
Physi
s 123 se
tion 2 CIDHomework 41 S
ore / 301. (7 pts) An obje
t with mass m = 1 kg is moving with a velo
ity whi
h has an x 
omponent ux = −0.4 
, a
y 
omponent uy = 0.5 
 and a z 
omponent uz = 0. (a) What are the three 
omponents of the obje
t'smomentum? (b) What is the kineti
 energy of the parti
le? (
) What is the total energy of the obje
t (in
ludingits rest energy)? Give all answers in S.I. units.2. (8 pts) Now 
onsider the same obje
t as seen by an observer in a referen
e frame moving at a velo
ity v = 0.7 
 inthe x dire
tion relative to the frame used in problem 1. (a) Find the three 
omponents of the obje
t's momentumand the total energy (in
luding the rest energy) in the new frame by �rst transforming the three 
omponents ofthe parti
le's velo
ity and then plugging these transformed values into the same equations you used above. (b)Now use the momentum/energy transformation equations below and show that you get the same values:

p′
x

= γ(px − vE/c2)

p′
y

= py

p′
z

= pz

E ′ = γ(E − vpx)3. (8 pts) I pla
e a perfe
t 
lo
k whi
h never looses or gains time and has a display whi
h reads out to 1/100,000,000of a se
ond on top of a 100 meter tall building. I pla
e an identi
al 
lo
k on the ground. Both 
lo
ks aresyn
hronized at time t=0. (a) After ten years, a physi
ist named Liz standing next to the lower 
lo
k 
omparesthe times on the two 
lo
ks. If she assumes that the lower 
lo
k is 
orre
t, will she 
on
lude that the upper
lo
k is running fast or running slow? (b) By how mu
h will she per
eive the upper 
lo
k's time to di�er fromthe lower 
lo
k's time? (
) If a physi
ist named Bill is standing next to the upper 
lo
k, will he 
on
lude thatthe lower 
lo
k is running fast or slow? (d) By how mu
h will Bill per
eive the lower 
lo
k's time to di�er fromthe upper 
lo
k's time? Assume that the a

eleration due to gravity near the Earth is 9.80 m/s2 and that theobservers take into a

ount and subtra
t the time that it takes for light from the fa
es of the 
lo
ks to rea
htheir eyes when they are measuring the time. Remember, relativity is NOT about things seeming to be delayedbe
ause it takes light time to rea
h your eye. This is a separate e�e
t. Remember my illustration of a whole teamof people making measurements dire
tly in front of them...4. (7 pts) (a) If I 
ompress a 1 kg bri
k into a non-rotating bla
k hole, what will be the radius of its event horizon(also known as the S
hwarzs
hild radius)? (b) Classi
ally an obje
t undergoing a 
ir
ular orbit of radius r witha velo
ity v undergoes an inward radial a

eleration equal to a = v2/r. Sin
e light travels at the speed of light(v = c), what does r need to be for a photon of light to make a 
ir
ular orbit around an in�nitesimally big spe
kwith a mass of 1 kg? The gravitational 
onstant G = 6.6726× 10−11N m2kg−2, and the for
e from a point massof mass M on a se
ond point of mass m a distan
e r away is given by F = mMG/r2.Extra problems I re
ommend you work (not to be turned in)- In 
lass we derived an equation for the gravitational redshift assuming the a

eleration due to gravity is 
onstant.This works well when we are 
omparing two 
lo
ks near the surfa
e of the Earth, but not for 
lo
ks far awayfrom the Earth. Derive an equation for the fra
tional shift in the frequen
y of two 
lo
ks (∆f/f) if the two
lo
ks are a distan
e r1 and r2 from the 
enter of a spheri
ally symmetri
 planet with a mass m. Assume both
lo
ks are above the surfa
e of the planet.- Imagine a photon is 
reated a distan
e r away from the 1 kg in�nitesimal spe
k and travels radially away from thespe
k. As it travels away it gets red-shifted. How big must r be in order for the photon to not get red-shifteddown to zero frequen
y before it gets in�nitely far away from the spe
k?- Use the velo
ity transformation equations to derive the energy/momentum transform equations.



- (a) What makes up the missing mass of the universe? (b) What is the fundamental me
hanism whi
h 
auses the
ollapse of a quantum wave fun
tion? (
) What general method 
an be used to 
ombine relativity with quantumme
hani
s? (d) Why is the universe made of matter instead of antimatter? (e) What is the analyti
al form ofthe nu
lear weak for
e? (f) Can CPT be violated? ... Aaaahhh! So many unanswered questions! This may bethe last homework, but there are still so many problems to solve! Why are you still reading this... get busy!There are great dis
overies to be made!!!


