Chap5 Magnetic Field

& Magnetic Force
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Magnetic Field

» Magnetism
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... yields two magnets,
not two isolated poles
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 Like magnetic poles repel each
other; unlike magnetic poles
attract each other.

» Earth’s magnetic field

« Magnetic declination: a difference between
true north and north indicated by a compass.

« Angle of dip (inclination): angle between the
Earth’s magnetic field and the horizontal surface.
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» Magnetic field due to currents

 Qersted discovered the
magnetic effect of an electric
current in 1820.
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Magnetic Force on a cutrent-cartying conductor

* Direction of the force:
v' Left-hand rule
v Right-hand rule

« Application:
v" Loudspeaker operation
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Electric Motots
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* The first electric motor

Faraday's Motor {1821)
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 DC electric motor

\d) brushes are aligned with commutator (D) Kotor has turned YU .
segments.

(€) Kotor has rned 18U,

* Current flows into the red side of the rotor « Each brush is in contact with both
and out of the blue side. commutator segments, so the current
bypasses the rotor altogether.

« No magnetic torque acts on the rotor.

* The brushes are again aligned with commutator
segments. This time the current flows into the
blue side of the rotor and out of the red side.

* Therefore the magnetic torque again causes the
rotor to spin counterclockwise

» Therefore the magnetic torque causes the
rotor to spin counterclockwise.
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With v_L B, circular path

v’ Thomsons experiment

Applications:
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Motion of charged particles in a Magnetic Field

« With v not perpendicular to B, spiral path

Helical

Electrons travel from the cathode to the screen.

% Electron beam |

Between plates P and P’ there
are mutually perpendicular,
uniform E and B fields.



v \elocity selectors & mass spectrometers -
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Magncue ﬁcld scparatcs pamclcs by mass;
the greater a particle’s mass, the larger is
the radius of its path.




Particle Accelerators
positively charge«
| metal plate
+

negatively charged \
metal plate T

« Linear accelerator (Linac)

v' Early examples of linacs:
Thomson's cathode-ray tubes

v' Traveling-electromagnetic-
wave linacs




Cyclotron
(@) Schematic diagram of a cyclotron (b) As the positive particle reaches the gap, (€) ... and the next semicircular orbit
it is accelerated by the electric-field force ... has a larger radius. E
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By the time the
particle reaches the
gap again, the dee voltage D,
has reversed and the particle is again accelerated.
Synchrotron

v LHC for CERN




