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Problem (6. 1) � 

'-i.J� u�l 0_)� ol� �.J ' (2 e) i..i.J� r.NI 0_)� ol� � �ts. I�J 
. (3 nm) i..,i.J� U;JI_,lll U:H �WI 4..!WI.J ,(10 e) 

1 • •  � . . A...&:il.:i..uJ · · " 'I o .·:11 I� ..u. l . � .. .. .J� _JSJ _) • .J 

F =  1 q1 q2 
4;r &o r2 

r = 3 nm = 3 X } o-9 m 
q1 = 2e = 2(1 .6 x J0-19 C) 

q2 = JOe = 10(1 .6 x 10-19 C) 

&0 = 8.85 x l0-12 N-1 . m-2 . C 2 

Solution �� 

1 20(1 .6 x 1 o-19 C)2 F =  ( ) 9 2 
4 

2: 8.85 x Jo-12 N-1 . m-2 . C2 (3 x lo- m) 

F = 5.12 x J o-10 N 

Problem (6.2) �� 

uJ_;s.l).J ol_,lll � ..u.I.J u__,J.JY. � �lui�\ t+Jb � �.J_)�I 0_)� ufo 
UC 1 agl. a9'i ( e ) �lui�\ A.b.JJI 4.l.o :JI..S. � ,o \_,lll J..? o)� _) ..u.I.J 

...;.JI.:, o l_,lll J..? u.J.JS.lill )� ul �_)I . (5.3 x Jo-1 1 m) 4.!� L6 .:.,� 

. �) �\ 

. �1 � ���� y�l o_,! - 1  

. (me = 9. 1 X 1 rF31 kg) U.J_;s.l"/ I � ul w..Jc \jj 'U.JJlS.liU �)�\ � y.JI -2 

..:;;{ 1 57� 
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Solution �� 

- 1  

1 (1.6x10-19C/ =--�-------------------�----��� 
4 (2:Js.85xl0-J2 N-l m-2 C2 (5.3xJO-J Jm)2 

= 8.2 x10-8 N 

Centripetal Force �jS__;.JI ��4JI o�l i..jJLu;j (8.2x 108 N) o�l ul -2 

: i..jJLu;jJ o l_,.i.JI Jy.. o)� � l.JJfii/1 � ��J 

F =m a e 

2 - v a =--r 
. ) .l.J\ � u.....,_j ( r ) '�) .l.JI l.JJJlS.li/1 :i.e.� � ( v ) � 

· I� . J 

1 
= [8.2 x10-8N X 5.3 X 10-11 m J2 9.1 x 10-31 kg 

v = 2.18x106m . s-1 
<00( 1 58 )o> 
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Problem ( 6.3) 'JL..wt 

: �) ( r ) Aj� I <>g I a•: uc I <>g l. ogl ( e ) � � �  C»i.JfiJ 
-� ( �L..JI �-P·-:l�l ) �.J"Ji�_,�l ;;�1 - 1  

- � ��4-JI -o�l -2 

Solution �\ 

1 (1 . 6 X 1 0- 19 C) 2 = ------------'---------'--

4 ( 2:)8.85 X 10-12 N-1 m-2 C2 r 

: �WI y� Cji_»i u�L! 0-<> tA..)4-:iJ � ( Fg ) ��4-JI ;;_;11 �i -2 

F = G m1 m2 g 
r2 

G = 6.67 x 10-1 1 N . m 2 . kg 

F = 6 67 1o-1 1 N k (6. 1 x 1o-31 kg) 
g . x . m2 . g 2 

Fe = 416 X 10 42 
Fg 

Fe = 416 X 1042 Fg 

r 

,q\J:i.l\ ;; � -.::..u .� � 1 �1 · · .-:� 11 · w�b.:iJI :; .� :U� � ... · :UWI o� • ...r ..r; J..T ' (..);l-l.J�, � . . ..r � (.)-Q-' 
- � ��_,�1 

� 1 59� 
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Problem (6.4) �L... 

( a )  A.!WI t4J � '��� w� w.uJ 41Jjl � (b , a) (6 . 1 )  �I 

w.JI wlh.&ll � � )� LAI ' (  30° ) ( (} ) �.l)l_, (2. 0 em) 
;;_;ill �_,I ,.ul� �� � �JA ���� '�·J!h_, (3 .0  x Jo-6 C) � 

· ';/ I wlh.&ll . ...!w · ( ) �I t_ ;; :. • . 11 ( F ) t&:itiJ.JJ . - � �� .r...S� -..r . (..}'l ql � YJA' 1 � � J� 

Solution J:JI 

o.J'4c � �J '�'+il � � ( ft1 ) IAJ� y_,lh.JI ;;_jill ul �_,h..JI . � 

�� �J .);11�_, ft16 , ft15 , ft14 , ft13 , ft12 �'+i'il r...S.Jill A..c. � uc 

' 

(6 .4) AJWI ' (6 . 1 )  � 

""' 1 60� 

: ul � (6. 1 )  

1 

(6) 
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: u1 � ( 6. 1 b) �� �J (.S y..1 o y _;l;..ll'-u 

= 

= 1 q: (1 - 2 X ( 0. 5)) = 0 
4 7r &0 a 

.Sin( e) = 0. 5 ��_, ,_;�ii.JI ..) A..;_,� w�l u1 �j 

Problem ( 6.5) �� 

� ljJ_, '( 6. 8 fm ) '-i-'L.y ( R )  r.J:tii-.J�I 0-.Jj o l� radius �� � u\.S ljJ 
.;��� J4-JI o� �) .�IJ ..)  � � tJfo ol_,.ill � u1 �ftl 

.o l_,.ill � � � � 

Solution J.:t..ll 

1 (92) (1 .6  x 1 o-19 C) 
= ���----------------( 22 ] (6.8 X 10-I5m)2 4 7 8.85 X 10-12 N-1 . m-2 C2 

= 2.9 x 10 N21 / C  

Problem (6.6) �� 

ljJL.y (6. 2) �I ..) �_,..JI ' Point charge �I �I )� u\.S ljJ 

( B ) �� �1 ' (2. 0 m) \A-.JJ! �� � ( A ) �� �-' ' (1 . 0  fJ C) 
. (1 . 0 m) ¥ 

� 1 61 �  
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. (6. 4 - a) �I .} ( VA - VB) �I Li) �) - 1  

. (6. 4 - b) �I .} ( VA - VB) �l li� �_,i -2 

e-1.0 m-e • 2.0 m • • 
B q A 

= -4500 v 

(a) 

B 

l 
l .O m �2.0 m--• 

q A 
(b) 

Solution �� 

- 1  

: ujJ 4A�I � �.J ( r )  �WI )iia � � ���� �I ul � -2 

VA - VB = -4500 V 

� 1 62� 
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Problem ( 6. 7) �� 

� 4kJ � (C2 = 600 PF) ' (C1 = 200 PF) � � � 0� 
. (120 Volt) � �I Li) _;1......:. � � � '($ji_,Jjl 

q1 = C1 V 

= (200 x 1 o- 12 F)(l20 V) 

= 2 .4 X 1 0-8 C 

q2 = c2 v 

= ( 6oo x 1 o-12 F)(120 V) 

= 7.2 X 10-8 C 

q = qj + q2 

= (2 .4 + 7.2) x 10-8 = 9 .6 x 10-8C 

C = C 1 + C 2 

= ( 200 X 10  - 12 ) + ( 600 X 10  - 12 ) 

= Boo x 1 o - 12 F 

C = 8 x 10 - 1 ° F 

� 1 63 �  

.� � � �1 �) - 1 

. �� ��1 �1 -2 

Solution J.=r..ll 

- 1  

-2 
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Problem ( 6.8) tl� 

� �J � ( C2 = 6 PF ) , ( C1 = 3. 0 PF ) � JS � ull& 

. ( V = 1000 Volt ) o).ll.a � Li� ��I �J � ,JI_;JI 

1 1 1 - = - + -
c c1 c2 

1 1 1 = -- + -- = --
3 PF 6 PF 2 PF 

c = 2 PF = 2 x 1o-12 F 

q = C V 

= (20-12 F)(Jooo V) = 2 x 10-9 c 

q 2 X 10-9 
V1 = - = = 667.0 Volt 

cl 3 x 10-12 

q 2 x 10-9 
V2 = - = = 333 .0 Volt 

c2 6 x 10-12 

"" 1 64 );;> 

-�-� �\.S..JI �I �_;1 - 1 

Solution �I 

- 1 

-2 

-3 
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Problem (6.9) �� 

4..!WI_, ' (-3 # C) 4�1 )iiA_, ' (2 # C) �}11 )iiA u��� u� 

��� A...h..JJI 1- :. . .. -:II �� · - <' 11 o _..:II .b. 1 (30 ) 1 - • • . . .  . .. � YY � .. .. _,� _,.,... . J . em � 

Solution �� 

q 1 = 2 f.1 c = 2 x 1 o-6 c 

q2 = -3f.1 C = -3 x 10-6C 

r = 30 cm = 30 x 1 0-2 m 

& = 1  r 

:iJ<Ji�_,�l o�l �� �}=·'i .. ,; �WI �I .) �_,lfi u_,.it:! � u�J 
. . � ��I A..h...tll I_ :. , .. -:lj . '-.?- J .. � yy � 

1 (2 X 10-6 C)(-3 X 10-6 C) = ------------��--�-
4Jr(8.85 X 10-12 N-1 m-2c-2 )(1) (30 X 10-2 m)2 

= -6.0 N. 

Problem ( 6. 1 0) �� 

lJ:hl :iJSJ'i�_,�l o�l �_,I .( 18 e ) '-i-'t....i:J u_,c.J'll O.J� o l_,.i � -.:utS I �J 
. (  1 . 0  nm ) � �1..i11 4..!WI ' U_,c) �.J� �l_,.i 

� 165� 
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Solution �I 

q1 = 18e 

e = 1 .6 X 10-19 C 

r = 1 .0 nm = 1 .0 x 1o-9 m 

. 0,ll..JI Jl y.JI � � JJ � � �I j:JI .)� L,l 

: � CJ_Ji;. )1 I _; .Jj _;I _,.i L».J :i j'> jil.luJ 3�1 ;; .;JI ujJ 

F = 1 q1 q2 
4n &0 &r r2 

1 [1 8(1 .6 x 10-19 c)f = --------------------
4rc( 885 X 1 o-12 N-1 m -2C2)(1) (1 .0 X 1 o-19 m )2 

= 7.46 X 10-8 N. 

Problem ( 6.1 1) 'J� 

� J...ut:i11 (3 10-9C) lA I� � 1 '; I  · 1  � -:  · kl..ull t\..:...j . · t.J  .< .. .J X .) r...s".J � U ... l)A U ..r 

� (3. 0 nm) 1...\.J� A..!� Ld . ;,� uc l ad l. .,ol ' (120 x 10-9 C) 1...\)� 

I . .  : . .  �l.luJ . .  <'. II ;; .::II .1:1.. l I . · II . � .. ..  _J� ...}"J • .J . � � 

Solution �I 

r = 3. 0 nm 

�I � ���.J ' (c0 , &r ) � � lS�';I  �lj:JI ylUJI i.j.J:ljc ��I 

: ul � �) fi u_,.iW �WI 
<0{ 1 66);>-
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F =  
1 q1q2 

4rc &o&r r 2 

1 (3 x 10-9 C)(l20 x 10-9 C) 
= -------------------

4rc(8.85 x 10-12 N-1 m-2C2 )(1) (3 x 10-9 m)2 

= 3 .6  X 10 1 1  N.  

Problem (6. 12) tl� 

�lu-� ':!� .l.....lji �� �Jt.,·;; 1\ �lu--�1 4;., .�,II )� .J--A '--..a 

� .(1 m) 4.!� 4Jc � � � (IN/ C ) o)� 

q = ? 

r = l m  

E =  F ( N ) 

q ( C ) 

E =  1 q 

4 7r  B a & r r 2 

q = 4rc &0&r (E)(r2 ) 

= 4n (8 .85 x 10-12 N -1m-2C2 )(1N I C)(lm2 ) 

= 1 . 1 12 x 10-1°C. 

"'"' 1 67� 

Solution �\ 
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Problem (6. 13) a.JL­

J_,.b t��� (.j.J� � (.)'l.J:u � �� wl.h...tll �.J (6. 3) �� ..}  
2JJ�.J ( Q ) �� � �.J � �� 4.b..JJI o) .. .&J.J � �� .( a ) � 

11 :G l.........a ( C ) �� � 6l:i..JI ·.< q 'u · . < II J�l W .. .. 
'-.5", .. .J �_)A '..? ..r . � . .. � � 

Q 

/\ 
a a 

L :� 
+1 .0 p.C +1.0 p.C 

(6 .13)  :UWI '(6 .3)  � 

._ft....:JI 

Solution J,:.JI 

ul (.jl . l� ufo ul � �� :i i  . .., ... JI _;/Jb � � �� � c �� 
i..j��� J.�l � + 1 f.-LC J + 1 f.-LC uc �Ull ���� �4--.JI � 

. Q 4.b..JJI uc ��Ull J� o�';l  ..} W� .J A._;.JL.......a ufo ul � ( y ) 
ul � 1+i�JA _)J E2 J E3 � JS � 

- E2x = E3x => -E2 cos .30 = E3 cos 30 

2JJ� ,_ft....:JI (.j.JI....W �� .J�I � 4 1  . .., ... Jl ul (.jl 

E3y = E3 sin 30 

<( 168� 
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{5 0. 745a = �a 
3 

1 
= --

q 2 sin 30 (�ar 
1 X 10 -6  c 

(0 . 5) = 8091 N 
5 2 a 2 C -a 
9 

. .  Q = -2 x Jo-6 C. 

: �  
' .... u · a � (y) .J�I ul-c ���� J�I :i l · o' 41 CJI �'; 
� � 1�_, U:fi.--�1 uJib .�.II lJ-.-..4 J-.S � ��l..lll J�l 

. 1 c �1 -: h t l -,: 1 >"1 . 1 :  ·, . I t: 1 ·· · Q � · > II 1 " 
� . ""-;-JI.........uJJ w _)1---...ul f �_J '-"'�!· '-'6!-'-· --"41 � j � ,.__,....A:.,._• --''""""'<, A ,.,. , ,, j � 

. (6 . 4) �� 

� 169� 
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y 

1 

', 
a + i .O ;..t "?' 

(6 . 1 3)  AJWI ' (6 .4) � 

Problem (6. 14) 'J� 

� J_,b �y. (.}llJ.iJ � �_, �4� w� �) �! (6 . 5) �I .) 
J�l o�l_, )� �) (q = l x l0-8 C) �I )�_, ' (5. 0 em) '-,?)� 

· 'I · 1'" > I I ·.< • 'w · -C'tl -�� � �_)A � � -� 

(6 . 1 4) AJWI ' (6 . 5) � 
<.{ 1 70� 
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y 

a d 

/ / 
q / 2 �------------� q 

( 6.6) �� .):JI : Solution �\ 

X 

/ ' 
/ 3 2 ', 

(6 . 1 4) :UWI ' (6.6) � 

£x = E1 - £3 

= 1 2q q --- = 1 q 
4Jr &0 (a2 I 2) 

9 2 I 2 - s  
= (8.

99 x 10 N.m C )(l .O x 10 C) = 7. 19 x 104 N I C  
(0.050 m)2 I 2 
1 q 4 Ey = E2 - E4 = 2 = 7. 19 x 10 N I C  

4;r &0 (a I 2) 

<;;{ 1 7 1 �  
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1 1 
E = (E2x + E2y )2 = (14 .38 X 104 N / C)2 = 1 .02 X 1 05 N /C  

E 
Q = tan -1 

--..L = tan -1 (1) 
Ex 

Problem (6. 15) � 

� � \ qgl.  oql (202. 0 em2) � � �l..uw �jl_ji.q �) � u..A � 
. (0. 4 em) � ���� 

-�� � .l?-) - 1 

�� .l?-) .(500. 0 V) ���\ WI�\ A.:l_,! .J� �� �� �J � -2 

.c) � � ���� 

. (8. 0) '-iJL.i:J �� ��J '(0. 4 em) � �WI � c) Jt.=..�J � -4 

:U ... . II A....Js..ll �Lb..ll � I  ,. �� '- U��� twu . . c 11 �� � I � .. . J � . ..s- .. . .. .  � . J 

-� 

Solution �\ 

d = 0.4em = 0.4 x 10-2m 

& = 1 r 

� 1 72� 
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-�� � -1 

= 4.47 x 1o-1 1  F 

(v = 500 Volt) : ���� A.h..::JI :.4--:.'/ -2 
LfJ = q = cv 

= ( 4 .47 X 10-1 1  F)(500V) = 2 .23 X 10-8 c 

1 P.E = -qV  
2 

= .!_(2.23 x 1 o-6 C)(500 V) 
2 

= 1 . 1 15 x 1 0-5J 

E = V = (500 V) = 1 .25 x 105 (V !m) 
d (0.4 x 10-2 m) 

c (2)A.Jwl · w:&JI � £ = ___1_ = r..r r C1 (1)A..lwl � w:&JI � 

C 2 = &r C1 = (8.0)( 4 .47 x 10- 1 1  F) = 35. 76 x 10-1 1  F 

q 2 = c 2 v = (35. 76 x 1 o-1 1  F)(5oo V) = 1 .  78 x 1 o-7 c 

� 1 73 >  
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Q = q2 - ql 

= (1 . 78 x 1 o-7 C) - (2.23 x 1 o-s c) 

= 1 .565 x  10-7 C 

P E = !_ qi = !_ (1 . 78 x 1 o-7 C)2 
. 

2 C2 2 (35 . 76 x 10- 1 1 F) 

= 4.44 x 1o-5 1 

Problem ( 6. 16) 1JL.­

�I �� � �) ,� 1�1 �) � k)l u� La� (3. 0 f1 F) � � 
� �I �WI w.il£ I�J ,�_,ill � JjWI k)l JA �I u� La� 

. (2. 8) (.,?JL.ij 

c 1 = 3 .o JL F = 3 x 1 o-6 F 

c2 = ?  

£ = C2 = �� JA JjWi k)l 
r C 1 tl_;ill JA JjWI k)l 

2 .8 = 
c2 

3 x  10-6 F 

-< 1 74» 

Solution J,:JI 

o b e i k a n d l . c o m



C2 = (2 08)(3 x l0-6 F) = 8.4 x l0-6 F 

= 8.4J1 F 

Problem ( 6. 17) � 

: �� .) AJ�I A..p.��l AJUJI �) (600 0 P F) � � 
(2 0 K V) � . I . , . _ 11 .. • . I . .. · :. �� 1 0 0 .. y l.);hl � ljj! � � � -

0 (3 00 x I0-8C) cJ � � �� �� ufo �� -2 

Solution �\ 

c = 6000PF = 6ooo  x Jo-12 F 

(V  = 20 0 K V) �� t."i) 0� �� A.J�I �-P��� AJUJI - 1  

v = 2 X J03 V 

POE = !_c V2 = !_(6o oo x Io-12 F)(2 x 103 V)2 
2 2 

= 2 04 X 10-4} 

q = 3 oo x Jo-8 c 

POE = !_ q2 
2 c 

= 1 (3 00 x 10-8 C)2 = 705 x 10_6 10 
2 (6000 X 10-12 F) 

-2 

Problem ( 6. 18) �� 

� w.its 1 �1 ' (50 0 x 10-5 C) '-:i.JL;j �� ' A6•;.,.t, ' ul:ii� uti� uti.fi. 
�� �� (1 o N) tA 1� �t:lll o ·' 11 · �tw · · '  .�UJ o .Q • ·w o ·' .J 0 .) .. _;.;>-' (.).4 .. .. .J� ...r J'" (.).4 -.r ...)-"' 

o 0< '" '- A...uw . o q �� 1� � l (2 o ) 1 . • � • •  �WI A.jWI · .<-: 0 ...)-"' � � .. . � .J • .J 0 0 m � u� 
� 1 75� 
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Solution �I 

q1 + q2 = 5 00 x 1o-5 c 

;;�I �..a1 ,�t::JI ;;fill A.h.& � (q2) ,�}xl ;;fill A.h.& � (qi) � 
0 • � 1 - • � . .  4...&.ut:l...u . 0 q · � � ... ... J� 

1 ON = 1 qlq2 0 
4;rc (8085 x 10-12N-1m-2c2 )(1) (20 0m)2 

q1 q2 = 4 0448 x 1o-10c 

(q1 + q2 ) = 50 0 x 1o-5c 

40 448 X 1 0-JO C 
q, =-----

0 0 0 ( 1 )  

0 0 0 (2) 

0 0 0 (3) 

: u1 � (2) � (3)�y..j 

4.448 x 1 o-10c _ 5 0  10_5c q2 + - o X 
q2 

Problem (6. 19) tl� 

; "� LaS ' (3 7 1 o-9 N) · o t::� · · 1 · 4...&.ut:l...u o . q  ;; .·:q lii..a ; 1 . .  C"'f"' 0 X u:-u � J:l � .. .. .J� _,... .J c-':':1 

0 (5 X 10-10 m) � �WI AJWI 

� 1 76� 
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j-'l - �\..b11 '-:?�Y _ oJ�;n � Yl>fl��� u.. us ii! w\J_,_;s.l)'l u.. rS -2 

. u� �4�1 JJLUII raJc :Ub 

Solution J:a.,ll 

1 q 2 
(3 7 x J0-9 N) =----------. 

4n(8.85 x l0-12 N-1m-2c2 )(1) (5 x l0-10m)2 

q = 3 .2 x Jo- 19 c .  

: � UfJ Ji"ll u.. JS tA.ll! �� w\J _,�I JJc ujJ 

N = q = 3.2 x Jo-19 c = 2 
e 1 .6 x J0-19C 

Problem (6.20) �L....w 

0.1! ,t l_).ll .; ly.. T..i_,_;s.ll � �_NI F u.. 4!.J u_,�1 c) �� 
o_,ill uJfo � J_,�l u_,_;sbU �4 y..T u_,fil �J-'1 u� ul � 

.�� .cl}j �_,1 Y Jj"l l u_,�1 uJ_, o..,! (':A �  WUll :iJ'\Ji�_,�l 
4.. 1 77., 
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Solution J:t..ll 

d = e 
1 1 

= 5 . 1  m. 

..;( 1 78 );;> 
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