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G

H(C) C

1 I, J,K

I2 = J2 = K2 = −1,
IJ = −JI = K, JK = −KJ = I, KI = −IK = J.

H(C) {e1, e2, e3, e4}

· e1 e2 e3 e4

e1 e1 0 e3 0
e2 0 e2 0 e4
e3 0 e3 0 e1
e4 e4 0 e2 0

.

1 = e1 + e2

i1 = e1 + e2, i2 = a1e1 + a2e2, i3 = b1e1 + b2e2,

ak, bk ∈ C, k = 1, 2 R

α1i1 + α2i2 + α3i3 = 0 α1, α2, α3 ∈ R α1 = α2 = α3 = 0
H(C)

E3 := {ζ = xi1 + yi2 + zi3 : x, y, z ∈ R}
i1, i2, i3 R

G

Φ : Ωζ → H(C)
(

Φ̂ : Ωζ → H(C)
)

G
(

G)
Ωζ ⊂ E3 Φ

(
Φ̂
)

Ωζ ζ ∈ Ωζ Φ′(ζ) ∈ H(C)
(

Φ̂′(ζ) ∈ H(C)
)

ε→0+0

(
Φ(ζ + εh)− Φ(ζ)

)
ε−1 = hΦ′(ζ) ∀h ∈ E3(

ε→0+0

(
Φ̂(ζ + εh)− Φ̂(ζ)

)
ε−1 = Φ̂′(ζ)h ∀h ∈ E3

)
.

f1 : H(C)→ C f2 : H(C)→ C

f1(e1) = f1(e3) = 1, f1(e2) = f1(e4) = 0,

f2(e2) = f2(e4) = 1, f2(e1) = f2(e3) = 0.

fk(E3) := {fk(ζ) : ζ ∈ E3} k = 1, 2
(x, y, z) ∈ R

3 ζ = xi1+yi2+zi3 ∈ E3

L1 : x+ y a1 + z b1 = 0, y a1 + z b1 = 0,

L2 : x+ y a2 + z b2 = 0, y a2 + z b2 = 0

R
3

D1 := f1(Ωζ) ⊂ C, D2 := f2(Ωζ) ⊂ C.

J.

1

0

+ e2

1e1 + a2e2, iiii3333 ========= bbbbbbbbb111111111e1 + b2e

ααααααα111111111, α, α, α, α, α, α, α, α, 222222, α, α, α, ααα, α, α, α3333 ∈∈∈∈ RRRRR

3 := {ζ = xixixixixixiixii11 + yi2 +++++++++ zzi3 : x

i3 RRRRRRRRR

Φ :: ΩΩΩΩΩΩΩΩζζζζζ →→→→→→ HHHHHHHHH((((((((CCCCCCCCC)
(

Φ̂

ΩΩΩζζζζζ ⊂⊂⊂⊂⊂ E3 ΦΦΦΦΦΦΦ
( ̂̂̂̂̂̂̂̂̂ΦΦΦΦΦΦΦΦΦ)

ζζ ∈∈∈∈∈∈ ΩΩΩΩΩΩΩζζζζζ

ε→0+0

(((((((
Φ(ΦΦΦΦΦΦ ζ + ε(((((((

ε→0+

(



G

Ω L1 L2 f1(E3) =
f2(E3) = C G Φ : Ωζ → H(C)

Φ(ζ) = F1(ξ1)e1 + F2(ξ2)e2 + F3(ξ1)e3 + F4(ξ2)e4,

F1 F3 ξ1 := x + ya1 + zb1 D1 F2

F4 ξ2 := x+ ya2 + zb2 D2

Ω L1 L2 f1(E3) =

f2(E3) = C G Φ̂ : Ωζ → H(C)

Φ̂(ζ) = F̂1(ξ1)e1 + F̂2(ξ2)e2 + F̂3(ξ2)e3 + F̂4(ξ1)e4,

F̂1 F̂4 ξ1 := x + ya1 + zb1 D1 F̂2

F̂3 ξ2 := x+ ya2 + zb2 D2

,

DDDD2



G

Nϕ
τ

X

trace V = 1 V 2 = 0

2

Wn Wm

NNNNNNNNNϕ
τNN

trace Ve Ve Ve Ve Ve Ve Ve Ve V = 1= 1= 1= 1= 1= 1= 1= 1= 1


