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1 page recall

. ohm-m
® Equahons Material Resistivity
® F. = k.q1.92 /r2 -- Coulomb equation condetors: s
® Fiotal = F14F24F3+... —- linearity of EM Copper L6 107
Aluminum  2.65 x 1078
. Iron 9.61 x 1078
o NO"'a'hon Mercury 9.61 x 1077
. . . Nichrome 1.08 x 10~
® j : current density : I =j.Volume Manganese 1.4 x 106
L. . Graphite 1.6 x 107
® 0 : conductivity --- O: perfect insulator
® p: resistivity --- 0: perfect conductor

® R = p.A/L -> A: cond. area, L: cond. length R: Resistance

® V : potential wrt some referance point, usually earth.

® E : Electric field & B : Magnetic field both vector fields

® Current and Power
*V=IR--> Ohm Equation
® P=1V -->Power Equation
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Moving particles

oF = maasusualbu’rF q(E +v x B) v
® F is Lorentz force. = The relativistic version: F; = }/3m—

® If you know electric and magnetic field vectors d

and if you have computational means you can simulate & predict
® (ST lecture (generic), Demirci (RFQ) and RhodoSim (Rhodotron) presentations

® The computational method - PIC: particle in a cell
® create a mesh out of your geometry - usually 3D (FET)
® grid size - to be optimized
® compute the fields at mesh points & move particles

® various methods for "mover” - LeapFrog, RG, Boris method,...
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EXperlmentS & LaWS gauss&co

® By many: Lagrange (1760—70) Gauss(1813) Green(1825)...
¢ divergence theorem, more math than phys.

¢ charge conservation, mass conservation, hydrodynamics...

since AFAWK there are
not magnetic charges

It can be summarized as:

- _ P
V-E=— V.B=0
<0
static electric charge creates E no static magnetic charge, no B

First experimental search for production of magnetic
monopoles via the Schwinger mechanism

B. Acharya', J. Alexandre’, P. Benes?, B. Bergmann?, S. Bertolueei’, A. Bevan', H. Branzas®,

——
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EXperlmentS & LaWS orsted-AMPere-maxwel

® Original Experimenter: @rsted @1820 - E & B related.
® a current on a wire induces a magnetic field

* Ampere improved the experiment with multiple wires
g B

e The B field lines encircle the wire,
always perpendiculary.

. e If I isreversed, B direction reverses.

" e The strength of B ~ I.

e The strength of B(r) ~1/r.

/

The results can be summarized as:

moving charges produce B V x B = pJ

maxwell's addition: changing V xB = ( 6)E>
§ -

J Zp—
electric field also produces B e ot

The
- 15-m long
LHC cryodipole

This is how we build magnets! see superfish lecture.
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Experiments & Laws: Faraday-vaxwe

® Faraday 1831 also independently by Henry 1832
® an iron core couples magnets. motors, transformers, detectors...

Constant B field, static circuit, no current. 1=0.
change B --> | induced.

D move circuit --> | induced.
move magnet producing B --> | induced

The results can be summarized with multiple equations

B (in)

p&rﬁd&j Define magnetic flux ~Pp = / B-dA
pX

Main rrary change in magnetic d(I)B
flux defines an 8 - —N——
electromotrice force. dt
EMF originates from OB
an electric field. VXE=——
Maxwell-Faraday egn ot

Canstruction

AC Current transformer for beam measurements



Pulsed Beam Tests at the SANAEM RFQ Beamline
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Figure 5: Beam current measurements on the LEBT line. Green: Faraday cup, yellow and blue: ACCT signals.
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Laws summary by maxwellreaisice

V-EZfi VXE——()B
<=0 ot

E
V-B=0 Vsz;t-o(J-Fa((T)

E electric field

B magnetic field

J current density

£ charge density

Remember two identities

Zp vacuum permittivity

V7(V>LA) 0

div. of curl of a vector field is zero

whatif B =V X A ? Ho vacuum permeability

Vx(VxA) = V(V-A) - VA

2 . 2 2 2
curl of curl of a vector field is ~div2 ViA = (V74;, V74, V°A,)
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IF no electric no magnetic charges. equations simplify...

0B 2E )
v-E=0, VxE=—-—-, go—— — V°E =0,
: ot use identity-2 Hoco Oot?
HOZ0 Ty Hogo—- = V'B =0

E=E,_,, cos (kx — wi)
B= B,,, cos (kx — wt)
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EM waves 2

In accelerator & detector physics, we typically
use MHz and GHz EM waves: RF or microwave

What is the relation between E and B?

oE _ _oB E=F,v.

Radlo Microwave Infrared Visible
wavelength (m 1072 107 0.5x10 8
i <
object at typical \ &
Wavelength Buildings Humans  Butterfies Needle Point Protozoans
Frequency (Hz) 454 108 10" 1015

cos (kx — wt)

cos (kx — wt)

oE
P —kE_, sin (kx — wt)
X
Epw @ . E & B fields are not independent, in fact
OB . : :
== 0B, sin (kx — wl) B_.. k this is a single wave with two components.
What kind of energy this wave carries? :
\ energy ~ (field)2 | power = energy / unit-time
E* B’

correcting for units:

= power per area that EM wave crosses
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RF structures

* power supply

* power transmission

* power coupling
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power transmission

- 52 52 -
~— + 25+ @/c)? —k* | E; =0,
choose the directon L9X dy i
- 52

Bu_g(Pa, Py, Oy

a2 a2 | 9y 022

coupled equations, as before
if E;=0 --> Transverse Electric-TE

. , -
Shiotionasg + + (w/c)> — k2| B, = 0. if B,=0 --> Transverse Magnetic- T M
| dx2  9y? i
Y
Lets work with TE mode in a rectangular wave guide
E.=0 b
ssume 8= 9
at the WG boundary, there must be a special case e x

--> Exand Ey must be O
--> all power must be carried by B field
--> B field must "fit" as a sin (or cos) wave

lets try:

B, = By cos (mwx) coS (mry)

b Electric Field induced a the borders:~ sine

a

should vanish on th metal
cos(0)= 1

why this? cos(r)=-1

wave that fits m and n cosine with maxima at the boundaries Efield
integers m and n define the TE wave.

TEOO: does not exist- no wave
TE10: fundamental mode
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power transmission




