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C � 1, 2 �
��� ���! #"

[1 ] $ Kroneker %'&'(*) (δij) + Eddington %�,.-�/1032 (εijk) 457698;:.<�=
(1) δijδjk = δik, δijδij = 3 (2) (A × B)i = εijkAjBk

(3) εijkεi`m = δj`δkm − δjmδk` , εijkεij` = 2δk`

[2 ] Eddington %�,7-�/>0?2 8A@?B'C'D'E %GF�H 8I:7<�=
(1) A × (B × C) = (A · C)B − (A · B)C

(2) A · (B × C) = B · (C × A) = C · (A × B)

(3) (A × B) × (C × D) = {A · (B × D)}C − {A · (B × C)}D

[3 ] $KJ1L.M'NPO D1QSR�T ('O9%AU>VXW�Y34
r = xex + yey + zez, r =

√
x2 + y2 + z2 6= 0 Z\[ BXC]D'E %A^ 8`_ Y <*aI=

(1) ∇ · (r/r3), (2) ∇× r, (3) ∇(logr), (4) ∇f(r), (5) ∇2(1/r).

[4 ]
576 %PF�H 8I:.<X=
(1) ∇× (φA) = (∇φ) × A + φ(∇× A)

(2) ∇ · (A × B) = B · (∇× A) − A · (∇× B)

(3) ∇× (A × B) = (B · ∇)A − (A · ∇)B + A(∇ · B) − B(∇ · A)

(4) ∇(A · B) = (B · ∇)A + (A · ∇)B + B × (∇× A) + A × (∇× B)

(5) ∇× (∇× A) = −∇2
A + ∇(∇ · A)

(6) ∇× (∇φ) = 0, ∇ · (∇× A) = 0

[5 ] $cbedAJ7%Pf�g.4h\i %AjlkAm 1 %`n7o\p V
81q [7%`r>sS%At�u3m D (x, y, z) = (0, 0, 0)

D
(1, 0, 0)

D
(0, 1, 0)

D
(0, 0, 1) +wv.x azy Z\{}| =S~ %P��� 8 S +��Sx = ���>V

∫

S
A · ndS, A = xy2

ex − yz2
ey + 6z2

ez

Z\[ B'C'D bedAJ7%Af�g 8;�z�7�Saw=��K�1� ZA�X���>V�+�p�����V 8`_ Y?�Sx =��
[6 ]
E %AF>H 8;:.<X=�����D V ���1x 3

E1�\���?�]D
S � ~\�S8G�>�X�1� ��+��zx =

(1)
∫

S
(∇× A) · ndS = 0, (2)

∫

V
∇φdV =

∫

S
φndS
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[7 ] $KJ7L.M]NAO9%
o��PU>V����.4
s P(x, y, z)

��� t QeR}T ( ` = l1ex + l2ey + l3ez m��
	�� �
 +�� D
dφ

d`
= lim

∆t→0

φ(x + l1∆t, y + l2∆t, z + l3∆t) − φ(x, y, z)

∆t8AD
φ(x, y, z) %Gs P Z\{��1x ` o
���?% o��PU>V���� + Bly =

(1)
dφ

d`
= ` · ∇φ

8I:.<�=
(2) ��� φ(x, y, z) = x2y2z + xz3 + yz % D s P (2, -1, 1) Z\{
�1x D7Q�R�T (

ex + 2ey − 2ez %
o����3%
o
�PU1V���� 8��?�eaI=
(3) φ(x, y, z) m h f9% � � ������� 2
/��A(]� � % �"! QeR�T ( 8 n + �# +

� D ∇φ =
dφ

dn
n
8;:7<X= �%$I��a'& D ∇φ � �
�(� 2�/(�I(]�eZ*),+>�zx = �

[8 ] $.-0/"1(2 +43"1�2 Z\{5�1x7698 QeR�T (�4
(1) - /51�2�: (r, φ, z) %;6�8 Q�R#T ( er, eφ, ez % xyz :*Z'{��3x#<>V 8*��SaI=
(2) 3"1,2�: (r, θ, ϕ) Z�= �IC?>ID
@#A Z 6"8 QeR�T (?%#<>V 8��?�Saw=
(3)
QSR!T ( A %9-B/�1(2#+C3�1(2 � %�<'V (Ar, Aϕ, Az)

D
(Ar, Aθ, Aϕ)

8]~
�
D � )(E�1�2 � %�<�V Ax, Ay, Az

8`@zBXC � <�=
[9 ] $F)�+ � !"1,2 Z]{��1x0G,H D(I�J.D�K;L 4

(1) G,H9%PF�H �NM"O(P�Q
(a)
�*8SRUT\<*aI=�%V 2 TXW dφ = ∇φ · dr + dφ =

∑

i

(∂φ/∂ui)dui

87Y�Z �Sx =��
(2) G(H�%PF�H 8w@3B'C]D 6�8 QSR!T (!+ hi % >3yX[ [7%A��H ei = ∇ui/|∇ui|

D
hi = 1/|∇ui|

8BRUT < aw=�\'D
e1 = h2h3(∇u2 ×∇u3)

>�:3<�=��]�^ : 80_ f ��D e1 = e2 × e3 + �IC9aPB\= �
(3)

I�J %PF�H �NM"O(P�Q
(b)
�*8SRUT\< aI=

�`V 2 T�Wba*c�D ∇· (A1e1) =
1

h1h2h3

∂

∂u1

(A1h2h3)
8

e1 = h2h3(∇u2×∇u3)8`@?BXC : � =��
(4)

K�L %PF�H �NM"O(P�Q
(c)
�*8SR?T
< aI=

�%V 2 TXWda;c�D ∇× (A1e1) =
e2

h3h1

∂

∂u3

(A1h1) −
e3

h1h2

∂

∂u2

(A1h1)
8

e1 = h1∇u1

8`@?B'C : � =��
(5) -7/"1,2 Z]{��1x gradφ

D
divA

D
rotA %P��H 8��?�eaI=

(6) 3"1,2 � % gradφ
D

divA
D

rotA %P��H 8�@�A Z RUT\< aI=
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	�� ��� ���� #"

1. 6"8 QSR�T (!+ QeR�T (S%#<�V
• 6"8 QeR�T ( W (e1, e2, e3)

•
QeR�T (z%*<�V W

A = A1e1 + A2e2 + A3e3, Ai = A · ei

2. �9%���
• QeR�T (z%��P� W

A · B =
3
∑

i=1

AiBi = AiBi

• ���e%A� W
� [.%���� Aij

D
Bij Z*= � D ���e%P�9� E H � ��k � x =

(AB)ij = AikBkj

3.
R 0����PL�N�%]&'(*) D δij (

� t���� �

δij =

{

1 : (i = j)
0 (i 6= j)

� W
Aijδjk = Aik

4. ��&��32 T 2G%�,.-�/�0z2 D εijk










ε123 = ε231 = ε312 = 1
ε321 = ε132 = ε213 = −1~ �]5��?� � D εijk = 0

 "! W
εijk = −εikj = −εjik = −εkji� � W
(A × B)i = εijkAjBkF�H W
εijkεi`m = δj`δkm − δjmδ`k

5. U>V�W�Y$# ∇
∇ =

(

∂

∂x
,
∂

∂y
,
∂

∂z

)

• gradient
� G,H � W grad ϕ = ∇ϕ =

∂ϕ

∂xi

ei

• divergence
� I�J

)
W

divA = ∇ · A =
∂Ai

∂xi

• rotation
� K�L

)
W

rotA = curlA = ∇× A = eiεijk
∂Ak

∂xj
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6. U>V�F�H
∇f(ϕ) =

df

dϕ
∇ϕ, ∇(ϕψ) = ψ(∇ϕ) + ϕ∇ψ, ∇ · (ϕA) = (∇ϕ) · A + ϕ∇ · A

�����
[4]
>����>�

7. �>V�f�g
• bedAJ7%Af>g W ∫

V
∇ · AdV =

∫

S
A · ndS,

∫

V
∇ϕdV =

∫

S
ϕndS,

∫

V
∇× AdV =

∫

S
n × AdS

• J T N R J.%Af�g W ∫

S
(∇× A) · ndS =

∫

S
A · d`

8. )�+ � !"1�2
(u1, u2, u3) [ui = ui(x, y, z)]

(r, ϕ, z)
W -7/"1(2

(r, θ, ϕ)
W 3"1,2

• 6"8 QeR�T ( W ei =
∂r

∂ui

/

∣

∣

∣

∣

∣

∂r

∂ui

∣

∣

∣

∣

∣

= ∇ui/|∇ui|

• !��#+ p��
	��
(i) ui � Z���  !�� W

dsi = hidui (hi =

∣

∣

∣

∣

∣

∂r

∂ui

∣

∣

∣

∣

∣

= 1/|∇ui|)

[
� W -S/"1,2 (hr, hϕ, hz) = (1, r, 1) ]

(ii) h�� % !�� W
ds =

√

ds2
1 + ds2

2 + ds2
3

(iii) p��
	�� W
dV = ds1ds2ds3

• G,H D�I�J3D�K�L %PF�H
gradφ =

1

h1

∂φ

∂u1

e1 +
1

h2

∂φ

∂u2

e2 +
1

h3

∂φ

∂u3

e3, (a)

divA =
1

h1h2h3

[

∂

∂u1

(h2h3A1) +
∂

∂u2

(h3h1A2) +
∂

∂u3

(h1h2A3)

]

, (b)

rotA =
1

h2h3

[

∂h3A3

∂u2

− ∂h2A2

∂u3

]

e1 +
1

h3h1

[

∂h1A1

∂u3

− ∂h3A3

∂u1

]

e2

+
1

h1h2

[

∂h2A2

∂u1

− ∂h1A1

∂u2

]

e3.

(c)

4
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C � 3 �

[12 ] ����� �"!$#�%'&(#()*,+.-�/ 021�3
m [kg]) 465"798;:98 q [C] <(=?>A@CBD59E�F r [m] F"8�G9H;I�8

G J;K.L (r M -(/;N�OQPSRAT GVU6W XZY9J[L]\�^"5 *,+;_`-(/babPdc�egfVh�i #
%S�9�j�;!k# 4`l�monqpdG(JjKrLts _ %.Yu5 q/m [C/kg] vdw xbyzL"{"| P 5tsu8
| _?-�/ M -}_V~�_ @��A49����8"KAsj%D�.� P > @ZBd��%,�bKdL Fe �������t���
m�5�� _S�}_`� nb�6@V�"49� �(8(G J;K _ I��

�A� _r� @[� � ε0 = 8.85 × 10−12 [C2/(Nm2)],fVh}i #6��� � G = 6.67 × 10−11 [Nm2/kg2],
@V� @6� � e = 1.60 × 10−19 [C],
Fe ��� 1�3 � mFe = 9.26 × 10−26 [kg]

[13 ] �]@6�����j� )
(1) @6�����(��%dM�� 3�  ¡j¢b_£*,+;_S¤ @6�"49¥�¦§BuG�¨(I�8;�t© _ �Aª K`L
@6�����(�t« � ¬;!£ p

_ @6���V�(�"49®ZKu¯A@ °�±Z!
²j³r´ φ(r) M
φ =

1

4πε0

p · (x − x0)

|x − x0|3

%'µC{r8tK"sA%.vz¶A·�L�¸6�
5�@[¹ E(r)
_ µ�º�©,»�¼9·qyuL

(2) ½�¾j@9¹ E
P ¨VI�8j�9«(��¬A!q p

_ @[�6���V� _d� H;¿�À`´bÁ[�VMr5 V =
−p · E ��Â"ÃZ|k8}K;sA%.vu¶;·VL

(3)
� H x1 5 x2

P ª(K *'+(_ @
�V�6�V� p1 5 p2

_9aj_u� HA¿(À`´bÁ[��v?w x"ykL
[14 ] �Ä¯A@�¹ _.Å )ÆAÇ _.È ¹�n P ¨b=jKS@V¹ E %'¯;@"°�±Z![²(³`´ φ v 0ÊÉ}ËSÌA_dÍAÎbÏ M"�6�
�"! _?ÍjÎ vdÐ"JVG�\�wbxtyuL
(1) ÑbÒ P`Ó J
Ô�Õ�Ö P.×�Ø Õ�Ù�Ú σ [C/m2] �6@V�"49WVÛ§BuG J;Ku¹�n
(2) ÑbÒ PrÜ J�Ý�Þ�Ö P.×�Ø Þ(Ù�Ú λ [C/m] ��@6�"4[W�Û§BuGjJAK?¹�n
(3)
N�O

a
_r/�ßjP.×�ØQP @V�"49W�Û§B?G(J;Ku¹�n 0áà @�� q [C])

(4) z â£v ~.ã â�%VBuG NVO a
_ ÑbÒ PrÜ J"ä?å ßjP
×�Ø @6��Ù(Ú 0

λ′ [C/m3])
�9W�Û§BuG J;Ku¹�n 0

z â(Öb� φ = 0 %$�tKr\
(5) xy Õ ß �9� ¤ v ~.ã %D�tK N6O a

_ ädæ�Ö P.×�Ø Þ Ù�Ú λ [C/m] �V@6�"4
W�Û§BuGjJ"Ku¹�n 0

z â�Ö _Vç � E 5 φ vrw"x68AèbySJ9\

1



[15 ] ���6� �;! _dÍjÎ % É}ËdÌ _dÍ Î )¤ @6� q
P�� �tK É�ËdÌ _dÍjÎ

∮

S

E · ndS =
q

ε0

(a)

v����j�"! ÍjÎ I�| » e L
(1)
¤ @6�qv ~.ã %k�tK / ÕqvzÕ�� S

P %`p9�d¹�n P 5 (a) º;4���m�� + sA%Sv
��� �"! _rÍjÎ v?Ð"JVG[¶A·�L

(2)
¤ @6�Zv	��
	�� _���� Õ S

P�� BD5 (a) º"4���m�� + sA%.v?¶A·�L
(3)

��� Õ S
_ ½6¾ Pd¤ @[�A4�ª(K$¹Vn P MS5

∮

S

E ·ndS = 0 %��jKjs(%`v$¶(·6L
(4)
Æ Ö y�m�5 4(1/r) = −4πδ(x) vu¶A·�L

[16 ] ���A!��q!��b��4 +§e KS@�¹A)
(1)
N�O

r1 5 r2 (r1 < r2)
_ � ã�/�� I�|��AK��A!��q!��t�[4Aª K`L6½ / 4
¥��

{d865 ßr/�P @�� q v?Â;Ã(�d¹�n _ ¯(@ °V±Q!.²�³?´ φ vdw;xbyzL Ï 5}sz8
y}mD7 _ � !��Q! �A� _ ¯ @"! 3 C vdw;x"yzL Ï 5 r2 − r1 � r1

_ �"Ò�� C
MQ��#��AK9I6L

(2) (1)
_ � !���! �;�[� ßr/ 4S¥��Z{d8�5r½ /}P @�� q v?ÂAÃ(�u¹�n P�� B,5 φ

% C vrwbxtyuL
(3) ½"$b4`¥��£{?8�G�JAK9�râqä�%&�(!���! �"� 0 N9O r1 5 r2 5 Ü { ` (� r2))_ ¯A@'! 3 C vrw;xty?L Ï 5 r2 − r1 � r1

_ �bÒ��AMQ��#kI6L
[17 ] �]@6� %g»�(b4 +�e K`@6¹A)

(1) Ô�Õqv�) PSN Ñ"Ò � a v'*[x Kz¥��£{d8A�d»+("4 ªjK`Lj7 _ µ�Õ;IC| EVF d_S¤�P`¤ @V� +q v.¨ Jj�Q%9Y _ ¯;@A°�±q!
² ³r´ %,@�¹£v`w"xbyuL
(2) (1)

_ ¹Vn P ¨�J6G�5d»+(�µ�Õ�Ö P?� »C{d8"Kr@���W6Û %d7 _-,�3 vuw;xby$L
(3) ^�Ú�Md¥��C{d8A� N[O a

_ »�( / v�.bÃAK`L�s _d/Q_V~Sã IC|gEVF a + d
_

¤}P`¤ @�� +q vS¨(J(�Q%
Yu5 +�e |,8bKz¯A@ °V±Q!.²(³?´ % »+((µ�ÕVÖ P� »C{d8;Kr@[��W6ÛZvdwAxby$L Ï 5�7 _-/+0 M a → ∞
_ �;Ò��£��#��(K.I[L

[18 ] � Lorenz #�%'�j@�1(� _�2�3 )
@�4�¹ ~(_ � @�1(� 0 @V� q \tM65 _ Lorenz # F v�7t=jK �

F = qE + qv × B (v : 1(�+8jÚ )

(1)
×[Ø �r�+4�¹b4 ªCm E = 0 %k�bKrL	4�¹ B

_	9;: v z â P�< m�59�j@=1��P�� �tK 2�3>9�? º (x, y, z ��Wj\�v�@�Y Ç ·�L Ï 5t7 _
×"A�B v`w;xtyuL
(2) (1) %d�DCE4�¹ P 5"F P x

9G: v : J � ×�Ø �A@6¹ E 4"ª K�%D��K`L t = 0P ¨(J6G
��@=1��A4.¯�HCB$G(J(�d¹Vn 5�7 _-I�_ 1V� _-2'3 v B =zL Ï 5�1
��M x

9;:jP �D8;<(= 3 = K
I6L

2



�� ������� � � 3 ���������
	��

1. ¯A@�¹
(1) • @�¹ E � F = qE

• ¯A@;°V±q!
²j³r´ φ � E = −grad φ

(2)
¤ @6� q

0á� H x0 \A4 +§e K`@6¹ �
φ =

q

4πε0

1

|x − x0|
, E =

q

4πε0

x − x0

|x − x0|3

( ���j�"! _rÍjÎ \
(3) @6�����(�b4 +§e K`@�¹ �

•
*,+;_ @6� ±q (x = x0 ± s/2) v�.tÃ68"èbySJ[L
⇒ ���(�b«j� ¬b!£ p = qs

• °�±Z!.²j³`´ φ � *,+ _ @V� P y�K9°V±Z!
²j³r´ _ &�9n;��·
(4)
×"A�_ @6�(Ù�Ú _ W�Û ρ(x) 4 +�e K`@6¹ �

φ(x) =
1

4πε0

∫

dx′dy′dz′
ρ(x′)

|x − x′|

0�� � »�( �q� _ )��b4��VJ.¹�n \
2.
É}ËrÌj_dÍ Î �

∮

S

E · ndS =
Q

ε0

,

⇐⇒ divE =
ρ

ε0

,

⇐⇒ 4φ = −
ρ

ε0

3. �������[� _ δ �
� �

• 1 5�� �
∫

b

a

δ(x − x0)f(x)dx =







f(x0) (a < x0 < b)

0 (x < a, x > b)

• 3 5�� � δ(x) = δ(x)δ(y)δ(z)

∫

V

δ(x − x0)f(x)dV =







f(x0) (x0 M V
_Vß ¾ )

0 (x0 M V
_ ½�¾ )

3
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[19 ] ��� �"!$#&%('*)+�", -.�/10+.32547618 � �9!1: 4 %�'9;=<$) �>�"?�@ 2A/CBADAE7FHG - 0+.3I�J�KML

P (x′) NPO QPR1S 0�T
U*V !�W V
0YX �9!C#
Z�[ x

4 %�'\) .32�476 ) X �^]3_F
`Aa+b
φd(x) ced�fCN9gChi;j<k)lR ( m n grad’ c x

′
4+oAp Qk)lR>q

φd(x) =
1

4πε0

∫

V

P (x′) · grad′
1

|x − x′|
d3x′ (a)

(1) (a) f 0 φd c+r s 0 (b) f 0Ytu4Yv�w�x <$)7S TeL*y7z RA{ (b) f 0Y|$} Q)7S TPL\~k�3zM6 R
φd(x) =

1

4πε0

∫

V

ρd(x
′)

|x − x′|
d3x′ +

1

4πε0

∫

S

ωd(S
′)

|x − x′|
dS ′ (b)

S�SYN V






























ρd = −∇ · P :
.�2 ��� J&K

ωd = P · n :
.�2 O��^�3� J�K

n : � �"!&O�� 0l�k�$U�0Y�A�509�k��G�b
(2) ��� J�K D c V D = ε0E + P N
��� x <k)lR"� ��!�� 0 Gauss

0+�&� c
divD = ρe

N9O x <1)7S T
LYy z R"��� V ρe ce� ��!u� 4+�k� ;�g$h�;j<$�l� ��� 0J�K N �^)eR����", E c V"��0 φd

T �^�3� 0+� NP�H�&)7S T+4 m¡ ¢R£q
(3) ¤A¥ 0 � ��!$N c .�2$�1��G�b c V P = χE

0$6$¦§4
E
4+¨&© Q1)lRiS 0¨�© ��ª χ #
«7N^�A) S TeL+VP¬��®l¯�°�618±y^z R�{ V χ > 0 N^�A) .324C658²V � �"!�:�N3�", E cl³1´H;¢<�)7S T"µjy z R¶� ε = ε0 + χ

L+pC· )T=V
D = εE

T§® )+R ε c+� �9¸ R¹q
(4) º¼» 0+½�® )\� �"¸ L^µ %�� �"! (ε1, ε2) # �A)§¾�¿&�CNPÀ(�*Á · )+R�¾�¿�CN 0+Â�Ãu0ÅÄ %�N �^)Yd�f L\Æ�Ç�zH6 R

(D1 − D2) · n = ωe

�¡� V ωe cP¾�¿A�$N 0 �7���&OA� J&K^V n ce¾&¿&� 4+È7É N��7�"!�º � ;ÄÊL9��· �  Z �k��G�b N �^)lR
(5) d 0 ¾3¿ Â�ÃËµÊÆ�Ç
z56 RY��� V t c+¾3¿��k: 4§Ì5Í �  Z �$�ÎG¶b N^�A)YR

(E1 − E2) · t = 0

1



[20 ] � ] ��� F���� f T	��
������� f^-��� 4§X �7]�_ F
`Aalb φ cld 0 Poisson
��� f L�� 'PS T+4C6�8�� ´H;¢<k)lR

4φ = −ρ/ε (a)

(1) �"� .3I #������CN V ρ
V

φ # T9µP4 r
0��&0�� ªCN^�A) T
U*V (a) f L\¬3� zM6 R^{ V! #" [14](3)

0	� #%$�< L'& �9QuS TPL�(k� ´ 6 R
(2) Poisson

��� f 0#)!* # 0
0 ,!+ L-,i4 Laplace

��� f Tl·Ë¦ (4φ = 0) R
Laplace

��� f 0/. ��� ®-�iL ��0�1327N �k· Á � )+R#4 V#�¡T �\Á v ª .5 wHL'6 �¡� V
φ(r, θ) =

u(r)

r
P (θ) (b)T�7 '²R u(r)

T
P (θ)

4 �7Qk)§r^s 0���� f L\Æ5Ç9zM6 R
d2u

dr2
−

C

r2
u = 0 (c)

1

sin θ

d

dθ

(

sin θ
dP

dθ

)

+ CP = 0 (d)

(3) C = `(` + 1)
0 ,�+ V cos θ = x

T v�8 Q$) T�V (d) fkc b:9&a^F<;¶bC0>=�.��� f 49®^Í Á · ) S TeL\yAz R9{ V ` = 0 ∼ 2
4 ��� V P` c P0(cos θ) = 1

V
P1(cos θ) = cos θ

V
P2(cos θ) = (3 cos2 θ − 1)/2 N �^)
# V S§<Ë;j# (d) f L& ���*Á · )7S TeL�(�?CzM6 R

(4) C = `(` + 1)
0 ,�+ 4 �Ë� V (c) f L'�iU*V u`(r)

0 ��� �HL/� ´ 6 R#@!AiS< 6�8²V Laplace
��� f 0-� c `

4 % · Á 0+� N"gChH;j<k)lR
φ =

∞
∑

`=0

u`(r)

r
P`(cos θ)

[21 ] � � t�®lX �", 0 � 4�7&� <7� Æ !��7-B�C
a
0lÆ !�� L+V z

�C�7L�� ' � t�®e��D ��, E0 = (0, 0, E0)
0 � 4�7 '�R�S< 4A6 ) X �
, 0§v � L'� ´A)§R Æ !�� ��D�4 c V ��� # ®"·�0 N [20]

0
Laplace��� f 0-� #�Ekh7)lR �F2 0 ���3G 6�8²V�. ��� 0>� N 6P· R>q

(1) ��H7c [20]
0	��0

`
4�� Q1) �50>I ´ 0 ºKJ (` = 0, 1)

0��CL E Í Á V9X �]�_ F
`Aalb φ
0lwiL

φ(r, θ) = (A0 +
B0

r
) + (A1r +

B1

r2
) cos θ (a)

T�7 '�R { V A0 = 0
T Qk)PR9�&ª A1

V
B0

V
B1

L ��� zM6 R"�¡� V�Æ !&O�CN φ = 0
T Qk)+R

(2) (1)
0 @�L 6�8�V �", E

L>� ´ VMx ; 4YÆ !&O�� 0 �"� .�IiL>� ´ 6 R
(3)
Æ !AOA�CN φ = C (6= 0)

T Q1) T X �7]�_ F�`Aa+b φ
TÊÆ !&OA� 0 ��� .I cNM ¦\® ) � R

2



[22 ] � � t�® ��, E0

0 � 4�7&� <7�+� �"!�� - #"
[21] N 0YÆ !�� 0���� 8j4PV B�C a

0 �7�"!�� L�7 ' R�� �^�"¸ ε q"� �"! 0: D(T ��D��3�C4 ��� V§X �^]"_ Fe`3a\b φ c [21](a)
0 f 0Yw�4 g7hM;=<$)§RY�� V�� ��ªuc�: ��D N ½5® )lR�4 V � �9!�� 4 ce�^���1c ®�·iT Qk)lR

(1) � �"! ��0 A1

L/� ´ 6 � A0 = 0
T Qk)+q R^{ V � ��!�: 0 B0

V
B1

µ ���zM6 R
(2) r = a N V3��D ]�_ F�`Aalb φex

T : D ]�_ F�`Aa+b φin

TY0	�74�
�8�� %¾�¿ Â�ÃiL��� R^{ V $9<Ë; 6�8 φin

V
φex

L ��� zM6 R
(3) � ��!�: � N 0 �3, E

L>� ´ 6 R^{ V ε > ε0

0MT�U§V :��1N 0 �", 0��Mxc µ TY0l��D �", E0

658��7·���V $9< T"µ ³ ·3� R
[23 ]

X ����� b���D
(1) n J 0�� �9� qi (i = 1 ∼ n) # V $
<��
<����7� 0 Z�[ xi

4�73� <�Á · )+RS§<Ë; 0 �3� 0 2 0+X ����� b �"D Ue

L>� ´ 6 R
(2) ��� 4 ���k� 0 �7)*!&W V

4 �3�C#��3� J&K ρe(x)
.�I �§Á · ) T"UYV $0+X ����� b ��D c

Ue =
1

8πε0

∫

V

d3x
∫

V

d3x′
ρe(x)ρe(x

′)

|x − x′|
(a)

N"gChi;¢<1)lR (a) f�c X �7]3_ F
`Aa+b φ
LYpC· Á

Ue =
1

2

∫

ρeφdx3 (b)

T O x <k)CS TPL\y z R x ; 4

Ue =
1

2

∫

E(x) · D(x)d3x (c)

T9µ"! � · S TeL*y^z R��Î� V (c) f 0 !�W�W . c V$#&% V
4Y¨�')(".+*C·

,.- 4 �Î�§Á�/ ¦ R �10 FiG n E · D = φρe − div(φD) q
(3)
B�C

a
0 �5: 4 �"� q # � t&J�K N .�I �*Á · )eRiS§< 4 �Î� V (b) f 6�8X ����� b��"D Ue

L-� ´ 6 R^{ V (c) f � ; µ Ue

L>� ´ V�2k·A4 ��3 Qk)S TPL�($� ´ 6 � [14](2)
0	�MLYpC· Á 6P· q R

(4) ��W S
0 º54 0 � 2iL76 5 x

L#7 · Á&%�' Í �98+/+8�:<; F>=iF@?$D #7�)eRiS+<Î; 0 � 2H4 $9<A�9<��3� ±Q
L g$h^� T9U"0lX �B��� b��3D7L rs 0 º ¤ 8 0#�9� N � ´ 6 R

• ; F7=uFC?$D�0+X �)D)E L>� ´ V $�< L§pC· )lR
• �", E

L>� ´ V (c) f L+pC· )lR

3



��Å������� � �
4 ���������
	��

4. � �"! �����!^q
• �9,1� 4�73� <^�Y�^��!1:9N^c V���
�.3/ # .32 � V7��.3/ ce�"?�@ 2�/(T® )lR
• � �"!�� 0����>A0Y�A�

div(εE) = ρe

(ε cl� �"¸^R���� 4C63Í Á ½1® )lR"¤A¥ V ε > ε0)

5.
b 9Aa7F ;²b���� f n P`(x)

•
b 9Aa7F<;²b$0>=�.!��� f

d

dx

[

(1 − x2)
dP`

dx

]

+ `(` + 1)P` = 0

(` c 0
V { c�� ��ª T Qk)lR:$
<9r ��0 ,�+ V P` c"!�#CQk)eR>q

• P0 = 1, P1 = x, P2 =
1

2
(3x2 − 1), . . .

• ��0�1!27N 0 Laplace
��� f 0-� (4φ = 0,

. ��� )

φ(r, θ) =
u`(r)

r
P`(cos θ)

6.
X ����� b���D

• $�% o^pk0�� , n
Ue =

1

2

∫

V

ρeφdV (1)

• &�À o^pk0�� , � , 0 ��� b ��D qÊn
Ue =

1

2

∫

E · DdV (2)

X �",$N c V (1)
T

(2) c�')( µP0 N �^)eR �+* �
v � Qk)e�-,�,$N c ��.54/1· #�0��
<k)lR>q

4
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[24 ] � Faraday ���! �"�#%$'&)(
(1)  �*,+
-'.0/2103)465,7�8:9<;�=�>?5�@6A)��B)+
C)D'/E1GF!A)��B φ [volt]

4H;�=�>JILK�MN PO N [Weber] �!Q)�SR�T�UVIXWZY[F<\!9 φ I6�S* E ] N

IX PO�^�_ B ]�`)a%F
(2) Maxwell b!cPU��edNf�]<g<1

∇ × E +
∂B

∂t
= 0

I (1) �!R�T�UJ7h8N#hi�aZ7[F
(3) j)�! �*?5!k'l%mSn<o0�,7,pXqS;srGt
�Su'B%vh@Gw�xzy|{Eq�l�3)4
IL})a�F~ t
9! <B%vh@?�Pp��SF

[25 ]

(1) ���'�'�!�Z5G�)/,1 Ampére ��$'&<(
�'�'�!� I � ~G� 8H5�f�M!���,1L �* B @G��� Ampére ��$'&sIX��t�/�F

∮
C

B · d` = µ0I (a)

3P3�]%9!�<U��P�V�G�<�h@��%�Z� ~�� 8�I�����/�1�;)��vs5G�J��tGv'�'�
]<g<16F��<9S�?����g'1G��vVI[�, �90¡S�
��vE¢'�����P^�_ZI i(x) 4�/,1GF
3��6£�qG*P¤?5G�¥y (a) UVIG�!¦P.§y¨92¡��EI[©�l%m

1

µ0

∇× B = i (b)

IX#hi�aZ7[F

1



(2) � � ��� wP&<(
�!�?@
9P� � I��,f��	��+�
��/21�30465�7?8:9�D�r�1�F�� ∆S I���V1�9���� Q)gPt�8¨���Su�� ∆Q @

∆Q =
∫
∆S

i · ndS

]��� s���E1GF�� � �
D������,+'q�lh3)465�7�8 9'� ��� w�&
∂ρ

∂t
+ ∇ · i = 0 (c)

IX#hi�aZ7 �! zy�9 ρ @�� � ^�_�])g)1#" F
(3) � Ampére-Maxwell ��$'&)(

(b) UsI � Q
-<.�/E1#$?5&%(')©¥y�tG*P¤�9�� �	� wP&h� (c) U 4*)+,/E1
3)4�IL})a�F Maxwell @,3��,)�+sI.-�/0/21St�0�9 (b) UsI

1

µ0

∇× B = i + ε0

∂E

∂t
(d)

42143sy�t�F (d) U2@�96� ��� w%&hIX�2t
/h3<4GI¨}<aSF (d) U2@ Maxwell b
cPU��ed fP])g<16F

[26 ] � Ampére ��$'& 4 Biot-Savart ��$'&'(
� �P�"�5�v)�!� � I [A]) +�6Z1L P* B I [25](a) � Ampére ��$P&¥7�8879027XF
\S9 Biot-Savart �6$'&

B =
µ0I

4π

∫
d` × r

r3

I�©�lSmS9;:G£?5 B I,790,7LF

[27 ] j� �*sI�/P��/216b!cPUh@
9 Maxwell b�cPU�7h8=<<n,�?> U,]��� s���E16F
rotB = µ0i (a)

divB = 0 (b)

(1) (a) 9 (b) UsI#-�MH5P@
9S�PU,]���@����21�ACBEDGF9H�IKJ�LMNF A IL#	O
/21E4�7�l!F

B = rotA (c)

(c) U2�[£�5G9 B IGk�l�tE4QPX9 (b) U,@&RS��T<5L�2t)�[��1'3'4GIH}'a!FG\�9
(a) UE@G�PU��6£?5�-�U��6�2103)4
IX})a�F

4A − grad(divA) = −µ0i (d)

2



(2) A B DGF H�I J�LM,F A 5�@�9
A

′(x) = A(x) + grad u(x) (e)

4LlJp ������� R	� u(x) ��
����+<g<10304�IL})a%F'\S9V3���
����VI��
©¥y¨9

divA
′ = 0 (f)

4¨/2103)4X+�]CP!1GF2¡��,7,pXq u(x) I 79027LF
(3) (e) UE��-���@�� ���� � 4������,16F%\�9 (f) UZIX�Et�/ A

′ @�� ��� J��
� ��� � A B D F4H�I J�L�M F¥4�� ���E16F!� ��� J"�#� �� � A

′ @
9%$& ])g<1('P� V ¢<5��!�,+
��)�yLm'l01E4�P�9S��U�]��, s�|�21GF
A

′(x) =
µ0

4π

∫
V

i(x′)

|x − x′|
d3x′ (g)

(g) U0+S9 (d) 9 (f) UVIL��t!/?3)4�I�*,� 027LF
(4) (c) 9 (g) U�7�8:9! P* B 5G�)/,1,+�U �.-,/ - 0�1 � F,�[$'&��
�%¦�U	"

B(x) =
µ0

4π

∫
V

i(x′) × (x − x′)

|x − x′|3
d3x′

IX#hi�aZ7[F

[28 ]

(1) 2 3)554�l�5�v�������� I +<¡S� ~6� 8�5
f§MX1 A;B D F4H�ICJNL�M�F A I
79027 � [27] � (g) UVI�©0l�mh7�l�" F<\S9,¡��?7h8  �* B I 7;0
9 [26] �67 498�y2M�q)1)3)4�I(*,�4027XF

(2) :V� d �,2;3)5�<�lG#�'�=h5�9!��£<����^�_ i ]!����+	=h5��V�6m����<b?>
5����'m<l01GFs3����!�,+@=?��¢�Ah5�f�M[1QA BEDGF H�I J L	M F A 4  
* B I 790E7LF

[29 ] �B2!305�4ElDC ��E@FHG +�fzML1X �*0(
#�vVI�gP1�I�� ~G� 8¨5h� a�J�KE55L2lSm�f�M��|�,1�M�4,l;N F F�I C ��EOFPG
4Llsp F
�)9O2;305,4�MRQ!��^�5,L��%��tSC �"EOFHG IX�2 �9?3[�05���� I +
�
�0t � 5�f�M!���21L �* B I(T UE1�F
(1) C �"E@FPG �"I��?5�f�M!���,1[ �* B I 79027XF �VL PG+�QS��^�qP��]S�!�
�"I0bS>Q�'�h@"2�Wzy�m?7�lSFXC �	E%FHG � �4� 4��!gPt§8 n =@L�l�m)g
1E4¨/21GF "

(2) divB = 0 7h8 9! P* B �YC �	E�FZG �"IV5"[95,qQ�<�h@ 0 ]0g01,3�4
I
})a�F

(3) C �"E@FHG ¢"\h@��!£� P*,]S9#A�\,]0@6 �*,+<q%lh3)4�IL})a�F

3
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7. ;B ����� F�b!cPU
divE =

ρ

ε0

� � �!*h�Q"�� �,� ��$'&
divB = 0

� �  �*h�Q"�� �,� ��$'&
rotE +

∂B

∂t
= 0

����� ��� � �
�S �"�#h��$'&
1

µ0

rotB − ε0

∂E

∂t
= i

��� J�� � F,��$<&E�
�S¦P.

(ε0 9 µ0

� $ & �6")� �09�!� "�)9 i
� �!��^�_ )

8. j� �* � �S�?5�7!1L �* "
• b!cPU �

divB = 0, rotB = µ0i

• A B DGF H�I J�LM,F A

��@ � B = rotA
b!cPU � 4A = −µ0i

• �!�P��) i 5,7!1L �* �

A(x) =
µ0

4π

∫
V

i(x′)

|x − x′|
d3x′,

B(x) =
µ0

4π

∫
V

i(x′) × (x − x′)

|x − x′|3
d3x′

4
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[30 ] � �"!$#&%('*),+(-/.1032�46572�8�9�:<;&=?>?@BADCFEG?H !�# I IJ#,KL0
�NM(O C %$P<Q r +$-6.30SRUT/CFVXW�YZA\[N]JV A ^ [27]
I (g) _�`Ua

A =
µ0I

4π

∮

C

dr′

|r − r′|
(a)

b\cBdZe K&0JfJg?hiP�Q*R,T�CjV r h r′ IJk�l,^\��MSO�Inm�.o+,5i0*pqIU5srX0Jf
(1) ��M
O&t evu"w�x KByiP<Q r +(zB{N0 A ^nm�|&}X+

A(r) =
µ0I

4π

(

1

2

∮

C

r
′ × dr

′

)

×
r

r3
(b)

b$cXd~e KL0B�*5q�1�*��f
(2) �"MSOB%\�\���$�U+"�<0�4��?h���_Z�o�N�"f����vh S ^(�"MSOB%����q��� b h

n ^<��Ii�<��In�<�BRLT/CFV ��!$#�Iq�B�~�iI
)&�S� b �?0if
1

2

∮

C

r
′ × dr

′ = Sn (c)

(3) �"!$#UIJ2N8�9�:�;&=?>*@XA~C m ^i��_ b G<��� K,0if
m =

1

2
µ0I

∮

C

r
′ × dr

′ (d)

(b) _Z� m
b
� �"f
�$hB�qI(�$!
#Xt e u\w"x K?yn4�¡�+
-�. e K&0�2�4 B

^i��_ b$c&d~e K&0B�*5
�1�*��¢
B(r) =

1

4π

[

−
m

r3
+

3(m · r)r

r5

]

(e)

[31 ] � M
£�¤*!"¥¦+X`\012�4BE§\¨
a In¥�I � ��+i!$© Q %$�\ªU+1«L¬JZ®iK�¯<°?0,5sr&0nf,�JIn¥±�$�"I�²q³

O �3´~01µZIS¶�a�+J·<¸N¹ ω
b M\£ � ��0qfº�»�(I¦5\¼J!�©½p3�"¾Z+"M
£&r�0�5

r,0if¿�
(1) ¥�ÀiÁUI$M(£�µ��U+\-/. e K,012�4~�iÂX¬,`1f
(2) �SI$M
£�¥¦IJ2<8�9�:<;,=?>?@XA±CÃ�iÂX¬(h$'*) b IJ2�4~�JÂ&¬&`1f

[32 ] �Ä�$ª¦+n2?Å��iyn¥<Æ�2NÇU+X`$0�2�4BE
2�Ç&À b In2�8�9�:�;X=<>N@BA±CºI w�È�É ¹Z� M(x)

b
� rqf,�qIU5
¼�hJ2�ÇLI
-/.10qRLT/CFV*W�YZAS[?]iV A ^ [30](b), (d) _�`LaÊ��_ b"cXd~e K,0if

A(x) =
µ0

4π

∫

d3x′
M(x′) ×

x − x
′

|x − x′|3
(a)

g*h$2�ÇLÀqÁ b 2NÅ*R,T/CFV J = µ0M ^(� G b �?0�5sr,0if
1



(1) �SIJ4��*h (a) _U^i��_�IJªZ+��<Æ b ¼"0X�*5q�1�*��f

A =
µ0

4π
M × grad

(

∫

d3x′
1

|x − x′|

)

(b)

(2)
� e +Sh$2NÇX% §$¨

a IJ¥<Æ b �*014��¦+����oh A �nÂ&¬,`1f,�(K&+X`�a h
�
Ii2*Ç&%���Á±+$- .n032N4Z^q2N8<9<:N;L=*>*@,A�C 4π

3
a3

M +,`"0n2<4
+����n°��B5S�1�?� � [14](3) �
	N�ºf

[33 ] � 2<8�9�:N;��B+��.��NE
(1) �*°<+ x KNy�� -NI�2�8"9\:�;���I3P$Q��
�iV��(>,5��*°<+� .��L��Â*¬B`sf
(2) [32](2) IS�\ª�2<Å"2�Ç���� � §\¨

a ��% z µ��U+��
K��
K*I�²q³*% d ��{ x
K�¯
Q&°"¯?�N0JfN�
K��
K*In2�Å,IS)B��^ z µ�I� N)B� b �N0Jf d � a 5$�
¯!�,°?+" .��¦�nÂX¬,`3f

[34 ] [31] 5"#¦�Ã¤*!$¥��$	 d h,�\K<%&%�¬('�)��3¯N°&0Bp
IZ5�r,0Sf±�
I*®+*6a�+
�\ª-,J2�4 B(t) �qtB{�yU5�r&0Jf
���sh(¥U+B`\012�4 B +��Br&0$.
/L^�0 � °
5or,0Jf~�
I¦5(¼3h�132?r,0$4
5*!"4~�nÂX¬(h$¥Z+"�.XCFVUT<�JÂX¬,`�f

[35 ]
§\¨

a I761ÆLI"5��UI�²q³"µ��±�nhS2�8,=N>N@BA±C m I�0"2�ÇX%$h�=N>N@BA±C
IS)B�*��µ¦+n�98U+,�1¯+:<;���¯N°*0Jf=5��&MSO�I�²q³Bt e 2�Ç¦® b I�> x

z 5
�oh$2�Ç�Ii¸<¹±� v 5��qy¦5(¼3h?MSOZ+"4
5 � KL0$??!<�¦�JÂ&¬,`1f

[36 ] ��@ d +JQ,°<y�A�BB+"C,°D�FELIi�<8
5��¦+ I1 h I2 ��#Br�5(¼\+qhHG�P
C � �
y�a�+"I�J?r,0��±�*p*5J¬,`1f?�"h I1 = I2 = 1[A] h d = 1[m] 5"�Sy¦5(¼�G<P
C� +"I7J?rL0�� [N] ^�°�. e tLK

[37 ] �NM�#*!\#UI �
O
PRQ E
59SX²�I�M\#<!
#Z�T	 d 0�4��<h Maxwell )&U�_L+SzN{�0T��P�!(#LI$V � ∂D/∂t �
^"A<W b ¼$03f\�$h
!(# É ¹�+"�½��¯N^!X*>!YNI3�
Z � i = σE �"%=[ a]\X-\f,�
I&`�^T,(!"#U^�_ GNH !"#65T`�a\KL0if
(1) �UIJm�|UI!b b h Maxwell )�U<_&t e ��_±��5dc(�Z`1f

σµ
∂E

∂t
= 4E (a)

(2) ���LI � �¦��e*- § A�BNI"5HS±�T	 d hX�qI3��+�f�giyS)B��I(M\#?!
#Z��hi 0qf � �±� z = 0 5��oh�5RSU^ z > 0 +��?0Bp(I¦5or,0qf<!\# É ¹ 5��
¯*^i��_�IqÆ�I,pqI*�$	 d 0if

i = ex i0 f(z)eiωt (b)j
kRl7m
f(0) = 1 ILpB5 b

f(z) �qÂ&¬,`nf � �<I�n Q3o M�#X!$#¦^&p,+�5
S � ��m�. b #XK&0B�*5�%9*Nt&0Jf~�nK<% �
O<P
Q&b �?0if¿�

2



���������� � �
6

���������
	��

9. 2<8&=N>?@&A~Cn572�4
• �"!$#UIJ2N8&=?>N@XA~C m

m =
1

2
µ0I

∮

C

r
′ × dr

′

• 2<8&=?>?@&A~C I\-/.1032�4
A(r) =

1

4π

m × r

r3
,

B(r) =
1

4π

[

−
m

r3
+

3(m · r)r

r5

]

10. 2�<S
• �R[ w ;X%�)X�<I����7g$y � w ;N!$#BEU�$e gq¯<°X0

=⇒ 2<8�9�:N;&=?>?@XADC I É ¹ M

• 2NÅ*RLT�C V � J ≡ µ0M

J = χH + J0

� H � 2�4?h χ � 2NÅ��*h J0 �����<2NÅ<�
• 2�4 H 572�� É ¹ B

B = µ0H + J

= µH + J0

(µ : ��2�� )

11. !$2<8LI�GNP � MKSA �?h SI ��5$p"`�a$K,0J�
!\# I � [A] 2<4 H � [A/m]

!$© q � [C] = [Am] 2�� É ¹ B � [T � Y����J� ]

!$P φ � [V] = [J/C] = [Nm−1A−1]

!\4 E � [V/m] = [N/C] = [104 G � �"!#� )]

!$� É ¹ D � [C/m2] 2�� N � [Wb �%!��?>'&,>S� ]

4?!$� ε � [F/m] = [NC2] = [NmA−1]

!$8�(*) C � [F �,+.-/�10j� ] 2N© qm � [Wb]

= [JC2] �<2*� µ � [H/m] = [NA−2]

4R5�2*3 L � [H �54ZA76�>S� ] = [JA−2]

3
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[38 ] � �"!$#�%'&
(*),+.-0/21*3547698
�7!�:�;=<*>@?BADC�EGF*HJI�KL+@#�%M&�(*),+ A -ON9P@Q71R#S%M&T(*)5+ φ ;U@V A$-XW�Y[Z2\9A5]'^D_.`Da@b�cdF E - B egf�hGZ"i@jk`l_$A5]















E = −
∂A

∂t
− gradφ

B = rotA

(a)

(1) Maxwell m"n�h�oSp
_@q
_ rts5u"v[a (a) hk;=w�x9yMb0]@p�o,z�{2F A - φ

a5|2?$A5m7nSh';D}@~$bO]�r µ = µ0 F ε = ε0 -�?$A5]�v
(2) /91*3O�*6 (A, φ) → (A′, φ′) e5���Jo7N*PGQ71"�
� u(x, t) ; U@VR� f�h�o

b[�Oa,���5_$A5]










A
′ = A + gradu

φ′ = φ −
∂

∂t
u

(b)

^�o7/*1*3O��6Ma,|���F E F B e5���@Z2\2A2^2-g;=�9y�]S�7F (1) Z7}G~S�
m"nSh�-O���R��o9; A

′ - φ′ �T� ��?�^2-
;=�2y�]
(3) (b) h�o u o5���S��b�c

divA
′ +

1

c2

∂φ′

∂t
= 0 r��71k��&5 7/91*35v (c)

-�Z�¡7A5]'^
o[b[�OaT?[AR��~*a u �T� �T?�¢�¡l£�¤�;D}@~$b=]*�7F (c) h�T¥ c§¦[uTC�E�a,|��lF A
′ - φ′ �T� ��?�m"nSh';=¨R©9ª9yMb=]

(4) «9¬@7Z7�"®2¯���°Jo�± V CSE r ρe = 0 F ie = 0 v[o
��!�:JeTF�²�³5�"!�:
-l´9µT_$A,]B^goDC�E9F (b) hBo u ;�¶�·�aO¸$¹B^9-DaGbBcLF (c) hM; � �B�
u�u7F φ = 0 -l?[AG^2- �
º ¬9»�¼�»SZ�Z�¡7AG^G-g;=�2y�]

[39 ] ��²T³5��!�:28½@¾ bBcLF.²
³5�"!�:�o,¿�À9m"nSh*ÁBe5fBo,Â�a�±2A5]






















E = −
∂A

∂t
, B = rotA, (a)

(4−
1

c2

∂2

∂t2
)A = 0, divA = 0. (b)

(1) (b) h�ogÃBo
Ä9u2e5fSh@Z�i@jk`�_BA5]
A = Re

[

A0e
i(k·x−ωt)

]

(c)

(b) h�bBcÅF5Æ"Ç��GH[I�KÈ+ A0 F,ÉR�2H$I�KÈ+ k -Ê��� ω o�»*o��
Ë7h rÍÌ
u"v�;,}@~Bb=]9�"F7É��[HBI�KÅ+ k o�Î'¡��OFSm@Ï�o,�[Ð$;=Ñ[ÒRy�b=]

1



(2) (a) F (c) h�bBc E F B ;D}G~[b�] k F E F B e�� V a����*Z9\SA2^9-,;0�9y7]
(3) b�c Ä��Ja
F

A = A0f(k · x − ωt) (A0 : �SÉGH�I�KÈ+ ) (d)

� (b) hM; �	� ?GA2^9-g;0�9yR]�
���F f(x) e�������$±,����o,ÉG���@Z*\
A5]M�[`Da
Fk^�oDC�E�ag|�� �

E - B ��}@~$b=]
(4) �"!�:Jo,©�������·���c�o����
+��71 U e

U =
1

2
(E · D + H · B) (e)

Z�iGj�` _"F�ÄRm�F=©��9¼�»9\R��cL©��	�	��;���� � ��!R:Ja2bBc���µ
_[A
���
+ �71 ∆U e5f�h[Z"i@jk`�_BA,]











∆U = S · n

S = E × H ! #�"J&O%$#G&&%gH�I�KÅ+
(f)

^�^DZ"F n e('�)'A*�Bo�+�,�©��2HBI�KÈ+*Z9\9A,] (c) hBo A Z�iGjk` _[A
�"!�:�a5|��lF U - ∆U o�¼S».-�/�02F U F ∆U ;,}[~$b=]9�7F*��Ë�h

S =
k

|k|
cU

�T¥ c§¦[uM^2-�;�1329~Bb=]

[40 ] �546��"Z2o
�"!S:Jo�7�828
(1) 4��B�Z��T°�9	:[e.;21=<So*+�>GZTi2jM` _
«���® ρe

� ± V CRE*F Maxwell
m"nSh?2�`Xf�h';�4A@Ty'b=]























4E − µε
∂2E

∂2t
− µσ

∂E

∂t
= 0,

4H − µε
∂2H

∂2t
− µσ

∂H

∂t
= 0.

(a)

(2) [37] oGbG�l±�B&CED*o�4���a5F0f$o(-	���T!R: � �6�@aDx�F�� ��V A[- ?GAD]






E = ex E0 ei(kz−ωt),

B = ey B0 ei(kz−ωt).
(b)

4���G�o5��!�:.�,�,ÂJaO�k�D_[AD]�4��$G�o k ; ω Z��9yR]T�"F E0 - B0 o
�TË.�0}@~Bb=]

(3) :�� k 2.` ��!�:�o�7�8JoDÂ�H �	I 2[A,] σ � ωε o5C�E[Z9e
FR��!�:�o�JK �ML o[b$�Oa(7�8@?$A&27]

2
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12. �"!�:
• Maxwell m�n*hk;
N9P2QR1R#�%k&
(*),+ φ -�HBI KÅ+G#�%M&
(2),+ A ; U

VR� � I ?.- F7fBo[b[�Da,¨�©*ª2Z�¡RA5]�r ¾� [38] ����v






























(

1

c2

∂2

∂t2
−4

)

φ =
ρe

ε0

(

1

c2

∂2

∂t2
−4

)

A = µ0i0





c ≡ (ε0µ0)
−1/2 = 3.00 × 108m/sec : ���

ε0 = 8.85 × 10−12[F/m]





• ²
³5�"!�: (ρe = 0, ie = 0) Z2e
F φ = 0 -lZ�¡7Ag]

E = −
∂A

∂t
, B = rotA

r ²
³*-���:2v
A = Re

[

A0e
i(k·x−ωt)

]

(k : :��@HBI�KL+ ω : J���� )

• 4���So
�7!�:
i = σE, ρe = 0.

3��71�+�����a@bBc 7�8[?$A5]�r ¾� [40] ���*v

3


