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ABSTRACT

This report contains pvopell~nt test results from cartons of

TP411011 bulk propellant representing LGM-30A and 3 First S tage

Minuteman Motors. This report is the ninth time that a statis-

tical approach has been used to analyze First Stage bulk car ton

propellant. Testing was accomplished in accordance with MMEMP

Project M62413M 4MP068P.

The purpose of testing was to determine and pruvide early

warning of any serious degradation trends occurring in the pro-

pellant for service life predictions.

An ana’.ysis of all para*neter3 indicate that no potential

problems are expected in the propellant for at least two years

past the oldest data point.

Data stored in the 0085 System were plotted utilizing the

IBM 360—65 Computer and CltL—COMP Plotter. The data range at an”

age can be found by suitable inquiry of the G085 Sy3tem.

Each point on the regression plot represents tie mean of a l l

samples at that particular age. The number of specimens at each

point is indicated on the sample size su~~ary sheet on the page

accompanying each regression plot.
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GLOSSARY OF TERMS AN D AIILI REVIAT1 ()NS (co n t )  
5
-

MaxImum Stress

S i  St ress at rupture

Standard Square root of variance
• Deviat ion (S~-)

S t r a i n  Ra te Croashead speed divided by the EGL

“t” t est A statistical test used to detec t significan t
differences between a measured parau.eter and an
expec ted value of the parameter (determines If
regression slope differs from - zero at the 95%
confidence level)

Var iance The sum of squares of deviations of the ti’st
results from the mean of the series after dlvi—
sian by one less t han the total numuer of tes t
results

Sigma Band The area between the upper and lower 3 sI gma -
S

l im i t .  I t  can be expected that  99 .73% of the
Inventory  represented by the test s~~ ples would
l aJ i w i t h i n  t h is  range assuming tha t  the p opu—
lation is normall y d i s t r ibu ted .

90—9 0 Band I t  can be stated wi th  90% conf idence  that  90% of
the inventory represented by the test samples
would fa l l  w i t h i n  this range assuming tha t the
population is normally distributed .
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INTRODUCTION

A. PURPOSE :

5 
Quality assurance tests have been conducted for thirteen years on

First Stage LGM—30A and B Mlnutemai Motor Propellant blocks to

evaluate the effects of aging on TP—HlOll propellant.

Statistical analysis of the tests performed , as directed by

Engineering, should provide ear ly warning if serious degradation

trends occur . Annual evaluation of the propellan t provide data

S 

that can be directly input into engineering reliability and service S

life predictions . Testing was perfoc’sed in accordance with

S MMEMP Directive GTD—1C and Cm—ic Pniendments I and 2.

B . BACKGROUND:

Testing was first accomplished at MANCP on LGM—3CA TP—HlOll

propellant blocks in 1963 and was designated Zero—Time Testing 
S

(MAGCP Report Nra 29B, 29C and 29F). Subsequent testing was acconi -

plished at approxima tely 24 month intervals (MAGCP Report Nra 29G.

291! — Phase 1; 76 — Phase II; 181 -. Phas e I II) .

- LGM—30B Zero—Time testing was accomplished in 19.54 wIth sub—

S sequent testing at intervals of 24 months (MA GCP Report Nra 32A —

Zero—Time; 32C, 49, 53, 55, 58, 61, 66 — Phase I; 118, 126, 130 —

Phase II; 195, 268 — Phase III).

-~ Repor ts prior to MACCP Repor t Nr 223(72) contained raw data

— 1 —

5 - -~~~~~~~~~~~~~~~~~~~~~~~ - - S ’  S
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us ing signit relation to compare t~ ~ e L o — ’t I ;n ’ -u lance . MAN CP

Repor t Nr 2~9 (72) published In A pril i J 3 7 ) 
‘ ~a i i ~ed all t h e

data on Lc~1—3OA, B , F and C in the t1085 Sv’-’t ’i i t  thst t ime .

Report Nra 258 (72) , 268 (73) , 280 (73) reported L(.M—30A and B data

in statistical analysis by itself . This report is the fifth time 
5

that LGM—30A and B data have been reported in this tnnnner.

Zero—Time testing was started as soon as possib1~ after

receipt of the propellant by MANCP . Da ta t r o n  these tests W O t

used to establish a base line for each test to which su b -t’qu’I

test data (AlP — Accelerated lest Plan) w r e  ‘ l m ~ :lrpd I n t l i c  S

S report-i lI’ - ;tt ’d iI’;’v ” .

S 1 ( I ~ 1 
~

- i ’p ’ I l , u i t  I ‘ot 1:1:1 I . ~~1’a~ i [t’ 1) - S S : O

to de te rm ine  t lt i ’  ,Ul)ll C1 ol ‘Pi 1 1 I’ O d  0 he ~.1lit I I  ( i n  ‘ i l c i t  pr o—-

pel.lant loaf and the sp .: i. f Ic ~~~~~~ n i t o s t s  to ‘~~
‘ ~~!. 1 0 5 0  5

specimens were subjectt- d . I,ow r a t e  I o n - ’ t i c ’  ,mU ‘dn e~’s spec i-

mens were taken from all LGM— 30A i l I ~ R t I ( ’ l’ S c . T I - M e  I mens fo r  S

other physical and combustion tests were t,iI’t’n from every seventh

block.

Some tests were not conducted at the earlier te3 t perIods - ‘

(0—6 years) and therefore data are ‘iot available for inclusion

In the regressions.

Post cure data for the first few years after casting usually

shows more change in data results 0 To see !ic’ w t h i s  a f fe c t s  the

regressions , analyses were pertor ’i ’-’J n s t r u t I n ~ it  six years

at ter zero tine to determine i t  . ‘ i t  ~~rn;.s I on 1 1 1  ‘‘n here s1~~nI 1 1

cantly d i f f e r e n t . Separate re~ r ’-:sIoiis w e l t ’  ;t ~~ ~t n i l  hu t  t~~li’ vt’ : 
•

- 2 —

5

5 
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low LtiM tens i le tv ’~ts. Where a slg n lt i.-ant. change was evident ,

the ~ t ’O-.s i s o  - i t ’ 0 Inc luded In t h i s  report  and labeled “Included

~ ut . ctmipari soi-i Ufl I~P” .
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Test Pr ogr ;tm

The teat matrix is taken f rom GTD— IC , Aineitdmei’it 2, and the rests , c~’nditl .is , 
‘

number of specimens and test methods are l i s t ’d  bel -w .

I - - c r  -

Test Conditions P - - c ’  i~ - ioi Cc’nd

Hardne ss 1.0 Sec I~ -~’b , -n ,  l’.j O~

Low Rate Tensile 2 . 0  in/ sIn 1~~” ~~ 
- -
~~~~~

High Rate T e n s i l e  1750 Iti, tn ln 3/4” D~~:mt ~ 1

High Rate T r i a x i a l  
~
‘‘

~ 
1 1 ,‘Se 3/4 ’’ CL R~I1 I (3 i .1

Tensile in /mi i i

1,nw Rate Bla’i,i’i~ 0. ) l n n i i i  ~/4 ”  (~I ~~~~ ~~ .‘ ~~~~~ 
1

Tensile

Stress Relaxation 3% & 5% ~/ 2 ” ~ [ f ) ’ x 4 ’ }~ 3

Dynamic Response 70 gin Ct wt ~~ . 3 d! ,t 
~, . j~~

” ‘1i.~

Sol Gel I 2 ” X 1/2” 3

VLR 2 x i0~~
3 in/mlii [‘2 ” , ! ‘ ~~\ A 1’ . o~ h on

Ignitability 168 ca1/oii~
2 Sec .O~~) ” w . f ’  

S

‘FCLE . 2 ( 1 ’ ’ w~l l e’ 3

Pressure Time 500 psi ~) - 
~t 3/ ~ X 1 ” 3

Burning Rate 1000 pal . I ~6” x .1 h ’ x ~~“ St r~in ,l 3

DIA 12°C RISe’ s i n  .0411” w I

DSC - ‘I ~t ’1 ’ w;’.

Poisson ’s Ratio 77 °? 
± 

20 15% ‘(1 ’ x i
• ‘ ~

S t ra i n  
S

Tear I~nergy 70 ° F 
± ~~

° I ‘ I - ~~~~
“ x ‘

F~iI. tui e Envelope 11’ ~, .F ~~ “ — ~~; n .’ I —

- 1-I - 
• H

-S S~~~~~~~~ 5 5 5 5 5 - 5 5 - 
- -

~~~~~~~~~~~~~~~
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I h e  l lo t - .tr r egresalo.i  m odel . Is used throu ghou t this report.

~~~~~~~ ci I L . I  t r end~- ami d v a r l a nc , ’  appeared to deviate from a l inear

i~~i) o i , other modols were tried but no improvement over a l inea r f i t

wi. , found . Individual data points from d i f fe ren t  t1~ae period s were

‘lsf ’d L~) es.ablish a least squares trend line for the data. The

,,.~~l oi ’e abou t the regression l i n e , obta ined usiag individual va l ues

1 ~h c- dependent va r i ab le , was used to compute a ~o1erance interval

ru ”hi that or  the 90% cont idence level 90% of the sample distr ibution

f: [j~ within t h i s  in terval .  T h i s  tolerance 1nte ~~,a1 was extrapolated

to ,i iuaxi.atun of 24 months Into  the fu tu re  from age of the oldest

.lolo r L&- ’;ted. l’he “t)’ values and the significance of th is sta t is r ic ,

~h-t~ h are reported for each r egrt -~s ion model , give an indicat ion at

the “sta t i s t ica l  s ign i f I cance ” of the slope of tha trend line as

erot: t jced to a line of zero slope. Data were plotted by computer.

nit’ “y” axis Is computed so that  the values at one inch intervals

are peculiar to the data si’~ ead of t ic parameter tested . Plo t t ed

h-~t , l  points represent means mm the particular ages at which test,np

occurrel . the number of spc~ m en’; a t  each age poInt Is ind icated

on ti m e .-i.in:pl e s Ize  sunnuary slwe t ~.e . coitmp any Ing each regression p ie L .

Variance at each test age can he deter.nined by consulting the G085

;Lorage sys tem .

ta ad dtt’ion 1 a f ter  ana I y:-, imi ~, 1110 ingresnious which included tIi~

-— _ t S
~~~~~
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data generated over the total time pe tlod , sol e el the l e b i i S  iud l i , a t t~J

considerable change during the first few year s of test 1n~~. A

seperate linear regression was calculated s ta r t i n ~, at  six years a l ter -

zero time for comparIson purposei~ cmlv . Wh~ H a s (gnif ic- an~ d H l m . r—

ence was oi served, the comparison only da t -i i~ere tncL’~ckd in th i s

repor t .

- 6
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DKAFI ‘~2

TEST RK6 1!LTS

Frou the general appearance e’~~ the regressions , more variation

iii da t.s were t ”j ~de~ t Ovüt I - t i c  [ I i  c - I  ~~~ ye~ . ‘. c , t  t e st i ng . In order

to determine how the data were aftecteó , Service Engineering requested

that an analysis be performed on data 3 (arrIug at six years after

cro t ime t es t ing  to determ1u~’ i f  t~~e regressions were si gnifican tly

c~ i t J e~~es t  . Where a si  ~~i i  ‘i~~
’ - i-i ~~c t ,v Ident , regressions wer e

inc lude d  for comparison on]” . i’~ l ;  w i;; d c t e’ t~~ see I f  a post CUre

1.tect -~‘ms significantly a l i t - L I  m n ~’, tie regression c IIr~~es.

A. TENSILE ;

\ e c ’ v Jo ’~ rat e tCfli. I le ti. -s t uig dar t ed appl’
~))mi uateiy si x ye l3 LH

,.t it’c the L e s t  program Wei ~ I n i t i a t e d . ‘i’hc stra i ns show a st a t is t  lea k l v

s lg i i I l icant  decrease , the stresses ne change , and the modulus a

s t a t i s t i c a l l y  s ignif ican t increase (Fi gures 1 th ru  5).

The low rate regressions show a statistically significant deorc -ii .~ I
I a r srri m us while the at resse~ .i~~iJ  modulus show a ‘tatistically

s i g n i f i c a n t  Increase (Figures 6 tu rn 10) . For the comparison regic - - Lan ,

only max imum stress shows .m change which went from signif icant  to a

- [gui f I -~ant  change (Figure 7A) .

The biaxial testing shaws u n  change in the s trains . The s tr esses

i*nd modulus show a s t a ti s t  i c -ri I v  s i g n i f i c a n t  inc rease (Figures ii ihr ~-

1~ ) .  T h e  comparison only regressions for this time period shows no S

# i ~~i i 1 T ic ant  change (Figure [‘Vi ~

.5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ——- -
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For high rate tensile testing , the strain at maximun~ St I e s b

and modulus show a statistically ~~gniftcan t increase , however ,  the

change is very gradual. Strain at rupture shows a statIstically

significant decrease (Figures 16 thru 20). The comnp~ r lson enly

regression for strain at maximimi stress (Figur ’ i’A 3ti ows a

statistically significant increase w i t h  t h e  slope being s teepe l  ~.sa;.

that shown In Figure 16. The c ‘c~j’urisnti o n -  re~ res~ ~cn for  ~tr~eii

at rupture shows a st.aristicaily signlf~~ca:~t de .c rc . ;e ‘
~~~~ :c  l$.\)

which is not i cably greater  tT n cin for Uce re~ ressien s~ ow a l t  o~

the data (Figure 18) .

For high rate triaxial ten s I1.~ ‘~~: t i ne : , s ~~. i n  at  maxirn ;eq ’ ‘ tress

shows a gradual statistical tncre’-as.~ u’ith th~ s t ; a i n at  rupture .  5~,;
55~~~s~~~

flp ,

a decrease. Kaximt~ stress , stress at rupture and ‘nothiI ,us show a

statistically significant increase (Figures 21 thru 25). The coi;iar soa

only regression for strain at maximum stress also shows a stsri.~t-icjilv

significant increase (Figure 21A). However, the slope of the co;~p~ i icon

only regression curve is greater than the regression curve which ccver~

all of the data (Figure 21). For maximum stress (Figure 22A~ srr cs.

at rupture (Figure 24A) and modulus (Figure ~‘5A ~), significant ch:Il1 t~~’~
-

are shown .

tt  sho’ild be noted tha t t I :  s r- tn at m~.si 51 1’ 5 tT -e:- ; t n t  i t  i r .~j

rate testing is increasing gradual  I V  w’i t i e  t l ’c  ~- ‘~~ ii r!

stress for 1ow ra te t~”~t ing is de~-i’ i is ~~~~ ,1’s lv . ~‘ 1 e  :trnt-sm -Q to he

— 8 -

____ - 
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v a l o u : b ehavior  c’KC I ’~ 
t i c , . L ~~~~~~~~~~~~~~~~~ Lt,,’Uit.-: are seen in other

propeJ iait s t~~ctezi . 1!~~~ \’t~~, ~t ~ w t i- c  an~~i ys i s  of the propellant data ,

Li dccs ~:~~it  Ippear t h a t  s igi~ i I :.tne de,~raJa jOlt wi! ! occur within t1u~

::o~ t Li-5,~

For the overall tensile tests, the  slope of tht curves show a

gradua l -:han~ . or no change with respect to age. The 1ev rate tensile S

regre i~tt~ show a gradual decrease or no change for strains and a

La U  I t  c~ -use or i~~ ehiaei ~,c t c ~ r S t  r e . ;  ;es .cnd modu les . The high rate

L ing U’~~’s not follow this prt ~~~~~ ii foi strain at u~i~~imum stress which

~ ~~ ‘dd Ltdj  increase . However , the slope ~{ th~’ curves are gradual ,

e~ec no operational problems are ex~~~ red .

3 . ~-IP-~-:P

The test result~i show a ‘-t at i st i c al l y sign i f i c a n t  decreas e fo r  S

b o t h  tite 10 and 12 pou nd load regressions (F I gure s 26 thru 35) . ‘l’h es €’

li-suits correlate well with the strain results for tensile testing .

For the comparison onl y rebrcsi-;ions, the 10 pound load at 500

- - regr~.s ic ~- i~ ~ . t’ ii~~,e I U ft”itt w I t iL h are not

si~,.t:~ hut (Figu re:. 20A s , i - J 30A)

C . STRESS R!’lAXATION :

Modulus at 3 :.nd 5% show a statistical ly sigrificant increase at

,~~~~‘ ri — J s , IIS )
~ 50, lt)0 I , . ( ; t ( )  se~’tsJ s (1” i~’ctt ’es 36 t.hru ~

‘3) IS 

1. all c Ise ’: , is slope of the r:’s. t e ~ ’s ic — a curv~ i; are gradual and n~-

~ ‘~~:i probleirs are .~~~c e t c u .  
S

- 9 —

- - — ::~~~~~~ =~~-.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



‘~~~~ ZT’
’ ’  

~~~~~~~~ 
~~~ “— :‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
“—

~~
‘ ‘

~~
‘-‘ ~~~~~ “~~ ““~~ 

~~~~~~ ‘‘
~~~

______________ - . -- -

D.  CONSTAN T STRAIN:

A statistically significant i a cr e~t s e  i s —  l . swn .  Tith-. i r ~ - -r

is gradual as seen in Figure 44.

E. HARDNESS :

The propellant shows a stati~. t l c j i l v  S i c t I ,  f i c a t u t  i r c ~~e:-tse in

hardness. This increase Ic gradual alt ! cor e~t~::’.~ nai l w i t h  thc’

tensile :e’is wh Rh 5l’L ~ a k L east i :~~s r ~~t 1  -L~. t i c :  r t se  a S L &  e~

proper t i~’s tF !gur e  45)

F.  i VNA M IC ~~~~~~~~~

The s torage s h e i r  n Ju1~ ~~ ~i t  _ - ) ‘  J11(~ ‘4 0 ’) i-l i - I lu5 J S s t d L t ,St IL ti L, 
S

s ig ni f icant  de c r~~ sc. T h e  r ise is g - . .  ‘ (f’~~ti~ - ‘ ~eo cid 47 ,

The ~t ’,ss tange nt  :;ho:-;:; s t a t  St £ ii 1 IL ~3i) ~ 
- : c’JSC . Hi is  5 It ’S: c -  S

is gradual (Figures 48 and ~f9
’i

S G. DTA :

There is a statistica1l’~ ~
- i g ’  1 ‘ ari~ ~!c ‘ ‘L’S ~ Ln the C1

4
~~ h e ’~

and iJr st  and second exo the~~ s ~h I.c ’ the l~~ iO r tP: flt’ r~~t u c  , L i  1 Q

a statisticall y significant Iru ’ rea’;e-’ . I t .  a~ 1 • . ,  t he  - e ~~s at  f - h e

reg ressions curves are gradual sid e jad t - ’ : i  t h ~~ “ ‘pr t l : - ~ c~~it~’us-- 
S

t L o f l  proper t ies  are ch iri c~Ing ‘~ c - : ’ .’ 1. I t t  l’  ~ i1 ar~-’ ne~ t i oh I .‘:‘. i t  h

t im e (Figures 50 thru 53)

- 10 -
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- .  “t~hS-~UR!. I i~~%j

~‘ s~ a L i s ~~Lca 1Iy s i t , . S - h 5 -L1 t I~~ : ‘:c’ c’ I .  Sl cvil Ifl time L () m axim um

pr ‘cc ~i t h  th t~ i : c - t x hmui r  j i l  5 ’ .I - —j Oe-, 1 h :  a L : I a t  tatl c .ttJ y si gnificant

~ -‘ct”~t :&’ (Figures 54 and .~S) . b oth  e a ses  Lice s1,o~ es ar e gr adual

S.nd 0,1 pt’o5le~s are expeci ci t~ . - a t  I , ‘dst  two vc.~r~ las t the last da ta

p’ i ~.t

I 1 ~ j c~t \Ii -I ~ I~i’~

~‘\ s’, a t  ist i.cail’’ s i gn i I c l a c  i n c ’S- e5 iS 5 I i e ’.’, I  b r I c , L  of

— xi ~too ion ~Fig-.i~’e 56)

J . h . 2’.. t ’A’I’E

~‘Iu e ~Lt~ .s.cIg r-tte 55 t
~~ sIit e-i~ .‘t c : L ’.1JiLs I St .t l t , r & ’j l i ’  $11 111 t i c _ i t t

-.lccrc~ase ~Figur~ o i )

~~~.

rhe CCA Igni t ion  t empeca~ crc s ia e~~. a stat i ~ t i Cal I y s I ~,rt I f  IL. i t i t

I : L O I - t 5 ? .  t i I 1 L  he note,~ ~ii~ t: ~z,, _ 1sts i : t i c r  LI  y t s u . . is not L o o t - ly

!t ~ht ’t i 5 iS ~lL
’CViOUS d,it,i . l b  I ’  :~s- . hc  COeta,i ,v a chi.mn -~ I I  .ia: t ru—

- V 5 1  wI!  bc further 1 -,V e . t  gaL ~~i tO ictni:~i::uie i f  ~Iuis is instnimu ct:t

.. c ,.”~ ’l - u g . i u e ’  ~
) . rh~- wt ~~g h i i  j -: :- .5 i t  i~: L~~

’
~ 1 -~ ‘c i;s lie ‘ :lml:l Le - t~~I gUL~-

S~~( )

L. l~ &

‘i’he i~~nt ~.uh m It y da- ~ sI csi’-c ~~ c tc s~ ,’~
-’ ~Ftg’tre s 1) .

S~~I

— U. —

- S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .~~~~~~~~~~~~~~ -________
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M. S0I, GEL:

S A statistically significant l I c r c ;e -e  h o c  we1g~ct swe ll ratio SA I l .

a statistically significant decreaso fo r  l e r c int  e x ir a c t s h H s  l i-i 
S

shown (Figures 61 and 62) .

N. TCLE :

The thermal c o e i f f i .c i e n t  of I i  u ’~i i ’ ILS; ;~~ ton l elow and :ih - ~v i  t a

glass trai~si t io n po in t  shows ;u : : t a L i s t l c a l .ly ai :~ ;i it IC’iflt. I m e t e - m ~~e -

fl- wt-v ’r , th i s  increase is grade.” ~ ‘5  t~~~~~ , .  1~~ st)~ ~ ,L :- , are ~~~~~ L,. c~~

least two years beyond the las t dat-i i ’ ~io ’ ( F i ’ : t t c ~~ ~ 3 311d t~~) *

— 12 —
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’. I P i i i  I i i i ’  i p o  H c u t ,

t ‘ 1 .  ru~~~lts 1 i r t ’s e n t . ly lit the e . t k’  ~ y : t dul and iS V I ~~F t i cs  fi l s i

I t i  r teen year I e c i  lug

L ii ’ -’ t c t  l’ t’ i t l  [I s  show 1 l I t  u t e l , ’I~ p~ 
i-sei ii S I ‘.c;tgc ’ cond 1( 1  otcu

St p in’ i c a l  / n e e l u ; i c c l c a l  t i t c l  OIII( I• ,i joLt I~
t’ct l~t- rt i~ ’ of the pr o—

5 1, t CcULI I c i i  II . 1 ~ I i t  L V  t:~ I i i ,  , . i : I l ~~& ’ - I u • c i t  ic ,t I I I  IS IS

~aiI - atr- ~ by the ri gi5 t’.c; ~~ I~~’, &3 ’ .s I I ’~~t ’ t h ~’ S u I t -  ~~ t h e  trend

I cc a F 01  at vt y I I a I at- I c a  I I i t s  ol 5 I opt’

I ,  LOt t i c ’ 5ta11 si - i c: I _ iit ~ 1 ‘‘ t ’ ~~~ • I e mit b~ ’ a I :j I ,‘d w ith ‘J0”~

I t :  k , I I ’ t : c C  Litti t al l  I :1: 1 Ii : • ~~ ‘ L , I I - S - 1 S - I i~s t e l l S  i t t i m  b l ot  pr ope l hiiu t

~ i ilil l it V w i l  be W1Ua I !t) Il l t i . ~~~i ’il ‘01  101 t Wo )‘CJITS past ~~~~

a C da~ ,c p0 m t  on I h i ’ 1’t~c,re a : len , 1 n c c’ ta t lure 1 ccci i t s  are not

‘1:1 1 I;i 1~ It’ for the’ par ame I ‘~~s I ‘ : 1  e~I thia ; t a lenten Is based ~t L i

I 11 I l e t  Liuc t I tSllth- , I I I  t i ~ c a t . t i i i  i j t ( ( 1  i c a v i ’ k 1~~a; r e l a t i v i t y

~~~ ~ i) It .1 line ’ 5 1 1  ‘ ‘ e~ S I,), t ’ tile! I i ’ ~’ i ’ t c s ’ f  I’It ’tlI ’c’d apprc— S
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