0.3.1. Particle in homogeneous F and B fields

Consider a point particle (mass m, charge e) in homogeneous fields B = (0,0, B) and E = (0, E,, E,). Treat
the motion of the particle nonrelativistically.

a) Show that the motion in z-direction decouples from the motion in the z-y plane, and find z(t).
b) Consider £ := z + iy. Find the equation of motion for £, and its most general solution.
hint: Define the cyclotron frequency w = eB/mc, and remember how to solve inhomogeneous ODEs.

¢) Show that the time-averaged velocity perpendicular to the plane defined by B and FE is given by the
drift velocity
(v) =cE x B/B?

Show that F,/B < 1 is necessary and sufficient for the non relativistic approximation to be valid.

d) Show that the path projected onto the z-y plane can have three qualitatively different shapes, and plot
a representative example for each.

(6 points)



0.3.1.) a) Eq. of motion: Wf,—’ = aE &

kb T=(00,3) oL &= (0,6,Ex)

" » |
~> A X %3'1 1 ()
. e,E:'ExG ()
Wi tEx | ()
\D ) ~» -?:(i:)zi:o%—\)g't e»%_iitl'
oY —y

A Sl
(¥ )

i%t.uf=«.—-'

Ypawd wALo of lowovensy .. ¢. B8
O ™ ( W‘ ‘E ' \Y e )
bl vl o] Loy o {2 0e™ [ee€)
. ~> {(ﬁ)* Q (’,_wt+ CLE:/(MLJ s Ul wenh VAW N A
D A e
o 01 (v)
c) Lk o she™ | hueR
= e ke e e

~ Y \!'HL A(_'é% U 210 o{ hiar &> A0 u..(.S

——



o,

~

-~

)

p-0.3.1-2

>‘<+(S = lamLJt-L'E\,;ut + c?::\[b.,,u

2 \ x = hunwt + €y fug

‘ S -l ()

. <LX> =0 _<_’_.<_> 5 C’Eh o =__(_'_E_iiﬂ K- o.\mzw( u—dou‘i

. vye .
~ . ” |
(T = SQ-_L ExQ Jw{\‘ vidow

—

Lo~ NS <L‘l( UL {; Ilz « L V‘*%Ul o d \«-H»:—;F
= - ol Lue QL‘N— L
oY SR AT Orfvom't.mC»

Uorn x(2:0)=0 = §(t-0) u[i

|

(¢6) ~> x(t):%u;u't+ E—%t

o= 3 (bmot-1)

~> \‘L‘.«. Pel'( -L.) Q vtf'()bg&h.v(

o Wil A ‘_'L' [r\_k =1 o4 0&}«,%«4 = C«e_h/ﬂ

Lt X(‘t)‘ 6 l,v't *’Ct \ Tk'x WA U- ‘wor,'(,le}\ Oé
b(t)‘b(m{"j)i Uar /)01»( b U X'l (310'\/\.44




p-0.3.1-3

For C < b the trochoid has loops :

2= b=1;
¢c=0.5;
x[t_] :=bSin[t] +ct
y[t_] :=Db (Cosft] -1)
ParametricPlot[{x[t], y{t]}, (t, 0, 4 Pi}]
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ForC > b it does not :

mes= b =1;
c=2;
x[t_] :=b8in[t] +ct
y[t_] :=b (Cos[t] -1)
ParametricPlot[{(x([t], y[t]}, (t, O, 4Pi}, AspectRatio - 0.3]
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And for C = b it degenerates into a cycloid:

weijs b =13
c=1;
x{t_] :=b8in[t] +ct
y[t_] :=b (Cos[t] -1)
ParametricPlot[{x[t], y[t]}, {(t, O, 4Pi}, AspectRatio - 0.3]

2 4 6 8 10 2
~05

owsl= 1.0}




