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Cha]_gter 5: Magnetostatics

# The Lorentz Force Law
# The Biot-Savart Law

% The Divergence and Curl of B

# Magnetic Vector Potential (A))
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5.1 The Lorentz Force Law

Introduction
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5.1 The Lorentz Force Law
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5.1 The Lorentz Force Law

Moving charges generate
magnetic fields

A Current
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5.1 The Lorentz Force Law

Force between two wires

The forces between charges in motion:

* Attraction of parallel currents

* Repulsion of antiparallel currents

* Does charging up the wires make
simply the electrical repulsion

* of like charges?

* 'The wires are electrically neutral.

* Itis not electrostatic in nature.
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5.1 The Lorentz Force Law

Lorentz Force Law

The net force on () in the presence of both electric and magnetic fields:

F = Q(E + ¥xB)
The magnetic force in a charge (0, moving with velocity Vin a magnetic field E |

Frag = Q(¥XB)

Magnetic forces do not work!

AWy = Fnag - dl = Q(UXB) - Bdt = 0

Magnetic forces may change the direction in which a particle moves,
but they cannot speed it up or slow it down.
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5.1 The Lorentz Force Law

Example: Cyclorwn MOHEHENIEARCHATO CHINNOVESICOUNCICIOCKVIS S, Svith specd.

Dot eirele of g & i o pline perperdicular to &, whae pati willie tollows

Cyclotrons represent the first model of modern particle
accelerators. The magnetic force is inward, and has a fixed
magnitude to sustain uniform circular motion:

muv? v OB

E =|Q(PxB)|=QvB=— > 0w === —
Fragl = 10(3xB)| = QuB =" o =2 = &

Experimentally the momentum of a particle
p =mv = (QBR

can be found using

If the velocity has a parallel component to the magnetic field,
we get helical motion
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5.1 The Lorentz Force Law
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5.1 The Lorentz Force Law

F =Q(Bz9 + (E — By)?2) = md = m(y + 22)
Q(E — By) = mZ
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5.1 The Lorentz Force Law

let R = £
¢ ~ wB

(z—R)? = (—R cos wt + R — R)? = R? cos® wt
(y — Rwt)? = (R sinwt + Rwt — R wt)? = R? sin? wt

Cycloid motion: a circle, of radius R, with its center (0, Rwt, R)
travels in the y-direction at a constant speed, v = E/B
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5.1 The Lorentz Force Law

A line charge A traveling down at
velocity U

[ = ¥

The magnetic force on a segment of

current-carrying wire 18
-

O — fﬁxﬁdq — fﬁxgﬂdl _ ffxé’dl I and d! are in the

same direction

For a steady current along the wire
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5.1 The Lorentz Force Law

When charge flows over surface with
surface current density K

dl

QL = v

%=

The magnetic force on the sheet

ﬁmag = fﬁxﬁdq — fﬁxﬁada — jﬁxﬁda
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5.1 The Lorentz Force Law

When charge flows through a volume

with volume current density /

. dl i
The magnetic force on the sheet j :current per unit area-perpendicular-to-flow

Frnag = | 9xB dq = | 9xB pdr = | jxBaz

—
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5.1 The Lorentz Force Law

The current
crossing a surface S

-

R dl can be written as . R
] — — I = J]dal J] da
S

dat

But, the total charge per unit time leaving a volume V is

Conservation of
charge
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5.1 The Lorentz Force Law

(Local charge conservation)

E:oeﬁ-f=0ajf-da=0azkzlk =0  (Kirchhoff’s current law)
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5.1 The Lorentz Force Law

Example. uggow e cuerent cdensliy disicinuiccd oyeel wite o cltguikie crass
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