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1. (10©) ¦òþ�ü �N�þ�²¡��/N�"

2. (10©) ¦�§ z4 − 5z + 1 = 0 3ü �S±9�� {z ∈ C : 1 < |z| < 2} S���ê"

3. (20©) O�±eÈ©"

(1)
∫
|z|=2

dz
z2+2 .

(2)
∫ +∞
0

cosmx
1+x2 dx (m > 0).

4. (20©) � f(z) ´�¼ê§�

lim
r→+∞

M(r)

rn
< +∞,

Ù¥ M(r) = max|z|=r |f(z)|"y² f(z) ´gêØ�L n �õ�ª"

5. (15©) � f(z) ´ü � D �g��)Û¼ê"-µ

[z, w] =
z − w
1− w̄z

, f∗(z, w) =
[f(z), f(w)]

[z, w]
, z, w ∈ D.

y²µ|f∗(z, w)| ≤ 1§�Ò¤á��=� f(z) ´ D þ��/N�"

6. (15©) � f(z) 3 |z| ≤ R þ)Û§� |f(z)| ≤M§f(0) 6= 0"y²� |z| ≤ R
3 �§f(z) �":�êØ

�L
1

ln2
ln

M

|f(0)|
.
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1. (15©) ®�ÿÀ�m�m���ëYN� f : X → Y . y²

i) XJ X ;�§Kf�m f(X) ⊆ Y ;�¶

ii) XJ X ëÏ§Kf�m f(X) ⊆ Y ëÏ.

2. (15©) éuÿÀ�m X. �Äé�N�

∆ : X → X ×X, ∆(x) = (x, x), x ∈ X.

y² X ÷v1�©l5ún�¿�^�´, f�m ∆(X) ⊂ X ×X ´4f�m"

3. (15©) � M ´Mobius�, D ´ 2 �4��"

i) ò M ÷§�¥�}m, ���o­¡º

ii) ò M �>. ∂M = S1 � D �>. ∂D = S1 ^�± S1 �ðÓ

N�Ê�§���o­¡º

iii) ÊÜ�m M/∂M Ó�u=��mº

4. (15©) xÑ�¡ T = S1 × S1, �ÑT­¡�Ä�+§¿I²Ù)¤�"

5. (15©) �Ñü��mÓÔ�d�½Â"y²ÓÔ�d�ü��mäkÓ��ÓN+"

6. (15©) y² Brouwer ØÄ:½nµéu n �4¥N Dn ���ëYgN� f : Dn → Dn, �

§ f(x) = x, x ∈ Dn, �3��)"
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1. (20©) b� µ ´ X þ��ÿÝ, f : X → [0,∞] ´�ÿ�,
∫
X
f dµ = c, Ù¥ 0 < c <∞, α ´��~

ê. y²:

lim
n→∞

∫
X

n log[1 + (f/n)α] dµ =


∞ e 0 < α < 1,

c e α = 1,

0 e 1 < α <∞.

2. (20©) � f ´ X þ�E�ÿ¼ê, µ ´ X þ��ÿÝ. b½ ‖f‖∞ > 0, �é,� r <∞, ‖f‖r <∞
¤á. y²: � p→∞ �,

‖f‖p → ‖f‖∞.

3. (15©) y²: 3F�ËA�m H ¥, z����4à8 E Ñ�¹�����äk���ê���.

4. (15©) b� f : I → R1 ´ AC �, I = [a, b], ½Â

F (x) = sup

N∑
i=1

|f(ti)− f(ti−1)| (a ≤ x ≤ b),
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Ù¥, þ(.�H¤k� N 9¤k÷v

a = t0 < t1 < · · · < tN = x

�S� {ti}, y²: f��C�¼ê F ,±9F + f , F − f þ� Iþ�4~�ýéëY¼ê.

5. (20©) � f ∈ L1([0,+∞)), a > 0, y²:∫ +∞

0

sinax

∫ +∞

0

f(y)e−xy dydx = a

∫ +∞

0

f(y)

a2 + y2
dy.

���êêê

1. (15©) � k = Fq � q �k��§ V � 4 � k-�5�m"¯Kµ V ��� k-f�mkõ��º

2. (15©) � G ���N�fNC�+ (=õk��±��N��mfN$Ä|¤�+)"Áy²µ G ∼=
S4§o��é¡+"¿�ÑT+3��Nþ��^û½� 3 �L«�A�I"

3. (20 ©) (1) �o´©�� (splitting field)º

(2) � p ��ê§ q � p ���§ k = Fp"K L ´ k þ Xq −X �©��§��=� L � q �k�

�"AO/§¤k q �k��Ó�"

4. (20©)Áy²µ�ê�þ���õ�ª�ê Z[X]��n��µ (1) (0)¶ (2) (p)§ (p��ê)¶ (3)

(f(X))§ (f(X) � Z[X] ¥�Ø��õ�ª)¶ (4) (p, f(X))§ ( p ��ê§ f(X) � p ��� Fp[X]

¥�Ø��õ�ª)"

5. (20 ©)� p ��ê§ G �k�+" P � G � Sylow p-f+" N = NG(P )"ùp§

NG(H) = {g ∈ G | gHg−1 = H}

K N = NG(N)"
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1. (15©) (1)�ä¥¡ r = r(u, v) = (a cosu cos v, a cosu sin v, a sinu), −π/2 < u < π/2, 0 < v < 2π U

Ä��²¡«�ïáå�åC�¿`²nd"

(2) y²pd­Ç K ≡ 0 �ëÏ4�­¡7�²¡��Ü©"

2. (25©) � a > 0, b 6= 0 �~ê"��­¡¡

r = r(u, v) = (a cosu, a sinu, bv),

0 < u < 2π, −∞ < v < +∞,

þ�­�

γ(t) = (a cos t, a sin t, bt), 0 < t < 2π.

(1) ¦­� γ �­ÇÚLÇ"

(2) �t0 ∈ (0, 2π). ¦­¡3 γ(t0) ?÷��þ γ′(t0) �{­Ç"

(3) �ä­� γ ´Ä�­¡þ�ÿ/�¿`²nd"
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3. (20©)3¥¡ r = r(u, v) = (a cosu cos v, a cosu sin v, a sinu), −π/2 < u < π/2, 0 ≤ v ≤ 2π þ§

�Ä�� C(v) := r(u0, v), 0 ≤ v ≤ 2π , ùp u0 ∈ (0, π/2). O�÷­� C Ùÿ/­Ç kg �È

©
∮
C
kgds .

4. (30©) � M ´ E3 ¥���K­¡¡§�±ëêz� r = r(u, v). K {ru, rv, n} �Ùg,Ie|§ù
p n �ü {�þ|"é?¿�: p ∈M§P

W : TpM → TpM

�Weingarten C�"

(1) �C� W ÷vµ

W

(
ru

rv

)
= A

(
ru

rv

)
.

¦Ý
A.£^1�!1�Ä�/ª�XêLÑ"¤

(2) y²eª¤áµ
D

dv

D

du
ru −

D

du

D

dv
ru = K · |ru ∧ rv| · Rπ

2
(ru),

ùp D
du ,

D
dv ´¦�C�ê§ K ´pd­Ç§Rπ

2
(ru)´ò ru _��^=

π
2 ¤���þ§�=

Rπ
2

(ru) = |ru| ·
(rv)

⊥

|(rv)⊥|
,

Ù¥

(rv)
⊥ := rv −

〈
rv,

ru
|ru|

〉
· ru
|ru|

.
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1. (10©) ,�kN �¬W§z<�k�|l§ù
l	/����§3�g�m;:8Ü¥§ez<�

Å��r�|l§¯��k��<<�gC�l�VÇ.

2. (10©) �Ω = {r ∈ Q : r ∈ [0, 1]} �[0, 1] þ�knê8, A �Ùþ�ê, Ù¥z�8ÜÑ´k��pØ

���Xe/ª�8ÜA �¿:{r : a < r < b}, {r : a ≤ r < b}, {r : a < r ≤ b}, {r : a ≤ r ≤ b}, 0 ≤
a ≤ b ≤ 1, �XJB =

n∑
i=1

Ai �Xþ/ª8ÜAi �k�Ø�¿§KP (B) =
n∑
i=1

(bi − ai), Ù¥ai, bi ©

O�8ÜAi ��mà:, y²8¼êP (A), A ∈ A ´A þ�k��\8¼ê§�Ø´�ê�\�.

3. (15©) -

φ(x) =
1√
2π
e−

x2

2 , −∞ < x <∞,

g(x) =

cos(x), |x| < π

0, |x| ≥ π
,

p(x, y) = φ(x)φ(y) +
1

2π
e−π

2

g(x)g(y), −∞ < x, y <∞,

K'up(x, y) Áy²µ(1)´��VÇ�Ý¼ê, (2)>S©ÙÑ´��©Ù, (3)�'Xê�0, (4)ü�

>S©ÙØÕá, (5)Ø´�����Ý¼ê.
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4. (15©) eξ1, ξ2, · · · , ξn ���Õá�ÅCþ, Ñl�Ó©Ù, �Ý¼ê�p(x), ÁO�k ≤ n �:

E

(
ξ1 + ξ2 + · · ·+ ξk
ξ1 + ξ2 + · · ·+ ξn

)
.

5. (15©) �kk «ØÓ�`¨ , zgÂ8�1i «`¨ �VÇ�pi,
k∑
i=1

pi = 1, �zgÂ8�m´�

pÕá�. e�Â8
n Ü`¨ , @o`¨ �«a�Ï"´õ�º(=¦Â8�n Ü`¨ �, ��

´1Ü�`¨ «aê�Ï")

6. (15©) ¡�ÅL§{Nt, t ∈ R+}�rÝ�λ�PoissonL§(;�mëY), eP (N0 = 0) = 1, {Nt, t ∈
R+}�ÕáOþL§, �∀s < t, Nt −NsÑlþ��λ(t − s)�Poisson©Ù. ±WrPÙ1r �a�u)

���, ½=¯�{Wr ≤ t} u)L²1r �a�Ñy����u�ut, l
{Wr ≤ t} = {Nt ≥ r}. ¦
�ÅCþWr �©Ù¼êF (t) = P (Wr ≤ t) 9VÇ�Ý¼êp(t).

7. (10©) �,«���Æ·(ü :U)´���ÅCþ,Ù�Ý¼ê:

f(x) = 2x, 0 < x < 1.

��������, á=^#���O�.^Xi L«1i ����Æ·, Sn =
n∑
i=1

XiL«1n ����

����, ��Çr ½ÂXe:

r = lim
n→∞

n

Sn
.

b��ÅCþ{Xi, i ≥ 1} �pÕá, ¦Ñ��Çr.
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