2024 46 H 6 H

o
>t

R S A

BTSSR DNA BN

B ¥ 1
1) (PR EERE, )N, HE 510275)
DNA (AR ) A5 s L 5 B, HEmIaee LRl h R EEE L. 5
i

fi DNA {9 SRt MBS T X FHE R AR AR Yy i AR i i A (0 B R . AP TSR T
FIYGEsE, X DNA Rrfdgh b 47 THF9E, FIA Labview XHEERERIITIE, 43T DNA K%

RSH AT T, FIREEFDEES DNA BEF TR IS G 55 DLt T 7 W

DNA, R8sk, Jobsk, »tEH

KR!
87.14.Gg, 87.15.—v, 87.15.He

PACS:

1
DNA (BSARHERIR) 1ot (i SR, JLE AR e L ap Bl b i DLz, Xk DNA 73

5 F
i) R =)

T IR S AR AN E R S B AT HIAESE , AALREDS IRFRA T AL Ar i R BRAE , IBXH AR
IR FE AN K R A EEE o X7 A SRR AR, 40 DNA 1) )24, A8 TR AT
BTN, AR IR . KB AR A Y B TR Y ST A T s

DNA Fi sl J2#m 5 0 D e nf PAB 2] 20 051, RS B0 F s AR AL R, wot
B BESRAUR T BB (AFM), Bt A~ DNA 25 i I sl B NG . X 2R 1

1Hid 7

HER SEASTER R _EFSE DNA G370 12RO T RE . 7R TIFZ DARTAR A B S P,
B 7R T B, BISHANT AL DNA Hr{hzh J 2 gh o i th A% 7R al st g e . il 1

1

B, GEit BRI SEvE, BR0A B B BRI SL I AR 21y DNA 7. ik s
A (WLC) B4y Tk DNA fhrfhfrh Pl

ETAEARIE TSI 42R, b3 7T DNA FEfiffid 22 s TALHI PR AP . B0, I HUREBERE



FER 5T, DNA FLAhh Iy 2 on £ BoAR R B2 e & T iz iing . TR DNA [ J12¢45
MEA BT IF SR L D e TR et DNA P BOR AR BTHT AR A KL, 1E4h, BFFE DNA FER ]
PIBLZEAE N RAT R, b RERG TR A KT B AL B A LR A E 16 I A I 5 55 5L

TEASLEH, FATEEH s 7 DNA Fiah, & TR AR e T 1 A bkl i, B35 0 LBl
et DNA (UL 2t AT TS, H AN ZOEE BARICIEN T DNA S, A —L e A Bt
e, #R98T DNA 5B H.

2 iR

2.1 DNA EAXMHRE

DNA (BERIZIR) =AW AN B e . SR T RERY B T 00 1A% . 5%
SFRVEYRORI B 2 K

HAGDRIC: DNA Jg —RIFR N IR EA AL Y . B MR & =R - B
(phosphate group). Bi%AHE (deoxyribose). %A (nitrogenous base). HrH & GUHHA PP
A PRIERS (Adenine, A). Jgfpwsng (Thymine, T). ZIE4 (Guanine, G). fiing (Cytosine, C).

MIRGES A : DNA 15> 185002 di 50 - IR7% (James Watson) F#bMIPEMT - By (Francis
Crick) F 1953 4F$ BV TESEHE o VIR TIELE F4 /2 H A 2% S 1) P4 T 1 2 AP BR BRI A 2 T Ay, kA
ikl TR IE A IR R RS, WEPTUR.

K 1 DNA W jEgs

Fig. 1. Double Helix Structure of DNA



2.2 HaiHlE

BT RESCR I, FE AR T B, AR SR, oA R R ORI A TSR Y, R
AT SCE AT O i 5

DNA ()3 1 il & J7 ¥A B R Al B, (POR), KBl DA = A EALRAL: 421 (Denatura-
tion). jBK (Annealing) FIZEf (Extension), WIE2R. X="LRIE—MEFF PR HHAT, Wil
AMERIESL, FEER) DNA J5BOl ABHR RGOy . B PIRanT

A (Denaturation) : HA2KXUEE DNA 737l 94-98°C, i HAS M Jy #4E DNA. 2 F /1]
PR BR DNA SURTEESH i SV, (IR EAMED &, JE et DNA,

Bk (Annealing) : A 2RHREREARE] 50-65°C, MRpRIERTIY (Primer) 5 5H4% DNA it
6. SRR REE DNA FB, Bl RS AR SRR R AN . PEARIR 065 |4 n] PA-S KL
DNA PEexf&hitr, My DNA R&GHEEHE— R A

Efh (Extension) : H 2 AE GG MIRE GAR N 72°C) F, DNA REHEMG MITH G BUH i DNA
#. Taq DNA &M (I A AEEMR Thermus aquaticus) FEBEERERE T, N9 3" AmIHig, #
ERAMREEEN, AR EE AN DNA §,

BRI P Rl R A 25-35 I, Il BHRIERAYEEST, H s DNA FAI R0 AR . A&

MM, BRIERE, Hir DNA B BB KRB —1%.

2 PCR RE
Fig. 2. Schematic Diagram of PCR
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2.3 EEKAEMN

AR R BB Lk, BAEELZ AT DNA Jr TG 2 TR225%, DNA 21
R R B 2R AE PP A 2 P T SR, A PN, DNA )2l s BIER (FHR) Jria.
HL K B B A3

K3 kR
Fig. 3. Electrophoresis Schematic
HAREAEN - BRI P o, DA pH (IR E . KR4 BI DNA FES S YRHE A
JEMERENEE AL T, RS R, IO AR N FENHYS, DNA S-FAEmsgfE i 58, 8/
(1) DNA i BAEBEIRFLBR PR ah A3 s bk, AR A BOS sl s 8 . ka5 48 0MT FILERBEIR

R RRIC, B e (0 EB Qi) RFAL DNA afF. WA S ARIER) Marker #EA7XFLE, M
T EE A R AN BEERY DNA S8, WE4ARR.

K4 HIKGRR K

Fig. 4. Schematic Diagram of Electrophoresis Results



2.4 NFMER

DNA fEhistfeylin, B 7 HAEYAEEOL, B et eir 2 A Y= a A Bl R ik 3 o0
TER

(a) (b)

K5 (a)FJC AL (b)WLC Az
Fig. 5. (a)FJC Model (b) WLC Model
ZEP AR R, 43 50E FIC(freely jointed chain) ##75 WLC(wormlike chain) #%, Fij &5

DNA 73Bt, A2 H g, WES(a)fiR. HERI2FES T F — o R&A, M =4 BEL
FrAERIY, AT DASEH fa] SR AT, (R B BoGE DNA pfifih 28, xSRI & .

il WLC 24 2% 8 S AH SRR A 2 58 45 B i HEIAE—2, ANEI5(b) s . A& REHEZ ) B A
P R A 1) B B P AR, o B O RPE S B B PR BE P IR (persistent length) . WLC 7015 5L 15
HIRLEE DNA UL AR L W) £ . Marko-Siggia 75 1995 4F45H, 755 —4> WLC #2, Hadi i T )
EILTR Y

( )[ 1—x/L0)2‘i+ﬂ (1)

4, Odijk g5 75 —fp WLC #3, HiE T/ zsn, ks

1 (kgT\Y? F
— Ly |1— =
v 0[ 2 <FL,,> e

(2)

FJC BB d1 Smith ft

2FL kpT F
= Ly |coth L) - 1+ —
; " [CO < ksT > 2FLJ ( " KO) (3)

S P O BRI TR . BRI AR AL DNA 701 — Sl E 7R SRR b, 50— E e — 4>

EPERCER Lo A — 2L BRI RS B T K AR DR AL AR Sk, i g3 S A BRI A4 1) 0 A
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RLAPRILEE DNA 701, A FAIE6(a) Bis o

(a) (b)

K6 (a) #isonmE (b) BissdRahnE &
Fig. 6. (a) Schematic of Magnetic Tweezers (b) Schematic of Magnetic Tweezers Vibration
Pie Bk, TEPERRASES, REERAER E 7 B2 BN A 4G TR 1A DNA 25T I R/AMES .
REERAE SN b 2 2 F1 o P
F=,V(mB) (4)
SSVGESARINT, T B AR m = VB juo: MBESARCHNT , BEALASBIAIRIE moue, U

XV, 555
Ho (5)
SV (.- B) 355

SRR S I 2 v, SR A S A3 R/ VR INBRE R -0 DRI, PR e S 3 2 R AR B T 32 22 5 | /hak
WA s St TR AN B, A TR/ TR BE, AT DNA MIBEERI X MAREEZ—A
KEN U= ((2) +7) ZWI F IR, v AREEREAR . BEEROOTT IS 30 & (EAFmE akim s P B (2 2, A
AT AR A, W6 (D) BT O R R RIS B H

1 . 1
L= 5ml292 + ikIZQ sin” 6 (6)

RAEEIT P AT eI 7 E B, PALHYEREL ke = F/1, W13

_

H IS R DARA E ik 52 1 i R/

Fe0 [exp <—j1> + Cyexp (-i)} (8)
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Hrp O SR S (AR R AL B HATARE o FEAR I REBRAE SRR E B B 2 e AT 58, TR
e T HI A TARE

3 LR ERLER

3.1 HEmElEREN

3.1.1 HSH &

TEAE R 25 SR v, B EE LSS MRS . PCR X, BEI Ko ds HUKAL. BRa A iRaE
I IR B AT AL, AN TR 7R o

(d) (e) (f)

K7 (a) BiliAe (b)PCR AL (c) BERHI A (d) KL (o) BIRCRRIREE BN 24X (f) B ISR AT
Fig. 7. (a) Pipette Gun (b) PCR Instrument (c¢) Gel Preparator (d) Electrophoresis Instrument

(e) Ultra-micro Nucleic Acid Protein Assay (f) Gel Imaging Analyser
g E EAIN PCR #E4T DNA pydils, BAREEHIR TR
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1l R

Table 1. Preparation of Raw Material Composition Table

VAR gaeE AR/l AR

NTP (mM) 10 1 0.2
5Xtaqbuffer 5 10 1
HAF-new-5dig (uM) 10 1 0.2
HBR-new-multi-biotin (uM) 10 1 0.2
pUcl9-yeasttRNApheplasmid (ng) 10 0.6 6
MgCI2 (mM) 25 4 p

Taq (U/uL) 5 0.4 0.04

H20 / 32 /

Total(uL) / 50 /

B BRI B —E R A ek, PR B2 NMIY, M), A PCR AU TR
B, BVt RE A 8 s

Kl 8 PCR it fscft
Fig. 8. PCR Process and Conditions
FOMEHRG, TSt i aiaife, HEA A2
LA E G 15 PCR USRI AGE B 05 i, XEEZm ol S, f DNA fE
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UiZAE N E i s S o

2. BRI/ AE T FHR AW A EI A R B e I (Al (e o, i B L s,
PCR =¥ S RER B 7456

3. Ve TR: AT MAVER G GERSH L8E), Fhlad 8Os A K FR A SRSk B 1 SR,
477, RS TEEFPIF] =K.

4. VEWE DNA: ke 7P ABE B G, FF il B O s i (i ai ey DNA WA VR,
WG . 20k, DNA fE4fisg5e.

HAJSEE . fEm b 2T, DNA Jp 1 Soid 1 M AR AN S 45 5 B e A R A 1 b e JRE
R, XA T DNA B & AL SRR AR o PERZ Bl & CBEAHALAL Y, W]
PAZER PCR W APRIEE. 514, ANTP FIHARZR, WA 20 DNA SRS 6. Rah gk
TEHK AT AR DNA SEEREZ [RIAHE AR, (i DNA MRERRE EGES, FH-PoBESINE IR+ .

3.1.2  HJLIMF AWK EAE
PHRAUG ) DNA SR LuL A0EEE O IR 2E 1A W72 (L, WAk DNA WeJ#, Be& il

102.3ng/pl, HiZnEIFTR,

(CSIYIT(3- 2 ivall kA
Fig. 9. Concentration Test Results
AAAEH, DNA WREER R, HI 260/230 WLyl 7, KT 3, Uil DNA sy —E i 2R
Ji, ATREAE R TRl PR ER Y L A AT R SRS A R R R R B AR S Y R B
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B, AR AR I ASGHEA T T LUK SE S, FE 120V HUE N IBAT 35min, SEERZRANE10(a) fis, B
i DNA g J dlfil g i), FA1ALH] 5 0 B AR A 10(b) B, mibr i 254 BRI DNA K EZ QA 10(c) Bir

7N o

(a) (b) (c)

K 10 (a)J AlHEK (b)K ZLHLK (c) FRiE4HT LIk
Fig. 10. (a) Group J Electrophoresis (b) Group K Electrophoresis (c) Standard Bands Electrophoresis

SR ARHE ST TR LG, ATDAR BRG REEA SRR 2.5k SR AR —5, S 4hi R 2.8k
EARY A, AHP A2 . TR TR A B S5 R b, fAER Z AR IE R IR .

B, il DNA 2 K 4l 4%, fmich K1, ATARIIH SRESRTEA B, H HIRER
w, H K3, K4 W —HHARFERAT, FN K4 e S04, wige h THES T RnE 2 338
o

[y, J HER AR PRI DNA Rah Bk, 1522 0] Bt TS i) (o B i ik JEE A ) s VA
WAFEAR TS S8, BN —EMREE, (BRI RORE AT

3.2 WELIE

FEREER LY Ry, FRMIA L83 B OEAT T DNA st SCRemmpE Ll (a)frs, 095 HE Ean
E1L(b) BT o

FEM G PAAE T BRI Bk, BRI E DNA, 1 SRR EE BT 2, I RATE e fEE Bk,
TEARSTFE B A T ARSI R SRR, BEI BBR R B R, FFARIEIRE T A E— D B R R BT ER AR AR I BR
DA A TN o

TEFL I RS ARG, 1 SEHAE B R TE RS DNA. S wEA TR, M GO0 B Bk s A T
PRAE, FAFRIETE AT PR B FE L CL, BRI RESEEE s 3 & 0 2mm IR IEZ Ty BEAT IR, AN
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ARSI C1, BAERTHIY Labview SR Foh 1 5.

(a) (b)

B 11 (a) MEERSEERAEE (b) REBRE 41T

Fig. 11. (a) Magnetic Tweezers Experimental Setup (b) Detailed View of Magnetic Tweezers Probe

AT, WE 10mm-0.6mm [FHEIZ, FHFIH Labview JifEdbr T8 ab 2, ) wi e $2 2
B JI R 13550 s A Ak A T30, B A FIRE P AE T a2, RTTEAR AN L3R .«

/K 12 Labview FEFHER

Fig. 12. Labview Block Diagram
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K 13 Labview F&)7HiTH R

Fig. 13. Labview Programme Front Panel

HEBAT B IATREOUN , "TAR ARSI ai R, BRI ARSFpf i £k, I HAEME
TG, WELA() PR, RSB RIS IE R 2k, RERZEML.

SRR R P SR B SR I, A WA I A, [ 14(b) 253 SRRy X TR] (0-5pN) A1 Marko-Siggia
WLC BB X 1A (5pN-35pN) FIH Odijk WLC BAUHEATHI UG . SRR AP EER, WA
BRI S AL A IR, I HBSCA BORIRE, &S EUmZER .

(a) (b)
B 14 (a) BAFHYSSEEARE (b) BAFRIIEEEE
Fig. 14. (a) Better Experimental Data (b) Better Fitting Data
LAY T DNA R SEE0 o e 1] 5 32202 ol TR R ] S S A8 P A A A R S AL T . A
i AR p, DNA JEJ5 4 DRI e . RS RRL I = A0, midem Rt IR i H ek
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Jieke A PAVLHAL DNA RHifiida, DNA 701 LR BESTE A4S . XA L6 DNA 552~ lar
XEBt, BARBMEHER LR, SEE MRS ME-G. d T8 RE, DNA 73
TAEER Rl AP E R, 7722 KA RFEINTILEh T IR IR 224 .

TESER R, BT TALSEE, 138 TREZIEE, WA TS . HAEmEdE, JATK
WARZEANNEER, R AR ITR R, MA L0 RA —ER A i, MELSETR.

(d) (e) ®)

E115  (a) EAEAR (b) MIBE (c)(d) RITRHF (e)DNA W2 (f) K
Fig. 15. (a)Low Overlap(b)Low Force Defects(c)(d)Low Force Sticking(e)DNA Breaks(f)Sticking Breaks
T

L. P15 (a) AR AR AN TE S, UEH] DNA SR & A SEIE Y, BRIk

2. F15(b) AR ST B TR SER R A, AR, W] RE AR B Bl By

3. PFL5(c) M L5(d)ES2AEAR S I B T L BRAS , ORI S Lep s i, i 2 TeiR (] 5

4. F15(e) RTEBRART R E R DNA $ily, (HHBARSREnT R, P BRATTG 2 2 h 26y
Ay, Mg ety Hh 22013 ;

5. F15(f) ) DNA RIEAFAER I BGRIIEY), HOWREABUR, 1EBR T IR, AT DNA [5EE]
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W, Bt TR .

LR P I TRAR AL, PO RGR IR ST, HAWE Y 249 2 IS0 . SR P 3ATAN 3o HEN,
LB ARMZEREDE, T TSR EMARIEZ, FPRINE2FTR, TERARMEZE TR 211
{HRFREZ, FIH Bessel A3 T IH5

2 UEHR

Table 2. Fitting Result

iRy ZHFEA Lo/um L,/nm Ko/pN-nm™*
YA 994.4 47.96 \
Marko-Siggia WLC o
PR 1.66 1.78 \
S 990.8 36.79 1064
Odijk WLC O
brifE2E 3.33 2.29 62.8

ALAEH, BRI EAMERRN, A Ko MIRREZREOR, mibniE 22 BN R3S 7011 59 5E 1
NFAEIHIES O, FATH Origin 2] TE2REITIE, B ASEARYF5 R AN 167K o

(a) (b) (c)
16 EOES TR (a)Lo(b)Ly(0)Ko
Fig. 16. Histogram Results(a)Lo(b)L,(c)Kq
ATAE L, BT Ko 4b, PIAMBRAGILA SRCEASE & IEASSME, TSR (22 T A i T 4ichs Rk
S, B Ko SRR AHRBNBH O, SRR
BRAEEA ARG P EREA B S X, 24 F=0 B, wTOAEE] x/Lo = 1, W Lo EARMEMSN
i DNA (B T — ML SRR 3.3 B, WFIRATHI 410 DNA, —3t2y 2800 RRIERE, B Lo 2
g 9520m, WA, PGS RISE 090nm FHET, S5 S S ML ATREER R
T Ly, ARZFRE R RE, BRI o b TR 2 1 1] 56 e e B S H e, B
PIRHE R 2 . P MR S HISHE 4onm 24y, MZSRER, (OB AERCRE L, (HE I
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BUAFAEZ) 10nm (s, X MURMELLEERR, OMSEIREER A, STt mRiz.
HAECAHRENZ b, FATLLR BRI TSR, LR —EMSE M {H.

3.3 XE\XE

B RGBSR I, A BEA DR LA T 7K. SEEARGR A 1SR TN A B T
H R o g s, SRR SRR . 2T Sk TARLHISE 2 07 1m0, fedt 7t Sy s
RHE] TR RS o

TEHZ BRI RE ARG DNA BAHEAEN . /T KGRI PTIE . EA &/ K sh i
ZA0H5E, HTAREBIRIY e, A SO eE sk, BRI /NSRRI 05 3% DNA 45, iS58 DNA
OB, ANEILT (b) FTEILT (c) BT e

(@ (©) (f
B 17 (a) SRR (b)(c) AR (d) ENER (e) MRS (f) Mk
Fig. 17. (a)Demonstration of the Optical Tweezers Experiment (b)(c) Principle of Optical Tweezers
(d) Optical Tweezers Apparatus () Sample Reservoir (f) Measuring and Control Equipment
BWOGINEE/NERI S B AN EL7 () s, FTRAER B4/ N E R N AR RO GR e, 5288 b B 3 o'
B IENT(d) frs, L7 (e) A FEm i fras , ANk, 200 E . IREESSE, MIRILT(E) 2
AR e, TR SR S AT K
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3.3.1 Rk

e, @i DNA 55OtEAME G, 57 rooekall, sl itty r 240, Eee s E
4k

MY, APIAELR, MEI18PR.

(a) (®)

18 BRI EHE (a) 455 1(b) 455 2
Fig. 18. Fluorescence Detection Static Results (a) Result 1 (b) Result 2
APAE L, SR RECE I T =000 PIEBUNMYE S POEE S DNA 5633500, 7E
HHEEGRA—EMZEN, KI8(b)EBRRIHRARLES (ZNERLE), ME18(a) I E G2 B IOEEN
Wgie . PIMERAIZOERUR, TAE IR HRTRGG TR ERIOEER, LA —0ThE2 DNA £
KR, PUNZEMERETEAR 00w, WTBEE SR DNA Kb — S5O 0E AL &, XIEEMH
P il 42 BEAS A5 2 BEF I R IE .
B TERSTEIE, JATERIE T HEESR:, BeE T, FE— B R PRSI SO g, 5
GG H T A EAEAIAE DNA RIS SInas R anE19(a) FE19(b) s .

(a) (b) (c)

K 19 FOEHEABEEIR (a)(b) AR (o) fLfipdh
Fig. 19. Fluorescent Protein Movement Results (a)(b) Constant Force Result(c) Stretching Result
R, PR 8 th I —AT R PO O . FRATII TR RE IR HERS , 19T Y5
HAE (PE—4T) e LT R83h. (ESLhrseid, maEe i UM e s, s sotEngia o0
A2, AR E) 5 I BER TR AL S E .«
B THE T, FRATETERR DI T 250 E AR S E L, PO E Y 24 DNA h s
2y, T DNA B i e W L E R 5 K, SEmmai R 19(c) .
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WPARBIZOEE HREE DNA (i, B#issh, HRZ9%, XM DNA BHil 1, migdR
ZHRIRFHYGE , AIMHRAERE o g T AER S, AR =50t (MIIRERLA R 96 H)
TETFIRTLMIN, — S BRI ZOC R ZENPIAS, X UG AT e BRI ) DNA (i3 T9OCEH, M
TR EEFEAERRI, X MUESE T AR 0 HrER A 2t & T BRI ARG 21 i 45iE -

3.3.2 Ffhupek
BT e, JEBARE IR Z Sy, AR [ EEE (BRZ ARG ES) , A n] AFS-E

PIAEREE, SCIR U TP, KFEERE P UNIE 207K .

B 20 e £
Fig. 20. Optical Tweezers Stretching Curve

APAE Y, HAE 60pN Zofy KAEMASY-& , MR T RIS R SRR+ AL, i 2 2eMud v 2
AT, BTS2 5L .

4 kL

ARSI IAT T RO SE R M DNA Pzl J 22 i) Ses i, MRS . BIREBOCEL R 21 Kt 2>
4

LRI ERE, BTN
1. DNA Kefmfilaerf, AWM SRRy, B ERE ANy, SRR ERT T BEAFAE 2R, PASCR]
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BE H TR 5K ) SRR I B B E R AR . X BRI AR T A R BC U S B DL

2. DNA Zifbg+7r KR TE, TEMebd, mREm TR OATE Y . RN EE RN R, o
AL AR, HATRE AR TS5 AN S | Ao A ik 22, Iy T BEAE M I R rh S i 5
Pt h 2 AR 22

3. AEHIHER Gy, BRI 22 LA S DNA B R 223y R ERR A0, TR J AUk i
ARG, DNA SRR PR, 1 K AREPRSEASE, TEREMT K3, K4 dnyiilss iS850 .

4. (e, RS BB T S, EARIEH R R RS DNA, PARARD
M TR IE . SR T 2 AR B A B, X W SE R BB ST i 22 o

5. TERRALES 7, SIBRBCRIRZE(ER B+ A LB, sSSP BN BR AT RERG A 21> DNA
BRI, S PRGSO BAE, AR, HEHIER, R AHEES BRI & S E 2 iR E,
[l RE AR R B S P EUM AR IR ZZROR, S BUAER OL R 22 -

6. JLESEI T, AT IRERIE T RIS A 2, BB A/ NER (GRIHTCATORIE) 2+
B, H BRI A/NERZ A UAFFE B A% DNA, - [R] I 4% 5 1) S MR 2 3 BUCR B 1 AT -

4.2 EIERBE

KR VFZ LRI o MAE, S5IA—ERRE, HIXHRIAE JiRa Ry, 730Gk A 24 m] LA
EAFHURAESCIR(AS . MR, PRIERIFASCIRET R, BAE—EMIREAE T, BATHARR] TR
MSEIREEA, ALY TR AT 1 0T -

5 %

AW T, FATRGHFF T DNA $ifiiz) Jj.

Boo, FIH PCR ORI TT DNA il s, HabfT 7aith, H&455] DNA W 102.3ng/ul, %
FER R, fH 260/230 RMHTIETRIEE N 7, UiRHHEATAE A, FIRRATIT TR SR, i SR
XL, PSR EEAR SARER) 2.5k Sl AR —EL, SHUNME 2.8k BA—E, SIEIRKL .

BB BATIAT T RGBSR, AUNRESIEAT T R4, M Labview SEATHUAEEE, 73 BIXHE S X 7]
(0-5pN) FiJi] Marko-Siggia WLC #AUAIH JJIX[H] (5pN-35pN) A} Odijk WLC BALUETHIG, 34l
BER . 15 Marko-Siggia WLC B84 Lo=994.4nm, L,=47.96nm, FEAFFEHN, HEITHCR
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Bt T Odijk WLC B 1o=990.8nm. L,=36.79nm, Ko=1064pN/nm, J5H# SHHA Rz, H
Ko M550, SIESHAE EmZE, XEEERER NI 2 To ki .

B, FATHEAT TOUEESEEy, WE T E S DNA (254, PAK DNA [pfriihss, 0 1 ae
JCE IR DNA FIHR ), SCImRURE AT«

BHRYL, AREIBIIEERE, IR, BEAREIRER D, (EREAFEI BN AE R, SN
1) .
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Study of DNA Dynamics Based on Magnetic

Tweezers and Optical Tweezers

Shangrun Lul)

1) ( Sun Yat-sen University, School of Physics, Guangzhou 510275, China)

Abstract

DNA (deoxyribonucleic acid) is a molecule that carries genetic information, and its structure and
function are of significant importance in life sciences. Understanding the mechanical properties and
dynamic behavior of DNA is crucial for revealing its role in biological processes. This study investigates
the stretching curves of DNA using magnetic tweezers and optical tweezers. LabVIEW was used to fit
the data obtained from the magnetic tweezers, allowing the extraction and statistical analysis of various
DNA parameters. Additionally, the study involved stretching DNA with optical tweezers and observing

the attachment of fluorescent proteins.

Keywords: DNA, Magnetic Tweezers, Optical Tweezers, Fluorescent Proteins
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Preparation and Characterization of YBCO Based on

Solid-Phase Reaction Methodology

Shangrun Lul) Ning ZhaoY?  Yuanhao Gongl)Z) Tianjian Peng1)2>

1) ( Sun Yat-sen University, School of Physics, Guangzhou 510275, China)

2) (Experimental Collaborators)

Abstract

In this study, the high-temperature superconductor YBCO was prepared by single sintering based on
the solid-phase reaction method. electrical transport measurements were carried out using the four-wire
method, and X-ray diffraction (XRD) characterization was performed to refine the data. Although the
results show no superconductivity and further optimization of the experimental protocol is needed, this

experiment carries out a more complete condensed matter experimental procedure for beginners.

Keywords: YBCO, Solid-Phase Reaction, H-T Superconductivity, X-ray Diffraction
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Lifetime Measurement Experiment for Ubiquitous

Muons

Shangrun Lul) Ning ZhaoY?  Yuanhao Gongl)Z) Tianjian Peng1)2>
Xuan Hongl)z) Jintao Zhao)?)

1) ( Sun Yat-sen University, School of Physics, Guangzhou 510275, China)

2) (Experimental Collaborators)

Abstract

The aim of this experiment is to measure the decay properties and lifetime of the Ubiquitous Muon,
which is widely used in particle physics and cosmic ray research due to its high energy and strong pene-
trating ability. In this experiment, two scintillators as well as four SiPMs are used to detect the muons
and construct the decay cases, and real-life muon decay cases are observed. This experiment provides

fundamental support for muon-related experimental research and tries to put forward some thoughts.

Keywords: Ubiquitous Muon, Particle Decay, Photomultiplier Tubes
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Fig. 21. Rectangular waveguide (E,),. distribution at various frequencies
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Fig. 22. Fourier transform of the axial electric field.
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Fig. 23. Photonic crystal simulation model.
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Fig. 24. Photonic crystal simulation results(a)Electric field in the z-direction(b)Band structure.
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Fig. 25. Photonic crystal sample schematic.(a)Bulk(b)Corner
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Fig. 26. Band structure experimental measurement results(a)Air(b)Photonic crystal slab.
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Fig. 27. E, distribution in air. (a)1GHz(b)2GHz(c)3GHz(d)4GHz(e)5GHz(f)6GHz
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Fig. 28. E. distribution in photonic crystal. (a)1GHz(b)2GHz(c)3GHz(d)4GHz(e)5GHz(f)6GHz

AAEH, WIS e R AR I 5 2 AR A2, W —DEEs, 7 AR EMAEE I,
HALBARATAR I e L B AR — 2. MO T BRI, BT iR ag BRG], A T 28 U 3
B kA TR, WG T A A e S 7B R e R, RCRI SRR A TR

X6 EAR ERRRE S, R RIS AR A, B DG T A AR A RO PR, Gl B AR [F
PRV G b 1A B 24 T DABRAS: B oy B SRR AR PE R F 3 4011, SE B 0 el S0 T, AT 7 P JHC A 5 o

R, FAE T TREASIES A, SCRETRME2907R .

(a) (b) ()
29 BHRTASTHARN E, 701 (a)5.05GHz(b)5.25GHz(c)5.30GHz
Fig. 29. E, Distribution in a corner mode sample.(a)5.05GHz(b)5.25GHz(c)5.30GHz
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fif & Al
U: 5% SOHRRL T I 2 -

AR 12 22 BRI i 2 i AR
tra_data_mod = abs(tra_data);
h RIEFELARERTRAA 1:2
figure('Position', [100, 100, 900, 600]);
h o R HE
plot(freq_list, tra_data_mod, 'LineWidth', 2);
% AR
xlabel('#{ &', 'FontSize', 18);
ylabel('# ', 'FontSize', 18);
Y% B 431500000 8 &
hold on
index = find(freq_list == 3150000000) ;
plot(freq_list(index), tra_data_mod(index), 'ro', 'MarkerSize', 8);
% AR
text(freq_list(index), tra_data_mod(index)+0.1, ['(', num2str(freq_list(index)), ',',
num2str(tra_data_mod(index)), ')'], 'HorizontalAlignment', 'right', 'FontSize', 16);
% A K
annotation('arrow',[0.32 0.45],[0.2 0.13],'Color', 'red', 'LineWidth',1);
% WEEM DPI % 100, JFARFHEE
print('figure', '-dpng', '-r200');

hold off

ERER 20 2 HIAFRR TN By 201
fre = 5.98;
a = floor(1 + (fre - 1) / 5 * 200);
S_real = real(S_mat);
S_abs = abs(S_mat);

val2 = S_real(1:15, :, a);
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z = freq_list(a);

figure('Position', [100, 100, 1000, 3001);
% L TR E

yp = y(1:15);

pcolor(x, yp, val2);

title(sprintf("%g ME", 2));

shading interp; % %{E% 4

colorbar; % B FHE 4

h REHEEY

colormap(jet); % M|k M H#F 4 &%

print('figure', '-dpng', '-r200');

URRESY 3: X3 aEAT i HE A 22 P

S_x = S_mat(7, :, a);

n = length(S_x(:));

€

1:1:n;

fs

1; % REEHE

LF

length(S_x);

% Ev R

xf = ££6(S_x); % WERBG LRI, FEEMRZ 0 F AL LR
xf_o = abs(xf);

f_o = (1:LF) .% fs / LF; % #&EH

xf_oc = fftshift(xf_o); % K EMBHE M P O E

f_oc = (floor(-LF / 2):floor(LF / 2) - 1) .* fs / LF; % # =4k
figure

subplot (311)

plot(t, S_x)

title("IANFE 5 ");

xlabel('Time');

ylabel('Amplitude');

subplot (312)
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plot(f_o, xf_o) % xf_o A%, EEMELH, XwkMEH.
title('fft £ % ");

xlabel('Frequency');

ylabel('Real part of fft');

subplot (313)

plot(f_oc, xf_oc)

title(" EHB B POH ££t £E");
xlabel('Frequency');

ylabel('Real part of fft');

xlim([-0.1 0.11)

% oW

xf_da = abs(xf_oc) / LF; % |H—1{L)5 #y Wik ig

f_d = (floor(-LF / 2):floor(LF / 2) - 1) .* fs / LF; % #i%H
figure

plot(f_d, xf_da)

title("# Ert T # Wt ME-18EL);

xlabel (' ZF H M E");

ylabel ('1g ') ;

print('figure', '-dpng', '-r200');
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Microwave Optics and Metal Waveguides and

Photonic Crystal Experiment

Shangrun Lul)

1) ( Sun Yat-sen University, School of Physics, Guangzhou 510275, China)

Abstract

This study utilized microwave optics experiments to verify fundamental optical phenomena such
as refraction, polarization, Brewster’s angle, Bragg diffraction, and double-slit interference. Microwave
wavelengths were measured and the Bragg formula was validated, thereby confirming the effectiveness
of microwave optics experiments. Additionally, the research investigated the electric field distribution
and cutoff frequency of both prefabricated and homemade waveguides. Simulation was conducted using
both ideal boundary conditions and scattering boundary conditions. A comparison revealed that the ideal
boundary conditions were generally consistent with theory, while the scattering boundary conditions, due
to the presence of reflective effects, were largely consistent with experimental observations. Finally, the
study examined the relevant band properties and electric field distribution of photonic crystals, yielding

satisfactory experimental results.

Keywords: Microwave Optics, Metal Waveguide, COMSOL Simulation, Photonic Crystal
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