
Homework 3

Problem 1
p = mγv

=
m∆x

∆t√
1− ∆x2

c2∆t2

= 1.75 · 109kg m/s

E =
√
p2c2 +m2c4

= 5.90 · 1017J

Erest = mc2 = 2.7 · 1017J

KErelativistic = E − Erest = 3.2 · 1017J

KENewton, non-relativistic =
1

2
mv2 = 1.07 · 1017J

Problem 2
plab = mγlabvlab

=
mvlab√
1− v2

lab

c2

= 3.5 · 10−18kgm/s

Elab =
√
p2

labc
2 +m2c4

1.06 · 10−9J

To find quantities in the rocket frame we’ll have to perform a Lorentz trans-
formation:

procket = γ

(
plab −

vElab

c2

)
2.0 · 10−18kg m/s

Erocket = γ (Elab − vplab)

6.18 · 10−10J
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Problem 3
(a)

EA = EA, rest = mAc
2 = 20mc2

(b) By conservation of energy we have

EA = EC + ED

thus
ED = EA − EC = 20mc2 − 5mc2 = 15mc2

(c) Using the relation
E2 = p2 +m2c4

and rearranging we obtain

pC =
1

c

√
E2 −m2c4

=
√

21mc.

(d) Using conservation of momentum,

pintial = pfinal = pC + pD = 0.

Thus
pD =

√
21mc, oppositely directed from pC .

(e)Again using the energy relation and this time solving for the mass we
obtain

mD =
1

c

√
E2

D

c2
− p2

D

Plugging in the relevant numbers we get

mD = 2
√

51m = 14.3m.

(f) Lets first look at

mC +mD = 2m+ 14.3m = 16.3m < 20m

so mass isn’t conserved. This is consistent because mass in general is not
conserved- its total energy that is conserved and some of the mass of the
initial particle went into the kinetic energies of the subsequent particles. In
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this sense mass is on the same footing as any other form of energy, just like
how potential energy can become kinetic energy.

Problem 4
(a) First we need the total power that hits the earth, this is (where I is
intensity, or power divided by area)

PE = IAcross section of the earth = IπR2
E = 1.77 · 1017W.

So the mass converted per unit time in the Sun to supply the Earth is

∆mE

∆t
=

∆EE/c
2

∆t
=

1

c2

∆EE

∆t
=
PE

c2
= 1.96kg/s.

(b) Similarly,

Ptotal = IAsphere with radius of earth’s orbit = I4πR2
E = 3.88 · 1026W

∆mtotal

∆t
=
Ptotal

c2
= 4.3 · 109kg/s

(c) Below I put magnitudes on everything and extract the signs, i.e. −5 =
−|5|. The total loss of mass in the Sun is amount lost to burning hydrogen
plus the mass gained back in the form of formed Helium or

−
∣∣∣∣∆mtot

∆t

∣∣∣∣ = −
∣∣∣∣∆Mhyd

∆t

∣∣∣∣+

∣∣∣∣∆Mhel

∆t

∣∣∣∣ (1)

where ∆Mi is the total change the amount of ith mass flavor or

−
∣∣∣∣∆mtot

∆t

∣∣∣∣ = −
∣∣∣∣∆Nhyd

∆t

∣∣∣∣mhyd +

∣∣∣∣∆Nhel

∆t

∣∣∣∣mhel (2)

where ∆Ni is the change in number of ith mass flavor. Now there is a 4 : 1
hydrogen to helium ratio so can we rewrite equation (2) as

−
∣∣∣∣∆mtot

∆t

∣∣∣∣ = −
∣∣∣∣∆Nhyd

∆t

∣∣∣∣mhyd +
1

4

∣∣∣∣∆Nhyd

∆t

∣∣∣∣mhel. (3)

Solving for the hydrogen rate in equation (3) we obtain∣∣∣∣∆Nhyd

∆t

∣∣∣∣ =

∣∣∆mtot

∆t

∣∣
mhyd − mhel

4

. (4)
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Rewriting and solving for hydrogen mass loss in equation (1) we obtain∣∣∣∣∆Mhyd

∆t

∣∣∣∣ =

∣∣∣∣∆mtot

∆t

∣∣∣∣+
1

4

∣∣∣∣∆Nhyd

∆t

∣∣∣∣mhel. (5)

Inserting (4) into (5) we obtain∣∣∣∣∆Mhyd

∆t

∣∣∣∣ =

∣∣∣∣∆mtot

∆t

∣∣∣∣+
1

4

∣∣∆mtot

∆t

∣∣
mhyd − mhel

4

mhel

=

∣∣∆mtot

∆t

∣∣
1− mhel

4mhyd

= 6.64 · 1011kg/s.

(d) If we start with all hydrogen and end with all helium the Sun will burn

T =
MSun∣∣∣∆Mhyd

∆t

∣∣∣ = 3.1 · 1018s.
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