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Bungees jumpers problem l;

bungee cords

= Determine the equilibrium
positions of jumpers =0 -

X =0 e
= 3 jumpers connected by ‘ /@:ﬂ

(a) Unstretched (b) Stretched



Bungees jumpers problem (cont.)

= Assume that each cord behaves as a linear spring and
follows Hooke’s law

X
mlﬁ =m1g + ka(x2 — x1) — k1x1 kx, ko (xy — ks(xy — x5)
d2X2
My—r5 = Mg + k3(x3 — x2) + ka(x; — x2)
m d’x3 = m32 + kz(xp — Xx3)
32 T 38 T K3(X2 3
steady-state solution, dx/dt?=0
(k1 + k2)x, — koxo =mig l l l
—koxy + (ky + k3)x2 —kaxs =mag  mg k(x, m,g ky(x; — x,) mag

—k3xo + k3xz = mag



Solving bungee jumpers problem with MATLAB

0 —7A
Spring Constant Unstretched Cord
Jumper Mass (kg) (N/m) Length (m)
Top (1) 60 50 20 - O
Middle (2) 70 100 20
Bottom (3] 80 50 20
40— O
150 —100 01 |xi 588.6
—100 150 =50 | {x2( = {686.7 AX=Db - 0 4
0 =50 50 X3 784.8 Unstretched
80
A=[150 -100 0; -100 150 -50; 0 -50 50];
b=[588.6; 686.7; 784.8]; O
X=A\Db; % left division
x=inv(A)*b; % matrix inverse 120
Xxi=[20; 40; 60]; % initial jumpers’ positions
Xf=xi+X; % final positions | suet?hed ,




Matrix multiplication

[A] mxn

|

[B]nxl

|

Interior dimensions
are equal,
multiplication
is possible

Exterior dimensions define
the dimensions of the result

h

[C]mxl
F 3

[ 3Xb5+1X7=22




Special matrices

Symmetric Diagonal Identity
5 1 2] a, | 1
[Al=|1 3 7 [A]= a,, [A]=
2 7 8] i Ay | i 1
Upper Triangular Lower Triangular Banded
&; ap ap G d;
[A]: Ay 3 [A]: dy 8y [ A]= dy 8y Ay
- a33_ _a31 a32 a33_ a32 a33 a34
B gy Ay
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