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DESIGN OF A COMPREHENSIVE EXPERIMENTAL DEVICE FOR
YOUNG’S MODULUS

HE Shuang SUN Yan GAO Yuan YU Dan
(Aviation Basic Institut, Air Force Aviation University, Changchun, Jilin 130022)

Abstract In order to cultivate students’ innovative awareness and exercise their ability to ap-
ply what they have learned, a Young’'s modulus measuring device that can realize various opti-
cal measurement methods has been designed by combining the basic structure of the existing
Young’s modulus measuring instrument in physics laboratory teaching with an optical rail.
Based on this device, the Young’s modulus of a metal wire has been measured using both the
Moiré fringe method and the single-slit diffraction method. The experimental phenomena are
distinct, and the difficulty of optical path adjustment has been reduced. Analysis of the exper-
imental results shows that compared with the traditional optical lever method, the experimen-
tal accuracy has been significantly improved. This proves that the experimental device has
good comprehensiveness and expandability. More measurement methods can be developed
based on this device in the future to enrich the content of learning and research.
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F1 WAKMNMERP=0.02mm)

D m, /kg m,/kg m;/kg

(=0 (0=2° (0=4%

1 0.598 0.611 0.615

2 0. 601 0.615 0.617

3 0. 604 0.613 0.620

4 0.592 0.610 0.619

5 0. 609 0.615 0.622

6 0. 605 0.612 0.618
m/kg 0. 603 0.613 0.618
E % 10" /Pa 1.97 1. 99 2.01
AE/100% 1.9 3.6 4.6

FR2 HWAKMNMEREP=0.01mm)

R m, /kg m,/kg my/kg

0=0% 0=2% =4

1 0.298 0. 320 0. 336

2 0. 304 0.318 0. 341

3 0. 307 0.322 0.334

4 0. 305 0.315 0.343

5 0.301 0.317 0. 339

6 0. 306 0.315 0.332

m /kg 0. 304 0.317 0.338
E % 10" /Pa 1.98 2.07 2.19
AE/100% 2.6 7.3 14.1

2.1.5 EIHT

(1) EE R &R 2R 304 N, £E5L
By EHBEIRE ¢ =22. 0C) T, Hip REEHS B
1,93 X 10" Pa, 400 {8 5 238 (6 AH L3¢, AT
PR ZE AN, Uk B o 5 R S R] A L IE S TR O i
AT ATPE 5 AT S et

(2) &)@ 22 L 5 A e A 5 2800, PRI it
TN 71 5 7 55 R B 1 E R ok e Ja PR AT R AL
B 100 7 B B B R I R 2%

(3) SE A ER T B8R 2% SO Sk o7 B G 1k v
M5E  [R]IE 43 T8 22 1 P T J5 200 38 22 51 4 R
22 (A /N 1 A S B I 1Y 5 AN Ak B AE Ak 5
ANTERE SEEE L I 2 R AT — iR 2

() I3 H 5 00 58 0 Y A B L 76 A R ET I
ARME S BR 2 21 3% 22 7 I3k, i Bk — 20 4 S
BB R R G LB SR ) 2 4L,

2.2 HEMHEZENEHRESE
2.2.1 BREGTHIEIE

JCAEAL B 2o FE b 38 3 B A ) ) O 2 2 A%
o A JUART 9 52 XI5 58 5 508 50T 43 A1 1Y 304 Bk
FOGRIRT S . a0 RO BB K S A L AL Ek R RS R
SRR ECE BORE L TR ., P
A7 5 RE SR B B B A 422 WA Ak 2 R ¢ 3 1]
AHTE AT 2k a0, W 6 BT 7~ . fh AT S TR i
JE /I — i 28 2

asind =kA  (k=1,2,3,+) (5

Hrr,a kST, A b FREOESH K
650nm .k A IEARBIEL  sind ATl R A

sinf=>=—2 (6)
r Tl

Ho, o RsE R R IR, y 5 — s 4L
2 rh e BBy B R A 2O ARA ) A
" :k/\ N

y

, ul
P v |
T

X

D)

6 B4R ATT I S 2

2.2.2 BREENEFEE

W B e 2 B0 R AR A TR S AN | K 4
Ja& 22 B 0/ MM B 5 0 B R RN ST I R A
S5 ) 5 A TR R R A AR B A O A R/ R
Jin 7 AT H 08 5 e ) 2% B B FE TR B A %
FERE a) NN IS SR BP0 RE K A el s PO =
BATRIREETE L a, , W AR 22K N AL =
a, —a, R AR A (3) 15 2] I AR B

P L 4FL

S AL  wd*(a, —a,)
2.2.3 LIRSS

LI AREE A A B RE RS B I
R I RN AR R e WL 7 s, SR
FHOG3 AT 8 ) 2 RO B E O TE . ) [OR &
I S 28 0t I oh RS BE AR T R B 4 AN S B Y
SEATAF LA L WL 8 (b) FioR . — AN J1 | [ & T

(8)

173

N



7

W5 T Vol.35 No.6 2025

R b B — AT R B T4 08 24 B b e
Jiti 71 F 5 A 4 i 22 K AT 5 A 0T AR L N
B9 . A bR RO & AT 5 4% ar i
KN,

(<]
5k S
WO Pt
W HHE
[ TJ

i \%

P 7 PRAEAT I LR SRR A M R B A

A 8

%@%ﬁﬁ%ﬂfi?&%‘(%%@
(a) FHALTRA; (b) Mgkl g ol

B9 BARRREETERE o TS IAE
Ca) ARyt A G ERE s (b i 3 J5 fin 5 B RE

2.2.4 LIGHIE

SEE R FECT R 2 RN 0. 2kg J1 IR W
LT HWebs R~ R o0 500 £ 1 90 £ 2 s 8058
BE LS B0 BOHE UL 3R 3 T on . MK R I R A Y
KD s E(EmamkE) 5H 0

AR R PE O R R AR EIE SR H AR K
Nk, =5.59X10"N/mm.k,=5. 74X 10'N/mm,
DLIE 10 From . P25 A I A A 7 e ) o ) 3 o 28
ST R Gh 1 G S 15 A AR
it E,=1.82X10" Pa; M X5 H 2 G SCat, Ml
B KR E,=1.87X10"Pa, 454 EITE
AXHR 2253590 K3t 6, =5.6%.,6,=2. 9%, LK
LT e I R S Ay N R 350 A N
ST R WL SEue BT R £ 1 G 42 g
U FE SR 3G R AR K o 2 i £ 1 9
I 50 90 P A8 AR B I, S v 5 B ) A, O 5 R
FHRT 3R 22 T/

R3 FUREHER

F/kg +1 KWL/ mm +2 HHEL/ mm

0. 000 4.02 8. 14

0. 195 4.26 8.58

0.397 4. 54 9.10

0.618 4. 90 9.72

0. 825 5.28 10. 36

1.005 5.62 11.08

1.193 6.20 11. 96

1.395 6.74 12.76

1.598 7.26 14,12

1.787 8.20 15. 90

2.01 9.40 18.10

2.20 10. 80 20. 28

2.40 12.56 23. 40

2. 60 15. 48 29. 60

2.78 20,12 36. 58
0.0007 ¢
0.0006 |
0.0005 |

50.0004 .

50.0003 BIE(DERIFLL
0.0002 — &ML
0.0001 |

0

510 15 20 25 30 35
AFIN
10 Mgk vg B ARt b $ ) KR B R

2.2.5 ZWHH

(1) DA S RS (R LU B, AR IR 22 8D,
0 W0 A 295 2R 02 AT R IR SR T %7 5 Y W) AT ¢
A SRR



WS T Vol.35 No.6 2025

(2) LR iR EEORIE FATH S8 & &
HAf A o A0 SR A B B 3 S O AN 2 AR5 ) 3 o, [
IR AT B ARG A . R
HCHE AN T 2kE L A0SR O 5 R I 2% B 00 AT
EIFER AL &

(3) SRR AP 13 o $ 1 H K
INGATHER N 0. 01kg, 2kg BB LR A7 7 {E 7E B
AT AT R 4 7 B B R 2ke fir
TIEIGARE I 3 o7 B0 i3 50, IR e 07 fH R
ZALEE A SRR DR A TR R, AR
e A BE 7 7 6 DN e S S 6 4 SRR T hIORS f

i g X A S e A A RN 4 % R e
S BE IR S5 S0 T BB AT S 3 T kA QR 3 ) R
JIN L SCHG G W N, S G 4 B 60 I A M R RA E
U o WP IE R LR, SR 4% BUTE Y S5 00 R
W 7o B AR AT S I L E O A Y O A 2% L R AR
TR S50 B 1 A R L vk R S AL AR .
SMZSC A LA B BRSO PR ik i s T
o DR i 8 00 B0 B2 . R P A S 3 A 24 O e 5
B, 2 AR S 06 BOHE 2 W 43 7 AR 2 804 1 A X
2, M J5 ) S0 e B e A BT AR S 80
JEI AT T AR 22T AR HIAE 5% LR . (2) K
TS5 AR S0 AR 0 M i L T T R 22 00 S50 N 2R 1
PRI A BRSO AER B T BAR L 7R R 8 bl
A ST 565 A8 28 52 B AN B I L an BN L 4
R Ik R R (3) B i% S B A ek
P PR S 56 W 5% AT R 1 2l T 58 BRI 25 L in R ke 3
VSRR BHLA L O A b B SR S B R LR A

Bt 3R
x4 BEUIBRHNEELEENEHER

BRI T 4> AR 0. 0lmm; B AL 0~25mm;  F N
£:0.005mm X #81%2% . £0. 004mm

) FIMH
o 1 2 3 4 5 BIEH
WA D,
HZ

4 0.510 0.508 0.512 0.510 0.513 0.511 0.506
i mim

@)K L 668, 5mm
BAERIBEAIEE R 2 :1905. 6mmCE R AL G IR 2% . 0. 5mm)

(1]

2]

(3]

[4]

(5]

L6]

(7]

(8]

9]

Z %X X #

A AR WY e T v VRCHR V5 T BAOBIL RO A 4 A TR AL ],
A TP A ,2018,8(6) :41-44.

YUAN D M. Young modulus measurement of microme-
chanical materials based on electrostatic excitation method
[J]. The Journal of New Industrialization, 2018, 8(6): 41-
44, (in Chinese)

TRFEFE B ARG/ 4R bR T 2 R A T O TR
(1. B T2, 2016,44(5) : 112-119.

ZHANG D D, ZHAN Z ]J. Progress in research on mechani-
cal properties of graphene/metal composites[ J]. Journal of
Materials Engineering, 2016, 44(5): 112-119. (in Chinese)
T8 E 2 M BOKR /90K RUBE 9 64 ) g 2 e D ik
(1. J12ak R, 2000(3) : 391-399.

FU M, WANG H C, HONG Y S. Mechanical properties
testing of materials at micro/nano scale[J]. Advance in Me-
chanics, 2000(3): 391-399. (in Chinese)

FEARAR AL TR DUR, SF L A DR D 42 8 2247 IR B
RRFEL)]. REFAYBISE S, 2013,26(2) :33-35.

CHE D W, JIANG S, ZHANG H W, et al. Inquiring on
measuring Young's modulus of tinsel by pulling and stretc-
hing method[J]. Physical Experiment of College, 2013,
26(2): 33-35. (in Chinese)

WA BRI, 52 20, A SAS TR I ik R B ORL Y A% TG A B Y
—RH L], R B SE 5, 2018,31(3) : 25-28,
HUANG Q L, QIAN Z, PENG Y, et al. A new method for
measuring Young’s modulus of solid materials by dynamic
method[ J]. Physical Experiment of College, 2018, 31(3):
25-28. (in Chinese)

XU, 5k 57 8 £ B S5 OSBRI A BT[],
REEYBSLH,2015,28(6) : 28-30.

LIU Y, ZHANG ] Y, WANG Y, et al. Measuring the Young's
modulus of laser lever bending method[ J]. Physical Experiment
of College, 2015, 28(6): 28-30. (in Chinese)

AR R X AR AR R TR R 4 ) R R R
W AR, A B 7 3045, 2019, 34(2) :35-37,53.

ZHAO SZ, JIANG T Y, LIU Z X, et al. Measurement of
Young’s modulus of soft tissues using ultrasonic compres-
sion wave[J]. China Medical Devices, 2019, 34(2): 35-37,
53. (in Chinese)

ZR 08 TRBE. BT HE KL 1) 42 s 22 4% IR B s AR (] ).
YHE T ,2022,32(3) :100-104.

LTI Z Y, CHENG L. Stedy on measurement of Young's
modulus of metal wire based on drainage method[J]. Phys-
ics and Engineering, 2022, 32(3): 100-104. (in Chinese)
SRV SR T O, AL ) R SR AR B A
(J0. P35, 2022,42(2)  24-28.

JIAN Z J, ZHOU Y M, XIE Zhong, et al. Measuring elas-
tic modulus of materials using cantilever[ J]. Physics Exper-

imentation, 2022, 42(2) . 24-28. (in Chinese)
CF#E58 182 T1)



(9]

[10]

[11]

[12]

W5 T Vol.35 No.6 2025

KA AR, TR AL T H R P 4R 9 A 4 DN kP
LT JGig e 5 0I5 AT . 202444 (1) 1 22-28.

ZHANG Q Z, ZOU S, ZHANG H. Application and pro-
gress of residual magnetometry based on electron paramag-
netic resonance spectroscopy[ ] ]. Spectroscopy and Spectral
Analysis, 2024, 44(1). 22-28. (in Chinese)

oL AT, B AL L SF L R T TR SRR TE A
e F AR A R LT, AUER AR % 4. 2024, 45(3)
144-156.

YUAN J R, FU P X, GAO S, et al. The application of
high-frequency/high-field electron paramagnetic resonance
in the research on spin qudits[J]. Chinese Journal of Sci-
entific Instrument, 2024, 45(3): 144-156. (in Chinese)
WEIL J, BOLTON ]. Electron paramagnetic resonance:
Elementary theory and practical applications M]. Hobo-
ken: John Wiley &. Sons Inc, 2007.

SCHWEIGER A, JESCHKE G. Principles of pulse elec-

tron paramagnetic resonancel M]. Oxford: Oxford Univer-

(13]

[14]

[15]

sity Press, Oxford, 2001.

TROTAH. S B IR e % 38 % 27— A JiE 3 R 9 R o )
[ML JEmT: B2 A . 2008,

XU Y Z. Elementary principle & practical applications
[M]. Beijing: Science Press, 2008. (in Chinese)

SRR Dk i A R e 45 3 A R R CD]. A e . i
B R K2, 2011,

RONG X. The development and application of the pulsed
electron paramagneitc resonance spectrometer[ D]. Hefei:
University of Science and Technology of China, 2008. (in
Chinese)

FII AR T LabVIEW B9 17 R 3 U
fi 5 AR AEL) ] W52 55, 2013,33(12) :27-29.

WANG L, SHI'Y C, LI Z X, et al. Measurement of elec-
tronic paramagnetic resonance spectrum based on Lab-
VIEW[]J]. Physics Experimentation, 2013, 33(12). 27-

29. (in Chinese)

(B 175 70

[10]

[11]

TRl A SEHESE XA, 45 SR T %2 B 01 5 4k 75 0 48 4 1R
BRE[)]. PSR, 2024,44(6) 1 18-22.
ZHANG C M, WU Y P, LIU W J, et al. Measuring
Young’s modulus by using Ampere’s force and polarization
method[ J]. Physics Experimentation, 2024, 44(6) . 18-
22. (in Chinese)

ShfR T R ERBE L A5 SR SR B0 i 4 2 K AR R
(1. REP9:5, 2020, 33(3) : 27-29.

MA X Y, ZHAO C X, WANG X Y, et al.

Measuring

[12]

thermal expansion of metal by using moire fringe[]].
Physical Experiment of College, 2020, 33(3): 27-29. (in
Chinese)

AT TR BB AT S I R B AR A R R ) ). W
PR .2016,36(7) :36-38,42.

WANG Y Y, MA F X. Electrical property of vanadium
oxides films prepared by reactive RF sputtering[ J]. Phys-
ics Experimentation, 2016, 36(7): 36-38, 42. (in Chi-

nese)





