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Q0SiB@kS\DDYDQR

"M NOSiB@f SVDDYDQ fR @ RBIDMSHE:B HMRSQTLDMS SG@S
TRDR @ ENBTRDC f@RDQ AD@L- SN OQNU:CD @M @SSQ@BSHUD
NQ QDOTIRHUD ENQBDy CDODMCHMF NM SGD tMCDW LfRL_@SBG
“SXOfB@KX NM SGD NQCDQ NE OfBNMDVSNMRE SN OGXRB@HKX
GNIC @MC LNUD LHBQNRBNOHB CHDIDBSQHB NAIDBSR; OO¥
SiB@t SVDDYDQR G@UD ADDM O@QSBTK@QX RTBBDRRETH M
RSTCXIMF @ U@QIDSX NE AfNINF#B@F RXRSDL.R M QDBDMS
XD@QRy

%HDIDBSQHB NAIDBSR @QD @SSQ@BSDC SN SGD BDMSDQ NE SGD
AD@LI RHFGSIX @ANUD SGD AD@L. V@RSt @R CDRBQHADC
M SGD SDWSy 5GD ENQBD @OOHDC NM SGD NAIDBS CDODMCR
(fMD@QX NM KSR CHRO@BDLDMS EQNL. SGD SQ@O BDMSDQ
ITRS @R V4SG @ RIL_OID ROQ:MF RXRSDL g

(DMDQ@h %DRBQHOSINM

00S1B@K S\VDDYDQR @QD BO@AID NE L@MOTI@SIMF M@MNY
L_DSDQ @MC L_{BQNLDSDQ!RIYDC CIDIDBSQB O@QSIBIDR AX
DWDQSIMF DWSQDL_DIX RL_@H ENQBDR Ui@ @ GHFGIX ENBTRDC
(@RDQ AD@L.1 5GD AD@L iR SXOB@IX ENBTRDC AX RDMCIMF
S SGONTFG @ L_{BQNRBNOD NAIDBSHUDY

5GD M@QQNVDRS ONHMS NE SGD ENBTRDC AD@L.u IMNVM @R
SGD AD@L- V@RS BNMS@HMR @ UDQX RSQNMF DIDBSQIB EfDK
FQ@CHDMS *S STQMR NTS SG@S CHDIDBSQHB O@QSHBIDR @QD @S¢
SQ@BSDC @NMF SGD FQ@CHDMS SN SGD QDFANM NE RSQNMFDRS
DIDBSQIB EfDICu VGHBG R SGD BDMSDQ NE SGD AD@L(

5GD f@RDQ KFGS @RN SDMCR SN @0OIX @ ENQBD NM O@QSH
BIDR M SGD AD@L @INMF SGD CHQDBSINM NE AD@L. OQNOG
F@SINMg S 1R D@RX SN TMCDQRS@MC \V/GX  XNT HL@FAVD
FGS SN AD @ FQNTO N SiMX O@QSBIDR: D@BG HLOMFAMF NM
SGD SiMX CIDIDBSQHB O@QSHBID M SR 0@SGI 5GIR 1R JMNVM
@R SGD RB@SSDQIMF ENQBD @MC QDRTISR M SGD O@QSIBID
ADMF CHROI@BDC REFGSIX CNVMRSQD@L. EQNL. SGD DW@BS
ONRISINM NE SGD AD@L \/@RS: @R RDDM M SGD EFTQD;

O0SB@f SQ@OR @QD UDQX RDMRASHUD HMRSQT LLDMSR @MC @QD
BOO@AID NE SGD L@MHOTK@SINM @MC CDSDBSINM NE RTA¥
M@VNLDSDQ CHROK@BDL_DMSR ENQ RTA#L_HBQNM CHDIDBSQB
O@QSHBIDRe  «

"NQ SGHR QD@RNMu SGDX @QD NESDM TRDC SN L.@MHOTI@SD
@MC RSTCX RiIMFID LNIDBTIDR AX HMSDQ@BSIMF VHSG @
AD@C SG@S G@R ADDM @SS@BGDC SN SG@S LNIDBTIDy %/"*
@MC SGD OQNSDIMR @MC DMYXL_DR SG@S tMSDQ@BS VHSG 1S
@QD BNLLNMX RSTCHDC M SGHIR V@Xg

"NQ PT@MSHS@SHUD RBIDMSHERB L D@RTQD L_DMSRu LLNRS NOS#
B@K SQ@OR @QD NODQ@SDC M RTBG @ V@X SG@S SGD CHDIDB¥

SOIB 0@QSHBID Q@QDIX LNUDR E@Q EQNL. SGD SQ@0 BDMSDQ
5GD QD@RNM ENQ SGIR R SG@S SGD ENQBD @OO#DC SN SGD
O@QStBID R MD@Q VHSG QDRODBS SN KSR CHRO{@BDL_DMS
EQNL. SGD BDMSDQ NE SGD SQ@0 @R fINMF @R SGD CHROK@¥
BDL_DMS fR RL_@Hfq *M SGIR V@Xu @M NOSIB@t SQ@0 B@M AD
BNL.O@QDC SN @ RIL_O(D ROQtMFu VVGHBG ENINVR )NNJIDIR
@V

1QNODQ DWOf@M@SHINM NE NOStB@f SQ@OOMF ADG@UINQ CD¥
ODMCR TONM SGD R#YD NE SGD SQ@OODC O@QStBID QD{@SHUD
SN SGD V@UDIDMFSG NE #FGS TRDC SN SQ@O 51 *M B@RDR
VGDQD SGD CHL_DMRINMR NE SGD O@QStBfD @QD FQD@SDQ
SG@M SGHR VV@UDIDMFSGL @ RAL_OD Q@X NOS{BR SQD@SL_DMS
fR RTEEABIDMS) OM SGD NSGDQ G@MCu HE SGD V@UDIDMFSG NE
{fFGS DWBDDCR SGD O@QStBfD CHL_DMRANMRu SGDM SGD O@Q¥
SBIDR LTRS AD SQD@SDC @R SiMX DfDBSQiB CHONIDR M @M
DIDBSQHB EiDIC
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&NODQHL-DMS@k CDRIFMi SNMRSQTBSEINM @MC.NODQ@SHNM

" FDMDQB NOStB@ SVDDYDQ CH@FQ@L. VHSG NMIX SGD
LNRS A@R#B BNLONMDMSR

5GD LNRS A@RIB NOStB@t SVDDYDQ RDSTO VK HIDKX ¥
BITCD SGD ENKNVHMF BNL_ONMDMSRr @ f@RDQ “TRT@HKX /Cr
2" (& @ AD@L DWO@MCDQu RNL.D NOStBR TRDC SN RSDDQ
SGD AD@L. fNB@StNM M SGD R@L.OID Of@MDu @ L_HBQNR¥
BNOD NAIDBS{UD @MC BNMCDMRDQ SN BQD@SD SGD SQ@O M
SGD R@L_OID Of@VDu @ ONRISINM CDSDBSNQ “DiFg PT@CQ@MS
OGNSNCEINCDO SN L.D@RTQD AD@L. CiROI@BDL.DMSR @VC
@ LHBQNRBNOD #(TLfM@SNM RNTQBD BNTOIDC SN @ $$%

BOL.DQG

5GD /Crz""( f@RDQ "bkge ML. V@UDIDMFSGE R SGD
LNRS BNL.L.NM K@RDQ BGNBD ADB@TRD AfNINF#B@ ROD¥
BYLLDMR @QD L_NRS SQ@MRO@QDMS SN f@RDQ V@UDIDMFSGR
@ONTMC bkkk MLg 5GiR @RRTQDR @R NV @M @ARNQO¥
SINM BNDEEHBIDMS @R ONRRYAIDI LAVHLHYIMF C@L.@FD SN
SGD RODBHL_DMy RNL_DSHL_DR QDEDQQDC SN @R NOSHBT StNMq
1DQG@OR SGD L_NRS HL_ONQS@MS BNMRICDQ@SINM M NOSH
B@( SVDDYDQ CDRHFM fR SGD BGN{BD NE SGD NAIDBSHUDq **
RS@AD SQ@O QDPTHQDR SG@S SGD FQ@CHDMS ENQBDu VGHBG
CDODMCR TONM SGD MTL_DQ:B@t @ODQSTQD “/*"¢ NE SGD
NAIDBSHUDy AD FQD@SDQ SG@M SGD RB@SSDQ!MF ENQBDqy 4 TH
S@AKD NAIDBSHUDR SXOrB@itX G@UD @ /** ADSVDDM bic @MC
biebbx

8CGHD @SDOQM@SIUDR @QD @U@K@AKDY ODQG@OR SGD RiL¥
OfDRS L.DSGNC ENQ ONRHSNM CDSDBSHNM fMUNIUDR HL_@FHMF
SGD SQ@OOMMF f@RDQ DWHSIMF SGD R@LOfD BG@L_ADQ NMSN
@ PT@CQ@MS OGNSNCINCDy -@SDQ@t CDE(DBSINMR NE SGD
AD@L @D L.D@RTQDC RAL#@QX SN GNV #SR CNMD TRiMF
@SNL_tB ENQBD L_fBQNRBNOX “*** _ {1

&WO@MCHMF SGD AD@L. DLSSDC EQNL SGD {@RDQ SN Ex SGD
@0DQSTQD NE SGD NAIDBSIUD VAt QDRTIS #M @ SFGDQu CHE
EQ@BSINMUAL_ISDC RONSPbc« SGHD 1@SDQ@H SQBMRI@SINM NE
SGD $Q@0 QDI@SUD SN SGD R@LOID BEM AD @BBNL.OKRGDC
AX SQ@MRI@SINM NE SGD L_tBQNRBNOD R#CD: LLNRS SVDDYDQ
RDSTOR G@UD @CCISINM@! NOSIBR CDRIFMDC SN SQ@MRI@SD
SGD AD@L. SN FiUD @M DISQ@ CDFQDD NE SQ@MRI@SINMY
EQDDCNL

5GHR B@M AD CNMD AX SQ@MRI@SIMF SGD EAQRS NE SGD SVN
(DMRDR f@ADHDC @R j#D@L 4SDDQMF M SGD EAFTQDg *NQ
DW@L_OfDy SQ@MRY@SEINM NE SG@S fDMR M SGD (@SDQ@k Of@MD

Hk QDRTIS tM @ f@SDQ@X CDEADBSDC AD@L. EQNL. VG@S
R CQ@VM M SGD EHFTQDq *t SGD CtRS@MBD ADSVDDM SGD
AD@L RSDDQ:MF (DMRDR @MC SGD NAIDBS{UD @QD BGNRDM
OQNODQXu SGIR Wik BNQQDRONMC SN @ RYL_#@Q CDE(DBSHNM
ADENQD DMSDQ#MF SGD NAIDBSIUD @MC @ QDRTISHIMF f@¥
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Example of an optical tweezer setup

SDQ@K SQ@MRI@SINM tM SGD R@LOID O@MDy 5GD ONRHSINM
NE SGD AD@L. V@HRSI SG@S iR SGD ENBTR NE SGD NOSHB@K
SQ@0u B@M AD @CITRSDC AX @M @Wi@k CROK@BD LDMS NE SGD
HMiSH@K (DMRq 4TBG @M @Wh@k CHRO{@BDL_DMS B@TRDR SGD
AD@L. SN CHUDQFD NQ BNMUDQRD RIFGStXu SGD DMC QDRTIS
NE VGIBG fR @M @WH@IX CHROI@BDC ONRISINM NE SGD AD@L
V@RS tM SGD R@L-OfD BG@L-ADQq ** UDQX BID@Q DWOI@M@¥
SiNM G@R ADDM OQDRDMSDC AX +NRGT@ 8y 4G@DULSY @
ENQL.DQ FQ@CT@SD RSTCDMS tM SGD #INBJ -@A @S 4S@M
ENQC 6MUDQRISXFbd«

TRT@HY@SINM NE SGD R@L_O(D O@MD fR TRT@HX @BBNL ¥
OffRGDC SGQNTFG H(TLM@SINM U@ @ RDO@Q@SD HFGS
RNTQBD BNTOIDC fMSN SGD NOSiB@k O@SG M SGD NOONRKSD
CHQDBSHINM TRiIMF CsBGQNHB L_QQNQR] SGR fHFGS R tMBHCDMS
NM @ $$% B@L-DQ@ @MC B@M AD UiDVDC NM @M DWSDQM@K
L_NMISNQ NQ TRDC ENQ SQ@BJMF SGD SQ@OODC O@QStBID ON¥
RiSINM Ui@ UHCDN SQ@BJIMFq






