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໰୊ 1 ͷ໰͍ʹ౴͑Αɽ࣍

(a) ؔ਺ z = log(x2 − y2)ͷม਺ x, y ͕ɼม਺ tͷؔ਺ͱͯ͠ x = cos t, y = sin tʹΑΓ༩͑ΒΕ͍ͯΔͱ͢

Δɽ࿈࠯཯Λ༻͍ͯඍ෼ dz
dt Λ tͷؔ਺ͱͯ͠ٻΊΑɽ

(b) ؔ਺ w = xy
z ͷม਺ x, y, z ͕ɼม਺ s, tͷؔ਺ͱͯ͠ x = st, y = s+ t, z = s− tʹΑΓ༩͑ΒΕ͍ͯΔ

ͱ͢Δɽ࿈࠯཯Λ༻͍ͯภඍ෼ ∂w
∂sɼ

∂w
∂t Λ s, tͷؔ਺ͱͯ͠ٻΊΑɽ

໰୊ 2 ͷؔ਺࣍ f ͷ 1,2,3֊ภಋؔ਺Λ͢΂ͯٻΊΑɽ

(a) f(x, y) = sin(xy) (b) f(x, y, z) = (ax+ by)(cy + dz)

໰୊ 3 ؔ਺ f(x, y) = exp(1 − xy) Λ͑ߟΔ. ͷ࣍ (a, b) ʹରͯ͠, f ͷ఺ (a, b) ͰͷςΠϥʔల։Λ 3 ࣍

·Ͱ

f(x, y) = + (x− a) + (y − b) + (x− a)2 + (x− a)(y − b) + (y − b)2

+ (x− a)3 + (x− a)2(y − b) + (x− a)(y − b)2 + (y − b)3 + · · ·

ͷܗͰٻΊΑ.

(a) (a, b) = (1, 1) (b) (a, b) =

(
2,

1

2

)

໰୊ 4 ؔ਺ f(x, y) = x2 − 2xy + y3 Λ͑ߟΔɽ

(a) f ͷఀཹ఺Λ͢΂ͯٻΊΑɽ

(b) f ͷϔοηྻߦΛٻΊΑɽ

(c) ֤ఀཹ఺ʹ͓͍ͯ f খʹͳΔ͔Ͳ͏͔ௐ΂Αɽۃେɼۃ͕

໰୊ 5 ϥάϥϯδϡͷະఆ৐਺๏Λ༻͍ͯɼ੍໿৚݅ x2 + y2 = 1ͷԼͰͷؔ਺ f(x, y) = xy ͷۃ஋఺ͷީ

ิΛٻΊΑɽ



ղ౴ྫʢղੳֶ II-1ɿதؒݧࢼʣ

໰୊ 1 (a) ∂z
∂x = 2x

x2−y2ɼ ∂z
∂y = − 2y

x2−y2 ͓Αͼ dx
dt = − sin tɼdy

dt = cos tΑΓ

dz

dt
=
∂z

∂x

dx

dt
+
∂z

∂y

dy

dt
=

2

x2 − y2

(
x
dx

dt
− y

dy

dt

)
= − 4 cos t sin t

cos2 t− sin2 t
= −2 sin 2t

cos 2t
= −2 tan 2t.

(b) ∂w
∂x = y

zɼ
∂w
∂y = x

zɼ
∂w
∂z = −xy

z2 ͓Αͼ ∂x
∂s = tɼ∂y

∂s = 1ɼ∂z
∂s = 1ΑΓ

∂w

∂s
=
∂w

∂x

∂x

∂s
+
∂w

∂y

∂y

∂s
+
∂w

∂z

∂z

∂s
=

y

z

∂x

∂s
+

x

z

∂y

∂s
− xy

z2
∂z

∂s
=

t(s+ t)

s− t
+

st

s− t
− st(s+ t)

(s− t)2
=

t(s2 − 2st− t2)

(s− t)2
.

ಉ༷ʹ ∂x
∂t = sɼ∂y

∂t = 1ɼ∂z
∂t = −1ΑΓ

∂w

∂t
=
∂w

∂x

∂x

∂t
+
∂w

∂y

∂y

∂t
+
∂w

∂z

∂z

∂t
=

y

z

∂x

∂t
+

x

z

∂y

∂t
− xy

z2
∂z

∂t
=

s(s+ t)

s− t
+

st

s− t
+

st(s+ t)

(s− t)2
=

s(s2 + 2st− t2)

(s− t)2
.

໰୊ 2 (a) 1 ֊ภಋؔ਺͸ fx = y cos(xy)ɼfy = x cos(xy)ɽ2 ֊ภಋؔ਺͸ fx2 = −y2 sin(xy)ɼfy2 =

−x2 sin(xy)ɼfxy = cos(xy)− xy sin(xy)ɽ3֊ภಋؔ਺͸ fx3 = −y3 cos(xy)ɼfy3 = −x3 cos(xy)ɼfx2y =

−2y sin(xy)− xy2 cos(xy)ɼfxy2 = −2x sin(xy)− x2y cos(xy)ɽ

(b) 1 ֊ภಋؔ਺͸ fx = a(cy + dz)ɼfy = b(cy + dz) + c(ax + by)ɼfz = d(ax + by)ɽ2 ֊ภಋؔ਺͸

fx2 = fz2 = 0ɼfy2 = 2bcɼfxy = acɼfxz = adɼfyz = bdɽ3֊ภಋؔ਺͸͢΂ͯ 0ɽ

໰୊ 3 f ͷ 1 ֊ภಋؔ਺͸ fx = −yfɼfy = −xfɼ2 ֊ภಋؔ਺͸ fx2 = y2fɼfxy = −(1 − xy)fɼ

fy2 = x2fɼ3֊ภಋؔ਺͸ fx3 = −y3fɼfx2y = y(2− xy)fɼfxy2 = x(2− xy)fɼfy3 = −x3f ΑΓɼf ͷ

఺ (a, b)ͰͷςΠϥʔల։

f(x, y) = f(a, b) + fx(a, b)(x− a) + fy(a, b)(y − b)

+
fx2(a, b)

2
(x− a)2 + fxy(a, b)(x− a)(y − b) +

fy2(a, b)

2
(y − b)2

+
fx3(a, b)

6
(x− a)3 +

fx2y(a, b)

2
(x− a)2(y − b) +

fxy2(a, b)

2
(x− a)(y − b)2 +

fy3(a, b)

2
(y − b)3 + · · ·

͸ (a) (a, b) = (1, 1)ͷͱ͖

f(x, y) = 1− (x− 1)− (y − 1) +
(x− 1)2

2
+

(y − 1)2

2

− (x− 1)3

6
+

(x− 1)2(y − 1)

2
+

(x− 1)(y − 1)2

2
− (y − 1)3

6
+ · · · .

(b) (a, b) = (2, 1
2 )ͷͱ͖

f(x, y) = 1− (x− 2)

2
− 2(y − 1

2 ) +
(x− 2)2

8
+ 2(y − 1

2 )
2

− (x− 2)3

48
+

(x− 2)2(y − 1
2 )

4
+ (x− 2)(y − 1

2 )
2 −

4(y − 1
2 )

3

3
+ · · · .



໰୊ 4 ؔ਺ f(x, y) = x2 − 2xy + y3 Λ͑ߟΔɽ

(a) fx = 2x − 2yɼfy = −2x + 3y2 ΑΓ fx = fy = 0 Λຬͨ͢ f ͷఀཹ఺͸ (x, y) = (0, 0) ͓Αͼ ( 23 ,
2
3 )

ͷ 2఺ɽ

(b) fx2 = 2ɼfy2 = 6yɼfxy = −2ΑΓ f ͷϔοηྻߦ͸

Hf =

(
2 −2
−2 6y

)
.

(c) ఀཹ఺ (0, 0)ʹ͓͚Δϔοηྻߦ

Hf (0, 0) =

(
2 −2
−2 0

)

͸ detHf (0, 0) = −4 < 0ΑΓਖ਼ෛ྆ํͷݻ༗஋Λͭ࣋ɽैͬͯ (0, 0)͸ f ͷҌ఺Ͱ͋Δɽ·ͨఀ఺ཹ ( 23 ,
2
3 )

ʹ͓͚Δϔοηྻߦ

Hf (
2
3 ,

2
3 ) =

(
2 −2
−2 4

)

͸ detHf (
2
3 ,

2
3 ) = 4 > 0͔ͭ trHf (

2
3 ,

2
3 ) = 6 > 0ΑΓ 2ͭͷਖ਼ͷݻ༗஋Λͭ࣋ɽैͬͯ ( 23 ,

2
3 )͸ f ͷਅͷ

খ఺Ͱ͋ΔɽʢผղɿHfۃ (
2
3 ,

2
3 )ͷट࠲খࣜྻߦ͸࣍਺ͷখ͍͞ॱʹ 2 > 0ɼ4 > 0ͳͷͰHf (

2
3 ,

2
3 )͸ਖ਼ͷݻ

༗஋ͷΈΛͭ࣋ɽैͬͯ ( 23 ,
2
3 )͸ f ͷਅͷۃখ఺Ͱ͋Δɽʣ

໰୊ 5 g(x, y) = x2 + y2 − 1ͱ͓͘ɽfx = yɼfy = x͓Αͼ gx = 2xɼgy = 2yΑΓɼ੍໿৚݅ x2 + y2 = 1

͢ͳΘͪ g = 0ͷԼͰͷ f ͷۃ஋఺͸࿈ཱํఔࣜ fx = λgxɼfy = λgyɼg = 0͢ͳΘͪ

y = 2λx, x = 2λy, x2 + y2 = 1

ͷղͷதʹ͋Δɽୈ 1ࣜͱୈ 2ࣜΑΓ y
x = 2λ = x

yɽಛʹ x2 = y2ɽ͜Εͱୈ 3ࣜΑΓ x2 = y2 = 1
2 ͢ͳΘ

ͪ (x, y) = ( 1√
2
, 1√

2
), ( 1√

2
,− 1√

2
), (− 1√

2
, 1√

2
), (− 1√

2
,− 1√

2
)ɽ͜ͷ 4఺͕ۃ஋఺ͷީิͰ͋Δɽ


