ELECTRICITY AND MAGNETISM
(PHYS 231)

Lecture 17: Sources of Magnetic Field

Oct 28, 2024



Magnetic Field

Electric Field Magnetic Field

Origin: Electric charges Origin: Moving charges or current

Electric field & magnetic field are the two sides of the same coin! They can be transformed
to each other via a reference of frame transformation.



Magnetic Field of a Moving Charge
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Speed of light in vacuum!



Velocity Selector

Right-hand rule for the magnetic field due to
a positive charge moving at constant velocity:

Point the thumb of your right hand in the [ \
direction of the velocity. Your fingers now curl :

around the charge in the direction of the |B | _ nuO | q |v Sln(l) Magnitude of E’
magnetic field lines. (If the charge is negative, - 4 2

the field lines are in the opposite direction..) /3 r

For these field points, 7 and U \ J
both lie in the beige plane, and E
B is perpendicular to this plane.

(b) View from behind the charge

... The X symbol
indicates that the
charge is moving into
the plane of the page
(away from you).

; ; B
For these field points, 7 and U both lie in the
gold plane, and B is perpendicular to this plane. Positive charge



Two positive point charges move side by side in the same direction with
the same constant velocity. What is the direction of the magnetic force

that the upper point charge exerts on the lower one?
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Current-induced Magnetic Field

Principle of Superposition of Magnetic Field

The total magnetic field caused by several moving charges is the vector sum of the fields
caused by the individual charges.

Consider a short segment dl of a current-carrying conductor. Cross-section area is 4, charge
density is n. The total moving charge

dQ = nqgAdl
Assuming drift velocity v,
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Biot-Savart Law
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For these field poirLts, 7 and dI both lie in the
beige plane, and dB is perpendicular to this
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For these field points, 7 and dl both lie in the
gold plane, and dB is perpendicular to this plane.

A new right-hand rule for current-induced magnetic field.



Example

A copper wire carries a steady 125 A current. Find the magnetic field due to a 1.0 cm segment of this
wire at a point 1.2 m away from it, if the point is (a) point P1, straight out to the side of the segment,
and (b) point P2, in the xy-plane and on a line at 30 degree to the segment. KA A
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A Long Straight Wire

A conductor with length 2a carries a current [. Find Bata point a distance x

y
J' rom (- 4’) from the conductor on its perpendicular bisector.
-~ ;/\— DA
a = r$ Cﬁ A_\% _ Mo J ,u %y _
- ﬂ -

‘E: &13\/

At point P, the field dB
I' caused by each element of
the conductor points into the
—u plane of the page, as does
I the total B field.




An Infinitely Long Straight Wire

A conductor with length 2a carries a current I. Find B ata point a distance x from the conductor on
its perpendicular bisector.

Magnetic constant

Magnetic field near a long, /’1 e Current

: i P 0 ' i
straight, current-carrying B = _— o+ Distance from conductor
conductor 27r

O: An infinitely long, straight conductor carries a 1.0 A current. At what distance from the axis of
the conductor does the resulting magnetic field have magnitude 0.5 * 10™* T?
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Two long, straight wires are oriented perpendicular to the xy-plane. They
carry currents of equal magnitude I in opposite directions as shown. At
point P, the magnetic field due to these currents is in

v/ A. the positive x-direction.
. . ®1
B. the negative x-direction. T
C. the positive y-direction. + 5 .
D. the negative y-direction. g .
E. None of the above AL@’




Force between Parallel Conductors

o Parallel conductors carrying current in the same direction attract each other.
o Parallel conductors carrying current in the opposite directions repel each other.

Right-Hand Rules!
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Force between Parallel Conductors
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o Parallel conductors carrying current in the same direction attract each other.
o Parallel conductors carrying current in the opposite directions repel each other.



