
ParticlePhysicsHomework

Due:June20th,2001

1. Giventhemassesof thefollowing particles,work out their restenergy.

(a) proton:
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(b) neutron:
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(c) Now usingyourParticleDataGuide(PDG),look uptherestmassof the � �
and ! . UsingEinstein’sequation,calculatetheir energiesin Joules.

2. In classwe showedthatthereaction
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obeys the conservation laws andoccurs. For the following two equations,use
theconservationlaws to seeif thereactionscouldoccur.
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If the reactiondoesnot obey the conservation laws, statewhich law(s) were
broken.

3. Recall that muonsappearwhenprotonsfrom spacecollide with nuclei in the
earth’s upperatmosphere.Thesereactionsoccurat altitudesof
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or more.

Thelifetime of amuonin its restframeis only
���2� !43 andmuonstravel atspeeds

of
�5� 6�6��(�7���98;: <

or
�5� 6969=�>?�

Using this information, naively we find that the
muonscanonly travel 660meters.
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We know (becausewe paidattentionin class)that relativity canhelpusunder-
standhow themuonreachestheearth.

(a) Calculatethelifetime of themuonin thereferenceframeof anobserveron
earth.

(b) Usingthis lifetime, calculatethedistancethemuontravels.

(c) Fromtheperspective of themuon(i.e. anobserver “riding on” themuon)
calculatethedistanceit travels to earthusingtherelativistic equationswe
learnedin class.
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