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Abstract Magnetic field lines play a significant role in the analysis of many magnetic field-re-
lated problems. Previous literature on visualization methods of magnetic field lines has pre-
dominantly focused on “ensuring that the tangential direction at each point along a field line
aligns with the direction of the local magnetic induction intensity vector”, while neglecting the
physical requirement of “using line density to reflect magnetic field strength”. Based on Py-
thon programming language, taking the visualization method of magnetic field lines of the
magnetic field of a circular current as an example, the sampling method and implementation
process of making the drawn magnetic field lines meet the physical requirement of “the density
of the lines reflects the strength of the magnetic field” are introduced in detail. This method
features simple principles and strong general applicability.

Key words electromagnetism; magnetic field lines; visualization; Python

SN2 INE BN a7 LI TR 7B e 3 GO e S e - (S I 7 ol R s o
P T GRS . BERRER AR VE 220G A K TR TE R BEAS LR AT O VF 22 5 2% R Y AR

W HE: 2025-03-25

EETAE : FBINKEHE A — TR (2024ZZUYLKCO17) 5 FBIN K24 Z 0 H (2024 ZZUJGXMO53) 5 il B Tll 2 IR AR (2024 2hke-65)
BISEE . 75, hejiehb@163. com,

SIcg s R Uz, EARDY. REREERAIBURE Ty i ezl —— LLIGT i i i 3 SRk iyl AL o il L) ). 0 BL5 T#, 2025,35(6) :47-51,55.
Cite this article;: SONG L T, HE J, WANG ] F. Sampling methods and plotting of magnetic field lines—Taking the visualization of mag-

netic field lines in a circular current as an example[ J]. Physics and Engineering, 2025, 35(6): 47-51, 55. (in Chinese)

N




48

7

W5 T Vol.35 No.6 2025

TG, BIUNTES> BT % SR IR 2R 45 | 2 48 IR 48 36 ol 22 1Y
TE LB W G T i), 28 K B AT A (B fl O A A
Ao FRTBET 2 R B R G ) BT R g
P (5] FE 3 A DR 2 1 3 A1 1] 22 SRy 1 T IR A i 0 AT
K. AR CAANDESEEETHE TH
FL 3L T 37 43 A FRG SRR 23 A TR SRS 48
R SCHR (7 1R SCHR L9 1T 45 18 i B 2 O A [EL A7 A
MR ZES BN FE Al I8 2k i 5% T2 B S Wl 1
SR 557 BREESK . SCHR (S X [R] HA, U 1 SR 4 o3 A
AT THAE IE AH AN 2 JE T R 8% N 58 B85 1% 43 A7 1) 2
T — MG A I A B kb T e
. BfJE & 2 10 SCHR L4 120 M 1) 1 TR 2 - A T T A
AP W B it 258 P B I L 370 55 (R P PR SR

Python /£ — Bl 5 2= 55 F () &5 2 I 1 it
HE.BHARENE =, 8% b G H kMR
T BB B DL R s T AR S T, T
G B o g FE R . i) L Ok 71 Matlab, Math-
ematica S5 M T F MBI B % . A&
SCHEET Python ZRFETE 7, LA IR H I 04 3 19 1 JRR 26
ATRLAE 5k R ), AR A 48 T anfef fif 22 5 o B R
JRRER T A I PR R R ML S 0 5 7 X — LR I X
FEF L RSE I 2 . ok R R L 5 T,
1B HL R 2 0 Al Bl 2, R LAY Bl 2 A T A
P i (5] FL Y 0 37 19 25 (R 93 A SRR

A L 3 5 A AR R R

&
=

1 [F e

N 58 FE B R A N FNRE Bk 5 72

B R N o BT T, DLH B LG O
WO W =y NS N NN N I B Y T Ll |
ML, T AR B8 2R 2Oy ~F- TN . HRHL O 40 A1 Y
X FRYE LA, 2 (8 8 37 5% T = b B Rl R AR 0 A
PRI T P44 5K Aok (B8 H, Jd % 3 725 ) 43 A1 % 1) 8 77 A6 S
KA 2Oz 10 _E 7837 53 A 00 o) B, 0 6 4 O3 456
BT T 08 o Y RN R R R R R T R 1 4R
2Oz Y- THT P10 i 3% 1 i 85 R SR T

H T AR 22 SCHRAR X 18 L 37T 1 SN 5iR BE 1) 2 08
2RI IR 28 7 B R AT 2 TR AN 001
HEAMR., B P(x.2)H 20 FHNEE—
A DUKT T T % 7 55 JEE AT

azB,

B, = : . : — .
e [(a+a)?+2°]V(@—x)"+=°

A ‘ —dax
2 2 2 ipticE | —— % | _
(a® 4+ x° + =" EllipticE La .y 22}

—4dax
x)? ] EllipticK | —————— }

@D)
B,=0 (2)
aB
B.

J— d °
Confa@at )t @ —x) R

— dax
P — 2 — 2D EllipticE | —————
(a x z?) Elliptic {(C{I)Z‘FZZ}JF

A —4ax
’ “] EllipticK | —————— }
[(a +x)° + =27] Elliptic Lax)“)—f—zz}

(3)
Hrp,B, .B, 1B, 73 52 R R Y .y Al 2
gy A
B=.B.+B)+B. =./B. +B’
B=B,i+B.k
PR O 3537 W G I J7 F
|z |A(|z|,2)=C

4
(5

(6)
Hrp
A=A,
Ay

— = 2{(a2+xz+zz)'
nx +/ (a —x) z

—4ax
llipticK La T r ZJ

[(@a —x)° + 2"] EllipticE Laaf)af—l—z?}

(7
RuE R, FELERAKXT.B, =p,1/(2a), A, =
1o 1/2,EllipticK[x J#1 EllipticE[ = ] 43 51 J 26 —
RN AR5 R IE B

2[R R L 3h HE R S Y B AN 45 )
H1 373 A 1 SRR, 5 5 i) ) P — 1 T A

JELE B 3 10 25 I AT 28 55 5 9 W — W
HORERRZR . 75 2O= - 1 P9 {1 FH 58 (6) 22 o) i I 28



WS T Vol.35 No.6 2025

F o AN [ R 4 %o I T AN (] i 0 C 5 e 0% 223 i 0% 1
LA TG 2 4. ELPREdlh, A Re e fr Ay
i SR R 22 il M A T 42 o 1 TR R Y i R
JE R W B S 5 T B A PR L BT A BRI PR
il WA e 57 A 1) i R 2
2.1 AN

D 45ig 1

e 2 R AEREG Y a b Wi R Ak 43 5
B ot dS, A1 dS, . ¥ a Ab @8 BE i R/
B, R E R 0, L dS, MG R H
dN, it dS, #El R dD, b Ab @ EGE BE 5K /N
KB, R E N 0, At dS, WG B H
1 dN, .3t dS, #EEE A 4o, , H dS, fildS, #5
BT AE AL B G SR R L. WA

dN, =n,dS, &)
dN, =n,dS, 9
v 0 SN iR R 8 DR /N A5 i SRR B AE T L A
Do _nme (10)
B, m=n,

AR JE ] 45

B,dS, n,dS, dN, do, an
B,dS, =n,dS, dN, do,
W do, =do, , 115

dN, =dN, (12)

Y PTA5 25 00 1 XY RSB R 1) KN 5 i R
JE A IE Fb B R 3 e A [ A T R PN 2 A A R R 2k
WH—-MZ.

[ 2 R R

2) 45t 2
i 2 pros e o ANEUE JT dS, , HERE I T
dS, 1 dS, Z A fy— BE G IR L R K o
b T N R BE KN B WG RBEE R n, L 5
i dS, WG ECH R AN, . dS, 5 H AT fE AL Y
Ry E = )
dN, =dN, =n,dS, =n.dS, (13)
B dS, . dS, FRE N 45 A BE 41 B — A & 30
T 5 1 37 1Y) v 3 3R 5 15
B,dS, =B.dS. ad

A AD A QD B

B, :B“dSu :B(dSL :E (15)
n, n,dS, n.dS, n,
AT AR A5 18 2 T 22 ) ) R R N SR A I — {7
Aab il 2 T IR I iR BE ) R /N B R R 1 % FE L E
Fl s DU 30 1 SRR Ty 1oy 4 A 3 o2 A 0 R AR T Y
EXR,

I e A — A 17 B0 T vk T DL f BT 2 1 Uk
2R 1Y I TR B WG S 5 s, RO AR W 3 P $ 8] —
AN 3 A ity T BT T R A0 ) R T G A
(7] £ /08 DX A — /0 DX B e — S L D 22 i) A ) %5
R, Lo — Z% . /I DI A BT L1 0
M AE » K 2023 (01 % 7 0 5 ) DX Il S 2 i 1 %5 4
HE S B R0 A R 52 B S WG 37 4 (8] 3 A YRR
fiE s LLRE W B Sz W % 37 25 18] 23 A5 FRAE BRI AL, R 1
LG HEL 1 Y 1) W R R 1 2 ) Sl 01 A 21 O LR
SLIT
2.2 BB muRLEWEERE

Pl 3 J2 (5 F, Jt i T 52 T ) A JR 0 e JE 9 A2 1)
1) o3 A L B AR R v /a s r 3 53 B B R
LIPS o g B LR R AR OB AR O B/ B, . B,
SR 158 A o SRR B BE R /N .l R R L L Y
r/a—1 1. B 2R8I T I 55, X 02 O R
P T 2R Hy it A B, SCRR 18 148 HY sk isf 58] v 3 ]
BETHRK AR, F r/a—>1 B, #RL 2 H
TR M E R — R T DU R 2 6 r/a <<
0. 97 Ju N WG RRER or A I

30

251
201

151

B/B,

101

5.

0

0.2 0.4 0.6 0.8 1.0
rla

P 3 [BA HL A T L 681 T P R R ) A 1) 43 A

WA 4 BT Ry 1A T 2 o R 2 Y g AR
JEE B W 73 56 555 ARG X B P A 15 R O T R [ T
P LA o fil S ot B B Al — 28 900 /0 Bt B /0 B 3R A
SR S5 T M K, HL e 4% /0N B B B e 8 R 45
THBUEME AD. WP LB/ R 7 2 o
LR e AR I 22 ) A Rk T T ) 52




50

7

W5 T Vol.35 No.6 2025

RBHES (2 ). B lo MCAREERL F R G6),
SRR W B A (C ) AT R Matplotlib
AIALALIE Y contour BRELZ il 2O -1 N #
TR I 43 A L 2 s A AT 6 R 4 /N B 3R Y
OB AT BURE , DR EURE 7 1k T 4 T i R 4R 4y
A7 — B30 AN SR BT 24 i F0 g TR o A AN T

A 4

FL A SR ) BB 7

oI T 2, 890 A AR T B0 X AR LU LUIE 2
B o, BRI BEATVEIE . B S @ A/ B FR
S @, A

@,-:J B - dS
s

ZJTV B@) « 0, o dr

T

:xi*l"ifljr' B(r) o« r o« dr (16)

X,

x
1

Hordr, 0, R @ A/ 3 i 6 I (B0

R A X E[0,0. 97a ], BUTE LK N
Ax,Ax BN, 5RO M4 LR «, +
nAxn NEB e H—/NaE,n N1 IFIHEME, B
WA scipy ) quad Z0EFR 43 RO 2L (16)
HATEE R AR EEA n fHAF [, — AP | e,
Wz, =x,- tndx, LREED TR 2, =0
SRR A D XS E R R E A AR W T
R4l e i 22 i) % R 2 m B H e g — 1 iR
SRIGARIER Y =, B9 D BOM % AD 1 K/, il K
T R K

X LR R AP I A5 T 20 4 i /N B R R T
STV B B 0 A2 1) R0 4T T (] B AR G Rk 4 e
R S 1 7 9 55 7 ) R EEOR . G R 3k B A [
1.0 FR 1) 8 B o T 22 1) 6 S 2 U Tl A8 ) 1) i > A2
B 25 AR 4G 8RB AR . H B % AR B R RN T TR
A8 Kb 1 SRR B B R/ INTE DG Y . A R Y T IR
S V2 Y A 1) AR 5% 4 1 [ s, W 0 e A 9% AR
A . A3 i 8 o AP IR 55 T i K Yy
INFEER . SRR A R SRR e A R T PN Y 43 AT AL

P22 O LBt B S S AN R 3 L) Al X PR 1
P B Ry A P AR AL R R RE — R TS 2 AT R
T X R ol ) 8 2 o R
2.3 BERER#HBRELSHEREE

Bl 5 24 IR 3R J7 15 Python 85 4 f 4
il A [58] FL VR RE 2 7E O= S THT N B8 SRR o0 A 1
P e R O BT A 2 AR S 10 TR XS o B
& T AR AT WG RR AR IBUE N BEE T /<20, 97 1Y
W 1>r/a>>0. 97 By XN A 2 il 0 IR

0 L L P —
=20 -15 -1.0 -0.5 00 05 1.0 15 20

xla
PS5 JB L A SRR e A

TR R bR 7 vk B A R ATl T
Oz VT A 14 1 RN 595 B R/ | B | i S (i 2 AT
e 6 iz . AT LAFE L 7 I T RO A DX L i
T o R R AR E T — .
B S FIEL 6 FT LA PP S i f) 2 5
JEE 558 55 1) 3 A1 2 — B

2.0

-15F

_2'Q2.0 -1.5 -1.0 =05 00 05 1.0 15 20

xla

6 2Oz T P A9 1 BN, 3 52 TR /)N 19 25 1 2% [



WS T Vol.35 No.6 2025

A ICHET Python iR & » LA oL 3 37 19
T SRR T AR AR 5 3 Dy 48], TR AR A 48 il 8
206 R T T S M 3 5 55 7 X — W) B R 1Y
WORE DT i NS BLad R . 2007 ik IR B R B, 5 T
V7 BN 22 ) R SE AT RS IR 2 A Bl BROE
2L Vol 1) g SR 2 Ik L RT LA P e e E R R S
i T P 52 07 B AR AT R C IR B 22 i
A EOR B R SR o A T R B TR i, v
T (4 1 7 30 AL R 149 50 B, A v e T L B 4 2
or AR R BT, 2% 5 vk AR F A B A T
AN P T ol 4y T 2 o T R R o T
T3 b — Bl A 22 i R B 7 T &
VTR I Oy Ik AT LA B S T 4 )
TRETT R I H AL C L 5 2 P % 5 ik T LA B A 3
JIt T 22 ] R SRR 2 R R AR AR

AR G4 T5 1 o 5 ) i AT AR AR VRO A AR
TR R A IR B B B 3R TR S A AR ) 2%
g > PR B AR AT

2 £ x M

LA, BREGE. i MI 4 . Jbat: e EE I
#, 2018 205. ZHAO K H, CHEN X M. Electromagnet-
ism[M]. 4th ed. Beijing: Higher Education Press, 2018
205. (in Chinese)

RN, 8O AT R MO, de s KRECH W
#£,1980: 289.

LIANG C B, QIN G R, LIANG Z J. Electromagnetism[ M.

[2]

Beijing: People’s Education Press, 1980: 289. (in Chinese)
TR, R BEEE(M . 2 ML db st A WAL,
2011: 163.

JIA R G, XUE Q Z. Electromagnetism[ M]. 2nd ed. Bei-
jing: Higher Education Press, 2011: 163. (in Chinese)
A, WG, BTk, SF. IR BRGSO A R R T
CH R B EALLT ], R Y B, 2021, 34(3): 28-30.
LIC, HONG Q, YANG X B, et al. Numerical simulation

(3]

[4]

of magnetic field distribution and magnetic field lines of ring-
like current based on C+ -+ [J]. Physical Experiment of
College, 2021, 34(3): 28-30. (in Chinese)

TLARSN. B B R R ()], KR¥ M E, 2018,
37(1): 30-36.

[5]

JIANG J Q. Axial symmetry magnetic vector potential and
magnetic induction lines[J]. College Physics, 2018, 37(1):
30-36. (in Chinese)

SR T, XA, —Rb B R W R BUE T k)],
Bl R 5 TR, 2013, 13(29): 8715-8720.

[6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

GUO Z Y, LIU DJ. A numerical calculation method for spatial
magnetic field of circular current[ J]. Science Technology and
Engineering, 2013, 13(29) . 8715-8720. (in Chinese)

# . Mathematica 5 K%Y HIFH M. 2 . L5t E %
T RAL 2013186187,

DONG ]J. Mathematica and university physics calculations
[M]. 2nd ed. Beijing: Tsinghua University Press, 2013
186-187.
T PR B i # 4r fi [) ], ARl R 4,
2006, 27(1): 25-27.

JIA X M. Magnetic field distribution of circular current[]J].

(in Chinese)

Journal of Hebei University of Science and Technology.
2006, 27(1): 25-27.
KRN, B F U A R R 1 3 AT R SR T SR ) R A3 3 =X
(1], R2#, 2006, 25(1):32-37.

ZHANG X H. The distribution of the magnetic line of force and

(in Chinese)

the formula for magnetic induction induced by a circular current

[J]. College Physics, 2006, 25(1): 32-37. (in Chinese)
ARV P S ARG S 4y A [T, R 2B 2005, 24(9) .
13-17.
ZHU P. Spatial distribution of magnetic field generated by
current loop[J]. College Physics, 2005, 24(9); 13-17. (in
Chinese)
fRBLEE. R BT N R A A B S LD, 0 75 & e - it
CHERBHE/D . 2005, 4(1): 30-31.
DAI H X. Study on magnetic induction distribution in round
electric plan[J]. Journal of Western Chongging University (Na-
ture Sciences Edition), 2005, 4(1): 30-31. (in Chinese)
AR, T B - AR R s AT O RE A AR T B 3 o A
[J]. W85 TH, 2004, 14(4): 14-15,47.
L1]J Q. Calculating the magnetic field of a magnetic dipole
by Biot-Savart’s law[ J]. Physics and Engineering, 2004 .
14(4) . 14-15, 47. (in Chinese)
FAI. X CIRIE £ v U A R % 5 B ) — SCRY AR IELT . R
Y, 2004, 23(4); 63,
WU C S. Corrections to the article “Magnetic induction of
a circular current”[J]. College Physics, 2004, 23(4): 63.
(in Chinese)
TRE. BUEEEKZE SR E e m s, KR¥Ewa,
2001, 20(2): 19-20,26.
YU F J. Electromagnetic fields due to a circular dipole layer
and a circular current[J]. College Physics, 2001, 20(2):
19-20, 26.
AR, RER. BIE LR R R BT ). KA B,
1999, 18(6): 21-23.
LI H, ZHANG Y Y. Magnetic induction of a circular current
[J]. College Physics, 1999, 18(6): 21-23. (in Chinese)
) 4 B, 5 B L U WG 3 1 3 3 A A )], RAF B, 1999,
18(1) . 14-17.

(in Chinese)

XIANG Y M. Space distribution of magnetic field genera-
ted by a ringed current[J]. College Physics, 1999, 18(1):
14-17. (in Chinese)

CFH5 55 1)

N



WS T Vol.35 No.6 2025

828 5 % i A AR B AR PR S A SC i Y
ST WA Y e sl A6 ik o RO R O B S L 2 2k
S DA € R O POP A SRS R =4 i
B oy B AT A5G S B Sk R R KO
LA TSR, BR A 1O O R e B R ok R A4
— R R S SOINAT 5 B4R DA A B B Bl i
g I Ok B 3 R AR SR B TN 0 B 1 /Y A
Hrid M H AL IR T g REEHZ
T 2 B ORE v 0 PR 2 0 b AR AT B 2 2
B A B X L, S W] T AR SO Y e TR
SRR AR T AR E

7 S 2o e WA A % Sl 15 R K O Ok B9
ARSI 5B T 5 NI 55 3l f P
AFEFEIE 3 i 5| 2E e sh i sk JF R S
BT FE R 12 A ASAURUH R 3 0 e LAAR
FEPT— U 0 B 1AL i X AR 2 T WA A
W gy Im) R REEE . R Sl A B K B R R A SN O
TAR WA 158 5 32, 0 A B0 S ) R ) fige ke, 5
NFE G I I 8 1A Y 4 B o 3k R i
it (G 3 5O Bl G 2 CEAT X R, FATT SR I
R F AT B X [ — 1y Bl m] LU A (6] 4 B
R TE 3 ARG ACHT (18 B 4 i T 223 S X 1)
FE R B T . (B3 51 A KT A B 2 S [R] i
WA ZRITE VST BRI, Bl %es Y
P 5] AR5 5 SR FNME AR I, 2351 AAS[R] R I
WEFR AN BE FH [R] — AN 475 B LI 7 R ) 2 3 ST
BRI AR v 9B AR AR A R TE I T SR LU A A 0
T o did SR OGS S PR A T S M

SRR —HE B B SRk 500 i i IR ) e gl 48
S 1Bi NN O e 22a S e S22 R0 1P TS | e
2SR, JEARAE T E A AR A fif e (7] i 3 2 ) i
DUt 77 s A IR 45 0L X 5 AR A ) B el
“JERCALRL |55 BB RE 1R RE IR H AR R .

Z % X #

(1] X%E%. AU R M. Jbat. & S 80F d kL, 2003,
LIU L S. Course of theoretical physics[ M]. Beijing: Higher
Education Press, 2003. (in Chinese)

[2] GOLDSTEIN H, POOLE C, SAFKO J. £t Jy2[M]. 4t
A R AU A L 2018,

GOLDSTEIN H, POOLE C, SAFKO J. Classical mechan-
ics. M. Beijing: Higher Education Press, 2018.

[3] s, X308, HE Jy 2 W o LM, b s0: BL 2 b ek,
2008.

GUAN J, LIU W B. A concise course in theoretical physics
[M]. Beijing: Science Press, 2008. (in Chinese)

(4] WIE, SRR 263, 12 M. 2R 06 B [ % 8. bt i
FHH AL, 2007
LANDAU L D, LIFSHITZ E M. Mechanics{ M]. L1]J F,
JU G X, Trans. Beijing: Higher Education Press, 2007.
(in Chinese)

(5] @i S0, ) SORXHE AL M. Jbat i 4 i, 2010.
ZHAO Z., LIU W B. Foundations of general relativity[ M].
Beijing: Tsinghua University Press, 2010. (in Chinese)

[6] #Z. S TR kMR W5 TR .2002,12(3)
27-30.

HUANG H W. A note on the inertia tensor[ J]. Physics
and Engineering, 2002, 12(3): 27-30. (in Chinese)

(7] AUER B SR — S )], e RO 22 4R CA AR FL
20,1994, 3(1):72-75.

YU C. Notes on rotational inertial tensor[J]. Journal of
MinZu University of China ( Natural Sciences Edition),
1994, 3(1): 72-75. (in Chinese)

[8] Ak, sk 30, EHAI, 55, 4301 4% Bh Jy 3 ) S 4 5 3% ().
JUPEE . 2024,45(4) 148-53.

ZHENG H, ZHANG W C, WANG X G, et al. Analytical
mechanics helps cultivate reverse thinking [ J ]. Guangxi

Physics, 2024, 45(4): 48-53. (in Chinese)

(4258 51 70

(171 Z5KF, kil FIBB MRS ML, P RE %,
1998, 8(4): 61-64.
LI Y P, ZHANG F. The distribution of magnetic field of
annular electric current[ J]. Journal of Jinan University,
1998, 8(4): 61-64. (in Chinese)

(18] i, #E4. FH WV L ml)]. Ry,

1983, (11): 12-16.

PENG Z H, CAI L. Magnetic field distribution in the

plane of a circular current[J]. College Physics, 1983,
(11): 12-16. (in Chinese)

LA, PREGE. MR ER - mpiEIM]. 2 . b
e R AL, 2006 127-128.

ZHAO K H, CHEN X M. New conceptual physics course:

[19]

Electromagnetism[ M. 2nd ed. Beijing: Higher Education
Press, 2006 127-128. (in Chinese)

N





