
Electromagnetism

Introduction to Electrodynamics 4th David J. Griffiths 

Chap.10 Potentials and Fields

Prof. Tsun Hsu Chang

TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang

2023 Spring



Exercise List

4, 11, 15, 16, 27, 28

Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( )

( )

( )

( ) ( )

( )

( )

0

0

0

0 0

0

0

0 0

ˆ0 cos

ˆcos

In vacuum 0 & 0

0 cos 0

ˆ ˆcos sin

ˆ= sin

0 cos 0

y

x

z

V A kx t
t

kA kx t

A kx t

A kx t k A kx t

k A kx tt
t

kA kx t

t

 





 

   

 



 


= − − = − + −



=  = −

= =

  =   =  − =

 =  − = − −
 

 = −  
−  

  =   =  − =

 = −


 = 


A
E y

B A z

J

E E

E z z
B

E B
z

B B

B
E

B

( ) ( )

( )

2
0 0

2
0

ˆ ˆcos sin

ˆsin

xkA kx t k A kx t

A kx t
t

 

 

  − = −



= −


y y

E
y

2 2
0 0

0 0

k
k ck   

 
=  = =



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( )
( )

( )

( ) ( )

( ) ( )

( )
( ) ( )

2 22 2

2 2

2 22 2

2 2

2 2
0 0 0

2 2 2 20

0

2 20 0

2 2
2 20

0

0

,
ˆ ˆ, 2

4 4 4

1 1
ˆ

2

ˆ ln
2

ˆ ln
2

ct s ct sr r

ct s

ct s ct s

ct s

t kkt t s z c
t d dz dz

s z s z

k
t dz dz

cs z

k ct s
t s z z

c

k ct
t

  


  













− −

− −

− −

−

 − + 
  = = =  

  + +

 
  = −
 + 

 
−  = + + −

  

+
=

  

 

J r
A r z z

z

z

z

r

( ) ( )2 22 2ct s ct s

s c

 
− − − 

 

( )
( )

0

,1
It's electically neutral , 0

4

For , 0 For :

tt
V t d

t s c t s c







 =  =

 = 


r

r

A

r



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( )

( ) ( ) ( )

( )

( )

( )

( ) ( )

( )
( )

2 2 2 2
0

2 2 22 2 2

2 22 2
0

2 2 22 2 2

2 2
0

1
ˆ ln

2

ˆ ln
2

ˆ ln   or 0
2

k ct ct s st c t c t
V c

t s s
ct ct s ct s c ct s

k ct ct s ct ct s ct ct

s
ct ct s ct s ct s

k ct ct s
t s c

s













   + − = − − = − + + − 
   + − − −   

  
+ − − +  = − + −

  
+ − − −   

+ −
= − = 

A
E z

z

z

( ) ( )2 22 2
0ˆ ln

2

k ct ct s ct s
t

s c





 
+ − − = − 

 
A z



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( )

( )

( ) ( )

( )

( ) ( )

( ) ( )

( ) ( )

2 2
0

22 2 22 2 2

2 22 2 2
0

2 2 22 2 2 2

0

2 22 2

0

ˆ ˆ
2

ˆ
2

ˆ
2

ˆ
2

s z

k s ct ct s s s
A t

sct ct s s ct s c ct s

k s ct ct s ct s s s
t

ct ct s s ct s c ct s

k ct s
t

s ct s c ct s

k


 
















  
+ −  =  = − = − − − +

  
+ − − −   

  
− + − +  = − − +

  
+ − − −   

− 
= − + 

− −  

= −

B A

( )

( )

( ) ( )
2 2

2 20

2 2

ˆ  or 0
2

kct s
ct s t s c

sc
sc ct s




 

− +
= − = 

−

( ) ( )2 22 2
0ˆ ln

2

k ct ct s ct s
t

s c





 
+ − − = − 

 
A z



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( )
( ) ( ) ( )

( )

( )

( )

( )

2 2
00 0 0 0

2 2 2 20

2 2 2 2
2 20 0

2 2

0 0

2 2

0 0

3 2
2 2

,
ˆ ˆ, 2

4 4 4

ˆ
2

ˆ
2

ˆ ˆ  or 0
2

r r

s

s z

t q t t s z cq
t d dz dz

s z s z

t s z cq c s z
d s z c

zs z

q c

ct s

q cs
A t s c

ct s

V

   


  










 



 

−



 − +
  = = =

 + +

 − + + = + 
 +

=

−

=  = − = − = 
 − 

= −

  



J r
A r z z

z

z

B A

E

r

( )

( )
3

0 0

3 2
2 2

ˆ   or 0
2

q c t
t s c

t
ct s






− = = 
  − 

A
z



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( )( )

( )
( )

( )
( )

2 2
2 2

2

2 20 0

0 0

2 2

ˆ ˆ ˆ ˆcos sin sin cos

ˆ ˆ ˆ ˆcos sin ,

sin cos 1 1 0

1 1
,

4 4

, s
4 4

r r r r r

r r r

t a t t t a t t

z a
z t z a t t z a c t t t t

c

t a t t

qc q
V t

c z a

qc q a
t

c z a

    

 

  

 

  

 

   = +  = − +   

+
 = − = − + = + = −  = − 

 = − =

= =
−  +

= = −
−  +

w x y v x y

z w z x y

v

r
v

v
A r

v

r

r

r

r

r

r

r
( ) ( ) ( ) ( )

2 2 20

2 2

1
ˆ ˆ ˆ ˆin cos sin cos

4
r r r r

r

q a
t t t t

c z a

z a
t t

c


   






    + = − +    

+


+ = −


x y x y



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( ) ( )( )

( ) ( ) ( ) ( )

( ) ( )( )

( ) ( )( ) ( )

( ) ( ) ( )

( )

2
2 2 2 2 2 2

2
2 2 2 2 2

2
2 2 2 2 2 2 2 2 2

2 2
2 2 2 2 2 2 2

2
22 2 2 2

2 2 2

cos 2 cos

cos 2 cos

= 2 cos cos

2 c

c t c v r c t

c t t c v t t c t

c t Rv v t c v R Rvt v t c t

c v t Rv c v R Rvt c v t

c v t c v tRv Rv

c v R Rvt

 

 

 

−  + − −

   = − +  + − +  + −   

= − − + − + + −

   = − − + − + − −   

 − − − + 

+ − +

r v

R v v R v R v

( ) ( )

( )

2
2 2

22 2 2

os

cos

c v t

R v c v





 − − 

 = + − 

( )
( ) ( )( )

( )

( ) ( )

( )

20 2 2 2 2 2 2

22 2 20

2 20

20

1
,

4

1

4
cos

1

4
1 cos

1

4
1 sin

qc
V t

c t c v r c t

qc

R v c v

q

R v c v c

q

R v c












=

−  + − −

=
 + − 

=
 + − 

=
 − 

r

r v



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

0 0 0

2

0

2 2 2r

= = =

=

  =  +  +   +   =

 =   =  +   =

r v r v v r r v v r v

r r r r r r r

( ) ( )( ) ( ) ( )( )

( ) ( )( ) ( ) ( ) ( ) ( )

( ) ( )( )( )

1 2 1 2
2 2

2 2 2 2 2 2 2 2 2 2 2 20

0

3 2
2

2 2 2 2 2 2 2 2 20 2

0

3
2

2 2 2 2 2 2

4

1
2

4 2

2
8

qc c t c v r c t c t c v r c t

qc c t c v r c t c t c v r

qc
c

c t c v r c t













− −

=

−

     
  = −  + − −   +  −  + − −    

  

       =  −  + − − −   −  + − −        

= 

−  + − −

A r v v v r v

v r v r v r v

v

r v

( ) ( ) ( ) ( )2 2 2 2t c v r
 −    − −  r v r v

( ) ( )( )( )
( ) ( )

( ) ( )

( ) ( )( )( )

( ) ( )( )( )

2 2 20

3
2

2 2 2 2 2 2

2 2 2 2
0

3
2

2 2 2 2 2 2

3 2
0

3
2

2 2 2 2 2 2

2 2
8

4

4

qc
c t c v

c t c v r c t

qc c t v c v

c t c v r c t

qc v t

c t c v r c t













   =  −  − − 

−  + − −

−  − − 
=

−  + − −

− 
=

−  + − −

A v r v v r

r v

r v v r

r v

v r

r v



( ) ( )( )

( ) ( )( ) ( ) ( )

( ) ( )( )( )

1 2
2

2 2 2 2 2 2

0

3 2
2

2 2 2 2 2 2 2 2 2 2 2

0
0 0

3 2

3
0 2

2 2 2 2 2 2

0 0

4

1
2 2 2

4 2

4

V qc
c t c v r c t

t t

qc
c t c v r c t c t c c v c t

t t

qc v t

c t c v r c t

V

t







 

−

−

= =

  
= −  + − − 

 

        
= −  + − − −  −  + −  −−        

       
    

− 
= −

−  + + −


 − =  



r v

r r
r v r v v r

r v

r v

A

Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( ) ( )( )( )

3 2
0

3
2

2 2 2 2 2 2
4

qc v t

c t c v r c t





− 
  =

−  + − −

v r
A

r v



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

1 2 1 2 1 1 2 1 2
2 2 2 2 2

0 0 0 0

1 11
=tan

4 4 4 2 42

q q q q q q q qct
I F dt dt

bc bcbc bb c t

 

   

 
−

− − −

    
= = = = −       +  
 

1 2
2 2 2 2

0

1
ˆ

4

q q

b c t
=

+
F x

1



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

2

2
0

2

2
0

1
ˆ , to the right of the charge

4

1
ˆ , to the left of the charge

4

q c v

c v

q c v

c v





 + 
 

− 
= 

− −  
 + 

x

E

x

r

r

( ) ( ) ( )

( )

( )

( ) ( )

( )
( )

2 2 2
2 2 2

2

2 2 2
2 2 2

2 2
2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2

2

2

2

2

r rr r r

r r

r
r

r

c t b
c x b c t tt t t t

c t

c t b
x ct t tx b c tt

ct
c t c t

c t c t b ctv c t bt v ctxb c t x tt c t b c t b

−
= − = = +  =−

 + = =−= +  
 

 −= = −  = = =    +  + + 

r w

( ) ( )

( )

( )

1
2 2 2 2 2 2

2 2

2 2 2 2 2 2 2 2
0 0

2 2 2 2 22 2 2
2

2 2 2 2 2
0

2 2 2
2

2 2 2
2 2 20

2
2

2
2 2 20

1 1
ˆ ˆ1 1

4 4

2
ˆ

4 22

4
ˆ

4

ˆ

r r

q qc v c t b c t b

c vx x c t b c t bt t

q b c t bc t b

c t b c tct

q c t b

c tc t b

q b

c t b

 







−

−

  −  − −
= − = − − +      +  + +  

  ++= −  
+ 

= −

+

= −

+

E x x

x

x

x



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( )

( )

2
2

2
2 2 20

2
1 21

2
2 2 20

ˆ

0, 0

ˆ, 0

q b

c t b

t

q q b
t

c t b





= −

+




= − 


+

E x

F
x



Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

( )

2 21 2 1 2 1 2 1 2
1 2 2 2 2 2 2 2 20 02 2 20 0 0 00

1 2
2 1

0

1 1 1 1

2 2 42

4

q q q q q q q qt
I b dt b dt

bc bcb b c t b c tc t b

q q
I I

bc

 

   





    
 = − = − + = − = −    + + +

 = − =

 

1 2
2

04

q q
I

bc




=


	投影片 1: Electromagnetism
	投影片 2
	投影片 3
	投影片 4
	投影片 5
	投影片 6
	投影片 7
	投影片 8
	投影片 9
	投影片 10
	投影片 11
	投影片 12
	投影片 13
	投影片 14
	投影片 15

