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Analysis and Simulation of Plasmonic Optical Nanomotors with Tunable
Wavelength Dependent Torque

Naeem Ghaffari', Hamed Baghban‘

\. School of Emerging Technologies, University of Tabriz, Tabriz, Iran

Abstract- Plasmonic optical nanomotor is a plasmonic structure which has the metal part size in nano scales. It can rotate
along its axis when illuminated with a linearly polarized light. Such nanomotors potentially could have wide applications in
Biology, Chemistry and also in Nanoelectro-mechanical systems (NEMS). In this paper, the method of calculation of the
torque which is made due to illuminating light has been examined and also the torque— frequency diagram has been extracted.
At the last section of this paper, the effects of change in geometrical structure on the output results have been demonstrated.

Keywords: Plasmonic nanomotor, linearly polarized light, optical torque, plasmonic resonance

VEFY
ASb g yiawd BB WWW.OPSILIT Colu [ aS cuwl jliel gl S a0 0 dlin )]


http://www.opsi.ir/
http://www.opsi.ir/article-1-745-en.html

[ Downloaded from www.opsi.ir on 2025-12-19 ]

sl Sl e g (aned) WKl e
4l jilad Thws zoe SO yeigesil a4 oadowsll
Dbl galolae b oz & a0

Er1) = Eo exp(i(wt+k.1)) )

asls Eg o Syl plawe oy E alaly cpl jo a5
Kool 5 gl GulSp @ (S0l o

il Gloy T Qe o Fogge sloy
et Pl Froode Db s 4 sl )l
s 50 Wlgies (Sgendly ptne plie ;0 0d 5hae
b Sbosedy 4w @le 5 B G S e
Ol omoge Coadl el g awo jlisl ol

[#] 558 urblineg 2SI
29LiS gl gogxi —F

Ol S5 50 (Sl S el Sopd sl
IVT 35 ga 3l 555,90 (595 (meboliiog 25!

F=——=q(E +V'xB) )

P SoiSIlL »oad o)ls (59,5 Jlop F ool o a8
0,0 ey o Vo SH S L ol 0 lSS sy
Moy s (geablone Lo (JBs slajloy E\B 5 bk
S Gl il s o il so (SO S Glae

S SI ob = g5k &

df =(pE+ pVxB)dV )
b I o g Jemdhins df alaly ol o
abal, 5l yoren Wil o seze> Sl AV (S ST

oyl 50,30 LS >t g Gl (IS o

df =(pE +J xB)dV )
L Jb il oo (oSl by JB> Tkl ol o

S 2 Flesl s950 9 HalidS o sadad, 185 Lk o
g2 Wly> 5 &jgods HliiS w)d

f:IFX(pE+jx§)dV ®)

VPFY

St S e oKssls N YAY oLo..{O YO LYY

doddio —)

aid IS5 Jolo o bl 2SI e Sy slagsisd
Wiy 3 (oo yiunS o (sloo )5 Wilgs o ST ]
b lalss o LY V] 5,51 a0l,3 (390sm 5 NEMS
Gl Wlgios bl S alazadisn b 5l sslinl
5y o9ge o oale Lalase 5 05, 5 4y jsless sl
oo 4 Sy Hpdgn Sl (Ses 1) 55 el
5 parle siagh Gl L ¢ S5 oBails jo il San
2$eesl So el 4 Bage YoV Lo yo aie)
Sopos bl ol I¥lewt oot Sogendl (5,95
Mo (oMb 8 by (e Glagsesdl
2o (bl 6 S i jsbar |y H5igesil g 555 (Sl
29EES (Segendly iligy, WS Jle> 5o s
5 arsls gl S sbml | s LB gonicy s
)5LI....‘I:5 Al (gl 00 C).]a.a sl g,y 5l o slwads
3gil 5l slosgd 55 s loyi yorkewsil Sy Jloe!
ool a3 )3 aledl s I 138 lae Byme 0 a5 b
Gilotrds g avuls s, lie ol o [0gFlc
b liing 2SIl e sloailye 5l oolinal b gliss
Sl yiably 5l (So yess ST g 8,518 Cond 90 (B, B)
oS R gliS (2953 Gl (59, 2 el dwaia

RO o..\.:.vu;m)).g
il Zgo doleo g 59990 b )LSle Y

Gl o o8 4 0ad (Giludnds 5509l LSl

Al oo Sl 59350958 (9Nl 5l ouats I aledl g 00

— Al
\ |
o
-500 I'\I'-,';
| .
‘
|
J o
| ' |
4
et S (S — |

A>lg (YZ aoran) oudsgilwand 4l sigegl ool sles ) S

el ay olael

5ol (A3 Sws 90 ol () e i


http://www.opsi.ir/article-1-745-en.html

[ Downloaded from www.opsi.ir on 2025-12-19 ]

b sl gl )3 (SeASI Glaee 5 @jes Hlages Y JSO

wb 9igesil gl 0 bz JB o5 @i sloges ¥ USS

Torgue (freq) N.m

%

ft

(=]

Hhhe 2

7‘
N N N N [ [ [ N [, (S

2 = p S ots
freq 1/s

(8 il B 4 o 4l g0l HglisS gl oF JSs

SR e a8 5 5 elosly lygo K St iiS

sl s Scel ol

VFY

g e olEls AYAY sleys YO LYY

Sl @ oad Jlesl S psbas 7 akal) cpl o a5
gably il Caws jo b aillige e Hlop g
Gosis LS5 ol)le adljenadlie oy e opgliiS
3 90,5zl dy ,éy RS CoR NP LT 4
A JEz D o152 45 (s 08 J5So

sl

p=V.D *)

rels penlys (F) alal,
)

m;

X

y |+3xB)V

. 5, @D 5, )| =
o =( P, Dy P | g
OX oy 0z .

EZ
6&4.0.}5.@ w.:).’; L 5X,ij,52 ‘EX'Ey’EZ as
» Sl JBs sleaddse 5 (Sl o
sles 0 cdle 5 (5,50 Slaizu 4y slajlo sl
Jo it G SlacanS & o i Fria

3,590 pudlys Cows a5 (V) alal, el Ll ke
d7=rxdf =(xd +yd, +z4,)xdf  (A)

5 S Claze o o s, X,y,Z2 a5
DSl e (580 Slaize (o 4, lajls Ay L4y ,d,

Silwaned byl g wig, —F
Ol glacess Jlog lanl giluwans pll oy
G5 9 w8 (6l Ble 5 L o bl Sl

slagoly b adS &jgo S5 b JeuslS
5 Cwlodbiawlxe (6,955050 s H5liiS 4y gil

Febl glse @ BB e WU ssileand G
)é 0 0'.?:)‘ (5§'3"L§'° )BL«.W.? ).u 9 ooy bl 6&9)9

ool 225 aile (295 Sl lge 4 j5isesil
0wl Cawddy gl y10g05 g gulis -0

laheo N 0lg5 b bl wiSUl z50 S5 il
Db (res pegils Yeoo B0 o zaedsb
5 ghee goe Sl el epids Vol
B ot 4l k=00 gz sie eizes


http://www.opsi.ir/article-1-745-en.html

[ Downloaded from www.opsi.ir on 2025-12-19 ]

Al oo malS S (gaals Lol sl

S S azis -Y

T S slp pBapls by, SO allie opl jo
S9 Pl Olpea Shgend Bl S
ear S Olgredy uimen 9 CF 15 w09
ol ol 8 - 5oliiS il o dwain s Bl 6090

olys aled 4y ygigegl

JUSWEPVRY!

&0 sgleal; § Slex lails o p3¥ 0LL o
Cular 5 Copie Sadgius a5 (Ll s> i3S Ol

plod (10,08 cilasils sage ) gty opl

&=l o

[\] Allemand, J. F., D. Bensimon, R. Lavery, and

V. Croquette. "Stretched and overwound DNA
forms a Pauling-like structure with exposed
bases."Proceedings of the National Academy of

Sciences 44, no. Y¥ (V29A): YF1AY-YFY Y.

[Y] Fennimore, A. M., T. D. Yuzvinsky, Wei-

Qiang Han, M. S. Fuhrer, J. Cumings, and A. Zettl.
"Rotational  actuators based on carbon

nanotubes.” Nature fY¥, no. £afY (Y.-V): F-A-
£y,

[¥] Liu, Ming, Thomas Zentgraf, Yongmin Liu,
Guy Bartal, and Xiang Zhang. "Light-driven
nanoscale plasmonic motors." Nature
nanotechnology &, no. A (Y« \+): OY«-OVY

[£] Rockstuhl, C., and J. Tominaga. "Calculation of
the torque exerted by light fields on silver elliptical
nanocylinders." EPL (Europhysics Letters) V¥,
no. Y (Y++1): vYY,

[6] Messina, Elena, Emanuele Cavallaro, Adriano

Cacciola, Maria Antonia lati, Pietro G. Gucciardi,
Ferdinando Borghese, Paolo Denti et al. "Plasmon-
enhanced optical trapping of gold nanoaggregates

with selected optical properties.” ACS nano °, no.
Y (YY) deany,

[#]  Maier, Stefan
Fundamentals and Applications: Fundamentals
and Applications. Springer, Y- - V.

[V] Griffiths, David
College. Introduction to electrodynamics. Vol. Y.

Upper Saddle River, NJ: Prentice hall, Y444.

Alexander. Plasmonics:

Jeffrey, and Reed

VP

St S e oKssls N YAY oLo..{O YO LYY

29LiS Gy dwidid ot Sl oy 9 —F
il glizl Jlasl gogos g olge iz (gwoin IS
«Sgedly uiligyy el 2y« Sgendy Sl
bag sadiolml il 5 5 (ylae ol lade ey
on b Cend ol s il ST gisesil
oy bl cols il seis 25U (55, saplo]
gbdS (g el (295 bl p (sl H9isesl
5 Pk Cebl (B i 639y Sl 4 s

Ll 00 00,8 gl 4y (25,5 gl g9 5SS
sl 53S9 JSO H9isesl Glaon o5 lexl S
R N

-200 (o] 500

1 S00

=0

(XY amio) 55 sboo b ysisesils YU 5l slos 10 U

Torque N.m

-75 | | —— Flat end blade

-80 (=3 Sharp end blade
-85 7

2 3 a
freq 1/s

Aensia  igasls 1 (pliygh S 3 oS fly S
b sl b logas o lias ceadle b o oyl s 2Bl s
)Lbj..u ‘o)_;".) Ceadle L [ )L)UL.-..' )‘Dj.ou LSS LSLQ""‘ L GL‘“)"

bl oo 3 sloon b 5530l sl

959e56 5 b gigesl gl Eul (F) S5 5o
00l 0dlS pgaidy (§95)9 Su Ay Cod Bl i
s Sl S s pglliS s &Bly s e
Juslo b igesil alie Loyii o8 plan b 3gd
Sl s Sy Jo 5 Ol 5 Cnl Al pwase
Sledl Cualied jad SzgS b el 9590 o0l 5o 28l
el JUl 55,5 sl 8 4 Sy Joe sle


http://www.opsi.ir/article-1-745-en.html
http://www.tcpdf.org

