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Abstract

The Earth decides a giant mirror would be the best defence against the Death Star’s laser. Due to

the conservation of momentum, when the mirror reflects the laser the mirror’s velocity and hence

the Earth’s velocity must increase to 0.9998617325c. This will result in the Earth escaping from

the Sun’s gravitational pull and becoming a rogue planet. As a result, this strategy would be

infeasible as the destruction of everyone on planet Earth would still be guaranteed.

Introduction

After seeing Alderaan, Ref.[1], being destroyed
Earth decides to develop a defence system
against the Death Star’s laser. It is decided that
the best way to prevent annihilation by the Em-
pire is to build a giant mirror and reflect the laser
away from the Earth. As momentum must be
conserved, the Earth will gain momentum from
the reflection of the laser. The Earth orbits the
Sun, the other planets in the solar system will
be ignored to make the calculations easier. In
the film, the Death Star and Alderaan are both
shown in the important scene, however there is
no sign of a star as a result a hit tangential to
the current orbit of the Earth will be considered.
The aim of the paper is to investigate how an
attack from a Death Star laser would effect the
orbit of the Earth.

Calculating Death Star Energy

First, the energy of the Death Star’s laser must
be calculated. As the Earth is the planet tar-
geted it will be used to approximate the energy
of the Death Star. This is calculated by consid-
ering the gravitational potential on a thin shell

which is then integrated through the radius of
the Earth. The mass of the shell is given by
mshell = 4πr2ρδr. Where r is the current radius
from the centre of the Earth, ρ is the density
of the Earth, δr is the radius of the thin shell.
The mass of the interior and Eq. (1) use the
same symbols. The mass of the interior can be
calculated using, minterior = 4

3πr
3ρ. The mass

of the shell and the mass of the interior can be
combined with the equation of gravitational po-
tential of a sphere then integrated over the radius
of the Earth to form Eq. (1).

UB = −16Gπ2ρ2R5
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Where UB is the gravitational binding energy, G
is gravitational constant, R is the radius of the
Earth. The same symbols are used in Eq.(3). Fi-
nally subbing in ρ = 3M

4πR3 , using the same con-
vention as before leads to Eq. (2).

UB = −3GM2
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Where G is 6.67× 10−11m3kg−1s−2, M is 5.97×
1024kg and R is 6371km taken from Ref. [2].



The gravitational binding energy of the Earth
is found to be 2.24 × 1032J. As the Death Star
was meant to destroy any planet and there is no
suggestion of it having a variable laser energy,
we will use a range of 1.00UB to 10.0UB.

Calculating Velocity Change of Earth

Secondly, the velocity change of Earth must
be calculated to do this the laser will be consid-
ered to instantly provide sufficient photons to de-
stroy Earth as suggested by Ref. [1]. This leads
to a scenario where the reflection of the photons
causes the velocity of the mirror to increase. The
new velocity of the mirror and hence the Earth
can be found by conserving the momentum of the
system. Assuming, the Death Star hits the cen-
tre of the Earth, this means there is no change
in the angular momentum of the Earth-laser sys-
tem so it can be ignored. Eq. (3) considers only
the impact of one photon.

2h

λ
+mv0 = mv (3)

Where h is the Planck’s constant, m is the mass
of the Earth, v0 is the initial velocity of the Earth
and v is the new velocity of the Earth. The sym-
bols will remain the same for the rest of this sec-
tion. The relativistic mass of the Earth after
must be taken into account.

mrel =
m√
1− v2

c2

(4)

Where mrel is the relativistic mass of the Earth,
this will be used for the rest of the paper. The
equation for the laser can be made by multiply-
ing the first term with the number of photons in
the laser. However as we have already worked
out the energy of the laser, we can get an ex-
pression for momentum of p = EBc. This can be
used in conjunction with Eq. (3) and Eq. (4) to
form Eq. (5).

2EBc+mv0 =
m√
1− v2

c2

v (5)

Where EB is the binding energy of the Earth,
this symbol will be used for the remainder of the

paper. The mass of the mirror itself is not im-
portant as the materials to construct the mirror
would come from the Earth therefore have no
impact on mass involved in the calculation. Us-
ing the same value for the mass of the Earth as
before, leads to a new velocity of Earth being
0.9998617325c, this has been shown with all of
its significant figures to illustrate how close this
speed is to the speed of light. If the energy of the
Death Star is even larger than the Earth’s new
speed will get even closer to the speed of light.

Effect on the orbit

Lastly, the effect on the orbit of the Earth
must be calculated. To do this the escape veloc-
ity from the surface of the Sun can be calculated
by the use of Eq. (6).

ve =

√
2GMs

Rs
(6)

Where ve is the escape velocity, G is the grav-
itational constant, Ms is the mass of the Sun
and Rs is the radius of the Sun. Where Ms is
1.989 × 1030kg and Rs is 696340km, the escape
velocity from the Sun is found to be 2.06×10−3c.
This is less than the new velocity of the Earth.
Therefore, the Earth would now be a rogue
planet and the Moon would also no longer be
within the Earth’s orbit.

Conclusion

This paper calculated the binding energy of
the Earth and used it to estimate the energy
of the Death Star’s laser, the proposed idea of
a mirror reflecting the Death Star’s laser would
be an infeasible idea. Whilst the planet would
not be destroyed by the laser it would have a
high enough velocity to escape the Sun’s orbit
becoming a rogue planet.
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