
!"#$%&'()*+,,(
-.(/.01%23.4(5/"&(/.(67&(0728&(07#5.(
720(2(9#.062.6(972"4&(:&.0/6;(((((+((<&"/=&(
2.(&>8"&00/#.(?#"(67&(&%&96"/92%(8#6&.32%(
26(@+(

A+B(

C%&96"/92%(8#6&.32%0(2::(%/D&(
092%2"0+((E.(!"#$%&'()*+,FG(5&(
:&2%6(5/67(2(0&'/9/"9%&+((E.(
8"#$%&'()*+,)G(5&(:&2%6(5/67(
67&(H&%:(#.I%/.&(5/67(2(%/.&(#?(
972"4&G(&>9&86(/.(6726(920&(67&(
!"#$%&'(&$')*+,'-&*%,"'=2"/&:+((
J2D/.4($/60(2.:(8/&9&0(#?($#67(#?(
67#0&(65#(8"#$%&'0G(5&(92.(
5"/6&K(

O
R

! 2R2R

Vtotal =      Vcircle     + 2            Vline

      = k qon circle

R
!
"#

$
%&
+ 2 k dqline

x + R( )x=0

2R

'
!
"#

$
%&

R

R + x

2R

x

dq = !dx

dx

)+B(

C>82.:/.4G(5&(
92.(5"/6&K(

Vtotal =   k qon circle

R
!
"#

$
%&

  + 2 k dqline

x + R( )x=0

2R

'
!
"#

$
%&

       = k
( 2)R

2
!
"#

$
%&

R

!

"

#
#
#

$

%

&
&
&
+ 2 k (dx

x + R( )x=0

2R

'
!
"#

$
%&

       =        k()        + 2(k dx
x + R( )x=0

2R

'
!
"#

$
%&

       =        k()        + 2(k ln(x + R) x=0
2R( )

       =        k()        + 2(k ln(2R + R) * ln R( )( )
       =        k()        + 2(k ln 2R + R

R
!
"#

$
%&

!
"#

$
%&

       =        k( ) + 2 ln 3( )( )( )      


