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ι JLK 2LM6NOMP2 I 9 KQJ 3R2LMS7 K 2TM6N (ρ, θ, ϕ)
9BADUV>�3W2TMS7 K 2LM)N (r, θ, ϕ) K 5XAWY)> ι C[Z/\W5 ι MS>]UV^/3D_*23DE/` K 9aMS7�bc^&<d> K 5 R3 e

a) σ1 := x dy − y dx; b) σ2 :=
1

ρ
(xz dx+ yz dy − ρ2 dz);

c) ω1 :=
1

r3
(x dy/\dz + y dz/\dx+ z dx/\dy); d) ω2 :=

1

z
(x dy/\dz + y dz/\dx− z dx/\dy).

fT.hgji I 9;Mk7S2L:
ϕ?ω l \m>�n I 9 ϕ : R4

+ → R3
+ l ϕ(p, q, r, s) := (pq, qr, rs)

^c3)5X7
ω := x dy/\dz + y dz/\dx+ z dx/\dy.oL.hp4C[365S< J 7�9a: l `�> J 5 K 5*-kqrUV^/3D_s5 ω ∈ Ω1(O)

\t>�AWYu7&5X_vb K 9a> ι Y65h947 K 5 I >�w&:1x8qrUV^/3D_y> ι C[9z>�3t<?^XY K 5 ι { Y)7 K .�UVZ K bHMR\t> ι
f
Y65XbX5

ι l `�> ω = df | .
a) O = {(x, y) ∈ R2 : x > 0}, ω =

ydx− xdy

2x2 − xy + y2
;

b) O = R2, ω =
dx+ cos2 xdy

1 + y sin 2x+ y2 cos2 x
;

c) O = {(x, y, z) ∈ R3 : x, y, z > 0}, ω =
yzdx− x log x(zdy + 2ydz)

xy2z3
;

d) O = {(x, y, z) ∈ R3 : (x, y, z) 6= (0, 0, 0)}, ω =
(x2 + y2)dz − z(xdx+ ydy)

(x2 + y2 + z2)3/2
.

} .hp4C[365S< J 7�9a: l `S> J 5 K 5~f�qmU�^c3W_�5 ω ∈ Ω2(O)
\m>�AWYd7�5X_yb K 9z> ι Y65*9�7 K 5 I >Sw&:�-PqrUV^/3D_v> ι C[9z>�3R<d^XY K 5 ι { Y)7 K .�UV^c3W_v> ι

η ∈ Ω1(O)
YP58b/5

ι l `�> ω = dη | .

a) ω :=
∂a

∂z
dy/\dz +

∂b

∂x
dz/\dx−

(
∂a

∂x
+
∂b

∂y

)
dx/\dy

Y)Z
a, b � U�Z K bHMR\t>#��GI 5 J b�9a>c�

b) ω :=
1

r3
(x dy/\dz + y dz/\dx+ z dx/\dy), O = {(x, y, z) ∈ R3 : x2 + y2 > 0};

c) ω :=
1

xy2z
(ztdx/\dy + txdy/\dz + xydz/\dt+ yzdt/\dx), O = R4

+.


