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Laplacian spread of bicyclic graphs

LI Ping, SHI Jin-song, LI Rui-lin

(Department of Mathematics, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: The Laplacian spread of a graph is defined to be the difference between the
largest and the second-smallest Laplacian eigenvalues of the graph. Using properties of
polynomial, we characterized the graphs with the maximal Laplacian spread among all
bicyclic graphs.
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G = (V,BE) &n M ST I m B, & nE G AV = {v1,02,...,0.}, A = AG) &
KIG & R, EE?A%;&Xﬂ FERE BT DL BIRFEE T iEE M (G) = X (G) > ... >
M (G). D = D(G) = diag(d(v1),d(va),...,d(v,)) (HLEEFPHZIBT) 2K GRS
MAHFE, WAL = L(G) = D — Aﬁ@G%mmmﬁM;A FAEZ Ik ©(L(G)). H
T Laplace HiFE L A2 % BRI 2 15 @ 56 B, BT LA L AR AEAE 3R 0, ANEAE 11 (G) = pa(G) =

.2 ua(G) = 0. E%%Uﬂﬁ, pn_1(G) > 0 M HAYKE GEEEKE. K G spread # &
XA SL(G) = /\1(G) An(G), 1T B Laplace spread #3E XN o1 (G) = p1(G) — pn—1(G).
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fiE; 2001 4, Gregory, Hershkowitz Fl Kirkland 25 T &I spread 1 LN S, JFUER T B2
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HAT /) spread 45 52 45 B 2008 4F, Fan 25 ANBRIFB T /2 & BT 5K spread K145 7€ 45
'513’]@] 2009 4, Bao 25 NMHIEH T G(3,0,n) /& B A i K Laplace spread 1) 518 /. A i@

XT%D'EEH:EEE’JEE%, 25 T B AT K Laplace spread 19X P8 ], XU P 1) 2 4510 2055 T A
M1 HEEE, 1] B(n) ok n B XUE E S

1 ARG

B VB 1) 5 S St LR P RT A ol R R 15 0 4 2% B 1 43 3 1)

51118 GRZBDAE — LU REEE, AG) 2B GHEKE, WA umG) =
A(G) + 1, B 5 o4 HALY A( y=n—1.

S 1.2 XTI > 20EEE G, A 11(G) < n, 555 A4 HACY G RIANEIA
.

SI# 1.3 G HSH —AES o FEEE, W g, 1(G) < 1, 5 A HAL Y v
5 G IR R,

513 1.4081 4T B(n)\{G1, G}, Go, Gs, Ga, G4} TAEE—XEE G, H 11 (G) <n — 1.

DL P O APy dx

!

Gs G4 Gy

K1 XK G 2] Gy, Gy Gy
Fig.1 Bicyclic graphs G1to Gy, G} and G}.

ZE4 T3 1.3 R 1.4, ] LAFFE:

E 1.5 XT B(n)\{G1,G, G2, G3,Gy, G}y IR — MBI G, # or(G) <n —
1, AT DAXUBS] P 1 K Laplace spread @ 2 7F B 1 - HE).

FHSIEE 1.1 80513 1.2 51, 41 (G1) = pa(GY) = ny HBIEE L3, pn_1(G1) = pin_1(GY) =
1; bl or(Gr) = ¢ (Gh) =n — 1.
2 TZRH

EE 2.1 MMEEHE > TR G, 7 oL(G) < ¢L(G1) = ¢L(G)).

TATVHE o B R 09 AR JLAS S [ BEAIE R

513 2.2 Mn> T, eL(Ga) < o(Gr) = ¢L(G)).

iE BB 1 (Ga), pn—1(G2) 3L HR pa, pin—1, L(Go) FIFFIEZ A

®(L(G2)) = z(z —1)" Oz —2)% [2° — (n+4)2° + (50 — 2)z — 3n] .

2 fi(z) = 23 f(n+4)x +(5n —2)x —3n, HEIF 11512580, n -1 < 1 < n, BT

2
filn=3) = (1= 2) = (n+ )(n - 5)? + (5n — 2)(n — 3) — 3n = L= > g,
13n + 10 1
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A £ (2 )—oﬁLMﬁ/\”UEEnﬂ@,l) (1,5), (5,n = 3) W, Hu(Gz) € (5,0~ 3),
tn—1(G2) € (g, ), K vL(Ga) = — Up—1 <N — % *% n— 1. DTU\, 5| BRAHIE.

I 2.3 n > 7H, ﬁ(pL(G3)<<PL(G1):<pL(G/)
B IR 01(Ga), 1 (Ga) ABHEN oa, -1, L(G) RFIE 2

®(L(G3)) = z(x —1)"° [2° — (n + 8)z* + (In + 18)2® — (6 + 27n)z* + (31n — 10)z — 11n] .

2 fo(z) = 2% — (n+8)a* + (In+18)2® — (6 +27n)z? + (31n — 10)z — 11n, H5[EL 1.1 5 1.2 41,
n—1<p <n, HTIEEL3 5, 0 < g1 <1, FTEA 1, 1 #5592 fo(x) = O FIHE. 3L

fo! () = bat — 4(n + 8)2® 4+ 3(9In + 18)2* — 2(6 + 27n)x + 31n — 10.

SV EAHL, fo! (2) 7E (n — 1,n) EFRIHEEE. Mer(Gy) — vr(G3) = (n—1) — (1 — fn_1) =
(n— ) — (1 — pn—1), 195 Lagrange FHEEBE, £F7E € € (1, n) 101

fa(n) = fa(p1)  n* —9n® +25n% —21n _ n* — 9n3 + 25n% — 21n

_ _ _ -
nom f3(€) f3(€) n4 —5n3 +19n — 10
_ 4n3 — 2502 + 40n — 10 o1 4n? — 250 + 40
- nd —5n3 4+ 19n — 10 n3 —b5n2

2 _
i2g(r) = 220 A B ()1 [7, +oo) LR, FTLA

4n? — 25 40 61
(n—p1) = (1= pn—1) > pn—1 — % > Hn-1~ 5o
LRV, fo (@) FEXIE(0, 1) N BREESS, HAT f2(35) < 0, T pp—y > &5 BT (n— 1) —
(1 - Mn—l) > 0.
T, 51HASHE.
I 24 n>TH, HoL(Gy) = pr(G)) < oL(G1) = oL(GY).

ﬁE HH Ia*ﬁéa )I%M1(G4)7 MI(GZL :un—l(G4)7 ,un—l(GZL) ﬁ} %IJ ia%]/ﬁl’ ,Ugu Hn—1,
p 15 L(Ga), L(G)) WIRFALZ T3 50

®(L(Gy) = z(xz—1)""%2—-2)(z—3)[2* - (n+3)2® + (4n — 2)z — 2n]
®(L(GY) = z(x—1)"""(@—4)[2° - (n+3)2>+ (4n —2)z — 2n] .

L fa(z) = 2 — (n+3)22 + (4n — 2)x — 2n, MG F LI H 125, n -1 < uy < n,
n—1<py <n, ISIFEL3HN0 < pn1 < 1,0 < ppy <1, FrlLpn (1h), pin—a(pp—y) 2351
7 fa(z) = 0 BIEBIMREG B/ MR AT, 00(Ga) = 1 — pnr = ph — ph—y = 0(GY). A

2 9n? — 48n — 8

=TT o0, f3(4) = -2+ 8<0,

fs(n =3 27

1 ™ 26
f3(1)=n—-4>0, f3(§) 9 a7 < <0.
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mu fS(x) = OEQEA*E%%UEIZI‘Q (%71)3 (1’4)7 (4377’ - %) V\L Hﬁﬂ’l € (47n - %)7 Hn—1 €
(3,1). P,

2
or(Gy) =p1 — pp—1 <n— - — 5 =n—1L

1
3 3
BEAT 01(Ga) = oL(GY) < or(Gr). FIBAFIE.
ZEATIFE 2.2, 5IFE 2.3, T3 2,400 KyF 1.5, S05E H 2.1 54F.

Min =60, TATMIFHER, W&

%1 n = 6 KA Laplace spread
Tab.1 Laplacian spread with n = 6

G, G, G Gs Ga @,
1 6 6 55141 52688 52361 52361
pn—1 1 1 09139 0817 0.7639 0.7639

0r(G) = p1(G) —pn_1(G) 5 5 46002 43871 44722 4.4722

BRI n = 6 I, 7 ¢ (G) < oL (G1) = pr(GY)).
FrCLE #E 2.1 X5 T Ein = 6 I par.
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