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Abstract

In this research work, we use the new version of the Fourth leap Zagreb index of graph depending
on the vertices for computing the values of this index of some graph operations containing the
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1. Introduction

In this paper, we consider with simple graph, let G be connected, which has set V(G) for its vertices
and set E(G) for its edges. The complement G of G is a graph with vertex set V(G) and two vertices
of G are adjacent if and only if they are not adjacent in G. The degree of a vertex v in G, denoted by
d(v), is the total number of edges incident with v [9]. According to [1], topological indices play a key
role in QSPR and QSAR modeling in chemical graph theory. If two vertices # and v of G are adjacent,
the edge connecting them will be indicated as uv. If u,v € V(G), the distance d¢(u, v) between u and
v is defined as the length of the shortest # — v path in G, and a shortest u - v path is often called a
geodesic. The diameter of a connected graph G is the length of any longest geodesic, represented by
diam(G). In a graph G, we can define the first and second degrees of a vertex v, respectively using the
distance as follows: d1(v/G) = [{u € V(G) : d(u,v) = 1}|, d2(v/G) = |{u € V(G) : d(u,v) = 2}|. The
maximum and minimum degrees of G are denoted by A = A(G) an § = 6(G), respectively. The Zagreb
indices M;(G) and M(G) are the most widely investigated topological indices and they are related
to the most common molecular descriptors. These have been defined more than forty years ago [7,8],

which are defined as follows:
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Mx(G) = Y. di(u/G)d1(v/G).
woeE(G)
For more details on the Zagreb indices, we refer to [3-5,10,14,15]. The Forgotten index [7] is given
by F(G) = Loev(c) d3(v/G) = ZuveE(G)[d%(u/G) + d2(v/G)]. For more information on Zagreb and
beyond topological indices, readers can refer to the survey [6]. In 2017, Naji et al. [13] have introduced
new distance-degree-based topological indices depending on the second degrees of vertices, called leap

Zagreb indices of G and are defined as:

LMi(G) = ) d5(v/G),

veV(G)

LMz(G) = Z dz(Ll/G)dz(U/G),
uveE(G)

LM3(G) = Z dl(U/G)dz(U/G)
veV(G)

In 2022, Alsinai et al. [2] have introduced a new version of leap Zagreb index called fourth leap Zagreb

index of G defined by:

LMy(G) = ) |di(u/G)da(u/G)+di(v/G)d2(v/G)]|.
uveE(G)

Also, Alsinai et al. [2] proved that for a graph G with diameter at most two,

LMy(G) = Y di(v/G)da(v/G).
veV(G)

The precise formulas for the fourth leap Zagreb index of few graph operations, including cartesian
product, composition, disjunction, and corona product of graphs, are presented in this study by using

the new version fourth leap Zagreb index depending on the vertices.

Lemma 1.1 ([13]). Let G be a connected graph with n vertices and m edges. Then for every vertex v € V(G),

d2(v/G) §< ) dl(u/G)> —dy(v/G).

ueN(v)
Equality holds if and only if G is a CF—graph, where CF—graph means {Cs, C4 }— free graph.

Lemma 1.2 ([13]). Let G be a connected graph with n vertices. Then for every vertex v € V(G),
dr(v/G) < di(v/G) =n—1-dqi(v/G).

Equality holds if and only if G has diameter at most two.
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2. Cartesian Product

Definition 2.1 ([11]). For given disjoint graphs Gy and Gy their caetesion product, denoted by Gi x G is
defined as the graph on the vertex set V(Gy) x V(Gyp),and vertices u=(uy,uz) and v=(v1,02) of G1 x Gy are
connected by an edge if and only if either uy = vy and upyvy € E(Gy) or up= vy and uyvy € E(Gy). The
distance between any two vertices u=(uy, uy) and v=(v1,v2) € Gy x Gy is given by dg, xc, (4,v) = dg(u1,v1)

+ dGZ(MZ,UZ) and ’V(Gl X GQ)‘ =|V(G1)HV<G2)‘

Lemma 2.2 ([12]). Let Gy and Gy be two nontrivial disjoint connected graphs with orders ny,ny,respectively.

Then for any vertex (u,v) € V(G1 x Gp),
(1) dl((u,v)/G1 X Gz) = dl(u/G1) + dl(U/Gz),’
(2) dz((u, U)/G1 X Gz) = dz(M/G1) + dl(u/Gl) dl (U/Gz) + dz(U/Gz).

Theorem 2.3. Let Gy and Gy be two nontrivial disjoint connected graphs with ny, np vertices and my, my edges,

respectively. Then

LM4(G1 X Gz) = I’lzLM4(G1) +2m2F(G1) + M1 G1 2 dz U/Gz)
UGV(Gz)

+ 47712LM3(G1) + 2M1(G1)M1(G2) + 41’111LM3(G2)
—|—M1(G2) Z dz(u/Gl) +27’fl1F(G2) +H1LM4(G2)
ueV(Gl)
Proof. Let G; and G, be two nontrivial connected graphs with 1y, ny vertices and mj, m;, edges.

respectively Then by definition of fourth leap Zagrab index and Lemma 2.2, we have

LM4(Gy x Gp) = Yy (d1((u,v)/ Gy x G2))?da((u,0) /Gy x Gy)
(u,0)€V(G1xG)

-y ¥ Kdl u/Gy) +d1(v/Gz)>2<d2(M/G1)

ueV(Gy) veV(Gy)

+d1(u/Gr)d1(v/Gy) + dZ(U/G2)>]

=Y Y Kdz (u/G1) +2d1(u/G1)d1(v/Gz)+d1(v/G2)>

ueV(Gy) veV(Gy)

(d2(1/ )+ a1/ G (0/ o)+ afo/Go) )|

= Z E I:dz u/Gl dz(u/Gl)+dz(u/Gl)dl(u/Gl)dl(U/Gz)+d2(u/Gl)d2(0/Gz)
uEV(Gl) UGV(Gz)

+ )Y ) [2511 (u/G1)d1(v/Ga)da(u/Gy) + 2d1(1/ Gy)d1(v/ Gy)
ueV(Gy) veV(Gy)

dl (M/Gl)dl (U/Gz) + Zdl (u/Gl)dl (U/Gz)dz(U/Gz)]
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-+ E 2 |:d2 M/Gl dz(U/Gz) + d1(u/G1)d1 (U/Gz)dZ(U/Gz) + dz(v/Gz)dz(U/Gz)}
ueV(Gy) veV(Gy)

= Y {nzdl(u/Gl)dz(u/Gl)+d3(u/G1)(2m2)+d2 (u/Gr) ), daf v/Gz)}
ueV(Gy) veV(G)

+ Y [4m2d1 (u/G1)da(u/Gy) + 2d3(u/G1)M;(Gy) + 2d1(u/Gy) LM3(Gy)
ueV(Gy)

—+ Z [dz M/Gl Ml(Gz) + dl(u/Gl) (Gz) + LM4(G2)
ueV(Gy)

= mLM4(Gy) +2maF(G1) + M1 (G1) ) d2(v/Ga)
Z)GV(Gz)

+ 4m2LM3(G1) + 2M; (Gl)Ml (Gz) + 4m1LM3(G2)

—|—M1(G2) Z dz(u/Gl)+2m1F(G2)+n1LM4(G2).
MGV(Gl)

3. Composition

Definition 3.1 ([11]). The composition G1[G] of graphs Gi and G, with disjoint vertex sets and edge sets is
a graph on vertex set V(Gy) x V(Gy) in which (uq,v1) is adjacent with (up,vy) whenever [uq is adjacent with

us] or [uq = up and vy is adjacent with v,).

Lemma 3.2 ([12]). Let Gy and G be two disjoint graphs with ny and ny vertices and with my and my edges,

respectively. Then
(1) di((u,v)/G1[Ga]) = nad1(u/Gr) + d1(v/Ga);
(2) dy((u,0)/G1[Ga])) = nada(u/Gy) + di(v/Gy).

Theorem 3.3. Let Gy and Gy be disjoint graphs with ny and ny vertices and edges my and mjy edges, respectively.

Then

LM4(G1[G2]) = n%LM4(G1) + Ml(Gl)[ — }’lz 21’127}12] + 41’121’112LM3(G1)

+ 8nymymy[ny — 1] 4+ My (Gp)[—4namy +ny Y do(u/Gy) + nany — mF(Gy)].
uGV(Gl)

Proof. Let G; and G, be disjoint graphs with n; and n, vertices and m; and m, edges, respectively.

Then by Lemma 3.2 we have
LMy(Gi[Go]) =} di((,0)/Gi[Ga]) da((1,0)/ Gi[Ga)))

(u,0)eV(G1xGy)

=Y Y [(nzdl u/Gl)+d1(v/G2))2<Tl2d2(u/G1)+d1(v/(32)>]

MEV(G]) UEV(GQ)
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- E E [(n%d%(u/cl) + 2n2d1(u/G1)d1(0/G2) + d%(U/G2)>

MEV(G]) UEV(Gz)

<n2d2(u/G1) 4 dl(v/cz)ﬂ

= Z Z [n%d%(u/Gl) <712d2(u/G1) +dq (U/G2)>

MEV(Gl) ’UEV(Gz)

+ andl (u/Gl)dl (U/Gz) <n2d2(u/G1) + d1 (U/Gz))
+d3(v/Gy) (nzdz(u/Gl) + d1(v/Gz)>]

=)y Y [n%d%(u/Gl)dz(u/Gl)+n%d%(u/G1)d1(v/Gz)
ueV(Gy) veV(Gy)

+ Zn%dl (M/Gl)dl (Z)/Gz)dz(bl/cl) + 2n2d1(u/G1)d1 (U/Gz)dl (U/C;)

+ nadi (v/Ga)da (u/ Gr) + d%(v/Gz)oh(v/Gz)]

= Y ¥ [ngd%<u/cl)d2(u/cl)+n§d§(u/cl)<n2—1—d1(v/<;2)>

ueV(Gy) veVv(Gy)

+ Zn%dl (u/Gl)dl (U/Gz)dz(u/Gl) + 2n2d1(u/G1)d1 (U/Gz) (1’[2 —1—4d (U/G2)>
+ 1n2d2(v/ Go)do(u/ Gy) + d3(v/ Gy) <n2 —1- dl(v/Gz)ﬂ

= ) ) [ngd%(u/Gl)dz(u/Gl) +n3d3(u/Gy) — n3d5(u/Gy)
MEV(G]) UEV(GQ)

— n%d%(u/Gl)dl (U/Gz) + 2n%d1(u/G1)d1 (U/Gz)dz(u/G1)
+ Zn%dl (u/Gl)dl (U/Gz) — 215d, (u/Gl)dl (U/Gz)

— 2nody (u/G1)d2(v/Gy) + nadr(v/ Ga)da(u/ Gy) + nod3(v/ Gy) — d3(v/Go) — ds(v/Gy)

= Y |mdi(u/Gy)d2(u/Gy) + nydi(u/ Gy) — m3di(u/Gy)
uGV(Gl)

— 2m3mpd3 (u/ Gy) + 4namady (u/ Gr)dy(u/ Gy) + 4ndmadi (u/Gy)

— 4nomodq (u/Gl) — 2nyd, (u/Gl)Ml(Gz) + nle(Gz)dz(u/Gl)
+ 1’12M1(G2) — Ml(Gz)F(Gz)

= H%LM4(G1) + n%Ml (Gl) — n%Ml(Gl) — Zn%szl(Gl)
+ 4m3my LM3(Gy) + 8n3mamy — 8nymomy — 4nymy My (Gy)

+ leMl(Gz) 2 dz(u/Gl) + lenlM](Gz) — nlMl(Gz)F(Gz).
MEV(Gl)

= n3LMy(Gy) + M1 (Gy)[nh — 13 — 2n3my] + 4n3myLM3(Gy)

+ 8112711211’11[712 — 1] + M1(G2)[—4n2m1 —+ 1y Z dz(u/Gl) + nong — an(Gz)].
MEV(Gl)
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4. Corona Product

Definition 4.1 ([11]). Let Gy and Gy be two disjoint graphs on disjoint vertex sets with ny and ny vertices,
respectively. The corona Gy o Gy of Gy and Gy is defined as the graph obtained by taking one copy of Gy and ny
copies of Gy, and then joining the it" vertex of Gy to every vertex in the it copy of G, We denote i*" copy of G,

]
as G,.

Lemma 4.2 ([12]). Let Gy and Gy be two disjoint graphs with ny and ny vertices and my and my edges,

respectively . Assume that 1 < j < n then,

i1(0/(G10Ga)) = { di(v/Gi) +ny, ifoeV(G);
di(v/Ga) +1, ifoeV(G).
dz(v/(Gl o GZ)) _ dZ(v/Gl) + l’lzdl(U/Gl) ifZ) & V(Gl) ;
di(vj/G1) +m2—1+d1(0/G)), ifve V(G).

Theorem 4.3. Let Gy and G, be two disjoint graphs with ny and ny vertices and my and my edges, respectively.

Then

LM4<G1 o Gz) = LM4(G1) + leF(Gl) + 7’11F(G2) + 2112LM3<G1) + Zn%Ml(Ch)

) Z dy(v/Gr) + My (Ga)[2mq + nyng — nq + 2nq|
UGV(Gl)

+ mynp[ny — 1] + 2nomy [1 + n?] + dmon [ny — 1] + 2mp [4my + nq].

Proof. Let G; and G; be two disjoint graphs with 77 and n; vertices and m; and m, edges, respectively.

Assuming that 1 < j < ny, by Lemma 4.2, we have,

LMy(GioGy) = Y. di(v/GioGy)da(v/GioGy)
’UEV(G10G2)

= Y di(v/Gi0Gy)dr(v/GioGy)
’UEV(Gl)

n1
+Y Y di(v/Gi0oG)da(v/GioGy)
I=loev(Gh)

=) [(dl(v/Gl) - 1’12)2 (dz(v/Gl) + nz(dl(v/Gl)>]

UEV(G])

+Z y Kdl (v/Gy) 1>2<d1(vj/cl)+nz—1+d1(v/G£)>]

=l oev(Gh)

= Z (d%(U/Gﬂ + 2n2d1(v/G1) + Tl%) <d2(U/G1) + nzdl(v/G1)>

UEV(G])

—|—Z Z <d2 v/Gz +2d1(0/G2)—|—1) <d1(vj/G1)+n2—1—|—d1(v/G£)>

i=1oev(G))
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- [(d%(v/cl)dz(v/cl) +md3(0/Gy)

veV(Gy)
+ 2n2d1(v/ Gy)d2(v/ Gy) + 2n3d3 (v/ Gy) + n3da(v/Gy) + ngdl(v/G1)>
+ Z Y [dl (v/G2)d1(v;/ Gr) + nadi(v/Gy) — di(v/Gy)
i=1oev(G))

+d2(0/Gy)dr (v/Gh) + 241 (0/ Ga)d1 (0;/ Gr) + 2n2dy (v/ Go)
— 2dq (U/GZ) + 2d1<0/G2)d1<Z)/G£) + dl(U]/G1) +ny—1+ dl(U/G£>:|

= LM4(G1) + leF(Gl) + 21’[2LM3(G1) + 21’[%M1(G1)

+n5 Y da(v/Gy) 4 2m3m
ZJEV(Gl)

+3Y |:d1(Uj/G1)M1(G2) + 1M1 (Ga) — M1 (Gz) + F(Gz) +4d1(vj/ G1)ma
=1

+ 4nymy — 4my + 2Mi(Gz) + nad1 (v;/Gy) + ns — ny + 2my
= [LM4(G1) + naF(Gy) + 2n2LM3(Gy) + 213 M1 (Gy)

+ n% Z dz(v/G1) + 211%7711 + 2m1M1(G2) + nznlMl(Gz)
UEV(G])

— nlMl(Gz) + TllF(Gz) + 8momy + dnpynymy — dmong
+ 2n1M1(G2) + 2npymq + 1’1%7’11 — 1Ny + 2nymy

= LM4(G1) + leF(Gl) —+ 21’[2LM3(G1) + ZW%Ml(Gl) + 11% Z dz(U/Gl)
UGV(G])

+ 2m3my + 2my M (Go) + ninaMy(Gy) — n1 My (Go) + n1F(Gy)
+ 8mymy + dngnymy — dmpng + 211 My (Gp)

+ 2npmy + m3ny — nyng + 2nymy

= LM4(Gy) 4+ noF(Gy) + n1F(Gy) 4 2n,LM3(Gy) + 2n5M1(Gy)

+n3 Y da(v/Gy) 4+ Mi(Gy)[2my + ning — ny + 2my]
UEV(Gl)

+ 1’111’12[7’12 — 1] + 27’127711 [1 + Tl%] + 4.7’}127’11[712 — 1] + 211’12[47711 + Tll].

5. Disjunction

Definition 5.1 ([11]). The disjunction Gy V Gz of two graphs Gy and G, with disjoint vertex sets and edge sets
is the graph with vertex set V(G1) x V(Gy) in which (u1,v1) is adjacent with (13, v,) whenever uy is adjacent

with uy in Go.
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Lemma 5.2 ([12]). Let Gy and Gy be two disjoint graphs with ny and ny vertices and my and my edges,

respectively. Then
(1) d1((u, U)/Gl V Gz) = 7’12d1<Li/G1) + nldl(U/Gz) — d1(u/G1)d1(v/G2).
(2) dz((u, U)/Gl V Gz) = (1’111’12 — 1) — szl(u/G1> — nldl(v/GQ) + dl(u/G1)d1(v/G2).

Theorem 5.3. Let Gy and G, be two disjoint graphs with ny and ny vertices and my and my edges, respectively.

Then

LM4(G1 vV Gz) Ml(Gl) |:Tlﬂ’lz — Tl2 — 101’111’[21112 + 71’117[2M1(G2) 31’11F(G2) — Ml(Gz) + 4nymy
+ P(Gl) { — 1’142L + 671%1712 — 31’12M1(G2) + F(Gz)]
+ M;(Gp) [ — 10myn3my + niny — ns + 4n1m1]

—+ nymy [8n1n§m2 — 87121712 + 6711F(G2)] — H%F(Gz).

Proof. Let G; and Gy be two disjoint graphs with n; and ny vertices and m; and my edges, Then by

Lemma 5.2, we obtain

2
LM4(G1\/G2) = Z <d1((u,v)/G1\/G2)> <d2((u,0)/G1\/G2)>

(u,U)GV(lecz)

2
= Z Z [(”Zdl u/Gy) +mdi(v/Ga) — dl(M/G1)d1(U/G2)>

?}GV Gz) MGV(Gl)

((1’[11’12 — 1) — nzdl(u/Gl) — Tlldl(’()/Gz) + dl(M/Gl)dl(’U/Gz))]

Yy ¥ [( (mady u/G1)+n1d1(v/G2)>2

veV(Gy) ueV(Gy)

-2 <n2d1(u/G1) + n1dy (U/G2)> <d1 (u/Gl)dl (U/Gz)) + d%(u/Gl)d%(U/Gz)]
<(7’117’12 — 1) — nzdl(u/Gl) — Tlldl(U/Gz) + dl(M/Gl)dl(U/G2)>

= Y L [(”Zdl (u/G1) + 2nanydy (u/ Gr)d1(v/ Gz)
)

veV(Gy) ueV(Gy

+n3d3(v/Ga) — 2nady (u/G1)d1(u/Gy)d1(v/Go)

— andl (U/Gz)dl (M/Gl)dl (U/Gz) + d%(u/Gl)d%(U/G2)>:|
<(7’117’12 — 1) — nzdl(u/Gl) — Tlldl(U/Gz) + dl(lxl/Gl)dl(Z)/Gz)>

=Y Y [nlnzdl (u/Gy) —n3d3(u/Gy) — n3d3(u/Gy)
veV(Gy) ueV(Gy)
di(u/Gy) — nyn3d(u/Gy)dy(v/Go) + n3d3(u/Gy)dy(u/Gy)d1(v/ Gy)

4 2m3n3dy (u/Gy)d1 (v/ Gy) — 2namydy (u/ Gy )dr (v/ Gy)
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— 2m3mydy (1) Gy)d1(v/Gp)d1 () Gy) — 2nandy (u/ Gy )d1 (v/ Ga)dy (v/ o)
+ 2nynad1 (1/ G )dy1 (v/ Gy)d1 (1/ G )d1(v/ Gy)

+ n3nd2 (v/ Ga) — n2d?(v/ Gy) — ningd2 (v/ Ga)dy (u/Gy)

— ninyd2 (v/Gy)d1(v/Gy) 4+ n3d3(v/ Gy)dy (u/Gr)d1(v/Gy)
—2mn3dy(u/Gy)d1(u/Gy)dy(v/Ga) + 2nady (u/ Gy )d1(u/Gy)dy(v/Go)
+2n3d1 (u/Gy)dy(u/G1)d1(v/Gy)d1(u/Gy)

+ 2nynad1 (1/ G )dy (u/ Gy )dy (v/ Go)dy (v/ Gy)

— 2md1(1/ Gr)d1 (11/ G1)dv (v/ Ga)d (1/ G1)d1(v/ Go)

— 2ntnydy (v/Go)dy (u/ Gy)dy(v/ Gy) + 2mydy (v/ Gy )dy (u/Gy)dy (v/ Gy)
+ 2nynad1 (v/ Gy )dy (u/ G1)d1 (v/ Ga)dy (1u/ Gy )

+2n3d1(v/ Gy)d1(u/Gy)dy(v/Go)dy(v/Go)

—2md1(v/ Ga)d1(1/ G1)d1(v/ Gy)d1(u/ G1)dy (v/ Gy)

+ nynadt (u/Gy)d3(v/ Gy) — d3(u/Gy)d3(v/ Gy)

— nadi (u/ G1)di (v/ Go)dv (u/ G1) — mdi(u/Gr)di (v/ Ga)dr (v/ Ga)

+ d%(u/Gﬂd%(U/Gz)dl (u/Gl)dl (U/Gz)

= Z n1n§M1(G1) — n%Ml(Cﬁ) — n%F(GQ — n1n%d1(U/G2)M1<G1)
’UGV(Gz)

+ n3d1(v/G2)F(Gy)

+ dn3nsmydy (v/ Gy) — 4nynymydy (v/ Gy) — 2n5n1 My (Gy)dq (v/ Go)

— dnon2mydy (v/Gy)d1 (v/ Gy) + 2n1ma My (Gy)dy (v/ Gy)d1 (v/ Gy)

+ ninadi (v/ Ga) — nidi (v/ Gy) — 2ninymdi (v/ Gy)
—nid3(v/Ga)dy(v/ Ga) + 2n2myd? (v/ Gy )d1 (v/ Gy)

— 2mm3 My (Gy)d1(v/ G) + 2noM1 (G1)d1(v/ Go) + 2n3F (Gy)dq (v/ Gy)
+ 2m My (Gy)dy1 (v/ Gy)d1(v/ Ga) — 21y F(Gy)dy (v/ Gy )d1 (v/ G)
—dninymidy (v/Gy)d1(v/Gy) + 4nymydi (v/ Gy )d1(v/ Gy)

+ 2n1m3M1 (Gy)d1(v/ Ga)d1(v/ Ga) + 4nimydy (v/Ga)d1(v/Gy)d1(v/ Gy)
—2n1 My (Gy)dy (v/ Ga)dy (v/ Gp)d1 (v/ Ga)

+ mnaMy (Gy)d2 (v/Gy) — My (G1)d3(v/ Gy)

— noF(G1)d3(v/Ga) — nyM1(G1)d3(v/Ga))d1(v/ Gp) + F(Gy)d3(v/ Gy))d1(v/Go)
= H1H%M1(G1) — nng(GQ — H%F(Gl) — 211171%1712]\/11((;1)

+ 2m3myF(Gy) + 8n3ndmymy — 8nynymymy — 4nsny My (Gy)my — 4nanimi My (Gy)
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+ 2n11mo M1 (G1)M1(Ga) + nnaMi(Gy) — n3 M1 (Go) — 2n3namy My (G,) — niF(Gy)
+ 2m3my F(Gy) — dnynimaMy (Gy) + 4namoMy (Gy) + 4ndmyF(Gy)

4 2n11mo M1 (G1) M1 (Ga) — 212 F(Gy) M1 (Ga) — 4ngnymy My (Gy) + 4nymy My (Gs)
4 2n1mo M1 (G1) M1 (Gy) + 4nimiF(Gy) — 2n1 My (G1)E(Gy) + ninaMi (Gy) M1 (Gs)

— Ml(Gl)Ml(Gz) — ﬂzF(Gl)Ml(Gz) — TllMl(Gl)F(Gz) + F(Gl)F(Gz)
M (Gl) I:Tllnz — 1’12 27117127’112 — 41’117127712 + 21’111’12M1(G2)

— 41’1111%1112 + 4dnymy + 2n1no My (Gz) + 2nyny My (GQ)

—2n1F(Gy) + ninaM1(Gy) — M1(Gp) — an(Gz)}

+F(Gy) [ — 13 + 2m5my + dngmy — 21, My (Go) — noMy (Ga) + F(Gz)}
+ M;(Gy) [ 4n2n1m1 + nlnz — ”1 2n1n2m1 4n%n2m1 + 4n1m1]
+ nym [Snln%mz — 8nymy + 2n1F(Gy) + 4n1F(G2)} — niF(Gy)

= M;y(Gy) {nlnz —n3 — 10nyn3my + 7n1na My (Gy)

—3n1F(Gy) — M1(Gp) + 4n2m2}

+ F(Gy) [ — 13 + 6n3my — 3naM;(Gy) + F(G2>]

+ M;(Gy) [ — 10n2n%m1 + n%nz — n“i’ + 4n1m1}

+ nymy [8n1n§m2 — 8npmy + 6n1F(G2)] — niF(Gy)
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