Particle in a static E-field

« Consider a charge particle g interacting with a E-field E=Ex.
« Particle’s initial conditions p(t=0)=p,y.
 The Lorentz force is:

pr =qkE, and, p, =0
* integrate

px = qFEt, and, p, = po
« Sothat p? = (¢Ft)? + 'p%.

» total energy a time tis:

EXt) = [(qBt) + pg| +mPc’ = (cqEt)* + &
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Particle in a static E-field

 The velocity is then
_dx cqlt

Vg = — = Cc— —
T dt V (cqEt)? 4 E2

* Integrate

1 / . .
r(t) = —+/(cgEt)2 + E2.
) qE\fh Et)e + &

« Similarly for y axis we have
dy - EEPD
dt  \/(cqFEt)* + &2

* Integrate [F & —sinh ()

PoC . - cqF't
Yy = sinh :
Y qb &
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Particle in a static E-field

« Explicit t as a function of y

ql
cql't = sinh (ﬂ)
Poc

 And insertin x(t)

 Note the NR limit

2
mc qFE alF
r = cosh ( ! J) ~ 2 y* + const.

qF Muge 2mu?
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Particle in a static E-field
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Fignre 3.1:  Trajectories (in normalized coordinate) in uniform constant E-field: & =
cosh(ky), with & = 1.2.3.4. dashed are corresponding parabolic approximation & =
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Particle in a static B-field

« Consider a charge particle q interacting with a B-field B=Ez.
« Partic 7 (x'.2%,.2%) nditions p(t=0)=p,y.

« The Lorentz force is:

— s - — —
p:%FKB:F:?E?:}'U:ﬂ?K B.

S
e

* From
T x B = v, Br — v, By,

 We get the 3 equations

cqB
i
E
_ cq B
v, = 0.
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Particle in a static B-field

These are a system of 3 coupled ODEs of the form

Uy = Wy, Uy = WU, ¥, = .
with w = %42
 We can cast the transverse equations into one equation
d

Eft:x + 1vy) = —tw(vg + iyy),

 Whose solution is 11, + -s.'a:y — gﬂlE—Eﬁw'f-I—ﬂ'J

so finally (v = v, )

Vg v] cos(wt + a)
vy | = | —visin(wt+a) |; withv, = Vﬁ v2 402, and,
?_.:'; ?_"”
a Ty + Rsin(wt + o) e
' \ s v E”é
y | = o+ Reosiwt +a) | with R= — = —

Z 20 + 'il-‘”f « CI}B
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Particle in a static B-field

« This is the equation of an helix with axis
along z and radius R

Charge’s Path
« R is the gyro-radius T
_ ¢ _ puic
R = cqgB gB

* wis the gyro-frequency

., oqeB 0 geB
= T £ T Aamc =

 In Sl units:

qb Ymu |
w=— and H =
~ym qb
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