I.1. Movement characteristics 4S_al) &) jiea
LI.1.1. Position vecteur g&agall glad

In the cartesian coordinate system (O, T, 7, ig), the position vector
sl gl (0,7, , ) 48 Sl oyl s b
#(t) = OM = x(0)T + y(t)] + z(D)k
I.1.2. Velocity vector 4s jull glad
S0 = 40M
v(t) = m

There are two velocity vectors: (xe 5 de pull ¢ladl

I.1.2.1. Average velocity vector 4k giall ds pul) glad

— _ MM’ :
Um =7 (At=t —1t)
1.1.2.2. Instantaneous velocity vector 4ialll 4s ) glad
v = lim Uy = dom
- At—=0 ¥m — 4,

1.1.3. Accelération vector & wdll gladi
L _dv _ d*OM

A= T Tar?

We distinguish two accelerations:

1.1.3.1. Average acceleration vector (s gial) & ludl) glad
B AV _ v —v
mAt t -t

a

1.1.3.2. Instantaneous acceleration vector (sl g ludl) glad

o . — L _dv _ d’0M
a = llmAt_,O a, = llmAt_)o Av =E = dt—z

I.2. Coordinates system  <Ulaay) U

1.2.1. Cartesian coordinates (@Jlsgél\) a4 30 ) cldlaay)

Let R(0,1,7, k) be a direct orthonormal frame of origin and basis (%, ], k)
(L], K) 453206 5 O o330 G R(0, 7], K) ool salaia plas 2 i

1.2.1.1. Position vector: &gl glad

OM = xt +yj + zk

1.2.1.2. Velocity vector: 4s il glad

, doM
vV=—
dt
v, =E =y
T
_dy_ .
Uy—z—y
_dz _ .
lkvz_dt_z
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[.2.1.3. Accélération vector:g jbudll glad

=2
Todt
dvx o dvy oo d'UZ
a, =—>*=X a, =—2= a, =2=7%
X adt ’ y T Y TE T g

1.2.2. Polar coordinates dudal) cldaay)

The data (r, 0) called polar coordinates. The basis of the polar coordinate system is formed by
two unit vectors u, and ug

Al SflaaY) (candi (1, 6) S kiel s
U, 5 Uy b3ag oolad (e ddadll cildilaayl BUas 8 saclall ) S5
OM =r.u,

Polar coordinates are linked to Cartesian coordinates by:
b LS 3 IS L Y) Ay Al clBlaaY) (S

x =1.cos6 1
— [2 2 X
{y:r.sineznﬂ_ X“ty

[.2.2.1. Position vector:&< sl glad

v

OM(t) =#(t) =r.u,
u, = cos6.1+ sind.j

= OM(t) = 7(t) = r.(cos0.1 + sind.j)

1.2.2.2. Velocity vector: is _yull glad

v(t) = =E(r.ur)=zur+r o

dt dt
W By
de ~ dt ¢
Ug = —sinb.1+ cosb.j

— dr — do — . — o\ —
V() = U+ T U =T U +TO U

6 (t) = w(t) = angular velocuty s de
1.2.2.3. Acceleration vector: & jbudl) glad
_dv(t) d

) =— ZE(T U, + 16 uy)
di;  do_
T T

act) = % = (i —r02)u, + (210 + rd)ug
1.2.3.Cylindrical coordinates 43 shu¥) clilaay)
In the cylindrical coordinate system, a point M in space is represented by coordinates (r, 0, z),
and the unit vectors (%, ug, k)
W, Ug, k) s 0 dndl 5 (1, 0, 7) ClilaaYl G sloadll s M Abaiil) el shansdl) cililany) oUss
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Chapter 1

Kinematics of a particle(d:alal) adil) iLs )

I.2.3.1. Position Vector: gasal) glad
OM=0M"+M'M=r.u +zk

x =r.cos0 r=x?+y?
y=r.sin@ et {tone =2
z=12z

Z =7

1.2.3.2. Velocity vector 4s jull glad

R dOM dr_, dur dz -
U(t)—T (T‘u +Zk) _tu +rd T

=, + 10 Uy + zk
1.2.3.3. Acceleration vector & il glad

- dv d(.—>+ 9‘_)+,E)
a=—=_ i +rouy +2

da(t) = dz(tt) = (i —r62)u; + (210 + rd)ug + 2k

1.2.4. Spherical coordinates 43Sl cililaay)

A point M is represented in the spherical coordinate

system, by the coordinates (r, 6, ¢),where the unitary

vectors ( Uy, Uy, U, ) constituting the basis:

«(r, 0, @) BVl s KU cililaay) aUai & M Akl Ca s
(oY (W, U, Uy, sas sl Andl (S5 Cua

1.2.4.1. Position Vector g sall glad

OM = r.u,
(w = = sin 6 cosp.T+ sinf.sinp.j + cos 6 k

du, - . > AT
%u_g’ =28 - cos @ cos6.7+ sin@ cosO.j —sinf k
\ %y, = U AUy = — sing.T+ cose. ]
. x = rsinf.cose
OM =ru, = {y = rsinf.sing

Z =1rcosf

1.2.4.2. Velocity vector 4s ) glad

du,
dt

3O =" =Ly =T 4y
du,
dt .
U = 17U, + rfug +r¢sin 6 u,

1.2.4.3. Acceleration vector & il glad

L, dv
a=_= —(rur+r9u9+ rgosmeu(p)

= 0ug + ¢sinfu,
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e —0u, + ¢ cosu,
u, = U Nug = —@(sin@u, + cos 6 uy)

d=(#—16% —rg?sin? 0)u, + (210 + rf — r¢? sin Ocosg)ug + (2i¢ sin 6 + 2rf ¢ cos @ + r@ sin 0)u,

1.2.5. Frenet frame (Intrinsic basis) 45l 2l ) @l 2 alza

Frenet frame is a reference frame that moves with the
mobile M. Its characteristics are:

* Its origin is a point M A
« Unit vector u; is tangent to the trajectory in M 0 »>

~q
S

« Unit vector U, is normal to the trajectory in M
(b aailiad 5 M@ el e @l ay o2 se ) 8 Sl i alas
M bl 05000 @
AS jall olail ga 4y 5 M b Jbesall gpibaa (107) 32l g las o
sliai¥) S je saidnse s M Jlbsall o (g2 5ee (U7, ) Bl plaie
1.2.5.1. Curvilinear abscissa 4xiaiall dlaldl)
The curvilinear abscissa s at time t of point M is the algebraic value of the arc (MM")
(MM?) o sll L o) Ladl) o0 M Abiillp Ahallf 65 Lvinial) Laldl)
s(t) = MM’
So dOM = ds u;
1.2.5.2. Velocity vector in the Frenet reference frame: (33 alaal) gl ciliy 8 alaa 8 4o judl) plad

ﬁ—@—_do—”id_szd_su_’_vu—’_(v) l—))_v—->
T odt  ds dt dat ¢t 7Tt T o =Vl
ds
v=—
dt ‘
1.2.5.3. Acceleration vector in the Frenet reference frame: alzall g) il 2 alaa (2 £ jludl) glad
I
, dv d( ) dv_)_l_ du;
a=—= u —Uu v—
dt  dt- ¢ dt * dt
dw,
Tt _u
do n
e 1
ds=Rd 6 ==z
du; v_,
e
dt R ™
S v:_,
a=—Uu —U
at * R ™"
Tangential acceleration leall g jludll g = d—’;ut

2
Normal acceleration LUl g il g = %ﬁ

d = a,u; + ayugetldll = ya® + a,?
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