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HW5 by Nasser M. Abbasi, EMA 550

Problem 1
A spacecraft is initially in a 300 km altitude circular orbit about the Earth in the ecliptic plane. It is to
be sent on a Hohmann transfer to Saturn, also in the ecliptic plane. Assume that Saturn is in the 
correct position in its orbit for a flyby to occur when the spacecraft gets there.
local `~`:= proc(f::uneval, `$`::identical(` $`), expr::uneval)
local x, opr:= op(procname);
     if opr <> `<` then  return :-`~`[opr](args)  end if;
     x:= eval(expr);
     print(op(1,
          subs(
               _F_= nprintf("%a", f), _X_= x,
               proc(_F_:= expr=_X_) end proc
          )
     ));
     assign(f,x)
end proc:

part(a)
These below are from tables
AU := 1.496*10^8;
saturn_sun_distance := 9.537*1.496*10^8;
sun_mu        := 1.327*10^11;
earth_mu      := 3.986*10^5;
earth_soi     := 9.24*10^5;
satellite_earth_altitude := 300;
earth_radius  := 6378;

Find burn out radius
rb0_earth <~ satellite_earth_altitude+earth_radius;

find "a" for the Hohmann ellipse in sun centric space
a <~ (AU+saturn_sun_distance)/2;

Find velocity of earth relative to the sun
earth_speed <~ sqrt(sun_mu/AU);
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Find velocity of spacecraft relative to earth
satellite_speed_relative_to_earth <~ sqrt(earth_mu/rb0_earth);

find what the velocity of spacecraft should be at the perigree of the Hohmann orbit in sun centeric 
space

velocity_perigee <~ sqrt(sun_mu*(2/AU - 1/a));

Find excess speed V infinity out, to escape earth
velocity_infinity_entering_saturn <~  velocity_perigee-
earth_speed;

set up the energy equation and solve for V_b0
saturn_vb0 := 'saturn_vb0';
saturn_vb0 <~ sqrt(2 * ((velocity_infinity_entering_saturn^2/2 
-earth_mu/earth_soi)+  earth_mu/rb0_earth ));

delta_v1 <~  saturn_vb0 - satellite_speed_relative_to_earth ;

part(b)

Find escape hyperbolic trajectory eccentricity
e <~ sqrt(1+ (velocity_infinity_entering_saturn^2*saturn_vb0^2*
rb0_earth^2)/earth_mu^2 );

find angle eta
eta <~ arccos(- 1/e);

theta <~ evalf(180 - eta*180/Pi);

Part (c)
For how long is the spacecraft on the heliocentric Hohmann transfer between Earth and Saturn? 
(Note: you do not need to calculate the time within either planet's sphere of influence, as that will be 
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small relative to the Hohmann transfer time, but you are welcome to do so and compare those values 
for yourself.)
The time is half the period of the elliptical orbit. Hence

T <~ evalf(Pi*sqrt(a^3/sun_mu));

T <~ T/(60*60*24*365);

Part (d)
After crossing into the sphere of influence of Saturn, the spacecraft is to be placed in a circular orbit 

on this orbit. When spacecraft reaches saturn is has speed relative to sun of
saturn_vb0 := 'saturn_vb0';
rb0_saturn := 150000;
v_apogee   <~ sqrt(sun_mu*(2/saturn_sun_distance-1/a));
satellite_speed_relative_to_earthurn <~ sqrt(sun_mu*
(1/saturn_sun_distance));
velocity_infinity_entering_jupitor <~ 
satellite_speed_relative_to_earthurn - v_apogee;
saturn_mu  := 37931187;
saturn_SOI := 3.47*10^7;
eq := saturn_vb0^2/2 - saturn_mu/rb0_saturn = 
velocity_infinity_entering_jupitor^2/2 - saturn_mu/saturn_SOI;
saturn_vb0 := op(select( is, [solve(eq,saturn_vb0)], positive))
;
satellite_speed_relative_to_earth <~ sqrt(saturn_mu/rb0_saturn)
;
del_v2     <~ evalf(satellite_speed_relative_to_earth - 
saturn_vb0);
total_delV <~ abs(delta_v1) + abs(del_v2);
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Problem 2
A spacecraft on an interplanetary mission in the same plane as Jupiter's orbit about the Sun enters 
Jupiter's sphere of influence. The spacecraft has a speed of 10 km/s relative to the Sun at this point, 
which you can estimate as the Jupiter's average orbital radius about the Sun. (See the Planetary 
Constants sheet in your notes for values.) Assume that Jupiter is in a circular orbit about the Sun.

part(a)
The largest possible value for the impact parameter, b, that will still result in a hyperbolic orbit 
about Jupiter in the patched conic method is Jupiter's SOI radius. Find that value on the Planetary
Constants sheet in the course notes and enter it here for reference.
jupitor_SOI := 4.83*10^7;
sun_mu      := 1.327*10^11;
jupitor_mu  := 126686534;
b_max       <~ jupitor_SOI;

part(b)
For parts (b) through (g), assume that, relative to the Sun, the spacecraft is moving in the same 
direction as Jupiter when it enters Jupiter's SOI
What is the speed of the satellite relative to Jupiter when it enters Jupiter's SOI?
satellite_speed_relative_to_sun :=10;
jupitor_sun_distance := 5.203*1.495978*10^8;
jupitor_speed <~ sqrt((sun_mu)/(jupitor_sun_distance));
velocity_infinity_entering_jupitor <~ jupitor_speed -
satellite_speed_relative_to_sun;

part(c)
What is the smallest possible value for the impact parameter b? This value of impact parameter 
will result in a burnout radius that just grazes the surface of Jupiter
jupitor_radius :=71492;
jupitor_vb0_min <~ sqrt(jupitor_mu/jupitor_radius);
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b_min <~ evalf(jupitor_radius*
jupitor_vb0_min/velocity_infinity_entering_jupitor);

part(d)
Select as your impact parameter the value halfway between b_{min} and b_{max}. Note that 
value here for reference and use it as your impact parameter for the rest of the problem

b <~ (b_max+b_min)/2;

part(e)
Given the impact parameter from part (d), calculate the turning angle of the spacecraft relative to
Jupiter during the flyby.
saturn_vb0 := 'saturn_vb0': rb0_earth := 'rb0_earth':
rb0_jupitor <~ b*
velocity_infinity_entering_jupitor/jupitor_vb0;
eq <~ (jupitor_vb0^2/2 - jupitor_mu/rb0_jupitor = 
velocity_infinity_entering_jupitor^2/2 - 
jupitor_mu/jupitor_SOI);
sol <~ solve(eq,jupitor_vb0);
jupitor_vb0 <~ op(select( is, [sol], positive));

rb0_jupitor;

e <~ sqrt(1+(velocity_infinity_entering_jupitor^2*
jupitor_vb0^2*rb0_jupitor^2)/jupitor_mu^2 );
eta &= arccos(-1/e);
evalf(eta*180/Pi);
theta &= (2*eta-Pi);
evalf(theta*180/Pi);
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111.1730211

3943.495406

part(f)
What is the spacecraft's heliocentric speed following the flyby? (11.73 is correct)
vd <~ sqrt(jupitor_speed^2+
velocity_infinity_entering_jupitor^2-2*jupitor_speed*abs
(velocity_infinity_entering_jupitor)*cos(theta));

part(g)
 What is the spacecraft's heliocentric flight path angle following the flyby
gamma_d <~ arcsin(velocity_infinity_entering_jupitor*sin
(theta)/vd);
evalf(gamma_d*180/Pi);

Hohmann from earth to moon (for project)
satellite_earth_altitude := 300;
earth_radius  := 6378;
r__p          <~ satellite_earth_altitude+earth_radius;
r__a          <~ 384400;
a             <~ ((r__p+r__a)/2);
earth_mu     := 3.986*10^5;
satellite_speed_relative_to_earth  <~ sqrt(earth_mu/r__p);
velocity_perigee  <~ sqrt(earth_mu*(2/r__p - 1/a));
del__V1 <~ velocity_perigee - 
satellite_speed_relative_to_earth;
e <~ evalf((r__a-r__p)/(r__a+r__p));
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> > velocity_apogee <~  sqrt(earth_mu*(2/r__a - 1/a));

v2 <~ sqrt(earth_mu/r__a);

delV2 <~ v2-velocity_apogee;

totalDelV <~ abs(del__V1)+abs(delV2);

delT:=Pi* sqrt(a^3/earth_mu);

evalf(delT);

evalf(delT/(60*60*24));
4.979864981


