Problem 3. Mission to Pluto

Consider a satellite mission from the Earth to Pluto. The interplanetary flight from the
Earth to Pluto is conducted by means of a Hohmann transfer orbit. The satellite starts from
a circular parking orbit at 800 km above the surface of the Earth.

a. What is the average mass density ratio of Pluto compared to Earth?
b. Derive the orbital revolution periods (in years) of the Earth and Pluto around the Sun.

c. What is the apocenter location and what is the pericenter location of the Hohmann
transfer orbit?

d. Compute the travel time from the Earth to Pluto.
e. Compute the synodic period for the Pluto-Earth-Sun constellation.
f. How can the travel time to Pluto be reduced significantly?

g. Compute the required velocity change to launch the satellite from its parking orbit
around the Earth into the Hohmann transfer orbit.




Problem 4. Perturbing forces/coverage

Perturbing forces, i.e. forces that deviate from the central gravity field term, cause a satel-
lite’s orbit around the Earth to deviate from a perfect Keplerian orbit. These perturbing
forces can sometimes be advantageous for certain satellite orbits around the Earth.

The argument of perigee of satellites flying in an orbit with critical inclination is constant.

a. Compute the critical inclinations.

b. Explain how Russia used this critical inclination to her advantage when designing the
Molnya orbits for telecommunication.

A satellite with a nadir looking altimeter is flying in a circular orbit with an inclination of
108 degrees.

c. Compute the percentage of the total surface of the Earth that can never be covered by
the altimeter. The Earth is represented by a perfect sphere.
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For problems 3 and 4 the following equations may be used without derivation:

2
Aw = gﬂ'Jg (%) (5cos?i — 1) (per orbital revolution)

R\ -
AQ = —371Jy <?> cosi (per orbital revolution)

Furthermore, the following parameters are given:

e Mean radius of the Earth: R, = 6371 km

o Mean radius of Pluto: Rppy, = 0.178 R,

o Gravity parameter of the Earth: z, = 398600 km? /s

e Gravity parameter of Pluto: ppp, = 0.00213 pe

o Gravity parameter of the Sun: jigy, = 1.3271 x 10 km?/s?
e Distance Earth-Sun : r, =1 AU

e Distance Pluto-Sun: 7pp:, = 39.0 AU

e 1 AU = 150 x 108 km

Second zonal harmonic coefficient: Jy = 1.082627 x 103

Grading:
- Problem 3: 25 points
- problem 4: 15 points

(1)

(2)




P%Hém 3

O‘) ()VWU

f Q(,w?/(“(/\

14

—

I/\/ ( t‘\ 5 St to Dtvd‘a 2 CB (YN [45%e)

B
oo ]
Mﬂ Mo e ‘R@WHA
//(Q(LM//} T?N
~ (° [why

st o),
caatl ™ B3R Lot

7 T

5
Pt‘*b‘“\*{) = C\
| AN K%Q@LVLH«
ped c

Ccoo2n, o A
OP3
E) Ocbobal peried o ot
¢¢ /1 OQL ()L"\—f"\e
Y\p : (’%fjb AU
Ve ® Lo AY
.= S Gaby

e T2t 5,




A VT Z\BG =)

\OV"\ ('/u/\v*

ey - akdZ e
’L\J K% T “ L(q J : ' |
\ | |

a e T&>mb(M A .
|

Q) %/\gc/x\\ﬁ— Q{DQ/WCQCX e { ‘
\ | = A o eGRX

\ -
\ - 2U% ST " | o #mb& C@ b)

2!

%) (Yﬂ,cwej\ Mrel  coun N

e Lo S U M{QS "

y
CS LA Exeump (o

‘Uﬂ@;:ﬂ\’)? - G -?~\”}Zé = 2, 5o byl
Z\ { fJ,LJL MM@/{ FD ?/g/f\

o - Sn-Centess Ry

- tho ot C_&% [\/wu j
(('LJ& V2PN st >



\%Wﬁm “\» PC%’%\MQJO ‘f\ﬂ f@nce 3 / C o\l f(

Q5 Cﬁ@:iﬁ o et
VTC) \C}\’MW
( )QQS L =)
CQ:SNZL\ ~ W\%\
\
Cos (= V.
NS
So (= S (e C\:C'C“"”l\
£33 =S S

(S48

\Wo =30« |14, 5¢

/ {JNL < 3 l/)u =
Q\{, aee | Ve Poasis, gmd ide am/a«z (s (//Luwr fa

- ,«/’/ 0 l‘;
\/%‘)CA\LV 5 6&( (Q et
twes ¢+ C‘wu,@ So Z"/»( 54«_//\55{’ fo Lo ! Sf* g
Aboue Jmm j (A g

C> <f7kﬁ@u<_&( Sufadce o= ZQ( (—C Jo() RZ

To *\M"\ St 4’ e Aol = Y? [<
0( /J O - ‘ V1 k& e fe C\Wj (&

MBI Autec Do gy (e )
1*’\(135\ AG - («’J (7 { )/2

S (\ —C ‘)5%>ka()% o é’(((g)j




