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Abstract

In textbooks of electrodynamics, the formulas of the gradient Vy , divergence V- A,curl VxA,
and Laplace operator V’y in curvilinear orthogonal coordinates are often given in the appendix.

However, in the teaching process, we find that the expressions of VA and V*4 in curvilinear
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orthogonal coordinates are also very important. In this paper, the general expressions of VA and
V2?4 in curvilinear orthogonal coordinates in three-dimensional Euclidean space are derived

based on the method of differential geometry. And the formulas of VA and V>4 inthe Cartesian
coordinates, cylindrical coordinates and spherical coordinates are also given for convenience of
interested students and teachers.
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V(pw)=gVy +yVo (1)
V-(pd)=(Vep)-d+oV- 4 ©)
Vx(pA)=(Vo)xd+gVx 4 3)

V-(AxB)=(Vx4)-B- A-(VxB) @
Vx(AxB)=(B-V)d+(9-B)d-(4-9)5-(v-4)B )
V(A-B)=Ax(VxB)+(4-V)B+Bx(Vx4)+(B-V)4 6)

V-Vp=Vp @)
Vx(Vxd)=9(9-4)-v2 @®
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Hrp:
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VA=V VA" =g“VV 4 @31)
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2 2 2 2 2
h'h, hh hhy by h hyh, hyh,h, hih, hh,

+81A2 2522}11 —82A2 251};2 2‘23}11 —83A3 261}2%
hih, hh, hy'hy Iy
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2) kbR R

U=ru =0, u,=z

DOI: 10.12677/ijm.2021.102014 150 VAETIS


https://doi.org/10.12677/ijm.2021.102014

MRessl &

27 Al 11 1 1 1 1 2 2 -
ViA=| -0 A 4004 +0,0,4 <+ 00,4 —0, 4 S |g,

2
r r

2
+{161A2 +0,0,4% +0,0,4° i2+a3a3A2 —A—2+%62Aljé¢ (42)
r r r r

+[161A3 +0,0,4° +0,0,4° L2+ 8383A3)éz
r

,
3) BRAEFRAR T
u=r,u,=0,u,=¢

h=1,h,=r, hy =rsinf

VZZ:[—%A1+81A12+82A‘ COSE | 5,0,4' +0,0,4' - +8,0,4 — 1
r r r°sin@ r 72 (sin&)
2cosé 2 2
-4 0,42 = —-0.4° }é
P sing >t 7 rPsing |
de— b o420 22000 vo0 L
r* (sin@) r*sin @ r r » (sin )
2cosd 2 (43)
100,47 -0, 82715, 42 e,
r* (sin6) r
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