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3.1 ԁӡಈ

θ

r

v

a
!"#$%&'(

!)*+$%&'(

!*+$%&'(

x

y

ਤͷΑ͏ͳܘ rɼ͞ v ͕ҰఆͷӡಈΛ͑ߟΔɽॏཁͳཧྔͱͯ͠ɼ֯ ω ͕͋Δɽ

3.1.1 ֯

• ֯ = ֯ͷؒ࣌มԽ =
֯ͷมԽ
ֻ͔ؒ࣌ͨͬ

ࣜͰͷఆٛɼମͷҐஔϕΫτϧ͕ x ࣠ͱͳ֯͢Λ θ ͱͯ͠1

ω =
∆θ

∆t
. (3.1.2)

• ͞ vɼՃͷେ͖͞ aɼܘ r ͱɼ

v = rω, a = rω2 (3.1.3)

ͷؔʹ͋Δɽ

• पظ T ͱɼ֯ͷఆ͔ٛΒ

T =
2π

ω
(3.1.4)

ͷؔʹ͋Δɽ
1͕֯ҰఆͰͳ͍ɼΑΓҰൠͷԁӡಈͰ

ω = lim
∆t→0

∆θ
∆t

=
dθ
dt

(3.1.1)

ͷΑ͏ʹɼඍͰఆٛ͢Δɽ
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3.1.2 ԁӡಈͷҐஔϕΫτϧɾϕΫτϧɾՃϕΫτϧ

Λத৺ͱ͢Δ֯ݪඪ࠲Δɽ͑ߟͯͬݶʹฏ໘ʢxyฏ໘ʣݩ࣍2 ωɼܘ r ͷԁӡಈͰɼt = 0

ͷͱ͖ʹҐஔ (r, 0) ʹ͍ͨ߹ɼࠁ࣌ t ͰͷମͷҐஔɾɾՃͦΕͧΕ

r(t) = (r cosωt, r sinωt), (3.1.5)

v(t) = (−rω sinωt, rω cosωt), (3.1.6)

a(t) = (−rω2 cosωt,−rω2 sinωt), (3.1.7)

ͱͳΔʢ֤ࣗࣔͯ͠ΈΑʣɽ·ͨɼͦΕͧΕͷํʹ͍ͭͯ

• v ⊥ r ⇒ v ԁيಓʹ͢Δํɼ

• a ∝ −r ⇒ a ԁͷத৺Λํ͘ɼ

Ͱ͋ΔʢਤΛඳ͚໌Β͔͕ͩɼ͔ࣜΒࣔ͢͜ͱ͕Ͱ͖Δʣɽ

3.2 ୯ৼಈ

• ୯ৼಈ = ԁӡಈͷਖ਼ࣹӨ

• ԁӡಈͷܘΛ A, ֯Λ ω, ॳظҐ૬Λ α ͱͯ͠ɼࠁ࣌ t Ͱͷମͷঢ়ଶҎԼͷ௨Γɿ

– Ґஔ : x(t) = A sin(ωt+ α)

–  : v(t) = ẋ(t) = Aω cos(ωt+ α)

– Ճ : a(t) = v̇(t) = ẍ(t) = −Aω2 sin(ωt+ α)

• Ճ a(t) ͱҐஔ x(t) ͱͷؒʹ

a(t) = −ω2x(t) (3.2.1)

ͱ͍͏͕ؔΓཱͭ

⇒ Ճ͕ͱҐஔΛܾΊΔͷͰɼ(3.2.1) ͱಉ͡λΠϓͷӡಈํఔࣜɼͭ·Γ

(Ճ) = (−1) ʷ (ਖ਼ͷ) ʷ (Ґஔ)

Ͱද͞ΕΔӡಈ͕͋Εɼͦͷӡಈ୯ৼಈͩͱ͑ݴΔɽ

3.3 ୯ৼಈλΠϓͷඍํఔࣜͷղ͖ํ

3.3.1 ࣮ҰൠղͷٻΊํ

લઅͰ୯ৼಈͷҐஔ x(t) ͔Β୯ৼಈͷඍํఔࣜΛ͕ͨͬ࡞ɼ͜Ε͑ݴʹٯ୯ৼಈλΠϓͷඍ

ํఔࣜ
d2x(t)

dt2
+ ω2x(t) = 0 (3.3.1)
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ͷղ͕

x(t) = A sin(ωt+ α) (A,αҙͷ࣮) (3.3.2)

ͱͳΔ͜ͱΛҙຯ͢Δɽඍ͢Ε

v(t) = Aω cos(ωt+ α) (3.3.3)

ͱܾ·Δɽ·ͨ͜ΕΛՃ๏ఆཧͰల։͢Δͱ

x(t) = A cosα sinωt+A sinα cosωt (3.3.4)

ͱͳΔ͔Β

C = A cosα, D = A sinα (3.3.5)

ͱॻ͖ͤ

x(t) = C sinωt+D cosωt (3.3.6)

ͱͳΔɽA,α ͕࣮ͳͷͰ C,D ͪΖΜ࣮Ͱ͋Δ͔Β (3.3.2)ͱ (3.3.6) ͷ͜ͱΛ࣮Ұൠղͱ͍͏ɽ

C,D Λ͏ͱ

x(t) = C sinωt+D cosωt ⇒ v(t) =
dx(t)

dt
= Cω cosωt−Dω sinωt (3.3.7)

ͱͳΔ͜ͱ͙͢Θ͔ΔɽେֶͷྗֶͷڭՊॻʹɼA sin(ωt+α) ͱ͍͏ܗͰ࣮Ұൠղ͕ॻ͍ͯ͋Δ͜

ͱ͕ଟ͍ɽ͜Εʮԁӡಈͷਖ਼ࣹӨʯͱ͍͏୯ৼಈͷఆ͔ٛΒಋ͔ΕΔ͔ͩܗΒ͕ͩɼॳظ݅ʹ

߹͏Α͏ʹੵఆΛٻΊΔͱ͖ʹ͜ͷܗগ͕͠ࢉܭෳࡶʹͳΔɽ

3.3.2 ॳظ݅ͷํ͍

Ґஔॳʣʹ߹͏Α͏ʹੵఆΛܾظ݅ʢॳظͷʹӡಈํఔࣜΛద༻͢Δ߹ɼॳࡍ࣮

ΊΔඞཁ͕͋Δɽ࣮ҰൠղͰ͏ݴͱ C,D  A,α ͳͲΛॳظ݅ʹ߹͏Α͏ʹܾΊΔΘ͚Ͱ͋Δɽ2

ྫ͑ॳظ݅ͱͯ͠

ॳظҐஔ x(t = 0) = x0, ॳ v(t = 0) = v0

͕༩͑ΒΕ͍ͯͨ߹ʹɼ࣮Ұൠղ

x(t) = C sinωt+D cosωt (3.3.8)

Λ͜Εʹ߹͏Α͏ʹௐͯ͠ΈΔɽ·ͣ t = 0 ʹ͓͍ͯ x = x0 Ͱͳ͚ΕͳΒͳ͍Θ͚͔ͩΒ࣮Ұൠ

ղʹ t = 0 Λೖͯ͠

x(t = 0) = C sin(ω · 0) +D cos(ω · 0) = C · 0 +D · 1 = D = x0 (3.3.9)

2୯ৼಈλΠϓͷඍํఔ͕ࣜ 2֊Ͱ͋Δ͜ͱʹରԠͯ͠ੵఆ C,Dɼ͘͠ A,α ͷΑ͏ʹ 2ͭ͋Δɽର͢Δॳظ

݅ॳظҐஔͱॳͷΑ͏ʹ 2ͭ͋Δ͔Βɼ݅Λຬ͢ΔΑ͏ʹ C,D ͘͠ A,α Λઃఆ͢Δ͜ͱඞͣͰ͖Δɽ
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ΑΓɼD = x0 Ͱͳ͚ΕͳΒͳ͍͜ͱ͕Θ͔Δɽॳʹ͍ͭͯɼ·ͣҐஔͷ࣮ҰൠղΛඍͯ͠



v(t) = Cω cosωt−Dω sinωt (3.3.10)

ΛٻΊ͓͖ͯɼ t = 0 Λ͜͜ೖ͢Δͱ

v(t = 0) = Cω cosω · 0−Dω sinω · 0 = Cω · 1−Dω · 0 = Cω = v0 (3.3.11)

ͳͷͰ C = v0/ω ͩͱΘ͔ΔɽΑͬͯॳظ݅Λຬͨ͢ղ

x(t) =
v0
ω

sinωt+ x0 cosωt, v(t) = v0 cosωt− x0 ω sinωt (3.3.12)

ͱܾ·Δɽ3 ઌʹड़ͨΑ͏ʹɼॳظ݅ΛఆΊΔʹ͜ͷ

x(t) = C sinωt+D cosωt (3.3.13)

ͱ͍͏λΠϓͷ࣮ҰൠղΛ͏ͱ͠ࢉܭқ͍͜ͱ͕ଟ͍ɽ͔͜͠͠ͷλΠϓάϥϑΛඳ͖ʹ͍͘ɽ࣮

ɼάϥϑʹ͢Δͱ͖ࡍ

x(t) = A sin(ωt+ α) (3.3.14)

ͱ͍͏λΠϓʹॻ͖ͨ͠ํ͕Α͍ʢͱ͍͏͔ͦ͏͠ͳ͍ͱඳ͚ͳ͍ʣɽྫ͑ (3.3.12) Λॻ͖ͯ͠

ΈΔͱ

x(t) =

√
v20
ω2

+ x20 sin(ωt+ α), (3.3.15)


ͨͩ͠α sinα =
x0√

v20
ω2 + x20

, cosα =
v0
ω√

v20
ω2 + x20

Λຬͨ֯͢



 (3.3.16)

ͱͳΔɽ͜ΕʹΑΓɼ͜ͷ୯ৼಈͷৼ෯͕
√

v20
ω2

+ x20 (3.3.17)

Ͱ͋Γɼ √
v20
ω2

+ x20 sinωt (3.3.18)

ͷάϥϑΛࠨ α ͚ͩͣΒͨ͠άϥϑʹͳΔ͜ͱ͕Θ͔Δɽ

ྫ 3.2.1ɿ୯ৼಈλΠϓͷඍํఔࣜͷղ๏

ҎԼͷ୯ৼಈλΠϓͷඍํఔࣜΛղ͚ɽ

Ͱٛߨ3 v0 = 0 ͱ͍͏ྫΛհͨ͠ɽ
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(1)
d2x

dt2
= −2x ʢ࣮ҰൠղΛٻΊΑʣ

(ུղɿx(t) = A sin(
√
2t+α) ·ͨ x(t) = C cos

√
2t+D sin

√
2t. ͜͜ͰɼA,α, C,D

͍ͣΕҙͷ࣮)

(2)
d2x

dt2
= −3xΛɼt = 0Ͱ x = −2,

dx

dt
= 2

√
3ͱ͍͏ॳظ݅ͷԼͰղ͖ɼA sin(ωt+α)ɼ

C cosωt+D sinωt ͷ̎ͭͷܗͰදͤɽ

(ུղɿx(t) = −2 cos
√
3t+ 2 sin

√
3t, x(t) = 2

√
2 sin

(√
3t− π

4

)
)

3.4 ୯ৼಈͷྫ

3.4.1 Ͷʹ͚ΒΕ͓ͨΓͷৼಈ

0
x

x

ਤ 3.1: ୯ৼಈ͢Δ͓Γ

ਤ 6.1ͷΑ͏ʹɼͶఆ k ͷͶΛຎࡲͷͳ͍ਫฏ໘ʹஔ͍ͯҰΛݻఆ͠ɼରͷʹ࣭ྔ m ͷ

͓ΓΛ͚Δͱ͖ɼͶͷࣗવ͔Βͷ৳ͼ͕ x ͳΒ࣭ͷӡಈํఔࣜ

ma = −kx =⇒ a = − k

m
x (3.4.1)

ͱͳΔɽ͜Εͱ a = −ω2x ΛݟൺΔͱɼ

ω =

√
k

m
(3.4.2)

ͱ͑ߟΕɼ͓Γͷӡಈํఔ͕ࣜ୯ৼಈλΠϓͰ͋Δ͜ͱ͕Θ͔Δɽͳ͓ ω ԁӡಈͷ֯ɼ

୯ৼಈͰ֯ৼಈͳͷͰɼपظ T ͱ

ω =
2π

T
⇔ ωT = 2π (3.4.3)

ͱ͍͏ؔʹ͋Δɽपظ T ͷٯͱͯ͠ఆٛ͞ΕΔৼಈ

f =
1

T
(3.4.4)

ͱͷؒʹΓཱͭࣜ

ω = 2πf (3.4.5)

͍ࢥग़͓ͯ͘͜͠ͱɽ
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3.4.2 ୯ৼΓࢠ

x

θ

!

mg sin θ

mg
!"!
#$%&'''()

ਤ 3.2: ୯ৼΓࢠ

ਤ 3.2ͷΑ͏ʹɼ͞ % ͷܰͯ͘৳ͼॖΈ͠ͳ͍ͻͷઌʹ࣭ྔ m ͷ͓ΓΛ͚ͭͯɼඍখͳৼಈΛ

༩͑Δɽ͓ΓͷيಓํΛ x ࣠ʹऔΔͱɼԖํͱͻͷͳ֯͢ θͱ x = %θ ͷ͕ؔ͋Δɽ͜

ͷ θ Λ༻͍Δͱ x ʣʹಇ͘ྗ−mgಓͷઢํيʢํ sin θ ͳͷͰӡಈํఔࣜ

m
d2x

dt2
= −mg% sin θ (3.4.6)

ͱͳΔɽ͜͜ x = %θ Λೖ͠ɼ͞Βʹ θ ͕ेখ͍͜͞ͱΛ༻͍Δͱ

m
d2

dt2
(%θ) = −mg sin θ ⇒ m%

d2θ

dt2
≈ −mgθ (3.4.7)

ͱͳΓɼ͜ΕΑΓۙࣅతʹ
d2θ

dt2
= −g

%
θ (3.4.8)

ΛಘΔ͕ɼ͜Ε֯ৼಈΛ

√
g

%
ͷ୯ৼಈλΠϓͷӡಈํఔࣜʹͳ͍ͬͯΔɽपظ

T =
2π

ω
= 2π

√
%

g
(3.4.9)

Ͱɼ͜ͷ͓Γͷ࣭ྔʹΑΒͳ͍ɽ͜ΕΛৼΓࢠͷੑ࣌ͱ͍͏ɽ

͜͜Ͱ θ ʹ͍ͭͯͷӡಈํఔࣜΛղ͍͕ͨɼx = %θ ͳͷͰɼx ʹ͍ͭͯ୯ৼಈతͳಈ͖ɼ͢ͳΘ

ͪ sin  cos Ͱද͞ΕΔӡಈΛ͢Δɽ

3.4.3 ৼಈؾి

ճ࿏ʹ͓͍ͯɼਤؾి 3.3ͷΑ͏ʹͳిؾ༰ྔ C [F] ͷίϯσϯαʔͱΠϯμΫλϯε L [H] ͷίΠ

ϧͷΈΛ͍ͩܨͷΛ͑ߟΔɽ͋Β͔͡Ίॆి͓͍ͯͨ͠ίϯσϯαʔΛ͙ܨͱɼ͑ΒΕ͍ͯͨిՙ
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L

C

q −q

i = −

dq

dt

ਤ 3.3: ৼಈճ࿏

͕์ి͞ΕɼίΠϧʹిྲྀ͕ྲྀΕΔɽ͢Δͱి࣓༠ಋ͕͖ىɼίΠϧʹ༠ಋྗిىʢྗిىٯʣ͕ੜ͡

Δɽ์ి͕ਐΜͰճ࿏ΛྲྀΕΔిྲྀྔ͕ݮগ͢ΔͱɼͦͷมԽΛ͛ΔΑ͏ʹ༠ಋྗిى༠ಋిྲྀΛ

ྲྀ͢ɽ͢ͳΘͪճ࿏Λిྲྀ͕ྲྀΕଓ͚ɼίϯσϯαʔ࠷ॳʹॆిͨ͠ͷͱූٯ߸ͷిՙͰॆి͞ΕΔɽ

ॆిͰ͖Δྔ࠷ॳʹॆిͨ͠Ͱܾ·͍ͬͯΔͷͰʢΤωϧΪʔอଘଇ͔Βॳʹॆిͨ͠ͱ͖ʹ

͑ΒΕͨΤωϧΪʔΛ͑ͯॆిͰ͖Δ͜ͱͳ͍ʣɼॆి͕ྃ͢Δͱ࠶ͼ์ిΛ࢝ΊΔɽ͜ΕΛ܁

Γฦ͠ɼճ࿏Λిྲྀ͕ৼಈతʹྲྀΕଓ͚Δͷ͕ిؾৼಈͰ͋Δɽ4

͜ͷ༷ࢠΛࣜͰද͢ɽࠁ࣌ t ʹ͓͍ͯίϯσϯαʔʹ͑ΒΕ͍ͯΔిྔؾΛ q ͱ͢Δͱɼίϯσ

ϯαʔͷۃ൘ؒͷిҐ

VC =
q

C
(3.4.10)

Ͱ͋Δɽ·ͨɼࠁ࣌ t Ͱճ࿏ΛྲྀΕ͍ͯΔిྲྀΛ i ͱ͢ΔͱɼίΠϧʹ

VL = −L
di

dt
(3.4.11)

͚ͩͷ༠ಋൃ͕ྗిىੜ͍ͯ͠Δɽճ࿏ʹ͕߅ͳ͍ͷͰిѹ߱Լͳ͍ɽΑͬͯΩϧώϗοϑͷ

๏ଇΑΓɼճ࿏ʹ

VC + VL = 0 ⇒ q

C
− L

di

dt
= 0 (3.4.12)

ཱ͕͢Δɽ͜͜Ͱɼճ࿏ʹྲྀΕΔిྲྀɼίϯσϯαʔʹ͑ΒΕ͍ͯͨిՙ͕ྲྀΕग़ͨ͠ͷͰ͋

Δ͜ͱʹҙ͢Δͱɼ

i = −dq

dt
(3.4.13)

͕Γཱͭɽ͜ΕΛ (3.4.12)ೖ͢Δͱ

q

C
− L

d

dt

(
−dq

dt

)
=

q

C
+ L

d2q

dt2
= 0 (3.4.14)

4ଟগͳΓͱಋઢʹ߅͋ΔͷͰɼӬԕʹిྲྀ͕ྲྀΕଓ͚Δ͜ͱͳ͍ɽ
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ͱͳΔͷͰɼ
d2q

dt2
= − 1

LC
q (3.4.15)

Ͱ͋Δ͜ͱ͕Θ͔Δɽ͜Ε

√
1

LC
Λ֯ৼಈͱ͢ΔΑ͏ͳ୯ৼಈΛද͢ඍํఔࣜʹͳ͍ͬͯΔɽ͜

ΕΑΓɼిྔؾ q पظ

T = 2π
√
LC (3.4.16)

Ͱ୯ৼಈతʹมԽ͢Δ͜ͱ͕Θ͔Δɽ͜ΕΛిؾৼಈͱ͍͏ɽ


