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Abstract

Let G and G’ be a pair of noncospectral graphs. It is a challenge problem to prove G and G’ are
equienergetic when their eigenvalues cannot be expressed in radicals. But for trees, this problem
can be deduced to proving a specific algebraic equation with a positive root by Vieta’s theorem.

Keywords

Graph Energy, Equienergetic Trees, Radicals

SCEF|F: IR, R SEREEMAHTHIETTIAD]. 8% SRHIAE, 2024, 14(1): 921-927.
DOI: 10.12677/0rf.2024.141085


https://www.hanspub.org/journal/orf
https://doi.org/10.12677/orf.2024.141085
https://doi.org/10.12677/orf.2024.141085
https://www.hanspub.org/

SA, HR

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]
Y B RE G = (V,E), HHV(G)={1,2.n}| For sk, E(G)Fmisth. A=[a| FrEG
ABESERE, b ay =14 HAUSijeE(G), Tla; =0. ¢(G,x)=det(xl-A(G)) & XAE G IHHEL
T, Hof | FRERERE. $(G,x) MIRFRAIE G . & G HHFM L EAER N G Hik. Bl
B R M E i, TR ATR . B A > A, > > A, 2 G RIFRFHEM, B G Rz L
E(G) =2k 4] oty (i =120, m) AR A L
i=1

ik

R, SKE, Gutman [LJF2HEXFE—AN @ X TRAEEA GE AR F R WAE RS EE G
G, BeHBCEM EIEH B RE R . Miljkovie % A [2] B ) T XA —A R, & T (& 1)F08
T, (L F 2) R B2 3T BEAT BB 57T DA € EANSERE &, (HR AN RER A2 T ™ AR AIE I o Xt
TIXAN BT, JUF-3cAT SCHRAT g e, 3T JLERAT Sk B RE R MO 78 LF-#2 xt BeSR e &, OF
fEHRIE — RPERER L BlanSCRR[B]4 1 A # D, FIAFLE A BE R TR A, STHR[41RV 1
BIRIEEAR - JUATHE A2 M RE R AR AL 2 B R i) — e, STHR[S]IMR B T T 8o T 7~10 RSFREREIE
WP S 22 AT VAN FSEREE AL AR, JFRIE T — REERER A

15

Figure 1. T,
E1T,

DOI: 10.12677/0rf.2024.141085 922 18 %5 S 2


https://doi.org/10.12677/orf.2024.141085
http://creativecommons.org/licenses/by/4.0/

JAp, H

Figure 2. T,
E2T,

FEMIE S RE R I AR, ANAT e G ) 2 BB B RF AL (R AN BE AR SNRAE - DR 3AT T4 B2 31— vl
THEREMG BT IZA E,  ATRE WA IE — RV SERE R B4 3RATT DL H B — b5 2R AIE B 7 R
SRR XA TTVER FRHIE 2 U 508 8 BRI E EASEREE, AR EANS B RFEE, XAt
FUIRE 10 B RF AEAELAS RE P AR QR IA T e R B A e AL, B9 J T M) B 4K — AR A1 S RE R 4T T 3
fifto

2. MEHNA

B 2.1 (FHR/RFFSIEME) B f (x)=x"+ax "  +--+a,, &=#0,i=12,-,n, MARE f(x)KIE
RS ER)%ET La, -, ,,a, TSRS

SERE 2.2, (T mUFAEEE[ 7)) WAL f (x)7EX I [a,b] 13%4E, H f(a)f(b)<0, WAFTEM ce(a,b)

WL £ () =0.

SEH 2.3, (Tl EH B f(x)=x"+ax" " +---+a, & n NEIA, MR A X, Xy, %, » &

n
L= %0 Op= D XX s s O = D XK X s s 0= XXy Xy s IBARRAL
i=1

-a, =0,,q, :GZ,---,(—l)i a zai,---,(—l)na =0,.
3. FIAHHES IR FRER

FEVEIR S RE B2 1, AT MW RPN EH.
EH 3L W (x)=x" +ax’+a,x’ +a,x+a,, 1 a,a,<0, a,a,>0, M f(x)h4ER, &N

4
X0 %o, Xay X, o i €= DX, AK
i=1

DOI: 10.12677/0rf.2024.141085 923 BE 51


https://doi.org/10.12677/orf.2024.141085

SA, HR

4
TEWT: ARG 20 WAL T () H 4 MER, B9 x,0.06.%,» Be=Y X . RIEEH 2.3 T
i=1

n
O =) % ==, 0,= ) XX =8, O3= D XXX =-85, 0,=XXXX, =3, BLH

i=1 I<i<j<n I<i< j<k<n
) 4
=D X+2 > XX =0,+2 Y XX
i=1 1<i< j<4 1<i< <4
A2 Y [Jxx =e’-o, #—H
1<i<j<4

I<i<j<4 I<i<j<4 I<i<j<k<4
=0,-2Jo, +2e D XXX
I<i<j<k<4
2
2
DX =D XXX 20X XXX, o D XX = o+ 04(e —01)
I<i< j<k<4 I<i< j<k<4 I<i<j<4

ey /xixjxkz\/o-a+ o, (¢ ~0,)» Pk
I<i< j<k<4
N ES :\/0'2—2 0'4+2e\/0'3+ o, (62—0'1)

I<i<j<4

WA e :O'1+2\/Uz_2 o, +2€\/63+ o, (82—0'1) , B

e’ =—a1+2\/a2 _2\/5+2e\/—a3+ 3 (ez +a1)

EAEERE, WPR ERZ T f (x)H DR, B LA 2 W Ry 32 W, it a, =0,
FIRGEIRAKIR AL

e 2 Ao g, BEEREMSIK, HRESR RIS, 4 B2 058 aehs b
20 YDA N RIS REEA . DS TR A R 2502 20 AR ISERE M IUE R o B T A RRAE AR 1E 7 en
B, B e rRe R AT LE VR IERHEAE AN PRI RS, A R AR BT 1 IE SRR AR O AN AR &S, B4 e
—ESEAEE, TEURERAE b, G SR F e A F RO, CRUE AR AN R RRAE (B O ADAR [R], [RRE AT DA
REEATRREEAE, JETIXAEHE, A1 H DU E .

EH 3.2 W f(x)=x"+ax’+a,x’ +a,x+a,, a,3,<0,a,,8>0,g(y)=y* +4a1’y3+a§y2+:311§y+a;,
a,a,<0, aj,a,>0, X,y (i=1234) 80 f (x),g(x)KITEFEER. fie= .  e=D./y i
JESEFE 3.0, IRA MR M ESRE e, = e, TSN 51T o =

X =—al+2\/a2—2 a, +2x\/—a3+ a4(x2+al)

o))

x? :—a1’+2\/a;—2 a, +2x\/—a§+ a; (x* +a))

SLAEFRAT A LR A A S B T RO T4 it
@ HFHET R THAE S TR R AR, R 02 TR — R, A3 () fg () %

DOI: 10.12677/0rf.2024.141085 924 18 %5 S 2


https://doi.org/10.12677/orf.2024.141085

JAp, H

N3
@ At=x*, [REZTA () Mg(t), WREH 32 WAL, MAFLEEE(T)=E(T").
SROR R M T AR TR FRAEE, (RER T AR b TR R RRHEE e 2
TEfUsot B, TR IR@ H Kt X B B HTH IERHEE A, R SRR EE A, A8 T A
TR RE R . T IEA L TR AR R B A R

4. M A

Bl 1. AEBIA Ty (LI DA T, (LK 2)5F e
UER: W Ty AR T, BORFAIE 22 35020 750

B(T,, %) =7 (x* =3)(x* =5x* +5)(x° —7x° +14x" -8 +1)
B(T,,x) = (X° =8x° +14x* = 7x* +1)(x* — 7x° +14x* -8x* +1)
BRAHEFN x® —7x° +14x* —8X* +1, JHEEARAH SRR T, RIR T, 8 F 1 25X A
(€)= (-3 5649
g(x*)=x" -8x° +14x* 75 +1
Lt=x>, 153
f (t)=t*—8t°+10t* —15t
g(t)=t*—8t°+14t> -7t +1
WRIEERE 2.1 AT AL, f (1) Mg (t) FIPTAIREDNIES, AWttt 0 M, bt t, 203008 f (t) Al g(t)
MPTAR, iﬂeﬁgﬁ : e2=gﬁ , FTHHE I 7 F2(2) 6 ME— IE 524

X2 :8+2\/20—2\/6+2x‘/15+\/(_)(x2 —8)
X =8+2\/14—2ﬁ+2x /7+ﬁ(x2—8)

()

=
=
an
ez

xVx2—1-/15x-4=0
2
FIHR BB h(x) = xo 1 —VIBx—4=—X 10 451, BAMI<x<4B, Hh(x)<0,

1 15
1-=+.|—
VX2 VX

R im h(x)=+oo, fifla5EHE 2.2 AIAIEDAFExice(440), RILN(c)=0. 5 JilH, H

2 2
h(x)=/x2—1-15+—— =X —16 P
() -1 x2-1+415 Wx2-1
BIXF wx € (4,+00) , MALN'(X)>0, BIh(x)7E (4,+00) /A& I, #h(x)TE (4,+00) FAFFEME—
RIESCAR, B4R 3.2 oz, Bt E(T,)=£(T,) -
B 2. UERART T3 (WL )RR T, QLI 4)ZERE =

2

DOI: 10.12677/0rf.2024.141085 925 BE 51


https://doi.org/10.12677/orf.2024.141085

SA, HR

Figure 3. T3
& 3. T,

Figure 4. T,
& 471,

UERH: A T A T, HOARFAE 22 500 3 A

BTy %) = (x=1)x° (x+1)(x* =3)(x* —2) (x° —12x° + 38" —34x" +9)

(T x) = (x=1)x° (x+1)(x* =3)(x* —2)(x* ~12x° + 44x* — 46 +4)

BORA AR (x=1)0C (x+1)(x =3) (10 =2) , T Z A B AR T U T, F 0% 510y

xz) =x%-12x°% +38x* —34x%+9

f
g(x*)=x"~12x° +44x" 46X’ + 4

f(t)=t"-12t>+ 38t —34t+9

g(t)=t"—12t>+44t> — 46t +4

DOI: 10.12677/0rf.2024.141085 926

2% S5H


https://doi.org/10.12677/orf.2024.141085

JAp, H

FRAAEIL 2.0 WAL (t) Al g (1) T RIDAIERE AL G, 6 U At b, 20N £ () Mg (1)
WAL ide =Dk e, =D, FEEYI QM IS
i=1 i=5

X2 :12+2\/38—2\/§+2x‘/34+\/§(x2—12)
x2 =12+2\/44—2ﬁ+2x /46+JZ(x2—12)

)

=
=
an
ez

X3 -2 —xy2x2+22 —4=0

2_
IR ERH D (X) = x/3XF =2 —xy/2x% +22 4= ; 24 —-4, XZ\E , AR
\/3—2+\/2 —
X X

\Esxszﬁaﬁ, Fh(x)<0, JFH lim h(x) =+, iz 2.2 ATRIEDAEE s ce (26,400) Y
Sth(c)=0. H—Jim, A

2 2

h'(x)=\/3x2—2—x/2x2+22+[ LS ]
Vaxi—2 a2x?+22

x2—24 NG 6x° + 206

= +
V32 =2 ++4/2x2 422 AJ3x3 —24/2x2 +22 \3x2 2 +/2x2 + 22

EIt X e (246, +00) » FRALN'(x) >0, B D (%) 15 (216, +o0) ET™ i AN, b (x) 7E (246, +90) |
FEEME— R IESEAR, B4 3.2 BiaL, Bk £(T,)=£(T,)-

SE K
[1] Li, X., Shi, Y. and Gutman, I. (2012) Graph Energy. Springer, New York.
https://doi.org/10.1007/978-1-4614-4220-2

[2] Miljkovi¢, O., Furtula, B., Radenkovic, S., et al. (2009) Equienergetic and Almost-Equienergetic Trees. Match Com-
munications in Mathematical and in Computer Chemistry, 61, 451-461.

[3]1 Xu, H. and Yan, W. (2022) On Eigenvalues and the Energy of Dendrimer Trees. Applied Mathematics and Computa-
tion, 424, Article ID: 127051. https://doi.org/10.1016/j.amc.2022.127051

[4] Dorel, L. and Openhaim, E. (2022) Developing Mathematical Proof: Back to the Future with Vieta Extended Theorem.
Creative Education, 13, 3298-3310. https://doi.org/10.4236/ce.2022.1310211

[5] Zheng, R., Su, P. and Jin, X. (2023) Arithmetic-Geometric Matrix of Graphs and Its Applications. Applied Mathemat-
ics and Computation, 442, Article 1D: 127764. https://doi.org/10.1016/j.amc.2022.127764

[6] Wang, X. (2004) A Simple Proof of Descartes’s Rule of Signs. The American Mathematical Monthly, 111, Article No.
525. https://doi.org/10.1080/00029890.2004.11920108

[71 Zorich, V.A. and Paniagua, O. (2016) Mathematical Analysis Il. Springer, Berlin.
https://doi.org/10.1007/978-3-662-48993-2

[8] Stankovic, 1., Milosevic, M. and Stevanovic, D. (2009) Small and Not so Small Equienergetic Graphs. Match, 61, Ar-
ticle No. 443.

DOI: 10.12677/0rf.2024.141085 927 >

>

3

L

B


https://doi.org/10.12677/orf.2024.141085
https://doi.org/10.1007/978-1-4614-4220-2
https://doi.org/10.1016/j.amc.2022.127051
https://doi.org/10.4236/ce.2022.1310211
https://doi.org/10.1016/j.amc.2022.127764
https://doi.org/10.1080/00029890.2004.11920108
https://doi.org/10.1007/978-3-662-48993-2

	等能量树的新判定方法
	摘  要
	关键词
	A New Criterion for Determining Equienergetic Trees
	Abstract
	Keywords
	1. 引言
	2. 预备知识
	3. 利用特征多项式证明等能量
	4. 应用
	参考文献

