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1

1

1.1

(electric charge)

(elementary electric charge) e

coulomb, C C. A. de Coulomb

e = 1.602× 10−19 C (1.1)

(charged

particle)

(conservation of electric charge)

am-

pere, A A.-M. Ampère

1 A = 1
C

s
(1.2)

r ΔV Δq

-1-



2 1

r (charge density) r ρ(r)

ρ(r) = lim
ΔV→0

Δq

ΔV
(1.3)

ΔV → 0 ΔV 0 1

0 ∞ ΔV

ΔV

ΔV → 0 0 ∞
: 10

10.2

1.2

(point charge) 1.1 2 q1 [C]

q2 [C] r [m]

F =
q1q2

4πε0r2
[N] (1.4)

ε0 (electric constant, permit-

tivity of vacuum)

2.99792458 · 108 m/s

ε0 =
107

4π × (2.99792458 · 108)2 F/m = 8.854× 10−12 F/m (1.5)

farad, F M. Fraday

1 F = 1
C2

Nm
(1.6)

2 q1 q2

(Coulomb

force) (Coulomb

law)

-2-



1.2. 3

r
1 r

2

r
1 

- r
2

q
1

q
2

q
1

q
2

F
12

F
21

F
21

F
12

q
1

q
2

>0
q

1
q

2
<0O

1.1:

r1 q1 r2 q2

F12

F12 =
q1q2
4πε0

r1 − r2
|r1 − r2|3 (1.7)

q2 q1 F21

F21 =
q2q1
4πε0

r2 − r1
|r2 − r1|3 (1.8)

F12 = −F21 (1.9)

(principle of superposition)

[ 1.1] qi (i = 1, 2, . . .) ri (i = 1, 2, . . .)

r q

F = q
∑
i

qi
4πε0

r − ri
|r − ri|3 (1.10)

-3-



4 1

[ ] qi

qiq

4πε0

r − ri
|r − ri|3

ρ

ri ΔVi Δqi =

ρ(r)ΔVi q

q
∑
i

Δqi
4πε0

r − ri
|r − ri|3 = q

∑
i

ρ(ri)ΔVi

4πε0

r − ri
|r − ri|3

V

F = q

∫
V

ρ(r′)
4πε0

r − r′

|r − r′|3dV (1.11)

10 10.5.1

1.3

1.3.1

2

(field)

(electric field)

2 (1 C)

E q F

F = qE (1.12)

N/C volt, V A. G. A. A. Volta

V/m

1 V = 1
N

C
m (1.13)

-4-



1.3. 5

1.2:

C/V

1 F = 1
C2

Nm
= 1

C

Nm/C
= 1

C

V
(1.14)

(line of electric

force)

2

1.4.1

[ 1.8]

[ 1.2] q r

1.2

E =
q

4πε0

r

r3
(1.15)

V/m

[ ] (1.7) r1 = r, q2 = q, r2 = 0 , F12 = F

F =
q1q

4πε0

r

|r|3 =
q

4πε0

r

r3
q1 (1.16)

C/[(F/m)m2] = C/[(C/V)m] = V/m.[ ]

qi (i = 1, 2, . . .) ri (i = 1, 2, . . .)

r E(r) (1.10)

E(r) =
∑
i

qi
4πε0

r − ri
|r − ri|3 (1.17)

-5-



6 1

ρ r E(r)

(1.11)

E(r) =

∫
ρ(r′)
4πε0

r − r′

|r − r′|3dV (1.18)

r Δq Δq

ΔF r E(r)

E(r) = lim
Δq→0

ΔF

Δq
(1.19)

Δq → 0

Δq

(static electric field)

1.3.2

1.3 1C O

r P P

(electric potential) r

O P Δsi, (i = 1, 2, . . . , N)

Δs

E −E Δs −E ·Δs

O P

V = − lim
N→∞

N∑
i=1

Ei ·Δsi

O P

10 10.5.3∫ P

O

ds ·E =

∫ P

O

E · ds = lim
N→∞

N∑
i=1

Ei ·Δsi

-6-



1.3. 7

E

-E

O

P

Δs

θ

1.3:

O P V O P

V = −
∫ P

O

ds ·E (1.20)

1C

−E [ 5

1C

(5.18) ]

(1.20)

C

∮
C

ds ·E = 0 (1.21)

∮
1

(electrostatic potential)

r 1 [ 5

]

(1.21)

5 5.3

[

]

-7-



8 1

10 10.7 (1.21) E

rot E ∮
C
ds ·E =

∫
S
rot E · dS = 0

S C 10

10.4.4 10 10.5.2 C

S

rot E = 0 (1.22)

V q qV q

J

1 CV = 1 (Nm/C)C = 1 J (1.23)

q r V

V =
q

4πε0r
(1.24)

qi (i = 1, 2, . . .) ri (i = 1, 2, . . .)

r V (r)

V (r) =
∑
i

1

4πε0

qi
|r − ri| (1.25)

ρ(r) r

V (r)

V (r) =

∫
1

4πε0

ρ(r′)
|r − r′|dV (1.26)

[ 1.3] (1.24) (1.25) (1.26)

-8-



1.3. 9

[ ] q

(1.24)

V = −
∫ r

∞
dr

q

4πε0r2
=

[
q

4πε0r

]r
∞

=
q

4πε0r

(1.25)

(1.26) [ ]

1.3.3

V 1 C

E (gradient, grad nabla,

∇) 10 10.4.2 5 5.4

E = −∇V = −
(
∂V

∂x
,
∂V

∂y
,
∂V

∂z

)
(1.27)

(grad)
∇ xyz

∇ =

(
∂

∂x
,

∂

∂y
,

∂

∂z

)

[ 1.4] q (1.24) (1.15)

[ ] xyz r = (x2 + y2 + z2)1/2

∂r

∂x
=

x

r
,

∂r

∂y
=

y

r
,

∂r

∂z
=

z

r

∇1

r
=

(
∂r

∂x
,
∂r

∂y
,
∂r

∂z

)
d

dr

1

r
= −

( x

r3
,

y

r3
,

z

r3

)

[ ]

-9-




