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Abstract

In university physics laboratories, the allocation and management of resources present a complex
and critical challenge. Against the backdrop of tight equipment budgets and a general shortage of
high-end instruments, finding ways to conduct innovative experimental teaching under existing
conditions has become an urgent issue to address. This paper starts from the resource constraints
faced by university physics laboratories and explores how to create innovative experimental pro-
jects based on existing low-to-medium-value equipment. Through three approaches—uncovering
potential equipment functions, promoting structural innovation, and achieving integrated multi-
device applications—a functional reconstruction method is systematically developed, extending
from the enhancement of single-device performance to the combined application of multiple de-
vices. This forms a full-chain technical pathway that encompasses both functional innovation of in-
dividual devices and multi-device application reorganization. In terms of specific functional exten-
sions, this paper focuses on three major areas—mechanics, electromagnetics, and optics/thermo-
physics—and highlights six representative application cases: the secondary innovation of an air
track to construct a damping testing function; the use of built-in smartphone sensors to improve the
measurement accuracy of rotational inertia experiments; the transformation of an electromagnetic
induction experimental setup into a platform for the quantitative study of dynamic magnetic fields;
the construction of a simple Tesla coil for high-voltage experiments, effectively circumventing the
cost issues associated with conventional high-value equipment; the integration of thermoelectric
generator modules to build a comprehensive experimental system for energy conversion charac-
teristics; and the development of a material microstructure measurement experiment using a min-
iaturized laser system. A series of teaching practices have demonstrated that students' difficulties
in transferring physical principles have significantly decreased, and their ability to handle uncon-
ventional problems has markedly improved. Furthermore, this innovative approach has achieved
an equipment reuse rate of 86% and a 23% reduction in maintenance and repair costs. This pro-
vides a practical and feasible pathway for addressing the contradiction between “high demands and
low investment” in university physics experiment teaching.
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B, K2 WAL PRI > R AT D RE e B B A7 AR S5 M PEAG HE E A2 [2] [3]. Bl in PRl B 4%
SRR It S AT AN FE AN B T 2, AR R PSR ISR 0 A R SR A S 56 5 78 A R S B B
MISEPrtEREZE R . 72 SCBEUET,  WATAE A BRI B G BN T I S5 R T 5 A F BILA 78 A IR 46
TP — DS F T FORAL B (1 S8 7R [4] [5]. DA JEAH LU0 e 4 D RE 14 08 48 & VAT A AT 154 T
5, R AR E R L A IR AR A S, TSI S PR v ARSI AT R A SR A R
FREA6]. FIBBHE A4 & AR AT QMRE, R I ROR ke B R S A UL 4% 5
FITAE 3% (K A T 3 1 HE AR BB HE SEIRAX R OIS 20 [7]. MARBIBAT M, WG =EZOMME: B
P RATTZIHIE DL T B KPR BEM SR B BOoR A s 44 2k S P B3 A 07 20A B T BRAR St WU s 2K
i P RE S T KRR R IR 2 A L2 TR J= T MR AR B 2 I R Y — S A LA 18]
2. (RERZ ARG ERER
2.1 BREREREIZEEE

TRIE DI REXT ¥ Fe s AR (0 B B W DL S 0 B4 b O3 S s T R A At 00 R 25 A
TR EEILTPARRE N 1) BT B B DR SCELE RN DA UBOR ZE M1, Qe YGAT AT 22 i i)
TR F NGRS BOGETTIF, JEOEL 5O AR SR A SR N 3 R 20K, 2) FPE#E
LR R IR ERIE . W2 B A e BB IR s 1 BIRE IR 22, KBRS B pirxs 5¢
SR AR B T R I . S SO RE R ST O 1 DART SR E X T e HEAT IR AR X SR B
S P DAL 6 < T U S N R 4 e S AL D RE S I 2 B R O S B B TSR K T 4
JR K5 22 G 0 Ve R DE B 4% SEBLWAR i 5 78 T il SR A PR R N T e A . HLIERIRL 2 W
) EE S B B I R AL AR AR S (D BRI, 2 T SR AT 10 S 6 AR G AR ) D et PR A A

2.2. REBERRGREH

RSA TR QIBIRYE “ SR EN . RGEFOAMU” 2R IFEE, Bl TR 5 R ) 100G A i
JREE, BT I T R R S RS0 (R AT T e R R AR RS R BT, SR BIE A IR R I
BAAME - BASHFEDNERE, EARR ARG ESEI =GB 4R R T, B ERERE
THEEXHE 5 B ISR T (RS HERN 42, BE BT Ko R AT v S B A2 v i, AR LR 25 A AL
T E OISR R, A R ITIR AL SN R SR AR SR E R AW L T o B AR AR R
B W VAP e 25 SEDUHE B 1, A8 S T U TS iy R 7 DUD S 5 A A AR I B A5 5 28 TH ORI AR
G PE 2 N 3 1 P75 100 BECAA AT 20 M SIS v FR R 2 B iR B 42 o

23. HREMRNRAERER

A8 X 3 4 N 1) 5 H ) B B e S B (R R AR A T 2 TR o LB - R DD RESR AR L B)
71 - HREIRANE I S BB AL g o i, G DL R LR S8 PN L Rk R R ST idis g, s i
A 2 P i 19 IR SRR LB B AC SR BRI BOR AR, K AR B W B IR BT 51 & T 09 2 18] 5 HS SRS O
Y - R EREYEME ARG RIVEALSE B AT & LA Rl B 2 AF e, RIE bl /st B e i 53 4 F A
R AT 25 BRI S AR AR BRI T ), FOHURES F B B 2 410 DX R - 1 70 A5 LA R JB8 (9. %
SEAE T B B G AE 10 2 G2 70 KRR 2 ARAR G —,  SCREBOEIEHIMX 5 B AR ke B AE R A A A
AR R WTTBRASER G VEREBOIT IR S 00 08 FE A RIE,  FRREBRER Il AE 2 RTERFE I (R HEAT
TR SEAY 4 FiAS [ SEEGVE 1) A DT B AR
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3. HEIFH T EEGFTSCE ROIRELT
3.1. hERAESIFHER

3.11. SREMREZARFLRER

SESENGE I 3h ST B T T A ZE R I YRR . 4R A A Ak 5
THEBAT @ KRR P A, SR T /N BB AR B PREO B, SR PR RERE SR BB, B PR B AR
WU TR TP IL 3 Y R, SRS AL R, LR RS SR N AN E R
JE R SE A 1R v 4%, 755 B3 A2 200~2000 g IR /INE BEHE 15 /N T 8 uN . SIS &R 1
PR 5 SR WL B (b veit, PRALIEIRE A 0.5 mm SelUE xRt =X, 545 () S B 43 R ik
0.05 ms, JE&RiE it = AU LAHE T I HGHE AR IR ZE AN KT 0.08%. 7EIE- P4 ik Fi v AR etk R 5
XL BRI B F AR T JE R R SRR & T 6 £, Wik 1 FR = RO RE X EL

Table 1. Comparison of performance indicators of air cushion guide system

%1 SHSH ARG g

P i 4 P ARG s RS K E I8 5h & H
IS ) 73 He 1.84 ms 0.046 ms 0.011 ms
5T I 46 %K () 1.22 mm 0.076 mm 0.003 mm
HZENARZ (L) 3.19% 0.50% 0.09%
ol R AT B 12 samples/cm 318 samples/cm 5100 samples/cm
I AR (+) ANETI 100m N~25 N 0.1~500 N
ARV HFERS 423s 28's —

3.1.2. HREFHPRIUERMESE

KT MEMS FEIRICH R MM EEAR, 53] TSR T FERINERE. Bt 2 hhE e
SCHGERR T 86% N TN E£IE, FEIROCRFE IR HE L L - SR G2 IR IR KB A7 FI 2 1 e ik
RARIKN FEME ARSI RS BRI, B FHEE AN G20 H0, BAE T, EidA
HIVE M/ INBR P AERRE e R . AT R IR P 20 7 BT A s DU B R GEAEAE 37 ms IO RIAE I BEATAZIE, AT
FEA IR IR ZE W EI B 1.24%, FAAiF8ERE % £0.013 /s LA . AL 2 W] LA BIFE T #A Sk
IR GT ) T AL RIS T 3 AR R R A SR

Table 2. Analysis of smartphone rotation feature detection capability

= 2. BREEFHEIFIERNEN DR

R E FH 2R B R A BRETFHLIT R BB HRALARER
F R 5 e 0.002°/s 0.022°/s 0.0004°/s
IR R (40 s) 0.17° 1.35° <0.03°
T 5 U0 ) (VA 0.08 mg 1.33 mg 0.001 mg
AR AN R 7 <0.60% <2.50% —
BT RFEE +0.0007%o +0.028%o0 <0.0001%o
LR FON R FE AT 182s 63s —
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BRETHL T FE B AR 8~120 mm FEARHFL BN E 4T, “FHRZE 2.73%, Kk 4.08%. FHH 30 ik
5 B S BG BOAIE R FE AR A, 25°C HE RS 77 2 & 11 4%

2. FARF S A5 EBIHT R A

321 MEHMEBNRENEERLIE

G R ENEAETT, R AR Ie s R g B AN IR ulh, RN RLL 0.25 mm
DA A BR8], RN 5N PP R 950 2 G AORE HEE A7 PRAE L 22 < 0.3% A 1
DU o i i T RN et SRR P R TEUK 2 LS B O SR AR 2 2 B R ) 70 A LS 5 AR A pA 2
(15 pA S EERESD), [RIRESIN 24 743 Hd% ADC &b iR 2 BRI TEBUREUE . CEAE T 91 N —
Y2 B IR (BN AE 2O E 20 2 Bl oAl (Z 7 17 ) B PR 7R 205 BA 0.8 mm [RIBESREEREIZ B 15371,
I RN SR B R R R XY P AERR) RS E . Ji5h, RS LR FEE R BT A e 1 s i
(R[] 25 P2 ] B o U T 5 RS SEIUN TR IR %2 . 3% 3 N PR ML 5iE R ML RESR A X LER

gl

w

Table 3. Comparison of electromagnetic induction transformation system performance indicator

3. BHIRNBUE RS T REIEARXTEER

DReZ 4 W RS B E 1 FH 37 AR A AX
7= (7] 547 85 (axial) 12.7 1.6 mm 0.25 +0.02 mm 0.05~0.2 mm
YN (IE AT ) N/A 0.38% F.S. 0.05% F.S.
T 355 1 3R 32.4ms 0.67 s <200 ns
RMS {4 i 5 % 18.4% 0.82% <0.5%
AR Ve DC~15 Hz DC~4.3 kHz DC~20 MHz
T A 7 e B 0.8mV-s-/Hz " 8.4 uV-s-Hz " <1pV-sJHz*

3.2.2. EUBYIREE RN BN

AT RIRAE WA MBS )E, fetl 7 — A B AL T i . N s S
2 RIGLE AT BRI SRS R R RO AT RO P s R, MRER A (N Rk th B Bh AR
MRS R, SEELSEN AR IR B A, TSR A s B-x HiZk. 54T L
MR, Wb T NONIRZE, AR 2 I 45% % 2+1% 2 N o BEAEL T gel &3 ErE L, XE—E
FEPE L AE08 1 SRIO RS BEM B SRR, W& & RSB F 2 SR B . S AR T DA I 12 SR g0 iR R
B3 3 AR, tha] DONSEIG 12D 2 ST BN ) D5k . 36 4 NIREE R B AR GEPERERS B

Table 4. Comparison of the performance of the solenoid magnetic field measurement system

4. BELEHIANE RFERELL

a4 [ otk R4 DK B SR T
Tk I R 2 +5% +1% 5 %
R 5 mm 0.1 mm 50 fi
Ha I AR E S +2% +0.2% 10 f%
Ve PIC ST Fahidsx 100 £i/Fp
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3.3. X - REZRAAIFTE

331 ¥BHBRELBIFESH

Ve Ay I ZE AL I B R G R e R A AR . R ZE P A WIS EIRAE B, 2 B A
SitAd FH PID PIFR T Se B 120s I IE R AE20.4°C I, FFAFA 4 SRR DU S FL BHIR AR S LR 25, &5
B PSR HERRE, SURUERR R AL 15 AME DRI e A i, [F A D 0.03% 1 D 2 &
ORI 4% FL S 5 00 9 PR P M o T P S O 0 — A P SR P 22 {8 10°C ~170°C 5 i K L RS FEL AN
R R W, I PGE R ARG FAE A 92.4°CI TR 22 4 F . HUE LLESE & bR Z R 07 &
K FEEEE 5 TR

Table 5. Accuracy inspection of calibration system for thermoelectric power generation parameters

=5 BREXESENERGRERER

R = P Tl g% KEFRR PR A R
FE L3 R BORZE (MVIK) +0.021 +0.11 +0.003
RZE IR E E(C) <+0.05 (120 s) <+0.43 (120 s) —
PN BEIN & RBUE (mQ) 0.2 3.6 <40
AR RAME R (%) >99.86 98.24 100
i HH Th R 0 AR 22 (W) 0.16% FS 1.83% FS <0.01W
P RUR BRI E (B (TC) - <+1.7 —

3.3.2. HiTHMERG MR

Bt A3 T 3 2 B B AT WK ZOR Al & . B4 RS LL 635 nm SR8 fI, il
I 5 e i W LA DL 22 AL 5 prad, AIHLIRAE T 500 J5 {53 CMOS 54 10 R (0 45 i sl
AT 2R BU 7 PR BEEAL, AL BB I R0 R PIAR AR TE . 51N T 3 A B A BUA L IR 2R
ok RBIERGE A BRNEIRZE, 252 CPU MR ABE B R E M 2k U BIRZIRT 0.22 MERK,
%, URUENI 25~500 pm RS BT RRE dh, AHXHRZEN 1.04%. 4% 6 Bl U AT SR VAR
RaF, AHTFT GBI

Table 6. Performance benchmarks comparison of laser diffraction systems

6. BOEITH ARG R REEEN LR

24 S ERRG INEIE T % N FHEER
Ao 25 3% FH 3 (cm) 50~1000 15~280 >t R A% 20 15
2/ INET 2% 5% (um) 0.32 2.17 4 Btk Kl FHE
SRR RRE(R?) 0.9993 0.9961 Wi >0.995
B L ERIEAKT (um) +0.07 +0.41 —
LRI (%) - 0.38 <5 W%
ARG ERE (Kg) 385 0.67 feaLiEs
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4. BESKRMESENEFITG
4.1. B sHEdEPRBFEXEE

BERAWIRN, WAAWLRL, IABISCE, SCEmBEl, XRENEEEFMIL, ¥R ATIE
o BRI B (5 1~55 20 2£0), R4 fENURE Rl e e i 07 B 10AR & HERFE 1% 2T 18 0.86 mm, it
FHE A) o IE 5 R TR 147%. AR BE (58 21~28 60 240), 224 AT Sulb & shpLm 2 T 78%, SHL
B AR A SRR (AT BRI SR SR A 31% + 4%, 2 AE 21 20 TR Ak /b B AR dE TR 1 63%. b BL ) 2EE
P tH IR 21 &b, 94%[H 2% 2R BESLE£0.02 mm AL B VIS TEAME , SR AT I P RS PR AR G T R MU AR 2
RET 19%. REER, 527 40 05 A B AL IR L 2 AT ER i T 328%, 1T AR YE ISR 1) 58
R 34% 32 =i 2 97%.

Table 7. Evaluation of equipment modification learning efficiency grading

" 7.OREFBREF IWEED LT

5E (VA IR fiteseitd: IBBRRI

MR (R ERY) KBRS 122 (mm) 1l (min) W (%) 5 L (0%)
ZE AL 1(0~20) RS E 0.86+0.11 35.6£2.3 8.7 41.3
ERIEH(21~60) R B 0.32 £ 0.05 198+1.7 43.2 78.6
FEW(61~100) LS 45 46) T A 0.16 +0.02 11.3+0.9 82.1 975
KEFRES HH Tolk =2 il ¢F <0.10 <12.0 >90 >95

BT NV R SRR o DNV EE , HLPoRE 2 GRS LR 1] B 0.011 mm 4 (Tl
%079 0.015 mm), = LRI G5 BER I WA TR ALIRE .

4.2. SHEERENIRFHREIE

4.2.1. EWEIT S RGHERE M

145 R 2 A SR A R FE S50 R G OIA IRFE FEAG B0 45 M A0 B4 T . 60 PP ELIT SEIG & [ R WATHT 455
TliZH AN 2R G R AE I B P38 IA B 60 AP ELIE H AR SLIR TR HON 13.7 MER A, REVIGIRESTE
2R 1% (i 22 K RSB N 0.26 mm R FHH 4 IR B4R, Wit iashBlib i m s B Eedfa, SERK
- SHURE T 1R A B 2208/ NE) 0.08 mm B, P AR RS R IR S e 76%. B R BEHR
THEFER I, SR A 41T By AR G5 ) R G0 IR FRMEN 92%, 5256 R GL 4 I SEHL A1 F5 b A2 4)
WASZIOAT S AT 4L BN R) (K 27%, 3¢ 8 HiHis I W 28 55 S 2% R 73 AL AR AT -

Table 8. Core capability indicators for the construction of the mechanical platform
= 8. WFREERRURENER

VAL 3 MR AERES LI TERIEA RS IRE
EERES U & 45.2 +3.3 min 18.7 + 1.5 min <20.0 min
BB 2 GokG P (mm) 0.23 £0.02 0.04 +0.005 <0.08
AR S IR 8.6 1.2 <2.0
SR TUAR R 17% 94% >90%

M1 8 AT L, B I H BN B B BVE A8 A B R A R 48, MR LU bR e A 2 AR T T 46%
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+3%, BERGUN S A EL 83% R B LAE nl 9 L R

4.2.2. YRREB TR LEENSIE

gh 5 2 TRV AR LR . B2 RS RGES . VLB a3t g, FAERE
HraEoF - WH R B AR ZE R A . WIZON SRR A RHR AR SR AL N 37.2%, RHEETY
WA 15.3mW, S5HS IR LR o A (a1 52 A R A 22 7L 48 R R 4% FARE B B LS 71°C~22°C
TRZEPRAREE UL, A R B R R R A 82.1%, RN RN K BRI RILE T 47.6 mW 5
HAR SR AR B, ARG AR TR BIWIABAL) 42%. % 9 NI KRGS RERUY R,
MR EE T W, ARG RSO KRR Tt

Table 9. Thermodynamic system transformation experimental energy efficiency grading
#9. RNZRGEUIHERTR

BRLRIE W0 K d o PRAY 5 R Tk AT A7 A

RGBT R E 8.6 kW/m? 23.4 kW/m?2 >21.0 kW/m?2
RYR B EN% +34% +7.6% +9%
AR R 68.3% 27.9% <30%
MU RS #2355 % 22.7 39.1 >35.0

4.3. METHEM L REE

43.1. FRFETESSHAHRTEL

SR CAA D] T B 2 T EMIERIIER, S EIT R LI & “ AT SN
VMRS ESR, AR —F M2l Rk “FETE7 B CORENERIRIE. W% ma— %m0
THMER AP LIS A E R, (BREM TR EE RN, RRBRM BRI EE B EITEINT 4
) Bt 8, 7 RGeS R BT S B w2, Gl i e R £ s eiEAR, F
T 2 IR SARR M B B, %5 SR R S KT T S RRS T AA RIA F] 87.3%, KT 85%7K T
IR /N T 3% RS MR 51 N n) # B A (PR35 00 o5 B B S Il B a] (R EL AN 21 40%. R4t
20 VR R R P I T 34 R 1) 52 SR P O 22 T B 4T 5 R B AR I A A7 BB AN 62.7 min, A
BAEAE 230 min MILLRCRIRTF B R4 o FAEAEIRARAL AL IR Bt (BB 1 D7 S B T B B s
BT e ARSI B2k [ B IE Wi, B ThAE AR, BCR AT DURI T ARERE R MK 31.6%

Table 10. Key performance increments for the implementation of inter-year projects
= 10. BEETE ARG E

GIEWAEEL 2022 JmHE A ik 2023 Ja SR B & L3R T (%) HARE ZH
BERAE RS FE (mm) 0.23 £0.05 0.06 +0.01 +73.9 <0.10
Y IR ERPE (5 5 EL) 24.7% 8.3% —66.4 <12.0%
DiRed e $ S (T 1.6 2.8 +75.0 >2.0
REVR ] AR AL (%) -15.2 +31.6 +206.6 >+25.0
W24 J 3R LR (1K) 7.9 1.1 -86.1 <15

110 NESEERETH SOt oS BE R REI AR, HEMIMEE R UUm A R AR R A 5 1 & 96%,
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W BRI R W 250 5 %N 43%FH 2 81%, 1wl dEdr PEFR 0k b Ja ik 219%.

4.32. WEERARSHIFHAEE

TR RE RS TH AT R ¥ 42 75 i J) 1) OPEX S5 fhAk . W R IAE RIS Rk (R, BEHUEER T Y
SR AL B R B — A 82.1%3 =1 1) 95.6%. i FLISAT SN Ml T 1 S e Esh 4R S BT s, AR
Eft 156 h ¥R 2 428 h, HRREHAED N R A 1/3 1) 34.7%. ~F¥cikfsiz 4T FII I 2200 h,
FHE AL IR B T 75%. =4 A IR SRR 0 R 2% 11 Bos.

BN TR ER I : 3 BARHEL SRR SE AR TT R, BRI SR AL IF AR 78% 1= HLA; 3
SRR P4 TR 213%, RIPBIGRIN 42 S0 BN BIHT L.

Table 11. Comparison of equipment reuse efficiency and economic parameters
11 REERWESZEFESRRER

P B UL I T JE s 3% S H AL G SRR bR
F: S50 5 75 (LA F I /N ) 5600 12,800
AEbm & R FER & L (%) 18.2 5.1
YR (IR & 2G0T 14.6 3.3
REVEIRERFI FH #(%) 61.3 88.7
ARG E BN EBFEST (%) 34.8 19.1

5. SCERHE BILE AR
5.1. FEHEREMRL KRR

5.1.1. SEERESAEIENE

Xof SR B T B AE 45 2 BT WU F O 8 Y 4 IO 450K B 807 B FH 7 SR T Ji i e % U
I o A A3 e Ui S A SR TR R 4%, SR 40 a0 P A G v R St ) 7 SR TR O )
B, WK R sSSP 7 JF BB R T S5 00T 8 28 e iy 1 2% DA SR 45 A 03T 20 T H S5t . 79 2 30
SAT b B R O (RS A it BE B 4R 1B 35 H W B R S A S IR E B e 5 LA, M
HEREACES Ve B W S M0 . EHFEM R IR T 1 T RS 2% A 3 S0 (O3S T 44 B ASL I e
ST 3 T 58 R BEE VN GRRE TAE, SO b2 T S e b [ A LAL) St 18 46 A% 00 R LA
TR Yy T3 TAE MR RS B & K AR AT B HES ™ 1225 T8 St BEHEAT X AN [R] I B B I8 4 P i 2
NIRRT, AT — RN AT R &IEEIE. 8. 46d . GBRET5A I EE R & =P BT
, AR S SR EEMEH . 0, B REFRE . BRI RS R B S, RIS 5%
R dedia . O B A B R QIR S R SCHE RIS rT AL 1 4 R U IR 501, A RIS
B S E %

5.1.2. @K &ZRHHIRFER

X PR P 0 R S0 6 0 el S Bl P PR BRI B, MR S5 ) R SR R A E AR I =4
TR, MAEESRIT, DR tEa A& FIVE i T oo th . SRS THBRR A 7 BT A8 P XA
WX B BR BRI, LA XTI R R s, T OV BOE R, T B A
PERER], DAEAE N ORRE, 21 R AERAC. ZERF IR, R RS 306 % 7 FH IF Je 1 6 4 2%
HE RSN AP R 23 D RE P kb TS R K [ RE AL IS Bhl B B 4 By RETH A F A, SRR B DA SRR Sl 3%
Mo BIFIH LTt B E AL, AT ML IR & S YU HUR AR B HL S ST IS 45 5 Th
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