Formula Sheet 2 – Additional Formulae to Those Given In the Inside Cover of Griffiths

(When quoting a formula from here write down the formula and its number)

Trent University: PHYS-COIS 3200Y – Electricity and Magnetism
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1. DEFINITIONS

Source charges & currents usually denoted by primes:


					(1.1)

					(1.2)

					(1.3)

2. ELECTROSTATICS


				(2.1)


				(2.2)


						(2.3)



	(2.4)


		(2.5)


	(2.6)


				(2.7)


				(2.8)


						(2.9)



						(2.10)

		(2.11)


		(2.12)

						(2.13)

					(2.14)

					(2.15)




3. SPECIAL TECHNIQUES


	(3.1)


 (3.2)


For arbitrary charge distribution at the origin :

	(3.3)


	(3.4)


	(3.5)


	(3.6)

4. STATIC ELECTRIC FIELDS IN MATTER


	(4.1)


	(4.2)


	(4.3)


	(4.4)


	(4.5)


	(4.6)


	(4.7)


	(4.8)


	(4.9)


	(4.10)


	(4.11)


	(4.12)


	(4.13)

ver 2018_01_08

5. MAGNETOSTATICS


					(5.1)


	(5.2)


						(5.3)


			(5.4)


			(5.5)


				(5.6)


						(5.7)

			


	(5.8)


		(5.9)


					(5.10)


(5.11)


						(5.12)



			(5.13)


		(5.14)




For an arbitrary current distribution at the origin and  the angle between  and :


		(5.15)


						(5.16)












6. STATIC MAGNETIC FIELDS IN MATTER


	(6.1)


	(6.2)


	(6.3)


	(6.4)


	(6.5)


	(6.6)


	(6.7)



	(6.8)


	(6.9)


 	(6.10)


	(6.11)


7. ELECTRODYNAMICS


	(7.1)



	(7.2)


	(7.3)


	(7.4)


	(7.5)


	(7.6)





[bookmark: _GoBack](7.7)
ver 2018_01_08

image1.wmf
i

j

ij

r

r

¢

-

¢

=

Ã

r

r

r


image46.wmf
(

)

(

)

(

)

r

J

r

B

I

l

d

r

B

enc

r

r

r

r

r

r

r

r

0

0

     

          

m

m

=

´

Ñ

=

×

ò


oleObject46.bin

image47.wmf
(

)

(

)

0

   

          

          

0

=

×

Ñ

=

×

ò

r

B

a

d

r

B

r

r

r

r

r

r


oleObject47.bin

image48.wmf
(

)

(

)

r

A

r

B

r

r

r

r

r

´

Ñ

=


oleObject48.bin

image49.wmf
(

)

(

)

)

  

also

 

and

 

gauge,

 

(Coulomb

       

0

2

r

J

r

A

r

r

r

r

m

-

=

Ñ


oleObject49.bin

image50.wmf
(

)

(

)

(

)

(

)

ò

ò

ò

¢

Ã

¢

=

¢

Ã

¢

=

¢

Ã

¢

=

l

d

r

I

a

d

r

K

d

r

J

r

A

r

r

r

r

r

r

r

r

p

m

p

m

t

p

m

4

4

4

0

0

0


oleObject50.bin

oleObject1.bin

image51.wmf
0

2

 

,

1

 

,

=

-

^

^

medium

towards

medium

away

B

B


oleObject51.bin

image52.wmf
(

)

1

2

0

2

 

1

  

ˆ

 

®

´

=

-

n

K

B

B

medium

medium

r

r

r

m


oleObject52.bin

image53.wmf
a


oleObject53.bin

image54.wmf
r

r


oleObject54.bin

image55.wmf
r

¢

r


oleObject55.bin

image2.wmf
i

i

r

r

¢

-

=

Ã

r

r

r


image56.wmf
(

)

(

)

(

)

ú

û

ù

ê

ë

é

+

´

=

¢

¢

=

å

ò

¥

=

+

...

ˆ

4

 

        

cos

1

4

2

0

0

1

0

r

r

m

l

d

P

r

r

I

r

A

n

n

n

n

r

r

r

r

p

m

a

p

m


oleObject56.bin

image57.wmf
a

I

m

r

r

 

=


oleObject57.bin

image58.wmf
B

m

N

r

r

r

´

=


oleObject58.bin

image59.wmf
(

)

B

m

F

r

r

r

r

×

Ñ

=


oleObject59.bin

image60.wmf
B

m

U

r

r

×

-

=


oleObject60.bin

oleObject2.bin

image61.wmf
(

)

(

)

r

M

r

J

b

r

r

r

r

r

´

Ñ

=


oleObject61.bin

image62.wmf
(

)

(

)

n

r

M

r

K

surface

surface

b

ˆ

´

=

r

r

r

r


oleObject62.bin

image63.wmf
(

)

(

)

(

)

r

M

r

B

r

H

r

r

r

r

r

r

-

=

0

m


oleObject63.bin

image64.wmf
(

)

(

)

(

)

r

J

r

H

I

l

d

r

H

free

enc

free

r

r

r

r

r

r

r

r

=

´

Ñ

=

×

ò

   

          

,


oleObject64.bin

image65.wmf
(

)

(

)

0

2

 

,

1

 

,

=

+

-

+

^

^

medium

towards

medium

away

M

H

M

H

r

r

r

r


oleObject65.bin

image3.wmf
r

r

¢

-

=

Ã

r

r

r


image66.wmf
1

2

2

 

1

  

ˆ

 

®

´

=

-

n

K

H

H

free

medium

medium

r

r

r


oleObject66.bin

image67.wmf
)

  

also

 

and

 

material,

linear 

 

(if

   

          

          

H

M

m

r

r

c

=


oleObject67.bin

image68.wmf
(

)

(

)

(

)

(

)

r

H

r

H

r

B

m

r

r

r

r

r

r

r

c

m

m

m

+

=

=

1

0

0


oleObject68.bin

image69.wmf
(

)

(

)

r

E

r

J

r

r

r

r

 

s

=


oleObject69.bin

image70.wmf
dt

d

a

d

B

l

d

f

s

F

-

=

ï

þ

ï

ý

ü

×

=

F

×

=

ò

ò

e

e

      

   

r

r

r

r


oleObject70.bin

oleObject3.bin

image71.wmf
(

)

(

)

(

)

t

t

r

B

t

r

E

dt

d

l

d

t

r

E

¶

¶

-

=

´

Ñ

F

-

=

×

ò

,

,

  

          

,

r

r

r

r

r

r

r

r


oleObject71.bin

image72.wmf
òò

å

Ã

×

=

+

=

F

¹

j

j

j

j

j

j

l

d

l

d

M

I

M

LI

1

1

0

1

1

1

1

1

4

 

          

r

r

p

m


oleObject72.bin

image73.wmf
2

2

1

LI

W

=


oleObject73.bin

image74.wmf
(

)

ò

=

space

all

d

r

B

W

 

2

0

2

1

t

m

r

r


oleObject74.bin

image75.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

t

t

r

E

t

r

J

t

r

B

t

r

B

t

t

r

B

t

r

E

t

r

t

r

E

¶

¶

+

=

´

Ñ

=

×

Ñ

¶

¶

-

=

´

Ñ

=

×

Ñ

,

,

,

      

0

,

,

,

       

          

,

,

 

0

0

0

0

r

r

r

r

r

r

r

r

r

r

r

r

r

r

r

r

r

r

r

e

m

m

e

r


oleObject75.bin

image4.wmf
12

2

12

2

1

0

2

ˆ

4

1

Ã

Ã

=

q

q

F

pe

r


oleObject4.bin

image5.wmf
(

)

å

=

Ã

Ã

=

n

i

i

i

i

q

r

E

1

2

0

ˆ

4

1

pe

r

r


oleObject5.bin

image6.wmf
(

)

(

)

(

)

(

)

ò

ò

ò

¢

Ã

Ã

¢

=

¢

Ã

Ã

¢

=

¢

Ã

Ã

¢

=

P

S

V

l

d

r

a

d

r

d

r

r

E

ˆ

4

1

ˆ

4

1

ˆ

4

1

2

0

2

0

2

0

r

r

r

r

r

l

pe

s

pe

t

r

pe


oleObject6.bin

image7.wmf
(

)

(

)

(

)

0

0

         

          

e

r

e

r

r

E

Q

a

d

r

E

enc

r

r

r

r

r

r

r

=

×

Ñ

=

×

ò


oleObject7.bin

image8.wmf
(

)

(

)

0

   

          

          

0

.

r

r

r

r

r

r

r

=

´

Ñ

=

ò

r

E

l

d

r

E


oleObject8.bin

image9.wmf
(

)

(

)

(

)

(

)

(

)

r

V

r

E

l

d

r

E

a

V

b

V

b

a

r

r

r

r

r

r

r

r

r

r

r

Ñ

-

=

×

-

=

-

ò

      


oleObject9.bin

image10.wmf
(

)

(

)

0

2

e

r

r

r

V

r

r

-

=

Ñ


oleObject10.bin

image11.wmf
(

)

å

=

Ã

=

n

i

i

i

q

r

V

1

0

4

1

pe

r


oleObject11.bin

image12.wmf
(

)

(

)

(

)

(

)

ò

ò

ò

¢

Ã

¢

=

¢

Ã

¢

=

¢

Ã

¢

=

P

S

V

l

d

r

a

d

r

d

r

r

V

r

r

r

r

l

pe

s

pe

t

r

pe

0

0

0

4

1

4

1

4

1


oleObject12.bin

image13.wmf
 

       

2

 

1

  

0

2

 

,

1

 

,

medium

medium

medium

towards

medium

away

E

E

E

E

r

r

=

=

-

^

^

e

s


oleObject13.bin

image14.wmf
(

)

å

å

å

=

=

>

=

Ã

=

n

i

i

i

n

i

n

i

j

ij

j

i

r

V

q

q

q

W

1

1

0

2

1

4

1

r

pe


oleObject14.bin

image15.wmf
(

)

(

)

(

)

ò

ò

=

=

space

all

d

r

E

d

r

V

r

W

 

2

0

2

2

1

t

e

t

r

r

r

r

r


oleObject15.bin

image16.wmf
V

Q

C

=


oleObject16.bin

image17.wmf
d

A

0

C

e

=


oleObject17.bin

image18.wmf
2

2

1

CV

W

=


oleObject18.bin

image19.wmf
(

)

(

)

(

)

å

¥

=

+

÷

ø

ö

ç

è

æ

+

=

0

1

cos

,

l

l

l

l

l

l

q

q

P

r

B

r

A

r

V


oleObject19.bin

image20.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

8

/

15

70

63

       

8

/

3

30

35

2

/

3

5

 

          

          

2

/

1

3

       

          

          

          

1

3

5

5

2

4

4

3

3

2

2

1

0

x

x

x

x

P

x

x

x

P

x

x

x

P

x

x

P

x

x

P

x

P

+

-

=

+

-

=

-

=

-

=

=

=


oleObject20.bin

image21.wmf
)

 

and

 

between  

 

(

r

r

r

r

¢

a


oleObject21.bin

image22.wmf
(

)

(

)

(

)

(

)

ú

û

ù

ê

ë

é

+

×

+

=

¢

¢

¢

=

å

ò

¥

=

+

...

ˆ

4

1

 

        

 

 

cos

1

4

1

2

0

0

1

0

r

r

p

r

Q

d

r

P

r

r

r

V

n

n

n

n

r

r

r

pe

t

r

a

pe


oleObject22.bin

image23.wmf
å

=

¢

=

n

i

i

i

r

q

p

1

r

r


oleObject23.bin

image24.wmf
(

)

t

r

¢

¢

¢

=

ò

d

r

r

p

r

r

r


oleObject24.bin

image25.wmf
(

)

(

)

[

]

 

ˆ

ˆ

.

3

1

4

1

3

0

p

p

r

E

dip

r

r

r

r

-

Ã

Ã

Ã

=

pe


oleObject25.bin

image26.wmf
E

p

r

r

 

a

=


oleObject26.bin

image27.wmf
E

p

N

r

r

r

´

=


oleObject27.bin

image28.wmf
(

)

E

p

F

r

r

r

r

Ñ

×

=


oleObject28.bin

image29.wmf
E

p

U

r

r

×

-

=


oleObject29.bin

image30.wmf
(

)

(

)

n

r

P

r

surface

surface

b

ˆ

×

=

r

r

r

s


oleObject30.bin

image31.wmf
(

)

(

)

r

P

r

b

r

r

r

r

×

Ñ

-

=

r


oleObject31.bin

image32.wmf
(

)

(

)

(

)

r

P

r

E

r

D

r

r

r

r

r

r

+

º

0

e


oleObject32.bin

image33.wmf
(

)

(

)

(

)

r

r

D

Q

a

d

r

D

free

enc

free

r

r

r

r

r

r

r

r

=

×

Ñ

=

×

ò

       

          

,


oleObject33.bin

image34.wmf
        

2

 

,

1

 

,

free

medium

towards

medium

away

D

D

s

=

-

^

^


oleObject34.bin

image35.wmf
2

 

1

  

2

 

1

  

medium

medium

medium

medium

P

P

D

D

r

r

r

r

-

=

-


oleObject35.bin

image36.wmf
(

)

(

)

(

)

)

  

also

 

and

 

,

dielectric

linear 

 

(if

       

0

r

E

r

r

P

e

r

r

r

r

r

c

e

=


oleObject36.bin

image37.wmf
(

)

(

)

(

)

(

)

(

)

(

)

r

E

r

r

E

r

r

D

e

r

r

r

r

r

r

r

r

r

c

e

e

e

+

=

=

1

0

0


oleObject37.bin

image38.wmf
(

)

(

)

(

)

(

)

ò

ò

=

×

=

space

all

r

space

all

d

r

E

r

d

r

E

r

D

W

 

2

0

 

stored

tot  

2

 

2

1

t

e

e

t

r

r

r

r

r

r

r


oleObject38.bin

image39.wmf
(

)

B

v

q

F

r

r

r

´

=


oleObject39.bin

image40.wmf
(

)

(

)

t

d

B

J

da

B

K

dl

B

I

F

 

 

ò

ò

ò

´

=

´

=

´

=

r

r

r

r

r

v

r


oleObject40.bin

image41.wmf
v

I

r

r

 

l

=


oleObject41.bin

image42.wmf
ò

^

=

=

dl

K

I

v

K

        

          

 

r

r

s


oleObject42.bin

image43.wmf
ò

=

=

a

d

J

I

v

J

r

r

r

r

.

         

          

 

r


oleObject43.bin

image44.wmf
(

)

(

)

t

t

r

t

r

J

¶

¶

-

=

×

Ñ

,

,

r

r

r

r

r


oleObject44.bin

image45.wmf
(

)

(

)

(

)

ò

ò

ò

¢

Ã

Ã

´

¢

=

¢

Ã

Ã

´

¢

=

Ã

Ã

´

¢

=

t

p

m

p

m

p

m

d

r

J

a

d

r

K

l

d

I

r

B

2

0

2

0

2

0

ˆ

4

ˆ

4

ˆ

4

r

r

r

r

r

r

r


oleObject45.bin

