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Abstract

Design-oriented experiments serve as an effective means to enhance college students’ scientific re-
search skills. However, for a long time, issues such as ill-defined teaching design objectives, un-
timely intervention, and weak evaluation feedback have persistently plagued university physics ex-
periment teaching. Based on the characteristics of university physics experiment teaching, this pa-
per proposes a five-dimensional teaching framework of “guidance-design-implementation-analy-
sis-evaluation”. It places particular emphasis on introducing the ability dimension requirements
corresponding to the development of abilities at each stage, the timing of teachers’ intervention and
the construction of cognitive scaffolds, the division of labor in learning task modules during the
team collaboration and individual exploration phases, and the dynamic monitoring and continuous
safeguarding in four aspects: the four-dimensional monitoring of process evaluation on students’
ability development and the updating of the school-based database. Furthermore, it puts forward
suggestions for improving university physics experiment teaching in typical experimental modules
such as mechanics and electromagnetism, aiming to gradually enhance students’ rationality in de-
sign proposals, data analysis abilities, and innovative transfer abilities. Additionally, it addresses
the issue of insufficient experimental resources in practical teaching through the renovation and
upgrading of auxiliary equipment for mechanics and thermodynamics experiments as well as infor-
mation technology, and by leveraging modern information technology assistance paths such as
“cloud drives”.
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Table 1. Evaluation matrix of spring oscillator argumentation

=1 BERFISIETNER

BEMS BUH T14H T2 H T3H I SFE
P1 15 82 65 91 75
P2 20 0.08 0.15 0.03 0.12
P3 25 13° 24° 8° 15°
P4 18 73 59 88 70
P5 12 2.31 3.74 2.05 2.80
P6 7 3 1 4 2
P7 3 180 240 155 200
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Table 2. Spatiotemporal monitoring tensor of deposition process
F 2. MRS R ISIEKE

X [ (s) RASH Pwmax (Pa) Xs (mm) Va (nm/s) Ta(T) iR
0~45 S101 5E-3 — — — E156
46~120 $203 0.02 +15 <0.1 — <3 E7
121~195 $307 0.12 £0.01 <0.03 0.23+0.03 <8 E29
196~300 S412 0.38 £0.02 <3% 0.68 PID —
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HERRRE BT iseit 3 20, B8 1 JRVHERA L 00T X 0 HERRRE 20 - L er B rh R ek v P TR
N 63%- BEHLYEAERGEE TRy 21% . I REVEAER L TTIR ROy 14%. SR BVEHER FE DTk 2%; 5 2 R
HERG L M i HER RE B D' FE AT T IR S HE R L B HUR ARSI —~ SR 4L % —~ WU AR " = R4t
KFZ; 3 JRMER TR IETBOA Rt #om - Wi e SR IE TR REMI AVIAT #231i
ZEERIL 80 FHAS I B 3 A - AL RIS . T R G S BRI BL AR 2 R 4545
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ASCEL ZAIEAE - WA BT STEARE RN R IRER T Bl & S L B AR 75 Fia b2 th S AR 45 4
geg ks JriaE e RS B, B ERSA BRI AR, S SR B ATINBUR I E . 1 (A2 BT
WO Kkt Ja (8 2 R AR RAL A5 R FOR N TS AR IR IR VERT 7T, R 2 A Tl 1
MU TE ARS8 Q, X T I N 7 IR Dy 40%, AR R T Bl iR as Q (EEAT 3
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Table 3. Three-dimensional metrics of Q-factor iterative gain
F 3 QEAFERIBHE=HER

M I GO e Gl & a 55 G2 & B VIR
E1 0.64 30 0.78 +21.9 0.91 +16.7 >15
E2 5, 2, 3] 25 9, 5] +71.4 [17, 8] +65.2 t 40
E3 — — 0.83 — 0.96 +15.7 —
E4 3 15 5 +66.7 8 +60.0 2.0
E5 12.6% 18 7.8% -38.1 3.2% ~59.0 <8.0
E6 0.32 12 0.57 +78.1 0.89 +56.1 0.70

4. TEMENRGEURFTHTR
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MG BRI E A R AR IR, TR/ T i 2 ik ERE . s al ) 43 Bl 5 0l T2 A48 LU AR 1Y) O
FEATE AT N o M IEHE D et BOR A = 4R R B AR 2 8, TGO B T A A BRI AR R
BIHFIE, ek T8 B B R 5 TR YE TR RBCR IR 20%. SEE A0 (55 A%) AR SRR (Bh 245 BUE TS 1R A58
PR 2 DhRETF e 7 Wom R R VAR TE A Ak R R AR IR P IR AR U A2 BN + 0.45
%, It 50 FRD Ul ) S Am A 10~50 URIZINE, I SURBUAERFLE 2% /e A7 o ARER I 0 1%
B GREE TSP IRIE, ARSI R SR EIRM 4 AL, aTERREIrf
ThER 2 £ FRIRZE A 1 95 o AERAS IS A B0 AT IR Th R . 20 dB JIEVR AN TE RS HE, A28 AR 4 5 7 br HEAE
# <0.55 pHz, ik ] B s )RS B0 5t 55 R E SNR > 20 dB, IR [ REA0L it . B4R %5 /% <0.2m +0.05
m, ®#% <15%. I, 7 4 NS 2 4EE v EVERE R
Table 4. Multi-dimensional synergistic performance control of the experimental platform
4 TRTFESHENEIMEFIER

PERETRE  ERMENE OGS HEFS VWRTEIE SHSE BEUE CSUGEHE RWIEEE RAREEER g
BRI RGEE  48s/'C  22s/'C <28s/'C 235s/C 032 49.23%  98.74% 97.20% 1.08

iR 0.78nm  0.45nm  <0.50nm  0.48nm  0.05 3867% = 97.11% 95.58% 1.15
FEWBIH 86% 94% >92% 93.7%  1.21  8.93% 95.33% 98.44% 1.05
B EBEEE  963%  985%  >98.0% 98.12% 057  1.90% 99.18% 99.62% 1.02
I ERFE R ZE £0.15ms +0.06 ms <#0.10ms +0.088ms 0.03  4267%  93.86% 98.70% 1.07
ZiEKEiEE  78Gb/h  125Gb/h >110 Gb/h 119.4Gb/h 7.8 53.46%  94.27% 96.33% 1.12
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FEW IS AT I 5 B R Ve v SR Ak A ml R N SO, D SR 2 A 24 D H I A B S5, IR
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BRARNT, A0 AR RL I (A Y8 ARk A I A R S HAINR S IEBHUR AT IR I AR T 28 AR Bkt —
AR PRI E A IS AT W I Bt 7 se il . R RER T i IR SE LA AR 2, SR B AR F I F LR AL
LI [RESE =B T 7 22K T 0.75 TAK, M E{EARME AR KT 12 TARPMEE, I =B ge GRUTHAs OF
Mili 19%HES BIsAT 2 )5 & HIE . IREEE— LRI AR rh X IA], B0 = A S AR B
FEVFEPUSATIER I (MK 2] 150 A0, 1R v @ B2 R R I ) (ELI8 Bl s A7 Vi e 4 1 #£.40.05 Pa
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IR BRI H 15 77 2 2R R TRAind e A A\ B 2L 5 W DU PR R e D7) 48 S I8 g A ANBE LB ZERE 77, T bX — 4L
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Table 5. Comparison of the dynamic regulation effectiveness of sputtering process

F 5. BT ZaNSETRERT LR

HifE AEiR e U I 37N P O DS € 7/ N - - X
FER AfE AMUER A it EHE ERE bR BIBE RE

GLl-UkST MR  186s >222s 200s HIE 23—8 1.83bitls 74.6%  34s  921% 214  0.85

L7 5

F4-SARMCLLAGHE 314s >372s  350s i 17—5 2.07bit's 83.7%  87s  89.4% 296 0.78
L7-EF iR 278s >330s  310s#yG  21—-7 1.95bit's 80.3%  49s  957% 255  0.93
P3-2 A 195s >231s  215s ¥k 19—6 1.88bit's 829%  63s  91.2% 238 082
SO-& LR HE 147s >174s  165s¥iE  15—4 1.62bit's 853%  28s  975%  1.89  0.97

5.2. EF A B TS R

5.21. NFBRUERRERUE

MR GAE f X BRI U R G, BT AR SRR (2 AR 15D IR T B SHOR S
IR BRI GT, ANTE BSSE IR — N 1386 il 2R b A L2 s iy HA A5 0a oot 9% o 52 i i s 1 /e
R R R ST G RS 25 40 BT B AW AR, 3 TR SRR S R AR B ke R R AR = AR (AL
AR R Wi FELERE, 6T 2R 7 E L SEOAR IR, i mi s iR o f2
b B P IR A BRI A FAR R M DR 2R, K RS R YA ) M TR AR 15 2 R 44 B EE L B 5 BOAIE (R FE R
MRS IERE R, S AK f 730t Th B RO (R R e B AR R I S A LUR JE, BT
SEREM) “REIR - HLELE - SHBET WA R,

5.2.2. TIELEEENITHENE

SR SR SRR A 3 R TS 2 A SRR e I R 7 DG R 1 4 B R
I (0 2/3 JR4F, A% AR S A 35 TR R A B I A5 2 e (0 20 B AR A TR RN 4 S A b 2L R 41 22
SRR RAFERIA[9]. 28 S5 N BE T B 1R B TG I 8 S B il —— A SR 2 7 LS AR e A, R
Wb Th R AME AR R AR 5 28 R B HER RS 2 B K. S HniEm . A = EHRRS SR80
SR BB Ak E U 2R I B S R B s T IR BT IS, ORI T2 R i fase S Tk &
FR VT B 3 90% FIRE A K4 $ 11 -
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