Motion in a Magnetic Field

Uncharged Objects:
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Motion of Charged Object in a Uniform Magnetic
Field

Initially moving parallel to field: -
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Continues to move parallel to field.

Motion of Charged Obiject in a Uniform Magnetic

Field
Initially moving perpendicular to field:
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Motion of Charged Obiject in a Uniform Magnetic
Field

Initially moving perpendicular to field:
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Motion of Charged Obiject in a Uniform Magnetic
Field

Initially moving perpendicular to field:

o

F=qvxB
Force, . = —|qlvB P
~
e 5N
B
Circular motion: ’ O} \
mvf ﬁUL !
Fo=- ¥
r ) \ o
mvy \
~lqlvos = -0 . \/
mvg S~
r=—
lq|B

Motion of Charged Obiject in a Uniform Magnetic
Field

Initially moving perpendicular to field:
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Motion of Charged Obiject in a Uniform Magnetic
Field

Initially moving perpendicular to field:
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Motion of Charged Object in a Uniform Magnetic
Field

Motion neither parallel nor perpendicular to field:
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Motion of Charged Object in a Uniform Magnetic
Field

Motion neither parallel nor perpendicular to field:
. Velocity broken into two
/Bv components
B Parallel to B
0 o
Perpendicular to B




Motion of Charged Object in a Uniform Magnetic
Field

Motion neither parallel nor perpendicular to field:

. Parallel component
/B, yields straight line path

Perpendicular
component yields
circular path.
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Motion of Charged Obiject in a Uniform Magnetic
Field

Motion neither parallel nor perpendicular to field:

X' LY Result is helical

motion, centered on
axis parallel to B.

Motion in Electric and Magnetic Fields
Lorentz Force

Combining F = gE and F = qB x B

F= q(E + ¥ x ﬁ)
Some conditions result in simple motion:
« Uniform E with B =0

+ Uniform B with E = 0
« E 18y, BLlByandB LE (Crossed fields)




Crossed Fields
Velocity Selector
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Crossed Fields
Velocity Selector

U = vyl
E = Ej F = q(Ej + vol x Bk)
B =Bk F=q(E —voB)j

Crossed Fields
Velocity Selector

U = vyl
E=Ej F = q(Ej + voi x Bk)
B = Bk F = q(E —v,B)j

If vg = i, then F = 0 and the trajectory is a straight

line.




Mass Spectrometer

AV

Charge accelerates
between plates, gaining
energy, AU = qAV.

Velocity is function
of AV.

Emv2 = qAV
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Mass Spectrometer

AV

Charge moves in
circular path in
spectrometer.

Radius of path is
function of mass.
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Mass Spectrometer
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Radius is a function of mass/charge ratio.




