ECE 6390 Homework 1: Orbital Mechanics

Solutions

1. (a) — (¢) The MATLAB codes for solving these are practically the same
with changes made only to the radial velocity, V,., as specified in the prob-
lem set. One single code (part (a)) is at the end of this solution set. The

calculations for obtaining the eccentricity, e, and period, T, are:

where b and a are the lengths of the minor and major axes resp.

T = (é;\r;p a3> ~ simulation_length x At.
1. (d) Halley’s Comet is the first comet observed and correctly predicted
by the astronomer Edmund Comet. This part requires more precision to
accurately obtain the eccentricity and period of the orbit. Little descrepancy
in figures used for the radius could result in halving the period! However,
full credit is given if calculations are done right and the orbit is elliptical as
expected.
The table below summarizes the values for the period and eccentricity of

each orbit. Reference: http://neo.jpl.nasa.gov/cgi-bin/neo_ele?type=NEC

Table 1: Summary of Period, T and eccentricity, e of each orbit

Orbit Period, T | Eccentricity, e
1(a) Earth-orbit: V, = 0.000km/s 12.15 hr 0.349
1(b) Earth-orbit: V;, = —3.000km/s | 49.08 hr 0.874
1(c) Earth-orbit: V, = —6.000km/s | undefined undefined
1(d) Halley’s comet r = 0.586 AU 74.92yrs 0.984
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clear all

cl ose all

% Physi cal Constants

G = 6.672e-11; % Gravi tational Constant (Newton neters”2 kil ograns”-2)
Mp = 5.974e24; % Mass of the Planet Earth (kil ograns)

MAX_| TERATI ON = 3e4; % Lar gest nunber of iterations

% Initial Conditions

dt = 10; % i ncrement (seconds)

r = 20e6; %initial radius (neters)

theta = O; % initial angle (radians)

V_r = 0.00e3; % r-conmponent of velocity (meters/second)
V_theta = 5. 00e3; % t het a- conponent of velocity (neters/second)

% Convert to Discrete Conditions
dr = V_r*dt; % neters
dtheta = V_theta/r*dt; %radi ans

% Initialize values for |ooped cal cul ation
r 0=r,

theta_0 = theta;

all _theta = theta;

all_r =r;

whil e abs(theta-theta_0) <= 2*pi && length(all_theta) < MAX_| TERATI ON,
% conpute new state information

r_new =r + dr;

theta_new = theta + dtheta;

dr_new = dr + ((r+0.5*dr)*dtheta”2 - GM/(r"2)*(dt"2));

dt heta_new = dtheta - (2*dr*dtheta/(r+0.5*dr));

% save and print new state information
all _theta = [all _theta; theta_new ];
all _r =TJall_r; r_new];

% reset variables for new cal cul ation

r = r_new, dr = dr_new,

theta = theta_new, dtheta = dtheta_new,
end;

% Convert polar coordinates to Cartesian (X-Y) coordinates (helps with
% eccentricity cal cul ation)
[X,Y] = pol2cart(all_theta,all _r);

% eccentricity and period cal cul ations
= length(all_r);
opp_l engths = zeros(1,floor(N?2));
for k=1:fl oor(N 2)
opp_l engths(k) = sqrt ((X(k)-X(floor(N2)+k))*2 + (Y(k)-Y(floor(N 2)+k))"2);
end
ecc = sqrt(1-(m n(opp_Il engt hs)/ max(opp_| engt hs))"2);

% NOTE: using min(all_r) and max(all_r) may not yield accurate val ue for
% eccentricity as the major/mnor axis does not necessarily cross the
% origin 3

if(length(all _theta) < MAX | TERATI ON)

Period = dt*length(all _theta); %unit in seconds (sanme as unit of dt)
el se

error(’'dt value is possibly too coarse, try a different value');
end

figure(l), polar( all_theta, all_r/1000, "r.’ );

tltle( sprlntf( O’blt (r-%L Ofkm \\theta=%.0f\\circ, V_r =9%.1fkm's, V_{\\theta}=%. 1f kni s)
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% SOLUTI ON TO ECE6390 Honewor k #1
% Hal | ey’ s Comet (part (d))

clear all

cl ose all

% Physi cal Constants

G = 6.672e-11; % Gravi tational Constant (Newton neters”2 kil ograms”-2)
Mp = 1.98e30; % Mass of the Sun (kil ograns)

MAX_| TERATI ON = 3e4; % Lar gest nunber of iterations

AU = 150e9; % astronomi cal unit (meters)

% Initial Conditions

dt = 100000; % i ncrement (seconds)

r = 0.586*Ay; % initial radius (neters)

theta = 0; % initial angle (radians)

Vr =0; % r-conmponent of velocity (meters/second)
V_theta = 54. 4e3; % t het a- conmponent of velocity (meters/second)

% Convert to Discrete Conditions
dr = V_r*dt; % neters
dtheta = V_thetal/r*dt; % r adi ans

% Initialize values for |ooped cal cul ation
r 0=r;

theta_0 = theta;

all _theta = theta;

all _r =r;

whil e abs(theta-theta_0) <= 2*pi &% length(all_theta) < MAX_ | TERATI ON,
% conpute new state information
r_new =r + dr;
theta new = theta + dtheta;
dr_new = dr + ((r+0.5*dr)*dtheta”2 - GM/(r"2)*(dt"2));
dtheta_new = dtheta - (2*dr*dtheta/(r+0.5*dr));

% save and print new state information
all _theta = [all_theta; theta_new ];
all _r =TJall_r; r_new];

% reset variables for new cal cul ation

r = r_new, dr = dr_new,

theta = theta_new, dtheta = dtheta_new,
end;

% Convert polar coordinates to Cartesian (X-Y) coordinates (helps with
% eccentricity cal cul ation)
[X,Y] = pol2cart(all_theta,all_r);

% eccentricity and period cal cul ations
N = length(all _r);
opp_l engths = zeros(1,floor(N?2));
for k=1:floor(N 2)
opp_l engths(k) = sqgrt((X(k)-X(floor(N2)+k))"2 + (Y(K)-Y(floor(N 2)+k))"2);
end
ecc = sqrt(1-(m n(opp_I| engt hs)/ max(opp_| engt hs))"2);

% NOTE: using min(all_r) and max(al I4_r) may not yield accurate value for
% eccentricity as the mgjor/mnor axis does not necessarily cross the
% origin

if(length(all_theta) < MAX_|I TERATI ON)

Period = dt*length(all _theta); %unit in seconds (same as unit of dt)
el se

error('dt value is possibly too coarse, try a different value');
end



Orbit (r=20000km, 6=0°, Vr =0.0km/s, Ve=5.0km/s)
Eccentricity, €=0.349, Period, T=12.15hr
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Orbit (r=20000km, 6=0°, Vr =-3.0km/s, Ve=5.0km/s)
Eccentricity, e=0.874, Period, T=49.08hr
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Orbit (r=20000km, 6=0°, Vr =-6.0km/s, Ve=5.0km/s)
Eccentricity and Period are undefined
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Halley’s Comet Orbit (r=87900000km, 6=0°, Vr =0.0km/s, Ve=54.4km/s)
Eccentricity, €=0.984, Period, T=75.92yrs
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