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I.     INTRODUCTION 

In  a previous   report,      the  need  for   sets  of band  model 

parameters   for  infrared  active   species  that  are  internally 

consistent  for  the  entire  temperature   range   from  near  atmo- 

spheric   (~ 250  K)  to gas   combustion values   ( ~ 2500oK) was 

discussed.   In  that  report,   parameter   sets  for  the  2.7-um 

bands  of  H^O   and  CO?   were   constructed  by  combining  the 

low  temperature  variations of parameters  derived  from  the 

Air   Force   Cambridge   Research   Laboratories   (AFCRL) 

atmospheric   absorption  line  data  compilation     with  the  high- 

temperature   variations   published  by  General  Dynamics   in  the 

NASA  Handbook  of Infrared   Radiation   from  Combustion  Gases. 

The  former   parameters  are  valid  near  atmospheric   temperatures 

and  the  latter  for  high  temperatures.    Conversely,   outside  the 

temperature   region  for  which  they  arc   valid,    both   sets  are 

decidedly  inadequate.   The   combined  sets  were   constructed  to 

provide  a  consistent   set  that   could  be   applied  for  all  tempera- 

tures   in  the   100  to  3000OK   region.   The   present   report  extends 

this  work  to  the  4.3-^m  band  of CO,. 

S.   J.   Young,   Band Model Parameters for the 2.7-//m Bands of HgO 
and CO? in the  100 to 3000UK Temperature Range,   TR-0076(o970)-4, 
The Aerospace Corp.,  El Segundo,   Calif.   (31 July lc»75). 

2 
R.   A.  McClatchey,  W.   S,   Benedict,  S.   A.   Clough,   D.   E.   Burch, 
R.   F.  Calfe,   K.   Fox,   L.   S.   Rothman,  and J.   S.  Garing,  AFCRL 
Atmospheric Absorption Line Parameters Compilation,  AFCRL- 
TR-73-O'ÖF,   Air Force Cambridge Research Laboratories,   Bedford, 
Mass.  (25 January 1973). 

3 
C.   B.   Ludwig,   W.  Malkmus,   J.  E.  Reardon,  and J,  A.   L.   Thompson, 
Handbook of Infrared Radiation from Combustion Gases,  eds.   R. 
Goulard and J.  A.   L.   Thompson, NASA SP-3080,  Marshall Space 
Flight Center,  Huntsville,  Ala,   (1973). 

Preceding page blank 



IT.    COMPONENT BAND MODEL PARAMETER SETS 

A-        Band Model   Parameters  From  Line   Data  (LINAVE  Parameters) 

The  procedure  for deriving  band model  paramters  appropriate 

to a  Lorentz  line   statistical  band model  from line data  is  dis- 

cussed in detail  in  Ref.   1.   This procedure  was  applied  to the 

AFCRL line  data'   in the 4.3-^m  region  for  C02  to obtain the 

band  model   parameters  k   (mean  absorption  coefficient)  and 

l/6e   (mean  effective  line density)  for  the   97   spectral  intervals 

from v  =   2010  to  2490  cm"1   by  steps  of 5   cm"1   with  a  spectral 

resolution    &v  =   5  cm"     and for  the   14 temperature  values 

T  =   100,    150,   200.   250,   300,   350,   400,   500.   750,    1000,    1500, 

2000,   2500,   and  3000oK.   The line   broadening   parameter y for 

nonresonant   self-broadening  was   derived   for  the   same   spectral 

intervals.   The   third  band  model  parameter  y     (mean  line  half 

width  at half height)  is   given  in  terms  of y     by  Eq.   (30)  or   (32) 

of Ref.    1   and  the   C02   data  of  Table   1   of  Ref.    1.   The  parameter 

set   is   designated   for   identification   in  this   report  as   L1NAVEC02. 

B.        NASA   Parameters 

The   band  mo^el  parameters  for  CO,   from  the  NASA 
3 

Handbook     are   based  on quantum  mechanical   calculations   by 

Malkmus,      and  are   intended   primarily for  high-temperature 

application.    The  data  for  k  are   complete  for  the   spectral 

region  from   1900  to  2S95   cm"1.      For   l/ö^" the data are 

given  for  the   spectral   region  from  2000  to  2390   cm"1.    For 

both parameters,   the  data  are  given at  the   seven temperatures 

The line data compilation version dated 4 Feb  197 5 by AFCRL 
was used in this work. 

This parameter is from the NASA Handbook tabulation for 
the single line grouping (SLGj model. 

4 
W. Malkmus,  J.  Opt.  Soc.  Am.   53,  951 (1963). 

Preceding page blank 
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T ■ 300,  600,   1200,   1500,   1800.,   2400,  and 3000OK and reflect a spectral 

resolution of ~ 5 cm     .    From this data compilation,  | band model para 

meter set (designated NASAC02 in this report) was constructed    for 

V =  1900 to 2400 cm      by 5 cm"     steps and for the same seven temper- 

atures as the NASA Handbook tabulation.    The NASA unit for k is cm" 

at STP and was converted to the unit cm'   / at^n by multiplication by 

273/T.    The yQ coefficient is taken as a constant for all Af intervals 

with the value (Table  1,   Ref.   D y0 = 0.09 cm'Vatrn. 

C.        Evaluation of Parameter Set 

An evaluation of the LINAVECC2 and NASAC02 parameter sets 

was made by comparing absorption and emission npec^ra predicted by 

the respective sets with experimental absorption and onission measure- 

ments made on homogeneous,   isothermal gas samples.    The evaluation 

was made for both room-temperature and high-temperature gas samples. 

I. Low-Temperature Evaluation (2960K) 
5 

Gryvnak et al.    have made high-resolution measurements 

of the absorption spectra of the ft. 3-|/m fvndamenlal band of CO, at 
o 

296  K for a wide variety of optical thickness,  C02 partial pressure, 

and total pressure (with N2 as the foreign gas).    For most of the sam- 

ple experimental case,  extensive tables are given from which the 

integrated absorptance between iny two wavenumbers can be calculated. 

When required,   linear interpolations with respect to |/ were used to 
obtain the parameters for spectral positions not listed in the Handbook 
tabulation.     The  6e data at »/ = 2000 cm- 1 was assumed to prevail 
between l' =  1900 and 2000 cm" ».    The öe values at 2395 cm' 1 were 
assumed to be 1/2 the values at 2390 cm- 1.    All T? and 6e values were 
set to zero at  1/ = 2400 cm- I,    The spurious temperature variation of 

TT between  1500 and 2400oK in the  1990 to 2090 crrr1 spectral region 
was modified by defining the parameter values at  1800oK to be the 
semilogarithmically interpolated value between the data at  1500 and 
2400oK. 

D.   A.  Gryvnak,   R.  A.  Patty,   D.   E.   Burch,  and E.   E.  Miller, 
Absorption by CO? between  1800 and 2850 cm-1.  U-3857,  Aeronutronic 
Div. .  Philco-Ford Corp. ,  Newport Beach,  Calif.   (15 Dec.   1966). 



The solid curve of Figure  1 is the result obtained for their sample 

No.  100.    The relevant data for this sample are:    p - f. 132 atm, 

c  = 2. 5 X 10     ,  and L ■  12110 cm.    The optical depth is 

u = 0. 399 atm cm and   represents   a case  of moderate 

absorption.   The  curve was constructed to  reflect a   spectral 

resolution Ay = 5 cm     .   Figures  la and  lb show the com- 

parison  of the   experimental  spectrum  with  the   spectra  computed 

with  the   LINAVEC02  and  NASAC02  parameters,    respectively. 

Both  of  the   parameter  sets  give   results  that underestimate 

the   experimental   absorption near  the   band  center.    This 

underestimation may  be  due  to  the  use  of a  statistical   rather 

than  a   regular  line   spacing  band  model.   Over  the  whole  of 

the  band,   the   LINAVEC02  parameters  give  an  excellent fit 

to  the   experimental data,  whereas the NASAC02 parameters give 

a  poor fit. 

A   similar  comparison was  madefcr  a  more   strongly 

absorbing   samole   (sample   No.   40)   in   order to  make  a  more 

sensitive   comparison  in  the  band wing   region  below  2300  cm'   . 

For  this   sample,   p =   0.132  atm,   c   =  4. 0 x   10"3.   L ■  46,900   cm, 

u  =   24.8  atm cm, and,  again, ^y   ■   5  cm-1.   The   results  are 

presented  in  Figure   2  in  the   same   format  as   Figure   1.   Again, 

the   excellency  of the   LINAVEC02   and  the  poorness   of  the 

NASAC02  parameter   sets  are demonstrated. 

2. High-Temperature Evaluation (1500OK) 

A  high-temperature  emission  comparison  was  made 

between  calculated  emissivity   spectra  and  an  experimental 

spectri; n  of  Burch  and   Gryvnak.        The  experimental  conditions 

were:   p =   0.249  atm,   c  =   1.00,   L  =   7.75   cm,   and   T  =   1500oK. 

D.E.    Burch  and  D.A.   Gryvnak,   Infrared  Radiation  Emitted  by 
Hot  Gases  and  its   Transmission   Through Synthetic  Atmospheres, 
U-1929,   Aeronutronic   Div. ,   ^»hilco-Ford  Corp.   Newport   Beach, 
Calif.    (31   October   1962). 
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1 

The  optical depth  is   1.93  atm cm and Au^Scm"1.   The 

comparison   is   shown in  Figure   3.   Here,   we   see  the   serious 

failing  of  the      LINAVECÜ2  parameters when  applied to high- 

temperature  gases.   Not only is  the band-center emission 

seriously underestimated,   but the  entire  band wing  emission 

below ~ 2200 cm"     is missing.    The NASAC02  parameters, 

on the  other hand,   provide  excellent  agreement over Ihe 

whole  emission band. 

These  comparisons  give the  same  qualitative 

result  that was  obtained for  the   2. 7-^m band  of CO    in 

Ref.    1;   namely,   that the   LINAVEC02  parameters are 

valid for  low-temperature  applications  but not for high- 

temperature applications, whereas the validity of the NASA 

parameters  is   reversed. 

10. 
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III.   COMBINED  PARAMETER SET   (COMBC02) 

The   synthesis  of a consistent  band model parameter 

set for the  4. 3-Mm band of C02 followed the general  pro- 

cedure  given in Ref.    1.   For  each   spectral   interval,   the 

LINAVEC02  and  NASACOZ  parameters were plotted as  a 

function of temperature, and an interpolation was made between 

some  low-temperature  point on the   LINAVECOZ curve  to 

some high-temperature  point on the  NASAC02  curve.   Some 

representative  constructions  are   shown in  Figures  4 and  5. 

The   spectral  positions  u =  2100,   2225,   and 2350 cm"1 

represent positions in the  far wing,   near wing,   and band 

center,   respectively.   As  a general  rule, the choice  of 

interpolation line   (dashed curves in Figures 4 and 5) was 

relatively  self-evident,   and little  iteration was  required to 

get a best fit between  spectra computed with the   synthesized 

parameter   set  and the experimental  spectra of Section IIC. 

The  final  version  of the  synthesized  set is  designated 

COMBC02  in  this   report.    The  band model  parameters  k 

(cm     /atm)  and  1/^   (l/cm"1) are  given for the  81   5 cm'1 

spectral  intervals  from 2000  to  2400  cm'1   and  the   10  temp- 

eratures    T   s    100,   200,   300,   500,   750,    1000,   1500,   2000, 

2500,   and  3000 K.   The  broadening  parameter y-  from  the 

LINAVEC02   set was used  to     represent this  parameter in 

the   combined   set.   A  listing of the  final  parameter   set is 
given in the  Appendix. 

Spectra for the homogeneous  path conditions  of Section 

IIC were generated with the final set to verify its validity. 

For  both of the low-temperature cases,   the  spectra generated 

with the  COMBC02  parameters were   indistinguishable   (in 

plots)  from those  generated with the   LINAVEC02  set.    For the 

high-temperature  case,   the  only  difference between the spectra 

Preceding page blank 
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computed with the  COMBCOZ  and NASACOZ  sets  is   an 

increase in emission for the former set in the far band 

wing  below ~ 2100  cm'   .   This difference is   indicated 

in  Figure 3b by the short-dashed curve.    Thus,  the COMBC02 

parameter   sets   successfully  reproduce spectra for both highl- 

and low-temperature   applications  and  can  be  expected  to give 

adequate   results  for  intermediate  temperatures. 

16- 
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APPENDIX.    C0MBC02 PARAMETER SET LISTING 

A listing of the COMBCOZ band model parameters is given in 

the following table.    IDNAME is simply an identification name for the 

parameter  set.    RESOLUTION is  the  value  of ^ appropriate 

for  the  set.   ALPHA (1)  through ALPHA (5)   are  the   ratios of 

the   efficiency  of pressure  broadening   by the indicated mechanisms 

to that of nonresonant self-broadening.      ALPHA (6) is the atomic 

mass of the   absorbing   species,   the  WAVENUMBER  array lists  the 

center  values   of all  the fay   intervals   included   in  the   set.  NW  is 

the number  of  such intervals.   The  TEMPERATURE array 

similarly lists the  temperatures for which the  data  are  tabu- 

lated.   NT  is  the  number  of  such  temperatures.    The  ABSORPTION 

COEFFICIENT  array is k.      The first column  of this  array is 

the interval  center wavenumber, and the   rows  are  the   values 

at the  temperatures  of  the  TEMPERATURE array.   The  EFFEC- 

TIVE  LINE DENSITY  array is  the  parameter   l/fi     and is presented 

in the   same  format as  k.      The  MEAN  LINE WIDTH array is  the 

parameter VQ    for nonresonant  self-broadening at STP.   The 

values correspond to the wavenumbers listed in the WAVENUMBER 

array. 

17- 



OWOCIOOUO ******** 
UibiUkiUJbibJUJ 

• ••••••• 
(M(\iCJ(M(\JIVtCJCM 

o<^ooneoe 
♦♦♦*♦♦♦♦ 
uiuiuiuniiumjuj 
oooeooee 

• ••••••• 
CM(g<MN<V(MNIM 

ooooocoo 
♦♦♦♦*♦♦♦ 
UJUIUJUJUJUJU' ol 
U\(MMM/MI>lfttr 

•••••••• 

s 

s 

5 
♦ 

s 
♦ 

>♦♦♦♦♦♦♦ 
UJUJUiWUJUJUiUJ 
oeoaooso 

•••••••• 

f^ JO W W l1^'O ^^ fO 

♦♦♦♦♦♦♦♦ 
UlUJbiUilüUiUJU) 
mir miMMiMiMiN 

oo w MM (vin ro •••••••• 

♦ 
Ul 
o 

OM—-» mrjwwerwfow s <MOI\MSt aauouucju 
»•»Toro *♦****«* ♦ 
n*"*^** UJUJUJUiUllUUJUJ UJ 
l-lOlJOC9 ooancjooa « 

tViKIMKMKAJK o 
i iim^^^Hw^ rjo^wMOJMf) in 
czzzz •  ••••••■ • 
S^Ö^S (Ni(MINJN(\J'Mr\J(M K 

M 
ar«»«»<«*r M X 
(SOOOO< ooooauoo o k- 
i acofora- »< ♦♦♦♦♦♦♦♦ V ♦ 4 

u.n^(i>ff)CDv- « lUUJUJUJUJIüUJUJ »4 UJ V 

J                  X ifMMixnimninm s w 
UJl/H/IWI/ll» «4>0>4>Ov4>O«4<O a 1 
|^«44<i-l | eow^(\jMnm II o X 

OOOOUJ X • •••••«• »- « ü 
►-•1111 Z IVJ(\JIM(M(M(\JIVI(M z u* «0 

zzzzz >• 
«*U'50l3<> nnnnnnnn (M 4 
Zk* •-••-»-•-4 rarmrar-tnrtn a n- 

«e OUIuJUJUJS ******** * a 
«VJO trvoroforo liJ UJUJ UJUJ UJIUUJ UJ < 
0'3 UJOOOO»- g^ aaaooaao M ■3 

'4°. Vli.b.tl.U.4 •4 «4>0«4>0>4\e,-'>0 V O g^ 

1 >»<» rfwiMrjw K» 13 d V 

g* r •••••••• ld • ^- 
o iM(\jrj<sjf\j(M(Mru o « fc- 

o «^ ** x 
OO      OOM V >■ «Vi (U 

tn ou    vjoa < laoouciaoo 4 CJ »M 

Of ♦ ♦    ♦♦ ♦ ar «**♦*««* a: * u 
UJ UJUJ     UiOiUJ « UJ UJ UJ UJ UJ UJ UJ W V y t-l 
k- m no    oon < U\UMn<nUMM<MA 4 r» u. 
<lJ •4 v4«l      Q<Ho Lsin-sOaiAom •■» c 
r • WK     f>.-t* ^ ao<4-«(\jf\iW>m ^ # UJ 
-« y Wts.     N. O^ z •••••••• k- • r> 
f 11 % (VJ(\JMIMMMINi(Nt ^ IM f» -» «^ O ^^ Ul 
a. ^ V tt (M z 

o UJ Or»00c»O0'3C» 3 '4 o _) 1-4 *^«»<^*^^** m «**«««♦** !■ ♦ *-» 
UJ 1- W«M~» » f\kO r uJU) ÜJjllJiUuJUJ.Ü 4 UJ 1— 

o UJ3 M«^w«rvw 3 aojooaoaa tt a a. 
o ■^J •»«•".««-"I T oino'f^iAouNo IU T •y »: •re TTVXTT UJ aoWM'vjÄj"»«.» a r» ö 

zto aaa.a au. > • •••••••• r • (^ 
-3 CUJ ^^^-i-(^ 4 <VJ(NJI\J(NJIMMt\JI\J(\J •ü M -3 

»-.af 44««44 X fr- 4 

«»J MM «\J«VJM«-I^«H »<••-•«»< "-!•<•<'-•'-' 
aooooooeoaoooooooo 
I I • • • f l • l I l i  I • l • I • 

liib'UibibiUJUJbibJtiiblb'liJiiiuiUlUiuj 

«<\J«lf>)0>KUMk«T>e«44«S»10>NU««4 
<r«o<MeN'<oa«>iM4iri<o^o>o'')ir«K 

U\ii<K«*tO(r^*4v4<-l>4v4«4»4<MMN(U 

IV/IMN M MMNMAiNfVJ (M IN«M «4*4 «4 «4 
c/Oaaec<eoaeaaeooe<aa 
• i • i i i i i • • • • • • i • • * 

UlbJbJUJbJbJbJhiujUllAJbJbJUibiblbJbJ 

u>u»^<H«^aO,«ei\J'>i^N.«M<OfM 

•4M«MCMwW**«>iÖ«l)^-*«,r«»<»^»< 

MCMN(MfM(MMNM«M<MC<J<M(VJIMI\JCMN 
Oa^OOO<9CN300<9'?C>or900 
I • • I I I • I I • i • I I • t I • 

blblteJblbJbJbJUhJUblbibJblbJtoiUlUJ 
ael^fU«l<MK^^lOIMk' OtlMIIWlK 

irio^nmKO^ivjuMmar nirton^is 

e^^l^l^^WIVjMIMnfO^^IAiOKlA 

UMfUr,^<"m'^*OI,>MIVJ*»J IVIM<V «\J«M<VJ 
eioeoooeac3oacioc90<3oo 
• • • • l • • • l • i i • • i • • i 

bJbjblbJblbJUJbJbJiUbJlulJUIUJbibJUJ 
tMw40tOvo«o'^(\ju>njf».nM)^«>o«eri 
K,'ea>o<»4mKa>^'4<o<o«4tool0K«o 

(\jmin< 

eooeoaoooeoaoaae 
l • i • • • i i • l • l i • • i 

WbJbibJbiUJbJbibiUJbJbJbiblWUJ 
IfiM »<\J»0*9<»oj»«0v0^»-'lf\(MHl 
.#M«o«4'>>t»<i>«VjO> «••th.OlVJ.* 
K.^i«(Vin<Oi>)mh.«o t^cvjuto« 

OO»4,0« »K»4«M»ou>tr ^MCVJ'OW^ 

UM*»***-»"«««"«*««* 
oooeoooo^ooocao^a 
• • • • • • i • • i i • • I • i 

UibibjluUJulUJUiiijbJUJUJuJbJUJbJ 
*'T>u>jru\«Ka»a'^Mo-4*<»>K. 
Olf\iO(VJln«>IMf K «OO>I*MM<O «M 

• I I i I • I • I I I • I I • I 
UJUJItJUJWUJUJUJUJUJbJUJ UJUJ UJUJ 
•o tnnvOCMi^KtliKiNJuJinnmK 
J rl^«D>4>4<VJ«4n9>«^<DC\IMn 
»4IMU<a«Jf^ MOfMC»' J  -Kn^OM 

OO»4rMt^«l(MI<0v0WK|>4'4v4'0»4'\Jm 

■  I  •  •  I  •  I  I  •  I   I  I  I  t  I  I 
ü IUJ UJ UJiU UJ UJUJ UJUJUJUJUi UJUJ u I 
r»»4 ♦««"»«ü'mniAer rw^WW" 
«"•»DM ^n<\Jt«.«Dra^>4UM\j«4\OiA 
nK>4UMr>>0(\ii\i>n>i>«><0'>jT f (sj 

A 00»4«-l<M'VJ>0»4«'0-l»<-l-4>-l«',JM 

inUMIMACMf» t ♦"»>»0im'O'»>»^K» t 
OO'^Of^rt'iooooooaetn 
• ••llllllilllltl 

uiuiuibJUJUJujUJUibiijJiiiuiuiniui 

m«4«)>nKi9'aO>iO<NJ>4n(vjv(Mto 
o 0,>K-OK ^ ua>-4 «B >ON. rj «-«u« «4 

e><->»4^MM(\j o»4'M»4.4/\JfvJ'M^<M t 

»0»OlRU^lf> *!/>•« #^i*WW*IWfl| 

lllllltllllllill 
llJaJUJIiHlMUlllUIUJl^JIimli"^MJtW 
»-lv»^'T« toO»tAN.sB'T>-nf»WT>n» 
*fr. *«»)^* t-40>»4<\J»4C3^N.3« 
«"OvO »»oir« tm»o»M>D»4 o^-Tcj 

ao>4-4'M<n<or4M^j-4'c<»iir>'0>4'vi<-< 

r-iiftoifHoiAoi^CTmcvfNr^u^^'ft^am 
fac«'4>4(VI'M*^*0 » »1/Mn'PvOfc.^ «»«» 
or»o »TO Joaooomo'.'ou ■> 
C\j'VJ<M'NJrgf\JfVJ,,\JfNi<Mr\»r\| -vji JfvJ'SJfVJ^ 

18- 



OAIC>OOOOOOOOOUCOOOOOCTOOOOOOOC:*G>OOOOOOCnOC)OUr*OC>eOt30000C30C<OOUO 
ltllllllll«ll»llll««llll****+***********»****tl«»l<«ilt"l 

U«lJülb(«i'Ufül|ilülUililUlUtlilütli'OI|ilülUJüiU UlülUMillilU lilljlüilJiülUIUII.ililitülUlli'lillilUUlUllillilliU MliHlHi'üll' lil 

«jo IM«* o«M *»< «)t>.K »«r «vj «> «o »B (T> «I> «O »^ «H «»ej»<ivU{r,^»rf'(«M>eot^ »or.^J oof*-»«MWOIOMMM^M« •*«»»• 

nyn^min »^^^tntn^UvCvfi^Kr  ««r «rp^trm^^^T^rfw-»^«*»-!.*«-".-«^.-!»« .-•»<»< »<»<iTff>«»K»<r»^ «PIT .».»I"» 

^v«v4«4«4v4»4Wv4>4v4««v4W«4«4«4>4<H«4<-ta-IC>C>OueaoOOOOOOOC>OCIOaOC3C10C100C*t.'OCJCJCJ*4>-l>4 

II I I I i I I I I I I I I I I I I I I I I ♦♦•♦♦♦♦♦♦♦♦••♦♦♦♦♦•♦♦♦♦♦♦••♦•♦♦♦ I I ( 
|UtJUJbJUiUiUIUIlüUJU)U)U-'U>UJluUIUlUJb>UJUJIiJUJUIlüü>U'UlUJUJU<UJbltiJUUIÜ>UIWUJUIUIIl'bJtüb'bJbJlUUJUJUJtlJUiUJUJ 

■M»r^an(\ja^*«4K.(viO>t0«ou>fnc9ivjryja>tOiO^^irc3m>4io«4-*K'T>e>o.^<o^>Ofo>4'T>^',^-*mi>)K.eUvinn,'">i>a^^ 

^w<lM^|^J^J«"^M*Jr*^f^u^.0^e^.^.«'«0"'»w»«^^»<»<»<w»<»<»<»<•-^^l-^•<»-lww-l»<»^»<^^-4»<»^^l»^»<»<wwo<•^^B 

njlMC\ji\i<M'4T4v4«4«4«4wriT4«4«4T4^«4«4«i>4«4afeooeonaQOOaoc3^oiaoo^aooe«''>ooc>c3n^ooa 
a^oooeicAor«r3^oc*c30oo^*30c90f3r^rietoc»K9oouooeiocioctoae»nc*«3r9oc3etaec*«ooooc> 
i i i i l i • i • l l • l i l i • i i • i l •♦♦♦♦••♦♦♦♦♦♦*********************** 

UJUtlLlliJUJUilllUIUJbJb-tUU JUJbiUtl&iUJiiiUIUiUIUiliJUIUJUJIiikJliJUJUiUJUJUJUJUJUJUJ(iJUIUJUJUfUiUIUJUIUiliJUili>UIUJUIUIUi 
u>^i^i^i«im(rmu>ee^e«({«^<o<^K<»t0e<ui>.«>iM^itr(je>«,<T,fu«4>'>>o«>>oinmo-r<\jh«Mintr<wv'^KrM<^^<v)>c<0 
c3Kjo<o«D^on4i^ocnve(vi^ir<<OK>4i(stC>^'3Ctff'<i*(rao>(T><r>«o>4meK>vOoc<UMNjo<o<vj<oc\je<vi<4>r^K4T<o A 
f\#>.w^Ki<4mU>^a(M>o<T> tan« ^oioiftKivi,ic3<H<Mnu%u>\ON--oo«4<4«4iM<M'»)'0'0^m^4nj'vt«-i^r\j<l<ooKKn 

• i i • i i i i i • i i • i • l l i i i i l l » • i***4*************************** 
btUUJUUJUJUIU'UJUJUlUIUIliiUJUJUJUJIÜUJIUUlUlWUJUUlUlbJulblbJUJUIUJUbiU'UJbJUUüUJUJliJliiU'UIUJbJUJIiJIttUlUIlilUI 
MiN«(ro<\j>4i>.TC^u\>4\i)KvOKNifs.tf«tO>Oica>om«oa><otf>tOKKvD4«v4e<-ia>v<r.otO(]tKK'4ru<-<>c«4Cj«4oit)(ri\i 
4fo«N.tf<«^«>m«iM>.aKOiM^<n^u%«OK«r>K.h.^OkO t(v«M(vi-»-*iD.t *^*-«o-**4c.-><><Mf>>c3'-<MinB(riMMi\i(r< 
^^A•-*^•o«^*•^>'^io»^M«>■*»^*^••^-*(J>l^>»«^^-«)«>•-la^"*>u^^.<T■»<^^u^^.(J^»^lM4l^^^0^•^•'0^-^ f^K-^WK^toüN-ino 

aooofaaoooooocii.uaoooaeooaaooooaooooocjouoaoocso^O'srso^ecio'aooc? 
Illlllll»ll«lllfllllllllll«5!ll************************** 

UlUilUUJUJUJWUiUJUIUJUJUiUJUiUlUiUJUJXiUJUJUJUJUJUJUJUiUJUJWWUJWUlUJUJIiJljJUJUi'lJUJlilUiUJUJUJUiUJU'^U'UJUIUJUj 

tf<a(\ja>T4«4wte«ae^<Oa««tOwcjUitftmo<K^i>)'S<\ieKua>^ciM)tOo toif>a>>0o^u>r»cuh>.(vi>Joo'3'>>o<HCV«4io 

aao^aoooo^ooouacio^aoooooauuooooooaoocjuaooaouou^ueoooooaoo 
I» II II llllllllflll»! It 11 lltlllltlll* '■**♦♦♦*♦♦***♦♦♦♦♦♦♦►♦ 

l^UlUiUiUJUjUJUJUJUiUJUiUJUiUJUjUJUJUJUJUJlUUJUil JUJUJUJUJUIlU'iJUJUJUJUJaJIlJUjUJuJUlUj; 'ujUJUJIxIUJUJUJUiUiUJUJUJUI 

9v^l>>HAJ'4»4nNneooi^oiMiAof>.iriN.a'0>4rom*>9<'o<'<,s^>mnmf0^i»>T4aOK.'Of»cn(Moo>40oeh-(T>i\j(s<>0^ 

t0naw•4W«4K^l«•4v<'4|s«>«4^««4•4K>ll^c^•4'^Jm^>oe«4'<^Jf"tl^^ (T><-)<-i<vi^n^u\toao-T>«><9«>4w«4<-io<<D^i^irtri 

aoonaaoooonoa^ci'S^eis^^H^ssaaaoaooa^aooraf-ooa'ao'vtaca^ocjaoaoo^aoo 
l»lllllllllllll»llt.<l«lt«llllll«««»4l******************* 

ita» ^n.ii.fi.ilit^iiiiiin^iiii.ii.iiiilij iiiiiiiuiUJ^ililuii.iuluii.HilUJiiii^iUJ liii.iiili.ji.imi.n.iuJ'iluHAlUJlilli.Hitu.lUlUJlil 

•4amN.UN>4«»>.om/«<oir><si(t-'UMniOG><0^>4O<(\j^iO'4<OKO,o>v4ivjiMt.''^n4n«^(\j(Njmn^ou<c<o,u\ri(r9>o«4 
mo>-*^e<M«>eitf««»4a<av40^e^«M««0<Ol>>tOfMU«u>a>^IN'AJ'OIAvt>^0,an<>,'KCJO«>'4ir«fM(Mm«UN<MIM'OnX 

^Mn^^^KIMe^lM^IVI^Wv^Kir^lUMr^N-f ■>ol(\(CM«KO,W(M'    •> t«i»<O^I»<«^^v0a>»<»<»<IN(M'^»<»<»<IVJ<N'«M 

oooooecicio9t9Qooooooc9^f90oe9aci'?oooc9ac9o<'ipl*'3'H>'9c*mr9f30''9f-ir>ooo'9ev90c9i9 
iiiiiliiiiil»itl«iii«i«««iii<iiii««t«t<it**************** 

UJUJtUUiUJUJUJUJuJUiUfliJUJUJUJUIUJUJUJUJUJUJWUlUiUJUjUJ'UuJUJUJUIUJUJuJUJblUJUJUJUJliJUi^UJUJUIUJUiUiUJLJ'ÜUJUiuJ 
iiK*0iNi«4(\)«a«i>9fV(mv4>a«n<0Ku\«>«N.n«T»o»iN^<oiMi«.<O(M^w>j »UN^in »•H<nra^rM)^fn(vjn«tvm«<T>inr*«i 

i»iaimKK^«otAa*^-a«4«o>>4u>«4 »«w>iAvOo<iMuooinn,^<o«|>o<vir^«noiKinna«^iux^>i>t>u\«>">i()mn SIVJ 

♦ »iftUMnuMAtr» futm.o-aik.ii.'eK.iwaft.iwKvO'lt'atnv« * ♦iofvj(\jrvj-<»Hw^»<-<-H.-ioo.-.'»'i»4-i^.-t^i-<-«^M'M-< 

llllllllll«lllllillllillliil»lllillli«»'«**************** 
UiUI|UUUIUJUIUIIllllilllUlllJlübJUIUIIüWUJWUIUJUlbJUJIimiUllübJlilUIUJIJjlUUJliMilUlbJlilUJIi>l'IUIUlblUllillilllJUJIilUI>lJül 
i\jkQ^«4<hO tvO<4>mF^uMf>>0«> t»4«>.*in<»Mft(u.oai<vntO>4.rtn.»^io.**oi\j # 0«N.rj^(M»ocjK.>Oi>.(7>»i«4inw<3uin 
m^XMiDtomiwi^o^K^iAemrtetDiA t'*w»^q'*"<o«D*<oK»«J,<T>iAvoinw,o>oo'j> »-I<O<M tmonw.* tmmAisi^. 
(\«vla

i>4f^<OK'>>oiAiaKCMKb>-40ao<O*f><on<0^7K^a«Oier)n«n<oa>-'ivj(T>ijj>-r«4-*u>f.na«^«h.>ar>'icioin 

««O ♦>i)U\WfvJ»4»4>0»<-»'\J(r ^•4>4»4'T>>4l\ja«-l'o>a>>M«>'Ma r>4IM n^m OT»T> t t(T>-4W^(M'O-H'')>04>a< 0<Mr4><<-l v 

^mtn.e>0^Kf>><Al^K.«'''^OlS«4<\mmM'M>4aO0>«>K>0lA.#n>^<VJ>-l>4Oric3O''9 J-<W»<^li3-4W«MfMI\l(\Jt\JMM»l 
aM9aannaoaac9o>9n«-i«4>4««w<4W<4>4>4«4c3ooc9c9oac»aoa'3nc30csc30f-irsac3csn 9i-iar>o'9''3<i 
rTTT TTTTfTTTTT1♦ItlttiI•VTTfTTftTtTT*♦♦♦•♦• »ff*********** 

bjU)UiJbJuuiujuibJüi'dUIUUJbJWUJUtuJiiJUJIiiliJUJUiUtuibJijliJiJu)UJlübJLü'JaiuJui<üUJUUüUJ'iiuJ4JUiuvs''MWUIuJUJ 
Ki\ii\m<i>>o»i« *iM«4(M'aeiM(M«4Xn>oiAama>^«4ij\'o<?>«c3N.'3^ jir'jirtcr'onKvOwtrt ♦c->tj-oo-f^<-»ir»o-»-- «IM 
0v4««(MiAoan)|'*lM-4(rvO99«*aat>iM^iANa«9>>oo>M'O'Oc>^<c<',<l,o^o««4tneir«^'\Jomatr(Vi|no^>>oo« 
•4M>49t0-tK)Maa>4o'a>4^>iA(Ve»4aN'3<vt«4<J'^'^*> o»»^) *» srHÄ^f^f^^o-rxvdMMN-wf^ J>.J rficsfe.wtMio 

<\J^I«ll>-4"» tl«»«»4Mlft<»,^»<^»<lft<f»^^J<»>'M»4lA"»H*,*'m t">-^<J,"^»<'0-4»M^-««l\J-«»<^,<»"'»< O-^MM-O^M^-I 

<3aooat*oaaaaooaa'30o'3ooaa'aoaoaaii«oa-3ao'3o<3v>ci">'3ac3'jooeH3 300000-3 

■vriMn<!9iAatftaiAaiA-'iiAainaiAoii>oiit'-iin'Vin>3inou\ai»'^innmr«if\-9mo'i\'>irr>moir«rMi>-iin'9inmn^ 
gi9MW«»4WHH%W y JtlM»<OU>l>»K »■<><*>g'oaw»«M'>i''n»i ^«intAiO ON.^*> t>'T>'',e>'-»-<»<(viM'<»'o* ♦iotf\OiO^ 
ac>^^w^^www>«^^w^^»4a4^^w^r^M^JNNiVNNNAiNivirjN(u«siKic\ifu(\imn!>)")mnnMn',)'»)>ni»vni>) 

-19 



«•%4>-wvjrvjo mmr*i^tm^nr*t~r>mtnt*ntni*:>n* r»nmmrinmnm'immmnt*tmt*mt*-ir>r^'*trf\, 
eo caoo^ C'oooociac«ocic34.>oauc}cococjooc.*ooc30ooc>oocjo<~>ooooor*ooo 
II     II    11 A«*«-****«*««««.««****«*««*«**«««.*****«***«**« 

ÜU'UHllUHl* UHjlU'L 'b^UIUdj'bMifti'lj'lj'U'li'iillj'lL'blUlljtuJii'ltMitü'liMi  b'Ulü'b l*'lifli U'UlUiliMtlü'ÜHilUMi' 

^«T .».»fro ^< jvt>K(ro-m.«inr>.«)nf.irtrsir>eei-a>rr«>^tr>(M(T'tO^<vjr<ntr ^fM>4'«vjni/«i0a-ri'n<r> 

• ■•••■ •••••••••••••••••••••••••••••••••«•••e«»*«*** 
Mr<-<^M«P KiO>0>e>t>iri>OIAUMMnif«m^ J *^ »•'»"»»'(«•»••»•»»MMfVJMIMr '\J(\j«-<»'4-l~«»<»4»-«»<-,«-«»<0- 

««rl v4«4•-•irt r.«W»OWWWI»,»Om>»"»OI>>l<»»l)»<)»OIO»»'l,Oll»)»'.»OI,"IOrt«»0»OP»,'>Ol»ltrl»)W)»o»<)M'0»n{\i«VJtyfvj 

II  I I I I ••♦•♦♦»•♦♦•♦♦•♦»♦♦♦••♦»♦♦♦♦♦♦♦»♦»»♦•«♦*»»^**» 
Ull'UMUUilil U'UitJbJUiOJIillJlblUJUlblUJUIU'tlililli'bllOlilUHilblUlblbililUIUJlilbll'ibililUlblUlbiUlUlli'UJb'li' 
^riix*"«"«-! ciown^o wiriMcrKtOviOTir""^ ^^«>^,^u^a)«,"^''>^J^o^»l^'«■ ^r.'*i«i\nri/>K rjw»«n»»iPc 

N^ruuMvjc« «nt»«ivjiM(vj^«4>-t^oreu'r(r«>eir>i>.ir<Viri"m<Mr4<-><T>«ir>' «"»»«o^f^tMfVi^acj^^^r» 
• ••••• ••••••••««•••••••••••••«••••••••••••••••••••a* 

im ^«4 v4v4 »<irnfnfOi»»»n»"K>«oi^(»>»o^ri<\j«>jfvj-<rj»4<\i(>j'>joj(Vj(>jM«^^i»«^-«^i^.»<^^^«»4'<-<(3--o«iw 

oc»*r»r»r>*3 000*3 oor9r«or'aoQoooooci'^or«o«~*rYooOncoociooc*ieoooc>c'>ml30 
* •    I   I    I   I ******4.<».%«**««****«**«««*«*««**«***«««*«***«* 
UAAlliMfci bJUJ                            UJUJUiUiUiUJUJUiLJU.'UllliUJLJUiliJUJUJUJUiUUJWli'UltAiUJbJWUJbJUJUJWUJUJUJliJUJbJUiUIUJUIb1 

IMINC^^O ooO>«>^ir>*'*<V)>-ioo^^r<o<irrjrori>ee<-<,» ♦^rfMfuwr" IM^»j*ts^r>oif>oj»»»*« 
•«TK.tVi^«^ *Se«>«>a>s«<OC><S«>KIWKl&<f><CIViU^^(M'4CrK.||MVJc>|>.^>4»(rr0 4fV<C3f>-l^r~<^U«-lOO^ 

• ••••• •»•«••^«•«•••••••*   ■«•••••*•••«•••<<«•••••••••• 
T<ff>K»0«MJ •4v4«4»4«4v4>4<-tW>4W^I>4a4v4<-«v4(r>«0<>4«4>4«4'4a4»«T4>4>40t<r(T>''/>««-K.r>K\0«C«euM<>tf< 

o-ir»«-!*^,» f\ll^J^J<^J^^J^Jl^^fM»\J^,^•f^J^Jl^J^r^.^f^lM^^l(\p^Jfyl^J<^J.^J^ (Nii^<>j(Nj<\jetrjrfviro<v(MAi^i*\irMA>^t«\j 
OOOr^CtO «3OO'3O0OC3<^«^Or3O0C*0^r>0CtO^«T^r>',30O^0OCDOC^OtJ OO^SOOOO C»"J 
♦ *   ♦   I    11 *********««*«**«*****«*4«**««***«**«********* 
Uli! UilL'b Uli ulltJUI>LiU<ujUJiiJUJUIUJb>UJUimuJit>bikJUJUiujbii|iu;ltJi^iuiU;<iliublUiUUIb,UIUiUIUJ<tJbiuJUJb 
(vtMifWvcxo ««■>«■>««''w«o«>0«,'«>««i<oewe«>«><'<''Ae',e«>«an>4^K»4ir>(r>«>^M«>«><j>'^'j 
•"»■I « ^ fOC» oaOOOIOOOUOO'lOuuUWLJOOUOUvJOCUOCJCICJCrK. ^(VJ(7>.ilO^ 4 r^Tinrj o 
»WUMnOO UWOu%<'*Jr,(''^'^V(JOWC.19C>(^C^''-'CJOCJCJC3C3UCJOOWf*''0<(r9t«l«]'D^  Dtrt'^'MwK 

UOOO^I^ r«-)>4Wv4>4«4>4>4>4<-l^l^«w<-i>4^'>4<-»«M^I^IWW«4>4W-4<-I^T4r)>-l^<*4r4^<^<^W«-tT4 
OCIOOCJO Ot300OL3OO0O000OC3C300OOO0rac>OOC»0a0OO0O 900000000 
««♦«•I *♦♦*«««**♦«««*«««**•♦*«*♦««**««*«♦«*****«♦* 
IUa.iblU>UIUJ biWUMUUJl.lUlUJbJIlibntJIiJbJUJtiJblUiUJUiUJb UJUIWbJUbibJUIUIUlUllb'UjUJUJUJUiblUJbiUJ 

N^oci^ift o*<f*OH^(r<rc*c <r<r^*ff*^<j*<ro*o».»(jyr<?»^^*9*<r<T»<T*<rö*.»'T>«^^o<r<sj*Mi\jK^iA«> 

>£>^*0»<^1\J oor>K^.Kh>KKr>.Kh.|>.NKf>.|s.r^K?,K-K^.^-(rKf<-r^K.Kr^KK<T>KKKK^ r<.f^N.X>>Os0 

»«300 W ♦ ^•WWW^^W^I^W^'^W^^I^W^^IWI^^^^^I^I^^WWW^I^Wrt^-t^W^^^I^ 
OOOOO*^ OOC300(_>OOLJCJ'^CPOOOt^C9'-90rjC3C3 0CJOO^^O^r>000r>CJCtOI3 00 0(-* 
»♦♦♦II *«*♦*♦«**«♦♦«♦«♦**♦♦««♦«♦«*♦ 4, *♦*♦♦«♦♦****♦♦ 
UlüUJUJUiUi UJUJUJbJUJIiJblUJUiUJUiUJUJUJUJItiUiUJlOuiUI'iJUJaiUJUJUJultUUJLUUiUJ'UliiUI'iiUIM'iJbi^JliJ 
(\v\i(MU>o(M ^Kr'>^r>-r'>iwtw^N.|>.K^»>^i^r,«r>^N.K.p)N.r.N.^Ki>k0.^r4<uoi>o.f uNr4f>».»iN<m o 

•-«O^a^rvMM r>o<VJ'MrjlMIM(Mrj<,ViMj(vlfMM(VinirMIM(Mn(M(M«M(M »CMIMMIVJIXJIVJfMIV' ♦ (\J(\jl\jMMMM»V'MfuM 

▼<jav4<VJt «« 0«J'9(->0«4v4v4T4o00a'3HOO*-lv4-4v4«4WO«4«-'v4«4«-ir.9«4«HIO'9*40<-l«4v4v4«-l«-l«-* 
or»f3*^'->c>c3oooo'3f>'3'^*~»ooo»7*'^'^o*^oor3oooc3*~>Of5i «r>r>r»<->^»f3 ^^ 

UlblUJIUUJUUJUJUJbiUJUItJUJUib'UJUJblUJUiUIUJkiU'UJUJblbJUJblliiUIUililUJbJIkJUJb'UJbJb; 

•4«4>4T4»4Or4oa'4««IM>0l\IC3l^<rK.<-l»4(MOCT,'KT4O'3W>4'nOC^^>aU'r<4rjlStfN(fMn'74 

Oa«'«"*»«'',-4»4»4»4« «>I>.^0«»4«J>C»»»4»4»4»4-4»4K ^^>4^l^<9<^^<'>'a<wON ^-^'-••4<->'4'4 

OOOCJOr'IOOOOOOOOOOOv400000C.*004-»OarjO»4000C'OC100C3 0CJ 
4»'»^^r^o»^0'^ooooo^»r^«^o^i,»^oo•^^»o*^Clr^o•^•^c»^s^^r»^^o^>T^, t^»oo 

U;UitkJbJUJuJUJUiUJuJUiuJUibJU«bJUJUiiUUIUibJUJbJUJUJUiaiblUJuililLJuiUiUJUJbiMUiUJUi)iJ 
*nm*^rOI(\K.  tll\.»*>*)n^<rVifMf#>«4CMf»>*4^. «•l>*^'^<Viü*l/N^I<Vr»^^fVJ.0l|\'»*lf\"rt-4',0^»M 
iniAUMn« o<ci<\i«iAifw%>4nu<\j4(iS0>^iO'M'\ja'4in^uinir>o>>\ik.'>'4(r4>ou\i)^.(ro«M 
UMiMjMr>\i>Kir>^ftj(/\(/««-«»4N.<r>o',>.o oif> tu>m>o«4>4-4>4Vo'^(Mut<nTn »FimTtfou 

«orjNM'NimntoiAirfM'MH'V't n^ »w>oo o>f>^ tKinmiAh.'n^ w t »ir ■»'■*'»• ■»,(7>t>t>t^ 

oooo'^',»t*'=ic»ci^oo»->*-»r-»r»«-4i-ioO'j*noc30'^om#j»4o*^o»'Tor^e»c»o,",r^ 
a'^000C*C30000'30'3n00r><30r^->0'9r3^<1^C*iaf3 -»C3'»r»OC»C»0*5*0'3'^ 

blUJbJbJbiiübJUJblUJbllüiüU.i'iJUibilJUIbJbJUIblWblliibl'iJblbluii JIUiiiliJbJbiiiliuUMiiU.UI 
^'i>f»^in(\Jrlv4\0(M(T>U^O<OCM Owol'A.n0>4'J'OU>>4lAc.i ^^(\jT4^'M'»>l>''>f^lM'0(r  * 
0''*'ftT>',>-»^^ir>'^\Ocvjw»r>«>cj»4<y>»4<T<<\)<\jiA',om,o'«»iv.»4^r> o'r(\ifs.u»oo»4»4«<j fy 
C\j(Mf0c\j'0ivi^<MK'nur\jbta>i^*>uu\'0>4 O(VI^><-<«KJ j<_>^>^> j'v^T4cj4i<-t(7>'Oai'>,i'> 

-ao»4-<'4»4M>l|\ »*w-4•4-4■^■' -l<-l>4 »•o«»r<ji\jrviu\^^^«OMK)^ro«« ♦ »«Olffl^ O O O 

•4*4-4v4 0 3 3r«c>*4«4v4r4(_>. j^Wt^owt >'^«-l«4r>'4-4-^*4' t<-3 JOOv>OOC> 3cr> ^O«^ 
('>0f3OOO0C3af30r3f3 aooOOOOOOOOOOO'^OOOOO 39C3r9-90c3<300 
I   I   I   I***««!   I   I   1**1   |**l**l   1*1   I   I   I************** 

UJUJUJbibJUJUJbJbJWbi^UJUJbJiiibibJUIUJiüuiWuJUJUJtejUiuiUJbJtiJiüuilübJbJ'übJujbjUliu 
T4 9(T>»<M^I/«K0O-4'W<Cm(r^^^'*l'>J(M)\J>^~) UN.  t>4>4.t ^4 0^«l(\^^U\^PJlf> OfPt^N. 
f>>ac9«<0i\ta4a9n«o«AOO<WiO>4 fr>'J'<*>ca<0'*^ax>o<at^t*.n*-fvrv*u\ »»4-««sjo » 
M^,\(\O"J"0Cro>*) O*!-» OL>ijro J (\lfOT>"1W nf^M T<NK. t 1^1.4« OlAf» t>»4«>MK'-(\J 

•^CiiB 0k.«-4»^>«»"'"O'«K.K««\Jf\jh» Bin^^^WÄT^ 0*,»?>N»4"JK»4»4«i',>'\l'Ni>4"<'\i'M'»l 

UtOOO« J4JLJ«Jc-)CJOOU«aCJO«J(^CJOOOi^C3C100'J JrX'^lf'Jr Iv^-aLI^CI'VO JOV34J 
o 3-.30-»T >u J 3 saoviaaonouo JOOJO-JO j joao »<->'jo «oao i'^rjo 

•^lfl»»L,%OIA'!»iro'ft'»U*OI»»ramoii\'»l/>OU>OU>o'«*ol»\'^lA'3ll«'mH'T>lft«-iift'iU\«»if>o'f«r-> 

•»CJOOOOOOo-JO<JOOOe. t»C3«>0»4.4»4»4»4»4»4,4.4.4»4.-«-4»4»4-4»4T4.H-«M'^Mfy(VI 
rvj(\inj^rj>\j^ru<vi>('\ii\ii\jnj(Ni(Ni<\i^(\j<\i(\irij'\ji\j(virg\i>>j>>i'>i(\j(\ii\ii\j'vi'\jrji\j(\irj(\i'\i'\i'\i<\i 

♦♦♦III 1 
WUibiuJUtiiJ 7- 
ITN «SC lOtft 0 
■no^nion V 
•»•«IAH v> 
•  4     •   •    •    • M »4erotO.».4 

l-i 
.«30M »in 3 
nrvooaa 
♦ ♦ ♦ 1  li >- 
UJUi u;'ij Wbi 
.at»o>n«4 t 

<t 
or 

4m«u\<o^> or 
(VAlOt^^^ « 
• 4   • •  4 • 

(MA«4>in«4 4^ 

p 
^».-»»4-^.Ofs. ** 
«30 0000 V 
♦ ♦    1   1    1   1 »- 
blit'tJlilblbJ >-• 
«r\jir*»o»w bo 
lf*^i"tw-ao z 
4K(Mo<«(r UJ 
4 • • • • • p 

^_l rt-» wo 
bJ 

iaNJ\>4«iM^ z 
»30 00-4^ ►-• 
♦ 1    11    II J 
'iMf bJUi'Aibi 
~t>t\-th~'~ii\ UJ 
a«»-4o »,o > 
itKrofom '-4 
44 • • 4 ■ 4- 

OMNIO tw <> 
UJ 

au 001 >>,> u. 
aaooo-3 u. 

4 4     4   4    4   • bJ 
imin^im 
►. • »t» t»«i-» 
rimnmin* 
«v«Vf\j«\jrjt<j 

-20 



** **♦*•♦♦*»•»****♦**♦***♦*♦♦♦♦♦♦♦♦♦ | * 
UtlHililU'l  lUIU'U'l.'I.JUJIUb  U'UJIl ü  lillilliiu  b lilUM.IU   (UllllilUJU  UllillilM 

• •••«••■••••••••••••••••••■••••••a«« 

UliJt Ili'UMitUiUJUJbliilUJUJtiJteJUIb'UJbJUJliJUJUiUJUIbJIifUJlAjliJUJUJUJbJUJUJ 
j«r ifNocrK ir>oc3»u<.»<nr 4fo^^(VJ J ^ * wo-U^CiOiMnoKo<inr>K> w 

rkrjrvjrjfVHNitvrvjtVirNifvjfMfMivDMCMiMfutviiMW^i^^^^MTiwwaooaaa 

UUJ UJUJ UJti f bJUJUJUiUIU'li 'UJ W^ JUJUJUJUiUJUJUiUJUJWUIUibJUJUJWU 'UiUJiJ 
as m*. u>uM/wm»4m-»ivir e>i>it.>ot>.(n>''an<-> nit. •oa"T< m ,0i<) a cy r* 
OkO «-ivot^«. ^o>o>Me.*tOCTfu^in^vo-l'^Kua>iOO*(vj«>m\(a<OK>n«i 
I»V>«J«)UMV   'OWN "»e\»a««o.<u»o«rfsjfBK ^(M>4inoMu>N.a(T>ir)u\>D(vjrM 
***•**••••••••••••••••••••••■••••••• 

l\(U(M(MIVnMfUmC\JCU(MrVi(VJIVJ(MIMrM^>4>4.')«4W>4>4»<«4^4WrM900O0C3 
oo eooaaoaooaavoaacBOvsaaa ^ooooaooaoaon 
ui^UJh. UJOIUiUJbJUIUlktiUJUibJUlUJUiUIUIUiUJUJUJkJUiUlbJUJbJUiWbJUJUiiiJ 

»■••••••••••••••••••a •i«««flVV«S4a4VVA 

aDoooc9C30oooi3eoeoooo^c9u^G»oeoouoooo^a^ 

Ulli UII>il4jlilUJbJUIUJUlVli UJUJ bJUIWUiUJU.'UUi bib i(iiU.'(j>Ui UJUJ biWUlUilUI'■ 
iCF.)\j'-/y^«(r>4i\j4(uwc><aN.«<\0-*m<\icu(T,'v<^:'>-*>otn>4pn^«Kii>jir. tr)K 
<TaKC>K«30>(Vit|>'VJiC(VlsO^<\Jlte<\J0«rt(r.S^O«f\J(ro<-«-*ir>O>4xoj«>i)(M 
"Vui/>(vi<-H\j-4<4ek074«>4>^^rk(v)Wf^ir>r>)T4to^i<>ionu^<ui'3«)T4nc3<M 

^»r u ii'iCirioir^ j ^nvomnromrrtvjtvifMnJfvifvji-o^^tWK-i^^ivjrsj^tfNj^e 

cootaooaooootj^iaocv^^bjoo^oooc^ooaooooo^w 

UJ.tJujU*UJIiJbJUJbJUJUJUJbJUJUIUIUJUJUJUJUJUJUJUJbJ>^JUJUJaJUiUJUJUJUJbJUJ 

mr wrjN.u>r«imNc30<>"o«to«(u>4C3u>>i>-4fn^oiiw «-a^^i^ivKPirt^.n 

rvJ\i'MrrfVJf\JIVJMfV^J*4«4»4*4~«*-l«'4,4«-fv4v4.-l«4v4*4fT«K «OtrN*r<(VJfM«-lw4«4W 

»♦^ ^4«-*»4*4 v4v4*4«4«4«4«4v4oOf3Qtj^cjLj^jr9C>LJO'-J'30l3 0QaOO 

•♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦»♦A 

UiUUJUlUJ*4JUibJ^JUJUJiÜblUJUiUJUJUJlAjbJUJUJUJbJUJUtbJUJUJUJUJUJUJUJblltJ 

iru> >c v"ir> o ^ cu. H (M wvorsj u> <\JK (TIVJ to n «> >C >o in >-i MCM ro*") x n ^N »> ^ 

>-»Jcjtirjoc»rj<jeicjoijoooor>>-jiJCJ'^oo^^jTr»rac»r»ooo«a.-i 

•»♦  • «••**^******««**«*****«*«**«**«* i 
bUi-tlUlUJU'lüUJUJUJUJbJUJUJUJIiJbiUiljlUi'tJLiJ^JUJIüuJUJUJUJuJbJUJbJliJUJbJ 
«K »o^^r»^ rf^J^^^l YU*K.^irioniiri«4.4<^f»*Aj^r9v.vr>Nm'n«^<n>t«rj«r « 
uou4a)'4mu>rof^mrt.ri7,.roep«n(nr>(Mc»4i.«>o>c<->ei>><4K.a«« t 

^O^yr^ J^or^oci^t1*gOCaOrJ*^^00^0'yOOO>-^C30000>3n^ 
♦ * ♦♦♦**♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦*♦♦♦ I * I « I A I * I 
lilUIUI.IIlJIl'bJIJUMiMiMiJIxJIUblbMlJUIIllUMtlUlUJIUUJUJblblUliiJIUIltliJUJUUJ 

in»M1>^^J'M-4-4H>4'-4'VJM-4'\jn>OMtMM>J><MMWMM->>MT«49>WOM<a 

canono anctrscsooisanaon'-srssfarsoononcs'nrx-i'soon 
♦ *******illl  II  11*****1  I  111*1  III  II  I«* 

liU LUUJ liJt 4J UJ UJ uj UJ UJ Ul UJ UJ UJ UJ UJUJ Ul UJUJujuJUJuJUIUJbJ UJUJ UJ^iJ UJUJ UJUJ 

i\rvj~>7>K>oa oiMw^om OOIVJ 4~ir>M(rirt<j«>m9-tMr. «r« AVO<H>OK. 
tw j-a .-»M« t"-<0 -s j^^-iAoy^Xrg") OJ»(>1K>O r -IIIM>» !• totrrvj 

Mr4'M»|(MMMM1>'7«r''T>i(|K.«t(T«<>J<M<\JMM'T><O<0>T<^<>4^'^-e«IV<0mM^ 

♦ WOO^'CITtOWCJ^JClClW ■»OOU»a'3t3000r»O.Jt.#.J»JOraCjO'3rj 
CSLJ< 1 3r30'>rar9UuJL9C3C3r3^|^C30i3'9^^C30r9C9r301J'ao^O^JO 

inrii/\~>ifv's in ^inr*i(Nr'*'f\oi'\^)(Wf\'9(f>ou^ Finnin rvmr^m's iA^nn 
*&*•*.* tinm e'A^^-^«<cr"Kri'->^«>4i\jM>n«o^ yinu> uioi^^><o>«n>'Kr> 
<\«NJC\jrj(M(Mrj(\jt\jf\jiM(\jf\jiNjM(»>fOMi»iM»omww>i»>tnfOf»»Mi»>i»»(n»n»nwi^ 
r\/\if\jrg»\j'\jrj \if\jr\jpgf\j(\j(\jf\jr\j \i^jrM'\j(>irvjf\jr\Jokjojr\ji-\j'\i<\iOjr\jf\jf\jr\j<Nj 

a 

z 

«a 
O 
or 
<t» 
i 

u. 
_i 
UI 

o 
Ui 
f 

I r c 
z 

o u. 
t 
X 

1 
T u 

«I 

^j*Mf mi A ivrvjivi 
b o oc •, < uuo 
• I  I I I I I • 

UJUJUIUJUJU.UJUJ 

^iniriAnoen • '••»•••• 
^0%0,0lfk0^04 

M «VJ <\jrjM (VlfVJCVI 
0 C'OOOOOC 
I i I I • I I I 

UlUJUJUJUIb.tUJUi 
«nio<-i^o(ri«) 
n j9»«ruin«\j<0 

• ••••••• 

IVJ(\JfMMIM(SJM(M 
eooooeoo 
• i i i • i I • 

UJ UJ UJUJ UJUJUJUJ 
<ooo<-iK.eo>m 
(T<roa>«f\jii\o,

lo 
>o<\)"oi~inin"w« •••••••• 
C',0>U>«<T'(7>(T>© 

(' PMMMMfvJMfy 
c ciuoocoe 

1 I    I   I   I    I    I   • 
UlUiblUiUJU^UIUJ 
a(\jKiina«oi^> 
cjm<V(inrj<7>cjo 

• ••••••• 

M(M(VJ(M(\JKJIMIM 
oooooooo 
I I I I I I • I 

UJ UJ UJUJ UJUJUJUJ 
tOJ JWVJO»"« 

iVtO-t^tnntOM 
■••••••• 

l\JfM(\jMINJ(\i(sj<\j 
OU<JO JOOO 
I    I    I    I    I    I    I   I 

UJ UJ UJUJ UJUIUJUJ 
»4 u wwMt. in ") .* 

•••••••• 

f\jrjfM<\jrM>MfuM 
OCJ'-SCJoOOO 
• I  • I I  I I I 

UJUJ UJUJ UJUJUJW 

in.»<c.OK»<-»M 

• ••••••• 

(M(M(NJI\J(\Jf\J<\JI\J 

I I I I I I I I 
■UUJUIUJ UJUJ UJUJ 
,* m #'A0«4^o 
lA^« M^O^iDrsj^ 
a tin 0o""o t 
■ •••■••• 

M»M»<»\J«\J»\J»NJI\J 
CJ'3 saoarji 
I I I I I I I I 

UJUJUJV^UJUJuJuJ 
O'CfiMofO,» t 

I -a^rj^art«« 
t- • ■•••••• 
n ^m^wo-r-»«« 

X (M t\J (VJ MIVJ M (\Jf\J IM 
UJ o^ioo'aaocjo 
z 1  I  • I 1  I • 1 I -< -J ü ü »JlOUJiJUJIO 
-1 >Jo J>t5vOO>Mfj 

rii'^-j »«imitin«) 
z ■» 0»^ tK,«WI»1< 
«X •   •••••••• 
UJ o> T<<T no(T-?i««r 
r 

21- 



LABORATORY OPERATIONS 

Th« Latx. rttory Operation* of Th« Aeroipac« Corporation it conducting 

•xporimanul and thaor. tical invaatigaliona necaaaary for th« «valuation and 

application of «ciantiftr   dvancaa to new military concapta and ayatama.    Var- 

aatility and flaxibility have baan develop«) to a high degree by the laboratory 

pereonnel in dealing with the many proble.na encountered in the nation'« rapidly 

developing apace and miaaila ayatama.    Expertiae in the lateat acienHfic dovel- 

opmenta ia vital to the accompliahment of taaka related to theaa problema.    Th« 
laboratoriea that contribute to thia reaearch are: 

Aerophvatca Laboratory;   Launch and reentry aerodynamic«, heat trana- 
f«r,  reentry phyaica.  chemical kinetic«,  «tructural mechanic»,  flight dynamica, 
atmoapheric pollution,  and high-power gaa laaera. 

.        Chemiatry and Phyjica Laboratory:   Atmoapheric reaction« and atmoa- 
pheric aptice, chemical reaction« in polluted atmoapl «r««.  chemical reactiona 
of excited «pecie« in rocket plume«,  chemical thermodyaamica, plaama and 
laaar-iaduced reaction«,  laaer chemiatry, propulaion chemittry,  «pace vacuum 
and radiation ef?ecta on material«,  lubrication and aurfacc phenomena, photo- 
eenaitive material« and aenaora,  high preciaion laaer ranging,  and the appli- 
cation of phyaica and chemiatry to problem« of law enforcement and biomedlcine. 

Electronic« Reaearch Laboratory:   Electromagnetic theory,  device«,  and 
propagation phenomena, including plaama electromagnetica: quantum electronica, 
»•••«'•.  »"d electro-optic«; communication «cienc*«.  applied electronica,   aami-' 
conducting,  «uperconducting,  and cryatal device phyiic«, optical and acojatical 
imaging: atmoapheric pollution; millimeter wave and far-infrared technology. 

Materiala Science« Laboratory:   Development of new material«; metal 
matrix compoait^a and new forma of carbon; teat and evaluation of graphite 
and ceramic« in reentry-, apacecraft materiala %nd electronic componenta in 
nuclear weapona environment; application of fracture mechanic« to «tic«« cor- 
ro«ion and fatigue-induced fracture« in atructural metal«. 

Space Phyaica Laboratory:   Atmoapheric and ionoapheric phyeic«,  radia- 
tion from the atmoaphere, denaity and compoaition of the atmoapher«,  aurorae 
and airglow: magnetoapheric phyaica,  coamic ray«,  generation and propagation 
of plaama wavea in the magnetoaphere; «olar phyaic«,  «tudie« of «olar magnetic 
fielda: apace aatronomy, x-ray »«tronomv; the effect« of nuclear exploit on« 
magnetic atorma,  and aolar activity on the earth1« atmoaphere, ionoephnre,  and 
maanetoaphere; the effecta of optical,  electromagnetic, and paniculate radia- 
tion« in apace on apace ayatama. 
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El Segundo, California 


