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An Onboard Navigator for the Extremely Low Altitude
Satellite DAS Utilizing Accelerometers

By Hidehiko MORI

ABSTRACT

The main mission of the DAS (Dive and Ascent Satellite) flying at an extremely low alti-
tude with perigee near 110 km is to measure the atmospheric characteristics directly at the bottom
of the ionosphere. Continuous observation and prediction of the perigee altitude is required to
attain the mission. This paper proposes an onboard navigation system utilizing accelerometer data
in the neighborhood of perigee. Simplified algorithms applied to a small size onboard computer
are presented.

The solutions of the Euler Hill equations for the perturbation of orbits due to the earth’s
oblateness and air drag are examined in comparison with the simulated results obtained from
the numerical integration of the rigorous differential equations. A method for approximating
Jacchia’s atmospheric density model by a simple function of altitude, with the exsospheric tem-
perature as a parameter, is described. Then, an analytic formula to express the air drag on the
satellite in the neighborhood of perigee is presented. The time of perigee passage, the perigee
radius and the semi major axis are derived directly from the formula utilizing the accelerometer
data concerning the maximum drag force. The method of least squares applied to this formula
reveals the estimation of the parameters of the approximated density model with the accelero-
meter data in 4 minutes passing perigee, as well as the estimation of orbital elements, except
the longitude of ascending node, with the accelerometer data in 6 minutes passing perigee.
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B L TR LUVBRROBBROFE % & > ko

COHREPELAL TEROZVIEE VI 2 V-
3 LR, LEOBBODLAPEY I V-V
YEIDBEEFR LTV s V-V s Y I HHERFT
RO BEEOENMEXHS.4CER TRTe >0
THADLLABABBRCH L THEBREADETD 5,
—RID LA TR IATEERIHOL 9 TH 525,
A A TRBEY 2 Tho 35 LB LN
bHo BMAIWKASC LZOEMHRC TR AL, £489
ikt LA L WHHE 1R 20

Euler Hill FERDOBG.DIKOWT, @ ULE5.4
BRTTTo COBEDO{EBIr —RES2THHIK T
KESHESLZ VW, EBTRLAY (a2 V—V s YER
KRB E, BTIRBALEOBES ABSRFIRIC T 53
Eb 2B, COBBAGHOORBEADHLLE,

£52 exp(—8) L,(H
k exp(—8) (B
0 0. 048825
1 0. 048460
2 0. 047380
3 0. 045556
4 0. 043301

£53 KEBHHDLHSOAHEM

B ABEOEAL
B A H(¢t)) H(t,)
0. 0,0 110. 600
(.48, 20 1100. 37
1:36,40 110. 379
2.24,55 1062.37
3:13,0 110. 217
4. 0,55 1023.04
448, 55 110. 032
5:36, 40 982.30
%54 KGEAH S 2BEONBECTIT B
R
CIoE: 2= H, A,
1 110. 379 1081.37
2 110. 217 1048. 71
3 110. 032 1002.67

Zp(t,) =0 LV OB LAV, BibSAF OAHA
it TRA T AEBOBLETH, Thi CORKE
HOEBICLD 2(4,)=0 L@ LENVWIEIE > T
Bo EBFERS5.4 OB/ — AL O THAMKTHEREL
TYIav—tLTHBE, x(t,)=x(0)=0 D &HH
ABHDT, AHAERBREROBLEARTRE L (—HF
5o

YIaV—YaBRHPOLL LN HHRESLORE
BECHIIRTERECEBx(¢,) L EBHETLBAK
PO ABETEEOERB2(0)E £ RE5EMICTRT T
NOBEIIOMELDE VBNDOLENWEET L Do

B MCENTH CONRTEAT BT, (5.9O
Kyl RBCy e F LT
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20 T
18 \ // Ylal—vas v
|l W:\\\ 77
AN /1 H,=110.3787 (km)
(km) 16 % ‘ i H,=1100.3713, 1062.3740 (km)
. /|
AN\ f /i
\ ' /
14 \\\‘. ’.' ,l
\\ \ | /_/,,/ |
12 \ \ i / I 1 ] == BRETE Cy=1.0
FaN
\\\ // }I _____ ” CH:16
10 “\ / ;/ seemeseee 2 Cy=2.0
\\ / I’
\\ /i / H,=110.3787 (km)
8 \ iy H,=1081.3727 (km)
\\\ /1
\\ £/
\ i, /
6 Y \ 4 '!
N J
L\ /
4 \\\\\ !/,/‘
\ \ / ’
i
2 \\ N // /
X ) /- II
\\\ /,v
N //
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a. £1 AR
20 \ r T
|
18 b ;

NN L7 YIiav—var
|ro| \\\Q\ : ! / //)s |
(km) 16 A\ : % ,/‘/ A,=110.2168  (km)

N\ :‘ ! // H,=1062.3740, 1023.0419 (km)
\\ \ 3 / I,
l4 A\ XY i
‘\ \, 4 ; i
\ W\ j /
A\ ! : /#
12 I \‘\ E ,/' 17 | - HREHE Cy=10
| \ \ | :"'/' / ————— »  Cy=16
10 § \\\ ¥ /1 __________ o Cu=20
LW\ § Y/
\ AW "/// -
8 M\ A H,=110.2168  (km)
A i H,=1048.7080 (km)
-\ ,'/ /
6 1 \ ! 7 i
\\ 3 :./ 7
L] f /
\ /i
4 ‘\ ‘\‘ ,,'/ /
v \} a1
\ \ / /
2 A\ A
N AR
T\ \Y s s
\\\ f, A
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20 X
8 A\ /
18 P 7N Y3iav—v v
PN s
\\\ N 1 /
lp| ¢ N //7 | A,=110.0322 (km)
) \ / H,=1023.0419, 982.2088 (km)
N Wi
y \\ /]
R\ / /
A i1
\ \\ fi II
12 U\ e e BRIHE Cy=1.0
\\-\“ /// ——— s Cy=18
10 ‘\—'\\‘ /.' / ----------- ” CH:Z 0
\“ //
8 =‘ '\\ / [1 HP:UO.OSZZ (km)
v 4 H,=1002.6704 (km)
| \ \ /'/ ’/
6 RYA ﬁ(’
'R\ /A
A\ -
4 x > _./’,"
\\ \“ / [I
\ /
2 N \\ II
LA\ /
N\ /4
\\\‘. ’,I
-50 -40 -30 -20 -10 0 10 20 30 40 50
TIME (min)
c. E3I8ME
54 PABELOVWTOYI. V-V YREEFPIFRAROLR

#55 EESEAEBHFIABKRICETS

G5 BE B
. . 2p (Epp)
BEES | 2y x (0)
Cy=16 | Cy=2.0
1 —0.588 | —0.773 | —1.801 | —3.002
2 —0.995 | —1.063 | —1.831 | —3.052
3 —1.604 | —1.666 | —1.865 | —3.108
Kt =Cy Ky (5.9)

TFat—ty) OHEEE LTHVWA, Cu=1.00¢ 31
2p(tm) =0T B, Cy % 1.6, 2.0 CLALED 2p(t,,)
*RSAERMC, 220 E30xp(t)DOEILERS.4
C— SB35 LU AB TRTe Blap(t) T x(¢,) K
—HIe¢rEYTH, BCRTBBHREOALE+9 %
o MITMOBRTH 5, Lo L aplty,) eKADICED
Z&, TARALLCyFISBEW I B LKLY, T K
RLARTCE—BIC % YV OFER Lt E0 5T EBT
% 5,

GCNROGBHEU BB LD, d-EE{( Dy —
ALOWTEERZBIAE YT AL AT REAE LV, B 1
SEBELALFEOBRS Y AN BEFHEET 2 9 &
3 MBHETH D, L L DAS OFMERZR~OEBO A KD
WTEihd, BEREILHLBETE > T35, #F
BELAMSFIERTIOIEBE TIVWSDOEH 1D 5 b,
BEERTHET LKL b, GDIRXdLWdThicd
LBEZTM2ABE CEMETAREXLbhA bl
TACHARFTE B

6. REEEETLEMEES N

CLDIBEHRTE

6.1 XEZEEETL

HE CHASKBEETNMEOWTHERL TE L %o
EErREELRILTY, B, BESOXHGIEIET
KIFER —FTClh\n, TEAKXEHEAXIEE=S
Frieibhl ld, MBEORERILOREL I1{T5L
B 2AMBEHZZAABERELTE 9 HKD
VB TH b,

T TRATBEET VA BECBERL ( BEOBKE L
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TEBET L ENEDH LN BB BEICLS
TR% 5 RHBIRER & L HREC T2 ENMEE
DEBIBEDbDhEVA LV IRE TS L, LA LINK
SNWTHBER I LTEECBR L LTEL LT Lo
M LINTWnD, TOREHIPKIASER & FITEER L T
NBEERELAESETLIRLNEENKET YV 21D
FEIE & 2VAK L C, HRE L TRED TICH) CHERER
LHBONARBEC L LTI B AL LENI T ER
LB, BEICAKRKK[OMBRP.LICHT 2B REISET
LT L A REEARE BT, BEHMOR
hbdbdo 2 ABIERO LR, HMBRIFAREEIC L
> TRE > TWVWAHERE B> TVHDOT, EERD A
H=Xuidd-tBEETDL, L Lasb, EEANIC
HRKEEHERTHLLOBEOBEE LTEDLL, BED
EBA N5 A—2L LTANEELHE—EBNTIDDY
2 aEM LI BbLhs,

90 km T OB H— R TRERED L KU\
T, HECEBIJKCETsEICLD
H-H
T >)

Lol E LT LhErND, HBAT —L&E

(Density Scale Height) & idh bo KKDOE p
BEC—B%ABFERBIAFELTCH LB RBTH L,
ENpeET bAHDOHAARDOKGINHE LT EITX
Ao 90kmBLT T H, 21T —ElE TH8 km T %o

HE100km 282 T, K[HEBEOFEREORD %
RO TE DL 9 RETFMEEE LA & B2
P coET A2 BRDBE TN, COBPE H, &

(6.1)

o(H)=py exp (—

1 Y
—_—— = —— .2
7~%a"") -, (6-2)
TEEINDL, Thidik
__L’V lng—lngo (6 3)

H, " loge(H—Ho)
OH-H,O®B L LTIROIN, FXAHHETHS5.2
DEVCKREEE T n o P LA L A OH Ty T AER
DOREEE —loge /HJTHE Lo XEETREENCTL=
1/H &SRB TRV TN D,

MECAUGH B+ W TR ER/RSEICHT 2 KAERE
L, F LAy —vEBEH &L Tid, Jacchia DEH LA
NEREBE ( Exsospheric Temparature )1000°K @ & 2D
EREROBHEETHVAo L LEBORKIEELE-O
FRICLbEHL Tnio

Jacchia HEHEOE BTN T 2HIEELEML T, &
EOBBES LUBEICET 5 LEORIEE T EHICR
M BHELERTL TWwD, L LEAALHBERS LU

F—2B%#%4 A&, Jacchia OFHETTOT 3R
AFARERT L LARETE L, Ladis TRIED
T~ RFTMOBE R4 oBE T, RAUBEOH
E*T4%9C¢%BMNET X2 THE, TORBDRED
BEOTF -4 %#BRBT & 2031 k@BEHBE R L0 L K
TorhERETLICEE, BEET AT XA EST
BELZRE LR B

Jacchia D33ERIIC 3+ TRKRIUBE & R 5 58 £ 8
¥ TniDT BEXHLHIID 9 LEEMOKkmD
BAICOWTE BT 5,

19694E1 208 19P 1™ U.T., #h&dbigds, BEE
120 (AR 118) KT 2AR[BELTRO LT L &
+ %, HESZIEH (Planetary Geomagnetic Index)K,
00 & & ONERE OBMHREE (Global Minimum
Temparature )T, AKR TRB LN 5o

T, = 379°+3.24° o+ 1.3°(Fio7—Fr01)  (6.4)
Fros BERI.Tem OABX 7 5 » 7 2T, KBOEUV
BEOEELZ230T D, BEIICL > TR b 5o
BABOEBL —O8Bh TAKRET CHbN 2o Fuor
HABOZRECbA > TOFBETH S, EEACSH
3 5h bORKIER FRor=155, Fio,=136 T&okik
», ERXIHT.=856.5K&#% b

DOEW1 A 208, KBHRE GH=—20.0" HRFE J,
=45, WABHLS.T.=11BLtVWwIF—-2% 555K
A4 X bip ABE (Local Temparature) 7p=991.80°K
RO b bo

TL=TN(P+I%i§iam”%)

Tp=Tc(1+Res™7) , 77:%|5r_6$|
Ty=Tc(1+Rsin"™0), 0=1%|3,+0,]

r =H+f+psin(H+7), H=2,—2,

(6.5)

m=22 , pB=-3T
n:3.0 N p: 6°
R=03 , 7= 43°

RELR, FIUL REhFNHAHFRE L IUKBHRE
Tdhhbo
WRIOEBEE6, THHAOBRHT - £200R006
h LB TIERK, &N TROT LD TE Do 200km
HUEoBSETH, BEZIT.KTOBETIWE, €
NYUTIH L TENBREOE S 4T L EERIEE~
OBER 40 L OZFHMHbA b, BBEOBEN T - £IC
L hEK,=20T3h, BEX
4log £=0.012K,+1.2X10"" exp (K,,)
dToo=14"K,+0.02 exp (K,,)
#AnDE dlog 06=0.024, AT..=28K &% 5o

(6.6)
6.7
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HRL LTI TNEBEE To=T; + 4T.= 102025 % %
5o NBREXE2 bhbl, ERERFTIRELL
VARSI BT 522 E0TE, TheAhTESE
PORCAKIFTELRBE L Th(Ztiti-THEESIh
ABELCETIBMORAEE Y2 5 LH3TE bo T
NERBPRXIFEE LS LT 5o

COEBAITE Y RO b BRI KIBEO KT &
DLHA TH- THREALIBETHY, BERA 2 T
BTHELL b2 L S FRO 50585 T SoJacchia
HCOHBERRL0BECOARAIBERIC: LHRABER L
HA TRXOERIER L Tnb, FIEOKNS. 2(CRL
AKREREED 77 7 OEBRROKE BT i,
KICE % 5>k To=10200K T T 2HEBRATEL LTL
E@FRLANDL & log p=—11413 Hix bh b, THK
R RIC L HBIED 4log 0=0.024 % 5 & log o=
—11.389 & %2 %,

EBEORI[BER O L Y LT bh BB RIE
B0 ZBHEN, Thbb¥ERRIZLE (Semi Annual
Variation), T - BB I H~Y) Y 2OFH) (Sea-
sonal-latitude Variations of Helium), 3BT B
7 AFE - 2 £ 8 (Seasonal-latitude Variations
of the Lower Thermosphere) EOEBT NI A LD
Thbo 2D b “EWBE 140kmdric b THEHAEK
Hbhih, TORIZFHOEH - BELHGERE
KEPnTKE 2EBE 5550 t¥BE=V Y XBET
LET OB

dlog p=SP sin’ o,
$=0.014 (H—90) exp (—0.0013(H—90)" )
P=sin(2z@+1.72), ®=(¢—36204)/365.2422
o¥TEL b A, H=140kmTXI LTS = 0.027,
1A20BKKALTP=0.882 Td b, LAHi->T 4log
p=0.012,%b, BRIIZKIJFE L log p=—11.377
+THbLP=4.2X10" (gr/em) &% bo

Bl 2t Jacchia DIE LA TA =Y XA L > TKRA
EEEROLFETD b0 BB AT L TLORATE
REXTAOICTEEELHENBRE D LERAZIEE
* 2 ABEIEEE A bo TXTOBRIEHBN THE
RAPBEBRAERTTAOTLATRTRT DS, Bl
HLHARHAORAREK L b Z OBEHS O B 2 MATHIC
MBT 5 HELCONWTORRLZIN IWEELRL LA
Tnbdo L LENTIHEEDRF (R b BERE T
BET 2 L9 2AR ARV TNE WV, T L 5 Jacchia
DHER L A RBERO LERF BBV R T o THERE
XL HPMEFEHOEED Lo T EBEMNTDH 5,
CDOFEERB TR 5o

(6.8)

tieoBBRy R crhid, »LOBFEEBDICCL
REERKT T IO CERBSERTI AR TS
HRETH Do

6.2 EBAKTEONERE

H@EXRO5 LHELDASHLEOBET 2B OB D
WT, K[BELAr—ABELTEVHLTHBER
61D L THbB,

#6.1 MNEBEPIUVBEKLIZKRATE
FLUR -1 BEOE
a) log » (gr/cm’)

H Um) Too = 500°K Too = 1900°K
110 —10. 001 —10.005
150 —11.903 —11.577
200 —13.096 —12.331
1000 —17.320 —15. 822

b) H, (km)

H (km) Too= 500°K Too = 1900°K
110 6.15 6. 45
150 14. 34 19.79
200 22.06 40.21
1000 528. 82 140.57

AEEE ©500°K & 1900°K & 11 Jacchia »ETE L Tw
LEBETRETH D, HEONERESCN T RHIH
Tl AiV, 2O LESECHIT LB LERT 5
L, KEBECOWTHRG61DZECE D, k=1/H;
COWTHHEG6.2 DLW A D, EEERZ HIRENSE
BEZTCHT HLRATEOTE NI Kb, BE
110km THIZEA FNBBEK L 2F{tdZ\ L L
BEE,150km ¥ TLEA &, NEBED 500" 55 1900° %
TOEARIIL T 4 log #=0.326FT b bRIABEIH
2EBEWKA Y, H,d 13848k %o

DAS OfizE Y 27 ACx L Tid, &E100~200 km
BEOAATEY IR —rEEsL b nd+2%
DT, Bt COFERTCRET 50 HRIIK T UL,
B AMRE TSI ABER I UNBRECHT XK
[EEF LU —ABEOT —# L, FHAK
P AF-AR3@EC IV REIERELI V. do& B
A EME & LTaBRAM T2 b bifRa i An
bbb, KEFELXHEG6 1075 7 LTHBaAHI L
FCOWTIEE6 2 s THREBRNHIKGANT AT E

This document is provided by JAXA.



BEBSEATIHEDASO A DO IMEEH T AV A BHERE ~ X7 4 19

~ . FEHET B, L K620  3BEEREKTELT AL

D AFBAUEANDL D Lo KAEE L BITIIC

oW THEREEBNLT ERELONLA, ThiI

b kDN TOHBALE AR EE ORMRCBEERD

i FBENEL L Ve TORDIKKD L 9 % BREEL %0
2 HLEEHARCEPTLEOBEROBR A%

a; =(8a/0H);

ELT Hi#8URM2HOBHICH LT %

k) =k;,—a;(H—H;) (6.9)
THAET 20 20K KTGT H2RAGE oH) KON
TRERRTEET bo

o(H)=0(H; 0;, H,, k)

=0, exp(—k; (A—H)+ Fa; (A=A, ] (6.10)
(6.9) #I0x(6.10) KX LT

Jacchia 1971 | _ 00
k(H) = (aH)/ﬂ(H) (6.11)

Tw=50’01£)00, 1900 K
X \*\”‘;\ e DL T Bo Thid k DEFEX(6.2) 23(6.9) LU (6.1)
. X X DFEUD B BHICbA > RN A I hb T &
i | N\ \ Ny T ERT 5o
"T—"“’\\ AN 3 #(6.10) © o(IC DN T, FTEE DERIC T
\
10 ' N \ —BHOEH

100 120 140 160 180 200 220 240
H (km)

o(H; 0;, Hi\y k;)=0(H 0, Hy, k;))  (6.12)
,0,~l:K7(H,'l s Bigr Higs kio)
6.1 NBREFIVCESEICI 2ERFAIEEOL(L ki=k —a.(H.—H.)

BT Do
2 bha@ERE, k Oy REF 2 REIC #» T
o) DIPEDL L e AL TTEHLZL HLEE
- - DX LTt ARz 0 ¢, KN TOES
’ BIER2T% 9BBCARTH 5, BEAZAZOTHE
| 100~200km i€ W T(6. D IR b BHXE L THH TS50
e A Lo L2 5(6.10) (K L THERBEORITR 2 RD 5
| | CEREETS 5,
l & L TH; =110 km, T=1000K DOHBEL DN T
T gsechision | ERALTHS L
N T3S0, 1000, 1900°K 0, =9.937 X 10°*  (kg,/m)
k; = 0.15798 (1, km)
L ; = 0.0035 (1/ k)
02f | I . (R — Tho T, &k O 100~130km OEH T L, (E
0.0 [ 6.2 ) ChiTHILL TeH) $ 6.3 {GRTLSIC100
80 100 120 MO 160 180 200 220 240 _ 1301007 s T Jacchia OK[BEMELE L (—B L

NV
. -

0.4 }-

A (km) TWnho
EECERRS 52— KEL LORBE LB EINLD
6.2 BECHTLEOE T, $-&(6.9) 1 (6.10) DFEAXHEEMAY LA

Fhidz bz e NEBEWCETLEMLSLERT L L
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0o

(kg /) \

107

o) =0, exp(— ki)
+% C‘m(H'an ]

107
ﬂ(ﬁ)ZﬂoeXP[—ko(iH—Ha)] ~

Jacchia 1971
Too=1000"K

|

3

|
100 110 120 130 140 150
A (km)

6.3 (6.10) AW I 2 KI[EED

(H, =110 km)

7 — A
Hiyw Tojs Pijo kijs aj
EVWOFHOZRETVAREZY, KM HIEI 35 L
Tetio TF—AEEMKT 5, LHLDASOI» v 5y
B & LTEE200km s CTICRET hd, BREFHBESO
A ECHO LB THIHB LA LR ETHAE N,
6.3 MAEHCLIBEHT
PEBROBEO FHILNTRETS Y, chiCib@ES
TERIFGEET (6.1 L bR TWD D ET 5,
RELANBRE CL 28OV Td, REEK L X
® T LNBBRECRT L0, k;, a,B8bhTnb}
DERET ho TOL EMEESIC L b KTIEH DH3ET
MIh L, K{EROK
D=Bp (6.13)
P IUEE LAIEE L OBHA(6.10) K L > TBEH
FBUEFTECENTE S,
CDZXKErrEBHTECLE

D=Bp o e'ki(ﬂ-ﬂi)i"%di(ﬁ-ﬂi)’
- .v
L]

(6.14)
Thh, MNPE E->TERTH L

L H—AF =k CH ) —in (=2 =

5 o (H—HY —k(H—H,) ‘“(qu) 0 (6.15)
tEhbo H-HKDWTHC L

gk fikiy 2 D
H H‘Aﬂ a; \/(al)+ a; [n(Bﬂ,' 'UZ)

* X 5o k,’ > a; @Ui‘iﬁﬂiﬁﬁﬁﬁiﬁ%@

(6.16)

b kg (@il D
H_Hi-a— a,-{l (ki)ailn(m)}

=i )
LR STRAEEETA LLTOG.)EANABEOKER
E—8T B

(615 #M< &2, JRTFHMINARBEBRCL - T

RELERE L THRoko H—H $BLEBE A5 L OO
NEFHTELZBEOATHRSE THE, LAdoT
HEEDS(6.15) ® BN TH—H,;»3#5%E T il
MEEZOFRRL T in o' OREHH—H; KHE~T
Fo LN T L DR E AN TDe EBFNE S ICAY)
DEBHD b

V=l + 4G
EERDLINALET B, CDL A
8/t
EFar
A(vz)

2
— + —_—
in w 7z

in #=/¢n ol + , 47
w

Thbhb, (616) WML TIhiKL > TETLEEY
48, &35 E
4

1
= — 6.17
Lhibe 75— EBERETHE S i
2 ¢ 3
v’:.ﬁ I+e+2e¢ 2c;‘,()s 7] (6.18)

a 1—¢
TEbAIND, 4¢ *RET HEERL « O FHHREL
Eiohbhba=agtda ELT 4G/ £FEs p
% 5&

AHv‘:-l—A—(l'

6.19
e o (6.19)

E % B
_@=MOMqunmmm,Aa:mmntfatﬁ
#AEL T 4H,=—0.009 km, &5 200 km TH 44,

=—0.048 kmBER % b, TR T L5 OBIE I
DEEBROEBIHA XL ET S ENIABELZOT,
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AN ITEN ' EFEHE L TR ERESRIN
o

ATHENTH (6.1 L YH—H, 3 RET HHBO
BREXET LBERICOW TR L L 9, MEEE BEE
FERBCRHREDIVIOTHAL L, MFEHEDIIBRELE
FAVEREL TI v,

BEREB=Cp S/ (2m)D 5 LHEEm F LU KRR
SEDOWTHEBITERLZ FIEH,ICE TE 5, AR
HEEOMR, DAL -T2 120 ATHRETH—K
20X 05 BEDMHET & 525 DAS O AN A
THEBBROBER THREREEO L DOEY A h 2 BR
%, M EERICLLAES BBTH L2 DEHE IS
L2ie o 32 DASDIBE, BRBROBERLEHDHL D
W, Z@EHE Ad A o RER L b RREBBRFOLD
B TELETHEILTHL9EL N T WA, L
LREEZTHEAF 0T 2HbTKEWIEARZADT, SFHIC
IBCH DEALIMBEEAE b CpllDWTHEIE LT A
ALDDEDRBRTEEE LLTEDVUBTHS5,

KIJAEEETAMTCOW CIRIFHOME L H D, 120km
LTORAEEET MITOWTIEHI969EDNASA T
KB TR T, 120kmOEBKIREE T T Dn
T 1971 FE O Jacchia DE TV & Tid 4 log 0 =0.003
DEWDD Do 130, 140km ITXI L Tid 4 log ©0=0.03
BEEOHRNED bh b, ¥ AMEEFC L 2RTEMR
BED GHEINAKIKE & Jacchia EF 4+ & OME
VIEONTHBE I T A Lk isT1971 80 Ja-
cchia ®* T AMHIMEDO L THBETHD - T, FXK%
RICEL A NFTT NV ETnnBINW, SE 110~200 km
ODRITBENE BEIDASOEREI » Vs v D—D +FE
ZANERONLI LN AV, LOLEOADICY & T
Jacchia D EF A% TE BETEERERT L L
ETHH %

Jacchia DHERX DS L(6.DIKHEDHLNSH10.7 em DK
BHT7 T 227 RAF0, @O~1T0BEOCRBRBTERD =70
COEBEIER L LTRROKEEONBREOE(LIC
DED Do 130kmEL T TRABEBEE DO KOR{LE
dlog p=0.00BETHY, HBET2HBEEITHEV. L
2 L200km T 4 log 0=0.02BE XA 5D THE L b
DAY LI DTDOT —2%5BAXGBT L LHLE
K&k bo TOHBIWHCORELL 10 MTICTEZEE
BRETH A 90

K, DERDn T, #LL0~50MTEHT %o
FEELL T2 BEOBEX* AN THTIE 4 log o=
TS BEDREYE T 0T BFREAABRESRH LA
b 920 Lrb COEBEBEICE 6FIRITES R b

NEZOTERECETRERLLTRENLEVWDE S
L %\o K,WOW T BADOHEE T £ b7 =~
MELTEEBETALENDD B bDa<r Mg
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Bo, % —DODBEBLHLLTRI HilnLng b &
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4 In Bp,- (6.20),

1
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Aanp,:—La;“B’if‘ A(Bﬁ,-)=———A(BB;:‘>
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b LKRAEEE T (6.10) OBz 40+ L U
AH e R T2 ARECHIC LoD ETH LE(6
20) A

48, =+ dinBo; (6.23)
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K,= 0.167645x 107*
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e =1 —rl,/a

n=nn/d X60 (rad/min)
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bo LOaBIUT,EMAT(T D HUTORK I VBE
RO LI bo

STEER LI S8R 4 SO WTHERT 5 EET.
1 DLWk Bo T—R,BAHAUCEH T LU BRHEER,,
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OBETH L, dt,AAYPOEHL LTEHTEE, @
OF AL da=—20km KX L T 4¢,=—0.42 min=—25sec
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Hx bk a, T, ty, oFAEECLY FRIEZHRE
TELPERE TH b, BLEMEMA  LT73)#I07T.9
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L by LD THIADETINRAVSVOREITSD
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TEEBHKRT A, q;()=1,
EHT 505
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(8.8)DANHIT(8AS) ITHIGL TIER ML L ca; T H W,
(a}, )& ETHHTHET 25053 L LA B
W ETO[EEE DD B

8.2 ®NIZFOER(TFHX(6.14) TANLHEE)

VI AR BB O ILREEHAME + X - TFAI(6.14)
DHITZ(TD) ERALARETHNT, MEELLCBEHKS
BT AR ERNFECIDEDDLIENTE Ao

HRERDAFTA—2E LTHRER R e, 1), Ly @
Zofhic, #ERHB, RERBEORFTMAD N5 A~
Al LURREEET VOXEE T A= £ 0,, ky
a,FThbo ThbRATNTREDFUX(T.CHEEKL
Twbo —ROBE T LRAEE T £ — %0, k;,
a; %61 TMATHET 22, LETHEE S £
20T XTHETDEALTHA/ A XBLELTEDLC
LR EDLDTEETIH A V. LMo T(6.14) S
FEUEMoACBRET NI
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D=Bo,J e (8.22)

Lz b, BT RHEAH P EEXM & ¢ OB AT IC K Ao
COBPE6IMTIRNA LS BE IV oG T2
ZNDT, —DOLEE 7 A—2LLTHRDbIBZ L
Kb MBORDO,KTCFETHRAIENRESE, &
FRFA—EBYEB Tyt
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P =Dy, exp (8.23)

E LT 2172 D LT Do LAHioTH, DIRENR
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BLEKLENWITREL > THE <o

BECAN AREMBE 7.1 2 LU6.2 LA LT 5,
HETNEAF A - IXTORBBEEFIET HEUT
DX HICER B

a =6928.47 {km)
7, = 6483.47 ( km)
t, =0 (min)
w =30°

P, =9.937X10 (kg kni)
k,=0.157977 (1/km)
Cy=1.1

B0 EFRILICH LT, LEE8 T - hbirbs~
ZhigTHD, (8.2)Dpiys(8, t;) Thb, B
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REPLETHE2min S dmink &b, TOPED
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LARRERS1ICTRT, RICHI LIK(8.13) oF#BRIK
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LTd2, /AR DONTHS &, K& ZEBEIONT
FGER % 847 L 358 ol

lla; If = 2
GEWNRR LAMHH Tn Bo 2 ATIATEL#EA I L TH S
T etdbdbdo COPERK - RAEIBEE 0.386 X

102 & % 5 T\ T FACOM 230 66,75 Ot ERBRE
B3 e A TWAHOTZDHEBREATL (8.8) #
MzEdTanv,

EBIL L=t ) 22ATA ConwTHBA - BB
A EHA0.104X10°E % o EHMICIEC OFBBTR
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