
Journal of Physics Special Topics
An undergraduate physics journal

A3 6 Flying Squirrels: Falling at Terminal Velocity

B. Carlisle, C. Dickens, J. Healings, E. Sampson

Department of Physics and Astronomy, University of Leicester, Leicester, LE1 7RH

November 26, 2020

Abstract

This paper discusses the physics behind humans landing a fall at terminal velocity. We find that

there would have to be a severe increase in human size in order to comfortably survive. A 90 kg

human would have to have to be 2.0 m wide and 8.5 m tall with an area of 17 m2 to survive such

a fall. We also find that the fluid density would have to be 30 kgm−3 to alternatively reduce the

terminal velocity of a human enough to survive.

Introduction

It is somewhat known that squirrels cannot
die from falling as they can survive the impact
from a fall at terminal velocity [1]. Indeed, this
is if they land feet first. We aim to extract the
physics from this scenario and apply it towards
a human falling at terminal velocity. We adjust
the necessary parameters to slow a human’s ter-
minal velocity in order to survive.

Method

To begin, we found the terminal velocity equa-
tion [2]:

vt =

√
2mg

ρfCdA
(1)

where ρf is the density of the fluid, which for air
is 1.225 kgm−3, Cd is the drag coefficient and g
is the acceleration due to gravity which we took
as 9.81 ms−2. Then we calculated the decelera-
tion during the landing phase of a fall using the
simple equation for constant acceleration

a =
vt − u

t
. (2)

This allowed us to work out the forces involved
in a landing by using Newton’s 2nd Law

F = ma. (3)

Once the force was calculated we could compare
this to the forces that humans can survive. By
using the fact gymnasts can survive forces over
12 times their weight during a landing [3], we can
substitute this new force back in and find a new,
slower terminal velocity that humans can com-
fortably survive the impact from. This is done
by working in reverse, we began with the new
force and found the corresponding acceleration
using equation (3). Using this new acceleration
we found a new terminal velocity using equation
(2). Finally, using this new terminal velocity we
calculated a new area to slow the terminal ve-
locity using equation (1). Additionally we found
a new density of the fluid in a similar way. We
held the area constant and used the new velocity
as mentioned previously.

Table of values

To carry out the calculations for falling at ter-
minal velocity we needed some values which are
in the following table (1).



Value Squirrel Human

Height (m) 0.42 1.70
Width (m) 0.060 0.41
Area (m2) 0.024 0.70
Mass (kg) 0.40 90

Cd 0.98 0.60

Table 1: Table of values used in calculations [4],
[5], [6], [7], [8].

Substituting these values into equation (1) al-
lows for the terminal velocity of both a squirrel
and a human to be found.

Findings

A squirrels terminal velocity was found to be
16 ms−1, while a human has a terminal velocity
of 59 ms−1. If we take t as 0.1 s, a reasonable as-
sumption for a landing given bending of the legs
[9], we can say that the deceleration for a squir-
rel is 160 ms−2 and for a human is 590 ms−2.
This equated to a force on a squirrel equal to
64 N, and 53, 000 N on a human. This is signifi-
cantly higher than the force acting on a gymnast
when they land. [3]. By assuming the maximum
force a human can comfortably handle as equal
to the force acting on a gymnast, we obtain a
new maximum force, Fnew, of 11, 000 N. Taking
this Fnew we calculated the acceleration using
equation (3), taking anew to be 120 ms−2, giving
a new terminal velocity, vtnew, of 12 ms−1. From
here we can either find the new area by hold-
ing the fluid density constant, or we can hold
the human area constant and find the fluid den-
sity. We calculated the new area, Anew, to be 17
m2, which is 24 times larger than the assumed
dimensions from earlier. We would need a hu-
man that is 8.5 m tall while being 2.0 m wide.
We also calculated the new fluid density, ρfnew,
to be 30 kgm−3, which is 25 times the density
of air. In these calculations we have assumed
that both humans and squirrels are rectangles
and that humans can suddenly right themselves
and land on their feet.

Conclusion

Humans cannot survive falls through the air
at terminal velocity, therefore significant changes
in either the anatomical make up of a human, or
the density of air would need to be made. A
human would need to be 8.5 m tall and 2.0 m
wide in order to sufficiently slow the terminal
velocity so they can land in 0.1 seconds. Unfor-
tunately, this size human would most certainly
not be able to survive, as they wouldn’t have
enough muscle density to support their body.
For a normal human to be able to comfortably
survive the fall the air density would have to
be 30 kgm−3 which is 25 times larger than nor-
mal, which would cause massive changes to life
on earth as we know it. More force would be
needed for all forms of transportation, and the
maximum height humans could breathe at would
be lower.
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