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SOLVING SOLVABLE QUINTICS 

D. S. DUMMIT 

ABSTRACT. Let f(x) = x + pX3 + qx2 + rx + s be an irreducible polynomial 
of degree 5 with rational coefficients. An explicit resolvent sextic is constructed 
which has a rational root if and only if f(x) is solvable by radicals (i.e., when 
its Galois group is contained in the Frobenius group F20 of order 20 in the 
symmetric group S5). When f(x) is solvable by radicals, formulas for the 
roots are given in terms of p, q, r, s which produce the roots in a cyclic order. 

1. INTRODUCTION 

It is well known that an irreducible quintic with coefficients in the rational 
numbers Q is solvable by radicals if and only if its Galois group is contained 
in the Frobenius group F20 of order 20, i.e., if and only if the Galois group 
is isomorphic to F20, to the dihedral group D10 of order 10, or to the cyclic 
group Z/5Z. (More generally, for any prime p, it is easy to see that a solvable 
subgroup of the symmetric group Sp whose order is divisible by p is contained 
in the normalizer of a Sylow p-subgroup of S , cf. [1].) The purpose here is 
to give a criterion for the solvability of such a general quintic in terms of the 
existence of a rational root of an explicit associated resolvent sextic polynomial, 
and when this is the case, to give formulas for the roots analogous to Cardano's 
formulas for the general cubic and quartic polynomials (cf. [1, ? 14.7], for 
example) and to determine the precise Galois group. In particular, the roots are 
produced in an order which is a cyclic permutation of the roots (see the remark 
before the examples below), which can be useful in other computations (e.g., 
cf. [3]). We work over the rationals Q, but the results are valid over any field 
K of characteristic different from 2 and 5. The reader may wish to compare 
Weber [4] (particularly ??189 and 196). 

2. FIXED FIELD OF THE FROBENIUS SUBGROUP 

Let x1, X2, X3, X4, X5 be the roots of the general quintic polynomial 

5 4 
3 

2 
X -slx +s2x -s3x +s4x-s5, 
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where the si are the elementary symmetric functions in the roots. Let F20 < S5 
be the Frobenius group of order 20 with generators (1 2 3 4 5) and (2 3 5 4). 
Then the stabilizer in S5 of the element 

0=01 
2 2 2 2 2 

0 = 01 = XlX2X5 +xi X3X4 + X2X1X3 + X2X4X5 + X3X1X5 

+ X3X2X4 + X4X1X2 + X4X3X5 + X5X1X4 + X5X2X3 

is precisely F20 . It follows that 01 satisfies a polynomial equation of degree 6 
over Q(s1 S2' 5S35 4,5 ) with conjugates 

02 = (1 2 3)0k 

= xlx2X5 +x x3X4 + X2X1X4 + X2X3X5 + X3X1X2 

+ X3X4X 5+ 2 + 2 + X5X13+ 524 

03 = (1 32)01 

12 
2 

2 1 4 2 
2 

= xl2Xx3 +x x4X +x 2X1X4 + X2X3X5 + X3X1X5 
2 

2 
2 

2 5 
2 

+ X3X2X4 + X4X1X3 + X4X2X5 + X5X1X2 + X5X3X4, 
04 = (1 2)01 

12 
2 

2 1 5 2 
2 

= xlx2x3 + xlx4x5 + X2X1X5 + X2X3X4 + X3X1X4 
+X2 X+2X 2 2 2 

+ x3x2x5 + X4X1X2 + X4X3X5 + X5X1X3 + x5x2x4, 

05 = (2 3)01 

= xlx2X4 + Xlx3X5 + X2X1X5 + X2X3X4 + X3X1X2 1 2 2 2 1 5 2 3 4 3 12 

+ X3X4X5 + X4X1X3 + X4X2X5 + X5X1X4 + X5X2X3, 

06 = (1 3)01 

= xlx2X4 + Xlx3X5 + X2X1X3 + X2X4X5 + X3X1X4 
2 

2 
2 

23 
2 

34 + x3x2x5 + X4X1X5 + X4X2X3 + x5xzx2 + X5X3X4. 

By computing the elementary symmetric functions of the 01, which are sym- 
metric polynomials in x1, X2, X3, X4, X5, it is a relatively straightforward mat- 
ter to express these elements in terms of 1 S2 5S 53S454S5 to determine the re- 
solvent sextic f20 (x) with 0 as a root. By making a translation, we may assume 

Si = 0, i.e., that our quintic is 

(1) f(x) =x5 +px3+qx2+rx+s, 
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in which case f20(x) is 

6 5 2 2 24 
f20(X) =x + 8rx + (2pq - 6p r + 40r - 50qs)x4 

+ (-2q4 + 21pq2r - 40p2r + 160r3 -i l5p2qs - 400qrs + 125ps 2)x3 

(p2 4- 6p 3q2r - 8q4r + 9p4r2+ 76pq2r2- 136p2r3+ 400r 

- 50pq3s + 90p2 qrs - 1400qr2S + 625q2S2 + 500prs2)x2 

(-2pq 6 + 19p2q4r- 51p3q2r2+ 3q4r2+ 32p4r3+ 76pq r 
2 4 5 3 3 5 4 3 - 256pr? + 512r _ 3lp q s - 58qs + 117p qrs + 105pq rs 

+ 26Op2qr s - 2400qr s- 108p s2- 325p2q2s2+ 525p3rs2 

(2) +2750q 2rs2 -500pr2S2 + 625pqs3 - 3125s4)x 

(q8 3pq 6r+p qr + 65p2 q4 r2 4p 6r3 - 128p3q r + 17q r 
4 4 2 4 25 6 5 3 2 5 

+ 48p r - 16pq r - 192p2r? + 256r- 4p q s - 12p q s 
6 3 3 5 4 2 3 2 

+ 18p qrs + 12p q rs - 124q rs + 196p qr s + 590pq r S 

- 16Op qr s - 1600qr4s - 27p7S2 _1 p4sq2l2 _125pq 4s 2 

-99prs-2 725p2q2rs2+ 1200p3r2s2+ 3250q2r2s 

- 2000pr 3s2 _ 1250pqrs3 + 3125p2s4 - 9375rs ). 

For the particular case when f (x) = x5 + ax + b, this polynomial is simply 

(2') f20(x) =x + 8ax5 + 40a2x4 + 160a3x + 400a4x2 

+ (512a- -3125b 4)x + (256a - 9375ab 4). 

Theorem 1. The irreducible quintic f(x) = xS + px3 + qx2 + rx + s E Q[x] is 
solvable by radicals if and only if the polynomial f20(x) in (2) has a rational 
root. If this is the case, the sextic f20(x) factors into the product of a linear 
polynomial and an irreducible quintic. 

Proof. The polynomial f(x) is solvable if and only if the Galois group of f (x), 
considered as a permutation group on the roots, is contained in the normalizer 
of some Sylow 5-subgroup in S5 . The normalizers of the six Sylow 5-subgroups 
in S5 are precisely the conjugates of F20 above, hence are the stabilizers of the 
elements 01, ..., 06. It follows that f(x) is solvable by radicals if and only 
if one of the Oi is rational. By renumbering the roots as x1, ... , x5, we may 
assume 0 = 01 is rational, so that the Galois group of f(x) is contained 
in the specific group F20 above. Since f(x) is irreducible, the order of its 
Galois group is divisible by 5. It follows that the 5-cycle (1 2 34 5) survives 
any specialization (this element generates the unique subgroup of order 5 in 
this F20 ). Because this element is transitive on 02, ... , 06 (in fact cycling 
them as 02, 06, 03, 04, 05), the remaining roots Oi are roots of an irreducible 
quintic over Q(0) = Q. E 
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Theorem 1 provides an easy criterion for the solvability of a general quintic 
polynomial (see the examples below). We now consider the question of solv- 
ing for the roots of f(x) when f(x) is solvable, i.e., solving for the roots 
x1, ..., X5 in terms of radicals over the field Q(s1, ... , s5, 0). We suppose 
the rational root of f20(x) is the root 0 above, so the Galois group of f(x) 
is contained in the version of F20 above. This determines an ordering of the 
roots xi up to a permutation in F20. 

Let C be a fixed primitive 5th root of unity, and define the function fields k = 

Q(55 . . . ,5-5), K = k(6), and F = Q(x1, ... , x5), so that F(C)/K is a Galois 
extension with F20 x (Z/ 5Z) x as Galois group. Define the automorphisms o, T. 

and X of F to be a = (1 2 3 4 5) (trivial on constants), z = (2 3 5 4) (trivial 
on constants), _o: C C3 (trivial on xl, ... , x5). 

Let A = H1iLj(xi - x1) denote the fixed square root of the discriminant 

D = A2 of f(x). Note that for a solvable quintic, the discriminant D is 
always positive: if the Galois group is dihedral or cyclic, then the Galois group 
is contained in A 5 so that D is actually a square; if the Galois group is the 
Frobenius group, then V/uii generates a quadratic extension which is a subfield 
of a cyclic quartic extension, so again D > 0 (in fact, D is then the sum of 
two squares). 

Define the usual Lagrange resolvents of the root xl 

(xl 1) = xl +x2 +x3 +x4 +x5 = O. 

r1 = (xI, C) =xI + x2C +X3C2 +x4C3 +x5C4, 

r2 = (x1, C2) = xi + X2C2 + x3C4 + X4C + x543, 

r3 = (xI, C3) = xi + x2C3 + x3C + x4C4 +x5C2, 

r4 = (xl, C4) = x1 +x24 + x33 + x4C2 + x5C, 

so that 

Xi = (r, + r2 + r3 + r4)/5, 

x2 = (C4r1 + C3r2 + C2r3 + Cr4)/5, 

(3) X = (C3rI + Cr2 + C4r3 + C2r4)/5) 

X4 = (2r + 4r2 + Cr3 + r4)/5 

x5 = (Cr1 + C2r2 + C3r3 + C4r4)/5. 

Write 

(xI, z) =x +x2z+x3z +x4z +x5z 

with an indeterminate z (so z = C gives the Lagrange resolvent r1). Expanding 

(XI , Z)5 gives 

(4.1) R1 =rl = (x1, C)5 = 10 + 11C + 12C2 + 13C3 + 14C4 
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where lo by definition is the sum of the terms in (xl, z)5 involving powers zi 
of z with i divisible by 5, 11 is the sum of the terms with i -1 mod 5, and 
so forth. Explicitly, 

lo-= 30X2x45 + 20x1X4X5 + 20X1X 2x5 + 20x2x3x5 + X2 + X5 
1=3X245 2 2 3 

+X5 +X X 0 x 3x2~ 3x2x3 2+ 20x x3x3 + X+X3 + 4 +01 X3X4 +01 X2X4 +01 X2X3 + 2l2 3 

(5.0) + 3OX12X3x + 3OX2x x5 + 30x2x3X5 + 30x2x3x4 
+ 2OX2x 4X5 + 4 + 20 +30XX2 X 

? 2x 3x 20x2x 
3 

2Ox x + 3O 2 2+ 3x 2 2 2 4 5 2 3 4 1x2x4 x1x2x5 01x3x4 

+ 20x1x X5 + 120xlx2x3x4x5 + 30X4x5x2 + 20Xx3xX5, 

1 = 20xx3X4+ 30xl2x4x 2+ 5x 4x2 + 0x1x +Ox?2x3 

+ 5X2 X3 + 10X2X4 + 5X3X 4 + 10X2 X5 + 10x3 X5 + 5x4 X5 

(5.1) + 5x1x5 + 201x3x35 + 30x 2x2x5 + 30x1x2x3 + 20x12x34 

+ 30x2x3x4 + 20x2x3X5 + 20x2x4x5 + 30X3X4x5 + 60x12xx3x4 

+ 6X2 x3x4x5 + 60xlx2x x5 + 60xlx2x3x5 + 60X1X3x4x5, 

12 20x, x4x5 + 10x 0xI2 + 5x Ix3 + lOx2x3 + 5x2x4 + lOxi2x5 

+ lox 3x 2+ 5x x4 + 5X4X5 + 5X2X4+ 103ox2 + 30X2x2 3 4 1 4 x3x5 2 5 x4x5 01x2x4 

(5.2) + 3X1X3X4 + 20x x x 3 + 20x12x5 + 30x2x3X52 

+ 20x2x3x43 + 30X2 4x2 + 30x x2x5 + 60xx2x3xX + 60xlx~x3x4 
2 2 2 3 

+ 60x x2x4x5 + 60x2x3x4x5 + 60xlx3x4x5 + 20x3x4x5, 

13 = 20x2x3x4 + 20x33x4X5 + 5X 4X4 + 10XIX2 + 10xIx5 + 1Ox2X3 

+ 5X2 X5 + 5xlx3 + 5x2X4 + 1Ox3x4 + 5x3X5 + 10x4X5 

(5.3) + 20x x2x3 + 30X2x3x2 + 30x 2x x5 + 30x1x2x4 + 30Xx2x2X 

+ 3X2 X4x5 + 20x x24X + 20x1x x5 + 60x1X2x4x5 

+ 60xx2x x4 + 60xx2 XX+ 60x2x3xX5 60xx3x4x5, 

14 304x2x x + 5x+4x5 +l1044 + 5x x + 5x2x3 + 2lx3 

+ 1Ox2x4 + 1Ox2x5 + 5x3X4 + 1Ox3x5 + 5x4X5 + 20xlx2X4 

(5.4) + 30X2X2X3 + 30X2X2X4 + 20xx3x 5 + 20x143X4 + 20x2x 35 

+ 30X2X4X5 + 20x x34 + 30X1X4 X5+ 60x13x4x5 

+ 60x1x2x4x5 + 60xlx2x3x4 + 60xx2x3 x5 + 60x2x3x4x5. 

(Note also that setting z = 1 shows that 

10+11 +12+13+14 = (X1 +X2+x3+x4+x5)5. 

In particular, if s1 = 0, we have 10= -11 - 12 - 13 - 14.) 
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Similarly we have 

(4.2) R2 =r = +13+11C2 + 14C3 +12C4, 

(4.3) R = r5 = +l+l2+l1 3+ C4,5 (4 3) R~~~~3 = 3 = 10 +12 C+14C +11C +1 34 

(4.4) R4 = r4 = 10 + 14C + 13 + l2& + 

The Galois action over K on these elements is the following: The elements 
10 11, 12, 13 14 are contained in the field F and are fixed by a; 

T10 = 1oS 5T11 = 12, 5T12 = 14, 5T13 = 1l, T14 = 13, 

and the action on the Lagrange resolvents is given by 
4 or1 = C4 r, Tr, = jr, = r3, 

(6) Ur2 = 2Cr2, Tr2 = Wr2= r, 
(6) ~~~~~~~~~2 

ar3 = C r3, Tr3 = wrr3 = r4, 

cr4=Cr4, Tr4= Wr4=r2. 

It follows that 1l E K and that 11, 12' 13, 14 are the roots of a quartic polyno- 
mial over K, and the field L = K(11) = K(11, 12, 13, 14) is a cyclic extension of 
K of degree 4 (with Galois group generated by the restriction of X = (2 3 5 4). 
The unique quadratic subfield of L over K is the field K(A). The field diagram 
is the following: 

F(C) = Q(X1, X2, X3, X4, X5, C) 

((wC : C3)) 

F = Q(x1, X2, X3,X4, X5) L(C) 

I (7 = (1 2345)) 

L = K(11 ) = K(11 5 12 5 13 5 14) 

K(A) (- = (2 3 5 4)) 

K = k(O) 

k = Q(s1 5s2, 5s3S4, 55) 

Since the Galois group of L/K is cyclic of degree 4, it follows that 11,12, 13,14 

are the roots of a quartic over K which factors over K(A) into the product of 
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two conjugate quadratics: 

(7) [X2 + (Tf + T2A)x + (T3 +T4A)][X2 + (Tfl -T2A)X + (T3 - T4)] 

with T1, T2, T3, T4 E K. The roots of one of these two quadratic factors are 

{Ill, 14 (= T 211)}, and the roots of the other are the conjugates {12 (= Tll), 
13 (= T31i)} for the specific li defined in equations (5.1)-(5.4). We may fix the 
order of the factors and determine the coefficients Ti explicitly by assuming 
that the roots of the first factor in (7) are {1l, 14}. Then 

11 + 14 = -T1 - T2A, 12 + 13 = - +T2A, 

1114 = T3 + T4A, 1213 = T3 - T4A, 

which defines the Ti as explicit rational functions in xl, ... ., x5. Writing these 
elements as linear combinations of 1, 0, 0 , ... , 05 with symmetric functions 
as coefficients would be relatively more straightforward if Z[s1, ... , s5][0] were 
integrally closed in K, but unfortunately this is not the case. We proceed as 
follows. In a relation of the form 

P = a0 +a O0+ a26 + a3 +a 0a4 +a 0a5 

where the ai are rational symmetric functions, if we apply the automorphisms 
(123) and (12) (whichgenerateacomplementto F20 in S5 andsogivethe 
automorphisms of K = k(0)), we obtain the system of equations 

P = o + alol + a201 + a301 + a401 + a5012 

(1 32)P = +a 103 +a 20 +a 303 +a4 0 +a5 0 

(1 2)P = a( + a104 + a202 + a303 + a404 + 0 

(213)P = a + a 0 +a20 +a 303 +a 404 +a 05 5 

(1 3)P = a0 + 0 106 + 206 + 306 + 406 +6 566, 

from which we may solve for the ai using Cramer's rule. The denominator ap- 
pearing in Cramer's rule is the Vandermonde determinant - Hr<1j(0i - -0j), and 

it is not difficult to see that this is A3F, where F is a symmetric polynomial. 
In particular, if P is a polynomial, this gives a bound for the denominator 
necessary for the rational symmetric functions ai (since then the numerator in 
Cramer's rule is a polynomial). 

3. COMPUTATIONAL MATTERS 

As a practical matter, the computation of the relevant symmetric functions 
is done by first computing the weights and degrees of the polynomial in the 
numerator of Cramer's rule for each ai , then determining which symmetric 
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monomials in sl, ..., s5 are involved (for example, there are 258 monomials 
of weight 50 involved in the computation of the numerator of a0 for T4). 

The problem then is to determine explicitly the coefficients involved in writ- 
ing a given polynomial (expressed as a determinant) as a linear combination 
of these monomials. Because of the high weights involved, it is impractical to 
simply expand the appropriate polynomials in xl, ... , x5 and apply the usual 
lexicographic algorithm. It is also impractical to substitute simple values for 
x1, ..., x5 into these polynomial identities and then solve the resulting linear 
system of equations, since a sufficiently independent choice of variables to pro- 
duce a determined system of equations produces relatively large (viz. 258 x 258) 
matrices with large entries (viz. 10300). 

The computations here were performed first by solving the equation x - 

s x4 + S2x - S3X2 + S4X - S5 for the roots x .. to sufficiently high pre- 
cision (typically 100 digits) for a given set of values of s, = 0 5 2. S5 
(for example, with 52 = 55 = 0 and sufficiently independent integer values 
for s3, 54), then computing the determinant involved in Cramer's rule and 

rounding to achieve a system of equations with relatively small (a 10 2) in- 
teger coefficients. By judicious choice, the number of equations is manageable 
(involving only the monomials without s1 5S52, and s5, for example). When all 
such "easy" coefficients were determined, a p-adic approach was used: equa- 
tion (1) was solved for xl , ... , x5 to sufficiently high precision with s, = 0, S 2 

(say) equal to a prime p, and s3 5S4, 5S5 sufficiently independent integer values. 
The determinant was calculated and the value of the known monomials sub- 
tracted, giving a value V which should be an integer (which was rounded after 
checking). If n is the smallest power of 52 appearing in the remaining mono- 
mials to be determined, then V/pn should be an integer (providing another 
useful check on the computations), namely the sum of the values corresponding 
to the remaining monomials when the exponent of 52 has been reduced by n . 
In particular, V/pn modp corresponds to those remaining terms whose original 
exponent of 52 was precisely n. Solving such systems, we can determine the 
coefficients modp for the terms involving first s52, then for the terms involving 

2, etc. which reduces both the number of equations involved and also the size 
of the coefficients (namely, < p) of the system considerably. Performing this 
p-adic computation for several primes p then determines the coefficients. In 
practice, these terms were determined modulo the first eight primes greater than 
1000, and the coefficients determined modulo the product of the first and the 
last seven of these values to be sure the values were in agreement. Once the 
coefficients were determined, they were checked. 

4. ORDERING THE RESOLVENTS 

If we write 

(8.0) lo = (ao +?a,0 + a20 2 + a30 3+ a40 4+ a505)/F 
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and 

(8.1) T, = (blo + b110 + b1202 + b1303b1404 + b1sS5)1(2F) 

(8.2) T2= (b20+ b210+ b220 2+ b2303+ b240 4+ b2505)/(2DF), 
(8.3) T3 = (b30+ b310+ b3202 + b3303 + b3404+ b3505)/(2F) 

(8.4) T4= (b40+ b410+ b4202 + b4303 + b440 4+ b450 5)/(2DF), 

the values are given explicitly for the general polynomial f(x) = x5 + px3 + 
qx2 + rx + s in the Appendix (on microfiche) in terms of p, q, r, s. For the 
particular case when f(x) = x + ax + b, these values are 

8.1') T1 = (512a - 15625b4 + 768a4 0+ 416a 302+ 112a 203 

+24a04 + 40 5)/(50b ), 

(8.2') T2 = (3840a - 78125b4+ 4480a40+ 2480a 302 

+760a 20 + 140a04 + 3005 )/(512a b + 6250b ), 

(8.3') T3=(-18880a5 ?781250b4 -34240a4 0 

-21260a 30 - 5980a 0 - 1255a0 - 2400 5)/(2b ), 

(8.4') T4=(68800a 5+25000a 40+11500a 302 

+3250a 0 + 375a04 + 1000 )/(512a + 6250b ). 

If we compute these expressions in terms of our given rational 0, and choose 
a specific A as our square root of D, then the roots of the quadratics in (7) 
give us {11, 14} and {12, 13}, up to a permutation of the two pairs. This is 
not sufficient to solve for the resolvents R1, R2, R3, R4, however, since for 
example if our choice of the roots in fact corresponds to {l, 13, 12, 14}, then 
we do not simply obtain a permutation of the Ri (this permutation is not 
obtained by an element of F20). This difficulty is overcome by introducing 
an ordering condition. For this, observe that (1 - 14)(12 - 13) = 6A for some 
element 6' E K. Computing this element as before, we write 

(9) < = (?0 + 010 + o202 + 0303 + o404+ o505)/(DF), 

where again the values of ?l ..., o5 for general f(x) are given in the Ap- 
pendix. For the special case of f(x) = x5 + ax + b we have 

=(-1036800a5 + 48828125b - 2280000a40 - 1291500a 302 
(9) ~~~~ ~~2 3 4 5 5 4. - 399500a 0 - 76625a0 - 161000 )/(256a + 3125b4). 

For any specific quintic f(x), choose a square root A' of the discriminant 
D, then define the roots of the first quadratic in (7) to be 1' and 1 , and the 
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roots of the second quadratic to be 4 and 4, ordered so that (4 -14) (4-) = 

<A'. If our choice of square root A' is the same as that corresponding to A de- 
termined by the ordering of the roots above, then our choice of 1, ,4,4 is 
either 11, 12, 13, 14 or 14, 13, 12, 11 * If our choice of square root A' corresponds 
to -A, then our choice of 11, 4,4 1 ,14 is either '2' 14,11,13 or 13,11,14, 12. 
The corresponding resolvents computed in (4.1)-(4.4) are then simply per- 
muted (namely, (R1, R2, R3, R4), (R4, R3, R2,R1), (R3, R1, R4, R2), 
(R2, R4, R1, R3), respectively), which will simply permute the order of the 
roots xi in (3), as we shall see. 

It remains to consider the choice of the fifth roots of the Ri to obtain the 
resolvents ri. We now show that, given R1 = r5, each of the five possible 
choices for r, uniquely defines the choices for r2, r3, r4, hence uniquely defines 
the five roots of the quintic. 

Consider the expressions r, r4 and r2r3, which by the explicit Galois actions 
above are fixed by o, TCW 1, and T2 , hence are elements of the corresponding 
fixed field K(AV'5). 

As mentioned above, the discriminant D for any solvable quintic is a positive 
rational number. It follows that under any specialization, the elements r, r4 and 
r2r3 are elements of the field Q(V57P). Since the ri are uniquely defined up 
to multiplication by a fifth root of unity, this uniquely determines r4 given r1, 
and r3 given r2 . It remains to see how r2 is determined by r, . 

2 2 2 2 Consider now the elements r1 r2 , r3r, , r4r3 , r2r4 , which are invariant under 
a and cyclically permuted by both T and w. It follows that these are the roots 
of a cyclic quartic over K, and that in particular 

r r2 + r4r3 = u + vAv'3, 
(1 0) I 2 2 

r3r1 + r2r4 = u - V3 

for some u, v E K, where V5 is defined by the choice of ;: ' + 4 1 = 

(-1 + V?5)/2. 

Lemma. Given r1, there is a unique choice of r2, r3, r4 such that r, r4, r2r3 E 
K(A/V3) and such that the two equations in (10) are satisfied. 

Proof. We have already seen that r, uniquely determines r4 and that r2 unique- 
ly determines r3 by the conditions rr4, r2r3 E K (AV3). It remains to show 
that r1 uniquely defines r2 subject to the equations in (10). 

If r2 were replaced by er2 for some nontrivial fifth root of unity e, then 
r3 would be replaced by ir3 (where e0 = 1), since their product must lie in 
K(AV'3). If this new choice for r2 and r3 (together with the fixed r, and r4) 
also satisfied the equations in (10), we would have 

r r2 + r4r3 = u + V/\f) and r, (8r2 + r4(Er3) = u + vA4, 
2 2 vA2 (r3)r + (er2) = u - vA2. r3r1 + r2r4 = u - +Af (~3r r24=U vA F5 
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Equating the expressions for u + vAv/' gives 

r2 2 rlr22 1-e2 1 
2 2 2 

r4r3 1-c _ 

and equating the expressions for u - vAV/ gives 

rlr3 1 - C 
2- 

r4 r2 

These two equations give (r, /r4)5 = 1, which implies that r1 /r4 is a fifth root of 
unity. This is a contradiction, since this element generates a quintic extension 

of L(C) which survives any specialization (the order of the Galois group of the 

irreducible f(x) is divisible by 5), and completes the proof. El 

The elements u and v are computed as before: 

u = -25q/2, 

(11) v = (cO + cIO + c202 + c303 + c404 + c505)/(2DF), 

where the coefficients ci for the general f(x) are given in the Appendix. For 

the special case of f(x) = x5 + ax + b these are: 

u = 0, 

v =(-2048a7 + 25000a 2b4 - 3072a'O - 6250ab 40 

( 1 1 ') - 1664a5 02 - 3125b 402 - 448a 403 

- 96a 304 - 16a 205)/(32000a 5b3 + 390625b 7). 

Theorem 2. Suppose the irreducible polynomial f(x) = x5 + px3 + qx + rx + 
s E Q[x] is solvable by radicals, and let 0 be the unique rational root of the 
associated resolvent sextic f20(x) as in Theorem 1. Fix any square root A of the 
discriminant D of f(x) and fix any primitive fifth root of unity C. Define lo 
as in equation (8.0), and define 11, 14 and 12, 13 to be the roots of the quadratic 
factors in (7), subject to the condition (1l - 14)(12 - 13) = 6A in (9). Then the 
Galois group of f(x) is: 

(a) the Frobenius group of order 20 if and only if the discriminant D of 
f (x) is not a square, which occurs if and only if the quadratic factors in 
(7) are irreducible over ?(V), 

(b) the dihedral group of order 10 if and only if D is a square and the 
rational quadratics in (7) are irreducible over Q, 

(c) the cyclic group of order 5 if and only if D is a square and the rational 
quadratics in (7) are reducible over Q. 

Let r, be anyfifth root of R1 in (4.1), and let r2, r3, r4 be the corresponding 
fifth roots of R2, R3, R4 as in the lemma above. Then the formulas (3) give the 
roots of f(x) in terms of radicals and x1, X2, x3, X4, X5 are permuted cyclically 
by some 5-cycle in the Galois group. 
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Proof. The conditions in (a) to (c) are simply restatements of the structure of 
the field L = K(/1) = K(11, 12, 13, 14) under specialization. 

We have already seen that the choice of A and the roots 1i of the quadratics 
determines the Ri up to an ordering: (R1, R2, R3, R4) or (R4, R3, R25 R1) 
if the choice of A is the same as that in the computations above, and (R3, R1, 
R4, R2) or (R2, R4, R1, R3) if the choice of A is the negative of that used in 
the computations above. It is easy to check that the corresponding resolvents 
ri are then simply (r, , r2, r3, r4) , (r4, r3, r2, r,) , (r3, r, , r4, r2), and (r2, r4, 
r1, r3) , respectively (this is the action of the automorphism T = (2 3 5 4) above). 
The formulas (3) then give the roots xi in the orders (x1, X2, X3, X4, X5), 
(x1, X5, X4, x3,X2), (x1,X3,X5,X2,X4), and (x1,X4,X2,X5,X3), respec- 
tively. In terms of the 5-cycle a = (1 2 3 4 5) above, these correspond to cyclic 
permutations by a, a- , 5a2 , and a 3, respectively. 

Finally, any choice of primitive fifth root of unity ' produces precisely the 
same permutations of the roots xi, so the roots of f(x) are produced in a 
cyclic ordering independent of all choices. a 

Remark. Suppose f(x) E Q[x] is an irreducible polynomial of degree n whose 
Galois group is, for example, known to be the cyclic group of order n. If the 
roots of f(x) are given (numerically in C, say), how can one order the roots 
so that they are cyclically permuted by some element in the Galois group? For 
n = 5, a solution is provided by Theorem 2, and the situation for n = 4 is 
solved implicitly above (this is the reason for considering the factorization in 
equation (7) and the ordering condition (1, - 14) (12 - 13) = 6A) . Such orderings 
are necessary in the computation of regulators as in [3], and the question for 
general n seems an interesting one. 

5. EXAMPLES 

(1) Let f(x) = X5 + 15x + 12, whose discriminant is D = 2103455 . The 
corresponding resolvent sextic f20(x) is the polynomial 

x6 + 120x5 + 9000X4 + 540000x3 + 20250000x2 + 324000000x, 

which clearly has 0 = 0 as a root. It follows that the Galois group of f(x) is the 
Frobenius group F20 and that f (x) is solvable by radicals. With A = 7200 3, 
where C + C ' = (- 1 + V)/2, the roots 1,'12, 13, 14 of the quadratics in (7) 
(subject to the ordering condition in (9)) are 

1= -375 - 75OV + 75i 625 +29V, 

4 = -375 - 750V5- 751625 ?29V, 

12= -375 + 750v/3 - 75i 625-29V, 

3 = -375 + 750V + 75i 625- 29V. 
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Then 

R1 = -1875 - 75 l635+385 + 75 1635 - 385V, 

R4= -1875 + 75 1635 385 - 75 1635 - 385v35, 

R2= 5625 - 75 1490+ 240 - 75 1490 - 240v5, 

R3= 5625+ 75 1490+240V+75 1490 - 240v3. 

Viewing these as real numbers, and letting r1 be the real fifth root of R1, 
we conclude that the corresponding r2, r3, and r4 are the real fifth roots of 
R2 R3, and R4, respectively, and then (3) gives the roots of f(x). For ex- 
ample, the sum of the real fifth roots of R1, R2, R3 , R4 above gives five times 
the (unique) real root of x5 + 15x + 12. 

(2) Let f(x) = X5 - 5x + 12, whose discriminant is D = 21256 . The corre- 
sponding resolvent sextic f20(x) is the polynomial 

x - 40x + 100Ox4 + 20000x + 250000x - 66400000x + 976000000, 

which has 0 = 40 as a root, so that f(x) has solvable Galois group. Since 
in this case the quadratic factors in (7) are x2 + 1250x + 6015625 and x2 _ 

3750x +4921875, which are irreducible over Q, it follows that the Galois group 
of f(x) is the dihedral group of order 10. If A = 8000, the roots 11, 12, 13 14 

of the quadratics in (7) (subject to the ordering condition in (9)) are 

= -625 + 750Vf-1, 

14= -625 - 750V-{NP 

12= 1875 + 375v"7i-7 
13 = 1875 - 375VZT1. 

Then 

R = -3125-1250 V5- - 
7 

100+20V- 
37 

100-20 , 1 ~~~~~2 2 

R4 = - 3125 - 1250V + 
75 100 +320V+ 100-20V 4 2 + ~~~22 

R2 = -3125 + 1250V5 + 1007+20V- 100 -20V 
23= - 3125+12502W- 2 2 

R = -3125 +1250V5- 1003205 7-500-0 3 2 + ~~~22 
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Again viewing these as real numbers, and letting r1 be the real fifth root of 

RI, we conclude that the corresponding r2, r3, and r4 are the real fifth roots 
of R2, R3, and R4, respectively, and then (3) gives the roots of f (x) . For 
example, the sum of the real fifth roots of RI, R2, R3, R4 above again gives 
five times the (unique) real root in this example. 

(3) Let f(x) = X5 _ lOx3 - 55X2 + 2310x + 979, whose discriminant is 
D = 520114. The corresponding resolvent sextic f20(x) is the polynomial 

x6 + 18480x5 + 47764750x4 - 580262760000x3 - 1796651418959375x2 
+ 2980357148316659375x - 36026068564469671875, 

which has 0 = -9955 as a root, so that f(x) has solvable Galois group. Since 
in this case the quadratic factors in (7) are (x - 797500)(x + 61875) and 
(x - 281875)(x + 405625), it follows that the Galois group of f(x) is the 
cyclic group of order 5. If A =5 10 112, the roots 11 , 12' 13 , 14 of the quadratics 
in (7) (subject to the ordering condition in (9)) are 

11 = 797500, 

14 = -61875, 

= 281875, 

13 = -405625. 

Then 

RI = 5 11(414 + 2642 + 643 + 1644), 

R2 = 5511(64 + 4142 + 1643 + 26 4), 

R3 = 5 511(264 + 1642 + 4143 + 644), 

R4 = 5511(164 + 642 + 2643 + 414'). 

Here, 

U + VA 
1375 + 6875VV 1375 - 6875VF 

so with r, any fifth root of RI, r4 is the fifth root of R4 such that r, r4 is real, 
and r2, r3 are the fifth roots of R2, R3 whose product is real and which satisfy 

r3r, + r2r4 = (1375 - 6875VS)/2. This is the Casus Irreducibilis for quintic 
polynomials, where the five real roots of the quintic are expressed by radicals 
of necessarily nonreal complex numbers (in general, if only real radicals are 
required for a solvable polynomial, all of whose roots are real, then the Galois 
group is a 2-group, cf. [2]). 
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Solving Solvable Quintics: Appendix 
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Burlington, Vermont 05405 

In this appendix we give the formulas necessary to solve the general quintic 

ff(x) = x + px 3 + qx2 + rx +s 

when f(x) is solvable by radicals. Following the notation and enumeration in the paper, 
the roots of f(x) are expressed in terms of the rational root 0 of the polynomial f20(x) in 
equation (2) (cf. Theoremn 1) and involve the following expressions (cf. Tlheorem 2): 

to= (aO + (l 0 + Ca29 + a3 93 + a49' + as505)/F (8.0) 

T1 = (blo + b)j9 + b1292 + b1303 + b140' + b1595)/(2F) (8.1) 

T= (b20 + b210 + 4,2 2 ?- b2393 + b249'4 + b2505)/(2DF) (8.2) 

T3 = (030 + 1)310 + 4320 + b3303 ? 43494 + b3595)/(2F) (8.3) 

T4 = (b4o + b. IO + 442 92 + b14303 + bN1404 + b4s55)/(2DF) (8.4) 

0 (0? + 10 + 0202 + o303 + o40 + o505)/(DF) (9) 

u1 -25q/2 

t = (Co + cC03 +c393 + c10' c595)/(9DF). (11) 

On the following pages we give the values of D (the discrimlinant of f(x)), F. the 
values a - 0 ci for 0 < i < 5, and the vallues b for 1 < I < 4, 0 < j < 5 in terms of the 
coefficients p, q, r, .. ; of f (.-r). 



D -4p3q2r2 - 27q4r2 + 16por3 + 144pq2r3 128p2 4 + 256r5 

+ 16p3q3s + 108q5s - 72p4qrs - 630pq3rs + 560pqr2s -600qr3S 

+ 108p5s2 + 825p2q2,s2 _ 900p3rs2 + 2250q2rs2 + 2000pr-s 

- 3750pqs3 + 312)5s 4 

F 4p 6q6 + 59p3q + 216q'o - 36p7q4r - 6 3p4q6 2_*610pq r 

+ Slp8q1.'2 + 2015p 5q4r + 10S25p2qbr2- lSOpbq-13 

-17500p q'r3 + 625qr3 + lOO()Op4q2 f + 108pSq3s + 1584p5q% 

+ 5700p2qs - 486)99qrs - 9`7201Pq3rs- 4050p3q5rs - 9000 q s 

+ 10800p' qr2s + 92500Pqq3 rs + 325O00pq r s-60000p5qr3s - 50000p2q3r3s 

+ 729p'%s2 + 1-2150p'q792 + 60000p4q4S2 + 9375Opq6s2 

182'25p8rs2 - s l5OOp'q2rs2 - 4781625P2q 1 'is + 135000p6r s2 

+ 850000p3q2r2s2 + 15625q4r2s- -'25OOOp4r%2 + 225000p3q s 

+ 175000q5%3 -1012500p4qrs3- llS7500pq3rs3 + 125000092qr2s3 

+ 928125ps + i 850Op2 q 2812500p3 rs;4 390625q2 rs4- 9765625s6 



lo= (a + 01 + 0292 + a,03 + a4, + a565)/F (8.0) 

T1 (blo + b116 + b1262 + b1393 + b1464 + bl505)/(2F) (8.1) 

T2 (b20 + b2l + b2262 + b2303 + b2464 + b2505)/(2DF) (8.2) 

23 = (b3O + b316 + b3262 + b3303 + b3464 + b3565)/(2F) (8.3) 

4 = (b40 + b410 + b4262 + b3 b4.14 I b4565)/(2DF) (8.4) 

O =(0 + olG + o202 + 0393 + 04 04 + os5)/(DF) (9) 

x1--25q/2 
V = (CO + CIO + C202 + c303 + c494 + c505)/(2DF) (11) 



aO =-loop q - 217 5p4 q9 - 1500pq" + l1OOp8Q5r + 279759Iq7 

+ 152950p2q9r - 4125p9q3r2 - 128875p6q5r2 830525p3q7 r 

+ 59450q9r2 + 5400p'0qr3 + 243S00p7q3r3 + 2082650p4q5r3 

-33395pq7r3 - 139200p8 qr4 - 2406000p5 q3r4 - 122600p2q5 r4 

+ 1254400p6qr5 + 377'6000p3q3r5 + 1832000q5rs - 4736000p4qr6 
- 6720000pq3 r6 + 6400000p2 q7 - 900p9 q4 s- 3740Op6 q6 s 

- 281625p3q8s 435000q10s + 3750p'0q2's + 322300p7q4rs 

+ 2718575p4q6 rs + 4214250pq8rs - 16200p 1 r2s - 859275p8q2r2s 

- 8925475p5q4r2s - 14427875p2q6r2s + 453600p9r3s + 10038400p6q2r3s 

+ 173971500p3q4r3s - 11333125q6r3s - 4451200p7r4s - 15850000p4q2r4s 

+ 34000000pq4 r4s + 17984000ps 5s - lOOOOOOOp 2q2 r5 s- 25600000p3r6 s 

- 8000000q2 rs + 60735p"qs2 - 83250p)8q3S2 _ 12S2500p5q5 S2 

- 2862500p2q7s2 + 7242715p9qrs2 + 980f7250p6q3rs2 + 28374375p3q5 rs2 

+ 22212500' rs2 -S982000p'qr2s2 - 39600000p4q3r2s - 61 746875pq5r2s2 

-l? l???Op5 qr3s 2 - 1000000p2q31r3 s 2 + 7800000op3q74s2 + 3000000q3 r4s2 

+ 80000000pqr 5s2 - 75935p] s3- 97S7000p7 q2s3 - 39069500p4q4s3 

- 5234371050pq6 s3 + 12301 S75p8rs3 + 9S175000p 5q2 rs3 + 22507S 125p2q4 rs3 

- 54900000p6 r2s - 31 000000p3q2 r 2 - 7890625q4r2S3 + 51250000p r33 

- 420000000pq2r3s3 + 110000000p2r4s3 - 200000000r5s3 + 2109375p6qs4 

- 21093750p3q3s4 - S9843715q0q s4 + 1S2343750p4qrs4 + 733203125pq37-s4 
- 196875000p2qr2s4 + 1125000000qrs4 - 15S203125p5s5 - 566406250p2q2s5 

+ 101562500p3rs5 - 1669921S75q2rs5 + 1250000000pr2s5 - 1290703125pqs6 

+ 6103515625s7 



a1 = lOOOp5q' + 7250p2q9 - JOSOOp6qr - 96900p3q7r - 52500q9r 

+ 37400p7q3r2 + 470S50p4gqr2 + 64600'pq'r2 - 39600p8qr3 

-983600p5q3r r-284810Qp2q5r3 + 814400p6qr4 + 6076000p3q r4 

+ 23S000q5r4 - 5024000p4qr5 - u9G OOOOpq3r5 + 9600000p2qr6 

+ 13SO0p q4s + 94650p4qq -96500pqs - S6400p q2rs 

- 816500p~q4rsrs - 2575pq' rs + Opr s+ 1853700p6q2r2? 

+ 630000p3q4r2s -S97125096r2s -0 071200p r3s - 7240000p4q2r3s 

+ 29375000pq4r3s + 14416000p~r4s- 500000p2rs - 3400040p3r5s 

12000000q2r5s + 64S00pi9qs2 + 36700p6q%2 + 1655000p3q5s2 

+ 69S7500q .2 + 3373O p7 '- + 8462500p4q3rs2 - 5S12500pq5rs2 

- 24930000p5qr2s - 691250C000p" 2 2 + 103500000p3qr3s2 + 3OOOOOOOqr3s2 

+ gOOOOOO0pgr s - 0O I 3 - 5400000-pq2s3 + 890G250p2q s3 

+ 18562500p trs3 - 62500P 3q2 r 3 + 2968S .7500q4rs3- 75000000p r 2s3 

- 4162501)000pq 2 r2s3 + 60000000p27%3 - 300000000r 4s3 + 717187350p4q.s4 

+ 189062500)o3s4 + 210937500p2qrs4 + i18S500000qr2s4 - 18500000p3sD 

- SOO78S73Oq20 5- 390(;O2DOOOprs5 

a 25 - _500p6 -6350p3 ' - 1 9SOOq9 ? 3, 50' 3r + 65100p4q5 r + 264930pqr 

67150p8qr2 - 20)90i50p15q3r-2 12 )17250p2q 5r2 + 19000p6qr 3 

+ 25;10000p)3q3r3 + 1098500q5r3 - 96SOOOpr4 - 5000000pq3r4 
? 0200000p2qr5 - 6T50p-q2s - 96350pq4s-346000p2q6s 

+ 20250p9 rs + 459900psq rs + ISS aOp3q rs - 2930000q" rs 

594000p' s - 4301230p qr 4- 109OG250pq4 rs +5252000p5r3s 

- 1450000p2 q r 3s -- 12SOnOOOp3 r s 6-6500000q r s + 14250p'qs2 

+ 141St5op4 q2 + 5956250pqt5 .- 4297500p5qrs2 - 29906250p q rs 

+ 31500000p3qr s2 + 125OOOOq3r2 2 + 35000000pqr3s2 + 1350000p~s3 

+ 6093750p3 q2 3 + 17500000q s3 - 7031250p4rs3 - 127812500pq2rs3 

+ 18750000p2r%3 - 16295OOOOOr3?3 ? 102812500p2qs4 + 460937500qrs4 
- )14S43730ps5., 



a3 1950p4q5 + 141OOpq7 - 14350p5q3r - 125600p2q5r + 27900p6qr2 

+ 40225op3q3r2 + 2882 50q5r2- 436000p4qr3 -- 1345000pq3r3 

+ 1400000p2qr4 + 9450p6q2s -1250p3q4s - 465000q6s 
- 49950p7rs - 302500p4q2rs + 1718750pq4rs + 834000p5r2s 

+ 437500p2q2r2s - 3100000p3r3s - I750000q2r3s - 292500psqs2 

- 1937500p2q3s2 + 3343750p3qrs2 + 1875000q3rs2 + 8125000pqr2s2 

- 1406250p4s3 - 12343750pq2s3 + 5312500p2rs3 43750000r2s3 

+ 74218Th0qs4 

a4 -300p5q3 - 150p2q5 + 1350p6qr + 21500p3q3r + 61500q5r - 42000p4qr2 

- 290000pq3r2 + 300000p2gr33- 4050p7s - 45000p4 q2s 

- 19000opq4s + lOSOOOp5rs + 643750p2q2rs - 700000p3r2S 
- 375000q2r2s - 93750p3qs2- 312500q3s2 + lS75000pqrs2 
- 1406250p2 23- 93-75000rs3 

as = 125O0p3q3 + 9000q5 - 4500p4qr - 46250pq3r + 50000p2qr2 + 675Qp5s 

+ 43750p 2q2s - 75000p3rs - 62500q2rs + 156250pqs2- 1562500s3 



=-00p7q7 -9175p4 q9 - 1500pq" + l lOOp8q5r + 27975p5 q7 r 

+ 152950p2q 9r- 4125p9q3r2 - 128875p'q5r2 - 830525p3q7r2 

+ 59450q9r2 + 5400p'0qr 3 + 243800p7q3r3 + 2082650p4q 5r3 
-- 333925pq7r3 - 139200p8qr4 - 2406000p5q3r - 12600p2q5r4 
+ 1254400p6qr5 + 3776000p3q3r5 + 1832OOOq5r5 - 4736000p4qr6 

-6720000pq3r6 + 6400000p2qr - 900p9q4s - 37400p6q6s 
-- 281625p3qs - 435000q'Os + 6750pl'q2rs + 322300p7q4rs 
+ 2718575p4q6rs + 4214250pq8rs - 16200pIr2s - 859275p8q2r2s 

- 8925475p5 q4r2S - 14427875p2 q6r 2s + 453600p9r3s + 10038400p6q q r3 s 

+ 17397500p3q4r3s - 11333125q6r3s - 4451200p7 r4s - 15850000p4q2r4s 
+ 34000000pq4lr4s + 1"79S4000p5r5 s - lOOOOOOOp2q2r5s - 25600000p3r 6s 

- SOOOOOOq2r6s + 6075p1qs2 - 8325Op8q3s2 - 1282500p5q5 s2 

- 2862500p2q7S2 + 7242h5p9qi-s2 + 9S07250p6q3rs2 + 28374375p3q5rs2 

+ 222125007r . - 8982000p7qr2s2 - 39600000p4q3r2s2- 61746875pq5r2s2 

-lOlOOOOpsqr3s2 _ 100000Op2q3r3s2 + 78000000p3qr4s2 + 3000000Oq3r4.s2 
+ 80000000pqr 5s - 759375pl? - 97S7500p7 q2 s - 3906500p4 q4s3 
- 52343750pq6s3 + 12301875p8rs3 + 981TS00op5q2 rs 3 + 225078125p2q4rs3 

- 54900000p6 r2s3 - 310000000p3q2 r2s3 - 7890625q4 r2s3 + 5125000Op4 r3s3 

- 420000000pq2r3s3 + 11000000Op2r4s3 - 200000000r5 s3 + 2109375p6qs4 

- 21093750p3 q3 s4- 89843750q5 s4 + 18234370p4 qrs4 + 73320312pq3 rs4 
- 196875000p2qr2s4 + 1125000000qr3s 4- 158203125p5s5 - 566406250p2q2s5 
+ 101569500p3rs5 - 1669921875q2rs5 + 12500000000pr2s5 -1220703125pqs6 
+ 6103515625sI 



b= 1000p 5q7 + 7250p2q9 -- lOS00p6q5r - 969oop3q7 r -52500q9r 

+ 37400p7q3r2 + 470S50p4q5r2 + 640600pq7r2 - 39600p8qr3 

- 983600p5q3r3 - 28481oop2q5r3 + 81440op6qr4 ? 6076000p3q3r4 

+ 2308000q5r4 - 5024000p4qr5 - 9680000pq3r5 + 9600000p2qr6 + 13800p7q4 s 

+ 94650p4q6s - 26500pq8s - 80400p8q2rs - 816500p5q4rs 

- 257500p2q6r7s + 91800p9r2s -I 1853700p6q2r2s + 630000pp3q4r2s 
- 8971250q6r% - 2071200p7r3s - 7240000p4q2r3s + 293 75000pq4r3s 

+ 14416000p5r4s - 5200000p2q2r4s- 30400000p3r5s - 12000000q2rSs 

+ 64800p9qs2 + 567000p6q3s2 + 1655000p3q5s2 + 6987500q' s2 

+ 337500p7qrs2 + 8462500p4q3rs2 - 5812500pq5rs2 - 24930000p5qr2 s2 

69125000p2q3r2s2 + 103500000p3qr3s2 + 30000000q3r3s2 

+ 90000000pqr s2 -708750p8s3 - 5400000p5q2s3 + 8906250p2q4s3 

+ 1S562500p6rs3 -62000p3q2ris + 2934S7500qrs3 _ 75000000p4 2S3 

- 416250000pq2r2s3 + 6000000op2r3s3 - 300000000r4s3 + 71718750p4qs4 

+ 189062500pq3s4 + 210937500p)2qrs4 + 1187500000q7r2s4 - 18750000Op3s5 

800781250q2s5 - 390625000prs5 

b12 -500p q5 - 6350p3q7 - 19SOOq9 + 350p 'q3 r + 65100p4 q5r + 264950pq7r 

-1650p8qr2 - 209050p5q3r2- 121 502q5r2 + 219000p6qr3 

+ 25 10000op3q31r3 + 1 09S300q5 r 3- 2OOO4p4 q r4 -5060000pq3 r4 

+ 5200000p 2qrS - 6750p8 q2s - 96350p5 q4s - 34600Op2 q6 s 

+ 20250p9rs + 459900p6q2rs + 1828750p3q4rs - 2930000q6rs 

-594000p' r2s - 4301250p4q2r2s + 10906250pq 4r2s + 5252000p5r3 s 

-1450000p2 q2 r3 s - 12800000p3 r4s - 6500000q 2r4 s + 74950p7qs2 

+ 1418750p4q3%2 + 5956250pq%5s2- 429T500p5qrs2 - 29906250p2q3rs2 

+ 31500000p3qr2 s2 + 12500000q3r2s2 + 35000000pqr3s2 + 1350000p6s3 

? 609370op3 q2s 3 + 17500000q4 s3 - 7031250p rs3 - 127812500pq2rs3 

+ 18750000p2r2s3 - 162500000r3s3 + 107812500p2qs4 + 460937500qrs4 
- 914S43750p'5 



b13 - 1950p q5 + 14100pq - 14350psq r - 125600p q r + 27900p6qr2 

+ 409250p3q3r2 + 28825Oq5r2 - 43OOOp4qr3 - 1345000pq3r3 

+ 1400000p2qr4 + 9450p6q2s - 1250p3q4s - 465000q6s 

- 49950p'rs - 302500p4q2 rs + 1718750pq4rs + 834000p5r2s 

+ 437500p'q2r% - 310000Op3r3s -- 1750000q2r3s - 292500p5qs2 

- 1937OOp2q3S2 + 3343750p3qrs2 + 1S75000q3rs2 + 8125000pqr 2S2 

- 1406920p4s3 - 12343750pq2s3 + 5312500p2rs3 - 43750000r2s3 

+ 74918T50qs4 

b14 = -300p5q3 - 9150p2q5 + 135Op6qr + 21500p3q3r + 61500qsr - 42000p4qr2 

- 290000pq3r2 + 300000p2q73 _ 4050p7s - 4500Op4q2s 

-125000pq4s + lO8OOOp5rs + 643750p2q2rs - 700000p3r2s 

- 37h000q2r2 - 93750p3qs2 - 312500q3s2 + 1875000pqrs2 
- 1406950/2s3 - 9375000rs3 

ba = 2_50op3q3 + 9000q5 - 4500p4qr - 46250pq3r + 50000p 2qr2 + 6750p5s 

+ 43750p2 q2s - 75000p3 ?S62500q2 rs + 156250pqs2 - 15625003 



b20 = 200p6 q - 250p3 QI- -lOSOOq'5 - 3900p7 q9r -3325p4 q r 

+ 181800pq13r + 26950p8q7r2 + 69625p5qpr2-2 1214450p2q r2 
- 78-25p9q5r3 - 365p6q'r3 + 4166325p3q9r3 + 13 100q r 

+ 73400p'?q3r4 + 661950p q5 - r - 166330?5pq9 r4 

+ 36000p11qr + 135C00p q3r5 + 17321400z5q5r5 + 8533S300p2q r 

- 832000p9qr6 - 13379200p63r6 - 176044000p3q5r6 - 1410000q r6 

+ 652SOOOp7qr' + 129664000p4q3r7 + 47344000pq5r7 - 21504000p5qr8 

- 115900000p2q3r8 + 25600000p3 qr9 + 64000000q3r9 + 15700p8q8s 

+ 190595p5q'0s + 113250p2q 12s - 196900p9q6rs - 1776925p6q8rs 

- 3062475p3q 'rs - 4153500q 2rs + 8579-5p2 04 r2 s + 10562775p q6rs 

+ 34S66950p4 q8r2 s + 13486750pq 10r2s - 1333800p1 q2 rs - 29212625p8q4r3 s 

- 16S72965lsq6r3 s - 42723050p2q8r3s + lOSOOOp12r4s 4- 30384200p9q2r4s 
+ 394535100p6q4r4s + 952666750p3q6r4s - 3806875q8r4s -4296000p rr5 s 

- 213606400p7q2r5s- 84206000Op4q4r5s - 9285000pq6r5s + 611S4OOOpSr6 

+ 567520000p5q2r6s + 547000000p2q4 r6s - 390912000p6r's - S12800000p3q2r' s 
- 924000000q4r7s + 1152000000p4r8s + 800000000pq2r8s - 12S0000000p2r9 s 

+ 141750pq5s2 - 31500p'q's - 11325000pq9s2- 31687500pql" 2 

- 1293975pp 'q3 rs2 -4803800p8q5rs2 + 7139S50p5q'rs2 

292 1'PI22 2 93 22 6 5" 
+927625000, q 9 +325600pl qr s + 43870125p9q r s + 645S-1-001p q r s 

+ 56090625p3 q r 2s + 260218750q9 r -s -74t)10000p"qr3 s2 - 66218650p7 q3 r3 s2 

- 1987747500p4q5 r3s2 - 81198125pq7r3 s2 + 471286000p8qr4 s2 + 2106040000p5q3 t 2 

+ 792687500p2q5 r 4s - 13510000p6r5s2 + 249000000p3q 3 r5S2 + 52429950000q5r5 2 

-6400000000p4qr6s2 -860000000pq3r62 + 13280000000p2qra52 + 1600000000qr 8s2 

+ 273375p'2q2s3 - 1361250Op9q4S3 - 17 7 500006q6s3 - 511015625p38 s3 

- 320937500q'?s3 - 2770200p 37s3 + 12595500p' q2rs3 + 543950000pq4 rs3 

+ 16122S195Op4q6rs3 + 96S125000pq8rs3 ? 77031000p" r2s3 

8 2 23 25p 4r2 3 
-P 3732187 Op q r s + 18397G5625p q r s3 + 181851 56p2 q6r2s3-776745000pr3 s 

- 6861075000p6q2 r3 - 20014531950p3 q4r3 3- 13747812500q6r3S3 + 3768000000p'r4 S3 

+ 35365000000p)4q2r4s3 + 34441875000pq4r4S3 - 9628000000p5r5s3 - 63230000000p2q2l,5S3 

+ 1360000000013rts - 15000 0O0 2 r S 10400000000p r7s3- 4662500p qs4 

- 525937500p8q 3s4 - 136421 S 750p5q5 s - 1382812500p2q 7S4 + 5720625009Pqrs4 

+ 2473515625pq3 rs + 13192187500p3q5rs4 + 129703125000q7 rs4 - 451406250p7qr %' 



(b20 cont.) 

-18153906250p4q3r2s4 - 36908203125pq5 r2s4- 9069375000p5qr%4 + 79957812500p23 r3s4 

+ 5512500000p3qr4s4 + 50656250000q3r4s4 + 74750000000pqr5s4 + 56953125pl's5 

+ 1381640625,p q2s5 - 781250000p44 s5 + 87S906250pq6S -2655703125p8rs5 
q i's - 

88962 -26533506r~5573225~r - 322304G875p q'rs5-35117187500p24 rs5 + +-373437 r * 1478515625Op0 q r 
- 5205078125q4 r2s5 - 103062500000p4 r3 s5- 281796875000pq2 r3s5 + 146875000000,p2r4s5 
- 37500000000r5s5 - 878906500p6s6 - 3906250000p3q3s6 + 1464843750q5s6 
+ 102929687500p4qrs6 + 297119140625pq3rs6 - 21777343700Op2qr2s6 + 16796S750000qr3s6 

+ 10986328125p5s7 + 98876953125p2q2s7- 188964843750p3rs7 - 2783031250Oq2rs 
+ 517578125000pr2s7 - 610351569500pqs8 + 762939453195s9 



b21 = -200p'99 + 1850p4q" + 21600pq93 + 3200p8q7r - 19200p5q9r 
-316350p2qlr -19050p9q5r2 + 37400p6q7r2 + 1759250p3q9r2 

+ 440100q r2 + 48750pD'q3r3 + 19020Op7q5r3 - 4604200p4q-r3 
- 6072800pq9 r3 - 43200pl 1 8r-S 3450Opgq3r4 + 4916000p5q5r4 

+ 27926S50p2q7r4 + 9G9600p9qr5 + 24672O0p6q3r5 - 45393200p3q5r 
- 5399500q7r5 - 7283200p7qt6 + 1053600Op4q3r6 + 41656000pq5r6 
+ 22784000p5qr7 -35200000p2q3r7 - 25600000p3qr8 + 96000000q3r8 
- 3000p9q6S + 40400p6q8s + 136550p3ql's - 1647000q%2S 

+ 40500p'0q 4rs - 173600p7q6 rs - 126500p4 q8rs + 23969250pq' 0 7vs 

153900p I Iq2r2s - 486 50p8q4r2 - 4115S00p 5q6r2s - 112653250p2q8 r2s 

+ 129600p 2r3 s + 26S3350p9 q2 r3 s + 10906050p6q4vr3s + 7IS9500p3 q6r3s 

+ 44098750q8 r3 s - 43S4soop'0r4 s -- 35660800pq2 r4s - 175420000p4q4r4 s 
- 4265387150pq6 r4s + 60S57600p8 r5s 4 349436000p5q2 r5 s + 900600000p2q4 r5 s 

- 429568000p6rs - 1511200000p3q2 r6s - 1286000000q4r6s + 1479000000p4r 7s 

+ 1440000000pq2 - 1920000000p2r8s -36450pIq3s2 - l8SlOOp8q5s2 
-55047505q's2- 3796S150p2q9s2 + 255150p 2qrs2 + 2754000p9q3rs2 
+ 49196500p6q5 rs2 + 323587500p3q7rs2- S3250OOOq9rs2 - 465750pl'qr2 s2 

-31881.500p' q3 2s2 _ 415585000p4 q5 r2 s2 + 1054775000pq' r2S2 9S23500p8q r 3 S2 

- 701490000p5q3r3s2 - 2953531250p2q5r3S2 t 1454560000p6qr4.S2 + 7670500000p3q3r4s2 
+ 56GlOGC2500q514s2 - 77850000000p4qr5 S2 - 9450000000pq3r5S2 + 14000000000p2qr%6S2 

+ 2400000000qp's2 - 437400p13s3 - 1014525-Op'0q2s3 - 121912500p'q4s3 

-576531250p4q6s3- 528593750pq8s3 + 12939750pllrs3 + 313368750p8q2rs3 

+ 2171812500p5q4rs3 + 2381718750p2q6 r s3- 194638750p9r2s3 - 3001575000p6q2 r2S3 

- 1225937500Op3q4 r2 s - 9985312500q6r7 s3 + 3S4000000p'r 3s3 + 1399T500000p4q2'3Is3 



(b21 Cont.) 

+ 20749531250pq4r3s3 - 55 5OOOOp5r4 s3 -41835000000p2q2r4s3 + 5420000000prs3 

- 16300000000q2r5s 3- 17600000000pr6s3 - 7593750p9qs4 + 2S92187&5p6q3 s4 

+ 35914Or250p3q5Ss + 59921875009' '% + 6581295000pTqrs4-'26931250p4q3 rs4 

- 158 29Sl 2500pq5rs 44-t485OOOOOOp5qr2s4 + 54375781250p2q3 r 2s4 - 5668 -100Qpqr3%N4 
+ 35S6718T00q3r3 S4 + 113385000000pqr S4 - 54-42)18750p8s5 - 5407031250p5xqs5 
- 14277343750p2q4s5 + 54)1093T50p6rs5 - 24941406250p3q2rs - 2488281250q4rs5 
- 11500000000p4r%5 - 23189453120pqr2s5 - 6)500OOOOOp2r3S5 - 4350000000r4s5 
+ 35449218750p4qs6 + 13769531250pq3s6 4- 34667968T50pzqrs6 + 20214843Th00qr2sC 
- 3369140625p' - 14843750000q 2 3 - 3i3S2SI1250prs7 



-800p5q9 - 5400p2q'1 + 5QOOp6q7r + 48750p3q9r + 16200q r 

- 3000p7 qr2 - 10830p4 q7 r2 - 2632.50pq9 r2 - 60700pq3 r3 

- 386250p5q5r3 + 253100p2q7r3 + 127800p9qr4 + 23267OOp6q3r4 

+ 6565550p3 qr4 - 7057560q'r4 - 2903200p7qr5 - 21218000p4q3r5 + 1057000pq5r5 

+ 20368000p5qr6 + 33000000p2q3r6 - 43200000p3qr7 + 52000000q3r7 

+ 5200p'qS + 188250p4q8s + 931500pqs- ? -7 3800p8q4rs - 1466850p5q6rs 

- 6894000p2q8rs + 315900pgq%2s + 4547000p6q4r2s + 20362500p3q6r2s 

+ 15018750q8 r2 s - 653400p0 r 3s - 13897550p7 qr3 s - 76757500p4q 4r3 s 

- 12420Th00pq6r3 s -t 1856 600p84s + 17591lOOOp5q2r4 s + 253787500p2 q4 r4 s 
- 183816000p'r 5s - 706900000p3q2r5s - 665750000q4 r5s + 740000000p4 r6 s 

+tSOOOOpq2r6s- 1040000000p 2r's -- 763000p6q5s2 - 12375000p3q7s2 

40500000q9 s2 + 364500p ?qrs2 + 15537000p7 q3 rs2 + 154392500p4q5 rs2 

+ 372206250pq7 rs2 - _54S1250p8qr2s2 - 386300000p5 q3 r s2 - 996343750p2q5 r2s2 

+ 459872500p6qr3s2 + 2943937500p3q3r3s2 + 2437Sl25Oq5r3s2 - 28S3Th0000p4qr4s2 

- 43437150000pq3r4s2 + 5495000000p2qr%52 + 1300000000qr6 s2 - 364500p" s3 

- 13668750p8q2s3 - 113406250p5q4s3 - 159062500p2q6s3 + 13972500p9rs3 

+ 61537500p6q2rs3 - 1622656250p3q4rs3 - 2720200r 201656250p'r%3 

+ 1949687500p 4q2 r2s3 + 497196S7500pq4 r2s3 + 497195000p5r 3s3 - 11150625000p2 q2r3 s3 
+ 29S2500000p 3r4s3 - 6612500000q2r4s3 - 10450000000pr5s3 + 126562500p7qs4 

+ 1443750000)4q3s4 + 281250000pq s4 - 164S125000p5qrs4 + 11271093150p2q37s4 

- 47185156250p3qr 2s4 + S8OS.593750q3r2 s4 + 52390625000pqr 3s4 - 611718750p6 s5 

- 13027343750p3q2 s5 - 1464843750q4 s5 + 6492187500p4 rs5 - 65351562500pq2 r 

- 13476569530p2 2s5 - 24218750000r3s5 + 41999187500p2qs6 + 69S242187 50qrs6 
- 341796S7500ps' 



b23 -1000p6q7 - 5150p3q9 + 10800q" + llOOOp7q5r + 66450p4q7r 

-127800pq9r- 41250p8q3r2 - 368400p5q5r2 + 204200p2q7r2 

+ 54000p9qr3 + 1040950p6q3r3 + 9096500p3q5r3 + 200000q7r3 
-1140000p qr4 -7691000p4q3r4 - 2281000pq5r4 + 7296000p5qr5 

+ 13300000p2q3r5- 14400000p3qr6 + 14000000q3r6 -9000pq4 

+ 52100p5q%6 + 710250p2q8s + 67500p9q2rs _256100p6q4rs 

-5 753000p3q6rs + 292500q8rs - 162000p or2s - 143235,0p7q2 r2s 

+ 5410000p4q4r2s -7408750pq6r2s + 4401000p8r3s + 24185000p5q2r3s 

+ 20781253p2q4r3 - 43012000p6r4 s- 146300000p3q2 r4s - 165S75OOOq4r4s 

+ 182000000p4i 5s + 250000000pq2r5s - 280000000p2r6s + 60750ploqsh 

+ 2414250p7q3s2 + 15770000p4q5s2 + 15825000p q7s2 - 6021000p8qrs2 

-62259500p5q3 rs2 - 747187 50p2q5rs2 + 90888750p6qr2 s2 + 471312500p3q3r2 

+ 525875000q5 r2s2 - 539375000p4 qr2 - 1030000000pq3r3s2 + 1142500000p2qr4s2 

? 350000000qr5s2 - 303750p9s3 - 35943750p6q2s3 - 331875000p3q4s3 

- 505937500q6S3 + 8437500p' rs3 + 530781250p4q2rs3 + 1150312500pq4 rs3 
- 154500000p5 r23 - 3-0O5906250Op2 q2r2.s 3 + 1150000000p3r S3 - 134375000oq2r3s3 

- 2900000000pr4s3 + 30937500p5qs4 + 1166406250p2q3s4 - 1496875000p3qrs4 

+ 1296875000q3 rs4 + 10640625000qr2s4 -981250000p4% - 9746093750pq2s 5 

+ 1269531250p2rs5 - 7421875000r2s5 + 15625000000qs6 

b24 ==-1600p4q' - lOSOOpq9 + 9800pq5 r + 80550p2q 'r - 4600p6q3r2 

- 11270Op3q5r2 + 40500q'r2 - 34200,p7qr3 - 979500p4q3 r3 

- 665750pq5r3 + 632000ps5qr4 + 3200000p2q3r4 - 2800000p3qr5 

+ 3000000q3r5 - lSGOOp6q4s - t5 q 5p3q + 405000q% 

+ 21600p' q2 rs - 122500p4q4 rs - 28912050pq6 rs + 156600p8 r2s 

+ 1569750p5q2r s + 6943750p2q4r2s - 374000p6r3s - 27lOOOO0p3q2 r3S 

- 30187500q' r 3s + 2SOOOOOOp4 r4s + 52500000pq2 r4s - 60000000p2 r5 s 

- 8lO0p80qs2 - 240000p5q3s2 + 937500p2q s2 + 3273750p6qrs2 

+ 30406250p3q3rs2 + 5568Th500q 5rs2 - 42187500p4qr%2 - 112812500pq3r2s2 

+ 15250000Op2qr3s2 + 75000000qr4s2 - 421875op4q2s3 + 15156250pq4s3 

+ 5906250p5 rs3 -906562500p2 q2 r3 + 100750000Op3r2 -159375000q2 r3 

-612500000pr3s3 + 135937500p3qs4 ? 46875000q3s4 + 1175781250pqrs4 
- 292968h50p2s5 - 1367187500rs5 



i 5 -800p5q5 - 5400p2q7 + 6000p6q3r + 51700p3q5r + 2700 q7r 

-10800p7qr2 - 163205p4q3r2- 285750pq5r2 + 192000p5qr3 

+ loOOOOOp2q3r3 - 800000p3qr4 + 500000q3r4- 10800p7q2S 
- 57500p4q4s + 67500pqs + 32400p8rs + 279000psq2rs 

- 131250p2q4rs - 729000p6r2s - 4100000p3q2r2s - 5343750q4r2s 

+ 5000000p r3s + lOOOOOOOpq2r3s lOOOOOOOp2rs + 641250p6qs2 

+ 5812500p3q3s2 + 10125000q 5s2 - 7031250p4qrs2 - 20625000opq3rs2 

+ 17500000p 2qr2s2 + 12500000qr3s2- 843750p5S3 - 19375000p2q2s3 
+ 30000000p3rs3 - 2031500q2rs3 - 112500000pr2s3 + 183593750pqs4 

- 292968750s5 



b30 = 500pIIq6 + 9875p8Q8 + 42065p5q?0 - 35000p2ql2 - 4500p12q4r 

- lOS3Thp9q 6- 516750p6q8r + 1110500p3q0r 

+ 2730000q 2r + 10125p 3q2 r2 + 35S230p' q4r2 + r908625p7q6r2 

- 11744250p4 q8 r2 - 43383250pq ?r2 - 313875p q2r3 -2074875p84 r3 

+ 5)094750psq6r3 + 264567(500p2q8r3 + '796125p9q2r4 924S62P 4q r4 

- 751957500p3q6 -4 29354375 D'q8sr + 60970000p7q2r5 + 1112462500p4q4 r5 

+ 57109435pq6r5 - 6S5290000p52r6 - 2037800000p2q4r6 + 2279600000p3q2r 

+ S49000000q r' - 14SOOOOOOOpq2r8 + 13500p13q3s + 363000p'0q s 

+ 2861250p'q7s + 8493750p4q9s + 17031950pqls - 60750p14qrs 

-2319750pl q 3r s- 2674250p8q5rs - 7436S7I50p5q 'rs - 170578125p2q9 rs 

+ 2760750p 2qr2s + 46719000p9q3r2s + 163356375p6q5r2s + 360295625p3q'r2s 

-195990625q9 r - 37341750p'0q r3s- 1947393 71pq3r3 -105463125p4q5r3? 
- 415825000pq t 3s + 901SO000p qr4s - 990552500p5q3r4s + 3519212500p2q5r4s 

+ 1112220000p 6 qr5s - 450S 750000p3q3r5% - 81s59300000q5r5s- 4356000000p4qr6s 

+ 14615000000pq 3r6s - 91GOOOOOOOp2qr7 + 91125pl5S2 + 329062-5p2q2s2 

+ 351OOOp9q4 q2 + 1715406020p6qs2 i 629062500p3q0s2 + 910937500qls2 
-5710500p 3rs2 - 100423125p'0q2 -s2 - 604437Op' q4rs2 -2954843T50p4q6rs2 

- 458t58192Spo Srs2 + 116194500piIr2s2 + 12807162'50p8q2r2s2 + 7401190625p5q4rl-s2 

+ 116199375Glp2q6 r2s2 - 95"1 s31 - p9r3s -65191 -2500p6q2r352 10238593750p3q4r3s2 
+ 29984609371 5q6r3s2 + 2558300000p7r4s2 + 16225000000p4q2r4s2 - 64994140625pq4r4s2 

+ 4202250000p5 5r2 + 46925000000p2q2r52 -92950000000p3r6s2 1000000000q2r s 

+ 37000000000pr7s2- 4S093750p lqs3- 6-7335937o5p8q S3 - _ 217O312500p5qs3 

- 246679687p1 q s + 64757S125p9 qro3 + 597031250p6q3s3 -7542578125p3q5rs3 

- 41 125000000qr s - 2175528125p'qr %s3 - 71015500p4q 3r 2s3 + 1005-968T5000pq5r2s3 

- S9S46S7500p)5qr3 - 120070312 900p2q3r3 + 57343500G0p3qr4s3 + 9500000000q3 r4s3 

- 342875 000000pqr 5s 3 + 4007S1250p 0s4 + 5531250000p' q2s4 + 34033203125p4 q4 s4 

+ 42724609375pq6s4 - 6289453125pr r4 - -24037109375p5q2 rs4 - 62626953125p2q4 rs4 

+ 172939218750p4 s + 10S3 7421 S. I7p3q2 r2s1 - 553S0859375q4r2s4 + 105648437500p4 r3s 4 

? 12049298515625pq2 r S -- 365000000000p2r4 4 + 1843750O0000r5 S4 - 320800Sl 25 p6qs5 

-98144531250p3q 3 s5 + 93994140625qs 5 - 178955078125p4 qrs5 - 1299S04GS7500pq3 rs5 

+ 332421875000p 2qr2s5 - 1195312500000qr3s5 ? 720214843T5p5s6 + 323486328125p2q2cs 

+ 682373046875p3rs6 + 24475097656Z5q2rs6 - 3011474609375pr2s6 + 3051757812500pqs7 
- 7629394531250s8 



b3= 1500p9q6 + 69025p6q + 590315p3q0 + 1035000q'2 - 13500p'q4r 

- 760625p7q6r - 7904500p4q8r - 181692.50pql0r + 30375plIq2r2 

+ 262S625p8q4 r2 + 371S7'9000p55q6r2 + 121367500p2 q8r2- 269925Op9q2r3 

-76776875p6q4r3 - 4035$3125p3qr3 -7S865625q8r3 + 60907500p7q2r4 

+ 735291950p4q 4 r4 + 7S1 142500pq6 r4 - 855S2 0000p5q2r5 - 2I5O725000p2q4'r5 

+ 2015400000p32 r6 + 118100000Oq4 r6y-9 20000Opq2 r7 ? 40500plq3s 

+ 1376500p8q5s + 9953125p q s + 97656259Sq - 187950p'2qrs 

-8859000p9q3rs - S2S54500p6q5rs - 71511250p3q7rs + 273631250q9rs 

+ 10233000p l0qr2s + 17 962 71500pq3 r2s + 2516437i5p4q5r2 s - 2997290625pq'r2s 

- 1713O5OOp q r 3 s - 5447687150p5q 3 3s + 7583437500p2 q5r 3s + 1139S60000p6qr 4s 

- 6489375000p33 r4s - 9625375000q r4s - s3soooooop4 qr5 s + l9S3000000pq3r5s 
- 3940000000p2qr6s + 273315p 3s2 + 9753750p'0q2s2 + 82575000p'q4s2 

+ 20296565p4 q6 S2 + 56093750pq s2 - 1 155625pl 1irs2 - 115813125p8q2 rs2 

+ 630590625p5q4rs2 + 1347015625p2q6rs2 + 137578750p9r2s2 - 6S9206250p6q2r2S2 

- 429960937o5p q r2 s2 + 23S96171875q 6r2S2 - 1022437500p'r3S2 + 66481250000p4q2 r3 s2 

- 52S95312500pq4r3 s2 + 4401750000p5 r4 s 2 + 2500000000p2q2 r4 s2-2 25000000p3r5s2 

- 1500000000q2rSs2 + 55500000000pr% s - 137109373 5p9q s3 - 1955937500p6 q3 s3 

- 6790234375p3 5 s3-16996093750q's3 + 2146218750p'qrs3 + 6570312500p4q3 rs3 

+ 3991S 750000pq5I 7 7673281369 50p5qr2 - 5000000000p2 q3 r2 s3 + 50796875000p3 qr3 s 

+ 18750000000q3r3s3 -3998750000OOpqr4s3 + 7S046S750p8s4 + 1445507$125p5q%4 

+ 10048S28125p2q4 - 151136187 5p6rs4 + 3929SS2S125p3q2 rs4 - 52138671875q4 rs4 

+ 45964S43750p4r2s4 + 914414069500pq2r2s4 + 1953195000p2r3s4 + 334375000000r4s4 

- 149169921875p4qs5 - 459716796S75pq3 s5 - 325585937500p2qrs5 -1462S90625000qr2s5 

+ 296630S593-7o5p3s6 + 1324462S90625q2s6 + 30761711S7500pI..s6 



b32 -20=150p7q6 - 290125p4q8 - 993000pq'0 + 146125p8q4r + 2721500p5q6r 

+ 11833750p2q8r -23735p9gq2r2 - 8167500p6q4r2 - 54605625p3q6r2 

-23S023500q8r2 + 8927500p7q 2r3 + 131184371 5p4q4 r3 + 254695000pq6 r3 

121561250p5q2r4 -78003125p2q4r4 + 702550000p3q2r5 + 597312500q4r5 

- 1202500000pq2r6 - 194625p9q3s - 1568875p6q5s + 96S5625p3q7s 

+ 74662500q9 s + 327375p ?qrs + 1280000p q3 rs - 123703750p4q5 rs 
- 850121875pq7rs - 7436250p8qr2s + 164S90000p5q3 r2s + 2336659375p2 q5 r2 s 

+ 32202500p6qr3s - 2429765625p3qr3s - 4318609375q5r3s + 148000000p4qr4s 

+ 99028125OOpq3r4s - 1755000000p2qr5s + 1154250p' 1s2 + 36821250p8q2s2 

+ 372825000p5q4s2 + 1170921875p2q%2 -3S913750p9rs2 - 797071875p6q2rs2 

-9 S4 S9S4 3 75p3q4 rs2 + 76514062'50q6rs2 + 410506S750p 'r2s2 + 3151328125p4q2 r2s2 

-176968715000pq4 r2s2 -75968750p5r3s2 + 5295312500p2q2r3s29- 88150000p3r4s 
- 812)5000002r4 s2 + 30062500000pr5s2 - 1101093-75p 'qs3-1976562500p4q3s3 
- 6329296S75pq5 s3 + 925639812l5p5qrs3 + 85546S 7500p2 q 3rs3 + 12947265625p3qr2 s3 

+ 7984375000q3r2s3 - 167039062500pqr3 + 1181250000p%4 + 17873046875p3q2s4 

-20449218750q4 s4- 16265625000p4rs4 + 260S6914065pq2 rs4 + 2102539065p2 r Ts4 

+ 207617187500r3s4 - 207177343 5p2qs5 - 615478315635qrs5 + 30151367 1875ps6 

b33= 53125pf'q6 + 425000p2q8 - 394375p6q4r - 4301S75p3q6r 3225000q8r 

4- 8512)50p7q2r2 + 169106255p4q4r2 + 44210000pq6r2 -)0474375p5q2r3 

- 147190625p2q4r3 + i63975000p3q2r4 + 156812500q4r4 -323750000pq2r5 

- 99375p7q3s - 6395090p-q5s _ 49243730pq s - 1164375p qrs 

?- 44G52351qr5 + 205-54687 p2q5?'s + 12163730p qr s - 315546S75p q 3r s 

- 946453125q5r2s - _23500000p4 qr 3 5 + 2313437500pq3 r3s - 47200000p2q r4 s 

r 1316250p9. 2 + 22711562.5p6q2s2 + 206953125p3q4s2 + 1220000000q6 s2 

- 20953125p rs2 - 7I70650pq2r.s2 - 33171S7500pq4rs2 + 293734375p5r2s2 

+ 13510562500p 2q2r2s2 - 2'77 8125000p3r 3S2 _ 21S78l50000q2 r3S2 + 8093750000pr4s2 
- 960937'p5 qs3 + 2402341375p)2q3s3 + 2310,546875p 3qrs3 + 1171S75000q3 rs 
- 334609371300pqr2*3 ? 21S354GS75]J4 + 3257S1 2000pq2s4 - 8544921875p2 rs 

+ 5839S437 35OOJ.2S' - 114013G3718-f5qs5 



b34 =16250p6q4 191876p3q" - 4950O0q8 + 73125pi7q2r + 1437500Pp94 r 

+ 5866250pq6r - 2043125p5q2r2 1 72I$750Op2q'r2 + 1 O9l025p32r3 

+ 34015625q4r3 69375000pqir' - 219375poqs - 2846250p5lq3 

8091875p2qss + 3420000p6qrs -1640G25;p~q3rs -152468750q9:r8 
+ 3002500p4qr2s + 381717S715pqrs 101250000p2qr s + 27843Tp7s2 

+ 43515695p4q2S2 + 115C625000pq 4s2 - 48140625p5rs2- 307421I875pq2r 2 
-- 125781250p3rZs22- 46875000q2 r2 s2 + 1 734375000pr3s2- 128906250p3qs3 
+ 339843750q3s3 - 4583984375pqrs3 + 2936328125p%' + 12255859375rs4 

b3 5 318 755p4q + . 255000pq- S- 82500p)5q2r - 11lOG250p 2q4 r + 1653125p3q2r2 

+ 5875)00q4 I' - 11562500pq2r3 - 118125pqs - 3a 3i TOp3q. 

- 23S12300q5s + 4656920p qrs +- 67109375pq3rs - 16875000p2qr2 
- 9843751p2 - 19531250p2q%2 - 37S90,25-3rs2 812500qrs2 

+ 2890G2500prs2 - 529296875pqs, + 2343 750000s4 



b40 = 600p'0q'0 + 13S5Op7ql2 + 106150p4q'4 + 270000pq'6 - 9300pl q8r 
- 234075p8q'0r - 1942825p5q12r - 5319900p2q'4r + 52050pl 2q6 r2 

+ 1481025p9q8r2 + 13594450p6q'0r2 + 40062750p3q2r2 -3569400q'4r2 

-122175pl3q4r 3 - 42G0350p'0q6r3 - 45052375p7q8r3 - 142634900p4ql0r3 

+ 54186350pq'2r3 + 97200pl4q2r4 + 5284225p q4r4 + 70389525p8q6r4 

+ 23273285Op5q8r4 - 318849400p2q'r4 -2046000p 2q2r5 -43874125p9q4rs 

- 107411850p6q6r5 + 948310700p3q8r5 - 34763575q'0r5 + 5915600p' q2r6 
-115887800p7q4r6 -6 1649542400p4q6r6 + 224468875pq8r6 + 120252800p8q2r7 

+ 1779902000p5q4 r7 -288250000p2q6 r 915200000p6q2 r8 - 1164000000p3q4 r8 

-444200000q6?r8 + 2502400000p4 q2 r9 + 1984000000pq4 r9 -2880000000p2q2 2r'? 
+ 20700p'2q's + 351475p9q9s + 5194875p6q'1s + 18985000p3q'3s 
+ 16875000q'5s-218700p'3q5rs -. 6606475p10q rs - 69770850p q9rs 

-285325500p4qgIrs -292005000pq13rs + 694575p14 q3 r2s + 26187750p' Iq5r2s 

+ 328992825p8q7r2s + 1573292400p5q9r2s + 1930043875p2q'1r2s - 583200p'5qr3s 

-37263225p 2q3 r3s-638579425p9q5r3s -3920212225p6q7r3 -6327336875q 99r3s 

+ 440969375g rs + 13446000pl3qr4 s + 462330325p'0q3r4s + 450908827Tp~q5r4s 
+ 11709795625p4q' r4 s - 3579560625pq9r4 s - 85033GOOp'l qr5s -2136801600p8q3rs 
- 12221575S00p5qsr5s + 943104437Z2 q r5 s + 1043200p9 qr s + 4565594000p6 q3r s 
- 1778590000p3q5 r6s + 4 S421753000q r6 s + 719320000p 'qrs - -16182000000p4q3r7 s 
- 2191 0000Opq r s - T_42400000p5Qr s + 3104000000p2q 3r8 s + 1280000000p3qr9 r 

+ 48OOOOOOOOq3l9. s + 230S5Op1494s2 + 73 73250p1 q%,2 + S3045625p8q8 2 

399140625p 5q?2 + 565031250p2ql2s2 125752p1 5q2rs2 - 5272897.5pl2q4rs 

-743466373p9qfrs2 - 4144915000p6q8T S2 - 7102690625p3ql?rs2 - 1389937500q1 2 rS2 

+S 4SO0 Op' 6r2S 2 -f-S985>1-273p'3q212 2 + 1897236775J )oq4 r2 s2 

+ 14144163000p7q6r2s2 + 31942921875p4q8r2s2 + 13305118750pq10r2s2 

- 23004000p'4 r3s2 - 14 50715475pl lq2r 3s2 - 19427105000p9q4 r 3s 2 

- 70634028750psq6 r3 s2- 47854218750p2 q r3 s2 + 204710400p 2r4 2 

+ 10875135000p9q2r4s2 + 83618806250p6q4r4$2 + 62744500000p3q6r4s2 

-19806718750q8r 2 - 75709480Op 'Ors2 - 37718030000p7 q2r5s2 

- 22479500000p4q 4rSs2 + 91556093750pq6r%2 + 2306320000p8 r6s2 

+ 55539600000p5q 2 r652 -. 2851250000p2q 4r6s5'2 - 1 0720000000p6r 7S2 

- 6472000000Op3q2r7s2- 59925000000q4r7s2 + 28000000000p4rs2 



(b40 cont.) 

+ 28000000000pq2 r8s2- 2400000000p2r9S2 + 820125p'6qs' 

+ 36804375p'3q3S3 + 552.25000p'0q5s3 + 3357593750p7q7s3 

+ 7146562500p4q9s3 + 3851562500pq"s3 - 92400750p' 4 qrs3 

- 2350175625p 1q3 rs3 1947040625pq5rs3 - 52820593750psq7rs3 

- 4544I734375pq9 rs3 + 1S243G3000p'2qr%3 + 314352134375p9q r2s" 

+ 141717537500p 6q5r2s3 + 22S3707S1250p3q7r2s3 + 346100781q9qgr 2s3 

- 17591825625p 0oqr 3s3- 1889271875050p 'q3r3s3- 502088984375p4 q5r3 s3 

- 1S7849296Sh5pq' 3S3 + J7557(7750000p8qr4s3 + 34280000000op5q3r's3 

+ 295384296875p2q5r4 S3- 107681250000p6qr5s3 + 53330000000p3q3r5s3 

+ 2715868715000q5r5s3- 26410000000p4qr6s3 - 1882OOOOOOOOpq3r6s3 

+ 92000000000p2qr7s3 + 120000000000qr s3 + 47840625p a 4 

+ 1150453125p12q2s4 + 92294531925p q4s4 + 2495468750op6q6S4 

+ 22978515625p3q8s4 + 1367187500q'0s4 - 119373-1500p13rs4 

-20817843750p 'oq2rs4 -98640000000p'q rs4 225767187500p4q6 rs4 

- 74707031250pq8 r s4 134 3131750pr2 s4 1 8709843750p8q2 r2 s4 

+ 87515-656250p5q'r2s4? 593812890629 3p2q6r2s4 - 69869)96875p9r 3s4 

- S54811093750p6q2r3 - -130658203125p3q r3 s4 - 570867187300q6r3s4 

+ 162075625000p r s + 153637500000up q r s + v165156250000pq4 r4S4 

- 1659SS750000p5rst - 728968750000p2q2r5s4 + 1500000000p3r6s4 

- 1039375000000q2 r6%4 1 0000000000r OOOp' - 379687500p 11 qs5 

- 116071421815p8q 3s5 - 908300718125p5qgs5 - 33691406250p2q7S5 

- 4149140625Op9qrs5 - 419054687-500p6q3rs5- 19295117l8750p3q5rs5 

+ 311761 T5781 2q rs5 + 69-0116015625p qr 25 + 11054687500000p4q3r2s5 

+ 36455078120pq5 r2 5 s- 2265953125000p1 qr3 - 15095214S4375i2q3 7r35 

+ 2030468750000p73q 4 $5 + 325916OG5625000q3 r4Is5 + 93750000000pqr 5s 

+ 3130346S750p'0s6 + 943603515623i'q2 6 + 34152'73 433-5p4 q 6 

- 1220703125'0pq%6 -357099GO93 7 5p6 - 298193359375pSq2 rs 

+ 4067382S'1 20p2ql r76 + 16156S83593750p r6s + 558593750000)3q2 r2 6 

- 281 1035156250q4 r2s- 2960937500000p r 3s6 - 3 S07 4093750pq2 r37s6 

+2 34-656250000p2r '1 - s 1 OOOO' V-18354687150p6qi 

- 145S74023437.5p3q% - 15258 7OG0(;25q% + 162S41796S7501) qrsg 

+ 3948974609375pq3rs' 916-14SO4 I75p2qrs' + 1611328125000qr3s7 



( b40 count .) 

+ 640869140695p58s + 1068115234375p228 - 2044677734375p3rs8 

- 32043457*03125q2rs8 + 1739501953125pr2s8 



-600p1 1 q8 _ 14050p8q' - 109100p5'q' - 28000p2 q4 + 7200p 2q6r 

+ 188700p9q8r + 1621725p6q'0r + 4577075p3q 2r + 5400q'4r 
- 28350p3q4r2 _ 9106OOp10 qr2 - 9s23975p7q8r2 - 30718900 4q'0r2 

- 5575950pq'2r2 + 36450p14q2r3 + 1848125p q4 r3 + 25137775p8q6r3 

+ 109591450p5q8r3 + 70627650p2q10r3 - 1317150p12q2r4 - 32857100p9q4r4 

- 219125575p66 r4 - 3275658 5p3q8r4 - 13011875q'lr4 + 164S4150p'0q2r5 

+ 222242242250p7q4r5 + 642173750p4q6r5 + 101263750pqsr5 - 79345000p8q2r6 
- 433180000p5q4r6 - 93731250p2q6r6 - 7430oooop6q2r7 _ 1057900000p3q4r7 

- 591175000q6r' + 1891600000p4q2r8 + 279OOOOOOpq4r8 - 4320000000p2q2r9 

- 16900p'3q5s - 359500p'lq7s - 2603S25p7q9s - 4590375p4qIIs 

+ 12352500pq' 3s + 1215001)' 4q3rs + 322 74007)1 ] q5 rs + 279301725p8q7 rs 

+ 59480975p5q9rs - 137308S5p2q I Irs - 21SI00pls5qr2 s - 8903925p' 2q3r2S 

- 10091 S295p9q5r7 2s - 325291300p6qr7 2 s + 365705000p 3 q9r72s + 94342500q3 1 r2 s 

+ 7632900p qr3 s + lG2995400p0q3r3 s + 974558975p7 q5r3 s + 930991250 4 7 3s 

- 495368750pq9r3 S - 9 7344900p Iqr4s - 1406739250p8q3 r4 s - 5572526250p5q5r4 s 

- 19039S7500p2q7r4s + 678550000p9qr5s + 8176215000p6q3r5s + 18082050000p3q55 s 

+ 5435S43750q7r5 s - 2979SOOOOOp7qr6s - 29163500000p4q3r6s - 27417500000pq576s 

+ 6282400000p5qr7s + 4S690000000p2q3r's - 2880000000p3qr8s + 7200000000q3r18s 

- 109350p'q sq - 24057001)2q42 q s 1612550p9q6s2 - 49300oop6q8s2 

+901150000 3 q 2 -243000000(q12 + 32&OOp'6r.s2 + )0552275p3q2rs2 

+ S8019100p I0q4 -.2 - 420S675p q6JS2 - 1920390655p4q8rs2 + 1759537500pq 0rs2 

- 11955600p4r2 - 19637500plq2r2 s2 - 55519625p8q4r2s2 + 421327000Op q7 S2 

- 15 1468750p)2q8 r2s2 + 1626561 00p1 2r3s2 + l SSOS01000op9q2r3s 2 + 753684375p6q4 r 3 s2 

- 25423062500p3q6173 S2 - 14142031250q813 S2 - 125194S750p 0r4 s2 -- 12524475000p q2 r4s2 

+ 18067656235014q4 s2 + 60531875000)q6r%'.2 + 6897725000p8r5s2 + 57157000000ps5q2r5Is2 
- 758445319500p2q4r5s2 - 21452 500000p)6l6s2 - 1449500000003) 4 s 7 2 

- 8937000 r S 46950000000p ? S + 60000000000 pq 7S 

- 36OOOOOOp2 r %2s + 15491253" , + 51S73750'i1? q s 

+ 59978120p08q5s3 ?+ 2421156250p5qs3 - 16935156251)2q"9s3 
- 104SS4S75p' 2qr >- 19251 37500p9q3rs - 114G610'31957p6q'57 3 



(b41 count ) 

+ 10299375000p3q7 rs3 + 105512060000q9rs3 + 1336263750p'0qr2s3 

+ 23737250000p7q3r23 + 57136718750p4q 5r2s3 - 8288906260pq r%3 
- 10907218750p8 qr3s3 - 160615000000p5 q3 r3s3 - 111134687500p2q5r3s3 

+ 46743125000p6qr4 s3 + 570509375000p3q3r4s3 + 274839843750q5r s 

-7331600000p4qrs3 -145437500000pq3r53 + 8750000000p2qr6s3 

+ l80000000000qr .s3 + 15946-875p13s4 + 1265625p'0q2S4 

- 328234375Op/q4 s4 - 3S241406250p4q6 S4 - 40136718750pq8 s4 

- 113146875p"rs4 - 23027 34375p8q2rs4 + 68450156250p5q4rs4 

+ 1773 656250Op2q6rs4 -I- 3164062500p9r2s4 + 14392890625p6q2r2s4 

- 543781250000p3q4r2s4- 319769531250q6r2s4 - 2104S2S1250p7r3s4 

- 24068-75000OOp4q213s - 228164062500pq4 r3s4 + 23062500000p5r4s4 
? 300410156250p2q2r4s4 + 93437500000p3r5s4 - 1141015625000o2r5s4 

- 1S7500000000pr6s4 + 176132S125p9s5 -- 3177734375p6q375 

+ 60019531250p3q%55 + 108398437500q7s5 + 241066406951p7qrs5 

+ 429'S9S4375Opq g3 rs5 + 410311093760pq5rs5 - 23582031250p5qr2 s5 

+ 202441406250p2q3r2s5 3S3203125000p3qr3s5 + 2232910156250q3r3s5 

+ 1500000000000pqr s5 137109371500pYs - 20283203120 2s 

- 531738281250p2q S6 + 7-333007812p6rs6 - 390I650000p3q2 rs6 

- 1275S7S90G25Oq'rs6 - 121093, 50000p4 r 256 - 3308593750000pq2r2S6 

-F 18066406250p r3s6 -24414062'5000r4s6 + 327148437500p4qs' 

+ 16723632S150pq3s' + 446i/7734750p2qrs' + 1?932910156950qr2s' 
- 274658203125p3.s;8 - 106S15234375q2s8 - 61035156250prs8 



= 200p 9 q8 + 7550p6q'0 + 7865Op3q'2 + 248400ql4 - 4800plq6 r 

-164300p7q8r - 179575p4qr - 5566500pq 2r + 31050pl1q4r2 

+ 11161 75p8q r2 + 129674650p5q8r2 + 45333850p2qr2 - 60750p'2q2r3 
- 2872725p9q4r3- 40403050p6q6r3 - 1735643-95p3q8r3 - 11242250q'0r3 

+ 2174100p0 q2r4 + 54010000p7q4r4 + 331074Sl5p4q6r4 + 114173750pq8r4 
-2485850Op8q2'r - 300875000p'q4r5 - 319430625p2q6r5 + 6981000Op6q2r6 

-23900000p3q4rt - 294662500q6r6 + 524200000p4q2r7 + 1432000000pq4r 7 

-2340000000p2q2r8 + 5400p"q-s + 310400p8qgs + 3591725p5q9.s 

+ 11556750p2 q1 s - 105300p' 2q3rs - 4234650p9q 5rs - 499'28875p6 q7 rs 
- l7407812gp3q9 7rS + 1 SOOOOOOq' rs + 364500p' 3 qr2 s + 157163030p' 0q3 r2s 

+ 22018400p7 q r2s + 929GO9375p4 qr2s -43653125pq9 r 2s-13427100p llqr 3s 

- 346066250p8q3r3s - 22S7673375p5q5r 3s- 1403903125p2q'r3s + 184586000p9qr4s 

+ 29S3460000p6Cq3r4 s + S7295S1S7-50p3q5 r4s + 25277134375q' r4s - 12844S000Op7 qr5s 
- 13138230000p4q 3 r5 s - 14001625000pq r 5s + 4224S00000p5q r6s + 27460000000p2q3 r6 s 
- 3 60000000p3qr7 s + 3900000000q3r7s + 36450p'3q2s2 + 2765475p'oq4 2 

+ 34027625p q6 s2 + 9737 5000p4 q8 s2 -8875000pq 0s2 6'50p4 rs2 

-21961125plq2rs2 - 273059375p8q4 r2-761562500p5q6rs2 + 1869656250p2q8rs2 

+ 20545650p' 2r2s2 + 4.739343715p9q2 r2s2 + 17580331 25p6q4r2 2 - 87433593715p3q6r2 S2 

- 4154375000q8r22 _9-559000p'r3s2 _ 4065056250p7q2r3s2 - 1S6328125p4q4r s2 

+ 19419453125pq6 r3s2 + 2396262500p8r4 s2 + 21189375000p5q2r4 s2 - 26301953125p2q4 r4s2 

- 1013250000 5 s2 - 6993 500000p32 r5s 2 4225 1 2500q4,5s2 + 233-75000000p4 7 I2 

+ 40750000000pq2 r2 - 19500000000p2r7s2 + 4009500p 2qs3 + 36140625p9q3s3 
- 335459375p6q5s3 - 9G9531250Op3q7s3 - 14S6250000q9%3 + 10)515625p'0qrs3 

+ 4006S125001p'q3rs3 + 275S9609375p4q5rs3 + 20195312;500pq7 rs3 - 2792812500p8qr2s3 

44115156250p5q372s3 - 79GO945315p2 q5r2s3 + 18 I5D500000p)qr7s 

+ 21S1406250003q3 r3 s3 + 109940234375q5 r3s3 - 21893 50000p4 qr4 s3 
- 6518750000ipq3 3r'4s3- 3 10000OO0o)2 rq5 s3 + 97h00000000qr 6s3 

- S65G67501p 
1 s4 - 1955390620-p8q2 s4 - 89GO781250p>5q4 s4 

- 1337812500p2q6s4 + 16379687500p9rs4 + 10467187500p 6q2IS4 

- 552929GS750q4 r. - 60OGS3935730q6 s4" - 114 73593750p r 2 s4 



(b42 count ) 

- 123258120000Qp4q2r2s4 - 1649191093t5pq4r2s4 

+ 13150000000p5r33S4 + 190751953125p2q2 r3S4 + 61875000000p3r s4 

- 467773437500q2 r4s - 1187150000000prs + 7583203125p7qs5 

+ 5463S6K71875p4q3s5 ? 39423S98125pq5ss + 32392578195p5qrs5 

+ 278515625000p2q3rs5 - 298339843750p3qr2sS5 + 560791015625q3r2s5 

+ 720703125000pqr 3s5 - 19687500000p6s" - 159667968750p3q2s6 

- 265625000qts6 + 116699218750p4rs6-92A072265625pq2rs6 

- 1b6OO5S59375p2r2s6- 112304687500r3s6 + 349121093750p2qs' 

+ 39672S515625qrs' - 21362304687-ps8 



= -600p 0q6 - 18450p7q8 - 174000p4q9? - 518400pq32 + 5400p' q4r 

+ 197550p8qr + 2147775pgq8r + 7-19S00p2q'0 1r2150p'2q2r2 

- 662200p9 Q4 r2 - 9 _ 74 7 7 5p6 6r2- 38330695p3q8 r2 - 550SO0Oq'0r2 

+ 656550p'0q2r3 + l6233750p1'q4r + 97335S75p4q6r3 + 58271250pq8r3 

9845500p q r4-119464375p5q4r' - 194431S75p2q6r4 + 4946000 0Gq2r5 

+ 166000000p3q 4 r5 - S0793T7h50q6r5 + 54400000p4q2r6 + 347 7-T0000pq 4 r6 

- 63000000022r7 -16200v q% s- 459300p9q s - 49072295p69s 

- 10829*500p3q9s + 13635000q 11 s + 72900p'3qrs + 2877300pl'q3rs 

+ 33239700p7q5rs + lO7OSOG25p4qrs - 1149-5000pq9rs - 3601SOOpllqr% 

-75214375p q32 s 3S7073250p5q 5r2 s + 55540625p 2q r2 s + 53793000pqr 3s 

+ 6S7/ 17? 6S75p6q3 r3 s + 16G7 001 8750p3q5r3 s + 6652343$q' r3s- 391570000p'qr4s 

- 3490195000p4 q3r4s s-3609G295000pq)q5 r -s + 1365600000p5qr5s + 12362500000p2q3rs 

- 1220000000p3 qr s + 1030000000q3 r6 s - l (930p'4s2 - 306G5S50p;q2 

- 2690S125p 8q4s2 - 4460687 5p>5q6s2 + 969S12500p2qS2 + 5200200p 2rS2 

+ 81826875p q rs2 + 15537S*L25p6q4 rs2 -193620313p3q6r2 - 998437300q8rs2 

-771457150p'0 2s2 _ 74552Si25p7q 2r2s2 + 683437500op4q4 r I240S3359375pq6r2 

+ 5932S7500p I' s + 4799375000p5q r S2 - 4016T75715p2q4r%2 7-311IM000p6r4s2 

- 1866S 7 50000p3q24 s2 _ 104S046S50q4r 4 2 T 6200000000p4 r5s2 + 1 170000000pq 2r% 

- 5250000000p2r6.s2 + 26527500p'0qs3 + 20G312S0p7 q3s3 + 3160703195p4q5s3 

+ 2650312500pq's3 - 44SO31950psqrs3- 6S296GS70p5q3rs3 -11642S;19500p q rs 

+ 25532031 25p qr s 3 + i S3 t 144375q 5r 2 s3 + 2803125000p4q 
_3 S3 

36 23 000 
4,q3r% 

3+ 4q 
- 107968'5000pq3 73 s3 - 16656250000p2qr4 26250000000qr 5s3 - 759375Op9s4 

- 704069500p q4 s 8363281250p q s - 1039813 f 500S7 + 9 157S125prs 
- 16441406290p4 qs 9- 4277343750p4 rs4 - 571601 5602p52 *4 + 31728515625p2q r s4 

+ 9703195000033 s 1 - 92285156250q2 t' 1 s 33593o50000pr4S4 + 10394531250p~qs 

+ 3SO371G9375p 52 3 - 4SI44531250qp3 r$5 ? 744G2SnOG25q rs: + 121093750000pp- IS 

- 2197265625p4s6 - 92529296S 5q2qs6 ? 1 53SQS59375p2rs6 - 3173S281950r 2s6 

+ 54931640695qqs 



= 200p8q6 + 2950p5q8 + 1080Op2q'0 - 1800p9q4r - 49650p6q6r 
- 403375p3q8r - 999000q'?r + 4050p'Oq2r2 + 236625p7q4r2 

+ 3109500p4q6r2 + 11463750pq8r2 - 331500p8q2r3- 7818125p5q4r3 
- 4141125Op2q6r3 + 4783500p6q2r4 + 47475000p3q4r4 - 16728125q6r4 

- 8700000p4q2r5 + 81750000pq4r5 - 135000000p2q2r6 + 5400p'q s 

+ 144200p7q5s + 939375p4q7s + 1012500pq9s -24300pllqrs 

-1169250p8q3rs - 14027250p5qr - 44446875p2q7rs + 2011500p9qr2s 

+ 49330625p6 q3r2s + 272009375p3 q5r 2s + 104062500q7 r2S - 34660000p7qr3s 

- 455062500p4q3r3s - 65906250pq5r3s + 210200000p5qr4s + 1298750000p2q3r4s 
- 240000000p3qr5s + 225000000q3r5s + 36450p12s2 + 1231875p9q2s2 
+ 10712500p6q4s2 + 21718750p3q6s2 + 16875000q8s2 - 2814750p'rs2 

-67612500p'q2rs2 - 345156250p4q4rs2 - 283125000pq6rs2 + 51300000p8r2s2 

+ 734531250p5q2 r2 s2 + 1267181 500p2q4 r2 s2- 384312 500p6r3s2 -3912500000p3q r3s2 

- 1822265625q~r3s2 + 1112500000p4r4 s2 + 2437500000pq2r4s2 -1125000000p2r5s2 

-72578125p5q3s3 - 189296S75p2qs3 + 127265625p6qrs3 + 1415625000p3q3rs3 

+ 1229687500q5rs3 + 1448437500p4qr2s3 + 2218750000pq3r2s3 - 4031250000p2qr3s3 
+ 5695000000qr4 s3 - 132890625p7s4 - 529296875p4q2s4 - 175781250pq4S4 

- 401953125p5rs4 - 44S2421875p2q2rs4 + 4140625000p3r2s4 -10498046875q2r2s4 

- 7031950000pr3s4 + 1990703125p3qs5 + 1953125000q3s5 + 14160156250pqrs5 
- 1708984370p2s6 - 3662109375rs6 



b45 =-4600p6q6 - 67850p3q8 - 248400q'0 + 38900p7q4r + 679575p4q'r 
+ 2866500pq8r -81900p8q2r2- 2009750p5q4r2 _ 10783750p2q r2 

+ 1478750p6q2r3 + 14165625p3q4r3 -2743750q6r3 - 5450000p4q2r4 
+ 12687500pq4r - 22500000p2q2r5 - 101700p8qa - 1700975p9q-5 
- 706125Op2q 7s + 423900p9qrs + 9292375p6 q3rs + 5O439750p'q5rs 
+ 20475000q7rs - 7S52500p7qr2s - 87765625p4q3r2s 121609375pq5r2.s 
+ 47700000p5qr3S + 264687500p2q3r3s - 65000000p3qr4s + 37500000q3r4s 
-534600p'0s2 - 10344315p7q2s2 - 54859375p4q4s2 - 40312500pq6s2 

+ 10158750p8rs2 + 117778125p5q2rs2 + 192421875p2q4rs2 - 70593750pr2a2 

- 685312500p3q2r2s2 - 334375000q4r2s2 + 193750000p4r3s2 + 500000000pq2r'S2 
- 187500000p2r4s2 + 8437500p6qs3 + 1592187509q3s3 + 220625000q's3 
+ 353828125p4qrs3 + 412500000pq3rs3 - 1023437500p2 qr2s3 + 937500000qr3S3 
- 206015625p5s4 - 701171875p2q2s4 + 998046875p3 rs - 1308593750q2rs4 
- 1367187500pr2s4 + 170S984375pqs5 - 976562)500s6 



= -40pasq1 - 270p2q'3 + 700pq9r + 5l65p3q"r + 540q'3r - 4230p7q7r2 

31845p4q9r2 + 20880pq11 r2 + 9645p8q5r3 + 5761bp5q r3 
- 358255p2 q9r3 880p9q3r4 + 114020p6q5r4 + 2012190p3q7 r4 

-26855q9r4 - 14400p'0qr5 - 470400p7q3r5 - 5088640p4q5r5 

+ 920pq7r5 + 332800p8qr6 + 5797120p5q3r6 + 1608000p2q5r6 

- 2611200p6qr7 - 744000p3q3r7 - 2323200q5r7 + 8601600p4qr8 

+ 9472000pq3r8 - 10240000p2qr9 - 3060p'q8s - 39085p4q' s 

- 132300pql2s + 36580p8q6rs + 520185p5q8rs + 1969860p2q'0rs 

-144045p9 g4 r2 s - 2438425p6q6 r2S - 10809475p3q8r2s + 518850q' r2s 

+ 182520p'0q2r3s + 453393Op7q4r3s + 2619677Op4q6r3s-4542325pqr 3s 

+ ?1600p"r4s - 208080p8q2r4s - 247879GOp5q4r4s + 10813900p2q6r4s 

-499200p9r5s + 3827840p6q2r5s + 9596000p3q4r5s + 22662000q6rs 

+ 3916800p7r6s -29952000p4q2r6s -9OOOOpq4r6s- 12902400p5r7s 

+ 87040000p2q2r7s + 15360000p3r8s + 12800000q2r8s - 38070p9q5s2 

- 566700pq7s2 -,957437p3q9s2 -1822500q' s2 + 292S15p'0q3rs2 

+ 5170280p 7q 5rs2 + 2791S125p4 q 7rs2 + 21997500pq9 rs2 - 573480p11qr2S2 

- 14566350p8q3r2s2 - 104S51575p5q5r2s2 - 9644S750p2q7r2s2 + 11001240p9qr3s2 

+ 147798600p6q3 r3 s2 + 15S63'?750p3q 5 r3 s2 - 782500q'r3 s2 - 628192Op7qr4 12 

- 136160000p4q3r4s2 + 317555000pq5r4s2 + 160224000p5qr5s2 - 267600000p2q3r5s2 

- 153600000p3 qr s 2- 120000000q3 r6s2 - 32000000pqr752 - 127575pq I I2 s3 

- 2148750p8q4s3 136525p5q6s3 - 195312502?% 3 + 495720p rs 

+ 11856375p9q2rs3 + 107807500p6q4rs3 + 229334375p3q6rs3 + 1O5O625O0q~rs3 

- 11566SOOp'%2sr -216787500p'q2 r2 s - 633437500p4 q4r2 - 504484375pq'r2s3 
+ 909180f( 3 8 3 3 + 5670S0000p5q2r3 s3 + 692937500p2q47r3 - 326640000p6r4 s3 

- 339000000p3q2r4s3 + 369250000q4r4s3 + 560000000p4r5s3 + 5080000OOpq2r5%3 

- 480000000p r s + 3200000OOr s -455625p1 qs - 27562500p'q s 

- 120593750p4 q5s4 - 60312500pq7s4 + 110615625p8qrs4 + 662984375p5q3 rs4 
+ 52S515625p2q5rs4 - 541687500p6 qr2S4 - 1262343750p3q3r2S4 - 466406250q5r2s4 

+ 633000000p4qr3S4 - 1264375000pq3 r 3s4 + 108500000p2q r4S4 - 2700000000qr 5s4 

- 6834375Op9s5 - 478828125p6q2s5 - 35540S750p3q4s5 - 11718750q6S5 

+ 718031230p'rs 5 + 16585937504 q2rs5 + 221 29G25pq4 rs5 - 2855625000pr2 s5 

- 4273437500p2q 2 r2s5 + 4537500000p3r 3 s5 + 8031250000q2r3%5 - 1750000000pr4s5 



(cO cont.) 

+ 1353515625p5qs6 + 1562500000p2q3s6- 3964843750p3qrs6- 7226562500q3rs6 

+ 1953125000pqr 2S6 - 1757812500p4S7 - 3173828125pq 2s7 + 6445312500p2rs7 

- 3906250000r2s7 + 6103515625qs8 

c= 40p6q9 + lHlO p3q" _ 1OSOq33 - 560p7q7r - 1780p4q9r + 17370pq"r 

+ 2850p8q5r2 + 10520p5q7r2 - 115910p2q9r2 - 6090p9q3r3 

- 25330p6q5r3 + 448740p3q7r3 + 12S230q9r3 + 4320p'0qr4 

+ 16960p7q3r 4- 1143600p4q5 r4- 1410310pq7 r4 + 3840p8qr5 

+ 1744480p5q3r5 + 5619520P2q5rS - ll9SOSOp6qr6 - 105 D79200p3q3r6 

- 2940800q5 r6 + 8994400p4 qr7 + 1356SOOOpq3r7 - 15360000p2qr8 

+ 840p8q6s + 7580p5q8s + 24420p2q10s - SlOOp9q4rs 

- 94100p6q6rs - 473000p3q8rs - 473400q'0rs + 226SOpl q2r2s 

+ 374370p7q4r2s + _3S8020p4q6r2 s + 5561050pq8r2s - 12960p r3s 

- 485820pq2r3 s - 6723440p5q4 rs923561400p2q6r~s + 190080p9r4s 

+ 5894880p6q2r4s + 50882000p3q4r4s + 22411500q6r4s - 25S560p'r5s 

- 46248000p4q2r5s - 103SOOOOOpq4r5s - 3737600p5r6s + ll9(GSOOOOp2q2r6s 

+ 10240000p 3r s + 19200000q2r7 s + 7290pl0q3s2 + 117360p 7q5s2 

+ 69l250p4q's2 - 198750pq9s2 - 36450pl1qrs2 - 854550p q3rs2 

-7340700p5q5rS2 - 90O28`5p2q' rs2 + 993490p9qr2s2 + 18896600p6q3r2S2 
+ 5026500p3q52s2 - .52272500q'r2s2 - 166368OOp7qr3s2 - 432O)ijooop4q3r3s2 

+ 223496250pq5r%3s2 + 11206S000p5qr4 s2 - 17OOOOOOp2q3r4s2 - 244000000p3qr5s2 

- 156000000q3r5 s;2 + 437140p'2 s;3 + 1032T50p9q2S3 + SG02500P6q4S3 

+ 1560G250p3q6s3 + 39625000q8s3 - 1603SOOp10rs3 - 26932500p'q2rs3 

- 19562500p4q4rs3 -152000000pq6rs3 + 25555500p8r2s3 + 16230000p5q2r2s3 

+ 42187500p2q4 r2s3 -165660000p6r3 s3 + 373500000p3 2r3s3 + 332937500q4 r3 s3 

+ 465000000p47 4S3 + 586000000pq2r4s3 - 599000000p2r5S3 + 480000000r6s3 

- 151S7501;qs4 - G2531250p5q3s4 + 765f250p2q5s4 + 1847812310p6qrs4 

- 15781250py3q s4 - 135196250q5rs4 - 1148250000p4qr2S4 - 21214062501)q3 r2 s4 

+ 1990000000p2 qr3 s - 3150000000q, - 25312950p's5 + 660937500p4 q 2s5 

+ 1339S4375(0pq4s5 - 33750000p5rs5 - 6796S7500p2q2 rs5 + 6250000p3r2s5 



(c, cont.) 

+ 6195312500q2 r2s5 + 1125000000pr3 s5996093750p3q -3125000000q3s6 

-3222656250pqrs6 + 1171875000OS7 + 976562500rs7 

2= 80p4qg + 540pq -600p5qr -4770p2q9r + 1230p6q5r2 + 20900p3q7r2 
+ 47250q9r2 - 710p7q3r3 - 84950p4q5r3 -52631Opq'r3 

+ 7209Pqr4 + 21628S09q3r4 + 206SO02p2q5r4- 198080p6qr5 
- 3703200p3q3r5 -1423600q5r5 + 2860800p4qr6 + 7056000pq3r6 
-8320000p2qr -2720p6q6s- 463509988 178200ql9s 
+ 25740p'q4rs + 48P19Op4q6rs + 2152350pq8rs -61560p8q2r2 s 
-1568150p5q4r2s -90605009q6r2s + 24.840p9r3s + 1692380p6q2r3s 
+ 18098250p3q4r3s + 9387750q6r3s - 382560p7r4s -16818000p4q2r4s 

-49325000pq4r4s + 1212800p5r5s + 64840000p2q2r5s- 320000p3r6s 
+ 10400000q2r6s - 364501pq3s2 - 588350p5q5%s2 _ 2156250p2q 7 s2 

+ 123930p9qrs2 + 2879700p q3rs2 + 12548000p3q5rs2 - 14445000q' rs 
- 3233250p qr 2s2 -28485000p4q3r2s2 + 72231250pq5r2S2 + 32093000p5 qr3S2 
- 61275000p2q3r 2 lO7SOOO0p3qr4s2 - 78500000q3 4s2 + 22000000pqr%2 

- 72900p S3 -1215000p7q2s3 - 2937500p4q4S3 + 9156250pq 63 

+ 2612250p8r s3 + 16560000p2 rs3 - 7468750p2 q4 rs - 32737500p6r2s3 

+ 169062500p3q2r2s3 + 121718750q4r2s3 + 160250000p4r3s3 + 219750000pq2r3s3 
- 317000000p2r4s3 + 260000000r5s3 + 2531250p9qs4 + 22500000p3q3s4 
+ 39843750q5 s4- 66343750p4qrs4 - 776406250pq3rs4 + 789062500p2qr2s4 
- 136S750000qr 3s4 + 67500000p%55 + 441406250p2q2s5 - 311718750p3 rs5 

+ 1785156250q2rs6 + 546875000pr2s - 1269531250pqs6 + 488281250s 



3 120p5q7 + 81op2q9 _ 128Op6q5r - 9160p3q7r + 3780q9r + 4530p7q3r2 

+ 36640p'q5r2 - 45270pq7r2 - 5400p8qr3 60920p5q3r3 

+ 200050p2q5r3 + 31200p6qr 4- 476000p3q3r4 - 378200qr4 

+ 521600p4qr5 + 1872000pq3r5 - 224000Op2qr6 + 144Op7q4s 

+ 15310 p4q6s + 59400pq8s - 9180p8q2rs - 115240p5 q4rs 
- 589650p2q6rs + 16200p9r2s + 316710,p6q2r2s + 254775Op3q4r2s 

+ 2178000q6 r2s - 259200p7 r3S - 4123000p4q2 r3S - 117C'OOOOpq4 r3s 

+ 937600p5r4s + 16340000p2q2r4s - 640000p3r5s + 2800000q2r5s 
- 2430p9 qS2 - 54450p6q3s2 - 28550Op3q5S2 - )767500q 7S2 

+ 43200p7qrs2- 916250p4q3 rs2 + 14482500pq5rs2 + 4806000p5qr 2s2 

- 132125 00p2q3r2 s2- 254 0000op3q?-3 s2 - 1873S0000q3 r3s2 + SOOOOOOpqr4s2 

+ 121500p8s3 + 20587150p5q2s3 - 6656250p2qs 3 - 6716250p6s 3 

+ 24123000p3q2rs3 + 23875000q4rs3 + 4312 5000p4r2s3 + 457150000pq2r2s3 

871500000p2r3s3 + 70000000r4s3 - 44437500p4qs4 - 107968750pq3s4 

? 159531250p2qrs4 - 284375000qr2s4 + 7031250p3s5 + 965625000q2s5 

+ 31250000prs5 

C4 160p3q' + 1080 -lOSOp4q5r - 8730pq'r + 1510p q3r2 + 20420p2q5r2 

+ 7 20p6 qr3 - 23200p3q33 - (9900q5r3 + 35200p4 qr 

+ 404000pq3r4 - 480000p2qr 5 + 960p5q4s + 28S0p2q6s 

+ 540p6q2rs + 63500p3q4rs + 319500q6rs - 7360p7r2s 

253500p4q2r% - 180250pq4r2s + 91200p5r3s + 2600000p2q2r3s 

- SOOOOp3r's + 600000q2r4s - 4050p7qs2 - 12000Op4q3 2 

- 273750pqs2 + 425250p5qis2 + 2325000p3r2 - 50 qr 

- 28 5000q3r2s2 + 1500000pqr 3s2 - 3037 30p3 - 843750p3q2s3 

- 812500q4 S3 + 5062500p4 rs3 + 133125OO q2 rs3 - 14500000p2r2s3 

+ 15000000r3s3 - 3750000p2qs4 - 35937500qrs4 + 11718750ps5 



= 80p4 q5 + 540pq7 - 600p5q3r - 4 770p2 q5r + 1080p6qr2 + 11200p3q3r2 

- 12150q5r2 - 4800p4qr3 + 64000pq3r3- 8OOOOp2qr4 

+ lOSOp6q2S + 13250p3q4s + 54000q6s - 3240p7 rs 

- 56250p4q2rs - 33 7500pq4rs + 43200p5r2s + 560000p2q2r2s 

- SOOOp3r3s + lOOOOOq2r3s + 675Op5qs2 + 225000p2q3s2 

- 900000p3qrs2 - 5G2500q3rs2 + 500000pqr2s2 + 843750p1s3 

+ 1937500pq2s3 - 3000000p2rs3 + 2500000r2s3 - 5468750qs4 



o0 =-1600p'?q'? - 23600p7q'2 - 86400oPq'4 + 24800p1 qor + 419200p8q9'r 
+ 185045Opoq'2r + 896400p2q 4r - 138800p2q6r2 -2921900p9q8r2 

-17295200pqg1r2- 27127750p3ql2r2 - 26076600q14r2 + 325800pl3q4r3 

+ 9993850pg0q6r3 + 88010500p7q8r3 + 274047650p4q'0r3 + 410171400pq'2r3 

-259200p'4q2r4- 17147100pl lq4r4 - 254289150pqr -1318548225p5q8r" 

-2633598475p2q'0r4 + 12636000p2q2r5 + 388911000p9q4r5 + 3269704725p6q6%5 

+ 8791192300p3q8r5 + 93560575q'0r5 - 228361600p1"q2r6 - 3951199200p7q4r6 

16276981 lOOp4q6 r6 - 1597227000pq8r6 + 1947899200p8q 2 r7 + 17037648000p5 q4r 7 

+ 8919740000p2q 6r7 -7672160000p6q 2r8 - 15496000000p3q4r8 + 4224000000q6rs 

+ 9968000000p4q2 r9 -86400000001q4r9 + 4800000000p2q2r'? - 55200p]2q7 s 

- 685600p9q9s + 1028250p6ql s + 37650000p3q'3s + 111375000q'5s 

+ 583200pl3q5rs + 9075600pl'q7rs - 883150p7q9rs - 506S30750p4qllrs 

-1793137500pq 3rs - 1852200p' 4 q3r 2 S- 41435250p" q5 r2- 805667'00p8 q7 r2s 

+ 2485673600p5q9r2s + 11442286125p2q r2s + 1555200pl5qr3s + S0846100p'2q3r%3S 

+ 5649O6800p9q5r3 s-4493012400p6q7r - 35492391250p3q9r3s - I89931875qlr% 

-71766000p 3qr4 s-1551149200pl'0q3 r4 -1773437900p'q r4 s + 51957593125p4q7r4 s 

+ 149G4765625pq9r4s + 1231569600p"qr5s + 12042977600p8q3r 5s - 27151011200p5q5r'5 S 

-88080610000p2q7r5s - 9912995200p9qr6s - 29448104000p6q3 r6s 

+ 144954840000p3q5r - 44601300000q r6s + 35453760000p7qr7s 
- 63264000000p4q3r7s + 60544000000pq5r7s -30048000000p5qr8s 

+ 37040000000p2q3r's - 60SOOOOOOOOp3qr9s -48000000000q3r9s 

- 61560Op'4q4s2 - 10524500p"q6s2 - 33831250p8q8s2 

+ 222806250p5q' 92 + 10996875Op2ql%22 + 3353400p' 5q2rS2 

+ 74269350p12 q4rs2 

+ 276445750p9q6rs2 - 2618600000p6q8rs2 - 14473243750p3ql'0rs2 

+ 1383750000q' 2 rs2 - 2332800p' 6r2s2 - 132750900p' 3q2 r2s2 

- 900775150plO q r2 s + 8249244500p7q6r2s2 + 59525796875p 4q r2s2 
- 40292)86S750pq'0r2s2 + 128304000p 4r 2 + 3160232100p q 2r3s2 

+ 8329580000p8q4r3s2- 45558458750p5q6r3S2 + 297252890625p2q8r3 s2 

- 2769854400p'2r4S2 - 37065970000p9q 2 r4S2 - 9081254f6875p6 q 4r%4 s2 



(cont.) 

-627902000000p3qr4 i2 + 1813474218 75q' 42 + 30948932$00 J7 

+ 24995468000p7q2r 2 + 802954812500p4q4ra2 609 0000re 

-192137320000pr62 - 93264160000oppq2 ra _ 9432425009472 

+ 658412000000p6r7s2 + 1930720000000p3q2r7e2 + 5938000q0 
- 1162800000000p4rY2 - 280000000000pq(2rs2 + 840000000000p2rea 

2187000p'6qa3 -47418750pT3q3s3 - 180618750p0 q%3 

+ 2231250000p7q7s3 + 17857734375p4q9S3 + 29882812500pq s3 
+ 24664500p14 qrs3 -853368750pl 'q3 rs3 - 25939693750p9q5rs3 
-177541569500p5q7rs3 - 297978828125p2q9rs3 - 1534468000p2qr2sa 

+ 30188125000peq3r%3 + 34404982l8765pq r2s3 + 534020875000p q7r2 3 
- 340726484375qgr2s3 _ 9056190000p 0qr3s33- 322314687500pZq3r3e3 
-76q632109375p4q5r3s3 - 83276875000pq7r3s3 + 16406:1000000pgr4a3 
+ 1381358750000p5q3r4s3 + 3088020000000p2q5r4s3 1267655000000pgqr3 
- 7642630000000p3q3 r - -2759877500000q5r53 + 4597760000000p4 qr%3 
+ 1846200000000pq3r6s3 - 7006000000000p2qr7 S3 1200000000000qrl %3 

+ 18225000p'5S4 + 1328906250p'2q2s4 + 247291406251pq4s4 

+ 169467187500p6q6s4 + 413281250000p3q84 + 223828125000q's' 

+ 710775000pi3rs4 - 186110156625p'q2rs - 3143443750OOp'q4rR4 
- 828439843750p4q6rs4 + 460937500000pq 8r94 - 25674975000p" r2s4 
- 52223515625p9q2r2s4 - 387160000000psq4r 2S4 - 4733680078125p2q6r2s4 

+ 343911875000p9r3s4 + 3328658359375p6q2r3s4 + 16532406250000p3q4rs4 
+ 59806132812,50q6r3s4 - 2295497500000p'r4s4 - 14809820312500p4q2r4s 

-6491406250000pq4 r4 4 + 77684 70000000p5r 5%-4 + 34192562500000p2q2 rS 4 

-11859000000000p3r%4 + 10530000000000q2r%4 + 6000000000000prl.4 
+ 11453906250p"qs5 + 1497656250OOp'q3S5 + 545537109375p5q5s5 
+ 527343750000p2q7s5 - 371313281250p9qrs5 - 3461455078125p6q3 rs5 
- 79208789062-'op3q5 rs5 - 4747.314453125q7 rss + 2417815625000p7qr 25 

+ 546557617187pq3 r2s5 + 5937128906250pq52s5 - 10661 1562500Opqr3s 5 
- 63574218750000p2q3 r3 s5 + 24059375000000p3qr4S'5 33023437500000q3r4 s5 
- 43125000000000pqrss.5 + 943945312501p'0%6 + 1097167968750p7q2.s6 



(oo cont.) 

+ 2829833984375p4q4 s6- 1525878906250pq6s6 + 2724609375p~rs6 

+ 13998535156250p5 q2 rs6 + 57094482421875p2q4rs6 - 8512509765625p6r2 s6 

- 37941406250000p3q2r2s6 + 33191894531250q4r2s6 + 50534179687500p4r3 s6 

+ 156656250000000pq2 r3s6 - 85023437500000p2r4s6 + 10125000000000r5s6 

- 2717285156250p6qs7 - 11352539062500p3q3s7 - 2593994140625q5s7 

- 47154541015625p4 qrs - 160644531250000pq3 rs7 + 142500000000000p2qr2s7 

- 26757812500000qr s7 - 4364013671875p5s8 - 94604492187500p2q2 s8 

+ 114379889812500p3rs8 + 51116943359375q2rs8- 3464355468Th000pr2s8 

+ 476S37158203125pqs9 - 416831158203125s?' 



ol = 10Op11q8 + 20S00p8q'0 + 45100p5q'2 - 151200p2q'4 - 19200p'2q6r 

- 293200pqor -794600p6<q'r + 2634675p3g'2r + 2640600q'4r 

+ 75600pl3q4r2 + 1529100p'0q6r2 + 6233350p7q8r2 - 12013350p'q'0r2 

29069550pql2r2- 97200pl4q2r3 -3562500p19q4r3 - 26984900p8q6r3 

-15900325p5q8r3 + 76267lOOp2qlOr3 + 3272400pl2q2r4 + 59486850p9 4 r4 

+ 221270075p6q6 r4 + 74065250p3q8r 4- 300564375'or4 -45569400p'0q2r5 

-438666000p7q4r5 - 444821250p4q6r5 + 2448256250pq8r5 + 290640000p8q2r 

+ 855850000p5q4r6- 5741875000p2q6r6 - 644000000p6q2r7 + 5574000000p3q4r7 

+ 4643000000q6r7- 1696000000p4q2r8 - 12660000000pq4rg + 7200000000p2q2r9 

+ 43200p'3q5s + 572000plq% -59800p7q9s -94174625p4q s 

- 74587500pq'3s - 324000p'4q3rs - 5531400p 1q5rs - 3712100p8q7rs 

+ 293009275p5q9 rs + 1115548875p2q rs + 583200pl5qr2s + 18343800p'2q3r% 

+ 77911100p9q5r2s - 957488825p6q 7r2s - 5449661250p3qgr2s + 960120000q" r2s 
- 23684400p13qr3s - 373761900p'0q3r3s - 27944975p7q5r3s + 10375740625p4q7r3s 

- 4649093750pq9r3s + 395816400pIIqr4s + 291096SOOOp8q3r4s -9126162500p5q5r4s 
- 11696118750p2q7r4 s - 3028640000p9qr5s - 3251550000p6q3 r5s + 47914250000p3q5r5 s 

- 30255625000q r5s + 9304000000p7qr6 - 42970000000p4q3r6s + 31475000000pq5 l6 S 

+ 2176000000p5qr7s + 62100000000p2q3r's - 43200000000p3qr8s - 72000000000q3r8s 

+ 291600p'5q2s2 + 2702700p 2q4s2 - 38692250p9q62 - 53S903125p6q8s2 

- 1613112500p3q90s2 + 320G25000q'2s2 - 874SOOp'6rs2 - 14166900p'3q2 rs2 

+ 193284900p ?q4 rs2 + 3688520500p q6 rs2 + 11613390625p4 q8 rs2 - 1560988l250pq'?rs2 

+ 44031600p'1r%2 + 482345550p"q2 r2s2 - 2020881875p8q4r2s2 - 7407026250p5q6r2s2 

+ 136175750000p2Q8r2s2- 1000884600pl2r3S2 - 8888950000p9q2r3s2 

30101703125p6q4r3s2 - 319761000000p3q4r2s + 51519218750q 3s2 

+ 12622395000p'0r's2 + 97039450000p'q2 r4s2 + 469929218750p4q4r4s 2 

+ 291342187500pq6 r4 s - 963S9000000p8 - 598070000000p2 r5s2 

- 1165021875000p2q4r5s2 + 446500000000p6r6s2 + 1 651500000000p3q2r%6s2 

+ 789375000000q4r6s2- 1152000000000p4r'S2 - 600000000000pq2r7s2 

+ 1260000000000p2i'8s2 - 2478GOOOp14qs3 - 6604S7500p" q3s3 

- 5886356250ptq5s3 - 1813718750Op5q's3 - 5120546875p2q%3 

+ 82765S000i 12qrs3 + 13343062500p)9q3rs3 + 397820G8750p6q5rs3 



(01 cont.) 

-111288437500p3 q7rs3 15438750000q9 rs -14540782500p'0qr2e3 

-135889750000p7q3r23 - 176892578125p4q5r2s3 -934462656250pq7r2s3 

+ 171669250000p gr3s3 + 116453812500(0p5q3r383 + 3192346406250p q%3s3 
- 1295476250000p6qr4 s3- 6540712500000p3q3r4s3 -2957828125000iq4s3 

+ 5366750000000p4qr53 + 3165000000000pq3r 3 - 886250OOOk: op2qr s3 
- 1800000000000qrTs3 + 236925000p 3s4 + 8895234375p'0q2s4 
+ 106180781250p7q4s4 + 474221875000p4q%64 + 616210937500pq8s4 

- 6995868750p11r84 - 184190625000p8q2rs4 - 1299254453125p5q4rs4 
- 2475458593750p2q6rs4 + 63049218750p9r2s4 + 1646791484375p~q2r2s4 

+ 9086886718750p3q4r2s4 + 4673421875000q6r2s4 -215665000000p7r3s4 

- 7864589843750p4q2r3s4 - 59S7890625000pq4r3s4 + 594843750000p5r4s4 

+ 27791171875000p2q2r4S4 - 3881250000000p3r5s4 + 12203125000000q2r5s4 
+ 10312500000000pr6s4 - 34720312500p9qs5 - 545126!\53125p~q3s95 

-21764257Sl250p3q5s - 2792968750000q7 -13957C3125p7qrs5 
- 1957568359375p"q3rs5 + 5122636718750pq5rs5 + 858210937500p5qr2s5 
- 42050097656250p2q3r%5 + 708828150000p3qr3s5 - 25974609375000q3r3s5 

- 69296S75000000pqr4s5 + 384697265625p9s6 + 6403320312500p5q2 86 

+ 16742675781250p2q4s6 - 34670S0078125p6rs6 + 11009765625000p3q2rs6 

+ 16451660156250q4rs6 + 6979003906250p4r2S6 + 145403320312500pq2r2s6 
+ 4076171875000p2r3s6 + 22265625000000r4s6 - 21915283203125p4qs7 
- 86608886718750pq3 s7 - 22785644531250p2qrs7 - 103466796875000qr2s' 

+ 18798S28125000p3s8 + 106048583984375q2s8 + 17761230468750prs8 



02 = 2800p998 + 55700p6ql0 + 363600p3q92 + 777600q'4 - 27200pl'q6r 

- 700200p7q8r - 5726550p4q10r - 15066000pq'2r + 74700p'1q4r2 

+ 2859575p8q6r2 + 31175725p5q~r2 + 103147650p2qr2 -240500p'2q2r3 0 

-4274400p9q4r3 76065S5p6q6r3 - 365623750p3q8r3 132264000ql r3 

+ 2192400p10g2r4 + 92562500p7q4r4 + 799193875p4q6r4 + 1188193125pq8r4 

-41231500p8q2rs -914210000p5q4r5 - 3318853125p2q6r5 + 398850000p62r6 

+ 3944000000p3q4r6 + 2211312500q%6 - 1817000000p4q2r7 - 6720000000pq4r7 

+ 3900000000p2q2r8 + 75600plIq5s + 1823100p8q7S + 145341501pq s 

+ 38265750p2qll- 394200p2q3rs - 11453850p9q5rs 101213000p6q7rs 

- 223565695p9q9rs + 415125000ql rs + 243000p'3qr2s + 13654575p'0q3r2s 

+ 163811725p'q5r2s + 173461250p4q'r2s - 3008671875pq9r2s - 2016900pllqr3s 

- 86516250p8q3r3s - 324146625p5q5r3s + 3378506250p2q7r3s - 89211000p9qr4s 

- 55207500p6q3r4 s + 1493950000p3q5r4s - 12573609375q7r4s + 1140100000p'gqrs 

+ 42500000p4q3r$5s + 21511250000pq5r5s - 4058000000p5qr6s + 6725000000p2q3rs 
- 1400000000p3qr7s - 39000000000q3r7s + 510300p13q2S2 + 4814775p'0q4k2 

- 702615p'q762 -1016484375p4q8s2 - 3221100000pql's2 - 3645009p4rs2 

+ 30314250pl1q2rs2 + 1106765625p8q4rs2 + 109S4203125p5q6rs2 + 339058125009p2q8 

-379S0900p' 2r 2s2- 2142905695p9q2 2S2 - 26S96125OOOp6q4r 2s2 _ 9555132812 5p3 q6rS2 

+ 11320312500q$r2s2 + 1743781500pl'r3s2 + 35432262500p'q2r3s2 

+ 17785i5859375p4 q4r3S2 + 1219260546875pq6 r3 s 2- 25943162500p8r4s2 

- 24916500000p~q2r4 s2 - 461739453125p2q4 r4 S2 + 177823750000p6r%2 

+ 726225000000p3q2r5s2 + 404195312500q4r5S2 - 565875000000p4r6s2 
- 407500000000pq2r%2 + 682500000000p2r s2-59140125p9293 

- 1290515625p9q%3 -8785071875p6q5s3 - 155SS2Sl95Op3q's3 

+ 17505000000q%93 + 896062500p'0qrs3 + 25S9750000p'q3rs3 

- 82700156250p4q5rs3 - 3476S3593750pq7rs3 + 17022656250p8qr2s3 

+ 320923593750p5q3r2S3 + 1042116875000Y2q5r2s3 - 353262812500p6qr3S3 

- 2212664062500p3q3r3s3 - 195240S9S4375q5r3.c3 + 1967362500000p4qrs3 

+ 1583343750000pq3r4s3 - 35606205000000p2qr5s3 - 975000000000qr6s3 

+ 462459375p9s4 + 14910S59375p8q + 99592171850p q s 

+ 114955468750p2q6s4 - 17720859375p9rs4 - 100320703125p6q2rs4 



(o2 cont.) 

+ 1021943359375p3q4 rs4 + 1193203125000q6rs4 + 171371250000p7r2s4 
- 1113390625000p4q2r2s4 - 1 211474609375pq4r2s4 - 274056250000p5r3s4 

+ 8285166015625p2q2r3s4 - 2019375000000p3ros + 5137304687500q2rs4 

+ 6187500000000pr5 s4 - 135675000000p7qs5 - 1275244140625p4q3s5 
- 2838S671875pq5 s5 + 1015166015625p5qrs5 - 10584423828125p2q3 rs5 

+ 3559570312500p3qr2s5 - 6929931640625q3r2sS - 39304687500000pqr3s5 
+ 4305761718715p6s6 + 9397949218750p3q2s6 + 575195319500q4s6 

- 4086495781250p4rs6 + 42183S37890625pq2rs6 + 8156494140625p2r2s6 

+ 126123046S7300r3se - 25513916015625p2qS7 - 37017822265625qrS7 

+ 189S1933593-150ps8 



03 1600p'0q6 + 92oop q8 - 126000p'q'0 - 77600pq2 - 14400p I q4r 

- 119300p8q6r + 1203225p5q8r + 9412200p2q10r + 3240Op'2q2r2 

+ 417950p9q4r2 - 4543725p6q6r2 - 49008195p3q8r2 - 24192000q'0r2 

- 292050plq2r3 + 8760000p7q4r3 + 137506625p4q6r3 + 225438750pq8r3 
- 4213950p8q2r4 - 17359562p5q4r4 - 653003125p2q6r + 82575000p6q2r5 

+ 838125000p3q4rS + 5718562500q6rS - 421500000p4q2r6 - 1796250000pq4r6 

+ 1050000000p2q2r7 + 43200p' 2q3s + 8O71300p9q5s + 5398225p6q7S 

+ 16946250p3q9s -4- 29565000q"s - 194400p' 3qrs - 5505300pl 'q3 rs 

- 49886700p7q5rs - 178821875p4q'rs - 222750000pq9rs + 6814800pllqr2s 

+ 120525625p8q3r2 s + 526694300p5s5r2 s + 84065625p2q7r2s - 123670500p9qr3s 

- 1106731875p6q3r3 s - 669556250p3q5r3s - 2869265625q7r3s + 1004350000p'qr4s 

+ 33S4375000p4q3r4 s + 56656250OOpq5r4s - 3411000000p5qr5s - 418750000p2q3 r5 

+ 1700000000p3qr6s - 10500000000q3r6s + 291600p14s2 + 0829350p lq2s2 

+ 114151875p8q4s2 + 522169375p5q6s2 + 716906250p2q8s2- 18625950p'2rs2 

- 387703125p9q2 rs2 - 20561093751)6q4rs2 - 760203125p3q6rs2 + 3071250000q8rs2 

+ 5124195000p r 2s2 + 5S59053125p7q 2 r2S2 + 191540G950p4q4 r2S2 + 15931 0625 r2 S2 

- 659839375p8r 3S2 - 43549625000p5q2r3s2 - 820113?8125p2q4 r3S2 + 43538125000pt4 S2 

+ 160S31250000p32 r4 s2 + 99070312500q4 r4s - 141812500000p r5s2 

- 117500000000pq2r5s2 + 183750000000p2r6s2- 154608750p'0qs3 

- 3309468750p'q33 - 90S34140625p4q5s3-34731562500pq'S3 

+ 5970375000p8 qrs3 + 68533281250p5q3rs3 + 142698281250p2qsrs3 

- 74509140625p6qr2 s3- 38914S437500p3q3 r2s3 - 270937890625q5 r%3 

+ 366696875000p4qr3s3 + 400031250000pq3r3s3- 735156250000p2qr4s3 

- 262500000000qr5s3 + 371250000p9s4 + 21315000000p6q2s4 + 179515625000p3q4s4 

+ 238406250000q6s4 - - 9071015623p7 rs - 268945312500p4q2rs 

- 379785156250pq4 rs + 140962890625psr2s4 + 1486259765625p2q2r2s4 

- 806484375000p3r3s4 + 1066210937500q2r3s4 + 1722656250000pr4s4 

- 125648437500p5qs5 - 1236279296875p2q3s5 + 1267871093750p qrs5 

- 1044677734375q3 rs5 - 6630859375000pqr2s5 + 160S886711875p s 6 

+ 6359294921875p2s6 - 7087402343 5p2rs6 + 3901367187500r2s6 

- 8050537109375qs' 



04 =2800p 8q6 + 41300p5q8 + 151200p2q'0 - 25200p9q4r - 542600p6q6r 

-3397375p3q8r - 5751000q'0r + 56700p'0q2r2 + 1972125p"q4r2 

+ 18624250p4q6r2 + 50253750pqg %2 - 1701000p8q2r3- 32630625p5 q4r 3 

- 139868750p2q6r3 + 18162500p6q2r4 + 177125000p3q4r4 + 121734375q6r4 

- 100500000p4q2r5 386250000pq4r5 + 225000000p2q2r6 + 75600p'0q3s 

+ 1708800p7q5s + 17836875p4q's + 32062500pq9s -340200p"qrs 

- 10185750p8q3rs - 97502750p5q5rs - 301640625p2q7rs + 7168500p9qr2S 

+ 135960625p6q3r2s + 587471875p3q5r2s - 384750000q7r2s - 29325000p7qr3s 

- 320625000p4q3r3s + 523437500pq5r3s -42000000p5qr4s + 343750000p2q3r4s 

+ 150000000p3qr5s - 2250000000q3r5s + 510300p'2s2 + 12808125p9q2s2 

+ 107062500p6q4 s2 + 2710312500p3q6s2- 168750000q8 s2 - 2551500pl0rs2 

- 5062500p7q2rs2 + 712343750p4q4rs2 + 478828150pq6rs2 - 256837500p8r2s2 

- 3574812500p5q2r2s2 - 14967968750p2q4r2 + 4040937600p6r3s2 + 26400000000p3q%2r 

+ 17083984375q4 r3s2 - 21812500000p4r4S2 - 24375000000pq2r4s2 + 39375000000p2 r5s2 

- 197265625p5q3s3 - 680234375p2q5s3 - 2048203125p6qrs3 - 18794531250p3q3rs3 

- 25050000000q5rs3 + 26691875000p4qr2s3 + 37007812500pq3r2s3 - 105468750000p2qr3s3 

- 56950000000qr4s3 + 1124296875p7s4 + 9251953125p4q2s4 - 8007812500pq4s4 

- 4004296875p5rs4 + 179931640625p2q2rs4 - 75703125000p3r2S4 + 133447265625q2r2s4 

+ 363281250000pr3s4 - 91552734375p3qs5 - 19531250000q3s5-751953125000pqrs5 

+ 157958984375p2s6 + 748291015625rs6 



05 =-14400p6q6 - 212400p3q8 -777600q'? + 921 00p7q4r + 1689675p4q6r 
+ 7371000pqSr - 122850p8q2 r2 3735250p5q4 r2 - 22432500p2q6r2 
+ 2298750p6q2r3 + 29390695p3q4r3 + 1800000q6 r3 _ 17750000p4q2r4 

62812500pq4r4 + 37500000p2q2r5 - 51300p8q3s - 768025p5q5 s 

280125Op2q7s - 2s'540p9qrs - 5479875p6 q3rs - 3553875Op3 q5rs 
-68850000q7rs + 12757500p7qr2s + 133640625p4q3r2s + 222609375pq5r2 a 
-108500000p5qr3s- 290312500p2q3r3s + 275000000p3qr4s - 375000000q 3r's 
+ 1931850p'%s2 + 40913125p7q2s2 + 253921875p4q4s2 + 464062500pq6s2 

- 71077500p8rs2 - 818746875p5q2 rs2 - 1882265625p2q4rS2 + 826031250p6r2s2 

+ 4369687500p3q2r2s2 + 3107812500q4r2s2 - 3943750000p4r3 s2 - 500000000Opq2r32 
+ 6562500000p2r4 s2 - 995312 5O0p6 - 2-93S9OG 50p3q3s3 - 4848750000q%3 
+ 3791484375p4qrs3 + 7556950000pq3 rs - 11960937500p2qr2 - 9375000009r33 
+ 1668515625p%54 + 20447265625p2q2s4 - 21955078125p3rs4 + 18984375000q2rs4 
+ 67382812500pr 2s4 - 120849609375pqs 5 + 157226562500s6 
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