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ୈ5ষ ͱӡಈΤωϧΪʔࣄ

5.1 ͡Ίʹ

ཧֶʹʮͷཧʢ͜ͱΘΓʣʯΛղ͖໌͔͢ͱ͍͏७ਮՊֶతͳଆ໘͚ͩͰͳ͘ɼ࣮ੜ׆Ͱཱ

ͭʮੈݱརӹʯతͳଆ໘͋Δɽ͔ͩΒͦ͜ཧֶతख๏ʢ͔Ε͍ͯΔ͔Ͳ͏͔ผͱͯ͠ʣཧ

Λग़͢ɽإͷ͋ΒΏΔ໘Ͱܥ

ཧΛʮཱͯΔʯͱ͍͏ҙຯͰɼԿͱͯͬݴମ͕ͭ࣋ΤωϧΪʔɼͦͷΤωϧΪʔͰͰ͖

Δࢉܭ͍ͯͭʹࣄͰ͖Δ͜ͱ͕ॏཁͰ͋Δɽ͜͜ͰࣄɼӡಈΤωϧΪʔɼҐஔΤωϧΪʔ͓Αͼ

ྗֶతΤωϧΪʔʹ͍ͭͯɼඍੵΛߍߴͯͬཧΑΓҰൠతʹఆٛ͠ɼཧղΛਂΊΔɽ

5.2 ࣄ

ମʹྗΛՃ͑ɼͦͷํʹಈ͔͢͜ͱΛʮࣄΛ͢Δʯͱ͍͏ɽࣄΛ͢Δ͜ͱͰମʹΤωϧ

Ϊʔ͕͑ΒΕΔɽ·ͨɼͦͷΤωϧΪʔΛͯͬମࣄΛ͢Δɽͭ·ΓɼྗΛՃ͑ͳ͕ΒԿ͔Λ

ಈ͔͢͜ͱ͕Ͱ͖Δɽ

5.2.1 ઢӡಈͷͱ͖

ྗͱਐΉ͕͖Ұக͍ͯ͠Δͱ͖

!

"#
x

s

F

ਤ 5.1: ྗͱӡಈͷ͕͖Ұக͍ͯ͠Δ߹ͷࣄ

ઢతͳӡಈ͢ΔମΛ͑ߟɼͦͷӡಈํʹԊͬͯ x ࣠ΛுΔɽਤ 5.1ͷΑ͏ʹମʹେ͖͞ F [N]

ͷྗΛՃ͑ɼྗͷํڑʹ s [m] ͚ͩಈ͔࣌͢ɼମʹՃ͑ͨࣄ

W = Fs [J] (5.2.1)

Ͱ͋Δͱ͍͏ɽ
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ྗͱਐΉ͕͖Ұக͍ͯ͠ͳ͍ͱ͖

ମʹՃ͑Δྗͷํ͕ɼମͷӡಈํͱҟͳΔ߹͋Δɽྫ͑ՙʹඥΛ͚ͭͯͦΕΛݞʹ

͔͚ɼՙΛҾ͖ͣΔ࣌ɼྗͷํඥʹԊ͏ࣼΊͷํ͕ͩɼମ໘ʹฏߦʹಈ͘ɽ

!"#$%&

'(#$%&

x

F
θ

r

ਤ 5.2: ྗͱӡಈͷ͕͖֯ θ Λͳ͢߹ͷࣄ

͜ͷͱ͖ਤ 5.2ͷΑ͏ʹମʹՃ͑ͨྗΛ FɼମͷมҐʢϕΫτϧʣΛ r ͱ͢Δͱɼಈ͔ͨ͠ํ

ʹՃ͑ΒΕͨྗʹΑΔࣄ

W = F · r = |F ||r| cos θ (5.2.2)

ͷΑ͏ʹੵͰ༩͑ΒΕΔɽಈ͔ͨ͠ํʹՃ࣮࣭͑ͨతͳྗ͕ |F | cos θ ͔ͩΒͰ͋Δɽ͜͜Ͱ θ ྗ

ͱมҐ͕ͳ֯͢Ͱ͋Δɽ|F | cos θ ྗ F ͷ͏ͪมҐ r ʹԊ͏ʢࣹӨʣ͔ͩΒɼఆٛΛ

W = (|F | cos θ)× |r| (5.2.3)

ͱॻ͖͑ΕΘ͔ΔΑ͏ʹɼࣄͱ

(ਐ·ͤΔͨΊʹ࣮࣭తʹཱ͍ͬͯΔྗ)× (ਐΜͩڑ)

ͷ͜ͱͰ͋Δɽਤ 5.2ͷྗͷΑ͏ʹਐํߦʹରͯࣼ͠ΊʹՃ͑ͨྗͰɼྗશମ͕ਫฏҠಈʹΘΕ

͍ͯΔͷͰͳ͘ɼਫฏํͰ͋Δ |F | cos θ ͷΈ͕ɼͦͷӡಈʹཱ͍ͬͯΔɽ

ҰํɼԖͰ͋Δ |F | sin θ ɼՙΛচ͔Βগ͠ු͔ͤΔͨΊʹཱ͍ͬͯΔ͕ɼਫฏҠಈ

ʹ͍ؔͯ͠ͳ͍ɽମͷӡಈঢ়ଶΛมԽͤ͞Δ͜ͱʹཱ͍ͬͯͳ͍Θ͚Ͱɼͦͷ͜ͱ͕ࣄͷఆ

ٛ W = F · r = |F ||r| cos θ ʹ͏·͘औΓೖΕΒΕ͍ͯΔɽਐํߦͱަ͢ΔྗɼࣄͷఆٛࣜͰ

θ =
π

2
ʹ͋ͨΓɼcos

π

2
= 0 ΑΓ W = 0ɼͭ·ΓԿͷࣄ͠ͳ͍͜ͱʹͳΔͷͰ͋Δɽ

θ ͕
π

2
Λ͑ͯ͘Δͱɼcos θ ෛʹͳΔɽͭ·Γɼਐํߦͱରଆʹಇ͘ྗʹΑΔࣄෛͱ

͍͏͜ͱ͕ͩɼਐํߦͱରଆʹಇ͘ྗɼମʹϒϨʔΩΛ͔͚ͯͤ͘͞ɼମ͕ͭ࣋Τωϧ

ΪʔΛݮগͤ͞Δಇ͖Λ͢Δ͔Βɼ͜ΕࣗવͳఆٛͰ͋Δɽ

·ͨɼମʹͲΕ͚ͩྗΛՃ͑ͯɼମ͕গ͠ಈ͔ͳ͚ΕମʹՃ͑ͨࣄθϩͱ͑ߟΔɽ

ΕมҐ͑ߟɼఆٛʹͬͯࡍ࣮ |r| = 0 ͔ͩΒ W = 0 Ͱ͋Δ͜ͱΘ͔Δɽྫ͑ɼେ͖ͯ͘ॏͨ

Γԡͯ͠ɼશવಈ͔ͳ͍͜ͱ͕͋ΔͩΖ͏ɽ͜ͷͱ͖ɼԡͨ͠ΒർΕΔʹؔΘΒͣ༩͍ࢥΛؠ͍

Δͷ͔ͱ͍ͯݟͱԿΛࣄ͢Δ͕ɼͦͦؾͳٞࢥθϩͩͱ͍͏͜ͱͩɽͳΜ͔ͩෆࣄͨ͑

͍͏ͱɼ
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ମʹྗΛՃ͑ͯঢ়ଶΛมԽͤͨ͜͞ͱͰɼͦͷମ͕पғͷڥʹӨڹΛٴ΅ͤΔΑ͏ʹ

ͳ͔ͬͨͲ͏͔

͔ͩΒͰ͋Δɽ

ӨʹڥपΓͷ͕ؠಈ͔ͳ͍ͷͰ͋Εͦͷ͕ؠہΛԡͯ͠ɼ݁ؠுͬͯؤͷྫͰɼͲΕ͚ͩؠ

Εͯɼ͋Δͱ͖উखʹಈ͖ͩ͢ʯͱ͍·ࠐΊཷ͕ྗʹؠΓԡͨ͠Βͦͷ͍ࢥͱͳ͍ɽʮ͜͢΅ٴΛڹ

͏͜ͱͳ͍Θ͚ͩɽٯʹ͍ܰੴͰ͋Εɼ؆୯ʹಈ͔͢͜ͱ͕Ͱ͖Δɽྫ͑ͦΕΛ͛ͯԿ͔Λյ

͢͜ͱ͕Ͱ͖Δ͔͠Εͳ͍ɽ͛ΔࡍʹखͰੴʹྗΛՃ͑ͳ͕Βಈ͔͠ɼΛ༩͑Δͱ͍͏ࣄΛ

͢Δ͜ͱͰɼͦͷੴԿ͔Λյ͢ͱ͍͏ʮӨڹʯΛ֎෦ʹٴ΅͢͜ͱ͕Ͱ͖ΔΑ͏ʹͳΔͷͩɽ

͜ͷΑ͏ʹɼྗֶͰѻΘΕ͍ͯΔʮࣄʯৗੜ׆ͰΘΕΔࣄͱผͰ͋Δɽ͋͘·Ͱʮ֎

෦ʹӨڹΛٴ΅ͤΔΑ͏ͳΤωϧΪʔΛ͔͑ͨͲ͏͔ʯͷΈΛྗֶͰ͍ͯݟΔͷͰҙͯ͠΄͍͠ɽ

5.2.2 ࣄͱࣄ

ମͷมҐϕΫτϧΛؒ࣌Ͱඍͨ͠ͷ͕ϕΫτϧͳͷͰɼྗ F ґଘ͠ͳ͚Εʹ͕ؒ࣌

dW

dt
= F · dr

dt
= F · v (5.2.4)

ͱͳΔɽ͜ͷ
dW

dt
Λࣄͱ͍͏ɽࣄ୯Ґؒ࣌ͨΓͷࣄͳͷͰ୯Ґ [J/s] Ͱ͋Δ͕ɼ͜Ε

Λ [W]ʢϫοτʣͱද͢ɽ͜Ε͔ΒΘ͔ΔΑ͏ʹɼిྗ [W]ʢϫοτʣ͕ࣄͱಉ͡ݩ࣍ɼిྗྔ͕

ɽిྗྔͷ୯Ґͱͯͭ࣋͠Λݩ࣍ͱಉ͡ࣄ [Wh]ʢϫοτ࣌ʣ͕Α͘ΘΕΔ͕ɼ͜Εిྗʹ ࣌1

ؒΛ͔͚ͨͷͰ͋Δɽ1ؒ࣌ 60ඵ × 60 = 3600ඵͳͷͰɼ

1Wh = 1 J/s× 3600 s = 3600 J = 3.6× 103 J (5.2.5)

Ͱ͋Δɽ·ͨɼ

1kWh (Ωϩϫοτ࣌) = 1000Wh = 3.6× 106 J (5.2.6)

Α͘ΘΕΔɽ

5.2.3 ͰѻΘͳ͍ʣٛߨͱઢੵʢࣄઢʹԊ͏ۂɿߟࢀ

ҰൠʹɼମͷӡಈઢʹͳΔͱݶΒͳ͍ɽۂઢʹԊ͏߹ͷࣄͷࢉܭʹઢੵΛ༻͍Δɽ

ɼਤࠓ 5.3 ͷΑ͏ʹମͷӡಈͷيΛද͢ۂઢ͕ t Λഔհมͱͯ͠ r = r(t) Ͱද͞Ε͍ͯΔͱ

͖ɼମͷແݶখมҐϕΫτϧ

dr = (dx, dyɼdz) = dxex + dyey + dzez (5.2.7)
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!"#$%&F

'()*+#$%&
,-

dr r = r(t)

ਤ 5.3: ͱઢੵࣄઢʹԊ͏ۂ

Ͱ༩͑ΒΕΔɽҐஔϕΫτϧ͕ r(t) Ͱද͞ΕΔͰମʹՃ͑ͨྗΛ F ͱ͢Δͱɼ͘͘͝͝খ͍͞Ҡ

ಈͷؒ͜ͷྗҰఆͰ͋Δͱͯ͠Α͍ͩΖ͏͔Βɼແݶখͷࣄ

dW = F · dr (5.2.8)

ͱͳΔͩΖ͏ɽۂઢʹԊͬͯ P ͔Β Q ·ͰҠಈͨ͠ͱ͖ʹɼ͜ͷແݶখͷࣄΛશͯ͠ूΊ

ΕશࣄʹͳΔɽ۩ମతʹ

W =

∫ Q

P
dW =

∫ Q

P
F · dr

=

∫ Q

P
(Fxdx+ Fydy + Fzdz) =

∫ (
Fx

dx

dt
+ Fy

dy

dt
+ Fz

dz

dt

)
dt (5.2.9)

ͱͳΔɽ͜͜ͰۂͨͬઢʹԊ͏ੵΛʮઢੵʯͱ͍͏ɽߍߴͰֶश͢Δੵ 1มؔ f(x) ʹ

ର͢ΔͷͳͷͰੵܦ࿏ x ࣠ʹԊ͏ͷ͔͠ͳ͍ʢ্ͷࣜͰɼdx ʹؔ͢Δੵ͔͠ͳ͍ʣɽ͔͠͠

ཧྔҐஔ࠲ඪ (x, y, z) ͷΑ͏ͳɼ͍͔ͭ͘ͷมʹґଘ͢Δͷ͕ҰൠతͰ͋Δɽ͜ͷͨΊੵܦ࿏

ઢʹͳΔͱݶΒͣɼۭؒதͷۂઢʹԊ͏ੵΛ͢ࢉܭΔඞཁ͕͋ΔɽઢੵͦΕʹ͋ͨΓɼྗ

ֶͰ͏໘͋·Γଟ͘ͳ͍͕ɼిֶؾ࣓Ͱසग़ͷࢉܭͰ͋Δɽ

5.3 ͱӡಈΤωϧΪʔࣄ

5.3.1 ΑΔӡಈΤωϧΪʔͷมԽʹࣄ

ӡಈํఔࣜ ma = F Λ༻͍ΔͱɼࣄͱӡಈΤωϧΪʔͷؔΛಋ͘͜ͱ͕Ͱ͖ΔɽӡಈํఔࣜͰ

Ճ a Λ
dv

dt
ͱॻ͘ͱ

m
dv

dt
= F (5.3.1)

ͱͳΔ͕ɼ͜ͷ྆ลͱ v ͷੵΛऔΔͱ

m
dv

dt
· v = F · v (5.3.2)
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ΛಘΔɽ͜ͷࠨลΛࣜม͢ܗΔͱ

m
dv

dt
· v = mv · dv

dt
=

1

2
m · 2

(
v · dv

dt

)
=

1

2
m ·

(
v · dv

dt
+

dv

dt
· v
)

(5.3.3)

=
1

2
m

d

dt
(v · v) = 1

2
m

d

dt
(v2) (5.3.4)

=
d

dt

(
1

2
mv2

)
(5.3.5)

ͱͳΔɽ͜ͷؒ࣌ඍ͞Ε͍ͯΔྔ
1

2
mv2 (5.3.6)

ΛӡಈΤωϧΪʔͱ͍͏ɽӳޠͰ kinetic energy ͳͷͰ K =
1

2
mv2 ͷΑ͏ʹK Λ༻͍ͯද͢͜ͱ͕

ଟ͍ɽ

Ұํɼࣜ (5.3.2)ͷӈลࣄʹଞͳΒͳ͍ͷͰ

F · v =
dW

dt
(5.3.7)

ͱॻ͚ΔɽΑͬͯࣜ (5.3.2) 
d

dt

(
1

2
mv2

)
=

dW

dt
(5.3.8)

Ͱ͋Δ͔Βɼ྆ลΛੵ͢ΔͱੵఆΛ C ͱͯ͠

1

2
mv2 = W + C (5.3.9)

ΛಘΔɽ

͜͜Ͱɼ࠷ॳʹମͷ͕ v0 ͩͬͨͱ͢ΔͱɼࣄΛՃ͑Δલɼͭ·Γ͕ࣄ W = 0 ͷͱ͖ʹӡ

ಈΤωϧΪʔ
1

2
mv2 ͩͬͨͣͳͷͰɼ

1

2
mv20 = 0 + C ⇒ C =

1

2
mv20 (5.3.10)

ͱͳΔɽΑͬͯ

1

2
mv2 = W +

1

2
mv20 (5.3.11)

⇔ W =
1

2
mv2 − 1

2
mv20 (5.3.12)

ΛಘΔɽ͜ͷࣜͷӈลɼ࠷ॳʹ͍ͨͯͬ࣋ӡಈΤωϧΪʔ 1
2mv20 ΛࣄΛՃ͑ΒΕͨޙͷӡಈΤωϧ

Ϊʔ 1
2mv2 ͔ΒҾ͍ͨͷ͔ͩΒɼӡಈΤωϧΪʔͷมԽͰ͋ΔɽΑͬͯɼ

ମʹՃ͑ͨࣄͷ͚ͩɼମͷӡಈΤωϧΪʔมԽ͢Δ

ͱ͍͏͕ؔΓཱͭ͜ͱ͕Θ͔Δɽ࠷ॳʹମ͕੩͍ͨͯ͠ࢭ߹ v0 = 0 ͳͷͰɼಛʹ

W =
1

2
mv2 (v0 = 0ͷ߹) (5.3.13)

ͱ͍͏͜ͱʹͳΔɽ



40 ୈ 5ষ ͱӡಈΤωϧΪʔࣄ

Ճ͠ɼӡಈΤωϧΪʔ͕૿͑Δͷ༰қʹ૾͕ʹΔମʹྗΛՃ͑ͯԡͤͦͷํ͍ͯͬ·ࢭ

ͭ͘ɽݮͤ͞Δํগ͠૾͠ʹ͍͔͘͠Εͳ͍͕ɼಈ͍͍ͯΔମʹӡಈͱ͖ٯͷྗΛՃ͑ͯ

ϒϨʔΩΛ͔͚Εݮ͢Δɽࣜ (5.3.12)Ͱ v < v0 ͷέʔεͰ͋Δɽ͜ͷ߹ɼมҐͷํͱྗͷํ

͕ର͔ͩΒෛͷࣄͰ͋Δɽݮ͢Δ͔ΒӡಈΤωϧΪʔݮগ͠ɼ
1

2
mv2 − 1

2
mv20 < 0 ͷΑ͏ʹӡ

ಈΤωϧΪʔͷมԽෛʹͳΔɽ͜ͷෛͷมԽ͕ෛͷࣄW < 0ʹରԠ͍ͯ͠Δɽ
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ྫɿՃӡಈͰͷӡಈΤωϧΪʔͷมԽͱࣄ

ɼਤ͑ߟͯͬݶʹӡಈݩ࣍1 5.4ͷΑ͏ʹମͷӡಈํʹԊͬͯ x ࣠ΛுΔɽҰఆͷྗΛ

Ճ͑ΔͱɼମՃӡಈΛ͢Δɽྗͷେ͖͞Λ F ͱ͠ɼମ͕ؒ࣌ t ͷؒʹڑ s

͚ͩҠಈ͠ɼ v0 ͔Β v ʹՃͨ͠ͱ͢Δɽ

͜ͷͱ͖ɼମͷՃ

a =
ͷมԽ
͔͔ؒ࣌ͨͬ

=
v − v0

t
(5.3.14)

Ͱ͋ΓɼମʹՃ͑ΒΕͨࣄ

W = Fs (5.3.15)

Ͱ͋Δɽ·ͨҠಈڑ s Ճӡಈͷ୯ݩͰٻΊͨҐஔ xɼ v Λ༻͍ͯ

2as = v2(t)− v20 (5.3.16)

Ͱ͋Δɽ͜ΕՃӡಈʹ͓͚Δࠁ࣌ t ͷମͷҐஔΛද͢

x(t) = x0 + v0t+
1

2
at2 (5.3.17)

ͱͷࣜ

v(t) = v0 + at (5.3.18)

Λ࿈ཱͤͯ͞ tΛফ͠ڈɼs = x(t)−x0 Λ͑ಘΒΕΔࣜͰ͋Δʢࠁ࣌ tͰͷҐஔ x(t)͔

Β࠷ॳͷҐஔ x0 ΛҾ͍ͨ x(t)−x0 ͕Ҡಈڑ s Ͱ͋Δ͜ͱʹҙɽͨͩ͠Ճ్͕தͰ

มԽͯ͠ɼͨͬߦΓདྷͨΓ͢ΔΑ͏ͳγνϡΤʔγϣϯͰ୯७ͳҾ͖ࢉͰٻ·Βͳ͍ʣɽ

ͯ͞ӡಈํఔࣜ ma = F ͷ྆ลʹ s Λ͔͚Δͱ

mas = Fs ⇒ m · 1
2
(v2 − v20) = Fs (5.3.19)

⇒ 1

2
mv2 − 1

2
mv20 = Fs (5.3.20)

ͱͳΔ͜ͱ͕Θ͔ΔɽࠨลӡಈΤωϧΪʔͷมԽͰ͋ΓɼӈลମʹՃ͑ΒΕͨࣄͰ

͋Δɽ͔֬ʹ্Ͱड़͕ͨؔΓཱ͍ͬͯΔ͜ͱ͕Θ͔Δɽ

v0 v(t)

t = 0!" t!"

F F#

x0

x

s

x(t)

ਤ 5.4: ϒϨʔΩֻ͕͔ͬͯݮ͢Δମ


