
CONCEPTS IN BIOPHYSICS
Comprehensive Structural Map and Reference Index (1947–1967 Manuscripts)

________________________________________________________________________________

Document Source: Concepts in Biophysics Manuscript & Detailed Outline

Historical Frame: 1964–1967 (with background literature cited 1947–1965)

Document Attribution: William J. Moressi (1149 W. Taylor Street, Chicago, Illinois)

A Note on Design: Negentropy in the Classroom

This course was not assembled by convention. Each section was positioned deliberately so

that what the student could not see at the start — the underlying unity of biological

phenomena — became progressively visible as formal ordering principles were introduced

one by one. The sequence is itself an instance of negentropy: a designed increase in the

coherence of the student's conceptual world. What enters as disconnected observation leaves

as integrated structure. That transformation is not incidental to the course. It is the course.

Section I: Mathematical Concepts

• Core Mathematical Entities: Logarithms, differentials, continuous integrations, and formal
operational calculus.

• Infinite Power Series Proofs: Step-by-step calculus derivation of the natural exponential constant
e = 2.71828 by expanding standard exponential functions into infinite geometric series, taking
derivatives to the limit where ∆x = dx, and equating coefficient terms sequentially (Equations 1-1 to
1-11).

• Differential Equation Modeling: Differentiates between general and particular solutions for first
and second-order linear differential equations characterized by order, degree, and linearity
(Equations 1-19 to 1-22).

• Operational Calculus: Utilizes the standard algebraic differential operator D = d/dx such that Dy =
dy/dx and (1/D)f(x) = ∫f(x)dx. Proves advanced properties of operators by replacing variables to
resolve both reduced and complete equations with suppressed integration constants (Equations
1-23 to 1-28).

• Models vs. Reality Metatheory: Analyzes empirical functional structures developed via sensory
observation. Outlines that a structural model is not built primarily upon "reality" itself, but on how
effectively it interrelates distinct observations with minimal assumptions. Uses the historical
wave-particle duality (Maxwell wave equations vs. Planck quantum absorption models) to
showcase that multiple conflicting models must simultaneously apply until a single unified
framework emerges.

• Philosophy of Science: Explicitly integrates the Law of Parsimony (Occam's Razor), mandating
that no more physical causes or theoretical forces should be introduced than are strictly required to



account for observable experimental facts. Cites contemporary operations in parsing scientific
methodology (Weatherly, Science, 1965).

Section II: Statistical Concepts

• Probability Theory Foundations: Defines structural probability as a precise ratio of desired
specific events to the total set of equiprobable alternatives within an experimental trial (p = a/b).
Maps foundational distributions: Binomial Law, Poisson Distribution, and the Normal/Gaussian
Law.

• Normal Law (Gaussian Curve) Derivation: Constructs an elegant calculus proof of the standard
Gaussian distribution curve from the product of multiple separate, successive, independent
measurement errors. Shows that maximum probability converges when the sum of arithmetic
errors matches zero. Integrates logarithmic variations to establish standard deviation and
root-mean-square metrics (Equations II-1 to II-11).

• Gaussian Empirical Test Case: Applies the normal curve equations to raw physiological data,
specifically the red blood cell counts of 137 healthy young males. Provides an active calculation
tracking class intervals, frequency distributions, and standard deviations to locate the maximum
ordinate height y_max = 37.3 at the exact central mean of x = 5.4 million/mm3 (utilizing Croxton's
Elementary Statistics in Biology and Medicine).

• Random Target Inactivation (Poisson Hits): Applies Poisson metrics to calculate precise "hits"
(excitations or ionizations) within an irradiated cellular population. Assumes a homogenous target
volume and an unvarying radiation field. Derives exponential multi-hit survival ratios (N/N_0) where
zero-hit survival declines as a direct negative exponent of dose (Equations II-12 to II-13).

• Error Tracking & Propagation: Classifies errors into two clear domains: systematic errors
(reproducible bias stemming from instrument calibration, experimental limits, or physical habits)
and random errors (unpredictable fluctuations such as electronic thermal noise or judgment
variance). Outlines standard Propagation of Error matrices utilizing multi-variable partial derivatives
to determine total composite error bounds (Equation II-15).

• Method of Least Squares: Presents a complete mathematical validation demonstrating that the
most probable estimate of a variable minimizes the sum of squared deviations. Calculates
simultaneous partial derivatives to lock in slope (b) and intercept (a) parameters for an optimal
linear fit (y = a + bx), establishing standard errors for both individual estimates (Equations II-19 to
II-33).

• Information Theory Quantitation: Applies binary choice mathematics to calculate absolute
information volume in "bits" (binary integers). Defines information content via I = log

2
(equiprobable

alternatives). Includes a physical classification schematic tracing the exact bits required to resolve
an unclassified organism down to a specific breathing mammal.

Section III: Concepts of Growth & Decay

• Unlimited Autocatalytic Growth: Defines foundational biological growth as a first-order
autocatalytic reaction where the rate of change is directly proportional to the amount of living
material present (dx/dt = kx). This matches the classic "Compound Interest Equation" for cell mass,
volume, or count under optimal conditions (Wetzel, 1944; Glaser, 1947). Criteria for biological life



are analyzed from a cybernetic/kinetic viewpoint: the capacity of a particle to assemble a duplicate
of itself out of a more chaotic, high-probability environment (citing Schrödinger's What is Life?,
1947).

• Limited Growth (Verhulst-Pearl Logistic Model): Introduces realistic environmental, nutritional,
and physical limits into exponential models. Expands the growth coefficient into an empirical power
series to account for crowding effects and toxic end-product accumulation. Integrates the modified
rate equations to prove the classic logistic function.

• Differential / Allometric Growth: Derives Julian Huxley's foundational formula for heterogonic
growth (χ_2 = a·χ_1^b). Validates the equation by setting up and equating two separate first-order
growth functions to eliminate the shared time variable (t). This allows objective calculation of
varying organ-to-body growth rates.

• Sigmoidal Inactivation & Gompertzian Decay: Analyzes deviations from simple first-order
exponential decay kinetics. Introduces the theoretical concept of a metabolic "survival factor"
inherent to the biological system that actively buffers radiation damage or physical breakdown.
Models the decay coefficient as an inverse function of this protective substance, yielding a
Gompertzian distribution model over time.

Section IV: Mechanical & Electrical Concepts

• Classical vs. Relativistic Mass Dynamics: Contextualizes Newton's three core laws of motion
within standard biological structures, evaluating inertia, momentum, and acceleration vectors.
Juxtaposes classical static mass with Einstein's relativistic mass variation formula, plotting mass
increase as standard velocity approaches the speed of light.

• Multi-Axis Force Fields: Formulates and solves separate equations isolating core physical forces
operating within biophysical systems: universal gravitational forces, inertial forces counteracting
acceleration, and Coulombic electrostatic molecular interactions regulated by dielectric constants.
Notes the long-term structural significance of intermolecular Van der Waals forces.

• Hydrostatic and Diffusion Pressures: Defines pressure parameters across continuous systems.
Resolves Pascal's hydrostatic layers via continuous integration over fluid depth (p = ∫gρ·dz).
Defines diffusion pressure as a direct function of molecular kinetic energy driving a
multi-compartment system toward a state of maximum entropy and spatial disorder.

• Osmotic Transport Mechanics: Models an idealized two-compartment system divided by a
semi-permeable membrane. Proves that introducing non-permeable solute particles dilutes the
active solvent count, creating a clear concentration gradient driving measurable osmotic pressure
(π = cRT).

• Elasticity and Fiber Structural Models: Models elastic restoring mechanisms using Hooke's Law
and stiffness coefficients (S = F/x), separating ideal linear behavior from complex non-Hookian
responses. Builds a structural model of parallel linear biological fibers to derive a generalized
Young's Modulus expression.

Section V: Transport & Hemodynamics

• Fluid Flow Typologies: Categorizes continuous fluid transport within biological networks into three
clear regimes: ideal frictionless flow, viscous laminar flow, and disordered turbulent flow.



• Classical Hydrodynamic Principles: Outlines Bernoulli's Principle for energy conservation along
closed conduits. Defines standard fluid viscosity (η) as the ratio of tracking shear force per unit
area to the local velocity gradient.

• Integration Proof of the Poiseuille-Hagen Law: Provides a full calculus derivation for laminar flow
within rigid cylindrical vessels, proving that flow volume is driven by the fourth power of the radius:
R = 8ηl / (πr4).

• Turbulence Limits and Streaming Vectors: Uses the dimensionless Reynolds Number (Re) as a
precise threshold indicator for identifying the breakdown of laminar flow and the onset of energetic
turbulent eddies. Connects kinetic-potential energy shifts to axial streaming physics.

Section VI: Thermodynamic Concepts & Bioenergetics

• Classical Laws of Thermodynamics: Establishes the three foundational laws governing physical
energy tracking: Enthalpy/Conservation metrics (First Law: dE = dq - dw), Entropy maximization at
equilibrium states (Second Law), and the absolute inaccessibility of absolute zero (Third Law).

• Exact Differentials via Euler's Condition: Presents fundamental thermodynamic equations
tracking Enthalpy (H), Gibbs Free Energy (F), and Helmholtz Energy (A). Validates
cross-derivative equality using Euler's condition for exactness.

• Free Energy & Equilibrium Dynamics: Integrates standard gas state variables at constant
temperature to prove free energy equations (∆F° = -RT ln K). Defines partial molar free energy as
the fundamental chemical potential (µ) governing molecular escaping tendencies.

• Nernst Diffusion Equation Validation: Combines chemical and electrical work factors to derive
total electrochemical potential fields. Establishes the classic Nernst equilibrium relationship: ε =
-(RT / zF) * ln(C
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• Mathematical Proof of Active Transport: Applies the Nernst framework to actual intra- versus
extra-cellular ionic concentrations of a living cell, exposing a net electrical driving force of -160 mV
actively pulling sodium ions into the cell — mathematically proving the existence of the Active
Transport Pump working against the electrochemical gradient.

Section VII: Kinetic Theory & Radiation Biology

• Velocity Distributions (Maxwell-Boltzmann): Calculates random molecular collision paths to
derive velocity and kinetic energy distributions across a 3D grid using spherical integration over
velocity components.

• Bimolecular Collision Theory: Calculates collision frequencies based on spatial collision
cross-sections and mean velocity vectors. Proves that only collisions exceeding a critical activation
energy threshold (E_c) lead to chemical reactions.

• Arrhenius Activation Fields: Reviews Arrhenius's standard formula for the temperature
dependence of reaction steps (k_e = A·e(-E_a / kT)). Mathematically links experimental activation
energy to fundamental collision energy thresholds.

• Radiation Wave-Particle Duality: Defines universal radiation as energy propagation. Evaluates
electromagnetic duality: radiation moves as a continuous wave but absorbs or emits as discrete
energy packets governed by Planck's relation (E = hc / λ). Incorporates de Broglie's particle



wavelength formula (λ = h / mv).

• Absorption Physics & Attenuation Laws: Formulates Lambert's Law showing exponential light
intensity decline through a homogenous medium. Maps absolute biochemical absorption peaks
(DNA at 260 mµ; Protein at 280 mµ).

• Radiobiological Action Mechanisms: Divides ionizing radiation damage into Direct Effects
(energy absorption within target molecule) and Indirect Effects (radiolysis of water generating
reactive free radicals). Measures relative biological effectiveness across radiation types.

• Tissue Radiosensitivity and Treatment: Indexes human tissue types in order of decreasing
vulnerability. Formulates the Law of Bergonie and Tribondeau linking cell radiosensitivity to mitotic
division rates, active metabolism, oxygen concentration, and cellular maturity.

The Student Experience: A Cognitive Negentropy Event

A student who reaches this point has not completed seven topics. They have undergone a

single cognitive event that happened to have seven stages. The mathematical language of

Section I, the statistical discipline of Section II, the thermodynamic accounting of Section VI —

these are not stored in separate compartments. They are now recognized as expressions of

one principle: that living systems, including the mind engaged in learning, move toward order

when the right constraints are applied. The student has not just learned about negentropy. In

the most precise sense, they have experienced it.

Section VIII: Textual References & Bibliographic Index

The source manuscript integrates direct citations, chapter assignments, and conceptual frameworks
from the following foundational literature:

1. Casey, E.J., Biophysics, Concepts and Mechanisms, Reinhold Publishing Co., London, 1962.

2. Giese, A.C., Cell Physiology, W.B. Saunders Co., Philadelphia, 1962, Chapter 9.

3. Croxton, F.E., Elementary Statistics in Biology and Medicine, Saunders Co., Philadelphia.

4. Zimmer, K.G., Studies on Quantitative Radiation Biology, Oliver & Boyd, Edinburgh, 1961.

5. Randall, J.E., Elements of Biophysics, Year Book Publishers, Chicago, 1st Ed. 1958, 2nd Ed. 1962.

6. Ackerman, E., Biophysical Science, Prentice-Hall, Englewood Cliffs, 1962.

7. Riggs, D.S., The Mathematical Approach to Physiological Problems, Williams & Wilkins, Baltimore, 1963.

8. Ruch, T.C., and Fulton, J.F. (eds.), Medical Physiology and Biophysics, W.B. Saunders Co., Philadelphia, 18th
Ed. 1960.

9. Lacassagne, A., and Gricouroff, C., Actions of Radiations on Tissues, Grune & Stratton, Inc., New York, 1958.

10. Errera, M., and Forssberg, A. (eds.), Mechanisms in Radiobiology, Academic Press, New York, 1961.

11. Schrödinger, E., What is Life?, Macmillan Co., New York, 1947.

12. Huxley, J., Problems of Relative Growth, Methuen & Co., London, 1932.



13. Lotka, A.J., Elements of Physical Biology, Williams & Wilkins, Baltimore, 1925 (reprinted as Elements of
Mathematical Biology, Dover, 1956).


