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Experiment B10 B11 B16
Single slit diffraction and circular hole diffraction
experiments and simulations

Shangrun Lu'

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

Abstract: The diffraction of light is one of the fundamental features of the fluctuation of light. Its basic
principle is the Huygens-Fresnel principle, and then the light intensity distribution can be derived using the
optical range difference, as well as certain approximate calculations, and the locations of the light intensity
maxima and minima can be derived, and it has important applications in a variety of optical techniques. In
this paper, we first implemented laser Fronhofer diffraction, measured the intensity profiles for slit widths of
100pum, 200pum, 300pum and 400pum, and verified the accuracy of the intensity profiles using the angular widths;
then we implemented Fresnel circular aperture diffraction and used tracker software to analyse the video frame
by frame and read the We then implemented Fresnel circular aperture diffraction and used tracker software
to analyse the video frame by frame and read the change amount, successfully verifying the half-wave band
theory; finally, we successfully simulated various scenarios of the two diffractions using seelight and carried out
error analysis, and the experiment was more successful.

Key words: Fronhofer diffraction, Fresnel circular aperture diffraction, Seelight simulation, Half-wave

band theory
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WIS G EAN V(GE)=3.5316V

MR T R EEE 80°CH, V@) = V(R < V(E), Bl A2 FiE-iziit A3 &
HWo—ME QL Fil. XK, KNMTHKE LEDD2 mizt, 4kFay J WA, 4% A
MG, KLA K2 S, fEhliindasramt. Hd ZHR4E D1 &R R EH .

MR RA g TR BEIRE 80CH, V@=V(®E), B A2 #HiE—iE A3 #
b= =8 Q1 #uk, OB D2 4K, Il n#a s bk,

12 —2.7316

EES:
RX2 = 0.482kQ (7)
PR FELBELBEAE 78 H 5% 22, AR Ie e Emy, 2 f R R 2R @RI 56
Z AR T, A4 RX2 BUPRAE, {45 HRfEHY 0.800V.
(2) ZT PT100 (BR Cub0) i /RRER 4 BiR B A

Bl 4 BET CuS0 I AR BRI A5 R B Wl 13 v it
A. BEER:
Wk 4, SEE6GHR R13 KA Cus0, e R15 5 R16 A, R R15(300Q), 1§45 0°CHt
B MR R A OV, £E 100.0°C I 27 U R EUE N 1.000V. A RS0 HR EALZX AR
Y0 ] PAY SR A T T B o B I R S s FH 11 b 3R 1) S s A Vv DA e o i A 2%
AR
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0°CHf, MDA, R13 =50Q, FoMEaRZHERIER, 15 D3 LB EEE
2.5V, HIEEEFEERPMER N0, MNIZE V5=VI=Ve=V7=0, N HizHHKaE

B4 i AT R0
R13//R2

4 V3 R13//R2+R1x 5V =50.77mV (8)

Horr/ /2R 058k, Wiid R4 5 R7 HIHLUEN

V2 -v1
Ig; = R7 (9)
HA
Viia = Iz7 X (R7 + R4) (10)
40 5 5 B BB A IE L, AT %0
Veia _ Vria _ R14//(R7+R4) 1
Vee 2.5V —Vpis R6 an
fifAS
R14 = 8650 (12)

# R14 W B NI SAFRTREARE O C Y HE B RN 0.
100°C I}, LIS Cu50 (1 FEFEAE N 71.44495Q, FAFIERT HE R EUE N 1.000V, &

V7 = RS + R15 X V6 =1V (13)

~ R15 -

HHEAEFE R &8V = V5 = V6 = 41.73mV, N
R5 = 6.889kQ (14)

¥ R5 B E NIAE, WIEIATSZEL 100°C i £ 7 H R s E0h 1.000V, DR FE 240 VE LA
0°C-100.0°C i}, Xf M i & 38 A 0-1.000V, 165 SR RS N 10mV/C

B. REHEH
WA HIEEE N 80°C, XM R13=67.15596Q, XM H7 i K% IEM AN 0.8V, Bl

N HIE) L s V= V7=0.8V, WINE T8 s, £ 578 BU0F) T i
JE VT E] 0.8V, ILHH

R10 0.8V (15)
R104+ R9 12V
i A5
R10 = 71.430 (16)

BRI EL T IR 80°CH, V@= V7 < V®), I &iai#bat T8 SARES,
U R M LED s, 4kHas 1 Wed, R s s, EHnies Ty, 2
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PR P 21 BN I 1 R 80°CHYT, V@ = V), Wiaiuy#il, KT LED
FER, INANZREE W, FEbl NS5 T0E . B Uk el B T S IR R 5 1 80°CHY, s
I TAE, IR BEARETE 80°CIffik,

() ET M35 B AR AL AR SR IR A

Bl 5 BT LM35 HU 5 A4 s 1 400 0 i 2 A P

A. BEER:

il 5, SEgs bR H B AR BRI AT AR (LM35), (7S 0°C IR # s ra R 1Y
N OV, 1€ 100.0°C i $r 7 FiL K R BB N 1.000V . A F 558 75 B IX AN 3G By se Bl
IR T Ae . BUREIELRE SR 0 B R SR (B HAE LM3S B 1 S (i 5T B bl il
T (B A AR

Ky LM3S St 55 BN HE, faQ), NEMHZA, H 0CH [
BP0V, 100.0°CH i H HUERD Y 1.000V, T E K507 W R R IERIEIE LR, itk
AR R ED W], EAI A B AT o DU BE AR YEE 9 0°C-100.0°CH, o B L e R 1304
o4 0-1.000V, JJE EoR REE N 10mV/eC

B. iRERH

WEASHIELE N80°C, X Bk 2k th B H0.8V, N7 IZ I i LR V@)~
Vour=0.8V, I NIE 15 1E B0 AR A%, 18N /7@l T i i S VI 7 £)0.8V, BB
f
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RX1 0.8V

RX1+R2 12V (17)

fiets
RX1 = 714.30Q (18)
MRS T R IR 80°CHY, V@= Voyr < V@), B Fi2 i #i A T il AR,
BRI RO R LED mist, 4688 1 W, (R G, Ehlinhas e, 2
PR 55 2115 BN R I 1 R 80°CHY, V@ > V), Fiia g EiL, Kot — M LED %
K, INIER TR, RN aa i Ik TR, B AT I R T 80°CHT, Nk B
1ETAE, KRR EAE 80°C L.

[ SERRE |
1. BEEHIRE

(a) B0 /IR S HIAX (b) SR B S AR 1A%
K 6 il 74 /IR B 2 ) i 7%

K6 (a) NEWA/MMEEZES, WEBIG SR =AES, SR (1D s
B CF 20V F1 2V BIANERD) 5 (2) RGBS ThEhIg: (3 HERERMN
A E XU TR SRS .

Kl 6 (b) M B BRI BB A . B T 0°C 2 5 iR 0 i sk
By, INFABEA T = iR-100°CE

2. BEARE

Cu50. LM35 A AD590 4 ¥BEfhefE & /@ R, i AMBIEMBe Hp, 1%
IR R AR E LR 1 45% L

3. HAthik#
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B VR A TR AR O R R () £ 12V R, Her T AR B B R )
REAT A T BB RRR, MmN S iR . B A &
HH

| ERANBERIDE |

1. BEMNENXTAESE

S 3 BT ADS90 [ I SR L Wos SIS R IR R, IR IR
B 4 J&T Cu50 AP 5 J&T LM35 [ B i o St 72 .

W HBEERSEE 3 Kot i, C2KE 4 ME 5 PRGNSR R
JE R S B S A S iR

2. ERBRRREHE R R S SRR A0

KA 3 g, ADS90 HLJAYIR B AL A 4L i, Iy B R
TR Z R N R &, VR SR EE R R 2k . 5o M1 2H 2 B il B M 422 A5 L s, K
ABFIRIR P RIE 75°C o ZORIBEREIEHIE 75£5°C 20,

TR R AR RS EEATRIR I, B 6 Ca) A AL ¥4 Th 242 ] 25 7 1 42
“COME” , PR CNEET PRSI NPV IERE” gk I By R
AR S g TR Ao AR AR AL [ PR e 3 A IE AL

[ B EFKAALHE |
1. AL RS IR B T2 A A A APk
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RN R

DRI g i 6 P B i FRL BEL R, T LA DA SE e & e, o A S P B SR i) 208
NE3 I AR, THER S BRI A — X
R 1R T A

IR/ C LIRSV NG ENETAY FRIRIE/NV | RS RV
0 2.697 2.697 2.697 0.000
5 2.745 2.745 2.745 0.048
10 2.791 2.799 2.795 0.098
15 2.842 2.850 2.846 0.149
20 2.893 2.901 2.897 0.200
25 2.944 2.953 2.948 0.252
30 2.994 3.002 2.998 0.301
35 3.034 3.053 3.044 0.346
40 3.078 3.101 3.090 0.392
45 3.126 3.150 3.138 0.441
50 3.173 3.200 3.186 0.490
55 3.222 3.249 3.236 0.538
60 3.271 3.299 3.285 0.588
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65 3.322 3.348 3.335 0.638
70 3.371 3.396 3.384 0.686
75 3.420 3.445 3.432 0.736
80 3.468 3.492 3.480 0.783
85 3.516 3.538 3.527 0.830
90 3.565 3.585 3.575 0.878
95 3.614 3.630 3.622 0.925
100 3.661 3.672 3.666 0.970

Hy Jsan ot , E A, e TR R SRR R R BCTME, e R R
B A S AR R E IR G BN R G R 2, ARG LA OCI R I vk v, SREENMIRE
ISP R L R AR B, SRS AR N &, SR A B AT RS, F A origin
MER:

& 10 origin & Hi &

R2 MUESH

UESH ZHE RZE
R/ (V/C) 0.00972 2.17191E-5
e /v 0.004 0.00127
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H R-FJ5(COD)=0.99991, #AHi 1, PrbllaBORiker, RscRZRMIES 7>
A, AL 3ovEN,
A=30=6.6x1075V/C (19)
& RN
k = (9.72 + 0.07) x 1073V /°C (20)
2ERRE
ST SR AS RX2 (FAME, WEBERT 75°C, da T e hT Kt m o i
PAR i R R R4, I A TSI IR ADS90 R, Hdla R
® 3 iR

R iR E/ C B W R R RV FA, s A $8 B0 2/ °C
E:2 74.9 3.435 75.51
1K 77.1 3.450 77.05
T 775 3.454 77.47
A 74.4 3.425 74.49

R4 LS

e bR S HUE/ C

F25 i X 1] [74.4-77.5]
R ME 75.95
TF Ok 168 W et P - 3448 76.00

[ WRFIZR |

1. EE AR A% R AR IR BE U2 A AP X

AR S0 SR P FEL I TR A R L 6 P A KB (ADS90) 4% TR LG, WIIE T AD590
R R, WF 7 H s iR SEERIERL. @M EC S EE, AT T EEER A,
HS ERA MZRIERPERN10 X 1073V /°C, R ATMARI{EN9.72 x 1073V /°C, {H
R “F-77(COD)=0.99991, i BHE M FEMR AT, (AN SEPRA 2.8% w2, UiPH T REE RSt
R FEBOHAFE IR Z .

WREMT: RETRERIRIEE

(D) THi B I P S E R o RO 75 R, TSR IR iy A B, %8 B
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FEARA NS, A R RT P A AE IR J LT v] 20, BAE =R A A R RISk AT 5008
I, RO BEAR BRI BS80S A /NS, SOt RS 51 I I 4 52
R, BTLASEES 43 3] AR AN TR A T LS8, SRFIIME G, BERSHEI — 0 Ak T
Judingceinqinj Al

Q)L &L, WA EE AR, & 2RI . TP IR RT, 2
B O S, ARIS AR BN E), ZRMEE. B RmsiE, K
UL 3 O BEIZAE, HOANERERE, H08 125V, S E g
RERA T HHE S, JOEBIR, IO E R IL B EE AT IEH .

111 LS50 A HE A 2.8% w22, T ELERME BERR LT, Ui B SE50 T REAFE R AT IR 72,
SEAEI, DR Aot e B BTN FRUE AR RN R2 RO R, BTRART AR R2 HBH G
ZIH, BFERAR, SECAESBIRmZE, HEYSERE JERIATERL R, BT LI
R2 SR BH, A2 E AT N RSESS, ATLAE: R2 HPH, DAY ADS90 Fird H i HRiAL,
SR H A R IR AR, B R RPN ERA Y A, T DLEE— 2D R
fb TG AFIR BT o

(3) LB FERAFTEFLER A BN 1) R, SARFfb PR K . SE PRI, ST I dREN 7]
BE 2> 40 U R BRI Z Bk sl , i ELE DL [ B AERAS . B R R M & R A AT
WA, WSRO KA R, PRARBOR At BE, I iR 25 B S0 I 3 B iR
ERIFELZ

2R E

pbsge R I TR R G, WEEHNREN 75°C, SLPRSEIARIRIX ] [74.4-
77.51°C, “FIFEEAN 75.95C.

FHEES, U BUREES 77.1°CHR, HEEIT, LR 3T B R R BUE A B iR B
A RIS AD590 iR BN Y 77.05°C, HBAR T BUREE, EOARME A —ERER, 1M
HLEE W 5/ BB TEFHR, RS R A — 2 MR .

BRIELET, A BUREE 74.9°CHY, HERITRE, BRI HeT o R R B R R
75.51°C, BT BUREE, Wi T e SR ER RN, B TR ET 22 A%, diiE
TIRZERGAH —EER,

W 78 R F AL SR AE IR DA AE R AEIR , & AR B S RS R 455, T A
B FF A f 0 PR A TR VR ST

BT R R R
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KIS AR 2 kit i, SERBR Kot IH, bR EAER, BT (PR ) 1
FEL PR T ADS90 IR T (R BRI, AR, FEEMAR, e
FAzlh, Rl EHECR, A S5 1 et k.

XFFHEMAS R, 0T AN 222 R A HL s T AR R R SO e 3T HiR (%
)EE BE T PR, T DUCREIR BB B R _E T, B AR 50°C I BILRHIR 3% fl s i€ O 50°C,
I AR Orofr— BUN E) i, H R R AE AN B AU, PO A, RERs LU 2L
FRIVH BRSSP A BOIEIR s T T0 A 8 AU AL TR, 7T DA 4 22 L % 0T A
SETCIF B I TR AR, AERE A SEAERR, R ) 5 2 th REAE S0 SE A 1 o

| BERE |

1. 4R EEGINRE R EN PID #E, RER PID HERNEARFEH,

PID #5 SEB _Fo PR B bR R, PHERR IR AR 125 1l Gt e o ke g AT
ROERERT R, B RN R bR 5 R A M 2R, 1208 BEthr R k4T 2] 1E
.

PID El: Proportional (Etf5]) . Integral (F34)) . Differential (${7)) MI4E5 .
PID il ke R4 A . BN A =R T — R m 5%, RES RGP H
RENEI PFHECON 2 —Ffakl 5k, @iX = AN SRR 4LE A A2 14
PRI R 2, AT A Ak 31— AN g RS

Hpz iy

u(t) = K, (e(t) + Tif e(t)dt +Tp 21)
0

t

de(t)
i)

Horbe K, 28G5 RO R TR I B W8 Ty o3 i e

HHG u() N PID IS A S e ARMNME S BOEEZZE,
A BRI, A AR RS E B

2. HEJREBER—AAKT 5X5X5mm HIE AR ZEHRIZE 30K ik, FXRH
H2J5k? BIER 4.

TFIRSCIRE 30K 5 s QS N-243.15°C o BTSN, S 58— B, 2
e BE AT By AR 30K MEIr, R R HAR AR RS U i 290 30K [ 1A FLED
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https://baike.baidu.com/item/%E9%97%AD%E7%8E%AF%E6%8E%A7%E5%88%B6/428776?fromModule=lemma_inlink

Fo M7 (neon )2t Jolk. TWRHAUE, 1N 24.55K(-248.6°C), Hhriy
27.07K(-245.9C), JRT PN 10, NEGHIMA L, WAERRANEIR, BERSEST
1.

FE s b R AT R, SR AR UE sk, BT DAFRATT AT DA R 5 DA DR 730 A i
s, AH IR BRI RS R I R E N 30K, AR K [ AR B L R Ep AT

MALPLIEE (Dewars) , JE IR ARIRAT FOR SL AR TR 37 1Y — PR 2 AR

AT R HARWE 11 fos, feigdai RoRif s, BRI FAZ. Ht
ORI B ) B AR AR

11 A BUIRLCE A RV T $ R
B BRI el S0, AL TOR S 750, B AT SELRE AR LE 30K BT 0 1E il 42 11 o

3. HEREK—NMAKTER 10nm, & lmm K EARESEEREFIZE 1200°CH
i, |ERAGQTE? BIENE.

HE—:

FEABEY (SR R R, T L RMITAE A S8 = AR
SN PR R — AN B A B I . LR IERE R AT YRR PID 5
M4, mik 40 BUREE ORI, eI THE, IR EEORRRA ORI [ S R B THE
LR w2 R & RMARE.

HA R IR R X 20— 4> e 1000°C LR 3k 47, 1000°C. 1200°C 5 3k 4,
1300°C. 1400°C 3547, 1600°C. 1700°C Lk, 1800°C L ghfyro T BRI ] 44 iR
£ 1200°C P, BRI 1000°C. 1200°C 5 b AT 4540 BRI T .
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HE:

i (Manganese) , th¥I0EK, JLEMS Mn, JRTFH25, LMK MG, #
Mo, AYeErESE. LSRN 1244°C, MAERATERRTE 1200C A4, R
PRTBAE SR R S W RI AT, BT B2 RIS 1244°C, (H RN mi 5 R RI R EBUN,
ANBEANE 2 B TTVE A RO SIS R A, (H& SRS AUR AT, AT BAERR
B 4oy 24 B, DATARE A A, 3R E] 1200°C, A T B4 T A 1] 4N L R R

I

o

| Z%3CHR |

[ERXIR B5EH. B (5B 5hR) ML EFHE LR 2006:115-122

RIEWH #HEF RLEB HFX. 2T PD BZENALEBEERESRR V] NEHENFKRF R 2006(51):619-
620.D0I:10.19650/j.cnki.cjsi.2006.51.240.

[312R32EF AIIMRNEEE MM BRI S DT ] LI9MSBERR, 1995(01):50-53.

| BIMEAL T |
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K 12 ZUmzE4 1
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(EAREIIESEIS (1) ) RIETRREG

FR: HEFR Hidb: HpEF 8 2021 &

FISAM L (FE S %&iE 21305127 B A G (5 5): vHA2 % 21305151

BA: 20224 9f 208 ZH= EEFNV T TFEHE O BE ]
T&: 31C IR 67%

SLI6 B13 FIHBAESCHEN ERIAFHER

PREnMR L 20kHz RN O A i, DUONEAJ7 s FiEReJI5m. &
TR KPR TSR, UL, IE. 7B, B, HeE. F9E
PRl FEFHAM AR AIEAS 22 M
[ SERERK |
Lo 1R P I (R R AN o O S 02 e P G ) A S
2. S MR A E I B A i

[ CEAE |
Fs | B HE HESH
1 e A G 1
2 HEfET kRS 1 ik K KF-WSG
3 SApinaE 1 FUMAE € KF-JJY1
4 R EANAT 1 KF-GP20Na 17A00058
5 T H B2 1
[ SEKYJRE

1. EEIERIE R
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HA SR 1 BT IR, R B b AR, s IS iAoy 77 A i
BN, ARG BT S S A AR R A E B EAR AL . 2 3 BT [ i s
Wla, 2r-dIrARTSS . X AFH, SROOEHE BrBAARDuE A e

2. BEBHERESBEEERE

RS P AR SRR AR T, — B P N S AR B S AN BRI . B A IR
EAMEHEE (p) « E (p) iR (P N AR, 1 HEZIL eI Y
Wi o FEIESZARACNI A S, B PEE s TR P i DL A B A EEAT S 5 o (AR
MR RT LU B sh Jr R o 7 37 T 3 5 JR B PEAR AL (R ) 38 AT 5 0

n(y,t) = ny + Ancos(wt — ky) (1)

Hrb o NEEER, kOB,

3. HFEREREMTR

1528 75 Y- T P 3 L TR P R i 0 T 0 s P R R S NV, A 1
7y DS S B s e e T S S, RS NSRRI ) — 2 B g, IX P4
M 5 A L3 2R N -

— i(wt—k
G @
PRSI [F] R D S AR AR I, ARB NS, SRAE AR NP = P + P, W

P = 2Picos(kyeiwt) + (PiA — PrA)ei(wt — ky) 3)

B EXATI, SRR AR, BRI, 5 T IEORAE Y Ji 1A
BEAT ISP, HARNE N IR SE PR B I IR 2 22 A SIEgar v s 01 T e A5 31 78 42
S, W (3) y U5 AT LAIE 2 & B 7l & — N aloiE IR . N i
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ATFIHT T R A B 5 R IA AR A — 3. P R TR R B A Ty, JaBiAb ik
fg. Wk 2(a) iR,

M B T S 2R A AR B R, Wl (2b) TE (¢ + T/2) B EIEART T t
I 2R TR, TGO A3 T AN AR ZIAHEE Y A H
AL, AT R A E . BTG S ORI T I, BT LAY A A8 3% Hh
AT R I — RS . X R A A N IR AN SR, SERLEE S 1 5 3
FIEME, AR P RN . B 3 BURIEREAERA T, BAE A RBLE 1
IR 73 A o ATV A6 255 U o T A %

4. EEATSHI
POGHEZ KT AR, B c » u, JCERARDEE A, A8 R R

TR “HEFECHE” PR RSN, RISEIE A 003 1) [ 7€ 195
N = NO + ANcos(ky) (4)
XL TV R ER B P DR DG AT 38 AT s O
Asinfy = KA (5)
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0 (5D HANIAGT - A A GRS, 0K K AT M. dixaUrT &, a0
R oKk, HACHL Ty AR A, B RTE RIS £, AR
FE VR AEAZ AR F (10 A P

u = Af (6)
I A N5 7 AR SR TR R 1 RO R L —

5. AN

KHE 4 Fosies, AR AB BHES i EmE b, Hd B A
AR AT B oS BN 5 B RAFAT 280 AR 73 it mr BLI &
TPAR K SCIIRT ST fhy, BRI R P R e A, RSB A I A f, FIAER (6) i
A L P AR AR T AR R (R TR

IR R, AT H B s i H B TSR . S SURTECE I H B
I b, 2R80EMT. I E SRl H 2K SURIEE x, AR SUATI A R N
tanfy =~ sinfy = ; (7)
He F A H SRR, RHER (5 A1k (7) 7[5
K1 «x
ATF ®
Jl
X A _/1 9
FFTTAu )
Horplh R BRI P, ORI, U TR A B 7 TR AT RN A
u=27 (10)

[ SERARE |
SKIRE A 6 Fn. A ARG E 8, FOR 0 76 THI A i A 5
i WA AZZ RGN H B (8) , SRAEmE H B A R R asACE
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| SRARTKEIER |

1. SRR B

(D WA e BNER N ERDS, HHUE 5 Eim Gt B R,

(2) ARG ERIK, IFEEEMCHEN G L. Feahiibrf i
A L T R S et R ) T ELAR AN 2R S - AL I EZRK T 2R
o JFIERH R G A

(3) FTIPGIR, ARG T E R K B ERRG. WA TGN PkaE 58 fE i 5%
LU, RO S R b L E A, LKA,

(4) FTIFHF PR, WORE AR, LT o U T2 RTH 2R SU LAk
LB o

2. RAATH AENR T E

HAECSRM DB A8, WEAFRFLUNRTS M, RIER (5) M (6)
TR A Tk P R R A AT T H SRR TP A

3. RANH H ENESE

SR FH I H B 5 4 B i F B RS BTE M 26 80UR ,  Feahlll il H 88 L sEde,
MERFFFLINE, HZBZEERHFLUEE x, MA A0 TR A Eu.

5 B RMAC KB ATH, FFbras RO E L .
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| B EREALH |
1. SER% B

Bl 7 AT 2R AL
2. RARNTHAIENEFE
A =589.3nm, f = 10.887MHz
R AR HSR ST f R

K/2 % 0,/° 0,/° 0,/° Ok /rad sinfy

0 77.00 257.08 77.04 0.0000 0.0000

1 76.7 256.88 76.79 -0.0044 -0.0044

2 76.57 256.62 76.60 -0.0078 -0.0078

3 76.23 256.38 76.30 -0.0128 -0.0128

4 76.00 256.1 76.05 -0.0173 -0.0173

K/2% % 0,/° 0,/° 0,/° O /rad sinfy

0 78.28 258.4 78.34 0.0000 0.0000

-1 78.55 258.67 78.61 0.0047 0.0047

-2 78.72 258.83 78.78 0.0076 0.0076

-3 78.87 259.07 78.97 0.0110 0.0110

-4 79.23 259.38 79.30 0.0168 0.0168
WIS G, RIATSH AN, Filloy ~ sinfy, HAESBAERKBEKZERERN
AsinB; = +KA (11)

A origin AT G, BIVTAS AR IRZE, ATEORH: A RN E L .
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" KA (m)
et s
| |
0. 000002 - R e = g + h#x
5[ K3
wa A ¥ ]
B i -5 ATRIZE-R + 3. 250GEE-B
FiE 1. 4228TE-4 =+ 5. 05233E-6
=TI R B, GA0IRE-11
—~ u Pearson's r 0. B9838
E R (00D) 0. 59679
0. 000000 n U R Ty 0 o0
-
="
n
[ |
-0, 000002
-
-0, 02 -0. 01 0. 00
sin 8 K
¥ 8 originZkttitl &
®2WEHIE
& s {E/m ®ZE/m
xR -1.42287E-4 3.05233E-6
H1 900 & s P A0
A =1.42287 x 10~*m
SR S
u = Af (12)
CIES:
u = 1.549 x 103 m/s
AN E 3 2
H 300 & Hdfa Al
S, =3.05233 x 10~ %m
Wl R AN o FEE
du
U, = |ﬁ| X S, = 33.2m/s (13)

Bp =095, t, =196
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I FEANH E i -

1l

U=t,xU,=65m/s

u = (1.55+0.07) x 103m/s

(14)

W R RO TR IR AR K, 5eE S L3t AT B AR A, U 6
MO ER A AR B RAHAE L, BOErf s HAUE, 1 HRA Q2@ et di 1
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"3 ANFARBRL LA
K/Z5 % x/mm K/ 258 x/mm
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1 3.248 -1 4.710

2 2.493 -2 5.392
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4 1.047 -4 6.869

x4 M HE B F
N/AREL 1 2 3 4 5
F/cm 17.54 17.49 17.65 17.55 17.48
HIE 2] 15
_ (x5 —x2) + (X4 — x1) (15)
6
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H
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AN E FE 53 B
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Experiment B14
Basic Experiment of Circuit Simulation Based on
Multisim

Experiment C9.1
Chaotic circuit simulation based on Multisim

Shangrun Lu!

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

Abstract: The Circuit Simulation Experiment aims to learn how to use Multisim circuit simulation cases
and simulate RLC series circuits and DC, AC bridges, and chaotic circuit experiments. The RLC experiment
is based on the principle of steady-state AC circuit, and the amplitude frequency and phase frequency of
the circuit components change with the frequency added to the circuit, thereby obtaining the amplitude
frequency and phase frequency curves. According to the principle of impedance voltage division, the bridge
experiment stimulates different chaotic phenomena by adjusting the impedance on both sides of the bridge to
reach equilibrium or a specific state, and the chaotic bridge simulates different chaotic phenomena through
different initial values and circuit parameters. Through the simulation experiment and some actual experiments
compared, more accurate results were obtained, although some frequency selection is not very reasonable, but
the experimental phenomenon is very obvious, we successfully verified the amplitude-frequency characteristics
and phase frequency characteristics of RLC(RL, RC) circuit, and verified the accuracy of the simulated AC
and DC bridges, and built the Cai’s chaos circuit, by adjusting the parameters and initial values to obtain
different chaotic phenomena, including limit ring, double vortex attraction factor and single vortex attraction
factor, etc. The resistance intervals of each phenomenon are given, and we use dimensionless methods to prove
that the state of the chaotic circuit system does not depend solely on resistance R1 or L1, and analyze the
phenomenon generation reasons. All experiments achieved the desired results.

Key words: Multisim emulation, DC bridge, AC bridge, RLC circuits, Phase frequency characteristics,

Amplitude-frequency characteristics, Chaotic circuits



2 Y

2022 % 11 A

GENERAL PHYSICS LABORATORY

oS I
Nov, 2022

I8 O3 BT SRR IS I R B € 547 508

FIA: FEIE 21305127 AAEAN: vt EE 21305151 3 F IR g4 !
(1P ukFWEFZ, JF M 510275)

B OE: AR A L KRS BRI A I e e B B RN LR AR BRI,
ARSI IR AR R s P00 BB E 9 A R BB HE N IR B JRE 0 T OO R A € PR IR
DA R IR PR T i A, EARTRATADE R OGIAT 1A SHEERINE, 23 0E 7oRAT. ST AT
TRASAT AR LA — B IR SEOG IS ], 13 BIRHIE S 26 USRI B 22 5 R U SBT3 & ARG FRATTEA
L1 SRR FELANS e IR SCRE I, BB LB RATIE R e 2 et AR 21 7 HIR I 2L, A BLZL SR KR
RIS ISR AR SO B O IR B, T ME— WS AR K 504.3nm Ab. BEE, FRATIAE 140 S8 /KiE AR IR BE T %F
FURERA BRI AT SRR, MAERKE NERIFARE, IFHRIE T BAER. HATER AL &
FHLE T FHL (40K K50Pro) FUE/R#: (/INHT 14Pro) Ml AT LI # R I & 7 BB 1O T

KA. BRI TR DG WG el Tl BURERE; LG BuihiE

il

1 3]

W R TR EE A, AR, A
[ J5 - 11 e S 1% 26 AS TR i K DA BB B . D6 43 bt
it UK 50 3 [ RFAE Y R S B S R AR AE (8
PEOYHT), TR B2 1SR S Z R A
B, DR AT ) F I i 2 fY) 5 ORI 52 T R )
TR (ERSNT). MIASHIRZ J7E R LUINE R 5K
S B, el T8 BB, ATEHEH
AT, a2 iE B+ L LR
FAEFHR M 28 A0+ B2 1 3 2R 6 0 0 BT A 2% o

EAME S b, R —2% W, 250
VBRI R . WP B 2 H A & 2 Rl il & 7
%, e e B 2, iU — I
W FAER, RSO IS T TH A E R R 230
BEFE M /NS T R 51 205

PUETE Tolk Aol BRI, BR2%. A5,
FEEVFZ ORI M. BRI RS TTEA RO RS
FoRFE LR B R G TR, W IER G RGRRNE
A CIE 1931 RGB £t R %, CEI 19 31 XYZ R4 L4
J CEI 1976 Lab #5]£ A KRG 5.

FEASCH, TATRA 7 ALt s it 2 1) WPG50-Z
) E S AGEAT T RS R 1, IRk
TR IE TG 2. JF HoRM 7Ot AT
TROEE SRS, I A% TT VAW T A T R R i

LRAFAIE, R BGAIE HE R S AT B e AR A5 AL, IR T
AR B Ja FDEE A E o 7 FHLLLL
WA TR AR ) R

2 RHPLIES

B R T BRSO, FARFETE 2 A3 DA 5 EEAS
[, I E I TSR AT 0 RS I A5 P S

2.1 WEERETFILIE

fe )@ SR T 5 AR T, AN AT
WRE R BT 5T SN IR T . T2
T FRES S SRR A REAR, R4
A f T RIE BT IR SR (BRPUE BT ) BLR AN
g Ja SR e A Oy

R(l 1) R R
ok ok 2 2
ng My (n' _ u;/) (n — )

Hrp o L mBs; R OVEMEEFH



2 K C3 IR T R SRRSO DL B 2 sk i

T, H AR

FHA:
B R
BHR: 0
HL A

TR L, WL RERECN

_ R
(n— m)*

Horpr Ay T RALRRUE L FROE E D

vV=A_y —

n'l

(2)

RIRFHIE

AR THIREH 75 BRI E B e, — B
AR AL BRI 7 R o @I RG2Sk ) mm, (RIE
AT HI B T R B Z R

2.2

Frs 3K /nm
365.01
404.66
407.78
435.84
546.07
576.96
579.07

N O O W N

R 1 ARIRAT AT WG I BURFAE 1 28

2.3 ZHREXRGE

LED &% light emitTIng diode(& It —#E)
A5, BRI I BBUOLIE SR, B
T—MHEGILMSET L, SRSV AW R % 3

R BIRZ O 2t p B SR n B
AR S, fE p MRS n B SR R
—MIEE, FON pn . TEREEE SRR B PN 45
, EARDHER T SZHBRTEASNSLZR
() Re B DO sURE I ok, AT FL R B4 i 4 e
Aé. PN i bk, DEEimFELIEN, AR
oo MEATFIE R TARRSE CRIF N IE @ %D,
LN LED BHBR ) AR, 2 AR df A st & H AN 2E
HPBILLAMA R B 2, YRR Es 5 A .

3 MRS

Wz AT T 2 45 40 J5R W UL O T MM e RS 31 i
R e A I 2, 8 I G AT 6k A BRI B4 R )
WOk
3.1 FHIEKRMR

TEW SO R, W05 ) 43 F IR I T N S R 5 e

HR W BB 5 R R OB R, FrE SR
7
E = hv (3)

Hep B A—MerifesE: b NI HEEG o 25
SR . PR HIR AT R AKX

c= v

(4)
FATE AT LU w 170 A WO a1 I B ) s
()

HHEAVFZ 0 X, WRABEK X Fox, WERIMNEX A
200nm-400nm, A WHEX A 400nm-750nm, ZLAMNEX
4 750nm-1mm. ARG EEANFE M, HigEn]
DUARIILAE S 1 B 5 DA ARG A It R AH AR R 9 BE B ol
5 X TR

K 1 ot X

3.2 SEHIIRUL

JeHR SRR BB B A, RIS LR .
H e B R 5 2 5O T R B AR AT,



T

PRIUERR 1 H2,
eI .

FE—EPATE RN, 5 P00 6 R OA BE 3 K
AR (7™ 4% oK Ut 2 Bl P HO AR A TT B AN i), I
R — RBEURUATs AR, 3 WAL 9 T A TR ke
o AR A0 OGS G MRS Eh I A AR S 2Ll B
BT AU, — ARSI BR b AR S R R 1 D o

FEASE KR AT WG B RIS A K,
-3 LV ETTPS b LA AR Ao G D AP privk 2=
The

B — Tl 5 A A 99 ) PR I8

3.3 BAAER

Wk 2 fros, A PIRE & A R ES S
AR, 2 — Ry dl MRS, BAfeH, dI/T
NSRRI JERE dl BRIELE, B

dI/1 = —kdl (6)
ok A R d E ARG
I=Ipe™ (7)

BB R AR R = UL BRI, 5T

I [+dl

2: BI5IA BB

FHn, WRHAEHT LIS

I = Ioe—4ﬂ'nnl/>\0
Hrp X FOBAERZE ISR

3.4 HERERE

AR BB S 28 B B S AR IR A 0%, HERE
ESEEG, A T HRERE: 2R, AR TR
TR AE ANROGIA 7 P R e B 31RO, TR 2R
ek 5IeBOE N BR AR AL N T8 (B 9IK
£ C) BuiELE, B

k=dC (9)
Hrh of B—1HWRETRNE, W (7) &R
I = Ipe ¢ (10)

LT =1/I) fEREEE, A= —logT =log(1/T) &
AWOGEE, W EAAT
A=aCl (11)
B BN R BRI EC AR IR EER RIS, Y5
I3 T I OA 914 2 LA B 23 1 O, 23 IR AR
HAFFIANE] 20, SO PR E AN FE RRAL . I i A
FEARZE AL, B R E AR — 8 561 T 4 AL
FE R E B RRL I, gt T 0 R AL i 1) T 9
KM E DTV I TR ARG 73 A2 o

4 BN HrsELg

BRI T N B ARG R RESIRO ARG E
R~
4.1 BBRZRTE

B0 RG L RERARIE O RO R R AE | B
JEE RNV RN B X B3R AT 038, & — e M RO A ik .

4.2 RBRZRTE

BT RORGAAEAL, NMITE Pk
. 0 ARSI IR I (R 52 iR R 48, ARG RS
R G IR sy, SR 55— B AR TL R T 5 e



4 K C3 IR T R SRRSO DL B 2 sk i

IREEVEER, X ERHTERME. RERG A
SEROARG, M= MERR ORI SEaRErsiE
A R AE R R . = A2 e ) 38R O A
UL P B A NN R T iy S 3 A 3 W B 4L SR
PR — O BEA) BE B o RAIE €0 RSO 2 1) = R A
= EE TR R R G R E B ORRIESH, KN
OREE, &ML,

4.2.1 CEI 1931 XYZ %%

H %W CIE 1931 RGB £ ® R %t. 1931 4 H
brH& B 2% 1 2 (CIE, Commission Internationale de
L’Eclairage/ International Commission on Illumina-
tion) ME =R A HERCN: At (R) KN
700 nm, ZRJE (G) KK 546.1 nm, ¥ )5 A (B)
PRy 435.8 nm. MRYE LI, 21X = 7 O8I X
2R EL )N 1.0000:4.5907:0.0601, B4R S E 2 A
72.0966:1.3791:1.0000 I, At AETR & VLHL ™ 248 H 55 RE &
RS S Eo BTRLCIE SEHUZ I RIE N, 4.
=“REMRAE, Bl (R):(G):(B)=1:1:1, ¥ b & —
R A A — AL, BE T s E S LG e %, 19
B R =HEAE RGB 7T LAME— T 2 B A SO 7 A1
FOEHIBE .

FEREIER b, FARPR AR S 7 1%, B =AY B4R
R ERAE =R, MM RGB REORGHHDL
W = RBE AN O R AR Y IR, 8 (X)) (Y)s (2)
REBAEM L, g, WA,

4.2.2 EmE

o B DO R B s R &R e S 1P T A
1931 “EH E FRI A ZE A 2 (CIE) i€, &k CIE i
K.

B (3)  x ABARR LRI L, y AlbR 2SR (1
ML B, AREWE R ERADR 2 iTH x+y+z=1 .
HR 2R B S ARR A s (1, IR RO e it s
H AR TS PP AL I 5 A B 2R 2 Y .

5 SLIGE

5.1 RSHIELEIEE

SIS IR 2R

K3 ik
S B Pz K=
JAT S R GY-5A/GY-4A/GY-13/GY-6A 4
IREGAT DH-XWD 1
JetEIERAL Jokttad WPG50-Z 1
L R SIS N SN 5

5.2

T2 RIPLHE

S VA A A K vt T B s

B 4 BB SRR E

YL, e oistnigs

SIS IR R



o om om % % 5

B E S (&R B >R 2R ZHE
X R OGIE I bR LW-5V 1 MrifE] 1ms
LGB USB2000+ 1 FHRE 3k
AU Em  751-0.5/1/2/3/4/5/10mm 7
H4F 2 # 5 WOLHE SIS 24

& 3 OB KE s Hr SR &
(2) BCIF & AR BE ML Sk, ORI N &
SEIR B AL K BN R BB

| LLEKIRIZ /(L /L) |
| 0 | 150 | 187.5| 300 | 375 | 750 |
| 1500 | 1875 | 3000 | 3750 | 7500 | 15000 |

F 6 A HBIKIRE

(3) P2 S (0 i 45 3 2 B K R 8 2 L,
FAEHRBE N 1500pL/L T A7 52 J5 10 21 S K e
L. SRS RO R E R

| TR fmm |
B 5: WU K R A BT S 051 ]2]3]4]5]10|

X T ABKTEE
6 SLIWAR

6.1 LEeirsmIs (4) Gritmedicid, B0E BAMA & DA bR e it .

(1) IS LOFEERES . ST 6.3 BREESITSCE

WHXH ek K/um  ZbpkK/nm GRS (1) B AR 2 R b A b

KA 300 700 0.1

Aah i 208 ool (2) FEOLT, FEADCA R (AL R

RS 300 900 0.3

-y 300 700 0.3 (3) MFHEW M BRI MITH =HEE A,
% 4 RS FEAXFUHER R B, & FF e 5% & B B ) (AL b

1.

(2) RUCHHIARIT . BT, AUTT . T, Tofhgi (4) (ECMBIRIh ARRIEEL, RTINS R
(40, #. %4 Bk, @) i LED ATHIRSDGIE. i B BFIAT L

(3) XF BT A G AOAFAE TG 2R 24T 70 M o 7 SIRERERR

6.2 MRUEIESE 7.1 REPCESEE

(1) Wik USB2000+ ZOGLF G, A3 I H M OO 1 TSR R AR
28, ZHANN R A RAG T A FLT B HE RS 26



. K C3 IR T R SRRSO DL B 2 sk i
7.1.1 KRAT 7.1.2 AT
LR

B 6: AT BRI

2B IF R MBI, RAT R SR IEE 300-
700nm P PUAS 32 BRI AE 0 = Nk B gAY, H B
wWrE

FEAELB K /am MXEER IRERENE K /nm AHXESR

365.8 5518 409.0 1539
406.1 5269 578.7 2371
437.4 5408 580.8 2443
548.0 5308 / /

R 8 RIT HIFFAEIE £

ELL BRI A, RATABE A 406.1nm 5
409nm 1 578.7nm 5 580.8nm [ ARG ET, F I
WELER,  HLJG 3 UG &5 R RH G Y 5 B 30T o

UG, EZEE N, RITRRSHDEERT &
AR Z BN o 5 RIS AL LK T, 23
H“BER” BRI, CEIRIR, RIETGERRHE. [
I BRATTH A 5 Ol 1 R 7 F e 3 Yo BB N T,
SERVTEENELT . B> F RO AL B /D R A S AT
ot

SR IIb 7 I SIES A (N n R iy PO AR (€ 1
BUR, HRONSERAAS A RGR .

| { | ||I | |
S PP et | FI § Ll T SR

S0 a2 Ft i

#id (nmd

B 7 AT RS

ARG, AT IR SOy 590.94nm 5

591.55nm, B2 4 MM k. IR K 6 NoA
589.0nm 5 589.6nmo.

FFEE P /nm XG5

590.94 4609
591.55 4863

RO AT HHFIEIE £

SR HATLERE,  Hae LU RE 4 5E ORI

Imaw - Imzn
V=———m——

12
Imax + Imzn ( )

U UEAB S E SR )P MEAE A 110,=4736, H iR ]
B Lnin=30, WL THE RN

V =0.987 (13)

BT b B A 8 SR AT TR 1 2 SE 4T

FATHT A X LB K ZED 0.61nm 5 H iR
fi 0.6nm BONEE, WHISLIREON M. EEATFFE
KB, FRFAE T G B KA H B K 20m,  HR A
SKIGERI R SR



T

Bz I 7

7.1.3 S55AT

Bl 8: ST A i

aHAEg, HIE IRARHIEIE &, BaEn T

B /mm  FXOEH

432 8 3683
B 2 485.2 3854
655.9 4012
e 408.6 2136
o B 3
WEWL o' 2006

R 10: ST RIS £

IEE AR B EHR R 2K A 656.3nm. 486.1nm.
434.1nm A1 410.2nm, HA3HI0N. H,, Hg, H, f1 Hs 1%
2o AR EAG A X ERAE A — - 1nm [IRZE,
HN AN RFIRE T

RS HTEE W, BB IR/N . Z AR T 2R
JTTES MBI AR W, (HEEE T KR, BT
JSL R RRAE St B 0, Rk A 2 20 7R T AR AL
PR R AEER BRI G 1 R A, HHAE 365nm-385nm
W — AR, POV ELHR R0 =R RE A
ZEWRN, BRI AR RBTAE S, WA i B =2 11
LR BN S, B RS R BLIRATT () 5L 56 S H R
BNV A

7.1.4 REGAT

B 9: IRASIT R i

RESIT R E G, HESSE Y 320nm-2500nm, L5
HRETINAR EE I, FE 320nm AbiRls, SiESLE,
AILVEH, LB, MRV, AL T ELE
TR, SEIRBCN ) .

7.1.5 HA#MEAE LED

a. I

10: 4. LED KHPtit

ME A L 1, LED £047 R $H 6 HEAE 300nm-
700nm A 1 MNELE, FHX R IRATI R 8 R
635.1nm, HFZEsmEFIELAIX,



8 K C3 IR T R SRRSO DL B 2 sk i

FIUVE M, EIZIN RN, RSO & T,

HRZEBN . FRRAT R S iE 8o, AR
/N,
b. &

& 11: ¥ LED &HPeig

MEIF AT LLUE H, LED 34T &S K AE 300nm-
700nm A 1 ANUEAE,  FHOOT R K IRATIN & 1 45 5N
594nm, HFEGREPEFIEX.

ATLLEH, RN ETEE A, RIS i,

HiRZEBUN. R RATR RSOGO, BAER
/N,
c. &

& 12: 4 LED K&t

M AT LU Y, LED 2847 & S8 E 300nm-
700nm A 1 AU, HOE R B EATI & AR N

522.9nm, HFEHHREFELGENHK.

ATLLEH, eV N, REOEIE A U,
HRZER /N FRFRATG RS8N, MR
/N,

13: ¥ LED K &fyeit

MEF AT PUE H, LED #40 R 56 E 300nm-
700nm A 1 MR, FOO R A BRATI S 4 RN
462.9nm, HFERETELGX.

AIRLE M, EiZNEJEERN, RG-SR,
HARZERUN . [RIBFRATR RS OGEE T, MAER
/N,

e. H

& 14: [ LED K &git

LW, LED FAT A il 5 Hofh 501



T

ANE, HAE 300nm-700nm A FIELE, HAE 55
MF e Sk B, HA MK %N 451.2nm 5
526.8nm.

iz EJEE AN, KA ERr& T, HiRZER

Mo RIS R SHEREE T, MR

7.1.6 RES

a. RGRE

1 WS SO AR, FRATT R T S B8 R AE B 2
D EAEA B 2 A BSEE R, AR/, 2idmEE
RO, BB L B4 T XM 2, R IX
P ZE N E ARG mE, NAZe 3 3800,

ZUA, FATVEESMEIE SRR T s vige,
TE 5% )t 6 10 A BT 00k 25 5 51 i Ui 22, 5 3
WK AR L, ST AR AE 1 4 B Ak 2 7=
A o MR —BLR, R ORAE U6 AT AR
A RHETE B CH G IR A AT AR E

b. BIR/NER

LI P AR KBRS G E MR RS ET 2
INBTER, I HARATTRIICER A X 658 150-500 2
() (R, st B A — S5 38 P A AR I AR

St T, FRATVRIE G S T R SE T
PFo AR BRI S L G NG i3 SZ BT, AR
1 LI R B A [R],  TTT E T SOR 48 A T AN [R]
JO 1 FE TR 2B FLAE S OK, (EAS [ 5 Y R B
PRI BN REA

B PR, FRATHE ] CUERE N BRI R T &0
HEM,  FRAT )6 TE A P H T OR B8 AR AT AT I ()
FHXTGERRY 0 BIPRIT EATHe R, 2R B T8 K
I, MRS e 2 A e, BT RSB SR RECA ], B
PAFLARG Yo 46 s AR R o B, JRATTA B MRS AT
TIRHES R, B H A R 100, TBATHE]
mRE, HOBOK REOTRENRRE 6 fF, Hmta A
—ANMEXTEER N 600 (155, MULET IE QUMY ERFTR,
H 0 Bt BBk A 500 B

I HANB R = AR BEAL, BT LARATT 4 B 4 4
I Z N AR B AR, IR P A — AN N RS
ok &= tE R, FEEH I 2 R, HEE
TR KT 500 FIECHE #9825 B BRE BT 1 B

7.2 WRUTSEIEsRIg
7.2.1 REAERNE

N B 4F — RANREE AL 8K, HDGEGIE A &
M 2L s K MR Sl 2, T AR 2t A (15)
HiN

B 15: AN[E)IR B 21 88 /K I

AL, 2088 K Al Lot B R i 3 AR Hh AR 4k
TCRIEOLUB, HOLRHLL

IRy, A0S S0 45 R AT, L S T H S 0 Ry
o 38 Tk B A5 30 AN ) 2 21 88 7K AR IR AT UEE T %o 8 95
K

ZLSKIREE C/(uL/L)  "RUSEN B /nm
150 499.4
187.5 499.4
300 499.4
375 499.4
750 501.5
1500 501.5
1875 503.6
3000 505.7
3750 505.7
7500 511.9
15000 520.2

£ 11 4B IK IR K

ZSena g P EN S RS2 5|

A = (504.3 £ 6)nm



10 K C3 IR T R SRRSO DL B 2 sk i
7.2.2 ABKRBRRERERERTUNE

e HEgLE, AR A R T RO R i
W A VB P AR A 1 it 2

A G B

1
J
/

I )

q___—ﬂ

/'

j? —a— WEIAR AT

A LAE 3,

T T T T T T T T
2000 4000 G0 HOON L0000 12000 LAHIG 16000
FT A (al /L)

Bl 16: W fELIR ' 25

FEARIR LS IEAEOLE T 5iRE C &

BLECTESR AR, SRR L H/RSE . (HEEEIRE K,
FB w4 t, I HAEEE EAES.

BATRE LML, LT HREB0E K, SERATRA

e —
a -
s’
'd * RO
. F —
= #
e .i
b
f ]
]

A (ul/L)

K17 WA RO R UL A it 25

TUAE B, WA S5 BT, T ATE IR SE AR

7.2.3 WIEEL/RER

FEBURI R BRI FR e WA T AT LA 94 BE v i e
T R E A I A% 3 B AL K 2075

AR BN TT & A R FE 202K s

Bt e AT 0, S e Aoy

B BE C < 1875uL/L Wi, K LW (g 4
BRIOEAT RIS, A RECN

T =Ty + Aefo® (15)

REA S TS R

ES B el PRy 2

Ty 2.68559 0.05965

A -2.82569 0.07170

Ry -5.61E-04  4.04E-05
R?=0.99491

*12: WELR

KPR EIRATERA T XL 2uiaAE ) At G,
HSEPRE RORANGF , SERATRAL T 158t 5, 05 i

23/ 1N

T=aC+b (16)
T HMEEES R T
SRR Jied bR 22
a 8.91E-04 2.40E-05
b 0.03179 0.02331
R%=0.99639

13 R HE L& 45 2R

A g~



5

fifi ¥

Bz I 11

CI R
L5 5 hEE

SRR UL/l

B 18: I Bt 40 15 i 2k

AL, FEARIREELL SRR, WSRO E T 5
W C ZHFMFEAEEHFMRIERR, K R? AR
L, JFHABE b JLF 0, SERATREFHBIGAE 1 HRE

R IR 2L SR K F s FH 1

7.2.4 WIFERAERE

AR PR AR R BEAS RO, AHFRATT a3 B A
SERIRZEAROT, B ORI R, MR T AR B
WPEEN 1500ul /L HIA 8K E RO G R, FemlkiE

LUNN

Bl 19: N[ 5 S 41 S KW

i 4t T e R BT X B (RO B, R S AR AR

B, WHTEENE, UERE0y

T=al+b

(17)

WESHWT
EE R 1 PREIR
a 0.14297  0.00449
b 0.04391  0.02114
R?=0.9951

R 14 ARBRTEER AR

WA LT
|
»
e BT #
25 el =
¥
(A //
5, -
= 3
= Foe
E: v
L
- ’f.
o i
L
L |I||
WA (ol

20: AN [E)VE R B FE A i 28

B R RUE , WERCREL, R? ORI
1, AR, WOROLIERE I 0 S AR AL, R
B0 T BFE
7.3 BBSHKLE

A1 B FHL (LK K50Pro) FIE RS (N
14Pro) FTHF =R @B, DRI AR

7.3.1 FHERERE

FHU AR (E
PRERES X y z

[ 0.1411 0.0707 0.7882
ot 0.2855 0.6330 0.0814
FAN <) 0.6668 0.3402  0.0000

H: AEEAR 2 SEFRMEN-0.0070, BN
FENT 0, ArLASLEREHEBCN 0

® 15: FHLOARME

RN S LI



12 SEH C3 JT IR RO M LK 165 4047 500

B 21 Tl E

[R]

7.3.2 BrREERE

SRR AR CARRME I T

PR x ¥y z

HE 0.1574 0.0888 0.7538
g 0.3087 0.5510 0.1403
FARE) 0.6260 0.3481 0.0259

* 16: FHLEOALFRE

2 RoR st B AT

K 22: Eonastuhh K

7.3.3 it

B, WXL =ML, RN, ATRUK
B, ORGSR N T LI, BB ) B

71 SN
IRIGRT L ZFH W = A AR S TL R BRE, K
BT LR AR B IA 2 T, O e i s S S

8 g

L BRAESE — A8 b 43 & 1 oRAT S 40AT . &
ST~ IRAESAT AR ) LED AT (R SH6RE, 451
T T HARFE NG 2R, HEAT T SRR A RN A B T, Sk
B L

2. SRJEERATHEAT T 40 SRk RS 1 5258, 40 il
AN R AR B2 (R 21 SR K IR BE , A5 1 20 SR /K R i e
xR KA B (504.3nm), AR FARIR EEIGAE T /R
SERE; IF By BN R OE B VR 1500uL /L
LL SR K IIBOG RS, JEAT T BRAE S I SRAIE -

T8I 8 AT A R AT R B 1 LR B e DA R BAME
SERHEAT T ARAF ISR, SR BN .

3. BJE AT EIE 734 7 FHL (4K K50Pro) A
WoRAE (/N7 14Pro) Mk, RILFHLI IR,

S5 3Rk

(1] X5, Ex=il, ke, BN, 2800, K. 7
TGS B 1k R S R[], et e i 4y
#7,2010,30(08):2248-2252.

[2] B &, XS0, KRS, & R E kL
LB A [J]. Boe S5 ad 7
J&,1999(02):23-27.

(3] 2Tt PGB ) ' IR AL B O A4 A
FREREFT [D]. BB AR K ,2021.

[4] ThERSE. Bl st M), dbnt: m%EHE Ak
#,2015:323-328.

[6] W& LR, KUk, Tk E M TR ot EIT
WK HE AR E R T o (). 5 At
£ 2003(01):45-47.

(6] Zr/hAe, skinig. JURR R WOGIER AT 7T (3], K
WL SEG 2003(01):52-54.



o Iy 13

B omow
A Mg
A1l BERR

1. BhR TR R EAFIE? RS B
ST P B &3 X T B R AR 7

(1) R TIGED NEL R, BLR. &
LLRTEEL R

OF—&LR2W, BEEUTREBTT A, AL
LEM BN, R T RER, RIESE
W5 LRI RN RE R R, BESR
e, R T IES.

QF &AW, BEETMEBIT A, ELE
SN . ROAREG S, Rl NSO &2
TZBE M LK

ONFALARENBEAR, TEARG
AL TR WG N, B2k RS 26 R
R — RIS RAELLAN X A, HR ik R e ml L
JEPBL B R AL TALAMX

OELRELOLMMBGR; BLR ML
GIORIE, AR R B RGBS,
Uk it

OMIE T B A EL . TR A
A HE HARETH S = 1/2, ¥ HjeM
PUEZE M EAER (L — S M), fET A

A THngeE. BHEERRA
_ Ra? (z*)*
A= ST

Hrb o ARG 20 MR TSR
W n NERTH | MAETH.
N 11 FoER, HEAARE M T,
AT R B A& T NA WA EUE, B
REDBS NI 2%, N HIE RS nEs . it
7 A B2 44 B B XU B O AN R T SRR 2R
(2) AR SERR AN VRS B84,
TN E H O E R TR SR, B

N 589.0nm A 589.6nm M L5 2R, KILLE
AR S B H R LR B A 4 F R 2k

2. AL B RTOBOE R K, defTiRF R
B2 EEAAA?

FRATHN T8 21 5 7K W i it 286 06 7 W WAz Ui 7
500nm P, 32 ER WK BAR R AE GBI
B . BRI BRI, ROZEFRAESO
el B = AR R ST iE S fooE . 5 HER
SR R DGR, IXAE A R B B B R OB
WAL o

i 2L LED T, HEEARALELDHEK
(PIR SR B = AR e dm A, Ui e A R I AT 55
KB G IR .

3. KA A ARk g M=+, A%
B E LR LAFR?

GEIEE

QRS EREFNI IS I S, A5
FING, HBEA TEEERGRE, .

@M HH B T M e A gE e £ B
M P SR, DAVBL/ NI 7S R S8 1 s, A
S 2R T TR

@ N SEBR AT 75 (1 4 Je ik ARt &K, Bt DA
T T RS, DABNEE E AR

@XF TP 3 Bt A G 6 s A Rt 4
HCIEAX, 3575 E I MR NSRRI A R
KA G AT I & .

E:

ORI, MR E LG, H
A, R BT RSSO R
Foo b, HOGIEEERIRIRA g o6
g, KERIGIEAOGE, LIt EA IS 4 5
IR, 2otk i, A AR OB

@K ST 61 L08R R IR R 2 2R
Al RN ELM B AN FAT W R S s 1
WS T BT 75 1 6 IR 6 0 HE S R TE 2 -4
e B am i 6, B OGR4 REfE L



14 S C3 T IR RN s LK 6.4 17 506

MORE .,
1. A BUR F BLSA 4 8
BER? RIS T R MK — B A
= 0H T,
WM E T OO B2 5, 7
BEE T U T AL
S AL
MR, RN RS 52K I AR Ak
LR I RRE 8,

S A B R 6 I O 1 2k 4y
fRBOEIE, TR REAS R R, DR 2
FHERG B -

ASCER TN S R HR S e % 457 B 55 98 % AT O
9, AT DRI b AN [ K A R () NG i
AT, SEIUETF M SR, R E R

AR BT AR S G a Bl (UV-
IR), BG4 #% (0.00lnm), H3hEKH
i, SERER NI T RE AR 5 5 A B 1%
RE N ETERE AR R, T (.

JEMIEE DO M B R A e, AR
T ANIE B BRI, ST R &
HER T 2 52 BIR KI5

VMG (ORI TR 98 Y B SR th g , 3K
FOR T N ESRGEH B AN RS .

BEANE S R R, HONRTHT 2145 €
RV NP RSN IR ) i3] = oX =W o0 4
Hlwm, BYPUREAD. SRR, Rk
EOCHHRIE T ZAh, R ARFRBEIE, $ %
SRR, HIE L EERM .

pnapiniiil

JEECIEG RRMICEE N E SR E A
P, RN RS & BDEREAC R AT S i

JCET I SR A R A R v 3 R RS

e e

HABEBE MR E 0 L AEAERKH
RIgE, AT LU HAtOG e At S
FEFATA R . [, BT
R, G THERRNE THEAE, BEREEE
BA%.

H T LR RDUE 5 AR 5 % B4
PRI T3, JCA SO LR TR
PE,

OIN=E

AN I R R R R, B
NEITmR, BASEBE, MuskakthER
B

KW ER S R WL &LE
FRAb S HA R AT, Y sEIe i gk A E
LN AP

A WA RA 9, WALt
e, e R MR A XTSI s AR ok,
) s 1 O S U e W N LR R T T
by T B B K AR K IR RAE

R ge LA = -

XA B RS BRI 2, B oy
iSRS

REEASEARESCNE

O 5 ELR e 87 I, BEAMERER SR AR b
PRI &

@M AR S TR 2 Il & .

5. ME B ARITEY R4 A AR KAy A
W, A2 400nm-600nm Z 187 BmASRIR 6
%57

R A HOGIT AN & 4 mT WG AT, BIE
RIS FHEA R IE LI

H KT8 RO SR B

KBRS, SRS
B A0 (FEEKA 253.7am), [TE N
TR 1 2 A BSOS A o JE R T O,



T

oSz 5%

15

HJE RO G

ANER OB, 2K BAS R A WG,
— M H KT 5Ok K FH =Fh RO A
[F R A, HSEERN =Mk ek Bt & H
FE=J)IP

I B A 22 B R e RS AR,
HoONR HNIRBURIIZE., 46, =619
MEAENE (KA, WBEEKN 61lnm). £
BIREE (K&, WHEKA 541nm) FIZ 4
PREEEIL (RIS, WK N 450nm) 4% —E
LEBIR G =R B0k (e AR T
RRMRIEN), EMREKER, GiRN
2500K-6500K, R EFEE(E 85 A£ty, HEAE
PECAT B AR AT R K44 RE Ui

WSS R AT IR GG B, SRR
D61 2 = FE OO0k P R O, RIRAT]
N 1ZAE T B ) 400nm-700nm 2 8] E $] =
AP, HA BRI (611nm). 4% (541nm)
AEE (450nm) (0, WH =35 2 Agha ™4
PIPN A o

B 23: HOer el i

S 58 i OB ATt BT LLE B, H
B MNEARTE 500nm A, B oANEAE
590nm 7247, BIHAE 400nm-600nm 2 874
MBERIA o

A2 HTERZRR

Kl 24: FUBREH T 1

K 25: HUMZEL T 2



16

SR C3 R 1 RS A O e 1 BLR I 7 M S

Experiment C3: Emission and absorption spec tra of

atoms and colour analysis experiments

Shangrun Lu?

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

Abstract: The intensity and wavelength of the spectral lines emitted by different atoms vary; the
reduction of the intensity of light after passing through a medium is known as light absorption, and different
media have different properties for light absorption; the colour of an object is the perception of the human eye
when different wavelengths enter it, and there are two ways of describing colour, qualitative and mixed. In
this paper, we first measured the emission spectra of a mercury lamp, a hydrogen-deuterium lamp, a sodium
lamp, a bromotungsten lamp and five colour diodes using a spectrometer, obtained their characteristic spectral
lines and eliminated deviations and found them to be in good agreement with theory. We found that the
absorption of light by red ink was concentrated in the green to blue-violet band, with the only absorption
peak at a wavelength of (504.3) nm. Subsequently, we verified that the red ink solution conforms well to
Beer’s law at low concentrations, but not at high concentrations. We also measured and compared the colour
gamut of a mobile phone (Redmi K50Pro) and a display (Xiaoxin 14Pro) using a fibre optic spectrometer. Our
experiments all conformed well to the expectations of the theory.

Key words: Atomic spectroscopy of alkali metals, Spectrometry, Solutions, Light absorption, Absorption

peaks, Beer’s law, Fiber optic spectrometry, Chromatograms
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Experiment C8.1
LabVIEW-based Simulation Experiment

Experiment C8.2
COMSOL simulation of the resistance heating process

Shangrun Lu?

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

Abstract: LabVIIEW, short for Laboratory Virtual Instrumentation Integrated Environment, is not
only an environment for the development of virtual instruments, but also a programming language that is
extremely functional. COMSOL is software for the analysis of multi-physics field coupling when solving partial
differential equations or systems of equations, and has many integrated modules. Heat conduction is one of
the three basic modes of heat transfer in isotropic thermal conductors, which obey Fourier’s law of thermal
conductivity and are capable of exhibiting distinct temperature characteristics in thermal conductors. We use
the COMSOL software simulation solid heat transfer module in our experiments for the simulation of resistive
heat conduction. The simulation results show that COMSOL can achieve flexible setting of multiple boundary
conditions and can adjust multiple parameters, which can be compared by simulation and experiment to obtain
the real parameters. We have achieved the simulation of the heating curve of the resistive heat conduction
model in this paper, and the experiment is more successful.

Key words: LabVIEW;COMSOL;Heat transfer;Resistance model;Virtual simulation;Virtual reality
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(5)

(6)

(7)

SN FIA S R IAG 2, BEOR IR 0 (S T B A bt T A2 PR )

(3) Hi J%
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K30 HEE RS -V ik
RN R R FEAE R, HoAA S, WAEBER BN, H RIS A

—EL PR LV AR AN HE
XFFAZ A, HAT

=12 ®
Mo T IE5Z e, AR s B
I = I, cos(wt + @) 9
Y SRR
U « sin(wt + @) (10)

T FH BB IE A BRAR R, A — @ R, B DA -V KR 2 8 — R, T
IR — 2 H P S — E AR BJEGS I SE R PR H
FH B AR 5 1S FL REAE, 5 T F P A P 000 ok 25 b P Ry 5 G FL B
A, B
U'=U-IR, (11)
M R U BP9 25 UK R R s M () e A, O B Al U= AR L &, i -V
it 2%
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ﬂuﬁﬁ,Eﬁ~4ﬁﬁﬁ%%ﬁ%&ﬂ%§%%ﬂ»%Eﬁl%UZﬂﬁﬁ%%i

#, BB BI9H Br i BH AN (4 SR 7 2 1 Sk A
(4) W

K32 S EIM SRS -V 2
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ST A, AR S E M, HAER SRR R V R, HH T
T AE i B I A BUK

AR EIRTDUE Y, IE s A ER S A -V R 2 L — 80 (R il
I S U R A T R B S R A, ELIE -V R B 2R BT AR, M T B 2
A T R, TR g B R LR SRR A
(e 4]

REHIPHR I CEREEF 5B AT, bk REATHREERR
1. RS SRt

SRR T AR R IE % = AU 7R E R 1 LS B, RN
S0 BT R A 7 2O PO i X, AR B AR e, RIS 2200 0.15s, FESIER
BARET, TR BEEANETE, R e — B2k, et & 2K EIGIEAREE i
DXlls FESMZREL N, RENS B A Hh O 25 0, A 1] 1) m s DA T LA N\ D
INE7E o
2. WIEHEFH. B, HE. ZHRENER -V 0L

st BT FH 7 3O R AT = A 98 A 40, B FEU N B T, 7 VR R 8 [R] B R AR AE AN
[ B H AN R 1% 28T -V Bl AR RIS G -V Rpit 2k, HARZEER
7N

FESLRE AT T HBE AR AL, 3BT 5 T R BELAEL, 58 T 55 = P AT HL R
Ry ik — A AL B A3 A
3. JIEEME. BE. BE. ZRERTR -V Rk

P 7 R ATE BT D PR 45 b e AR 1 1-V B, 78 s SN R, AT B,
FRTCAFI 1-V Rkt AR, HBEAE i B AR T U, B AR R A e R
AR RR SN, AR T ISR R B AR, S SR R T
F 2 ) LA L A5 TR A T LK

P SR A AR TR TG 1) T-V R i 28 EOW MR A2 T L e, S ER AR A
[EE R
1. WHPHME. sgFaE. sRE A e 32

HUBHAE . — M L BRLE e — A BB AUE Bl , Hov— M B, RoR A
TRPHAFAE IR, — M (2) sUF o (HRST B eI e S, X AT — A 3
Telth, SRR R I 2 B R R () AN LA () 2 T AR AR AR B R R
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flu,i) =0 (12)
MRt AN U~ S TG PRI T, FEA M P ORIt
0, X FEREN 21T B (2) SR (3L
AR AR, IR TR A R R T e R O
& il

_Q
C=y

ENINCR VS A S R A R ER iDL v

HUECE . FRERIDYAE, WARE AR, S8 2k Rl 1 o M BE RO A2 AR
i, LRRE R H S, BB ELR, HBh3 AR/ I L R A2 A ) L AN
LR TR, E S

(13)

B Y(t)
T0)
RN HIEBOUE IR T E, BRALE T H

(14)

2. ATAZSBAL? M. B BRI STTEA X RT A2

SRS W MEEMERIERSG, & DN AR LR EE S (R
HID NIUINE SXMANZ RS, WA Rt 25— AN A 5] 1) TR 5% FAE 5
(HRBHE) v, AR ES. —BRXS5YRRRN:

Y = G(w)X (15)

EMBESYABERES, XABRRES, Wk ARSEMEIL, RZWRANTH —
FRIVIRZ ) IE 52 RS AR B TAE, FONHEAPTE GRS , e NZ.

1R v FELIES &5 LB R BB, AR Nw, T

P, BELF LT -

Zy =R (16)
FL 2 BT -

Z; =jwic (17)
LR B L -

Z, = jol (18)

C CHERIEGR -V A IR R R AR Sl R E A B TR R 5 ?
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EAR7/
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A7 e SEi oy T B AR RE A L S AN
AR, BRI 5E e — e, ARG SRS RN, S50
FA B S BOR AR IERR, P S ORI R WS T BRI, T8 R N A
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Bk, B R AR 20 o
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SN ZIARA, MELMEXTEE
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SCIE B9
BR/REFS RN (BXTS) BHikRE

. MEFR A yEFEEL HEB 2021 A&
SIS AR L (5 F): Bi%iE 21305127 K AdE 4 (35 wH A ¥ 21305151
A9: 202249 0 138 ZH= EFV T FFLOI ®EL ]
ok BlifhE 107 T8 26C Fa3TIR . Ke
[BHE i x]

LA T %A
280 R IR E I &
1M1 ERFEEA KE

JIREL FURS B /mm ARALE /mm A /mm

1 12.0657 12.3525 0.2872
2 12.3524 12.0710 0.2814
3 12.0717 11.8090 0.2627
4 11.8097 11.5361 0.2736
5 11.1969 10.8974 0.2995

3. T8 MR FEE I LF H 5T
%2 M1 BSFEEEA KR

€ FIHHA B /mm KALE /mm A /mm

1 11.8006 11.6952 0.1054
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2 11.8007 11.6992 0.1015
3 11.8004 11.6981 0.1023
4 11.8007 11.6965 0.1042
5 11.8006 11.6970 0.1036
3 BERFEE HNE
JRE 1 2 3 4 5
/mm 0.186 0.187 0.185 0.185 0.186
JREL 6 7 8 9 10
/mm 0.186 0.185 0.184 0.185 0.186
(B A3
LA LR K E R E
(HEAR &
4. =5893 , A =0.28088mm
2
EE*H:FJLQE ZA—ZZA
2

= P
Hf3A =-—=10618
()A€ A AT
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(-1
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_ 001
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A BIRAREARTIEE 5 = / 2, + 2,,=0.00069
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Wi EmARE = (o o) +(—x ) =o00178

A

Ht =095, =196

VREAHEE: = x =004
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LA L R KERNE
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0.62nm FF H % 2 Jy+0.04nm, 15 72 KI5 A RE A2 I W7 B S5 45581 9 AN e, FRIH R i
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FE4m, FTLA B 2ANHAE R/, BT DAIE b 2 AR 0 /N I R 2 DAYRIN AN A T

2. F6FH AT HE I T
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PEE

(1) a0 52 B AR AT S 0 2 VR L 28 77 R 9 0 4 B

=3

i T UG BT P T S BB i, S — AN I I 2 R B M R

AT 1A, DTS FHRE LI Lr, AR ok, SB B
BV, R ORI 22, BERDEIL Y M1 RSB FE S, MR G 4 S 3 B

I b LB 0K BNLEF b e, SRR M1 RSB A B, BRSO Rk,

Wiz =28 =2( —1) Hih ABEEEASNBEE T 0 LI, Bl =+

LA T

A WU ER, W o= 1 1 EBEUIERASE TR TKAL,
— S B SR E A, JEIEEL, TR S TR0 A, T A A L

RAFFE I RE, B2 ST SR 1 AT P T R OB W VAT 2

(2) MRS, AT R RN, BRI R
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(EALIEsRIE (1)) RiZEIRE

PR MEFR Tk P LA & 2021 &

TI AL (FE): #kiE 21305127 B A4 (5 5): vH 2 ¥ 21305151

H#9: 2022410 A 18 8 Zi#— EFNV T TFHLOT R ]

Wk EEE 306 T 26C AR R
SLIG C1 B FETAAE — AR RE KT

(iR R AL

1. RS

HAERSGHM, AREN

P =101.7kPa = 762.81mmHg
AT, TR, AR S

EI N 26°C, IS
W B S5IRE R RN

(1)
L p U

R T IR AR R AR

BE/C 0 10 20 30 40
EE kg -m™3 | 991 986 981 976 971
AT KIH R 2 A R SR RO R, WA origin A AT AN

1 R R S TR R AR A il 2
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VAT 2R e ol 222 5 i i P R AR O R A
p = (—0.5t(°C) + 991)kg - m™3 (2)

MEE N 26°C, WUkt

p=978kg-m3 (3)

RS A E BB IE G, 2SI S S50 R R s

R 2 IR LR S

g L/ELN =98 ZHUE S AL
d AR 8] 2R 5x1073m
n R R 1.83 X107 kg/(m " s)
b NS 0.00823 N/m or 6.17 X 10~ ®m - cmHg
[ YRR ES BRil1.6mm
g I 9.78858 m/s?
p T PR 5 978kg/m3(26°C)
p KAE 101.7kPa or 762.81mmHg
U P (PR T HL /
ty T T T[] /
te SY3# I (A /
2. HAENE
B HBSENE, SLREdE N
R 3 AL
Nk | s 1 2 3 4 5 A
T 1 ty/s 18.87 | 19.19 | 1937 | 1936 | 19.20 19.198
u/v 315 315 329 309 316 316.8
I 2 ty/s 1936 | 20.19 | 19.11 19.89 | 19.54 19.618
u/v 326 314 311 312 321 316.8
TR 3 ty/s 15.50 15.41 15.60 15.00 15.40 15.382
u/v 138 137 135 139 132 136.2
T 4 ty/s 22.84 | 2219 | 2225 | 2241 | 21.90 22.318
u/v 262 260 257 260 258 259.4
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T 5 ty/s 1586 | 1535 | 1557 | 1590 | 1541 15.618
u/v 227 232 230 228 231 229.6
TFRATT B S5 J5 2R v] 15
2
g = 18m nl g @
V2pg |, (1 +p%) v
a1, vy =1/t N RIERIE
a=[9v,/ (Zpg)]% (5)
ML), GBI RN
R4 BRDOTESGR
i 5 q/(1071°C) TEHAT RN JCHLfTe/(1071°C)
TR 1 3.35042 2 1.67520
TR 2 3.23880 2 1.61940
TR 3 11.0169 7 1.57384
T 4 3.23139 2 1.61569
T 5 6.38194 4 1.59548
A / / 1.61593
AN E 43 #T
A FARH
B LR ) SR IRbRitE 72, AR & BRI A A e B
Utga = St,and Uya = Sy (6)
B AN E -
R BIRZE T R I 5 oA, I B A E E N
Up = fg and Uyg = ﬁv (7)
A AN 52
Uy, = \/ Upya® + Upyp” (8)
Uy = /UUAZ + Uyg? 9)
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HiRZLE A,

U—\/(a—q x U >2+<|a—q‘xu>2 (10)
a7 J\|at,| " e oul = 7Y
R RATER, AEEEBE, WEEMEP =95%, t, =1.96

u, =t, x U, (11)

R 5 EASVEAE B Sk 4G

ETRS] B A FEAHE Fu, /C | K Hf7q/C JCHLTe/(1071°0)
Y 1 4.30624E-21 3.35042E-19 1.67540.022
THI 2 5.59982E-21 3.23880E-19 1.61940.028
T 3 1.72492E-20 1.10169E-18 1.57440.025
T 4 3.74353E-21 3.23139E-19 1.6174+0.019
T S 7.93391E-21 6.38194E-19 1.5954+0.020

L Hifife

1. TOE-19 =

1. BRE-19 !

1. boE-149 <
O 1. 64E-19
;‘L‘%_].ti'." 94 e A
= T I L
113 ol CEmy L I R e oy Rt okt J ao e o SR |
R G0EL9 T e v i s Sl .

1. 58E-149 +

| n
1. H6E-19 -
1. 54E-19 4
| 2 3 3]
T i e

K2 FhA R4S

3. BENE

Page 4 / 13




® 6 BNAEER A

N/xkE | Y 1 2 3 4 5 FEME
W1 | ty/s 2420 | 2410 | 2347 | 2480 | 2376 | 24.066
te/s 2775 | 2571 | 2556 | 2745 | 27.00 | 26.694
U/V | 441(236) | 442(229) | 445(232) | 444(230) | 445(233) | 443.4
W2 | ty/s 2561 | 2498 | 2491 | 2356 | 2576 | 24964
te/s 1277 | 1271 1289 | 1264 | 1280 | 12762
U/V | 324(111) | 324(111) | 322(109) | 322(108) | 324(110) | 323.2
W3 | te/s 3447 | 3360 | 3350 | 33.19 | 3475 | 33.902
te/s 1396 | 13.69 | 1411 13.60 | 13.97 | 13.866
U/V [ 318(104) | 318(104) | 316(102) | 316(103) | 314(107) | 316.4
W4 | ty/s 2455 | 2461 | 2424 | 2447 | 2470 | 24514
to/s 2571 | 2564 | 2471 | 2411 | 2541 | 25.116
U/V | 447(234) | 447(232) | 448(235) | 446(233) | 443(230) | 446.2
WS | ty/s 2721 | 2800 | 2830 | 2966 | 2871 | 28376
te/s 2157 | 2241 | 2200 | 2151 | 2237 | 21972
U/V | 425(212) | 418(205) | 421(208) | 418(204) | 415(202) | 419.4
H S50 R A
2 1
18r | nt [ df1 1\/1)2
“ Vs |1+ D) o)) 4
pa
Hrha i ¥1e, vy = [/t NEEEE, v, = 1/t N ETHEE
a = [9nvy/ (Zpg)]% (13)

HIE(12). (13)2R4 th 1955 RN
%7 AL

I q/(1071°C) T EN TCHLfTe/(1071°0)
HIE 1 3.19607 2 1.59804
THR 2 6.41378 4 1.60345
THIE 3 4.71032 3 1.57011
TR 4 3.20132 2 1.60066
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T 5 3.13535 2 1.56768
SFHIME / / 1.58798
AW BT
A BAHEE

WA AR L briE 2z, MENS BN A SRAHE

B AN E -

UtgA = Stg and UUA = SU and UteA == Ste

ERBLIR 2 A2 5170, W B SRANHE L

o

FRANEA € JE -

HiRZLE A, H

) 1 0.01
U p=—sand Uyg =—=Vand U, p, = ——s
th \/§ UB \/g teB \/§
U, = \/UtgAz +Up,p”
Uy = 1/UUA2 + Uyg®
U, = /UteAZ + UteBZ
dq 2

<

at,

-

2
dq
X Utg> + (|a_te

2 aq
X Ute + w X UU

TG RAER, AHEEBE, WEFMEP =95%, t, =1.96

q = tp X Uq

R 8 BNAEAE M S 45 R

(14)

(15)

(16)

(17)

(18)

(19)

(20)

TRE E A RAE Fu,/C | g /C JtHL e/ (10719C)
HI 1 4.02974E-21 3.19607E-19 1.598+0.020
HR 2 8.68461E-21 6.41378E-19 1.603+0.022
THI 3 4.42710E-21 4.71032E-19 1.570£0.015
T 4 2.37973E-21 3.20132E-19 1.60740.012
HI 5 4.61758E-21 3.13535E-19 1.568+0.023
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| = JuHifie|

1. 64E-159
1. 62E-19 4
P W (—— SO W N
Shis JERLA EAE
I T
" L]
1. 56E-19
1. 54E-19
T T T T T T T T T
| 2 3 4 5
TR
B3 B
4. BETTHRMHE
LA A R S R A
9 BRI
SR A a/C BN
1 3.35042E-19 2
2 3.23880E-19 2
3 1.10169E-18 7
4 3.23139E-19 2
5 6.38194E-19 4
6 3.19607E-19 2
7 6.41378E-19 4
8 4.71032E-19 3
9 3.20132E-19 2
10 3.13535E-19 2
T 1
BP9

e = 1.601955 x 1071°C

(21)
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Tk 2:
AT origin U&7 B

K 4 origin 1) & HH £
FH A& AT A3 H R 2 Ry oo B A
10 HEER

WA S ZHE 35
®E/C 1.56292E-19 1.38559E-21
HWE R R FJ7(COD)= 0.99937, W EGFEERm, WA KL FTS 0 45 51N
e = (1.563 + 0.014) x 10~1°C (22)
[ &)
LR
BE R S5 5y ) B AL S8 AR E T o i AT EUE, FaSik e e 2.
e =1.61593 x 1071°C (23)
BNAEIMAREE RN
e = 1.58798 x 10~19C (24)

LS PR 4i RN
@© PR
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e = 1.601955 x 1071°C (25)
@ HEgR:

e = (1.563 + 0.014) x 107°C (26)

XLCEE R RIL, F VAL RAN T RSB, AT & 45 R B SAE /)

A E ISR B S, e SR, T 2050 = A S B0 15 i /N i

T, ML A B, SRR, B DAL h 2R R RN T2

AE A7 3 AT DA 0 36t G v er 80 R X 4 SR A2, i DABRATT AP S (B A 9 AR TR S B 4
R

e = 1.601955 x 107°C (27)
HWONFEE H A, AR .

REDT:

(1) S 56 I R R A7 A2 28R IR, R B BB el N 3 BT L R B, BRIk e
G 22 U A S 1A R DADRAIE U B 45 SRR, (ER TP BRI, R IR dn A
AT B LA PRSI AR S, — B R R AR B i & 7 2R 2 40 5 ) B R K BE A A% »
AJ S TS (A R BURIR A A SRS, IR KIS 20 s g 45 R
ARSI, (E RS TT AN S T S BOR BRI » Wi 28 45 R 2 R RE RN o

(2) By Az Bl 2 R bR /NIEEEAR S, H BT T A I B,
ARD S 315X i P07 A 7R, HOT T F R R IO — e A EMI R, X5
FETHT IS AP — B R

G)SEIAXFIT A e, TR, 2 s R B B, i BRATI 3 i
S BEMR BT FRAIG, A AR L P ) PSR 2 R R B A — TE SR, AT S5 4
R R

(4) 556 75 2L R AL Omm-1.6mm Z [WR[FBE S, 1S538 FE w5, i e
R IX 18] P B Bl I AL 23S B, FATTRS A I R A A da o B 23 Sl 67 B e 14 e _E 7 i
N7, BT S IR DX AT AR D WA IR P REIRAT EAT ST IE Bl I gt DA SN
T XA T, SRR A MR 2

(5)SE50 75 EA M AT 0mm 5 1.6mm LIS HEAT TF I #5 FF5 BOCH], H T
TR AR, Nt FHRENE, ERERE @R, BN “4id”
M E A WS, THIN & A ) 2 Se AR 45 R A — s IR 2
L3R -

RRRIGAEAX ARG LA IR . AN RAE B R T, SEBL 1 7o B B il
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SEIS IR ZE N 0.014%, SZISECRRR I .

B3]
1. A S8 G e 368 3o 2 U0 & R O & 2

S0 r 3 U B R 0 2 WIS B, T I R A A 5 )N R A D e R A R
FWE, HOE AR Es), WEAKRSH, BIRS b bR e g, Bl
UEVERITESE, R RAS e e A 2fE

AR, R RS Ty, BRI S EANLE IFERRR, &
LA IR R VR I (B (R TTIN 8)) . WU S L B OGRS 21 00 B oW & 1
Atk &, RATHE RIS 2 0 s i B
2. SEBS v e CRAE TR A5 S B ?

SB6 PR 7 1 ) — BUN R 4 ik B S) g3, O CCD BAUs% & 4t ks illye
FEIA IR, M RATRIR AT B FAEREN IR [X (8] Z AT IS 3 2 06 HI Ta], ATis 217,
FATEFIOL E AR R R I AL A GO a6z 5l , MR /£ S Omm B¢ 1.6mm %2
(ST e Seig 3 — M IBE RS, MR CRUEZE Imm-1.6mm Z [AJ AT 51 IZ3), W n] LERHL
A 77 SR A FHAE (10 tracken) BEATIUMIURER . AisE 70, 5 H IS S0 BL
X RZ BN ], XA AT DAAS FH A HI7E T mm-1.6mm 2 [ HEATTH A RIE S g 2, R
i B oy dis s BV TG s s e, e R ETEER T IR E
| BIMEA T |
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BA: 2022410 f 25 H Z#H= EEFNV T TFEHE O BE ]

W& e 310 Fim: 26C AR E: Ko

LIS C2 JRFERSEEL B
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1. B30
Quantum plasmonics!"
Plasmonics provides a unique setting for the manipulation of light via the
confinement of the electromagnetic field to regions well below the diffraction
limit!> 31, This has opened up a wide range of applications based on extreme
light concentration®, including nanophotonic lasers and amplifiers®®!, optical

metamaterials!®), biochemical sensing!’) and antennas transmitting and
receiving light signals at the nanoscale.

[1] TAME M S, MCENERY K R, OZDEMIR $ K, et al. Quantum plasmonics [J]. Nature Physics, 2013,
9(6): 329-40.

[2] TAKAHARA J, YAMAGISHI S, TAKI H, et al. Guiding of a one-dimensional optical beam with
nanometer diameter [J]. Opt Lett, 1997, 22(7): 475-7.

[3] GRAMOTNEV D K, BOZHEVOLNYI S I. Plasmonics beyond the diffraction limit [J]. Nature
Photonics, 2010, 4(2): 83-91.

[4] SCHULLER J A, BARNARD E S, CAl W, et al. Plasmonics for extreme light concentration and
manipulation [J]. Nat Mater, 2010, 9(3): 193-204.

[5] BERINI P, DE LEON I. Surface plasmon—polariton amplifiers and lasers [J]. Nature Photonics,
2011, 6(1): 16-24.

[6] HESS O, PENDRY J B, MAIER S A, et al. Active nanoplasmonic metamaterials [J]. Nat Mater,
2012, 11(7): 573-84.

[71 ANKER J N, HALL W P, LYANDRES O, et al. Biosensing with plasmonic nanosensors [J]. Nature

Materials, 2008.
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K 1: RC H I FEL I [ M AR 1 AR A A0 e
f k%% uo Uc UR T t d
100 2.00 1.993 0.006 1.00E-02 2.50E-03 90.00
300 2.00 1.998 0.018 3.33E-03 8.20E-04 88.56
600 2.00 1.998 0.035 1.67E-03 4.00E-04 86.40
1000 2.00 1.997 0.059 1.00E-03 2.30E-04 82.80
3000 2.00 1.989 0.176 3.33E-04 7.40E-05 79.92




6000 2.00 1.968 0.347 1.67E-04 3.50E-05 75.60
10000 2.00 1.912 0.560 1.00E-04 2.05E-05 73.80
30000 2.00 1.489 1.299 3.33E-05 4.40E-06 47.52
60000 2.00 0.980 1.700 1.67E-05 1.40E-06 30.24
100000 2.00 0.644 1.857 1.00E-05 5.00E-07 18.00
300000 2.00 0.218 1.941 3.33E-06 1.00E-07 10.80
600000 2.00 0.107 1.952 1.67E-06 2.40E-08 5.18
1000000 2.00 0.061 1.957 1.00E-06 8.00E-09 2.88
3000000 2.00 0.019 1.987 3.33E-07 2.00E-09 2.16
6000000 2.00 0.052 1.933 1.67E-07 5.00E-10 1.08
10000000 | 2.00 0.104 1.610 1.00E-07 0.00E+00 0.00
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