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ୈ8ষ ճసʹؔΘΔྗɿྗͷϞʔϝϯτͱϕΫτϧ

ੵɹͦͷ1

8.1 ͡Ίʹɿճసӡಈʹؔ͢Δཧྔ

• ʢߟࢀʣฒਐӡಈ

– ӡಈํఔࣜ ma = F

– ମʹྗ F ΛՃ͑Δ ˠ ྗͷํʹՃ a ͕ൃੜɼྗʹΑͬͯ v͕มԽ

– ྗ F ͱՃ a ൺྫɼ࣭ྔ m ͱՃ a ͷେ͖͞ൺྫ

• ճసӡಈ

– ͲͷΑ͏ͳྗΛՃ͑Δͱɼճస͢Δͷ͔ʁ

ˠ ྗͷํ͕ॏཁɼ·ͨɼճస͔࣠Βྗ·Ͱͷڑॏཁ

ˠ ྗͷϞʔϝϯτʢτϧΫʣ

– ࣭ྔͷΑ͏ͳɼճసӡಈΛʮมԽͤ͞ʹ͘͘͢Δʯཧྔʁ

ˠ ճୈ࣍Ϟʔϝϯτʢੑ׳ 10ճͷٛߨ༰ʣ

– ճసͷӡಈํఔࣜͲΜͳ͔ܗʁԿ͕ؒ࣌มԽ͢Δͷ͔ʁʢ࣍ճୈ 10ճͷٛߨ༰ʣ

• ྗͷϞʔϝϯτͳͲɼճసʹؔ͢ΔཧྔΛද͢ʹϕΫτϧੵʢ֎ੵʣ͕ศར

• ϕΫτϧੵɼ2ͭͷϕΫτϧ͔Βୈ 3ͷϕΫτϧΛ࡞Δԋࢉɼੵͱશ͘ҧ͏ྔ

8.2 ճసΛҾ͖͢͜ىཁҼ

8.2.1 ͷճస

ͲͷΑ͏ͳཧྔ͕ճసʹؔ͢Δ͔ΛݟΔͨΊʹɼਤ 8.1ͷΑ͏ͳͷճసΛ͑ߟΔɽਤͷΑ͏ʹɼ

ͷʹྗ F ΛՃ͑ɼ࣠ O Λத৺ʹճసͤ͞Δ͜ͱΛ͑ߟΔɽ࣠ O ͔Β A ·ͰԆͼͨϕΫτϧ

ʢAͷҐஔϕΫτϧʣΛ r ͱ͓͘ɽ

ྗ F ʹฏߦͰਨͰͳ͍ɼҙͷํΛ͍͍ͯΔ͕ɼ͜ͷྗͷ͏ͪɼΛճసͤ͞Δ͜ͱ

ʹཱͭͷʹਨͳͷΈͰ͋Δɽྗ F ͱɼʹԊ͏ҐஔϕΫτϧ r ͱͷͳ֯͢Λ θ ͱ͢Δͱɼ

(ʹਨͳྗͷେ͖͞) = (ճసʹཱͭྗͷେ͖͞) = |F | sin θ (8.2.1)
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θ

|r|

|F | sin θ

F

#$%

ਤ 8.1: ମΛճసͤ͞ΔͷʹؔΘΔཧྔɼճస͔࣠Βྗ·Ͱͷڑ |r|ͱɼr ʹਨͳྗ |F | sin θ

Ͱ͋Δɽ

Ͱ͋Δɽ

Ͱ͜ͷྗ͕͋Εճస͢Δ͔ͱ͍͏ͱͦ͏Ͱͳ͍ɽͨΓલ͕ͩɼ࣠ͷਅ্ΛҾͬͺͬͯ

ճస͢Δ͕ͣͳ͍ɽಉ͡ྗͰҾ͘ͳΒɼͳΔ͔࣠͘Βԕ͍ͱ͜ΖʹྗΛՃ͑ͨํ͕؆୯ʹճసͤ͞

Δ͜ͱ͕Ͱ͖Δɽͭ·ΓɼྗʢྗΛՃ͍͑ͯΔʣ͔࣠Βԕ͍΄Ͳɼ؆୯ʹճసΛҾ͖͜͢͜ىͱ

͕Ͱ͖Δɽ͢Ͱʹճస͍ͯ͠ΔͷΛࢭΊΔͱ͖ಉ༷ͰɼͳΔ͔࣠͘Βԕ͍ͱ͜ΖʹྗΛֻ͚ͨํ

ཧʯͰ͋ΔɽݪΊ͍͢ɽ͜Εʮͯ͜ͷࢭ͕

͜ΕΒΛ·ͱΊΔͱɼ

ମΛΑΓͨ͘͢ճసͤ͞Δʹɼ࣠ͱྗΛ݁ΜͩઢʹਨͳྗΛɼͳΔ͔࣠͘Βԕ

͍ͱ͜ΖʹՃ͑Δ

ͱͳΔɽ͔࣠Βྗ·Ͱͷڑ |r| ͳͷͰɼ͜ΕΛࣜͰදͤ

|F | sin θ × |r| = |r||F | sin θ (8.2.2)

ͱ͍͏େ͖͞ͷཧྔ͕ɼճసͷ༷ࢠΛܾΊΔͱ͍͑Δɽ͜ͷཧྔΛྗͷϞʔϝϯτʢͷେ͖͞ʣͱ

͍͏ɽྗͷϞʔϝϯτผ໊τϧΫͱ͍͏ɽ
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8.2.2 ྗͷϞʔϝϯτʹؔ͢Δ

8.3 ϕΫτϧੵ

8.3.1 ϕΫτϧੵͷಋೖ

ྗͷϞʔϝϯτɼҐஔϕΫτϧ r ͱྗ F ͱͷϕΫτϧੵʢ֎ੵʣͱݺΕΔͷʹͳ͍ͬͯΔɽ1

Ͱ߸ه

r × F (8.3.1)

ͷΑ͏ʹϕΫτϧੵΛʮ×ʯͰද͢ɽ͜Εʮ2× 3 = 6ʯͱ͍͏ֻ͚ࢉͷʮ×ʯͰͳ͍ɽϕΫτϧੵ

ͱ͍͏ಛผͳࢉܭΛද͢ه߸ͳͷͰɼࣈͷΑ͏ʹলུͨ͠Γɼυοτʢɾʣʹஔ͖͍͚ͯ͑ͳ͍ɽ

ࣈͷΑ͏ʹεΧϥʔྔͳΒ

2× 3 = 2 · 3 = 6, a× b = a · b = ab (8.3.2)

͕ͩɼϕΫτϧͷ߹

a× b "= a · b (8.3.3)

ͳͷͰ͋Δɽa× b ͕ϕΫτϧੵʢ֎ੵʣɼa · b ͕εΧϥʔੵʢੵʣͰ͋Γɼࣈͱҧͬͯ ab ͷΑ

͏ʹ ×  · Λলུͨ͠ॻ͖ํͳ͍ɽϕΫτϧੵͱεΧϥʔੵҟͳΔԋࢉͳͷͰɼলུͯ͠͠·͏ͱ

ͲͬͪΛ͍ͯ͠ࢦΔͷ͔Θ͔Βͳ͍͔ΒͰ͋Δɽ

8.3.2 ϕΫτϧੵͷఆٛ

ϕΫτϧੵ a× b ϕΫτϧͷֻ͚ࢉͰͳ͘ɼ̎ͭͷϕΫτϧ aɼb ͔Β࡞ΒΕΔʮୈ 3ͷϕΫτ

ϧʯͰ͋ΔɽΛͨͬఆٛͱਤܗతͳఆ͕ٛ͋ΓɼͪΖΜ̎ͭՁͰ͋Δɽ

ϕΫτϧੵͷΛͨͬఆٛ

̎ͭͷϕΫτϧ

a =




a1
a2
a3



 , b =




b1
b2
b3



 (8.3.4)

ʹର͠ɼ͜ΕΒͷϕΫτϧੵΛ

a× b =




a1
a2
a3



×




b1
b2
b3



 =




a2b3 − a3b2
a3b1 − a1b3
a1b2 − a2b1



 (8.3.5)

ͱఆٛ͢Δɽ

1ϕΫτϧੵͱ͍͏ํ͍ݴͷ΄͏͕ΑΓਖ਼֬Ͱ͋Δɽ֎ੵͬͱ͍֓೦Ͱɼa× b Ҏ֎ͷͷؚΉɽੵಉ༷Ͱɼϕ

Ϋτϧͷੵ a · b Ҏ֎ʹɼަؔܥͷੵͳͲɼ༷ʑͳੵΛ͑ߟΔ͜ͱ͕Ͱ͖Δɽ
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ϕΫτϧੵͷਤܗతͳఆٛ

ϕΫτϧ͖ͱେ͖͞Λྔͨͬ࣋ͳͷͰɼͦͷ̎ͭΛࢦఆ͢Δ͜ͱͰ a× b Λఆٛ͢Δɽ̎ͭͷ aɼ

b ʹର͠ɼͦΕΒͷϕΫτϧੵ a× b 

• େ͖͞ɿ|a||b| sin θʢθ  a, b ͷͳ֯͢ʣ

• ɿϕΫτϧ͖ a ΛϕΫτϧ b ʹॏͶΔ͖ʹճస͢ΔӈͶ͕͋ͬͨ͡ͱ͖ɼͦͷӈͶ͡ͷਐΉ

ํ

ͱఆٛ͞ΕΔɽਤ 8.2ͷ௨ΓͰ͋Δɽ

θ

a

b

a× b

!" |a||b| sin θ #
$%&'(

ਤ 8.2: ϕΫτϧੵ a×bͷਤܗతͳఆٛɽେ͖ ʢ͞͞ʣɼaͱb͕ுΔฏ࢛ߦลܗͷ໘ੵS = |a||b| sin θ

ʹ͍͠ɽ͖ɼa Λ b ʹॏͶΔΑ͏ʹճ͢ํʹճస͢Δӈωδ͕ਐΉํɽ

8.3.3 ϕΫτϧੵͷಛ

ϕΫτϧੵҎԼͷΑ͏ͳಛΛͪ࣋ɼͲΕۃΊͯॏཁͰ͋Δɽ

1. ରশੑΛͭ࣋ɽͭ·Γ

b× a = −(a× b) (8.3.6)

(ূ໌)

ਤܗతͳఆ͔ٛΒࣗ໌ɽΛ͏ఆٛͰɼ

b× a =




b2a3 − b3a2
b3a1 − b1a3
b1a2 − b2a1



 = −




a2b3 − a3b2
a3b1 − a1b3
a1b2 − a2b1



 = −(a× b) (8.3.7)

ͷΑ͏ʹɼ͙͢ʹࣔͤΔɽ
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2. ಉ͡ϕΫτϧಉ࢜ͰϕΫτϧੵΛऔΔͱθϩʢϕΫτϧʣɽͭ·Γ

a× a = 0 (8.3.8)

(ূ໌)

Λ͏ͳΒ

a× a =




a2a3 − a3a2
a3a1 − a1a3
a1a2 − a2a1



 =




0

0

0



 = 0 (8.3.9)

ͷΑ͏ʹ͙͢Θ͔Δɽ·ͨରশੑͷࣜ b× a = −(a× b) Ͱ b = a ͱ͢Δͱ

a× a = −(a× a) (8.3.10)

ͳͷͰɼࠨลҠ߲ͯ͠ 2(a× a) = 0 ΑΓ a× a = Δɽ͑ݴ0͕

ਤܗతͳఆٛΛ͏ͳΒɼa ಉ͕࢜ͳ֯ͪ͢ΖΜθϩͳͷͰɼa× a ͷେ͖͞

a× a = |a||a| sin 0 = 0 (8.3.11)

ͱͳΔɽେ͖͕͞θϩʹͳΔϕΫτϧθϩϕΫτϧ͔͠ͳ͍ͷͰɼa× a = 0 Ͱ͋Δɽ

3. ଇ

(a+ b)× c = a× c+ b× c (8.3.12)

a× (b+ c) = a× b+ a× c (8.3.13)

͕Γཱͭɽ

(ূ໌)

Λ

a =




a1
a2
a3



 , b =




b1
b2
b3



 , c =




c1
c2
c3



 (8.3.14)

ͱ͢Δͱɼ

(a+ b)× c =




a1 + b1
a2 + b2
a3 + b3



×




c1
c2
c3



 =




(a2 + b2)c3 − (a3 + b3)c2
(a3 + b3)c1 − (a1 + b1)c3
(a1 + b1)c2 − (a2 + b2)c1



 (8.3.15)

=




a2c3 − a3c2
a3c1 − a1c3
a1c2 − a2c1



+




b2c3 − b3c2
b3c1 − b1c3
b1c2 − b2c1



 = a× c+ b× c. (8.3.16)

a× (b+ c) = a× b+ a× c ಉ༷ʹࣔͤΔɽ
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4. ੵͷඍެࣜ
d

dt
(a(t)× b(t)) =

da(t)

dt
× b(t) + a(t)× db(t)

dt
(8.3.17)

͕εΧϥʔؔͷੵͷඍެࣜ (fg)′ = f ′g + fg′ ͱಉ༷ʹΓཱͭɽ

(ূ໌)

ҎԼͰ
d

dt
a(t) = ȧ(t) ͱ͢Δɽ

d

dt
(a(t)× b(t)) =

d

dt




a2(t)b3(t)− a3(t)b2(t)

a3(t)b1(t)− a1(t)b3(t)

a1(t)b2(t)− a2(t)b1(t)



 (8.3.18)

=




ȧ2(t)b3(t) + a2(t)ḃ3(t)− ȧ3(t)b2(t)− a3(t)ḃ2(t)

ȧ3(t)b1(t) + a3(t)ḃ1(t)− ȧ1(t)b3(t)− a1(t)ḃ3(t)

ȧ1(t)b2(t) + a1(t)ḃ2(t)− ȧ2(t)b1(t)− a2(t)ḃ1(t)



 (8.3.19)

=




ȧ2(t)b3(t)− ȧ3(t)b2(t)

ȧ3(t)b1(t)− ȧ1(t)b3(t)

ȧ1(t)b2(t)− ȧ2(t)b1(t)



+




a2(t)ḃ3(t)− a3(t)ḃ2(t)

a3(t)ḃ1(t)− a1(t)ḃ3(t)

a1(t)ḃ2(t)− a2(t)ḃ1(t)



 (8.3.20)

=




ȧ1(t)

ȧ2(t)

ȧ3(t)



×




b1(t)

b2(t)

b3(t)



+




a1(t)

a2(t)

a3(t)



×




ḃ1(t)

ḃ2(t)

ḃ3(t)



 (8.3.21)

= ȧ(t)× b(t) + a(t)× ḃ(t) (8.3.22)

=
da(t)

dt
× b(t) + a(t)× db(t)

dt
(8.3.23)

5. a× b  a, b ͷ྆ํʹަ͢ΔɽΑͬͯ

a · (a× b) = 0, b · (a× b) = 0 (8.3.24)

͕Γཱͭɽ

(ূ໌)

ਤܗతʹఆٛͷͱ͓ΓɽΛ͏ఆٛͰࣔͤΔʢˠ ॓ʣɽ

6. a× b ͷେ͖͞ |a× b| = |a||b| sin θ ɼ2ຊͷϕΫτϧ aɼb ͷ໘ੵʹ͍͠ɽܗล࢛ߦΔฏ࡞͕

(ূ໌)

ਤܗతʹఆٛͷͱ͓ΓɽΛ͏ఆٛͰࣔͤΔʢˠ ॓ʣɽ

8.4 ϕΫτϧੵͱྗͷϞʔϝϯτʢτϧΫʣ

ࣜ (8.2.2) Ͱද͞ΕͨɼྗͷϞʔϝϯτͷେ͖͞ |r||F | sin θ ɼҐஔϕΫτϧ rɼྗͷϕΫτϧ F ͷ

ϕΫτϧੵͷେ͖͞ʹ͍͠ɽͭ·Γ

|r × F | = |r||F | sin θ (8.4.1)
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Ͱ͋Δɽ͜ͷ

r × F (8.4.2)

ͱ͍͏ϕΫτϧྔΛɼྗͷϞʔϝϯτ·ͨτϧΫͱΑͿɽ͜ͷ͜ͱ͔ΒΘ͔ΔΑ͏ʹɼྗͷϞʔϝϯ

τϕΫτϧྔͰ͋Γɼ͖Λͭ࣋ɽٛߨͰઆ໌͢Δ͕ɼͦͷ͖ମ͕ճస͢Δͱ͖ͷճస࣠ͷํ

Ұக͢Δɽʹ


