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INVESTIGATION OF SXT STLOS/LLOS PA..'q_ALLEUSM PROBLEM 

Testing of FGNCS 204 at NAA indicated 3Gveral ?l""oble~ areas :.r. the Block II SXT . . 
Tr,ki.nicn Positional Accuracy Test (JDC 12214). Ar. out-of-tole:tc:Jl.ce condition 
(FR 14530) of +18 arc sec., which exceeded tha:~ ±15 arc sec. li.--:-.its, was observed 
in the STLOS/LLOS parallelism test. It was r.ot po::.;sible to correlf;.te data from 
this test with any previous tests to the required degree of accuracy. 

· An investigation was per.formed to dcter--...ri.ne the cause of th3 p1~oblem a..d how this . 
problem c~u1d be alleviated. The three main objectives of this study were to deter

.mine: 

Tl;l.e actual STLO$/LLOS parallelism error. 
If ·the shi.ft . in data was due to FCXC Systc::. )?Cr:'onta.nce cl:.;.ng-a$ or wa.s 
attributable to· the GSE a.'1.d/or ·test :.:1ethods . 
How the SXT STI.OS/Ll.OS parallel.ism error cov.ld be acc·u:ra.tely measured and 
correlated with other test data points. 

Five i ~dependent methods were used tc measure tha parallelis~ error (Enclosure 1). 
The errors of the 511 autocollir...s.tor 1-re:::-e meas·..u.~0d ::or the STI.OS and LLOS for both 
ba,~:d.it and filar (when used as a telescope reticles. 

A -the6dolite was introduced in the S:X."'I' STLOS &nci ·.:,n0 Optics Ha:'l.d Controller wa.::.; 
manipulated so as to move the STLOS to va.riouz 1:,0:::;itio:ns while ".:,he DSKY display was 
maintained at .-+00000 Trunnion angle and +27000 shaft a."'1gle. Af .. ;.,er ea...:::h movement, 
a . measurement :was taken with the theodolite. It wa.s discovered, after twelve 
observations, :that a 14 arc sec. e.'1velope (Enclosure 2) was available without a. 
change in the DSKY trunnion display. 

Each of the above measurements was corrected for instr-ili~0nt 
positioning errors (where the recorded trunnio~ a;-.gle could 
center of the envelope of uncertainty), and then compared. 
ccillparison indicated a parallelism erro~ of 11.5 sec.± 0.5 

errors a.~d/or tru.."ln;on 
be conr:)a.red ·w:i. th the 
T'ne results of this 
sec. 

The trunnion position uncertainty was sufficient to e::icom.pass all previous 
measurements of SXT parallelism; therefore, precise comparison cannot be made 
with any previous tests. 

Accurate comparison couJ:d not be made between OSS, Hi'.::.wa.u!cee C:&1" o:-- NAA G&N tests 
of parallelism, but a check of the.CSS and Goo~ 45° t~-..i.'1..~ion accuracy tests 
(Enclosure 3), after resurveying the Optical t~ ... ge-ts, ~-idicated that there was no 
appreciable shift of data. 

In the absence of any unexplained .data i::;hii't and with the poor resolution (DSKY 
increment ot approximately 10 aro sec./bit) available it was assumed that the 
problem stenmed from two sources: 
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Inadeiuate test ~ethods. 
The practice of not electrico.lly trimr.-ii::-...g the ODA "to ~:..e PGNC Syr::t;em. 
It was found tha~ in all Optical Unit Asse~blies re~u:.-r-ed to NAA 
from KIC a:nd Milwa.ul<;:ee, after retrofit and 2..J..i,e~-::::.e::rt 0:1 the P'I'F, 
that adjustment of the tri:n nodule (P/N 2012568 ) was re,1uired. .An 
apparently consistent misa.lir;Dhlent of approxin2i.tely 13 arc. sec. 
has been observed after OUA marriage to the :;yste:-r.. Several system1, 
have been received a.t N.AA with OSS ST LOS/!, LCS :pz.rallelism :::1.casure
ments that were r.1argino.l (PGN'CS 204 Sy PA .... 'q.<\LLE!..:i:SM -:-9 sec. tolerance 
+ 10 sec.). - With known ·.i."lcertainties in the 08S, GS:S (AP-M:-11439) 
and the PTF alignments (AP-M-12964 ), it is obvious that ~roblems 

,~· can, and have occ-urre-d at later test st-ages • 
. . : 

Investigation revealed th~:..t the Vci·iable :J0 vic..-::-io:1 :\~~c,g~ :nethod o-: 
determining the ST LCS/L LOS parallelism is co~:9letely inadeg_un.te and 
provides no reliable quantitative mee.sureme::1t of this :;_:,al1 a.meter. Resolution -. 
of the -parallelism and t~--unnion acc"i..1.racy test pro~le::.s ccn be accor.1plished 
with available GSE and minir:ial changes in the test yrocec:~es. A TDCR 
(NAA-AM-437) is sub!:litted to provic.e an accurate; reliable test method 
to check the Sxt. ST LOS/L LOS parallelism at the G/N Level. ':::DCR 
NAA-AM-438 will be submitted to provide a data er.eek point at the OSS 
test level, and an accurate point at which t~e resolver trim moc.ule 
may be set to position the ST LOS to the nominal. The only point, at 
which the correlation of the Sxt. ST LOS and the DSKY display are knovm 
with accuracy in Block II) is at zero optics; therefore} the parallelism 
should be measured at this point. The DKM-3X Theodolite; available at 
all sites; is a sufficiently accurate instr...::ie~t to ?rovide accuracy on 
.the order of± 0.5 seconds using the method suggested above. 

Considering the data derived fTo:n this test, a~igr.illlent .of' the ,. r~so:lver trim module 
at the OSS level with this degree of data confidence could alleviate all 
future problems in this area. Data correlatio~ between AC Milwaukee ~ests 
and tests at NAA have revealed no history of ST LOS shifts on any previous 
system. Different test methods are used to meas"c .• .re this ~ara~eter in 
the lab and on the ·spacecraft, so measurements close to the tolerance 
limits could present problems during later tests. 

Enclosures 

1. Test Methods Employed and Results 
2. Representation of Auto Collimator Error Test and Tr.m.~ion Positional Uncertainty 
3. Correlation of OSS and G/N Trunnion Accuracy·--Test Results 
4~ TOOR NAA-AM-437 
5. FR 14530 
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ENCLOSURE 1 

StLOS/LLOS Pa:--alle i ism Er:c.:::.:.."'s fol" ?GXCS 204. 

TEST MEI'HOD 

l. JDC 12211+ NAA G&N Test (correctod only 
for autocollimator error, no data on 
position of trunnion). 

2. A."lgle measured with theodolite .fror:1 
reference mirror to StLOS then LLOS 
while'optics is positioned at A5 +27000, 
At+ooOOO. Cor rect~d . to cente1-- of -t.::.--un:-..ion 
range with DSKY at -+00000 (Ez1c. 2)_. 

3. Measurement of St LOS the:1. LLOS ·with 5" 
Autocollimator used ~s toloscouc . 
Corrected for filar e;..""t.'or (Enc: 2). 
With optics positioned a.t A +27000, 
A.-+00000. Corrected to cen~er of 
trunnion range with DSKY at +00000. 

4. With optics mode selector at zero optics. 
Cover U.0S and position G&N mo'U!--itin6 
fixture until StLOS image of the Target #1 
star is superimposed on the SXT horizontal 
reticle line. Uncover LLOS and cover 
StLOS. Position the variable deviation 
wedge before Target #1 with the w.;;:dge 
measuring vertical angles. Adjust wedge 
to superimpose Target Ill star on SXT 
horizontal reticle line. 

With optics mode 
place theodolite 
measure vertical 
altitude bubble. 

· StLOS. 

selector a.t zero optics 
coincident with LLOS 
angle with respect to 
Repeat procedure •,vi th 

6. · Method 5. After placing optics mode 
selector to manual. An initial tra.~sient 
causes a displacement in trunnion angle 
but DSKY still displays -!-00000. Corrected 
to center of range. 

7. Method f corrected for centering to trur~"'lion 
range after center of range was determined. 
Corrected for autocollima.tor error. 

UfCZRTAINTY 

::tll+ sec 

±2 sec 

±2 sec. 

±1 sec 

±().2 sec 

-:!.7 sec 

±2 sec 

PARALLELISM ERROR 
U~CO~RECTED CORRECTED 

+18 +11+.7 

+14 +11.0 

+9.8 +11.2 

+12.0 +12.0 

+ll.2 +ll.2 

+18.0 +ll.2 

+17.0 +ll.8. 



TE.ST MEI'HOJS EMPLOYED AND RESULTS 

ENCLOSURE l 
PART TWO 

1. 5" Target Ill autocollimator StLOS to I.LOS a::,?Grtures (backlit reticle) 3.-3 sec 
converging S/N 14. 

2. 5" Target #1 autocollimator StLOS to LI.OS a.ppertra"'e3 (fi i al' raticle) 1.4 sec 
diverging. 

3. Uncertainty of trunnion position at -i-00000 DSKY tru.--i."li.o~ ~isplay 14 sec. 



ENCLOSURE 2 

REFR:ESENTATION OF AUTOCOLT,T.MATOR ER..~OR TEST A~"J ':'Ri.JNY.L O~ POSITIO~AL UNCERTAINTY 

.. ,,,....... 
l ! /3fJCKJ.IT l<..ITICL.£ £~AC.,:;>,.. 3.3 sec CoNVi!'P.GINi:7 - ·1----.--.: i~, TIJ.r)P.. f:,c---Y/CLE c/~P..Ofi... Rffr[f<.£}.ICi:-
l J.'li?c DNERG-JNG ,tv/1/<.1<.of{ 

I/ 
I' ;I 

F/<Ofv/ .t..L.OS 

T11Uil./NiON POSiTJ 01✓fJI
I/NC£fm1Nry 14 s7c 

,,!, ,/OS 
s ... . C: 

- - - - - - =- ~"'- -

PG/lies ZOJ./ sx-r s•f!nrT ANG/.£ -fZ7ooo 
Tl<.I.INN/oN r-JtJG/.£ -i-00000 

r 
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ENCLOSURE 3 

CORREµTION OF OSS AND C--&N TRUNWION ACCURACY TE.ST RESULTS 

l) AC/MIL 2) AC /r{I_ i, 3) NAA 
ass TEST SYSTEM T:::.S':' SYSTEM TEST 

BITS ER."q,OR BI'i'S Kin.OR . BITS ERROR 

·.45° 90" 16375 0 16374 . 
--"- :6373 -2 

45° - 60 11 16376 -2 16377 - !.:~. l6376 -2 
45° 3011 16380 -1 :63so -1 :..6379 -2 
45° 011 16383 o, -1 16383 . - ~6382 -2 
45° + 30 11 16385 -2 16336 

., - lCJS6 -1 
45° + ,60 11 16389 -1 16389 :.6383 -2 
45° +·90 11 16392 · -1 1639.2 . -1 16391 -2 

l. The ass test indicates that the trw,.::1ion rr.~c:.su:-.:;;d. ¼ 0 59' 50" ± 5 sec at 
45° (at 10 sec/bit). Discou.~ting r e~olver fi..nctional errors this would show 
a parallelism error of +10 sec± 5 sec. 

2. The syst~m test ru."1 at lv'.d.lwaukee inci.icates tr1e sc:..-:.a -i--10 sec + 5 sec parallelism 
error found in the ass test. 

3. The NAA -system test showed the yossibility -:,: .:.. C:c:.ta. sh::...:.'t os the target ::.ngles 
were reverified with the theocolite ~:rocedu:.~e . Th0 a.,gle ¢ 3 had shifted from 
44 ° 59 1 57 .0 11 to 44 ° 59 1 50.4.r:. ?his would cta...--ige -tte 45° test angle .to 
44 ° 59' 53.411

• With the trun."lion DS :{Y display of 44 ° 59 1 ,4.0 11 ± 5 sec this 
shows a parallelism error of +13.4 sec± 5 sec. 

4 Since all .. three e:::timates o.,:> "-he 0- 1--al, eli"',.,, -=-·--·--o·" ~"e w-; ;-~°"1 5 °e"' of ... he ·, • .. •· • V ._ C::.• ._ • w ... h VJ. - .I.. c.+ •• Va. w V \,, , 

actual✓parallelis:n error of +ll.2 it is douotful that a shift of any magnitude 
·~ occurred in the system performance between AC · Yri.lwaulcee and NAA. 



-

TITLE OF 
DOCUMENT: 

CHAPTER OR 
JDC NO: 

· APOLLO GU iDANC:: f ,\iD NAVIGATION 
--: , Fl::LD OPERAT!ONS 

TECHNICAL DATA Cr.A!\GE REQUEST [TDCR) 

JDC Vo1 u71e s 
J1)C 12211;. '1 ?AGE ,-, - I ?A R,A,GRA PH 

No: See .bo..Lc~-.- i OR Si E? NO: 

CHANGE REQUESTED: 

1. Delete steps 5 through 12. 
2. Add: 

;-1 a o 
SEQ. 

Si-i EH 

Sli E: ~\J!:J:_ 

NO: P2:·!- Li~3? . 
I OP l.1,, 

I VOL 
NO: -

5. Place theoc!olite in a lir.c coinci dent 1·,"i.!:,h. t:-.:~ S.:-~·::,. ~ :cs :::: c: cove~ Jchc ST LOS. 
6. Level theodolite base to t ho pl.:.t e s:~i:hit ..:...Gv o ..:... a r..C:. l evel ·::.:·.o a:.titude s:oirit 

level. Adjust the tclc scopo fo c-..is tc i:nfi r.it y . Set t olescc:x, to a:p::,:.~.::,:-: L-:-,.:.toly 
90°. Li.stall the ~rt,2..blc li<Zht c..s.s0::-.°j~y °'" ---- .:..da;:~0:~ i :a ·::-::0 S:~::t • .:yc~)2.c ~c 
Assembly. Whil0 observ'..c:.g t:,a t :lecdol::.t0 :iI:..::6;:; , a;:;.,:;-..:.s ·:. ·::.l:c G&X Hou..-:ting .fixture 

·· ·· until the S:x.,-t. a i r retic_e is su:peri.1~r.x,se:d. on ·::.nc .,.:.hocdolite horizont al .fila.r. 
7. Al:i:gn. the tneodolite :.,,.olizon~.:..:..l filar ·::,o ·.:.h;:, Sxt • .,,:...:-- :..~.::i tic~c and recc:."'d -.-:..10 

vertical angle. _ 
g 8. Reverse a nd nlun.ae the theo60J~t.,1 tc7 csr.r.":"'.8 _,.,.~fi ·--,--r·" fT, c.; -'-, .,.,n '7 
UJ 

~ DETAILED REASON FOR CHANGE: 

< 
Cl 
UJ 
ti; 
.J 
a.. 
:::E 
0 
<.) 

UJ 
a, 

0 ... 

Seo Special Report //NAA-6-117 (atta ched). 

CHANGE REQUESTED AFFECTS SYSEM PERFO RM ANCE 
EXISTING CONDITION PRESENTS HAZARD TO PERSOl':NEL 
EXISTING CONDITION CONTRIBUTES TO POSS l3LE EQU IPM ENT DAMAGE 

PREPARED 6Y: 

P. Ta.11nc"r> DISPOS ITION REQ UIRED BY: 

FIELD SiTE APPROVAL: 
CHANGE APPROVED FOR LOCAL USE WITH THE FOLLOWING EXCEPTI ONS: 

0 

Rij-qJEW BOARD DISPOSITION: 

10 APPROVED AS REQUESTED 

10 APPROVED WITH MODIFICATION (SEE REMARKS) 

'□ UNDER INVESTIGATION (SEE REMARKS) 

'0 DENIED (SEE REMARKS) 

'□ PREVIOUSLY SUBMITTED (SEE REMARKS) 

·□ OTHER DOCUMENTS AFFECTED (SEE REMARKS) 

~ APPROVED BY: 
..J 
a.. 
:::E 
0 
<.) 

UJ 

'° 
0 ... 

REVIEW BOARD CHAIRMAN 

MIT/IL. (ACSP RESIDENT) 

NASA (ACSP RESIDENi ) 

FSP llol\•I 

DAic 

DATE 

I CHANGc TY?E: 

Ci CLASS 

0 CLASS 

REMARKS: 

! 

I! 

YES r. . 

YES "□--
YES 0 

No-:,:i 
NO ~~ 
NOD 

I 

I 
! 



.. 

-. 

APOLLO GU IC)ANCc A i\ C NAVIGATION 
FIELD OPERAi !ONS 

TECHNICAL DATA C~ANGE R::.QUEST (TDCR) 

CONiiNUATION SHEET 

Fi ELD SliE: !·TP .... A. 
SEQ. NO: 1-CA- L-..37 
SH~ET 2 OF l ,. 

CHANGE REQUEST ED G-R-·Bfi,•m:f:e-Ri:Me-N-fe-R-~+.fl-i-.'0i: 

2.. (Cont.) 

-3. 

4. 

9. Repeat steps 7 and 8 fer S(.. ~..rc:1 D..C.di·t,io~~~: p:J.J..::.---s o:: :--~.:.c..:-:::s. 1..fte-z- cor.c~pJ..~ting 
step 8, each ti::le dri v0 ".::.::"" -'.::.l:codolit.c clevi.:~ion oL' :;rio:'. ·co rcalig.r..; :..g to the 
sxt. reticcc. 

10. Pla.ce the theodolite in a line coincident wit~ ttc Sxt. ST LOS and cov0~ the 
L LOS • . 

11 'O ~-'- ... ,, • ~ .. epeca.i.- S1.,ep o. 
J.2; Repeat steps?, 8 ~nd 9. 
1-3 • •' :Com.pl.aete · c~cula t::.o::.::; f o:, .::i.:("e,. ST LOS to L LCS p::.r.:-:2.J....::; :J..::.. sr., a:.~:.,o:.:>. 
14. : Place the va:riG!.ble deviat,::.01: \•;edge (VJ~~J) ~:-i .::.rocrr:, c:t ·cr"1·\g0t ::::.t:::L·co:.--- 1 2.:: i r; ct, 

VDV-1 dial to ze:--o. Sight t,·I"&~oubh the S:-:t ~ i, LOS .;'..:-~i ~C:.just .i~:1e G&:r~ l•:o·~-/~::1: g 
Fixture un.tiJ., ,.,h(;; r.~:.:-izo:--i-::.2..l r o,.:.iclo :i.i r.(i ,.,:.: ·:;:·: .::: sx:;:,. :.s coincident '.-1:: . .-;:,:1 the 

15. 
dot and horizor .. tal r.:.;~lli~le l~--:z of tar·.Go·~ ~-.:;.,:_--:i.'.)~z- 1. 
Set OPTICS !{ODE si•:itch on · the ~:c.ic.itc:c Cv:1·::,:.. ... .J: :2-:.:.::.:::.. 
Optics Controller to the ::!.e:t ar.d. up. 0:-.::..v..-=.. ·;:,l-.c Sxt. 
indicates +27000 &nd ro1·r 2 :..~ .. d.icates Z.?l~:'v:-=-:-::~ .. .:.:,.:::..~r -.:..3occo" Set, the .:;vr-.. t ::·ollor 
speed to lo a.:::d. m.:::.::u.r,111;-,te t.:-~e Optics Ec:...--:.d. C0::-.t,:,o:.l.:;r to fi.-:e positicr. a:.1d. hold 
the Sxt. so tha.t re;-: 1 ::.r-.cc.:..-:-0s +27000. 

16. Sight t~vugh ·Che SxG. :. IDS a:--.d mo\ra .. ttc \TJ~·: lc,:C~:.--:.. 7 -. y ~/~il ·~he t~:"_s~·:, l~"l. 
reticle is seen cl0.?..rly. Adjust tl:e VD~'! C:.i:..l i.:::.·;:.::.l ".:.:~c c0r.t:.·al vert:.cal ::::· .::t
icle line is co::..nciden,.:. :.·.'i".:.h t :-:c stD.r .::..::-.c:. v ,:;:-,.:.ic:?.l :_,,:.,.::.iclc 1:.r~e of tho t.:l::get. 
Repeat t~is p: ... vced:ure ..,e,1•lo adc..it,ional tir.-ies ~~ r~co:.. .. ~ t~~ av0~a.ge VD11l dial 
reading g~ line (c). 

Change 13 17 all ~J.U...-:-.o~~s item to item a....c. su.bscqu.0~1.:, :_ .. ~c:~ --: ',"'\ sc~uential o~dc1--. -·· 
Add to Data Sheet., aftur .... , .. i.,em. ..,. . 

T":'"\/"1 
vJ.Jv 

:i:tem 
No. 

!? , 8 
~ 

0 1 ll 270° co; .J..:...o:r 270° co: oo.o:: 
< I £.. l 900 00• 00.CI' 2 0 .. ... C, ~ .. ;;, 

0 1 II 0 u 
"· 270° OOt oc.on 

A4 - 900 00 1 00.0 11 A5 900 0 r" ,. C-J ,0 11 -, 
C fl - ,A J • 0 

;_ 
270° ooi oo.o:: 0 u 

A7 
0 :: 

0 H As - 900 cc1 c1c.o:1 .6,.9 900 00 1 oo.on -

~10 
270° 00 1 00.0 11 

&- 270° GQ~ oo.o:: 
b-12 

0 u 
0 II 11 0 :r ,:·:~)O oo: oo.oa -
0 II 270° co: oc.ou 270° 00• 00.0 1: ¾, -114 A - 900 00 1 00.0 11 0 l II 15 0 r: 

r= 
FSP 136A-2 "'-- -... 



APOLLO GUIDANCE AND i\AVIGATiON 
F:ELD OP~,-;,_AT iO:\S 

TECHN ICAL DATA CH.Ar\GE !<~QUEST (,JCK) 

4. (Cont) Add to Data. Sh00t, af".:-.er i".:-.0:m l.;.: 

J"'JC 
Itemj 
No • .. 

16 
0 

900 

~ - -

~ D. , / 

... o 

0 

A 4 900 

A7 
270° 

0 

IA10 270° - 0 

I 
i 

I~ 0 

cro , ) 

' 

Al6 
0 

- 900 

16 

CO• 

co: 

1 

00• 

00 1 

• 

co~ 
l 

OOt 

CO• 

:i 

00.01' 

= 

II 

ii 

I, 
' 

0 :1 
~ 00.0 11 90 0 OJ : C;J,Q ,1 :) 

00.0" 0 ;: " ... ~ 
ii t,.;.,, 

0 900 r~. 
U0 · oo. :,u 

oo~oa I:. 270° oc~ co.o:: 
ll 11 ... 0 a 

:i 
i:. 270°. oo: 00.0·1 

oo.ou l4 0 .. 

II 

00.0 11 

I, r,r/"" C c0: .... ..:.,v 
/ 

(j 0 

C 

t.:- -'I 9Jo co : 

f:;..., ') 
0 -: 

s<;. v c1: . ...... 

,!;,. __ - 2.70° oo, 
C .i.;) 

S? LOS/L LOS ?arallelis~ 

Tolerance: -10 ;:,.:L"'lir:."..ll-.;., +10 :maxi.mum 

FSP llbA-2 

;:1ao SITE: NA.A 

SEQ. NO: f:..N-i.,.'37 
SHEET J OF ,:'> 

oo.c :: 

oo.c:: 
;; 

:i 

00. 0 1• 

.. 
oo.o:: 

00.0 1: 
Ii 
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APOLLO GUIDANCE AND NAVtGATION 
FIELD OPcRAT:ON S 

TECHNICAL DATA CHANGE REQUEST (TDCR) 

Change Da::..:. Sheet itc::: 7 to i·::.c:;: 16 ar.d 
it.ems to agree v:ith ,JLJC itc~·:i ::~..:~~:.---::;. 

,, . 

___ _,. 

FIELD SliE: . lIAJ:. -----
SEQ. NO: .c){- L37 
s;-;ecr L;. o;: i~ 



COMP. 

ASS EM• 
y 

>u 
:z: 
~ 
w 
er: 

, U 

5 

az. 
..--=-"~,,,~,0.L1N~:,,:;.Cr_......;::n;;..wi?:;;..;:c==-~l-=2c::._-='?:=./o:.-i<J...._,...

1 
... S77-'"-"--';,:'"",.:.:.:;-_;:;:;,_.:-.;::-.<;...:> /,..._ ... 7 .... .r..._/__.;•_'-'._---'.~'-c-'-r --',_!.... ___ t?_· ..., __ -----~·<=-,""'' t...a=···-<; ____ , ___ R_~ .... ,,.._;....;,,,.,c.%1 .... ·-~ ......... l-"'e;.:-·l..;:a:::,._..L..,.S::,<..1'1~:~L 

!-.J/L4'/A:,:.../-1,</'.,J:..~---.:r'J~t::r,;::-~c...cr7';..;..,r--:t':...uA~/,._-=.-"' . ..,_r-,_ ,:c_ __ .:;Vc..:U.::...:··..,_'i_.__~, ____ -..!,_-... ;:_.,,._~.,:3_,_.;;:;..._~/'----','7'....:.,; _( _/;:;•--" ., f--,-r..-.,..:::" ,,:_c; -/~7"Q 

-ry',S- S.G r.oA/ Z> c:: ,, --:77,IR.EE. --~----✓--:>J.?1 770,/\(,.- ,// , F/;""5",,?• ·t,\( '-__ -,'_. __ a'--•--'. , ... ~Y ... -IJ;.-c.:;Y;.,1/c..:.;.J=>_,..G". ... -:-._.1 ... :::> __ ,._'5":;;;"/..;.M....,:'1;.:;l.::;.l-;;-.::;A..;!:8~:;..-!il 

~ 1~ »·INF~' I ,N,1/(v>P,<.. V; -.~17 1 -1--1 B r ,7\1 £> -~ 17 s.Q:: oN PS r,a:s ?dCT Iv&.)'.. Y, (~ 
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