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function spring/()

tProblem set up

clear

close all

p.m = 1; p.k= 100; p.g= 9.81l; % parameters are in struct p
n=100000; % number of steps in integration

tmax = 1.3*2*pi/sqrt(p.k/p.m); % duration of integration (tred a &,-& t‘-ﬁ.( ¢ ‘u—{q,;e/g>
tspan= linspace (0,tmax,n+l);

X0=0; y0=0; z0=0; vx0=0,09; vy0=0.01l; vz0=0.03;

r0=[(x0 yv0 2z0]'; v0O = [vx0 vy0 vz0]';

z0 = [r0O;v0]; %Initial condition

$Command asking to solve the ODEs

zarray = eulersolver (@springODEs, tspan, z0,p);

npoints= 200; %$number of points to plot

m=n/npoints; %number of points skipped in each plot point
index=m* [O:npoints]+1l; %indices of plotted points

X= zarray(index,l); y = zarray(index,2); z = zarray(index, 3):;

plot(=x,-y,'.=') &Plet dots and line

axis('equal'); title('Trajectory of mass attached to Linear Spring (C. Mavrogiannis) ')
xlabel('-x')

yvliabel ('-y')

shg

end
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function zdot = springODEs(t,z,p)
$The ODEs for zero-rest-length linear spring
r=z(1:3); v=z(4:6); % position and velocity

rdot = v;

F=p.m*(p.g*¥[0 1 0]"'-p.k/p.m*r);
a = F/p.m;

vdot = aj

zdot = [rdot; wvdot];

end
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function zarray = eulersolver (rhs,tarray, z0,p)
% General ODE solver using Euler's method

% Soln will be in zarray. One row for each instant in time.
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nrows=length(tarray); ncols= length(z0):;
zarray=zeros (nrows,ncols); %initialize the matrix of solutions

zarrayil, 1) = 20; % first row is init. 'édonds.

for i1=l:nrows-1

h = tarray(i+l) - tarray(i); %time step

zdot = feval (rhs,tarray(i), zarray(i,:)',p):
zarray(i+l,:) = zarray(i,:) + zdot'*h; %Euler's method
end

end
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Problem 3-Trajectory of mass attached to Linear Spring ({0 o))
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Problem 3 (#5 from Fall 2012PDF)

“How to complete this problem was discussed with Professor Ruina in office hours

Investigate trajectories of a particle experiencing a central force that is not of the form

K

F(r) = —krorF(r) = — oy Try to find trajectories that are not straight lines or ellipses. Try to

find initial conditions that will make irregular orbits periodic.

Solution:
The trajectory of a particle experiencing F(r) = — % will be investigated in this problem.
FBD
y
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F = md

t &
mr=-—-—

r

Breaking into Two Sets of First Order ODES
P =7

. r

V= —-

r

These ODES are evaluated in Matlab using ODE45(Code Included)



Effects of Adjusting Initial Velocity Angle From Horizontal:
Trial 1;

¥y = [(1)] Vo = Vo

With these initial conditions, the particle oscillates along the x-axis. So no interesting behavior
IS observed.

U g=0
0.8F |
06F
0.4}
0.2}
o O -
0.2
0.4
0.6F ]
08k
1 _E:IT'___'E 0.5 e
Trial 2
Fo = 5] 70 = vo Singy | £ = 900 =1

When adjusting to an initial velocity angle of 90°, the particle moves periodically in a circle
around the origin. So again, no interesting behavior is observed.
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Trial 3
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When adjusting to an initial velocity angle of 45°, the particle begins to move in an interesting /

. K . :
trajectory that will not be observed with a —kr or — = central force. However, the trajectory is

],8 — 45,170 =1

observed to be no longer periodic.
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Trial 4
7 = [(1)] By = v, [‘:If((g))] 6 = 45,1, = .81

With adjustments to the initial speed (Vg), the trajectory can be adjusted to be periodic. This
initial velocity was found by trial and error,
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