Case 39

The minimal zero supports are given by (1, 2, 3), (1, 2, 4), (1, 2, 5), (1, 3, 6), (1, 4, 6), (2, 5, 6), (3, 5, 6)

1 —cos(¢2) —cos(¢1) —cos(¢3) cos(¢a + ¢a) cos(¢1 + ¢s)
—cos(¢2) 1 cos(¢p1 + ¢2) cos(pa + ¢3) —cos(da) cos(ps + ¢g)
A —cos(p1)  cos(¢1 + ¢2) 1 b1 cos(ps + ¢6) —cos(¢s)
| —cos(g3)  cos(pa + ¢3) b1 1 ba —cos(¢1 + ¢5 — ¢3)
cos(d2 + P4) —cos(¢4) cos(¢s + dg) ba 1 —cos(¢pg)
cos(¢p1 + ¢5) cos(ps+ ds)  —cos(¢ps)  —cos(p1+ 5 —¢3)  —cos(ds) 1
The zeros are given by the columns:
sin(¢1 + ¢2)\ [ sin(d2 + ¢3) sin(¢s) sin(¢s) sin(¢s + o1 — ¢3)
sin(¢1) sin(¢s) sin(¢2 + P4) 0 0
_ sin(¢s) 0 0 sin(¢p1 + ¢5) 0
(ulau27u37u47u5)u63u7) - 0 Sln(¢2) 0 0 Sin(¢1 +¢5)
0 0 sin(¢2) 0 0
0 0 0 sin(¢1) sin(¢s)
0 0
sin(gg) 0
0 sin(gg)
0 0
sin(¢s + de) sin(¢s)
sin(p4) sin(¢s + dg)
0
8 {51 > cos(p1 — ¢3)
1. Auy = . : =>  cos(¢1 + g2 + d4) > —cos(¢s + P6)
bisin(pz) — sin(¢p2)cos(d1 — ¢3)
Sm(¢2)0015(¢1 -Eqﬁz + ¢4) 2+ Sin(¢12)0053(¢5 + o) cos(é1+ @2 + ¢s) = —cos(a + Je)
sin(¢1)cos(d1 + ¢ + ¢5) + sin(¢1)cos(ds + pe)
0
. 0 by > cos(¢1 — ¢3)
2. Aug = bisin(¢z) — Sln<0¢2>008(¢1 —¢3) => {bz > —cos(¢p2 + ¢3 + Pa)
bysin(dz) + sin(2)cos(dz + b3 + 6a) cos(@r + ¢z + ¢5) 2 —cos(¢a + bs)
sin(¢s)cos(p1 + ¢2 + ¢5) + sin(pz)cos(ps + ¢e)
0
0 _
b g | #62)05(61 + 62+ 00) -+ im(Ga)eostos + o) | |10 e o) = menslt o)
basin(gz) + sm(cbgo)cos(@ + ¢3 + ¢d4) cos(d1 + b5) > —cos(dn + ba + ds)
sin(p4)cos(pr + ¢s) + sin(¢s)cos(dpa + ¢ps + ¢¢)
0
sin(¢p1)cos(p1 + ¢ + ¢50) + sin(¢1)cos(pa + ¢g) {Cos(¢1 + o + ¢5) > —cos(¢a + ¢g)
4. Auy = ) ) => 4 b1 > cos(¢p1 — ¢3)
bysin(o1 + ¢5) — sin(d1 + ¢5)cos(Pp1 — ¢3)
sin(1¢5)cosl(¢2 —i¢4) + sin1(¢5)0505(</)1 —i—1¢5 —E%) cos(¢p2 + ¢4) > —cos(d1 + ¢5 + @)
0
0
sin(¢3)cos(1 + ¢2 + ¢5) + sin(pz)cos(ps + de)
5. Aus — bysin(d1 + ¢5) — sinégbl + ¢5)cos(p1 — ¢P3) .
basin(p1 + ¢5) + sin(p1 — ¢z + ¢5)cos(pa + ¢a) — sin(¢s)cos(ps)

0

by > cos(p1 — ¢3)

{cos(gbl + 2 + ¢5) > —cos(pa + d6)

basin(é1 + ¢5) + sin(d1 — ¢z + ¢5)cos(d2 + ¢a) — sin(¢s)cos(¢s) > 0

1



sin(dq)cos(d1 + ¢5) + sin(ga)cos(pz + ¢4 + d6)

0
6. Aue — sin(ge)cos(p1 + ¢2) + sin(de)cos(ds + ¢5 + de) -
’ 6 —sin(¢q)cos(Ppr — ¢3 + ¢5) + sin(de)cos(pa + ¢3) + basin(ds + dg)
0
0

cos(¢p1 + ¢5) > —cos(p2 + ¢ + ¢g)
cos(p1 + ¢2) > —cos(ds + ¢5 + ¢5)
—sin(pa)cos(dpr — 3 + ¢5) + sin(Pe)cos(da + @3) + basin(pa + ¢6) > 0

sin(¢s)cos(ga + da) + sin(¢s)cos(d1 + ¢s + do)
sin(ge)cos(g1 + ¢2) + sin(¢e)cos(da + ¢5 + do)
0
basin(ds) + bisin(oe) — sin(ds + d¢)cos(d1 — ¢3 + ¢5)
0
0

cos(¢2 + ¢4) > —cos(P1 + 5 + dg)
cos(p1 + ¢2) > —cos(ds + ¢5 + o)
basin(¢s) + bisin(de) — sin(ds + ¢g)cos(dp1 — g3+ ¢5) = 0

7. Aur = =>

From inequalities on ¢; we get:

Pr+dat st s+ <m
¢3 < o1+ @5
Consider inequality 7.3, if by = cos(¢1 — ¢3), then by > cos(p1 — ¢3 + ¢5 + ¢dg)

All inequalities for by are not fulfilled, if by = —cos(pa + ¢35 + P4)

Copositivity:

Sets (1,3,4),(2,3,4), (1,3,5), (2,3,5), (1,4,5), (2,4,5), (3,4,5), (1,3,4,5), (2,3,4,5), (1,2,6),
(2,3,6),(2,4,6),(3,4,6),(2,3,4,6),(1,5,6), (4,5, 6) have to be considered.

Consider set (4,5,6): let by = cos(¢p) => ¢ < ¢1 + ¢d5 — ¢d3 + Ppg => by = cos(¢) > cos(p1 + ¢5 — d3 + ¢6),
For by defined from 2.3, 5.3, 6.3 such inequality hold only if ¢1 + ¢2 + ¢4 + ¢5 + ¢¢ = 7 and in this case there
is additional zero (4, 5, 6).

But if in 7.3 inequality let by = cos(¢1 — ¢3), we get by > cos(d1 — P3 + @5 + dg)-

And if we are increasing by in this inequality, the boundary magnitude of by is decreasing and it follows, that
there is no copositivity in this case. As result we have by = cos(¢1 — ¢3),ba = cos(¢d1 — ¢3 + ¢5 + ¢g) and there
is additional minimal zero (4, 5, 6).

Result

There aren’t any copositive matrices with such minimal zeros set.
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