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Exercise 1

Two particles A and B of respective masses m; = 1.5kg
& m, = 0.5kg are submitted to the action of external
forces, thus they move in XQOY plane.

ACADEMY

The particle A Is affected by a force 1_51 = 37 and the particle B is

affected by a force F, = —1 + 2J.
The particles A and B are initially at rest at Ay( 2,3) and By(4,1).

1)Determine the position of the center of mass G, of the system (A,
B) at t=0s.
2)Calculate the acceleration of the particles A & B.



Exercise 1

3)Determine at any time t, the velocity and position

vectors of A and B.
4) Determine the position of the center of mass G of the

system (A, B) at any time t. Deduce the value of Its
acceleration.
5) Verify that mll_/)A + mzl_/)B = (m1 + mz)l_/)G

ACADEMY



Exercise 1

my = 1.5kg, m, = 0.5kg, F; =31, F, = =1+ 2], Ay( 2,3) & By (4,1)

Be Smart
ACADEMY

1)Determine the position of the center of mass G, of the system (A,

B) at t=0s.

mixq1 T MyXy

XcoM =

mq{ ™ my

1.5X2+0.5%X4

oM =151 0.5

XcoM — 2.5m

YcoMmM —

Ycom —

miyq T myy;

mq{ ™ m,y

1.5x3+0.5%x1

1.5+ 0.5

Ycom = 2.5m



Exercise 1 L §
m, = 1.5kg, m, = 0.5kg, F; =31, F, = —T+ 2], Ag(2,3) & By (4,1) Vasmad
2) Calculate the acceleration of the particles A & B.

R R
A m4 B m,
. 31 L —1+2

A = — Ao =
4715 £ 0.5




Exercise 1 L §
m, = 1.5kg, m, = 0.5kg, F; =31, F, = —T+ 2], Ag(2,3) & By (4,1) Vasmad
3) Determine at any time t, the velocity and position vectors of A and B.

[_/)A — ?iAt T 1_))0/1 » V)A — (Zi))t O » VA — Zti)
—> 1—> 2 — —> — 1 -
TA :EaAt +v0At+1‘0 » TA ZE(Zi))tZ ‘I‘(O)t"‘Zi)‘I‘ 3]



Exercise 1 ! §
m, = 1.5kg, m, = 0.5kg, F; =31, F, = —T+ 2], Ag(2,3) & By (4,1) Vasmad

3)Determine at any time t, the velocity and position vectors of
A and B.

Vg =dgt + Vog WPV = (<20 + 4))t + 0 WPV = —2ti + 4tj
1

— —

— 1 - - -
Fp = dat” + Dopt + Top P 7y = > (=20 + 4D + (0)t + 41+

rg = (—t*+4)i+ (262 + 1)j



Exercise 1

mqXq -+ mo-X-
X6 —

m1+m2

- 1.5(t*4+2) +0.5(—t* + 4)

& 1.5+ 0.5

xc=0.5t*+ 2.5

P »
' Be Smart
ACADEMY

y My y1 Ty
¢ m; +~m;

- 1.5(t*+2)+0.5(—t* + 4)

1.5+ 0.5

xc=0.5t*+ 2.5



Exercise 1

4) Determine the position of the center of mass G of the
system (A, B) at any time t. Deduce the value of its
acceleration

Be Smart
ACADEMY

?G — XGi)‘l‘ YGj)
¢ = (0.5t* + 2.5)T + (0.5t* + 2.5)j

I—iG — (?G)’: ti)+ tj)

agc=We)=1+]



Exercise 1 ‘P
B

S)Verlfy that mll_/)A + msz = (m1 ~+ mz)l_/)(; AC%Q%%

mV, + m,Vg = 1.5(2t0) + 0.5(—2ti + 4t))
mV,+myVy =3ti—ti+2tf] W) mV, +m,Vy = 2ti + +2j
(mq + my)V; = (1.5 + 0.5) (¢ + t))
(my + M)V = 260+ 2tj

mll_/)A + mZVB = (mq + mz)VG









EXxercise 2 Homogenous disc (D)

The adjacent figure shows a homogenous disc (D) of
radius R and mass M.

A circular portion iIs removed out as shown
with the dotted line. P

1)Determine the masses of the removed part 0‘\\}_,,
and the remaining part in terms of M

ACADEMY

2) Locate, using the given coordinates system, the center of the
mass of the remaining part.



EXxercise 2 Homogenous disc (D)

1)Determine the masses of the removed part and the
remaining part in terms of M

Since the disc Is homogenous then:

Myisc Myemoved Myemains

— @

Adisc Aremoved Aremains !

M . mremoved Myemains

nRZ  [mRZ , TRZ
] e




=

' Be Smart
ACADEMY

EXxercise 2 Homogenous disc (D)
M _ Myemoved
TTR* TTR*
4

TTR?

M=

m = N
removed TR2

Myemoved =

M
4




Exercise 2 Homogenous disc (D) P
B

. e Smal
i _ _ Myemains 3IM ACADEMY
mR? nR* Myemains =
[nRZ A ] 4
M X |tR* Tl'fz Myemain = M — Myemoved
Myemains = - TR2 - M
] ) Myemain — M — Z
31T R*
M X ) IM
m —— = - Myemain = 4
remains TR2




EXxercise 2 Homogenous disc (D)

2) Locate, using the given coordinates system, the center of
the mass of the remaining part.

The whole disc can be considered as a system
made up of two parts:

4—eo X
M O+,

The removed part of Mass M;emopeq = aNd \ N
R

center I(E’ 0).

The remaining part of mass m,smain = %M and center A(X, y).



EXxercise 2 Homogenous disc (D)

Myemoved X Xremoved T Myemain X Xremain ‘,&%gi\%”éﬁ%

Myemoved T Myemain
I,"-N\\
o X

X0 —

MR 3IM
i Oh
) [2]+ g X \
X0 — M




Exercise 2 Homogenous disc (D) P
A

Yo = My omoved X Yremoved ™ Mremain X Yremain e
0 B A

Mremoved T Mremain

M 3M //I’-‘\\
O:T(O)-I_Ty ()*\\', X
M -
3IM
O+——.y

Then the center of the remaining part is located at A(— g, 0)









Exercise 3

Two solids ($1) and (S,) taken as particles of respective
masses mq; = 2kg and m, = 4kg, are placed In the space
frame of reference (O, 1, j) as shown in the adjacent figure

Part A: ($4) and (S,) are at rest: 1Y

ACADEMY

1) Determine X; and Y the coordinate of (S)) @ 4m
the center of mass [(S1);(S2)]. ' {

2) Deduce the position vector of the center I 6m
of mass of the system [(S1);(S2)]. o (S.z) |




Exercise 3 " d

Part A: (541) and (S,) are at rest: ﬁﬁ”ﬁﬁ,ﬁ“
1) Determine X and Y the coordinate of the center of mass [(51);(S2)].

Y. — mq1XxXq -+ moyX- ¢y
. m4 - m»y
 _2(0) +4(6) ®» .- im (S1) @ 4m
¢~ 2+ 4 LA ] m
miyqs Tmyy; L, o—"
Ye = 0 (S2)
mq ~mj
2(4) + 4(0) 8
Y, — _
G 2 : @ Vg =gm



Exercise 3

2) Deduce the position vector of the center of mass of the
system [(S1);(S2)]. Ly

ACADEMY

I = Xl + YgJ

(S1) @ 4m
=~ & 8 2 1 ] > 6m
rG — 4‘1 + _] l' X
° 0 (S2)




Exercise 3
Part B: Motion of the center of mass: ACADEMY

At Instant t, = 0s ($1) Is submitted to the force 1_51 = a.1 where a is
constant while (S,) is submitted to the external force F, = 8.7.

1)Calculate the acceleration vector a, (in terms of a) and a, of (§1) and
(S,) respectively at any time t.

2) Deduce 74 (in terms of a) and 7, the position vectors of (§1) and (S,)
respectively at any time t.
3) Show that a=6N knowing that (S;) meets (S,) at the instant t=2sec.
4) Determine the position of the center of mass of the system [(S¢);(S>)]
and deduce Its acceleration.
5)Verify the theorem of center of mass Ma; = mya, + mya,, where M
= M4+ + m-




Exercise 3 L B

Att0=OS,F1=aT&F2=8]_) ‘/i%i%%ﬁ%

1)Calculate the acceleration vector a, (in terms of a) and a, of (S4) and
(S,) respectively at any time t.

Fl — mlfil » ai): 261

. oal

aA{ = —

S <
= —_- x4 —_ — 8.]_)
F2=m2a2 8]:4‘a2 aZ:T



Exercise 3

2) Deduce 74 (in terms of a) and 7, the position vectors of (§;)
and (S,) respectively at any time t.

Be Smart
ACADEMY

1 —> — —>
Ty = Ea’ltz + Vot +79 W = —(— Dt? + (0)t + 4
a 4y
Ty = thz + 45
1
1_")2 — Eaztz + 1_7)0t + ?0 (Sl) m
R 1 2 ] » 6m
Ty = = (2.t + (0)t + 61 L, o
2 0 (S2)

¥y = 61 + t4j



Exercise 3 P »

3) Show that a=6N knowing that (S1) meets (S;) at the instant J %
t=2sec.

(S1) meets (S,) at t=2sec thenr; =7,

a . t*
thi+4]=6l+t2f » a_:6 » at’* = 24

2.
For t=2s: » a(2)*= 24 » 4a = 24 » az%

a==6

a 6
= 27 T — > = > -
T1—Ztl+4] » r1=1t23+4] »r1:1.5t2z + 4j



Exercise 3 “ d

4) Determine the position of the center of mass of the system ¥ gemy
[(51);(S2)] and deduce its acceleration.

L, myTi+mpT, » . 2(1.5t%t + 4)) + 4(61 + t%))
g — ¢ =
my +m, 2+ 4

. 3t%T +8j+ 241+ 4% » L (Bt* +24)T + (4t* +8)]
T = 2 +4 ¢ 6

—> 1 2 - 2 2 4—>
rG:(Et + 4)1 +(§t +§)]



Exercise 3

| QG 4
> ¥

f |

g — (Et —+ 4-)l + (gt —- 5)] ACADEMY

The velocity vector of the CM is the derivative of the position vector
of CM

gt — - 4 >
VG=T'G=t.l +§t]

The acceleration vector of the CM Is the derivative of the position
vector of CM



Exercise 3

5) Verify the theorem of center of mass Ma; = mia; + mya,,
where M = my + m,

Be Smart
ACADEMY

m1?i1 + mzaz — 2(3?) + 4‘(27) » mlfil + mzaz = 61 + 8]_)

W[ s

J

The theorem of center of mass Ma, = m,;a; + m,a, is verified






