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Magnetic Forces on Currents



Summary of Magnetic Forces

Lorentz force law:

N L = Angle
F=qvXB between
IF| = |g|v Bsin® % and B.

Force on a wire of length L carrying current |

in a magnetic field: ﬁ‘”f'e
. ) etween
F=IBL sinf < 7o 4B

Force on two parallel wires separated by a
distance R:

Uo 111,
F = L
2T R

g = 4w x 1077 N /A?




Forces on a Loop of Current in a
Magnetic Field

* Consider a rectangular loop of wire carrying current [
in a magnetic field.

* The orientation of the loop is given by the unit vector
n perpendicular to the plane of the loop.



Torque on a Current Loop

* Magnitude of torque is T = IabB sin 6

* Direction s perpendicular to § and n:



Torque on a Current Loop

* |In general, the torque does not depend on the
shape, just the area.

 With N turns of wire in the loop, multiply by N.
f=NIAT




Magnetic Fields From Currents

Long, straight wire:

AT perian loop

A=y
VAV
Observation: B « [ /R
Magnetic field lines curl around the wire

— use the right-hand rule to get the direction

How can we work out the exact form of B?



Ampere’s Law

* For any closed path the encircles a current,

z By As = Wolenciosed
Ass
/ As,
m L
NIW,
e This usually isn’t useful unless we find a path that is
parallel to B everywhere.

* For example, a circular path around and
perpendicular to a long, straight wire.




Ampere’s Law

Amperian loop

VEVAY
* From the symmetry of the wire when rotated

around its axis, we expect |B| to be constant
along circular paths of radius R.

ZB”ASZZT[RB — ,LlOI
S

Circumference of a
circle of radius R.




Ampere’s Law

N\
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ZB” As =2m R B = ‘LlOI

Ho 1
B =——
2T R

g =4m x 107 N/A?



Ampere’s Law

 Example: what is the magnetic field inside the wire?
* Assume the current is uniformly distributed throughout

the wire...
— Cross-sectional area of the wire: Ay ire = T Ry ire
— Areainside a loop of radius R: A =  R?
— Current inside a loop of radius R < Ry, jye:

RZ

Ienciosea = IR\%vire

* Ampere’s law:
RZ
2t RB = .uOIenclosed - .UOI 2
B(R) Riyire

IR

B — Ho _
. R 27 Riyire
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Example: Coaxial Cable

Z BII As = 2w R B = pplenciosed

= po(ly — I)
_ to (Iy — 1)

B
2T R




Magnetic Field at the Center of a Current
Loop of Radius R

In general, the magnetic field
does not have a lot of symmetry.

But we can ask about the

\ magnitude of the magnetic field
I on the z-axis at the center of the
" loop.

The calculation is a bit more involved but the answer is...

Hol
Beenter = ﬁ




Example

D=0.1m

> > pu I
B =N| =2
center ( ZR J

(4m1o-? f\yAz)(5A)

N=8 turns I=5 A =8 2(0.05m)

\

(20 x107 )
- (0.10)

=8(200m %107 )T
=5.03x10* T

=8




Magnetic Field Inside a Solenoid
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Inside a long solenoid, the magnetic field is parallel to the axis.



Magnetic field produced by /ong solenoid

) B
Current I
flows
through
each turn Binsidg
= BouTside
I Length L (in m) I
P |
B.f'n.side = H, n[a n—= tumS/le]]gth (n] ) :f
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outside =~



Example

RO,

anide. = “onI: n=turns/ Iang‘l'h (I’n-l):%

] (41“ to” l%\"' ) o.é:oiJ m (2.54)

=5x107 1V =5x10°T

A-m



