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Special Theory of Relativity :’

B e
& Human ears have evolved to detect sound waves and interpret them as music or speech.
ome animals, such as this young bat-eared fox, have ears adapted for the detection of very
weak sounds. (Getty Images)
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The Relativistic Doppler Effect
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Using the Doppler shift to sense rotation
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Relativistic Momentum

Linear momentum Is not conserved if we use the conventions for
momentum from classical physics—even if we use the velocity
transformation equations from special relativity.
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The initial y-momentum of Frank’s ball is now:
—-mu

The initial y-momentum of Mary’s ball is now:

Py =V MUV1-V?/c? = muYiV /e

where v, is the speed of Mary’s ball in K:
from the relativistic velocity
— [i2 2 _ [2 2 2/n2
Uy = /Uy ‘*‘UMy =4V +Uu (1_V /c ) addition equations

SO: after some simplification
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Relativistic momentum
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Speed, v

Some physicists like to refer to the mass as the m,and
call the term m= ym, the . In this manner the
classical form of momentum, /m, is retained. The mass is then
imagined to increase at high speeds.

Most physicists prefer to keep the concept of mass as an
invariant, intrinsic property of an object. We adopt this latter
approach and will use the term exclusively to mean

. Although we may use the terms mass and rest mass
synonymously, we will not use the term re/ativistic mass.

We must now redefine the concepts of work and energy.

So we modify Newton’s second law to include our new definition
of linear momentum, and force becomes:

“a a0 g T Y

_dp_d d(  ma

where, again, we're using yin this formula, but it's really the
velocity of the , not necessarily that of its frame.
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Relativistic Energy

Manipulate the energy equation: K = mC2 (y—l)
K = ymc? —mc?

The term mé is called the and is denoted by

2
Ey=mc

The sum of the kinetic and rest energies is the
the particle £and is given by:

2
E=ymcz= mc _ E,
\/{1—142/02 \J’l—ml/c2

=K+E,
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Momentum and Energy

Massless particles

Speeds > ¢
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High-speed rotation
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We were taught in introductory physics that the international system of
units is preferable when doing calculations in science and engineering.

In modern physics, a somewhat different, more convenient set of units
is often used.

The smallness of quantities often
used in modern physics suggests
some practical changes.
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Mbnu.nd sysiemc + EB = Z m¢
i




4/13/2014

Fission and Fusion g Relativity and
Electromagnetism

A Conducting Wire

Electric field lines (and hence Magnetic field lines circle a
the force field for a positive test current but don’t affect a test
charge) due to positive charge. charge unless it's moving.

Wire

= — — — e With

current

How can one become the other and still give the right answer?
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A Conducting Wire 2

Lorentz-contracted
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