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STUDY OF AN ELECTRON PARAMAGNETIC RESONANCE
SYSTEM BASED ON MODULATED MAGNETIC FIELD AND

LOCK-IN AMPLIFIER

WANG Li
(Physics College, Donghua University, Shanghai 201620)

Abstract Electron paramagnetic resonance (EPR) is a powerful technique for probing the

spin states of unpaired electrons and for elucidating the structure and energy-transfer pathways

of matter. By retrofitting the teaching-grade Dahua EPR spectrometer with a modulation field

and a lock-in amplifier, we obtain the first-derivative absorption signal and employ the NI

LabVIEW platform to automate signal control and data acquisition. Using the standard DPPH

sample, the relaxation time and Lander factor are determined. Through this experiment,

students gain an intuitive appreciation of how modulation fields and lock-in amplifiers are used

to handle weak signals in magnetic-resonance investigations, thereby enhancing their overall

experimental proficiency.

Key words electron paramagnetic resonance; lock-in amplifier; modulated magnetic field;

Lander factor; relaxation time

TE B~ S B 0 b R R A X 2 AR Y 4. ARSCHIHIE A 1R DHS0YA 2 4 Jil L
FHIF R AR I 25 A 5 200 E 0 A5 BY [A) 22 1T 6N i 22 F R AR AR G AR ) 8 2 AN AR R % L T
P S50 T A TR G o 19 K R R L B SR B E P AR AR I — B S0 WML 5 (9 B R 7 3k 42 8 £ T

W B
E&WH:
BEEE:
Elg -

2025-06-09
TRAR K S B B 0 H
FE J1,wang_li@dhu. edu. cn,
FE 7. RIS S PR O EAE  T R R I R S R R (). MBS TR, 2025,35(6) :176-182.

Cite this article: WANG L. Study of an electron paramagnetic resonance system based on modulated magnetic field and lock-in amplifier
[J]. Physics and Engineering, 2025, 35(6): 176-182. (in Chinese)



WS T Vol.35 No.6 2025

P 583G TG SER M By N . wEE iR
WA W]z B HAM g 2 S e %

F, T e A1 92 30 30 40 B S 3 v % L AR
TRV EENL Z —, EiRR f oY
K Zavoisky 7E 1945 4ETEHR 8537 F % T W 5|
T Cu”™" Y L 7R 22 PR (Electron Paramagnetic
Resonance) {5 %5, HL 7 3 41 £ A 76 35 L) o
1Y B A% R 2 R 254 EfE R b BT
A bR TG 4 ik ) 6 Pl A IO ) I
RN P VA L /B L S T S
A BT R R AR U

1 JHiE

— B LT B2 4 F ) 2 BN AR TR
FAY R 4l v R AS R 255 D 3 R HL X T B TR A
T —AABEM b —A> ABEm T, @1 B AL
M. RAFTER R 0k Cn {2 el i
ERIE A AR IR L,
1.1 B FH EPR FHE

XFEAHRMAE e AIEs=1/2 BN H T,
WEH e, KANFRIR R

g. eh g.

fe = 2 2mm, :7'11”
Hrr, g, BHFHERHE . K/AH 2.00319, 1y
EYIRME T K/ANK ppy=9.2741X10 /T, 4
JA BN A B B, B 10 8 & 2 A 25 e
PR EA X T % 3 07 10 B AT AT 0

QY

E=upBQCm,) 2)
Horfom, BT m, =—1/2(BE 5035 F
OV m, =+ 1/2 (B 5035 47 . A
HAlera S wFe CHA BB ENBE . 0]
TRE S AE AN TR] D5 1) L A8 i K /N

. ="—g.u5S (3)
1) FoR T om, WAREEIESH T
XF I Y BE AR fb B B BE A G ROk B R, P
7T RESH RS RE i (40, B MOk s L T F AT T
Tl S et IR A (— e B BRI BRAIG . 5 AN IR 25 1) il 1
ZEAE =g uyB=2u,B R, LR FR N %E
SN, TR A TRE RS m,=—1/2,
YN A I PR (R e SV NN v A S MR )3
1) 8 £ RIS 2 BB 2% [ B A 4 AH 45 L F T TR I B

BRAE R 509 ROFAT I m pe R A& m, =+ 1/2,
IR PR R 0% e R (R Ak EPRO . At , 3
P S 2

hy =2up,B, (4
b, v R AR 5 A R B OE L Y R D AR
R 2 (O B A0 2] 2R B4, & 1 (b i
TN WS 2 11 J B2 B AN E G R Y 2E = R
G R TP AE 1, SE PR b R T I A 6 B S R
5 T R R R AR FE L R b T s 1D 45 5 S A iz g
TR E 1o iR,

[

EPRIGIL(E 5

Bl 1

M F EPR 5B R 5

1.2 n EBFH EPR [RIE
SRR URIIE /Bl B o A R i s e a3 P |
WAFAE R . L7 e A% A B AR i
BB g BR T IS T g, WA, 08
FEPE I 35 R B IS Ag . DI B /K IR 5
g FIRIN

g=g.TA4g
Horp,g, IR/ 2.002316, Hi & 240 4% T 41 %
AR X RS o 09 52 ) 7 2 1 e A R/, Ag
AL FE A BT HL T (9 03 52 By, A T s
PR, — ] g o i 251

hy = gupB, (5)

SEBR W B B R RO FL A R s

ZLRE] 10" LA L A e R UL 2 4 2% 1 1
WG5S . ATZELETHEAERS » A (n>>10")
MR P S B 4 FERE S T 5 R 2E 2 4y 3L, A i
2HEG I 2 s, BARRHAEE R o
n_RRLRER ER TR ENH LS
il

N



W5 T Vol.35 No.6 2025

me-1 é--%_-%_ém@l

2 12345678 n
B 2 n ANETERY N A RS A

n.+n_ =n

n. o Xp(ng;B)

Hop ok B H-25 8 5 80, T O 4 %) i %

no Ml BR/N, BIHE AT

_ n = g/lBB)n
1+ exp(— gusB/kT) 2 kT

_ nexp(— guyB/kT) ,\,i< _gﬂBB)n
14 exp(— gupB/kT) 2 kT

(6)

M REE v BEAT BRSSP A5 R IR AR

HRE WS RE B Ay, BRAE B S RE L. o BB ZL Y kL

2 3P H R D5 [ BT BB L, i R A O ) Y BR T

JUZEARSE G B A IR RE S/ oy RO Y 2214

KO PIE

n_

4

1(1+

ny

4

n_

n,—n_=nguyB/kT 7

Wt T = 300K, fif %5 £ B =0. 3T W
(n—n_)/n=0.0013, 8072 1 T KB L+ 11
AR . 2 5 SR & AR B L R
Ky 1.3 AR SR AL SUE 550 B 1 77 4

Bloch F| FH#G k58 BE M 538 F e R 4 6% 14 4k
MYFERE 4 T Bloch Jr &, Hir My B fAFR
W N ST 1) 2% 5t A

N
M:E/li &
i=1

SGE R MEG B A R IE IR LR L BIA T YA
SR 8] ¢, AR ) 5t TR 8] 5 R, 78 S A58 0
LA it FSF 1) I 78 A s 471 37 B[] 8 K it B ] )
ZAF T AT 3] Bloch 75 2 B2 25 % , 15 B I
G o

dM.: MZ_M%
——=YBXM), ————

dr L

dM., M, —0

— =yBXM), ——

de t,

dM. M,—0
——=y(BXM), —— D)

dr t,

1.3 EPREI—HSDES

WK 3 FiR EER B o7 B A o i
PRl . NA FE S DPPH, 24 %8 1% 37 5 30 1 o %
W R R GO B IR IR I Q (& LAk,
T RES B SRR X =X +iX" Y IR &
B FE IR I N P AR B SR R A R R B p=p "+
ip” LR 5 B & B e A % L AR 5 A
e A K, S S R AR LA 22 0 2/, il
o 8 B Ok & Se 4k B DPPH W (5 5 & 8BS
5o DA RIS W A S 2 v T SRR e st T4 R TR
2 FEL L S I S 56 7 o A PN 2

iR
B

frlise ‘|BM{ RN

TR

P03 R R

B F A U A% b EL AT e 7S 3 2o 0 5 I fE
SR REE S #E% B Wi b
T R WA 5 e 2 /INAR 22 1% 8 o F % 38 B o s
FHVA il 8 0k 3 B o 0 00 5 04 iR R AR b TR i R
B A MR L B A

mE 4 B S m AR #E S By 5 W )
A5 45 S R IE B R A S 24
o AR O B I o B RS 0 o it 2 A — B Bk
O3S AT I R R LR S Y 2

v b

a (VAVAVAVARES=10)
_»t
ANy
B4
‘\', \j CheE=
1 3 \ 3 »
= —x;pf-v@-“,‘, F5+£2
H, [H, [H| [Hy [Ho p 2!
¢ Iy || [ ]]
—- - - - —

~

B4 PSR T RS 5

2 — s B F B IR R R S A

AR GE 1 TS T R G L 0 50 D O R B



WS T Vol.35 No.6 2025

W3 R 40 R W 3 22 0 o R 0K 40 A6 T 2% 46
LabVIEW R 5 ¥ 6 R G009 5. 3 2 78 W A 1
e 1= 45 S 1A i £& Rl LR 3 0 1) 5 R 3 O T —
0, ) BRI R 28 Xk 00 280 g 8 i £ 5 R A A
A A5 B IR A 5 19— B 45 5 JR R NI
LabVIEW RE(GS 155 g 0GR/,

[Eﬁ%%éﬁ}—[ kARG }

\
AHIEES || BHEEORE || LabVIEW R4
ARG KA SHEHRS

BSR4k — B oo 38 R G =R

2.1 WHRESHERS

16 9 7 8 F LR & 48 R FH K42 DHBO09A #!
o I IRE R R 88, WG9 E R 340mT,
X INE A A B L - SRR AR Ol 9. 37G Hz, R I W
W - B SLE A 50Hz [ 4I5 1F 5% 3%
BRI 5 U S A 2 e VLI ) SRS R
ILHRET Q AR Ak , LU K 225 R () (v AR AR Ak L 3 i
JEE T R0 ARG D 5 6 8 B g B LI AT BL ) H AR
DPPH F i 9 W {5 5 F & BU15 5 5 e Sy 0 A 52
WNARRMTT LR, B RE ML RREW
REWMTE 6 iR,
2.2 AHEIFRGEHFME

R 9 3% 2 4 oh VR ) S B RN 2k B ) TR L
PRSI s LATK 277 A — B G o3 I 455 0 H Y
2.2.1 AH%E

TE R AR AN T4 T 3 4 oa0) 26 8 9 1> 8 9
BRI T G REAR B R N AR 9em, MR 1lem,

Y3 1 | IR [ i 2

EFYE Tem, HUE & 3 0 9 58 70 ZHER P, 2k R
FHEA 0. 8mm B4 22 43 g 58, PIZIE 7 A 1Y
PE G S O 1 AR TR ECRE AT 22 RICH, 0
K7 s,

Y
VIR

)

RN

_.
HY

A

et ——
(a)

K7 G
() PHHILR IR R B s (b 9 i 22 18 Sy 13

2.2.2 AHIREIA RO G 250 Pk BB B

F T A ] 4 Bl B 3R AN 7 A R R G 3 R
JEE 25 55 o DR A AR O D00 A 43 3 4 5 3 o AR
A% FEL 6 T 3 1 g S AT L R IS R R T
DI H B 5 Ak Sk i BB I HR for B A7, XS 5 217
KA B, AR IR i A Xy

—_

= (10
(2n/LC)

el 8 fran R, AfF S IRICEHF.R, 53
MR AR SRR, C Oy HR R Y FL 28 L 81 ] 1 3 2k
Rl S 28 o g L AR R . AT NT multisum H
FE A ELER A L 7E 2~ 30k Hz b W] BEAT K 45 8] 4%
S8R P IR ) B 2 15 5 IR

A i 2 P8 78 5k Hz Kb 3d i H BK Zh 0K #%
FPA-100 FIIE4R 56 45 (0] %, 7 A= 00 98 ) i 3 8 )5
FE A B R W 9 Pros . 2k 18 v i FRG 3 1R

i FL RS
\ v | A | | 1
Wt VM 35 35 R R R B
O O O O O o
o o o o o o o
%27 HL7 e | Xl | Yl

Lk —— BT — e H R

HE B [ A PR H

Xhl Yl

K6 KA DH809A FUH % AL 7 Wi wg M Ik R &t




W5 T Vol.35 No.6 2025

AC Current p R

8 Il T 37 I U 4 4 ] R

= 400}
i y=172.43x+5.32

300 R=0.999

200 -
100 r

or

VAT = A g i

010 015 110 1‘.5 2.‘0 2:5
I A
O R L S L R

ISR JrRE i
2.3 PIHEBXKRNERESES LabVIEW RE RS
B RCR 282 AU BE 5 5 2 %5 5 1A
M BIVRT Bl A5 - 2 AT 0 32 40 L R e vk 2 A
VG 08 D 2% - 7E T MR R YRR RO LA L 42
AR MR LG, AT RS 5 K A% A 7 ND201 #9 4i AH Ji
KA W EPNSEORGE 1mV, BB 10ms
HARE T REF S

L
izﬁﬁ%“zﬁ H g

CHI1 10Hz | D&M K e
(s e A

H P

FHME S s S & A AFG3051 74 5kHz
1E 5% L 38 0t V) R #% FPA-100 Fi 3L IR 4 25 8
6, A T 2 P 220 R T AR R B R AT R
P, FFFIA NI PCI-6251 R4 R X5 5 R %
AR AL BE ST g D7 FN gt 25 s ]

Bl 10 itz 8 il B 3 22 0 A0 A A 0 R RS I 3R
4t, LA M LabVIEW {5 5 R A 1 R HKE

3 XRERSWiE

FEHCF T IRE R 58 TAERAS TR W A
i DPPH ‘& T 1 37 o0 X3, 78 7 3% 58 2
340mT, B Z 9. 37GHz, HFE S RHES
U8 50 Hz 1Y = ff1 5 , 388 52 28 4% Ha, BH RN ) 28 iR % 12
AL . 24/ B 8 1 BEL BT VG e 25 R0
TG ZE M, AT AR i SR U AE 5 R E S (5
KA S —EE R SkHz 8998 H 5 S8 g sh &
K #F FPA-100 Fl3 25 18 4% 171 % . 38 Jih % 37 141 i
L ARAT IR IS S, B 11 TR 0 ik fE
SR SkHz WS R IR NS A Y B
VR 7E W L A TR R S 1 R
R A W b At 7 AR R — s

HRAE & 4 1 A B KA 5 TR 5 5 IR Y
5kHz M55 AU & J5 9 W Ik f5 5 82 A ND201 #Y
BIRR K A . RO R 1om V24 R A B )
10ms F1 30ms B, & tH — By oo 5 5 &l 12 fr

-
‘ HF B F IR IR RS DHS09A
( WHFRZ

| R ILER (Y

AFG3051

N 8 1 1
20kHz | ShBORA || AL i
CH2 FPA-100 | i@?}ﬁiﬁéﬁﬁgjid;]%”%z )

e W5
L B A
ND20I s

BNC2021 3% f#4%
NI PCI-6251 R &R
ji

LabVIEW X 5illli% &Y

[ 10 R i 37 2 Vel v B 55 41 3 4 1) 1 HL B Y 2 T S B



WS T Vol.35 No.6 2025

0.000 0.002 0.004 0.006 0.008 0.010 0.012
t/s

B 11 #5578 SkHz 544 F 59 DPPH R Yk {5 5

201 10ms

L5k —30ms

1.0
>

205t

=
0.0f
0.5}

-1.0}

0.0000 0.0002 0.0004 0.0/006 0.0008 0.0010 0.0012 0.0014
/s

Bl 12 SRR A T ) — B o i f5

o AR 10ms MRS ], — B B 431 5 SR 4k Al
B AR BE IR R

h TR g BATE R H A R e 1), R s
TG99 3 I 1 % 37 728 AL B2 1458 ] LabVIEW
X — B A MR A 5 b 3L B 5 SE R A o B D, 7R
43 B Je R FH B A8 7R DR R e e D T AR 4 o 7R B
], SR 2 SR DPPH b AR bl (14 B3 8 /R R 7
g=2.0010 FIsth g AFE] T, =45. 1ps, WA 13 iR,

IR HRIENES

.
(@5 [ & | & | we (ro[sas [ e= | P&
E,. il e e =

LEg|

[

:

|

:

43349007

3350507 omarET)

: : 20010
T

e

00451 ms

:

R () L)

| CImECE &

M522 3387 02

M523 3463 00 s

MEEs 43 00 L

Mses 00 00 — sl
Plot0 1

K 13 LabVIEW — [ 43-15 5 2 H7 F2 P L i

SEHvR 2, B R G 00 R R IR )
4 1R 22 LA S BRI R 45 O IR 22 R 5E . AR RGER
Y LI BR IR 2ETE T LA

4 ZHiE

HL I A e A — B B 4 R 6 52 56 T AR Dl HL T
T P e 52 38 (4 4 R N 45, S MG G S I NS AH L
FE R ARAT — > B 21 3% A8 25 W5 5 8k B 5
(R LAtk -, R 3R R 3 5 AR K R 3R AR
W L %) 981 ) — B A 43 W SO 5 o S B T 2 AT 2
MEES MR F B, EHFLRAT, /] %
e RS BN 1~2 e 4 B BR
5 ) A 5 B R S N A, (1) ANl 3 T 9 ]
Y. (OB TH4 B R 4R i o L . () BAHIR
BRSSP 3 AR 5 (4) LabVIEW F2 )5 45 i i 7%
AEE TR 7 — A0 SR b, KR 43 TR
ST 58 AR R SE I N A X BRI K SR H R
— B P IATR RN LA, I R R 24 S0 L DA AR PR AR T
TR 260, X S R A T HTIAIR,

Z %X X #

[1] MORTON J, TYRYSHKIN A, BROWN R, et al. Solid-
state quantum memory using the *'P nuclear spin[J]. Na-
ture, 2008, 455: 1085-1088.

[2] DU J, RONG X, ZHAO N, et al. Preserving electron spin
coherence in solids by optimal dynamical decoupling[J]. Na-
ture,2009,461:1265-1268.

[3] FENG G, CHENG P, YAN W, et al. Accelerated crystalli-
zation of zeolites via hydroxyl free radicals[J]. Science,
2016, 351(6278): 1188-91.

[4] ROESSLER M, SALVADORI E. Principles and applica-
tions of EPR spectroscopy in the chemical sciences[]].
Chemical Society Reviews, 2018, 47(8): 2534-2553.

[5] JESCHKE G. The contribution of modern EPR to structural
biology[J]. Emerging Topics in Life Sciences, 2018, 2(1):
9-18.

[6] DUSS O, YULIKOV M, JESCHKE G, et al. EPR-aided
approach for solution structure determination of large RNAs
or protein-RNA complexes[ ]J]. Nat Commun, 2014, 5.
1-9.

[7] SAJFUTDINOV R. SAJFUTDINOV R, LARINA L, et
al. Electron Paramagnetic Resonance in Biochemistry and
Medicine[ M]. Springer, 2013.

[8] SEALY R, HYDE J, FELIX C, et al. Eumelanins and
pheomelanins: Characterization by electron spin resonance

spectroscopy[ J]. Science, 1982, 217(4559) : 545-547.




(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)





