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Abstract
In this paper, we compare the energies of unicycilc graphs with cycle Cs, (with k number of vertices,

having the unique cycle C4, denoted by G’ ), using the coefficients of the characteristic polynomials and

Coulson integral formula by establishing the quasi- ordering ‘<’ on the unicyclic graphs of same order k.
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1. Introduction

Let G be a simple graph with k vertices and A(G) be its adjacency matrix. Let 4, ..., A, be the eigenvalues
of A(G). Then the energy of G, denoted by E(G), is defined as E(G) = XX ,|A;].

The characteristic polynomial det(xI - A(G)) of the adjacency matrix A(G) of the graph G is also called

the characteristic polynomial of G is written as

k

|G, r) ZU;[E}'] e
Using the coefficients ai(G) of ¢(G, x), the energy E(G) of the graph G with k vertices can be expressed by
the following Coulson integral formula (Eq. (3.11) in [2]):

L3

ElG) % ,/ﬁ_ % log (Zf—l]’.ng,{f;} .."2’)_+(Zf—l]r-ﬁg,-H[(;_] .J'3J+:)_][l.l'.

- Mi=0 =M

We write bi(G) = |ai(G)|. Then clearly bo(G) = 1, b1(G) = 0 and b2(G) equals the number of edges of G.
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About the signs of the coefficients of the characteristic polynomials of unicyclic graphs, we have the

following result:

Lemma 1.1: (Lemma 1 in [3]) Let G be a unicyclic graph and the length of the unique cycle of G be ". Then

we have the following:
(1) b2i(G) = (-1)'az(G),
(2) b2i+1(G) = (-1)azi+1(G), if G contain a cycle of length [ with [ = 1(mod 4),
3) b2i+1(G) = (-1)*1azi+1(G), if G contain a cycle of length [with [ # 1(mod 4).

Thus, the Coulson integral formula for unicyclic graphs can be rewritten in terms of bi(G) as follows:

. 131 2 L3l 2
E(G) %/ KLIKXM{?} ) +(Efuf-+|-zr:‘:) ') ]l

i=(}

Hence it follows that for unicyclic graphs G, E(G) is a strictly monotonically increasing function of bi(G),

i = 0,.., k. To make it more precise, we define a quasi-order < on graphs as follows:
Definition 1.2: Let G1and Gz be two graphs of order k. If bi(G1) < bi(G2) for all i with 1 <i < k, then we
write G1 < G2.

Thus using Coulson integral formula, we have,

Theorem 1.3: For any two unicyclic graphs G1and Gz of order k, we have,
G1< G2 = E(G1) < E(G2).

Thus, for comparing the energies of any two unicyclic graphs of the same order, it is enough to establish

the quasi-order.

Using this idea, in Section 2, we compare the energies of the unicyclic graphs Gy, G}, G3) and
G,k (see Fig. 2.1, Fig. 2.2, Fig. 2.3 and Fig. 2.4) with k vertices having the unique cycle Cs+. These graphs
are comparable with respect to the quasi-ordering:

0 - P - ! = f '
{'_’.."\ = G I — {-r-!-..l.' = {*I..l'_

We note that these graphs are bipartite. For a bipartite graph G, the characteristic polynomial is of the

form
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asaz+1=0forj=1,.., lEJ . Also, (-1)azj= bzjand so

k
¢(G,x) = ZHO(—I)jszx"_Zj.
Thus, for a bipartite graph G, the Coulson integral formula

reduces to

4] .

. 1 = | E ) oz
F(G) _)—/ - |H}LKZ[—IJ-’@{G}I .r-*'-—f) ]m-
2 | o T

=0
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— log ba: (G) 2% Lz,
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from which the monotonicity of the E(G) with respect to the bi(G), 1 < i<k, follows. i.e, if G1and Gzare
two bipartite graphs of order k such that bi(G1) < bi(G2) for all i, 1 <i < k, then E(G1) < E(G2). i.e., G1 < G2
implies E(G1) < E(G2).

2. Comparing the energies of the graphs Ggfk

We consider the unicyclic graphs Gy, G;', G3', G, (seeFig. 2.1, Fig. 2.2,
Fig. 2.3 and Fig. 2.4) with unique cycle C4. These graphs are clearly bipartite. We use Theorem 1.3 to
compare their energies using Coulson integral formula by establishing the partial order G;’, < G5/ <

144 14
G3‘k S G4’,k

Theorem 2.1: Let Gy, be the graph with k vertices given below:
3

|

Fig. 2.1 Graph G,

Let A(G;) be the adjacency matrix of the graph G;',. Then, for k> 7, its characteristic polynomial y(G;’,)

is given by:
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Y(Gi) = A X(Piot) = x(Pie2) — (A2 4+ 1) x(Pi—y) (1

Also, for 1 <i <k, the coefficient of A' in ¥(Gy’,) is

. jeti—2 ki kit kti—d
(=1)= (&>+(ﬂ';2>+(ﬂ'?2)_(kf-k) (2
3 2 2 2

Proof: The adjacency matrix A(Gy') is given by

E=)

[0 101000 -+ 0 0]
1010000 -+ 00
0101000 -+ 00
4 101010000
AGi)=looo0o1010--00
0000101 00
0000000 - 10],
The characteristic polynomial of the adjacency matrix A(G;’) is given by x(G;',) = |AI — A|, where I is

the identity matrix of order k. Thus, by expanding the following determinant and the subsequent

determinants by their first column, we get,

A =1 0 =1 0 0 0 0 0
-1 X =1 D { ] 0 0 0
o -1 A =1 0 0 0 0 0
- -1 0 =1 A =1 0 0 0 0
XGue) =10 0 0 =1 A -1 0 0 0
i 0 1 N =1—=A =l 0 0
1] ] 0 0 { 0 0 —1 }-.k
Ao—1 0 () 1. 0 =1 0 || ) ()
S T | (0 —1 W ] 0 A —1-70 0
0 —1 A 0 0 —1 A 0 3N -1 ()
=Alp 0 -1 of Tlo oo -1 of Tlo o -1 0
0 0 0 Mo, 1o 0 o Mo, 1o 0 o Al
' X =F| 0 0 8 =k D o )
—1 X =1 0 =1 X =] 0
B =1 X 0 . Y 0
=AX(Fe-1)+4(-D|lo o -1 0 Tl 0 =1 0
| e s Al s @ ® o gl
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(-1 0 0 .. 0Of 0 -1 0 .. 0 0o -1 0 .. 0 d
A -1 o0 .. o A -1 0 .. 0 B B ol s B
10 -1 A .. of 0 -1 XA .. 0 0 -1 XA .. 0
—Y|0 o0 -1 .. 0 +Ag 0 =1 . 0| o 0 -1 .. 0
| | : |
\: 0o 0 0 ,\':,\AQ 0 0 0 Alg_s 0o 0 0 Ali_s)
% =1 @ .0 £ & o 0
-1 X2 -1 .0 =y X =F .. B
[0 =% A 0 6 —1 X = 0
= .\(kal)_\(Pkfﬂ.)*[() 0 -1 0 Tlo 0 -1 0
§ :
lo o0 o0 Moy |6 6 0 A
—=] @ 0 = "0 (1 0 0 .. 0
= X =1 .. B =y & =¥ ... 0|
o -1 a o0 8 =1 A .. @)
L ' TR | of —|o o0 -1 0|

AX(P) = x(FPe—g) = xlP—a) = U FPe—y) ;'t."'t“’a O+ x(Fey)
A (Pioy) = x(Pica) = (A 4 1) x(Pra),

where y(Pk-1), x(Px-2) and x(Pk-4) denote the characteristic polynomials of the paths Pk-1, Px-2 and Pk-4

containing k-1, k-2 and k-4 vertices respectively.

This proves (1).

We now compute the coefficient of A* in x(G1') using (1). We make use of the following characteristic

polynomial of the path Px:

L3]

=.f .
oy Ny () e €
\(Pa) = | U( ) )i

t=0

Putn=k-11in (3). If t = kz_i, then n - 2t = i - 1, and so the coefficient of 1" in y(P,_,) is
K+i—2
k—i —i | —
(-1)= kz_i ,sincethenn — t = k — 1— (%) = % Also, by putting n = k - 2 in (3) and taking
2
k—i—2 . -
t=——we obtain the coefficient of
k+i—2
k—i-2 —i—
Aiin y(Px-2) to be (—1) 2 k—2i—2 ,sincen —2t = k — 2—-2 (k - 2) = j{and
2

n—t==k—2— (k—i—Z) _ k2

2 )
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Similarly, by putting n = k -4 in (3) and taking t = R_Ti_z, we get the coefficient of Ai-2in y(Px-4) to be

k+i—6
k—i—2 i
(-1) k—2i—2 . Further putting n = k-4 and taking t = 7% in (3), we see that the coefficient of A/
2
k+i—4
. . k—i—4 2
in y(Pk-4) is (—1) K—ioa
2

Now by (1), we have,
{Coefficient of A' in y(G1'x; 1)}=
{Coefficient of Ai-1in y(Pk-1)} — {Coefficient of A/in y(Pk-2)} — {Coefficient of A-2in
X(Pr-4)} — {Coefficient of Aiin y(Pk-4)}.

Thus the coefficient of A° in y(Gy'y; 2) is given by

o J.|.- 2 b k4i—2
{—l}T( 2 ) —(-1) a'(g._:’_g)—‘
e __

kti—G k4i—4
2 2 1 hoizd 7
(ﬂ ) (j;_l._l.)
2 2

Hence the theorem.

Theorem 2.2: Let G, be the graph with k vertices given below:

|

oo

] _) 5 6 “
3

Fig. 2.2 Graph G,
Let A(G;') be the adjacency matrix of the graph G, .. Then, for k 2 7, its characteristic polynomial
x(G3'y) is given by:
V(Gag) = (A = 2X) x(Pios) = A% x(Piy) = A x(Pis) (4

Also, for 1 <i < k, the coefficient of A'in x(G3,) is

. k+i—6 Ek4i—d4 E4+i—6 E+i—8
2 N 2 2 2
(=1)2 (u) 2(3-:3)"’(3-:3)"‘(#;3)
2 2 2 2

Proof: The adjacency matrix A(G;) is given by
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A(Gyy) =

0 0

0

0

0

S

0
0
0

0
0
0
0

0

0]

Jk

The characteristic polynomial of the adjacency matrix A(G;,) is given by

x(G3'x) = |Al — A, where [ is the identity matrix of order k. Thus

A 1 1] i 1] i n an
-1 X -1 -1 D 1] 0 o o
{0 1 X O 1 0 0 0 0
0 -1 0 X -F 0.0 1] ﬂl
WG =|g 0 -1 -1 A -1 0 0 0
0 0 0 0.-1 A -1 0 o
0 0 0 O .0 0 D —1 A
A 1 1 o 0 0 1] A SR | BN § N | S 1 i
—1 A 4] —1 1] il ] —1 A | -1 i} ] 4]
-1 0 A =1 0 0 0 -1 0 A =1 0 0 i
1] 1 1 A 10 0 il 1 1 5K 1 0 ]
=XMo 0 0 -1 A -1 0 The 0 0 =gl -1 ]
o i o0 ] Alp_y ] o o0 il 1] 0 Al
A0 1 a0 0o o0 i 1 1 6 @ 0 ]
0 A -1 0 0 0 i Or——Ax —1 AN ]
1 A 1 0 i 1 L A& 1 0 ]
_az|0 0 -1 A -1 0 i sado 0 174 i
0o 0o 1 A 0 i 0. 0 0 1. A 0
0l 0 0 0 4] il A ea 0 1] | 4] 0 A k_a
-1 =10 D .0 | A D -1 0 0o ]
A 0 =1. 0 L] 0 0 A =] i 0 0
-1 -1 A 21 0 1 -1 -1 A -1 D 0
o0 1 A 1 ] ) 0o 1 A 1 ]
Mo 0 o0 21 oa 1l UG e 0 S oa 0
) il [0} 1] LI} A h—o 4] 1 il il (1] X P
[ A 1o 00 i i I | S VR 0
-1 A —1 1] il 1] X —1 LI} il [} (4]
| o 1 A 1 0 i ] 1 A 1o 0
32 |0 1 —1 by —1 1] _ (4] (1] —1 A —1 1]
=AMy 0 0 S oa a 0o 0 -1 A 0 (
| lo o o o o My, 0 0 0o 0o o Al 4
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A 1 i ] 0 0 1 1] 1 ] o 0 0
-1 A =1 0 0 --- 0 A =1 0 0 o - 0
] ] A 1 U L u] ] A 1 ] CEE |
1] 0 -1 X =1 --- 0 1] 0 -1 A =1 - 0
Mg } 3
o ] 0 1 A 0 i ] 1] 1 b ]
1] I ] i 0 Al i] 1} 1] 0 0 My _a
i 1 0 .0 1 0 i ] 1 0 0 0
-1 X =1 .. 0 -1 X =1 .. 0 0o -1 0 ... 0
] 1 A PR | 0 1 A . 1] 0 1 A P |
Ag (=110 0 1 ... 0 Al D 0 1 .. 0 i 0 1 S
| i 0 1] 2 - 0 () il Ay i} 1] I Al
A 1 0 PR | 1] 1 0 1]
1 A 1 .0 A 1 o ... 0
n -1 B a0 -1 A ... 0
—£Al 0 0 1 i] — ({0 0 1 (1]
i 0 0 Al, 5 [0 D 0 Al g

= A3 x(Pk-3) = A3 x(Pk-5) = A x(Pk-3) = A x(Px-5) = A x(Pk-5) — A2 x(Pk-4)
+A x(Pk-5) = A x(Px-3) + A x(Pk-5)

= (A3 = 2) x(Pk-3) = A2x(Pi-4) = A3 x(Pi-s),

proving (4).
To compute the coefficient of A'in x(G;,), we first compute the coefficients of A-3and A1 in y(P«-3). Put
- [k+i=6
n=k-3in (3).Ift = kT_ithen n - 2t=1i- 3, and so the coefficient of Ai-3in y(Pk-3) is (—1)? kz_l. ,
2

ket Qe

sincen —t = k — 3 — ( 2 e Again by putting n = k -3 in (3), we obtain the coefficient of Ai-1

2 2
k+i—4
k—i-2 i e
in y(Px-3) to be (—1) 2 k—%—z bytakingt=% asn —2t = k — 3—2(k : 2) =i—1landn —
2
t =k —3-— (k_zi_z) = k+;_4. Similarly, by putting n = k - 4 and taking t = “~—2 in (3), we see that the

k+i—6

k—i-2
coefficient of Ai-2 in y(Pk-4) to be (—1) k—%—z . Further, putting n = k-5 in (3), we see that the

2
k+i—8
. . o . k=iz2 2 . k—-i-2
coefficient of A-3in y(Pk-s) is (—1) 2 | ,_7_, |by takingt = >
2

Now by (4), we have,
{Coefficient of Aiin y(G3')}=
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{Coefficient of Ai-3in y(Pk-3)} — 2{Coefficient of Ai-1in y(Pk-3)} - {Coefficient of Ai-2in y(Pk-4)}

- {Coefficient of Ai-3in y(Px-5)}.
Thus, the coefficient of A'in x(G;/,), is given by

o, izt g [ pig f =6 Y =

f =t 2 i y = 2 ——= 2 1y == 2

(=1)7 ( fe—i ) —2(=1) = (x--;-z) —(=1) = (A--;-:) — (1) (ﬁ.-—.—!)
y ] +

k=i j'—'+.'._“ J’~'+.J'—I. .‘f+.'-—|i k .|'—?4
~e0 () e2(em) + () + ()|

Hence the theorem.

Theorem 2.3: Let G3', be the graph with k vertices given below:

r
o

1
Fig. 2.3 Graph G3',

Let A(G3)) be its adjacency matrix. Then, for k > 7, the characteristic polynomial of the graph G3 is

given by:
X(Gyn) = X ¥lG: 1) — x(Glio) (€

Also, for 1 <i < k, the coefficient of A7in x(G3')} is
: k'; 8 kv_l 6 k~; i L'q_ 1 k~'| ) k4110
(-'F [( ki ) *'Q(L- -2) t (k i |) ' (k 2) t (k- -_') * (k 74)
g . 2 : )
k+i-8 k+i-6
- 2 1

Proof: Proof of (6) follows from Theorem 2.2. Since we have, ¥(G's . 4) = 2 x(G'5x_1) — (G ), the

(5= Lo B8

L b
(5= L

coefficient of Ain y(G' ) is
{Coefficient of A1 in y(G"} ,_, )}-{Coefficient of A'in ¥ (G'} x_,).
By replacing i by i-1 and k by k-1 in (5), the coefficient of Ai-1in )((G”z'k_l)is seen to be:

T kti=t kti=8 k4i—10
(-1) 7 (r,-d;)*'?(nfz)*(ﬁ-fzj+(a-fz)
e I 2 . .

F)

Also, by replacing k by k - 2 in (2), we obtain the coefficient of A'in )((G”l’k_z)to be:

P k4i—d k4i—d k4i—4H kti—i
! ke—i—2 k—i—d k—i—4 k—i—f
] d 2 F .

]

Thus, the coefficient of A'in (G} ) is given by,
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.k+.l e- ke4i—6 ki H F. .l |.[.l
kot c 2 F
(=1} +)(R|J)T(kr'z aaz
2
fe4i—d E4i—d be4i—8 ei—0G
] 2
(k‘i'ﬁ)+(.ﬂ'JL)+(ﬂll) (J-n’[:l
7] 2
. kti—8 kit ki k+i—10 s kti—4
= (-1)= ( a.i; ) f 2(3--}-2) t (A—f—')) f (J- f z) F(-1)e (A-—f—:!)
] P ] ] P
k4i—d4 kLi—K k+i—6
] z z
+ (a--;qj + (F.-—.-—L) - (;-;-u)
2 P F] )
k4+i—8 k4+i—0G k4i—d E4i—4 k+i—8 k+i—10
dod p] 7] p] ] P T
= (=1} [( be—i ) T 2(5--,--_:) + (.ﬁ-—u’—L) + (A--;-g) + (F'—.'—_:') + ( A--;-g)
T 2 z 2 2 Z
2 2
+(i.— i -1) = (k i ii)
F] 2 .

_[‘_I':Il' :_- P

Hence the Theorem.

Theorem 2.4: Let G, be the graph with k vertices given below:

6

Fig. 2.4 Graph G,/
Let A(G4,) beits adjacency matrix. Then, for k> 7, the characteristic polynomial of the graph G, is given
by:
X(G1a) = A x(Gyp 1) = X(Gap )
Also, for 1 <i <k, the coefficient of A in y(G4)} is

i k+i—10 k+i—8 k+i—6 k+i—G .ﬂ.+| 10
_ k—i k—i—2 k—i—4 —— ki
2 z z 2 2

k4i—8 hi-12 kdio10 k4i-8
] F] . 2 2
+(.f.'—|'—l.) - (n-f-z) - 2( k—i—d ) - (.i.'—l'—fi) :
] F] ] 2

Proof: Proof of (8) follows from Theorem 2.2. Since we have, x(G'};,A) = 1 x(G'% _1) — x(G'5x_7), the

P
[ ¥

coefficient of A in x(Gy,,) is
{Coefficient of A" in y(G3'x_,)} - {Coefficient of A in x(G;'x_,)}.

By putting k = k-1, i =i-11n (7), the coefficient of ! in x(G3/;_;) is seen to be:
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{_l}Lgl

k+i—110 k+i—8 k+i—6 | ] k+4i—10 k+i—12
I 2 z —z I T
( k—i ) +E(¢--,-_=) + (;--;-:) - (J.-—.-—'_?) + ( k—i—2 ) + ( E—i—2 )
2 2 2 P 2 2
ki—10 k+i—8
z z
+( k—i—4 ) - (A-—E—ﬁ)]
z z .
Also, replacing k by k - 2 in (5), we obtain the coefficient of Ain y(G;'x_,) ) to be:
P J.'-l-..;—.'i . F.'+.i—l‘i- ﬂ.'+.;—h ﬂ.‘+|;—HI
(=1) = (A—:2)"'2(4-;-4)"'(1-;.;)"'(:.- i -:)
2 2 2 2 i
Thus the coefficient of " 1" X':G;.I:) is given by,
i ﬂ.'+|iz— 110 J.'-i-..;—-'i .ff+::;—l'r J.'+_;—!'i
(=1)z ( k—i ) +2(A-—:—'j) + (1.-—:'—1) T (J.-—:—"z) + (
P 2 ) 3
-’-'I.:} 10 -’-'IE =] 2 F-'II; 2 A‘i:llz‘ £
+(ﬂ--;--:) - (k—.‘—i:j —(=1) = (k-g-z) +2(k-|'ft)
2 z Z 2
J.- ke+4i—110 k+i—58 k+i—6 k+:1—6 k+1i—10
| pe1e . g . L : .
= (=1)7 [( é ) +3(A-—:—-3) +‘1(a-—?-1j + (k-:—_:) + ( I.-—?—'.i_')
2 2 z - 2

k+i—10 k+i—12
= 5

k—i—12 ) + ( k—i—12 )
z z

This proves (9).

Theorem 2.5: For the graphs G{’, G;, G3 and G, we have, for k = 10,
bi(G1a) = bi(Gly) > bi(G) = (Gl
for all i.

Proof: We prove that:

(i) Bl G 4) = bi(Gly,

(i) bi(Gy,) = J'J,-{G_I_,..)'
(i) b(G ) = bi(Gh ).

Proof of (i): By putting % =rand % = sin (2) and (7), we obtain,
o r—1 r—1 r—3 r—2
wa=[(7) (=) (7)-(3)]

bi(Gay) = [("7) +205) + (22) — (5 + (C5) + (

By using the binomial identity, we have,

and

b(G )

)+ (5 - )
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B r—1 r—1 n r— 3 B r— 2
s )T \s—1 s —1 5—2
_(r—ﬂ P r— r—2
= +
R &
y

] —
= (G ) + (; B 2’)

This proves (i).

Proof of (ii): If % = rand % = s, then by (7) and (9), we have,
bilG) = [(1) +2020) + () — (2 + (o) + G20 + () - (5]

and
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bi(Gly) =
[(7) +3C2) +38(2) + (2D + () + (2 + (2D +2(2) - (5]

Consider b;(G3')
B r—d s r'—3)+ r—2 N r— N r—0 " r—4 4 r—2
- & 8 —1 8—2 g—1 g8 —1 5 —2 8—1
r—3
\s—3
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(9D

Hence,

" r—== L= fr=3 r—23 r—23 r==5
bilGax) = [( s )+'j(ﬁ—l)”(s—zj+(~—1)+(s—!)+(-—l)

This proves (ii).

Proof of (iii): If % = r and % = s, then by (5), we have

" r—3a r—2 r— 3 r—4
(G 2
Biff 2. K 8 )+ (-‘f—l)+(-ﬁ—])+(-ﬁ'—')].
We need to show that b;(G,'x) = b;(G3')- Consider,

'r}u'[[-":.x;::' - bi{f?;:a-:]
r— 0 L3 r—4 L3 r—3 % r—J3 N r— i r—4
- 5 As—1 Ns—2 5—1 5 — | §—12
r—0 r—2>a r—d r—a r—2
9 —_— — —
+(.~s—1) +H(-‘-j—‘2) (.«;—3) ( 5 ) 2(,\:—1)
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S Gy e
()
()G9

- () () () () () ==(0)
- (02D (D) + () + () - (23
- (:_T);[(;:_f_i)+(::§)]+(:::2)+(::§) (022

|
'__.,-.--—--.\'
o -]
1 |
LI

i\

This proves (iii). Hence the theorem.
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Corollary 2.6: For k> 10, we have, G{', = G3/, = G, = G}, Consequently,

#

E(G|,) = E(G,,) = E(G,,) = E(G,,).

Proof: The first statement follows from Theorem 2.5. The second statement follows from Theorem 1.3.

Remark 2.7: The characteristic polynomial and energy of the adjacency matrix of a bipartite graphs Gy,

Gy G3y and Gy for k=10, 11, 12 (by using matlab) are given below:

No. of Graphs Characteristic Polynomial Energy
vertices k (approx.)
Ghan | A10-1028+3226 - 3604+ 1022 11.7618
k=10
D | A19- 108+ 3126 - 342 + 102 11.7202
iia | 21021028+ 3246- 3424+ 92 11.6828
5210 A10— 108 + 3216 — 3314+ 972 11.6714
T | A- 1129+ 4107 - 6025 + 2003 22 13.1868
k=11
500 | A1-1129+ 4007 - 5725 + 2823 - 21 13.1426
o0 A1 1129+ 4027 - 575 + 2743 - 2 13.1325
s | A= 1129+ 4007 5615+ 2613~ 24 13.1154
@142 | A12- 120104 5125 - 9225+ 6524 = 122 14.3254
k=12
F502 | A12- 12104 5008 - 8816 + 6244 — 1212 14.2832
Gigs | A12- 12010+ 5028 - 8826+ 6144 — 1142 14.2532
% 4 12— 12A104 5028 - 8726 + 5924~ 111 14.2404
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