
119

 A ઢੵͱ໘ੵ

͍ಋઢʹిՙ͕͍ͯ͠ʹݶɼແࢉܭΕΔݱͰઢੵͱ໘ੵΛଟ༻͢Δɽͦ͜Ͱֶؾ࣓ి

Δͱ͖ͷपғͷిΛٻΊΔͷɼۚଐٿ໘ঢ়ʹిՙ͕͍ͯ͠Δͱ͖ͷిΛٻΊΔͷ͕ͩɼ

ͦΕΒରশੑ͕ͯ͗͢ߴɼΑΓҰൠతͳ߹ͷઢੵ໘ੵͷํࢉܭ๏͕Θ͔Βͣɼઢੵ໘ੵ

݁ہԿͩͬͨͷ͔͕Θ͔Βͳ͍··ʹͳͬͯ͠·͏ͱ͍͏໘͕͋Δɽ͜ͷ͜ͱ͕ճΓճͬͯɼి࣓

ຊجͷઃఆ͔ΒΕͯɼઢੵͱ໘ੵͷֶؾ࣓ཧղ͠ʹͯ͘͘͠͠·͏ɽͦ͜ͰҰ୴ిʹܭΛ༨ֶؾ

Λशಘͯ͠͠·͏͜ͱΛקΊΔɽ

ઢੵ xํ͚ͩʹԊͬͯʮ·͙ͬ͢ੵ͢Δʯ௨ৗͷ ʹઢۂΛҰൠԽ͠ɼxyฏ໘தͷੵݩ࣍1

Ԋͬͯੵ͏ߦͰ͋ΔɽφΠʔϒͳΠϝʔδͱͯ͠ɼΧʔςϯͷΑ͏ʹώμͷ͋Δͷͷ໘ੵΛٻΊ

ΔΑ͏ͳͷͩͱ͑ࢥ͍͍ɽ·͙ͬ͢ϐϯͱுͬͨͷͷ໘ੵͱɼώμͷ͋Δͷͷ໘ੵͱͰҧͬ

ͯવͩ͠ɼώμʹԊ͖ͬͯͪΜͱੵͯ͠Βͳ͍ͱ໘ੵΛਖ਼֬ʹग़ͤͳ͍ɽͦͷࡍʹϙΠϯτͱͳ

Δͷɼੵ͢Δͱ͖ʹۂ͏ઢΛͲ͏ͬͯύϥϝʔλʔͰදࣔ͢Δ͔ʹ͋Δɽ

Ұํɼ໘ੵ 2ॏੵͷ֦ுͰɼྫ͑ٿͷද໘ͷΑ͏ͳɼۂ໘্Ͱ͏ߦ 2ॏੵͰ͋Δɽ໘ੵ

ͷϙΠϯτۂ໘্ͷඍখ໘ੵૉΛͲ͏ͬͯ͢ࢉܭΔ͔ʹ͋Δɽ

A.1 ઢੵ

A.1.1 εΧϥʔͷઢੵ

ઢۂ C ͕ɼr(t) = (x(t), y(t), z(t)), (a ≤ t ≤ b) Ͱද͞Ε͍ͯΔͱ͢Δɽ͜ͷͱ͖ɼεΧϥʔ

f(x, y, z) = f(x(t), y(t), z(t)) ʹରͯ͠
∫

C
fdt =

∫ b

a
f(x(t), y(t), z(t))dt (A.1.1)

Λɼۂઢ C ʹԊͬͨεΧϥʔͷઢੵͱ͍͏ɽදతͳੑ࣭ͱͯ͠

• ׂՄɿۂઢ C ઢۂ͕ C1ͱ C2ʹׂͰ͖Δͱ͖ɼੵׂͰ͖ͯ
∫

C
fdt =

∫

C1

fdt+

∫

C2

fdt (A.1.2)

ͱͳΔʢී௨ͷ ͱಉ͡ʣɽੵݩ࣍1

• ઢCΛۂ͢Δͱɼੵ݁ՌʹϚΠφε͕ͭ͘ɽɿੵʹ͖ٯઢΛۂ a͔Β b Ͱͳ͘ٯʹ b͔Β

aʹͨͲͬͨۂઢΛ−C ͱॻ͘͜ͱʹ͢Δͱ
∫

−C
fdt = −

∫

C
fdt (A.1.3)
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ͱͳΔɽ

• ੵͷ࢝ͱऴ͕ಉ͡Ͱɼܦ࿏͕ҟͳΔͱੵ݁Ռ͕ҟͳΔɽ

ͳͲ͕͋Δɽಛʹۂઢͷ࢝ͱऴ͕Ұக͍ͯ͠Δดۂઢͷͱ͖

∮

C
fdt (A.1.4)

ͱॻ͍ͯɼपճੵดੵͱݺͿ͜ͱ͓֮͑ͯ͘ͱΑ͍.

[ྫ 1]

C : y = 3x (0 ≤ x ≤ 1) ʹԊ͏ઢੵ ∫

C
xy2dt (A.1.5)

ΛٻΊΑɽ

[ղྫ]

εςοϓ̍ɿۂઢ C ͷύϥϝʔλʔදࣔ

ͷ߹ઢ͕ͩʣΛύϥϝʔλʔදࣔʢഔհมදࣔʣ͢ΔɽCࠓઢʢۂ y = 3x (0 ≤ x ≤ 1)ͩ

͔Βɼ

r(t) = (t, 3t) (−1 ≤ t ≤ 1) (A.1.6)

ͱͳΔɽ

εςοϓ̎ɿඃੵؔͷύϥϝʔλʔදࣔͱੵͷ࣮ߦ

ઢۂ C ্ͷҙͷ (x, y) x = t, y = 3t ͱύϥϝʔλʔදࣔ͞Ε͍ͯΔ͔Βɼ

f(x, y) = xy2 = t · (3t)2 = 9t3 (A.1.7)

ͱͳΔɽ͜ΕΛੵͯͬΛ࣮͢ߦΔͱ

∫

C
xy2dt =

∫ 1

0
9t3dt (A.1.8)

=

[
9

4
t4
]1

0

=
9

4
(A.1.9)

ͱͳΔɽ
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A.1.2 ύϥϝʔλʔʹΑΔઢੵހ

ઢۂͱ͍͏ɽހઢͷ͞ͷ͜ͱΛۂ C Λύϥϝʔλʔදࣔͨ͠ͷΛ r(t) = (x(t), y(t), z(t))ͱ͢

Δͱɼ͜ͷۂઢʹԊͬͯύϥϝʔλʔΛ t = a͔Β t = b·Ͱಈ͔ͨ͠ͱ͖ɼC ͕ඳ͘ހ s

s =

∫
ds (A.1.10)

=

∫ b

a

ds

dt
dt (A.1.11)

=

∫ b

a

∣∣∣∣
dr

dt

∣∣∣∣ dt (A.1.12)

Ͱ༩͑ΒΕΔɽ͜ͷࣜͷதʹ͋ΔΑ͏ʹɼۂઢ tͱހͱ

ds

dt
=

∣∣∣∣
dr

dt

∣∣∣∣ (A.1.13)

ͱ͍͏ؔʹ͋Δɽ͜͜Ͱɼ
dr

dt
ۂઢ r(t) ʹ͢ΔϕΫτϧͱͯ͠ཧղͰ͖Δɽ

[ྫ 2]ɿހύϥϝʔλʔͰͷઢੵ

C : y = 3x (0 ≤ x ≤ 1) ʹԊ͏ހʹؔ͢Δઢੵ
∫

C
xy2ds (A.1.14)

ΛٻΊΑɽ

εςοϓ̍ɿۂઢ C Λύϥϝʔλʔදࣔ͠ɼހ sΛٻΊΔ

ͷ߹ઢ͕ͩʣΛύϥϝʔλʔදࣔʢഔհมදࣔʣ͢Δͱ͜Ζલͱಉ༷Ͱࠓઢʢۂ

r(t) = (t, 3t) (−1 ≤ t ≤ 1) (A.1.15)

ͱͳΔɽ͜ΕΑΓɼC ͷϕΫτϧ dr
dt = (1, 3)ͳͷͰɼ(A.1.13)Λ͏ͱ

ds

dt
=

∣∣∣∣
dr

dt

∣∣∣∣ =
√
12 + 32 =

√
10 (A.1.16)

͕Θ͔Δɽ

εςοϓ̎ɿੵͷ࣮ߦ

લͱಉ༷ʹඃੵؔΛύϥϝʔλʔ tͰදͯ͠ੵ͢Δɽͨͩ͠ࠓճ sͰͷੵͳͷͰมม

ɿ͏ߦΛ
∫

C
xy2ds =

∫

C
xy2

ds

dt
dt (A.1.17)

=

∫ 1

0
9t3

√
10dt (A.1.18)

=

[
9

4
t4
]1

0

·
√
10 =

9
√
10

4
(A.1.19)

͜ͷΑ͏ʹɼtͰੵͨ͠ͷͱ sͰੵͨ͠ͷ͕͑ҧ͏͜ͱʹҙͤΑɽ
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A.1.3 ϕΫτϧͷઢੵ

Λύϥϝʔλʔͱͯ͠ހઢC͕ۂ r(s) = (x(s), y(s), z(s))Ͱ༩͑ΒΕ͍ͯΔͱ͢Δɽ͜ͷͱ͖ɼϕ

Ϋτϧ

A = (Ax(s), Ay(s), Az(s)) (A.1.20)

ʹରͯ͠ ∫

C
A · dr (A.1.21)

ΛϕΫτϧʹؔ͢Δઢੵͱ͍͏ɽ͜͜ͰɼtΛۂઢʹؔ͢Δ୯ҐϕΫτϧͱ͢Δͱɼ୯ҐϕΫτ

ϧͷఆ͔ٛΒ

t =
dr
dt∣∣dr
dt

∣∣ (A.1.22)

ͳͷͰɼඍখมҐ drʹର͠

tds = dr (A.1.23)

͕ΓཱͭɽΑͬͯ (A.1.21) ∫

C
A · dr =

∫

C
A · tds (A.1.24)

ͱॻ͚Δɽ͜͏͢ΔͱΘ͔ΔΑ͏ʹɼ͜͜Ͱੵ͞Ε͍ͯΔྔA · t ɼϕΫτϧAͷۂઢCʹԊ

͏

A · t = At (A.1.25)

Ͱ͋Δɽ

[ྫ]

ઢۂ C : y = x2 (0 ≤ x ≤ 1) ʹԊͬͯɼϕΫτϧA = (xy, x+ y) ͷઢੵ

∫

C
A · dr (A.1.26)

ΛٻΊΑɽ

[ղྫ]

εςοϓ̍ɿۂઢ C ͷύϥϝʔλʔදࣔ

y = x2 (0 ≤ x ≤ 1)ΑΓɼ

r(t) = (t, t2), 0 ≤ t ≤ 1 (A.1.27)

Ͱ͋ΔɽϕΫτϧ
dr

dt
= (1, 2t) (A.1.28)

εςοϓ 2ɿੵͷ࣮ߦ
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ϕΫτϧ͜ͷۂઢ্Ͱύϥϝʔλʔ tΛͯͬA = (xy, x + y) = (t3, t + t2) ͳͷͰɼੵΛ

Δͱ͢ߦ࣮

∫

C
A · dr =

∫

C
A · dr

dt
dt (A.1.29)

=

∫ 1

0
(t3, t+ t2) · (1, 2t)dt (A.1.30)

=

∫ 1

0

(
t3 · 1 + (t+ t2) · 2t

)
dt (A.1.31)

=

∫ 1

0
(2t2 + 3t3)dt (A.1.32)

=
17

12
(A.1.33)

ͱͳΔɽ

A.2 ໘ੵ

A.2.1 εΧϥʔͷ໘ੵ

2ม u, v Λύϥϝʔλʔͱ͢Δۂ໘ S: r = r(u, v) ্Ͱఆٛ͞ΕͨεΧϥʔ f(x, y, z) ʹର͠ɼ

∫ ∫

S
fdS =

∫ ∫

S
f (x(u, v), y(u, v), z(u, v)) dS (A.2.1)

Λ f ͷ໘ੵͱ͍͏ɽ͜͜Ͱ dS ۂ໘্ͷඍখ໘ੵૉͰ͋Γɼ

dS =

∣∣∣∣
∂r

∂u
× ∂r

∂v

∣∣∣∣ dudv (A.2.2)

Ͱఆٛ͞Ε͍ͯΔɽ

[ྫ]

ԁபͷଆ໘

S : x2 + y2 = 1, 0 ≤ z ≤ 1 (A.2.3)

্Ͱఆٛ͞ΕΔεΧϥʔ f(x, y, z) = x+ y + z ͷ໘ੵ

I =

∫ ∫

S
(x+ y + z)dS (A.2.4)

ΛٻΊΑɽ

[ղྫ]

εςοϓ 1ɿۂ໘ͷύϥϝʔλʔදࣔ
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·ͣɼۂ໘ S Λύϥϝʔλʔදࣔ͢ΔɽS ͷܗঢ়͔Βͯͬݴɼԁப࠲ඪΛ༻͍Δͷ͕ศརͰ͋ΔɽS

ܘ 1 ͷԁபͷଆ໘͔ͩΒɼ͜ΕΛύϥϝʔλʔදࣔ͢Δͱ

r = r(ϕ, z)

= cosϕex + sinϕey + zez (A.2.5)

ͱͳΔɽͨͩ͠ɼ0 ≤ ϕ ≤ 2π, 0 ≤ z ≤ 1 Ͱ͋Δɽ

εςοϓ 2ɿඍখ໘ੵૉΛٻΊΔ

໘্ͷඍখ໘ੵૉۂʹ࣍ dS ΛٻΊΔɽύϥϝʔλʔ ϕ ͱ z ͔ͩΒɼͦΕͧΕͰ r Λඍͯ͠ɼ

∂r

∂ϕ
= − sinϕex + cosϕey, (A.2.6)

∂r

∂z
= ez (A.2.7)

ΛಘΔɽ͜ΕΑΓɼ
∂r

∂ϕ
× ∂r

∂z
= cosϕex + sinϕey (A.2.8)

ͳͷͰɼ݁ہ

dS =

∣∣∣∣
∂r

∂ϕ
× ∂r

∂z

∣∣∣∣ dϕdz = 1 · dϕdz (A.2.9)

͕Θ͔Δɽ

εςοϓ 3ɿ໘ੵͷ࣮ߦ

͜Ε·ͰٻΊͨྔΛͯͬ໘ੵΛ࣮͢ߦΔɽ·ͣɼۂ໘ͷύϥϝʔλʔදࣔͰٻΊͨΑ͏ʹɼۂ໘

S্Ͱ

x = cosϕ, y = sinϕ, z = z (A.2.10)

ͱͳ͍ͬͯΔ͔ΒɼεΧϥʔ͕

f = x+ y + z = cosϕ+ sinϕ+ z (A.2.11)

ͱදࣔͰ͖Δ͜ͱ͕Θ͔Δɽ͜ΕΛͯͬ,

I =

∫ ∫

S
(x+ y + z)dS (A.2.12)

=

∫ ∫

S
(x+ y + z)

∣∣∣∣
∂r

∂ϕ
× ∂r

∂z

∣∣∣∣ dϕdz (A.2.13)

=

∫ 2π

0

∫ 1

0
(cosϕ+ sinϕ+ z) · 1 · dϕdz (A.2.14)

= π (A.2.15)

ͷΑ͏ʹ໘ੵΛٻΊΔ͜ͱ͕Ͱ͖Δɽ
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A.2.2 ϕΫτϧͷ໘ੵ

໘ۂ S: r = r(u, v) ্Ͱఆٛ͞ΕͨϕΫτϧ

A(x, y, z) = Ax(x, y, z)ex +Ay(x, y, z)ey +Az(x, y, z)ez (A.2.16)

ʹର͠ɼ
∫ ∫

S
A · dS =

∫ ∫

S
A · ndS (A.2.17)

= ±
∫ ∫

S
A ·

(
∂r

∂u
× ∂r

∂v

)
dudv (A.2.18)

Λ S ্Ͱͷ A ͷ໘ੵͱ͍͏ɽ͜͜Ͱ n ۂ໘্ͷඍখ໘ੵૉ dS ʹਨͳ୯ҐϕΫτϧͰ͋Δɽ

͖ۂ໘ΛͲͪΒํʹ؏͔͘Ͱਖ਼ෛͷ 2छྨ͕͋Δɽn ͕ͲͪΒΛ͍͍ͯΔ͔͍ͯ͑ߟΔঢ়͝گ

ͱʢ͝ͱʣʹҧ͏ͷͰɼదٓબΑ͍ɽ

ͱ͜ΖͰ্ͷࣜʹΑΔͱ

ndS =

(
∂r

∂u
× ∂r

∂v

)
dudv (A.2.19)

͕Γཱ͍ͬͯΔΑ͏͕ͩɼ͜ΕҎԼͷΑ͏ʹͯࣔͤ͠Δɽ·ͣɼۂ໘ͷ໘ੵͷͱ͜ΖͰͬͨΑ͏

ʹɼۂ໘্ͷඍখ໘ੵૉ dS ϕΫτϧ ∂r
∂u ,

∂r
∂v ͕ுΔฏ࢛ߦลܗͷ໘ੵʹ͍͠ɽ͜͜Ͱ͜ͷ 2ͭͷ

ϕΫτϧͷϕΫτϧੵ ∂r
∂u × ∂r

∂v ϕΫτϧੵͷੑ࣭͔Β 2ͭͷϕΫτϧ ∂r
∂u ,

∂r
∂v ͷͲͪΒʹਨͰ͋

Δɽͭ·Γɼඍখͳฏ࢛ߦลܗɼͭ·Γඍখ໘ੵૉʹରͯ͠ ∂r
∂u × ∂r

∂v ਨͰ͋Δ͜ͱ͕Θ͔ΔɽΑͬ

ͯਖ਼ෛͷͲͪΒ͔ܾ·Βͳ͍͚ΕͲɼ

n = ±
∂r
∂u × ∂r

∂v∣∣∂r
∂u × ∂r

∂v

∣∣ (A.2.20)

͕͍͑Δɽ͜ΕͱɼલઅͷεΧϥʔͷ໘ੵͰֶΜͩ dS ͷఆٛΛΈ߹ΘͤΕ

ndS = ±
∂r
∂u × ∂r

∂v∣∣∂r
∂u × ∂r

∂v

∣∣ ·
∣∣∣∣
∂r

∂u
× ∂r

∂v

∣∣∣∣ dudv (A.2.21)

= ±
(
∂r

∂u
× ∂r

∂v

)
dudv (A.2.22)

ͩͱΘ͔Δɽ

[ྫ]

ʹஔ͍ͨిՙݪͷۭؒݩ࣍3 q ͕Ґஔ r Δి࡞ʹ E(r) 

E(r) =
q

4πε0

r

r3
(A.2.23)

Ͱ͋Δɽ͜͜Ͱ r = |r| Ͱ͋Γɼε0 ਅۭͷ༠ిͰ͋Δɽ͜Εʹର͠ɼܘ a ͷٿ໘ S Λਨ֎

͖ʹ؏͘ిͷ૯ྔ ∫ ∫

S
E · ndS (A.2.24)

ΛٻΊΑɽ͜͜Ͱ n ۂ໘ Sʹର͠ɼ֎͖ʢද໘͔Βݪͱํ͏͔ʹ͖ٯʣͰਨͳ୯Ґϕ

ΫτϧͰ͋Δɽ
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[ղྫ]

εςοϓ 1ɿۂ໘ͷύϥϝʔλʔදࣔ

ܘঢ়͕ܗ໘ͷۂ a ͷٿ໘ͳͷͰɼ3࠲ۃݩ࣍ඪΛ༻͍ͯۂ໘Λύϥϝʔλʔදࣔ͢Δɽ۩ମతʹ

x = a sin θ cosϕ, y = a sin θ sinϕ, z = a cos θ (A.2.25)

ΑΓɼ

r = r(θ,ϕ) = a sin θ cosϕex + a sin θ sinϕey + a cos θez (A.2.26)

ͱͳΔɽ

εςοϓ 2ɿඍখ໘ੵૉͱ๏୯ҐϕΫτϧΛٻΊΔ

ύϥϝʔλʔද͔ࣔΒɼ

∂r

∂θ
× ∂r

∂ϕ
= a2 sin2 θ cosϕex + a2 sin2 θ sinϕey + a2 sin θ cos θez (A.2.27)

Δɽ͜ΕΑΓେ͖͞·ٻ͕ ∣∣∣∣
∂r

∂θ
× ∂r

∂ϕ

∣∣∣∣ = a2 sin θ (A.2.28)

ͩͱΘ͔ΔɽΑͬͯɼۂ໘ʹਨͳ୯ҐϕΫτϧ

n = ±
∂r
∂θ × ∂r

∂ϕ∣∣∣∂r∂θ × ∂r
∂ϕ

∣∣∣
(A.2.29)

= ± (sin θ cosϕex + sin θ sinϕey + cos θez) (A.2.30)

= ±r

a
(A.2.31)

ͱܾ·Δɽ͜ͷϕΫτϧ θ = 0 Λೖͯ͠ΈΔͱ (ͭ·Γ࠲ۃඪͰͷۃʹ͋ͨΔͰͷn ΛͯݟΈ

Δͱ)

n = ±ez (A.2.32)

͕Θ͔Δ͔Βɼਖ਼ͷํ͕֎͖୯ҐϕΫτϧͩͱΘ͔Δɽ

εςοϓ 3ɿ໘ੵͷ࣮ߦ

໘ۂ S ্Ͱ |r| = r = a ͔ͩΒɼ

E · n =
q

4πε0a3
r ·
(r
a

)
=

q

4πε0a3
r2

a
=

q

4πε0a2
(A.2.33)

Ͱ͋ΔɽΑͬͯٻΊΔ໘ੵ
∫ ∫

S
E · ndS =

∫ 2π

0
dϕ

∫ π

0
dθ

q

4πε0a2
· a2 sin θ (A.2.34)

=
q

ε0
(A.2.35)
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ྫ
ిҐ V ͱి E ͷؔ

V = −
∫

Edx ⇔ E = −dV

dx
(A.2.36)

ͳͲΛ༻͍ɼҎԼͷ͍ʹ͑Αɽ

 1 ిҐͱిʢ1ݩ࣍ɼҰ༷ͳిͷ߹ʣ

x ࣠ͷਖ਼ͷํʹɼҰ༷Ͱେ͖͞ E ͷి͕͋Δͱ͖ɼҎԼͷ͍ʹ͑Αɽ

(1) ͜ͷిதʹஔ͔Εͨɼిྔؾ q ͷిՙ͕ి͔Βड͚Δྗͷେ͖͍͘͞Β͔ɽ

(2) ͜ͷిʹΑΔిҐ V (x)ΛٻΊΑɽͨͩ͠ɼx = x0 ΛిҐͷݪʢج४ʣͱͤΑɽ

(3) લͷిதͰɼҐஔ x = x1 ʹ͋Δిྔؾ q ͷిՙͱɼҐஔ x = x2 ʹ͋Δిྔؾ q ͷిҐ

ࠩΛٻΊΑɽͨͩ͠ x1 < x2 ͱ͢Δɽ

(4) x = x1 ྔؾిʹ qɼ࣭ྔ m ͷిՙΛஔ͍ͨͱ͜Ζɼx ࣠ͷਖ਼ͷํ͔ͯͬʹਐΈग़ͨ͠ɽ

͜ͷిՙ͕ x = x2 ʹ౸ୡͨ͠ͱ͖ͷ͞ v ͍͘Β͔ɽ

 2 ిҐͱిʢ1ݩ࣍ɼిՙ͕࡞Δిͷ߹ʣ

ྔؾʹɼిݪඪ࠲ Q ͷిՙ͕ஔ͔Ε͍ͯΔɽQ ਖ਼ͱ͢Δɽ͜ͷిՙ͕࡞ΔిͱిҐʹͭ

͍ͯɼҎԼͷ͍ʹ͑Αɽ

(1) ిՙ Q ͕Ґஔ x Λ͑Αɽ͖Δిͷେ͖͞ͱ࡞ʹ

(2) Ґஔ x ʹ͓͚ΔిҐΛٻΊΑɽͨͩ͠ x = ∞ ΛిҐͷݪʢج४ʣͱͤΑɽ

(3) x = ∞ ͔Βɼిྔؾ q, ࣭ྔ m ͷిՙΛ −x ͔ͯͬ͞ʹํ v0 Ͱଧͪग़ͨ͠ɽq ͕ਖ਼

Ͱ͋Δͱ͖ɼݪʹஔ͔Εͨిՙ͔ΒੱྗΛड͚Δ͕ɼిՙ q Ͳ͜·Ͱۙͮ͘͜ͱ͕Ͱ͖

Δ͔ɽQ ʹҰ൪͍ۙͮͨͷ࠲ඪΛٻΊΑɽ

 3 ిՙ͕࡞ΔిͱిҐʢ3ݩ࣍ͷ߹ɼൣݧࢼғ֎ʣ

Ҏ্ͷ߹ɼిͱిҐͷؔݩ࣍1

E = −∇V ⇔ V = −
∫

E · dr

Ͱ༩͑ΒΕΔɽ͜͜ͰɼҰൠʹ f ΛεΧϥʔؔͱͯ͠∇f Λʮf ͷޯʢgradientʣʯͱ͍͏ɽ۩

ମతʹภඍΛ༻͍ͯ

∇f =

(
∂f

∂x
,
∂f

∂y
,
∂f

∂z

)

ͱॻ͚ΔɼʮεΧϥʔ͔ؔΒ࡞ΒΕΔϕΫτϧྔʯͰ͋Δɽྫ͑ɼf ͱͯ͠ f(x, y, z) = x2y+3z

ͱ͢Δͱɼ

∇f = (2xy, x2, 3)
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ͱͳΔɽ1

͜ΕΛ༻͍ͯɼిҐ

V (x, y, z) =
1

4πε0

Q

r

ʹରԠ͢Δి E ͕

E(x, y, z) = −∇V =

(
1

4πε0

Q

r2
x

r
,

1

4πε0

Q

r2
y

r
,

1

4πε0

Q

r2
z

r

)

Ͱ͋Δ͜ͱΛٻΊΑɽ͜͜Ͱ r ҐஔϕΫτϧ r = (x, y, z) ͷେ͖͞

r =
√
x2 + y2 + z2

Ͱ͋Δɽ2

1ภඍͱɼʮͦͷจࣈҎ֎ఆͩͱͯͬࢥඍ͢Δʯͱ͍͏ҙຯͰ͋ΔɽΑͬͯ ∂f
∂x ɼf Λɼx Ҏ֎ͷจࣈఆͩ

ͱݟͳͯ͠ɼx Ͱඍ͢ΕΑ͍ɽ
2ͳ͓ɼ͜ͷࣜҐஔϕΫτϧ r = (x, y, z) ͷ୯ҐϕΫτϧํ

er =
r
r

Λ༻͍Ε

E(x, y, z) =
1

4πε0

Q
r2

er

ͱॻ͘͜ͱ͕Ͱ͖Δɽ͜Ε

େ͖͕͞
1

4πε0

Q
r2
Ͱɼݪ͔Β์ࣹঢ়֎͖ͷϕΫτϧ

Ͱ͋Γɼ͔֬ʹݪʹஔ͔Εͨిՙ͕࡞Δిʹͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽ


