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Abstract: A graph G for which two vertices of a graph are said to be radial to each other if the distance between them is
equal to the radius of the graph. The radial graph of a graph G, denoted by R(G), has the vertex set as in G and then two
vertices are adjacent in R(G) if and only if they are radial to each other in G. In This paper we have determined the radial
graph of ladder graphs. The geodetic polynomials and detour geodetic polynomials of ladder graphs are derived and some
important results are proved.
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I. Introduction

In this paper we discuss only finite simple and connected graph. For basic graph theoretical terminology we refer
[1]. In [5] the concept of radial graph R(G) is introduced and the characterization for R(G) is proved . The concept of
Geodetic polynomials of a graph using Geodetic sets of a graph are introduced in [8]. Geodetic polynomial, Detour
geodetic polynomial of some radial graphs are discussed in [6]. Here we have derived some results, on radial graph of
ladder graphs and geodetic polynomial, detour geodetic polynomial of ladder graphs .

1.1. Preliminaries

For a graph G, the distance d(u,v) between a pair of vertices u and v is the length of a shortest path joining them. The
eccentricity e(u) of a vertex u is the distance to a vertex farthest from u. The radius r(G) of G is defined as the minimum
eccentricity of all the vertices of G and the diameter d(G) of G is defined as the maximum eccentricity of all the vertices of
G.

A graph G for which r(G) = d(G) is called a self centred graph. Two vertices of a graph are said to be radial to each
other if the distance between them is equal to the radius of the graph. The radial graph of a graph G, denoted by R(G), has
the vertex set as in G and then two vertices are adjacent in R(G) if and only if they are radial to each other in G.

11. Radial graph of Ladder Graphs

In this section we discuss radial graph of ladder graphs and proved some theorems for finding the radial graphs of
ladder graphs .

Definition 2.1

The ladder graph L, is a planar undirected graph with 2n vertices and 3n-2 edges.The ladder graph can be obtained
as the Cartesian product of two path graphs, one which has only one edge: L1 =Pn % P,

Example 2.2

The following is the example for ladder graph L4 with 8 vertices.
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Theorem 2.3

Let L, be the ladder graph with 2n vertices n = 4. Then the radial graph of ladder graph will have 4 vertices of
degree n-2 and all other vertices are of degree n-3.

Proof:
Let us prove the theorem by induction on the number of vertices.

Case (i) Ifnisodd, n = 4.Let n=5 then Ls is a ladder graph with 10 vertices and it will be of the form,

Vi v, V3 ) Vg

Ly:

Here the vertices vi, Vs, Vs and vio has degree 3 and other 6 vertices of degree 2.

If n=7, L, isa ladder graph with 14 vertices and it is,

Vg Vg Vio Vii Vi2 Vi3 Vg

The radial graph of the above ladder graph is
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In the above graph we observe that the vertices vi v7,vs and vis has degree 5. All

other vertices has degree 4 .

The theorem is true forn=5and n=7.

Let us assume that the theorem is true for all ladder graph with n-1 vertices and n is odd. (i.e) The radial graph of
the ladder graph Ln.1 has 4 vertices of degree n-2 and all other vertices has degree n-3.

Now we prove the theorem for ladder graph with n vertices.

Let L, is the ladder graph with 2n vertices,n is odd.

v, Vv, Vs Voo Vn2 Vo 'Vn
Vn+1 Vn+2 Vn+3 Vn+d S vz n-2 VZ n-1 Van

The radial graph of the ladder graph L is

From the above radial graph of ladder graph L, , we observe that the degree of all inner vertices is less
than the degree of the corner vertices vi,Vi,Vn+1,Van .Hence the radial graph of the ladder graph has 4 vertices of

degree n-2 and all other vertices has degree n-3.

Case (ii) Assume that nisevenandn==6

Let Lg is the ladder graph with 12 vertices.

v, v, V3 v, Vs Vg
L :
L}
vy Vg Vg Vio Vii. Vi
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The radial graph of the ladder graph Lgis

Here the vertices v1,ve,V7,Vi2 has degree 4 (i.e n-2)and all other vertices has degree 3(i.e n-3).

If n =8, Let Lg is the ladder graph with 16 vertices and is

vV LE!} Vy Vs Ve Vs Vg

Vi

v
Vg Vio Vi Viz Vis Via 15 Vie

The radial graph of the above ladder graph is

Here the vertices v1,vg,Vg,V16 has degree 6 and all other vertices has degree 5.
The theorem is true forn =6 and n = 8.

Let us assume the theorem is true for all the ladder with n-1 vertices and n is even (i. €) the radial graph of ladder
graph

L1 has 4 vertices of degree n-2 and all other vertices has degree n-3.
Now we prove the theorem for ladder graph with n vertices.

Let Ly, is the ladder graph with 2n vertices and n is even.

v
At v, V3 Va 3 Vi, Via  Vy
L, : f I I
Vhe v v V.. e -
n+2 3 i Vanz  Vono Vona Vo

The radial graph of the above ladder graph is
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From the above radial graph of ladder graph L, , we observe that the degree all inner vertices is less than the
degree of the corner vertices vi,vn,Vn+1,V2n .Hence the radial of the ladder graph has 4 vertices of degree n-2 and all
other vertices has degree n-3.

I11. Geodetic Polynomial of Ladder Graphs
In this section we discuss geodetic polynomial of ladder graphs
Definiton 3.1
Let 5 (G,i) be the family of geodetic sets of the graph G with cardinality i and let

ge (G. i) =1g(6.i)]l.  Then  the  geodetic  polynomial G (G.x)of G is  defined as
G(G.x)= EI.Z'::EI ge (G, i) x* where g{) is the geodetic number of G.

Theorem 3.2

The geodetic polynomial of L, ifn > 2 is G (Ln,X) = (x + 1)*" — (2nx + 1).

Proof:

Let L, be a ladder graph with 2n vertices without loss of generality we choose n>2.

Let X={u, 1 U ......uy }. The only geodetic set with minimum cardinality is 2 in X.  Therefore
ge (L,.2) = 2nC ..The geodetic set with cardinality 3 are g, (L,.3) = 2nC 5.

G(Lpx)=2nC, x° + 2003 2% 4o, +21C,, x°"
G(Lpx)=2nC, x° + 2nC; 2% 4o, +2nC0, x™ +2nx + 1 — 2nx — 1
=2nCy %7+ 2nCa x% 4o +2nC,, x5 2nx + 1 - (2nx + 1)

G(lpx) =0+ — (2nx +1).
Example 3.3

Let Ls is the ladder graph with 6 vertices.

g (L3.2) = { (vav2), (V1 V3), (V1 Va), (V1 Vs), (V1 Ve), (V2 V3), (V2 Va), (V2 Vs), (V2 V), (V3 Va), (V3 Vs), (V3 Ve), (Va V),
(Va Ve), (Vs Ve)}

lge (L3.2)1=15
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Ge (53.3] = { (V1V2Vg), (V1 V3 Ve), (V1VaVe), (V1VsVe), (V1V2Vs), (V1V3Vs), (V1VaVs), (V1V2Va), (V1V3Va), (V1V2V3),

(V2V3Va), (V2V3Vs), (V2VaVs), (V2V3Ve), (V2VaVe), (V2 Vs Ve), (VaVaVe), (VaVsVe), (V3VaVs), (V4VsVe)}

lg. (L5.3)1=20

ge (L3, 4) ={(v1Vv2VaVe), (V1V2 VaVs), (V1V2 VsVs), (V1VsVaVe), (V1V3VsVe), (V1Va VsVs), (V2V3 VaVs),
(V2VaVsVs), (V2Va VsVs), (VaVaVsVe), (V1V2V3Vs), (V1V2VaVs), (V1V3 VaVs), (V2V3 VaVs),
(vi vavsva)}

lg. (L,.4)1=15

Ge (L2, 5) = {(ViV2V3VaVe), (V1V2VaVaVs),(ViVaV3VsVs), (V1V2VaVs V), (ViVaVaVsVs),
(VaVaVaVsVg) }

lge (L5.5)]=6

ge (L.6) = { (ViV2VaVaVs V) }

lge (L5601 =1

GLaxy= T 5 ge (Lad) X!

Glx) =g, (L. 20 x% + g, (L;.3) x% + g, (L. 4) x* +g, (L3.5) x% +g, (L;,6) x*°

G(Lyx) = 15 27+ 20x% + 15x* + 6% + x5,

The geodetic polynomial of Lsis G (L5, x} = 153 x* + 20x% + 15x* + 6 x% + x5,

IV. Detour geodetic polynomial of Ladder Graphs
In this section we find detour geodetic polynomial of ladder graphs

Defintion 4.1:

Let D § (G,i) be the family of detour Geodetic sets of the graph G with cardinality i and let
Dg, (G.i) = |DG (G.i)|. Then the Detour geodetic polynomial DG (G.x) of G is defined as

DG (G, x) = E:.jj"é;’l'm Dg. (G.i) x* Where dqg(G) is the Detour number of G.

Theorem 4.2
The Detour geodetic polynomial of the ladder graph Lqis n(2n — 1)x*
ie DG(LhX) = n(2n —1)x% ,n>4

Proof:
In the ladder graph L, has 2n vertices,n>4. dy(G) =2 ,dg*(G) =2.

Hence, There 2nC, detour geodetic set with cardinality 2. Hence the detour geodetic polynomial of the ladder
graphis n(2n —13x* n=4.

i.e DG(LaX) = n(2n —1)x* ,n>4
Hence the proof.

Example 4.3
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Let Lsis the ladder graph with 6 vertices.

DSlz { V1 Vz} DSz = { V1 V3} DS3 = { V1 V4} , DS4 = { V1 V5} , DSs = { \1 Ve}, DSG = { V2 V3}, DS7 = { V2 V4},
DSg = { V2 V5}, DSo = { V2 Vs}, DS = { V3 V4}, DS = { V3 Vs}, DS = { V3 Ve}, DSi3 = { \'Z) V5}, DSi4 = { Vg Vs},
DSi5 = { Vs Ve}.

Dge (Ly.2) = {{vav}{vava}, {vivar{ Vi vs}{ Vi Ve}{ V2 va}{ V2 Vu}, { V2 Vs}, { vz Ve}, { Vs Va} { Vs vs}{ Vs
Ve}, {Vavs}, {Vave} {VsVe}}

|Dg, (L, 2 =15
dy(Ly) =2 g'(Ly) =2
Detour geodetic polynomial of ladder Graph L, is
D§ (Lyx)=Ei,Dge (Lyi) x'
DG (L, x)=15x"
The detour geodetic polynomial of ladder graph L is
DG (Ly x)=15x",
Conclusion

Here Radial graph of ladder graph and geodetic polynomial, detour geodetic polynomial of ladder graphs have
been studied. Further we can find the geodetic polynomial of other graphs.
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