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Mission Techniques Memo #35A 

TO: 

FROM: 

DATE: 

Distribution 

Malcolm W. Johnston 

July 11, 1969 

SUBJECT: "G11 Odds and Ends 

Saturn V Launch Aborts - No changes ma.de sfnce 11 F 11 

Data Select - No changes made since 11 F 11 

MCC (TL) and LOI 

1. None of the change page updates affect the GNCS operation. 

2. The attached O and N Memo #126 by J. P a rr summarizes MIT's 

recommendations for mission "G" P2 3 navigation exercises. 

Of particular inter·est is a contrast b etween the II c prime" and 

"F" flight experiences. 

TEI, MCC (TE), and Entry 

1. None of the change page updates affect the GNCS operation. 

2. Enclosed Colossus Memo #193, bJr T. Brand, explains the 

11 over - biasing" seen on the mission" F" MCC(TE) ignition times. 

3. A P52 alignment to the entry orientation can now be executed at a 

great distance from the earth (post TEI). .Precision integ't'ation 

has been added to circumvent the potential problems discussed 

for "C prime" (PCR #68.6). 

4. Item #1 in MTM #30c discussed the possibility of determining 

PGNCS X pipa bias on the lunar s urface via comparis on with the 
• 

AGS accelerometer data, and possibly s ubsequent r eorientation 

of the PGNCS platform for further diagnosis. Enclosed STG 

memo #1373 by G. Edmonds discusses MIT's proposal in detail. 

Note changes since an early phone conversation with R. Carlton 

(MSC): thres hold for IMU reorientati~n reduced from 5cm/sec 2 

to 1. 2 5cm/ sec
2 

and 180° platform rotation rathe r than 90° ! 
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Pipa bias compen s ation update thresholds for the Y and Z pipas on 
. 2 . 

the surface should be o. 3 cm/sec if AT #1 or 3 was used, and 1. 0 

cm/ sec 2 if AT 2 was utilized~ Also, the minimum suggested gyro 

drift test time on the surface should be 2 hrs. This will result in 

a m e a s urement granularity of 1. 8 MERU, well below the compen­

s ation update threshold of 5 MERU. This granularity assumes two 
I 

back-to-back alignments utilizing AT #3. 

5. MSC requested a study of autopilot procedures necessary to per­

form TEI with the SPS pushing an empty ascent stage. _Enclosed 

are exerpts from a presentation on the subject which summarizes 

MIT's final recommendations. Presently, NASA seems to favor 

alternate #2 (ie •• using the CSM DAP). 

/)P!'ufc:~~ /~ - .:L;c: 
Malcolm 
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MASSACHUSE'l"l'S INS'l1 I'l'UTE 0;:' TEC HN OLOGY 

INS'I'RU~'-'i.EtnA'?ION LABORATORY 

0 & N Memo ~~1 26 
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Dis t:c i b u-'c.io:i. 

0 • Thor,10.s Parr 

30 J u~:.e 1969 

::\ecc:,;_:112nc.ations for J_Dollo ll ?2 3 l;Javigation 

3:-:e:ccises. 

?os t-flight a~alysi s of P23 rna:ckin; 6ata f ro~ 

~f ~~is me~c r andum is t o i ndicate tie 2 &s~icu~e of these 

~i z~ thei r possib!a i ~pact on Apollo 11. 

3everal d iif~cu l ties were ~ad en Apol l o 10 wi~~ 

~r t~~ion bias ca libration. 

C.J. _ ... _. e xcess ive ) 

-3 ji~s at 16 7 hrs., a nd -2 b i ts ~~ :1~ 2rs . and~ : ~ nrs. 

• 



The ' .... -,- .) b it error translated directly into a position 

2 c .·or of ~35Km , different for e a ch mark set, and "-:12....s -a~ · -­

pri~e contributor to the divergence of the on-board 

solution observed at that time. There also appears to 

have been an unnecessary and undesirable attitude restric­

tion (that the shaft drive axis be pointing very close to 
i 

t he earth) placed i-n the trunnion calibration proced-ure , 

thereby making the exercise con$iderably more difficult. 

The efforts to determine the hori~on mark altitude fro~ 

the translunar P23 exercises indicated the importance of 

thr22 additional error sources previously disregarded. ½ost 

irep ortant is measurement plane misalignment. The effect 

teco;:nes more important with i n creasing altitude a.nd also 

depends on trunnion angle and wh ether the near or far horizon 

is being usedL Bias errors of up to 39 Km . we re noted 

during Apollo 10. The lowe r v a l ues seen from the Apollo 8 

data were probably attributable to the difference in pre-

In any case, .such errors may be significant 

a nd will -always indicate a lower mark altitude than the 

t.r1.h~ . value. 

A sm~ller error source come s f rom the actual marking 

t ech nique . Marks made with the star image off the trunnion 

p l ~ne in the optics may introduce bias errors of up t o 

a pproximately 25 arc-s e c, independent 

This error may be constrain2d to l ess 

of optical distortions. 

than 10 ire-bee by 

restrict ing marks to the c e nter 2/3 of the field oi view. 

,::,y 

Finally, mark altitude cal ibration may be infJu~ nced . I , . 
stray light ente rincr t. l--:e o Dtics . There is o-ood e

1
vidence 

- ~ J f . 

that on Apollo 10 light ref lecte d by a LM thruster. ·caused 

a r e duction in horizon mark al titud e from approxima~e ly 
I . 
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35 KM to 11 Km (star 37, 25 hrs. g.e . t. ) 

These error_ sources should be considered carefully. 

Independently, each one behaves as a bias. By appro­

priate considerations during the construction of sighting­

schedules . their effects may be averaged out . The inter­

nretation of any given mark set, however, is complex and 

is rarely unique. Systematic consideration of all o·ptic·s ; 

Jhe:::.o;rLena , human per£ormance , attitude, · and state errors 

is required . Only in nea:c _ Of)"c.imal systerns would a simpli­

fied statistical reduction suff ice to predict either 

horizon mark altitude or instrument error mode ls. 

Based upon the experience gained to date from Apo llo 8 

2.no. especially f rom Apollo 10, the follm·1ing recb:ctinsndations _ 

are p ~escnted for consideration of possible imple0entation 

on Apollo 11. 

1. TRlmNIOi:-7 BT AS CALIBRATI ON : Navigation errors due to un­

calibrated trunnion biases may be significant and should 

be eliminated by proper zero i~unnion calibration. 

a. Crew should understand the need for these 

measurements and the high degree of accuracy 

that is expected . 

b. Requirement to have optics pointed toward 

planet during calibration should be eliminated 

to make this task a more reasonable request. 

2. SXT FO V OFF-·PLA~-.J 2 RES'I'RIC.2101\1" : r-'i.arks should ah;ays be 

made with the star in the center 2/3 of the SX'I' field ­

of-view. Efforts to deter□i~e hori z on mark altitude 

optics performance where this •condition has bee n viol a ted 

should be , . ' DlaSeQ accordi1,gly. 

- 3 -
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3. HORIZ ON 1-ll\.RK l'cL'l, I'I'U DE DE'TEi<lvfINATION: The hori zon mark 
altitude determination should be a system effort in 
order to offer g e ne ral v a lidity to the condlusions . 
Se ve ral measures may be taken t o assist in this ana lysis 

a. Spacecraft attitude for P23 horizon altitude 

determination marks should be specified so as t o 
.j 

e liminate al l possibility of stray1 light from the 

L½ structure entering the SXT SLOS. 

b . - Hor izon altitude calibration marks should ut ilize 

in-plane stars a s possibl e so as to e limi nate the 
errors introduced by track uncerta intie s in the MSFN 

state vec t or . 

c. The sighting sche dule should include an oven 

balanc~ of near and fa r horizon measurements so as 
to a verage out, and actually permit detern ination of, 
u ncal i brated trunriion biases . 

d. In determining effe ctive mark altitude heavy 

emphas is should be placed upon the mark s e ts perfor med 
a t ~s-6 hrs. g . e .t. The more distan t sets a re too 
susceptible to SXT , state vectcir , an d performanc e er rors 
to i mprove the mark a lt i tude estimate. The lat.·ter Sets 
should be utilized i ns t ead t o estimate a SXT e rror and 
astronaut peTfo1.---rnanc e rctodel. These combined with t he 
actual hor i zon mark a ltitude a s determined from the 

earlie r sets wi ll i ndicate the degree to whicr the 
horizon a ltitude entered in the C:"1C s hould be biased 
for measurement p l ane mis a lignment and other poss ible 
error sources , if appropri a te . I 

' e . ? ost-fligh t reduction of P23 data has contin u a lly 
• i ndicated that repetitive marks on one sta r - h o ~izon 

/ 
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configuration are _not independent . Rather ther appear 
as efforts to repeat the first mar~ . 

bias es ofte n result from this effect. 

Signi fican t 

It is s1..:ggested 
that an optimal schedule ,·rnuld rnaximize the number of 
different stars used and , in general , would not c al l for 
more than one set of marks on any given star dur i ng one 
rn.arki ng period. 

.c 
l. • The above factors have been considered and co~rela~ed 

~ , • ~. --i .. ... _. . - . ,·ri th the Apollo 11 ?light Plan and s·c.ar-norizon ma·r.1<:-1.ng-
opportunities as indicated in - Ref. (1) • A sugg0stecf 
sighting schedule for the no:nina l Apol lo 11 mission _ 
Trans lunar , P23 exercises is given below in Figure-··-r . 

SCHEDULING OF P:2 3 1'JAVIGJ\'I·ION: Naviga tor _:Ea tigT:e ha-$­
contribu t ed noticeably to a det.E;rior 2.·cion in the quaTity 
of horizon marking data i n both Apoll o 8 an~ .Apollb io. 
It appears th2. t the Apo llo 11 " no c o:nrn 11 transe a rth 
naviaation schedule may be overly adequate . A reduct i on 
in the naviga 'c.ion task l .oadL,g could resu l t in a n'i-a-rk-ing 
quality that ,-,ould a ctually impL"ove the on-boa:c d state 
vec.!cor deterrninations. · 

5 . NEASURE2-'iENT PLJ\.i.',;JE J''! IS1'..LIG?~~,§?1T : 3iases due t o :11eas't.:.:ce-
ment plane misaligc.--Enei1t may b e very l arge and mu st. -b-e. 

a ccoun ted f or . Thi s can be done by appropriate bi2.,.si-ng 
of the ·true horizon mark altitude , but the error cb~:. t ­

ribution increases with a n d is strongly dependent OB 

a ltitude. - The lm1er a ltit.J.de marks just prior o re 
e ntry must not be compromised in accuracy ; a horizon 
altitude approp~iat.e to the spacecra ft altitude at that - . . . 

time must be loade d in the C,-CC. This means tha t ccmp e :t1 -
sation f or misalis·rn:,:e nt er:cors should pro9erly b e a fu :1.ction 
o f a ltitude and could be 2cc a un ted for by a preolanned 
s chedule for updating the h o~izon altitude in th~ CMC. 
A s i mple and even more accur a te a l~ernative wou ld be t o 

. -I 



Approx 'l'ime S·t a r No . 
(Hr ; 11.i n; get.) (Octal ) 

6:45 2 

2 

45 

'10 

41 

24: 4 5 1 

2 

44 

• 
45 

41 

/ 

Figure l 
Suggested P 2 3 Sighting Schedule:~ 

Apollo 11 - Nominal Laun ch - Translunar 
( 1 Set Each Entry) 

i'-'Ieas. Planc Trunnion Hori:zon Star Mag. _ _ (}?.2g) ( Deg ) --·---
EN 2.2 217 32 

EN 2.2 217 32 

EN 1. 3 261 1 3 

EF 0.9 61 47 

EF 3.2 26 31 

EN 2.1 141 36 

EN 2.2 241 23 

EF 2. 5 67 29 

EF 1.3 310 26 

EF 3.2 i . lG 45 

, 
L 

Sun Elev. 
(Deg ) 

. 36 

36 

17 

27 

39 

33 

30 

26 

25. 

53 
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store i n. the CMC a horizon altitude r ~presen t a tive of 

the ne a r (er ) earth situation and rely upon sta r~ 

l andmar k measurements for the more di s tant sig~ting 

periods . Additional crew training could reduce the 

error contributed by this effect , but it is fundamental ly 

limited by the magnitude of the attitude rates obtained 

from the minimum impu l se - controller . 

STA~ M __ Z'\.GE'I'UDE CONSIDE~\...i\'l,ION F OR APOLLO 1 1: Optics : 

crew tra i ning eiercises wi th Mi ke Collins indicated 

(with large un6ertainty ) that he :may 

brighter level for minimum threshold ~isib ili t y. I-£ · 

this i s true it would be beneficial , nee-

essary , to him to u ti lize the brighter of the available 

nav i gation stars . suggeste d that t hi s be coh s idered 

on l y with respec t to the t .r a nsearth "no co;Tu:t" s c hedu le . 

The use of sorae dim stars in the tra~slunar exercises 0i ll 

a ctually enable definition of tho problem , i f in fact ·it 

exists . A correla tive effect is the an ticipated (with 

equally larg·e uncert.aint:.y) lowering of his selec'.:ed hor..:. 

izon mark a ltitude . MI T simulations have indicated that 

Collins wil l ma rk at ; 23Km. less t he error due to measure-

me nt plane mi salignment. Combined , these factors could 

produce ap9arent mark 2,l titudes below t he solid l imb of 

the earth . 

TRANSEARTH " i:W COI-t!· i " SCHE DT3LE : Fin~lly , i t is suggested 

tb a t the proposed transea rth s i ghting schedule be r eviewed 

with parti cular reference to items- 1, 3c , 3e , 4 , 5 , and 

- 6 --



In conclus ion, Apollo 8 produced compla c e ncy with 

respect to on-board cis-luriar n avigation. 1\11 aspects 

of the system performed well within speci fications . 

Such 'das not the c ase on Apollo 10, however, and reduction 

of the data has indicated several aread worthy of review. 

In that time does not permit a more complete analysis ·of 

the pot~ntia1 effect of s uch correlated errors , this set of 

procedural and sched-uling recornnendations has b een com?iled. 

It is believed that their adoption can contribute 

cantly to the on-b oard c a pabilites with extremely little, 

if any , impa ct on crew proc e dures . 

/ 
• 



Refe rences 

(1) Parr, J. Thomas; MIT/IL, 0 & N Memo #124, 
11 Star-Horizon (J?23) Measurement Opportunities for 

Apollo 11 11
, 25 June 1969. -
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·Massachusetts Institute of T echnology 
Ins t r um entation Laboratory 
C ambridge , Massachusetts 

COLOSSUS Memo If 193 

TO : Distribution 

FROM: T . Brand 

, DATE : July 1, 1969 

SUBJECT: P37 Ignition Time Bias 

P37 R eturn to Earth bias es the d·esired ignition time by half of tlie expected 

burn time. This will improve the performance of the resulting Lambert burn in 

those cases where a l arge central angle is traversed during the .course of the­

burn, s uch as a return from earth orbit. · 

To c 6?1-n pute the expected burn time the following e·quat.ion is used : 

mo -6.v/v 
( 1 - e C ) •.. 

m 

-6.v/v 11 

The quantity 11 1 - e c is approximated by a second order polynomial 

whose coefficients were chosen to minimize the absolute error in the computation . 

over the expected range of 6.v. The effect of minimizing abso lute error rather 

than relative error results in the 11 over1-biasing 11 of very sho rt burns such as· trans -

earth coast m idcours e corrections. This will have negligible effect on the accuracy 

of the midcourse correction and the resulting traj ectory. This "over-biasing" may 

b e seen :in Miss ion F, where a 3. 7 fps burn was biased by 17. 48 seconds rather 

than the correct value of 7. 46 seconds . 

In futur e programs this error could be reduced for short burns by replacing 

the present co efficients with the coefficients of a Taylor's series, however this 

would reduce computation accura.cy for lo ng burns. 

Present series : 

-6.v/v 
1 - e C - 5.6681958 X 10-4 

+ O. 97949284 (6.v/v ) 
C 

- I 2 -0 . 38829576 ( 6.v V ) 
C 



Taylor 1s series: 

-6v/v 
1 e . C ·- 6 V / V - l ( D. V / V ) 

2 

C z C 

Comparison of percent error 

6.v(fps) . present s eries Taylor 1 s series 

2 280% 0% 

4 139% 0% 

6 92% 0% 

8 68% 0% 

10 54% 0% 

100 3 . 2% 0% 

1000 1. 1 % 0.2% 

3000 0. 5% 1. 7% 

5000 o. 7% 4. 7% 

7000 2.2% 9. 7% 

9000 5.1% 16. 6% · 

I 
• 



MIT/IL 
/\jjollo Guidance and N a viga t io~ 
Syste m Test Group Memo No.1373 

To: 

F1·orn: 

Dute: 

Subjccl.: 

/ 
M. Johnston 

George Edmonds, Jr. 

lOJulylOGO 

Comparison of A.GS to PGNCS X Accelerometer of the Lunar Surface 

ll.cfcrcncc: 1. STG Memo 1338 -Rec1uircinent for~ Accc_lerometer Bins 

Measurernent_on th(;) Lunn.1 .. .- Surface; 

Introduction 

2, E23 33 Inet:ti_a~-Componeht Reliability and _Population 

Statistics ·R~i>o.rt I.II~ · 
· .. 

Refe1·ence 1 established _a requil'._'enient ·for comparison of the PGNCS X accel­

erometer to the AGS accelerometer on the luna1· surface. This memo suggests · 

a limit on the result of this comparison and gives the procedure to be followed 

if the limit is exceede.d. · 

Comparison Limit 
) . . 2 {>!<) 

If the lunar acceleration readings diffe r by more than 1_. 25 cm/sec ' diag-

nostic action should be taken .. This number was chos~m as follows: Ref 2 

shows that changes in bia·~ o(.mor~ -than L'o cm/s~c2 ar~ exceedingly 
. . .. : . 2 . 

rare for LM accelerometers .. arid so changes larger than 1 cm/sec , 

r~ducc confidence in the ~cc_eleromcter reliability. . An additional . 2 5 _cm/ s~c
2 

was then added to allow .. for AGS accur9-cy and any unknown test erro1:.s. {This 
. . . .· . . . . 

limit is for this spe cial test only and should not effect previously established 
1 . . . 

red J.il~e s or update hmi_ts~. )_ \ . 

Di~gnos tic Procedure 
.. 

If the AGS and PGNCS differ_ ~y -more tha_-n the abov·e limit a new REFSMMAT 

which will rotate the X accele~~meter input axis 1 so0 -a~out y'SM (placing XIA 

app1~oximately down - nci(h~rizo.rib=i:l) shot1ld be uplfoked, and the PGNCS 

aligned to this REFSMMAT using alignment technique number 1. 

'. 
'• •. 



.-LlT/IJ, 
ST C .l\{c n10 No. 137 :3 
Page 2. '·· 

XSM accel e r a tion is then r·e rn Eia; ure d(*). '~h.e exis ting bia~ can then be 

compute d as: 

2 
The LGC compensation can b e change d a s required (±~. 1 cm/sec 

comp ensation limit) if this test de termines that in fact a bias change 

exists. 

(*)Since average g is not on during this test, · PGNCS XSM ac~elerations 

must be corrected for knowrrbias ui:.ing the latest measured in flight bias. (SF 
error can be i1eglected in this case.) Also XSM _must be within about 2° 

of vertical at the time of the AGS compa1,_·isori or a cori~ection should be 
made . (It is assumed total AGS acceler a tion is us e d.) 

GE/df 
Distribution: 
G. Edmonds 
E. Grace 
A. Laats 
H. Lones 
J. St. Amand 
R. Sh eridan 
M. Johnston 
R. Werner 
G. Bukow 
M. Landey 
G. $ilver 
D. Dolan 
MIT at MSC/KSC/GAEC 
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. 
IL TEI CONTINGENCY BURN (LM ASCENT STAGE DOCKED TO CSM) 

• 

A. USE OF NOMiNAL CSM/LM HIGH BANDW!DTH FILTER WILL 

RESULT IN SLOSH INSTABILITY (SPS SUMP TANKS). 

1) Lightweight V?h icl e rnea ns high µCcel c?ration and high_ 
slosh frequency (up to 4. 5 rc:d/ sGc). · · 

2) Extra lag of 10 - 12 deg YAW DI\P (~ecause CDU's are read 
in PITCH DAP only) d8creoses slosh phase margin. 

. ' 

3) Large moment arm from vehicle c. g. to slosh mass· attacl1 

• 

point increases '(he divergence rate of tile s!osh instability . 

_'. M.1.T. INSTRUMENTATION LABORATORY • Combridgo, Mossochusotts • . . . . . • 

/ . 

t ... • • .• •• . - • . • ' - ' • ·- - -- . -· ... - · ... - - -- - . 

··-··· . -•·•--- ·- - ·- . 

CJ 

' ' 

' 

.'(J) . 
' ' . 
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B. ALTERNATE TEI PROCEDURES 
' ' 

.,. ·. ··.· 
::_-:::~~-.- - . 

_,_ ... :..:--::. 
' 

• 

. .... · ·· 
·,.:_..,/: ... --, . . 

• 
.. 

I) USE V46 SWITCHOVER TO LOW-BANDWIDTH MODE. 

a) 
b ,. 

}, 

c) 

d) 

. e) 

f) 

Load N46 Di\PDATRJ. with (_§xxxx). 

Load N47 C-SJViMAS S 2nd LEMMAS S. 

Load N48 PTRIM and YTR!Ni. 

MASSPROP wi'll give proper gains and inerUas. 
' . 

Vl!6 should be don c at Ti G + 25 S8C • 

Combinc1Uon of low D/\P gain and shirting cg means iarge 
velocity cut-off errors {up to 25 fUsec} antLiarge ahitude 
errors (up to 15 deg). . 

' 

M.LT. INSTRUMENTATION LABORATO_RY • Combridgo, Mos!.ochusotts,• • 

, 

I. · 
/. 
\, 
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B. ALT~RNATE TEJ PROCEDURES (Cont) 

• 

2) USE CSM D AP. 

a) 

b} 

Load N46 DAPDATRl wi"ch (lxxxx) 
. . 

Load i\147 CSiV1f1/,ASS v1ith to·cal veil icle mass. 

c} Load N43 PTRlM and YTR!M. 

· d} M/\SSPROP \Viii have g3i11 and inertia eirors up to 
25 p8rCCilC (stcJbil ity ma rgl ns _r]d8qucrie} •. 

e} Slosh phasG-lead s·iabilizsd (fo 7. 5 rncl/sec). 

• 

- f};- Bending-gain margins may not be adequate :.(34 dB aL ·; . 
..., i 'z) :, r1 _ • 

. . 

g) . Performance roughly equivalent to undoclrnd TEI burn . 

.. ' ,I - • . • ,.J 

M.1.T. I NSTRUM~~TATION LABORATORY • Cambridge, Mcssochu~etts -. • 

/ 

. . I - • - • • . • • - ·:· • , , ••• •. . •• , ...... -- .... 
. . .. : . .. .. . . . . •, .. ~ ' ·· • :: ' .. 

J,_.:-.\ -~·-:. ... ~. 
. ' .... . 

• • ,,. • • "c ... . 

. . , , ....... --·~ 
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B. ALTER.NATE TEI PROCEDURES (Cont) 

3) USE ~EW SET OF HlGH-SAf'\DW!DTH COEFFICIENTS. 

• 

a) i'~46, N47,. NL18, as for V46. case. 

b) V46 not rnquireci. 

· c) Slosh pl1ase-le8d s·~2bilizsd (lo 6. 08 r2d/sec). 

d) 

e) 

8ending gain margins c;c;squ~rte (60 e:B ~r( 3 Hz). 

Higher D/\P g2in givcs small· vclocHy cu·c-oH e(rors . 

("' 1-ft/sec) und sm2ll 2Hi·tude errors . 

. . . . l~~ 

. Co: tlX:~1 t: i(f)_)- . . ' . I ••• 

~ M:t.T. ) NSTRUMENTATION LABORATORY • Cambridoo, Massochusous · • ~ . 

/ 
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• •- • • - •" ~•• • • • • • • • •,. • • • - I 
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• 
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RECOMMENDATIONS 

WE RECOfV1MEND THE USE OF A ~JEW .SET OF H l G:-l 

BANDWlDTH COEFFiC'lENTS IF THIS CONTi~:GEr!CY ARISES. 

OUR ,~~/1LYS l-S l~lDlC,l\TES TH;;TVVE CAN STJ\B!LIZE SLOSH, 

PROV lDE J\DEQU/ffE 8Ef\JD! NG M/~RG lN S, /\ND J\CTUi-\LLY 

IMP ROVE PERFORNl/\~~CE. 
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