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1. Introduction.

We have as a defining equation of the modular curve Xy(N) the modular equation
of level N, which has many good properties; e.g. it reflects the properties of X,(NV) that
is the coarse moduli space of the isomorphism classes of the generalized elliptic curves
with a cyclic subgroup of order N. But its degree and coefficients are too large for its
application to practical calculation on X,(N). While it is an important problem to
determine the algebraic points on X,(N), we need a handier form of defining equation,
which will also serve to solve other related problems.

In the present paper, we give a general method to explicitly calculate a system of
defining equations of an arbitrary modular curve X,(N). In case of a hyperelliptic
modular curve of genus two, a kind of normal form of defining equations is given by
Murabayashi (cf. [M]). We generalize his method. We list defining equations of all
modular curves X,(N) of genus two to six. One should note that our algorithm works
for X,(N) of genus greater than six.

The form of our defining equations is as follows. If Xy(N) is hyperelliptic or of
genus three, then the number of our defining equations is one. If X,(N) is non-
hyperelliptic and of genus greater than three, then our system of defining equations
is given as the intersection of some quadratic and cubic hypersurfaces on P?¢ 1 In
particular, we list the defining equations of Xy(N) (N=34, 43, 45, 64) which are non-
hyperelliptic of genus three. We note that X,(64) is the Fermat curve of degree four.

In our method, we cannot have defining equations of modular curves of genus
zero or one. But defining equations of some modular curves of genus one (i.e. Xo(N),
N=14, 20, 24) can be obtained by means of a covering from some Xy(N). We can
explicitly give covering maps between modular curves.

To get our equations, we use the Fourier expansions of certain cusp forms of
weight 2 on I'o(N). Their Fourier coefficients can be given by the Brandt matrix (cf.
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[P]) and the trace formula.
We will use the following notation throughout this paper.

® N: a positive integer (=the level of a modular curve)

o mm::{(j Z)eSLz(Z)

e $:={zeC|Im(z)>0}
® H*:=HuU Qu{in}
® Xo(N):=To(N)\H*, a modular curve of level N

CEOmOdN}

® g=genus(Xy(N))

® S,(I'o(N)): the Q-vector space of cusp forms of weight 2 on I'y(N) .
Let fi, - - -, f, be a basis of S,(I'y(N)), z the natural coordinate on §, q=e2™*
and let the Fourier expansion of f; be

./;'=ai,lq+ai,2q2+ T, (ai,jEZ9 ISng’j=ls 29 o .) .
(These Fourier coefficients can be taken in Z (cf. [S]).)

I wish to express my sincere thanks to N. Murabayashi who helped me with his
works of normal forms and modular curves, and to Professor Hashimoto for
his valuable suggestions and encouragement.

2. Computation of defining equations.

If Xo(N) is a hyperelliptic curve, its normal form can be obtained by Murabayashi’s

- method. If X(N) is a non-hyperelliptic curve, a system of its defining equations can be

obtained by means of canonical map. The hyperelliptic modular curves of type Xy(N)
have been classified by Ogg (cf. [O]).

THEOREM 1 (Ogg). There are exactly nineteen values of level N which makes X, o(N)
hyperelliptic. They are given as follows (g =genus(Xy(N)):

g=2; N=22, 23, 26, 28, 29, 31, 37, 50,

g=3; N=30, 33, 35, 39, 40, 41, 48 ,

g=4; N=47,
g=>5; N=46, 59 ,
g=6 N=T71.

The next lemma is well known.

LEMMA 1. Let Q' be the sheaf of holomorphic 1-forms on X o(N). Then the Jfollowing
map ¥ is an isomorphism of Sy(I'o(N))® C to Ho(Xy(N), Q1):
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V: S, (Io(N)® C -~ HUX(N), Q1)
[+ 2mifdz .

By this lemma, the relations of the holomorphic 1-forms on X(N) can be reduced
to those of S,(I'o(N)).

2.1. Hyperelliptic case. Let ico denote the point of X(N) which is represented
by ioo. If ico is not a Weierstrass point of X,(N), then X(N) can be described by the
following normal form:

yi=f(x), fx)eQ[x], degf=29+2,

where x is a covering map of degree two from X,(N) to P'. (Here, the normal form
means a defining equation of type y2= f(x), f(x)e C[x] and C(x, y) is isomorphic to
the function field of the curve.)

First of all, we calculate some divisors with respect to the normal form

2g+2

y2=f(x)= '131 (x'_“j) (“jec),

(x—a;)dx

y

e Ho(Xo(N), 1), k=0,---,g—1.

Let P; be the Weierstrass point corresponding to «; (i.e. P;j=(a;0), O, =joo and let
0, be the image of Q, by the hyperelliptic involution.

'(x—“j)=2Pj-Q1-Q2
(y)=P1+P2+ Tt +P2g+2_(g+1)Q1—(g+l)Q2
{@dx)=Py+Py+ "+ Pyyi2—20,—2Q,

x—o;)dx
<(——’)—)=2kP,-+(g—— 1—-k)Q,+(@g—1—-k)Q, (0O<k<g-—1).
y
If ico is not a Weierstrass point, the gap sequence at ico is
(1,2, -, g}
(cf. [ACGHY)). Then there exists hje H %(Xo(N), 21) such that the degree of 4; at ioo is
j—1(j=1, - -+, g). Therefore, using a linear combination of fi, -, f,, we can take
gi, - > g, with the following Fourier expansions:

91(2)=qg+s1,g+1qg+1+ T +S1,g+iqg+i+ e
92(2)=q° 1 H5240° 4+ 52047+

gg(z)=q+sg,2q2+ U +Sg,g+iqg+i+ .
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LEMMA 2. Let x be g,(2)/g,(2), then x: Xo(N)—P" is of degree two.

PROOF. Let Y=F(X) be a normal form of Xy(N) (degF(X)=2g+2). By Lemma
1 and the fact that

X/ (j=0,"',g—l)

- span Ho(X(N), Q1), we have

o1 . dX .
gi(Z)dZ= Z pi’leT (ISng,pi,jGC').
j=0

Comparing the order at ioo of the divisors of both sides, g;(z)dz must be the following
form:

i1 . dX
gi(z)dz= Z pi,jXJ — (Pi,i—1 #0) .
j=0 Y
So
dx 17). 4
91(2)=p,0 v 922)=(p2,0+ P21 X) B2

= g2(2) _ P20 +p X
91(2) P10

Because X is of degree two, x is also of degree two. []

Finally, we construct y as follows: we have shown dx/y has zeros of degree g—1
at ico. By Lemma 1 we have

d
L oni(ty S+ -+, ffDdD), b, e, 1,e0.
y

Considering the order at ico, we have

d
l=cx2nig1(z)dz, ceC*.
y

(This construction of x, y is an extension of that of [M] to higher genus.) Thus from
the Fourier expansions of x and y, namely

y2=q—(29+2)+..., x=q—1+...
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we can recursively determine the coefficients a,, a,, - - - of a defining equation as follows:
y2_x29+2=a1q—29—1+ ...
y2_x2g+2__a1x29+1 =azq-—2g+ ..

......

Thus we have a defining equation of Xy(/N), namely
y2=x29+2+a1x2g+1+ e +a2g+2 .

REMARK 1. To get a normal form, we have only to know {s; ;41, * ", S1,35+3>

S2,gs T S2,3g+2}'

2.2. Non-hyperelliptic case. Let o, -, », be a basis of H(X,(N), 2'). The

canonical map which is induced by w;, - -, w,

®: Xy(N) —> P91
Z |—’(19 C02/0)13 I wg/wl)

gives an embedding of X,(N) in P9, because X,(N) is non-hyperelliptic. The image
of this map is called a canonical curve.
By Lemma 1, we have F;:= f;/f; =w;/w,. It is clear that

L((w)=<F,=1,F;, - -, F;).

Here, and in what follows, L(D): = {fe C(C) | div(f)> — D} and /(D) : = dim(L(D)). (Let
C be a complete non-singular curve of genus g, K. be the canonical divisor of C and
D be any divisor on C.)

Let n (>1) be a positive integer. To get a system of defining equations of X(N),
we will find the relations of the monomials of degree not exceeding n which are generated
by Fy, - - -, F,. But there are two problems. One is the number of linearly independent
monomials, and the other is the upper bound of the degree n sufficient for our purpose.
Petri’s theorem solves these problems. By the proof of Petri’s theorem we find that the
rank of the monomials of degree not exceeding n which are generated by F,, - - -, F, is
I(n{w,)). On the other hand, it is clear that the monomials belong to L(n(w,)).

In the following, we deal with the monomials of degree n which are generated by
/s instead of the monomials of degree not exceeding n which are generated by F’s. It
is obvious that

# {monomials of degree n which are generated by f;’s}=,H,,
l(n(w))=ndeg(w,)+1—g=n(2g—2)+1—-g=02n—1)g—1)
(by the Riemann-Roch theorem).

TueoreM 2 (Petri’s Theorem) (cf. [ACGH]). Let C be a canonical curve of genus
>4. Then C can be given by the intersection of some quadratic hypersurfaces, unless C is
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trigonal or isomorphic to a smooth plane quintic curve in these exceptional C is given by
the intersection of some quadratic and cubic hypersurfaces.

By this theorem, we have only to find the quadratic and cubic relations.

o Quadratic relations.

#{the monomials of degree 2} = _H,, I2w,)=2x2—1)g—1).
So the number of quadratic relations is
dH2—(2%x2=1)g—1)=(g—2)g—3)/2.

Let these relations be Py(f;, -, f)=0, - - -, Py_2)g-3y2Uf1, " " > f)=0.

e Cubic relations.

The rank of cubic relations
= #{the monomials of degree 3 generated by f;’s} —I(3(w,))
—(the rank of cubic relations obtained by the quadratic relations),

The rank of cubic relations obtained by the quadratic relations
=the rank {x;Pj(x, - " ", X,)> (1<i<g,1<j<(g—2)g—3)/2).

‘We apply these to X,(N) of genus g=3, 4, 5, 6.

e Case g=3. There is no quadratic and cubic relations. The number of quartic
relations is ;H,—(2 x4—1)(3—1)=1. So the defining equation of X(N) is obtained by
the quartic relation.

o Case g=4. The number of quadratic and cubic relations are one each.

e Case g=5. The number of quadratic relations is three.

@ Case g=6. The number of quadratic relations is six. There are no cubic
relations: because ¢H;=56, I(3(w,))=(2x3—1)6—1)=25 and the number of cubic
relations which come from quadratic relations is 31, the number of cubic relations is
56—25—-31=0.

When g>7, we can calculate the relations by the same way.

3. Covering.

If X,(N) has genus one, its defining equation can not be obtained by the method
in Section 2.2. But some of them can be obtained by means of a covering between
modular curves.

For example, We have a defining equation of X(20) as follows. A defining equation
of X,(40) is '

4
p2=x848x6—2x*+8x%2+1=[] (x+ o )x—a) .

i=1
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Let
V=F0=[1(X~f). degF()=4, FX)eQLX, Y]

be a defining equation of X(20) and

(x, y) — (Pz(x, Y) g%, Y) )
’ 1%, ) q4(x,y)

be a covering map from X,(40) to X,(20). This map can be taken Q-rational. Moreover,
by modifying the equation of X,(20) we can assume p,, p,, 4:, 4, € Z[x, y] and monic.
The next diagram commutes:

Io(40\H* —— I'o(20\H*

I
Xo(40) ——  Xo(20)

xl | lX
P! —_ P!
Hence p,(x, y), p2(x, y)€ Z[x]. Since (I'((20): I'3(40))=2, the degrees of p, and p, are

at most two.
The next rational function has the factor y?— f(x) in its numerator.

® () -#(22):
d: D1

It leads to the following form by comparing the coefficients:
¢:(x,y)|—»("—2,—yz—), p1, P2 Z[x] .
P1 Dy
The Weierstrass points of X,(40) are sent to those of X,(20) by ¢. X«;)/Q is of

degree eight, (x?)/Q is of degree four and Q(B;)/Q is of degree at most four. Therefore,
we see

£2=" —8,, i=1,2,3,4.

Further, p; and p, cannot have terms of degree 1.
Hence ¢ must be
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¢: () (%), or ¢‘("”’“_"(}17’%>

(up to linear transformation for X). In both cases we have
Xo(20): Y2=X*+8X3—2X2+8X+1.

By (1), we find y?= f(x)=F(x?) or y>=x8%F(1/x?)= f(x).
There are three curves which are given in this way. They are

Xo(14), Xo(20), Xo(24).

The next example is a covering not between modular curves, but from a modular
curve to an elliptic curve. There exists a covering

X0(43)—’E43: Y2+ Y=X3+X2 .

The curve E,; is an elliptic curve with conductor 43. We will explicitly give this map
by using the main involution.

The action of the main involution to cusp forms with weight 2 is given by the
Brandt matrix (cf. [P]). The invariant part of the function field of

Xo(43): 2x3y+---=0 (see Table 7)
under the action of the main involution is generated by

£ x+y _
=Z— 2 ) 'T—xy'

The covering will be obtained by describing the defining equation of X,(43) with ¢ and 7:
Xo(43) — E43

02— (X, Y),

4y+3y2—4z—4yz+4z2

Here the defining equation of X(43) is dehomogenized by setting x=1.

4. Covering between modular curves.

Let M, N be positive integers such that N divides M and put n=(Io(N):TI'o(M)).
Then there is a covering map from Xo(M) to Xo(N). We will explicitly give this covering.
There are three cases according as Xo(M) and X,(N) are hyperelliptic or not.

e Case 1: both Xy(M) and X(N) are hyperelliptic. There are only one such pair
(M, N). M=46, N=23.
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Xo(46): y2=(x3>—2x%2+4+3x—1)(x3*+x2—x+7)
c(x®—x3+4x*—x3+2x2+2x+1),
Xo(23): y2=(x3—x+1)(x3—8x2+3x—7),

x3—x2+42x y(x3—2x2+x—1))
x—1 (x—1)3 ‘

(x, y) F—»(

This is obtained by giving a rational map which maps the Weierstrass points of X,(46)
to those of X(23).

e Case 2: both X,(M) and Xy(N) are non-hyperelliptic. We can take a basis

{f1, s Saw 7 o Sam) OF Sa(Io(M)), such that {f;, ---, f, } is a basis of Sy(I'o(N)).
Further, let (x;) be the coordinate corresponding to {f;}. Then

Xo(M) — Xo(N)
(xli s xgn!' R xgm) }_’(xl’ s, xg")
is a covering, because the following diagram commutes:

FoMNS* 2%, To(N\$*

zl lz

XoM) TP xy()

| |

roj.
PIm proj , P .

e Case 3: X,(M)is non-hyperelliptic, but X(N) is hyperelliptic. Let {f;, - - - , f,,.}

and (x;) be the same as in case 2 and let f; and f, be a basis of S,(I'o(XNV)) satisfying
the following equation:

Xo(N): yi=f(x), x=£lf -
If

¢ : Xo(M) — Xo(N)

(xl, .. .,xgm)I———*<x2 pl(xl’ o .’xgm )

b
X1 p2(x1> Y xgm

is a covering, then ¢*(dx/y) is a holomorphic 1-form on X,(M) and the degree of p;,
p, are chosen to be at most n. By Lemma 1 we obtain
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qb*(‘j}—x):Zni(alfl + - +a, f,)dz (a;,€Q),

1 dx dx
=q s

* v = -
(o*vNa fi+ - +a,. [,) Y 7

piafi+- - +a, f,)

. . dx
= ) @iyyoeryig, ST fgm=p2q —

i+ tig =+l dq
dx

=< ) bjl,'--,fg,,.f{" : 'fi'.:.")‘l —E .

Ji+--tig,,=n

We know the Fourier expansions of f;’s and dx/dq. Therefore we can decide p,, p, by
comparing their Fourier coefficients.

Example:

Xo(44) — Xo(22)
(x, ¥, z, W) —> (xy?, xw(x+4y+82), y3)=(y2, wx+4y+82), z(x + 4y +42)) .

TABLE 1. Example of Fourier expansions (X(46), g=>5)

Ji

q_q3_q4_2q6+2q7_q8+2q9+2q10_4q11+3q12+3q13+2q14_4q15+2q17+. ..

S

q2_2q3_q4+2q5+q6+2q7_2q8_2q10_2q11 +q12+2q15+_,,

Ss

qz—q‘-—qs—Zq“+2q“—q‘6+2q18+" .

Ja

g*—295—q®+2¢'1°+q12+2q14—2¢16 24204 - ..

Js

q_qz+q4+4q5_4q7_q8_3q9_4q10+2q11_2q13+4q14+q16_2q17+,,,

g1

qS+q6_q7_q9_2q10+q11_q12_q13+q15+q16__q17+ .

q4—2q6—q8+2q‘°+q12+2q‘4—2q16—2q2°+' ..

g 1 —1—q2+q3—q*+q5—q+2¢"—2¢%+2¢°— 2410+ 311 —~3¢12 + - - -

—q%+q75-2974%+q 3—q 239" ' +8-229+479*—-92q% +160g* —275q° +459¢° — - -
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b

our defining equations are given by the intersection of some hypersurfaces.

TaBLE 2. (g9=2)

Xo(N) yi=f(x) Discriminant of f(x)
X,(22) y2=x6+6x5+11x*+24x% + 11x2 + 18x—7 024,114
X,(23) 2=x®—8x5+2x*+2x3—11x%+10x—7 —212.236
X,(26) y2=x%—8x°+8x*—18x3+8x2—8x+1 —220.133
X,(28) y2=x%+10x*+25x2+28 228.73
X,(29) PP=x%—4x5—12x*+2x3+8x2 +8x—7 —212.29%
X331 y2=x®—8x>+6x*+18x3—11x2—14x—3 —212.314
X,(37) y2=x%+8x5—20x*+28x3—24x2+12x—4 —212.373
X,(50) P2 =x5—4x5—10x3—4x+1 _216.55
TABLE 3. (g=3, hyperelliptic)
Xo(N) yi=f(x) Discriminant of f(x)
X,(30) yi=x846x"+9x%4+6x%—4x*—~6x3+9x%—6x+1 228.36.54
Xo(33) y2=x8+10x°—8x5+47x*—40x3+82x2—44x + 33 216.312.116
X,(35) yi=x8—4x7—6x°—4x°—9x*+4x3—6x2+4x+1 216.58.76
X,(39) y2=x8—6x7+3x%+12x5—23x*+ 12x3 +3x2—6x+1 216.38.134
X,(40) y2=x84+8x6—2x*+8x2+1 240. 54
X,(41) y?=x8—4x"—8x%+410x°%+20x*+8x3—15x2—20x—8 —216.416
X,(48) yi=x8+14x%+1 240.34
TABLE 4. (g=4, hyperelliptic)
Xo(N) yi=f(x) Discriminant of f(x)
X,(47) y =x10—6x°+11x%—24x7+19x¢ —16x5—13x* 920,478

+30x3+38x2+28x—11
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TABLE 5. (g=S35, hyperelliptic)

Xo(N) yi=f(x) Discriminant of f(x)
yr=x'2—2x'1+5x10+6x°—26x%+84x7 —113x° 54,927
Xo(46) +134x5 —64x* +26x3 +12x% + 8x—7 —27-23
yr=x12_8x11+22x1°—-28x°+3x®%+40x7 —62x° _n24.cq9
Xo(59) +40x5 —3x%—24x3+20x2—4x—8 27559
TaABLE 6. (g=6, hyperelliptic)
Xo(N) yi=f(x) Discriminant of f(x)
xyny | PREMo10x13 43712 —G6x 1 4.66x10 48?4 15x° 8. qq0
0 +40x7 —66x° +66x5 —58x*+40x3 —27x2 +6x—7
TABLE 7. (g=3, non-hyperelliptic)
X,o(34) x*+yt—z4 4+ x3y+xy3—2x2y2 +3xyz2=0
X,(43) 2x3y 4+ 6x2y2 4+ 11xy3 +9y*—x3z2—6x2yz — 14xy2z— 12y32+ 2x %22 + 8xyz?
+10y2z2 —xz3—4yz3+24=0
X,(45) x*+y*+81z% —2x2y2 —2x2z2 - 18y2z2 — 16xy2z=0
X,(64) x*+y*—z*=0
TABLE 8. (g=4, non-hyperelliptic)
X,(38) 4x2+16y2 4922 —5w2 —20xy—8xw—16yw=0
° 28xy2 —xz2+5xw2—16y3 —11yz2 +15yw2 + 16y2w—5z2w+ w3~ 16xyw=0
X(44) x2+8y2+16z2—w2+4xy+4xz+16yz=0
o y34+16yz2+8y2z+ 1623 —zw2=0
X,(53) x2—y2 41122+ 7w2+2yz—2yw—10zw=0
0 yz2 4+ 5yw2 —zw? + p2w+2zwr +6w3 —yzw=0
z2—w2—4xy=0
Xo(54) x34+8y3—w3—-3xyw=0
X,(61) x2—y2 4322 —5w2+2yz—6yw+6zw=0
0 yz2 4+ 5yw? 4+ 5zw2 4y w+4z2w+6w3 + yzw=0
— 2=
Xy(81) xy—w*=0

x3427y3—2z3+9xyw=0
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TABLE 9. (g=35, non-hyperelliptic)

455

2x2+6xy+4zw—zu+2wu—u?=0

X,(42) —x249y2+zu—2wu=0
4x% +322+20zw + 12w? —2zu+4wu—5u?=0
8x2+36xy+72y%—14z2 —xw—3yw+Tw2 +15wu=0
Xo(51) —20xy + 622 +xw+3yw—Tw2 4+ 8xu + 24yu— Twu =0
—12xy+2z2—xw—3yw—w? —wu+8u?2=0
11x2—16xy+32y2+92% —dxu+16yu—16u2=0
X,(52) x2—4xy+3z2+12zw—4xu=0
—19x%+16xy—332% +96w? + 36xu —80yu + 16u2=0
2x2—106xy +50y? —7z2+ 5w? + 22wu+27u* =0
Xo(55) —196xy —21z2%+4xw + 20yw + 17w 2 + SOwu + 49u2 =0
—84xy—T7z2+Tw? +4xu+20yu+ 10wu+ 15u2=0
4y? —w24u?=0
X,(56) 4xy+16xz+16yz—4yw +w2—u?=0
4x2—32xz+64z24+8yw+3w?—Tu?=0
12x2+4+15xy + 322 —8zw+ w2+ 2zu— 10wu =0
Xo(57) —~3x2427y%2+4zw—zu=0
36x%+92z2—24zw + 8w? 4 6zu — 40wu + Su?=0
x?—2xy+9y?+4zw—u?=0
X,(63) —4xy—z2—2zw+3w2+u?=0
—4xy—2z%—2zw+xu+3yu+u?=0
X2+ y242yz+322—-2w2=0
X,(65) —4x2+5y2—14yz—w? 4+ 6wu=0
x2—=2y%4+2yz+w?+3u?=0
110x2—225xy +110y2 + 5222 - 108zw — 54w 2 + 46zu + 187w =0
Xo(67) 2yz+3yw—Sxu+6yu=0
25xy+42z2+12zw—16w? + 34z — 99wu + 66u> =0
x?+2xy+9y2~u2=0
X(72) —4xy+z2+4w?—u2=0
—4xy+2z2—xu+3yu—u?=0
15x% —87xy+30y2+44z2 + 24zw—83w2 +46zu—T1lwu=0
Xo(73) —2yz—yw+3xu+2yu=0
9xy—8z2 —8zw+ 16w2 —2zu+ 17wu+ 10u2=0
24xy—z2+4w?—3u?=0
X(75) 12x2+300y2 + 22 — 162w+ 3u?=0

1322 —20zw—20w? + 12xu + 60yu + 15u2 =0
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TaBLE 10. (g==6, non-hyperelliptic)

—16x2—24xy—16y% +40yz + 1222 + 40xw—u? + 6uv+ 112 =0
12x2 +8xy—8y2 + 10xz — 1422 +40yw +2u? — Tuv—Tv2 =0
X,(58) —4x2 +4xy+16y2 4822 +20zw+u? +4up—0v2=0
0 x2—4y?—z2+4w?—up=0
—3xu—8yu+3zu+8wu+3xv—8yv+Tzv=0
xu—zu—xv+3zv+8wv=0
—791x2+791y2 —1582yz + 102922 + 3658 yw + 13257zw +2027w?
—32719yu—2222zu—13597yv + 30287zv=0
399x2 —399y2 + 798yz + 120322 + 128yw + 5062w + 5580yu
+4547zu+2027wu + 3576yv +1369z0=0
—6x2+6y2—12yz 424122 4+ 120yw+ 2212w —343yu+ 1349zu
X,(79) +2027u?+312yv+650zv=0
0 97x2—97y? +194yz — 18022 + 87yw —3235zw+ 7910yu + 826zu
+7118yv—7130zv + 2027w =0
| —101x2+101y2 —202yz — 33522 — Tyw —4zw— 1382yu— 1278zu
| —829yv +131z0+2027uv =0
| 16x2—16y2 +32yz+ 3322 —320yw+ 762zw— 1788 yu — 219zu
| —2859yv +1645z0+2027v2 =0
|
|
|
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