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ABSTRACT

With the COVID-19 pandemic, the large-scale online course construction of "no suspension of classes" is presented
by the Ministry of education of the People’s Republic of China. For the teaching of science and engineering courses,
the current online teaching lacks corresponding teacher-student interaction, especially the lack of experimental
supporting and directly portraying various physical phenomena, which is adverse to deepening students' understanding
and stimulating learning and innovation capabilities. Virtual simulation is conducive to the open sharing of teaching
resources, which can solve many problems such as the disconnection between online theoretical teaching and
experimental classroom, and the shortage of experimental instruments. According to the new online teaching methods,
taking into account the challenges of virtual simulation experimental teaching platform construction and the
difficulties of maintenance during the epidemic, combined with the characteristics of the "Principles of Optics" course
and APP simulation applications, a set of effective teaching and experiment methods based on online virtual
simulation technology are explored. It not only improves the teaching quality, but also promotes students' ability of
active learning, which provides new ideas for improving the quality of traditional classroom teaching.

Keywords: Online teaching, virtual simulation, App application, Online experiment, simulation software

App BT EARBHFRERRER

P Sk R

' 2N A G EFFL T RSB, i, M, 45
“* caopfl@lzu.edu.cn

b shangem@lzu.edu.cn
¢ chenglin@lzu.edu.cn

W=

FERE RS T, REE IR AT IR LRI . o TR TRHRE#C:, HAliZ L#es
R Z AT AR LR, R R Gk Z SRR RO RC B S, AN RE B A A BRI B, AR TR AR R BR A ) DA
Lok s S Re I MBHTRE T o REAUMT A R T Bt BREOTBOL 2, il 4k B Hr ISR & (10 1 7 L 2
NN AL SO PR R . AR L B 552107, B ISR A B S HU T S
BBk S 4 R A, S5 A Ot R SRR S APP (T BN ALY, BRI T — &7 A
T2 LRI AR AR TV, 1R T UM SR BRI RN s 722 8% a7, Rt
R FfE SR E B R IR AU B B .

Ktig: 2 LHF WA, App MIATFEST, 26 LS55, (7 FHHAF

Copyright © 2022 The Authors. Published by Atlantis Press SARL.
Thisis an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 22


mailto:caopf@lzu.edu.cn
mailto:zhanggm@lzu.edu.cn
mailto:chenglin@lzu.edu.cn
mailto:caopf@lzu.edu.cn
mailto:zhanggm@lzu.edu.cn
mailto:chenglin@lzu.edu.cn

ATLANTIS

PRESS

1.BiS

2020 51 5 BRI A 2 A AT A
TR T B R . A B A AR M 8 A S
) “AFERAME R JF RAE LR IR I X 2], #
AR T R, 2] H 4T B TR
Fr L DURER P URARIZ A Tk 2 [F 2K K 5 4HES)
f“HRIRL” @R YL OupEE) Ak, 1
GUAELR IR B PHR D 1A SR B0 TR O B S8, A
FEQIANBE B 6 2 T IR i) S P ELR . ANH 27
AR R R B AR DL S AN REAR S AR 1 5 2
BEAI AN BT HE J7 S8 0RIE , K™ BRI 22 (G IR I
SN AP R IOW 7 =TS M e e S W s B Y
Sl 2 18] B HLEN, A 2 A2 b IRRE B AT (1
FEEHARFR

REAT A — AL SU I SR I8 30 5 B T
LS B AR AT B 15— SR ST A% vl 01 S 56
MELIIBOR [3] o AT HA AT R HOL =,
figt v BEAR FOF AN S8 VR AL B LR 2 N — 2 S
AR SE A BHRA R I R R, 18O 25 #OR (R B AL
SRR (4], R B AT R EEEEA R AT
MFB

SR, 25 8 B R FOU7 B S IR 2P & R Bk
[5] LA K E 15 HA TR 44 IR R e, A SCREE (O )R
FEY URFRAF S, JRHET COMSOL Multiphyics BAK
App HEERIERGE T 4. FETHRICER COMSOL
Multiphyics #&—3K % ¥ ¥E 3% I BUE 15 A% (6],
BSLPr B M Matlab [fmidsr TR REMmER, H
RIATE— AR RS 2 AN R S . BT
COMSOL Multiphyics #fF58 K I B RE T ATk
HL R S B 0 B ) AR . rTRRAL, RS R
THETREAAE B WAL R AR T, TR
AT B IR S N B R e (7] i
PRZH A COMSOL Multiphyics ¥ App M &€k
SERER) RFE AR, BT BAAROEE E £ AL
H V. COMSOL Multiphyics #AHHI App B HAMY
BefiZ£E Windows Linux Al Mac 0S #:4E &% Liz1T,
110 B AT DAAS F 22 25 A N B, A 8088 1 5 Ik
V) 2 A S R AT ) P ST e R S B AT
o X R AR T BT AR ANER L3 s i =
SEIGSTHEIA AL, NI R AR SRR 4 R R O HE AR
HE— DT 2R E R RS IR

2. S BY IR A & IR BN 2k b App RE
T HHE

VPR T A RS Ot2EED) TP 3
BRI [8], A4 T 3T I3 S BOR BDE A 1 Ik
Jis o PR AR FR R 5 R 32 B AT SRV AT 7T T 45
DUV & S RROA G £ R0 S LA O T 2 T R AR
R B A P S 4T [9, 10] . H AT PUGHA B R
JEEAR AL SEEIL A R ol A O 2% FTIA 21 10Gb/s e

Advances in Social Science, Education and Humanities Research, volume 637

W o N T kA RO IR I AR A R B
TR, DA SRR BOE AR IR R A R T i i
COMSOL Multiphyics #AFH App S RIZE BB
B, BINESR LA A TR, £ AR
TUEER s A8 A A 2 UL COMSOL Multiphyics 5%
WA F R T FERB G (Optical Ring
Resonator Notch Filter).

2. 1. HEEREHEE R

TETIA VR YR A (1 A S5 4 A0 45 — A P ) [ i
PRI G A [m] % 55 00 1) — AR B PR S 2R 2, L
ML AT DORAEATAR B . M BiE =, S
WHERENS, RN HEE. XS RR
RIS TCE, B 1 . HAR A R B A
A —HOE, £ EPECS AR = T
fiff, WA KR BRI RAE W TN HHE
AP A AR B sORE IR0, 3 B AR A {5
MW o AEPIAN BT AR BRI A DXBK, 1 A2 VAR 2 RIS
BT RPN . Hik B
WV, R IR DS SRR BB T 2R
TRERRE, HEELESAEMIM PR, K
Iy M RE R AR ARAEI LB T T A DB RDLE S
ARV ERC DY B S A s AN 2 1 R
FAERDEES M B g P4 [9, 10].

B 1 ST AT A 2 A8 T RO VR A 0 4 L

U] 1 o e ] S0 0 FAT W 5 Al 25 4 o o], i
B AR BB NI 5 WA & B B3
TR T 0, NG Eil [—3 o 7E B TPk
B, T B AR G BB S 9, 10] . 2K
Lt SRTEPFHRER L S HR S BRI S,
AR SR AR . B £ RREIRA
W Ea A EONBRNEE S, ¢ e R
K NREREL LEK, a BB B A
(e

B EREERERN:

el e
E.| |-x* t*]|E,

et R B & REBOCRN

o =1 | o
YIEAEI T T AL RIS
Ei2 = aEtzeiwL (3)

23



ATLANTIS

PRESS

i LR TT AT S N L 5 N S BUE DA
B 5N EE EE -

2 —ix

1 N 1—tae_iﬂl_ (4)

. t—e

L 1l—tae 't (5)
R RT 45 2R A H 37 R0 a0 N g 11 28575 S s oy

PR 't R A 328 PR

E

o _ w* (6)
I, 1+a?t?—2tacos(pL)
I, a? +t2 — 2t cos(FL) D)

w1+ a”t? —2tacos(pL)
YIRS AT I RIRASEY, RIJGREEE o 7R 3R
Pl b, AR fL=27am ,m %%, At=a .

2.2, Avp B SRR

R IR M A LR Z WL CoMSOL
Multiphyics GG S 5 EG 8
] {Optical Ring Resonator Notch Filter), A<
X R R . FIFH COMSOL Multiphyics AT
TFEAREEIREM T HATRAE Sl Eig K,
W 2 s .

odel Builder - *  Settings
— ® v STELE~ R ¢
- ® optlcal ring_resonator 6.mph (root)
4 () Global Definitions
Fi Parameters
+= Materials
4 9 Component 1 (compT)
= Definitions
Geometry 1
i Materials
Electromagnetic Waves, Beam Envelopes (ewbs)
&, Mesh 1
Study 1
= Results

~ Result Settings

[+ Automatic update ¢

Advances in Social Science, Education and Humanities Research, volume 637

wl(16)=1.5603E-6 m freq(1)=1.9214E14 Hz Surface: (V/m)

x107® = | x10°
g ‘ ﬁ""“, ety
2 ‘ o iy
F “,
2 i E os
- ;
1 | & |
0 & ; i
1 i i | g | 10
-2 f -~/
-
-3 : ‘o & -0.5
ig ! \ "o, ) ..f‘
-6 [ hn;.u""' 1
-7 i X )% )

x107

-1 -0.5 0 0.5
A 2 1%5‘}&,«#??%%%%%@ 7f’JE’J HL7 A

TEEIRIRS T, FRBLL K 7 Iz W E I 53
AIENR IR, (T4 B R A AR . 2
FE 3 s, M COMSOL Multiphyics #AF#EAT
BTN, BEANEAT RN R, F,
%mmmmmﬂq@jWMmﬂmﬁ@wLm IFE,
TR B AR LS HE AT 58 A DG T B 4 Rt
5 T2 AR A B AR RN ER A AR OC TSRS RE . App FETHI A0
B 5 e ZESLIFI) APP AJ Rk B2 sy, 2R F
F APP W] 58 s AH G TH 5 DA AR BT AL 2598 iR
PR, il 4 Fion. XHECEE 4 A1 5 w1 KB App R
ERMOA K. R R (GBI EK L) s gt E
AR DA A SRR S o Bl SOBIREAE (6.2 um
A9 3um), WEIRFMAW L, HESFNAERNE
M7, W& 6 fis. @it APP 7] DL LR34 | ik
TSR R, B B AT AL AR 37 A S 2k
PR IRIA I A R, 0 AP HE o 2 A Jof
PR

Graphics Convergence Plot 2 Convergence Plot 1

B 3 COMSOL Multiphyics #4248 71

wio: 1.55 um @ Q@ - @O @
q wl(16)=1.5603E-6 m
Core width: 0.2 um g
Cladding width: 10*w_core m 4.0 f..r' oy,
Radius of curvature: a*wlo m 2 '0 § X
i 3.5833*w _core m 0.0 f' ¥
Wavelength: wilo m ’38 ‘1 -‘;
Core refractive index: 25 :6.0 s e
Cladding refractive index: 1.5 05 0.0 05 x10 5
= Tra nsmittance
- =107t
Compute =
£ 6
£ a4
=
© 2
= o
Wave\ength (um)
Bl 4 App 51

Q Q @ & v eS| S R ) x B =
S @&
x107® M1 o
6
4
2
ol
-2
-4
gt — %107
-1.5 -1 1
e
wl0: 1.55 um @ a @ 1 e -
Core width: 0.2 um - wl(16)=1.5603E-6 m
Cladding width: 10*w _core m X10
Radius of curvature: 6*wl0 m 0.5
F i g 3.5833*w core m 0.0 i
Wavelength: wio m -0.5 /
Core refractive index: 2.5 -1.0 i . ]
Cladding refractive index: 1.5 aa ,;2'0. -1.0 ‘0-0 x107

Transmittance

X

=

o
]

Transmittance
ENWEANON
< a

Compute

2
Wavelength (pm)

B 5 App A LB Y1

24



ATLANTIS

PRESS

2.3. App HFIREE

FUM PR ENLIF ) App RIAIE 222 AL NG, 222 ]
MR R 3 ZOREAT 07 S0, AT A S S MO AT
REMESLLS, (E5E w2 A 2 SRR 5 5 2 DGR I (R
BAT AR IR . SEIR S AU, ADR SEIR S R
TR R s bA% o (R DR AR I i) A B 5t
ZIMHBEATE R, AL — M EIRIERT &, A ERE
(IR R A i R BRI R AR - 1% App T iR E
MLE 75 208 22 R B ) RBLE 5 e 75 SRR B, BIRE
WS WAR 22 TovE AR e e I R LN BRI LR, thREME ok
FER TR SIS 4 AN R TR, 3B N2 b ke H R Bty
KT ATRACHB . App BEARAE DA TR -

Wit ke

FI1EAPP Q[ FIEE R

s ¢ ) ¢ )
e e-[%m%%;%
¥ v

AT LU B BE H R Tt

B 7 App AR

3. &g

F£T COMSOL Multiphyics App FRIZEZR EEIUAT B
SE G AT AL R A ) B R R, {3 A A sk 7 ] B
BT 1 S T A 3R AT R UL S 56 1 — 20 IR 6 R S
B, A DARGF R R 0K o REl 2 7E 4%
P A N IR LR IR A DL A IR O Bk, A
FH2EF COMSOL Multiphyics 41 App #5# iE 0475
B 6 A RENS B B 58 B TR AR S W TR
FEHFFE, mHARTHFERREFBEE, ik
PR 5 AN S 00 VR (1 e 15 DA e 2 N — A SIS A s
SEHETYRAS R I0) 8, R B T 0 1R
FB&

YiH A&

RN K 2EE BRI S TR 2B — iR
FE VR E AT E %R (2019L200049) (R B R
BZ—,

Advances in Social Science, Education and Humanities Research, volume 637

REFERENCES

[1] Yao,Y., Zheng,Zh.,Yu.,X. (2020) Current situation
and thinking of large-scale online teaching in
colleges and universities during Novel Coronavirus

Pneumonia Epidemic—Taking Chongqing as an
example.J. Chin. J. ICT Edu., (21):5.

[2] Ma, X.(2020) Practice and Thinking of Full Online
Remote Hybrid Teaching under Novel Coronavirus
Pneumonia Epidemic.J. Univ. Chem.,35(5): 29-32.

[3] Zheng, Y.(2019) Discussion on the Teaching Mode
of Electronic Virtual Simulation Experiment under

“Internet + Education”.J. Popular Sci.&Techn.,
21(10):16-18.

[4] Nie.Y. (2019) Discussions on the Teaching Mode
with the Attendance of Virtual Simulations into
College Physics Experiments.J. Sci. Edu. Art.C.,
(12).

[5] Gao.Z. (2020) Current situation and challenge of
construction of virtual simulation experimental
teaching projects in China.J. Exp. Technol. Mgt.,
37(7).

[6] Wan, X. (2017) Research on the application of
COMSOL finite element software in the teaching
of electromagnetic field theory.J. Heilongjiang Sci.,
008(019):79-81.

[7] Liu,H.(2019)Exploration and application of virtual
simulation platform and App in fluid mechanics
teaching.J. Res.H.E. Eng., (S1): 215-217.

[8] Cheng, L.(1990) Principles and development of
optics [M]. Science Press, Beijing.

[9] Rabus, D. G. (2007). Integrated ring resonators.
Springer-Verlag Berlin Heidelberg.

[10] Little, B. E., Chu, S. T., Haus, H. A., Foresi, J. A. F.
J., & Laine, J. P. (1997). Microring resonator
channel dropping filters. J. Lightwave. Technol.,
15(6), 998-1005.

25



