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9.1
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αp = 1 · dx ∧ dy − 4 · dx ∧ dz + 0 · dy ∧ dz

= dx ∧ dy − 4dx ∧ dz
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ωp = e−2dx ∧ dy ∧ dz

= e−2

∣∣∣∣∣∣
3 −1 4
2 6 −1
−1 4 2

∣∣∣∣∣∣
9.2
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1 ≤ i1 ≤ i2 ≤ i3 ≤ 4から、(i1, i2, i3)が可能な組合は (1, 2, 3) , (1, 2, 4) , (1, 3, 4) , (2, 3, 4)

ω =
∑

1≤i1≤i2≤i3≤4

hi1i2i3dxi1 ∧ dxi2 ∧ dxi3

= h1,2,3dx1 ∧ dx2 ∧ dx3 + h1,2,4dx1 ∧ dx2 ∧ dx4
+ h1,3,4dx1 ∧ dx3 ∧ dx4 + h2,3,4dx2 ∧ dx3 ∧ dx4
= −2dx1 ∧ dx2 ∧ dx3 + 3dx1 ∧ dx2 ∧ dx4
+ 0dx1 ∧ dx3 ∧ dx4 − dx2 ∧ dx3 ∧ dx4

= −2
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= −2 · 8 + 3 · 10− (−8)

= 22
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9.3

f = 3ex

α = z2dx+ 2dy
β = yzdx+ xzdy + xydz
ω = zdx ∧ dy + ydx ∧ dz + xdy ∧ dz

f ∧ α = 3ex
(
z2dx+ 2dy

)
= 3exz2dx+ 6exdy

α ∧ α = 0

α ∧ β =
(
z2dx+ 2dy

)
∧ (yzdx+ xzdy + xydz)

= xz3dx ∧ dy + xyz2dx ∧ dz + 2yzdy ∧ dx+ 2xydy ∧ dz
=

(
xz3 − 2yz

)
dx ∧ dy + xyz2dx ∧ dz + 2xydy ∧ dz

β ∧ ω = (yzdx+ xzdy + xydz) ∧ (zdx ∧ dy + ydx ∧ dz + xdy ∧ dz)
= xyzdx ∧ dy ∧ dz + xyzdy ∧ dx ∧ dz + xyzdz ∧ dx ∧ dy
= xyzdx ∧ dy ∧ dz

9.4

ω =
∑

1≤i1<i2≤4

exi1
+xi2dxi1 ∧ dxi2 +

∑
1≤i2<i1≤4

exi1
+xi2dxi2 ∧ dxi1 = 0

ω ∧ ω = 0 ∧ 0 = 0

9.1

ω =
∑

1≤i1<···<ik≤n

hi1···ik (p) dxi1 ∧ · · · ∧ dxik (v1, · · · , vk)

=
∑

1≤i1<···<ik≤n

k

∣∣∣∣∣∣∣
dxi1 (v1) · · · dxi1 (vk)
...

. . .
...

dxik (v1) · · · dxik (vk)
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=

∑
1≤i1<···<ik≤n

k
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δ1,1 · · · δk,1
...
. . .

...
δ1,k · · · δk,k

∣∣∣∣∣∣∣
=

∑
1≤i1<···<ik≤n

k
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1 0 · · · 0 0
0 1 0 · · · 0
...
...
. . .

...
...

0 0 0 0 1
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=

∑
1≤i1<···<ik≤n

k

= k
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9.2

f = 2e−yz

α = xydy + exdz
β = ydx+ dy − sinxdz
ω = x sinxdx ∧ dy + sin ydx ∧ dz + x cos ydy ∧ dz

f ∧ α = 2xye−yzdy + 2ex−yzdz
α ∧ β = (xydy + exdz) ∧ (ydx+ dy − sinxdz)

= xy2dy ∧ dx− xy sinxdy ∧ dz + yexdz ∧ dx+ exdz ∧ dy
β ∧ ω = (ydx+ dy − sinxdz) ∧ (x sinxdx ∧ dy + sin ydx ∧ dz + x cos ydy ∧ dz)

= xy cos ydx ∧ dy ∧ dz + sin ydy ∧ dx ∧ dz − x sin2 xdz ∧ dx ∧ dy
=

(
xy cos y − sin y − x sin2 x

)
dx ∧ dy ∧ dz

ω ∧ ω = 0

9.3

ω =
∑

1≤j1<j2≤4

gj1j2dxj1 ∧ dxj2 +
∑

1≤j2<j1≤4

gj2j1dxj2 ∧ dxj1

=
∑

1≤j1<j2≤4

xj1xj2dxj1 ∧ dxj2 +
∑

1≤j2<j1≤4

xj2xj1dxj2 ∧ dxj1

= 0

から

α ∧ ω = α ∧ 0

= 0
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