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LECTURE OUTLINES

Motion of an electron in Magnetic field only

Trajectory of particle Motion in “B” Field only
Motion of an electron in both electric and Magnetic field

Motion in cylindrical coordinates




Motion of an electron in B fields
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O Firstly , assume there is no electric field and there is only magnetic field
effect (B)

 Assume that magnetic field is (B), Normal to the page and towards
Inside.

O If there is no magnetic field, the electron will move in a straight motion.
But due to magnetic field it will move in a circular trajectory.

1 Due to the magnetic field , the particle (electron / or proton) affected by
a force excreted on it due to the magnetic field (1_5)

1 Using right hand rule (R.H.R)=> F direction can be determined

1 Using Lorentz rule we can estimate the force:
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@ F=qu XB
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 The magnetic force doesn’t change the velocity of the moving particle,
It only changes the (direction).

O The trajectory of the electron/proton is circular motion, so we can
estimate the velocity components (v, vy, ©,) at any time.

O It is requires to calculate :

» The radius of the motion (R)
» The periodic cyclic time (cyclotron) of the motion (T,)

1 starting from :

|F| = |qv x B| = quBsin®
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At point (1) of the shown figure ( expected circular motion)

» 0=90°,
> ‘13‘ = gquvBsinf = quBsin90° = quB

muv? X

>But‘ﬁ‘ =

mv?

> So,qub =




e

Now :

» Raduis of Cicle|(R)=—

distance

> Periodic Time (T,) = :
velocity
_2mR
v

2T mv

% qB

2Tm

(Tp) = q_B




Trajectory of particle Motion in “B” Field
only




> NO Electric field

Case (1) :

> The magnetic field is in x direction only
> The initial velocity is in Z direction
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Q Firstly , assume that the magnetic field is in x direction only and the
initial velocity is in z directicin

\oz /
H e
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d Assume vy, = V4, =0, 1,, > 0

J Assume initial position is at origin x, = y, = z,
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 velocity vector ¥ = vya, + vya, + v,a,

Dﬁ — Q(Uxa_x) + vya_y) + vza_z)) X (Bxa_x))

a, a, a
F=|v v, v,
B, 0 0




v, = Constant

Att=0,v,, =0, soconst. =0 and

so v,.=0

x = [ v,dx = constant

Att=0,x, =0, soconst. =0 and

@ x =0




U Differentiate (1)

d?v dv
y _ Z
m =gB. —
dt2 qxdz

 Substitute in (2)

d?v q
m dtzy = qBy(— ZBny)
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dt? m? Vy = 0

d?v 2B,? B
2+ wly, =0 0= orw=1=

dt m m

It Is a differential equation, has a solution of :
v, (t) =Asin wt + D Cos wt

2Att=0, v,,()=0 && D=0

=> S0 v, (t) = Asin wt




vy, (t) = Asin wt
By differentiation :

() _ ) Acos wt
dt
d
we know that m—2 =B, v, && w= 1%
ay m

(qu )A cos wt = gB,v,

SO0 A coswt=v,
(e




/
A cos wt = v,

Now ,att=0,A=v,,

S0, |vy(t) =v,, SIin wt

=» To calculate v,

we know that m—==¢B, v,

m(wv,, cos wt)=qB,v,

qBx

mwv,, COS wt M —7Vy; COS wl
U, = = = —= =|v,,c08 wt

g =




vy, () = v, SIN wt

v, = V,,C08 wt

Now we wanna calculate Z and y




Now we wanna calculate Z and y

_dy

Yy T at y:fvydt

y = [ v,, sin wt dt = _Z)"Z cos wt + C

Att=0,y,=0,and

0="22c0os0+C => C =2z

w w

-V 4 4
22 C0S wt + —= ==
w w w

y = [v,, sin wt dt =

Or i1t can be re-written

Yoz _ “Voz
y-—=—=c0s wt > (l)

( 1-cos wt)




Now we wanna calculate Z and y

dz
Vz =3¢ z=[v,dt

z=[v,, Cos wt dt = %Sina)t+C

Att=0,z,=0, and

0=225in0+C > C=0

w

z = [v,, cos wt dt = %Sin wt
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z = 2Z sin wt y - 20z = Y0z pag ot
w w w

v v v
woz cos wt )2+ (22 sin wt)?= (-2£)2

_ Yoz, 2 _
(=) +z" = ( ” -

== (y — %)2_'_22 — (%)2

So the trajectory is circular motion with radius 22

w

W 4Bx
m
_ MVyz
qBy
Mmvoz




> NO Electric field

Case (2)

> The magnetic field is in x direction only
> The initial velocity is in x and Z direction
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> Do it Yourself to reach :

Vy = Vpz SIN wl

v, = V,,C0S wt

Uy = Vox
X = Vy,l
v -
Z = —=£3In wt
w
% —PV
°Z = —2Z c0oS wt
w w

y_
(-

\0z

VoX




Uniform helix trajectory

Vpara
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Case (3)

> Uniform Electric field x direction only
> The magnetic field is in x direction only
> The initial velocity is in Z direction

(-




Do it Yourself to reach :

Vy = Vpz SIN wl

v, = V,,C0S wt

qE
Ux:Et
qt
=—1

x 2m

E

\Voz /_}
s

F=ﬁ3+vx§)




Non uniform helix trajectory

No longer
parallel to B




> Uniform Electric field =x direction only

Case (4)

> The magnetic field is in x direction only

> The initial velocity is in x and z direction
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> Do it Yourself to reach :

v, = V,,C08S wt

_ —9E
Ux = T Fox

Vy = Vpz SIN wl

—qgkE
X =% tz +U0xt
v ]
Z = =23sin wt
w
Voz __ —Voz

@ y-— = COS wt

o

o

N

F=q(E+ vxl_f)




Helical Motion in X and circularin YZ

¥ ¥ °F ¥ X




Project




Thank, you for your attention




	Slide 1: CSE311 Microwave Engineering
	Slide 2: Lecture outlines
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31: Project
	Slide 32: Thank  you for your attention

