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Kivnon ¢poptiocpevwv cwpatidiwv

BaoLKEC KLVNOELC POPTIOUEVWV OCWUATLOLWV:
— upokivnon
— Avarnindénon n AvakAoon
— OAloBnon

Ffwvia kKAlong, kwvoc dltadpuync, VETOC N
npoontwon (precipitation) cwpatdiwy,
Stapuyn N anmwAela cwpaTtdlwy
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Periodic motion

1 MeV electron, o = 45°, LL.=4.5

e Energetic particles
undergo three types of
periodic motion:

- They gyrate around the
magnetic field

- They bounce between

the mirror pomts gyro bounce drift
- motion motion motion
- They dnft around the
Earth f 10kHz 3 Hz 1 mHz
T 0.1ms 0.36 s 15 min
e Assoclated adiabatic ]

Invariant i 2mlB ,,0,!:,5, d;[ft



Kwvnoetc OAloOnonc (Drift)
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Specific Particle Drifts

Gravity:
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Forces on charged particles
(single particle theory)

— Electric force F. = gE



Forces on charged particles
(single particle theory)

— Electric force F- = gE
— Magnetic force F;=qvxB



Forces on charged particles
(single particle theory)

— Electric force F- = gE
— Magnetic force F;=qvxB
— Lorentz force F=qE + qvxB



Forces on charged particles
(single particle theory)

— Electric force F- = gE

— Magnetic force F;=qvxB

— Lorentz force F=qE + qvxB
— Neutral forces  F,=mg



Single Particle Motion

Consider the Lorentz force when E(x,t) and B(x,t) are specified.
m ? = q@ +v[l B%
!

d
izv(x,t)

SI Units
mass (m) - kg
length (1) - m
time (t) - s
electric field (E) - V/m
magnetic field (B) - T
velocity (v) - m/s
F, stands for non-clectromagnetic forces (e.g. gravity)



Single Particle Motion

Consider the Lorentz force when E(x,t) and B(x,t) are specified.

SI Units
mass (m) - kg
length (1) - m
time (t) - s
electric field (E) - V/m
magnetic field (B) - T
velocity (v) - m/s
F, stands for non-electromagnetic forces (e.g. gravity) - usually ignorable.



Baolkn kKivnon ¢optiopeEVoU ocwpatidlou

Kivnon doptiopevou cwpatidiov g
O€ NAEKTPLKO KoL LayvNnNTKO Ttedio
KATW oo tnv enidpaon tng Suvaung Lorentz:



Baolkn kKivnon ¢optiopeEVoU ocwpatidlou

Kivnon doptiopevou cwpatidiov g
O€ NAEKTPLKO KoL LayvNnNTKO Ttedio
KATW oo tnv enidpaon tng Suvaung Lorentz:

F=m%=q(ﬁ+f;x§)+17



Baolkn kKivnon ¢optiopeEVoU ocwpatidlou
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Velocity

Rtz force

Circular orbit around the
magnetic field



2 € OTATIKO, OHOYEVEC HayvnTiko edio B,
ue E=O ka1 xwpic adAAn duvapn,
TO POPTIOHEVO CWHATIOIO EKTEAEI
KUKAIKA Kivnon yUpw amd Th duvapiki ypaupn Tou B

Velocity

Loréntz force

Circular orbit around the
magnetic field



2 € OTATIKO, OHOYEVEC HayvnTiko edio B,
ue E=O ka1 xwpic adAAn duvapn,
TO POPTIOHEVO CWHATIOIO EKTEAEI

KUKAIKA Kivnon yUpw amd Th duvapiki ypaupn Tou B

Velocity

Loréntz force

Z
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Circular orbit around the
magnetic field

How Boring!
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Uniform magnetic field,and E=0:

mﬂ:qva
dt

It 1s customary (and very useful) to set v=v, + v, (natural comp.)

Note that (v, +v, )xB=v, xB. Then

mﬂ:O mdvL
d dt

N, _4 v, xB=v, xQb with
dt m

=qv, xB or

B B :
=22 , b= 3 (2 1s the angular gyrofrequency (Lamor frequency)

m

—If q 1s positive particle gyrates in left handed sense
—If q 1s negative particle gyrates in a right handed sense
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Kivnon ¢optiopevou ocwpatidiov
O€ HayvNTKO Ttedlo

Eldbapue otL v, = const



Kivnon ¢opTiopEVOU cwpatidiou
O€ HayvNnTKo Tedlo

Eldbapue otL v, = const



Uniform magnetic field,and E=0:

mﬂ:qva
dt

It 1s customary (and very useful) to set v=v, + v, (natural comp.)

Note that (v, +v, )xB=v, xB. Then

—If q 1s positive particle gyrates in left handed sense
—If q 1s negative particle gyrates in a right handed sense



Kivnon ¢optiopevou cwpatidiou
O€ LOYVNTLKO Ttedlo

Eldbapue otL v, = const

Mo v, # 0, Tl kivnon Oa ExouuE;
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