
I n v est i g a t i o n o f W a v e P r o p a g a t i o n i n M u l t iw a l l C a r b o n N a n o t u b es

Sha Fend 1uan Z hao L ong n ao Yang Guitong

Inst itute of A pp l ied M echan ics, Taiyuan U niver sity of Ted m ology ,

79West Y ingze st Taim an- Shanx i , 030024 , R R o f China

(l )
dd zv3Ð ] Ð [Ð Ð ] = 2d t Dz 2 3 i Å ú »

ü ' Èt

200Á(2Rt )erg / cm
d a = - » » ¡ ¤ h

e 0 . 16 e 4 "

e = 0.142nm, i = 1,2,  , N - 1

Consider a doublewall nanotubes (DWNT) . The

equ´ ion for a DWNTs is given by the two of Eq.( 1)

w ithind2=0.Thus, for a sinusoid disturbing wave,

(2)

subst itut ing
MF1 = a l e t(× - OJd) , MY2 = a 2e t(ICE- OJt) to Eq

( 1µ ,the fo l low ing equat ion cm be got tw o w ave speeds
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where

C ar b o n n an o tub es ( C N T O p o ssess ex t r ao r d in aIÃ

p hy sica l p rop ed i es- T h e a m d am enta l u n d er stan d i n g o f

n an o --W Il etu re m ater i al p r op er t i es an d th e ir ef eet o n th e

m ech an i cal b eh av i o r ar e r equ ir ed h o r d er t o d ev el op

re l i ab le const i t ut i v e m o d e l s f o r v ar i o u s d esi g 1 p 11rp o ses-

s h ce con t ro l l ed ex p er i m en ts at n an o sc al es i s d i E1c u l t ,

an d m o lecu l ar -d y n am i c s shn u lat i on s r em a in f o r IE i d ab l e

ex p en se esp ec ial l y f o r l ar g e - sc al e sy stem s, co n t i n u um

e last i c m o de ls h av e b een w i d e ly an d su c cessa l l l y u sed t o

study b u ck l in g ¢v ib r at ion an d w av e p ro p ag at i o n M CN T s.

M W C N T s (M u lt iw a l l C ar b o n N m o tu b es) h av e b een

m o de led as a sin g le el ast i c b eam w h i c h i g m r ed

n on -co ax i al h t ed u b e r ad i al d i sp l ac em en t s an d t h e

r elated int ern a l d eg ees o f f keed o m . R u I I] et a l su g g ested

a m u lt ip l e-el ast i c -b eam m o d e- T h i s m o d e l i s o n ly

ap p l i cab l e f o r C N T s w i t h t h e cer ta in r an g e r ad iu s w h en

R NT/ GPJT ´ 1( GNT i s t h e w id th o f h ex ag on a l carb o n

r i ng s ,o f ab o u t 0 2 4 nm ) .Ç 1e d i am eter o f N T s , d p¡ , m ay

v ar y ó o m ab o ut OA t o 10 0 In n -

CN Ts ar e n o v el cy l in d r i c al m acr o m o l ecu l es

com p o sed o f car b o n ato m s in a p er io d ic h ex ago n a l

ar r an gem ent . T h e sm l d u r al ch ar act er i st i cs o f C N T s

m ak e th em sim i l ar t o b eam s f o r C N Ts w it h sm al l r ad i i ,

an d cy l i n dd ea l sh e l l s f o r C N T s w i t h lar g e r ad i i . W h en

L NT (n an o tu b e len gt h ) an d R INT (n an o t ub e r ad iu s) ar e

su b stan t ia l l y l arg er th an i t s m ax i m u m t h i ck n ess, C N T s

h av e som e d im en si on al c h ar acter i st i c s o f a m acr o sh el l -

T h e C N T s w i th th e c em in r an g e r at i o o f th i ch ess t o

rad i i ( hNT/ RNT L n am e ly 1/ 10 0 0 < h NT/ R NT´ 1/ 10 ,

shou ld b e co n si d ered th in sh e l l s[2].

T he study o f v ib r at i o n an d w av e p r op ag at i o n M

C N T s i s on e o f in t erest o f r esear ch er s. W e su gg est a

m u lt ip le-e last i c - sh e l l m o de l , in w h i ch each o f t h e

o r i g M al ly c on cen» i c n est n an o tu b es o f M W C N T s is

d escr i b ed usin g m in d i v i d u al e l ast i c sh e l l , an d th e

d ef l ect io n s o f al l n est t ub es ar e co u p l ed t in -o u gh t h e v an

d er W aa l s in t era ct io n b etw een m y tw o a¾j acen t tu b es.

T r an sv er se d i stu r b in g w av e p r op ag at i o n h a N -w a l l C N T

i s descr ib ed u si ng t h e f o l l o w i n g N - c o up le eq u at ion s-

(4)

(5)

W here a l and a 2 represent the am pl iUIdes o f the inner

w h er e x i s th e ax i al c o o r d in at e, t i s t im e ,Wi( x ,t ) ( i = 1,2 ¤N )

i s th e d en ect i o n o f t h e L É n an o tu b e , D i an d A i ar e th e

eE Kct i v e b en d in g st i m m ss an d t h e ar ea o f th e cro ss

sect i on o f t h e L th tu b e , t h e sub scr ip t s 1,2 , . . . . .,N M e

u sed t o d en o te th e q u m t i t ies o f th e m b e, r esp ect i v elë

an d a l l t u b es h av e th e sam e Yo u ng ' s m o du lu s E = l T P a

an d th e m ass d en si t y p= 13 6 c n13,t h e in ter act i o n

c o em c ien ts d i ( i= 1,2  N - 1) cm b e est i m ated

ap p r ox im at e ly



respect ively. F ive w av e speeds of Eve-w al l CN TS ® e

given in Fig .2 , w ith compad son to the speed given by the

sh gle-she1l m odel . I t is seen Ë om Fig2 ú ´ w hen the

Ë equency i s below the cr it i cal Ë equencyþonly one w ave

and the outer tubes , respect i vely- k and Ø are the w ave

number and th e cir cul ar Ë equency .

For the sak e of compar ison, the transverse w ave

speed of a D W N T given by the single-shel l model i s

(6)

w here D and A are the tota l mom ent of and the cross

sect ional × ea of D W N Z A s Ic- -0 , the cut-of

ó eqllencies are:

~

(7)
pdlA2

F ig .2 . 5¤w all CN Ts w av e speeds v s Ë equency

Fig.1. DWNT wave speeds vs fk quency

speed ex ists, and th e v ibrat ion m ode of the M W N T is

almost coax ial . H ow ever, once the Ë equency exceeds

one of cr it ical a-equency, a paIt of v ibrat ion modes i s

coax ial and another is non-coax ial .

T hese result s c lear ly show that the single-shel l

model fai l s to pred ict th e w av e speed and v ibrati on m ode

for M W N Ts at u lt rah igh Ë equencies and w av e

propagat ion h M W N Ts eÇ ib its complex phenomena

and is h i6 1ly non-coax ial . Therefore, w ave propagat ion

M M WN Ts a u lt rah i 6 1 Ë equem ies has to be descr ibed

by the present m odel w hich account for the int eru lbq

radial d isp lacements and the related internal deg ees of

ó eedom .
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Tw o w ave speeds of doub le- w al l -shel 1 model i s

given in Fig-l . I t is seen fkom Fi g.1 that w hen the

Ë equency is below th e cr it ical Ë equency , only one w ave

speed exi sts, and the associated v ibrat ion mode of the

D W N T is almost coax ial . H ow ever, once the ¨ equem y

exceeds the cr it ical Ë equency, a non-coax id v ibrat ion

mode emerges. T he tw o w ave speeds (Eq .3) predicted by

the present model are signi f i cant ly d iEb rent Ý £m that

g iven by the single-shel l m odel , and their v ibrati on

m odes are sub stant ial ly non-coax ial -

Further, a Eve-w al l CN Ts w ith the innermost

diam eter 35 mn and the outermost dmm eter 10 .Onm are

discussed. In th is case, Eq .( l ) gi ves Eve coup led

equation- There ex ist Eve cr it ical frequencies f or

Eve-w al l CN Ts. They Me Ð = 6.68r f f Z Ð = 7.42Tf h

Ø3= 8.45TFf z Ø4 = 8.75r f f z and Ø5 = 55 9TH=
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