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Today:

 Particle accelerators: The cyclotron and synchrotron
» Crossed electric and magnetic fields

* Velocity selector

 Hall effect

« Magnetic force on a current carrying wire/ﬂ?qu\
 Torque on a current loop d B




uniform B

X X=X X
A particle of mass m and charge // AN
. . . \
g > 0 is moving with speedv L X1 X X X
to a uniform magnetic field B. l\ = !
X v X /Ex // X
How is the period T of the . -
particle’s orbit related to its X xg >0x V x

speed v? Z’TY e
Peériod = T.. 25'(?’(’4181’ = l‘blé;a o{’

e

| g/ B V ond

A.Tocv B. Tocv? C.Tcy? D. T oc y1/2
@T does not depend on v




Application: Particle Accelerators

The cyclotron: g uniform B

* Fixed magnetic field; changing ,__
orbit radius

 composed of two hollow copper
dees that are immersed in a
uniform magnetic field &
connected to an oscillating
voltage source.

oscillating voltage source
of frequency f

0osC

* Particles (e.g., protons), each of
charge g & mass m, start at a
source near the center of the
dees.



The Cornell Cyclotron

The Cornell cyclotron
(2 MeV protons) was
built about 1935 and
decommissioned in
1956.

This photo with
Assistant Professor
Boyce D. McDaniel was
taken in 1955.




Application: Particle Accelerators

r— MAGHET BLOCK

WATER TUBES

The synchrotron:

* Fixed orbit radius; magnetic
field adjusted for particle
momentum/energy

 “Dipole magnets” keep particles
on fixed orbit.

p(t)

Radius = —— =const. E==i
qB(t) ok .em. T
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The Cornell Synchrotron

CESR
Storage Ring
Synchrotron

et e’
Transfer Line Transfer Line

Linac
Gun__ Converter

e Radius=122m
A e Particle energy: up to 5 GeV
. L [+ Magnetic bending fields: up to

~0.2 T (~3000* Earth’s
magnetic field)




Crossed Electric and Magnetic Fields
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Velocity Selector:

- uniform B
A particle of mass m and X X T=’x X
charge g < 0 is moving with e=¥E
speed v L to a uniform X @ xyl X1 X

magnetic field B. By applying a g<O0 € V
X

. . . ] X X X
uniform electric field E in the SR
. . =9V
same region as the magnetic i e
x | x x| x

field, the particle can be made
to move in a straight line with wont: T Fe,
constant speed v.

What should be the direction of the electric field?

A. D C:)l/ C.< D.®(outof) E.® (into)




Velocity Selector:

uniform B
A particle of mass m and X X X X
charge g < 0 is moving with Tre=1€
speed v L to a uniform Y Ml
magnetic field B. By applying a g<0| V Pk
uniform electric field E inthe % i} E)X_ ;,TP
same region as the magnetic g « ')3(-3 «
field, the particle canbe made |, ~=_,

to move in a straight line with _, /r_, | Fp)
constant speed v. =) IgIE < :gi—ve;.'»,so";_hg - B—i

What should be the magnitude of the electric field?
A.—quB B.qvB (C)vB D.-mv/(gB) E.B




Mass Spectrometer
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Hall Effect
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\Z’measures ‘Hall voltage’ AV, = E.d

What is the drift speed v, of the mobile electrons?
s 9’(4d7 stale: Fge Fe 320 é/.a'lkcéa—v&r ag,wé.«ﬁbq

e, = eUB o o, o En o 24ties 1> pixel
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E ed of%l,
A. AV, /(deB) B.AV,/(de?B)  (C) AV, /(dB)
D. None of the above




Hall Effect:

Production of a voltage difference (the Hall voltage) across an
electrical conductor, transverse to an electric current in the
conductor and a magnetlc field perpendicular to the current.
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If current is sent through the Aluminum bar that’s
between the magnet poles in the ¢ dlrectlon shown,
which way will the bar move? F=¢ IxF

A. N B. ¥ C. That bar won’t move!




