= ' THE MACHINERY OF LIFE {

A User Manual for Biological Maintenance
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The Problem: Living structures are organized but unstable. The Solution: A relentless system of repair. Nutrition,
Without constant energy input, order breaks down into chaos. Respiration, Transportation, and Excretion.
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THE CRITERION FOR LIFE

Why visible movement is a false metric.

TISSUE
(Cellular Layers)

e Visible movement (running,
chewing) is insufficient; plants
don’t run, animals sleep.

e The true definition is Invisible
Molecular Movement.

CELL
(Zoom Magnitude)

e Constant repair is required to
counteract environmental
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damage. 5 o
e [f molecular repair stops, or_der MOLECULAR MOVEMENT & REPAIR \ @:« %j
breaks down — Organism dies. (The Criterion) T ?
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SYSTEM INPUT: THE PRODUCERS

Autotrophic Nutrition & Photosynthesis

THE CHEMICAL RECIPE

6CO, + 12H,0 —
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SYSTEM INPUT: THE CONSUMERS

Heterotrophic Nutrition: The Disassembly Line

N
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Mouth: Mechanical Crushing +
Salivary Amylase (Starch — Sugar)

Stomach: Mixing Tank.
HCI + Pepsin (Protein Digestion)

Liver/Pancreas: Chemical Injection. + Mucus lining.
Bile (Emulsifies Fats) + Trypsin/Lipase.
Small Intestine: Absorption Zone. . T | |
Vl]_ll inCIEESE SUI’fECE area DESlgl'l Variance: Herbivore Carnivore

for fuel uptake.

Herbivores require
longer small intestines
to digest cellulose.
Carnivores have

shorter tracts for meat.
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ENERGY RELEASE:
RESPIRATION

Pyruvate

G LU COS E PR " _'. .....
e (3-Carbon)

(6-Carbon Molecule)

Converting Glucose into ATP
Currency in Roboto Serif __ e J 1
_-Fi_..“ ®
o~

p—
.‘—

[

Presence of Oxygen

e e
e i, . R R
Tt AEERREcEr BN e N T e
........

_____________________

e e e e concaolll M Wl
e ety || e B natenons | B e
______________________________________

Q ,? Ethanol + CO, m \l)l\rLacthmd (Cramps) F“ @J
44 | *Energy (Low) | Li U *Energy (Medium) | ﬂ CO + Water + ENERGY (High) ”%{

ATP (Adenosine Triphosphate): The universal battery.

= e

Breaking the phosphate bond releases 30.5 kJ/mol of energy.
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OXIDIZER INTAKE

Engineering for Surface Area

i

Aguatic vs. Terrestrial

Air has high O,

— High flow rate needed =~ — Internal organs needed
(Gills) to prevent drying

(Lungs)

Water has low O,

The Solution

The Alveoli Advantage:

the lungs would cover 80m?,

Maximizing diffusion. If unfolded,

.:j-l:-! o
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LOGISTICS: HUMAN CIRCULATION
The Double-Pump System

KEY DATA POINTS

Vena Cava Pulmonary Artery Pulmonary Vein
Separation: 4 chambers
prevent mixing,
BODY essential for high-
VIDFETARE RIGHT energy temperature
ATRIUM reqgulation.
RIGHT N
VENTRICLE Arteries: Thick walls,
SYSTEMIC | ' LUNGS high pressure.
CIRCUIT = (ALVEOLLI)
LEFT ATRIUM
VENTRICLE _
wﬁ Veins: Valves to
£ prevent backflow.
RIGHT LEFT G

VENTRICLE ATRIUM

Platelets: The
maintenance crew
for plugging leaks.

Pulmonary Vein

Oxidized Blood Red Aorta
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LOGISTICS: PLANT TRANSPORT

Moving materials without a pump.

Leaf Leaf
AN " Mesophyll Mesophyll
r - ';'
Transpiration Pull -' ‘ Pl — Sieve Tube
(Evaporation creates suctinn)x ~ Element

Phloem
(Food)

Xylem
(Water)

.
Translocation }

(Osmotic pressure shifts sucrose)

— Sieve Tube

B Companion Cell

Root
Hairs

Passive Transport Active Transport
(Uses ATP)
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WASTE MANAGEMENT: EXCRETION

Filtration and Selective Recycling

Filtration: High pressure Plant Strategies
removes waste + nutrients

+ Gaseous waste (0,/CO,)

Bowman's :
released to air.

Capsule (Filter)
» Solid waste stored in
falling leaves or old

xylem (resins/gums).

Y&

9 Reabsorption:
Useful glucose/water
returned to blood

Collecting Duct

Tubule _
(Reabsorption) (Urine Output)
Excretion:
Urea left behind
forms urine
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THE CYCLE OF MAINTENANCE

Sun:
Energy Source

o

Soil/Air:
Return to
Environment

Leaf:
Production

Life is a synchronized,
continuous effort to
maintain order against
the chaos of the
environment.

G

Kidney/Leaf Fall:
Excretion

Digestion:
Breakdown

Mitochondria:
Respiration

Heart/Vessels:
Transport
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