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Uì�NÔn§�Ná��±©�naµ�N£conductor¤!��N£semiconductor¤Úý�N

£insulator¤"

§16.1 ·>|¥��N

§16.1.1 ·>²ï

�N�A:´ÙNS�3�þ�gd>Ö§~X§7áNSÒ¹k�þ�gd>f"XJò�N

��3·>|¥§ù
gd>ÖÒ¬3>|�^å�°Äe�²£$Ä§l
UC>Ö©Ù¶�L5§

>Ö�­#©Ùq¬UC>|�©Ù"Ïd§�k�N�3�§>Ö�©ÙÚ>|�©Ùò¬�pK

�"�´§²L�ã�m�µþ��§>Öq¬3>|¥­#��²ï§¤¢·>²ï£electrostatic

equilibrium¤́ �"d�§¤k��>ÖÑ�±·�ØÄ§Ó�§>|�©Ù�Ø2u)Cz"

��·>²ï��§e�N´þ!�£uniform¤§�Ò´§Ø¹?Û,�Ú(�"�§ÙNS

�>|Ein7ð�u"§Ein ≡ 0"ù´Ï�§XJNS,?>|Ø�u"�{§KT?�gd>Ö

7ò�²£$Ä§ù�·>²ï�½Âgñ"Ø=Xd§�NL¡þ���>|E‖�7,??�u

"§E‖ ≡ 0"ÄK�{§7k>Ö÷L¡6Ä§ùÓ��·>²ï�½Âgñ"o�§���·>²

ï�§·�ok

Ein ≡ 0, (16.1.1)

E‖ ≡ 0. (16.1.2)

d´��§�Nþ�?¿ü:§~XP ÚQ§Ø+§�´©Ù3NL�´NS§Ù>³7,�

�§

ϕP − ϕQ = −
∫ Q

P

E · dr = 0.

d�n)Xeµ�Ä�ùp�È©�´»Ã'§Ïd§�P ÚQþ3NS�§È©´»��3�NN

S¶�P ÚQþ3NL�§È©´»��3�NNL¶�P ÚQ��3NS§��3NL�§È©´

»���lNSÏ�NL§Ù¥§Ø��à:3NL	§Ù§�þ3NS"þª`²§���·>²

ï�§�N��Ò´���³N§�N�L¡´���³¡"

· 2 ·
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d	§�NSÜw,´��ëY��«"u´§dPoisson�§§·��

ρ = −ε0∇2ϕ = −ε0

(
∂2ϕ

∂x2
+
∂2ϕ

∂y2
+
∂2ϕ

∂z2

)
= 0,

Ù¥§ρ��NNS�>ÖN�Ý§ϕ´�NNS�>³§§´��~ê"ù�(J����d·>

|ÑÝ��§

ρ = ε0∇ ·Ein = 0.

þªL²§���·>²ï�§�NNS>ÖN�Ýð�u""d´��§���·>²ï�§>Ö

�©Ù3�N�NL"ù¿�X§�ò�N��3·>|¥§>ÖÏL²£­#©Ù¿��²ï��§

�NNL7k¡>Ö©Ù"

��§�,>|÷XNL���©þð�"§�Ù{�©þ�7??�"§ù´Ï�§Xþ¤ã§

��·>²ï��§�NNLk¡>Ö©Ù"�¡>Ö�Ý�σ"Xã16.1.1¤«§���A²��

ã 16.1.1. �NNL�{�>|

Î¡äª3�N�L¡"duEin = 0ÚE‖ = 0§��Î¡�e.¡±9��ýL¡òÑvk>Ï

þ��z§u´§ ∮
E · ds = E⊥

∣∣
m
A,

Ù¥§E⊥�>|3L¡þ�{�©þ§A��Î¡�.¡¡È"ùp§·�¦^
È©¥�½n§e

Im�,�¥�"dpd½Æ§�

E⊥
∣∣
m
A =

1

ε0

qin,

Ù¥§qin´�NL¡ uA�Î¡S�Ü©¤��>þ"ü>Ø±A§�

E⊥
∣∣
m

=
1

ε0

qin
A
.

y3§4·��4�A→ 0§�

E⊥ =
1

ε0

σ.

ù�§·�Ò��
�NL¡þ>|�{�©þ
"ù�(J�,ék¿Â§��k¿Â�´ùp¤

¦^��{§§´?n>.¡½�.¡>^|����{§ù«�{�±òÈ©�§z�|�>�'

X½|3.¡þ�q�'X"þªÒ´�N?u·>²ï�§>|���>�'X",��>�'X

´þ¡®²�Ñ�(Jµ

E‖ = 0. (16.1.3)
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ù�(J��±^·>|��´½n�þ¡��ª�Ñ§��"o�§3·>²ï�§�NL¡>|

�>�'X�

E⊥ =
1

ε0

σ, (16.1.4)

E‖ = 0. (16.1.5)

cö5
upd½Æ§�ö5
u�´½n"

>|{�©þ�¡>Ö�Ý�'X��±�Ï·�n)¤¢�kà�>£point discharge¤"�


�*§4·��Äü�7á�¥§§��p�m¿�ý�§
´�±>Ö�Ï�§Ï
§�·>²

ï�§§�´�p�³�§~X§§�Ñ´Ó�7á¬½ïÓp��NáÔ"ù��.zXã16.1.2"

ã 16.1.2. kà�>

��!�¥��»©O�RÚ r£R > r¤§¤�>þ©O�QÚ q"Ï�ü¥�>³��§¤±

1

4πε0

Q

R
=

1

4πε0

q

r
.

d´��§§��¡>Ö�Ý�'�

σR
σr

=
Q

4πR2

q
4πr2

=
Q

4πR
q

4πr

· r
R

=
r

R
.

q§Uìc¡�?Ø§L¡NC§�{�>|�'�

ER
Er

=
1
ε0
σR

1
ε0
σr

=
σR
σr
.

éÜ±þüª§·�k
Er
ER

=
R

r
.

��§3�³�^�e§�NL¡NC�{�>|�­Ç�»¤�'§­Ç�»��§{�>|�r"

3kà?§­Ç�»�~�~��£ r → 0¤§�kàNC�>|�~�~�r£Er →∞¤§éN´

ÂB�í§ùÒ´�)kà�>�Ôn�Ï"

§16.1.2 ·>¶-

N´y²§éu�N�§�nSvk>Ö�§nS�>|ð�""nS«�w,´��ëY��

«§u´§·�k

∇2ϕ = 0,

ϕ|b = c,
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Ù¥§ϕ´nS�>³§ϕ|b´nN>.þ�>³§nN>.=�N��SL¡§§´���³¡§

�ϕ|b = c§Ù¥ c´��~ê"Laplace�§w,k)ϕ = c§¿�§÷v>.^�"þã�§|

áuLaplace�§�1�a>�¯K§êÆþ®²y²§Laplace�§�1�a>�¯Kk��)§Ï

d§ϕ = cÒ´�c���)"éunS>|§·�k

E = −∇ϕ = −∇c = 0.

ùÒy�
�N�nS>|ð�""dunS>|ð�"§NS>|�ð�"§Ïd§�N��SL

¡òØ�?Û>Ö§=¡>Ö�Ý�"§ù�L��A^cã�>�'X§½ö�c¡@�§���

A²��Î¡ä3�N��SL¡þ§¿A^pd½ÆÒ�wÑ"

l±þ?Ø��§�N�	�>|énSvk?ÛK�§�±/¤¤¢�·>¶-£electrostatic

shielding¤"

·>¶-�±¶-�N�	>|�K�§énS�m/¤�o§��±énS�>|?1¶-§

�on	��m§Xã¤«§ù�Lò�>ó�ÔN��3nS§¿ò�N��	��/=�"d�§

�N�	Ü�m¥�>|�u"§�N�	L¡þ�vk?Û�>Ö©Ù"

ã 16.1.3. ·>¶-

§16.1.3 >NÚ>Nì

���XÚdN��>�N|¤§§�?u·>²ï"P1 i��N¤��>þ�Qi§>³

�Vi£ i = 1, 2, · · · , N¤"1 i��N�>³Vi´N��Nþ�>Ö31 i��Nþ�>³�U\§

Vi =
1

4πε0

N∑
j=1

∫
σj
rij

dsj. (16.1.6)

du1 j��Nþ�¡>Ö�Ýσj�Ùþ�o>þQj¤�'§

σj = gjQj,

Ù¥§'~Xê gj´��N|AÛ(�ÚAÛ/Gk'�Ïf"ò��\ª(16.1.6)§·�k

Vi =
N∑
j=1

PijQj, (16.1.7)

Ù¥§Pij´¤¢�>³Xê§

Pij =
1

4πε0

∫
gj
rij

dsj.
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w,§>³Xê���N|AÛ(�ÚAÛ/Gk'"

�½��N�>Ö§�,�Òû½
>³"��§XJ�½
��N�>³§@o�N	�m�

|§Ò�±ÏLLaplace�§�1�>�û½"?�Ú§ÏLpd½Æ§·�Ò�±û½��N¤��

>þ"Ïd§��N�>Ö�>³´�pû½�"ù`²§Ý
�§(16.1.7)´�_�§·�k

Qi =
N∑
j=1

CijVj, (16.1.8)

Ù¥§Cij¡�>NXê£coefficients of capacity¤§

C = P−1.

Ônþ§�±y²§Ý
P ÚCþ´é¡Ý
§

P̃ = P, C̃ = C,

½

Pji = Pij, Cji = Cij.

�N|´ÑU��"lþ�Ù§·�k

U =
1

2

∫
ϕdq.

5¿����ND�³N§·��

U =
1

2

N∑
i=1

QiVi. (16.1.9)

þª�L
�N|¤Ñ��·>U"òª(16.1.7)�\þª§�

U =
1

2

N∑
i=1

N∑
j=1

PijQiQj. (16.1.10)

aq/§e�\ª(16.1.8)§Kk

U =
1

2

N∑
i=1

CijViVj. (16.1.11)

>³Xê�±ÏL¢�?1ÿ½"dª(16.1.7)´�§

Pij =
∂Vi
∂Qj

.

þªL²§�±1 j��N�	¤k�N�>þØC§
UC1 j��N�>þ§,�ÿþ1 i��N

>³�Cz§·�ÒU��>³XêPij"ÿ�P �§C�Ò��
"

� i = j�§Cii¡�>N£capacitance¤¶� i 6= j�§Cij¡�aAXê£coefficient of induc-

tion¤"

3¢SA^¥§<�Ì�'%ü��>�NÚü���þÉÒ>Ö��N|��/"

éuü��N§·�k

Q = CV. (16.1.12)
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Ïd§Ù>N�±��

C =
Q

V
. (16.1.13)

d>N�Uþ�

U =
1

2
QV =

1

2
CV 2 =

1

2

Q2

C
. (16.1.14)

~16.1.1. ¦7á¥N½7á¥��>NC§�¥N½¥���»�R"

). �¥N½¥�¤�>þ�Q"dpd½Æ§¥N½¥�	�>|�

E =
1

4πε0

Q

r3
r.

u´§¥N½¥��>³�

V = −
∫ R

+∞
E · dr =

1

4πε0

Q

R
.

ù�§·�k

C =
Q

V
= 4πε0R.

�

éuü���þÉÒ>Ö��N|§

Q2 = −Q1.

dª(16.1.7)§·�k

V1 − V2 = (P11Q1 + P12Q2)− (P21Q1 + P22Q2)

= (P11Q1 − P12Q1)− (P21Q1 − P22Q1)

= (P11 − P12 − P21 + P22)Q1

= (P11 − 2P12 + P22)Q1.

u´§

Q1 = C(V1 − V2), (16.1.15)

Ù¥§C¡�ü�NX�p>N§Ï~�{¡�>N§

C =
1

P11 − 2P12 + P22

.

ü�NX�>N����

C =
Q1

V1 − V2

. (16.1.16)

dª(16.1.9)§d>Nì�Uþ�

U =
1

2
(Q1V1 +Q2V2) =

1

2
Q1(V1 − V2). (16.1.17)

|^ª(16.1.15)§þª��±��

U =
1

2
C(V1 − V2)2 =

1

2

Q2
1

C
. (16.1.18)
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~16.1.2. ²�>Nì£parallel-plate capacitor¤dü¬�p²1�7á²��¤§Ù¥ü¬7

á²��¡È��§¿�7á²��>����uü��må"�7á²��¡È�A§ü��må

� d§¦²�>Nì�>NC"

). �þ7á��¡>Ö�Ý�σ"du7á²��>����uü��må§Ïd§·��±

�ÑÙ>.�A"u´§dpd½Æ§ü�m�>|�

E = − σ
ε0

ez.

>| ez�²��{���§R��þ"u´§ü��>³��

∆V = −
∫ d

0

E · dr =
σ

ε0

d.

dd§·��

C =
Q1

∆V
=
σA
σ
ε0
d

=
ε0A

d
.

�

~16.1.3. ¦üÓ%7á¥��>NC§�Ù�»©O�RÚR′£R < R′¤"

). �S¥�¤�>þ�Q"dpd½Æ§ü¥�m�>|�

E =
1

4πε0

Q

r3
r.

u´§ü¥�m�>³��

∆V = −
∫ d

0

E · dr =
Q

4πε0

(
1

R
− 1

R′

)
.

dd§´�

C = 4πε0

RR′

R′ −R
.

�

3¢SA^¥§du>NìÑ?1
µC?n§é§�?1Gé½¿é�§§��pm�K�é

�§Ïd§�±�Ñ>Nm�aAXê"ù�§�Gé�§o>³��

∆V =
n∑
1

∆Vi =
n∑
1

Qi

Ci
,

w,§Gé�§z�>NìÑ�k�Ó�>þQ§Ïd§

Qi = Q, i = 1, 2, · · · , n.

u´§

∆V = Q
n∑
1

1

Ci
.
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ù�§·�B�XÚ�o>N§

C =
Q

∆V
=

(
n∑
1

1

Ci

)−1

.

Ï~òþª��
1

C
=

n∑
1

1

Ci
.

3¿é�§o>Nì�>þ���f>Nì�>þ�Ú§

Q =
n∑
1

Qi =
n∑
1

CiVi.

¿é�§z�f>Nì�>ØÑ��§

Vi = V, i = 1, 2, · · · , n.

u´§

Q = V
n∑
1

Ci.

XÚ�o>N�

C =
Q

V
=

n∑
1

Ci.

§16.1.4 �>Ç�î0½Æ

�>|Ø�r�§¢�ÚnØþL²§�N¥�>6�Ý j�>|rÝE¤�'§

j = σE,

Ù¥�'~Xêσ¡�>�Ç£electrical conductivity¤"þªÒ´¤¢�î0½Æ£Ohm’s law¤"

d�§�
�B§<�S.ò>6 I�>{RéXå5§

I = jA

= σEA

= σ
V

l
A

=
V

ρ l
A

=
V

R
,

Ù¥§ρ = 1/σ¡�>{Ç£resistivity¤"

3���¹e§>6�>ØØ2´�5'X§d�§<�Ï~Ú?�©>{£differential conduc-

tance¤§

R =
dV

dI
.
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§16.2 >0�

§16.2.1 >0��4z

¤¢>0�£dielectrics¤§OÃ§�§Ù¢Ò´d�þ>¥5�©f|¤�ý�N"

du>0��©fÑ´>¥5�§Ïd§z�©f�>ü?Ýð�""u´§Ônþ§·��±

�âkÃ>ó4Ýéù
©f?1©aµ�a´k>ó4Ý�§¡�45©f£polar molecular¤§,

�a´vk>ó4Ý�§¡�Ã45©f£nonpolar molecular¤"w,§éu45©f§Ù�K>Ö

¥%7,´Ø­Ü§
k�mål�§~X§HCl§H2O§CO§��"éuÃ45©f§Ù�K>Ö

¥%´­Ü�§~X§He§H2§O2§N2§CO2§��"

Ã45©f�¤�>0�§ÙSÜ�,vk?Û�>ó4Ý©Ù"�´§eé0��\	>|§

Ã45©f��K>Ö¥%¬u)�é £§u´§Ã45©f3	>|e�Ò¼�
>ó4Ý§Ï

~¡��aAó4Ý£induced dipole moment¤"ù`²§dÃ45©f�¤�>0�§3	>|�

�^e§SÜ�±�)>ó4Ý�©Ù§ù¡� £4z£displacement polarization¤"ék45©

f�¤�>0�§�vk	>|�§�,45©fÑ�kó4Ý§�´§du9$Ä���§��©

f�4z��´Ã5�§Ïd§ÚO²þ/w§XÚS�¿Ø�3>ó4Ý�©Ù§��þ§ÓÃ4

5©f�¤�>0�vk�O"�é45©f�¤�>0��\	>|�§duÉåÝ�^§

M = p×E,

45©fò��u¦Ù>ó4Ý²1u>|
ü�§l
¦�ó4Ý�ÚO²þC��"§u´§X

ÚSÜÒk>ó4Ý�©Ù"ù¡���4z£orientation polarization¤"�,§45©f��K>

Ö¥%3>|��^e�¬�)�é £§�k £4z§� £4zØ´Ì��§��'��4z

$��þ?§Ï
�±�ÑØO"

ùp�Ä�´¤¢�^>�/§éuc>N§3vk	|��/e§ÙSÜ�kó4Ý�©Ù§

¤¢gu4z£spontaneous polarization¤́ �§§��Ck'§éE,§ùpØ�U�9
"

éu4z�>0�§duÙSÜ�3ó4Ý�©Ù§¿�z�ó4ÝÑ3�9$Ä§Ïd§Ôn

þ§·�A�Ú^ó4Ý�ÚO²þ5£�4z30�S�©Ù§

P(r) = lim
∆V→0

〈
∑

i pi〉
∆V

.

Ù¥§P¡�4zrÝ£polarization¤"aqu^Á&>Ö5½Â>|§ùp�4�A�n)�÷*

�
�*��NÈ§¿Ø´ý�êÆ¿Âe�ªu"�"÷*�
�*��NÈ´��¢y�§~X§

>�� 10−7 m���¬§ù3÷*þ´v
�
§�´©fº��þ?=� 10−10 m§Ïd§3ù�

�����¬SEk�þ�©f§�±õ� 109�§¤±§�*þw§§E´�~���"Ï�∆V ÷

*�§¤±P�±�N4zrÝ3�mþ�Cz¶Ï��*þ©fê�~��§·��±?1ÚO?

n"ùÒ´þª�Ôn¿Â"P(r)�N
0�S�?4z�rf"
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§16.2.2 4z>Ö

lþ�!4zrÝ�½Â��§NÈ�dvS�>ó4Ý�

dp = P(r)dv.

�âó4f>³�úª§·�k

dϕ(r) =
1

4πε0

dp(r′) · (r− r′)

|r− r′|3

=
1

4πε0

P(r′) · (r− r′)

|r− r′|3
dv′

=
1

4πε0

P(r′) · r− r′

|r− r′|3
dv′.

5¿�

∇′
(

1

|r− r′|

)
=

r− r′

|r− r′|3
,

Ù¥§∇′L«éCþ r′�FÝ§=

∇′ = i
∂

∂x′
+ j

∂

∂y′
+ k

∂

∂z′
,

·�k

dϕ(r) =
1

4πε0

P(r′) · ∇′
(

1

|r− r′|

)
dv′.

È©§�

ϕ(r) =
1

4πε0

∫
V

dv′P(r′) · ∇′
(

1

|r− r′|

)
.

�Ä�

∇ · (ϕf) = ∇ϕ · f + ϕ∇ · f ,

·�k

∇′ ·
(

P(r′)

|r− r′|

)
= ∇′

(
1

|r− r′|

)
·P(r′) +

1

|r− r′|
∇′ ·P(r′),

½ö§

P(r′) · ∇′
(

1

|r− r′|

)
= ∇′ ·

(
P(r′)

|r− r′|

)
− ∇

′ ·P(r′)

|r− r′|
.

u´§

ϕ(r) =
1

4πε0

∫
V

dv′
[
∇′ ·

(
P(r′)

|r− r′|

)
− ∇

′ ·P(r′)

|r− r′|

]

=
1

4πε0

∮
S

P(r′)

|r− r′|
· ds′ − 1

4πε0

∫
V

∇′ ·P(r′)

|r− r′|
dv′

=
1

4πε0

∮
S

P · n
|r− r′|

ds′ − 1

4πε0

∫
V

∇′ ·P
|r− r′|

dv′,

Ù¥§nD¡�ds′�ü ¥þ§

ds′ = nds′.
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-

σb = P · n, ρb = −∇ ·P,

·�k

ϕ(r) =
1

4πε0

∮
S

σb(r
′)

|r− r′|
ds′ +

1

4πε0

∫
V

ρb(r
′)

|r− r′|
dv′. (16.2.1)

��§σbD¡>Ö�Ý§ρbDN>Ö�Ý"§�Ñ´4z�)�>Ö§ØÓugd>Ö§§��

�åP30�S§ØUl0�S6Ñ§Ïd§<�S.þ¡§�©O�åP¡>Ö�ÝÚåPN>Ö

�Ý"

lþ?Ø��§XJ·�^pd­¡�K�¬0�§Kpd­¡S¤�¹�åP>þ�

qb =

∫
ρbdv

= −
∫
∇ ·Pdv

= −
∮

P · ds. (16.2.2)

§16.2.3 > £¥þ

y3§·�5�ÄåP>Öépd½Æ�K�"·�k∮
E · ds =

1

ε0

(qf + qb),

Ù¥§qfDpd­¡¤�¹�gd>Ö§qbDpd­¡¤�¹�åP>Ö"dþ!�(J§·�k

qb = −
∮

P · ds.

ò��\þãpd½Æ§�

ε0

∮
E · ds = qf −

∮
P · ds.

£�§� ∮
(ε0E + P) · ds = qf .

-

D = ε0E + P,

·�k ∮
D · ds = qf .

ùÒ´0�¥�pd½Æ§Ï~¡Ù¥�þD�> £¥þ£electric dispacement¤"

�u�´½n ∮
E · dr = 0,
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vk?Û?�"ù�§0�¥>|��§�∮
D · ds = qf ,∮
E · dr = 0.

7L�Ñ�´§>|rÝE´·>|�Ä�þ§> £¥þD´9Ïþ§§�0��5�k'"

3ëY��«�§·�k�©�§§

∇ ·D = ρf , ∇×E = 0.

e�¦)þãÈ©�§|½�©�§|§KÿI
)0����'X§�e"

§16.2.4 ��'X

4z¥þP´0�é>|E��A§�0��äN5�k'§���UÏL¢�û½"nØþ§

XJ0�kûÐ��.§4z¥þPé>|E��A��±^ÚOÔn5í�"<�Ï~¡4z¥

þP�>|E�'X§½> £¥þD�>|E�'X���'X£constitutive relation¤"

XJ0�4z¥þP�>|E¥{ü��5'X§

P = χε0E,

Ù¥§χ´�����Ã'�~ê§K¡T0���5��Ó50�"Ï~¡þª¥�'~Xêχ�

>4zÇ£polarization¤"éu�5��Ó50�§> £¥þD�>|E���'X�

D = ε0E + P = (1 + χ)ε0E = εrε0E = εE,

Ù¥§ε¡�0>~ê£dielectric constant¤½>NÇ£permittivity¤§εr¡��é0>~ê£relative

dielectric constant¤½�é>NÇ£relative permittivity¤§

εr = 1 + χ, ε = εrε0.

�5��Ó50�´�{ü�>0�§��E,�:�´����50�§Ù��'X�

Pi =
∑
j

χijε0Ej, Di =
∑
j

εijEj, (16.2.3)

Ù¥§χE¡4zÇ§εE¡0>¼ê§

εij = (δij + χij)ε0.

2E,�:Ò7L�Ä��5�A
§��'X���

Pi
ε0

=
∑
j

χijEj +
∑
j,k

χijkEjEk +
∑
j,k,l

χijklEjEkEl + · · · ,
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½ö§

Di =
∑
j

εijEj +
∑
j,k

εijkEjEk +
∑
j,k,l

εijklEjEkEl + · · · .

3ù�Ð���§p§·��LÝº�5��Ó50�Ò�±
"

y3§4·��Ä��:>Ö q§§�±�¿÷
�é0>¼ê� εr�0�§·5�	>|r

ÝE±90��4z"Ã��T:>Ö u�I�:"d> £¥þ�pd½Æ§·�k∮
D · ds = q.

Ï�XÚk¥é¡5§¤±·�k

D =
1

4π

q

r3
r.

u´§d��'X§�

E =
1

εrε0

D =
1

4πεrε0

q

r3
r.

?�Ú§·��±��0��4zrÝ§

P = D− ε0E =
1

4π

(
1− 1

εr

)
q

r3
r.

´�§

∇ ·P = 0, r 6= 0.

Ïd§Ø�I�:	§åP>Ö??�"§

ρb = 0, r 6= 0.

4z¤�)�åP>Ö��3u�I�:?"�Ù>þ� qb§Kd>|�pd½Æ§∮
E · ds =

1

ε0

(q + qb),

�

qb = ε0

∮
E · ds− q.

?���±�I�:�¥%�¥¡§È©§́ �

qb =
q

εr
− q = −

(
1− 1

εr

)
q.

5¿�

εr = 1 + χ > 1,

·�k

1− 1

εr
> 0.

ù`²åP>Ö qb�gd>Ö qÉÒ§§-�
Ü©gd>Ö§¿¦>|~�§ùÒ´0��·>¶

-�A"�éu7á§0��·>¶-�A´Ø���§§�´Ü©/~f
>|"
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>0��~�^å´^§W¿>Nì"~X§dü�Ó%¥��¤>Nì"W¿�é0>¼ê

� εr�0��§ü�m�: £¥þ�

D =
1

4π

q

r3
r, R < r < R′,

Ù¥§q´S��¤��gd>Ö"d´§·��

E =
1

εrε0

D =
1

4πεrε0

q

r3
r, R < r < R′.

u´§ü�m�>Ø�

V = −
∫

E · dr =
q

4πεrε0

(
1

R
− 1

R′

)
.

ù�§XÚ�>N�

C = 4πεrε0

RR′

R′ −R
.

Ï�

εr > 1,

¤±§W¿0��§XÚ�>NO\
§ù�´ εr¡��é>NÇ��Ï"

lþ��!§·�®²��§3ëY��«�§·>|÷v�©�§|µ

∇ ·D = ρf , ∇×E = 0.

�
¦)þã�§|§·�5¿�êÆ©Ûp���­�(JµFÝ�^Ýð�"§

∇× (∇ϕ) = 0,

Ù¥§ϕ = ϕ(r)´��Iþ|£½��n�¼ê¤"u´§-

E = −∇ϕ,

Ù¥§ϕ´���½�Iþ|§Ônþ§¡��Iþ³£scalar potential¤"ù�§þã�§|�1�

��§ð¤á§�é{`§·�®²)Ñ
1���§§§kÃ�õ)§?Û����ëY��Iþ

|£ c2¼ê¤§Ñ´§�)"y3§·��L?�Ú¦)1���§Ò�±
"5¿�D = εE§òþ

ª�\1���§§�

∇ · [ε(−∇ϕ)] = ρf .

5¿�

∇ · [ε(−∇ϕ)] = −ε∇ · (∇ϕ) = −ε∇2ϕ,

·�k

∇2ϕ = −1

ε
ρf .

ù´��Poisson�§§3�½�>�^�e¦)d�§§·�Ò�±¼�XÚ�)"
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§16.2.5 >�'X

Xã16.2.4¤«§���A²�pd�Î­¡äª3.¡�ü>§·�k∮
D · ds = D2nA−D1nA = σfA,

Ù¥§D1nÚD2n´> £¥þ3.¡?�{�©þ§σf´gd¡>Ö�Ý"u´§�

D2n −D1n = σf .

ù´> £¥þ�>�'X"��§XJ�3gd¡>Ö�Ý§K> £¥þ{�©þ3.¡?�3

aC§ÄKÒ´ëY�"3þãí�L§¥§Û¹
È©¥�½nÚ¦¡È�ê"

ã 16.2.4. >�'X

�u>|§�L���A²�Ý/£´äª3.¡þ=�§�ã16.2.4"·�k∮
E · dr = E2tl − E1tl = 0,

Ù¥§E1tÚE2t´>|rÝ3.¡?���©þ"d´§·��

E2t = E1t.

��§>|rÝ���©þ3�L.¡�o´ëY�"3þãí�L§¥§Û¹
È©¥�½nÚ¦

�Ý�ê"

o�§

D2n −D1n = σf ,

E2t = E1t.

ùÒ´·>|�>�'X"

§16.3 �3>0���·>U

�±y²§��Ó5�50�¥�|U�Ý�

u =
1

2
E ·D +

1

2
H ·B, (16.3.1)

Ù¥§H´^|rÝ§B´^aArÝ"
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dd��§��Ó5�5>0��·>U�Ý�

u =
1

2
E ·D. (16.3.2)

ù�§>0�XÚ�·>U�

U =
1

2

∫
E ·D dv.

>0��Ì�^åÒ´W¿>Nì§Ïd§�
�*/n)ª(16.3.2)§4·�5?Ø>Nì�

Uþ"·�^ü«�ª5?Øµ£1¤õU=��*:¶£2¤|U�*:"

1. õU=��*:µ·��±ò>Nì�3>³þ§̂ >³é§¿>§>³¤��õ�ª=z�>

Nì¤Ñ��Uþ"�>³ò>þdqÑ$�>Nì�§§¤��õ�

d̄w = V dq,

Ù¥§V �>Nìþ�>Ø½>Ø�"�â>N�½Â§

V =
q

C
.

u´§·�k

d̄w =
q

C
dq.

ù�§·��

U =

∫
d̄w =

1

2

q2

C
. (16.3.3)

þª¥�U=>NìÑ��>U"|^>N�½Â§þª����

U =
1

2
qV =

1

2
CV 2. (16.3.4)

2. |U�*:µéu²�>Nì§�²��¡È�A§¤�>þ� q§ü�må� d§¤¿0��0

>Xê� ε§KÙ>N�

C =
εA

d
.

�Ñ>.�A§|^pd½Æ§́ �ü�m�> £¥þ�

D =
q

A
.

d��'X§

E =
1

ε
D.

u´§0�¥�|U�Ý�

u =
1

2
ED =

1

2ε
D2 =

1

2ε

( q
A

)2

.

d´��§>NìÑ��Uþ�

U = u · (dA) =
1

2ε

q2

A
d =

1

2

q2

εA
d

=
1

2

q2

C
.
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d��ª(16.3.3)Ó"

4·�25ww¥�>Nì§�Ù�»�R§¤�>þ� q"¥�	W÷0�§0��0>

¼ê� ε"u´§XÚ�>N�

C = 4πεR.

¥�	> £¥þ�

D =
1

4π

q

r2
.

u´§0�S|U�Ý�

u =
1

2
ED =

1

2ε
D2 =

1

2ε

1

(4π)2

q2

r4
.

ù�§>NìÑ��oUþ�

U =

∫
udv

=

∫ +∞

R

u · 4πr2dr

=
1

2ε

q2

4π

∫ +∞

R

1

r2
dr

=
1

2

1

4πε

q2

R

=
1

2

q2

4πεR

=
1

2

q2

C
.

d½�ª(16.3.3)Ó"

þ¡�?Ø��Ñ
¦>N�,�«�ª§

C =
1

2

q2

U
, (16.3.5)

Ù¥�U�±ÏL|U�ÝuO�"

'u·>U§·���2Þ��~f"

~16.3.1. �Ä��²�>Nì§�²��¡È�A§¤�>þ� q§ü�må� d§ü��m�

ý�"£1¤k^>³éÙ¿>§�¿>�þ�>þ� q�§�ä>³§¦e�¤É>|��^å"£2¤

^>³éÙ¿>��²ï§Ø�ä>³§¦e�¤É>|��^å§�>³>Ø�V "

). 1. dõU=�§´�

fextdx = −fxdx = dU,

Ù¥§fx´e�¤É>|��^å§fext�-| fx�±e�²ï�	å§x�þ��e��å

l§U�>NìÑ��Uþ"u´§

fx = −
(
∂U

∂x

)
q

.
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�ü�må�x�§²�>Nì�>N�

C =
ε0A

x
.

u´§>NìÑ��Uþ�

U =
1

2

q2

C
=

1

2ε0

q2

A
x

ò��\ fx�L�ª§�

fx = − 1

2ε0

q2

A
.

ùÒ´e�¤É>|��^å§§��þ�"��§ü�´�páÚ�§�X§A��"

2. d�§Ø fx�õ	§>³���õ§Ïd§

−fxdx+d̄wB = dU,

Ù¥§d̄wB�>³¤��õ"́ �§

d̄wB = V dq = d(qV ).

5¿�

U =
1

2
qV,

·�k

d̄wB = 2dU.

ù�§·��

fxdx = dU.

u´§

fx =

(
∂U

∂x

)
V

.

y3§>NìÑ��Uþ�

U =
1

2
CV 2 =

1

2

ε0A

x
V 2.

u´§

fx =

(
∂U

∂x

)
V

∣∣∣∣
x=d

= −1

2

ε0A

d2
V 2.

ùÒ´e�¤É>|��^å§ü�E´�páÚ�"

�


