The Most Comfortable Walking Speed
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The Most comfortable speed: is the particular speed at which the energy expended per unit distance traveled is minimum.
	Variable
	Symbol
	Dimension

	Most comfortable walking speed

Characteristic linear size (e.g. height)

Gravitational acceleration
	v

L

G
	m/s

m

m/s²
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A 2 meter tall man walks about 1.41 times faster than a 1 m tall child. However, on the moon, the same man walks only 0.404 times as fast as he does on earth, since 
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g

1.6 m/s².
The mass of an individual M is proportional to the cube of his characteristic length
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, using Dimensional Analysis we get:
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Thus, the most comfortable waking speed is proportional to the sixth root of the individual’s mass. 
Power is Energy expended per time unit, where 
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is power, 
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 is the speed, and 
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 is the symbol of a function. Further, if 
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 is energy, 
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 is time, 
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 is distance, then we can write:
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Hence
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Therefore, the energy expended in unit distance
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 can be calculated from the graph below. In figure, the tangent of slope 
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 of arbitrary point A is:
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It follows that the minimum energy in unit distance traveled is defined by the position of point B, since at this point the slope, tan
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, is minimum.
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The result of the construction of the
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plot by the above method is shown in the graph below. 
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The plot shows the energy expended in unit distance traveled versus walking speed by a person of 70 Kg mass. According to the plot, minimum energy expenditure is achieved at walking speed 
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=1.24 m/s = 4.464 Km/h; a slower or faster walking speed –especially slower! - increases the energy needed. We also see that the minimum amount of energy required by the subject was 
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237.6 J/m. 

Knowing that for both man and mammals
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, these data now enable us to determine the numeric constant
[image: image25.wmf]3

k

:

[image: image26.wmf]6167

.

0

70

1000

.

8

.

9

24

.

1

6

6

3

=

=

=

M

g

v

k

r


Therefore,
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Now, to derive a relation for the walking energy expended in unit length covered at the most comfortable walking speed, we consider the following variables:

	Variable
	Symbol
	Dimension

	Energy expended in unit distance

Mass of walker

Gravitational acceleration
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	m.kg/s²
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From Dimensional Analysis, we obtain:
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By the data provided in the second graph, 
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Note that while the most comfortable walking sped varies with the square-root of g, from 
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, the expended energy corresponding to this speed varies linearly with g.

References:
Szirtes, Thomas. Applied Dimensional Analysis and Modeling. McGraw-Hill, 1998.
Exercises:

1. How long would it take, and how much energy would an M=85 kg astronaut need to walk u=1850 m on the Moon inside a radome? g = 1.6m/s².
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The time necessary towalk u =1850 m is t = u/
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=3576.5 s = 59 min 36.5 s.

The energy expended in unit distance 
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Thus, the energy needed to walk 1850 m is 
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(47.056)(1850)= 87053.6 J

In comparison, on Earth the same astronaut would walk with 1.28 m/s speed for 1444.4 s, and would consume 533747 J total energy, i.e., he would walk 2.47 times faster and would expend 6.13 times more energy.

2. a. How fast did Tyrannosaurus Rex use to walk? Based on fossils, its height was about 6m, and its locomotion was bipedal –like that of Homo sapiens.

Hint: The mass of a “typical” 1.78 m tall man (me) is 
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88 kg. Assume a modicum of geometric similarity between the dinosaur and me. Also, assume same density of
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The length scale factor is 6/1.78=3.371. 

Since density scale factor is 1, the mass scale factor is: 
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Thus, the mass of the dinosaur was (38.307)(88)=3371 kg.

It’s walking speed is 
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This value fits well within the range of 1 – 3.6 m/s derived by Bernard Schepartz, in his book Dimensional Analysis in the Biomedical Sciences, using footprint spacing.

b. What is the energy requirement for the dinosaur to walk a unit distance?
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c. If 1 liter of oxygen represents about 20100 J energy, how many liters of oxygen did the Tyrannosaurus Rex need to walk 1 km?


Energy needed to walk 1000 m = 11442000 J

Tyrannosaurus Rex needed 
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