts  of 74 l a r ge  Pa l)  u o l u l  r a c to r s  d i l ni n g  t i ’u e p u r i o d  of I t l ( , ( ,  -69 .  1 i’ m ’ I i  I s

w e r e  nuu’a n red as a pel’c t ’ n h i ~gt ’  ot  s a l  u s , t o m  al c a p i t a l  i l I V u  st u c i  ( 1  Cl) and

• equity c a j d~. a l inves t  l i m e n t  ( 1~C t ) .  All 111 l’ t’u 11 1 ’flSkII’ t : ;  5l lO\V Cd a lli 5iIer re-

t u r n  011 c ’ l m l I e & ’r c i l l  w or k  than  (111 go\’ u: i I ’ u 1 i i ~ 1 1 1  c oot  ( ‘ a c t s . 1- o n  e x i i n p le

p r o f i t s  t i l l  i ) ~~i) c o u m t r a c t m ;  av e r a g e d  4~ 3~~: of ~a lus ovi ’ i ’  t h e  4 y e a r s  be t  o”’ —

— f i t s  OIl  C u l l l l p f l l ’ a b l t  c on u n er c i a l  \\ O 1d~ of t i lt ’ 74 c u I n t r a c l o r s  a \ ’er agt ’ d  9, (~~~‘

of sa les . \Vhen  p r o f i t  v a  s mca sux ’ed as a p er c e n t  of t h u  t o 1 a]  C Z i l ) u i  Il l Ii —

V e St f l l e I It  ( tota l  l ia bi l i t i e s  plus C ’qui l \ ’  , eXC h l u : i \ ’ u of (~o v t r u ’u m e i i t Cap i t a l ) ,

• t h u  d i f f c m e t i c t ’ nfl r r o \ved :  110 2~ t~ u r  DoD sa les  and  l’i , (t~~- f~ it’ cc’ I m l l u l e r c i  a ]

sales .

‘I ’itc GAO f i i i d i i m g  S \Ve r e  Su~)p u1’t ed by I l ie f i n d  i u g s  of a si  mi 1 a r si i i d v

of the  195 8— 1967 p er iod  b y t ile Log ist i c s  Managenlell? Inst J u t e  ( 1 2 \ l l) ,  r ile

Ll~U stud y cov er e d  cIef ~ n se b u s i n e s s, c o i n n u c ’r c i ~~l b u sin c  ss p u n t ’ol’nle d by

d e fe nse  i n d ust r y ,  and T” ’I ’C—S i C b t t s i u u e s  s (durab le  goods  r i ’u a nu t a ct t i r e  r s

~u 1i& ’usc ’  l ) m m s i l ~ u s s  iS ct J I i lp l l r a b] (  w’~ t 1 u  t h a t  of f i r m s  ill d e f e n s e  i f l( i t lS l  1’V~~,

Fi gu r e  4 sh o ws  t h e  f indings of ( l i t ’ JA i l  s t ud y .

1/ ( (u lu1 1 , t r o ll. ’ l ’ (‘~ - l m t - r • % l ol t he t i l I j t t ’ d  S t a t e s , I ) t I e n s e l u u u h n ’ ; l r y Pi’o I i t .

A- 1~ 
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1’ i g t i r eA . 4

PROFIT ON TOTAL CA PITAL INVEST MENT
MAJ OIt  DI F I N : L  COMI’AN IES

14 — - -—- — - —“ -“- ‘ —““----‘- ‘  • - — ‘ -‘——‘
~
“- -—‘•-

~~ 
- ‘---

~ 
-“-•- -‘--- --- - -- - — -

n,c . s Cc
12 -

_ —~~~/ 
\• 

%\__~_j

~~ T( I 
-

Al- i Ii T A X

4 -

2 -

• 0 —- -—-——-—--—— —---- -,.-—-,---- -- ‘.—-—- - -  ---- - ----- - ————— .  

l0~3 11)50 1JbO l ° O  I ) , ’ 1053 1~ l5~ lOm ’uS i t u b 1Ni /

D L i

~ riioi IT OX h C i  10 . 1 O~, 57  7 5  I~’ 6 5  6 3  7,5 ‘ .O 14 Ga;

rr~oi (iN iCt 7.0 68 ‘Dl 4,7 90  8,7 109 11 ,6 100 7 ’ ~ 8 %

n c  su c
‘\~ Pl~OF I r ON TCI 7,1 03  ‘1,11 7.u1 93 98 10.8 17 .6 1)4 10 . 1 10:’ 

~~~ - - - - - - - -  - - - -  --.- - - ‘ ~~~~~~ - - - -  - -  -- ~~ - -  - - - - - - .~~~~~ -- 

• 
Soui,. ’: I ( - l ’ ’ l u~ ’ ~~‘ ‘4 ’ . l hi , Iu l t .O C ’  - ‘ l i , u \ ’  i’ ’ l~~ ii ~~~~~V , P~ i , u ~,i l u  M u , l i  i~l i , c

A - l i ’

________ —__- 
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p
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

.- , - - -
~~~

—--‘-
~~

-- ----‘- - --‘- - --- -- - -‘- ---—-‘- ~~‘
-- -—~~w --_ --~~~~

r

‘(‘lit ’ }“ t ’dt ’ ~~ 1 I’ t’ ,t d t ’ t,’ ‘i ’ l l ~‘ out Il,i s a Is ’ .‘ i m i t ’  -~h l it’ i ’  u ’ o f u  I a ! I , ’ r

I ,t \ ,‘5 ,tm ’  ~l p t ’ 1• t’ t I lt c’ S I t . ’ ‘ ‘ 1 ,1 l l u t , u  . 1 4 . 1 ’  I i :  - 4. t u t ’ } 0 1 ,1  t 4. ~u : m m (  , it  Is ’ I 4.: h i l l  ( h i t ’

.ie r t ’ s p t s t ’ 4 . u m d t l S t t ’ \ • ( lu . ’ t’ t ’~~~II is  H n m  i n  h I de  A . s . 1 l u .  u - t i l t s  4 . h l , ’\\

a .‘ i m - I m ’ t . ’ h t l \  i s uuu v I’ h i t ’ (  i u u ~~~I m t  , t m  ,l 1 1. 11 I i  m l h ’ ,’ 4 .  I ’ ’ , a. ’ m . ’’~~,i, -

i m ’ l t  :\ , S

~‘uu L ’t (;~ 4.); ii ~‘.t ~~~~ 1 - \ “ l
AS A I I  5 4. : . \ 1 u~ C 4 . - ’.t I

FOR M’~~: i l C  \.~~~~
‘ t i G l N  • O C ; : 4 . , .’4. l IONs

(.uI, -~~ i ’ ,  ‘1~~, ’ 1 4 1 1 ,  , (‘

• A i’  N

I 
I

4. - ,- 5 . 4 c ,
14 .1 ,1  ‘1 4 ,l i
1st : ‘ 1 ’  4. ‘ h I  ,‘ 1,

1 : 0  ‘ “ 7  I s  ‘:s
i t s  C , C -4. , 1 ,‘

C u ; C ’  C ’ ‘ ,( - ‘

14 .  ; ‘ ‘ I -  ~‘ C ’ - i -  ,( a
14. ’ ’ C hi 5 4 ,  ‘

l u’S S I ,m 4 ’
i i , , ’ ‘4. 4. 4. ‘ 4 ,i a

14.i 1 )  4 (1 ‘1 ,i ,‘ (4

14.41 1  4 1  4 ,t 4. 7 4 . 4 .

‘i t - ‘I’
‘1 / C ’ S  ‘4. 4.’

l v i; 4.’ C , ’ ’ 4.’ 4. ‘ ‘

I’ ’ : 4 4  C ’ I “, I _‘ ¶1

I’ , I ’ ’  , ‘ ‘ ‘ ,, ‘‘ ‘ , ‘ : m ~~~ 4 4 , 1 ’ !  l , , l  i m -  l u
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i l l  t I i ~,~ t \ i I ’ C r 4 . l h I  h ’ ; l l L t i I i t ’ I l u d u s t r V

IN ’rR ODVC ’r  ION

‘I ’Ii t ’ COl i t, ( ’ll( l’ , i t & ’( i  :; c tu u ’ o h l I ’ I ’; l l I ’ S  L I u i ( h , ’ u ’  1 I I ’ 1 1 4 ~’ ) i u I i ~~ u i  i t S  ‘ )V , ’ l l f l ( ’ C

a r t , ’ i iot  • i i u lv  d i f i e u ’ ’, ’ n t  I i’ . u i u i  bi ,it o l t t ’ u i  ( l i t ’ r e v t ’h’ ’-d’ i i i  t in t ;,  , i l l h ) h i c ~ i I ) l t  t o

(‘ i ) I I1 I1( ’ t i t iV t ’ i l l i l u S t  c i t ’ S . A i uu s  dl p i u l ’ ~~ t i~~i’ of t b ; : ’  c : I u . t j u t t ’ r  it ;  in t ’ I l l h i i  ‘1, 11
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; t i  u ’era ,f t  i ’ I i ~~ i i i e  iti ( lt lt-J cv .  We ~~i h b  • ‘ \ , u u f l i i l e  Ii i’ :-O ( h i t ’ ‘ \ h ’ I I I

( If  U t i l l’ cl i i  1 , 1  (i~~~l and a cci u l u t i  I y ~ve v i  II h u t ’  ‘ o l O ’ i ’ t ’ i  ued \V i t h u  , i us  , u I ía ( ‘ u ; :

\V lhl(’ll t h i ’ te i ’ t u i i i i t ’  (‘ ;i i ) a( ’ t~, I u t i i i 4 . ’ S l i i O l i .  l’ lu& ’ (‘ i l ) i u l l I  i ’ a t i , u u i  we , i  I’ . (ll ’ ,i h iu l !

~vit Iu j n  t i l t ’  a l  re i’a f t  e I;:  j un .  i l i d l i a t I ’  y is  1 111,1 i’ h I t ’ o u t ’ t i  I t  ‘ u ( i t l l l ’ ’  . t h u  i t  i s ,

t iut ’ C u l l i t i ’ ( ) l  ol 0 1\ e h l  i it;t r k ’ t  i~ 5 s u n ~~ 1 i  fl t u l i u l i i ’ I ’ (u l  ( t - , l I li l l t’ ,  ‘ l - od tu i ,- e ‘ 4.
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c:ui i  such a l u l 5 r ke t  °o ] i u’ , iupt u l i s t i et . ‘I’hut ’ ,l j : L ’ h u l I l st i e  lIla 1- . I e,uII(  i i
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()~ ) I hi~’,ii c o s t s  ( If  J ) ) ’ O J ) l . u i i ( i l i — I ( h \ i  r l i t t ( ’ I I l ( ’ u u l  ,illi! t: ,u l t ’ S  t ’ I I t ’ u ’ t S

(3)  I Ii u’ , h u e ot ; t c,i t u ts ’d  by va ‘i’ l l;  54.’ v t  ‘u ii i i ’ 11 ( 4 . 1  h I i :  I ri ‘ I  t i  015 I I I

p r u e i l  I t ’ l u l i li l I S ’  c i i  i t  i i l l S .
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d,’ m t i m ’ u u , :4. : 0 , 1 : 1  • ; ; i ’ . i t I, ’ i ’ i ’ ; C : ,  ; ; , , i l t, ’ u ’ i u ,u t i~~
, I l u u d n , u  m m ;  ( O i ~ e : t ;  ,

~~ S l l ’ , I \  i i t ’

• S ,~ l i i i ’ 1 1 ( 1 5 5  i o n  I’ ’ . ;: . . 1 I i u i ’ ; ’  l u , 1’ ;~ 4. 5 • i~~~ ; I ;  • ‘ i l 5 5 1  I ’  t

l iii ’ I’ ’  i e ~ t a t  .0 t o 1 1 i h u t ’1i t ,
~ il lii t i e  I~~’ l’

t u : - l ’ u . t ’ H a l t s - i  4. I I  I’ ,

il I t I t t i  u i l ~ t i  I’\ ( h u t ’ h i h I n : 1 ’, ~~I 0 I lu ,’ nuh i , ’i’ 
~

‘ 1  ,‘ d u ; , ( i , ’ u i . u,)ii b u m ; e  C i i ,
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‘, ‘ In

a f t i  ‘. 4 . 1 1 . 1 1  t I e  p,’; it  ion ~v iii ii Ii ( i i .  - I ‘t ’ t i l a  ~~• u l  i t o  ‘e I II:” e ‘ ‘St  l’ . i t  I . I C u i t  t lii’ I t - III ‘ ‘ ‘ 1 1 .  i:
I

— 
i’~~’ \ t ’ r:: oh i t s  I’ l’ eVi  t lu It 

~
1 ;  It S I  .1 od I~ 

t , , l i S  I ’ ’  ~
) h , i  t O ’ I u t ’ I l i  I C ”  - (l ~~1 ’ 111 ( 1 4. m ’ l ~~ ‘ i I

1) \ - i i , lu Iu it ’s i t )  . - t u i u l p l ’ t i t i o l l  t o  t I t ’v t ’i,~~
i t lut ’ , l i r — h , i t I l u ( ’ I;, (! \~~- I ’ 5 i o l l . A ; , ,t i- - t : u u l t .

t hu . ’ I C i e l h i c  i ’ I f l t , j , u h s  \\‘ ,- t ’ e l i t l , ’ r  , i u u d t,’ i u , l ’ m - , ’ u l t h u  ~I h~’ u i t ’ r, i i  llv u l , ; l i o C ;  l u ’ : ;

Iii, ‘(I llt i ’d u , 111 , h~~;, ‘Itil e Iv ,li I’ I t ’.i I ll p .o u t l l ’ ’ a l b4 . ’ I “ 1 1 1 , 1 1 4 . 1 1 1 .  I4 .  it (,i ’( It ’ u ,  - I
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I u i ( 5 : ; i lt ’ ;; i l i n t - I  i t t , ’  1it,’~’, t t :, I ,m u ’ t t i i i , ’ t ;  t u f  t hu ~’ ,~ t ’ l’ t uSp . i ( ’  ni,  r L.’ t e ,uu i  in’ t t ~~ IIIII’,

by .t t t i n , ’ l t ’ ~~~‘v , - r h ) l l l e l l t . l I  t i t~~ i m ; i , u i u  ,iin l Ii t u\V lii. ’ & ‘ ,,,ul} ), ’ t it iu l i  j ;- t S I l i h i j I l l ’  t I ’ t

i)t ’ h \\’ (’( ’ui t l i t ’  (V. 0 e I ’ t h i t t t ’ i u u i ; t S i l t ’ p r 4 . ( hu I r (’ I ’S ill (, ‘ r1u15  t it  l ) , u l )_ I ) r i s t ’ (‘OI i l b)~~Il t i~ ’1l.
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;t 1 C I ’;u I’ (‘LII (5 \ ’ t l r

f u ’ t t l i l  11it I~,’llt ,l 4 . t ’ H . 1,liutlt ’r (She ll Ci l ’ e L l u l i S t a l u• ( ’ . ,t t l i l i i O ( 4 . ’ i’ , t I  1) I ’u ’ t ’ j u i e t ’ t ’ , ; t - s ’
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( ‘ 1 l 0 1 1 , l h l I , ’ d ,
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va rioll s s (ag es  of t h e  bus iii ’ 55 C)’ ci e a or during c h.tI )g i rig I cv& ’ l  s of ti~ 1)( )1)

proct i rt ’n l ent  . Since there is no t ’stahlj  sited sing i c , d un m an Ie,idt ’ r

y ea r  a f ter  ye ;t i’ in t i l t ’  at,’ ros 
~~~~ 

j rid 1.1st ry and when t h e  (IC iiia ud i a o i l

Ca pa c i t y  ( l I l t  put , P t~~ CC C(ulll1) i, ’ ti t  ~ (1il W (ilul(1 be 111)11 — U \ j  s t . ’ l i t .  Tills iS .4.) 51 ’

t r u t ,’ wh en t hit ’ den tand is  nea u hiut lIt ’ Iou.t’ ( lie 4.- a pac II 4. 0 4 . _ i’ I

I- ( ’0~~~ IC ( ; O N C t 1 N ’l ’ 1~~, \ I I o N  ;\\ ~ ) 1 h ~ -; i - ’, I ; ’ l ’ l  ( ‘ 104.

Ill ¶ 5 5  s~ ’ c t i o u ; , CV’ ’ dO’’ i- ‘I s 4 . ( I ( ’ u ’ V  ~~1 i l t v  t~~~~~~~~ ;~ ‘ , 
-, ~I m d i ,  I

fue l — Ni l  It’d prod4. ;c t  S and i~~~
4 .\t r , , utu d ;tII t ’~ ’ n i iu  u , > c i i t  i t ’ s  I t o  a ’, - ’ - v: I I . L I  s l,it , ‘a —

shi ps ‘~~l St  a inun ~ pi .iee , Cd pCI c i t y  11(1!; / ii luS i , ( l i l t  pS ’ ,~~ t u  Id I I nt I 5. 4.(’! t , - I i

— t l ’ i L ti o l l  rat i t i . T itim illd.lSi )’ii’S ( I)V  ~4 — d i ~~it t—’ R . )  ,i h’~ ’ ( ‘h I~ ’5 t - l1 , i f i l l  I~~,.I t Ia \

had 6 0Y (~~~
‘ inore of tilt ’ S ha i~t~ of va h it’ ~~t S hi j 1flIt St S ; m C eu th  it ed it ’ v I ‘v

1/
4 l a rgest  conupanics .

SIC 2 ) 7 1  W oven C;’ I’I)t ’ t S  and Russ
- I I ,

5~ C ) )7’ i  :_ ( C 4 . u rp i - t s  an d lv u ;, ’t - , Noc ’ : -
_

Sic ?,5,’? - Sy ut t l i t ’ i i c  Ib,ubhi4.’ i - 
~V l,u 1t ’ , u u u i  -

• ii 1’ b ; L s t O u l i t ’l’ s )

SIC )“~ N~ Cellu losj c ~t 1 ;tn - m\1 ; ’ c h~: i- ’iht ’r
SiC .18.1.1 Synt het i c  Organic Fil’ i’l’ t-( , l’O;’. t’ pi  Ct ’ I l i u l ’,’a i c
SIC 2 8 3  4. = I’-i t ’dicinj l C he m ic a l s  ;und l ot ;u uui ~’ i I I m r ’, u t l m i i - t

* SIC 3 ) 1 1  I’l ,tt ( T h t s s

SIC 33 3 1  i’ riiii ;i l’ \ ’ Smcl tj nc  Ci rud R t t f j  niiuc of Copjui:  r
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c a p ac i t y  U t i ) i ’/ . C t t i 0 I 4 .  I i i .  08 - 6. 56 p r o f i t  . 14 (~~)

(37 .  303)  (5. 7 7 )
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( t 2 . 98)  (I 1. 14 )

The l’t ’St l It  iS  \o’ I’V similar to the I’(I~~~1’ t SS i O f l  (151.55, C CI p.tC ’ itV  uI ( i l n ’ -ii t i O l t  ;iild

p r i c t ’ t if outpu t .  ‘j’Ioh s , C ; t p C t C i t 4.~’ is ni’) a f f e c t e d  l)v 11t’j( ’ t ’ (IF p i ’I i f i t i v lu , ’ i m

ups x’s Iuu5 be low C a ; ) ; l c i t y .
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C 50. 04 1( 1 4 • u 3 S 6 AP  - 1 . 1 7 3 6A 5  
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Table fi, 7

Salt ’s of A i r c r a f t , A i I ’ C I ’ ; i f t  EI’a’ ’UlOS 1(14.11 P a r ts , 
1/

and Caj~~~’ i i y l t j lj ’,.a Is an of Aj . r e r ; t i t  L n a n i e ( T u r I nn e  I 1ndus1~~y —

Salt,:; i f  S a l ’ s  uf A i r c i’a fu  R~~1hi of En~~int ’ a- i ,hs . u , ut I, S~~. vif

A i r c r a f t  Ln1t in’ s and to A i r c r a f t  Engine

(5 I li l li lOt;)  )‘~ u ’ t S  ($ ll1’i l l C a u C )  Sa les  (ilii,lliol-u )  ( t : l i lli -t t ’I
( I )  

_____ 
( 2 )  ( 4 . )  (~fl/(i I (‘I i NO

4 , 0 0 1  1, 0- i - I  • 3304 14.1 -- ‘ ut - .

4,387 1, 5 1 3  . 3 3 1 1 )  14 .0  S~~. P

1 9 3  .1 , 041 1 , 576 . 3900 1 2 . 5  .18. 1,1

19’[ - t 4 , 9 1 1 1 , 52 0 .3095  1 3 . 3

1 9 u ’ S  5 , 3-1 3 1 , 7 10 . 3208 13. -I

1 t36 ( ’ (1, 630 2 , 095 . 3160 18. 1 81 .2

1967 9, O8~ 2 , 812 • 30’,- u u  2 5 .2  1 1 1 . 4

i l i tS” 10 , 885 2 ,9 6 5  .2724 23 .3  1 0 1 . 11

I 9t1 (l 9, 899 2 , 865 . 2894 19. (1 85 . 6

1970 10 , 357 3, 109 . 3002 1 8 . 0  83. 3

1971 5, 433 2 , 34( .4 318 12 .7  55 , 9

19 7 2 7 , 751 2 , 402 .3099  8.7 34 . 1

197 3 9, 553 2 , 725 • 2853 9. 6 39. 8

1974 10 , 408 3 , 134 . 3 0 1 1  10.0 46 . 8

1975 11 , 270 3, 386 . 3004 9.7 4 3 ,5

1 9 7 / u -  12 , ?.~10 
______ 

3 , 855 . 3 1 5 0

T u r b i n e  C n I 4 . : f l & 1  onl y.

Sco re u ’ uf ]);iI; : (a) Cvii S. I Cu Ild 2 a i’ tt f ro ixu A u,’ ros  ~~~~~~ 111(11; i-i t n ;  A t~I S ~‘C j a i l  (1 11 I’ll A I ) ‘It ’ I ’] ( ’ S ,

A er o s~~~cc lA t e t s  and_ 1”uS i i l ’ ( ’s , 1 9 77/ 5 8 , p. 3 1 .

(h)  Col~~. 1 toud 5 ar c  f roj iu N I A T I I T T - L I l s  d,d,-~ i ’ ,’Hst c ; lu - ’d I i ’a’ i l  il~ t ii ’i in-

in ( I x e ai 1’C t a l l  t nL&j IIe S 11110 part s  i Ii(i il S I i’v.
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Now iii P1S)1 ec t i i u  5 ( ‘ l i l t  l i l t ’  S . 5 1 !  J I ,1 10 a ‘i i i  i s I tU  t~lt. u - u t  ( h I’  i t t t  I ) , uu t ’ lISt ’ ( i i , ’

fou l u - i u~’ I Ill ’ v I S S  111111)1 j t ) l u ;

‘l’Ix.’ A i-u s vii 11511 i v,iI) C .

I . P’i’~’t ’nt ~‘ I i t u 1 1 i 4 . t ’ (l u u i. ~ 1( 101 iii I’ i t t ’ : ;

( ‘ I u . i i i l t ili;’ “ ‘ j O i s t ’ Pt’ r~~t -l ’ (,;t ’ i v I ’ - , u ’ - ‘ , in

Y t ’,ii’ (lt ’ i ( , I t u ’ l N i l’ 511 4. , . ’ - i  (OMI t ’ ;; Is’, l ’ O t t ’ ! ‘ I t ”
4 . !

I t t  ,~i, , , , -

I ‘I ,’ ~
, v , , ( - I . Ii I 1

I l )78 t u ’ , l ’  ( hi. ’ . u-

I’)  ~
‘ ‘

~ i’ ’. i
’ 

( vi i . Ii I u- , I ) I - , I
5(1 , 5 ( 

‘
i
’ - -u .’/ , ~~~. 0 -~ . t I I ,’

1 ‘ o-t 1 ) 4.u , I -~ , -
‘

I u - u  5,’ ~~~ 4. 1 . .‘

I , ,‘
~ 4. 1 1 4 .  i-u - i

I ul5 3  117, ,
‘ 1 . .‘

1 ‘ 1 5 - u  10 1  • ‘1 •

• t ‘I5~ u I Ui’ . I ,

I t15 1 1 ( 1 , -4.
1 1  I ,’ ’

I ‘ 11t h 1 1 14. . u ‘I •

I u-~ ’1() 1 ‘ 
•

!~ ~~~~~ tu t t ’ ~~~ -i’S viSt ’  is  an i u ip (  i u - s i ’ - ;  iu i ; t d , ’ I’\ ’ 4 . \ 4 .  5 , Mid - S ’ s  si ‘i’ 14. ‘‘V s \ ”  uS lit ’
I’’ ’ ,u-A t ’ i , l’ ’ e t  ,InIu’ I , I’ i ~’/ . p . 5 ’ ’ .

a s t ; s n i ~~t ’ ;I I i I I t I , l 1  i t u C l ’ t ’ . i t S ’  ,!f - I . .tN~ u v liiu ,- li i t ; Us S . U l i t ’  . 1 5  I~~\ I l’, ’ l ; I’ 1 t C .I l v I ’ , 1 1 ’ t ( i
~~’ l t .
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2. The M a rk e t  Concen t ra t ion  Rati o would r cn~ain  at the Ii ’vel of (he c u r r e n t

- y e a r s ;  i . e . ,  ~~S = ~~
- (see p. 13-6) .

The aSSufl1ptioI’i of ~ S 20 is u i i t enabt c ;  in the face of (h e  f l u c l i l a t i i x g

DoD procurcxl lct ilt (~t 1CiS i ofli-t , but in the absence of a b e l i c i ’  data ovi ~~S we

- 
use ~~S 20.

Us  lug lSqu ,iati  on (4)  arid t h e  two a b s-u.’(; ass  umptiori s , 4.4.11 5 (m~ (H’ foil (‘4.’.’ i i I L ~ l’ s’ t i l t

as Ehow n in Table II ,  8 ,

I Table fl. 8

Pr ojecf t’d Capa_ it~ ,j lt i l i ’iu-ati on in  A_ r c r a f t  1’Hgincs an d  P ;tu ’ t t - t

• Projected c ap a c it V  u t i l i ’i 4 a l i  on P r o j e c t e d  C ap a c i ty
as ~~i of pea k c ap ac i ty ,  ( 1 )  Utiliv~aI,ion , ( 2 )  - — ( 1 )  ( 1 00

I Y e ar  
____- ______ 

n l i i l i o n _11s. L ) u i i u s l )

197(i so. 0-1 1, 50 .0

I 1977 66 . 36~t-~, 66 .4  JV( ’ i I h u ’ ’ l l  I S t t , u -il
- A ?u-S PR \‘~ ‘1’

1978 70. 8l~~ 70 .8I - 1979 74 .68 74. ‘/

1980 77. 93 77. 9
1981 80.90 80.9
1982 83.32 83.3
1983 86. 00 86 . 0

• 1984 88. 67 88. 7

1 1985 91.34 91 .3
1986 94 .0 1  9’l . O l
1987 96 .68  96. (u S

I 1988 99 .35  (J 9 , 35

1989 102 .0 1 1 02 . 0 1
- 1990 1 1)4. (i$ 10-I . 6 14.

J Nat;l’(I on pr ( ’s t tn t  noiiiinat capacity vi 100 nil ! lion 510115(15 of (hil’ lil i I

Ii

~ I _ I
~~~ ‘~~~~~~~~ ‘~~~~~~~ ~~~~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~L_~~~L~~~~~’~~~~~
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I
[ T h e  e s t i l l ated c’~t p.t ( ’ i ( \ ’  ult i lj S ;l t ioI)  i l l  Ta1)lt’ U. í iS

~1’his 11’end ib  prob~iI l t t  s ince s a l e i — i  o f general a\ i . ih iun, a irc ra f t s  ((11’ av i ,t l iv i n

aii ’ I i n~ ’ s , al al v, ’ ” I) ( ) I ’ l S  hu- i f i ’t r l.’l!tIi (‘ u - IIIlO t’)t ,’S \\ ‘ u- lIIld IliC l’ u ’ , t S t ,’ . I l’• t ’ l I l t i  ( u - l i ’

[ qtu ’s t i t~n niark ;are the ~.il , ’a t if I l i 4 . l 1 t , I I ’ \ ’  - i i x ’ u- ’r ,uft ,inti i ort - i 5Iu l l ij lj I , i i’V  5 - 1 1 , 5 .

• As sliov.’n i ’ I~~ u, ’~v I u a i ’ t ’ , S . S . 5 u- 1\ ’ t ’ rl init’nl p u i t ’ c l i ; u - su -’ :’ t i t
’ Cl i  ~ C roil e i i s ’ u u - ’ i-; and

51.1 1’t ~~’- C L I ’  C Ci l i \ ’ \ ’ . lit ’ ‘ u, ’ f i ’~~u i i i  :~~~~~, t u )  i~~~’’ . I I  \‘. ‘ ‘. ‘ 111 Ctl ~ t ’ I I i t ’ .i:. t i i l l i lIu t  i t’ l l  t I ; ;t l ( l i t ’

[I. S. t , 1\’ s ’ l ’ i l f l i u -’ ’ ’ t  p u u i ( ’ I i C t C t tt a 2- 1 , , h’:;C~ u - i f  the ~~d t u t t  I’ S ’ S u- u i !  pui ( U I  t i l t ’ f l i I l t t ’ v ’ ,

- t h e  ix ~~~v ’ l ia” u- ’ t ’ t l~~’ p r u - u j u - ’  C l i  u- u t ;  : ; I i u - v ’ ‘11 It  ‘ l’ ,iiu Ic Ii, ~l .

‘fa l CIlu - ’ 14 . .

I Pr~~i ’N’ d Caj~o ~‘i l \ ’  1 1 111  I - i l  ~ u-~~~t uv i t h .S’ ‘ ie u - !  t t 4 . ’N  u - u i u

i ll  C u - a t .  Purc lu ,u ’a ’ t t  in An’C r u t  I ’ : i,t i : i  i’~~ ,u~m u - l H1I’ t S

Pro~t ’ c t e d C ,ip ,icj iv  t i t i h i : t ; u t i an  Pl’ u- u 1 u - ’a It ’d ( ‘ C u I i t ’it\ 1 ( 1 5 -

Y e ; u i’ less 11- u ” ’ (l’”u- ’I. Pvil’ It’ I I , i S u - ’ t \ eC i l’ t~os ( iv i n  l u - - t t ;  , ‘ 1 ’ S , ( S u u -,’~~. I ’ l I l ’

1 s t 7 ( ,  37, 5 l u - i S - i  (a ’ .
197 —1 °. 8 11,1 5 - u

I 0,5’S 53. I 1 ‘t Su ’ ‘i’ ll . ~-u

~ 
vi ’i’ ’! 56. 0 1 ~8 u i

1980 58. 1 I ‘~‘ ‘1
I ¶ 181 60. 7 1~. 18’) i’(~~.

1082 h Z . S 1 t I t l O  75 . ,
’

64. 5

Anothe r  \\‘ . t\ ’ u - u t  p ) ’ O p L m L ’ h i 1 1 5  Ci fultii’t’ l’t ’ l . i t i u - ’ l lS l i j ) ht ’l\V t ’t’lI NN S ,nsl ;t i I- C r af t

l ’ i u m ’ 7 ? i u ’ S  aiid li .u i ’ IS S l y ’S i’ l l)  iiii ,’ Si , ’ d;u i,’t . t ; u- : u l i , ’ u ~’ i i il l ‘I’ ;ilili’ N. 51, Ne 1 . 1 1 1  t h y ’

l’ s - I” ’ ~~l ii  5) 11 .111(1 t i !  ‘ 1,1 int’d (li t ’ t ill u- l \ \ ’  i l l ! ’ , I C  t t i i  It~
; .

1~

1.
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Tt(1)It,C II. 10

CoTilpa r ison  of A i  i i ”  r a f t  Enp i tie and Pa r t s  Sales to  GNP

ON P 1 A i r c r a f t  l ’ I i iL t i i i ”  and I ~c t ’c onl  .‘i s

Y e a r  ( B i l l i ’ ’I i : ;  t u l  C ur i ’ t ’ i x t  $) I-’ai’t:; 5,(h ’; t ’1 ( N l i l l i o n ; t  of $) of G N I ’

(uO SOn 1. 330 . 00 ? (u

61 5~’3 1 .4 5 1  . Oo , ’r

1, 51 3 , 00. 17

(‘3 “u -) ’ 1. 5 i’6 .

6 1 63(~ 1. s:-’,o . 00.~
(iS 688 1,71’l

(It,  7 1~3 2 .09 1; . 0 028

67 796 2 . 8 1?  ~~~~~
869 2. ‘)6~ . 00 3 - i

93() 2. 865 . 00 4. 1

70 982 3. 109 . 0 0 3 — i

71 1063 ‘2 . 3 Si  , 00:1 2

72 1171 ?. 4 0 ’  ,0 0 2 1

73 130(i 2. 72! ; . 0011

74 1413 3 . 1 3 1  .0 0 2 2

75 1516 3. 386 .0023

76 1692 3. 855 . 0023

1
A,.i’or,i’~x eu-’ li )d u CStl ’it ’S A: ;t;y,iC’j;i ( i t ’ l i  of ,u-’C m ’ s i e . i  . Inc. , A t ’

tI i ( h 1” )~,’iU’ u- ’ . !  vl ’,’ 1 / , ’5  . I’. 1 1.

Ibiti . , 1’ . 2 1 .r

—

~~~I. - , t , ’a-~~~~ ’-- .’ --—- - - . - -  ‘:. - 
‘ ‘ “ 

- -~~ 

-

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
—=‘.-~~
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F

Sales of a i r c r a f t  engine  and n ar t s  6.1~). 07 89 F . 8594 ( G N 1~) R ’2 - . 7~ 45
(2 6 8. 3092)  ( . 2 6 6 4 )

- 

(t~ 2 .41 9 )  (I 6 .91-n

11y using Equ; (ion (6) and th e f a c t  that  the rat io of eng ii ic s and par ts  s a l es  t O

1n~~-i no I h r u - t a  t is fa i rly  c o n s t a n t .  \\ ‘ c,’ cdix dt ;ve 1u -
~1~ 

a ll c rn~u- I i ye prok’c Li (i l l l i l t ’ t 110(1 5

of (‘apa c ih ut i l izat ion in the f t i t u - i r~ ’ f o r  t hu-, ,uir i,’t ’o f t  e n in u- ’s and p a r ts  i u .d i s t  r~~
’ .

I

- 
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AP P EN I) L X  C

,fl ~~J~ t C l u - 1~~~~.e) l) ’ Ipu- i t i1n) l1 on New_(;~~~~u - 1~~~~~~~~~
lii ih  A u- l’ t t  5,5.1 C C  In u - heis t

A. thl i ’odx ic l ion

lii 115 :\ppu-’nd i > , \‘t ’ l’ lICi\’ u-’ (lu- ’V ’l()l)(i(I ~ i u i u - i d u ’I 11)1’ 01)1 ifliOl t , u - p , i  t l v

b u i l t l u - lj )  i u - ui ’ u- ’s~ ps ’ e l s - i i  pii’i il ~f l ,iC- 1 ) i l 1 t C , , i .lu - ) i1 C l u i i s i I l C ’ , til t ’ fii’ms i l l Su e .iei’ u- I - p . i u - ’ u- ’

industry. The x iividel lC ukt ’S , ice~~uiuI vi  tl ;u -’ pi’ u - h t  14.  1 l’ u- ’ .u i l i u - u -  u - u i  5I’ u- ’ - m u  (1I’p

o f u- - .i 1)a (’ it\’ 011(1 p051 —1 )Ull(hetp u- if CCij l ; lu , ’ 11~~r .

In (Ii 51. usu- t i i i g  u.’a pCi (‘ 11 y 0114 ii u - I t it . 1 iCu- ~Ct t i u - ) i i  iii 11w 0u-’l’ u- i  51’uO i ui.1 1. - i  u ’\ ’ ,

ther e .t i’ e s u- ’ si 1’ al (‘Oflhl)() I1C u xt s  Ii.) l)tt (‘1)1) 5 ~dy,’r ‘‘4, ‘l it u,’v u ri ’:

(1) mCiuil)~
)
~tVt ’ r u -’ i 1) l C i l V ,

(2) floor S~ SlC5 1 capac i ty ,

(3) h~ i~.- 1,) ct~ptsu -’ ity

(4)  pl int  ~ iid c q ’ i i u p i u i ’_ ’u it u- 5 C I u - ’ J l V  , ~ ui( l

(5)  \V u-) l’li.llt $ c.upil.il.

C1~i p~ c ily could C u - i  so h ’ u- ’ ] n t ’C l  u-a ir u - u - i  b~ ‘‘ pru- )u-huct iu-) l l  C .ip.i (C ~~y 
, u u - u -Ut lx ~u S .-\ i\ II ~i1

~v~ j~ liI, pu-lU uicl s of co g l i l t ’S , C I 1  5•W ’ h n i  sI • doll a i’ s a l u -’s , I u t  a 1 Ci ~i’ u- i’ ,I f l u -  • t’I C ,

In ~tddiI l u - i l l , IIiu,’ ru- ’  ~ure  ot h~’~’ pru-’)l)lC) ’flS such Ci S d i i f u ’u’ u- ’Ill ‘( e u - u -’l u - u - u - i l’ t)t I1pI I~

tlx:il c’ali be O C I l i u ’ \ ’ t ’t I wj l li  t ’NiS t1 l l L4 .  f C i u -  j 1i1j c ~ .111(1 ill.ll1 i )e)\ V t ’
~~. 

lAur l ’~
, .u 1 l u 1 1 I t ’.

( l i t ’ ()Nl l f i)t ’I) u-~t l~u - l \  u u f  t”~, u - ,’ni luu -’i’ ]~~ ‘7u~ t i ; t u - ’ S t l i i ’ , ’ t ’ d i t t u ,’l’ u- ’ uul  ,- ,i p ,tu - - i ~ y h y ’’~y ’ 1u-’ t

CII ii I C C  ~ p Wv 1k  — luoc i V shill f - i i.~1 i l l ’  S

!1 O1\ 1R/ 1) i’ I) , I’~~1’ I.L’ .’ t f t i u I’ h iS~~r~ C. - t i 1v 1 ’ t 9 ~~\’ . I ‘~‘ ~~t ’ \ ’ ,’ I i u 1 ) C l ’  1~~’~’u • r• ~~

C — I

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _
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(a) N o x n i , i , t  I On e  -‘.‘Thi ft  (k ip a  Cii )’ 1 511111 , ‘11) l i t ’  iii ’ u - ; )

C (1) ) l i l ) u - .C il1 ,~~ Cu-urpo e’~i1u - ’ I’5’Cpt ’r i i ’I i c t ~’ (1 . 4 shif t s , -It ,) hour u - u - )

(c )  M u b i l i s . t l  iu - l l l  ( ‘.u - p C u u --il y ( A  f eu ll sh i l l s , .15 I’iu -m i ’s)

11 i s  well l4.ltuj \~’il th,ui ill ‘1 S t  . u u - ’ rvs p.u ’u- ’ i i  • u l I ; t , t I ls ’i’ t ’ ,u i’ u- ’ f i t ’ q l i u - ’ I u 1,

six i fl s of pl’u - ’ t Sicl lines \\- Ith unusual lu- ’vu - ’ lu - u -  s i t 1u - ’ u -’IiTu ’ l lu - ) t ’ iu - ’ u l t u t I l ,’ u- ’ I ’ t 1 3 l 1 1 \ ’ ,

l C ui dei’ t h is  IL’ u - t i i l l t u - l , I I l C u -’ lIi u -’ u - uu - tu - ’ htuhii u -’u - u - u - ; u- ’ t  ~‘\ ; ; .iIli;’ t O ~~ ‘ u- ’ I I \ ’  11514. ’  h ’ u- ’ s ’ ,’’,!

l u - u I ’ . SOY , 5 4.’ t ’ , u  ‘5 C lO t ’  t h u  u- ’ l’~t1eur u- ’ it I 1,- S O t  t O si lv I i ; , ’ .iU 1 01 ii’ uS i lt ’ 511(1 u - i 4.

I” ‘u- ’ s ’ u i ’s . V e hu - ’ lu ~’ v t ,’ t i u .it Cl  u - u - l u - C u - iS vi l ix, ’ Silot’ u- ’ u- ’ .t ~~~ l u - ’ i i V i u - t  t~~t u - ’r~~’ i’ t ’l , ~ Out

I Iiauu 0 lu -’ loi’ eu - t i’ I’ y,’ill t ’ .I pCI u - i  Y .

‘flu ’ .1 i I’ C SC) 1 fl till (‘ll~~ i I)u -’ iI)( ICI u - u - l i  y l~.i hu-’~’ii C l  C I’ u - I  :‘ i i ; ’ ly ( ‘~~‘ t l u - ’ u- ’ l  14.  C ’ ,, I s ’ t !

j u t s  ~t t ’ u- ’\v fit’ ios i ll  t’ u- ’i ’ u-’lil \‘ u- ’ C I i ,’ ;u - . ‘i ’ h iu - u- li’s ’ i tu -l li.i u - u - bu-’t ’ t i  (Ill s ‘10 (1) i ’ l 1 .’l ’ y ’. u - u - i i i ; ’ !\

St\1ui t ;u - 1 i u -’,i tu -’u- I 4 . C C I ; t 1 u - u l u - ) ’ \ ’  l’ u- ’q (l U’ i i n ’  ! ; t ’ l V \ ’  1.’ . ij ) i l u - i  i i l \ ’ u-’ u- u -H l t ’;Il , t I )  I i i’S

( I l ; u - j l ’ t i l u i t l u - ’li , ~i i u - u - u -’ i ’ i i u - u - i , ’, , u - u - u-’1h ii u ~ u , u -’ s i u - , C u- l id S \‘t ’l’V ru - ’ t , u- ’ t u - ’ i i4. ’e ~s v u -’ i ’ u x i i x u - ’i~ u-

I i t ’ i l i t i l  u - l u -iS . I’ l l ) ’  u- ’ \ . u - 1115It ’ . i l i u - ’ , t t i u - i , i i i  C 1 I 1 u , l  l b I ” C s  i i ’ u , i I C - I C ’ V

h~~s been (luO] I1I.u u C ( t u - ’(l hiV 7 J il l u- i r (‘u-lfl i1~,t 11 i~ ’ u - u - , I u C , l l i t ’l\’ :

1\i u - ’1 ) , ’ I I ;  u- ’l Flu- ’ u- i

• .1 , u - ) u-’ iC i i u - ’ u- ’ u - i ,

• ( u -’ii~~i’,tl 
l)v ul,l iu i  C u -’ ,,

• Noi’ l Ixu ’ u - up.

• I ’ 1u -i u - ’i uli ~

• ( 1’ LII 11 1 ) 1 , ’ Ii , .1.11(1

• H,u- lCh1.\ ’,’ell I i i t t’ i ’ i i .ul t u - ’ I u , l l .

L - ~

‘1 
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F
The j et t’ i u 5 ! u i u -’ 011(1 pC lu ’ I s  j t l ( IUu -u -1 ry is donuin It’d luy 3 10.1 II ’? ’ c ’’Y ))pCI I)i”u - ;:

t i l t ’ l ’ r a l t  i’.- \~‘hit u I e y ,  S u - ’ n u -’i’ ,il E l e c tr i c , an d  1i1ilIS Rv)’ ( ’ t ’ . B i v . I i ’ i y ’s C i f l l u -u l I i ,~

— l ixu - ’s u- ’ u-’Ul 1111.1 h I . ’ u- .5 1’ s ’ 4. u- ’r V f i t ’ I’ C t ’ . ‘
~

‘ .‘l ble C. I ht’lsnx ’ S lii. ) W,S ( l i t ’ i l ) ci’ ~ CI si ~)g

I
i~ i t t u -  of (‘s ’ C u u - ’ ’’i’It i’ C u l  lu- ill.

j ‘j’lie C i e r o S j i u u - C  ilidlistry is ,ulss Cl 111( 01 ‘oiitpsl 1 l V t ’ U] d C l t 1  !‘V .

( ‘ ‘ix ipt ’i it ; u - I  Ci ill ~~l’ 1 u - 1 ’ iS 1’ 14.1 , ’  Ii 1’ ci ll i .’ u- ’d u - u i ’  u - - t u - ~~u , d u- ni. CI - u i  I ~
‘ J y ’;. a t ,  C I I 1 u -

Iii ’V ’  plO ds iL l  f u - ’ ,i tui’u- ’ u-u- , u- u - C l ’ V j 1 ,’ , ’ L , u - I.: , \\ ‘llju- ’b u- I’ u - u - c I Lllre l i l ’ \ ’ .’ u ’ l ’  p I’ u - u d u - a ’ I  S i l l

• .- ,‘p t u - ’il ~~. \‘ u- ’r v ofI s ’ i u t i i u -~ ( I c i x i x u i d  (U i’ , l t ’ l ’ u- u S l ) . I C u - ’ p u - s ’ o u - i e t  S h )u - ’l0\’, t i l e

u- a’pC )l\ ’ i.’ 1 5  u- l i v  —— i . e. , t h i u -’v.’ ~5 C! h’u- l\ - er ’ s I l iC i l ’ kSl . Yet , I’n’iuis in t h i s ’ ‘u - i iu lu- i~ l I’V

1i~i~ , ‘ iv C i C !,u,’ ~~u- p i i l l  i iV c s IJO u - ’iil ill u- ’ Ili :l eit \  huu - ld~ uig l u - u - I O u - i ’  ~~r u - ’

1111 1.’ u- ’ ’t ’ f , ,I j Uly.

\\‘u- ’ def iuiu-’ Cu - 1 1 Vu - u - i t \ r  \ \ ‘ ? i i u - i l  j l i u -’ l t I( l( ’ u - t j l u \ ’  ? C I ’ ’l’\ ’ . 71, 4.4. pICi l l i  Sl i d

,‘(Liiih)ili ’ I ’t ~wi’tu - S .t” u- ’ 115 51115 ,‘ i i~ !’~u u - l i u - d  u-j il t u- u-a’.’ 1s ’.’ I i I i u- i l u -w y ,  C t  u- C i t  u - S

• and u- ’ l i I l i ( ’ ’ u- ’ I ’ S S  i i -  oUt l~ i u- ) ( t  u- ’l ~~‘ u- ’ C lu - ’SCl’S u- ’ f l i t ’ ihl’ u- ’l’ u-T 1 ~~~~~~~ ru -’l ~iu - ’il l.i

- CC1I’ ICI C 4. Su - u -  u - is LlhlI~ Cl fl(i S~ ’ ’,’u- ’ (ICt’ ( u - u -  u- i l  u - u -~ sls ’ei ld be n ‘~~t ls ,’ \vj t h r u, ’~~ , u -  i’d lu - i

CIipa& ’ll\’ lucu ildili l .

• Op t jon 1. ‘l’ Ixe f ir ix 510115 lust  Ii s.d i u -  of ii s pr u- s cot pr t  ‘ ( l u- l e t s

C l  flu-I (le\’(’lu - p h i , ’nt i f  u ’ t ’’.’’ .C ‘ l’ s t’O 5 .i Ud u- ’ ,ips (- i l\ ’

1)1111(1 I I

2 . ‘ h it ’  1 1 1 111 u - , ( u - i p ’. u- i p . u - u -  t v  ult ’vt ’hl ’)iIli tl ’ , u ii d u - u -’llu -- 1St ’

(17(1 
~
Il ’ u- ,,i Cu - 1 5  il \\ 1 ( li ’ i,’l’ 51 I u - ’ i’.

Oj ’ l i u - ’!l ~. 
‘ h i t ’ l u I ’ l t t  i l l  i v  t ’ ,’ u i l I I ) i l t ’  - u - u - ’ h h i i o ~ i t u -  u t u - b  ;u~’ ,uInc ’ i u - u -  ~u - ’I u ul ,-

CO l t I l i l t  11 CC i ‘ ‘ 
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‘ i t ’ i t  v Iuu lduip. 
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B. A Capac i ,fj- M o d u -’I

[ Suppost ’ fl 0 is the firm ’ s initial p r o f i t  ra ts ’  Ci t  l im e  ( I )  = 0, bu.’fu-n’,;

L 
cap c i ty  buildup by rivals, and 11

~ 
C S  t ile rciductiuiii j u t  profit i’,it es  o f t h u - u -’

f iu - ’ m n f l  t ’r r i~ u- i Is ’ e i l)aeity buildup. ‘I’ ll - I l  the f i u - - i t i ’ s pro f i t  i’ u - i  1 e (11) oIIu-’i’

[. r i va l s ’ eap~l u - ’it ~ beij iL lup  is:

f l -~ l1
0

- f l 1 .

I ’
- 1 )u- ’ i; u- tc:

> 0: t h e  f i r i l ’l ’ S p r o f i t  i’a t C u - u S sol ’,’ suppLier o f Cl 110W 51’ ‘duct .

P1 
> 0: 111(1 firm ’ s profits u- u f te r  enlry of i luj IC - ut o r s .

1 1
2 

> 0: the I ii’n i ’ s profits u- i f t ’ ’ u ’ , 5 i i i i u - i  h u g  L’ J V :u it’;.

N~~ie ‘th u- I u- 0 5’ u- ’i it uv O~ r iV C i l S  u-u- C’; tii’tli.’ltOl’ u,’1Ai i’I C 1 u C ’tt’(’i4 11151 f,rjll i u- :

profi t s .

I Suppose Iht.~t ( I t ’V u ’lOpJ i i( ’ l l t  of l ieu-V a i rcraft  rc’qnirru--i is\  of

add ii L 0u ) ’~ 1 c u-u-u- p~ e i y  and tlitit ti I ’  ~~~~~~ u-u- C I V  bu ldup u-a or tim e en ii be e xp r e s s  ,,‘(l Its:

II
C(1~ u-~ 

~~~~~
,)  ds 0 < I < iiiiut 

~
“
~~
‘ ~~‘ (2)

whe re

I i C( I )  u-,: (‘Cs} )ac it y buildup ove r  I S i x u - ’,

I’ 

y(s l  cClp:i (- l ly 1 I 1 V u - C u - i I l h i s ’ l 1 t  u- ’ , sc h  v ’.’ai’ ,

11J11~’ ;ul, \V IliCll i ’j V u - l l,S ’ ),illl’ 0 ( l4 .h t C t  j o lt  s u f  iie’~v )il’ u- !( lu- l(’t , 1114

I I ime at whi c h 1 lie f i r m  ~S Ii t ’ W product is t ut he j u l u  i’kel ~‘d.

I. C-S

— - -n- - •
~~~~

-
~~~ -~~~~~~~~-- - — ---—.

~~~~~—- — 
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-.- ~~~ 
~~~~~~~~~~~~~~~~~~ “~~ - 

,~~‘
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Noti ce tli:i t C(I) is u - t func t i o n  ,if 
~~~~ wIi~cli I S  ~ ii iui hi I’ I. .d l l

inventory i) 1it i I i l iCu- ,u- t  h u i u  model. Iii f ac t , W t ’  (‘ C i i i  , i  l CS l i l i i u- ’ I lu . i t  1)1 1’ ‘ i i i  l v

per j od y(l ) i 0 .511 i l i \ T u - ’  ux to  i’y Ci (CC u - itriu -u l u - i l inn p1’ us u - s ’ s u - i . ~ (I) lu - Cu s .u t 1 Ill j ) ’ l u - u -  i t t ’

jiidt’:~ for ( ltuu - LIl t il\  u i l ’ d s - ] ’ s ’(I (‘suJ i I I u i I l C l i I ’  (u -i ) Il u- ’ t ’ l ’ , l l ’ i’ , i l l u h l i , u l  ( l , ’ I i l , i l u d ,

[ (l i) r ( - l 1 l , l C u - ’J1x ( ’u i t  C u - l u - u -I, u- i l l4 (u -’) i liv (’ntlll ’y (‘ 1 S~~~’ I H h ~ 
(‘5)01. i ’ : q u - l C i (  I ’ l l  ~‘S o l s ’ ’

P~~~~~’ u - u - ’ ; ’ i  t h u -  } ) l’ l i~~~i ‘tv u - f ( ii ii l u i i S h u i l g  u uu - ir~’, in.u - l p r u u i l u u u - ’l iv~ lv ‘ u 4.  u- ’ p a  i t

bu-i 11(1 lI j i,

if .i J’iV .il I1l ’V ~’ prUuIChel l i lt ’  ii ’ u - u - II 0 1 u - C u l l ’ u-’
~ 

:‘ v , t h , ~~, 1 l i t’

— t ’fb ’e ’t i \ - ,’ c l p u - l ’ rt v buildup i i x  l ’ C ~ i i u - i t i v i i  ( 2 )  Shui in i ( I  S.’ i u  15411 a’d f u i ;  u 
,

‘ ‘

i’ u - S Cl e.i u l i s u - ’ t i t s ’ i i C s ’ , Ilit ’ 1 1 5 1 1 1  illu-ly C i l I u -~ i• u t -; s ij ’ i . ’il y b uiII )u - hiii g u - u - s ’I u u ’uS u ht ’,

e 1 I a I u p u - l u t~ evil pit’I ion (lu - il C of I l i t ’  bni 14uip 1, - v u’1 i i ’ , u i  ii v Iv \ -~ • v - i s  ilit ’

f I i’ji l ’ u- u- u - u - 111>1 l1 , ’l’ d l i ,  4. -, I l u  ‘‘lu-’1’n 1,,’’))) l i ii i ’ l i .1 11  4,: i ,  ‘u- , ; (Ii) 1 I 11 5 ~~— 5 , ( I .  ‘~~ • C l 1, 1 \ ‘C I 15~

~;cluedul u - of ho i1dii~ u - I l i e u - i d  vi’ f l i t ’  f in  ii ’ i-u- hu- i 1’ h i p  u- ’ ‘ 1 1 ) - i t  I ‘ii i i : ,  I’ ’ )  , u - i ’

1(1 i’ll c ’ u- ’ : u p .u e il 
~
‘ u - u -’ Cii O i l C i . l  l i i  u - l i ’ ~I \vj 1) l u- h.’ pl u - u s ’ ,- 5 1 , 1  ‘ ‘  rd i i i ; ’ , l u - ’ :

(1(l) a \/ y ( u - u - )  do I C(v 1
) , \‘~~ < I  V 4. ( 4 . 1

~ 1: I t ~e h t u i i c C t l  ; i dv , u i uh , p~’ 1 f l i t’ I i  f l u ,

‘~C I : lt ’ e h i i u j u - , ’l i , i u - , , u c i u - , i n l , o’ ,’ i i  l ist ’  l’ i ri i u iCC .1 l u i i h 1 s l ~~1i “ ‘ll . -w’ ’ u ’ ,

.t 1 : i i ’  ‘n i , h i  u- I ‘ - u- h i l t  t - .i l  , t t l  v - u i  ii .i~~, e ,

- ( I :  u ’  , u i u C ’ u - I l l i l , ’ t t ’ u - ’ l i i l it : - - I t ’ h l , i l u l ’ u , . i i l t l

.1 ~‘: l i i i ’ i l t ’ I l l  I l , t u - ’ . i i ’ u - ” ’ l S I ( t ’ l , ’ , u u h , ’ r u - , h u i 1u I’ t t u u l i i u l ; ’ I IV  u - -,- , u I u , i l

f t i  u - t h u ’  I’ (‘.1 
~~ 

i - il u, h - ui Ii lul l ) .

I ‘ — 1 ’

-~~~~~~~~~ 
_
~i - ~~~~~~. , u -~ i ,~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Since the underl ying ca pa c i t y  f u n c t io n i l u C t y  ( ‘ h i i t i t ’ ( ’  f ro nt  i q u u - . u l  C III

lu - u  (3) at unukiuo’.~’n v
1 

(i. 0,• t fl’i iu - ’ C u t  u,vliit’ii i’i \’,u lu -~ ( ‘ ( i i i u~~i t ’ l t ’  t l t ’ W

it is not  p1)u-’;u--iiIJl,’ lu-u ds’l’i’u- ’e u - i capCt c’il y (Is ’V , ’ l ( u l ) l u l ( ’ l u t  f i u n , l  i l l  u - ut liii’ l i l j I i l ! t l t t ’ l l

-
‘ c’o l ii u - u i  c u- i l  tip 1 ci i  nu-~ t h e  .‘ u- 

~~~
‘ ic ily  buj 1 di i  p pi’oi~- - ( by u - a. ru’ ~’ ~

‘ i’,~ ii I n n- , l i e u - n

11CC! fi rnu ( ‘ C !  C u - l u - u - ! t  f O I ’ f l t t i l C l t t’  u - t l i  u -u p i r  u - I l t ’x pu- ’iudil u - i Se  p) u - u - u i . ‘ I I u - s u - -a  i s  b ~~~ I.

nalili’ t ’ of I he j ’u ’ ; i  lju - u - u - ld c , ) l  C C u - I u,’ ho 1 111 i t - -  u - i u - i l l : - -  ‘ ( I l l  c l h u- ’ u- I I i ( l u - s  .u 01’’’ 1 u - s O

i ui ,ui’kel (uii(’ ,’l’ t , i i l , t \ ’ . ‘fla’ n iu j , i i ’  ~~u - ; ; u ’ u- - ,’ u -  of l u - C s ’ i t ’  l I l l y  u - u i  1St  ni ’ud, ’l it ’

(Cl ) f lue fi ’n, ’ s i~’,ii o r u - u - I u u -’ s ’ of  vu-’Iuell , ,’i ’ I ’ S  u,vlieiu ‘Wit ’ r i v i 11 , 1 4 .  i u u t  i’ , C I C u -  u- u - u l isa ’ ,’

C , i r c~rOIt 01’ ~~iss ,il~~, ( 2 )  u-x 1’ l) u- t i’a ry  zuu id u - u - u i c s ’i’ l,u- i i i  1! ’ C l ’ C l l . l u - - e  h ,, ’i u ,i u- - u , r  ‘1 iii ’

J” u- ’ d ’i’ CIl ~ O V u -’iniflCI1I, u-a id  4 . )  I , ’ c I i n i u - ’ 1 u ’~~i.’a I  u - l u - l u -  ‘ r t , u - i l u t u - ’, b u , ~~.i, if t I , - f 5 - j u u

iS s u c c e s siu ; l  in inti’oduciuig C u , i u- ” .\’ pi’u - u ducl , lii.’ i 1 l , i4 . - C , i l id,’ St  t h i s ’  X’ t ’\’.’ i - I  It-

uu-ic ’rI-~ iui ni S’i’niu- oi’ dsir; i l ion of pi’ou-Iu - i e l i u - i i t  .- i t d  C i i 1 ( u -~~( h i l l u - u !  ~ u - u - l s ’ ;u- C u l l ! 1

p u - uu - ; 0 ii ’ lt! Cu- lu- l IOnS  t :u 1
~~u- ’n Ut- ‘i v u - u - i  f i u - - u u u - s , It i t - -  ,,lou - ’ thu s u- ’ pt ’~’4 of Si i’ 4 . C ’ ’

c’; i p u - c i ty lo t’ ex~~st iiip pi’ ’ i i i iu -’ I ; u -  u - u s  ‘.j’ ’ll u - I t - ;  151’ 11 1 4.’,’ u . u } s l c u lV l u - I  l i l u ’ C i

pi’0dl~lCi i u - ’ l h 1)1 11 , 4.4.’ pJ’ u- ) ( l t ’l -C .

Sup pu- us u- ’  lIiziI Ilic f jr i iu  bu t ; a su] ,u I u - ’ c ’ Ij \ ’ u ’  pi’ u- ’ l ’C i lu i l i t \  d i i  ,‘ i i , i I h i , u i l

1”( v
1

) over t nixe v
1 

by w h i ch i’j ’,-, u - l ; u -  ~~j l) h i , 1\ ’ s ’ juit 1’ , l ( I I I u - ’ t ’( i t h u - - u ’  lu’\\’ C

prodtictt- i vi’ nul’t ’e qua il il~ ’ 4’ ouflplul of old p ros5 i - ’t u- l t i t ’  lii l h t ’ l l ’  u - , i ~~’ e i C ~ ,

buildup. 1 u - ’t lu- be i l l I u ’ i l tJ t ’ )’ l i t 1’ Uu-’ l l l’ v ill tu - -i ’ ni:; u - i f  f l i t ’ e i a i d j t j , u u t u - i l

pn ’ , i l ’ u - i h i l r i y  of n yu - u - I s’ iiiti ’od nt. ’t i u - ’ i i  ‘f In ’W p i ’ o u ] i I t ’ t  01’ S l1 l ’ p. ’ u- u - p i l l)  ilu - i i

t i u n i ’ ’ u-’
1~ t hu - li u ’~pu ’ i ’ i u - ’1l I ’J\ ’ , u )  i nx t ~ ’ u - u d t i l i > i i  l u ll, ’ l u - u -  1 / l u - . ‘ I h i t ’ i~ 1 , 1 , 1 1 , 1 ’

j ’ t ’ f  R u - E u - ;  t in’  i C i f t ’ I i ; i i l \ ’  i i i  I ’ j \ ’ , i l l ’ ) ’  u-u - si l l , h i n u - i l i u ; p  ‘- uu -- ’ ’ ; u - of :

C-?  

~C ’ ,, ~~~~-~~~ ‘ ‘~~~~~~~~~~~
u- ’: ~~~~~~ ‘-‘~~~~~~~~~~~~~~~

‘
~~~~~~~~ ‘- - .,~~~~~~~~ ~~~~~~~~~~~~~~~~~ ___



I 
p.

I
It - 0: the cw’llp tu - ’l C abu- ;.’ i i ’ u -’ i,’ ul. c o mp et i t i on ,

1-u- = 1: v u- ’ ry int c i i s i\ ’ t ’  con-ipt ,tt it ion, and

I ) - u - = k :  cu-~~isI~tnt competit ive behavior is not a f fec ted  by t h e

fi i’ru l ’ s bu ll 4 up.

The Ii nii is al u - Cu,i u licei ’talll u - i bout I hue (IUi ’u-u-t ion of it u- ,u - li u - u ‘u- u -u - - - tii i rn i i i

— profit s , tint1 (
~ u ; Z ’ t r l t1ty  of i u I ’ O d U Ct i u - ) I i  i’i’ Cu- u-’; a stile Su -l~~~I u-er of ,t n aii’ i- raft ,

CVefl ii it it - - t h e  lu - ’,,du -t i’ in c u - u p u - ic i t y  bu- i iRIin1~. Supp’~i s u - u -  t h u - u -’ e t u i u - d i t i o n u - l

L pi’u- u bu- ihi) i t y  of r iv;, ls ’ foilowinuh t h e ii n i l ’ S suit is ~u con st  u- u nt Ii which l u - u - i l l  Id

[ bu-’ u- u t u - ’ r p r e l . ’ d  u - us the j iiliu - ) V u - ; t tu - u ’u u - ul, (lifU~C C4. ) l i  bid u - - ’ u - . ,LIic v u - u - lu - ic C u- u - i f  Ii C H i l i

k need not b. equal . Thu- Value of Ii CCIII he I u- ’g C i r d i -d , iii lu - u i - I, u- u t’; u-i

nic’a t ’ ;tIl ’,,’ (if lu~Od~’I’SliiJ) p lu - i ’ s ’ i’.

The’ prubu-il’itity ( b u - u - u - h i ’ j b I i l j ,u - u -’n f u u u c l ’ ’ u u -  ) ‘ ‘ ( u -  ) can  He u- ’u- .pr l ’ 5 5 u , ’ u - I u - i s :

I - -liv
11 — u- \‘,‘hi ( ’Ii 0 ‘-

I F(v
1 

) 
( - h

I. h(v 2 
— — 1

~
\

?
1.1 — C \ V l ) ( u - t )  u-’

2 
< V

1

rj~jj(. fir u-il lu-m id ion of JC’ (u, ’  ) i ll I ’ qu , i t i o n  (‘ i  ) is when rival firii’iu - ’ ;

I i

c , u u - u  beat the t i ’nnc ~chcdul’ ’ of l liu - ’ f i i ’ i u - iU ;  liuildutp. ‘FIit, s u - ’ c ’ u - u ! u d f u I l i C l i o l u  is

I app l i u - ’~ulile W l u u -’ i l the fii’ni’ i; l i u u u e  u--a’ l i u- ’duIle of C u) l iup l(’ IiOlI is C i t  Is ’,ist ,u l u ’ ’ - id

I 
of 1’ i \ ’ u l 5 ’ sC li u -’( 1u-Ch ’ of buildup. h” J isiI i’ u- ’ C. I ~~~~~~ 

( lie p 1v i Ii u i  u’ I I bI t ’  iii’ ;

f tu iu ’ t  ju l 11 u - u i  I”(v ) ‘si’ va n’ i ou - il ; 1’; ’ ;; u - u t i ( )  \ ~‘ (i , 0, , j ’ j \  u ) ~~ liii uldu - ip

[ t’u ‘ l i i i  u i  ‘ 1  ii i 4 ii,’ l u - u -  u - ill ~‘;~~1 u - I f  I lii ’ fj n’i u ’ S), ii u - u - r u - ’ i i ii” 1’ p1’ s ’l 1. ,u u- ‘ c’ ‘ l f l  C l i i  I ’ , i t 1 , 1 1 1

ra t  II) ~~ I’t ’l)l’ u- ’ I u - t ’ u u t h I p  i n u l u ’ n i ; u - u - t y  of ct i i l i) ) (’t i t iO t i  1111(1 \‘~~ i t - u -  h u i ipi ’v it v 1)! i u s t  (‘~i 1 i a ’ ; u - s

[



p

~~~ P1°~~
( .tnid u - ’ h i t l l u l I uu - ’ t ul il l t l u u - ’ a u - t ’ 1 ’ u - ) u -~ ) l i u - ’ t ’ i l idd lu - It  d’y , vu-’,’ nu -~ \V h a v e  t h u s ’

f o t l su ’,v ’u - n i u -  x’ u-’si i ) t s .

\\ ‘ h l u- ’ I l  u-u- - u- ’ .u u - ;u -’ ;tulii,’ I. :-u- , ~) , i I l ( h  u- u, ’ e ,u ru - u -  ( u -v l i iu -’ h i  ,i so n e t  h i t i  it

iti t h u s ’ ,it ’t ’ t )s Ii ,it ’ t ’ u ’ i u - l u n u - u - tu’’u-’). Ihl u ’ 1ui’ u- ’ h ’ , u l ’ i h i t u -  u - u t  r i u - , u l u -  ‘ u- ’~ i ) u ~ l u -  l iv h iuu i I d u - l l~ 
t o

• I u s ’ .i I t ’ . u - L I I  u- ut lie I’ S C I I  IS  l u l l

b h , u -  u - u - ’. u- ’ i u - , T  I’ u u - u u e l u , u u i  ‘ ‘I  ‘
(u - ( 1 III l’ ’u l l l . u - l i i ii ( u - i  u - u n  St I I I I , ’ r ; u l ’ t ’ 1 , ’4

. u u - u -  I I , ’ pi’ u u hl ~u h L1 u i ) ’ , u- ’i’ l ’I’ i ll;’ ’ Iit ’l\\’ u- - ,’ l I  4. ,l iu (l ~ I 
(u - ,, 

‘ u - i l  i’ C u - i I u - l I I I u -’

u p  i l ’  L ’ . i h l l u - ’ i IV  I ’ \  C ’ I V . u - ) C - . l - ..lli;p b’ e u - ’ i u i 1 , u i I , u l u - u - ’ u , u - -  u - u -  i l l !’ r t ’ , l h i u - - t  I. ’ . l t . u - l u i f l h u

I l u - i t t : .1 1’ s’ i i i  lu - l u- ’ i l l  l’ ,u PR’ ~ ‘- . 2 , \\ ‘ hit ’ti I l u -  l’ , ’ i u - u- u - u , ’ d u l l  U u - .  u - u - ’ t ~ u - t  i - s liii, l u - u : u- u .

1 
(1)  ( , ‘n  ,‘_ I u - u -’ t i  It ’ u - - u - l u -u- t u l  u - u - u i  ~is ’ n  1 1 1 1 1 ,11 1~ 

1 :1 usl a C u- nh i u - ’ I i ‘ I i ; : t u - ’ u ’  l h i l u - ’ I  u - I ’ l l

• t i n u - u -’ ( u- l i ’  le ,id t l i i l t ’) in iu - ’m ’ u- ’ u - i s u- ’u - ’ . th u - u -’ 1i ’ u - ’ b ’ u - l ’ i l I t v  u - i f  u’ u - u - , u h~~ iu i i i i ,, i i, ’ ’ ’  lii u- ’ ,Ui . I t  I i ’ ,

I h’uu j h i  hu~u nu.’ i ’ u - - i ;- t ’ : u - . \\ hiu- ’ uu - t h is ’ C C l u -  u - b  I t o ,  u - u - I I’ II u - ’ I  n u - ’ u- i i i ,’ I, ‘ u - v  a s ’ . , I, u- - u- 
I ~

‘ ~~~~

I 
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of du’p i ’ ‘u - ’ a u - I l u - I l l  i’u-i ’( C u- i, iud capita! CXpCu)(l ito I’ i’S , it u-a ct l u - u - ;  t hi , i I u - l u - i t ’  I l u - u - l i t  - I

of CCI pu-i (‘ii V l )U i l d i t )  ( un der  j ut u- ’ i u -  s t~’ conipu-’t it i t u ii C i  11(1 i .u ~~l(l r u - C l ,’ u - u t

technolug i’ u- - : il o bs u- i lu -’sce i i t _u- e ) suppl);’’R-i w hi,it is u- uc t uu: I1 i \ -  t l1’ .u - 1li ~~ I I I u- u- ’ il l t h u - u- ’

real world u - u i the u - I s u - r u l S ) u u - 1 c 5’ i’u- i d uu - s t r y .  ‘~l u - i b i s ’ C. A u - t i : ’ ’ i ’ u - h u u - ’ ’u- u-,’)’  t h u - i t  s ’ i j u u - u - f l  V

i u - ; u - u - p u - ! - u - i e d  lu - ’ u -’IIniC aily ,  if we u- i u -u -Sl.uu n &’ t u - u- C I I I i U l u - ) L~~’ is t ’i’C, l ) u- udu - u -’d ill l l I \  e u -  t n u u - s ’n l ,

Iii u - u - t u l l’uili C l i’\u- , th u-u - ii ~~u •~ 
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~ pu’ u- u l ) l  u- ’l’u - )  S (u - u inC r u -u- u - i  u - u - u- ’ p r - u  u - I s  u-, t l u- t

C nu- u- i’i’u- ’ u u - ’, p u-’ u - i u - h i u - u - c  u - C u d  pl’e’u- ’ t ’Iit l u - u - u - - u - - u - u -u- r u -’u - ; iuliill 8 ~ i ’ u In i  r i u - u - : l s1 i i i? u- ’l ’ ( i C u - u -’ i k) l I  1)1

lieu’ i,- e i u u - l u - u b u -’V u -  \ i u - i flew c a p u - u -’ u - t u -’ i l iV u- ’ S t J i i u - ’nl (IS ‘ 4 . u - ’ l i  u - l u - I l l  u J \ ’ , u - ] u - ’  ln( ’l’ ,- , i u - - e

il l flu - S lu - I  u- ’l l u - l i l C s ’ I ;‘ti i ’ ;~
,’ u- ’ u - p u - u - u -’ i lV . IS, ’ fi r u - i l ’ ;’ u u p t i i u - u i u - ’  1 isp P~~u - - u -~ ’flu-

il lVO T\ ’ t ’S d ’u-u-’ u- ‘

1 . \\ hu-i I Iv (It) ii u-’s_nii pu-’t ,it’u-ui’ l~u u 1  dup I l i t ’ u - u - i l ’ u - u - u -’il fi rs

2 . I 1u- l\V t u u  ( m d  i l - u - ’ Li ‘ u s  u - ’ i ) I ) O i u - i  ( h u -  \ ‘(‘ 1 ) 1 (u)  - ‘ u - I P1- ’ Ii ~
u u -  u- u- u - n j I

un i t : I  u - s l u - i u - l u ) u -’t )Iu ui of u s  u-ovi1 1 u - ” l ’ l u - ’ u- ’ t  01’ \ u - u - hu -’ u - i  )‘i\ ’ u - l l l ’  u-’u-fli I u t u- ’i,’

li l t-C t C, u- u- . , \‘

~~ 

‘— v ,).

liu- w I uC I t  iu- i l1u - )\4.’ S , \‘, u - ’ ,~~5 u - u - ) i I f l u -’ t h u d ’5 ’ u- C-u- u - u t  lu-a) ; I Slis” l u - S l it ’ S i i  u- i c ’,’,’ s ” i 1 I u - i e l i \ ’
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build iIii,’ u-’ . l u .l u -’I l\’ u- it I:iii’is’ v 1 
u - u n u - l  the u- ’ f fu - ’ u- - ’( ~vu-’ u-’ . up u - uc i t v  bu- iildu-u1’ i III t u e

f i r))) it- : C(v
1

) C. C l u- u - u-i lu - nu - u - uu - u - rn 1u- ’’u- -e l  t)f u - , l I u l C ’ i i \ ’  j p  u-uj’d,’u’ tO  I,ls u - u - C (’ u- ’ ’ C ; k I C i !

Ii) int t’u - d uic’u - u - ip l u - s W pn’oduo’ I u - l i ’  1 ’ u ’ u- ’ d u - u - u -’ i u i t ’u- j n l ci’ t ’.I su - ’(b t ; u - ; u - ; u i ( j t~ ’ u - u - I  ( h a ) ’  t ’Ui’ l- (’Ill
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2. The f i r m  can stop capaci t y bui ldup and sell the  old pu’oduct
at w h a t e ver  p r ice  it can get .  ‘l’he d i scounted  pre sent va lu-u ’
of profit from lii i s option is

- ~~ 
~~ 

-iV y

(5 )

3. The fim ’rn may cont i n u e  s e l l i n g  i ts  old products vu- ’hilc’ -‘

• cornplcting caps city ii) aui optu’i’u-a 1 )‘i’u a n n c ’ r .

Thu - u- third o1uI,ion is f lu - l Is t  likely aiid t l tc f i rm  ‘u- ’u-’u- , u- iid ,,cu - lu- ” cl  dun n8

a period (v
1 

< t u-
3

) an exp~ ndiI nrc plan \ ‘( t)  au-i’id Ci u-’uu- i i u-plu -’u tiui’i d u - u - i u --

to maxinu),ze

V .3 ‘

M(t)  [H - fl , - y ( t ) ]  ~~~~~ (It ± P. c~~
1 

dt - ( ( u - )

sul~j ect ~()

r 
(C - C(v

1
))

I y ( t)  (11; = ‘ a -
v

i

where a is the degree of technological ad’u-’anta gc o n ’  d issdva nt u-ugc ’  as

discussed previously.

• The first terni in the C)hlu-u-Cti\ ’e f unu-’ tion J’ I:l)r(’u-’fl”Iit u--i V u - u - u - h i l l  u ’ d  pi st i l:- :

from the ~ xi~~tiu)~u-, J).i’Od Cl CtS  less thu expeiCu-Ill ‘u- u - V t ’ S  u- i f  (‘CI p u - l u -  ii y 1)11) ldi lii , ’ I I

second lenin ill tile obj u -’c livs u- jupu(’l ju l11 ~ a) t hur p i ’ u - i f i t u - ;  u - u - u - h u t - n i  p u - v .’ ~ ,i 1u , ’~~iI~ u - s

• built . ‘h a’ C u l l t - u - I I ’ C u- i l i t  in ,Equu- itioui ( C u - )  is f i ’unu 1’~qi iu- i i i u - u i i  ( ‘ )  wi t h  ( C ( v u- ) C .

A solution with  V 3 
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As sume t h e  f i rm  is in i t i at o r  a uid u - lu - u - f i n e

S P~ - + (‘1)

l’s S incr u- u - u -  st - t he pu’sf il f’lu->\\’ f r om uie u- u-’ pru- uduc t (u - u i ’  Inc u- u- u -u - u- u- - u- - u - h u - -u - i 1’  s

u - u - u - u i ~~~~~~~~~~~ t - l j )  u - c i ty )  j I  1 1 Cu - ’ 1151)1 iS  CII)  i i i j t i u - i t u - u i  u - u f  c u - u p - u - d u l y  h ,~ui1diu-p.
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Equal iou (9) 14 
‘CV (‘S a m~i u -u - il -nu n’) v u - u - l u - u t’ in (a s f

-iv 
~ 

P. 2 Vs (C - C(v )) i(C - ( ( v  )) ‘ I

Max M ( t) = e  ~-4 - — —-‘i-- ‘u - _ _- -
~——j ( 1 1 )

1 a ”

11’ the  condition ($ 1 do r t- u-  11(11 hu- uld , t h u u - ’ i u  t h e  s~u lu - i t isIi u - a  (t- ~ i m i u pliu-’ u--u- v , - ‘ u - u -’

and fluCu-V irni ln i)  ~‘u-~~ i) 0. \ u -
~ h i u - u- i’u \ I ( t \  is puu~~ l l i ’ u- ’ ’ ’ u - u -  iii u-u , ’ - ’ ’: i h u v u - i ; i I s ’ tu-,u

C- u- ’ u -~ ,pl~~i u - u -  t h u - u -  l u u - u - i l d u p .  ilius , n u - - t - l J u I l u l u -’t i ’u - ) C  u - , l ) , l u - ’ J t \  ) ‘ t - u i l ( i ( i h l  , u - t  te l ’  i’ iu- ’ ,il~~’

buildup it - u- l u - i  in w u- u i ’ i l uwh ’i],’ , t u t u- pi’~ ) i i l t -- lr&’u - iflu fu’ u u u u - u  t i : t ’ l i t \ \ ’ pi’ u - u u - iuct l u - u - u - i t - u -I

,,‘\,,‘ u- - t ’li i l ls ’ in’of,it u- i \ - ailCi b ‘it ’ i l ’ u - O u- i  u - lu - u -’ u - u ld pr od l l u ’u - . ‘i)i ,it i t -  , th5 u- pt ’ u - u~~J l

sur plus must lie sut’f i tu - iu-’ iu-t ly lu-i r g u - ’ rs ’ l,a t ive  to lh’i u - ’ V u - u- i Sa) lil u- l u - u - C ’  C u - i  p u - u -d i v

building expenditures . Fl-on) Equu-ut i’nu (u-fl, u - lu - u -’ l’ c l ; ’u- , i i P u - l l u -’ t C l ) u - u ’ lu - u  C u - l l l u - ; u - l u -  u - t ’

(i. u-’. ~ v
3 

— va r i eS  j i u’u- s i ’s c iy u-u-,u-
~~~ hu - ihu- ’  net I ), ilu - u- u- ’hl  S ; u f i t ’ u - ’  (‘ Ij) i iJ ’t l u ’ C  u-~~ ll ,

— 
lu-’ ru-ini [u- q u u - i t i u - u u i  ( I  (I) , i i is u- , u- - ,~u - b u- ’ u - i t thu-ui h u u - - u- u-X l n’u - l I i  - u - l i  u - ’ u- u- si biu ii u - h u - u - p

cu-i pu-i Ca- li ) ’  gru\u-’s ‘xpouient i.l il y w t h  t h u - u- r u - u  du- j u - i~ ‘15 u- u- \ ‘ u- ’ i u - l p  - a’ Iii Pu- ’~
’ ; u - ’ u - i

au- ;sunvtulg co ~ iu - l i t i u - u i u  (8)  b i t ’ilds.

— 
‘l’o find which u-u pt ion (l isted on pp. C — i- -i , C— l u - ’) is i u s u - t , Ibis iu , I \ I l l l u- l l i u

— value ~u- 1(t) in) Eqi.iztt i u- )u ( 11)  1i’ u- ’ uu - ’i coi~ iph’t i i i8  i u - u u - i l - l u- ;p  l u - ’~~
, ’ Iii’ s w i t h

c u-mi,NIi,’i i (8 )  m u s t be cou i i ps r u-’d ~u-’illi t h i u - ’  r,’hu u’nu - l’ u,’u - i i u - i  ( h i t ’ l’ u- ’l’lu - u - l  l u - i ’ll’ u - ’ j l l ‘ a ) i u - u-
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II is optinuu-tl to conip lt’t t ’ c u - u - p u - u - u - n y  buitu-hlp u - m d u-u-u- u - i l  t h u - u -’ u - l d

pi’ u-ud uc t s . ‘ t h u - u - is , t h~ u- ’ Iiu i rd 
~
,pl iu-u ; u - u - u -  u- ’iu-ibl u- u- .

If P 
~ 

P ,  l u - i t - u - u - u - u -u- :, u-u-’ill ~u- ’ j l ) u -’Ul’ I’ u- ’ u - l  u-~~i t  lilt ( ‘ l u - i  u - u t  Pi’5u- t~~u- ’ 1

— pl’ .is r Is t h u - u -- u - u - u u u i p lu -’I u - u - u fl i u f neW buildup , : u n d t u t u- I r s t  o p l i u - ’ u u  it -

l’c l u- n d ’ u- l .  t~~u- u- if } ‘ u - 1u - i , , l u - - ’u i  ( 11 )  is pu -u t - u - u t - u - u -’ (i . u- ’~ , \u-,’ i u l ’ i i C \ \ u - i j l s ’

lu-u c’ ’u - l l l u - plu - : t u -’ Lan lu - hu - i p  , u - c u - u - ’ i ’  ding l u - I  u - ) u - i  u - i  j i ,, ’ f l u- ) u - m u i d  ( 1 0 ) )  , u u - u - J

(‘ (v
i

) - c -
> ~~~~~~~~~~~~~~~~~~~~ , ( 1 1 )

II nu-cans f l u - k ’ u- ;cc,ii ’u - u - u - u - l u - i t u -’tl hu ,1’Cl( i i I~’i u - O u - t -t Si ( ( \  .il

I t hu -u- t iu ’u u- ’ of v
1 

u - i f  u-’u- u u u i p s ’ t C u - u - i u ’ s ’ ,‘u-u u ’ l u - u - h ) u -’ f l s u - i u  l u - u- :u - u- u - :’ f ’ u - ’ n’n it l i -

lu-u i- p u -’. ‘lu -li e - it fl
1 

fl u , th u -u -n ( ‘u- ’li’1 ipi sIe Su- l i lCi l:p~~u s ‘u- ii’d u - u - g

I l u - u  Equ- u- u-u-t i u i is ( u - i l  u - m d  ( 10~ ii u - n t n d u - u i u - i \  il T-~q u - nCi1 i o uu ( 1 3 )  b u s 1 d~~~

- 
(n o t e  thai if and h’~quu-’it lu - u -ui  ( 1 u-u - )  l u - u - ’ l~It--u- , t h i u -’ii

1u-~qu-ui t iu i i  (8) aul’uu m,mliu-’ u- u- l l \  bis l s l t - u - ) .  t h u - u - u s ( bu - ’ I h t -’fld i l i u - u -, u - i l ’ l u -u l i

f i l l ’ COl ~ b u - u - u - u -  in l ’q u- iu - i i  u-s n ( 1 3 b u- - i l  h i  u- - i ’ u- b u s ~ f i r s t  u - u -  i d i d  S 1 ’ t  u I  u- u-

(‘hiS u - - u -’ l l u - l u -,’ th u-  i l u - ’s ’d u - l p t h i u i l  i iu i i : u- t  I’S t u - k t ’u~.
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a - u - ’ 1 t u-t u -‘ u- u- ~~~ ‘~~
b , ’ u - i  u- t ’ u- t - l u- f l u-  ‘n’ u- u- u - u - i  -~~ I u - u - s i  u - u - ’ ; m u - -u - u - u -u - :  u-u- u - k  lu - u- - u - . ~~hiu- ’ u-’u- u - :

I ~u- l u - l u -u- (, , u-u- i~~ ~‘u - u - ;  u- u- u- u- u- - u- u- u- i ’u- Is (1  I i -  7’ 1 ( 1 1 1 , u - u - i’ ip’ ‘ u- ’ ~ u - u  f l u -S m I u - u - u -’ ‘u- ’ ,’u- ’ - u - : - ,’ u - u - u - u - -

t h u - u - - i u - u - ods’l \‘ , u - l l u - i , u - t j u - u u - u -, ‘1 hu u - ’ t l u - n’ u- ’ u- ’ eu - u - u -u - u - ) , u - u u j u - ’c -  ; u - u ’  u- u- t C u -~ u - j u-u- u- ’ , I u - u - u- - u - u - l u - u - u -  ( u - u- u - f l u - u - i

u- - i ) , ’ pu- i u - l i  I ) u- u- u - u - u - f l , u -  u - u - .
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u-u - I . u - u - h  -~ u- - u- ,- ~~u- ’ ( 1  u - i u - u -~~4 ,_  l u - u - u- u- i ) u - l u - c  u - u -  pu-” t - ) I  \ l u - l )u- ’~ u u - u - u u - ll l u- u-

‘ 
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Case l u - - u - . a = 3 9 5  
?.94. (u-O - 8 (.8u-’1 

u-’ 4 1 5 .-i-i ‘

Case lb. a = I 39. 5 < 207. 72

C a s ’  Ic .  a = 1. 5 - ‘ u -  39, 5 < 138 . ~I 8

Cas u- Id, u- u u-- 5. u-u-, _. 3 9 s  > 37,77

‘ I ’ l u- u -u- u-u- l,iou - ’ u-: resu lts SIuo\v thu-u- I ii w;u- u-t- u- wo i’t lmwhilu-’ to  f u- u l low

1,i su- i n p I s lead u- u-r sh u- p for  capacity bu i ldup  if u-i nch onl y i f

tCCIsiiu-)10g1u - u -’I I a du -  u- inta r,c (a)  of fol lowing f l u- u-s ing  iS  fu-’) i i’ ly

la rge .

Now we det c ,-i’n-x inc lu-u- i cDoiine11~ s c c )m p t e l iu -u n  d:~ Ic of cr  pu- i u - - u - t y

4 build l u - $  ( u -,’ ) ,  ~~iy niu - u - u - of Lq iu - u - t u -u - ) n  ( 9) ,  i. u- u- ,

i ( C ’ C(v
1

)
v u-u - — I, in 1 — —

~~~~~~ 
—‘-‘

~~~~~
“ I

~ a~~

we estimu-t i -ed t h e  va lues  o1 \
3 

w h e i i  u -u Ii . P and  obt u - u i i u - u -”d

v3 
= 1.3 y ou-u -I’ s .

In short M c Do n ne l l  should hav u - - fol lowed I C u - u s ~ I u u u -~
t s }u -u -m u - (u-

l)uilclup u - u - ru - tI’i in 1 . 3 y c u - u - r u- u- .

Nc:u-- t u-vu-’ detu-”rr’nin iu - u -  vu-dir t u- i i u- n,u- lIu ism vu - ’ huu- u- ’ i u -  i b i s ’  u - u i u - a u - -’,I

inc’c u- u- u- t r nent in c u - i p u - u - c i i ’u- ’ d i u r j u - u - u -  l u - u - I ‘u’ u - m o d  1II ’,’ IC , i_ u- u - u - iu-u- g

Iu-,u-quat iou m ( 1  (1) u - u  uu-d u - u - = 5. 5, vu-u- u- ’ u-H’ l u -  u - u - -  u-u-t :

y(l ) u-u-u- u - u - - h . 02 j n _ ui l I , j u - nu.
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Fina 11)’, by us-c’ of Flquu - i  I io ii ( I i )  we dei- i v u - - ii nax in- nnj n

annua l pi -ofit , M(t  ) , u - u -  f t u - u - r  fo l l ow i n g  i l u-~~ ’i u - u - g ~ lead

(with a 5. 5 and u-’ 1 
2)  for t h e  196 7— u - 7 5 at

Max M ( t)  - u- ’u - 1. 1 5 u -mi l l  i u - u - n / y  u-~u-
~~u- 1’ .

C u - u - i -’ , u - 2 . Ju-UC klm C’u- (l I i ( ’u- ’i~ I~u - - - - i u - u - u -~~s ,flc u - u -~rI, - t - ’ u -1 5)

As sunipt i u uu -  u - u - :

1 u -u -
i 

= 2 ye a : m ’s of f l c ’ e i u - u - u -’ s l u - u - u - u - P  t i m u - i c .

f S = 1 . (75 u- u-u-u- year ( i u - u - ( u - S — 1 9 7 0 )  u - u - v u -u - u - - C I t - u -s of 1 u - ou - ’ lu - I ’iu- u- ’d 1ii~u - i , u - t s .

j u-u - , 07 u- u - intu-ei’esi u- ’atu - ’.

L By use  of cond it io n  ( S ), i . u-’ . •

— C ‘- C(v
> —‘---—-- --—- --‘-

~
-‘— , u-u-u-c bu-,i u- ’ u- u-

a 1 18. 3 5 < ~~~~~~~~~~~~~~~~~ J7K , 57 ,

a = JO ]8 . 35 > 17. 5(7 .

]:h- cond it~on incl3 c u - u - I c  u--i t h a t  Loclu - lu - u -,’ u-id should huau - ’ u - u - i t - u - u  u-I

Cn’no u-’n’ious I ecu-lino]ogic’u-’il ad u-a n t  u - u gu-’ of uu - llu - u u -u-u -i_ i n u - g lu - u - u -  u-~

i. e ., a u-u- 10.

— 

fl y use of Equal inn (u - u ) , i, ~~~. \ ~s m u - u - i l  deli n ‘u - I , ‘i ii , u - i  I ~~,

u-u- u-u- . cu-u- (or no iuu-vu -cu-’u-l i u - i s ’iu - I u - mt u - i l l ) .
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Equation (10)  with a = 10 , y ( t )  — $ 1 .  9 niill io nm per ycu- u--u- u’ .

Arid the m~~ u-~ u- ’num pr of i t  fo r  I 9 ( u - 7 —6 8  is zero ;  i. u - u - .

Max M(t)  0.
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INS ‘1’ it U C; ‘Ii ONS

‘rhe ( lu-u- t a requc st u-’d refers  to O p er at i on s  of your c o n i m p m n y  c lcvot u--d

p r i u m u - u - t r i ly to eng ine p r o d u c t i o n .  Thu -  da ta  r e q ue s t e d  c o ver s  t h u - u - -  ( l ine

* per iod 196 1 — 1 9 7 5 .  C o n m p le lc  thit u - m Lou - ’ 1105 t ii u i u - u - pu-’rio~’1 is , ot c u - o u r s u -’ ,

(Iu-’Si ralilu-u-’ il l  tu - ’rI-i’m S of u - u - a u - u - ]  y~_ ing industry  ( r u - r u - u - l u - u -. Iii t hu-u - e u - u -su-u-u -u-’, i i u - - r u ’

p i ’ovicl ii g dal u- l  for c u - u - u - cu - l i  1’eai ’ is e u-’: t~
- u- ’ J i u u - u - 1y i uc ” un ’ u- - ’ u- ’ r i i u - ’ i u t , d u - u - t u - u -  cu- I l l  I)s ’

pl ’ou-’I u - u u - cl for  th~’ highest  u - u - nd Icvou-st  u-,u- u - u - 1 u -,’~ y u - r u - m u - ’  ii’ t hiu-u- t i u - u - u - e  j i u - -riod , u - u - mu -d

for  19 75 001)’.

l u - I l  D.1

Annual production d u - u - i u - i u -  fo i- c ash typo ot origin’ (a i ru-’ r u - u - l t  or non

aircraft  use)  is desired for thu - c- years  indicated. I u - u -u- l u -  u - m t ion of p r uc-duci ion

r e f e r s  to the plant  loca t ion  o~ l ij u - a l u - u - ~u- su - u - iuu - b1,’ , P1 cu - u -  su- - u - m l s u  j ,u-rov ide u i51  —

rnat ion  on t hose  c n u -~ines  iou -~ v,- u - u - i u -,-h u--u- ’u- i!,u- u- -u - t u-,u-nt iu-u-u- l I-u- &l) u-u- - as don - u - u - u -  ‘u - u - u -  j u- ’i

pl’ogrs,u - .  u-ru- u-mlthougli no product ion 1 u - u -~ u-u- , ou - cui’ rod .

Tablo D. 2

Appli i lion and type  r u - u - lu -u - rr to lhc ’ p r ’ i f l u - c  u-u- ppli u - u - u  t iom i ( u- u i  u - u - u - r u - L f l

helicopter , n m a r i n e , t r u c k s , u- u - t c ,  
) u - u - l i t ]  ( l u - u - u -  p C - t r t u - u u i u - i  r ty p e  of u- u - u -mg i i u - u - ’ ( A u - -u - i . u - 1

11ou-’,’ T u r b o j e t , Turbofan, et c  . ) Fe r ( lu-us u - u - u- n gi u- u -u- ’ s urient iou - u-ed III u - L u - u - u - ble ( ) u- u - u  --

j ,ro\’ idu-’ infoi’ i i ’ iu- u- (ion on th is  m u- l u - c -e l

T h u - u - ’  u- IPl hI ’Oi ’u - i I l m i l t I ,u- pu - u - u - Cu - . rangu- u- u - u - hiu- >ulu- I be u-,~i\ u - n i  iii 19 7 ’ E ’ u-u - (,u l m s ( , u -  l u - i  ( l u - u - U i

ni: i l l i u - L u -’ , u - l s ’  y e. l  i’ I lur  u-’u- i m icu - ’ l u  i ’ S t u - l i u u - t h ’  l u - - u- l u - u - l u - i t -’ .

‘FoLu- 1 l1u - u - nnu - h M ’ r  so ld  u n u- ij  u - r u - i t s ’ s  to ta l  j u - i m i u u - h u - ’ u - ’  s o l u l  i h m m ’ su - u-u- ’u- I u -  u - 1
~~

u-
~

1 ) — I

~~~~~ - . ~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘
~~~~~~~~~~~ ~~~~~~~~~~~~~~~

~ ‘
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—
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Table D, 3

1 The cur r en t  lead t ime  Iro n -i order is th e t i nu -  ne fro mi u - si gned coot  r u - u - c t

to d u - - l i v u - - r y  dat e . P1 c as u - ’  indic u- u- it u-’ in column 2 t h u - c  1)5’ s t  lou -u - m d t h u  u - u -’ u - i chiu --i u -u - u - - d

— in  past p roduct ion  runs. 1 ’ l l : u - u - u - u - u - ’  i n d i c u - m t c  in c o l u m n m n i  3 the u - u - u - l u - l u - u - i  i l l u - h i u - u t - u - S s’

pr o d u c u - t i o m i  ( i o u - u - -, i , C . ,  t i m e  (m u - u - u - ’, Ol m I u -,u- u - u - i ] pu-i l,’l, u - u -  bou ght ou -u - t~~iu - h u -’ l u - u - m u -u - - l,t’ u- ’ u - i

— 
re cu-- i u- u- u - P , t lnu - u - t  is rs ’qui ’ s ’ u -’l u - u - u - u - l u - i f in - u - i (!u -ili\ ’ ci’)u- .

— I able 1), -1

l,”oi’ tluis lu- u- b i t ’  i~ d u - m ( u - t  iou- ’ u- ’ u - i t- ’ i u -  l i i i -’ - pu- ’ u ’ i i ’ u-u - u - u - u -  Pu- l u - u - c u l t  l u-ru o b i u - u - n,

- 
u - u u - u - uy in c h i c a t s ’  c urru -u-nt flu - u - u - P t i u - u - u - u - ’ s  ( 7 ]  “75) ,  u - u - l u - I l  t h u - u- u - - t - i iOI’ l u - ’ u-it au - u - P  l u - u - l u - u -  u - u - i  h ,u-il

- t i l u - u - s’ s u -x p c r i e u - u - u -’ u - u - c l  in t h u -u- u-u-u - u - L -- 15 t h u - u - s  L u - u - m I l e  onl y.

Table I). S

Note th u- u - u t s;u-i u-u- s a r u -’ for u- - u - u - u -- u - u - a ’s o u - u - t v  c’ u - ’u - u -’ 1uu - l inu - u-,~ u - u - l u - u - ; u - ’ iu- 
~ ‘- u - l u - ;,

— eng ine rebuils]in;~ u - u - mu d n u - c u d i ! i u -’ u - ; t i c u n s . P h - m u - u - u -’ iu - u - u - I i u -’ u- u - l u - ’  J u - u u - ’  t h u -  t u t u - u - i  u - - u - u - i ’ -

t hu - u - u-nix of d o m est ic  com u- ’u - u u u c r u -’ ial , dou -’ u - u - u - siu - c n u - u - h i l ; t i ’ y ,  l u - i r s  iu-u-~~
I u -  i i u - i 1 i u - r u - r y

- an(,l for u- u-i gn commerc ial u - - u - u - u - l u - s

Table D. (

PleaSe inu-hicate sa lu-’ s data f ou - ’  u-u- 1,) u - u i- u- ’ u - u - u P r u -’p i , u  u - u - u - ’ n u - l u -’ li t I i i  u-’t s , u- u- u - u - u -’, i l l s ’

rcl)uilding an(I niodif ieu-u- 1- i O I l S  . P1 e C u -  u-u- u- u- ’ i n d i e C m  Ii’ lu - u i ’  t h u - u -’ lu- l i  u - i l  u - u m i l  y t h u - u -’ m u - mix u- u- lu-

of d u - , i u - m e s t j u u -  c o l u m u - u - u - u’ rc ia l , u - l o i u - u - u -’ s - t i c  n u u - u - lii ry ,  fo l u - s - i 1~ 1 m n i u - i l i t , u - r u - ’  u - m u - h i I o u - u - u -  u - m i

u- ’ u - n u - l u - l u - e l ’ C i , m l  ;u - u - t 1 s ’ u -~

‘ ,l’ u- u lui u- ’ I) ,, 7

Plisu - s i ’ i o u - l u - u - u - u - I c  t u t u - t i  h u - u - u - ’ I u - l u - o ’u- u- ’ ’u - u - t -  h t m m h i m u - u-u- u - u - j u - . u -  i’ o l u u - u - u ’ t ;; u- u’ s ’ l u - u - , u - i l u - h ; I u - u  - u- u - b I l l

I l lUdit i(’dt i( )l u- S - hi’ t ’ u - m k  t u t u - m i o u - m t lou-  lu - ’ t t i-  u - u - u  l u - ’~ u - u - u -u - ’ m u - - u - - 0111 )’ ,

I 
1)- u-u-



I r

‘lu-able 1). u-u--u-’

P lc - u - u -se iuu-diu -u-a Ic to t u - u  I bu-u- u- Hog for 5151 l’c ~~u - m r ts  and rt u- p lu- ma ’ u- - u - i m e n t

m u - m od i f icat ions or ru-u-building -

Tablc- 1) . 9

[ l~ l e u - u - s  lr i m h i u - ; u - t u - ’  ~~~ oj c u - u -’ t i u i r u -  s u-’ t o ta l  u - u - u - m i t - u - s  i nc lu - nd i nu- g  bu- u- u- k ic i , - u- u - u - u -’ hui lm

— eng iIm’u-’ p u - ’ u - n ] u - u - e t i o i u -, s pars  l u - u - u - i - I s, u - u - -b u ildin g u - u - r u -P i u - u - o u - l i i’Ii u - n i u - ; u u - ; u -  . l u - r u - - l l~ u - u - u - I t

t o t u- t i  I t u - ’ this f o u r  u - u - t - l u -’ go r i c s  in d i c u- m i e d .

Tal u- lu-’ l) , lO

— 
‘
. l” r ovi du-’ t h u -  t u t u - u - i  flaor s - p u - u - u - u - ’, u- ; ’ j l u - u - u -’u - i [ l u - u l u -  u- u - u - i 51 u- u - ;’ l u - u - nd u - l u - u - u - i  l u - u - u - u - l u -u - l u -  l u - u- - u - u - ,

arid u - u - u -u - u - r u -  u - u - t d  du- pi’u -u-’ u - u - t t i o u - u -  anu - 1u- bu - i u - t l l u -~ b r  govu - i’niu - m msIu - t  u - mmu -d u - u - a u - u - t i  u - S )  u - l \ u -, ni u ’ t h

facili t i ea _ P u - u -u - u - - i d ’ the u - u- ’u- ’ u u -u - u -’ u - t g u-” a g -  of b u - l i l d i i i m u -, u-3 u - un u - l  i u - u - u - u - c h i i u u - u -,u - u - -  e u -  1u- u o l S

for 1 975 u- lu - i )
’, \V u- ’ j u - l u - t  the u - u - u -u- u- u - u - f  t a  eli lu-u - u - u - u - l u -u-1 ng,  U u - u - u-Ih u - u - u - ’  u-U’ tu- ;u i  b

I
u-n u - - q u - u - i  u - u - i t  u - u - a u -  u - u - nu-t-u- t ill (lcu i ni~ lii ;: u - u - v u - ’  I’ , ;  u - u - u  -- u - u - ; ] e u - l u - mt j u - rum u - Ji u r ] u- 1 7 S.

l iu d iu - u -  ic u- i t l,uvi t o u - u m  of ; ; lu - u - ’ u ’l or eu - u - u- u d ; h u - t u - ü u - u - u - u - ]  S l i t s ]  u-u- u - u -  l u - u-u- ’ s - l u - u -  i’l L i C u - m t l u l b ;

n e c c s s u - t u - y  l u - u - u - ’  du-’I~~’ u - ’ iu - u - t i O t i  u - u - , i,u- i] ;Od  Us u- ’ u - l  u- u-i’ u-u -cu -P u - u - fur ’ u - u - t J 1 u - Z u - l 1 u - l u - f l  )l u-u - J ’ c l ’ u - u - i . u u-~u ’

for floor s p u - ; u - c u -  a u - u - cl I I u - ac ’ hu - i l ’u - u - - r y .  \ u - u -
~
, ru- u- u - u - f l u - u - u -u- I l m u - i t  u ’ u - -u - t i l ’i i u - ; t u - u - S  l u - u - u - u - ) -  bu - - u - u - ,; l y

approx if l u u - u - t e

Table 1) . 11

A v u ’ t ’ u - u - g u - ’  ; , m u - l u b i u - m i  u- u - m u- l p l t u )’ u - i m u -’ nlt u - S  n i t u - u - i u - l je r u - u i  u- u - l m l j u l u - u ) s ’ u- ’ S iii u- - u - ; u -’h u- l u - m~~~u - u - i  u - - u- - o C t - u - u - i,

I Under i i  lu - or u - mt ii fl u - u - I  u - u -m u -, pru - uv u -  ci - ( l u - u - ’  l u - u - l u - u  hu -’ r of l u - u - u - u - u - u - u - i lu- u - u - ;  u - l u -  u - u - l u - u - u - I  , u - u - u - u - I  u - l u - u  I’

1 
u - u I  ( 1 1) 5  lu-u- ” c- u-~~ - h u-u- l u - u t , u- niP u - u t i l i u - u -u- u l i u - u n u -  u - u - u - ;  1 Pu- u - u - u  - u - b i g ’  el l u - u t - u ]  u ’ u u ; p h u - a v m u - i ” i u i

for u - u - eli u - ; h ; i f t . l u - o r  it u - ; - t u - t n e u- , ‘ u- ru - ’ I’ c t - n i  ot ( u - u t , l  u- ’ m l u - l u - hu - l ) ’ u s ’  u- - u- u - u - u - u - u -u - l u - I  l~~- u - u - u - -u - - ]
.4

• s- l u - i t t , 2’ ’ ss ’cu nu - d u - u - l u - i tt, 111th u - I ( )  lis t’ cu - mi t l i m i t - P u - u - l u - h  I t .

- -
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‘l znl ,) Iu -u- 1). 1 .u-’,

Prou-’idc- t o t u - u - i  fluoi- slu ; C u - u -  by l u - u t -  u - m t i u - u f l  lo t’ u- i l  ( ‘O l u u - pC t n y  fu- m u -  u - l u - l i t - u - s

A
u- util iu-.’.u- ’d pi ’ iu - u iCLu - ’ l i) for enginle produo’t i u - u u- for 1 975 only.

‘Fa l u - l ’  I). 1$

‘l’hie u u - c - t  j u - u -~ i u - u - ’ n u - u - r ; t~ oni u - u - hu - eu ld  hu- ’ i~ivu- :n f u-u-u-’ unl y t l u - u - ’ u- u - l u - u- u- u - l u - ’ ’ d i v i u - - i u - u - u -u-

Of ~~ u - l b u - u -  u- ’ s i l u - u - j l u - l f l)’ , u - u - u-’ lu- u- i ’  t h u - u -’ u - u - u - u - u - l i e u - i  u - ; m ; i t  u- v i i iu -’hm u - u - u u - u - t u - u -i u - u - s  t h u - u - , - u- - u - r .,0u - ; u -’

di v i u - ; uu - u - u - u -  u - u - r  \- : lu - ,u - u - h u -  u - - ; u - : l u -  d u - u - I , u -  i~~ l u - u - u -  p(.

A u - ’u- u - ’ 1 u - 1’ u - ’ u - i l u- v u - u - I f o r u - ; u - u -  I , l } i i u - 1 u - C ,u - ! l i u -’ l u - u  -u - u - Il c u - u - u - u -; l u - u -’o u-’ u - u - j5 ( lu- U u - u -  u - u - l i

t o  e’ e u - m~~ t r u - m s ’ t .  11 ) u - l u - ; r u - ’c ust  u - u - L u - u - u - u - i  u - u - u -- u - i t s  il- it t)  th u - u - u - u - u - ’ u - I l u - t  u-u-~ l u - l i t ’ 1) . 13 .

p1’ u - u - \ ’  u - u - u -u- u- t h u - is inlorim u - u - u - l u - u - u - h i  - Ou- u- I lu - u - ot lu - u -’ r I ,-u u l , yu,u - .u- ’ ; e u -  euu - u- t i  u - ; u -’, S s i ,  u - m m

u- iu - a y  l u - u - u - u - u -u- u - u - f o r l u u - u - u - t  u- ru - oru -’ u- u- u - u - u- u- i l )’ l u - u - h ; u - i u - u - i u - - u - l  bu-u-t u - l u - f l u -u - r u -- u - u - u- u - l u - u - u - u -  I~u- ; lu - l s 1) ~~i• U’

so , p t u - u -u - m s u- ’ prou- ’ide j nfo u - ’ n u - : u - l u - o u -  u - ; ) u - ) u - ) i , u -” j u - u -  l u - - u - u -u - i  ol du-- i u - u - u - I  , ; u - u - u - i  u - l u - s , r u - u - u - ’u- - S u - , u - r u - u u - u -

to ’l’u - u - l u l u- ’ 1) . 13 . W e u - u - l u - - u - u - )  i’ C’(] t l u -’u - r l  \ u - u - t 1  ( u - u -  j ru - u - u -~~du-- u - m u - u -  u- u-i -u - v u - u - i t -’ u- u - u - m u - I  l u - u - l u -  u - u - , u -~ u - u - lu - u - u - t

fo r  thu-u- i’Cu- l i u - S divi d u - u - u - u -  v u - ’ u - u - u - i l l  f o r  i u -u-u - 7 5 ,

~~-i lu - le D. H

lu-iclucl u- ’ u-~ i i  , mu - ’ tiu - ’ i t iu -u - u - u - i~u- t h u - u- ’ l u - U t ’  u - i u - s l  1’ u - t i - u- - u - u- .

‘ru--Mu- u- 1’). I~

Prov ide  u - u - I l  i u u- f ou - ’n u-u- u-tiu u - u - u - u -n  p u - ; r t s  - l i u - , u- tu-- l ’ i u - u ] u -  u - u- i ’  u - t - t i h u -’ o n u - l  i’ u - m u - u -~~

1)I-ot ’u - u- x ’eu -l Ouu - t s iu - lu -- II - S .

u-I

— I) - !
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~~~~~~~~~~~~~~ ‘ ~~u-
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u-u- - u - u-ru- u- u- ,

u-
cu- u- -u- u - ’

“ ru- u- u- u-u-—
i’-’u- - - u -  u-

‘ii u- ‘ u - u -
V u-u-

/I 4.u- u-u- u - u -u - u - u -  
-

u-u-u- u-u-I u- l u - - u -

u-u-i 0 0 u- u- u - u  ‘u-u-
u- u-” “ k ‘ u - ’  U) u - u -

t / u -  ,,,,, n— u- I, I—u- u -u - u-
lu-u 1-, iu-l u-’u- ~
u-hi 0 0 cii V u-i’ (1

- : U Lit-n L) I,) fl (u- u- u-

1)-I- I

- ‘ 
‘~~~~~~~~~~~~~~

- 
~~~~

“ -- --‘—
~~ 

‘- ~~
-

~~
-

~~~~~~~
- 

_,~,u- u-u-u-~~~r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~_



ii: ~:.~
:“: ii ‘ii ‘i:

..u - ’u-
~~~

. 
~~~~~~~~~~~~~~~~~~~~~ ‘ - - -

- (-‘I

, , .  Li
u- ,

Ii ,
u- u - u -  

~~~~
- ‘ 

- , , ,
~~~~~~~~~~~~

_,, _ ,
~ - -

u-u- , u- u-

C 

u - , u 
- ‘ - . - . - ‘— 

u-~~ ; u -

u - ’ u -~ 

‘~~: 
— —

; l
~~~~~~ 

L

L

I I  ~‘~
u
-

1

~~~ 

- I 

~~~~~~~~

u-H 

~~~~~

u- u- 

~

Ii u - u

-, -— ~~—-‘~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘‘

~~~



- -. - ‘ - _ “ ‘

~~~~~~

,
. . . u - u - - ‘-‘ —,- ‘-

~
u- - - -u--.u- --u-

~~~~~
,

40

u- u-

-4 ‘ u- I
—

.1

.
~~ 

u-_ - t : - - - —

u- u-
l u -

- l u - u -
‘ u - u-
I —  - —
‘ u -

u
-

u - I
— ‘ 

S

i _ u -  ‘ u -  — 
—

1~~~~~ ~

‘

u-
~ 

u-

~

u- ’

u - u -  - u-a

u- u -  ‘u- u-

1 -

- u -  
u- u- : 

-

- -
u - u - u -  - u- u- u- ‘ u-

u- I

I’  u - I
— u- - u - .i;

( I —

• 
‘~~ I I

~, l u - I
I u- u-

_ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ . u - —-~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~ _-—_ --- -- -



~~~~~~

u- ”

~~~~~~~

”-’  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r

U)

n-u-
0

‘ii
0

u-u-cu-
• C

• 1 
- -—

I-u-

u--u

0

N

u-ru- u - u --

u- -I
r:u- 

u- , , ,  - , ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -

~~ u- u-
f- -n

c—u
C)
o
u-- i u-u-
u- -u- ’ u- -u-

U
‘u-c’lu-u-’)

— 4

* U - “ - - - - 

~~~~~~~

‘ - ‘ ‘

~u-.

u- u- ~
u - ,  ‘

~ : u- u-

u - u - ;
u- u- I u- u-

(u - u- u - u -  u - u - Il u -

-~~~ 

v-- , , ,,

j l u - I  lu-u-
4 ’Cu

-t )  11

____ - -



u-i l

0
— u - —u —u-, - — - — —  — — u - — —

I
~ u-a-

‘ 
- 

fl,)

u- _ u- 

~~~~~ u-

C

lu -i “ u
- (ii u-

- U)
f-n

14 -

• ~~~~~ uu--~ I

H 

u - n i

Li i u- u- I u- u- u-

u - i ’  
- I

- -u- u- u - u -  - I

I 0 r l u - u-

_
I - 

u - u

-

- 
hi

u-

u- 
1)- l u - I -

— ‘
~~~~~~~~~~~j  

‘ ‘ u-~~ u- u-_u- - ’.- 
- : ____



- - -
~~~~~~ --~~~~~~~~~~~ -— -‘ --- -- .. _ ‘ - -- -.-- -—— ‘ - - -  - , - u -- -~~~ - -

I
11

- E
I, —u-’—-”- -

-

1

1 u- ,-u- ’-~~~ ‘ “~~~~~~ ‘ ‘ “  .~~~~~ 

J u- u-
i) u - u -
11 C~
I-i u - u-

I 1--i — ‘ —  - - -- ‘ - - ‘  - - - ‘ - - - - - “ — -

‘ - u- f -u - 1
f- - n

I I.)u-I l u -i
‘- -*

N

u-lu-1 (u-u-

11~

u-h

u-u- u-

T~~
. 

~~~ 

u- . 

~~

u-

u- 

u

-

u

-

-
~~~ ~~ ~

‘

-
~ 

.- u- u- u-

1’ LI lu- - n Lu-

u- —

I 
ru-i II u-/,)

u - u - i ’I 1 ’

- 
— 

—~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

~~~~~~~~~~~~~~~~~~~~



-

t(u

- - ~~~- -‘ “- ‘ - - - -

- Lu-’
u-n u-~, ‘ u -~ 

u - u-- ~
,, 

I—,

‘ u - u - u - u -  u - u -  I u - u -  u-_ u-u- u-
u- —‘ — , ;  u-u-I - - - u - u -

I ’ *  - -  1’ u- u -C
-
~~ 

— 

- v u -  u-, u- -u- u-

C u - u -  113 u - u -~ - 
u - u - u  -,~: ‘ u- u-

u-I 
u - u - u -  u-r u- u- ~u- ,u- ’C - ‘ i

_ 
u- u-

,‘‘ u - u -,’ ~~
‘ h-~ u - u - u- ‘ ‘u- I u - u -

u - u -  u - u -  113 u-- u-’ l u - u -u-’ u- - u -u- I”
- u- u- I -u- u-u- ‘

- u - I l  u- ’I- u- u - u -u - u-
u- ’ u-u-p ‘-u-— u- , u - :  u-u- u- u- ,

u - u -  “-u- u - I ’  u- ‘ r ‘ I C’ . u -  l u - I  u-_ u- 5’- u-
u-

u- 
- 

iu -  u- u-u- i u - u -  u -u - 4 , u- ‘u-I u-u-
—

u- 
u- u- 

u-
u- 

u- u- _ u -  
u - -u -  1 ,1 — 

- u - u - u - u -

u - u -  - 
u - I  u- u- - , u- u- U) - u- u- 

- - u- u- u-u - —

I u- 
u- u- t

- u - u -  - ; ‘ u - u- u - -u- I,’ u - u -  ‘ -  “u- - u - u -u- - ’ u- -u-iS 
‘ u -  u- u- - - u - u -  u-_ i I - - 

u-
u- 

- u- u- u-u- u - u-u-” - ‘u- u- u -u - u -u- u - u -
- - u. I u-~ 

u , u - u - u -  u-u-

u- u- 0 u- u- u - u- u- u- u - u -  - 
- -u- - u-_ u-

u - u - u- u - u -  u- u - ‘ ‘ i t - _ _ 1 ’u- - I
u-u- - - u - u -  u - u -  u - u -  ‘ I u- u- ‘ - ‘ u-u- I, -

u- u- u- ‘ u -  - u - u - I” - - u- u- u - u- u- u-C u- - u -c u-u- 
-u- u- ,, u-u-u- - - , - - - u - -  u- u- I

~l ~

u-u 

- u- :u-u- 

I 

u

-
u - u - Il l, ‘ u-u - u-u- i u-~ - u -  u-

u- u- ‘, u- u- Lu- u- u-u- t 
I, ) 

u-u- ~~
“ f u -

l u - u- l u - u- u- u- ’ u-u-- u - - u
,u - i - -  u- - ‘ _ I:

— u- u - u - u ,  ~ u- i l  C
III C u -  u- ’ u-u - u - u-C u-

u- u- u-” (‘ u-- I u - u - : -  0
l u  - I ’  cu-~~~~~•u - :  ‘ u - I ~

- . -
~~~~~~ 

- 
~~ .—- - 

- — 

,~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , -—



~~
____ _-

~~
:- I—-’- -_:_

_”_ 

-- -“— ---‘- -- - ‘-5--- _ _ _

~~~~~

____-‘_____u-________u -_u-
-_T—-—-”:-- u- ”

7u-”
~
:-=-T:—-- --u-- --’-u-’--- ------ - --

~~~~
-
~ 

—. - ‘u- - 

~~

_— - V

-
I I r~ ~~~~ 

u- ’  - _  - 

- “ - - 
u- - 

~~~~~

--
‘ .- ‘- - ‘ r

~ I ~ 
,/ -u-_ u-- -u--’

-

~ I ~
,/:t1I ‘ - l u -  .1 1. 1 --/H 

- 
u- -

~~~:~~~~~~~~~~~~~~~~~ 

- -

-

u- N
P,
,,-’ 

_ , _  _ _ ., / -
u- _ u- u- .

-

~ ~~ 
/ ,/

/‘ 

- -u- -u-

- _/ z 
-~~~~~~~~

— N ‘ //

• 0 
,
/ 

v
u-’

C N u- ,z
- ~e - - ‘ . - u - —u- - - -‘

_ 
u- /

u- 
- - 

-

I ~~~

-

‘-
-- -- ‘ /‘ 

-

i~~~~ 

‘
. - - - “ u - -  

u- 
‘ u-

~ 
, 

‘
-

I u- u-
’ u- - - _ 

u-/
u-

~ 
‘C’ - ‘ ,u-/ ‘

-‘ 
‘

: ‘ 
~~~~ ~~~~~~~~ -- 

- - _ 

/ I ~ ~ ~h ~ ~~~ I ~~~ 
- - 7 

_ --
~~

u- 

~~~~~~~~~~~~~ 
I ~ 

‘ 

I “ : u - , . .

~~~~~~~
I(’ - - “

V 

u- ’
_ .- 

~ -

— H u-u-u-
u- - ’ - .

c ~-, ~) - 
- 

_ - ‘ u - - - _ ----‘ --- .- 
.. 

-

.~~~~~~~~ ~~~ ~~~~~~~~~ 
‘
~~~~~

, 

_ ‘
u- -

’
.

-

14 cr u-
~ 

- —-- - ‘ - --‘u- ‘ — ‘ - - -

_-i ‘
9 - - u-u- - -

•
ui’) ~ 

u-u-’) ~ - - u- - - -_ -

~~~ 
—u- -

u- 

~~~ l

-J 
I 

- - —

:~ 

,

/
‘ 

— - 

/ 
-- - - 

/ 
/ 

/

ci
u-u -u - lu- f )

~
: 

u-
u-
~

u- - _
u-u- u-u

mu--’ u-u- u-u- u- u- u - u -  u-u- u- I 1
ci u-u- u -u - u- ; 

u-C; ,: ) u-u- 
(I L

’;

~u- ‘-
~ u - - u - u-u-u-~ ‘u-~~u-l u - - I u-u- u- u- u- u - I - u- - u- u-

-u-

u- ‘ u-u-) 
~ u- u-

0 u- u - I
— —u -‘I u-~ I I

— u - _ I  m u- I u - 1
r , u- - u -  u-u - u - u- u - ,  -

- u - u -  u - u -  u - u -  u - C O  - - - , -u - u - u-

- - u  - u -u-; u - u -  u-r” - • u -  
u-

u- -

~ 

u-u- ’ ’

• 
‘-
~ 

Lu- -
‘

u- u- :1 1_I - u - u -  u - u -  u- u 
- ‘ u -

_

u- 
- u -  ‘

II u- I 
u- I I 

u- 
u- c u - i

i~ u-) u- u- ,‘ 0 u - u -
u- u- u- u- ; u - u -I u-

u-
- ‘ u- ‘

~
- u-

u-
’ u- u-

‘‘I, L u - u - u - u -  u-i - u  - l u  --u- u - I ‘ ‘  0 ‘u - - ‘ — u - u -  . u - -

u-_u - ~ u- f— n f— n 
u-

u- 
~ u- II U) 10 u-i’I I —u- U) u- u- 

‘u- - - u-u--
u-u- I) II u - u - u -u-

u - u -  u- -u- u- -
u
-

0 , _ u - l u - I ,
u- u - h  u - u-  

-
-

r u - I  ‘ u - u  C)

1.- 1 -  1~
- u-

L - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
___- 

u - ’  

-“;
-



u-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I r

I
I

I-
I

I

I c - u-

I
u- - i
cu -_u-r ‘, u- i

u- u-u- ,

I
I 

u-

~ 1 

-

i 
u - _

~~~~~~~~~~~

’ i

I u- 
I

I u-u- u - u - ;  u- ‘ u - u - u- 
u- u- ’ , ‘ u-i 

u-
u-

, ‘u -_ u-

I u 
u-’

u-
, I 

;:

L u - H  H 
H 

;H H u
-

( ‘u - u - )  ( u - u - ( u  -I u-
u- - I l  C) Lu- 

~
u- u- u-

u- 

- ~ I” I)

J 
,~ u- u - - I  u - i  u- - I * - i  ,l  u - i
l u - u-

u- I) ~ 1 I u -

.—- ‘--
- 
.
— 

u-
~~~

—
~~~~~~

-’
~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ _ ‘ 1~~~~~~~~~

—”u---_-
~~~~~~~~~~ ~~~~~~~~~~u-—-



- ~~
u-T

~~~~~
u-
~~~~~

- 
- 

‘ _ 
~~~

— - u- —

~~~~~~~~

- T T T ~~~~~
-
~~~~~~~~~~

-—
~~~

’ ’
~~~~

’ —_
~~~~~~~~~~ ; 7 11

u- ~~ ~~

- 

~ ,iI_ II ‘I ‘II~II~I’ Iii 1,11’- 1 ~~~~ Iij~II I~I
t

• 

r~ j 
~ 

I I I

~ ~~~~~~~~~~ 
- 

~~~~~~
- 

I ~ ~
u- 

~ 

, 

~

u-

~

u-,Ju- u- u -

~

.u- .u-,~~~~, ,, , ~~~~~~

I I L  I i  u - u-

-

- rr iiI 1II1~~11 IL
H H I H u -’

u-

~

f

~ 

L i_
_ _

L
_ __ _ _ _ _ ’ ‘

~  ~ 
.. u-~~~~~~ . u- L u - u- - - ‘ -

• 

-

‘C u - u -  I

lu-l~~~~~ (‘I u-ru-I I’
u - u -  ,u-,,u- 0 u-u- 

‘ u -  u-u- ‘ u -
u-
- u-u- u- u-

~ u- u - u - 0  0 0 u-r~~~ I L L  ‘ u- u- 
u-
I

0 ‘u-u-u-I ru-I ‘ 
u- _ u- 

u - u -  u - u - , u-u- UI u-u- I
1 u-” u- ,u- ,u- Cu- u - u - I  ~i. :~ 

¶u-
‘13 ~,u -0 u--u - ‘4- ._ u- u - u -  u-u- - u-u - u - •  ~

u- u - u -  -~~ u-
_ u-_ u -  -

u-- u- ’ Cu- 
~ 

¶~u- 0 u-hi u - u - ’  l
u-
I 

- u- u - u - C u - u - ’ u -u- ’.
u-

u - ’  u-,u u- 
— -~ - u - u - ‘ u- ‘ ‘ u-u-u - u -  ,_, ‘ u - u - “‘ -‘u-_I u- u-u-” lu-u- u- u-u- u- u-

0 (1 - u- u- u -u - pu-u- I-u- u - u - ‘ ‘ ‘ u- - i u - u -  - -

— “ u-u- I,) I u- ci cu-I u- u-ct
0 u-u- u-~ u- ~~

u- u-
~~) 

u- u- u - u -  I” ) u-u-’u- —r u- , 
u - u - u - u -  u-

_ u-
• 0 u- u- - u- u-s u-u- , ‘ u-cu u- 

u- u- u--u- U ~u- u- - 
- 

_ 
u- -

u- n-i -u- C) u - u -” ‘
~ 

r u - u- u- L u -  u - u - ‘ u - u -  - I-I u - u - u - u- u- _ i  u - u -  -

0 u - ’  u - u -  0 
‘ u - u - Lu - u - u -  u - C  u - u -  , , u -  - u- u- u

-
n-u- u-u , ,  , u - - , u-i - — -  - u-u- u- ‘u- -u-u- u- u- I - - - ‘

(‘1 L u -  0 u- ’, 
‘
u-

u- ’ L )  
— u -  

I I  
(u- ,u- o ‘ u- u- u - u- u- u- u-

L 
i-u- u-C) 

lu-i (u-I ~ I - u -  ‘ -

U U u - l u -  u- u- - 
u- — u - u - u - u -  u - u - u- u-.

V u-u- mu - ~ ‘ ~ , 
u - I, - - u-u- - -

LI 

~‘u-u- 
~ : c— u-—u -u- ‘ I  u-

u- I

C) l u - u -  u-,) C,
’) 

~~~ 
u- u- ’ ;  -: u - u - u-

1) - l ’ f  

- . _ _ _~~ , u -~~,_
— —~~ -u-~~-- -- ,_-__- u -~~,u-~~~~ ’ 

- -u--- - — — u-u-~-~~ 

-

_________



F~~~
”-i r

~~~
’
~~

- u-

r
N

cu-u-
N

N

u-ti - ----—---“

0
(“U

u--u- N

z
0‘ I —

• I--n 1’—

1 ) -i S

- 
— 

u

-
-- u-. .u-~~~~ u- u - u - ’ ,~~~~~~~~~~ 

- 
‘



I

r
‘I ,•\ l’u-~ , t u- ‘. l u -u-

l O L l-I l  N S i I u - l~~T ,lL l I  LIII S k u - I u - C u u-~~~I u - - \ C l u - u - I  ~ l’Ol~ N i l  i l’ u-\ R \’ 1 u - N I  S

l u - u - u -- u- tI I ‘ u - u - 1- u- - l u - l I  l l u - ’i u -~
Su - u -  ~u - u - 1  ~~~ u - tn ’  u - a u -I u - u - ’ u- u - l i — u- I  md

j l i ’ , u -~ - ; u - a- 
- — _  —u- 

(
u-

u- u- u-i’ u - u -  1u- ’ u - u -  i u - u -u- u-u- i u - u - u -’ 
- 

l u - u- u- li . - \ ~u l u - : u - u -- ’

1

1 

. - - - -

— — - - - - —— - u-- - - - _  _ ‘ - - - _  _ 

1
I -—u- ‘ - - u - _ u -  — u- - - — u- - _ - ’ -

- 1
I _
1 j u - u - i (~ 

- - - -



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘ “ ‘

~~~~“~~~‘ ~~ 
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘u- -,u-’ ’u-u-- _’ ”

I 
r

I
‘1’tu -~- l ) u - ’ 1 u - u - u - ’ f i u u - u -u- I1l of 1) u-’ f u-’ u - u - u - iu- ’ u - u - o u - nld l i h u -u- In i u - n i l j , u l u -’ 1) t ’ u - I C u-u- u-

_
u- t u - u - u -’ u - m t

1 l)(uliC~ (’~ 
\\ lIiCtl 

~~
u” p u- ’n~g i u - u - u -’ c u - mu - u - I Iou-v . j n u - u - i n l u - u i l I  u -u - u - u - u - u - r u - l u - ’ C C u - p u - u - u - ’ i l \  l u - u - u - -

u- CIllnu - I’ l I u - u - l ” I (’ ic ,‘ ln u - cl ;u- l~u- o n u - u - m u - u l t u - u n  pn’ u- ’ - ’ n ’ ) u - u - iu - u - u -’ u - u - C u - u -  ol ~,
I S f i n ’ n l u- u -  i ll ‘ u - u -~u- iu - u - u - -

tu -u - C l u - ! u u - u - l u - u -u- IV ~ A u-.u- y u - u tu - \ i u - u-\u- u- f l u - u -’ u - u - u - -
~~ t f i\  u- y u - ’ u - u - r u - u - f u - u - u -’ \ u - u - l u - u - ’  Cu - ) uu - ) i )u - u - I u - \ , C u - u-l u - l u - u -’

in t d u u - u -  I I-v u- (‘ u - ) u - I l d  V u - i l l  (‘ u - u ) I i I )  mu - u - u - I  u u - u - t h u - u- u-~ u - t u - ’ u - u - t  t u-, u u-u- I u - i u -’ lu- u- - u - u  -u -u -lu- u- u -I
’ t I  ~

I f u - u- I1u -u-’,u- i u - u u - u -  \u-~ l 1 l u - u - u - u - u - t I lt 1)1’ (il ) lu - ’ t u - l u - i  ‘,~ l u - u -  u- u- ’ - u - u - 1 i u -’ u- ’~~i u - u -u- l u - -  ] u - u - u - u - t - u - 1l1lI ’ , l u - u - u - u- u - u -

tI)u-’ u - u I  l u - u -  ‘ u- ’ of t h u -  1 u u - ’ u - u - l u-l u- u- f l t .

1) ,‘ \lujt j u -~ to r u - ’ ’ t ’ u - u - i t , I v C) u- ( u -u’

i’ u - ’~u- l u - u - C u -’ p ru - uu - l u - u - u -’ u - u - a u - u -  u-u- u- u- if l s

- 

~ i A l’ i li t v  l u - u -  r u - - c  r u - l i t , I u-’ u- u - i u - u -  u - u u -’

r u - ’ u - u - l u - l u
-
’ u- ’ lu - u - u - lu - u - u - l u - u - u -  C - u - i  u - u - n u - I

iu - u - rl u - , u - u -~u- u - ’iil u -u - u- il l u-u-

I ~
) Ol u-l u - i l l  Illi~ ( l u - u - I ’ l l  u - u - I  u-’, u- I i i

l u - u -n ’  u- u-i n’ u-’ u- ’ ,u- ft u - u - l u - I  hut ’  d’u-v i  u - u -u - l u-

- 

_________ ______________

u- 1. LI - ‘0

______ _________ - -

-. ~~~~~~~~~~ ~~~~~~~~~~~~~~~~



‘r 
.r~~~~-:. ”' --

~~

- r

I
4) N l ji n l u - m i n l i n~ u-u-’, cu— u - I c nlIu-~’ t i I  i \ u - ’ nu - ,’SS

u-u- u-u- ’ j i l l  Iot’ u-’ ~~u - I I  u- - u - u - i ’- l u - l u -’ flI u- -u - l u - Cu - ’  I’ u-u-

F~) \ I , u i u - u I , , l u - u - l n u -u- I u- ’ ! , i I I C , u - l  (‘ u- I l)ip u - ’ t i t i \ ’ u- ’u - )u -u - - u - - u -

‘u- iu -  m u - u - , ’u- ’i u- u - u - u  -u- u - u - u - u -, l u - l u -u- II  l u - u - is u- _ I ’  u-

o

(u- ) J u - u- ’ u - ’ u - u -’ u- ’ I I ’ u - u -  C , u - .~~~~, I u - u -’ Iu - u- u-u-u- i u - u- u - u -  l u - u -

- u- u -u - u - u - h u - u - ’ u - c l u - u -u - u - n  I t’  r u - ’ i u - u - u - i  u- ’ u - u u -’ i u - u - u -,u-u-.’ u - n u - u - h u -’ u- ’ u-u-

1.

I
I ~ Ul C u - ’ I’ I, ’ u - I u - I V  u - u -  t i n ’ i n ’ u - u- ’ u - t u -~
l u - u - l u - u - u -u - u - u - n t  ut ’ ‘ u- u - u - u - u - u - l l u -’ u- ’ u- i i i  ~, Iu - u- ’ u --

I.’
E
I 

u - - ~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~



I
5) 1 ‘ f lu,’ u- ’ ‘lu- l i u - u - u -’ in I i ’ u - u i n u - u -  C u - u - u - C!

i 
u- u -f l ( l  u - u - l I l u - u I u - l l t  u - f  m n i l i l a u - ’ y  s , u - I u - - s

1

L
I

u -u - f 1 u - u - u - u - ~ ih lu -  u - u - - u - u - u - u -’ r ,u 1 u - u - u  -u-- u - u - u -u- u- u- u-

- Iu-v li~ u- li u - - C u - u - u -u-n - u - l u - )

a

I

I 0) I , u - - n  u- u - I u - - u -’ I i l u-~~ l u - u- u -C l t u - U u - c S  f l u - l u - i )

u-u-u - u - u -l u - u - u -u - u - r i  r’ ,u-i u- I l l’ u-u-

I
1 I )  \ u - u - u - f lt , u - j u - n l l u -  l’ u- ’ I U I I u - I I

u
-

I u- u - Il u - u - u - l u - u -  I I’ , - l u - u - n ’  S

I
I
1 

11- ,’ .’

a u-— -- u- u- n,— Jr ~~~~~~~~~~~~~~~~~~~~~~~~



I I
l

I !~ l l ; i \ ’ i r u - u - u -  i i l , t ( I t n t I n u - i l u -’ V . I l ) u - t l ’ i I \ ’

I 1 I l , m vi u - u u- I t u - u -u- u- - u - u - p , u -  u- l u - v

u - u - u - l u - - l u - u - ( u - l u - u - I  u- u - u - u -u-I u- u- u - u - I I u - u - u - u - u -  u - u - u - )

I
I 

I

I) , ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



u- u- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - u- -~~~~ u
-

r
‘ 

I
P1 u- ’ ase  list those vaIl cons idu r n~~uSt su-_’vu -’I u-’ in i’u - u u - I m,u- iu -  1u-lnk UnCle I’

1 1 .

Ii

t

4-

1) - u- u- - i

-_‘~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~~~ - -‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
_ _ _ _



-- - u - u - u-

r
I

nu - u - ’u - ’- ’ u-ti’ c hau - u-u- i u -a u-l I)(u- )l) pn’ uu - ’ u - n t ’t’~’~iu- u- ni t l ) u - ) l ncR ’ ’  cli’ ~‘ t I I I  S u- ’ u-~ u - u - S

I coni n’ i ln n l inu-g In t l u u - u -  g u - Cl l S 1uIu - ’ I l I i u - ) m I u - ’ ( l  u- t h u - u - v u -’ u - u - S  we ll u - u - u - c  u - u - u -  ‘ u - ’ l i n u - g  S u - ’ I u u - u -’

of I l u - u- u  - cu - u - ru - I iu - u - l 1)l’ u- ) ’u- u - I C l l l i u -  l I u -u - u -’ n) (j Ul l I,’(l u - u - l u - u -u- u- - u- ’ u-

4



- _

r

u-4u- , l u - 1 u - l ’ N I ) J \  l u -

I
I -I~~u - u - u -  Cu- l u - u - !  ) u - u- ‘u-

u- H 1) , ii u-u n u - l- ’ u- ’ d  u - u - r u - u i  l ’ u - ’ u - u - u - u -u-u- r u - - n  u - e l  ~u-

I In ,-\ ‘u- ’ u - ’ , u - -\ -1 u - u - - N i ’  c u - u - u - f t  i - u - l u - u - u - l u - m u- i u- u- ( l u - u - u  u - i u -u- u- u - u-~

i i

~ I

I

I
I

I ;

_ _ _ _  - ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ _— --



-

1
[
I

’
u-lu-Au- ‘ ‘ l i - u -  I’: . I

1 ‘
~

‘u-~l~ 
(u-I C( u - l l u i )a i l i ’ S  il l DOl) S u - l u - ’~

Pu-u- i n’c i’ u- t f t I n u - u - , i I u - t ’  u- u-u- I u - u l,u-u- u-

I u-d1t~~~ J~~~
n
~~~ _ _~~, - 

DO ) i: u~~ifl~~~~~i u - u - u -  ~~~~ (00O l

I t) iij t u- u-u-u-1 u- ’\u- n’ci’a!I ( l u - u - i J ) . u-
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1 ? (il ( u - u- ’, , ’
, 

u-u- f l u-

3 Au - -u- c o  (lu-ui’p. ‘ u - L i , u - u- ( ) u -~

I ‘I IN) Cal- i . l u - u - u - ). u - u - ’

- 
u- u - ( ‘ l u - u- ’ i’ i u - ;  \\ u- m’ i u - ’ l u - t  ( ‘ u - u - I ’ l l. u - u - u -u -  1) - l u - u -

( u - C, I I  u - u - u - d u - un C u - e u  u - u - u -  u - u - - r  C u - u - I  I ( u - u - u -  i’p. ~
‘ u -- I u - C )

7 ( u - u - nu - I u - u - ’ n u i u - u -  1 u-N v u - u - u -  u - lu - mu - u - u -u -nd i’u- n t u - i u - u - u - u- ’ u - - u - f l u - ’  Co . u-’0 , u-~ 0 - u -

I S ( u - u t ’ m ’ u- ’ t t  ( l u - u t ’ 1 u -, It , u - u - I d

u - u - 1 ~I 1 lu - l~~u--u- C,I,u- u - _ l u -. u- u- , ,) .~ u -u

10 ( l Iu - u- u, n ’ u - d t u -u- i’ I u - u -- u - u -  n c-u- Cu - un ’j ) .  10 , u - u - u-
u- I

~ i i  l~~ u u - u - i u - u - u -,u- (‘ u - u - . 5 , ( u - - l u -

I ,~ lid c u-e u- ( l u - u , m l  I L u - ru - u - u - t u - u -I ’ u-~ Il . 1’ , 1 ,~ u - I

~ I iu-u-u - t , u -  i ’qt t u - t  l’dt -, ‘ u - u n - p .  ‘~ ‘t , u- u - i

I ‘I 5 u - u -  u - u - u - u -I n- ,u- n u - u - i (u -It’ ll , 1, I

[ l u - u- lu-u- u- u - u - u u , u -iu - , - \ i n ’c  u - ’ , u - m~ ( l uu - u-’ u - u - . ,‘ , (~u-
’u (1
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I
i ,  i l u -,)llI,’ ’ u -u- (‘,u -i- mu - u  u - l u --u - u - ’ (“ u - u - , ( u - u - u -u- u -1

18 N. A nne i ’ i c u - u - n i  u-’ \ v i u - u - t i u -u - iu - I n t u - - . 1 ,507

I
I t
~ ( ‘l u ’ u - n luit i ,m s i t u - i  riu- i

u- u- I
u- i g  (‘ u - u - S I , ,Yu’~~

u - u - I )  l~ u - u - r m u - \~‘ .u - u - ’ n u -’ u- u-~’ . 1 , 0

I
,‘ I \\ i ) u - ’ u - I\ \ u -,u- l’ (I (I u - u - ’  t n n l’ (‘ u - u - , I , I ‘ II
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I Comìn ) an ~~~____________ 1)01) e n u - l i m m t ’ s  Sales

I 
30 Spe rry  Rand Corp.  747

31 Vic1~~’r s Inc. 743

32 A t l a s  Corp.  72 9

33 Genera l  Lab A ssoc .  Inc. 705

I 34 Unit u--u -d A i r c  u - ’a ft Products lu--m e.  70?

35 Stein Seal Co . 701

I 
36 u - le t  A ’u-’ion C orp .  685

37 A mncu - - ica n Pu - ru - u -lu-c Shoe Co . 6 - l u - f

I 38 u- -u-u - i r u -- r a f t  Pcu t.-ous Me dia lu -u -u - c . 6-1 1

39 \‘apu - r Corp .  609

I 40 Ti- u- ins Sonic’ s Inc. 607

4 1 Ca) V u - u- i  R&D 541

42 Mi~~1m. Dyn a mi c s  Inc. 536
43 Gilco Inc . 500

44 Fi’ u - u- u- u-kiln 1u- u~ u - i i u u - ’  Co. Inc. 497

45 Cu - u - o pu - ’  u-’ati\’c Tu -u -du stri es l u - u - u - u -. 467
- 4(, Au - - u - ’ok it s I u - u - u - . 4 (u 6

— 47 u-u-\ i i’cu - ’ ;u -fI_ bu - ip pi v  (‘-u . l u - u - c .  - l u - u -u - )

‘ 48 T1’u-ou - uips u-u-n Ru-u- u - u - u - o  \V u - b id ridge l u - IC.  4 ~ 0
- 

49 S Ku I n d u - u - s t r ,i u - ’s inc .  - l u -I ?

50 u-Jo i ’u -’i s C o r p .  43 H

5 1 A i r  Log i s t i cs  Cu - ur p .  1 -1-1

5? \Vi l pu- m,c M u - u - i u - u - u - f u - u - c t u - u -  u - u -  Vu- Lu- Cu - u , - l u - u - i

53 \\ u- ’ s t i f l~~1 lu - ) i ) S u - ’  EII ’c I  n c  C iu u -1 u- .

I 5 1  J ” au - ’k eu - ’  1 - 1 u - u - t u - i u - i l i n  Cu-n -p .  ‘ 1 1 ( 1

55 1 ,u - u - c lu - 1 i u - u-ed A i r C ’  r’ u - u - ft ( u - u - u - u - p .  ‘ i i

56 NIIp~u-C’ n’ u-u- C u- u-. I nc .  3 u - u - u u -

57 1”u-u-ru- I N- 1 u - u I u - u - r  Cu-l. u - u - u - H

j  
u- ;8 Nurt} iu- ’u-~~ri (‘l u -m’p . 3 u- u- ,),

59 P ,n j fj c  A l  u- ’ i n n dj v u - - Cun’p. 3 u - u- ’

60 ‘fch- f li-x Inc. ~~u - u - H

u- u- I
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Company DOD 1-u-ng in c s  Su - u - 1 u - s 
_______

- m 
6 1 W 1u - i l tak c u-’ C o r p .  3 1 5

Sales lm ~ 10-C CocI u- ’ A - i  1,1 ( A i n - e r u - u - f I  1u- ni~ , in - m u -u - s  u - u - lu - C l Ru- ’l u - u - t u - u -d Spu- Lrcu - ;  u - m id Pu-i i t s )

3- S mbs t u- i n t i a l l v  u - u - I l  l~ u-~ 1)

2- G u- - eu - u - t er  ( lu - u - u - n r u - O u - u- 1~u-~’ P

I f ’ u-  t 0 — H O ~~ u- R&D

I
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TA B LE E 2

I Top 7 1 Corn panic S u- f l  1)0D Su-~ I es iii

Air  cu - - a f t  Emu-u- i ne s 1 1 ) 7 u - u-

I Cori tn,y~~~u-_ _______________—______ 1)01) f lu --u - ’~~’
u- S . u -  Ie~ -~~~( O O O ~ — .

I United Technologies Corp. I , u - u - u -u- u- u- •

2 General E1 u- u- u-ct i ’ ic Co. u - -u -~i , u - u - i

1 3 Gu-u-n iem’a l Mu- u -to rs  Cc m u- - f l. u- u - l u - u - , u - u  - u - u - u -

4 A v e u -  Corp.  -1 0 , 3 u- _ u-

5 Ru) lu - u - Royce Ltd . I 7 , 0 IC)

6 Gar ru-u- t t  Corp. 1? , 3 u - u - ’j

7 Teledyne CAE 
1 1 u-u- I 57

8 IlencliN Corp. I] , ?~13

9 \u-u-
u- ifliams P u-se u - u -  rch Corp. 

2 1 0, ~-~ u-u-

1 0 Cur I.i u- u- s W right Cur j). 7 , SC- I
4

11 Sun S t i’u -t nu-d C u l t  P. 7 , ? I  I
I

12 T,,Jnitecl A i rcr a f t  of \ V e s f  Virginia -I , u -l u - u -  I

13 Caiu-adi au-i Cu-lu- - u - l u - u -  u-cr c iu-u- I Corp. -1 , 3 1 7

14 Lockheed A i r c r a f t  Corp .
2 3,615

15 T(’ledync Inc . 3 , 1 ‘l u-u-

I 16 CL,u - nd l u-u- u - r T-~vanu- ; Corp. .‘ . H O - I

I 
I? \\- ‘ i I : u - u -~i \1 u - uc ln i nu  -Cu-u-. lu - i c . 1 . 5 1 ( 1

IS Gu- u- t ’y A i t’ c i ’ u - u - f t  (iIuu - ’~~ . I , S

I lu-) Al ;u- iuio ,\i l’& ’ i - u - u - f l  u-l tn) ) I .u l \‘ lu- Ic. I , ( 7

1 
20 Te ledu-u-’ ru - u - ’ J n d u - u u - u - t u - ’ i u -’:; Inc. 1, ( u - 3 7

~
i- j  _ ‘ -21 u-A t ’inn tmv u-’ I ’ l u - l f -u- u m t u - ’ u -_ ’ ring Cu- rp. 1 , 1 u - f l
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22 Colt industr iu--’ s Inc . 1 , 376

~1 23 A i r c ra f t  Supp l i e s  , I u-~~

I 24 Luc- u- ms Aer ospu-u’ u- Std . I , 0?O

25 TRW lu - u - c. u - u - _ I ,

I 26 C u - uu - u p u - ’  )- -N i t ’ r u- i ( it i u - - u- ’ Co. Sn-I

I ?, ‘I’ lu- u- u- ’ u-’yu(l’u - u - u - u- u- ’ u - u- Cu-u-.

I 
cu- S Gcruu-- u - - :il iu - It’g. Cu-u-rp $~~~~1I

29 , I ’ Iecl  ru - u - \le t , Iu -u - lth u - lii u-u- . 7 5 u - u-

1 30 Du-u-hu - v u - m e  Ni iu -~. Co. 7n0

~ 3 1 W ood u-u-u - ; u - r cl Go~’ ernu -n’ Co. 7 u -u- u -

3? Pnu-u-un u - u Corp. 7 Hu-u-

33 Kiu-lde \ V a l t e u - ’  u-u- u - u - l (u- u - l u- u- u-l u-u- c .

I 
34 S i n u - u - i u - u - u - u - u - u - i s  l’ u- i’u - c u - siu - u u - u -  i~ ru u d u - u - u -- 1 u - u- uS~

31” u-fu-
~~~~~~~ I m u - u -’ . 5 uu ’

3(1 r\s~~u - u - u -’ u - u - i I u - ’ m l  Au - - r u - k u -p u - u - c u -’ Ac t iv i t ies  5 u - 1

m’ U, S. u - - u - u - u - u - all 1’~us i u - u - u --u - u - s

38 Tu-u-xu-u- s In c truu- iiu-’nI m u -- . 53 1

I 3 u - ) lu- ic ke n Mf g. Cu - u -. H I 3

40 l u - e u - t t ’  Si - t u - I u -’ u -’  In - u - c . -l u - u - I

- i i  1 , l I u - ’ d  (u - u - I l ’ 1) .  -l u - u - u -

u - l u -’ T u-’ 1u-’II.’x Inc. ‘I 71)

I -I ~ N u - u - p p u -’ u - s  (‘u-u . l u- u - c .

‘ 1-I A i ru- u- i , u  (I lk ~ i’ u - ’ t i  S u-u- u- u - u -  ‘ u - li u - I lu - l u -
u-’ 

• ~l u u- I

- IS I I u - u - m u u - u - u -’n l - u - u - u - u - u - i l u - lu - ( ’ i ’ i l u - g  au - u - u - I  l \ l u - t i_ ’ li . (u - u - u. u - l u - u - u -

I 1 - u - - u -

~~~~~~au-u- ?~~~~~~~~~~~~~~ n-u-~~~~- - _—-u-- ’t 
-- 

.‘ 

- - - u- — -

~

‘ 
~~~~~~~~~~~~~~~~~~~~~~~ -



~~

u-u- ’ -u-u-

~

—.- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

- - - - - - u- u - , ,,
~~~

u- . u- , 
u- 

~~~~~~~~~~~~~~~~~~~~~~~~~

I
I
I 

46 SKF Industi’ iu-s Inc. 446

47 Sper ry  Rand Corp. 440

1 48 Ly t’ron Inc. 429

I
1u-) P a r ker  I 1u- u- iu- n ifi n Cmp . 383

50 Gould l u - u - c. 377

1 51 Stein Sc u - m i Co . 3 7 - )

52 V o u - u -, u- u - u -u- lj’i s t r u u - n c i it  3 1 5

53 A t l a s  Corp.  303

1 54 A u-ou-~u - u -~u- Corp. 29?.

55 Livinm,u-stoc u-Industrie s Inc . 283

56 Lenox I nst i ’u -u -tnu --u - nlu- Co . 278

57 Fenwu-u- I l n t e r n a t i o i i u -u l lu- ic.

58 l u - u - i  u-u- ’ ru- lu- I tiuu-)al I lu - u - i’vu - ’ s tu - ’ u-’ Co. 26 Cu-

5q Je t  Av ion  Co r p .  25~t

60 Clu-anu-pi on Co. 2 5 u -u-

1 61 1~oci ng V e r t o l  Co . 2 5 ?

I 
62 Stow Mf g. Co. 2 - 13

63 Arkwin Industries inc. 236

1 6-1 hou-,’ing C u - u -. ?36

(u- u- u -  I u - u- n u - c j j u - -u -  u-,A lu - i t O I j t u -u- Cu- oi ’ 1u- .

6o I~ uu - n n ’d (‘u- lu -’ \V I - ld iuIg an(1 l u - u - u - u - u - i -. ( u - u - u- _ u- ’- u - ’u-~~u-

1 67 Supor iu- ir ~-\i I~ Ri u - - t S  inc. u - u - u - u -3

6$ Lynch  ( u - u - i-p .  2 1 ’

~~~ ~ a i l cy 11~ &- A u - ; u - u - I u u i , u - I 1 u- u - 2 1 0

I I - u - - l u -

— -  
- 
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—‘ -——‘-——
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70 Norwood r’rccision Products  Inc. 205

71 Dyna Empire Inc . 204

I
I —_ _ _  _ _ _ _ _  -

I 
Sales in 10-C Code A -113 (A i rc ra f t  lu - u- dus t r v )

3— Substaiu - t iu - u- ) ly u - u - l i  R u-\- I)

1 2— Greater than 50~~u- p~~~ u~)

1 
1 —  1 0 — 5 0 e R &D

I

I

I
j

I
j

I
I u-

u-

1-; - - ?
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