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d2θ

dt2
= −

g + η′′(t)

l0
sin θ (1)

.

,g g = 9.8(m/s2) .

ϕ(t) = π − θ(t)
d2θ
dt2 = − d2ϕ

dt2 , sin θ = sin(π − θ) = sin ϕ ,(1)

d2ϕ

dt2
=

g + η′′(t)

l0
sin ϕ (2)

. ,sin ϕ ≈ ϕ

d2ϕ

dt2
=

g + η′′(t)

l0
ϕ (3)

,x(t) = ϕ(t), y(t) = ϕ′(t), q(t) = g+η(t)
l0

,(3)

dx

dt
= y,

dy

dt
= q(t)x (4)

.

3

dx

dt
= f(t, x) (t0 ≤ t ≤ tF ), x(t0) = x0 (5)

[2] x(t) Rd

f [t0, tF ] × Rd Rd (

)

[t0, tF ]

t0 < t1 < · · · < tn < tn+1 < · · · < tN = tF

tn hn = tn+1 − tn

n

h = (tF − t0)/N

x(t) n

x(tn) xn xn (n =

1, 2, ... )

(discrete variable method)

(Euler method)

xn+1 = xn + hf(tn, xn) (6)

x0 (6)

x1, x2, . . .

(Runge-Kutta method)

xn xn+1

k1 = f(tn, xn)

k2 = f
(

tn +
h

2
, xn +

h

2
k1

)

k3 = f
(

tn +
h

2
, xn +

h

2
k2

)

k4 = f
(

tn + h, xn + hk3

)

xn+1 = xn +
h

6

(

k1 + 2k2 + 2k3 + k4

)
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(4) x = y = 0

η′′(t) τ [ξ, η]T ∈ R2

x(0) = ξ, y(0) = η (4)

x(t), y(t) [ξ, η]T [x(τ), y(τ)]T

R2 R2 F F

ν1 = [ξ1, η1]T , ν2 = [ξ2, η2]T

x(0) = ξ1, y(0) = η1 (4) x1(t),

y1(t) x(0) = ξ2, y(0) = η2 (4)

x2(t), y2(t) c1, c2 x(0) =

c1 ξ1 + c2 ξ2, y(0) = c1 η1 + c2 η2 x(t) =

c1 x1(t) + c2 x2(t), y(t) = c1 y1(t) + c2 y2(t)

F (c1ν1 + c2ν2) = c1F (ν1) + c2F (ν2) (7)

F

F [1, 0]T [a, c]T [0, 1]T

[b, d]T

F
(

[ξ, η]T
)

= A

[

ξ

η

]

, A =

[

a b

c d

]

(8)

q(t) τ τn =

nτ (n = 0, 1, ... ) (4) x(t), y(t)
[

x(τn+1)

y(τn+1)

]

= A

[

x(τn)

y(τn)

]

(n = 0, 1, ...) (9)

[

x(τn)

y(τn)

]

= An

[

x(0)

y(0)

]

(n = 1, 2, ...) (10)

A λ1, λ1

T

An = T

[

λn
1 0

0 λn
2

]

T−1 (11)

(4)

A
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• 14
[

a b

c d

]

=

[

0.3512 0.4543

−0.9287 1.6454

]

(12)

.

Maxima λ1,λ2 .

λ1 = 0.9983− 0.05697i, λ2 = 0.9983 + 0.05697i (13)

,| λ1 | ≤ 1, | λ2 | ≤ 1 .

• 13
[

a b

c d

]

=

[

0.3663 0.4919

−0.7939 1.663

]

(14)

.

Maxima λ1,λ2 .

λ1 = 0.8419, λ2 = 1.1877 (15)

| λ1 | ≤ 1, | λ2 | ≥ 1 .
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