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Super heroes: their attitudes and honor 

codes make them heroes; their extraordinary 

abilities make them super. Such abilities may be 

believable, based on mundane training and 

technology but, more often than not, they 

surpass not only human limits, but the borders 

of physics as well. For example: moving faster 

than light, ignoring laws of mass and energy 

conservation, manipulating matter and energy 

with a thought, etc. 

Many questions come to mind when 

thinking about supers, one in particular: what 

are the limits of what is physically possible? 

When a character receives an extraordinary 

power, how does it interact with an ordinary 

world? In this study, I’d like to invite the reader 

to explore the boundaries of one of the most 

classical archetypes: the super-runner. 

 

INITIAL SCOPE 

As I don’t want to cause indignation to any 

fan while talking about limitations of his or her 

favorite character – such as Flash (Fig. 1), 

Quicksilver (Fig. 2) and other famous speedsters 

– let’s adopt an unknown super hero, 

henceforth called Captain Run (any similarity 

with characters from any multiverse is just a 

coincidence), to whom I shall give increasing 

powers, testing how fast a super-runner can go. 

 

 
Figure 1. Different versions of DC’s The Flash. Image 

extracted from Wikimedia Commons; artwork for the 

cover of Flash (vol. 2, #208; DC Comics, May 2004), art by 

M. Turner & P. Steigerwald. 

 

Some may find it weird to talk about “super-

runner” instead of using the term “speedster”. 
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The reason is that I will limit our study to powers 

that are (roughly) related to running. So, I will 

avoid time-stopping, n-th dimension jumping, 

space compression and any other “physics’ law-

suppressing” powers, otherwise there would be 

little physics left to study. That being said, from 

now on, I may use both terms speedster and 

super-runner, but Captain Run’s powers will be 

limited to running abilities. 

 

 
Figure 2. Marvel’s Quicksilver. Image extracted from 

Wikimedia Commons; panel from Avengers (vol. 3, #38; 

Marvel Comics, March 2001), art by A. Davis. 

 

Let’s start slow. What if the Captain had 

human speed? The top speed registered for a 

running human was achieved by Usain Bolt in 

the 100 meters race at Berlin 2009 (Fig. 3; 

German Athletics Federation, 2009), when he 

travelled from the 60m to the 80m line in 1.61 

seconds. This means a speed of 12.4 m/s or 44.6 

km/h. 

 

 
Figure 3. Usain Bolt (second from right to left) winning the 

100 m in Berlin 2009. Image extracted from Wikimedia 

Commons; E. van Leeuwen (2009). 

 

This speed is comparable to that of cars in 

urban areas, a remarkable feat for a biped made 

of flesh and bone. But if our goal is to go beyond 

real humans, how about the limits of the animal 

kingdom? The fastest known land runner is the 

cheetah (Acinonyx jubatus) who, when pursuing 

their prey, can run at up to 100 km/h for short 

periods of time (Carwardine, 2008). That clearly 

served as inspiration for the Thundercat 

speedster Cheetara (Fig. 4). 

 

 
Figure 4. Cheetara, from Thundercats. Image extracted 

from www.thundercatsfans.org; screen capture from the 

animated series. 

http://www.thundercatsfans.org/
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Better, but not enough. Our hero is still stuck 

to biological limitations: muscle contraction 

rate, step mechanics, motor coordination, 

metabolism, fatigue, etc. Alright, it’s time to go 

super! 

Let’s give Captain Run the following powers: 

(1) the ability to move body parts as fast as 

needed, no longer constrained by physiology; (2) 

reflexes and brain functions fast enough to 

coordinate such movements; (3) the capacity to 

accumulate enough energy and use it with 

enough potency to enable this speed; and (4) 

sufficient invulnerability to avoid harm from the 

usage of his powers within normal 

circumstances. Captain’s uniform is super 

resistant and includes special googles that repel 

any particles, never getting blurry. 

With all that, what limits our hero? Basically, 

friction. 

 

FRICTION: PUSHING AND BLOCKING 

When someone stands on a horizontal 

surface, their body is pulled towards the planet’s 

center due to gravitational attraction, aka 

weight force. Their feet touch the ground and 

apply a force on it, whose reaction is applied by 

the ground on the feet and balances the weight 

force, so that the body remains static. This 

contact force is perpendicular to the surface, 

and is usually called normal force (FN). 

When someone tries to run, their feet (or 

their footwear’s sole) perform a movement 

whose tendency would be to slide backward. If 

there is too little friction, as on an oil puddle, the 

runner slips. However, if the interaction 

between foot and ground is sufficiently strong to 

resist slipping, the foot will push the ground 

backward while the ground will push the foot 

forward, propelling the runner forward (Fig. 5). 

In this case we have what is called static friction: 

a property of two surfaces to resist sliding so 

that there is no relative movement. 

 

 
Figure 5. A runner’s force diagram. Image modified from 

Forces in Running (http://forces-in-running.weebly.com/). 

 

The static friction has a limit that depends 

on: (1) the normal force between the surfaces – 

that is, how much they compress each other; 

and (2) the nature of the touching surfaces, 

meaning the materials they are made of, if there 

are particles (dust) or fluid (oil, water) between 

them, and if the surfaces are smooth or rough. 

In general, one can use the expression: 

 

𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 ≤ 𝜇 ∙ 𝐹𝑁 

 

where Ffriction is the friction force, FN is the 

normal force, and μ is the friction coefficient, an 

empirical dimensionless number found through 

many experiments with different materials and 

conditions. If the Captain’s foot tries to apply a 

horizontal force greater than μ∙FN onto the 

ground, his foot slips; therefore, μ∙FN is the 

maximum force he can use to impel himself 

forward. 

The analysis gets more complicated when 

we consider the human step mechanics, which 

http://forces-in-running.weebly.com/
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involves vertical displacement, the feet and legs 

changing position, forces changing directions at 

every moment, among other complications. In 

order to focus on the overall external physics, I 

will use a radical simplification, adopting 

average values and ignoring most of the step 

mechanics. 

In this simplified model, the normal force 

will be considered constant, and a horizontal 

trajectory will be chosen so that there is no 

vertical displacement. Therefore, in general 

conditions, the normal force’s magnitude will be 

equal to the weight force (we will see later on 

that this can change under certain 

circumstances). 

Also, the friction coefficient μ will be 

considered constant and adopted as 1, which 

represents boots made of tire rubber on dry 

asphalt from a regular street (lower values 

represent more slippery surfaces; higher values 

are found in more adherent interactions, like 

rubber shoes on rubber floor; for more 

examples, see The Engineering ToolBox, 2017). 

Simulating a wide range of values for a varying μ 

as the Captain runs would consume too much 

time and effort while adopting a scenario as 

fictional as any. If we have to pick a track, let’s 

stick to the basics. 

With these premises, the expression for 

friction force says that Ffriction ≤ weight. By 

Newton’s second law, one may conclude that 

Captain Run could achieve an acceleration equal 

to the gravitational acceleration, about 9.8 m/s². 

Does this mean he can speed up at 9.8 m/s², as 

if he were “free falling forward” indefinitely? 

Not really. And that is because we still 

haven’t talked about the other “friction”: the air 

resistance. The interaction of a moving body and 

the fluid it is immersed in depends on the body’s 

size, geometry and position, and increases with 

the relative speed between them, generating a 

force opposed to the movement. This force may 

be called drag, air friction or air resistance. A 

free falling body’s acceleration decreases as the 

drag increases, up to the point when drag = 

weight. At such a point, it is said that the body 

has hit its terminal velocity. 

For a skydiver with open arms and legs and 

parachute still closed (Fig. 6; this is the closest to 

a person running with an erect posture that can 

be found in literature), the terminal velocity is of 

about 60 m/s or 216 km/h (Nave, 2012). This is 

fast for sure, but not as extraordinary as we 

wanted; after all, there are land vehicles which 

can go faster than that. So, how can we go faster 

if, at this point, the air resistance equals the 

maximum propelling force we can achieve? Let’s 

take a deeper look. 

 

 
Figure 6. Depiction of a freefalling skydiver. Image 

extracted from Buzzle (www.buzzle.com). 

 

The drag force for a turbulent flow (in short, 

at high relative speeds) around a body is given 

by the expression: 

 

𝐹𝑑𝑟𝑎𝑔 =
1

2
∙ 𝜌 ∙ 𝐶𝑑𝑟𝑎𝑔 ∙ 𝐴 ∙ 𝑉2 

http://www.buzzle.com/
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where Fdrag is the drag force; ρ is the fluid’s 

density; A is the reference area, which can be 

the total area in contact with the fluid, or the 

frontal area (the “shadow” the body creates in 

the fluid’s flow lines); Cdrag is the drag coefficient, 

a dimensionless number obtained by 

experiments (it depends on the area A 

considered and the body’s geometry and stance, 

and the fluid’s viscosity); and V is the relative 

speed between body and fluid. 

The terminal velocity is reached when V is so 

high that the drag equals the propelling force, 

which I estimated as being equal to Captain’s 

weight (if he tries to impose more force, his feet 

will slip on the ground without speeding up), so: 

 

 

𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛.𝑚𝑎𝑥 = 𝐹𝑑𝑟𝑎𝑔 ⇒ 𝑚 ∙ 𝑔 =
1

2
∙ 𝜌 ∙ 𝐶𝑑𝑟𝑎𝑔 ∙ 𝐴 ∙ 𝑉𝑚𝑎𝑥

2 ⇒ 𝑉𝑚𝑎𝑥 = √
2∙𝑚∙𝑔

𝜌∙𝐶𝑑𝑟𝑎𝑔∙𝐴
 

 

Considering this equation, which powers or 

tricks could the Captain use to run faster? He 

could change his stance to reduce the drag, 

much like bikers leaning and even lying on their 

motorcycles in order to generate less drag (this 

may explain why some authors depict their 

characters running with their torso in a 

horizontal stance). Still, the limit wouldn’t be 

“super” higher. 

The Captain could try some technology or 

obtain a new power to shrink (reducing the 

A∙Cdrag term) while keeping the same mass, or 

increase his mass while keeping his shape (with 

a suit made of super heavy materials, for 

example). However, he would then have 

another problem because, at some point, his 

weight would be concentrated in such a reduced 

area, that he would possibly pierce the floor and 

leave a trail of destruction in his path. 

By the way, collateral damage would be an 

issue if Captain Run were to get close to another 

famous limit: the sound barrier (Fig. 7). The 

sound travels at different speeds depending on 

characteristics of the medium transmitting it; in 

air at 20°C and at sea level, the speed of sound 

is 343 m/s or 1,236 km/h. When a body travels 

in a fluid with a speed equal to or higher than 

the speed of sound, it provokes shockwaves that 

release a great amount of sonic energy, a 

phenomenon called “sonic boom”. 

This sonic boom, when caused by airships 

flying kilometers above the ground, can shake 

some houses’ windows. So how much damage 

would Captain’s sonic boom cause if generated 

in the middle of the street? In a best case 

scenario, bystanders would suffer temporary 

deafness and glass objects would be shattered, 

resulting in a high chance of getting sued 

(Gilliland, 2014). 

 

 
Figure 7. Sonic boom forming as an aircraft breaks the 

sound barrier. Image extracted from Shutterstock (www. 

shutterstock.com). 

http://www.shutterstock.com/
http://www.shutterstock.com/
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Well, as destroying the pavement and 

bursting eardrums are usually villains’ jobs, let’s 

avoid that by giving our hero another (quite 

unrealistic) power: the capacity of not 

interacting with the air. Let’s assume that he can 

generate a field around his body that distorts 

physics so he doesn’t generate turbulence, drag 

or sonic booms. 

With such not-very-realistic science, Captain 

can finally reach the speed of light, right? Not so 

fast. That is because, until now, I have been 

applying an implicit simplification: the path 

through which the Captain runs was considered 

a straight line. Even though this is an adequate 

model when dealing with “everyday” velocities, 

we must remember that Earth’s surface is not 

flat, but round, so one actually performs a 

curved trajectory when running straight 

forward. This makes a difference when we start 

to go superfast. 

 

RUNNING AROUND THE GLOBE: THE GRAVITY 

OF THE PROBLEM 

In order to follow a curve, a body needs a 

resulting force with a component perpendicular 

to the speed so that it alters the speed’s 

direction. This force is called centripetal force, 

given by: 

 

𝐹𝑐𝑒𝑛𝑡 =
𝑚 ∙ 𝑉2

𝑅
 

 

where Fcent is the centripetal force needed for a 

body with mass m moving at a speed of 

magnitude V to follow a curve with a radius R 

(Fig. 8). 

In most cases, as Earth’s radius is quite big 

and V is not too high, Fcent is low enough so one 

can ignore it without distorting the results, but 

as V increases, that‘s not the case anymore. 

 

 
Figure 8. Centripetal force acting on a ball attached to a 

string being swung in circles. Image modified from Boys 

and Girls Science and Tech Club (https://bgsctechclub. 

wordpress.com/) 

 

When I estimated the propelling force as 

being equal to the weight force, I assumed that        

FN = weight, so the resulting force in the vertical 

direction would be null. However, as we make a 

curve around the Earth, we need a resulting 

force equal to the centripetal force, so that the 

difference between the weight and normal force 

keep the body from leaving the planet’s surface. 

As we are talking about planetary scale, let’s 

take a look at the expression for gravitational 

attraction, because, in reality, using g = 9.8 m/s² 

was another implicit simplification. According to 

Newton’s gravitational law: 

 

𝐹𝑔 =
𝐺 ∙ 𝑀 ∙ 𝑚

𝑅2
 

 

where Fg is the gravitational force between two 

bodies; G is the universal gravitational constant, 

which was obtained through experiments to 

correlate Fg and the other physical quantities; M 

https://bgsctechclub.wordpress.com/
https://bgsctechclub.wordpress.com/
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is the mass from one of the bodies, in our case, 

Earth’s; m is the other body’s mass, in our case, 

Captain’s; R is the distance between the two 

bodies’ centers of mass. 

I will assume Earth’s shape to be a sphere 

(which is not exactly true, but this is not the 

worst approximation I’ve done so far) and that 

Captain’s height is negligible in face of Earth’s 

medium radius, so that R = 6,371 km. 

When we study a problem in planetary scale, 

another issue arises: the Coriolis force, a 

fictitious force that appears when a body tries to 

move on a spinning frame of reference (such as 

the Earth) and the former’s speed is not parallel 

to the latter’s axis of rotation (Persson, 2005). 

Earth spins with an angular speed of 2π/day 

around an axis that passes through the planet 

from North to South. If the Captain stands still at 

the equatorial line, he performs a circular 

trajectory with a radius of 6,371 km at a speed 

of (2π/day) times 6,371 km. Standing at the 

poles, he just spins around himself, with zero 

speed. At each latitude between these 

extremes, he will have a different linear speed 

caused by rotation. 

Now, let’s assume he is running at super 

speed and steps on the North Pole. At first, he 

would have a speed towards south only. If he 

goes on, however, he will arrive at points that 

rotate at a certain speed towards east, so two 

things may happen: either he accompanies 

Earth’s rotation, which means he needs an 

additional force to impel him to the east (it 

would “consume” part of the friction); or he 

keeps running south, and appears to be sliding 

west in relation to the ground. 

Adding Coriolis force to the analysis would 

be way too complicated, but there is a way 

(literally) around this: if the Captain runs only 

over the equatorial line, the ground would 

always be at the same speed (ignoring 

mountains and other geographic features). In 

this case, the Coriolis force would no longer 

affect our hero’s speed direction to the sides (it 

becomes 100% vertical, like weight and 

centripetal forces), and we can build a simpler 

model using his speed referenced by Earth’s 

center by applying a correction to speed due to 

rotation. 

So, back to the study of forces in the vertical 

direction, using V with reference to Earth’s 

center, we have: 

 

𝐹𝑔 − 𝐹𝑁 = 𝐹𝑐𝑒𝑛𝑡 ⇒ 𝐹𝑁 =
𝐺 ∙ 𝑀 ∙ 𝑚

𝑅2
−

𝑚 ∙ 𝑉2

𝑅
 

 

Applying Newton’s second law, I can 

calculate Captain’s acceleration as: 

 

𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = 𝑚 ∙ 𝑎 ⇒ 𝑎 = 𝜇 (
𝐺 ∙ 𝑀

𝑅2
−

𝑉2

𝑅
) 

 

This means that, as the speed increases, the 

acceleration decreases. As I assumed a constant 

radius R, G is constant by definition, and Earth’s 

mass doesn’t present significant change in a day, 

I can calculate that our hero’s top speed would 

be: 

 

𝑎 = 0 ⇒ 𝑉𝑜𝑟𝑏 = √
𝐺 ∙ 𝑀

𝑅
= 7,909.68 𝑚/𝑠 

 

When achieving such a speed, any person 

would enter an orbit close to the ground. At this 

speed, the gravitational force keeps the body in 
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a circular trajectory, keeping it from escaping 

into space, but not allowing enough interaction 

with the ground to have any normal force or 

friction force. Even if the Captain wore an 

extremely massive armor or super-adherent 

boots to increase his traction, when he reached 

7,909 m/s relative to Earth’s center, there would 

be no more contact with the floor for him to 

accelerate any further. 

Basically, the Captain would be floating a 

few centimeters above the ground, without 

touching it with his feet, and thus limiting his 

running speed. 

If I consider that any point at the equatorial 

line moves at 465 m/s relative to Earth’s center, 

due to the planet’s rotation, and that the 

Captain can move at up to around 7,900 m/s, 

when seen by a reference on the ground he can 

run at 8,365 m/s when moving towards west, or 

7,435 m/s when moving towards east. 

Therefore, at max speed, he could go around the 

planet in about 79 minutes and 40 seconds. Not 

instantaneous, but not bad either. 

Still, as we have seen, his acceleration drops 

as his speed increases. Therefore, the faster he 

is, the harder it is for him to get even faster. With 

that said, how long would Captain Run take to 

reach top speed? 

 

ACCELERATION: HOW FAST ONE GETS FASTER 

Acceleration is the rate at which speed varies 

in time. As we have seen, a super runner has 

limitations to his acceleration, so he can’t reach 

the speed of sound in the blink of an eye. That, 

by the way, is one of the most common stunts 

performed by speedsters that contradicts the 

laws of physics, demanding explanations like 

time distortion. 

For example, in Disney-Pixar’s The 

Incredibles, the young speedster Dash (Fig. 9) is 

presented as a boy who can run superfast, 

without mentioning time-space manipulation 

abilities. He doesn’t even ignore air resistance, 

for his hair is clearly dragged when he is running. 

Yet, Dash performs an impossible prank where 

he runs across a room full of people without 

anybody noticing, not even with the aid of a 

camera. 

 

 
Figure 9. Dash, from The Incredibles. Image extracted from 

The Disney Wiki (http://disney.wikia.com). 

 

In a rough estimation, he runs about 5 m 

from his seat to the front of the room, and 5 m 

back to his seat, all in the time between two 

frames captured by a hidden video camera. Even 

the cameras from the silent films period took 

images at a minimum rate of 16 frames per 

second (Wikipedia, 2017a), which means he had 

0.0625 seconds to do it, at best. So, a minimum 

http://disney.wikia.com/
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average speed of (2 x 5 m) / (0.0625 seconds) = 

160 m/s was needed. What is the problem with 

that? 

First of all, he was wearing common clothes 

at the time and not his special anti-air friction 

suit, so he would at least provoke a sudden blow 

of wind and a lot of noise, startling everybody in 

the room. 

Second, if he had 0.0625 seconds to do all 

the work, he had even less time to accelerate 

and decelerate. When he got to the front of the 

room and turned back, he had to reverse 

accelerate at more than (2 x 160 m/s) / (0.0625 

s) = 5,120 m/s², or 522 times the gravity 

acceleration. There is no way his regular shoes 

would stand so much friction with the ground 

without some damage or skidding occurring. 

Also, if he tried some maneuver like a wall-kick, 

he would probably poke a hole through the wall, 

not to mention the noise caused by the impact. 

Incredible indeed. 

Right, you can’t run with infinite acceleration 

without destroying some objects in the way. 

Isn’t there another way? One “possible” solution 

to the acceleration limitation is to use jet 

propulsion: by discharging a stream of gas at 

high-speed backwards, one is propelled 

forward. One example is the hero in training 

Tenya Iida, from the manga/anime Boku no Hero 

Academia (Fig. 10), who has some sort of bio-

organic engines in his calves. The story has yet 

to explain (if it ever will) how much thrust he 

gets from the expelled gas and how much comes 

from superfast leg motion. How he coordinates 

the propulsion with the variation of his legs’ 

positions while running is another mystery. 

 

 
Figure 10. Tenya Iida from Boku no Hero Academia, using 

his powers. Image extracted from Boku no Hero Academia 

Wiki (http://bokunoheroacademia.wikia.com), excerpt 

from the manga. 

 

Anyway, this can help at some level, but 

again there is the collateral damage issue: once 

the gas leaves the hero’s body or equipment, it 

will interact with the environment, possibly 

causing sonic booms or pushing unaware 

bystanders away, depending on the acceleration 

he is trying to achieve or the speed he is running 

at. 

With that in mind, let’s go back to Captain 

Run dealing with his limited acceleration. As we 

have seen, the maximum acceleration he can 

achieve depends on his interaction with the 

ground, the gravity and the centripetal force 

needed to keep him on Earth’s surface. This can 

be expressed through the equation: 

 

𝑎 = 𝜇 (
𝐺 ∙ 𝑀

𝑅2
−

𝑉2

𝑅
) 

http://bokunoheroacademia.wikia.com/
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With all the constants known, the only 

variables left are the acceleration and the speed. 

Through numerical calculations I can estimate 

how these two quantities would vary if the 

Captain tried to achieve his maximum speed at 

the maximum available acceleration (Table 1). 

Starting his movement standing at the 

equatorial line (rotating east at 465 m/s relative 

to Earth’s center, due to planetary rotation), 

running towards west, he would take 35 seconds 

and go through 6 km to reach the speed of sound 

relative to the ground. 

 
Table 1. Variation in speed and acceleration as Captain Run speeds up. 

 

 

He would take 47.4 seconds and 11 km to 

reach 465 m/s, or 0 m/s relative to Earth’s 

center. After 311 seconds and 469 km run, his 

speed would be 2,501 m/s relative to Earth’s 

center and his acceleration would have dropped 

by 10%. 

To illustrate how his speed and acceleration 

evolve, let’s use these quantities in relative 

forms: 

 

𝑉∗ =
𝑉 + 𝑉𝑒

𝑉𝑜𝑟𝑏
    ;      𝑎∗ =

𝑎

𝑎0
 

where V* is the relative speed (reference on the 

ground), a* is the relative acceleration, Ve is the 

equatorial line rotational speed and a0 is the 

maximum possible acceleration, when V=0. 

Plotting this on a graph in logarithmic time scale, 

we have Figure 11. 

One can see from Table 1 that, after 2,458 

seconds (about 41 minutes), 16,000 km run 

(equivalent to almost 10 time zones), our hero 

would reach 99% of his top speed, and would 

have only 1% of his maximum acceleration still 

available. There is no highway long enough for 

this, but… moving on. 

After 4,050 seconds, he would reach 99.99% 

of his max speed Vorb. Any irregularity on the 

ground, like a speedbump, might be used as a 

steppingstone to get one last push and hit the 

zero height orbit speed. 

According to these estimations, he would 

take 5,353 seconds (about 89 minutes) to finish 

his trajectory around the planet and, from then 

Time spent [s]

Speed relative to Earth’s 

center [m/s] Acceleration [m/s²] Distance run through [m]

0 -465 9.79 0

35 -122 9.8 5994.4

47.4 -0.07 9.82 11000

311 2501 8.84 469000

757 5593 4.91 2550000

1108 6850 2.46 4920000

1512 7504 0.982 8030000

2458 7870 0.0982 15800000

3380 7906 0.00987 23500000

4050 7909 0.00175 29100000

5350 7909.66 0.0000612 40000000
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on, would orbit close to the ground at 7.9 km/s 

(establishing an orbital period of 5,060 seconds 

or about 84.3 minutes). That is, if he didn’t 

collide with some object in his path, like a tree, 

building, mountain, etc. Given Earth’s 

topography, it doesn’t sound very likely. 

 

 
Figure 11. Variation in relative speed and acceleration as Captain Run speeds up. 

 

COLLISION COURSE 

Another problem thus becomes evident: 

how will the Captain dodge obstacles? As we 

have seen, when one’s speed increases, the 

interaction with the ground decreases. This 

means his acceleration is more limited, not only 

to make him go faster, but also to hit the brakes, 

or even to perform a curve and avoid collision. 

Then, another question comes to mind: what 

is the speed limit if he intends to dodge from 

random obstacles? Sure, it depends on the 

nature and size of such an obstacle, but I can try 

to estimate it. 

Let’s assume Captain is running in an open 

field, when he sees a small town. He decides 

entering the town is not a good idea, since he 

might hit innocent citizens, so he prefers to 

contour it. 

The distance to the horizon line depends on 

a combination between the planet’s curvature 

and the height of the observer’s eyes above the 

ground (the altitude as well, but to simplify 

everything, let’s consider he is at sea level). 

Some estimates show that, for a point of view 

with heights varying from 1 to 2 meters above 

the ground, the distance to the horizon line 

varies from 3.57 to 5 kilometers (Wikipedia, 

2017b). 

To use round numbers, let’s say the distance 

to the horizon line is d = 4 km, and the town’s 

shape can be represented by a circle with a 

radius of rT = 1 km. When the Captain spots the 

town’s border, he immediately begins to 
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perform a curve of radius r without decelerating, 

using all the friction force with the ground as 

centripetal force. Figure 12 shows this problem’s 

geometry. 

In this case, the Captain would need to 

perform a curve of 12 km or less in radius. As we 

have shown, the faster he goes, the lesser 

friction force is available, and the harder it is to 

make a sharp turn. 

 

 
Figure 12. Problem’s geometry: a speedster trying not to hit a small town. 

 

If I combine the equations adopted for 

friction and centripetal force, what we have is: 

 

𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = 𝐹𝑐𝑒𝑛𝑡 ⇒ 𝜇 ∙ (
𝐺 ∙ 𝑀 ∙ 𝑚

𝑅2
−

𝑚 ∙ 𝑉2

𝑅
)

=
𝑚 ∙ 𝑉𝑔𝑟𝑜𝑢𝑛𝑑

2

𝑟
 

 

In this case, V is the speed considering a 

reference in Earth’s center, while the speed that 

goes into the centripetal force equation is Vground 

because the curve is performed on the ground 

reference. 

When the Captain runs towards west (the 

direction determines the relation between V 

and Vground), the maximum speed which still 

allows him to dodge the small town is Vground = 

343 m/s (by coincidence, it is close to the speed 

of sound). Actually, as this speed is low in a 

planetary scale, the m∙V²/R component of the 

centrifugal force can be disregarded, and the 

result is about the same whichever direction the 

Captain is running. 

As I estimated, our super runner runs about 

6km to go from zero to 343 m/s. If he attempted 

to just brake instead of contouring the town, he 

would need about the same distance to 

decelerate, which means that he would not be 

able to stop in time to avoid the collision. 

In other words, even if the Captain is 

theoretically capable of running at up to 7,900 

m/s (close to Mach 23), if he goes beyond 343 

m/s (about Mach 1), he would take the risk of 

being unable to deviate from large obstacles 

such as forests or a small town like the one 

presented in the example above. This could be 
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even worse depending on visibility conditions or 

a slippery terrain. 

 

BRACE YOURSELVES: IMPACT IS COMING 

I have estimated that super runners should 

stay under the speed of sound in order to avoid 

accidental collisions. 

Well, what if collision is the goal? For 

example, if a villain plans to conquer the city 

with a giant robot which Captain Run must 

destroy to save the day? How powerful would 

the impact be? 

Assuming Captain is of average weight, let’s 

say 75 kg, and is running at top speed relative to 

the ground (8,365 m/s), he has a kinetic energy 

of 2.6 gigajoules (GJ). When measuring the 

energy of explosions, it is common to use a unit 

called ton of TNT, which is equal to 4.18 GJ. 

Therefore, a speedster running at top speed and 

punching, for example, a giant robot, would hit 

it with an energy equivalent to 620kg of TNT. 

This may sound “weak”, but one must 

remember that all this energy would be applied 

to a surface the size of a human fist in a mostly 

unidirectional way, instead of spreading 

spherically like a bomb explosion usually does. 

Such destructive potential should not be 

neglected. 

However, such an attack would be quite 

impractical. According to our estimations, 

Captain Run would need a 16,000 km long 

unimpeded straight road and take more than 40 

minutes to reach his top speed, giving the villain 

plenty of time to just move the robot out of the 

collision course, quickly frustrating our hero’s 

plans. 

 

 

BEYOND EARTH 

So far, I have limited this study to the realm 

of an earthling super runner: a person on Earth 

whose powers involve high running speed on 

the ground, without the ability to distort time, 

space or gravity. 

But wait: what if our hero went to a bigger 

planet, with higher mass and gravity 

acceleration, how fast could he go? Well, if one 

uses a similar math for Jupiter, the biggest 

planet in our solar system, it has M= 1.898 x 

1027 kg and R= 1.42984 x 108 m (NASA, 2017), 

and the orbital speed at its surface would be 

29.8 km/s, almost four times faster than Earth’s 

top speed. There is just one tiny issue: larger 

planets, such as Jupiter, tend to be gaseous, so 

it would be a little hard to run on them. 

Well, how about giving Captain the power to 

run over any “surface”? Then, if he finds a big 

enough celestial body, he would be able to reach 

the speed of light, yes? Well, probably not. 

The speed of light moving through vacuum 

(it changes depending on the medium it is 

moving through) is the theoretical limit for 

displacement rate in our universe, and equals 

about 300 thousand km/s (10,000 times the 

estimated maximum speed on Jupiter). The 

thing is, a celestial body whose surface orbital 

speed equals the speed of light would have a 

gravitational field so strong that any photon 

moving close to it would be unable to move 

away, getting trapped. 

In other words, Captain Run would have to 

run on a black hole to reach the speed of light. 

As if resisting the enormous forces wouldn’t be 

tricky enough, he would also have to start his 

race at a lower speed, in which case his matter 
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would be sucked and disintegrated by the black 

hole, ending his career in quite a tragic way. 

Another way would involve building a 

planet-sized ring shaped track, and our hero 

running in its internal surface, like a roller 

coaster cart in a loop. The faster he goes, the 

higher the normal force due to centrifugal 

effects, increasing the friction force available for 

acceleration. 

But this increasing force takes its toll. At 

some point before hitting the speed of light, the 

force put on the track would be comparable to 

those occurring on the surface of a black hole, 

since Captain Run has an unneglectable mass. At 

that point, the atomic interactions in either the 

track’s material or Captain’s body would not 

bear the stress anymore, and something would 

collapse in a very destructive accident. 

 

CONCLUSION 

When presenting speedsters’ stories, it is 

easy to make mistakes concerning physics (or 

simply ignore physics entirely), most of them 

related to the limits of acceleration. 

Considering a super-runner on Earth, if there 

was a highway completing a loop around the 

whole planet following the equatorial line, our 

hero would be able to reach a maximum speed 

of 7.9 km/s relative to Earth’s center (up to 8.4 

km/s relative to the ground, depending on the 

direction he is running). From then on, due to 

gravitational and centrifugal effects, he would 

be unable to accelerate any further. Even with 

quite unrealistic capabilities, such as ignoring 

atmospheric interactions and biophysical 

limitations, our hero can barely get to 0.01% of 

a photon’s speed. 

Still considering Earth’s limitations, the 

super-runner could punch an immobile target 

with energy equivalent to 620 kg of TNT, 

supposing he had enough time and space to 

prepare his attack and his body being able to 

withstand the impact. 

However, for safety’s sake, it would be 

inappropriate to go beyond 343 m/s, otherwise 

accidental collisions might cause undesirable 

damage to people, property, fauna and/or flora. 

In order to reach the dream of light speed, 

one could try to use more massive celestial 

bodies, or build a planet-sized ring track. Still, 

unless one had superpowers and materials able 

to withstand the forces found on a black hole’s 

surface, disintegration would come long before 

the speed of light. 

In conclusion, unless we include powers to 

further distort time-space or other physical laws 

around one’s body, even without considering 

relativistic effects, we can say it is impossible for 

a hero to run at the speed of light. 
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