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Abstract

In this paper, we explore the de Broglie wavelength of an average cow, and investigate if it is possible

for a cow to also act as a wave. It is perfectly viable to calculate the de Broglie wavelength of a

macroscopic object, such as in this case a cow, if we consider each atom of the cow to be coherent.

The de Broglie wavelength of an average cow was found to be 1.3× 10−37 m.

Introduction

The de Broglie wavelength of an object de-
scribes how these objects can act as both a par-
ticle and a wave [1], similar to the wave-particle
duality condition of light [2]. Usually only mi-
croscopic objects, such as protons and electrons,
have a described de Broglie wavelength, how-
ever, it is possible for macroscopic objects to
also have a de Broglie wavelength [3]. The de
Broglie wavelength of macroscopic objects is de-
terminded by using its centre of mass, which sat-
isfies the free Schrodinger equation [3]:

− h̄2

2M
∇2Ψ(X) = EΨ(X) (1)

The solution to Equation 1 can be found; corre-
sponding to the energy which is shown in Equa-
tion 2 [3].

E =
p2

2M
(2)

This solution has the form of [3]:

Ψ(X) = exp
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)
(3)

The de Broglie wavelength is found from the
eigenvalue of Equation 3, as written in Equation
4.

Due to this, in this paper, we will calculate
and discuss the de Broglie wavelength a cow will
achieve if it runs at top speed.

Theory

The average cow weighs around 630 kg [4], and
can run up to 7.8 ms−1 [5]. At this mass, a cow
can be described as a macroscopic object and will
have a de Broglie wavelength [3]. The de Broglie
wavelength of an object is as follows [6]:

λ =
2πh̄

p
(4)

Where λ is the wavelength, h is Planck’s con-
stant, and p is the momentum. Momentum can
be found using the following equation [7]:

p = mv (5)

Where m is the mass of the object, and v is its
velocity.

We can first use Equation 4 to find the de
Broglie wavelength of an electron, so we can



make a comparison between this and the wave-
length of a cow. If we assume the electron has a
velocity in the order of 106 ms−1, then the wave-
length is calculated as 7.3 Å.

Using this equation, along with the values of
mass and velocity of an average cow stated pre-
viously, we find the wavelength of a cow to be
1.3 × 10−37 m.

For additional comparison, the value of the
Planck length is 1.6 × 10−35 m [8], the Planck
length being the smallest value of distance be-
tween two particles where we can tell their posi-
tions apart [8].

Discussion

As shown, the de Broglie wavelength of an
average cow travelling at top speed is almost
2 orders of magnitude smaller than the Planck
length. This means that, although the cow does
have an associated de Broglie wavelength, it is
too small for us to observe, due to the laws of
physics.

Conclusion

While an average cow does have a de Broglie
wavelength, calculated to be 1.3 × 10−37 m, the
wavelength is too small to observe, as it is smaller
than the Planck length.
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