University of Larbi Ben M’Hidi , Oum El Bouaghi T — physics — 1
Faculty of Sciences and Applied Sciences Mechanics of Material Point
ST common trunk department Year: 2025 — 2026

Tutorial n°4: Relative movement
(With change of reference)

Exercise 1

The coordinates of a moving particle M in a fixed reference frame R, (0, 1, J, E) are given by

(x4, y, and z,) and in the moving reference frame R,(0’, 1, J, E) are given by (x,, y, and z,).
The reference frame (R,) is in translation with respect to (R;).

x,=2t3-3 x, = 2t3 — 5t
y1= 563 -2t ; y, =583 +7
7, =t5 zZ;=t>—t+1

[y
1

Write the expression of the position vectors with respect to Ry and R5.

2- Give the expression of the velocity vectors with respect to R; and R,.

3- Deduce the training velocity of R, with respect to R;.

4- Give the expression of acceleration vectors with respect to R; and R,.

5- Find the Coriolis acceleration and training acceleration of R, with respect to R;.
Exercise 2

- —

Let R'(0" X'y’ ") be a moving reference frame provided with a base (¢, ,E’)) that turns
around the (0z) axis of a fixed reference frame R(O x y z) provided with a base (7,7, E) with an

angular velocity @ = wk. A mobile M (OM = r) moves on the straight line Ox’ according to the
following hourly equation: r = a sin wt.

a and o are real and positive constants.
1- Write the expression of the position vectors of M with respect to R and R’.
2- (alculate the absolute velocity I_/'Z and the absolute acceleration ¥, of mobile M by the direct method.

3- Calculate the absolute velocity ﬁ; and the absolute acceleration ¥, of mobile M by the composition
of velocities and accelerations method.
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Exercise 3

In the fixed reference frame R(O, 1,7, l_c)), a circle of radius O'A rotates around the center O with
a constant angular velocity @ = wk. At the center O' of the circle, a moving reference frame
R'(0’, 7,7 , E’)) is attached.

Consider a mobile M moves along the perimeter of the circle with the same angular velocity
w. Att = 0 s, M coincides with point 4, on the Ox axis.

1- Write the expression of the position vectors of M with respect to R and R'.
2- Calculate the absolute velocity Va and the absolute acceleration y, of mobile M by:

a. The direct method.

b. The composition of velocities and accelerations method.
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Solution of Tutorial n°4 : Relative movement

Exercise-01

1)

2)

3)

4)

5)

Exercise-02

1)

2)

The position vectors with respect to R, and R,
OM|, = (2t>—3)0 +(5t> —2t)j+ t5k
1

oM| =@t -5t)i+GE+7)+H(E—t+1)k

Ry

The velocity vectors with respect to Ry and R,

. doM
a dt

= (6t2)7 + (15t2 —2)j + 5t*k

Ry
— do'M

= ——| =6t =5)i+(15t7)] + (5t — 1) k

Ry
The training velocity of R, with respect to R4

Using the law of composition of velocities:

V=V,

=57-27+k

The acceleration vectors with respect to R; and R,
A
dt

v
v,

= (12t2)7 + (306)] + (20t%) k

Ry

— T

= —| =27 + (306)] + (20t*) k

Ry
Coriolis acceleration and training acceleration

Using the law of composition of accelerations:
Vo=Vt Vet Ve

Coriolis acceleration ¥

Ve=2&AV, =0,

The mvt of R, with respect to R, is a translational mvt,

i.e. the angular velocity of rotation is zero (@ = 6)
Ye=0
Training acceleration y.

YVe=Ya— V= Yo =7e

=0

The position vectors with respect to R and R’

We have: 0’M| = 0OM g = asinwt v
)44

_,) - . -
. 1 = coswt [+ sin wt
Knowing that: {7 J

] =
By replacing 7 in the expression W, we obtain:

—sinwt T+ coswt

0M|R = asinwt coswt T+ asin? wt J
0’M| = asinwt i’
Rl

Absolute velocity V, and absolute acceleration Ya by
using a direct method:

. dOM R -
v, = TS = aw (cos 2wt i+ sin2wt j)
R

__dy

Vo = T = 2aw? (—sin 2wt i+ cos Za)tf)
R

3) Absolute velocity V_ by using the composition of
velocities

By using the law: V_a) = V_,: + V_e)

> Relative velocity V:

= — = awcoswtl
" dt
Ry

=V, = aw(cos?wti+ sinwtcoswt )

> Training velocity V,
Ve)=%6+ @ AO'M  0u:00=0and @
= Ve) = awsinwt 7
>V, = aw (—sin® wti + sin wt cos wt j)
> Absolute velocity V,

V,= aw(cos2wti+ sin2wtJ)

4) Absolute acceleration Y, by using the composition of

|

accelerations
By using the law: ¥4 = ¥V, + Ve + Ve

> Relative acceleration y..
. dy

Yr = 5
at |,

—aw?sinwt

=¥, = — aw?(sin wt cos wt i + sin® wt J)

Training acceleration y,

d?0'0 de
+—A
dt

—

Ye =

de.
where: 0'0 =0 and w = ¢t
=% = GA@G@AO'M)

>V = wﬁ/\(w?/\asinwt?)

=Ye

0'M + &A@ A O'M)

—a w?sinwt

= Y. = —a w?(sinwt coswt i + sin’ wt j )
Coriolis acceleration y .

Ve =2 @AV, =2 wk'Aaw cos wt i’

=Y. =2aw? coswt)’

= Y. = 2 a w? (- cos wt sin wt i + cos? wt )

Absolute acceleration 7,

=Y, = —2aw?(2sin wt cos wt 1+ (cos® wt J)
— sin? wt J)
Ya = — 2 aw?(sin 2wt i + cos 2wt )

(1)



Exercise-03

o] = [Joo’]| = &

@ =wk 0=wt: 0z=0'z

1) Position vectors OM,0’'M, 00’
(0—0’)|R =RcosOT+ Rsinf7j

{0'M|, =Rcos@V +Rsing '

OM|,=00"+0'M
W, O'M, 00’ should be defined in the fixed R, so,
we need to convert the vectors ', j" into i, j

{7 =cosfT+sinf 7]

) =—sinBi+cosd7

0'M = R (cos? 6 —sin? 8)T+ 2R cos O sinf
Therefore:

(TO’L =RcosOi+Rsinf7j

0’M|R = Rcos207+Rsin207

O_M|R = R(cos 0 + cos20) I + R(sin 0 + sin20) ]

2) Absolute velocity and acceleration by using a direct
method:

. dOM| dodOM _ dOM
“T Tdc |, dc a6 “7do
V,= —Rw(sin 0 + 2sin20) i + Rw(cos 6

+2cos20)j

_,_dV,| _ dedv,  dV,
Yo = dt|, dacdo ~ “do

Ya = —Rw?(cos 0 + 4cos20) i — Rw?(sin O
+ 4sin26)7
3) Absolute velocity and acceleration by using the
composition of velocities:

Absolute velocity W

By using the law: V_a) = W + V_;

> Relative velocity W

7 _ do'M
T
R/

>V, = —Rwsin 201+ Rw cos 26 ]

—_—

» Training velocity V,

— o0 —_
o= "2+ @ NOM

V, = —Rw(sin 0 + sin20) i + Rw(cos 6 + cos 20)j

—

> Absolute velocity V,

V, =

—Rw(sin @ + 2sin20) i + Rw(cos O + 2 cos

Absolute acceleration ¥, _

By using the law: Y4 = Vo + Vo + Ve
> Relative acceleration ¥,
_,_dy
Yr = 57
dt |,

— Rw? cos207— Rw?sin20j

» Training acceleration y,

=>Vr=

_,_d?00 d3

Ve = e +E/\0,M + o AN(wAO0'M)
w=ct
d*0'0

>y, = ?-{- @ A(wAO'M)
¥Ye = — Rw?(cos 0 + cos 20) T — Rw?(sin 6 + sin 20)7j

» Coriolis acceleration ¥,

Vo =2 @AV,
=Y.=-2Rw?cos201— 2 Rw?sin207]

» Absolute acceleration y,
Ya = —Rw?(cos 6 + 4cos260) T — Rw?(sin 0
+4sin20)7j

Trigonometric relationships used:

cos (a+ b) = cos a cosb — sinasinb

sin(a+ b) =sinacosb+ cosasinb

cos (2a) = cos? a—sin’b

sin (2a) =2 cosasina

20)7]
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