MAGNETIC FORCES ON FLAT SURFACES

Lorentz Force Law: T =qvxu,H [N] F [N/m]
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ROTARY WIRE MOTOR

Single wire loop spinning in uniform H: C /T,z
F [Nm™]=Ixp,H
T=¢ rxFds=r2Wlg,HZ [Nm]

T =I1Au,HZ (Aisloop area, N =1 turn)

T =NIAu,HZ for N-turn coil
Axilal forces from wires at ends cancel

Torque = f(0):
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Commutators: spring-loaded

Switch currents to maximize torque
Can have N coils and 2N brushes

carbon brushes
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MOTOR BACK VOLTAGE

Force feon electron inside moving wire:

Open-circuit wire:  fe = —e(Ee +VxpgH)=0

= Ee = -V xpgH inside

Open-circuit voltage: @ =E W =vugHW [V] —evxpgH

: Force balance
Mechanical power output, N turns:

P,=ol =oNIApH [W]

| =(V-d)/R

® = 2Nvpu HW = 2Noru HW = NAp Ho

P., = oN(V - NAu Ho)Ap H/R = oK, — ®°K,

Omax = V/INApH
=20,

@, =V/2
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RELUCTANCE MOTOR FIELDS




RELUCTANCE MOTOR TORQUE

Fields:
NI
Fgap = 5p)

Magnetic Flux Linkage A:
=NJ[[,Beda = NpoHg,,A

gap” "gap
= N°UglAgp/2b  (Agya,= RDO)

=LI = L= N°u,RD6/2b

1+ V -
SetV dA/dt =0
A2d|_1 A2 2b

= = 1’1, A=Nu.H . ROD

2bDR =
We powencoil until overlap is maximum, then coast until it is zero

Magnetic pressure = Energy density [J/m3 = N/m?]
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¥2-POLE RELUCTANCE MOTOR




ELECTRIC AND MAGNETIC PRESSURE

Electric and magnetic pressures equal the field energy densities, J/m?3
Both field types only pull along their length, and only push laterally
The net pressure is the difference between two sides of any boundary

: 1 — _
Magnetic pressure Py, = ko |H ? [N/m?or[Jmz  Forceln=AP,

75 T T T T /
s Area ¢ = C =
:_,03,3\_ a _,{"Force f.=BP, Area /
f

| R i

Force f, = AP,

: 1 =
Electric pressure P, = > o E [N/m?] or [J/m?]

Force f, = AP,
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FORCES ON NEUTRAL MATTER

Kelvin polarization force density:

If VxE =0 =V eE, then:
Field gradiants LE = Eiscurved [¢> g4 l' oY

:

Curved E pulls electric dipoles
Into stronger field regions for e>¢,

Kelvin magnetization force density: Z -

If VxH=0 =V eB, then:
Field gradiants L H= H is curved

B
Curved H pulls current loops into N l
stronger field regions for p > p, ‘:\

’
Induced current loop 4
B, > B,
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