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General Introduction.
What Is Biophysics?

Biophysics is the field that applies the theories and methods of 

physics to understand how biological systems work.

 Study of the action of physical agents: vibrations, radiation, 

electricity, sounds...

 Study of physical methods and techniques for diagnosis 

and therapy.

 Study of physical phenomena in the organism: biophysics of fluid 

exchange and flow, biophysics of blood circulation, respiration, 

acid-base balance.
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 Bioelectricity refers to electricity produced by living

beings. It is a specific field of electricity related to the

effects of living organisms. The main elements are

neurons and the brain.

 It is also known as developmental bioelectricity and

studies the regulation of behaviors in cells, tissues, and

organs resulting from endogenous electrical signals.

General Introduction.
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Physics-Biophysics

Chapter 1: Electricity and Bioelectrical Phenomena

Chapter 2: Biophysics of Solutions and Medical Applications

Chapter 3: Geometric Optics

Chapter 4: Radiations and Biophysical Foundations of Modern 

Imaging
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CHAPITER 1
Electricity and Bioelectrical Phenomena
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Fondamental Physical constant
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Fondamental Physical constant
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Atom: The atom consists of a very dense central part (the nucleus),
around which electrons orbit.

On a microscopic scale, matter is composed of a collection of atoms or 
molecules linked together by Van der Waals forces

The nucleus of the atom is composed of protons and neutrons, and the
peripheral part consists of an electron cloud

1- Generalities and reminder
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The following table gives the physical characteristics of the particles
found in the atom.

Charge in (C) Mass in (Kg)

Electron (-e = -1,6 10-19) 9,11 10-31

Proton (+e = +1,6 10-19) 1,67. 10-27

Neutron 0 1,67. 10-27

Atomic charge: 

The electrical charge of an atom can be deduced from the algebraic sum of all its 
elementary charges.

Number of protons

Total number of nucleons

Number of neutrons

𝐀=𝐙+𝐍

Chemical element symbol
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A charged comb attracts bits of paper
because charges are displaced in the
paper.

2- Electrostatics
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Conductor and insulator

A material is said to be a perfect conductor if, when it becomes 

electrified, the charge carriers can move freely throughout the entire 

volume occupied by the material.

It will be a perfect insulator if the charge carriers cannot move freely 

and remain localized at the place where they were deposited.
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Conductor and insulator
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Electrostatics: Applications in Biophysics
• Biological membranes

• Biological membranes are insulating materials. placed between two conducting materials., thus 

forming a capacitor.

They allow for charge separation.

They contain ionic channels that help maintain a difference in charges between the inside and the 

outside (thanks to chemical energy), resulting in an electrostatic field at the membrane.

This field influences ionic exchanges at the membrane level.

• Proteins

• Proteins are made up of amino acids, some of which are charged. The surface of a protein shows a 

charge distribution that is not uniform (even if the overall charge may be zero).

This distribution guides the intermolecular interactions that are essential for signaling pathways.

For example, phosphorylation is a modification of the surface of a protein after activation, which 

leads to a negative charge that modifies interactions with other partners of this protein.
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1-2 Electric force
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1-2Electric force

24



1-2Electric force
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(generally, we have                      )

Electric forceElectric force
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1-2 Electric force

Here is a unit vector

Vectorial form of the electric force

Characteristics of Coulomb force: Coulomb force is a vector quantity, also characterised
by 
a)The point of application: The charge.
b)The direction of Coulomb forces: the direction depends on the nature of the two 
charges. Two situations may arise:
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1-2 Electric force
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Example 01 : The Hydrogen Atom
1-2 Electric force
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An electric field is any region in space where an electric charge is subject 
to the action of an electric force.

When a point charge qA, is placed at the origin, the Coulomb force on another

point charge, qB, at the position r=AB is given by

With

-The SI Unit is the Newton/Coulomb=N/C, Alternative Unit : Volt/Meter

-The direction of the field is the same as that of the force if the influenced 

charge is positive.

-Otherwise, the direction of the field is opposite to that of the electric 

force.

1-3 Electric field
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1-3 Electric field

Input fieldOutput field
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Analogy with mechanics

In analogy with mechanics, if in the vicinity of the earth, where

the gravity field reigns, we place a mass m, it will be subject to

its weight. We have:

1-3 Electric field
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• Here, we calculate the electric field strength for electric charges 
distributed in space. When an electric charge, qi , is placed at position 
ri (i = 1,2,……., n), with the superposition principle, the electric field 
strength at r is given by 

Case of n charges :

1-3 Electric field
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Example Electric Field Due to Two Charges

A charge q1= 7.0 µC is located at the origin, and a second 

charge q2= -5.0 µC is located on the x axis, 0.30 m from the 

origin.

Find the electric field at the point P, which has coordinates       
(0, 0.40) m.

Solution First, let us find the magnitude of the electric

field at P due to each charge. The fields E1 due to the 7.0µC

charge and E2 due to the -5.0µC charge are shown in the 

Figure. Their magnitudes are

1-3 Electric field

35



36



Electric field lines
We can visualize the field using electric field lines (lines of electric force), which

help us to understand the field easily. We can refer to a line of electric force as an

electric field line, and take the tangent to an electric field line at an arbitrary point
as being parallel to the direction of the electric field at this point.

It can be shown that electric field lines never cross each other.
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Rules for drawing electric field lines

Electric field lines
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Electric field lines

Positive point charge

Negative point charge
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Electric field with surface charge distribution

In this case, we have:

with

If σ  is the surface charge density (units: C.m−2) with 

Then the electric field is given by:
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Electric field with volume charge distribution

with

with 

Then the electric field is given by:

We define ρ as the volume charge density (units: 

C.m−3). The electrostatic field created by such a 
distribution is 
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Electric field with  linear charge distribution

We define          as the linear charge density 

(units: C. m−1). The 

Electrostaticfield created by such a distribution is
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Example 2

Two charges q₁ and q₂, placed respectively at points A and B, are separated 

by a distance of 5 cm. On the line (AB), where can a third charge be placed so 

that it experiences no force? Can this charge be either positive or negative?

Given: q₁ = -8 μC; q₂ = 3 μC.

Solution: . Principle: The net electric force on a test charge is zero when the 

electric fields produced by q₁ and q₂ at that point cancel each other     (E₁ + E₂ = 

0). This condition is independent of the sign or magnitude of the test charge ). 

So any nonzero test charge (positive or negative) will experience zero force if 

the electric field is zero at that point.
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Solution:

• ⇒ q3 will be subjected to: 

• For q3 to be immobile ⇒

• Case 1: M between A and B ⇒ q3 can never be at rest.

• Case 2: M at a distance x to the left of A: 

• If                               then

• OR

• Rejected values because x must be positive (distance).
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1.4 Electrical potential.
1-4-1Work of an Electric Force

The charge q₂ follows an arbitrary path between A and B. 

The work of the force F⃗ is written

W A→B is independent of the chosen path

dW: elementary work of F⃗ between points M and N.
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1-4Electrical Potential

• Electrical Energy and Potential

Here Ep is the electrostatic potential energy of the system composed of q₁ 
and q₂ separated by a distance r.

If q₁ is in the field E₂ produced by q₂ , we can side that q₁ has an electrostatic 
potential energy because of this field and we can write:

electric potential created by charge q₂ at the point where charge q₁ is located.

this gives

Here

q₁ is the influenced charge.
V2/1∶ is the external influencing electric potential

Relationship between potential energy and electric potential. 
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Case of two charges :

Case of three  charges :

1-4Electrical Potential
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1-4Electrical Potential
Generally:

• Characteristics of electric potential:

• Electric potential is a scalar quantity, characterized solely by its value and sign.

• If the influencing charge is positive, the value of the electric potential will also be 
positive.

• If the influencing charge is negative, the value of the electric potential will be 
negative.

• In the International System, the unit of electric is the Volt.
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• Relationship between electric potential and electric field. The electric 
field derives from the electric potential. The expression of the 
relationship between the electric field and the electric potential is 
given by:  

1.4 Electrical potential.
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.2 Case of n charges:

In the presence of several qi charges, the electrostatic field is the sum of the electric
potentials produced by each charge qi:

.

Where ri is the distance between the charge qi and the point M.

1.4 Electrical potential.
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1.4 Electrical potential.
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• Equipotential surfaces:

1.4 Electrical potential.

A virtual surface composed of points with the 

same electric potential is called an equipotential 

surface. 

That is, E vector is normal to the equipotential surface. This can also be 

expressed by saying that the electric field lines are normal to the 

equipotential surface.
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1.4 Electrical potential.

Equipotential surfaces:

Positive electric charge                   Pair of positive and negative charges 

The field line is always oriented in the direction of decreasing potentials.
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1-5 Electric Dipole

• An electrostatic dipole is a system of two point electric charges, +q and –q 
located at a distance d=2a very small compared to the distance r. 

• Molecules such as HCL, CO, H20, CO2 constitute examples of electrostatic 
dipoles.
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1-5 Electric Dipole

• Definition: we call the electric dipole moment the quantity 
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1-5 Electric Dipole

1-5-1Potential of a dipole

We have
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1-5 Electric Dipole

In polar coordinats

For the dipole, The component of the electrical field are

Er is the radial component whereas Eθ is the angular component
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Gauss Positions

It is defined in the xx’ and yy’ axes
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1-5 Electric Dipole
Interaction between an external field and the dipole 

If we place a dipole, with electric moment p, in an external uniform

field E, the charges, which constitute it, are subjected to equal
forces and opposite.

The dipole is subjected to a torque
with respect to o.
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Interaction energy:

1-5 Electric Dipole

The potential energy of a dipole, placed in an E field, is calculated by

adding the potential energies of each charge:

VA  is the potential at the point A : The charge (-q) has the potential energy –q VA

VB  is the potential at the point B : The charge (+q) has the potential energy +q VB

Demonstration 
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For θ=0 The energy is minimum : Stable equilibrium position.

For θ=Π The energy is maximum : instable equilibrium position.

1-5 Electric Dipole



Dipole of the water molecule

The electric dipole of the water molecule 

is:
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The center N of the 10 negative charges 
and the center P of the 10 positive 
charges are distinct.

1-5 Electric Dipole
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Exercise of dipole

The electric dipole associated with the water molecule has a dipole moment of P 
= 6.2 × 10⁻³⁰ C·m. 
It is placed in the electric field created by another water molecule. Their centers 
are separated by 3.44 Å.

1) Assuming that their centers are fixed, how do they orient themselves? 
What is then the potential energy of each molecule? What does it represent?

2) To evaporate 1 g of water, 2260 J of energy are required. Deduce the number 
of bonds that one water molecule forms with its neighbors. Then explain the 
phenomenon of body heat elimination through perspiration



Answer

The first Gauss position

The second  Gauss position
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Remark:
If and      have the same direction ⇒ potential energy Ep is minimal ⇒ stable equilibrium.
A negative Ep represents a bonding energy between the two molecules.
−Ep corresponds to the energy required to break this bond.

2) To evaporate 1 g of water:
→ 18 g corresponds to NA molecules
→ Therefore, 1 g corresponds to (NA / 18) = 0.334 × 10²³ molecules

Since 2260 J is needed for 1 g of water, the energy per molecule is:

E = 2260 / (0.334 × 10²³) = 6.76 × 10⁻²⁰ J per molecule

Given that the energy required to break one bond is 1.7 × 10⁻²⁰ J, the number of bonds per 
molecule is:   x = (6.76 × 10⁻²⁰) / (1.7 × 10⁻²⁰) = 4 bonds.
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Explanation

To function, the muscle consumes O₂ and glucose, which react together to 
release CO₂ and energy. Part of this energy is used by the muscle, and the 
excess is released as heat. 
This heat is sensed by the skin and the hypothalamus. 
At the skin level, this heat breaks the hydrogen bonds between
water molecules, causing water to evaporate as sweat —
a mechanism that eliminates body heat through perspiration.

The hypothalamus is a small structure in the brain located 
below the thalamus, which acts as a major control center 
for many vital functions. It regulates functions such as 
body temperature, hunger, thirst, sleep, and emotions..



67

1-5 Gauss Law

The total electric flux is the Integral of the electric field (E) over a closed surface 

(S) and equal the total enclosed charge (Q) divided by the permittivity of free space 

(ε₀).

-Gauss' theorem is used to calculate the electric field for charge 

distributions.

-General method:

-Finding the closed surface.

-Writing the definition of the flow.

-Applying the Gauss theory.
Karl Friedrich Gauss German

mathematician and astronomer



• Example  :

We consider a sphere with center O and radius R, charged with a surface distribution of 

charges σ. This distribution having a spherical symmetry Calculate the resulting 

electrostatic field and potential in all space. We take V(∞)=0. draw the graph E(r) and V(r).

68

1-5 Gauss Law
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1-5 Gauss Law
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1-5 Gauss Theory


