1 Varieties

1.7 Intersections in Projective Space
1.7.1

(a) Exercise 2.122°5 S(Y) = k[yo,- - ,yn]/a, a =ker6,0:y; — M; TH 5,
£oT,

S(Y)e=Eyo, - ynle/ae = 0(k[yo, -+ ,ynle) = klxo, -~ s &n]ae
L%, mBEOERIZ, dREFARLERNE M,;,i=0,--- N DEZHEHATEE S 2
itk B, o T,

. n+dl
oy (l) = dimy k[zo, -+, Tp)ar = n1Ha = ( " >

5D T,
n+dz

n

Ps(vy(2) = ( ) = (dz)"/n! + -

DIRRRENZE D5 degY = d" o5,

(b) Exercise 2.14 225 S(Y) = k[{z;;}]/a, a =ker0,0 : z;; — z;y; TH 5,
S(Y)e = kl[{zi}e/ae = 0(k[{zi;}]e) = Klzo, -+ xrleklyo, -+, ysle
£0

. r+10\[(s+1
vy (0) = dimy k[zo, - - - 2 )ek[yo, -+ Ysle = v Hy - s Hyp = < . )( . )

L2 5DT,

r r

Paont@) = (TT) (TFT) =t )t =

DIRRIBURED S degY = (r+s)l/(rls!) = (1) MF SN 5,

1.7.2
(a) Proposition 7.6(c) DFEHD S Ppn(2) = (*1") DT,

n

P = (-1 (Pen(0) = 1) = (1) = ) =0

n

TH5,



(c) Proposition 7.6(d) DAEIIZH 2 & H12. Py(z) = (*1") — (74" no T,
Pr(0)=1— ("N 25,

pan = (" = () = (57)

&b, BB, ZNUId<nDEZ0OTH S,

(b) (c) DEEFICn =2 ZRAT UL
9 ofd—1
Pa(P) = (=17, ) =(d-1)(d-2)/2
»Rons,
(d) Y I complete intersection 2D T, I(Y) = (f,9) £»F %, r=dimY =
l,a=deg f,b=degg,n=3TH 20, BEHENIPL f g 3B 2PN HEAE LT
fwv, otz
0 S(—a—b) % S(—a)®S(~b) % 5= S/(f,9) =0

@ :h= (gh,—fh), ¥ : (h1,h2) = (fh1 + gh2)
R RRINE %D, ZOAHIZIZEALEHHTSH 273, Imp D keryp DART,
(hl,hg) S kerw D B fhl +gh2 =0= fhl = —ghg TH 5 D3, f,g 6:1:5'3733
LIS R D T, hi=h/g=—ho/f EBI D, H5T, hy = gh,hy = —hf
226 p(h) = (gh,—fh) = (hy,ho) DMF5N 5,
LR RYD 5
Py(z) — Ppn(2) + (Ppn(z —a) + Ppn(2 — b)) — Ppn(z —a—b) =0

BESILDE DT,

pAY)z(3;a>+<3;b>—<3_g_b)=;aua+b—®+4

&5,

(e) S(YV)a®kS(Z2)g~S(Y x Z)g AT (Exercise 3.15(b) IZXfJit),
S(Y)ax8(Z)a— S(Y x Z)a, (f,9) = fg

1% well-define T& H WL GG %5 DT, BEHEFAIG 4

0 S(V)a®S(Z)a— SV x Z)a, ST 05— Y Fuge
£ 4

HIEFETE 5 ([1], Proposition 2.12),



S(Y x Z)q DTelE d RAXRLHEX f({2:;}) Z#HOT f({zy;}) =, 90he T
LHzetnd, 22T, g(@), he(y) 12 dRXRFEREGERTH 5, £oT. Y, 5,@he
f{ziy;}) THH. o 3ZEHTH 2,

O TH 2 2 EERT, S(Z)q 3 kMMEERDTIE (R} BEFEL. S(Y)a®
S(Z)d DYINES Zege ®E@ EDT B,

— Iz

f(:cvy) EI(XXY)déf(Pay) GI(Y)d,PEXéf(P,ﬂ):OIH S(Y)d

Th b,

EoT 0290 ® ha) =/&M =0,F3E. Y, 9h € 1Y xZ) =
> 9e(PYhe(§) = Tpge(P)hely) = 0,P € Y TH 2, {he}y BIRKZHOT,
g(P) =0 = go(z) € I(Y) = go(x) =0 &0, Y, go(x) @ he(y) = 0 D3K
RYAE BRI

ST, —MIC M, N % E-I#EE T % & dimg M ®;, N = dimp M x dimg N %
D 7o, B, [1], equation (1), p.28 £ D

(M ® N)* = Hom(M ® N, k) ~ Hom(M,Hom(N, k)) = Hom(M, N*)
WAL T ZDT, dimM N =dimM -dim N TH 3,
fit> T,

L2 5,
PLEIRED 0srxz) () = osv)(0) - sz) () &2

Pyyxz(z) = Py(z) - Pz(2)

BRSNS, deg Py (2)- Pz(2) = deg Py (2) +deg Pz(2) =1+ s DT, p,(Y X
Z) = (1) (Pyag(0) — 1) = (—1)5(Py(0)P2(0) — 1) £ %%, §E>C.
Py(0) = (1) pa(Y) 4 1 5 £,

Pa(Y X Z) = pa(Y)pa(Z) + (=1)°pa(Y) + (—=1)"pa(Z)
D RYAC RN

1.7.3

PecY DayBaNHEEL>7ELT, PeclUy~A? LT3, P=(0,0)
L CX\>, P 2%nonsingular Z2 DT f DRAERENTZ 1 TH D, 28D 1 KA
BS b f(xay) :ay+f2(x’y)vdegf2 >2 LB %,

g(x) = f(2,0) £F 5L g(x) = a™(@ —a1)---(x —ar), a; # 0, m =
degg(z) > 2 EDF, Opar IZBWT z — a; FHILEDT (g) = (2™) TH
B, COEE Lp=Z(y) LT 5L

e

[

(Lp-Y)p =dimg Opaz/(y, f) = dimy Op a1 /(g) = dimy, Op a1 /(z™) =m > 2



THb,

Lp YA line LI LTI (L-Y)p = pp(Y) = 1 %D T (Exercise 5.4(b)
DFFAD 5 ), intersection multiplicity 232 AL &2 DI Lp DAL RN, 20
BTp(Y) TH2L,

)

128 T, Theorem 5.3 & D RegY & Y DIEZELEHLEA 72 D T variety TH D,
dimRegY =1 ¢7% %, ¢ & morphism TH 5%,

—# s X DIBERY 7 S IER G R OB »(X) EBEITH 5, FEEE, ¢(X) C
CiUCy = X C w_l(C’l U CQ) = w_l(Cl) U w_l(CQ) = X C w_l(Ci) =
Y(X) CYyp(Cy) CC; TH B,

> T, (RegY) ZERITH D, Y* = p(RegY) ZBEHIEAESTH 5,

of
8(E0

of

P’ 3x1

of

@:Rng—>(P2)*%PQ,PHLp:Tp(Y):< ,
P 8;32

ZILCBIL TE dimY* <1 TH->T, dimY* =0 &% 5DIFY D3 hyperplane
DEE, ZOLEIIRL I EZRT,

¢ : RegY — Y™ (F dominant morphism 2D T, ¢* : K(Y*) — K(RegY) T
H Y (Corollary 6.12), XABHR LN 5,

dim Y™ = transdeg;, K (Y*) < transdeg;, K (RegY) = dimRegY =1

dimY* =0 EREL &9, Y* IZBHIPIEA LD T p(RegY) = 3Q. 4D
Lo 3ERGHRTHD, L>TRegY ET

of of 9f\ _,_
<5x075£c178x2 _Q_(CO7CI7CQ) (1)
L7508, Regl =Y %#DOTY ETb EX (1) 3T 5, fE-T

of .

oz, G e(f),0<i<2

LB H, I f 3 hyperplane T WER D RAZ L 22\, T f 23 hyperplane
ZHHSPIZ dimY* =0 TH 5,

1.7.4

Y DR P = (ag, a1, a2) 2B ERE axo+Br1+vr0 = 0 1% aag+Bas+vaz =0
72T DT, (o, B,7) PESIZ P2 T1 RTHHIBAEATH 5, FFREMIIAR
fiil 72 DT (Theorem 5.3), FrEMZMELEMOEE V 213D (P2)* T 1 XIukH
E£HLED,

LZ 43 Exercise 5.10 @ Zariski tangent space (2% L > ([2], Theorem 4.5), AL, AKMD#
BRINEZRGIGIHTE 2, dimg Tp(Y) =1 &0, Tp(Y)* = (@), m/m2 =ap/(a% + (f)) =

(z,y)/((z,y)g,erfQ(/z,l)) = (2)y BDT[(x)p 1FXT PIVZER E L TOAERDEIL, ap 1& Theorem

py

5.1 DFEHTERE]. Tp(Y)* = (z)y &% 5 [hat 135EMiL]. Op 13%IH7% DT ([1], Theorem 11.22
BEHEDIX Y b)), Op — Op IZHEZH 5 ([1], Corollary 10.18). Tp(Y)* =m/m? TH 3,




B 7.3 & D dimY* <1%DT(Y*UV)C (PH* ThHhd, £oT

U:=([P)H*—(Y*uV)C (PH*-V)-Y

LY 2L U BIERHEATH S, TIT. Y I3 Regl D%, T74b 5 tangent
line DEATH 2,

PH* —VICEHEENLEMITZY EMTEIT % (Exercise 3.7(a)), LeU &
L.YPeYNL#A#2 T2, LIFVIZEENRVWILPSY OFRAZEDS
TR RN 22 DT, PIRIIERREATH S,

LgY kb, L% tangent line Tp(Y) T\, ZD & E, Exercise 5.4(b)
DFIEH» S 3022 X2 (L-Y)p = up(Y) TH 2, P c Y DIEREEZDT
ILLP(Y) =1 75)6\ (LY)p =1 }Lt}f%o

Exercise 5.4(c) & D

d=(L-Y)= > up(Y)= > 1=[YnIL

PeYNL PeYNL

i)§ﬁﬁ'3- %o

1.7.5

(a) Y =Z(f) L9 %, projective variety TP multiplicity ¥ P € Y; =Y NU;
& L7 affine 1@ multiplicity pp(Y) THA50%, 2D multiplicity 13 i (2K
L 72\ (Exercise 5.3 fFEHi/E), > T, Y % affine £ L f(z,y) = f(x,9,1)
i SEG

P=0,00€Y &35, Y=Z(f) L L7LZE, degf=dThHsb, bL. d
KFTR % T flz,y,2) ITBWVT, 2 =1 LTREDd EVES R ET S
EflZzTHODUNZDTHNTELS LS, Ko Tup(Y)<dTH52, TZ
Tup(Y)=d 55L& flz,y) T dXHARGHEAL %55, kITREWIEHE R DT,
d>1t95%¢

flz,y) = clarz — bry) - - - (agx — bay)

LHRBOMRTES, T2E FOARIE RSP, ZUd f I E WA 2 EITKT
%, £oT. pp(Y)#d &Y up(Y) <dThH 3,

(b) PDzBIDERLL. Y, =Y NU, TEZXS, COLE, 2=1%L1L
7 flz,y) BEERTH S, up(Y) =d—-1, T2, degf =d >1%DT f =
fic1+ fa, degf; =i DPEL TS, Y C Z(z) £9%5LdimY =1%D
Y=Z@x)=f=2 %50, Thlddegf>1I1CKT 23,

Y Z Z(x) 5%, R=Z(fa_1(1,1)) U Z(fa(1,1)) ZERELGTHH, Al -
R)Y — Z(x) BHIIEEFEE 2O THR & 4 5,

0: Y —Z@) 3 (r,y) »t=y/lzc Al £T2¢L t=y/la g RTH5, b
LteRERET D, (z,9) €Y 26 f(1,t) = fa1(1,t) + xfa(1,t) = 0 23K
ST, 2 #A0EtEe RS fu_1(1,t) =0, fa(1,t) =0 B SN D, fE>T,
fd(l,t),fdfl(l,t) BHERZRS, 2k a LT3 L fa—1, fa iﬁy —az Z i
RENCHR D Z L ICH 5D T, fla,y) DEERMEICKT 5,



> T,
0:Y —Z(x) > A' =R, (x,y) =t =vy/x

I% morphism T®H %,
—H. YA =Rt (z,y) = (—fa_1(1,t)/fa(1,t),tz) ETHELtEL R &
D, fa(1,t) #0, fa_1(1,8) 0 DT Y(t) € Z(x) TH B, HE>T,

VAN =R =Y —Z(@), t (2,y) = (= fa-1(1,0)/fa(1, 1), tz)

I% morphism & 7% %,
@w = idAl_R, ¢¢ = idy,z(z) 75§)3iﬁ‘3‘ 5DT,

YDOY -Zx)~A' —~RCA'CP!

X D Y % rational curve TH 3,

1.7.6
Algebraic set Y C P* OIS OfE%Z Y =Y, U--- Y, £ T3,

dimY; =---=dimY;,degY =1 Y = Z(3f1,---,3f)

%Y, %%, linear variety [ZBEKITH D (Exercise 2.11 DFEH), > THEERIZ
s=1TbH2,

RWIZ, Hyperplane DG (P y & Z DRBDHADKIGZFHRTE L,

p: Py —P": H=Z(f) (ao, - ,an), f(z)= Z a;T;

0<i<n

S DI EHSTH B,

Entl X7 PVERE AR LT, @ kT — PP o= gt~ R AR b
L%, PEPPICKHL, Pep Y (P)LT2E, Pla=0FP %o (P)D
EDILE LTHHLT 2D T (a-bldWE), P-a=0 Eild, flic, Pj,---, P!
TRONZEM < P, P>, dimy < P),--- ,P.>%EH P DLYHIZK
5BVDOTP OfRbhHicPEHVS,

X7 PVEBIZEWT A =< Py, ,Ps >IZNLTA* = {zjlz - P =
0,---,x-Ps=0}y £ T3¢, dimp A* =n+1—dimy A THY (3], 5 2 TE M
[5.5]). AC B= A* D B*, (A")*=ATdH%,

PeHs f(P)=p(H)-P=0%DT, H=p(p(H)*) ThH5,

Py, - P, DRGS0 L &, < Py, -+ Py >*=<by, - ,bp_g > EHET
KL, by=p(H) £32&, HiN---NHy, s=p(< p(Hy), -, p(Hp_s) >*) =
(< by, by >) = (< Po, oo, Py >%)) = p(< Po, -+, Py >) P61
%, [Py, P =@(< Py, ,Py>) EBL L,

[Py, -, P =3H;N---N3H,_,, dim[Py,--- ,Ps] = s (2)



&0, [Py, -, Ps] & linear variety ThH %, %%E, THUIRD X ) ITHET
Z5%,
I

S

T2 VIS L [V] = (V) I linear variety T D

\

[V} =dH;N---N Eandimk. V41, dlm[V} =dimgV -1

Pc[Py, - P& P €< Py, P> P3Py, -, P ICHIEIERE,

Py, -, Ps: BT & dim(Hy N - N H,_s) = s DIRDLD, ¥k
5 by, by DRIBINIME H = Z(f;) ELT (i, fi) B fiy © =
2,"',?’1—8%%%]«\ éf%CCtiHlﬁ-uﬁHi_lQHi, 222,,7’1—8%%%

T505TH 5,

(<)

Y = Z(f1, -, ft) T& f; 3HFRX 1 RXREHEAL T %, linear variety IZHEFY
“DTs=1THD, Y T pure dimension r ZHKDEWZ 3%, degy = 1%
BT 2INE TR T, t =1 DEEY = Z(f1) T fL ldZFR1RXA%DT,
dng =1THs, t—1 E QT AVAC IR k{&%?%o i1 = Z(fl, s 7ft—1) EEX
.Y =Y, 1nZ(f;) : BETH % (linear variety (3B, bLY, 1 C Z(f;) £ T
LY =Y, 1 BDT, WNEDEDS Y I linear variety TH 5, Y;_1  Z(f:)
ET 5L, RIFYIRNEDRKED S degY;—1 =1 T, Theorem 7.7 2> 5

i(Yi-1,Z(ft) :Y)degY =degV;—1-deg Z(f;) =1-1=1
XD, degY =1 ¢,% 5,

(=)
Y ICEROWHDH %,

Y>Py, -, PseY D[P, -, P (3)
CNZGEHT 21T, SIS Py, - - P IS8 L TR ZEEH T UL K W,
Y2P07"'7PS:>S§T7Y;)[POa"'7PS]

r BT 2 BEAR N TR T,

r=00DLE, Y BENABZDT, s =0, Y = {P} TH3, X(2) kD
dim[Py] =0 DT [Py =Py €Y TH 3,

r>108&E, BRITRLZL)IC [Py, Pl =HiN---NH,_s £%%
hyperplane H; FET 5, OB, By, -, P, & T{TEE D hyperplane H 12
WMLT, H =H ETELDT (by 1Z0ANAHITERS), Py, -, P, &0
=D hyperplane (& [Py, -+, P] 2 BTG I L3bn 5,

s>r ERETS, bLY € [Py, , P =HN---NH, , £35%&,
Y ¢ 3H; TH b, H .= H; £ LT, Py, ---,P, € Y N H DYFIRT 3R %
YNH=U;Z; £ %%, Theorem 7.7 2> 56351 5

> (YN H,Zj)deg Z; = degY - deg H = 1
J



WE2T YNH = Z1: Y. deg 2, = 1%28%, Z> Py,--+ ,P. TdimZ; =r—1
DT, EDIRED?»S r<r—1 %20, ZEd DERN,

ko>T. Y C [Py, ,P)=H N NH, , TH?DHH, RILDHIED S
(Exercise 1.10(d)). Y = [Py, - ,P,| £ %%, ZDOEE Y IZ Py € [Py, , P
ZIBITTE 2\,

oT, s<rThHs, Y [Py, ,P|=HnN---NH, , £32% &, HiLFkk
2 Theorem 7.7 WAL T, Z=YNH> Py, -+ ,P,, degZ =1,dimZ =r—1
21350, FNEDIRED S s<r—1,Y D Z D [Py, , P D 31D,

Y C[Py, - ,P] £T5E, RITDHDPE s=1r, Y =[Py, - ,P] £ 5,
DLk & 0 " (3) RS hre,

Y 3 3R icxtL, HE B) 25 Y D[R] TH2. Y D[R] = Y —[P] 3
3P =Y 2 [Py, 1| T, P ¢ [P] &0 Py, P 3RIBMNLCTH 5, DUTNEERICT
2L, Y~ [Py, ,P1]23P. =Y D[Py, , P Mo N 5H, Riuod i
oY =[Py, P %%, [Py, ,P]=HN---NH, ., £ Y I linear
variety TH 5,

1.7.7

(a) REUIPHESIH L TLAERI N TRV (p. 52 LB 2 XBDOEHRS
B, PHEAGTRUEAICIZIZOMAUTERT 2 L AL 5, U affine variety
Y DREH, Y CU;, CP" E LT, deg =degy TEHEINS ([5], E% 8.8
DBDIERK) 2 & EHHALTVD,

RITIFHEL L THOAE LD T, PHEML L 7% variety 2 YV & L TH K& 2
HED 2,

P=(1,0,---,0) EBE. I(Y)=(f1,--+,fs) €9 %, I(Y) |3 prime ideal T
HB,VQeY ZQ=_(q, ,qn) B, TDEZ, line(P,Q) ={P+(Q—
PIAN € k) D,

Q=P+ (x—P)A=(1—- A+ dxg, A\x1, -, Azp,), p€k—0
Z fi(Q)=0,1<i<nicfAT 2L
fi(x0+t7x17"' axn)zoa ISZSS (4)

Ehd, 22T, tHEDDE line(P,Q) LEM 2 DBHTS, T4bb, EX
(4) Zili7= T LI %t € k DFET % ¢ DES X~ D closure WWEED X TH
B, fEoT, t ZFTBEEE LT gi(t,xo, - o) i= filvo+t, 21, o) &
L. X =Z(g1,,95) £T2% X~ =Prp(X)Ths, TITPrp: X - X~
. g BARZHEATH 5,

I(X) = (glv"' ;gs) = (fl(xO"i_tvxlv"' 7xn)7"' afs(xO"i_tvxlv"‘ ;xn))
BRDZODWEZFi>TWw 5,

1. I(X): prime ideal. —f#ICER R & 2 @ ideal a 1% L R[z]/a® ~ (R/a)[z]
BIRDNID, koT



I

t,xo,x1, -, on)/I(X) = k[t,xo, 21, -, 2n]/(91,  , gs)
klt,y —t,x, - xa)/(fily, 1,y xn), -, fs(y, T1, -+ s on))
k[yvxlf" "rn][t]/(fl(yaxla"' 7xn)7"' ,fs(y,$17"' 7xn))
( [y7x17"' vzn}/(fl( y L1y ,SCn),“' 7f8(y7x17"' 7In)))[t]
~ (Klzoy ) TV

CHD. klag, - al 1Y) RIIRAEDT (Ko, -+ 2]/ T(V)[t] b4k &
720 ([4], 3FHIHEL), £->TI(X) & prime ideal TH %,

2. height(I(X)) > height(I(Y)). height(I(Y)) %% % prime ideal D523
HottTs, ZORINDOHFD—D0D prime ideal % p £ T 5% &, ZHUTxf
LT oy« 20+t TSNS ideal p 1, VW F 1. THRLZE H I prime
ideal 72%° 5, height(I(X)) > height(I(Y)) &% %,

Exercise 7.3 DI TR L7 &K H 12, —fIC Y 23R 7% S 1 ERIER o DR
ERITH 5, EoT, X —Prm( YV IEERTH Y, X = X BEHHgEAT
bHb, HL, 513 Y 2PH%E kL"Cb)%@“CX 13PHSE A, morphism 1ZPAE
7% DT ([6], Corollary 4.5), X A TH B,

S =k[t,zo,-- ,x,) £ET 5 k

dim X = dim S(X) — 1 = dim §/I(X) — 1 = dim S — height(I(X)) — 1
<dim S+ 1 —height(I(Y)) -1 =dimS(Y) =dimY +1=r+1
Th b,

RIZr < dimX < dim X 257,

FPFVCWCX =Pr ' (V) CPr' (W) = dimX >dimX ThH3, —
. X2V &hdmX >dimY =r 20T, r<dimX <r+ 108613,

CZZETIE, POY OILHL BP0 6 THLT 5,

P 2 nonsingular point DHEEICIE dimX = r Lld koWl 2T,
dmX =r &£95¢, X DY DT Exercise 1.10(d) &Y X =Y &4k 3,
Z ZC. Y % nonsingular point P Z &t Y NUy &£ LT, affine TEZ %, P=0
EBWVT LN,

QeYIZHL, PQ%#MWBBHEMRZ line(P,Q) = {uQu € k}y THZ 6N 2D
TuQ € X TH2, X=Y &) fel(Y)IZHL fuQ) =0,Yuc kThHH,
a=uQotE YR oLz, Wicuz»FE

d u
f Q Z 8:01 Z 8:51 - (5)

%#15%, —Ji, affine Tl

Q

TolV) = 20k 20, 1= 3 g P

THZ 5615 (]2, Theorem 4.5), P=07%DT, LA (5)IZaecTp(Y)ZmL
TEY., line(P,Q)eTp(Y), IHIIE X =Y CTp(Y) &%,

P Z nonsingular 2D Tdim Tp(Y) = dimY TH Y (Exercise 5.10(a)). Tp(Y)
I3 linear variety THEFIZ DT, Exercise 1.10(d) £ ) Tp(Y) =Y G50 5,
Exercise 7.6 £ 0 degTp(Y) =1 % %23, Z#UddegY =d > 11T %,



(b) &I, variety Y IZX LT, %22 hyperplane {2 k>TYNH;N---NH,
MNdegY HORL 211645 KHICTE 2139 TH S (p. 48 DHIFDFLR),
D& E, Theorem 7.7 ZHM % & T 2L EE (Y, H; Z;) 382 T1 LR
%5, ¥7,dmY >1%6Y € 3H; TH5H, ) Thhw&, YCHN---NH; =
YNH N NH, =Y XDRIL0 &5 78\,

Variety Y ¢ HIZN L, Y NH OB %2 Y; £ %, Theorem 7.6 &
Theorem 7.7 Z 2% &

degY N H =Y deg; <> i(Y,H;Y;)degy; = deg¥ (6)
J J

2135, LEEVPET1 OHAEIX
degY N H = degY (7)
kb,

IC.®WODTXNH N NH; Wdeg X D RDPOHRZETSEH, 2T
P=(1,0,---,0) € H,X € H; £ %% H, BIFET 5 L 2md,
Exercise 7.6 THW3EZ Vv 5

p: Py —=P":H=Z(f)— (ap, - ,an), f(z)= Z a;T;
0<i<n

MM E LT < p(Hy), - ,p(Hs) > ZAELREE H;, #EHL T,
% H 2l ko,

ZZT p(3H)|o £0 LT %, B ZADWMEERIS & p(Hy)|o = 1, p(Ha)|o =
0, ,p(H)|o=0,TE2, TOLE P¢H, PcH;, 2<i<s &b,
XZH; £%% H¥HUIKTThHh%, bL, XCH;, 2<i<s&tT5sL,

XCHN--NHi=XNH CHN---NHi=XNH CXNH N---NH,
BRoNDDB, X € H &0,
r=dimXNH; <dmXNHN---NH;=0=r=0

EZAB dmY =r=0,92%&. Y ={P} X0d=degV =1¢,%D,d>1
KT %, fitoC, Pe H, X ¢ H; %% H; D’F{E$ %, H:=H; > P &
T 5,

COLEY € HbHHEDD, BERSG, YCHETHEVQ € X ITRL
Qeline(P,Q") £7%5 Q €Y CHMHIEL, Q€line(P,Q)CH=XCH
EoTLEIDPSLTH S,

Y N H DB % Y, Y, L. PeY t943,

dimY >20D & E, XNH OPIRITIE Cp(Yy), -+ ,Cp(Ys) £5 T LR
T, 2ZTCpY)IF () IKBLTY IR LTRDL X KT, (a) THBRZ X
IS, POY; KB TOEP LD 5T, Cp(Y)) ZEEIBEAGTH 5,
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Cp( ) TH B L ERT, bL, Cp(Y;) CV CCp(Y) & 2B

“av e Eﬁ’)ﬁé’.“@'% P75 Y ~D projection morphlsm<p Cp(Y)—>YIZTk
O’CE%’] IFNCE I N5 DT (Exercise 7. 3@#/525"353) o(V) bBEITH 5, Y; 1
BERIRT D 2, o(V) =Y or Y; THEH, o 1(Y;) =Cp(Y;), oY) =Cp(Y)
tc@’CV Cp( )OI‘CP( )&.&Z)

FoTHIFXNH = Cﬂn) UCP(Ys) ZREIEEV, YOV &b X =
CP(Y>QCP( )T%b Y CHBPib Cp( )CH&@TCP< )CXﬂH
Thsb, £, Q € XﬁH ' RO NS lzne(PQ) = line(P,Q) C H,3Q’ €
YNH XY Q €3y 7E;?O)T‘Qeline(PQ)CC’p( i) TH B,

fit> T, XNH OBIEITIE Cp(Yr), -+, Cp(Y. )'Cf) D. %2, Proposition
72(DFEH) 225 |

XNH= CP(Yl) U~‘~UCP()/;), dlme(YB) =dimX-—-1=r
Th 5,

fEAZAE T 212H72 D, £, d> 1 E0IEERIL AT degCp(Y) <
degY %52 2T,

r=1&%%, 2OLZE, d=17%05 Exercise 7.6 *5 Y I linear variety &
BH5DTCp(Y)=Y £ degCp(Y) =degY EH>TE~T S, d>1%5
YNH={P=P,Py,- P}, s <dThHoH. Op(Y;) = line(P,P;), j >
2, Cp(Pl):gckb

deg X = deg XNH = deg U Cp(Y;) = Zdegline(P, Pj)=s—1<degY (8)
Jj=2 Jj=2

ERoTURLT 5 (d > 1 DEHIETR LOAESTRIL), I I THHEEN]

Thsd Iz,

r>1TiEdimY; =r—1 X DIENEDOHRED S deg Cp(Y;) < deg(Y;) %D
T, X=Cp(Y)I i‘]LL

degX:degXﬁH:degUCp( Zdeng <Zdng =degYNH < degV

j>1 i>1 i>1
()
BRroNnd,
ITC.d>1DEE, degX <d%r=dimY BT 2 @ik CitH T %,

r=10tFEBHCR (8) TRLELEBY TH S,
r>10EERR(9) 55

deg X = Zdeng Zdng <degY (10)
j>1 j>1

WIRALT S, 2T, Y2 PIZowTiddegYy =1 L35k, EEE L
degY; =1 9% &, Exercise 7.6 2> 5 Y; (3 linear variety £ %% DT Cp(Y;) =
Y 5%, SHUE (2) O dimCp(Yr) = dimY; + 1 12K 3,
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dimY; = r—1, degY; > 1 %D T, JFEDIREDMER T deg Cp (Y1) < degYr
) .
ThHs, £oT, X (10) TBVT, %5 < Ick%EFREGINT
deg X <degY =d

BRoNn s,

1.7.8

Y ZEECRIt r, XE 2 £ 9%, Theorem 5.3 £ D nonsingular point P € Y
WHAET %, Exercise 7.7 K DRIT r + 1. KE 1 D variety X DEEET 5205,
Exercise 7.6 & D Z 413 linear variety TX = HiN---NH,_,_1 £} 3%, &2
TX~L: =Pt ThHhh, YCX=PtL LT\,

PrrlickwTdimY =r &0 Y = Z(f) &% % hypersurface 3{F1ET %
(Exercise 2.8), ft> T, quadratic hypersurface & 1 XJu% > linear space
DIAFNTWBE I LIRS,
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