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function [t,x1,yl,x2,y2,Statearray]l=Dumbell () %by Ethan Ritz

$this function calculates the trajectory of two masses connected by a
$rigid bar, subject to velocity ICs that make it spin around

G SELUD Rt b N SN AR S S RN S0 00 PN S0 S8 ARG S S S S i it o 8 B AN B
$Parameters

p.ml=1; %$the first mass

p.m2=1; %$the second mass

p.L0=1; $the rest length of the spring

totalTime=20;
startTime=0;
t=(startTime:.01l:totalTime) ';

%$Initial Conditions

poslx 0=-.5; $initial positions...
posly 0=0;

pos2x 0=.5;

pos2y 0=0;

pos_0O=[poslx_O;posly 0O;pos2x_0;pos2y 0]; %...put into vector

vlix_0=0; %$initial velocities...
vly 0=-1;

v2x_0=0;

v2y_ 0=1;

v_O=[le_O;vly_O;va_O;v2y_O]; %...put into vector

$Define Initial State
StateO=[pecs_0;v_0];

options=odeset ('reltol',le-8, 'abstol',le-8);
[t, Statearray] = ode23(QeqgOfMot,t, Statel,options,p);

size(Statearray)

i e e P g s e B e o o 0 P B T 0 R0 53850 A 00 570 3 e s s s it s s o
% Parse ANSwWer ~~~~~~nann ~a A A A A A AL A A A A A A A A A A A A A A A s A A A A A A A e A N A A N A N A s e
%1 = Statearray(:,1);
yl = Statearray(:,2);
x2 = Statearray(:,3);
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y2 = Statearray(:,4);
FxCOM= (x1*ml+x2*m2) / (m1l+m2) ; $center of mass motion

figure
plot(yl,x1,'r.")
title ('Motion of dumbell');

xlabel ('time (s) ')

ylabel ("Xl (red ... ), x2 (blue solid) and COM (green dotted')
hold on

plot(y2,x2,'b'")

axis equal

legend('Mass 1', 'Mass 2', 'Location', 'SouthEast'):;

hold off

figure

plot (t,x1-xCOM, 'r') ;

title(['Deviation of the masses from COM for k=', num2str(p.X)1);
xlabel ('time (s)')

ylabel (' [x1-xXCOM| (red solid ), [x2-xCOM| (blue =-=)"')

hold on

plot (t,x2-xCOM, 'b-=") ;

legend('Mass 1', 'Mass 2', 'COM','Location', 'SouthEast');

hold off
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end

function Statedot=eqOfMot (t,xbar,p) %the idea of a data structure 'p' was
%something I leared from Ruina.
%xbar is a vector where
$xbar=[pxl,pyl,px2,py2,vxl,vyl,vx2,vy2]

%The goal is to get 'Statedot', which is the derivative of the state

Q

B Selup wesmminim i sl NN N N N NN NN N NN NN N e
xl=xbar (1) ;
yl=xbar (2);
x2=xbar (3);
y2=xbar (4) ;
vxl=xbar (5
vyl=xbar (6

.

8

r
’

r

);
)3
vx2=xbar (7);
vy2=xbar (8) ;

r

r

Statedot=zeros(8,1); %$this will ultimately be out output

o

% Say that position dot is velocity ~~~~~mmrmmsmsnscvasvnanasnn s n s
Statedot (1)=vx1;
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Statedot (2)=vyl;
Statedot (3)=vx2;
Statedot (4)=vy2;

L MaKe MATTIR N A nanannn an m s a a i a a n a NN N AN N NN N NN NN N NN NN N NN N NN N NN e

N=zeros (5) ;

N(1,:)=[p.ml1,0,0,0,-(x2-x1)/p.L0];
N(2,:)=[0,p.m1,0,0,-(y2-yl)/p.LO];
N(3,:)=[0,0,p.m2,0,-(x1-x2)/p.LO0];
N(4,:)=[0,0,0,p.m2,-(yl-y2)/p.L0];
N(5,:)=

’ [-(x2-x1),-(y2-yl),-(x1-x2),-(yl-y2),0];
% Make the VECEoE Of KNOWNE, TR S Sms s sinisimisiic s b S ot st S o iy s s
=[0;0;0;0;-(vx2-vxl)"2-(vy2-vyl)"2];
%$find our vector of unknowns "U" and assign them ~~~~~srnmnmmcsmmmnasn s

U=N\K; %multiplication by inv (N)
x1dd=U (1) ;

y1ldd=U(2);
x2dd=U(3) ;
y2dd=U (4) ;

T=U(5); %but we never actually need this

1
2
3
4

2

$T.oad them into statedot, and we are done

Statedot (5)=x1dd;
Statedot (6)=yldd;
Statedot (7)=x2dd;
Statedot (8)=y2dd;

end
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