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A B S T R A C T

The concept of EM Drive has attracted much attention and groups of work have been conducted to prove or verify
it, of which the published experimental outcome is criticized in great details while the theoretical foundation has
not been discussed. The present essay investigates on the theoretical derivations of the net thrust in the “EM
drive” and reveals the self-contradiction arising at the very start, when the law of conservation of momentum was
utilized and opposed simultaneously.
The “EM Drive” herein discussed refers to the “radio frequency (RF)
resonant cavity thruster” proposed by the British engineer Roger Shaw-
yer. This concept has attracted a lot of attention [1] and some experi-
mental outcome [2] have been claimed to be supportive, although much
of the details have been questioned [3]. The present author would like to
discuss the paradox in the physical foundation of the net thrust in the
“EM drive”.

Basically, the theoretical derivations by Shawyer [4] and Yang [5] are
inaccurate, of which the typical concept could be sketched as Fig. 1.

Shawyer defines the net thrust as [4]

Fthrust ¼ Fg1 � Fg2: (1)

Wherein, the force Fg3 acted upon the side wall of the so-called
waveguide has been ignored without any explanation.

In comparison, Yang et al. assumes that Fg3/Fg1 is slight enough to be
negligible and therefore [5]

Fthrust � Fg1 � Fg2: (2)

Although, the numerical simulation by Yang et al. [6] show that the
side wall force is nevertheless slight enough. Hence after, Yang et al. [6]
updated the formula to include the side force Fg3 and write the resultant
“electrical-field force” as
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As well as the resultant “magnetic-field force” as
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It is noteworthy that the so-called electrical-field force and magnetic-
field force described by Yang [6] are rather strange in physics as no
electric charge is involved, which might have been confounded with the
radiation pressure that resulted from the momentum change rate of
incident photons. One can see through (3) and (4) that, the sum of the
so-called electrical-field force and magnetic-field force obviously
amounts to the surface integral of the Poynting vector that represents
power density of the electromagnetic wave. That is to say, the partici-
pation of so-called electromagnetic resonant does not change the phys-
ical essence of the “electromagnetic field force” as radiation pressure,
which is exactly one phenomenon of conservation of momentum.

Sure enough, the first term in the electrical-field force or magnetic-
field force should be of almost identical magnitude but inverse sign
with that of its second term. Herein, the word “almost” is utilized to
respect the preciseness of science as there might be a very slight lag in
time (of magnitude 10�8 s) considering the successive incidences of every
photon upon the top, bottom or side wall. Macroscopically, such small lag
in time of any single photon would never produce net thrust because the
analogous actions of the vast disorder photons would make such differ-
ence random and unobservable.

In other words, the magnitude of the component of Fg3 along the axial
direction (Fg1 and Fg2) would always be

Fg3 � cosθ ¼ ��Fg1 � Fg2

��: (5)

And, the apparent resultant force acted on the cavity wall should be
zero.

Fthrust ¼ Fg1 þ Fg2 þ Fg3 ¼ 0: (6)

For a closed cavity as considered by Shawyer [4] and Yang [5,6]. It
should also be the case for any similar closed system with some interior
y 2018
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Fig. 1. Theoretical sketch of the EM drive [4,5].
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stable electromagnetic field pattern developed by multiple absorptions,
reflections and interferences of the electromagnetic waves if the math
work is done accurately. Because the wall pressure exerted by electro-
magnetic field is actually the radiation pressure resulted from the change
in momentums of the incident photons upon the wall [7]. And the change
215
in momentums of photons is directly determined by the interaction be-
tween the incident photons and the system itself, including the absorp-
tion, reflection and emission of photons, which should definitely obey
conservation of momentum. As we know, the total momentum of the
whole closed system should not be altered only by the internal
interactions.

In a sum, the disregard of the equilibrium relationship as indicated by
(5) and (6) might be the very root why the previous works on EM drive
have not made any physical sense. Again, we should never count on that
some phenomenon of conservation of momentum would in turn violate
the law and give us a big surprise.
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