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SU_,£_!ARY

The design powered-descent trajectory for the lunar landing mission
of the Lunar Exc_sion Modu_le(LEM) is divided into three operational phases:

an initial braking phase_ a final approach phase_ and a lauding ph_.se, as
reported in reference i. This paper contains an updating of the analysis

reported in reference I on the operational tradeoffs available in these

phases of the descent. Several trajectories were fotmd that yield satis-

factory operational featu_-es which allow adequate pilot control of the final

approach along with visibility and consideration of lighting due to the sum

angle. These trajectories at the sameti_e satisfy the abort and fuel

economycriteria.

INTRODUCTION

The powered descent and landing trajectory is perhaps the most critical

phase of the lunar landing mission. Becauseof the increased weight of the

LEMand the added constraint of a specified thrust profile during Phase I

(or Braking Phase) of the TY_Mpo_.zereddescent, a re-examination of the

analysis of reference i is deemednecesss_ry. Consideration is given to

pilot control and pilot safety since the crew is eypected to assess the

landing area and monitor the automatic descent. This may result in pilot

manual control of a minor or even major portion of the po_ered descent.

In order for the crew to be able to perform these functions properly_ such

factors as the trajectory characteristics of the final approach_ the

attitude of the spacecraft_ abort considerations_ and the visibility limits
of the spacecraft windowsmust be acco_nodated. Tradeoffs between these

factors and the need for minimmnfuel expenditure is discussed.

The purpose of this paper is to present a re-ex_nination of the

reference i analysis on the'important trajectory characteristics of the

lunar landing maneuverto lo.-gate and to examine these maneuvercharacter-

istics in the light of asst_ed operational criteria.
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PHASES OF PO_H_RED DESCENT

The p_.rered descent portion of the lunar landing missions is a

continuous thrust maneuver of several minutes duration and is initiated

at or near the pericynthion of the descent transfer orbit (figure I).

This maneuver may logically be described in three phases: braking phase_

final approach phase and landing phase.

In the initial phase, far from the landing sitej the important consider-

ation is optimum fuel performance. This braking phase is continued to a

point where a modification to the trajectory is necessary to allow the crew

to assess the approach to the landing site visually. This latter point is

as yet undefined and is subject to tradeoffs which are examined in this

paper.

The second phase_ final approach phase_ succeeds the braking phase

and continues down to the initiation of the landing phase. It is d_ring

this second phase that the vis1_l assessment of the landing area is made

by the crew.

The terminal phase of the descent trajectory, which is not discussed

in the text of this paper, is the landing phase and extends from termination

of the final approach phase to the lunar surface.

A sketch of the powered descent is given in figure 2.

SCOPE OF CALCDV_ATIONS

Since a previous study (see reference i) involved a wide scope of

parmneters; the present investigation is limited to a more desirable range

of these same variables. The initial conditions of the po_¢ered descent were

pericynthion conditions at 50,000 feet (v=5583 fps; _ :0°). The axis system

is sho_ in figure 3.
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B,_'qAK[NG P}L%SE

The braking phase of this descent is based on the calcu_lus of variations

teclmique reported in reference 2 for two-dimensional motion, a circular

gravitational body_ and a specified thrust profile as sh_,rn in figure 4.

The specific imp1_se for this analysis was also varied linearly. The final.

conditions for the braking phase are specified by the desired conditions

at hi-gate for the final approach phase.

FINAL APPROACH pHASE

For the final approach phase, the three major parameters were varied

in the following manner. _o values for hi-gate_ ht_ were considered:

h t = 6000 ft and ht = 8000 ft. The attitude, _, was veiled from 120 ° to

140 °. The throttle setting_ TR_ was varied from 0.6 to 0.4 of the maximt_

thrust level of i0_500 Ibs. The terminal conditions of the final approsch

phase were a velocity of 62 fps with a flight path angle of -14 deg at an

altitude of 700 ft. The lanSJ.ng site was asst_ed to be 2800 ft d_a_raege

since that would constitute a constant flight path of -]_4 deg to touchdm_m.

The equations of motion for this phase are based on the same assumptions

that were used in the braking phase.

RESULTS AND DISCUSSION

The primary objective of this analysis is to present the variations

in pertinent parameters of the powered lunar descent due to the varying

of the attitude_ _._._ and throttle ratio, TR, of the final approach phase.

Tradeoffs are examined to determine trajectories that have desirable opera-

tional featlmes, but also_ meet the fuel requirements of the descent. Few

of the cases considered have a total characteristic velocity, Vc_ of over

6100 fps; (see figure 5) therefore falling outside the reasonable lir_.ts

as far as fuel econo_,@ is concerned. The hi_ler the attitude (i.e., closer
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to the optim_T_) and tl_ott!e ratio (optim_a value would be i.0) the lower

the characteristic velocity. But these cases destroy visibility and increase

the approach velocity near the surface.

The minimum desirable look angle is 35 deg, _._hich is i0 deg above the

lo_er widow li_t. As sho_n in fig_e 6 this constraint eliminates an

attitude of 140 deg for both the hi-gates of 8000 ft and 6000 ft. All other

attitudes will satisfy this constraint.

Since the flight path angle is restricted to a maximu_n of 20 deg.,

figure 7 will eliminate an attitude of 120 deg except at a very low throttle

ratio. Butj even then the fuel expenditure becomes prohibitive. Also, the

high throttle r_tios for attitudes of 125 deg and 130 deg exceed the

20-deg flight path angle limitation.

A_other operational factor to be considered is the time to assess the

landin Z area. It can be seen from figure 8 that the time of Phase II for

the eases considered varies from approxi_tel_ 50 sec to 150 sec. _t _s

asst_med that a minimum time _¢o_d be about 75 sec; therefore, as in the

ease of the flight path angle, eliminating high throttle ratios with atti-

tudes of 120, 125, 130 and even 135 deg.

For completeness the range-to-go from hi-gate is presented in figure 9.

This parameter is also a function of the attitude and throttle ratio, but

operationally is reflected in the flight path angle and look angle. A

short range would necessarily cause a steep flight path but may have adequate

visibility because of the nearer-to-the-vertical attitude of the spacecraft

required to maintain this steep flight path.

Since certain combinations of these important par_leters are desired

along with reasonable fuel cons_nption, figure i0 presents the look angle,

_ and the flight path angle, _ , crossplotted versus the characteristic

velocity and the pitch angle or attitude and figtu_e ii sh_s the range, R,

and the time, t, crossplotted versus the same variables.
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A nominal trajectory would have a flight path angle of about 15 deg

and a look angle of 35 deg. Figtu-e i0 shows that this would require a

pitch angle of about 130 deg d1±ring Phase II and _lou!d cost 60_5 fps

characteristic velocity. To find the throttle ratio it is necessary to

return to figt_re 5 with this attitude and characteristic velocity to

ascertain the throttle ratio is about 0'48. The trajectory characteristics

of this trajectory are presented in figure 12.

This method was also employed to determine a trajectory with a 20.-deg

flight path ang]e and a look angle of 35 deg (see figure 13). Althou_h

a 20-deg flight path angle is believed to be a design maximtun_ figure ]4

represents trajectory characteristics for a trajectory with a 25-deg flight

path and an improved look angle of 40 deg. Notice that the vertical descent

rate remains large even at low altitude. Also, the time to s ssess the

lan@_ng area is below 70 sec.

CONCLUDING RF_R_'(S

A re-examination of the ana]ysis repo_:ted in reference i concernir_ S

the p_rered descent portion of the landing mission of the luna_ _ excursion

module (LEM) is presented with special emphasis on the compromises imposed

by various operational considerations. The design landing trajectory was

divided into three operational phases. The initial braking phase is concerned

primarily with fuel economy; the second phase; the final approach, emphasizes

pilot control and visibility] and the final phase_ the landing phase, is

from the end of the final approach to termination at touchd_{n on the lunar

surface. Flight safety, inclu@_ing abort considerations, and fuel economy

are overriding criteria throughout all phases of the descent. This design

landing teclmique was fo_nd to yield several trajectories _;'ith sat1.._ac_ory'_.....

operational featt_es which a!l_.r the pilot adequate control oi the final

approach and at the same time satisfy the abort and fuel economy criteria.
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The landing phase was mot considered in the scope of this s_alysis. This

re-examination confirms the selection of trajectory parameters made in

reference i_ even with the current _eight and t_mott!e ].imits.



I
i. Bennett, Floyd V., l>rice, Thomas G. : Study of Powered Descent Trajectories

for _nned L_uaar i.an_ings, NASA TN D2426, 196_:.

2. Miele; _nge!o: General Variational Theory of the Flight Paths of Rocket-

Po_¢ered Aircraft, }_ssiles and Satellite Carriers, AFOSR-TN-58-246

(AD-154 148).



..... CM OR_,Z'I'

\.

\.

%\

\

t
/

"_, X

%. "_.

X x. " %" \"X ' \

-,, ,, \ ",, \ \

\,\ _ \% '\

x.

,/

..... T3'. : ,7:2(;[ ,:

7, V"-_ ,.',2,2 4_]

LU:L£'i{ ,_-Ut'_YA(',}:', --

9.0 :-; '-q'_-_\C,7,1

;,,rf,_Ti_]; I _] _ _,_.--r,,,¢-,-_ T__.!i.', ........



.Q _'i_l__}i_ 2_£T",';_!!;r-T: L_. i" ;[_ TrT!I .T'_ P jrl]

Po

!

k3

F:
E3

C

O

L_

H_

('-2_

F_

L:£1

".._
.-\

,J

IQ"

B_

L -J

, ".,. •

H
C)

i

i j//

T . --4 _/
_' C)

/

"x\

\

t

C_'

C,'

/ .--

_d

Co

t-t
_---I

,9

u

l I 1

.J

(_,2 _/-_ ¢'?'



+.

;i

_'i[ii"_;i! _.T:- F:;

........ " - ,L,:I [.d .' X % £

%% _,.,

"" .... r;OOi- ;\27,i E

h

_!_T}K-_US'£ "'ox...

AX_I. <_ "_

Lt¢I.A._ ...._:--<i......./'-'%....?....7"-7'-'-'_---'_].
_-Uf_AC.'_; ......, .... -7"" / "," .' / / ' / / / ,_.... '..

";. /'-i / / / I ) l " 1 / ," / .," "'--..

t71 I ,,' .A ; ." // ,/ / .' / / ,' :':-"'--.-
.// / / / /t,," / / / / / ,/ / / /,'? ,,_,.

//," ,' / i t _ / t / / .,i /,,.

_.. /,! ,/ t . _.<_r:.>j.... ,.'JJ . , , - ....
," • / ,, , ,

1 ,/ i

f

?

/ ]<,P ._ .., ,,,

t

t

t

C]L ['[i_C}:: C:' ¢,_- -]

/

_"i ,r o},, _ :',;'_#';':r CJ77'ttLX-Fr <; <,_f_='1_:,,



t (1 ............................



\.U

0

F;%

\.)

N--;

©Z

°u

u

o .":

UF!,,.

0

0



,f< "_\

);,.

0

vi'._

U

T-

O H '

t_

ell

,2:t=

fh

....: ............. ................ ! ......... ...... ....... -""1 -_......... ::-- -i:_..- ......../L _...... _.-7 ', :.-_:_-- _ 7"]-_-7 r- - __: J.( :. i 7.

-:---_:-7 ;7 : _ ;. !_ " _( , 7- i f - '_ _ _ _C<J C,t r,_ (_h _< ;, _i ; -_ -

[*:-/ -. ] t .... }::-- } ..... ,:-_ *t i { :_.L:" _L'::LL:':.L-{=:: j_:_I _L/ _:_-: L) 7 :. c:-?t{_ :: # :_ I.-L __t.:.. :_--:L;.'_-:.:k_ .

:---.7['7-7 7 ---7 .--['7-. (_i -::-77"7774-7i 7":_-X:-T:Tl! "_-[-'---7''-Z7-_7'- I':--"TSF ---7t-?'77_-,_. _ T-_; 7-/7/:--777 7:; ............. I r-- : : k ! [- " i" - ' "_ ;

I
, ................... ,- .... _ t_ _, *_-.: ::.°_!_:._ _.--,-" 7 -_ " I ................

""-_:"-I ------ .... --! -----t-r_]:< ..... I...... • T-r_ ---- T--F-- --_f;r .... ._:<-'P/-_-" .'--77:TZ:ITiTT-Z_._L_. [ _ r "." i-
t :_7 :_ : .... , ! : !e , . . .... _ _ < _ ! ..... --.: :_j_ I

7:t i- "::'-7T'7;7 --_-7"7ET[[=::7'(TL'-_-,-%-" 7-:_'_.;\"-_--n'7_::r_-._T7 7--..T-_Z Z7 7-'777 :-7ZT--.:; ...... :_:__ : . : .1=_, .: +4-;

:7..'7-]\_7:.7]7 7Z27 Z+T "-' "7- _"5; _ r_-:T2_=_i_ 'r3'----_r-----ZT:--I -- -_7:77 } - " ...... ..... " { b "" /

b'. I r:: ".L _oI__-.-'_---_ ' ;_:: _ .: 'J .... _.:_..__.t.___.J-7_.;.;J...._..,- .,._' : _...,___L.:__." .......... ,........ ..+-............ ,-,-=::--, .... _--t-_ ...... !

i-:- -.-r .-- -::-.... } " LT:[::7. T777 .7:;777 .'i-7.-" 77771" .... -,:2_77:- .L ; :-- 7"7L- .-IZ:27 : :7:i -:: :7 :7-i i I , ',

- , : I " I .... ! : _ l _-- _ : ; ' Lf ..... L_, _£ .L t....... !.;£ .... ]_:_ tJ-!. ..L__..Q; ZL___-L:Z:..(."-.-i--.f

..... "G.......... i-" 7 " :7 ......... -"-2"_72:'"7"-7-: - '----° ": _ "j'TT7 C---'-*ET"._i 7.7-t L:--- "-_,-- ]: , ! ', ' ' 1 ' i ' _ E: '

• :,[ ,- ]i ' _: , [ [ ;l_ ,: ]:" _;£21 {Z. : " [ -- r : °! 7P7 z V i ': :t[ t : t i I L_' [7_1

. . . : , ..... .... , ........... . r " , _ .7

.'7-] 7i7".- - . ..... ' ...... i' SL ]]-!- -: . J [ < i ; ', -: , '--_ ] _ ; , i [-7!, '

:-.-7[': 7:.:7 : LI._ T_f-:;t-'Tm;'i=:'.=_'TD']:O'7 "=.-':7:7:-;"':--.: T-_.-"I-7-;"7_ "7..--'-'7]-;7-: -:q':-7_7";: -:-,r._i 7T "ZT[--'-T-_.-,[- -i';_ :7:7 -I':7"7----L_i[7;"'7 7-177' , O: _.,_o

T'I -.< i:Ti 7_[f _i 7 : "_-[ ]7:[' _ i 7 _ _ _ .. =. ;.:_=_-L_]. :., " L ...... .: . :L . . ''T "_' °

.......................................... . -& .-I .......
...... -_: L_,_÷- :.4, :,::_-:+-::t=::..i_ _t _____1-rn .......

: --7: :: "7-] _g>....... -'_ ...... : :" :7_:T -:--717:: : r :,: :_: -.. _, /" [" "/ .... 4 F.... : m -I

T .... _ : , , I * i ' _ - " ... F- >,"::-%. L ' ;: .o| i. L . r> -

I ' i ! rC< ' / _ I _UL -L _/-"L>'*-5"% L 7 I:U_T:- {__:.I'_]- ! = L .... :_ ...... {....... _ ..... o'

l . i - t r , -'.- .-_r: ! i b . t , /L. = ,

: :-:::-- _ i: : - 7°---- - --7 :7 -:- -';-!_:;!_'._>" "-:.-i- :- , : f :, .:i " L:-_: r , ': _ '

7 -_; ..... 7!-7{Lj ...... 7 ---- 7_>5< $'-' ;: - " 7- ]7: 7- 7; Z-- 77E7 .... i ....... , . _ =_'.

t , , ..... ! _.;;-[ '. I ! -' • ...... - i _ ' : ! i:_
I _ i _ I ...... <._-:- ., = a ! I- . . ; -_ ...... i ..... _ -__;-_..... ........... I,
'::::":: ...... --_=.:---: 7-": i: ":,T:':":O-:-r:'t-T--;::'--7: <4"---'=- :-::[":-T ''L\'T---77"---/----T--"63 ....... 7-:', .......... _ . ,

"{ ; :,-: ! --i : : - : 01 " ! " ",> ::[:: >_:LC,,]... • 0,I _ i "
" :, " .- ! I _ i i _ - i. 1 _:: t --' - -I q-. -i t I ! ,- . L ........ ! __: _ : i: -I

7 ..... i: i i :-i: -: <" ! : : - t T

........ 7 - " ;........ ; - -ii 7.1 2 r } { i

: _ ; " ' ' " i T.L I_ "

................ ................ ........ _ ...... T ......... .................... 7 -- 7 ....... r - 7 ........ i .... i .... ' .... ; : ...... - -{

• I , ._ r _ _[ J .... IL_+_.L__t IL il.t._ . Li2-] .J-Z_ ._ILl LZ_ZI__ ..... !T _ ' - _ • - _ -

.... : i " -7 : " [7: .... .i ........ } - - ; [

i / ' - 1 "-t _ ..... i " " I T .



C)
L_

©

0

'B,i ,_

2: ,.d

b" U _

0 x

d

L:<

0

©



\.)

0

0

0,1 :;

o
w

Lr E

_ 72 <

t_

Ox-
c,; _-

0

0



: I t 'I' , _ I , I t ...... _ : .... _.... l ................

............._ t ............ ...... !...... J .................... v .... ; ....... ........ _ ....... - ...... , ........ [ 4 . _ =__-- f_, _., ....... ,

,, ............... , - , , -.:.- , '...... [ _. !

i
/_ ::_:-:_t_ ! _:;..:.1......... ,-_.-:t .... 't ........... _::..........;, _........... ':;"' : .,,._,{.__: [- ,:-t.:r_:_ :H_,_¢ .... i ................ -'t

L "-.:-....:.'.:_:..._,...:._J_L. '.:_._J........ ; .:::.z. -_.., ._,___.._:-; _:_:.ft.:.:...__,. [ .,:..L.:-: .L:o;.) 1_ ,- ' ' L:.. ) ' : "_.; A- I ...... _ , ; - .

i I k

I
d: -_:-:: : _.,-, T:t, _-: -T< :!:_:- .---:,-,-- -: :_:7 T::_ _Fr':::i: :: -:}i:-C,-;:-:;::;!:7_,q :-=_'_:":r._-:b::.F---::-

:-":: .......I " "--!°_ .......I;- ::].... _- :--'F-r .... ::; -=''_ .... '- _: i_- : .... t-- --'7"- .......... ]--_]- -It -:'-'-'-- : ......i- -_iI...... ' " -:--'-i

f
" i :__,_,X_ T .- _d_ _ :'r-'; " _'=-

•: -'-.4: ;-:L::-.:.:._.:__,:::_:_.=,: .:.._.._=.4::,:-.-.:::,: :..:_:,._,:_==.::i::.:-.-::_.:...:::.::::_:.;_::L=_:.:J..=: :: _=-_ _-::;,_.::::::._

I :: " " . " ! : " _ :: !- -!_-_ [ I .... [ .... ! ;- ...... : ! .... _ ::: #:-'-"T:"-:- :::;-!':'-I :'-_:'-_:-::i
'L I " I i .... i, 'r ' ........... I

I:: _ " q-!_ i !::_' _ i-_ : .... ;:q,_:-:: -_ :: _::::.: _.-:: ;_ i,: :_- :::;F::-,_:::::_ _ :: I
\_ ,J " . ................. ..:. : : ....... :-: .......... .._ . ,.. :.. ,.... ......... ........................ . ......•" 1 i - I ..... , -- t : ...... ;, _ :.: - _ , : : -_ ; :. -. _ .:

: • :I ! ..... : . .! ....... " :i:: ! " : '. ', _; i " :_ ,,_ '.

• ; " " ' " .-L-- : ............. ....... _ .... r ............. :* .... ' ............ , _:J: -

---- -'-"- "-- ...... : - ........ II'..... ";-'_ .... "T'-:----Ti-y-,-- I ..... : .......... i .... ]:" ......... [ ",.;T--:'( ....... ' I ................. T- ........ _- ......=:- _ ::_ i _ ' ;: ,} , ---_: _:: i_ _ :'J J_! _:_ _ ;}: : ........ _-I '- " " _ ..... I __xz ....... t-! _ ....

.............................. }...... _:: ....... _.... ___: j.__. -1= :_:. :_ :_.._ _ ___v -,:- - . ..... =,-: =............ _ -

..........i I.... ...... ........... ...... ....._':_ 6 ' :_ _,_ , ;I ..... .... , " - I r ; I ...... -

:[ .......... [ ......... : J'-'l ................. -[- ..... i [ .... I ...... _ _I .

....... ........... ....... • I ......... X :--.L _ L

_: ' _ i 1 :" : _:;'"_i; :: ": 'I L " " -: :: _" " "'_ " ! ' " -'-' ' :;' " - { , CQ "i _'-

0. _ i ....... --: ........................ "-'_ ......... _--: '- ...... ' ..... ,-':-'-:'_- -

.... : _ .© _, :::

0 z '.,- . _ .. _---:- -:-.. -.-v-[: _ - "i ...... _- F -}"T":-- TT'F:~:-- -':L:- ; -": ' "-:- .':'?:--T ,:':':':-:'::-'I"T ;:: 'T "-i T:- "; "~ :': " :- :-'T_f_-::_--.',"" -"_I _'_" _ ..... _-i k -_, ......

°_ .... _ ......... ] ' ' I _1 " _ ' _ F :_ " • :. '

o _ ' I -4_ ;-:]:::- i: " I :i : I-:: I :'-i:-:!:- -I----} : i-:-:i: " ',-."-i--:?i:-:' :×::[:T:!- I: :_- )'..:-:;::

_::..... _ ; _ ! 11_--- .... _ ,_ ,, 1.......... I _ . !
.... I _ ..... I .... _- .... ,--::;;: : ::-.'.... ,--: ...... l::: =: r:_-:: ........-_-: ......:: -::-I ...................... _.... , ............. _..... I- _ ........ -I

• ' - ! l , " : : i: i i " I i- .:; _ - _ ' " : /'I :-] , _ " k.4 : _

_: ! cL _ : _ __5'- i :": ......";:::_: ::T" : T'":::: "-':Aj.....":.... :';-:':i "-::<_-::'-: -:' _....I
I' ; .... :q - ' _ co _ ,:,.b - --_ .:_: .... -,-: :: ! ; ";:.- : ! .... -

- : ............. I'_ -L ..... i.[ :L:-_ : [ - L: .... _- L .: _L_I___ [: ,-- -'L L:- _: " "_ " - - -[: L .... ,J"

[ - - :' ! _ .; t ! t - ' I " ! _ [ ..... I : "_ - _

I ..... _ :i [ " : ' , , _.- - -_ ...... i _ :i ....
I-L-: : .L-- I -_= : " L:.: .... L. :L _.' ' :---I :L.i ,__:_L.: :'. ' :. LL_, I " L :, _ , _ ,' j _ II ' ' [ I ' ' i ' , - .......... : ........

i ......... t _ .... ' , . I

i
k.-

i- it .............:-".......:]-:-- -! : .......'- ....:....'---:: .....--; .........'.....:--T'::--_--; ........ ;....... i.....

!. .... ] i , ,

I ', .t , + ', I , ! :[ '_ : T- ' i . ; ', _ ' ',

L,..:.'.: ...... L__: ..... t:.: _ !_, _L :. :_ ;.:_: :. [........ t...._ "2.:.:__: :.:.. ::..,I L__:..:,.: .__ :L_ .L:: .L!: ,:.J.: .... L_,,_ ._.:__[,:...__:__:.:J ____,.,: !... :._L.:_...: .... i..:._: !



0

L._>)

61 4

e
p

t,t _n

N LI

F u_ z

Pd
OZ _-

G >:

t/2
g_

0

[ ' ' * t - ' " F-i j

, - ! .... i ' ' .... ' - ' - ...... --4

I " . i i .... I , - _c

!"- ' - ' &!: • " -_ ..... " --. '- ............ ; ........... ' ...... ' - ' *- _ ...... : ....... 2 ......... !" ; ......... :'

1

'::-:_P, :'-: [:?::'"::!": ": :,' :/ ','_ " _ ' : " , _'_' _', i _ _ ` ' ....... '.... :' _-',:_: :L'_' ''-_i-i

............ L-::......... r- --<...... :-<._.-........... I- .... ,-= .... >_ ......... I ......-f--' . r _._....... -: ........ cO .....

i.::_Tt.t_ ,:t:!:.t:!;-l:-,::l'-,:i:-: _,: ]:.D.._ L _ r _ i '' :_: _'_? : ! :':L't:' "_- -i .... _ i' ].... ":':--_: :i.... }]__r -. t''=[ i--4J

..... - ....

i , ; " :..... l-, ..... :, " :......... t - -' I , ........ , ...... 1

I " - . ;_ _'_L:_; .... :_:_:..: ._::." __:_i ...... i_ .... ] _.] ....L!:__.'z.::z-J- :.'..-:-! ..... : _:-: 7--- -I,-::-:-L:-:-- :: ..... :........ ! __..,":_..,<7\ !
....... . _ _ , ._ ....... F_ -,-=

, , j_ ,
.... j ........ ........ _ ..... ___ _ : .............. L_. __ .... t--_ ........

..... _ r : ..... i " " . _ , r $ I , _ i _ - i 7 ' l - . ; - : < _ - : r ! : ..... : -- L ' k 2 _

: -'- .... '- ' _-- ......... _ ...... [ .... ,: ...... -- !-: ........ : _". -I ":- ;...... : _" 7 _ .... : .... ,.......... :'" (_Y _L_:!

.... i :-, ,_........ : .... _-:-.,._ :..... : .... :- :-:; ............................q--_:4:.......... ..................... :---_-'....... :................... _ff__r: ,
--P r.+= . if_ ; _t :- . , : :, ' [_i_ _;, ,;_I ,:'r r:.rl r:, Lr *,,r T ;.L-_L_; _i T:: ": _.L::'::E:2'..[[: :_ _'- i ..... - .l:-L 0

- - :_;_ 7:'r: ::z -4;t '77:- :77-!j] L'_ i':" :T :_7:.1:: [ :{:'i;:]__ =-: :-7__-- :" { L _ _T'- L -7 -_: L :_- _":[ 'L'i '--i' (" "i" ,,_........ [-4 -:_-:C::{ " _._:

""--- T" ..... r .... "-----P ..... --'" , : ..... "'---" ................. ": ..... -- "'" "_-':':-"i, --"-- -'_-['- ---- : i"-- ":- -7:-"; "_._--:-::-'T-'_.::m'--_} "i "T'--" "r" - -_-':-'7_.L_-

I: _ 7 i :: :.... " _ _: ....... i " E__:''_:: ,I
- _r " ..... _," ; P-" " ;' :--': _ I " r' _'" I j :_ ." _--r=-, _. . | EQ

.-- ' .... L- --L..-' .... 4--- .......... -t '':--'-L- : ..... : __, ..... ,__-'_ _'_ _- _..... " .: ".L, .-,,..'-- .... '.._d_ r+....... '......... ..... :-_: ...... : ........ .: i : -T ......... ._

" _. :-' ::.:',: " Ii::i t,?,j:::.: ;i- : : :: ::_--', ::] i: _..... - .... :......! • "_ - : :
.:_ _-:_.. _ ...... ! , ........ 4 . (- } "':- > ...... :;__ .- . : ......... :-:::;. : ...... -; --] .... ; +:: +- _-t ....... T- ...... E--t _
..... I _ - _ ..... /" - - _................. -r , - _ _ ..... _ - I " _: '
• P:_:4 I - i, ' i - .." .... ./ - _ ..... ;:_-_ r t" : l " . f--'

_, .... .,r- --i : -" "" ; .... _; :'_I " " -"t " :t_ " : - : ' ' --]

I I " _ .... ' .... ' ' ' ' ' ' 7 - , r.. , E_.
L " , ' }. ...... -'2---:::--: .......... _ .............. '._ i ..... J ................... Ct_'_ ..............

t
I- ............ I ........... [-. . --: ..... I ......... I" .............. :'" ...... '- ' .... :' :-i _-_T- -"--,-'--_;" " | ; - _ t--41

:- i k _ t ..... : ; _ O ...... 1 :) " 'G'i _J '

.-t- -.... o'_ .... 1 : ch .... _ - cq - : t c',_ _ .--i; ':_._ ___: :±:_.. :_ ,: :_. _.t.... . ___t
"- .... r- ......... : F 7r1 1 + II : i-- I : " --' ie i _] :--: :....... ...... : : i : i" FH : :Ill: ::_: ::: .... I :::_t i +_ I _ t -- " _ _: + 11 _I <I: "_ I .... r i _ _+" C i

.... L.: .L•L.L! U ! ,:L.-:- i ...... L . _i+ L II : i _, I__ ¢ . i _ :I _ . _ I:;-:I :i :; _ i- :i ig ......... _ ......... ..... _ ..... P ...... II...... ' ..... ; ...... F ....... I _

i • i [: . i ; : " I : : t-jL>I'-LL t " L_:_l:J2[t_ ' liOWL4 " !: ::- :: :-. ! ::_ . i- " I 7

: : ! • I . i- :I : -i: :I::- ! "i -:I I -] : :- ::I::-:: i: : i _: ,
-- ...............-[- I .......... _ .......... _'- :'- + ' ...... ' " _ ........ . _ ,'........ I ...................._ I I ....... ._ . .l" - " - £ °

: :_ : . : I _ : : :: : : ' _ ::- I 77: :::_ = { f I- . -4 :: L : o

! : _:_! I :_:: . i.., .............. . .......... . ...........................
I ..... 11 , I .... t .... ' _ t , I_ : _ : - - ,, {L " _



,....)

d

z

T P-'

o_

o _
}.,- a:

_C

0

0



0



',_+./

,"+h
k+. +./

C,I -_

d

_n

X,

0 >

b<i

0

r)



k,.#

0


