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1. What is an electric current?

1.1. Introduction

Electrokinetics is the study of the movement of charges. In other words, it's the study of
electrical circuits and, above all, the movement of electricity in conductive material media, as
opposed to electrostatics, which studies the phenomena and laws relating to immobile
electricity.

As a conductor is a medium in which charges are able to move freely, we can cite metals,
ionic solutions and semiconductors. In metals, only electrons move freely. In other media,
there are different charge carriers in motion, as in the case of electrolytes with several positive
and negative ions, and ionized gases.

An electric current is a movement of electric charges in a conducting medium.

1.2. Origin of electric current

Consider two conductors A and B in electrostatic equilibrium under partial influence.

+
(A) (B)

Equilibrium state

If we connect the two conductors by a conducting wire, we'll have a single conductor under
the action of an electric field; we'll have a movement of charges passing from one conductor
to the other through the conducting wire, this circulation of charges constitutes an "electric
current”.

R R

(A) (B)

Note: This current is temporary; it stops when equilibrium is established. To obtain a direct

current, we use a generator.
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Definition: An electric current is an overall movement of electric charge carriers. In metals,
these carriers are electrons (negative charge), and in liquids and gases, the carriers are

electrons or ions, positive or negative.
The elementary charge is that of the electron: Q= e =-1,6 .10"*® Coulomb (C).
1.3. The conventional direction of electric current

The conventional direction of current chosen by Ampére is opposite to that of electrons. In
fact, current flows from the positive pole to the negative pole of an electric generator.

Conventional current

(+) >
4\_. “—e 4o 44—
— ‘—r—O <4+ o 4—o (+) Ir \—)
A 4}“ “—° 4+ e )y -
| < | R
Electronic current Free | . (_—)—*I
‘ G
electrons

——

1.4. Electric current intensity il 3ad
Current intensity measures the algebraic quantity of electricity (charge carriers) passing

1=%4

through a section of a conductor per unit time. —

The unit of current is: Ampere (A)

The current measurement tool is an ammeter placed in series in the circuit.
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1.5. Electric current density Libg<! il ) 4duis

Current density, J, represents the quantity of charge passing through a unit area per unit time.
It is a vector quantity, characterizing the motion of a set of moving charges with an average

velocity v and the volume density of the charges p.

J=pv with p =nq =ne

with : n is the number of electrons and ¥ is the average velocity of the charges.
we can therefore write j = —nev

In a conductor with a cross-section (S), dl =dx

dl

rvyY
o

—_—

5 =% with dx = ddt
dt

s0 dq = jds dt then I =21 = [[jds

dq = pdv = pds dx = pds Bdt dq _
7 dt

= p¥
In a cylindrical conductor, I = [[ jds

Definition: Current intensity represents the flow of the current density vector j through a
section "S" of a conductor; its unit is A/m2.

In general, for a wire, the relationship between the current intensity and its density will be:

j=1/s

Reminder: Voltage is the potential difference between two points A and B (noted ddp) or
Uas=Va-Vg (the unit of U is Volt).

1. Ohm’s law
2.1. Electrical conductivity 4t gl dualeud)

In the presence of an electric field E, there is a current density through a conducting wire of

length | and cross-section S given by the relation:
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nte?

j=0F with g =

Me
With o : electrical conductivity.
T : average time between two successive shocks between charges.
n : number of charges per unit volume.
me : electron mass.

Note: Electrical conductivity is expressed in Siemens/m (Sm™).

2.2. Electrical resistivity 4=k <) 4 siall

me

Electrical resistivity is the inverse of electrical conductivity, noted as, p = i

It is expressed in Q/m.

2.3. Electric resistance 4wl <) da slial)

a. Definition (Ohm's law on a macroscopic scale)

The ratio between the potential difference U (ddp) between two points A and B on a metal

conductor and the current | flowing through it is constant at constant temperature. It is
. . . U
denoted R and defines the electrical resistance. R = 7

The resistance of a conductor is expressed in Q (Ohm)

Its symbol in an electric circuit is:

R
—>—1
i 4

u

b. Calculating the resistance of a cylindrical conductor (Ohm's Law on a microscopic
scale)

Consider a conductor of length I and cross-section S through which a current of intensity |

flows.
The voltage across this conductor is written as:
(D
U=Av=v,—vg =RI «—
I
The field can be written as:
d
E=—d—'l’:>fv';de=—fEdz S0 vg—v,=—[Edl=U=v,—vz = [Edl
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I=[[jds =]s with | = oE

U [Edl Ef dl El R =
7: = = SO

R =
IN oEs oEs

l

R: —
or P
p:

S|~

b. Power calculation
It is written as : P=U I=R I? its unit is “watt”

This power corresponds to the power consumed by a receiver and the power supplied by a

generator.

2.5. Resistance grouping

There are two different ways of connecting resistors in an electrical circuit.

a. Grouping in series — - [S— . - -
. . . A 1 2 3 B
Three resistors connected in series. 2
Ipg = Igq = Igy = Igz = I with U=R | Req

UAB = URl + UR2 + UR3 = Reql = R111 + R2]2 + R3I3:R11 + Rzl + R3I
SO Req :R1+R2+R3

For « n » resistors we have :

Req = ?:1 R;
b. Grouping in parallel —
R1
Three resistors connected in parallel.
—T
A R: B
IAB = IRl + IRZ + IR3 Wlth I = U/ R
—L
Usp = Upy = Upy = Upg > 2B =21y B2 s *
AB — YR1 — YR2 — YR3 Req - Ry R, R3
S0 —=—+—+— :t
Reg R R R —
Req
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For « n » resistors we have :

1 vl

R AR,
3. Electrical network
An electrical circuit or network is a set of electrical devices interconnected by perfect
conductor wires. In a circuit, we distinguish several types of electrical devices, such as
resistors, generators, capacitors, etc.
A node (322=) is a point in the circuit connected to three or more devices.
A network branch ( g_%) is the part of the circuit between two nodes.

A mesh (Loop 4ils) is a closed path of branches passing at most once through a given node.

Nodes
r LY
/ 1
R / Ry o\ R.
—\VWW—a— AN —— N
e ,. S
Branch f = R
— <& = - ]
V R, < R,< |Loop
- £ '::":.- 4 ’:—:- &
= R,
w :
- \l-"",_l-*-'f.'".v-"' i
.-

The various types of electrical devices can be classified into two categories:

Generator (¥s<): This is the element that generates the current; the current in this element
flows out of the positive pole and in through the negative pole. The conventional direction of
the potential difference U (d.d.p) is from negative pole to positive pole for a generator.
Receptor (J&iwa): In a receiver, current flows in through the positive pole and out through
the negative pole.

Note:

* In a receptor: Current and voltage flow in opposite directions.

A B

Ing I

lap

* In a generator: Current and voltage have the same direction.

A B

4 |
e 4+

tan
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1. Kirchoff’s laws
Kirchhoff's two laws allow the analysis of electrical networks.

4.1. Law of nodes

A node is a point where several electrical conductors meet. The sum of the currents flowing

into a node is equal to the sum of the currents flowing out of the node:

> Iincoming =2 Ioutgoing

I1+ o= I3+ I4+ 15
4.1. Law of meshes

The algebraic sum of potential differences in a mesh is equal to zero:

Z Unaitte = 0

UpN

p U

Upat+ Uas+ Usnt Upn=0
Application example:

Consider the circuit shown below.
1. Calculate the value of the current | using Kirchhoff's two laws.

2. Find the value of I, using the equivalent circuit resistance.

| A B C £ 0
We give : E=24V ; Ri=R,=20Q ; R;=R4=5Q. £ 7,
I ) I2 Rs
ET:_ R Us R2 U R4 U4
H G F E
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The answer: In this montage, we have:

4 nodes whichare: B,C, F, G

6 meshes : ABGHA ; BCFGB ; CDEFC ; ACFHA ; BDEGB ; ADEHA.
1. Kirchhoff's two laws:

Law of nodes:

At the point B : I=11+1” and at point C : I’=I>+I3

Law of meshes (in the direction of the meshes):

ABGHA: E—R,;, =0=>24—20,=0s0l, =124

BCFGB Rlll - Rzlz = 0 = 2011 - 2012 = 0 SO 11 = 12 = 1,2 A

CDEFC Rzlz - R3I3 - R4I3 = O = 20(1,2) - 513 - 513 == 0 SO 13 = 2,4A
1=1,2+1,2+2,4=4,8 A

2. The current can be calculated using another method:

B " l2 s
Rz is in series with R4 s0 R3s=R3+R4=5+5=10Q -
R4
E Ra R
R1, R2and Ra4 are connected in parallel, so : T
1 1 1 1 1 1 1

_—— —_ _— —_ —_—= — A

Req R1i Ry R3a 20 20 10 20 I

We have the law of meshes:

E 24
S]=—=""=48A
eq 5

o)
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