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COULD HUMANS USE GRASSHOPPERS' SECRETS TO
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For humans, the ability to jump is an indicator of physical fitness
and the ability to move well. To figure out how to jump higher, one
solution is to look at animals that do it very well, like grasshoppers.
These animals have a tiny mechanism in their knees that works like
a sling and enables them to jump very high. Given how well this
sling-like mechanism works, could bigger animals—or humans—use
it to make huge jumps? The answer, surprisingly, is no: increasing
body size makes animals better at producing energy with sling-like
mechanisms, but it also increases the energy required to achieve the
same jump height. By reading this article, you will learn how physics
and geometry help biologists answer a question about how animals
move. Let us jump right in!
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Figure 1

Grasshoppers have
powerful rear legs that
help them to jump high
and far. Those legs
contain a muscle called
the extensor tibiae,
which is attached to
elastic structures in the
grasshopper's knee
[source: https://pxhere.
com/en/photo/771762.
Regulated by the
Creative Commons
License (CCO Public
Domain)].

EXTENSOR TIBIAE

Strong muscle in the
rear legs of
grasshoppers that
powers their jumps.

WHY STUDY JUMPING?

Jumping is an essential ability for humans and animals. The better the
overall function of the leg muscles, the greater the push during the
take-off phase, and the greater the jump height. Hence, jumping ability
indicates a person'’s physical fitness and their ability to move well. So,
by learning how to maximize jump height, scientists can improve the
function of human muscles and people’s fitness and health.

To learn how to improve humans' jumping ability, scientists can
look at animals that are exceptional at jumping. Grasshoppers are a
good example (Figure 1). For grasshoppers, being proficient jumpers
is necessary to escape from predators. They have developed an
outstanding ability to quickly jump high and far. Despite being small,
grasshoppers can jump 30 cm in height (more than 10 times their body
height) and 1 m in length! Do they have a secret for this outstanding
jumping ability? If so, could we humans use the same trick to make
giant jumps?

Figure 1

THE SECRET OF TINY GRASSHOPPERS MAKING GIANT
JUMPS

Grasshoppers jump like tiny slings. When you use a sling, you stretch
an elastic rubber cord containing the object to throw, and then
you release them together, throwing the object far away almost
instantly. Grasshoppers do the same, thanks to specialized structures
in their knees.

Grasshoppers have six legs. The two longest legs, closest to the rear
of the insect, are used to jump. There is a muscle in each back leg
called the extensor tibiae. This muscle is small but very strong: it could
lift the equivalent of a 1.5 kg bottle of water [1]! There are also elastic
structures in grasshoppers’ knees, pulled by the strong extensor tibiae
muscle, that work like an elastic cord [2], and a mechanism that allows
grasshoppers to lock and unlock the knee almost instantly [3]. The
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Figure 2

(A) Resting position, (B)
loading phase, and (C)
firing phase in a sling
and for a grasshopper.
The column on the
right shows what is
happening in a
grasshopper’s knee at
each phase. In both the
sling and grasshopper’s
knee, the elastic cord is
pulled during the
loading phase (by the
extensor tibiae in
grasshoppers) and
elastic energy is stored.
The elastic is then
released almost
instantly during the
firing phase, throwing
the object far or
propelling the
grasshopper high into
the air.

ELASTIC ENERGY

Energy stored in an
elastic structure when
it is stretched. This
energy is given back
when the elastic is
suddenly released.

LOADING PHASE

Phase that allows
elastic energy to be
stored. This energy will
be used later in the
firing phase, to throw
an object in a sling or
for jumping

in grasshoppers.

FIRING PHASE

After the loading phase,
the elastic is released.
By doing this, the
elastic energy is
transferred to the
object, and the object
is thrown or a
grasshopper jumps.

muscle, the elastic cord, and the knee locking/unlocking mechanism
are used together to mimic a sling (Figure 2A).

A Resting Position

Extensor tibiae

Elastic Structures

B Loading phase

Knee Locked [%

C Firing phase

Knee Unlocked %

Figure 2

When using a sling to throw an object, you start by holding
the sling with one hand while the other hand pulls the elastic
with the object to throw. The elastic becomes longer and ready
to shoot; at this point elastic energy is stored in it, and this
phase is called the loading phase (Figure 2B). In the following
firing phase, the band is released (Figure 2C): the elastic energy is
transferred almost instantly to the object, flinging it far. Grasshoppers
jump similarly. In the loading phase the knee is locked, the
muscle extensor tibiae is activated, and the elastic cord is pulled,
meaning energy is stored in the elastic structures of the knee
[3]. In the firing phase, the knee is unlocked while the muscle
is still active. The energy stored in the elastic structures is
released almost instantly, allowing grasshoppers to jump like a
sling, quicker than the blink of an eye. This is why it is hard to
catch them!
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GRAVITATIONAL
ACCELERATION
The force that pulls

objects toward
the Earth.

HOW MUCH ENERGY DOES A GRASSHOPPER NEED TO
JUMP?

One way to look at jumping is that the body is lifted from the ground to
a higher point. This requires energy, which is provided by the sling-like
mechanism in the grasshopper’s knee. Physics can help us calculate
the exact amount of energy needed.

The energy needed to lift a body is calculated by multiplying the body
mass (in kg), gravitational acceleration (9.8 mxs™2), and the vertical
distance covered (in m):

Energy for a jump = massxgravitational accelerationxvertical distance

It is measured in Joules (J). The body mass of grasshoppers is 29
(0.002 kg), and they can jump 30cm (0.3 m) in height. Thus, the energy
needed is:

Energy for grasshopper jump = 0.002kg x 9.8;—27 x 0.3m = 0.006J

This energy must be produced by the sling-like mechanism in the
grasshopper’s knee. The energy given by a sling is the multiplication
of the force applied to the elastic (in Newtons) and the lengthening of
the elastic (in m), divided by 2:

lengthening of elastic

Energy in sling = force applied to elastic x >

The extensor tibiae provides the force applied to the elastic, while the
lengthening of the elastic is the amount of lengthening of the elastic
cord in the knee.

So, what would happen if humans could use the grasshoppers’ trick
to jump?

COULD HUMANS JUMP LIKE GRASSHOPPERS?

Now we know the secret that tiny grasshoppers use to jump. But what
would happen if large animals, like humans, also used it? Could they
make huge jumps? The answer, surprisingly, is no. That is because,
with increasing body size, both the ability to store energy in the elastic
structures and the energy required to lift the body increase at the
same rate.

To illustrate this, let us look at what happens when we increase the size
of two simple 3-D objects, one cube with an edge length of 1 and one
cube with an edge length of 2 (for this example, the unit of measure is
not important). The edge of the second cube is twice that of the first
cube. The area of each face of a cube is calculated as length x length,
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Figure 3

(A) In a cube, the
area of each face
becomes four times
wider and the volume
eight times bigger
when the length of a
side is doubled. (B) In a
grasshopper, the
volume becomes eight
times bigger, and the
mass also eight times
greater. (C) In the
extensor tibiae, the
area of a muscle slice
(red) becomes four
times wider, and
muscle force also
becomes four times
greater, since force is
proportional to this
area. (D) The elastic
cord in the knee
becomes two times
longer and the
lengthening also
becomes two times
longer.

while the volume is length x length x length. Applying these formulas

to our cubes:

Area of each face of Cube 1 = side length x side length=1x1= 1

Area of each face of Cube 2 = side length x side length =2 x 2 =4

Volume of Cube 1 = side length xside lengthxside length = 1x1x1 =1

Volume of Cube 2 = side length xside length xside length = 2x2x2 = 8

These formulas show that making the length of each side two times
longer makes the area four times greater, and the volume eight times
greater. This is illustrated in Figure 3A: each face of the second cube

Length: 1 Length: 2
A Cube
B Grasshopper
Cc
D Elastic cord in the knee
—Hi—
A -

Consequence

Length x 2
Area x 4
Volume x 8

Volume x 8
Mass x 8

Area x 4
Force x 4

Length x2
Lengthening x 2

Figure 3
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SCALING

Changing the
dimensions of an
object while keeping
the same proportions.

DENSITY

Ratio between mass
and volume of an
object. It measures
how closely packed
together a substance’s
particles are.

contains four faces of the first cube, and the second cube contains
eight smaller cubes. In geometry, this is a general scaling principle: if
length doubles (x2), area will be four times bigger (2 x 2 = 4), while
volume will be eight times bigger (2 x 2 x 2 = 8) [4].

Let us apply all of this to grasshoppers. If a grasshopper became twice
as long, its volume would become eight times greater (Figure 3B). Mass
is the multiplication of density and volume: if density does not change
and volume becomes eight times greater, mass also becomes eight
times greater. What would happen to the extensor tibiae? The muscle
would become twice as long. If we could cut the muscle into slices like
a salami, we would notice the area of the slice becoming four times
bigger (Figure 3C). The force produced by a muscle is proportional
to the area of this slice, so the force of the extensor tibiae would also
become four times greater. And what would happen to the elastic cord
in the knee? It would become two times longer, and it would lengthen
two times more [2] (Figure 3D).

Remember that the energy the sling can produce is the multiplication
of the force of the extensor tibiae and the lengthening of the elastic
cord, divided by 2:

lengthening of elastic

Energy in sling = force applied to elastic x >

For a grasshopper with twice the size, force becomes four times
greater, and the lengthening of the elastic becomes two times greater:
the energy produced by the sling is then eight times greater. Would this
make the grasshopper jump eight times higher?

Now remember that the energy needed to lift a grasshopper up (when
jumping) is the multiplication of body mass, gravitational acceleration
(9.8 mxs~2), and vertical lift:

m
Energy for grasshopper jump = mass x 9.8—2 x vertical distance
S

Unfortunately, by scaling the grasshopper by two times, the body
mass increases by eight times, which makes the energy needed for
a jJump also eight times greater. Thus, both the energy provided by the
sling and the energy needed to jump are now eight times greater. It
follows that, if scaled by two times, grasshoppers would still jump the
same height.

What if a 0.002 kg grasshopper had the same mass as a 70 kg human?
We would have to scale up by 33 times: the energy produced by
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the sling would be 36,000 times greater, but the energy required to
jump a certain height would also be 36,000 times greater. The result
is that giant grasshoppers and tiny grasshoppers both lift 0.3 m from
the ground when jumping. This means the height of giant grasshopper
jumps would not be better than what humans are capable of. This is
the reason why humans (and big animals in general) do not rely on
a sling mechanism like tiny grasshoppers do, and instead power their
jumps mostly by shortening their muscles [5].

Next time you meet a grasshopper, do not be scared. Now you know
them a little bit better, and you know the secret that makes them jump
so high despite their tiny size. You also know that if grasshoppers were
as big as humans, they could only jump as high as they do now. Thus,
to improve how high they can jump, humans should work on jump
training rather than dreaming of jumping like grasshoppers!
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