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1. £30©§z�K6©¤e¡�`{´Ä�(ºÃIy²"

(i) 8Ü{(X, Y, Z) ∈ C3 : XY eZ = 0}´�����ê8"
(ii) �X = V (I)ÚY = V (J)´Cn¥�ü�4�êf8§Ù¥I, J´n�õ�
ª�C[X1, · · · , Xn]¥�ü�n�"eX ⊂ Y§KI ⊃ J"

(iii) �X´���êq§Y´X�ýfq§KdimY < dimX"
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(iv) �X, Y´ü���q§φ : X → Y´����"eφ∗ : Γ(Y )→ Γ(X)´V
�§Kφ´��Ó�"

(v) �X, Y´ü�1��Kq§φ : X → Y´���~���§Kφ´��k
���"

)µ

(i) �("d8ÜÒ´V (XY ) ⊂ C3§Ï�eZðØ�0"

(ii) �Ø"'XI = (X2
1 ), J = (X1)§KX = Y§�I 6⊇ J"

(iii) �Ø"XJY´X¥���m8§KdimY = dimX"XJY´X¥�ý
4fq§KdimY < dimX"

(iv) �("ù´��K"

(v) �("Ï�φ´�~��§§�z��n�Ñ´X�ý4f8§
X´1��§l§z��n�Ñ´k�:8"

µ©IOµz�K6©§�Y�(��6©§Ø�(��0©"
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2. £10©¤�X, Y´C2¥�ü^�§

X = V (y − x2), Y = V (xy − 1),

Ù¥x, y´C2þ����I"y²µX�YØÓ�"

y²µX, YÑ´��q§§���I��

Γ(X) = C[x, y]/(y − x2) ∼= C[x], Γ(Y ) = C[x, y]/(xy − 1) ∼= C[x, x−1].

X�YÓ�⇐⇒ Γ(X)�Γ(Y )��C-�êÓ�"

�C[x]�C[x, x−1]Ø�UC-�êÓ�"ù´Ï�C[x]�ü �8Ü�C§
C[x, x−1]�ü �8Ü�C ∪ {xn : n ∈ Z}"
,	§��±¦^Ù§�{y²§'Xµy²X�CÓ�§Y�C∗Ó�§,�
`²C�C∗ØÓ�"
XÛy²C�C∗ØÓ�? �±�þ¡@�¦^�I�Øy§��±¦^ÿÀ
�{µXJC�C∗Ó�§@o§�3²;ÿÀeA´Ó��§,§3²;
ÿÀeC´üëÏ�§C∗Ø´üëÏ�§lC�C∗ØÓ�"
µ©IOµU
r¯K�z�Γ(X)�Γ(Y )½öC�C∗ØÓ��¯K§
�8©"UäNy²Γ(X)�Γ(Y )½öC�C∗ØÓ��§L§�(�2�2©§
L§Ø�(�2�1©"�`²Γ(X)�Γ(Y )½öC�C∗ØÓ�§���äN
Øy�§o©�8©"
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3. �X = V (x2 − yz, xz − xw)´P3¥��K8§Ù¥[x : y : z : w]´P3þ�àg
�I"

(i) £15©¤¦X�Ø��©)"

(ii) £5©¤¦dimX"

(iii) £10©¤¦Sing(X)"

)µU½Â§·�k

X = V (x2 − yz, xz − xw)

= V (x2 − yz, x(z − w))

= V (x2 − yz, x) ∪ V (x2 − yz, z − w)

= V (yz, x) ∪ V (x2 − yz, z − w)

= V (x, y) ∪ V (x, z) ∪ V (x2 − yz, z − w).

P

X1 = V (x, y) ∼= P1, X1 = V (x, z) ∼= P1, X3 = V (x2 − yz, z − w).

w,X1, X2Ñ´Ø����´1w�"e¡y²X3
∼= P1§lX3�´1wØ

���"

¢Sþ§�ÄX ′3 = V (x2 − yz) ⊂ P2§±9��

φ′ : X ′3 → X3, [x, y, z] 7→ [x, y, z, z].

Kφ′´Ó�§Ù_���

(φ′)−1 : X3 → X ′3, [x, y, z, w]→ [x, y, z].

2�Ä��
φ′′ : P1 → X ′3, [s, t] 7→ [st, s2, t2].

Kφ′′�´Ó�§Ù_���

(φ′′)−1 : X ′3 → P1

(φ′′)−1([x, y, z]) =

{
[y, x], ey 6= 0;

[x, z], ez 6= 0.

w,§X1, X2, X3üüpØ�¹"Ïd§k

(i) X�Ø��©)�

X = V (x, y) ∪ V (x, z) ∪ V (x2 − yz, z − w).

(ii) dimX = 1"

(iii) duX1, X2, X3Ñ´1w�§¤±§
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Sing(X) = (X1 ∩X2) ∪ (X1 ∩X3) ∪ (X2 ∩X3)

= {[0, 0, 0, 1]} ∪ {[0, 0, 1, 1]} ∪ {[0, 1, 0, 0]}
= {[0, 0, 0, 1], [0, 0, 1, 1], [0, 1, 0, 0]}.

µ©IOµ

(i) 3�Ø��©|§z�5©"éz�Ø��©|§U�Ñ'�[!§(J
�(��5©¶(J�(§�[!k²w�Ø�§�3-4©¶��Ñ�(
(J§vk[!�§�2©"

(ii) dK5©"(J�(��5©§(J�Ø��0©"�(J�(L§AO
�¸�§�2©"

(iii) U�ÑSing(X)´ØÓëÏ©|�8�¿�§�5©"Sing(X)�äN(
JÓ5©§(J���(��5©§(JØ���(�£�)µ�k��
:�(�§ü�:�(�¶�Ñn��(�:§���ÑÙ§:�¤
�2©¶(J���(§�L§k²w�Ø�§�4©"
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4. �X´���êq§U, V´X¥�ü���m8"

(i) £10©¤y²µU ∩ V´X¥���m8"
(ii) £10©¤�iU : U ∩ V → U§iV : U ∩ V → V´ü�g,i\"y
²µi = (iU , iV ) : U ∩ V → U × V´��4i\"

(iii) £10©¤y²µeU, VÑ´X¥���m8§KU ∩ V�´X¥���m
8"

y²µ

(i) Äk§U ∩ V´X¥�m8¶
Ùg§U ∩ V 6= ∅"¢Sþ§eU ∩ V = ∅§KX = (X \ U) ∪ (X \ V )"d
uU, VÑ´��m8§X \ U,X \ VÑ´X�ý4f8"ù�X�Ø��5
�gñ�

(ii) �∆X ⊂ X ×X´X ×X¥�é��§=

∆X = {(x, x) ∈ X ×X : x ∈ X}.

K�,(Ø�§∆X´X ×X¥�48§¿�i(U ∩ V ) = (U × V ) ∩∆X"

-W = i(U ∩ V )§KW´U × V¥�48"
-p1 : U × V → U´'u1��©þ�ÝK"Kp1(W ) = U ∩ V"dui, pÑ
´��§i : U ∩ V → W´��Ó�"

d£i¤�§U ∩ V´X¥���m8§l§§´Ø���§�W´U ∩
V¥�4fq§¿�i : U ∩ V → W±9p1 : W → U ∩ V´p_���"
u´§i : U ∩ V → U × V´U ∩ V�U × V�4fqþ�i\§l§i´�
�4i\"

(iii) Äk§d£i¤�§U ∩ V´X¥���m8§�Iy²U ∩ VÓ�u���
�q"

5¿�§XJU, VÑ´��q§d�,(J�§U × V�´����q"
d£ii¤±9U ∩ V�Ø��5�§U ∩ VÓ�uU × V¥���4fq§l
§U ∩ VÓ�u����q"

µ©IOµ

(i) Ø%:3uX�Ø��5"�Y¥kdØ%:�L§Ã�"��§
�10©¶ÃdØ%:�§�0-4©"kdØ%:§�"�'�[!�§
�9©"

(ii) Ø%:3uU ∩ V = (U × V ) ∩∆X"�Y¥kdØ%:�L§Ã�"�
�§�10©¶ÃdØ%:�§�0-4©"y²i´4���§�õ�5©"y
²i´i\+4���§�õ�5©"

(iii) Ø%:3uU ∩ VÓ�u����q"�Y¥kdØ%:�L§Ã�"�
�§�10©¶ÃdØ%:�§�0-4©"y²U ∩ Vþk���I�§�õ
�2©"
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