
����� �����	� 
��
� �����
��� �������������! #"%$ �'&�() 	*)�+&-,.0/214305764/98;:<2=?>A@CB'DE>AFGBIH'J;KMLONPHRQSNUTVF /0W K :YXZ/2[Y:�/21]\^6]8;_`5 JaK : KM@ [ K�b [ @9F 5c6 FG@ 141]de5 J;K : @gf?Kh 6i5 J�F+Jj@ 8a_ K : f`@ W K /28;1id)5c/k5 J;K [ @ W;6 @ 1l\ K 14/ F 6]5md9nlojpqn @ :r: bsKqF 6]t K Wu6]8�5 J;Kvb [�/2w0x1 Kqf : K 5 =zy 8 K :c6]8;_21 KMF /0W K{>Zbj@ [�5 >|@2BcB 64: @ 5}5 J;KMK 8aWE/9X~5 J 64:�:�/2143a5c64/28�: K 5 =eH'J;KFq@ 1 F 3;1 @ 5c64/28a:�XZ/2['/2w05 @ 6]8;648;_�5 J;K�KqF�FqK 8C5c[c6 F 6]5md9n K n @ 8;W bsK [c6]/0W�n H n @ [ Kg�
�U� ���� � <R���+�� �9�h J;K [ K � @ 8;W � @ [ K 5 J;K 1 K 8;_95 J :'/9Xl5 J;K�f 648;/9[ @ 8;W f`@�� /2[ @��0K :�[ K : b�=

� � ���� ���9� ��#�O� �C� �%���G ¢¡e£s¤ �2¥  §¦©¨ ¤ � ¨«ª ¥�¬)­{®�¥°¯<2=±> W Bv²U@ 141 K ds³´:Mµ~/ fMK 5
6]:�5 J;K tj[�:�5 F / f?K 5
/2w;: K [�\ K W @ 8;W F /2[�[ KqF 571id b [ K W;6 F 5 K WwCd¶5 J;K)@ :�5c[c/28a/ f?K [M·¸W f 3;8;W¹µ~/ f?K 5 =±H'J 6]: bj@ [º5`[ Kq» 3;6][ K : f /9[ Kkb [ K�F 6]:c64/98¼57/@9F�F 3;[ @ 5 K 1]d	/2wa5 @ 648v5 J;KRK�FqFqK 8C57[c6 F 6i5md @ 8;W bsK [c6]/0W
/9Xs5 JaK /9[cw;6i5 =½Q 6i5c5c1 K W K : F [ Kqb;@ 8 F d6]8�tj_93;[ K :�3;: K W¾XZ/2[�5 J;K [ @ Wa643;: F /23a14W¾[ K :�3;1]5#648 Jj@ 1]\^6]8;_z5 J;KMb«K [c64/^W�¿ ² / h K \ K [�nXZ3;1]1 F [ K W;6i5�64:R_26]\ K 8z6]X FG@ 1 F 3;1 @ 576]/28;: @ [ K W;/28 K [c6]_ J 5 @ 8;Wk5 J;K /2[�w;6]5R6]: K 141]6 b 5c6 FG@ 1 @ :K°�absKqF 5 K W =H'J;K 5 @ w;1 K w K 14/ h :c3 f?f?@ [c6]À K :�5 JaK \ @ 143 K :~XZ/2[!5 J;KYbsK [�64/^W @ 8;W KqFqF�K 8C57[�6 F 6]5mdÁ/gXKq@9F+J /9[cw;6i5 =¸ÂRK X K [ K 8 F�K9�!J 5c5 b��ÄÃ2Ã 8 K / = ��b 1 = 8 @ : @a= _2/�\ ÃgF _26Åxmw;6]8 Ã 8 K / K 1 KGÆ 5md bsK �rÇ ·!µH½@ w;1 Kv<2� .03 fMf`@ [�d?/9XÉÈ K [�64/^W�n HÊ@ 8aW K�FqF�K 8C57[�6 F 6i5md2n K /9X KG@9F+J /2[cwa6]5ËvÌ�Í½ÎÐÏ ÑUÒ^Ì�ÎZÓSÔ¸ÕÉÖ ×rØCØ2Ò^Ù«Ï�Ì�Î|ØCÎÐÏ°ÚÛÕSÒ<Ü>A@CB · @ [�5 J xm/2[�w;6]5 � o;p �ÞÝa¯´Ý2Ý2ÝCß ¡zà9� <©á0=i<©â	J [ Ý =´ã �Cä<C> w B · @ [�5 J xm/9[cw;6i5 � o;p � �Iã ¯åÝ9Ý2ÝCß ¡zà2� �Cä = Ý2æ J [ Ý = æCç �<Ü>ZF�B · @ [º5 J x§/2[cw;6i5 � o;p � �Iè ¯´Ý2Ý2ÝCß ¡zà9� 3;8;W K tj8 K W 3;8aW K tj8 K W<Ü> W B'²I@ 141 K ds³´: F / fMK 5Ré �ÞÝ0¯ â æ è9ê}ë ç � = ä á d^[c: Ý = ä æ �
<



á



Orbit.m Thu Sep 02 18:48:03 2004 1

clear all
close all
% Physical Constants
G = 6.672e-11;          % Gravitational Constant (Newton meters^2 kilograms^-2)
Mp = 5.974e24;          % Mass of the Planet Earth (kilograms)
MAX_ITERATION = 3e4;    % Largest number of iterations

% Initial Conditions
dt = 10;                % increment (seconds) 
r =  20e6;              % initial radius (meters)
theta = 0;              % initial angle (radians)
V_r = 0.00e3;           % r-component of velocity (meters/second)
V_theta = 5.00e3;       % theta-component of velocity (meters/second)

% Convert to Discrete Conditions
dr = V_r*dt;            % meters
dtheta = V_theta/r*dt;  % radians

% Initialize values for looped calculation
r_0 = r;
theta_0 = theta;
all_theta = theta;
all_r = r;

while abs(theta-theta_0) <= 2*pi && length(all_theta) < MAX_ITERATION,
% compute new state information
    r_new = r + dr;
    theta_new = theta + dtheta;
    dr_new = dr + ((r+0.5*dr)*dtheta^2 - G*Mp/(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 = [all_r; r_new ];
    
% reset variables for new calculation
    r = r_new; dr = dr_new;
    theta = theta_new;  dtheta = dtheta_new;    
end;

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

% eccentricity and period calculations
N = length(all_r);
opp_lengths = zeros(1,floor(N/2));
for k=1:floor(N/2)
    opp_lengths(k) = sqrt((X(k)-X(floor(N/2)+k))^2 + (Y(k)-Y(floor(N/2)+k))^2);
end
ecc = sqrt(1-(min(opp_lengths)/max(opp_lengths))^2);

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

if(length(all_theta) < MAX_ITERATION)
    Period = dt*length(all_theta); % unit in seconds (same as unit of dt)
else
    error(’dt value is possibly too coarse, try a different value’);
end

figure(1), polar( all_theta, all_r/1000, ’r.’ );
title( sprintf(’Orbit (r=%1.0fkm, \\theta=%1.0f\\circ, V_r =%1.1fkm/s, V_{\\theta}=%1.1fkm/s)\nEccentr
icity, e=%1.3f, Period, T=%1.2fhr’,...
    r_0/1000, theta_0*180/pi, V_r/1000, V_theta/1000, ecc, Period/(3600)) );
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% SOLUTION TO ECE6390 Homework #1
% Halley’s Comet (part (d))
clear all
close all
% Physical Constants
G = 6.672e-11;          % Gravitational Constant (Newton meters^2 kilograms^-2)
Mp = 1.98e30;           % Mass of the Sun (kilograms)
MAX_ITERATION = 3e4;    % Largest number of iterations

AU = 150e9;             % astronomical unit (meters)
% Initial Conditions
dt = 100000;            % increment (seconds) 
r = 0.586*AU;           % initial radius (meters)
theta = 0;              % initial angle (radians)
V_r = 0;                % r-component of velocity (meters/second)
V_theta = 54.4e3;       % theta-component of velocity (meters/second)

% Convert to Discrete Conditions
dr = V_r*dt;             % meters
dtheta = V_theta/r*dt;   % radians

% Initialize values for looped calculation
r_0 = r;
theta_0 = theta;
all_theta = theta;
all_r = r;

while abs(theta-theta_0) <= 2*pi && length(all_theta) < MAX_ITERATION,
% compute new state information
    r_new = r + dr;
    theta_new = theta + dtheta;
    dr_new = dr + ((r+0.5*dr)*dtheta^2 - G*Mp/(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 = [all_r; r_new ];
    
% reset variables for new calculation
    r = r_new; dr = dr_new;
    theta = theta_new;  dtheta = dtheta_new;    
end;

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

% eccentricity and period calculations
N = length(all_r);
opp_lengths = zeros(1,floor(N/2));
for k=1:floor(N/2)
    opp_lengths(k) = sqrt((X(k)-X(floor(N/2)+k))^2 + (Y(k)-Y(floor(N/2)+k))^2);
end
ecc = sqrt(1-(min(opp_lengths)/max(opp_lengths))^2);

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

if(length(all_theta) < MAX_ITERATION)
    Period = dt*length(all_theta); % unit in seconds (same as unit of dt)
else
    error(’dt value is possibly too coarse, try a different value’);
end

figure(1), polar( all_theta, all_r/1000, ’r.’ );
title( sprintf(’Halley’’s Comet Orbit (r=%1.0fkm, \\theta=%1.0f\\circ, V_r =%1.1fkm/s, V_{\\theta}=%1.
1fkm/s)\nEccentricity, e=%1.3f, Period, T=%1.2fyrs’,...
    r_0/1000, theta_0*180/pi, V_r/1000, V_theta/1000, ecc, Period/(3600*24*365.25)) );
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