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Engineering Education by Elliptical Trainers(ET) -
Cardiorespiratory Responses by the Mean Free Path
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ABSTRACT

The elliptical trainers(ET) can be a good tool for educating engineers by analyzing physical
responses in terms of Respiratory Exchange Ratio (RER, epm) and Heart Rate (HR, bpm). For the
various energy expenditure, exercise speed, and weight loss both RER and HR are studied in order to
study the blood circulations based on the health training cardiorespiratory. As the results, (1) RER
increases gradually as the energy expenditure, however, HR increases gradually up to a critical value
and then increases rapidly. The critical value of the energy expenditure in our studies was 275 Cal.
(2) RER increases gradually as the ET speed increases, however, HR increases gradually up to a
critical value and then increases rapidly. The critical value of the ET speed in our studies was about
6.7km/h. (3) RER increases gradually as the weight loss increases (or, the metabolic cost increases),

however, HR is almost nothing to do with the increase of the weight loss.
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Fig.1. Series demonstrates the precess and growth of
an atherosclerosis plague and the development of a
blood clot at the site of a ruptured plaque.

1=Atherosclerosis Plague ; 2=Blood Clot.
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2=Blood  Clot,
4=Atherosclerosis Plaques, or Cell Segments.

Fig.2.  1=Artery, 3=Blood Cells,

7k A% dol FHolet 5
G4 $Ee 1ed u A
e Abole] Az dut AW FEekA @ A
& 5 e Aoy de xeas) ABE a3 s
<shte] @ shpel @0l P HolA

AFE A5 o] BmPeAe] AF2 2d7F Har oA

N

R

ol YELS TEn &y WPz olu YE9
Ao pd ol Aoy} vy At o|EE 1 Hys

ad® va At 7} Atk 99Rg g zgiae] A4
nolg} & REEAF F&a Arhs Fok
Eie] & g9 Zeta S (nd” va Atn ©] €tk
15 2090 BFEATL At ok §HolwA 9%

i

N

56

BE 9 zojas) FEsH HRE uebA
Z Bt o] BYRAPL v 3 A} SES)
= dBURe] d Zeka 529 (nd v A

tn ¢ 2t}
B A58 (mean free path) L A7+ 314
Bt HolBAY vy At B At B Yol= &3

% e @) gone

I~

&

L=(va At ) / [(nd® vq At) n] = 1/(nd” n)
(A1)

H = oo
o o
=

g
oot s

,
b
o
&
1\
%)
rir
)
o
Lo o
o ol o
fo ol

rJ

o

=

o

=

2

o

Hu
el

. "g‘ £
=~ 0 L K

e

RN
Héo&érL

© oo N g o X oo Of o f

A9 A4 d7F 255 ¥ s8] yuA #
A L2 AelA] g3 Zeha, = dde] 4
o] Aol st o)1 Hr AX

5ol Ao FAH| HEHe] A =7 M(cerebral
infarction)o] 4Y st} (173).

oY 9 |

i
[
=
X
K

—

083 WaEArf7el Lo| o FolMA o s§o| A
o ZX|E MolA LtEtLb= | Z M (cerebral infarction)Ol
L} Al 2 M(myocardial infarction).[3]

Fig.3. A cerebral infarction or a myocardial infarction
due to lack of blood supply because mean free path of

blood L is minimal.[3]
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B=Gravitational Rotator, C=Stride Length, D=Instrument
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