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Simple K3 Singularities @ Moduli (Z2W\T 11

—a

B AERERPE® =518 IE (Tadashi TakaHASHI)D

1. Nondegenerate hypersurface simple K3 singularities OEE FIERX

Simple K3 singularities {X (0,2) £ 4 7' ® 3 IRt Gorenstein purely elliptic singularity &
LT, Bk bhe®Ei ([1])o Nondegenerate hypersurface simple K3 singularities
DERFEX I VIEONI S Newton SR, FEBIL%A Newton ZHEATH H, 5D,
D 3 KT face 25 (1,1,1,1) @B b DL A b,

KFHZ. Nondegenerate hypersurface simple K3 singularities D52 2H L
9538 b DEBHBERERD o £ LTy TR ENOERHERICHT 5 moduli DRTE
2RO KtODFC X > TR bI A EEAHEAL. moduli (RF7 A —%) 51 bh
T, £RiE. moduli DM (N7 X — 2 D&M 2R AGHIE, 20HBEXTE
EIN R D Newton ZHEASIRILT 2RIREMRED 2 0D TH B, EDEH, KiND
S BT 2 EFSERNE. D Newton ZHEESEIERILTH S K5 % (RHMHA) K
Bk s—FlthoTnd, .

Nondegenerate hypersurface simple K3 singularities ® g3 HREAIC I W»T moduli @
Kty LB EVOLETTH S, Moduli dKITTA 1 DI DX 3 44 7. moduli DIRTT
B20b0ER. 8F4 7, moduli DRFTTHAIDIDE 744 7H B, Moduli DT
BEBNE, ZOFRHDEH B HRERN L 25,

Moduli ®KTTA 1, 2, 3 DEFRFHERE. ROX5%dDOTH S, . BERHEX
DETD No & K DHEIK BT 5 No #7-F ([2))o

Moduli ®R7TH 1 DERFER
No.52 z®4+yt+4z234201=0
No.56 z?y+y2z+2°+wb=0
No.73 z?+y°+yz°+208=0

Moduli ®XThH' 2 DEFEHER

No.30 z?+y5+2%w4+wd=0

No.46 z?2 4934211 42012 =0

No.61l z?z+y*+2w+w’ =0

No.65 z’z2+y°+ 28w+ wilt=0

No.80 2?2+ 432+ 28w+ wt =0

No.84 z3+z22+yz+4yw? 4+ 22w =0
No.86 =z%y 4+ zw+ y?w 4+ 2%+ 20° =0
No91 z?2+y'z+y2°+yuwb+ 2wt=0
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Moduli X ITH 3 DEFEFER
No.57 2’y +y* +22°+ 2w +w® =0
No64 a?z+ay?+y’w+2°+w® =0
No.68 2’z +y° +yz° + 2°w® + 0% =0
No.74 - 2?2 + y*w + y2° + 2wl + w¥ =0
No.83 22 +y° + yw® + 2% + 2w = 0
No.90 z?+ytz +y?w® + 2w+ 20" =0
No.92 a2+ 3z +yw® + 2w+ zw' =0

EFEHBAD moduli DRTT L Ik, BEEHIC LY, TOERSTERAZEY L (X%
BERL) LEDAT A—ZDB/NETH B, HlaiE. LoD No30 oEBAHERE Y =
A T OFRHEK D,

2 5

7, TYyzw, Yy, :cw4, z5w, y222w2, yzw5

b] ws
D8 ODHEDHLEDLETH B, CDL %, FALETHISRAZFOHONBESE
B2 LT, 2%, ¢, zwt, 25w D4 DOOEHOBREIL, ¥uTldhv, LT z =2+
ayzw L BE, a2 5F LB L, zyzw ODEHEZHEETE 3, AECLT. z=12 +bw!
EpE, bE5FLBL, v ODEEEETED (COL i, FEHBIC w°® DOFRHS
YaTh\ni i, FECB TN REEFOOOBERHL D). REK. &
BiroBELEHIc X b, 2%, ¢4, Pw, v D4ODHOFREEY 1 KT 5L, EEHEAK
BAARIA—2E, y?22w? & yzuw® O2O0HOBRETH L, TD 2 EEHERD
moduli DKL L & b6

X5 EEER KL, —EDOFIEZED. £D moduli DLHER (BRR) 2RD
5. AZERIE. T X 5AFIHE T 5,

RERFIR
Moduli (X7 2 —%) DDV ERFBERICH Ly KD X 5 AFHTXEERT 2,

(1) EXHBROTEEEFORKIC L V3 3,

(2) REDEEH» LA ZLHAZMHEILT 5 (HICHEUIRFZEA L. HESERD
BAHODE~ LS ICL Y, AExFEHRLDS)

(3) BERBOEZR -7 %, [HR. KEOEVEHICH LT (2) 28 DiET,
(4) (3) P& b AEEHIC XD, HEZEEY, KEDEVE»HLHL T,
(5) EEIEOEELEHIIC X ), REDEED L, HOBRKE 1 K LTiTl,

2. Moduli M%&H4X

1 CBWT/RLA 32D 7 7 R (Nondegenerate hypersurface simple K3 singularities @
EEHEA T moduli DIRITTA 1, 2,3 DHD) KDWT, moduli DDOVERERFEARIK
XL\ SEORER 2T £D moduli DLHRERD %,
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Z OfER. hypersurface simple K3 singularities D% HTEA. T moduli DIRITA 1 D
DI, FOERHEAL, £THOAT A—4 KX Ly nondegenerate TH H, moduli &
KT 2, 3 DD, 2T, ~"7A— 2T 258X eH e EDATA—ZICET
LEHRE ROEXS5ARDDTHD (Furd sEeBEBEREHCORT ).

Moduli ®XTH 2 ODEFH HIES

fao = 2% + y° + 2°w + w® + 5ryy? 2w + Srpyzw’®
{r1 # 0 or 27r; + 1 # 0} and {r} + 16 # 0 or ry # 0}
fis = 72 + y3 + L1 + 2wl? + leswe + r2y24w4
{144r2 # 1 or 64r3 # —1587} and {r? # 4 or ry # 0}
for =22z +y* + 2w+ w" + ryfaw® + 2wt ‘
{rt —64 £ 0 or r; # 0} and {r] — 64 # 0 or 2r; — r? # 0}
and {r{ — 1024 # 0 or 16r; — r? # 0} and
{ri (=256 + r{) = 0 or r? + 4r, = 0 or
— 23756812 — 31367 + 3r1° + 2621440r; = 0 or
— 311296072 + 1286478 — 9r1° 4 14155776r, = 0 or
131072 — 512rf + r® — 2048r2r, + 12rSr, = 0 or
12877824r% — 38592r8 + 27r}? — 1879048192 # 0 or r3 # 4} and
{ri (=256 + r{) = 0 or 5124 3r{ = 0 or — 25024 + 63r} = 0 or
— 113287 + 9r% 4+ 1048576 # 0 or 12288r; # r2(2752 — 3r})}
and |
{r1(=256 +r}) = 0 or — 122880 + 320r; + r} =0 or
2154496 + 12167 + 7r! = 0 or
— 229376r] — 832rf + ri® + 26214400 # 0 or
2621440r, # r2(237568 + 3136r; — 3r})} and
{ri(—256 4+ r}) = 0 or — 134217728 + 1867776r] — 4288} + 3ri? = 0
or — 150994944r} + 7208967 — 1600712 + r1® + 17179869184 # 0
or 3355443207, # r2(4194304 + 172032rf — 121675 4 ri?)}
and {r] # 64 or 4ry # —r?} and {r{ # 256 or 8ry £ —r?}
and {r{ # 256 or 8ry # r2} and {r; # 0 or r? # 4}
fos = 2z 4+ v° + 28w + w' + ry 23w 4 royz?w?
{ri=0o0rr’—4=0o0r
(864 + 216r7)r3 + 16rS # —11664 + 5832r2 — 729r1}
and {r; # 4 or r3 # ~108} and {r? # 4 or r, # 0} and
{r1 #0or r3 427 #£0}
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80 = 2 4+ y?’z + 22w + w! + rlyzs-w4 + r2z4w6
{ri1=00rr;=0or
(—5832 4 216r3)r2 4 729r5 # —11664 — 8647 — 1677} and
{ri #£ 0 or rl#4} and {r} # —27 or ry # 0}
Jaa = ® +22° + ysz + yw4 + r1z2w3 + roxyzw
{r2 -12=0o0r 277} + rira(—18 + r?) +16 — r3 # 0} and
{r2—12#0o0r 97 —r; # 0} and
{r2 412 =0 or 27r + riry(18 + r3) — 16 — r2 # 0} and
{r>+12# 0 or 9r; +r; # 0}
fse = 22y + zw* + y3w + 2° + 5rizw® 4 Sroyziw?
{1728r% —1 # 0 or r, # 0} and {r, # 0 or 64r; — 1 # 0}
fo =2 + ¢z + y2° + yu’ + ri 2wt + ryy?2tw?
{r1 # 0 or r; # 0} and {12r; + r3! = 0 or 2r5 + 27 # 0} and
{r1 #0o0rr3 + 18 # 0}
Moduli ®RTTH 3 DEFRFER
Moduli DKRIEH 3 DEBRBFHBRICDOWTIk, FHERL KD 5 HOFHEOBESKE

{ bk, B 202TiE, LA TETnAY, CCTR, 20—Hl¢ LT, &K
DbDERT o

for = 22y + v + 22° + b + riy?w® + roy2iw? + ryztw
{r? # 4 or 3ry +4r2 # 0 or 27r2 4+ r(—108 + T2ryr3 + 64r3)
# —108 + 1675 + 144ryry + 16r2r2 + 1283}
and
{r? # 4 or 4r2 # —3r; or 9r; # 18 — 4ryrs}

fo ®n Z KOS E BT 2R IBRDOBFEEE T, Lo T, Moduli DK
T 2 DFFOFMERIE. KOS BT 5 91 BEHOEZEHERX (LED No9l OER
FHEX) ¢ moduli #_EEEDHECTR/MERIC LARIX

o2 4+ ytz 4 y2° 4 yuwb 4 ri2lwt + ry?2iw? =0
THY . COHBATERI W IRESEREOFRIC BT D8RI,
{r1 #0 or r, # 0} and {12r; + r2! =0 or 2r3 + 27 # 0} and {r; # 0 or 3 + 18 # 0}
® & %, Nondegenerate simple K3 singularity T 3 C & %/~ 3,

3. Deformation

2 CBWTORLERBARAKIBWT, degenerate 5 & Xk, TOHERTCERINS
BEORR KB % singularity {X. non-isolated singularity & % %, B2 X\ fao DR
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DRTEA—EHr =0 DEE, fyo CEREINDIEROFERK B % singularity X+
non-isolated singularity &7 %o TD& &, fs DA higher terms (VA + D#EFNS 1
L OKRECE) yz° & 2w’ 2NTMAARICT LTS ¥ EEEMEYT S &,

z? +y° + y2° + 20° + ay®2*w? + (higher terms) (ald"F A — %)
Ehd, TOT LMD,
22 +3° + 2°w + w® + 5ryy?2w’ + ryyzw® + y2° 4 2w’ =0

CTERBINIBEEOFEE BT 5 singularity X, r = 0 D& %, Ko ErET 3
No.30 @ singularity 7= No.73 @ singularity iZ{t3 %,

TR EEEAR T & 33 _TD moduli DKITAH 2 D hypersurface simple K3 singularities
DEEHBERICH LTET %,

¥y fsr DRDART AR ri =4 DLE, fsr CERBINIEFOFER KBTS
singularity (X, non-isolated singularity & %%, TD & %, fsr O higher terms (V¥
A ORI XD REVEH) o 2HTMLRICF LTS ¥ S BEEERE TS &,

22z + y* 4 2'w + w” + ay®zw? + b22w?* + (higher terms) (a, bk 8T A — %)
thd, THOTEDb,
2’y +y* + 22° + v + ry?w® + roy2tw? +rstw + w =0

CEBINZBEEOF A BT S singularity 12 r? = 4 D : %, koS EIKEBTS
No.57 @ singularity 7> No.61 @ singularity ICZ{EF %,

Zh & FERER T &3 moduli DRITH 3 @ hypersurface simple K3 singularities DXEZ%
FRACH LT (BEFAR L DOV, &2T) L >Tw3,

No57T DEZBHERE f LB L. f=0 CXoTERINIEEOFHICBT 55
HE D resolution Xy {fs7D&M} OTFT 2A1, A2, A4, A8 and Simple K3 & %A 0,
r? £ 4 4+ {fa D%} OFC 2A1, A5, Al0 and Simple K3 & A& 3%, T X 5 2K
i\ loERESFBAKCDOWTHEYIILD. £ LTy moduli DKRITH Y, 4, ... , 19 ¢ E
BRoT ol ¥, ¥D X5 ABIRAED 5 O»0, BRENE CHTHB, Moduli DK
TARLIDHDE, 324 7HY, FEkKE) B8EMSD resolution X, simple K3 D&
THb. Moduli DRIEH 19 DEZHERICDOWT, 2ORBXEHL A CTERE,
simple K3 D¥EE%ERT 2 L5 TE 3, ChbolREEHM LTI  TiiKX Y,
hypersurface simple K3 singularities @ moduli %###8H L 7= o

A. 2E&¥ (Mathematica (& 351H)

f30 = x"2 + y5+ 25w+ w8+ rly2z2w2+r2yzwb5;
dx = D[£30,x]; dy = D[£30,y]; dz = D[£30,z]; dw = D[£30,w];
Timing[Reduce[{dx, dy, dz, dw}=={0, 0, 0, O}, {x, y, z, w}]]

- EERER -
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W !'=08&% r2 != 0 & rl == 0 &% 27%r2°5 == -3125 && (y == (3~(11/5)*
r2°4¥u~(8/5))/625 && z == w~(7/5)/3°(1/5) && x == 0 || y == ((-1)"(8/5)*
3°(11/5)%r2~4xw"~(8/5)) /625 && z == ((-1)"(2/5)*w~(7/5))/3°(1/5) && x ==

0 Il y == ((-1)"(6/5)%*3~(11/5)*r2"4xw"(8/5))/625 && z == ((-1)"(4/5)*

w (7/5))/3°(1/5) && x == 0 || y == ((-1)"(4/5)%3"(11/5)*r2"4*u"(8/5)) /625
&2 z == ((-1)"(6/5)*w~(7/5))/3°(1/5) && x == 0 || y == ((-1)"(2/5)*3~(11/5)*
r2°4*w~(8/5))/625 && z == ((-1)~(8/5)*w~(7/5))/3°(1/5) && x == 0) ||

r2 =028 ((y==01ly==01ly==01ly==0) & z ==0 && w ==

28 x == 0 || (y==0 |l y==0 |l y==01||ly==0) &2 z == 0 && w == 0

22 x==0 || (y==0 |l y==0 1|l y==01|]ly==0) &8 z == 0 & w == 0

2 x==0 || (y==0 |l y==0|ly==01||ly==0) 8 z==02% w==0

22 x == 0 || (y==0 |l y==01Ily==01|ly==0) 8 z==02&% w==0

2% x == 0) || w != 0 2% 16%r1°5 == -3125 2& r2 == 0 && (y == (2°(9/5)*ri1~2%
w(8/5))/25 && z == 2°(1/5)*w"(7/5) && x == 0 || y == ((-1)"(8/5)%2"(9/5)*

ri~2%w~(8/5))/25 && z == (-1)~(2/5)*2"(1/5)*w~(7/5) && x == 0 ||

y == ((-1)7(6/5)*27(9/5)*r1~2%w"(8/5))/25 && z == (-1)"(4/5)%2"(1/5)*u~(7/5)
2% x == 0 |\ | y == ((-1)"(4/5)*2~(9/5)*r1~2*w"(8/5))/25 && z == (-1)"(6/5)*
2°(1/8)*w~(7/5) && x == 0 || y == ((-1)"(2/5)*2~(9/5)*r1~2%wu"(8/5))/25

&% z == (-1)"(8/5)%2~(1/5)*w~(7/5) && x == 0) |\ | r2 == 0 2& ((y == 0 ||
y=0lly==01ly==0) 8 z2==08& w==08& x==0|[] (y==0 ||
y==01lly==01ly==0) 8 2==08& w==08& x==0|] (y==0 ||
y=0Illy==01]l y==0) 2 z==028 w==08 x==0 || (y ==0 ||
y=0lly==01|ly==0) 8 z2==08 w==028 x==0 1] (y==0 1|
y=01lly==01|]ly==0) 8& z==08&& w==0 & x == 0)}
{5608.58 Second, w != 0 && r2 !'= 0 && r1 == 0 &%
5
27 r2 == -3125 &&
11/5 4 8/5 7/5
3 r2 w w
(y == ——=-mmommmm- &% z == ---- g& x == 0 ||
625 1/5
3
8/5 11/5 4 8/5
(-1) 3 2 w
J S —om-semssssemmeecm oo &&
625
2/5 7/5
(-1 w
Z == ----e---o--- &g x == 0 ||
1/5
3
6/5 11/5 4 8/5
(-1) 3 2 W
y == -----—————emmmem e &&
625
. 4/5 T7/5
(-1 w
FARSS ettt &% x == 0 ||
1/5
3

4/5 11/5 4 8/5
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z == (-1) 2 v & x ==0) || r2==028 ((y==0 || y==0 |
y==01Illy==0) 8 z==08 w==02 x==01| (y==01]|ly==0|
y==01ly==0) 2 z==08 w==08x==01|| (J==01|ly==0|
y==01ly==0) 8 z==08 w==08x==01|| (y==01]y==0|
y==0|ly==0)2 z==02 w==08 x==01]] (==01ly==0|
y=0|ly==0) & z == 0 & w == 0 && x == 0)}

Clear[£30, dx, dy, dz, dw]

-——- Sy 7300 rmt) ----

f46 = x"2 + y73 + z711 + 2 w12 + rl1 z°6 w6 + r2 y 274 w'4;

dx = D[f46,x]; dy = D[f46,y]; dz = D[f46,z]; dw = D; [f46,w];
Timing[Reduce[{dx, dy, dz, dw}=={0, 0, 0, O}, {x, y, z, w}]l]
Clear[f46, dx, dy, dz, dw]

f6l=x"2z+y4+z4w+wT+ rly2zw2+r2z2vu4;

dx = D[f61,x]; dy = D[f61,y]; dz = D[f61,z]; dw = D[f61,w];
Timing[Reduce[{dx, dy, dz, dw}=={0, 0, O, O}, {x, y, z, w}]l]
Clear[f61, dx, dy, dz, dw]

65 = x"2z+ y 3 +z6w+will+ r1lz3w6+1r2y2z"2uw4;

dx = D[£65,x]; dy = D[£65,y]; dz = D[f65,z]; dw = D[£f65,w]; dyl = dy;
dz1

dy2 = Expand[dyl w"6 z"4]; dz2 = Expand[((dzl z*2 w - dy1 2 y) / (-3))
w9 z76]; dw2 = Expand[(dwl - 2 dz1 z"2) / 11]; Clear[dy1, dz1, dwi]
dy3 =3 a2+ 1r2b72c¢c"2; dz3=22a"3-1r1b"3¢c"3-2Db"2c"4; dw3 =

b2 - c~2; Clear[dy2, dz2, dw2]

Timing[Reduce[{dy3, dz3, dw3}=={0, 0, 0}, {a, b, c}]]
Clear[dy3, dz3, dw3]

f80 = x"2 +y3z+z8w+wll+ rlyz3w4+r2z4uws;
dx = D[£f80,x]; dy = D[f80,y]; dz = D[£f80,z]; dw = D[f80,w];
dy1l = Together[ dy / z]; dz1l = dz;

dwl = Expand[ (2 dw w - 3dz z + dy y) / (22 w)];

Clear[f80, dx, dy, dz, dw]

dy2 = Expand[dyl w"6 z"6];

dz2 = Expand[((dzl - dy1 3 y) w9 z°9) / ( - 4)];
dw2 = dwi; Clear[dy1, dzi1, dwi]
dy3 = 3 2”2 + r1 b"2 c¢"2; dz3 = 2 a"3 - r2 b"3 ¢"3 - 2 b"2 c"4;

dw3 = b"2 - ¢~2; Clear[dy2, dz2, dw2]

Timing[Reduce[{dy3, dz3, dw3}=={0, 0, 0}, {a, b, c}]1]
Clear[dy3, dz3, dw3]

f84 = x"3 +x 23 +y3z+ywid+ r1z2u3d+r2xyzuw;
dx = D[f84,x]; dy = D[f84,y]; dz = D[£84,z]; dw = D[f84,w];

dyl = Expand[(9 dx x - 8dy y - 3 dz z + 2 dw w) / 27];

dzl = Expand[ (- dx x + 3 dyl +dz2z) / ( - 2 2)];

dwl = Expand[(dy y - 3 dz z + 2 dw w ) / 9]; dx2 = Expand[dx z"2];
dy2 = Expand[dyl z"8]; dz2 = Expand[dz1l z"9]; dw2 = Expand[dwl z"3];
dx3 =3 a’2+r2bd + c;

dy3 = a"3 ¢ - b"3; dz83 = b"3 - r1 ¢c"2d"3 - a c"2; dw3 = b d"4 - a c;

Clear[f84, dx, dy, dz, dw, dyl, dz1, dwl, dx2, dy2, dz2, dw2]
a=(bd4) / c; Expand[dw3]

dx4 = Expand[dx3 c"2]; dy4 = Expand[dy3 c"2]; dz4 = Expand[dz3];
(* b=0 -> from dx4=0, c=0. We assume b=/0 *)

dy5 = Expand[dy4 / ( - b~3 )]; Clear[dx3, dy3, dz3, dw3, dy4, a]

Together[(dz - x72) / (z w)]; dwl = dw; Clear[f65, dx, dy, dz, dw]



57

dx6 = 3 x"2z + r2xy°2 +y°3; dy6 =y"2 - 272; d2b=x"3 -xyz-rl
y°2 z Xx"3 - xky*z - riky~2xz; Clear[dx5, dy6, dz5]

81l =3t2+r2t+1;82=t"3-1t-r1;

Timing[Reduce[{s1, s2}=={0, 0}, tI1]

83 =3t°2+r2t-1;,88=1t"3+1t-ri;

Timing[Reduce[{s3, s4}=={0, 0}, tl]

Clear([s1, s2, 83, s4]

f86 = x"2 y+x w4 +y3w+2z265+ r1zwbd+r2yz'2wz;

dx = D[f86,x]; dy = D[f86,y]; dz = D[£86,z]; dw = D[£86,w];

dz1 = Expand[(dw w - 5 dz z + 8 dy y - 4 dx x) / 25];

dwl = Expand[dw w - 2 dy yl; Timing[Reduce[{dx, dy, dzl, dwil}==

{0, o, 0, 0}, {x, y, z, w}l]

Clear[f86, dx, dy, dz, dw, dz1, dwi]

f91 = x"2 +y4z+y25+yw6+ rlz'3w4éd+r2y2zt2w;

dx = D[f91,x]; dy = D[£91,y]; dz = D[£91,z]; dw = D[f91,w];
Timing[Reduce[{dx, dy, dz, dw}== {0, 0, O, O}, {x, y, z, w}l]
Clear[f91, dx, dy, dz, dw]

f87T =x2y+y4+xz23+w6+ rly2w3d+r2yz2w2+13z4w;
dx = D[f57,x]; dy = D[f57,y]; dz = D[£f57,z]; dw = D[£57,w];

(* y is not equal to zero x=0 and w=/0 -> ri=2 or -2 %)

dyl = Expand[z~3 (2 y dy - x dx)];
dz1 = Expand{z~3 (z dz - 2 y dy + x dx)/4];
dwl = Expand{z"6 (4 wdw - z dz - 6 y dy + 3 x dx)/24];

Clear[dx,dy,dz,dw,dyl,dz1,dwl]
(* x=X, y=Y, 2"3=Z, wz=W *)

dx2 = 2 X Y+ Z; dy2 =4 r1 Y2 W3 +8Y4Z+21r2YZW2-XZ2;
dz2 = - r1 Y2W3-2Y42Z2Z+XZ2+1r3Z2°2W; dw2 =W'6-Y"4 7272,
Z=-2XY; dy3 = Expand[dy2/(4 Y~2)]; dz3 = Expand[dz2/Y"2];

dw3 = Expand[dw2]; dzz = Expand[(dz3 + dy3)/X]; X = W™3 /(2 Y°3);

Expand[(dy3 8 Y~9)/(W"3)]; Expand[(dzz 4 Y"6)/(W"2)];
Clear[dx2,dy2,dz2,dw2,dx3,dy3,dz3,dzz]

(* W*2=a, Y 3=b *)

dx4 = - a3 -4r2ab’2-16 b"3 + 8 r1 b~3;

dy4 = 3 a™2 + 8r3 ab - 4 1r2b°2; (* t=a/b %)

Clear[dx4,dy4]

dx6 = - t"3-4r2t-16+81rl; dy5=3t"2+81r3t - 4 r2;
Timing[Reduce[{dx5, dy5}=={0, 0}, {t}1]

e % X M|
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