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Problem 1 A satellite is on an orbit with periapsis radius of 2 DU and eccentricity of 2. What is the satellite's velocity

when it passes through v = i /2?

Solution:
__.P
P 1+e
p=r1+e)

b= \E[(— sinV)P + (e + cosv)Q]

= 2(11+2) (—sing)ﬁ+ (2 +cosg)(2]

V6

= ?[—ﬁ +2Q] PU/py

., V30
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Problem 2 Consider the orbit that connects the position vectors 7; = 2 J DU and 7, = 4 K DU with an orbit parameter
of p = 2.1149 DU. What is the short-way around time-of-flight for the orbit?

Solution:
k=rr(1—cosAv) =2-4-(1 —cos90°) =8
l=ry+1r,=2+4=6
m=n1,(1+cosAv) =2-4-(1+ cos90°) =8

mkp 8-8-2.1149

= = =2.73DU
(2m — 12)p% + 2klp —k?  (2-8—62)2.11492+2-8-6-2.1149 — 82

a

51149 (1 = cos90°) = —0.891

- Mt (AV)[l—cosAv 1 1]_ 1 ) <90°)[1—cos90° 1 1_ 0.1906
f= a3 D o nl 21149 0\ 2 ) [T21149 274 T T

iy sinAv - 2-4-sin90°

=5.50
Jup V1-2.1149

f—1—;(1—cosAv)—1—

nrf  2°4-(-0.1906)

sin AE = — = 0.923
Viua Vi-2.73
r(1— 2-(1-(-0.891
cosAE =1— 1 f)=1— (a-¢ ))=—0.385
a 2.73

AE =t -1(SinAE)—t -1(0'923)—1127°—1966 d
=R \cosag) ~ " \Tozgs) T e T A0RTd

a3 , 2.733 ,
At =g+ 7(AE —sinAE) =550 + |~ (1.966 — sin1.966) = 10.21TU

| At =1021TU
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Problem 3 A spacecraft is initially on a circular orbit of radius 1.2 DU and performs a co-planar transfer to a circular orbit
of radius 2 DU. The transfer starts at periapsis and intersects the final circular orbit at a true anomaly of 90°. What is the
total Av required to perform the transfer?

Solution:
1

Vesy = \E = /E =0.913 DU/TU
1—e? 1—e?

o wle) o, aled) o
er cos vy e; cos

1+ ) 1+ 0°)
I a;(1—ef) N _ a;(1—ef) = a,(1—e?)
=T =T anoy — @l —e

t

27 (14 e, cosvy) (1 + e; c0os90°)

a, = 3.6 DU

e, = 0.667

p, = a,(1 — e?) = 3.6(1 — 0.6672) = 2 DU

u(l—e?)  1-(1-0.6672)
2pe 2-2

& = = —0.1389 DU?/TU?

1
Av, = |2 (rﬁ + et) —Vegy = \/2 (ﬁ - 0.1389) —0.913 = 0.266 DU/TU
1 .

= (2 1)— 1(2 1)—ossopuw
2= B, Te) T 2736/ T /

e; sinv,

¢, = tan™! = tan"1(e,) = 33.7
( )

1+ e, cosv,

U 1
Veso = E= E=0.707DU/TU

Av, = ng + V2, — 2V,Ves; COS ¢, = +/0.8502 4+ 0.7072 — 2+ 0.850 - 0.707 - cos 33.7° = 0.471 DU /TU

Avyor = Avy + Av, = 0.266 + 0.471 = 0.737 DU/TU

Av =0.737DU/TU
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Problem 4 A satellite is on an orbit with a = 2 DU and e = 0.25. If the spacecraft is initially at a true anomaly of 90°,

what is its true anomaly after 10 TU?

Solution:

e + cosv, )

_1< 0.25 + cos 90°
1+ ecosv,

0.25+c0s90°y _ o
1+O.25€os90°) cos™*(0.25) = 1.318 rad = 75.5

E, = cos‘l(

1
M=n(t—ty,) =(E—esinE)— (E, —esinE,) —» E —0.25sinE = \/;(10) +[1.318 — 0.255in(1.318)] = 4.61 rad

E = 4.38 rad = 251°

e—cosE ) _1< 0.25 — cos 4.38
———— | =cos

0.25 cos 4.38 — 1) =414 rad = 237

-1
Vv = cos
(e cosE -1

v = 237°
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Problem 5 An Earth satellite is to be launched directly into an orbit with Q = 90° and i = 50°. The latitude of the launch
site is 30°. If the local sidereal time of the launch site is 180°, how much time must pass before the next launch

opportunity?

Solution:
L _l(cosi ) o _1<c0550°) = 4790
V=35 cos L/ S \Cos30°) =
cosy cos47.9°
6= -1 = -1 (—) = 29.0°
cos (sini) ¢ sin 50°

LWST,y = Q+ 8 = 90° + 29.0° = 119.0°

LWSTpy = Q + (180° — &) = 90° + (180° — 29.0°) = 241°

A8 = LWSTpy — 0 = 241° — 180° = 61.0° = 1.065 rad

A6 1.065 rad
At = = = 14610 s = 4.06 hr
Wraren 7292 x 10-5 T4
S

At = 4.06 hr
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Problem 6 A spacecraft in a circular orbit of radius 2 DU is to rendezvous with another spacecraft in a circular orbit or
radius 4 DU. A Hohmann transfer is used to perform the rendezvous. What is the lead angle, @44, required to perform

the rendezvous maneuver?

Solution:

ntr, 2+4

- —3DU
e 2 2

3
a
TOF =1 /It =133 =1632TU

u 1
Vtarget = E = Z =05 DU/TU

v, 0.5
Wearget = % =~ =0.125rad/TU
2

Qeaq = Wrarget TOF = 01251632 = 2.04 rad = 116.9°

Alead = 116.9°
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Problem 7 Two spacecraft, A and B, are on the same circular orbit of radius 4 DU. Spacecraft A is “ahead” of
spacecraft B by an angle of 30°. What is the total Av required for B to rendezvous with A using an interior phasing
orbit?

Solution:
u 1
vcsl vaSZ - ;: Zz 0.5 DU/TU
v 0.5
Wearget = % =~ =0.125rad/TU

(ptravel =2m — (pinitial = 2m — 0.524 = 5.76 rad

2 2
3 (ptravel 3 ( 5.76 )
o = —— ) =3.77D
Aphasing g (27tharget> Zm-0.125 ’ ’
L 1

Ephasing = — =— = —0.1325 DU2/TU?
phasing 20pnasing 2-3.77 /

|Av, | = ‘ ’2(5"‘81:) — VUes1| =

|Av,| = |Avy| = 0.01516 DU/TU

1
2 <Z - 0.1325) —0.5| = 0.01516 DU/TU

|V, | = |Avy| + |Av,| = 2(0.01516) = 0.0303 DU/TU

| Av =0.0303 DU/TU
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Problem 8 A spacecraft is on an Earth-to-Mars transfer. The heliocentric portion of the transfer begins at periapsis and
intersects the orbit of Mars at a true anomaly of 150°. What is the velocity of the spacecraft relative to Mars when it
intersects the orbit of Mars?

Solution:

km3
Hsun = 1326 X 101 ——

Tearth/sun = 1 496 X 10° km

Tutars/sun = 2 2794 X 10° km

a,(1—ef) a,(1—ef)
=t ] 1496x105=———" " _—g.(1-
17 (1 + e cosvy) (1 + e; cos0°) a(1-e)
a,(1—e? a,(1—e?
T (1 ~ec) 2279.4 x 105 = (1 —ed)

- (14 e;cosvy) " (14 e, cos 150°)
a, = 1932 x 105 km
e, = 0.226

pe = a,(1—e?) = (1932 x 105)(1 — 0.2262) = 1 834 x 105 km

N ; o |aszexony o
Vpy = ? [(— Sin Vyars)P + (e, + cos VMars)Q] = m [(— sin 150°)P + (0.226 + cos 150 )Q]

- ~ km
= —13.44P — 17.22Q 5

) oun _ R R (1326 x 10'1) _ s A
Vnars = > [(— SinVyars)P + (epars + COS VMars)Q] = 22794 %109 [(— sin 150°)P + (0 + cos 150 )Q]
Mars .

~ ~ km
= —12.06P — 20.9Q -

- - R ~ A ~ ~ ~ ~ km
Vspacecrast/Mars = Vr2 — Unars = (—13.44P — 17.22Q) — (—12.06P — 20.9Q) = —1.385P + 3.67Q -

. km
|Vspacecraft/Mars| = 3.96 T

| v=396km/s
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Problem 9 A spacecraft is initially in a circular orbit about Earth with an altitude of 400 km. The spacecraft is to perform
a Av such that when it leaves Earth's sphere of influence it has a heliocentric velocity of 32 km/s and a heliocentric
fight-path angle of 0°. What is the required Av?

Solution:

o [P _ 3986105 km
b Ty 6 378 + 400 ' s
_ [#s _ [1326x300 ok
anrth/Sun - rEarth/Sun - 1496 x 105 - . S

m
Veo,Earth = \/vg‘arth/Sun + vszc/Sun = 2Vgqarth/sunVsc/sun COS ¢ = \/29-82 +322-2-29.8-32-cos0° = 223?

2

VE paren  2.23% km
St = =

48
2 2 s2

Warch 3.986 x 10° kem
= [2(EErth g ) = 22— 4248 = 11.07 —
Yo J ( ™ f) \/ (6 378 + 400 s

km
Av = vy —v,| = 11.07 — 7.67 = 340—

| Av =340 km/s
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Problem 10 A spacecraft arrives at Mars' sphere of influence with a heliocentric velocity of 22 km/s and a heliocentric
fight-path angle of 10°. When the spacecraft reaches the periapsis of its Mars-centric arrival trajectory, at an altitude of
200 km, it performs a Av to circularize its trajectory. What is the required Av?

Solution:

v = Hmars _ 42 828 = 3.45 k_m
P 7 3397+200 7 s
_ | Hsun _ |1326x10% . km
UMars/sun = TMars/sun T 022794 %105 77 s
km

Veo,Mars = \/UIEIars/Sun + vszc/Sun — 2Unmars/sunVsc/sun COS P = \/24-12 +222-2-241-22-cos10° = 454?

V2 mars 4547 km?
Sf = =

0.31
2 2 52

Unars 42 828 ) km
= |2 = [2(s———=—+1031) =657 —
Yo ( ™ +5f) J (3397+400+ 031) =657~

km
Av = |vy —v,| = 657 — 345 = 3.21—

| Av =321km/s




