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Correction of SW N°4 of Mechanics

Relatif Motion

EXERCISE 1

OM = rU, inthe moving (0XY) reference frame (polar coordinates).

Relative velocity : v, = dO—M/(OXY) = tUjvT =rU,
- - g dv—r) —_— g —_ dzr—) g
Relative acceleration: a, = E/(OXY) avecy, =r'Uy, SO0 a, = FUX =r- Uy

—_—

Training speed: 00’ = 0 because both markers have the same origin.

v—e’=d'i+ @AO'M with 00’ =0 sov, = @AO'M

_ . U U, U _ .
WAO'M =g o wl|l=0rlU,sov,=wrl,
r 0 0

. N dZOO
Training acceleration: a, =

+ GA(@AO'M M)+ L \o'M

da —_ — dZOOI —
—AO'M =0 because w constant and =0
dt dt?
__ | Uy T _
GANBAO'M) =dMwrU)) =g 0 o=-w?rU
0 wr O
Then a, = —w?rU,
U Uy, U, .
Coriolis acceleration :  a; = 26Av, =2|g o l=2wryU,
r 0 0

So a, = Zwr'ﬁy)

Absolute velocity: v, =7, + v, =rUy+wrU,
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Absolute acceleration : @, = @; + a; + @, = (" — w?*r)Uy + 201U,
EXERCISE 2

— do'm

Absolute velocity : ¥ =—=/(R") with 0'M = t2U, so v, = 2tU,

Training velocity: v, = dZ—f + wAO'M

First, we look for the vector 00’

daoor >
L=7vi
dt

Point O' moves along axis (Ox) with speed v, so v,, =

A 1=0, x=0 So %=v:~00’=vt So 00 = vtl

| T T . doo’
WAO'M =9 ¢ @l|=o0t?U, and praall
t> 0 0

— _ 277 -
So v, = wt°U, + vt

We need to write v, in the same coordinate system, so we'll write 7 as a function of

Txandfy

U, =cosOT+sinf] —
We have: {__, o L= 1=cos U, —sinf U,
U, = —sinft + cos 0]

s0 U, = wt?U, + v(cos U, — sin 6 U,) = v cos OU, + (wt? — v sin 6)U,,
Absolute velocity :
Ty =T, + U, = 2tU, + wt2@+v(cos Hm—sinHU_J;)

=7, = (2t + v cos O)U, + (wt? — v sin 9)73;

- - — dvy, — T — T
Relative acceleration : @, = f/(R’) avec U, = 2tU, SO a, = 2U,

200" — G =
Training acceleration: @, = dd% + GA(GAO'M) + ‘;—‘:AO’M

dZOOI —_ da —_— —_ .
———=0,—AO0'M = 0 because w is constant
dt? dt
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., ., U Uy Uy
And GA(BAO'M) = BAwt?U, =g 0 o|=—0*t?U,
0 wt* 0
So @, = —w?t?U,
U Uy, U, .
Coriolis acceleration :  a; = 26Av, =2|g o ol =4twU,
2t 0 O

Absolue acceleration :
A, =@, +a; +a, = 2U, — w?t?U, + 4tw U,
Then @,=(2 — w?t?)U, + 4t wU,
EXERCISE 3
The coordinates of point M in the moving reference frame M(t%, t)/(R*). So 0'M is written :
0'M = t?U, + tU,

O’ moves on the axis ( Oy) with a constant acceleration y. At instant t=0, the axis (O’X) is

confused with (Ox). So vo=0 and y,=0 then
. i _ dv _
the acceleration of O'is:y = " =>dv = ydt

After integration Vv=y.t

-

and%=yt=~dy=ytdt S0 y=%yt2 and 00’=%yt2]

do'M
dt

Relative velocity: v, = /(R with O'M = t?U, +tU, so v =2tU, +U,

— doo’

.. - . _ — f) - —,’ _ l 2= dO—O; _ -
Training velocity : v, = — T wAO'M with 00’ = Syt I = ytj
WAO'M=|9 ¢ ol|=-0tU+wt?U, so v, =ytj— wtl,+ wt?*U,
t2 t 0

We need to write v, in the same coordinate system, so we'll write j as a function of

Fx)and U_y>
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We have : { Uy, = cos 0T +sinf

=7 = sin@Fx)+cost97y>
Uy, = —sinfT+ cos 6]
So v, = wt?U, — wtU, + yt(sin OU, + cos 6 U,,)

_Ve = (ytsinb — wt)Uy + (wt? + ytcos 6)U,

Absolue velocity : v, =v, + v, = ZtU,: + U_y) + (ytsin 0 — a)t)F) + (wt? + ytcos B)U
= (yt sin 6 — wt + 20)U, + (wt? + ytcos 6 + 1)U,

Relative acceleration : a, = dVr/(R ) avecy, = 2tU, + U so @, = 2U,
Training acceleration : a, = 200 4 SA(BAO'M) + AO M

—

AO'M =0b tant ddzw—
o = (0 because w constant an iz Y]

. N 7S A A
and GA(GAO'M) = BA(—wtU, + wt?U,)

y — —_—
_ 242 2
0 0 wl| =t Uy — w°tU,
-t wt? 0

Then @, =Jj— w?t?U, — w?tU, = y(sin U, + cos 6 U,)) — w?t?U, — w?tU

= (ysin 0 — w?t2)U, + (ycos 0 — w?t)U,

_ — =

u, U, U, _ .
Coriolis acceleration : a; = 20Av, =2|g o ¢]|=4twlU, —2wU,
2t 1 0
Absolue acceleration : a,

=a,+a;+a;
= 2U, + (ysin® — w?t?)U, + (ycos 6 — a)zt)U_y)+ 4t wU. — 20U,

S0a,=(2 — 2w + ysin6 — w?2t)U, + (ycos 0 — w?t + 4tw )U,
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EXERCISE 4 :

A t=0, y’=0 et v=vp
OM =00 +0'M with00' = r(cos wt? + sin wtj) M

M moves along the axis (O"Y) parallel to Oy.

v

with constant acceleration y. —

oM =yU,, vy dv = ydt T

<V

After integration v = yt + v,

dy 1,
E:yt+vo::>dy=)/td1:+vodt So y=§yt + vyt

O'M = (Eyt + vot) U,

—_—

Since O’Y//Oy then @ =7s0o0'M = Gytz + vot)U_y) = (%ytz + vot)j
Finally OM = 00'+0'M = r(cos wti+ sinwty) + Gytz + vot)f

= OM = r cos wti+ (r sin wt + %ytz + vot)f

Absolue velocity : v, = Cf—tM/(R) = —rwsin wt? + (rw cos wt + yt + vy)J

dvg

=—*/(R) =-r w?cos wtl+ (—rw?sinwt+7y)J

Absolue velocity : a,

0]

La vitesse relative v, = ddtM /(R = (yt+vy)J
Training velocity : v, = d;;f + wAO'M

@AO'M =0 because the unit vectors of the two marks are parallel, so there is no rotational

movement.

. . — doo’ . - >
There is a translational movement v, = —, = ~Trwsin wti +rwcos wt]

5
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Let's check that : v, = v, + v,

—

Vg =V +V, = (yt + vy)J —r wsin wti+ rw coswty

= —r w sin wtl + (rw cos wt+ yt + vy)J
So v, =7, + 7, is verified.

vy

Relative acceleration : a, = (E) /R’

with v, = (yt + vy)J S0 a, = yJ.

— _ d?00'

Training acceleration : @, = — + GA(GAO'M) + @AO’M

d

da _— — N T —
—;AO'M =0 and GA(BAO'M) =0
Because there is a translational movement between the reference marks.

T = dzoo’
e ar?

= —rw?cos wtl+ —rw?sinwt] S0 a, = —w?ry(cos wtl + sin wt))
Coriolis acceleration : a, = 2@Av7, = 0

Let’s check that : a, = a; + a, + a,

a, +a;+a, = yj+-rw’cos wtl+ rw?sinwt]

= —r w?cos wtl+ (—rw?sinwt +y)J So a, = a, + a, + a, is verified

Supplementary exercise:

r = 1y(cos wt + sin wt) U_);

Relative velocity : v, = dZtM /(R"

O’ is confused with O, then: O'M = 0'M =7V, = ‘f—tM/(R’)

7, = ryw(—sinwt + cos wt) U,

- = - e dw — ,—) - _,) _ g dO—O; _ -
Training velocity : v, = — T wAO'M with 00’ = O:—dt =0

6
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u. U, U
WAO'M =g o w|=wrlU, sov =wrl,=wr(cos ot+sinwt)U
r 0 0

Absolue velocity : 7, = 7, + 7, = row[(—sinot + cos wt)Uy + (cos wt + sin wt)U, ]

:>[v_a’] = 15w +/ (—sinwt + cos wt)2 + (cos wt + sin wt)?

Then [vg] = rowV2 so [vg] is constant

- - — d
Relative acceleration : @, = "r —L/(R) ¥ = row(—sinwt + cos wt) U,

S0 a, = ryw?(— cos wt — sinwt) Uy

.. N d200
Training acceleration: a, =

+ BA(BAOM) +22A0'M  avee  “ZAOM =

dt
— d? 00’ —
0 because w constant and d(zf =0
_ e Uy U .
and GA(GAO'M) =dA(wr Uy)=|g o o|=-0*rU
0 wr O
then @, = —w?ry(cos wt + sin wt)U,
T~ B
Coriolis acceleration: a; = 20Av, =2|0 0 w]|=2wnU,
v, 0 O
50 @g = 20v,U, = 2ryw?(—sinwt + cos wt)U,
Absolue acceleration : a;, =a, +a; +a,
- _ 2 ; T 2 ; 7 2(_ i 7
a, = —1ryw*(cos wt + sinwt) Uy — w?ry(cos wt + sin wt) U, +2ryw*(—sinwt + cos wt)U.
g = —2r,w%(cos wt + sin wt)U, + 2ryw?(—sinwt + cos wt)U,

[a;] = 2ryw? \/(—(cos wt + sin wt))?+(—sinwt + cos wt)?

Then [a,] = 2 ryw?V/2 donc [a,] is constant.



