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Mechanics 1, standard program for the first semester

In mechanics 1 for the first semester, we will studying the laws of

classical mechanics, which its four chapters:

v'Chapter One: Vector Calculus.
v'Chapter Two: Kinetics.
v'Chapter Three: Newton’s Laws.

v'Chapter Four: Work and energy.
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Alain Gibaud et Michel Henry, « Cours de physique : Mécanique du
point » cours et exercices avec solutions, Dunod 1999.

Alain Gibaud et Michel Henry, « Cours de physique : Mécanique du
point », Dunod 2007.

Giancoli, Physique générale 1 : Mécanique et thermodynamique »,
Deboeck Université 1993.
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Chapter One: Vector Calculus.

The aim of this chapter is to study the vectors represented for
vector calculus, the scalar product, and the radial product,
and we show the properties of each them by studying them in

two or three dimensions..



1.Introduction

Scalar Quantities are defined as the physical quantities that have magnitude or size only.
For example, Mass, Volume ,Temperature, etc

However, vector quantities are those physical quantities that have both magnitude and
direction like displacement, velocity, acceleration, force, Electric Charge, etc.

Scale magnitude and scale magnitude are distinguished by a number (“density”) and a
unit.

Example 1: Mass is expressed in kilograms (kg): M=60kg

Example 1: The vector quantities is determined by a unit vector and its
magnitude .
i B

AB = ABUQ G = 2



2.Vector definition

Vector is represented by directed line segment where length of line gives the Magnitude
of vector.

] =

%
=V
__ sense

V

maghnitude

initial
point

direction



3. Unit vector

A unit ray is a magnitude ray equal to one (i.s.
the number one).

V —uV =V u

Note:
Two vectors are equal if they have the same direction, the
same inclination, and the same magnitude.

Examples A k 5

Example 1:
In parallelogram ABCD we get the following: .

(A

AB=DC AD=BC BA-CD DA=CB



Example 2:
Let ube a unit vector and kis real number non-zero

—

[

— If k=3
| | >
v =3u
| |
D fk=—2
— —
w=-2U



4. Vector Operations
4.1. Vector addition

—> —>
Llet V and U two vectors non zero

—> -  —>
W=UuUu—+YV
Properties
. e T S =
Commutative U+V — V4 U
— —> —> —> - —>
(Uu+v ) +w=u+(Vv+Ww)

Distributive



4.2.The Schall relationship

Three points are given A, Band C

AC=AB +BC

Special case:
If the three points are collinear, we get the Schall relation for algebraic
measurements:

C = AB+BC
Example 1: — — -
.- AB=A+1B ATIB=0

I A -
95//() MB = A+ B

- —

g Note: the vectors |B and | are the vectors with the same length
and opposite in the direction



Example 2: u

Let ube a vector and ks real number non-zero —
— 11
u -+ (— u)z O
Example 3:
—> —>
Let U and V two vectors t vector and kand &’ are real numbers non-zeros
1 k(u+v)=ku+kv

fiev)=-si-av s 2l+v)=2i-2
(k +k)u =ku~+k'u

(2+3)u=2u+3u=5u



(k < k" =k(k'a)

(2x3) = 2(3u )= 6u

-

4 | f ku :6 either k — O or a — 6

Note: IR N
If the vectors U and Vv are parallel so vV = Kku

Example V=-3u or V=2U



5 VectorsinR2andR 3:

5.1. Two-dimensional Cartesian orthogonal system

This system is used to locate a point in a plane. It consists of two axes
perpendicular to the plane, Ox and Oy, equipped with two unit vectors and positively
oriented

The location of point M on the plane is characterized by the interval Mx and the
order My which are the projections of M on the axes Ox and Qy, respectively.

Note

Y 4

M(X.Y) OM — OMX ‘|‘OMy (OM w = Xr
: S _
I, kOMy =Y
OM=xXi +VY]
o 7 tli—lx X.’

The scalar expressions x and y are the Cartesian coordinates of the point M in the
system (O,x,y)



5.2. Three-dimensional Cartesian orthogonal system

This system is also used to determine any point M in space (Figure 12. It consists of
three axes Ox, Oy and Oz equipped with unit rays and positively oriented. The location
of the point M in space is characterized. Mx, My and Mz are the projections of M on

the axes Ox and Oy and Oz, respectively. M ' is the projection of point M on the plane
(O,x,y). Note that from Figure 12:

| OM. = xi
M"xh\\ 9 O—I\A): = y7 OM :OMZ +OM

Note also that from the figure:

OM = Xi +Vj + 2K



6. The scalar product

Definition: We call the product of vectors V, and V,, the real number: V.V,

V.V, =v1.v2.cos§71\72)

—_

Example work of force F that causes transmission |
With the following relationship:

W:I_f.i:F.I COS

wherea = F | We saythatthe work s a number real



6.1. Analytical relationship

the two vectors from the (3D) \Z and \Z space whose homogeneous orthogonal

> — —

coordinates O, 1, J, K are given by: X, X,
AR and \72 Y,
Zl ZZ
The scalar product 1V2 — X1X2 + ylyZ + 2122
X
o V|y
Note 1 V.V, =V, .V, Z

Note 2 the Magnitude of v s M:V :\/x2+y2+22



6.2. Special cases

> . e ——

VIt V.=0 and V,=0 either V,V, =0

vIf V,#0 and V2¢6

f V//V: LV ) 0=cos0= 1:VV =VV,



6.3. Properties of scalar product:

The following three properties of the scalar product are given:

1. The scalar product is N7 Vi
, V.V, =V, V,
commutative

2. The scalar product is non- V’ V‘ . (\/ \/ \\/
L ] | ] IV IV
distributive for multiplication: ! (\/2 3) (Vl 2) 3

3. The scalar product is . ‘ . -
distributive for addition: Vl-(Vz +V3) =V,.V, +V,.V,




7. Radial Product

Definition: We know the radial product of the two vectors Vl and Vz by the vector
V1 /\V2 and perpendicular to the plane of the two vectors V; and V>

ﬁﬁﬁz 4
Characteristics
Magnitude v, _ o
N, AV, | =Ny XN, |xSin(V,. V,) =V.V, sin @ / 7
ﬁzﬂﬁ |

The direction is determined by the right-hand rule



— —

Note: The expression ’Vl /\VZ‘ = ’\71‘ ><’\72‘><Sin(\71,\72) =V.V,siné
represents the area of the parallelogram formed byy,” and \72’
1

Analytical expression of the radial product /Xl\ /Xz\
EN— V, YA
Let us have two vectors\/, and V, 1 N \ARE

\ 41 (2,
+i —] +k , . y (Y12, —71Y5)]
ViAVo =[x ¥ 7 :Tyl Hl-a Tk s = (2% = %425) ]
Y2 47 X2 7 X2 Yo ~
X2 Y2 23 (X1Y2 — y1X2)kK

Magnitude

Vi AV

= (912, =2, + (2 = X2) + (%Y, = Yx,)” =V, sin o




Properties of radial product:

Aoiuront R PNy
e e VA, AVG) % ( AV,) AV,
3. The radial product is \Z N\ (\Z +\73:) — (Vl /\VZ) T (\Z /\\7?:)
distributive for addition:
a result If \ZAVZ =0 either 9=0°=sin@=0

One of the two vectors are equal to vector zero or the two vectors are parallel



8. Mixed product

The mixed product of three vectors V;, V,and V, itis a real number

X Y 4
Vi.(V, AVR) =X, Y, 7,
X3 Yz 43

— Xl(yZZB — 4, Y3) _ Y1(23X2 o stz) T Z1(X2Y3 o nys)



9. The Moment

» The (Vector torque) moment with respect to a point
Is defined by

7, =OAAV =OAA AB

It is double the area of the triangle AOB

2
» The moment (torque) relative to the axis

Is defined by

7, =7,U=(0AAV)uU




9. Gradation, divergence and rotation

We have the following two functions f(x,y,z) and v (x,y,z)

f (X,V,2) isascalar function \7()(’ Y, 2) is 3 vector function

We know% is the differential radial operator (nabla):

— O : O — o
V = 1 - ] +—K
OX oy oz
0 0 p
where @ il Are the partial derivatives



» Gradation

Ifitwas f(X,y,z) isascalarfunction, Its gradient is radial
of - of - of =~

= J]+—K
OX oy oz

graoif =§(f)=

» Divergence :

If it was \7(\/X,Vy,vz) is a vector function, Its divergence

. OV
divvw =VV = OV, | LA oV,
OX oy oz




> Rotation

If it was VNX,Vy,VZ) is a vector function, it retion

+io—j +k
0tV)=vav=> < 2
oX oy 0z

vV, V, V,




Exercise 1.1

[VI=[kt] =[v,]

_ AX

V= —
At

M 4
[V,]= LT

[vI=[kt] = [kt]=[v]




Exercise 1.5

— — — —

V,=-21+3j+2K V,=2i-3+4K

V..V, = (21-3 j+4K).(=2i +3 j+2K) = (2)(=2) + (=3)(3) + (4)(2) =—4—9+8 = -5

V, =(=2)% +(+3)? +(+2)? =17 V, =J(+2)% +(=3)? + (+4)? =~/29

— 9 (V,.V,)) =103°

- — _5
cos (V..V,) =
ViV)= a9 /17



Exercise 1.7

V. =30 -2 j—4k V,=—2i+2j+k V,=2i+3 -4k
VAV,
V.AV,).V,
L] ek
— — —2 —4: 3 —4—: 3 —2 - > - -
VAV, =3 -2 —4|= | — ] — K=4+61+5]+ 2K
+2 +1 -2 +1 -2 +2
-2 +2 +1

(V. AV,)V, = (46 1 +5 j+2K).(+2 1 +3 j—4K) = (6)(2) + (5)(3) + (2)(4) =12 +15+8 = 35



Exercise 1.8

of - of - of —
= J]+—K

radf =V (f) =
9 () OX oy oz

—>

= 2Vy°z i+ 4 Xy7 _j>+ 2xy“° k

— = — oV
divvV =VV = OV y NV
OX oy oz

2 =2y —z2+0=2y —7Z



+ 1

—j
T 7 VA L
OX oy Oz
2 XYy - yz 3xy

0@3xy) | o(=yz) ;_(8(3xy) +6(2xy)j]+ o(=yz) . 02xy) |
oy OZ OX 0Z OX oy

Bx—y)i—(By+0)j+(0+2xk = (3x—y)i—3yj+2xk



