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function Probll6 ()
% Problem 11.6 Solution
% April 1, 2008

% VARIABLES
R= 1;

th= 30; % theta in degrees
k= 1; spring stiffness

m= 1; % masses

o\°

o)

% Initial Conditions
r0l= -R*[cosd(th) sind(th)]"';
r02= R*[cosd(th) sind(th)]"’
vOl= [1 0O]°';

v02= [0 -1]1";

.
4

z0= [r01l; r02; v01l; v02]; % pack variables
tspan= [0 20];
[t zarray]= oded5 (@rhs,tspan,z0,[],k,m);

% Unpack variables
rl= zarray(:,1:2);
r2= zarray(:,3:4);
rG= (rl+r2)/2;

plot (¥l{s,L1y, BL{z,.2), "T%);

hold on;

plot{r2ls, 1)y TZ2l2s2) ; "O=="]) 2
plot{rGlz,1)y X8 2s2) s "k=u™);

end

3 THE DIFFERENTIAL EQUATIONS (RIGHT HAND SIDE)
function zdot = rhs(t, z, k,m)

$ Unpack variables
rl= z(1:2);

r2= z(3:4);
vli= z(5:6);
v2= z(7:8);

s The equations

rldot= vl;
vlidot= k/m* (r2-rl):;
r2dot= v2;

v2dot= k/m* (rl-r2);

s Pack the rate of change variables
zdot= [rldot; r2dot; vldot; v2dot]:

end
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function Probl110 ()
% Problem 11.10 Solution
$ April 1, 2008

% VARIABLES
(5= [
m= 1;

2 Initial Conditions

r0l1= [-0.97000436 0.24308753]"'; r02= -r0l1l; r03= [0 0O]°';
v03= [0.93240737 0.86473146]"'; v0l= -1/2*v03; v02= -1/2*v03;

z0= [x01l; r02; r03; v0l1l; v02; v03]; % pack variables
tspan= [0 10];

[t zarray]= oded5(@rhs,tspan,z0,[],G,m);

o)

% Unpack variables
rl= zarray(:,1:2);
r2= zarray(:,3:4);
r3= zarrayi{:,5:8);

plet{rl(:,1), L, 2}, "EY)}

hold on;

plot{rZ{s;Llis E2(3p2); "B=="}p

plot (r3(:;1), £3(:,2),'9=.");

end

t THE DIFFERENTIAL EQUATIONS (RIGHT HAND SIDE)
function zdot = rhs(t, z,G,m)

% Unpack variables
rl= z{(1:2);
r2= z(3:4);

r3= z(5:6);
vli= z(7:8);
v2= z(9:10);

v3= z(11:12);

% The equations

rldot= vl; r2dot= v2; r3dot= v3;

vldot= G*m* ( (r3-rl)/ (sqgrt(sum((r3-rl).”2)))"3+...
(r2-xl) /(sgrt (sum{ (r2=rl) .?*2)))?*3);

v2dot= G*m* ((rl-r2)/(sqgrt(sum((rl-r2).72)))"3+...
(r3-xr2) /(sqrt (sum({r3-xr2).72)))*3);

v3dot= G*m* ((rl-r3)/(sqgrt (sum((xl-r3).%2)))23+...
(r2~-r3) / (sqgrt (sum({ (F2-¥3) .™2) ) 12 3);

% Pack the rate of change variables

zdot= [rldot; r2dot; r3dot; vldot; v2dot; v3dot];

end

Rqe 5/9
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Two-Particle Collisions
Problem 11.20 Solution
April 1, 2008

o\©

ope

o\©

theta = 45;

nx = cosd(theta);
ny = sind(theta);
n = [nx nyl]';
vlibef = [10 20]°';
v2bef = [-5 3]°';
ml = 3; m2 = 19;
e = .5;

angle (degrees) between n and plus x axis

oo

impulse direction

vel of ml before collision
vel of m2 before collision
values of two masses
coefficient of restitution

o@ o oP

o\©

o\@

Write governing equations in form of Az=Db
where z 1s a list of unknowns representing
the particle velocities after the collision
and the magnitude of the impulse.

0@ o©

o

A= ml 0 m2 O 0
0 ml O m2 0
-nX -ny nx ny 0
0 0 m2 O ~TX
0 0 0 m2 -ny]j;

oL

x comp of lin mom bal
y comp of lin mom bal
restitution equation
impulse-momentum for mZ2, x comp
impulse-momentum for m2, y comp

o o o@

o\°

b = [ml*vlbef + m2*v2bef; % X & y comps of 1lin mom bal for syst
-e¥*sumi (vZbef-vibef) .*n); % restitution eguation
m2*v2bef]; 3 ilmpulse-momentum for m2, x & y comps
z= A\b;

Q

s Type out the solution (crudely).

disp (" vixaft vliyaft v2xaft vZ2yaft pt) s
disp(z');

3 ANSWER:

% vixaft viyaft vZ2xaft vZ2yaft P

o\°

-10, 7273 “Qe7273 “Lxlais 6.2727 87.9384
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Be%re collision: Atter collision:

-2 N
V, = 20
73_ - Vj
LMB: (x)
(4)

= y
+. Ut
L = Vo

V7 (sin15°, + cos15° 3

27Vsin IS = 04 (20)

+ _ 20
VoS Qsin 15° 5196 mp\'\

AmMvTeos 15° = AV
V = dvieos!5” = | 1 meh




