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Magnetism
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The Sad Decline in Quality of

Scientific Publications
Which publication would you want to read?
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EUROPEAN ORCANIZATION FOR NUCLEAR RESEARCH (CERN)
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CMS-HIG-12-028

Observation of a new boson at a mass of 125 GeV with the
CMS experiment at the LHC

The CMS Collaborationl]

Abstract

Results am presented from searches for the standard model Higgs bosan in protar-

proton collisions at /5 — 7 and 8TV in the CMS experiment at the LHC, using

17" at 7 TeV and
N, 1

53fb ! at 8TeV. The
and bb. An excess of eve

. . -
s ohsarved above the expected background, a
eviations, at a mass near 125C ignalling the ps
. “The expected significance for a stand odel Higgs boson of
that mass is 5.8 standard deviations. The excess is mo icant in the two decay
modeswith the best mass resolution, ¥ and 77; a fit to these signals gives a mass of
125.3 + 0.4 (stat. ) + 0.5 (syst.) GeV. The decay to two photons indicates that the new
particle is a boson with spin different from one.

This paper is dedicated to th ory of our collengues who worked on CMS
but have since passed amway.

Inrecognition of their many contributions to the achievement of this obseroation

Submitted to Physics Letters B

fox the kst of collsboration members




Magnetism in History

Name derived from rocks (lodestones —
naturally magnetized pieces of iron ore)
found in the province of Magnesia in
Greece, near Turkey.

First reports — 2500 BC

Historically, more interesting than electricity
due to importance in early navigation
applications.

Originally thought to be a separate topic A “ episktrailcom
from electricity/electrostatics.

Today: unified subject — electromagnetism.



Fundamental Property of Magnets

* Bar magnets always two opposite poles

— The ‘N’ pole is feels an attractive force towards the
northern hemisphere

— Like poles repel, unlike poles attract

— We can describe the magnetic field the same way we
talked about electric fields.




Magnetic Monopoles

e Can you cut the end off a magnet to get just the
North or South poles?
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* Most elementary particles behave like little bar
magnets: they have a north end and a south end.
— Although they are point-like we can still talk about which
way their magnetic field is pointing
* In principle, a fundamental particle with a magnetic
charge could exist, but we haven’t found any
evidence that they do.



Magnetic Poles — Forces Between Magnets

(a)
| Like poles repel ) . .
of - Just like gravity and
f's'{ @" the electrostatic
3 on £} on2 force, magnetic
forces are non-
contact forces — they
(b) act on objects that
| l'nlik*s: poles L.lIII‘-'JL‘l 5 are not touching
S P, 4_| S each other.
F Fon2

Z2on |

The magnitude of the force depends on the “pole
strength” and the separation between the poles.



Dipole magnetic field/Electric field

Magnetic field lines B Electric field lines E

, Units: N/C or V/m.
MKS units: Tesla [

/<\w/ V) \\\ 0} / L)

§ is a vector. T 1 E IS a vector.

B lines are continuous. E lines begin/end on
positive/negative charges.

e Key point: there are no “magnetic charges”!
* MKS units for magnetic field is the Tesla (T).



Visualizing magnetic fields

* A bar magnetis a permanent
magnet in the shape of a bar.

 Theiron filings are small,
needle-shaped, permanent
magnets.

 The magnetic field lines can be
deduced from the pattern of the
iron filings.




Important Points to Remember

The MKS/SI unit for magnetic
field is the Tesla (T).

The CGS unit for magnetic
field is the Gauss.

1 Tesla = 10,000 Gauss.

The magnetic field lines go
from the north pole towards
the south pole.

The magnitude of the B-field
lines decreases as you move
farther from a pole.

The magnetic field lines form
closed loops — a general
property of ALL magnetic field

lines, not just for bar magnets.
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Magnetic Field Strength

Source | TypicalBfield (Tesla)

Interstellar magnetic field 10~°
Earth’s magnetic field 5x107°
Fridge magnet 5x%x 1073
Electromagnet 1072
Rare earth magnet 1
Magnetic Resonance Imaging 2
(MRI) machine

Superconducting magnets 10

Neutron star 10°




The Earth acts like a large magnet

Rotati
r’/azf;sa o Geographic north pole

of the earth roughly
corresponds to the
geomagnetic south
pole of the earth.

The north pole of a bar
magnet on the earth’s
surface will be
attracted towards the
Northern hemisphere.




Earth’s Magnetic Field

Earth’s geomagnetic pole

Seattle Geographic pole wanders over time

Magnetic pole

YlJON anJ)

Magnetic declination in
Indiana is about 4° West.

1 %



Magnetic Declination in the US

Magnetic Declination Map of North America for the year 2010
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~ Both the geographic and
magnetic north poles are
aligned along the black line.
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