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 1 ͷؔ࣍ f , g ͷ߹ؔ g ◦ f ΛٻΊΑɽ

(a) f(x) = x2, g(x) = sinx (b) f(x) = sinx, g(x) = x2

(c) f(x) =
1

x
, g(x) = x+ 2 (d) f(x) = x+ 2, g(x) =

1

x

 2 ͷ͍ʹ͑Αɽͨͩ͠தؒͷఆཧΛূ໌ͳ͠Ͱ༻͍ͯΑ͍ɽ࣍

(a) ด۠ؒ [a, b]্࿈ଓͳؔ f ෆࣜ f(a)f(b) < 0Λຬͨ͢ͱ͢Δɽ͜ͷͱ͖ f ։۠ؒ (a, b)ͷͲ͜

͔Ͱ 0ʹͳΔ͜ͱΛࣔͤ.

ఔࣜํ࣍3 x3 + 2x2 + 2x+ 3 = 0ͷͨͩ 1ͭͷ࣮ղΛ x = αͱ͓͘ɽ

(b) α ∈ (−2,−1)Λࣔͤɽ

(c) α ∈ (n8 ,
n+1
8 )Λຬͨ͢ nΛٻΊΑɽ

 3 ͷ͍ʹ͑Αɽ࣍

(a) ؔݭ༨ٯ Arccosͷάϥϑͷ֓ܗΛඳ͚ɽͨͩ͠ ArccosɼcosͷఆٛҬΛด۠ؒ [0,π]ʹ੍ͨ͠ݶͱ

͖ͷؔٯͰ͋Δɽ

(b) ؔݭਖ਼ٯ Arcsinͷάϥϑͷ֓ܗΛඳ͚ɽͨͩ͠ ArcsinɼsinͷఆٛҬΛด۠ؒ [−π
2 ,

π
2 ͨ͠ݶ੍ʹ[

ͱ͖ͷؔٯͰ͋Δɽ

(c) ਖ਼ؔٯ Arctanͷάϥϑͷ֓ܗΛඳ͚ɽͨͩ͠ ArctanɼtanͷఆٛҬΛ։۠ؒ (−π
2 ,

π
2 ͠ݶ੍ʹ(

ͨͱ͖ͷؔٯͰ͋Δɽ

(d) ҙͷ x ∈ [−1, 1]ʹରͯ͠ Arccosx+Arcsinx = π
2 ͕Γཱͭ͜ͱΛࣔͤɽ

 4 ؔ f ༗քด۠ؒ I = [a, b]্࿈ଓͱ͢ΔɽWeierstrassͷఆཧͱதؒͷఆཧΛ༻͍ͯ f(I)༗

քด۠ؒͰ͋Δ͜ͱΛࣔͤɽ

 5 ؔ f ༗քด۠ؒ I = [a, b]্࿈ଓͱ͢Δɽ

(a) ؔ |f | I ্࿈ଓͰ͋Δ͜ͱΛࣔͤɽ

(b) I ্ͷྻ {cn} cʹऩଋ͢Δͱ͢Δɽ͜ͷͱ͖ c ∈ I Ͱ͋Δ͜ͱΛࣔͤɽ·ͨྻ {f(cn)} f(c)ʹ

ऩଋ͢Δ͜ͱΛࣔͤɽ

(c) Bolzano–WeierstrassͷఆཧΛ༻͍ͯ f(I) = {f(x);x ∈ I}༗քͰ͋Δ͜ͱΛࣔͤɽͨͩ͠Weierstrass

ͷఆཧʢ͜ͷ࣮ࣄΛ༻͍ͯಋ͔ΕΔͨΊʣ༻͍ͯͳΒͳ͍ɽ

ώϯτɿf(I)͕༗քͰͳ͍ͱԾఆ͢Δͱɼҙͷ n = 1, 2, 3, . . . ʹରͯ͠ |f(cn)| > nΛຬͨ͢ cn ∈ I ͕ଘ

ΔɽͦͷΑ͏ͳ͢ࡏ cn Λฒͨྻ {cn}ʹରͯ͠ Bolzano–WeierstrassͷఆཧΛద༻͢Δ͜ͱʹΑΓໃ६

Λಋ͚ɽʣ

 6 ྻ {an} αʹऩଋ͢Δͱ͢Δɽ͜ͷͱ͖ҙͷ෦ྻ {ak(n)}ʢk(1) < k(2) < k(3) < · · ·ʣ α

ʹऩଋ͢Δ͜ͱΛࣔͤɽ



ղྫʢୈ 4ճʣ

 1 (a) g ◦ f(x) = sinx2ɽ(b) g ◦ f(x) = sin2 xɽ(c) g ◦ f(x) = 1
x + 2ɽ(d) g ◦ f(x) = 1

x+2ɽ

 2 (a) ԾఆΑΓ f(a)ͱ f(b)Ұํ͕ਖ਼ɼଞํ͕ෛͰ͋Δɽಛʹ 0 f(a)ͱ f(b)ͷؒʹ͋ΔͷͰɼத

ؒͷఆཧΑΓ f(c) = 0ͱͳΔ c ∈ [a, b]͕ଘ͢ࡏΔɽԾఆΑΓ f(a)ͱ f(b) 0Ͱͳ͍͔ΒɼͦͷΑ͏ͳ c

ʢ[a, b]͔Β aͱ bΛআ͍ͨʣ։۠ؒ (a, b)ͷதʹ͋Δɽ

(b) R ্ͷ࿈ଓؔ f(x) = x3 + 2x2 + 2x + 3 ʹؔͯ͠ f(−2) = −1ɼf(−1) = 2 ΑΓ f(−2)f(−1) < 0ɽ

ैͬͯ (a)ΑΓ f  (−2,−1)ͷͲ͔͜ͷͰ 0ʹͳΓɼ͜Ε͕ αʹଞͳΒͳ͍ɽ

(c) ۠ؒ (−2,−1) ͷதͰ f(− 3
2 ) = 9

8ɽैͬͯ f(−2)f(− 3
2 ) < 0 ΑΓ α ∈ (−2,− 3

2 )ɽ͜ͷ۠ؒͷதͰ

f(− 7
4 ) = 17

64ɽैͬͯ f(−2)f(− 7
4 ) < 0 ΑΓ α ∈ (−2,− 7

4 )ɽ͜ͷ۠ؒͷதͰ f(− 15
8 ) = − 159

512ɽैͬͯ

f(− 15
8 )f(− 7

4 ) < 0ΑΓ α ∈ (− 15
8 ,− 7

4 )ɽΏ͑ʹ n = −15ɽ

 3 (a) (b) (c) ུɽ(d) y = Arccosxͱ͓͘ɽ͜ͷͱ͖ x = cos y = sin(π2 − y)ɽ͞Βʹ 0 ≤ y ≤ π
2 ͔Β

−π
2 ≤ π

2 − y ≤ π
2 ΑΓ Arcsinx = π

2 − yɽҎ্ΑΓ y Λফ͢ڈΔͱ Arccosx+Arcsinx = π
2ɽ

 4 WeierstrassͷఆཧΑΓ࣍Λຬͨ͢ c, d ∈ I ͕ଘ͢ࡏΔɿҙͷ x ∈ I ʹରͯ͠ f(c) ≤ f(x) ≤ f(d)ɽ

͜ΕΑΓ f(I) ⊂ [f(c), f(d)]ɽ༗քด۠ؒ J Λ

J :=

{
[c, d] (c ≤ d);

[d, c] (c > d)

ʹΑΓఆΊΔɽ͜ͷͱ͖ I ۠ؒͳͷͰ J ⊂ Iɽ͞Βʹҙͷ y ∈ [f(c), f(d)] ʹରͯ͠ y ∈ f(I)ɽ࣮

ɼதؒͷఆཧΑΓࡍ f(x) = y Λຬͨ͢ x ∈ J ͕ଘ͢ࡏΔ͕ɼJ ⊂ I ΑΓ͜ͷ x  I ʹଐ͢ΔɽΏ͑ʹ

[f(c), f(d)] ⊂ f(I)ɽҎ্ΑΓ f(I)༗քด۠ؒ [f(c), f(d)]ʹ͍͠ɽ

 5 (a) ҙͷ x, c ∈ I ʹରͯ͠ ||f(x)|− |f(c)|| ≤ |f(x)− f(c)|ͳͷͰ f ͕ I ্࿈ଓͳΒ |f | I ্

࿈ଓɽʢx, y ͕ಉූ߸ͷͱ͖ ||x|− |y|| = |x− y|ɼҟූ߸ͷͱ͖ ||x|− |y|| = |x+ y| ≤ |x− y|ɽʣ
(b) ԾఆΑΓҙͷ n ʹରͯ͠ a ≤ cn ≤ bɽࠓ c < a ͱ͢ΔͱԾఆΑΓ࣍Λຬͨ͢ N ͕ଘ͢ࡏΔɿҙͷ

n > N ʹରͯ͠ |cn − c| < a− cɽಛʹҙͷ n > N ʹରͯ͠ cn < c+ (a− c) = aͱͳΓໃ६ɽc > bͱ͠

ͯಉ༷ͷໃ६Λಋ͚ΔͷͰ a ≤ c ≤ bͰͳ͚ΕͳΒͳ͍ɽ

ε > 0ͱ͢Δɽࠓ f  c ∈ I Ͱ࿈ଓͳͷͰ࣍Λຬͨ͢ δ > 0͕ଘ͢ࡏΔɿ|x− c| < δʢ͔ͭ x ∈ IʣͳΒ

|f(x)− f(c)| < εɽ·ͨ {cn} cʹऩଋ͢ΔͷͰɼ͜ͷ δʹରͯ࣍͠Λຬͨ͢N ͕ଘ͢ࡏΔɿn > N ͳΒ

|cn − c| < δɽΏ͑ʹ n > N ͳΒ |f(cn)− f(c)| < ε͕ΓཱͭɽҎ্ΑΓ limn→∞ f(cn) = f(c)Ͱ͋Δɽ

(c) f(I)༗քͰͳ͍ͱ͢Δɽ͜ͷͱ͖ҙͷ n = 1, 2, 3, . . . ʹରͯ͠ |f(cn)| > nΛຬͨ͢ cn ∈ I ͕ଘࡏ

͢ΔɽͦͷΑ͏ͳ cn Λฒͨྻ {cn}ʢ༗քͳ I ্ͷྻΑΓʣ༗քͳͷͰɼBolzano–Weierstrassͷఆ

ཧΑΓऩଋ͢Δ෦ྻ {ck(n)} ΛؚΉɽͦ͜Ͱ c = limn→∞ ck(n) ͱ͓͘ͱ (b) ΑΓ c ∈ Iɽ͞Βʹ (a) ΑΓ

|f | I ্࿈ଓͳͷͰ limn→∞ |f(ck(n))| = |f(c)| < ∞ɽ͔͠͠ cn ͷͱΓํ͔Β |f(ck(n))| > k(n) ≥ nΑΓ

limn→∞ |f(ck(n))| = ∞ͱͳΔͷͰໃ६ɽ

 6 ε > 0ͱ͢ΔɽԾఆΑΓ࣍Λຬͨ͢ N = N(ε)͕ଘ͢ࡏΔɿҙͷ n > N ʹରͯ͠ |an − α| < εɽ

Λࣈʢྻͷఴࠓ n = 1, 2, 3, . . . ͱ͢Δͱʣҙͷ nʹରͯ͠ k(n) ≥ n͕Γཱͭɽैͬͯ n > N ͳΒ


