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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) = t@vT:r-Uj

dZT—’ —

- - e dT — ) Frd —_— __ _ .
Relative acceleration: a, = d—tr /(0XY)avecy, =r'Uy So a, = =r- Uy

datz X

—_—

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

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

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

. N dZOO
Training acceleration: a, =

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

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

So a;= Zwr'@
Absolute velocity: v, =0, + 7, =rU, +wr @

Absolute acceleration : a; = @, + a_ + a, = (r — w?r)U, + Za)r-U_y’

1
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EXERCISE 2

The fixed frame of reference and the moving frame of reference have the same origin, so O'

and O are the same.

Then, 00’ = Gand OM = O'M = ~yt2U,
2
with Uy = coswtT+ sinwt]

and U_y> = (—sin wt T+ cos wtJ)

— d
we have also w=( )and =0
9 dt

1. Absolute velocity

.
v, =

1 rrad — I7
= Eytz U, so v, =ytU,
Absolute acceleration :

— dvr

=L/(0'XY)  with 7 =yt Uy

—_— dZOIM T
So a, = e y Uy

2. Entrainment velocity :

ve = 990" | GAO'M with 007 = 0 so v, = GAO'M
u, U, U, 1 1
wAO'M = 10 0 w =w5yt2 U, sov_9’=w5yt2 U,
E]/tz 0 0

Entrainment acceleration

2 Yy —
a, = 200! > o+ A(a)AO M) + AO M; —AO M =0 because w constant and 020 =0
dt dt
u, U, U,
And BAGAOM) = BA(wiyt? T))=[0 0 o|=-w?ly?T;
2 1 2
0 w=yt? 0
2
— 21 277
So a,=-w 4 U,
3. Coriolis acceleration
= 20Av, =20 0 w]|=2wytlU, soa;=2wytl,
yt 0 O
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4. Absolute velocity :

Vo =0 + U, = ytU, + %ytzﬁy)
= yt(cos wtT+ sin wt)] + w %ytz (—sin wt T+ cos wt))
5. Acceleration absolute

;=@ +a; + = (v — w?5yt?) Uy + 20ytUy

a, = (y — w? %ytz) (cos wtT + sin wt) + 2wyt (—sin wt T+ cos wt))
EXERCISE 3

Absolute velocity : 7, = dZ—tM/(R’) with O'M = t2U, so v, = 2tU,

Training velocity: v, = dZ—tO + wAO'M

First, we look for the vector 00’

—s

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

door 5 -
[ =vl
dt
A t=0, x=0 So 200" _ 500" = vt So 00" = vti
_lwmw T . s
WAO'M =9 ¢ @l|=0t?U, and praall
t2 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
Uy and U,

—

We have: { U, = cos BT+ sin6 ]

o ez?=c‘ost97,;—sin6?UT,
Uy, = —sinft + cos 0
s0 U, = wt?U, + v(cos U, — sin 6 U,) = v cos OU, + (wt? — v sin 6)U,,

Absolute velocity :

Vo =Ty + 7, = 2tU, + thU_y)+v(c0597x)—sin9U_y>)
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=7, = (2t + v cos 0)U, + (wt? — v sin 0)73;

- - — av, — I — I
Relative acceleration : @, = f/(R’) avec 7, = 2tU, so a, = 2U,

290! e w0 A —
Training acceleration: @, = dd% + GA(BAO'M) + d—fAO’M

d
d200’ . d@ — _
=0,—AO'M = 0 because w is constant
dt? t
. N [/ /A VA
And GA(GAO'M) = BAwt?Uy, =g 0 ol=—0*t*U,
0 wt? 0
So @, = —w?t?U,

Coriolis acceleration : @, = 26Av, =2
Absolue acceleration :
A, =@, +a; +a, = 20, — w?t?U, + 4tw U,

Then @,=(2 — w?t?)U, + 4t wU,

EXERCISE 4
The coordinates of point M in the moving reference frame M(t2, 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 yo=0 then:
. i _ dv _
the acceleration of O'is:y = " :dv = ydt

After integration v=y.1

-

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

N /Ry with O'M =T, +tU, so v, =2tU, + U,

Relative velocity: v, =
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- : . d00’ | T o A2 1 5, dOO 5
Training velocity : 7; = ——+ @AO'M with 00" =yt*j_ —==vi]

GAO'M = = —wtU, + wt?U, so v, = yt] — wtU, + wt?U,

0 0 w
t2 t 0

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

U;and U_y>

U,=cos0T+sin0;] ., . —
We have : {__, o ,=>J]=sin0U, +cosb U,
U, = —sinfi+ cos 0

So v, = wt?U, — wtU, + yt(sin OU, + cos 6 U,,)
:'v_e’ = (yt sin 6 — wt)U, + (wt? + ytcos 9)UT,
Absolue velocity : 7, = v, + v, = 2tU, + U_y) + (yt sin 6 — wt)U, + (wt? + ytcos 9)@
:Ta = (yt sin 6 — wt + 2t)U, + (wt? + ytcos 6 + 1)U_y)
vy

Relative acceleration : a, = " /(R avecy, = 2tU, + U_y) s0 @, = 2U,

2907 —_ O A ——
Training acceleration : @, = % + GA(GAO'M) + %AO’M

4% oW =Bb tant ddZW_ 1
dt = ecause w constant an dt2 =V
and GA(BAO'M) = BA(—wtUy + wt?U,) =| o o0 o|=—0?t*U, — 0?tU,
—wt wt? 0

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

a, = (ysin® — w2t?)U, + (ycos 6 — wzt)U_;

Ue Uy |
Coriolis acceleration : a; = 260Av, =2|g o ¢]|=4twlU, —2wU,
2t 1 0
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Absolue acceleration : a, =a, +a; + a,
=>a; =2U, + (ysin0 — w?*t?>)U, + (ycos 6 — w?*t)U, + 4t wU, — 20U,
S0@=(2 — 2w + y sin@ — wtH)U, + (ycos 6 — w?t + 4tw )73,)

Supplementary exercise:

r = 1y(cos wt + sin wt) U,:

Relative velocity : v, = dZ—tM/(R’)

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

7, = ryw(—sinwt + cos wt) U,

.. . d00" | e —— = 00 =
Training velocity : v, =——+twAO'M with 00 —O:>—dt =0

S A _ _
GAO'M=|g ¢ @|=wrl, sov,=wrlU,=wr(cos not+sinwt)Uy
r 0 0

Absolue velocity : 7, = 7, + 7, = row[(—sinwt + cos wt)U, + (cos wt + sin (ot)Uj,]

:[U_a)] = 1y +/ (—sinwt + cos wt)2 + (cos wt + sin wt)?

Then [v,] =r,wvV2 so [v,] is constant

- - —_— d_) —_— . g
Relative acceleration : @, = %/(R’) Uy = row(—sinwt + cos wt) Uy

S0 a, = ryw?(— cos wt — sinwt) Uy

2

Training acceleration : @, = & (t)f + GA(BAO'M) + Z—‘:AO’M

d

dw ,—— - d?o00’
—AO'M = 0 because w constant and =0

avec =
dt dt?
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. | U,
and GA(BAO'M) = BMwr U,) =g w
0 wr O
then a, = —w?ry(cos wt + sin wt)U,:
Coriolis acceleration: a; = 20Av, =2|0 0 w]|=2wnU,
v, 0 O
soa, = Zwer_y) = 2ryw?(—sinwt + cos wt)U_y)
Absolue acceleration : a;, =a, +a; +a,
a, = —ryw?(cos wt + sinwt) U, — w?r,(cos wt + sin wt)U,, +2rw?(—sinwt + cos (ot)UT,
a, = —2ryw(cos wt + sinwt)U, + 2ryw?(—sinwt + cos oot)UT,
[ag] = 2ryw? +/(—(cos wt + sin wt))2+(—sinwt + cos wt)?

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



