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"M NOSHB@K SVDDYDQ HR @ RBHDMSHEHB HMRSQTLDMS SG@S 
TRDR @ ENBTRDC K@RDQ AD@L SN OQNUHCD @M @SSQ@BSHUD 
NQ QDOTKRHUD ENQBDu CDODMCHMF NM SGD HMCDW LHRL@SBG 
¨SXOHB@KKX NM SGD NQCDQ NE OHBNMDVSNMR© SN OGXRHB@KKX 
GNKC @MC LNUD LHBQNRBNOHB CHDKDBSQHB NAIDBSRq 0O¥
SHB@K SVDDYDQR G@UD ADDM O@QSHBTK@QKX RTBBDRRETK HM 
RSTCXHMF @ U@QHDSX NE AHNKNFHB@K RXRSDLR HM QDBDMS 
XD@QRq

%HDKDBSQHB NAIDBSR @QD @SSQ@BSDC SN SGD BDMSDQ NE SGD 
AD@Lu RKHFGSKX @ANUD SGD AD@L V@HRSu @R CDRBQHADC 
HM SGD SDWSq 5GD ENQBD @OOKHDC NM SGD NAIDBS CDODMCR 
KHMD@QKX NM HSR CHROK@BDLDMS EQNL SGD SQ@O BDMSDQ 
ITRS @R VHSG @ RHLOKD ROQHMF RXRSDLq

0OSHB@K SVDDYDQR

(DMDQ@K %DRBQHOSHNM
0OSHB@K SVDDYDQR @QD B@O@AKD NE L@MHOTK@SHMF M@MN¥
LDSDQ @MC LHBQNLDSDQ¥RHYDC CHDKDBSQHB O@QSHBKDR AX 
DWDQSHMF DWSQDLDKX RL@KK ENQBDR UH@ @ GHFGKX ENBTRDC 
K@RDQ AD@Lq 5GD AD@L HR SXOHB@KKX ENBTRDC AX RDMCHMF 
HS SGQNTFG @ LHBQNRBNOD NAIDBSHUDq 

5GD M@QQNVDRS ONHMS NE SGD ENBTRDC AD@Lu JMNVM @R 
SGD AD@L V@HRSu BNMS@HMR @ UDQX RSQNMF DKDBSQHB EHDKC 
FQ@CHDMSq *S STQMR NTS SG@S CHDKDBSQHB O@QSHBKDR @QD @S¥
SQ@BSDC @KNMF SGD FQ@CHDMS SN SGD QDFHNM NE RSQNMFDRS 
DKDBSQHB EHDKCu VGHBG HR SGD BDMSDQ NE SGD AD@Lq 

5GD K@RDQ KHFGS @KRN SDMCR SN @OOKX @ ENQBD NM O@QSH¥
BKDR HM SGD AD@L @KNMF SGD CHQDBSHNM NE AD@L OQNO@¥
F@SHNMq *S HR D@RX SN TMCDQRS@MC VGX HE XNT HL@FHMD KH¥
FGS SN AD @ FQNTO NE SHMX O@QSHBKDRu D@BG HLOHMFHMF NM 
SGD SHMX CHDKDBSQHB O@QSHBKD HM HSR O@SGq 5GHR HR JMNVM 
@R SGD RB@SSDQHMF ENQBD @MC QDRTKSR HM SGD O@QSHBKD 
ADHMF CHROK@BDC RKHFGSKX CNVMRSQD@L EQNL SGD DW@BS 
ONRHSHNM NE SGD AD@L V@HRSu @R RDDM HM SGD EHFTQDq

0OSHB@K SQ@OR @QD UDQX RDMRHSHUD HMRSQTLDMSR @MC @QD 
B@O@AKD NE SGD L@MHOTK@SHNM @MC CDSDBSHNM NE RTA¥
M@MNLDSDQ CHROK@BDLDMSR ENQ RTA¥LHBQNM CHDKDBSQHB 
O@QSHBKDRqªj« 

'NQ SGHR QD@RNMu SGDX @QD NESDM TRDC SN L@MHOTK@SD 
@MC RSTCX RHMFKD LNKDBTKDR AX HMSDQ@BSHMF VHSG @ 
AD@C SG@S G@R ADDM @SS@BGDC SN SG@S LNKDBTKDq %/" 
@MC SGD OQNSDHMR @MC DMYXLDR SG@S HMSDQ@BS VHSG HS 
@QD BNLLNMKX RSTCHDC HM SGHR V@Xq

'NQ PT@MSHS@SHUD RBHDMSHEHB LD@RTQDLDMSRu LNRS NOSH¥
B@K SQ@OR @QD NODQ@SDC HM RTBG @ V@X SG@S SGD CHDKDB¥

SQHB O@QSHBKD Q@QDKX LNUDR E@Q EQNL SGD SQ@O BDMSDQq 
5GD QD@RNM ENQ SGHR HR SG@S SGD ENQBD @OOKHDC SN SGD 
O@QSHBKD HR KHMD@Q VHSG QDRODBS SN HSR CHROK@BDLDMS 
EQNL SGD BDMSDQ NE SGD SQ@O @R KNMF @R SGD CHROK@¥
BDLDMS HR RL@KKq *M SGHR V@Xu @M NOSHB@K SQ@O B@M AD 
BNLO@QDC SN @ RHLOKD ROQHMFu VGHBG ENKKNVR )NNJD½R 
K@Vq

1QNODQ DWOK@M@SHNM NE NOSHB@K SQ@OOHMF ADG@UHNQ CD¥
ODMCR TONM SGD RHYD NE SGD SQ@OODC O@QSHBKD QDK@SHUD 
SN SGD V@UDKDMFSG NE KHFGS TRDC SN SQ@O HSq *M B@RDR 
VGDQD SGD CHLDMRHNMR NE SGD O@QSHBKD @QD FQD@SDQ 
SG@M SGHR V@UDKDMFSGu @ RHLOKD Q@X NOSHBR SQD@SLDMS 
HR RTEEHBHDMSq 0M SGD NSGDQ G@MCu HE SGD V@UDKDMFSG NE 
KHFGS DWBDDCR SGD O@QSHBKD CHLDMRHNMRu SGDM SGD O@Q¥
SHBKDR LTRS AD SQD@SDC @R SHMX DKDBSQHB CHONKDR HM @M 
DKDBSQHB EHDKCq

&WODQHLDMS@K CDRHFMu $NMRSQTBSHNM @MC NODQ@SHNM

AA OPTO-ELECTRONIC / QUANTA TECH

" FDMDQHB NOSHB@K SVDDYDQ CH@FQ@L VHSG NMKX SGD 
LNRS A@RHB BNLONMDMSRq
5GD LNRS A@RHB NOSHB@K SVDDYDQ RDSTO VHKK KHJDKX HM¥
BKTCD SGD ENKKNVHMF BNLONMDMSRr @ K@RDQ ¨TRT@KKX /Cr
:"(©u @ AD@L DWO@MCDQu RNLD NOSHBR TRDC SN RSDDQ 
SGD AD@L KNB@SHNM HM SGD R@LOKD OK@MDu @ LHBQNR¥
BNOD NAIDBSHUD @MC BNMCDMRDQ SN BQD@SD SGD SQ@O HM 
SGD R@LOKD OK@MDu @ ONRHSHNM CDSDBSNQ ¨DqFq PT@CQ@MS 
OGNSNCHNCD© SN LD@RTQD AD@L CHROK@BDLDMSR @MC 
@ LHBQNRBNOD HKKTLHM@SHNM RNTQBD BNTOKDC SN @ $$% 
B@LDQ@q

5GD /Cr:"( K@RDQ ¨bkge ML V@UDKDMFSG© HR SGD 
LNRS BNLLNM K@RDQ BGNHBD ADB@TRD AHNKNFHB@K ROD¥
BHLDMR @QD LNRS SQ@MRO@QDMS SN K@RDQ V@UDKDMFSGR 
@QNTMC bkkk MLq 5GHR @RRTQDR @R KNV @M @ARNQO¥
SHNM BNDEEHBHDMS @R ONRRHAKDu LHMHLHYHMF C@L@FD SN 
SGD RODBHLDMu RNLDSHLDR QDEDQQDC SN @R NOSHBTSHNMq 
1DQG@OR SGD LNRS HLONQS@MS BNMRHCDQ@SHNM HM NOSH¥
B@K SVDDYDQ CDRHFM HR SGD BGNHBD NE SGD NAIDBSHUDq " 
RS@AKD SQ@O QDPTHQDR SG@S SGD FQ@CHDMS ENQBDu VGHBG 
CDODMCR TONM SGD MTLDQHB@K @ODQSTQD ¨/"© NE SGD 
NAIDBSHUDu AD FQD@SDQ SG@M SGD RB@SSDQHMF ENQBDq 4TH¥
S@AKD NAIDBSHUDR SXOHB@KKX G@UD @ /" ADSVDDM bqc @MC 
bqeqªbb«

8GHKD @KSDQM@SHUDR @QD @U@HK@AKDu ODQG@OR SGD RHL¥
OKDRS LDSGNC ENQ ONRHSHNM CDSDBSHNM HMUNKUDR HL@FHMF 
SGD SQ@OOHMF K@RDQ DWHSHMF SGD R@LOKD BG@LADQ NMSN 
@ PT@CQ@MS OGNSNCHNCDq -@SDQ@K CDEKDBSHNMR NE SGD 
AD@L @QD LD@RTQDC RHLHK@QKX SN GNV HSR CNMD TRHMF 
@SNLHB ENQBD LHBQNRBNOX ¨"'.©q

&WO@MCHMF SGD AD@L DLHSSDC EQNL SGD K@RDQ SN EHKK SGD 
@ODQSTQD NE SGD NAIDBSHUD VHKK QDRTKS HM @ SHFGDQu CHE¥
EQ@BSHNM¥KHLHSDC RONSqªbc« 8GHKD K@SDQ@K SQ@MRK@SHNM NE 
SGD SQ@O QDK@SHUD SN SGD R@LOKD B@M AD @BBNLOKHRGDC 
AX SQ@MRK@SHNM NE SGD LHBQNRBNOD RKHCDu LNRS SVDDYDQ 
RDSTOR G@UD @CCHSHNM@K NOSHBR CDRHFMDC SN SQ@MRK@SD 
SGD AD@L SN FHUD @M DWSQ@ CDFQDD NE SQ@MRK@SHNM@K 
EQDDCNLq 

5GHR B@M AD CNMD AX SQ@MRK@SHMF SGD EHQRS NE SGD SVN 
KDMRDR K@ADKKDC @R ¡#D@L 4SDDQHMF  HM SGD EHFTQDq 'NQ 
DW@LOKDu SQ@MRK@SHNM NE SG@S KDMR HM SGD K@SDQ@K OK@MD 
VHKK QDRTKS HM @ K@SDQ@KKX CDEKDBSDC AD@L EQNL VG@S 
HR CQ@VM HM SGD EHFTQDq *E SGD CHRS@MBD ADSVDDM SGD 
AD@L RSDDQHMF KDMRDR @MC SGD NAIDBSHUD @QD BGNRDM 
OQNODQKXu SGHR VHKK BNQQDRONMC SN @ RHLHK@Q CDEKDBSHNM 
ADENQD DMSDQHMF SGD NAIDBSHUD @MC @ QDRTKSHMF K@¥

SDQ@K SQ@MRK@SHNM HM SGD R@LOKD OK@MDq 5GD ONRHSHNM 
NE SGD AD@L V@HRSu SG@S HR SGD ENBTR NE SGD NOSHB@K 
SQ@Ou B@M AD @CITRSDC AX @M @WH@K CHROK@BDLDMS NE SGD 
HMHSH@K KDMRq 4TBG @M @WH@K CHROK@BDLDMS B@TRDR SGD 
AD@L SN CHUDQFD NQ BNMUDQRD RKHFGSKXu SGD DMC QDRTKS 
NE VGHBG HR @M @WH@KKX CHROK@BDC ONRHSHNM NE SGD AD@L 
V@HRS HM SGD R@LOKD BG@LADQq " UDQX BKD@Q DWOK@M@¥
SHNM G@R ADDM OQDRDMSDC AX +NRGT@ 8q 4G@DUHSY @ 
ENQLDQ FQ@CT@SD RSTCDMS HM SGD #KNBJ -@A @S 4S@M¥
ENQC 6MHUDQRHSXqªbd«

7HRT@KHY@SHNM NE SGD R@LOKD OK@MD HR TRT@KKX @BBNL¥
OKHRGDC SGQNTFG HKKTLHM@SHNM UH@ @ RDO@Q@SD KHFGS 
RNTQBD BNTOKDC HMSN SGD NOSHB@K O@SG HM SGD NOONRHSD 
CHQDBSHNM TRHMF CHBGQNHB LHQQNQRq 5GHR KHFGS HR HMBHCDMS 
NM @ $$% B@LDQ@ @MC B@M AD UHDVDC NM @M DWSDQM@K 
LNMHSNQ NQ TRDC ENQ SQ@BJHMF SGD SQ@OODC O@QSHBKD ON¥
RHSHNM UH@ UHCDN SQ@BJHMFq

Example of an optical tweezer setup




