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T=TCOSp, Yy=rsing, z=2z; H.=1 H,=r, H,=1

1
=§('f°2+'r<p + 2%);

w, =7 — 1Y%, w, =71+ 2rY, w, =3

rz=rsinfcosp, y=rsinfsing, z=rcosld; H,=1  H,=rsinf, Hg=r;
vr =T, v, =rsinfy, vg= 7‘9;
T = %(7"2 + r?sin? 0% + r29'-2);
wy =7 — rsin? 6p? — }'92, w, = rsinf¢ + 2sin Oro + 2r cos 99:39,

Wy = r0 + 270 — rsin 6 cos 9@2.
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1.3 15

e=1.0 25
0.9 0.85 0.8 0.7/ 05040 n
'
Type Eccentricity Semi-latus rectum Perihelion  Energy
Circle e =10 p=a a —+=<0
) 2
Ellipse e<l1 p=a(l—e) a(l—e) —2£=<0
Parabola e=1 P q==% =0
Hyperbola e > 1 p=al(e’ —1) ale—1) +£>0
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Cur

LESE SRR X R

h(km) &R satperiod 400 20

70 . Porononoroonononon P L Geo a(km) - Height(km) T(minute) T(hour)
35000 — 6.5 — P 6378.14 0.00 84.49 1.41
N e 6778.14 400.00 92.56 1.54
30000~ 3 - 7178.14 800.00 100.87 1.68
554 E 7578.14 1200.00 109.42 1.82

25000 L 5.0 L 7978.14 1600-. 00 118.20 1%
. o 8378.14 2000.00 127.20 2.12
4573 S R < R e 8778.14 2400.00 136.42 2.27
20000 = 404 CMEO T 9178.14 2800.00 145.85 2.43

5 4 - 9578.14 3200.00 155.48 9.5

15000 - 273 S -9978.14 3600.00 165.32 %

3.0 b 10378.14 4000.00 175 2.

10000 |— 25_; : : 10778.14 4400 .00 185.60 3.

- ; 11178.14 4800 .00 196.03 3.

so00 |- 20 : : 11578.14 5200.00 .64 3.

T SO 7460 A ORS00 OO A SO S 11978.14 5600. 00 217.44 3.

JLEOy oo P A 2393 12378.14 6000.00 28.42 E

° 1o 0 ‘II é ili 4|1 é é Tlf' IIE Qli 1|0 1I1 1|2 1|3 1I4 1|5 1|6 1|? 1|8 ‘1|9 2|E] 2I1 2|2 2|3 2|4 2|5 12778.14 6400.00 39.59 3.

13178.14 6800.00 ' <92
13578.14 7200.00 '

Period T (hr)

13978.14 7600.00
14378.14 8000.00

T~ S




Rk = A E 9 B (8] iy el 3

_ [t B do
r h’ (1 + ecos 6‘)2

0

14 dv
—(t—1,)) =

h? P { (1 + ecos)?

Table 4.2. Equation for the true anomaly v: fﬁg =.\/& (t — To)
0

Type Transformation

Solution
Circle v=o(t) *)
Ellipse tan 3 = |/ 1== tan % E—esinE=0c(t) *)
v 1 3uw _
Parabola tan £ + = tan 5—21,#;’%-(1&—’1“0)
Hyperbola tan £ = ,/ <= tanh & esinhF— F=ga(t) *)

3 jc

*) where:  o(t) = n (t —Tp), with: n def \/021

n(t—tp)z M =E —esinE
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(1—e2)/2sinE (1 — e2)/2sin f

sin f 1 —ecos EE - 1+ecosf
cosE —e¢ e + cos f
5] = sk =———"—
cos f l—ecosE e 1+ ecos f
oS _(l+e\* B E_(1-e\"* P
al — = an — an — = an — ¥
2 l—e 2 2 1+e 2 P
b r
M = E-—esinE (Kepler's Equation) : a VE ‘lﬂ
df _ (I—Ez)lﬁ_ 1+ecosf 0 G
dE =~ l—eccosE (1 —e2)l/2
dM 1 — g2
o = 1l-—¢cosE=——°_
dE 1+ ecosf
dM  (l—ecosE)*  (1-— e2)3/2
df — (1—-e)Y/2  (1+ecosf)?’
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f(an)
f'(xn)

In41 = Tn —

f(E)=E—esinE-M
f'(E)=1—ecosE

E, —esmFE, — M
1 —ecosFE,

1
v = 2arctan | LS tan E
1—e 2
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BHiiSfg, BES r=rf=rcos fPiLrsm fQ A
A RosAE =a(cosE —e)P +avl-e*sinEQ
%ﬁﬁ =LA BS
G F=—[£]sinfP—(cos f +e)O
[ sin - (cos  +e)0]
M(t)=n(t-T 3 .
( ) ( 0) : —@[sin EP —V1-¢? cosEQ}
E(t)=M (t)+esinE(t) r
1
Y, 1 2 L _ _
tan — — +€ tanE s c_ochosw sts!na)cos!
2 l-e 2 P =| sinQcosw+cosQsin wcosi
o7 sinwsini
N=—= ﬁ:;
P = —c0sQsin w—Ssin Qcos wcosi
Qz sin Qsin @+ cosQcosSwCcos|i

coswsini

.

2 v
ru

=
a

ecoskE :1—L
esinE = ri/\[ua

M=E—-esinE

P, =sinisinw, Q, =sinicosw

R, sinisinQ
—R, [=| sinicosQ
R, cosi

(w=tan*(P,/Q,)

Q=tan(R/(-R,))

i=cos™R,
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Satellite-JASON-2_ 33105:

,16,_9:; ig&syo&

(UTCG)

Satellite-JASON-2_33105:

y} 00

-5291.7773%4
-5491.791680
-5674.71473%4
-5B839.974255
-5987.052414
-6115.487742
-6224.876737

00/ —63&7 B75 %)

J2000 Classical Orbit Elements

J2000 Position & Velocity

-845.038485
-1132.825631
-1417.087258
-1696.937817
-1971.505544
-2239.934180
-2501.386655

/;-:2325.043;26

z (km) vx (
-5558.116835 -3.
-5307.530043 -3.
-5040.388879 -2.
-4757.523749%9 -2,
-4459.814330 -2,
-4148.186898 -1.
-3823.611511 -1.

3487999033 1.
S N

AR

472599
192813
903040
604178
297151
982912
662437

ST

16 Sep 2019 01:01:39

vy (km/sec)
820868
769552
703381
622557
527326
417977
294847

-4,
-4,
-4,
-4,
-4,
-4.
-4.

-4,1583148 ,.....
.Jffl‘ /, -

vz (km/sec)
4.0340%3
4 316635
4 585762
4.840631
5.080443
5.304444
5.5119%30

U1

s

16 Sep 2019 01:03:43

Time (UTCG) Semi-major Axis (lom) Eccentricity Inclination (deq) RAAN (deq) Arg of Perigee (deq) True Anomaly (deq) Mean Ancmaly (deq)

16 Sep 2019 04:00:00.000 7712.709754 0.001157 65.972 216.614 153.922 154.061 154.003
16 Sep 2019 04:01:00.000 7713.491720 0.001079 65.974 216.612 157.619 153.563 153.508
16 Sep 2019 04:02:00.000 7714.285891 0.000997 65.975 216.611 161.251 153.129 153.077
16 Sep 2019 04:03:00.000 7715.082398 0.000911 65.976 216.609 164.781 152.797 152.749
16 Sep 2019 :04:00.000 7715.871334 0.000822 65.978 216.608 168.157 152.619 152.576
A6 ?})9 5: f00 ?315.642335 w20, 000731 - 9"."9 21 07 131, 296 . L1 ~6T8 t‘l?/fAO

5 PN L S VAN o A e NP S NN S WSS
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where Ji(x) 1s the Bessel function

1 2
Ji(x) = Ef cos(kt — x sint)dt
0

00 10K
500 = S2_CD

k=0

n+2k
E] Using the property of the Bessel functions

k\(n + k)!
J(x) = ;—k [Jee1 () + Ty 1 ()]
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(—=1)" x\ 2
nl(k+ Dk +2)---(k+n) (E) "':|

Neglecting terms higher than e’ we have the approximation
e\ | er 3¢’
E=M+ e—E smM+Esm2M+?sm3M

2 3
=M+esinM-|—%5in2M+ %(—sinM+3sin3M).



Mean anomaly, M,

S|

1

e=0.99

Exact

Eccentric anomaly,E



Sin(nE)5cos(nE) & Fr

cosnE = —%3,11 - Z E [Ji—n(ke) — Jpin(ke)]coskM.
k=1

M2

sinnE = ;{i (S (ke) + Ty, (ke)] sinkM

k=1
E=-S4(1 3¢’ M+ (£ e oM
COs = —— — —— | COS — — — |1 COS
2 g 22

3e- e
+?cos3M+?cns4M,
3
Cos2FE = (—e-|— %) cos M + (1 — e?)cos2M

3 25 3
+ (e — 9%) cos3M + e* cos4M + %CUSSM,

32 e
+ 3 sin3M + ?31114M,
3

sin2FE = (—e-|— % sin M + (1 — e?)sin2M

3 25 3
+ (e — 9%) sin3M + ¢%sindM + %sinSM.
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Keeping only the terms up to e* we get

r 1+ e2 " N 3e3 M e’ M 3¢ A
— — —e 4+ — |cos M — — cos — —— COS .
a 2 8 2 8

1 1 dE
l—ecosE dM/dE  dM

o0
1 + Z 2Ji(ke)coskM.
k=1

a e 5 0¢3
— =14 e—= cos M + e C{)SZM-I-?CUS?’M-
-
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x(1=x)y"+[c—(a+b+1)x]y —aby =0

FREAENEBNTREBEHENTR. RBHASEITRENER—E,
MABENES. AE=ANETS0,1,0

ab x N a(a+ 1)b(b + 1) x?

¢ 1! c(c+1) 2!

I'(a+ n)F(b + n) x"
a)F(b) Z I'(c + n) n!’

F(a,b,c;x) =14+ —

y(x) = AF(a,b,c;x) + Bx'“F(a—c+1,b—c+ 1,2 —c; X)
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« I 0 z F
() (B)r z*
-n Io] Y xT — — where n=1,2,...
| ; Mr K
T _ 8 ‘ k
-n 15} -n—-m T ; %% where n=1,2,...
“ s B r (1—z)®
a a+l X x (1 +2)(1—2) "
N\ 2o
Q a+y 2a+1 x (%)

e
e
+
|
(W]
e
8

. 1 (1+\/1—m)“2‘*
2 vVi-x 2

(1 +$)1-2a_(1 _:L_)l—Za

1 3 2
Q a+ 5 3 z”

> 2 2x(1-2a)

1 _
a a+y 3 —tan® cos”®  cos(2ox)
o a+t 1 2 ;[ +2)?* + (1-2)77]
--.-l Q o - 0_2 ; -
S A NV e A QI N e P vy 2} (,]/f )/ VANVEN
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2
(l—zz)ygz_2zy’z+ [y(u+1)— 1‘[_Lzz}y:0‘

For |1 — z| < 2, the formulas

1\ ©/2 1-
PH(2) = o )‘u F(—y, l+v, 1 - z)

1
F(l—)u)(z—l 2
-1\ 5 1- N5 1 -
Qﬁ(z):A(z )2F(—V, l+v, 1+pu; 22)+B(z+ )QF(—I/, l+v, 1-p; 22)

z+1 z—1
A= zpﬂ'r(_ﬂ)r(l'ky"'ﬁ), B = z,m‘rr(ﬂ), 1;2:_1’
21+ v —p) 2
For |z| > 1,
27v-17(- ——1/) l+v-—p 24+4v—p 2v+3 1
P _ —V+,u—l 2 1 —,LL/2F( ’ , . _)
) = = ) (=" =1 2 2 2 2
2”1_‘(§+I/) 2 e v+p l-v—-p 1-2v 1
v _1 'U‘/ZF( ’ ’ ;_)3
*Taro—pm. &b 2 2 2 2
ViTw+up+l) 1 » s f24v+p l+v+p 2v0+3 1
B( ) = i TH vkl _1#/17( ’ ’ _)
@2 2410 + 3) (-1 2 2 2 2
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I'(c)
I'(b)I'(c —

1
F(a,b,c;x) = ) / 11— )71 — ) dt,
0

F(a, B,7v;2) = F(B3,,7; @),
F(a,B,v;2) =(1—2) P F(y—a, v-f, v; ),

Fla,B, 7o) = (1=2)F (o, =B, % — ),

r—1

Flawf,y:a) = (1= PF (B, y-a, 5 —).




(r/a)

(r

a

An*exp(i*mPHI B FF
jn exp(imf ) = Zp: X" (e)exp(ipM)

p=—c0
- J'Zﬂ(ij cos(mf — pM)dM AR
o | a

X, " (e) = (1+ )y P f Jolpe) X, o
B=p(l-VI-et) = ——F

1++/1-¢°

IO S S UV EPEPERY

p—m-—gq .
—m-—n-1Lp-m-q+1,p) (g<p-m)

(- ﬁ)*“"“’(”’” ”)F(q —p-n-—1,

q— P+ m
m-n—-1l,g—p+m+1,8) (g=p—-m)
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IMRICER BRI R BN MR D R MR IR
a,e =ecosw, e =esinw,i,Q, a=w+M
a,e,o=0+Q,h =2 sin%cosﬂ , h,=2 sinlasinQ , M
. 1. . el N ¥
a , ecosw, esing ,?2 S|n§cosQ ,2 S|n§st A O =w+Q A=w+Q+M

Delaunay 1R #§

f (> HoF
L= ua,l =M : pi:(%

<G=L\/1—ez,g=a) F:—K:'Ll—2+R < aIF
H =Geosi,h=Q e G =—

L " op




PITHR &
AAAAAAAAAAAAAAAAAAAAAAAA

1 NNNNNU NNNNNAAA NNNNN.NNNNNNNN +.NNNNNNNN +NNNNN-N +NNNNN-N N NNNNN
2 NNNNN NNN.NNNN NNN.NNNN NNNNNNN NNN.NNNN NNN.NNNN NN.NNNNNNNNNNNNNN

Field Column Description Fiel Colum D _y
d - escription
1.1 01 Line Number of Element Data
1.2 03-07 Satellite Number 2.1 01 Line Number of Element Data

1.3 08 Classification
2.2 03-07 Satellite Number

International Designator (Last two digits of launch

1.4 10-11 year) -
2.3 09-16 Inclination [Degrees]

1.5 12-14 International Designator (Launch number of the

i year) 2.4 18-25 Right Ascension of the Ascending Node
1.6 15-17 International Designator (Piece of the launch) [Degrees]
1.7 19-20 Epoch Year (Last two digits of year) 2.5 27-33 Eccentricity (decimal point assumed)
1.8  21-32 Epoch (Day of the year and fractional portion of the

' B day) 2.6 | 35-42 Argument of Perigee [Degrees]

1.9 34-43 First Time Derivative of the Mean Motion
2.7 44-51 Mean Anomaly [Degrees]
Second Time Derivative of Mean Motion (decimal

1.10 45-52 point assumed)

2.8 53-63 Mean Motion [Revs per day]
1.11 54-61 BSTAR drag term (decimal point assumed)

1.12 63 Ephemeris type 2.9 64-68 Revolution number at epoch [Revs]
1.13 65-68 Element number 21

Checksum (Modulo 10) 0
1.14 69 (Letters, blanks, periods, plus signs = 0; minus
signs = 1)

69  Checksum (Modulo 10)
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16 Sep 2019 01:06:42
Satellite-JASON-2_ 33105

Two Line Element Set

1 33105vU 08032a 17088.20414755 -.00000066 O000Q0Q0-0 -2095B3-4 0 95958
2 33105 66.0401 286.3042 0007614 274.4658 183.4887 12.80532272410381

WYY AW S AN AWV ATV A W N AW

16 sep 2019 01:01:39

Satellite-JASON-2_33105: J2000 Position & Velocity

{(UTCG) x (km) y (km) z (km) vx (km/sec) vy (km/sec)
04:00:00.000 -5291.7773%4 -845.038485 -5558.116835 -3.472599 -4 820868
04:01:00.000 -5491.791680 -1132.825631 -5307.530043 -3.192813 -4 769552
04:02:00.000 -5674.7147%4 -1417.087258 -5040.388879 -2.503040 -4.703381
04:03:00.000 -5839.974285 -165%6.937517 -4757.52374% -2.604178 -4 622557
04:04:00.000 -5987.052414 -1971.505544 -4459 ,814330 -2.297151 -4 527326
04:05:00.000 -6115.487742 -2239.934180 -4148.186898 -1.982912 -4.417977
04:06:00.000 -6224.876737 -2501.386655 -3823.611511 -1.662437 -4 294847

vz (km/sec)

201904 00 ﬁOO -531 87 2 -275 047 -3487.088033 1.336723 - -4,158314 innan aD
/ ‘b] -\/ Q}‘ ‘jﬁ )f 'ﬁ }2‘“ /’ o "'\w’f‘“A/, ry’j ‘/ "'A.f/. - / X

.034083
.316635
.585762
.840631
.080443
.304444

.5115%30

s
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KD RENIE

Equiv. altit. = 14233.5 km a =20611.604 km

Inglination = 9.85 & =0.632033 Period = 490.12 min * Revol./d.= 2.94

Period = 538.26 min * rev/day = 2.68 .
h_a= 28237 km ; h_p = 230 km ; arg. perigee: +55.73°
h_a = 30522 km; h_p = 597 km; arg. perigee: +24.96 °






