The Law of Biot and Savart
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dB = increment of magnetic field due to segment ds

μ0 = magnetic permeability of free space
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Functional version:
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Long straight wire
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Flat Loop
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Example Problem
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Find the magnetic field at P, a point directly between the two wires.
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Now, a proton suddenly appears at P. What is the force on the proton?
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[image: image24.wmf]What is the magnetic field at P?
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Find the magnetic field at the center of

 the loop

[image: image43.wmf]00

32

0

2

2

0

2

0

sin

44

sin0

4

4

R

idsrids

dB

rr

ids

dB

R

Ni

Bds

R

p

mm

q

pp

m

p

m

p

´

==

=9

=

ò

rr

[image: image44.wmf]0

2

Ni

B

R

m

=

[image: image45.wmf]p

·

[image: image46.wmf]B

Ä

[image: image47.wmf]3

m

[image: image48.wmf]20

A

[image: image49.wmf]30

A

[image: image50.wmf]P

·

[image: image51.wmf]1

2

B

B

Ä

e

[image: image52.wmf]5

210/

Vms

=´

[image: image53.wmf]ds

]

^

[image: image54.wmf]0

222

0

0

0

2

1

0

21

2

iR

s

B

RsR

i

B

R

i

B

R

m

p

m

p

m

p

¥

éù

=

êú

+

ëû

éù

=-

êú

ëû

=

[image: image55.wmf]i

¯

[image: image56.wmf]p

·

[image: image57.wmf]r

[image: image58.wmf]q

[image: image59.wmf]ids

r

[image: image60.wmf]0

3

4

idsr

dB

r

m

p

´

=

rr

r

[image: image61.wmf]i

­

[image: image62.wmf]p

·

[image: image63.wmf]R

[image: image64.wmf]¥­

[image: image65.wmf]-¥¯

[image: image66.wmf]s

[image: image67.wmf]ds

¯

­

[image: image68.wmf]q

[image: image69.wmf]What is the magnetic field at P?

[image: image70.wmf]0

3

0

2

4

sin

4

idsr

dB

r

ids

dB

r

m

p

m

q

p

´

=

=

rr

r

[image: image71.wmf]f

[image: image72.wmf](

)

(

)

(

)

(

)

00

3/2

2

22

22

0

3/2

22

00

3/23/2

0

2222

44

4

42

idsRidsR

dB

r

Rs

Rs

iR

ds

dB

Rs

iRiR

dsds

B

RsRs

mm

pp

m

p

mm

pp

¥¥

-¥

==

+

+

=

+

==

++

òò

[image: image73.wmf]22

sinsin

RR

r

Rs

qf

===

+

[image: image74.wmf]22

sR

+

[image: image75.wmf]q

[image: image76.wmf]2

tan

tan

sec

s

R

sR

dsRd

q

q

qq

=

=

=

[image: image77.wmf](

)

(

)

(

)

22

3/23/23/2

2

2222232

22

2222

secseccos

tan1tan

11

sin

dsRdRd

d

R

RsRRR

dss

RR

RssR

qqqqq

q

qq

q

===

+++

æö

==

ç÷

++

èø

òòòò

ò

[image: image78.wmf]22

sin

s

sR

q

=

+

[image: image79.wmf]B

Ä

[image: image80.wmf]P

·

[image: image81.wmf]ds

[image: image82.wmf]i

[image: image83.wmf]N turns

Find the magnetic field at the center of

 the loop
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