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Abstract

Optical tweezers become a promising tool for
its noninvasive trapping and micromanipulation for
microscopic objects. The goal of this project is to
setup a rea-time force measurement platform using an
optical tweezers system and imaging processing
technique. In this experiment, the object, a polystyrene
bead of 6.8 mmin diameter, isfirst trapped in the focus
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&%f\our opticaLf’rt\&évzers system. Then, the bead is

ifted by a\w&er drag force, which is controllable.

equilibrium, the magnitude of the transverse
trap['{n%force isacquired, which is equal to that of the
wat’erXirag force. Meanwhile, the displacement of
the-—bead is measured using imaging processing
Consequently, the nearly linearly
relationship between the force and displacement,

optical tweezers system, is thus obtained. The
measured spring constants at five different laser output
powers fit well in shape with the theoretical
expectations, respectively. However, the measured
values differ the expected in magnitude by a factor of
0.83. This may be due to the uncertainty in
temperature in the interface between the bead and the
surrounding water, which gives rise to an improper
value to the temperature-dependent drag coefficient in
the calculation for the water drag force in use.

Keywords: Laser tweezers-trapping forces rea-time
force measurement platform using an
optical tweezers system.

s ;@EI&E llg'[fj

1LE s dffas ERIRFLIMA

#-7 3 A+ (Polystyrene Beads)
R BRSPS FHRES I - 7
kEd bR ELEST G 3 T 0 FH



C R SRS BT AT o ks
ORI T S RUPR T o B MO AR T S
S AL PG SR S e KRR
Fiasa - T fm> W Fo= Fv o @ gk d chT 7
FEERACE PRI T 2 G TR EF R
ik < Mok A B Ds g% 0 ED TR
FHF Lk F 52k o

Bk § BT R RE TR
PFo T SPAR A PR Fr B0 RURARAF 4 P B3Rk
B LRIk sk Rk ndekw  H B
fE 4 % R4 je 4 &jgﬁ‘,i:zw%éé/ 4 AR T ik
o ReEL S RLAFHA BT Lvk o Rl
+ Bk ® AR kAR 4 T % Stoke's law #

7
~

s ifh=6pahv>®2? aifpFLiE hi
KALE Gl v LokimE R Mo T o d kiR R

v RERGAEFS By R4 Fr= Fvend T 7
B 0o 18 18 AN F“mﬁ’%‘?ﬂ%ﬁd PR R R S
RV i oL RS o B E -
A7 AB 4B 1 () #17 » i ki R Ak T
B o Mo [l 2 R PR o (T SRR
EisenB B8 ) § £ § RitE R it Rk
o pE o e Bl 1 (b) #5o7 0 Mok Rl B4 4 41
Pl — ECDEESE o 7 fe s RURiE R 0 R € 1 ol
A2 APk ABEESE 4B 1 (c) > § kiR

va>vi B B A5 BB De>Dio FIpt o ﬁd TIED
S T A5 Frr Do BB R .

7 s

LS

svl Va2

Dok R
FleFW2 : '1\’ 7T~3@'ﬁ 4
Fri,Frz @ & Sk 4 $14

D1,D2 Mok A BEAR

B1q* ’Jw- AR D G AR e RS T
SN N

(@) & ko R ok 0 Bok S & A RS

(b) e ko B vy blick+ o ok h# Ed D,

(c)M ki B Vo ik o Hok 3 th# iEdE D,

2. F A AS BRIP KL 2

KRG MM RET S AL
BERATH T w2 @ RDBET Lo

5
I

(:% 1
X
bl

/4'ﬁ7ﬁ%§r11§f§

T T RARARRRER IR FET S E
A Bk o f T PR B R AP RO
FARERR GRG0 A K2R A D - fpitid
B ok Bl X B - B RE S b o SOAR
(Dragging Force ) o pr&RiF 4 ch+ | & B
R S PO S S
ER WV R T ML ;}?—‘3&}\4 L e kT ok
F R T S L R DR 22T 5

80 5E B AR B e T AR TR RART A
*FL#UWF”“”’/T‘ZLB% PR T S R T L i
.38 B (Escape Velocity) | » #ck= [l 4
FEART L T I AR AR o &

DY LSRN G F TN
TR R F S S

SRS LI

FEIG

R X5 1

Llr'

#l\n 1“5:1““'* ° BiE ‘. AfcH Bz o Ao b -
S é/tznw R L

B Ak grG b S Pig A 45 e m/»\%&vﬂ ’
¢ =3 /}ﬁ’hﬁ, E] RS T R MR TF S

BRSSP S HE AT

» 38 k- CCD R

%

R .ﬁs:]'ﬁ%_/ rg@t;@i—ﬂ
TR E 1T e 2

B KR ST

BURCR R S RS

55 ﬂ:ii-)iorﬂt IR A
A (/D) a5+ £ 2 G B L

e %F’*i%ﬁ‘"l R
B oo dept TE T ML AR R 2 TR
”’”mp‘v‘rvlh g 'J?H{ FHALEITE QB PER o

aoso

i AL

XY
FEH

Bkt & 4 I

FHE RS O FSt4k

m\F
(F6 (7%

R CA R R

W25 et KB



4 BHAF A5

*F % # * National Instrument <7 Imaq
20 VL RN SR SO E L i
-m% G4t 1 B ood 300 W o T EERE B A g
T blde ok aliep S BE AR B R
%7 A A RS %Y o Inag T
T TR DR T R T A 4T BT L
ARERP R Pl AT (TR T
U pd 3 sbifed 354 BB A5 hs it o
M R3 A4t Labview #5482 Imaq #7% )
m Farph 3 shifed qfad BRI A3 ) 23 Fa ¥ -
TR Ead R £ r’F’F‘*?'zf P A
%‘r P EFE N AL BT SR T auck S fle A
TiaiE o Bfs 0 Excel N 2 T AP 5 0y
AP iy A 1T e

r—-— | o
0es| | W HOERAR T || S ew B e FORUSLA peon

Bl 44 * Labview #ic#8 2 Imag #7 & & e T
e L A L o B e
%

A FH A B ep e
;}?J-#)Lmnf N ’mﬁfﬁ 4 o §l 2F
et Bt 4 2 RG]
5 8 i & 3R B SR R i
T TR ﬁ””’k& SRS e o 4 Jj‘{ﬂ’t
,}a_,.,a,;;};,abta%kﬁ% e ’rjﬂfﬁgf/‘ﬁ’i&F g
AT TR AT Y th o S

VF‘\‘ @A% 8IS BOR| TR R el E 0 4

R P Y L
P&t 4 @& Ed RO ZFHEY A

—?i»‘%%. r B M2 e RS A ARy T
BEHF o R R RO RS BT
;n*n Be10.83 % o
I as Foendskied e maie2 (.83
BEE KR Vi R Aok R fr*&tﬁ;ﬁi—g_ 2 KAk
Gl Baged AP I Fr= Fv= 6pa
h vk 8 3 sl i > Fltpiok+ Ljta 2
kAb# w‘*ﬂxhq‘%ﬁ =40 % @‘ﬂ o H— AT A Gy
REATEE ok S TR BEFT EEAL o H - o)
HALF GBE TR R TR m NP REAE
v E b R RO F Blav kR o Fp o A

FARFEITAFELhERESF > AR R T 3k
HEE c BSOS RESE A AKEE 30 T &
B Bh=0.798 “t W Tl R B i % o BE > A
Jiw =g

TS FHREERSLY RTL 0.9 7
PR AR KRBT LR LT
AR KRB AT AIEg A B R T
chlgé“%i PRI S 7 KRR b e F SR
9 i° Flgt o pown AP E o 1 Arpok
3 B BFlauwrtrokE o R Ak fEe vt”b‘fw e o)
FIEFEE P SR e 2 R E o
LB shehi k4 B B R bR
J&ﬂ%—*""%}‘*% iF— b l’;l]_ﬁ*&m‘f&‘]_ s 1’5—’ q

[N
orRGR G20 °C 0 AR Tiich=1. 002 #7183l
A X

st ]
S - - - - - - - -
[ —50mW
0F - - - - - -Y AN -
—7.0mW
9.1 mW
1.0 mW
— 140 mW

)
f&@ 02 04 06 08 1 12 14 16
- D/a

1% Mathematica fird 5§ 5H4fc s 7 F 5
SR T a4 A R

€5.0mW
B7.0 mW
2
&
> 9.1 mW
58
®11.0mW
X 14.0 mW
0.9

B5 F%EicdshtFadfas 34mmank
ot A7 TRk FT SR e S Fy
21 ik 3 [fle 4% D endE Bl (2R



P4 ~ ;ﬁﬁﬁ

Lo @SR PR d 0T ARt 2
Ffg - AR TR R B UK H“—

B ST AEF VAL i R
FA PP ] ihd o

2. FHERA GFRaTREAH D A -2k
é&f‘»vfﬂ#:ﬁ{ JitenpE i s AR ITIL B ahF
EFE QAN 2T TR MKEGES ER2
P nF S R AP PEOFE L
HPOT- LD R ER RN KGR L
O TR .

3. FHRBFHIFPREEFIELE KE P F 5%
HEEmd RARF ARG T R EAL
0.83 'ﬁ’”‘lpi—éj\/&’l tpl?‘*ni"fl"“"’j’i?ﬁ-ﬁz—-ﬁ"
WA ZORENF BECER A R g £
BA K 0 45T A R R AR R
EEIPE S

4, E’ A AP A B R B R R R efic

it WB:]F’,*&‘-" g T L*gfﬁfi" » PEA
P FINFTHBEITI { Sl o A

A AFE R RRRERE FHGgE AP

&gr TAITRY AP h A kBT L

Py gk o

AP BIER RREZ AT - L1 v el o

— L (TR-E (F ELIF“%XE‘W" T d 4cig
fz" Fpep Hl'fﬁfﬁ/?']péxéé,: R S A L
RINEFLNE » FEP A F Y e
RI-HELAH#FTY -

T BYYR

1 mE#, pr, "7 HEL

ﬁ”QI&EWfQJ TN
e é;

2. Shapiro, A. H., Shape and Flow,
Dynamics of Drag. New Y ork: Anchor«(1961).

3. W. H. Wright, G,/ J.Sonek, and M. W. Berns,
“Parametric study of. the forces on microspheres
held by opt' ) s,” Appl. Opt., 33, 1735
(1994) \

HJ Inaba, “Optica trapping and

éﬁn microscopic  particles and
|2&g|cal Is by laser beam,” Opt. Quant.
28, 1 (1996).

5. 0 Miyata, William S. Ryu, and Howard C.
Berg “Force and Velocity of Mycoplasma mobile
Gliding,” Journal of Bacteriology, Apr. 2002, p.
1827-1831.




	page1
	page2
	page3
	page4
	page5

