
Lecture 27 !
Magnetic Fields Due to Currents III!

Jean-Baptiste 
Biot (1774-1862)!

Felix Savart !
(1791–1841)!



Agenda!
•  Magnetic field inside a!

Solenoid and a Toroid!

•  A current-carrying coil!
as a magnetic dipole !
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Biot-Savart Law for B-Fields!

Uses the !
Right hand Thumb Rule!!⊗ dB

! "!



Analogue of Gauss’ law of 
electrostatics for magnetic 
fields!!
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loop
∫ = µ0 (i1 − i2)

If you have a lot of symmetry, 
knowing the circulation of B 
allows you to know B.!
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B ⋅d!s

LOOP
"∫ = µ0ienclosed

Recap!
Ampere’s Law for B-Fields!
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B ⋅d!s

LOOP
"∫ = µ0ienclosed !∫ a

∝ 4 = 4

 !∫ b
∝ 4 − 9 = 5

 !∫ c
∝ 4 − 9 + 5 = 0

 !∫ d
∝ 4 − 9 + 5 − 3 = 3
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B = µ0ienclosed
2πr

Ba ∝ 4 /1= 4 = 16 / 4
Bb ∝ 4 − 9 / 2 = 5 / 2 = 10 / 4

Bc ∝ 4 − 9 + 5 / 3= 0

Bd ∝ 4 − 9 + 5 − 3 / 4 = 3 / 4

 +4⊙

−9⊗
 +5⊙

3⊗

Ba > Bb > Bd > Bc = 0

B

1/r Law too



29.5: Solenoids and Toroids:!

Fig. 29-17!



Solenoids: Compute the B-Field Inside!

 

!
B ⋅d!s"∫ = µ0ienc  (Ampere's Law)
!
B ⋅d!s"∫ = Bh +0+ 0 + 0

ienc = iNh = i(N / L)h = inh
!
B ⋅d!s"∫ = µ0ienc ⇒Bh = µ0inh⇒ B = µ0in

n = N/L is turns per unit length.!

Ideal (Infinitely long and tightly woven) Solenoid !

Uniform !
B field!!



Page 776!

d!

L!

 ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙
 ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙

 ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙
 ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙

 ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙  ⊙

⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗
⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗
⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗
⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗
⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗ ⊗

 ⊙
 ⊙
 ⊙

i!

 
!
B



Magnetic Field in a Toroid “Doughnut” Solenoid !

Toriod Fusion Reactor: !
Power NYC For a Day on a Glass of H2O !



29.5: Magnetic Field of a Toroid:!

i = the current in the toroid windings !
N = the total number of turns.!

 

!
B ⋅d!s"∫ = µ0ienc  (Ampere's Law)
!
B ⋅d!s"∫ = B2πr

ienc = Ni



29.6: A Current Carrying Coil as a Magnetic Dipole:!



For small z << R

B(z) = µ0iR
2R3 1+ z2 / R2( )3/2 ≅ µ0i

2R2

1 / R2  Law! Double the R one fourth the field.

On the other hand,!



Neutron Star a Large Magnetic Dipole! Bsurface = 10
10 Tesla



For small z << R

B(z) ≅ µ0i
2R2

1 / R2  Law! 
Double the R ⇒ one 4th the field.

Bd > Ba > Bb = Bc = 0



Summary!
•  We used Ampere’s law to determine the 

magnetic field inside a solenoid and a 
toroid.!

•  We used Biot-Savart’s law to show that a 
current-carrying coil behaves like a 
magnetic dipole.!



Solenoid Fusion Reactors !




