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Weights on a String; Roots of 
Simultaneous Nonlinear Equations
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Ti = ?,    i = ?, i = 1, 6 

2. Geometric constraints:

3.  forcesx, y =0: 

4. Trigonometry ( 6  9 unknowns):

sin2 θi + cos2 θi = 1, i = 1, 2, 3 (7− 9)

L1 cos θ1 + L2 cos θ2 + L3 cos θ3 = L (1)

L1 sin θ1 + L2 sin θ2 − L3 sin θ3 = 0 (2)

1. Problem (6 unknowns):

T1 sin θ1 − T2 sin θ2 −W1 = 0y,1 (3)

T1 cos θ1 − T2 cos θ2 = 0x,1 (4)

T2 sin θ2 + T3 sin θ3 −W2 = 0y,2 (5)

T2 cos θ2 − T3 cos θ3 = 0x,2 (6)

(simple can be hard)
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Multi-D Newton-Raphson SearchMultiMulti--D NewtonD Newton--RaphsonRaphson SearchSearch

• No analytic solution

• Can solve f (x)=0

[x] =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

x1
x2
x3
x4
x5
x6
x7
x8
x9

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
=

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

sin θ1
sin θ2
sin θ3
cos θ1
cos θ2
cos θ3
T1
T2
T3

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
,

• 9 simultaneous nonlinear equations

• Rename variables to vector [x]

f1(x) = 3x4 + 4x5 + 4x6 − 8 = 0

f2(x) = 3x1 + 4x2 − 4x3 = 0

f3(x) = x7x1 − x8x2 − 10 = 0

f4(x) = x7x4 − x8x5 = 0

f5(x) = x8x2 + x9x3 − 20 = 0

f6(x) = x8x5 − x9x6 = 0

f7(x) = x21 + x24 − 1 = 0

f8(x) = x22 + x25 − 1 = 0

f9(x) = x23 + x26 − 1 = 0sin ,  cos  = independent
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Solve Matrix Equation for  9 xjSolve Matrix Equation for  9 Solve Matrix Equation for  9 xxjj

• Matrix form: Standard form for linear equations 

• Now use matrix library program (JAMA)

(1)

(2)

(3)

(4)

(5)

(known)

(unknowns)

(roots)
(guess)

(linear
approx)

(unknown)

⎡⎢⎢⎢⎣
f1
f2
...
f9

⎤⎥⎥⎥⎦
o

+

⎡⎢⎢⎢⎣
∂f1/∂x1 · · · ∂f1/∂xN
∂f2/∂x1 · · · ∂f2/∂x9

...
· · · · · · ∂f9/∂x9

⎤⎥⎥⎥⎦
o

⎡⎢⎢⎢⎣
∆x1
∆x2

...
∆x9

⎤⎥⎥⎥⎦ = 0

∂fi
∂xj

' fi(xj +∆xj)− fi(xj)
δxj

fi(x
n
1, x

n
2, ..., x

n
9) = 0, xn

i = xn-1
i + ∆xi,

fi(x
n
1, x

n
2, ..., x

n
9) ' fi(x

n-1
1 , x

n-1
2 , ..., x

n-1
9 ) +

9X
j

∂fi
∂xj

(xn-1
i )∆xj

fi(x
n-1
1 , x

n-1
2 , ..., x

n-1
9 ) +

9X
j

∂fi
∂xj

({xn-1
i })∆xj = 0,
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AssessmentAssessmentAssessment

1. Check reasonableness of W1, W2 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 MethodsRelation of 1D and 9D MethodsRelation of 1D and 9D Methods
 1-D:  

 N-D: Linear Equations:

 Write solution as (formal)⎡⎢⎢⎢⎣
∆x1
∆x2

...
∆x9

⎤⎥⎥⎥⎦ = −

⎡⎢⎢⎢⎣
∂f1/∂x1 · · · ∂f1/∂xN
∂f2/∂x1 · · · ∂f2/∂x9

...
· · · · · · ∂f9/∂x9

⎤⎥⎥⎥⎦
-1⎡⎢⎢⎢⎣

f1
f2
...
f9

⎤⎥⎥⎥⎦

⎡⎢⎢⎢⎣
f1
f2
...
f9

⎤⎥⎥⎥⎦
o

+

⎡⎢⎢⎢⎣
∂f1/∂x1 · · · ∂f1/∂xN
∂f2/∂x1 · · · ∂f2/∂x9

...
· · · · · · ∂f9/∂x9

⎤⎥⎥⎥⎦
⎡⎢⎢⎢⎣
∆x1
∆x2

...
∆x9

⎤⎥⎥⎥⎦ = 0

(1)

(2)

(3)

1
' '

fx f
f f

    


