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PROGRAMME "Physiquel » Chapitre 0.

Rappels mathématiques:

- Les équations aux dimensions.
- Calcul vectoriel

Chapitre |I. Cinématique:

1- Vecteur position dans les systemes de coordonnées (cartésiennes, cylindrique...)- loi de mouvement
- Trajectoire.

2- Vitesse et accélération dans les systemes de coordonnées.

3- Applications : Mouvement du point matériel dans les différents systemes de coordonnées

4- Mouvement relatif.

Chapitre Il. Dynamique :
1- Généralité : Masse - Force - Moment de force —Référentiel Absolu et Gallilien 2- Les lois de

Newton

3- Principe de la conservation de la quantité de mouvement. 4- Equation

différentielle du mouvement 5- Moment cinétique

6- Applications de la loi fondamentale pour des forces (constante, dépendant du temps,
dépendant de la vitesse, force centrale, etc).

Chapitre lll. Travail et énergie :

1- Travail d'une force 2- Energie Cinétique ,

3- Energie potentiel — Exemples d'énergie potentielle (pesanteur, gravitationnelle, élastique) 4- Forces
conservatives et non conservatives - Théoreme de |'énergie totale



Chapter 0: Mathematical reminders

I.1. Generadlities on Physical quantities ( 4k il ssalial)

e A physical quantity [A] is a quantity wich can be measured, with instruments or

even by using our senses, and wich that reports a physical property.

* For example: length, mass, time, temperature, electric current, light intensity,
volume.... etc

ePhysical quantities [A] have numerical magnitude “a” and unit {4}

_ ﬂ — Physical quantity
{4}

a
—— Unit
numerical magnitude

Example: The Velocity V=10 m/s



» There are two types of measurable quantities

= Scalar quantities:

Length, mass, time, energy...........

= \Vector quantities:

Velocity, Acceleration, Electric and magnetic field......



International System of Units(Called « SW

» This system is composed of the following fundamental units:

I e

Meter (m) Length

Kilogram (Kg) Mass

Second (S) Time

Ampere (A) Electric current intensity
Kelvin (K) Temperature

Candela (Cd) Luminous intensity
Mole Quantity of matter

» The First Fourth units form the system MKSA



Derived quantities

»These quantities are expressed as a combination of fundamental

guantities.

» The units of all quantities other than fundamental units is called derived
unit.

» Derived units are obtained in terms of fundamental quantities.

Exemple :

Area: m?
velocity : m.s?.

Force : Newton (N) = Kg.m.s2.

Energy : Joule (J) =Kg m?2.s2



I.2. Equation for dimensions (Dimensional Equations)

> Determine derived units based on fundamental units nombres réels

[A] = MeLFTYI* a, B,y,A:real numberd

» This equation consists of the equation for dimensions of a quantity A, with:
M : Mass, L : Length, T : Time, | : Current intensity

Examples:

<*Velocity : [V1=L.T7(m/s)
% Acceleration: [a] = L.T"2(m/s?)

“Force: F=md = [F]=MLT ?(kg.m.s"% = Newton)

Work: w= j Fodi = [W] = [F][dl] = MLT72L = MI*T~?(Kg.m?/s? = Joule)




Remark :

* The dimensional equation is used to check the homogeneity of the physical

formulas.

Example :

The period of oscillation of a simple pendulum of length L is it given by:

e() =T =2rgt2~2 = [TI=QT™HYELV2 =T > [T] =T False

e (I) > T = 2nL2g~1/2 = [T] = LY2UT™)™2 =T = [T] =T right



Il. Reminder on vectors

» Mathematical entity defined by multiple numeric values.

»These values describe the magnitude and orientation of the vector.

> A vector AB is characterized by: /
A

e|ts origin or point of application.

e|ts direction, which is the direction of movement of a mobile having
from point A to point B.

e|ts magnitude which presents the length AB. It is noted 145

» Unit vector or orth is a vector whose length is equal to one.



11.1- Projecting a vector onto an axis:

A8 = |45 @

U represent unit vector, with ||u]| =1

A’ and B’ are perpendicular projections of A and B on the axis (4)

A'B = |

A'B’|| w

|1A'B’|| = ||AB|| cos &




I1.2- The components of a vector:

T VA
- - - Ax AZ \\
A=A JT+A,j+Ak or Al4, RN
A,
Tel that ||A>||=\/A,ZC+A§,+A§ is the magnitude of A A E
|
Kl /. | )
1
B m— >
o "~ A LT
A, T L
X

> If avector AB set by the coordinates of the points A(Ax Ay A,)and A(B,; By; B,)

can be found using the following formula:

AB = (B, — A)i+ (B, — A,)j+ (B, — Ak



= ,ﬁ
Vector operations:

Geometrically
I. Addition
R Ax . Bx A’ \\
Al 4y ) o BBy DY
Az Bz 7. D N
A+ B S
//
AX i Bx //
- = - 7’
Analytically : (A+B)| Ay £B, B e
A, £ B,
Properties :
> n n n n
Z P= Y Ait Y Ayjy Ak > A+ B] = ]l4] +[|B]
i=1 i=1 i=1 i=1

> (/T+B) = (B +A) A, —A,
> Al 4y | = -4 -4,
> (A+B)+C=4A+(B+C) Az —4;



Il. multiplication of two vectors:

1.1 Scalar multiplication:

4.B = |[4]||B|| cos (4,B)

[ In Cartesian coordinates:

A.B=A,B,+A,B,+A,B,

U The angle 0 between A and Bis given by:

AB, +A,B, + A,B,

cos 0 =

\/sz +A4,° + Azz.\/sz + B,* + B,




- - =12
> A A=A

> (14).B = A(A.B) = A4.(AB)

- -

> ALB=AB= O(A and B are ortogonal)



1.2. Vector multiplication :

The vector multiplication of vectors Aand B , denoted AANB , is a vector C with:

ic
> Cis perpendicular to the plane formed by the vectors A and B

» The direction is given by using the right-hand rule. HHHHHHL

= (ZI_?)Z‘)) make a direct trihedron (5l 4530),

» the magnitude of ¢ corresponds to the area

of the parallelogram constructed on A and B

Analytically :

€]l = 4 A B|| = [4].IB]. |sin (4B)




+AyB,J AT+ AyByj AJ + AyB,j Ak

) ) Lo 7 T
+A,Bek AT+ AByk A+ AB K N K ® T @

» IAT= 77l sin(ZD) =0 Also jA7j=kAk=0

= AANB = (A,B, — A,B,)i — (AxB, — A,B,)j + (AxB, — A, B, )k




** Determinant method:

+ 4 +
:i) F E—_ - -
A) N\ § = |Ax S - | = +l(Asz - Asz) _](AxBZ - Asz)
B A +k(AxB, — A,B,)

= ANB = (AyB, — A,B))T — (AxB, — A,B)] + (A.B, — A,B,)k

] Properties:

1.LANB = —(B A 4) 2.A//B=>AANB=0



I1.3. Mixed product:

—

Mixed product is a triple vector product that combines the concept of scalar and
vectorial products to yield a scalar value: m = A (§ A 5)

Geometric interpretation:

O The absolute value m of the mixed product is the volume of the parallelepiped
formed by the vectors /T, B and C.

Q The vector BAC s perpendicular of the base of The parallelepiped and its

magnitude equal the area of the base: b = |§ A Z')|

U The altitude of the parallelepiped A
h is given by: h=|Z| cosa

> Therefor, the volume is given by : T:
V = Base(b) X h 189

A (§AZ)= |§/\Z‘>|. |Z| cosa
h




Mixed product properties :

QA (BAC)=B.(CAA) =C.(AAB)=(BAC).A=(CAA).B=(ANB).C

QA (BAC)=—-A.(CAB)=—-B.(AAC)=—C.(BAA)

O If any two of vectors /T, B and C are parallel, or if /T, B and C are Coplanar, then:

4.(BnC) =0

=

b
b

ax Cx
O Analytically, if: A{ay}, B{by} and c{cy}:
a’Z b CZ

A (BAC) =

N

= a,(byc, — b,c,) — a,(byc, — b,c,) + a,(bycy, — bycy)




11.4. Vector triple product

An(BAC) = (4.C)B - (A.B)C - B(4.C)— C(A.B)

Properties:

1 Non-Associativity: AN (E A Z:) * (Z A E) AC

» AA(BAC) = (4.C)B - (A.B)C

> ANB)AC=(AC)B - (B.O)A
Q The vector 4 A (ﬁ A Z:) is in the plane defined by B and C

U The vector(z A l_3>) A Cis in the plane defined by Aand B



11.5. Differential Operators : d \

ax
0 0 0 - - 0
U Operator Nabla: v— —_7 T+ —k Ou V=|—
ax " * ay] * 0z dy
0
J_Gradient operator : 9z /

The gradient operator is a differential operator that applies to a scalar function
dependent on space and time and transforms it into a vector dependent on space and

time. It is read “gradient f” or “nabla f” and is noted :

gradf or _|7)f
In the Cartesian coordinate system the gradient is expressed as follows:

. of(x,y,z,t), 0f(x,y,z,t), 0f(x,y,z1t)-
Vi(x,y,zt) = Ix L+ 3y j+ 3, k




Properties:

d V)(af + Bg) = cﬁf + ,BV)g (with (a, B) € R?

QV(f.9) = fVg + gVf

Example:

s
.

—

Sol:

(x,y,2) =3x%y +z
flx,y

» Calculate gradf(x,y,z) in point M(1, 2, -2)

— d d
gradf(x)yrz)=£ ?"‘_f

(y,z)=Cts y

9,
J+ of
z (x,y)=Cts

k

(x,z)=Cts

= gradf(x,v,z) = Vf(x,y,z) = 6xy T+ 3x% ] + k

= gradf(1,2,-2) =Vf(1,2,-2) =2i+ 3] + k



[ Divergence operator:

The divergence operator is a differential operator that applies to a vector field and

returns a scalar field. It reads divergence and is noted:

divAorV.A

In the Cartesian coordinate system the Divergence of A is expressed as follows:

divd = .4 = 2% Oy | 04
WA A= ey Ty T oz
Properties:
Q div(A + B) = divA + divB Q div(ad) = a divA

a div(f/f) =f divA + gradf./f (with f is scalar function)

Demonstration : Home work (A4 «2aly)




1 Rotational operator:

The rotational operator is a differential operator that transforms a vector field into

another vector field. It reads rotational of/f and is noted:

rotd Or VAA

» |n the Cartesian coordinate system the Rotational of A is expressed as follows:

i J k
- - 0A, O0A 0A, O0A 04, 0A,\-
Prd=12 2 9|_(%%:_%NH);, (2_ 2+ (=2 -=2)k
dx 0y 0z dy 0z dz O0x dx a9y
A, A, A,
> Properties:
Q div(rotd) = V.(VAA) =0 Q rot(ad + BB) = aroté + BrotB
Q rotgradf =VAVf =0 Q rot(fA) =VA(fA) =VFANA+fVfAA

Demonstration : Home work (e w2)9)




1 Laplacian operator

Pierre-Simon Laplace

(1749 - 1827)

1. The Scalar Laplacian

The scalar Laplacian operator is a differential operator of order two that transforms a

scalar function into another scalar function. The scalar Laplacian is obtained by taking

the divergence of the gradient and denoted: Af = div (gradf) = sz

*f 0*f o0°*f

> In the Cartesian coordinate: Af = —+
f ax* dy?

> Properties :

QAlaf + Bg) = alf + BAg

QA(fg) = (Af)g + 2(Vf).(Vg) + f(Ag)

_|_

072




2. The Vector Laplacian:

Laplacian also applies to a vector field. In this case it returns another vector field

and denotes: A\ A

By definition, the vector Laplacian is obtained using the identity (Vector triple product ):

rotrot A=V A(VAA) =V(V.A) - V%A = grad(divA) -A A

] Properties :

I. 7ot (gradf) =0

I1. div(rot/f) =0
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