
物理数学 Iの宿題 [ver.2.1.1]の答 (一部)

ミスプリを見つけたら連絡して下さい。

§ 1の宿題
1.

2.

3.

4.

(
−240
282
108

)
,

(
−58
118
−150

)
,

(
−240
282
108

)
+

(
182
−164
−258

)
+

(
58

−118
150

)
=

(
0
0
0

)

5. 0⃗

6.

§ 2の宿題

1. k̇a⃗+ k ˙⃗a, ˙⃗a · b⃗+ a⃗ · ˙⃗b, ˙⃗a× b⃗+ a⃗× ˙⃗
b

2.

3.

4.

(
3t2 − 4
2t+ 4

16t− 9t2

)
,

(
6t
2

16− 18t

)
, 16

3

(
2
2
−1

)
, 2

3

(
2

−13
−22

)

5. ˙⃗r = ṙ
(
cos θ
sin θ

)
+ rθ̇

(− sin θ
cos θ

)
, ¨⃗r = (r̈ − rθ̇2)

(
cos θ
sin θ

)
+ (2ṙθ̇ + rθ̈)

(− sin θ
cos θ

)

6.

(
6xy

3x2 − 3y2z2

−2y3z

)
, 2xz − 6y2z2 + xy2,

(
2xyz + 4y3z
x2 − y2z

0

)
, 6y − 6yz2 − 2y3,

(
2z

−12yz2 − 4y3

2xz

)

7.

(
2xyz
x2z
x2y

)
, 2z2 − z + 9xz2,

(
y

4xz − 3z3

0

)
, 2yz,

(
4x
0

18xz

)

8.
f ′(r)

r
r⃗, f ′′(r) +

2

r
f ′(r)

9. rf ′(r) + 3f(r), 0⃗, f ′′(r)r⃗ + 4
f ′(r)

r
r⃗

10. E⃗ =
1

4πε0

Q

r2
r⃗

r

1



11. E⃗ =
1

4πε0

(
3
d⃗ · r⃗
r5

r⃗ − 1

r3
d⃗
)

12. B⃗ =
µ0

4π

(
3
m⃗ · r⃗
r5

r⃗ − 1

r3
m⃗
)

13. ±1
3

(
−1
2
2

)

14. 2ω⃗

15. (1) ∇⃗ × (∇⃗ϕ) = 0⃗, rot gradϕ = 0⃗

(2) ∇⃗ · (∇⃗ × a⃗) = 0, div rot a⃗ = 0

(3) ∇⃗ × (∇⃗ × a⃗) = ∇⃗(∇⃗ · a⃗)−△ a⃗, rot rot a⃗ = grad div a⃗−△ a⃗

(4) ∇⃗(ϕψ) = ψ∇⃗ϕ+ ϕ∇⃗ψ, grad (ϕψ) = ψ gradϕ+ ϕ gradψ

(5) ∇⃗ · (ϕa⃗) = a⃗ · ∇⃗ϕ+ ϕ∇⃗ · a⃗, div (ϕa⃗) = a⃗ · gradϕ+ ϕ div a⃗

(6) ∇⃗ × (ϕa⃗) = (∇⃗ϕ)× a⃗+ ϕ∇⃗ × a⃗, rot (ϕa⃗) = gradϕ× a⃗+ ϕ rot a⃗

(7) ∇⃗(⃗a · b⃗) = (⃗a · ∇⃗)⃗b+ (⃗b · ∇⃗)⃗a+ a⃗× (∇⃗ × b⃗) + b⃗× (∇⃗ × a⃗),

grad (⃗a · b⃗) = (⃗a · grad )⃗b+ (⃗b · grad )⃗a+ a⃗× rot b⃗+ b⃗× rot a⃗

(8) ∇⃗ · (⃗a× b⃗) = (∇⃗ × a⃗) · b⃗− a⃗ · (∇⃗ × b⃗), div (⃗a× b⃗) = b⃗ · rot a⃗− a⃗ · rot b⃗
(9) ∇⃗ × (⃗a× b⃗) = a⃗(∇⃗ · b⃗)− b⃗(∇⃗ · a⃗) + (⃗b · ∇⃗)⃗a− (⃗a · ∇⃗)⃗b,

rot (⃗a× b⃗) = a⃗ div b⃗− b⃗ div a⃗+ (⃗b · grad )⃗a− (⃗a · grad )⃗b
(10) △ (ϕψ) = ψ△ϕ+ ϕ△ψ + 2∇⃗ϕ · ∇⃗ψ, △ (ϕψ) = ψ△ϕ+ ϕ△ψ + 2gradϕ · gradψ
証明は略

16. k⃗ · E⃗0 = 0, k⃗ · B⃗0 = 0, k⃗ × E⃗0 = ωB⃗0, k⃗ × B⃗0 = − 1
c2
ωE⃗0. (⇒ k⃗ 2 = ω2

c2
)

§ 3の宿題
法線の向きの指定のない問題では，どちらか一つの向きを選んで計算した値である。

1. (1) v⃗0 +

(
−ρω sinωt

ρω cosωt− ρω
0

)
(2) x⃗0 + v⃗0t+

(
ρ cosωt− ρ
ρ sinωt− ρωt

0

)

2. 1
4
M(a2 + b2)

3.
2

5
M
a5 − b5

a3 − b3

4. (i) 31
6

√
3 (ii) 1 + 13

2

√
2 (iii) 1

6
(14

√
14− 1) (iv) 0

5. (i) 7
2

(ii) 15
2

(iii) 64
15

(iv) 0

6. (i) 2 (ii) 2 (iii) 2 (iv) 0

7. (1) rot f⃗ = 0⃗ (2) −x2y − xz3 + const. (3) 2

2



8.

 8
11
4
5

1



9.

− 9
10

−2
3

7
5



10. B⃗ =
µ0I

4π

2πa2

(a2 + z2)
3
2

(
0
0
1

)

11. B⃗ =
µ0I

2π(x2 + y2)

(
−y
x
0

)
=

µ0I

2π
√
x2 + y2


−y√
x2+y2

x√
x2+y2

0


12. 24

13. 参考：120 = −48 + 60 + 108

14.

(
100
100
0

)

15. 90

16. 参考：−580 = 4π − 600 + (−4π + 20) + 0

17. 参考：π

18. 参考：2 = 0 + 0 + 0 + 2− 1
2
+ 1

2

19. 2
15

20. 参考：8
3
= 0− 1 + 0 + 11

3

21. 参考：84π = 36π + 0 + 48π

§ 4の問題
1.

2. (1) e⃗r =

(
cos θ
sin θ
0

)
, e⃗θ =

(
− sin θ
cos θ
0

)
, e⃗z =

(
0
0
1

)
,

　 ˙⃗r = ṙe⃗r + rθ̇e⃗θ + że⃗z, ¨⃗r = (r̈ − rθ̇2)e⃗r + (2ṙθ̇ + rθ̈)e⃗θ + z̈e⃗z

(2) e⃗r =

(
sin θ cosφ
sin θ sinφ

cos θ

)
, e⃗θ =

(
cos θ cosφ
cos θ sinφ
− sin θ

)
, e⃗φ =

(
− sinφ
cosφ
0

)
, ˙⃗r = ṙe⃗r + rθ̇e⃗θ + r sin θ φ̇e⃗φ, 　

　 ¨⃗r = (r̈ − rθ̇2 − r sin2 θ φ̇2)e⃗r + (2ṙθ̇ + rθ̈ − r sin θ cos θ φ̇2)e⃗θ +
1

r sin θ
d
dt
(r2 sin2 θ φ̇)e⃗φ

3



3. (1) grad ϕ =
∂ϕ

∂r
e⃗r +

1

r

∂ϕ

∂θ
e⃗θ +

∂ϕ

∂z
e⃗z, div a⃗ =

1

r

∂

∂r
(rar) +

1

r

∂aθ
∂θ

+
∂az
∂z

,

　 rot a⃗ =
(1
r

∂az
∂θ

− ∂aθ
∂z

)
e⃗r +

(∂ar
∂z

− ∂az
∂r

)
e⃗θ +

(1
r

∂

∂r
(raθ)−

1

r

∂ar
∂θ

)
e⃗z,

　△ϕ =
1

r

∂

∂r

(
r
∂ϕ

∂r

)
+

1

r2
∂2ϕ

∂θ2
+
∂2ϕ

∂z2

(2) gradϕ =
∂ϕ

∂r
e⃗r +

1

r

∂ϕ

∂θ
e⃗θ +

1

r sin θ

∂ϕ

∂φ
e⃗φ,

　 div a⃗ =
1

r2 sin θ

(
sin θ

∂

∂r
(r2ar) + r

∂

∂θ
(sin θ aθ) + r

∂aφ
∂φ

)
,

　 rot a⃗ =
1

r2 sin θ

( ∂
∂θ

(r sin θ aφ)−
∂

∂φ
(raθ)

)
e⃗r +

1

r sin θ

(∂ar
∂φ

− ∂

∂r
(r sin θ aφ)

)
e⃗θ

　　　　+
1

r

( ∂
∂r

(raθ)−
∂ar
∂θ

)
e⃗φ,

　△ϕ =
1

r2 sin θ

(
sin θ

∂

∂r

(
r2
∂ϕ

∂r

)
+

∂

∂θ

(
sin θ

∂ϕ

∂θ

)
+

1

sin θ

∂2ϕ

∂φ2

)
4. (4) e =

√
1 +

2

m

(L
A

)2
E

(ついでに)線型代数の問題　　　
問 1,2,3の行列を A とおく。P の取り方は一意的ではない。

1. (1) P =

(
2 1

1 1

)
, P−1AP =

(
2 0

0 3

)
, A = 2 ·

(
2 −2

1 −1

)
+ 3 ·

(
−1 2

−1 2

)

(2) P =

1 1 1

1 0 1

1 1 0

, P−1AP =

1 0 0

0 2 0

0 0 3

,

　A = 1 ·

−1 1 1

−1 1 1

−1 1 1

+ 2 ·

1 −1 0

0 0 0

1 −1 0

+ 3 ·

1 0 −1

1 0 −1

0 0 0


(3) P =

−2 −2 −3

−1 1 0

1 0 1

, P−1AP =

1 0 0

0 −1 0

0 0 −1

,

　A = 1 ·

 2 4 6

1 2 3

−1 −2 −3

− 1 ·

−1 −4 −6

−1 −1 −3

1 2 4



(4) P =


1 1 0 1

0 −2 1 −1

−1 0 −1 0

1 1 0 2

, P−1AP =


0 0 0 0

0 2 0 0

0 0 1 0

0 0 0 1

,

4



　A = 0 ·


3 1 1 −1

0 0 0 0

−3 −1 −1 1

3 1 1 −1

+ 2 ·


−1 −1 −1 0

2 2 2 0

0 0 0 0

−1 −1 −1 0

+ 1 ·


−1 0 0 1

−2 −1 −2 0

3 1 2 −1

−2 0 0 2


2. (1) P =

1√
5

(
2 1

1 −2

)
, P−1AP =

(
9 0

0 −1

)
, A = 9 · 1

5

(
4 2

2 1

)
− 1 · 1

5

(
1 −2

−2 4

)

(2) P =
1

3

1 2 2

2 1 −2

2 −2 1

, P−1AP =

−1 0 0

0 2 0

0 0 5

,

　A = −1 · 1
9

1 2 2

2 4 4

2 4 4

+ 2 · 1
9

 4 2 −4

2 1 −2

−4 −2 4

+ 5 · 1
9

 4 −4 2

−4 4 −2

2 −2 1


(3) P =


2
3

1√
5

4
3
√
5

−2
3

0 5
3
√
5

1
3

−2√
5

2
3
√
5

, P−1AP =

8 0 0

0 −1 0

0 0 −1

,

　A = 8 · 1
9

 4 −4 2

−4 4 −2

2 −2 1

− 1 · 1
9

 5 4 −2

4 5 2

−2 2 8



(4) P =
1√
3


1 −1 −1 0

0 1 −1 −1

1 0 1 −1

1 1 0 1

, P−1AP =


3 0 0 0

0 3 0 0

0 0 −3 0

0 0 0 −3

,

　A = 3 · 1
3


2 −1 1 0

−1 1 0 1

1 0 1 1

0 1 1 2

− 3 · 1
3


1 1 −1 0

1 2 0 −1

−1 0 2 −1

0 −1 −1 1


3. (1) P =

1√
2

(
1 1

i −i

)
, P−1AP =

(
0 0

0 2

)
, A = 0 · 1

2

(
1 −i
i 1

)
+ 2 · 1

2

(
1 i

−i 1

)

(2) P =


1√
2

−1√
6

1√
3

0 2i√
6

i√
3

1√
2

1√
6

−1√
3

, P−1AP =

2 0 0

0 6 0

0 0 3

,

　A = 2 · 1
2

1 0 1

0 0 0

1 0 1

+ 6 · 1
6

 1 2i −1

−2i 4 2i

−1 −2i 1

+ 3 · 1
3

 1 −i −1

i 1 −i
−1 i 1


(3) P =


1√
2

−1√
6

1√
3

0 2i√
6

i√
3

1√
2

−i√
6

1√
3

, P−1AP =

1 0 0

0 1 0

0 0 −2

,

5



　A = 1 · 1
3

 2 i 1

−i 2 i

1 −i 2

− 2 · 1
3

 1 −i −1

i 1 −i
−1 i 1



(4) P =
1

2


1

√
2 0 1

i 0
√
2 −i

−1
√
2 0 −1

−i 0
√
2 i

, P−1AP =


−1 0 0 0

0 3 0 0

0 0 3 0

0 0 0 3

,

　A = −1 · 1
4


1 −i −1 i

i 1 −i −1

−1 i 1 −i
−i −1 i 1

+ 3 · 1
4


3 i 1 −i
−i 3 i 1

1 −i 3 i

i 1 −i 3


4. (1)

1

3

(
2 1 −1
1 2 1
−1 1 2

)
x⃗ (2) x⃗ ′

5. (1)
1

5

(
0 0 0
0 1 2
0 2 4

)
x⃗ (2) x⃗ ′ (3) 共に 1

5
(x2 + 2x3)(y2 + 2y3)

6. (1) 2 (2)

 2 −1 1

−1 2 −1

1 −1 2

, 4 (4)
1

3

 4 −1 1

−1 4 −1

1 −1 4



7. (1)
e2

2

(
e+ e−1 −(e− e−1)

−(e− e−1) e+ e−1

)
(2) eα

1 1 1
2

0 1 1

0 0 1


(3)

1

6

 e+ 3e3 + 2e−2 −2e+ 2e−2 3e+ 3e3 − 6e−2

−4e+ 6e3 − 2e−2 8e− 2e−2 −12e+ 6e3 + 6e−2

−2e+ 3e3 − 2e−2 4e− 2e−2 −6e+ 3e3 + 6e−2


8. (4)

(
cos θ sin θ

− sin θ cos θ

)

6


