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Planar Motion






Cartesian

Coordinates
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The cartesian coordinates of a point M are

(x.y.z) The vector OM wish relie between the
origin point and point M is writen as -

- 5 5 >

OM= Xi+ Yj+ Zk

X . is the axis of the point M.
Y. is the ordonate of the point M.
Z. 1s the height of the point M.




» Position vector:
OM = xi+y] + zK

 Velocity vector:
dOM dx. dy._
—— =1+

dt dt  dt
V=Xl+y]+zK
« Acceleration vector -

—
V =

- d\_; L dVX—> dVy_) dVZ_>
1=~ @t I dt
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Convert Polar to Cartesian:
r X X =1.cos0
(9) ~ (y) | {y = 1.5in0

Convert Cartesian to Polar.

” . r=\/x2 2
6) =6 =2 |

y) " \0 tg(6) =

______________




 In polar system the coordinates of a point M
r: 1S the distance between the origin and the point §
O :is the angle between the axis(x) and the vector OM

« We define the polar basis by the orthonormal basis

( Ur» ye ) Such as.

U, et Ug- unit vectors of the system

u,. Unit vector following the direction of the position vector
oM

Ug: Unit vector perpendicular to w,. by rotating /2 of the
vector OM



In the Cartesian frame:

OM =x1+y]=rcos0.T+rsin0.7=r(cos0.1T+ sin6.]) ™

where U, = (cos 0.1+ sin 6.))

Position vector: According to polar coordinates, OM is
written as follows

) = \OM\ U,

r=r.u,
U,.The unit vector is mounted on the position vector.

. oM 7‘"’
U, = =
[oae|
RQ: 6 andr depend on time: r - f(t) And 6 - g (1)



» The polar base is written in terms of the
Cartesian base as follows:

U, = cosO T+ sinfj

Ug = —sinOt + cosb j
du_r> . . S - DS .u—>
— = —0sinf 1+ 60 cosf j=0"¢
dug _

0 = _—QcosOT—0Osindj=—-0%
dt



* Velocity vector

SN _dr@®) _d s _dr— duy
v(t) = dt  dt (r-u,) = ac o T g

D = —Uu Yy —Up=TU rou

dt r dt 7 r 7
v(t) = v,.(t) + Vp(t)
Speed has two components
d . .
v, (t) =d—: =1 - radial  (m/s)

do__ .
ve(t) =1 —.=16 — transversal (m/s)



Magnitude
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e Acceleration vector

e () =LY = L% + 1 g) =
dzr_, du dr9_>+ d?6 __ . H.du_g’
et T Tzt

0= (55 + (4 28

- (¥ — er)ur + (270 + 10)ug



a(t) = d,(t) + dg(t)

ar(t) = (d—zr — T (@)2) = —r62 >

dt? dt
radial component (m/s?)

2 . 50
ag(t) = (2%.2—2+r%) =270 + 10 —
orthogonal component (m/s?)

Magnitude

a, =1 —r6?

la| = Va2 +apg? withe &{ . .
\/r ¢ ag = 2160 + 16



Circular Motion

In a circular motion, r is constant ( r= R)
So the angular velocity vector has those components

{vr =r=0

V= :

Vg = RO = Rw

And the angular acceleration vector has those components
a —

ay = RO? = —Rw? normal acceleration

ar— RO tengencial acceleration



Frenet frame (Intrinsic coordinates)

In the case of planar motion, we can define at
cach point M on the trajectory the Frenet
frame. For this purpose, at every point M, we
define a vector u;tangent to the trajectory and
oriented in the direction of motion, and we
define the u, perpendicular to u; and oriented
towards the concavity of the trajectory.







» The acceleration vector can be decomposed

into a tangential component, called the fangential
acceleration.

a, = —U
[ dt t

« and a normal component called the normal acceleration.



o a‘= at? + ay

2

* We can observe that the magnitude of the normal
acceleration component is always positive,
indicating that the normal acceleration is always

directed towards the concavity of the trajectory.



« If | v|=cst soa; tangentiel equal O —»curvilignar
uniform motion -

a=a, =—u,
R

« R radius of the curved path

- . dv
ax v = d_Ut U x v U, ¢

&xﬁ——(unxut)
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