Chinese Physical Society
M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

MR BEKEMTNHFETRE N

EX/NN 3

Dynamic instability of super-long elastic rod in viscous fluid

Wang Peng Xue Yun Lou Zhi-Mei

5| Fi{% K Citation: Acta Physica Sinica, 66, 094501 (2017) DOI: 10.7498/aps.66.094501

TEZ 7132 View online:  http://dx.doi.org/10.7498/aps.66.094501
AP 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/19

pEaAl /\@H’JE@YE

Artlcles you may be interested in

S H IR R 6 Duffing IR 130 1 SE R B 2R

Dynamical analysis of Duffing oscillator with fractional-order feedback with time delay
YH % 4.2016, 65(9): 094502  http://dx.doi.org/10.7498/aps.65.094502

RN T 73 B 2tk 2R e v S AR 40 AT
Response property of a factional linear system under the base excitation
VP22 4%.2016, 65(8): 084501  http://dx.doi.org/10.7498/aps.65.084501

El-Nabulsi 2 /32258 T 4 Chetaev BUAE 72 KRG KRS AL & 54 A LR

Exact invariants and adiabatic invariants for nonholonomic systems in non-Chetaev's type based on EI-
Nabulsi dynamical models

YH 24,2015, 64(3): 034502  http://dx.doi.org/10.7498/aps.64.034502

El-Nabulsi 3 /3 2451414 Birkhoff %4t Noether X #R 14 f)$58) 15 L AL 5

Perturbation to Noether symmetries and adiabatic invariants for Birkhoffian systems based on EI-Nabulsi
dynamical models

YE = 4.2014, 63(10): 104501  http://dx.doi.org/10.7498/aps.63.104501

JEORST3)) 11% 74t Noether SR I (1 H83) 5 4a AL 7
Perturbation to Noether symmetries and adiabatic invariants for nonconservative dynamic systems
Yy# 2242013, 62(16): 164501  http://dx.doi.org/10.7498/aps.62.164501


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.094501
http://dx.doi.org/10.7498/aps.66.094501
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I9
http://wulixb.iphy.ac.cn/CN/abstract/abstract67115.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67115.shtml
http://dx.doi.org/10.7498/aps.65.094502
http://wulixb.iphy.ac.cn/CN/abstract/abstract67098.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67098.shtml
http://dx.doi.org/10.7498/aps.65.084501
http://wulixb.iphy.ac.cn/CN/abstract/abstract62743.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62743.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62743.shtml
http://dx.doi.org/10.7498/aps.64.034502
http://wulixb.iphy.ac.cn/CN/abstract/abstract59276.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59276.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59276.shtml
http://dx.doi.org/10.7498/aps.63.104501
http://wulixb.iphy.ac.cn/CN/abstract/abstract54921.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54921.shtml
http://dx.doi.org/10.7498/aps.62.164501

38 % 4R Acta Phys. Sin.

Vol. 66, No. 9 (2017) 094501

MR BRI hERTREM

I O

B 5 2)

#g %9

1) (B K% ARSI B, UFE 250022)
2) (i B AR RSP TR, B 201418)

3) (FHNCHLFEBEFL R, 2424 312000)

(2016 4F 11 H 14 HI#; 2016 4 12 A 18 BRI &8 )

S AR I R BB T IR I T PSR OB A K SR E AT 2 70 22 R e VE IR 5 R AR A RS 4%,
T RS B A AR AT Kirchoff 3 1 22 U5 R K —Bir sl s, RIRYER By 74l Dov i
¥ DNA Y, Bl 7 BLEZS RGN, 452 71 5 DNA SRS E P 40 L2 HoAe g 1l 7 X3, e

TR A AR LR 3 R kB X L R

KRR, MK ERT, Sl Fitkiie, ARETE

PACS: 45.10.Hj, 45.40.—f

1 5 =

% F Kirchhoff 3 4 # # &, Behanm [l Le
Bret 2 377 DNA #EFFAY, 7T A T4k DNA
LA FIE ), FEReS g Ul i 25 A 7F
A B LT DNA FHE AT 77 288 1 1 78 L EUAS
1R % BB R POl R R B B TR AR
MR RE, N DNA J12 1 Fe i it 1 5 2 1 s 5k
4 110]

KT DNA 7 T8N T S S A S AR A
SEMTE AR E TAEDU-10 @ EL T, #
Kirchhoff 77 # NW 1 R R I T A, AT /15
TR BB 7 2 T R R AR M, BE E I I AN
A TV R I 2R T AR E . HR T
A _F 5 S bR AN REAF H — SR sh A R 7L 3
R [18] 2 T AR FR EE B BN 25 1 4H K AT I — B IR
M 7 R, SRR T B 1 S S AN T S ) ), A
1M TG 75 £ B B 7 A B35 Lagrange 77 #2, BELEEXS #
PEAT BN /3 5 07 B AT S8 R FF DR e 3l /) R
WTTVE T OREE TR A, I T AR

DOI: 10.7498 /aps.66.094501

HE K ] R 1),

TEAC T VO, 2k BEL 7 00 BEL g % 40 B 1A
DNA {138 3 1 6 W4 AN 0] 20, Klapper 20 | F
$UE 5 15 1 2% T 3 g 2 R A 2 R
Goldstein 2 21220 BF 58 7 H1L 8% Rl e 4 06 F T 40l i
OT 9 1R 5 R B g 2 16 R, R ] R P AT 4
B7. Liu 1 Sheng 2 316 T B A 5 b e AT i
By 5 K 5E T i) B (E A 3 TR 0 4 AT 2k R S 1
JIEEAT . SCHR [17) BARAMHT T ARzl J1 28 e
P, BRI, 76 DNA i 5% 3%
i A K A b BN Bl 2R e
SR 5| e 2122 SRR A SRS Bt Hof
SEVERI ST, ST A D6 L B 1 T 4K 2t
FFE 72 R e P BEAT 43

KSR T R 7, B9 B M rh e
Kok FERE A (R 20 2 R e Ik, I DASEHLES R
F) 5 P DINA BCER A 081 0 B 445 SR P 2 . K SC SR P
S % FE Bl ) 13046 ) Kivchhoff B R, K S0 45 2 44
7 B A SRR AR B R 2 5B 3 34 R B MRS A
FRAIK AT B T RS AR, A AT

* [EFERBIEIE S (HES: 11262019, 11372195, 11472177) F RIS

T 1B E/E#E. E-mail: sdpengwang@163.com
© 2017 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

094501-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.094501
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 9 (2017) 094501

EAE A 5 4 80 4 IRV R R SR AT
NS TTREI B s ;56 5 MK L 452k
2 73 B R PR PP L5 DNA SR e 1
5 IRFaRA SR a2 4.

2 HEHHAFA

AR BT L 5% B0 FE T 1) SR AR ) 32 A AL bR
BEAT AR =B S B0 )5 AT 2 IR A, B = i ik
Ben, Wik e - e; = ;. Vh—Wri&shikrx s, v]
RKINN

3
e;, = 87(;0) + 52 Aijeg-o) + 0(62)
j=1
(1=1,2,3), (1)

Horfr Ay RS BRIERE TG, KA R BB REIT, JF

MIESZ 2%, IRA ZuEw] B3 R A BT
0 a3 —Q2

A= —az 0 aq ) (2)

Qg —Q 0

Hrf o NEHHEERE. WRAEER B sl
JEIT X SRR N

(0)

e, =e€; +5(a><e )+O( %)

(i=1,2,3). (3)
ATAIER (1) 05 (3) ARFM K. BT (3) X
Hf— B sh I, 152

(1) = (0) (0)

arel® 4 azel ) » o©

+ ase

0 0 0
— (01?4 asel® + aze®) x e

+ (ale( )+ 0626(20) + a36é0)> X ego)
+ (aleg ) + OzQegO) + a3eé0 ) X eéo)

= (ageéo) — 0426(0)) + (—a eg ) 4 aleéo))
+ (agego) ! eéo))
0 a3 —o e(lo)
=|-a3 0 o ego)
ay —aq 0 e:(go)

3

=3 A€l
=1

UEEE. DL BB ICaT DAHE B R 5

ST EEREV = Zvle“ CIEE- %/ )]
i=1
J&FF N

V=vO0 vl 1>+0( 2)

:Z[ @ 4 (a x v©
+Z (1)

3 AFHEA
3.1 HMNERE

AT R AT B Kirchoff 3 F7 2A R A DL
F, M R EF R Z BN ) E RN E
M. IR AR AR B S e P R R SR
R, e SHIZEEEA G, UL f,m K
TN B AR B 0, HeRik A

f=-ci(v—eze3 -v)—cjezez-v, (5)

e Z SOX(

axv549+0<»<@

m = —creses - {2, (6)

Hrfe(i = 1,2,3) R EHA PR RS 52K E,

eses NIFO; v = Or/otA% AT 8 1H iz B %

i, ey 3 RIRAR T A A ) R AL cr A

IR BE R 15 25 P12 0 R G M. %

EFMEIER S, *ETEEJJ%EEJJE%E%%, BA1S 2
OF v

5 1= A (72)
OM a(J - 2)
ngeng—m— ot ) (7b)

Ji & (7) R T AR AR R AR T g 3, Hob
p, A3 N AT R AR BT TR AR, J 2 A K
FEAF BB PR K B, AR I 3 Bl AR AR R (- a:yz)
IRERHERE LA Ge o, vy, 2 5l B 7 K B 3 Bl 15 i
Ji(i =1,2,3) NILE.

3.2 MFRERT

FIHE5) KR
oe;
0s
5‘ei
ot

¥ AT RITEH

oJ - 2 . -
( 5 ) = J1(£21 + 2205)e1 + Jo(25 — 21025)es

=wxe; (i=1,2,3),

=Nxe (i=1,23), (8)

+ [Jg[?g — (Jg — Jl)thQg}eg

094501-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 66, No. 9 (2017) 094501

9)
Forp, - FORXKEE (AR — B S 2, - SRR R SR
B S EG w AR L. K (9) RN
TiRR(7), H¥e 72 (Ta) I R SR G T 9 AL bR 1)
T T2, FRATE 252 (7) F AR PR R KR
A

= p(J261 x €1+ Jieg X 62),

82F (963 A8263
bt RN il
a2~ “ot Mo
M
8873+83 x F' — creses - 2

82
re)
PA_EJ7 REIEAN RE 58 42 1 e B AR SR AT 132 30,
BERR AN TR BRI A Y T e

M = EI(wl — w?)el + EI(UJQ — wg)EQ

0%e
= p(J2€1 X 6t2 -|— Jies X

+ GJ(Wg — wg)eg,

b B RIEE, GNB VI E,
.

(11)
W0 R I 5

3.3 TENNX
AT A BB LR R REAT BRI,
t = t\/Ip/(AE), s— s\/I/A,

F — AEF, ¢ — c/A\/pAE/I,
M — MEVAI, w— w\A/I

2 — O\JAE/(Ip), cr — cr/\/pIAE, (12)

4 T = Jo, WITHE (10) M EENERS N

82F 863 8263

952 ‘o o2’ (13a)

8—]\44-(33 X F' — creses - 2

ds

8261 8282
AT L EN N
M = (w; —w)er + (wy — wl)es

+ INws — w))es, (14)
A
r= 25 1/(1+ o), (15)

Hor o EAEAT IR EE

4 —B g\ A

Xt 5 RE (13a) (AR KRR R A — B St 3h e T, &
MR R R TR EON 2, B i LRI, 15 3

Fhrizzh i N
(FO)Y 4 c6” = &, (16)
Horp 7" FORR AL bR SR B S 2 SR AT AL T
s, W (16) bR
(FO)" = . (17)
—Wrishizsh I iE N
(FOY" 4 celV) = &M, (18)

R (18) A Z I A bR IR IR N

S SFY 4 (@x FO),)

{Zlé”+me@m%9}X“@>

7 7

2(
- w#%uaxpwm4”Xw@}

i

H{FY + (a x FO),)el” . @1,

—w@ﬂﬁ”+mXF@MF9

(0) (0)

+ cageq ©) (0

= dzel — d162 (19)

— chuiey

7E(19) RIEFHBATFA T 20 = &, 2O =o0.

| ¥ (19) N5 AN EFN, 52

Gy = iy + (FMY — 2(FVYwl® 4+ 2(F)w
F(l)( (0) (0)+w20) )+F(O)( (0) (0)

+ FO w0 an + asl(ws”)?

+F§0){—w§0)w1 o — ozz[(wéo))Q

+2(F") (@) e

—dy = —ciy + (FVY”

!
+ (wéo))Q] + alwéo) + 2a1w(0) +alh} —
—aly) + 2R (Wi o + o) —
—2(FYwl® 4 2(F) Wi

1 0 0 1 0) (0 0)/
_Fl()[(wé))2+(w( ))2]—|—F()(w() (0) ())
wéo)wgo)ag - 2w£0) L — 2w (0)a3 — wéo) — wéo)lag)

!
+ (@) + 0w + 204 wf” — of

2(FY (Wi s + wi¥ ay)
+ (F5")" s, (20)

1 0) (0 0)’
FO @O0l - )

(FQ(O))"CE:;
0 0
— FV @) + (w)?] +

094501-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 9 (2017) 094501

! / A
+ Fl(l)(wgo) + wgo)wéo)) + FQ(O) (w§°>w§0)a1 — wgo)wéo)ag — 2w§0) oy — 2w§0)o/1 — wéo) Qs — wgo) ay)

+ Féo){wgo)wéo)ag + al[(w§0))2 + (wéo))Q] + aows

i
+ A —wiwf az — as[(@i”)? + (@)% + agw” + 20501” + af

li
) + 2a’2w§0) — 0/1’

—2(F) (0% + w§ a)

+ 2R (Wi as — o) + 2(FY (wVas + ab) — (FS)"aq + (F?)" s, (21)
!
0= (FV)" = 2(FM)Yws? + 2(FM)wl® — FV 12 4 ()] + FY (Vw0 — wi™)

!
+ Fz(l)(wgo) + wéo)wéo)) + F?)(O) (w§°)w§°)a2 — wéo)wéo)al — QwEO) o

/ / !
- 2w§0)a2 - w§0) a; — wéo) as)

!
+ Fl(o){wéo)wéo) o3+ ag[(wgo))Q + (wéo))Q] + 043(4)50) + 2a;’3w§0) —ay

!
+ B w0t ag — an[(@”)? + ()] + agwy” + 20505” + af} — 2P (wi” a1 + wi¥as)
+2(F0Y (Vs — ) + 2(F5) (W + o) + (F5)"ay — (V)" as. (22)

44 05 75 (13D) 16 bR FE S 3H IR IF 9 — M BB B =,
ek
(Z[Mf” + (o x M<°>>i1e£°>)
+ (eéo) x FU) 4 egl) x F©)
— e Y (27el + o x 2)

=drel” + el + 265el. (23)
BARITHE (14) s RIT, 1528 — sk Xy
S e
i=1

= wéi)e(lo) + wéé)ego) + Fw(%) ego). (24)
LA R d A AR B AR B R T I — B T N

3
w® = 3l + (@ x w0 @) Jef”
=1

= w(()l) +axw®), (25)

Horh w1 o7 5 411 R 2% B 10— B RETE Rk A b
PR, A1 AR
wh = o/ — (W x a) = ael?. (26)
11 (26) AN (25) A5
wi®
3 (27) AR (24) R, EL4 L5045 B3 BB P40 7
T2 19— A BB I8 I 35 At 1) 53 B 2%
Fz(l) +
= ai (1= D)[(x§”)* = (v§”)?
—ap(1 = D)[(§”) + x15"] - g LY

=o' +w? xa. (27)

+ (I - 2)/@90/2 + Fagmgo) +af, (28)
— Fl(l) + G
= a1 (1= D)LY — P 6]

—az(1 - D)[(§)? — (k)2 — azFy”

— (=2 — Ty + o (29)

2&3 + CRdg

—ar(1 = D) 4+ 06O

+ as(1— F)(ngo)mgo) — I’igo)/) + olel(O)

+ ang(O) + F(O/QKJEO) — a’lngo)) + oy, (30)
J7FE (20)—(22), (28)—(30) ¥ 1 7 % 1 i 4k rh R
N Kirchoff S04 1) 8h F122 2843 T RE. T FER
B TR MEAT AR e . N T B R R R
PR, AR LUK BL L5 RS o A R R 7 1 By
PRty T R 2.

(Dss+Dtt+D)'X:07 (31)

6
HipbX =) "X, Xi = o (i =1,23), X; =
=1
FY (i = 4,5,6); Dag, Dy 5255 315 T 9L b S
180 £ A 0 B 53 B, DR B, B
W F1FO) 5 T LS R IR (31)
AT LA SUABLIK BMEAT 30 1 2 AR

5 N A

5.1 fEEM

PH 5 (10 7 240 I 59 A 52 210 31 5 AR D T R
DNA JRIRNE £k Pl BATH DNA B BT F A2

094501-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 66, No. 9 (2017) 094501

FIHIEAE FH B AN BPEAT, B RS %S5
Hon] B8 3R A 120271 szah 45 1) DN A SR 31
NIEE RECPTE NI R B LA 0.5 < I < 1570
Bl P 1280 T 0 6 O i 7R B AR R 3 1 A 1 R v e
. HESHN

W = (ksin(ys), kcos(ys), 7).

F© = (Pyksin(ys), lykcos(vs),0),  (32)

Horf ke 97 T DNA SR 4211 5151, + O DNA 3K
S PR A AT A 3L, 2 FF RO O R & T
HHE Tw = v/k. BAIGIAZE R g = R, - X;,
i

cos(ys) —sin(ys) 0
R, = | —sin(ys) —cos(ys) 0 (33)
0 0 1

N RAAAR ] Frenet AAARHERE 1) 7 [ A R, A2 1EAC
XPRRAERE. LR R (31) i — 2 E N

g1 —cg1 = g5, (34a)
o — ¢g2 = Iykgy — gif — 207k g) — 2kgg

G1=g{ — I'vgy + T'kgly — (I — Dkg1 + gs,

(34d)
G2 = g5 + Iygh + T'ykgs — g4, (34e)
2§s + crgs = I'g5 — I'kgy, (34f)
T3 FER RN
g = x;(t) exp(ot + inks)
(1 =1,2,3,4,5,6). (35)

4 (35) AN (34) 20, 1531
o%x — coxy + n’kxs = 0,
2iFn’yk3x1 + 0229 — coxo + F’ynzk?’xg
+ Iyk2 s + (—n2k)ay — K22y + 2ink?ze = 0,
— I'm?yk3xy — Dyk3zy 4+ 2ilnyk3xs
— 2ink?z4 — K?xg — n%k?26 = 0,
o?xy +n?kxy + (I — Dk*xy + ilnkyas
—il'nk?*zs — 25 =0,
— il'nkyx, + o2xe + n2kzy — I'vkxs + x4 = 0,
20213 + cooxs + I'nk?xs + Fink*z, =0, (36)

+ k%94 — Ik g3, (34b) IR
0= I'vkgy + g¢ + 2Ivk* g} — 2kg) A =det(Ly) =0, (37)
— vk g1 — K2 g, (34c) M2t R4 (36) A fii. =
2ik3 'y 0% —co EBry(n?+1)  —k*(n®*+1) 0 2ink?
0% —co 0 0 0 n?k? 0
L — —Ivk3(n? + 1) 0 2ik3 'y —2ik?*n 0 —k*n?+1)
o2+ (I'+n%—1)k*> ilnky —il'nk? 0 -1 0
—il'nk~ % +n2k? —I'vk 1 0 0
iI'nk? 0 202 + I'n?k? + cro 0 0 0

NTIRE (36) B RBUERE, b o,n NRESH. H

dat PATAT (0 A SR 2% A, n BB 9 B8 . P Tl 41 e
DNA 34 fiff iR Fe € P rT AR 3 Rr fEAE o 5230 14 1= 0 |

JE, MR Re(o) < 0, WIfERE, WH Re(o) > 0, NI
fEAFRSE, o = 0 X RSP 1 L DNA R
FUIRES. B RBOE R RT3 2

A=k (n? - 1)2[k2(n2 —1) =2+ k*n'o(n® — 1){—2en’I'+cp(n*—1) [y’ T +k*(n*—1+1)] }
+ k*ndo? {02(712 — DI+ kSn?*(n? — 1)2 [—24 T +2n%(1 + F)]}

— 2T'k®n’0? (n?

-1) [—721“ +n? (T — ] - En3o%cer [2714 +n? (I —2)+ I

094501-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

43 2 )  Acta Phys. Sin. Vol. 66, No. 9 (2017) 094501

—2I'k*n*0%c (n® + 1) + k*0°Per (n® + 1) + k°n*0®c [n® (I' — 4) + 3T + 2n* (I + 2)]

+ Kon2aten |20t n? (1= 2) + T+ k2 (n? = 1)” (I = 1+ 2]

+ K000 [0 (I — 4) + 30 + 20 (24 )] + k*n20* (n? = 1)° [2(I' = 1) + 02 (44 T)]

+ kot {[2¢* (n® +1) + K0T (n® +1)] — cer [K? (1 —n®+2n") + 2 (n* +1)]}
—2k%0%c[2(n® +1) + k* (1 — n® + 2n")] + k?0°cr [1 + n® + k*'n® (n® — 1) + k% (1 — n® + 2n%)]
+2k%0° [1 4 n® + k*'n® (n® — 1) + k% (1 — n® + 2n")],

ALV T AEFE BB D A 000, Aho i Bk
BAET 06, M EHAHEAHR a8 o 1%

I P~ i $1 4% DNA PR o2 Fa € 105 XF R T n = 2 (AR
A, RAVF BRI FEAN T, = V3/T. T

FHIEH o = 0 X P [ #1%% DNA P14 (111 4
TR, FAI1F B % 3
n2—1 2
Ty = i# (38) X
N -F T DNA B8 47 25 72 B lm 5 A0 98, H il
FrE (38) X, FRATATAF B0 T 0 R 1 B AME S 2 o0 8

K1 (MTIEE) o2 5nfXR, Tw =30,c=1,cg =4

Fig. 1. (color online) Relationship between of 02 and

EMBEBETEE In > 2. HHA gt R U720 n, Tw =30, = 1,cr = 4.

Xt b, AT B DNA ST Fa e PEAS 32 & 1B e

XBATTAHFH2/V3 < Ty < 2V3 NP4 %3
DNA ¥ filfa 7 X 35k 2

KR I () S LE AV R S R A (38) 4

AEEM
2 4 6 8
#iRe(o) > 0, MR AFEE K. XN T2 "

MM ZEEy =15,k = 2, WA T = 1, 15 HAFEE B2 (MFIEE) o2 5nll%R, Tw =30, c=cg =0
Ty =30> T, = \/§7 ) e i) S T A DNA AT Fig. 2. (color online) Relationship between of 02 and
FRER. BRI e = Leg = 4. 4l Ty =50, e=er =0

o2n B R AZE, WK 1R, @c=cr =0, T
BRI ES T o?n KR, WK 2. XA R PERE 2

BN, 3T RS2 < n < THEHN, Btk AN N

BH T HAE B AT L2 . (HRAE n < 2 XIS IRIE 7
BB X FPEFLJEAE T 1 T DNA M K fz
JRIEFFIREES A n = 4.

WRBEERRJE 220, BIUE e = 40, cr = 160, 6

o 5n KRR WE 3 R, SR -FIHHLEE DNA 2R

R A (K P T RS I K n = 7. Ui

B3 o5nMXARTw =30,c=40,cg = 160
Fig. 3. Relationship between of ¢ and n, Ty = 30,¢c =

PERH JE BRI, - i 41 DNA 34 (A F 7E S 40, e = 160.

094501-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 9 (2017) 094501

6 & 4%

ACHET AR IE RSN, A T R A
FEYH K Kirchoff BT 2 ) 2= Az e v, R T
P15 DNA FF.

1) 75 326 M A b 48 K Kirchoff 3 ¥4 4T 3
D177 B — B 55 sh K oR, BIJT B (20)—(22) A0
(28)—(30) BLF# (31), &7 RE MR E T FitETLA
HHER I SRR AT 1R 80 ) 2 A e R A R R RS 1
BRI

2) 45T FPER A TP TS DNA B2 E
PR, 75 207 1 H 5 DNA 3158 1 s 8 I 7
BRI T). P B8 T006] 8 A B 1 AT 1) P i A
PETCEZ M.

3) RAVIRA R, 2t BH S (3 13 Ut 2R 1 HR i A2
N, HEFEIG L. FYERLJE RS K, DNA B2
MBS ECE R, JEHBLT ZESERN) %A
FREME. HATTIA LR e R385
ARTEAREAS, MM AT sl AR TAT At it 5%

BATHHT T H A PR T EIR 0, AR S256
BOAE. SR FRA 1A B A SO AR A (1) Kb 3 7 72 K015 2]
(28 R BE I Xt LS 1 SRt 3 5 R 8l S5 H.

SCHR [9] i HA TE U B0 R I IO AT 2
IEAB T2 T BB AT 13 ) AT N Rt 7. 78
DU B TAE R AT % R A RIS LT
AT DAZIE B T 2B R RN AR AR KSR R
XoF B PRI A R A ST B ) 2 R T R R

SE 3k
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Abstract

The external environment affects the structural form of biological system. Many biological systems are surrounded
by cell solutions, such as DNA and bacteria. The solution will offer a viscous resistance as the biological system moves
in the viscous fluid. How does the viscous resistance affect the stability of biological system and what mode will be
selected after instability? In this paper, we establish a super-long elastic rod model which contains the viscous resistance
to model this phenomenon. The stability and instability of the super-long elastic rod in the viscous fluid are studied.
The dynamic equations of motion of the super-long elastic rod in viscous fluid are given based on the Kirchhoff dynamic
analogy. Then a coordinate basis vector perturbation scheme is reviewed. According to the new perturbation method,
we obtain the first order perturbation representation of super-long elastic rod dynamic equation in the viscous fluid,
which is a group of the second order linear partial differential equations. The stability of the super-long elastic rod
can be determined by analyzing the solutions of the second order linear partial differential equations. The results are
applied to a twisted planar DNA ring. The stability criterion of the twisted planar DNA ring and its critical region are
obtained. The results show that the viscous resistance has no effect on the stability of super-long elastic rod dynamics,
but affects its instability. The mode selection and the influence of the viscous resistance on the instability of DNA ring
are discussed. The amplitude of the elastic loop becomes smaller under the influence of the viscous resistance, and a

bifurcation occurs. The mode number of instability of DNA loop becomes bigger with the increase of viscous resistance.
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