
PROBLEMS IN ELECTRICITY AND MAGNETISM 2nd edition

CHAPTER FOUR

4.1 2
����������	�


1cm3 ���� 5×1010 ����������������� 107cm/sec ���! #"%$ � $%&#')(+*-,�./�
1cm3 �0�� 1011 � �#132+
 108cm/sec

� ��� �34��! 5"%$ � $!&5' ( 6�798�: � "+;�<  ;�=�>�?A@�$0' )
J
��B!C =�6D7E;/'/F �#GIH � =#J A/m2 ;/' ( �+;DK 41 L0M+N C $  B!C � 1.7×104A/m2)

4.2 6 O0P!QSR+TIU�V 	-W+X U (GeV)
��102�Y%	 T0V�U�V 	-Z ��[ �/\ �0]�^ 240m

��_�`Sa-b+c�dSe�1
2�
�f ?�: � $�&3'5g+h�= 1 i � T XI�5Z � \  �jIk�F 1011 � ��1�2/
�f ?S&3' 102l� ��� =3m�n dAo� LA +@�: � $%&#' 1�p =+$rq�Ks;A'�t �5u+v @+>5w e 8S& � =�x0y�z|{#< � 1�ple�}+~ � &��A 1��������� � L 
+�0�+�0�%� � � &�tA{ e-�A� < � $+@�$�t!{�{ 1 �%�+ 3����K��  �A13�+2�
 J%�l� 13p���3� {5< ��� � � =�$+��@�$S{�$�79�+�!=�@+$�tA{ e5��� <  $3;DK�� � &#' (I = nNee/.{n→ 1.25×106�

/sec,Ne → 1011 � ,e→ 1.6×10−19}C= 20mA)

4.3 �%� 	¡ %¢A£�¤�¥�13¦/1#§ � 30cm ¨ �#©/ª�«3X U 
 20m/s ��"!$ � $!&5'%t �5«3X U� �=�¬ � � V0£ #�3® 13��
 ����K¯� � «3X U ��° ®�� 1.2×106V/M
��13±+
/²�³ &/k�7� +@�: � $!&#' 13p =#J mA

;/' (0.13mA)

4.4 ´%µ � 13¶+
 1858 ·% 0¸%¹� ¤ ��º 	A»3£�	!» {�¼ �¡X�£�	!» �� �½�;3�  3000km
� ^ � ��¾ #¿Xle�À : � G �0Á e¡Â!Ã <  '+t ��¾ �¿ X��-Ä0� =5Å0Æ � ��Ç�È � � #É�Ê 0.73mm

�-Ë�Ì0

7 Í�<+:�;�9Î+Ï K¯� � $  '

(a)
Ä�����Ð�Ñle�Ò3Ó�Ô k-'�t�t���Õ+L � =�: H � <�@�$ Ë���Ð�Ñ z e 3×10−6Ω·cm {5< �3Ö ��' ( � Í �¾ 5¿ X���Ð�Ñ = Ð�Ñ z ρ � ^ � L � Ã ®�× A ��Ø � { ρL/A � 7 Í�Ù+Ú+��= 30000Ω)

(b)
1#p!�-Û�Ü =�Ý�Á�Þ � � � :  '�Ý�ß �-Ð�Ñ z 
3à 25Ω·cm � � &/{�< ��� Û�Ü!� Ý�Á �-Ð�Ñ0
�¾ �¿ XÌ!�-Ð3Ñ k � ³ :�{�á � ;%:  t+{ eãâ�Ô ' (Rsea = ρseaL/Asea

� t�t¡��Ý \0eãp �I& 1#p!��ä3
 � = 30000Ω
 �@!&�å 24m2 k � ³ :/{ ä0
 : � $%&-;DK )

4.5 Fig.4.6
�

2 æ �¡ç#è�é#ê ®3� � ] 1�� = ε0I(1/σ2−1/σ1) � � &3t�{ esâ3Ô '!t#të� � I[A] = é#ê ® esp �
& 1�p � �I��� À5Ä z σ1

� σ2 = 1/Ω·m
esv#ì { � &ëå�� � &�' (Ohm

�¡í ��k � E1 = J/σ1,E2 = J/σ2
� � µ�&1��Ae

Q { � &�{ é#ê ® -
Ã ®#× A-

esî �9ï0ð P�ºãñ5ò�ó�® e¡ô � � P�ºãñ �¡í � e Ö 7ã{ E2A−E1A = Q/ε0
�

JA = I @!& 13p���}�~le�õ $���ö�k-$�' )

4.6 Õ0÷!@5ø Sn
e-ù  5hI< �0É�Ê e 25% ú�K�<�^ûqë<  ' Ð0Ñ =/6 � q�Kã$ ��ü0ê ��ýA�  ;/'+F�< �l�

Kã rþ W�	ãÿ  ���Kã %< ��� $ � ^ � e 2 �� !<  ' Ð+Ñ =A6D7��+?�:  ;A'�t�t-�It � � ��� L�{ Ð+Ñ
z!=���?|K¡@3;S:  { Ô k�' (4 � )

4.7 100Å
��	 � ��
 { 200Å

��	 � � ø e��ÿ  #×���� Ï���� $ Ä��le�� :  '���� �  ��!&!{����+= ���
 ����%&�;I��<¡�!@0$ 
 � � ®�{ É! +� & C/H5�#1�p  � � & À�Ä z σ⊥ { ®A ���"A@ C/H��#13p%��±0ê!�À0Ä z σ‖


�# @!& �!$/B @�%��+ �@%: � $!&5' 
���À0Ä z 
 ø ��À0Ä z � 7.2 �/� � &A{5< ��& σ⊥/σ‖
e

� µ�k�' (

 jlk('�ø ��	 � e F��*)�� L1

� L2 { � &#' Ã ®�× A @!&�®�{ É� �� & 13p  �+A< �/�3É Ú é, �
2 æ ��Ð�Ñ���ê�-�Ð�Ñle5� µ!&+tA{ã lk � σ⊥ = (L1 +L2)/(L1/σAg +L2/σSn)

� � B � ®|{���"! p �
&-¨ L

��13p  �+!< � = 
���Ð0Ñ { ø ��Ð�Ñ =#Ù+Ú�æ�@�.S{5< ��/ q ' σ‖ = (L1/σAg +L2/σSn)/(L1 +L2)
�

� å e0�1 < � σ⊥/σ‖ = 0.46)
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4.8 1km
� ^ � ��Ë+Ì  6V

��1��le æ+@+$��+' Ë��5À0Ä z!= 1.7×10−6Ω·cm � ����� 1cm3 ���� ��À�Ä1�2%� � 
 8×1022 � � � &5'/t � { H�À�Ä/132%� ��� =�$�q-Ks;�' 1 � ��1�20
 � Ü�e 1
� � &��0��=0$

q�Ks;/' (28µm/sec � 14 ��� )

4.9 	�
 �5G����� ( ������� o�Ì ����� � �I& ) Þ�� 1#2%� � L�=���L à 100km
� {#t��-��� G å 106/cm3e {5&�'/t � � � � �����!� � L/= G ���ûq 1�2%� ���|Þ���"� A=�j�k�F 10cm � � &5'0F/tã� �"! L���=132�� ��� � �D� = 107cm/sec � � &#' À0Ä z!=�$ q�Ks;/' (2.8×104/Ω·cm)

4.10 # �l\��!���l	 = f ? � e�\"$&%+2 ��'�:3< � ï f � � $%&�;�K ��'&( ��) � " Þ����+� "  0æ�$ � =
JD�+*!�/@+$+'A<5;�< Table4.1

� Õ+ß �5À�Ä z ��,+} å e Ö : �S� K� N+ jlk�' N−  103/cm3 @�&-å
 ����K��+�/ö Eq.20 ;�K τ
� å 
 6�7�@�&-; � � K ��& � �0®.--$+'5ß %+2���/10 " ��2�ù%� @ ��� =

5×104cm/sec � � &�'�t � �0� τ
� �0 �ß �"%02 =�6ã�3���"4 ð ;�' (Eq.20  5å e�0�1 < � τ+ = τ− = τ {50} � �/ö τ = 2.35×10−14sec


16 K���&5'�k0: � 1.17µm 4 ð ' )

4.11 Ý�ß ��1��0À0Ä zA=�jlk5F 25Ω·cm � � &5' 1�������� =�7� Na+
�-��	 { Cl−

�-��	 � � &5'�8:9
1cm3 ��D� à 3×1020 �%� &5'�^ � 2m

��;�£ ñ�<>=#T+?/ 5Ý�ß e 1 � � °�@��#1�A  12V
��1��le æ+@

$���{ H0�-��	�� �1�1B0" � LA=�$ q�Kë;A' (J = 12[V]σ/2[m] = 12[V](NNa+ +NCl−)e k � 0.25µm/sec)

4.12 Section4.6  ��/�  $rq¯æ�; �1C � � Õ�÷%@ Y þED 	3� 500K � �#À�Ä L � À�Ä%1�2 jIk�' ��FHG X�� � L e Ö : ��'�( � �1�|Þ������ e5� µ�k-'!t�t��lt � �0��= 132 { G  X �!(+*�� � &!{ 50}+Ô k-'
(τ+ = τ− = τ { 50} ' 5.3×10−13sec)

4.13
Y þID 	�é�ê�J!���  » �+= n-

ù&K5Ä0� { p-
ù&K5Ä0� � �-é�ê ® ��L�M = � � B =�N/ �O 1 < "PA�RQB = �A� O 1 P � 2 æ e q�:ëæ0�  � � {-< � L�S � H &T���l79'#t �515���A��U3ê�V�W ;SK ³ :3{YX��  {

t����+= n-
ù % � \3�51#ì = φn

� p-
ù % � \ � �51#ì = φp @/& } � � � &�' φp { φn

�TZ0

0.3V � 2 æ � O1 P �	 � 
 8[9 0.01cm @/&�{ H � 2 æ � O 1 P \���15� � L e-� µ!kã'�F�< � é3ê ,3. \���ì�\ x

� + � {
< � 15ì�]�^A	�Y�_ X φ

�#¢�£3¤�e+` �5' é3ê ®0� ��15±A��� � =�$�qãK�;+' (x0 = 0.01cm {�j H � é�ê ® e
x = 0cm {�j�q ' 15� � L ��%�a = x > 0 ��= ρ � x < 0 ��= −ρ ' ] ¼Hb 	�B  �c d2φ/dx2 =−ρ(x)/ε0

eEd�e
f�g

φ(x0) = φp,−dφ(x0)/dx = 0 � φ(−x0) = φn,−dφ(−x0)/dx = 0 � φ(0+) = φ(0−), dφ(0+)/dx = dφ(0−)/dx� ��{ë��� q ' x0 > x > 0 � φ = φp−ρ(x−x0)
2/2ε0

� 0 > x >−x0 � φ = φn +ρ(x−x0)
2/2ε0

��h1i � 1�ì%�j , $ k � ρ = ε0(φp−φn)/x2
0 = 2.7×10−4C/m3 � E(0) =−3×103V/m)

4.14 Eq.(20) { Fig.4.10  !+�< ��� τ+ = τ− j!k ' M+ = M− = me(me = 152!� ��k ) � � &�{ 53} <�k%7�'�$f
0.3(Ω·cm)−1 @/& À3Ä z � å 
�À3Ä�lI	+»�\3��1#2 � L 
 1015/cm3 � � ��� f  ( � L �-��F3
 � &  µ��U�m {-< � 6 K��I&�{-<  { H ���DÞT�"�3��=3$|q�K�;�' 500K � �5152A� 2 n���� � L�= 1.5×107cm/sec

� � &5'!t � ����Þ���"1 �{ Y þRD 	 h 2 ��o�X 2.35×10−8cm
e &�� k-' (5.3×10−13sec � ����Þ���"1 

= h 2 ��o1X � j�k#F 300 � )

4.15 Fig4.6
�"p�@!� � Ü�C��-Ð0Ñ�
 ����� 100Ω � � &A{ H �rq @!�$0� � Ü!��Ð�Ñ åA=�$|q-K ;�' (327Ω)

4.16 � ÜHC+� R0

 �+�SK¯� � $A&A{ H � p�@%�"@02 � ��Ð0Ñ å 
 R0  $ <�q @A&  µ� 0= R1

� å!=0$�q
Kã �@!& � H ;/' (R1 = R0/

√
3)

4.17 Þ�"1s �"l = ^ þë� 0.5Ω
��Ð�Ñle æ+@�t  {3t�� l = ^ þë ��@02/1�u�
 12.3V ;DK 9.8V  �vxw {ã$�79'�t � { H#�&y � Ð0Ñ =+$�q�Ks;/' (0.13Ω)

4.18
¦A1�z

E � y � Ð+Ñ Ri
�31��+
�{ � Ð�Ñ R  é , � �  { H � � G!��| m+z!= R = Ri {5<  { H  
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6 K¯��&�t/{ e-â�Ô ' ( ∂
∂R

RE2

(R+Ri)2 = 0
e �%�#ö�k�$�' )

4.19 � G Ø â å 50µA � y � Ð0Ñ 20Ω
�#1�p+Ò�
 � &5' 2 æ �-Ð0Ñ R1

� R2 { 1.5V
�#1���e Ö : � t �#1�pÒ!e�Ð�Ñ+Ò  ����%&�t�{ 
 � H &�'+t ��Ð�Ñ+Ò ;�K�� � $/& 2 æ �"@�2�e æ�@�t  { H 0 Ω


 � G Ø â åA 
@!: � $A&�' � <�q���� e æ+�/&A{ ����� Ð0Ñ R

e t � 2 æ �"@�2  3æ�@�t  { H
	%��� �/� Ð�Ñ å 
�â �
�I&5'�A %t0tã�+=�� G Ø â å ��K�%0
 15 Ω

� Ø â � � &+k�7¯ /<  $�' R1
� R2

� åA=0$�q-Kë�A6�7 é ,
<  K��+$�; ô �lk-' f  5 Ω { 50 Ω

� Ø â =/F��*)#��J µA
� {#t��5 �æ��  K��+$�;/' (R1 = 0.01Ω �

R2 = 15Ω � 5 Ω = 37.5µA � 50 Ω = 11.5µA)

4.20 3 æ �ãÐ�Ñ { Ä3Ì ;IKë@+&�¿ £ =sT W =sT�ñ � 3
@�2

a � b � c

 � &�' 2

@#2 � �ãÐ#Ñ!eR, : ��� Rab = 30Ω �
Rac = 60Ω � Rbc = 70Ω � � &+tA{ 
1% ;S:  '�t � ¿ £ =#T W =�T5ñ �+\ =/6D7�@�: � $!&-;/' C�� 6�w
Ks;A'�t � Q ��{��1$+
 @+$3;/'�t � 2 æ �5W =#T#ñ�=���]% $�� ; ��� ��@rq9ö 2 æ ��� $ e �/;DK��� � H & ,�}0í = � &�;/' (

$��
)

4.21 � ÜHC�\  5 æ � & Ð0Ñ =5] � 100Ω � � 8 1��%��¦�1�z = 1.5V � � &�' @02 A { B
� � ��� � Ü�1u =�$�q�Kë;�' f ���� < � 6 K¯�S& 1�p =0$�q�Kë;/'�� -

^ ¿�� 	�$�� � Ü%� E0 { R0
e�� µ�k�' (0.3V �

2.5mA � E0 = 0.3V � R0 = 120Ω)

4.22 q C+� � Ü%� 2
@02

A { B  Ð0Ñ R

 æ�@ 
 �  '/t ��Ð0Ñ � ������1�z3
 � G  0@!& R

� å e5� µ
k�' � -

^ ¿�� 	�$�� � ÜIe� ��� Problem4.18
��U&mle�!+õ < � �#" Ô k�' f  R � � � G��#�A1�z =+$

q�Ks;/' (E0 = 60V � R = 20Ω � 45W)

4.23 Fig.4.25
��Ä+� %�� 
 n-

ù�Y þ+D 	 � À0Ä&l�	A»  1cm3 ���� 1015 � �3132+
 � &%{ � &#'�O 1 P� ´�$ 13� � L � å!= 13±���GIH � 
 30,000V/m � � :  { Ô k�' 1��A�  \"$  �@�: � 13±+
#% V# +@
&  µ0 += 132le 6�� �+��� ì � Ô @����/ö/@SKã@�$3;/' (1.7×10−7cm)

4.24 Section4.7
� ��´ ��&�'���( {�< � 2 æ ��@02%� � & 1

M+

10cm

��)/B��%� ¿ £ =5T W =#T5ñ e-ô �
kl79'�8 @+2 = Ä�Ì ��� � � Ü { é , � � � $%&#' Q � � % =�� � ;�K+* Ã � � � $%&#'�t � � Ü�,�2  à

1A
�310p+
+p � � $%&�' p �.- ð 10p {�� � " q 1�p�
./.0�%�� � ��� � : � $  {#<!kl7�'�F � Q

 +=�JD� ¦ t�: � $�@+$�{5<  { H � t �5W =#T�ñ �31�ìle 1000V  � tl& �  � � &��+�+=+$rq5Ks;A'
( dV

dt = 1
C

dQ
dt = 10−6[C]

C
� t+t�� )/B�����¥A1�1 k C = y�é�2#)0Ä�� 
|{I� é#2�)�Ä+� 
 � 1 k � �S{ ô � �à

7pF ��3 � ' 13ì =540� 1
7 ×106V

d�6 � &5'lk0: � 7ms ' )

4.25
1���1 k C

� D 	ã S	 i% e�Ð�Ñ R
e æ+@�$3��� 1 <  ( � � Ð�Ñ � ���#� Q#7 X O! 
.8 9�D 	ã 	 i�3 59A��K¯� � $  Q.7 X O!3 $ <�$�tA{ e-â�Ô ' :/; 
 Q


#% V� +@!& � = t = ∞ � � &�;DKëÍ;  0=�<l< � D 	� I	 i!�=�� 1 < H : � $0@0$l{+= � <  {�</k�79'�t � = ��eã�?> � H &�;�'#$�q�æ3;��50}�� �/{ã 13�+
�1�2 1 � %  �@%&���� e�Ò3Ó < � �%& � �+k¡; ��79' (C = 104pF � R = 100kΩ
� �Ü  3V

�#15@le æ+@!.�A 1 < � ;�K 15@le�B : � � 1 <  { H�1�2 1 � %If � 1���
 úI&��0�0= 26msec '
� } � � 26 � )

4.26 ^ � ��$ <�$ 2 Í � C?D#E+
 � &#' � æ+= K Ê a
�Aa�F � � &5'l�l7 � æ+=�� "!@�G#®/� aIHIe�B �î : � � H & d ® ��K Ê a ;�æ�¬3® ��K Ê b

��d  �" q _ 6�J q¯@%&�K ��E � � &#'�t ��E��5d ®�{�¬�®e-é , <  { H#�5Ð+Ñ å%= a�F�E���Ð+Ñ å � a/b �A� � &�t!{ e�â�Ô 'ML 	 U :
E = � $ a P e × ��� Ï� � H � $!&!{ ô �Ik�' (R = ρ

π
∫ L

0
dx

(a+ b−a
l x)2


 � � L
��Ð�Ñ � � &#' )
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4.27 5 æ ��Ð+Ñle�� ð � Ü��l��@+2 T1
� T2 � ��$+��Ð�Ñ Req

e�ô �Ikl79' Req
� Ø&c e#� µ!&�8 � B {5<� T1 { T2 � ��1�ì�Z V


 ����K¯�  { H T1
e-p �S& 1�p�e �!$ ��� Fã�/;�K Req = V/I  �k3: � "/� e� µ%&�8 � B�
 � &#'�t���=  $AFD7�®��%@!<�;���� � $�8 � $ Ò�ÓIe 8|K�@+���AöA@�Kã@+$�'/F!t�� G��� "/� e�� � � < f j�79'

Req =
R1R2R3+R1R2R4+?+R2R3R4+R5(R1R3+R2R3+?+R2R4)

R1R2+R1R4+?+R3R4+R5(R1+R2+R3+R4)

� Ü����5����$le�ô ��&!{ ?
�
	le�� µ!&+t/{ 
 � H &5' (a) R5 = 0 � (b) R5 = ∞ � (c) R1 = R3 @%& 3 æ � � @ ±�ê  É é Req

e�Ò3Ó <  U1m {�t � Ø1c e &�� k-' (
%�2��

?= R1R4
� %��%� ?= R2R3)

4.28 ��k 
 10kg � 20A·hour
����z�e�� æ 12V

��D�/1���
 � &5'
(a) t ��1���
 � 1 <  { H����?D =5J kg � H &-;/' (PbSO4

�"%�2 k!= 303 � � &5' )
(b) ��z 20%

� Q 	��!	 � 1kg
� P>bIþ 	 ;DK 6  Q.7 X OA e 9A��&  µ0 �=�t ��1��le J kg � � { �

&-;/' ( P>blþ 	��
���1/ = 4.5×104J/g � � &5'�� ((a)0.23kg � (b)100kg)

4.29 � \51�� @�6� Ö ?���&¡g0h � 1.5V
����1�� =�� A � � &�� D! Ae"��# < � � A ��=?G ��#%$A	 P 	

MnO2
e

Mn2O3  �� # � Ô &+tA{ã �k3&5Q#7 X OA e-î � �+< � $!&5''&)( , - � DA1�� { *�?���& 
 ( ,E =#Å�Æ � � � &5' ) � � 90g
�

size D(
v

1)
�/1�� =�j�k#F 30 ��� � � 100mA *�+�� H &#'

(a) t ��1���� 9�,AQ.7 X O! e J/kg � � µ � Probrem4.28
��D�/1���� 9�,AQ.7 X OA�{�q�K � k�'�-�.

@�tA{¡ �/1�� =�A 1 � H @+$0'
(b) ��z 50%

� º�/ 	 < e t ���/1�� 1 � �3"+;�<  { H�0�
 6 � q-Kã$ � w d t�K¯�S&��3�S7�;/' ((a)
v

ì ��k ���� 2.08 � � (b)60kg
� ��k|{ � &%{ 13.8m)
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