Case 28

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

1 —cos(¢2) —cos(¢1) cos(pg + ¢3)  cos(p1 + ¢d4) b1

—cos(¢2) 1 cos(¢1 + ¢2)  —cos(¢3)  cos(pz+ ds) —cos(d1 + P2 — de)

—cos(¢p1) cos(¢1 + ¢2) 1 cos(ps + ¢5) —cos(g4) —cos(¢pg)
cos(¢a + ¢3) —cos(¢3) cos(o4 + ¢5) 1 —cos(¢s) ba
cos(d1 + P4) cos(d3 + ¢5) —cos(¢y4) —cos(¢s) 1 bs
by —cos(p1 + o — ¢g)  —cos(de) b2 b3 1
The zeros are given by the columns:
sin(¢1 + ¢2) sin(¢s) sin(¢p4) 0 0 0
sin(¢1) sin(p2 + ¢3) 0 sin(¢s) (() : ( sin(epe)
_ sin(¢g) 0 sin(¢1 + ¢4) 0 sin(¢ sin(pr + g2 — ¢
(w1, u2,us, ua, Us, g, Uz) = 0 ’ sin(¢2) B ' sin(¢s + ¢s) Sm(ébi) 1 0 i
0 0 sin(¢r) sin(¢s) sin(¢g + ¢s5) 0
0 0 0 0 0 sin(¢1 + ¢2)
0
8 cos(p1 + g2 + ¢3) > —cos(¢s + ¢5)
L Auy = sin(p2)cos(p1 + P2 + ¢3) + sin(pa)cos(ps + ¢5) >y cos(d1+ b2+ 6a) 2 —cos(¢s + ¢s)
sin(¢1)cos(¢1 + b2 + 4) + sin(1)cos(@s + ¢5) b = cos(¢1 — o)
bisin(pr + ¢2) — sin(@1 + ¢2)cos(d1 — ¢s)
0
0
9. Auy = sin(gz)cos(d1 + ¢z + ¢:2)) + sin(¢pz)cos(¢4 + ¢5)
sin(¢sz)cos(d1 + ¢a) + sin(¢sz)cos(d2 + P35 + ¢5)

basin(pa) + bysin(ds) — sin(pa + ¢3)cos(d1 + ¢d2 — dg)
cos(p1 + 2 + ¢3) > —cos(¢s + ¢s)

=>  cos(¢p1 + ¢4) > —cos(d2 + ¢3 + ¢5)
b28iﬂ(¢2) + blsm((bg) — SZTL((]SQ + ¢3)COS(¢1 + g — ¢6) >0

0

sin(¢1)cos(d1 + 2 + ¢a) + sin(d1)cos(d3 + ¢s)
0

sin(¢4)cos(¢a + ¢3) + sin(¢s)cos(d1 + ¢4 + ¢5)
0

bgsin(¢1) + bisin(dy) — sin(od1 + ¢d4)cos(dg)
{Cos(fi)l + ¢2 + ¢4) = —cos(d3 + ¢s)
=>

3. AUS =

cos(¢ + ¢3) > —cos(¢1 + ¢4 + ¢5)
bysin(p1) + bisin(gs) — sin(p1 + ¢4)cos(pg) > 0

sin(p3)cos(dr + ¢a) + sin(¢s)cos(pz + ¢z + ¢s)
0

4 Aug= | SIUOR)COS(Ds T ut go) b sin(Gs)eos(on + 02)
0

basin(gs) + basin(ds + 6s) — sin(6s)cos(1 + 62 — go)
cos(p1 + ¢pa) > —cos(pa + ¢3 + ¢s5)

=> ¢ cos(p3 + s+ ¢5) > —cos(d1 + ¢2)
bzsin(pz) + basin(ds + ¢5) — sin(ps)cos(p1 + g2 — ¢g) > 0



sin(¢4)cos(pa + ¢3) + sin(¢s)cos(dr + da + ¢s5)
sin(¢s)cos(¢s + ¢4 + ¢5) + sin(ds)cos(p1 + ¢2)

9. AU,5 = 8 =>

0
basin(dy) + bysin(ds + ¢5) — sin(ds)cos(dg)
cos(p2 + ¢3) > —cos(p1 + ¢a + ¢5)
cos(¢3 + ¢4 + ¢5) > —cos(p1 + ¢2)
basin(gy) + bgsin(dy + ¢5) — sin(¢s)cos(pg) > 0

bisin(¢r + ¢2) — sin(¢1 + ¢2)cos(p1 — ¢)

0
6. Aug = 0 =>
n e basin(p1 + ¢2) — sin(pe)cos(¢s) + sin(p1 + g2 — ¢g)cos(ds + ¢s)
bzsin(¢1 + ¢2) + sin(¢e)cos(p3 + ¢5) — sin(d1 + p2 — ¢g)cos(Pa)
0
by > cos(¢1 — ¢s)
basin(p1 + ¢2) — sin(¢e)cos(d3) + sin(p1 + 2 — dg)cos(pa + ¢5) > 0
bzsin(p1 + ¢2) + sin(pe)cos(¢ps + ¢5) — sin(P1 + ¢2 — ¢g)cos(pa) > 0
First 5 minimal zeros are cyclic=> inequalities on ¢; :
D1+ P2+ s+ da+ s <m
1+ 2 > g6
Copositivity:
2,476), (3, 4,6),

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

As hold above conditions on ¢;, then necessary inequalities for sets (1, 3,4),(2,3,4),(1,2,5),(2,3,5),(1,4,5)
are performed.

Consider I = (2,4,6) : by = cos(9), d3 + @1 + d2 — Ppg > ¢ => by = cos(d) > cos(ps + ¢1 + d2 — ¢6)

If by is determined from inequality 6.2 by = sin(de)cos(¢s) ;;:éifif;) $o)cos(datds) cos(psz + P11+ P2 — dg) =>

—sin(p1 + P2 — ¢g)(cos(ps + P5) + cos(ps + P1 + P2)) > 0 => ¢3 + ¢1 + ¢p2 + P4 + ¢p5 > m => performs only if
it’s equation. Doesn’t hold for our domain of ¢;.

If by is determined from inequality 2.3 by = 7Si”(¢3)b1ngfsz;(zg))cos(m+¢27¢6) > cos(¢z + ¢1 + P2 — ¢g) =>

—sin(¢s3)(by — cos(dp1 — ¢g)) > 0 => by < cos(p1 — ¢e), but from inequality 1.3 by > cos(¢p1 — ¢g) => performs
only if it’s equation.

If by is determined from inequality 4.3 by Sm(%)ws(flﬁgaif‘;7b3ws(¢3) > cos(¢p3 + ¢1 + P2 — p) => by <

—cos(p14+pat+P3+ds—ds), but from 6.3. follows —cos(p1+pa+ds+ds—de) > bs >COS(¢4)M”(¢1+<Zin(<zi)+£;;b(¢e)COé(¢3+¢s)_>

(—cos(d1 + p2 + @3 + ¢5) — cos(dg))sin(¢pr + P2 — p6) = 0 => ¢3 + ¢d1 + P2 + ¢4 + ¢p5 > m => performs only if
it’s equation. Doesn’t hold for our domain of ¢;.

If by is determined from inequality 5.3 by gm(d’“)cog(fg(q;l)n(d)”%)bs > cos(¢3 + ¢1 + 2 — ¢6) and it can be

derived from initial inequalities, that —cos(¢1 + @2 + ¢3 — dg) < cos(ds + d5 + d¢)
sin(pg)cos(pg + @5 + ¢g) + sin(ps)cos(de) — sin(ps + ¢5)bs > 0 => bg < cos(d4 + @), but from copositivity of
submatrix (3,5,6) follows, that bs > cos(d4 + ¢¢) => performs only if it’s equation.

As result, there appears additional minimal zero (2, 4, 6) in all possible cases for by. There is no coposititvity.

Result

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