Homework 4

Below I frequent put to use the energy relation
E? = p?® + m2ct.

where p is the magnitude of relativistic momentum. This relation holds for
both an individual particle and a systems of particles.

Problem 1
(a)

mag=mp=>0
(b)
Exasp=FE s+ Eg=30-107"J
(c) ”
parB = Ppa+pp =10"""kg m/s

(d) Solving for m in the energy relation we obtain

2
_ 1 EA+B 2 _ O
Mmayp = - 2 —Payp = Y-

(e) Now we’ll have:
Exrp=E s+ FEp=30-10""*J

pays =pa+ps = —3.3-107%kg m/s

Solving for m in the energy relation we obtain

2
Marp = LojBass 3.1-107%k
A+B = 7 2 Datnm : g-

(f) Now we’'ll have:
Earp=FE s+ Ep=FE +mpc®=82-10""]

Pars =Dpa+ps = 3.3-10" kg m/s

Solving for m in the energy relation we obtain

2
Mmayp = LB P4 =9.1-10"kg.
c 02 A+B



Problem 2
(a)

Eiot = Ee- + Ee+ = 24/m2_c* + p?_¢?

Diot = Pe— + Pet = Pe— — Pe— =0

(b)
(c)

2 2 4 2 2
1 |E2, Bt 2¢/m?ct+p? ¢ _
— 2 — =9 2
Miot = — > Dt = 5 = 2 - Me- +
cV c c c c

(d) Energy is conserved so (where ~ subscripts refer to photons)
E,=E;=FE,, + E,, = 2E,

so we have

1
Ey =3k = \/mg_c‘1 +p?_c2.

(e) For a massless particle we have

E =pc
thus E
Dy = 77 Y, mszQ +p§7-
Problem 3

(a) Energy is conserved so we have
Ei = Ef — E%i + Ee—ﬂ- = E%f + Ee—7f

or
E+mc* = E' + /m2c* + p2c2.

And momentum is conserved so we have

Pi =DPf — Prii +pe—,i = Py.f +pe—,f

or
E E'
& &

p?

2



thus
E=pc—FE.

(b) Combing equations (1) and (2) and eliminating E’ we get
E+mc® =pc— E + /m2ct + p2c2

or
2F +mc* — pc = +/m2ct + p2c2.

Squaring the above relation and with some cancelations we get
4E? + 4Emc* — 4AEpc — 2mpc® = 0.

Solving for p yields
E + mc?
P=—"—"155
c(1+%5)
(c) Evaluating the above expression at F = 2m yields

12mec

5

p:



