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1. Sketch vy as a function of v/c, in the space above.
2. The mean lifetime of stationary muons is measured to be 2.2000 us. The mean lifetime of

high-speed muons in a burst of cosmic rays observed from Earth is measured to be
16.000 us. To five significant figures, what is the speed parameter /3 of these cosmic-ray
muons relative to Earth?
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3. A 520 m long (measured when the spaceship is stationary) spaceship passes by the
Earth. What length would the people on Earth say the spaceship was as it passed the

Earth at 0.87¢? | Lo - 0o e ;
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4. A space traveler takes off from Earth and moves at speed 0.9900¢ toward the star Vega, which
is 26.00 ly distant. How much time will have elapsed by Earth clocks (a) when the traveler
reaches Vega and (b) when Earth observers receive word from the traveler that she has arrived?
(¢) How much older will Earth observers calculate the traveler to be when she reaches Vega than

she was when she started the trip?
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5. An airplane whose rest length is 40.0 m is moving at uniform velocity with respect to Earth, at
a speed of 930 m/s. By what fraction of its rest length is it shortened to an observer on Earth?
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E = mc? = ymyc? V= B=-§ E=mgc?+K  E?=p%?+méc*

6. The mass of an electron is 9.109 381 88 x 107! kg. Calculate the rest energy of the electron in

MeV. [c=2.99792458 x10° m/s, 1ev—160217662x 107 7] N
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7. An electron moves with a speed of 0. 60 Find the total energy, kinetic energy, and momentum

of the electron. - . { \ ~ P
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8. Quasars are thought to be the nuclei of actlve galax1es in the early stages of their formation. A
typical quasar radiates energy at the rate of 10%° W. At what rate is the mass of this quasar being

reduced to supply this energy? Express your answer in solar mass units per year, where one solar
mass unit (1 smu = 2.0 x 10*° kg) is the mass of our Sun.
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9. A particle's rest mass, my, its momentum magnitude, p, and its kinetic energy,K, are related by:
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For low particle speeds, show that the right side of the equation reduces to m.
- )

M
e LR
N 1 -

i i, %

3 174 . VI

P Y = !

- : W . "
—_ Ly wAV

10. The Doppler shifted frequency (f) for a source emitting light waves of frequency f; and moving with
relative radial speed v (speed parameter f = v/c) is given by:

f=f Ei% (source and detector separating)
f=r ’% (source and detector moving toward) Ao

a. How fastand in what direction must galaxy A be moving if an absorption line found at wavelength Sé;Onm
(green)for a stationary galaxy is shifted to 450 nm (blue) for galaxy A?
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b. How fast and in what dlrectlon is galaxy B moving if it shows the same line shifted to 700 nm (red)
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