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Weights on a String; Roots of
Simultaneous Nonlinear Equations

1. Problem (6 unknowns):

Ti:?’ Hi:?’ i:1,6

(simple can be hard)
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2. Geometric constraints:

L1 cosf; + Lo cosby + L3 cos O3
Ll sin 91 = L2 sin 92 — L3 sin 93

3. D forces O:

X,y
Tl sin (91 — T2 sin (92 — Wl — Oy,l

T} cos 01 — T cos 05 0z.1
T2 sin (92 + T3 sin (93 — W2 Oy,2

T5 cos @5 — T3 cos b5 Oz,2

4. Trigonometry ( 6 - 9 unknowns):

sin® 6; + cos? 6; i=1,2,3 (7T—9)
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Multi-D Newton-Raphson Search

e No analytic solution e 9 simultaneous nonlinear equations

e Can solve f (x)=0 e Rename variables to vector [x]

X

3£U4+4£U5—|—4£U6—8:O
3261 —|—4£C2—4563 =3\

Tr7x1 — x3To — 10 =0

sin 61
sin 6o
sin 03
cos 04
cos 0o
cos 03

X X X

Trxy — xgxs = 0

rglo + Tglz — 20=0

X

5138375—3395136:0
2 +z5—1=0
2 +x2—1=0

T2 +2e—1=0

X

X X

R S S
/N /N /N /N /N /N /N /N —
\_/\_/\_/\_/E/vvvv

A

sin 0, cos 6 = independent
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Solve Matrix Equation for 9 AXx;

uess
(roots)  fi (1,23, .., zp) 0, xp =i + A% ¢ (i)

3f7,
fi(2, 73, ..., Tg) filxi, o5 ..., x5") + 2™ Az,
(linear Zaxj /' ! (2)
approx) <

1 n-1 a 1 n-1
fi(zih 25 .. x5) + Z 8:cf ({z7*}) Ax; =0, ©)
J

(unknown)
e Matrix form: Standard form for linear equations

i fl i i 8f1/8331 8f1/(9£13N 1T A:Cl i
f2 8f2/8£[31 8f2/8£139 Aajg

. —»

8f9/8339 AZIZg

_ filws + D) = fifw)) (unknowns) - (s
537]'

e Now use matrix library program (JAMA)
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Assessment

1. Check reasonableness of Wy, Wy solution
a .various m, L

b. deduced Tensions > 0, = W
c. deduced angles physical (sketch)
2. See how bad initial guess fails

3. * 3 masses (hard)
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Relation of 1D and 9D Methods

¢ 1-D:

¢ N-D: Linear Equations:

i f1 1 F 8f1/8x1 8f1/8wN 17T
f2 8f2/8x1 < 6f2/6a:9

L f.9 1o 3f9/3339 1L
¢ Write solution as (formal)

I Axl l i 8f1/8x1 8f1/8:cN 1T
Azy af2/8371 afz/a% 2
. . . ©)

_ALEg_ i 8]"9/81»9 | _f9_
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