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Ø1�K�	, ¤kK8�)��¦ä��[�ØnL§.

¯K� (12©) ^ε−N½öε−δ�ó­#QãXe·K.

1a. ¢ê�{xn}´Cauchy�.

1b. ½Â3[0, 1]þ�¢�¼êf��ëY.

¯K� (12©)�U´n�î¼�mRn¥�k.mf8, ∂U´U�>.8Ü,¿�K⊂U´Rn�;

�f8. y²: ∂UØ´�8, ¿�d
(
K, ∂U

)
:= inf {|x−y| : x ∈ K, y ∈ ∂U}> 0.

¯Kn (10©) �f´¢��Rþ�2π±Ï¼ê, f3[−π, π]þiù�È, �x0 ∈ [−π, π]. y²: X

Jf 3x0?ëY, @olimN→∞ σN f(x0) = f(x0), Ù¥σN f(x)´f(x)�Fej�er Ø

KN(x) =
1

2(N+1)

(
sin N+1

2 x

sin x
2

)2

�±ÏòÈ.

¯Ko (14©) �〈· , ·〉�n�î¼�mRnþ�î¼SÈ, �½x ′,y ′ ∈ Rn, t ′ ∈ R.

4A�φ(x,y,t) =
(
x+x ′, y+y ′, t+t ′+〈x, y ′〉−〈x ′ , y〉

)
,Ù¥x,y∈Rn, t∈R. y²φ�(2n+1)�

î¼�mR2n+1�g��C1ëêC�.

4B �f´R2n+1þäk;�|8�ëY¼ê. y²∫
R2n+1

f
(
φ(x,y,t)

)
dxdydt=

∫
R2n+1

f(x,y,t)dxdydt.

¯KÊ (10©) �f�g�¢��Rþ�C1¢�¼ê, f(1) = g(1) = 0, ¿�
(
f ′(1)

)2 6= (g ′(1))2. ½
ÂN�

F : R3→ R2, (x,y,z) 7→ (f(xy)+g(yz) , f(yz)+g(xy)).
y²: F(x,y,z) = 03:(1,1,1)NCk)(y,z) =

(
y(x), z(x)

)
.



¯K8 (14©) �D = (0, 1)× (0, 1), ¡P = (x, y) ∈D�kn:, XJ§�ü��Ix, yÑ´kn

ê. d�·�^Q�©êL«kn:P ∈D��IP =
(
p
q ,

p ′

q ′

)
, Ù¥(p, q) = (p ′ , q ′) = 1. Xe½

Âiù¼êf:

� �P =
(
p
q ,

p ′

q ′

)
�Q�©êL«�kn:��ÿ, ½Âf(P) = 1

qq ′ ;

� �PØ´kn:�, ½Âf(P) = 0.

y²: f3�kn:?ëY, ¿�
∫∫

D f(x,y)dxdy= 0.

¯KÔ (14©)�T =
{
(x,y,z) ∈ R3 |ϕ(x,y,z) :=

(
x2+y2+z2+R2− r2

)2
−4R2

(
x2+y2

)
= 0
}
,Ù

¥R > r > 0�~ê.

7A y²T�R3¥�C1­¡.

7B y²½Â3Tþ�¼êf(x,y,z) = x2+y2+z2U�����, ¿¦ÑT�.

¯Kl (14©) �{fn}´k�4«m[a, b]þ�iù�È¼ê�, �{fn}��Âñuf.

8A y²ê�an =
∫b
a fn(x)dxÂñ, �Ù4��a.

8B y²f3[a, b]þiù�È¿�
∫b
a f(x)dx= a.



ë�)�

1. z¯�ì0,3,6©n��©.

2. b�∂U��8. duU�k.8Ü, @oInt(Uc)7½Ø´�8. duU�m8¿�∂U�, @

oRn�±�¤ü���Ø�m8�¿: Rn = Ut Int(Uc). ù�Rn�´ëÏl
ëÏ�gñ.

(6©)

duUk., ∂U�k.4f8,l
;�.©O�K�∂Uþ�:�xn�yn¦�|xn−yn|→d(K, ∂U).
duK�∂UÑ;�,ÏL�ügf��ö�,Ø��xn→ x0 ∈K, yn→ y0 ∈ ∂U. dux0 ∈K⊂U,
l
x0 /∈ ∂U, x0 6= y0. dn�Ø�ª�|x−y|3Rn×Rn þëY, l
d(K, ∂U) = |x0−y0| > 0.

(6©)

3. ù´����K.

4A. ØJwÑφ−1(x,y,t) =
(
x−x ′, y−y ′, t− t ′+ 〈x ′ , y〉− 〈x, y ′〉, ¿�ÏLäNO�φ�φ−1�

Jacobian Ý
�§�ÑáuC1. (6©)

4B. duφ� Jacobian Ïfð�u�2|^È©��úªB�y. (8©)

5. d^��F= (F1, F2) ∈ C1, F(1,1,1) = 0, ¿�3:(1,1,1)?

det

∂F1/∂y ∂F1/∂z

∂F2/∂y ∂F2/∂z

=
(
f ′(1)

)2
−
(
g ′(1)

)2 6= 0,
dÛN�½n�y.

6. 1�¯´����K�C/(6©), 1�¯´��~K(8©).



7A. ÄkN´¦Ñϕ'ux,y,z��� �ê©O�

ϕx= 4x
(
x2+y2+z2−R2−r2

)
, ϕy= 4y

(
x2+y2+z2−R2−r2

)
, ϕz= 4z

(
x2+y2+z2+R2−r2

)
,

l
ϕ ∈ C1. (Ü�§ϕ(x,y,z) = 0?1©�¹?Ø, ØJ��FÝ�þ∇ϕ3Tþz:ÑðØ�

", l
T�R3 ¥���C1­¡. (6©)

7B.ÄkduT´C1¼êϕ�":8Ü,l
�48. ,��¡,ØJwÑTþz:��:�ål

ÑØ�L2R, l
T�;�8Ü. ¤±aqu1�K�y², 7½�3:P = (x,y,z) ∈ T¦�

f(P) = the square of the distance between P and O= (0,0,0)

�����. (4©) |^ùÂ¥���SK��þ(x,y,z)�½�∇ϕ(x,y,z)¤'~, l
��z =

0�
(
x2+y2+R2− r2

)2
= 4R2(x2+y2). ¤±f3Tþ�����ux2+y2 = (R+ r)2. (4 ©)

5¿: T´�¡.

8A.|^fn�iùÚ±9fn��Âñ� Cauchy OK,ØJy²an� Cauchy �,l
Âñ,�

ÙÂñ�a(6©)

8B. |^n�Ø�ª, f�iùÚ�a���ýé��±�Xen��Ú��:

� f�iùÚ�fn�iùÚ���ýé�,

� fn�iùÚ�an�iùÚ���ýé�,

� |an−a|.

�y. (8©)
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Ø1�K�	, ¤kK8�)��¦ä��[�ØnL§.

¯K� (12©) ^ε−N½öε−δ�ó­#QãXe·K.

1a. ½Â3¢��R�f8Dþ�¢�¼êf :D→ R3x0 ∈D?ëY.

1b. ½Â3[0, 1]þ�¢�¼ê�{fn}��Âñ.

¯K� (12©) �K´n�î¼�mRn�;�8Ü, ¿�K¥z�:Ñ´�á:, i.e. éu?¿x ∈
K, �3±x�%�m¥B, ¦�B∩K= {x}. y²: K´k�8Ü.

¯Kn (10©)�f´¢��Rþ�2π±ÏëY¼ê. y²: σN f��Âñuf,Ù¥σN f(x)´f(x)�Fej�er

Ø

KN(x) =
1

2(N+1)

(
sin N+1

2 x

sin x
2

)2

�±ÏòÈ.

¯Ko (14©) �〈· , ·〉�n�î¼�mRnþ�î¼SÈ, �½x ′,y ′ ∈ Rn, t ′ ∈ R.

4A�ψ(x,y,t) =
(
x−x ′, y−y ′, t−t ′+〈x ′ , y〉−〈x, y ′〉

)
,Ù¥x,y∈Rn, t∈R. y²ψ�(2n+1)�

î¼�mR2n+1�g��C1ëêC�.

4B �f´R2n+1þäk;�|8�ëY¼ê. y²∫
R2n+1

f
(
ψ(x,y,t)

)
dxdydt=

∫
R2n+1

f(x,y,t)dxdydt.

¯KÊ (10©) �f�g�¢��Rþ�C1¢�¼ê, f(1) = g(1), ¿�
(
f ′(1)

)2 6= (g ′(1))2. ½ÂN
�

F : R3→ R2, (x,y,z) 7→ (f(xy)−g(yz) , f(yz)−g(xy)).
y²: F(x,y,z) = 03:(1,1,1)NCk)(y,z) =

(
y(x), z(x)

)
.



¯K8 (14©) òk�4«m[a, b]þ�¢�ëY¼ê�NP�C[a, b].

� y²‖f‖1 :=
∫b
a |f(x)|dx�C[a, b]þ��ê.

� y²D��m
(
C[a, b], ‖ · ‖1

)
Ø��.

¯KÔ (14©) �E=
{
(x,y,z) ∈ R3 |ϕ(x,y,z) := x2

a2 +
y2

b2 +
z2

b2 = 1
}
, Ù¥a > b > 0�~ê.

7A y²T�R3¥�C1­¡.

7B y²½Â3Eþ�¼êf(x,y,z) = x2+y2+z2U�����, ¿¦ÑT�.

¯Kl (14©) �{fn}´R2þ� Jordan �ÿ8ÜDþ�iù�È¼ê�, �{fn}3Dþ��Âñ

uf.

8A y²ê�an :=
∫∫

D fn(x,y)dxdyÂñ, �Ù4��a.

8B y²f3Dþiù�È¿�
∫∫

D f(x,y)dxdy= a.


