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Think then Solve



Exercise 1

Two particles A and B of respective masses 𝒎𝟏 = 𝟏. 𝟓𝒌𝒈
& 𝒎𝟐 = 𝟎. 𝟓𝒌𝒈 are submitted to the action of external

forces, thus they move in XOY plane.

The particle A is affected by a force 𝑭𝟏 = 𝟑Ԧ𝒊 and the particle B is

affected by a force 𝑭𝟐 = −Ԧ𝒊 + 𝟐Ԧ𝒋.
The particles A and B are initially at rest at 𝑨𝟎( 2,3) and 𝑩𝟎(4,1).

1)Determine the position of the center of mass 𝑮𝟎 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 𝒎𝟏𝑽𝑨 +𝒎𝟐𝑽𝑩 = (𝒎𝟏 +𝒎𝟐)𝑽𝑮



Exercise 1

𝒎𝟏 = 𝟏. 𝟓𝒌𝒈, 𝒎𝟐 = 𝟎. 𝟓𝒌𝒈, 𝑭𝟏 = 𝟑Ԧ𝒊, 𝑭𝟐 = −Ԧ𝒊 + 𝟐Ԧ𝒋, 𝑨𝟎( 2,3) & 𝑩𝟎 (4,1)

1)Determine the position of the center of mass 𝑮𝟎 of the system (A,

B) at t=0s.

𝒙𝑪𝑶𝑴 =
𝒎𝟏𝒙𝟏 +𝒎𝟐𝒙𝟐
𝒎𝟏 +𝒎𝟐

𝒚𝑪𝑶𝑴 =
𝒎𝟏𝒚𝟏 +𝒎𝟐𝒚𝟐
𝒎𝟏 +𝒎𝟐

𝒙𝑪𝑶𝑴 =
𝟏. 𝟓 × 𝟐 + 𝟎. 𝟓 × 𝟒

𝟏. 𝟓 + 𝟎. 𝟓

𝒙𝑪𝑶𝑴 = 𝟐. 𝟓𝒎

𝒚𝑪𝑶𝑴 =
𝟏. 𝟓 × 𝟑 + 𝟎. 𝟓 × 𝟏

𝟏. 𝟓 + 𝟎. 𝟓

𝒚𝑪𝑶𝑴 = 𝟐. 𝟓𝒎



Exercise 1

2) Calculate the acceleration of the particles A & B.

𝒂𝑨 =
𝑭𝟏
𝒎𝟏

𝒂𝑩 =
𝑭𝟐
𝒎𝟐

𝒂𝑨 =
𝟑Ԧ𝒊

𝟏. 𝟓

𝒂𝑨 = 𝟐Ԧ𝒊

𝒂𝑩 =
−Ԧ𝒊 + 𝟐Ԧ𝒋

𝟎. 𝟓

𝒂𝑩 = −𝟐Ԧ𝒊 + 𝟒Ԧ𝒋

𝒎𝟏 = 𝟏. 𝟓𝒌𝒈, 𝒎𝟐 = 𝟎. 𝟓𝒌𝒈, 𝑭𝟏 = 𝟑Ԧ𝒊, 𝑭𝟐 = −Ԧ𝒊 + 𝟐Ԧ𝒋, 𝑨𝟎( 2,3) & 𝑩𝟎 (4,1)



Exercise 1

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

𝑽𝑨 = 𝒂𝑨𝒕 + 𝒗𝟎𝑨 𝑽𝑨 = (𝟐Ԧ𝒊)𝒕 + 𝟎 𝑽𝑨 = 𝟐𝒕Ԧ𝒊

𝒓𝑨 =
𝟏

𝟐
𝒂𝑨𝒕

𝟐 + 𝒗𝟎𝑨𝒕 + 𝒓𝟎 𝒓𝑨 =
𝟏

𝟐
𝟐Ԧ𝒊 𝒕𝟐 + 𝟎 𝒕 + 𝟐Ԧ𝒊+ 𝟑Ԧ𝒋

𝒓𝑨 = 𝒕𝟐 + 𝟐 Ԧ𝒊+ 𝟑Ԧ𝒋

𝒎𝟏 = 𝟏. 𝟓𝒌𝒈, 𝒎𝟐 = 𝟎. 𝟓𝒌𝒈, 𝑭𝟏 = 𝟑Ԧ𝒊, 𝑭𝟐 = −Ԧ𝒊 + 𝟐Ԧ𝒋, 𝑨𝟎( 2,3) & 𝑩𝟎 (4,1)



Exercise 1

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

A and B.

𝑽𝑩 = 𝒂𝑩𝒕 + 𝒗𝟎𝑩 𝑽𝑩 = (−𝟐Ԧ𝒊 + 𝟒Ԧ𝒋)𝒕 + 𝟎 𝑽𝑩 = −𝟐𝒕Ԧ𝒊 + 𝟒𝒕Ԧ𝒋

𝒓𝑩 =
𝟏

𝟐
𝒂𝑨𝒕

𝟐 + 𝒗𝟎𝑩𝒕 + 𝒓𝟎𝑩 𝒓𝑨 =
𝟏

𝟐
(−𝟐Ԧ𝒊 + 𝟒Ԧ𝒋)𝒕𝟐 + 𝟎 𝒕 + 𝟒Ԧ𝒊 + Ԧ𝒋

𝒓𝑩 = −𝒕𝟐 + 𝟒 Ԧ𝒊+ (𝟐𝒕𝟐 + 𝟏)Ԧ𝒋

𝒎𝟏 = 𝟏. 𝟓𝒌𝒈, 𝒎𝟐 = 𝟎. 𝟓𝒌𝒈, 𝑭𝟏 = 𝟑Ԧ𝒊, 𝑭𝟐 = −Ԧ𝒊 + 𝟐Ԧ𝒋, 𝑨𝟎( 2,3) & 𝑩𝟎 (4,1)



Exercise 1

𝒙𝑮 =
𝒎𝟏𝒙𝟏 +𝒎𝟐𝒙𝟐
𝒎𝟏 +𝒎𝟐

𝒙𝑮 = 𝟎. 𝟓𝒕𝟐 + 𝟐. 𝟓

𝒚𝑮 =
𝒎𝟏𝒚𝟏 +𝒎𝟐𝒚𝟐
𝒎𝟏 +𝒎𝟐

𝒙𝑮 = 𝟎. 𝟓𝒕𝟐 + 𝟐. 𝟓

𝒙𝑮 =
𝟏. 𝟓 𝒕𝟐 + 𝟐 + 𝟎. 𝟓(−𝒕𝟐 + 𝟒)

𝟏. 𝟓 + 𝟎. 𝟓
𝒚𝑮 =

𝟏. 𝟓 𝒕𝟐 + 𝟐 + 𝟎. 𝟓(−𝒕𝟐 + 𝟒)

𝟏. 𝟓 + 𝟎. 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

𝒓𝑮 = 𝑿𝑮Ԧ𝒊 + 𝒀𝑮 Ԧ𝒋

𝒓𝑮 = (𝟎. 𝟓𝒕𝟐 + 𝟐. 𝟓)Ԧ𝒊 + (𝟎. 𝟓𝒕𝟐 + 𝟐. 𝟓)Ԧ𝒋

𝑽𝑮 = (𝒓𝑮)
′= 𝒕Ԧ𝒊 + 𝒕Ԧ𝒋

𝒂𝑮 = (𝑽𝑮)
′= Ԧ𝒊 + Ԧ𝒋



Exercise 1

5)Verify that 𝒎𝟏𝑽𝑨 +𝒎𝟐𝑽𝑩 = (𝒎𝟏 +𝒎𝟐)𝑽𝑮

𝒎𝟏𝑽𝑨 +𝒎𝟐𝑽𝑩 = 𝟏. 𝟓 𝟐𝒕Ԧ𝒊 + 𝟎. 𝟓(−𝟐𝒕Ԧ𝒊 + 𝟒𝒕Ԧ𝒋)

𝒎𝟏 +𝒎𝟐 𝑽𝑮 = (𝟏. 𝟓 + 𝟎. 𝟓)(𝒕Ԧ𝒊 + 𝒕Ԧ𝒋)

𝒎𝟏𝑽𝑨 +𝒎𝟐𝑽𝑩 = 𝟑𝒕Ԧ𝒊 − 𝒕Ԧ𝒊 + 𝟐𝒕Ԧ𝒋 𝒎𝟏𝑽𝑨 +𝒎𝟐𝑽𝑩 = 𝟐𝒕Ԧ𝒊 + +𝟐Ԧ𝒋

𝒎𝟏 +𝒎𝟐 𝑽𝑮 = 𝟐𝒕Ԧ𝒊 + 𝟐𝒕Ԧ𝒋

𝒎𝟏𝑽𝑨 +𝒎𝟐𝑽𝑩 = (𝒎𝟏 +𝒎𝟐)𝑽𝑮





Think then Solve



Exercise 2              Homogenous disc (D) 

The adjacent figure shows a homogenous disc (D) of

radius R and mass M.

𝐎 𝐈

𝒙

𝒚

A circular portion is removed out as shown

with the dotted line.

1)Determine the masses of the removed part

and the remaining part in terms of M

2) Locate, using the given coordinates system, the center of the

mass of the remaining part.



Exercise 2               Homogenous disc (D) 

𝐎 𝐈

𝒙

𝒚

1)Determine the masses of the removed part and the

remaining part in terms of M

Since the disc is homogenous then:

𝒎𝒅𝒊𝒔𝒄

𝑨𝒅𝒊𝒔𝒄
=
𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅

𝑨𝒓𝒆𝒎𝒐𝒗𝒆𝒅
=
𝒎𝒓𝒆𝒎𝒂𝒊𝒏𝒔

𝑨𝒓𝒆𝒎𝒂𝒊𝒏𝒔

𝑴

𝝅𝑹𝟐
=
𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅

𝝅𝑹𝟐

𝟒

=
𝒎𝒓𝒆𝒎𝒂𝒊𝒏𝒔

𝝅𝑹𝟐 −
𝝅𝑹𝟐

𝟒



Exercise 2                 Homogenous disc (D) 

𝑴

𝝅𝑹𝟐
=
𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅

𝝅𝑹𝟐

𝟒

𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅 =

𝑴×
𝝅𝑹𝟐

𝟒

𝝅𝑹𝟐

𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅 =
𝑴

𝟒

𝐎 𝐈

𝒙

𝒚



Exercise 2                 Homogenous disc (D) 

𝑴

𝝅𝑹𝟐
=

𝒎𝒓𝒆𝒎𝒂𝒊𝒏𝒔

𝝅𝑹𝟐 −
𝝅𝑹𝟐

𝟒

𝒎𝒓𝒆𝒎𝒂𝒊𝒏𝒔 =

𝑴× 𝝅𝑹𝟐 −
𝝅𝑹𝟐

𝟒

𝝅𝑹𝟐

𝒎𝒓𝒆𝒎𝒂𝒊𝒏𝒔 =

𝑴×
𝟑𝝅𝑹𝟐

𝟒

𝝅𝑹𝟐

𝒎𝒓𝒆𝒎𝒂𝒊𝒏𝒔 =
𝟑𝑴

𝟒

𝒎𝒓𝒆𝒎𝒂𝒊𝒏 = 𝑴−𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅

𝒎𝒓𝒆𝒎𝒂𝒊𝒏 = 𝑴−
𝑴

𝟒

𝒎𝒓𝒆𝒎𝒂𝒊𝒏 =
𝟑𝑴

𝟒



Exercise 2                  Homogenous disc (D) 

𝐎 𝐈
𝒙

𝒚

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:

The removed part of mass 𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅 =
𝑴

𝟒
and

center I(
𝑹

𝟐
, 0).

The remaining part of mass 𝒎𝒓𝒆𝒎𝒂𝒊𝒏 =
𝟑𝑴

𝟒
and center A(x, y).



Exercise 2                 Homogenous disc (D) 

𝐎 𝐈
𝒙

𝒚𝒙𝟎 =
𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅 × 𝒙𝒓𝒆𝒎𝒐𝒗𝒆𝒅 +𝒎𝒓𝒆𝒎𝒂𝒊𝒏 × 𝒙𝒓𝒆𝒎𝒂𝒊𝒏

𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅 +𝒎𝒓𝒆𝒎𝒂𝒊𝒏

𝒙𝟎 =

𝑴
𝟒

𝑹
𝟐

+
𝟑𝑴
𝟒

. 𝒙

𝑴

𝟎 =

𝑴.𝑹
𝟖

+
𝟑𝑴
𝟒

. 𝒙

𝑴

𝒙 = −
𝑹

𝟔



Exercise 2                       Homogenous disc (D) 

𝐎 𝐈
𝒙

𝒚
𝒚𝟎 =

𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅 × 𝒚𝒓𝒆𝒎𝒐𝒗𝒆𝒅 +𝒎𝒓𝒆𝒎𝒂𝒊𝒏 × 𝒚𝒓𝒆𝒎𝒂𝒊𝒏

𝒎𝒓𝒆𝒎𝒐𝒗𝒆𝒅 +𝒎𝒓𝒆𝒎𝒂𝒊𝒏

𝟎 =

𝑴
𝟒
(𝟎) +

𝟑𝑴
𝟒

. 𝒚

𝑴

𝟎 =
𝟎 +

𝟑𝑴
𝟒

. 𝒚

𝑴
𝒚 = 𝟎

Then the center of the remaining part is located at A(−
𝑹

𝟔
, 0)





Think then Solve



Exercise 3

Two solids (𝑺𝟏) and (𝑺𝟐) taken as particles of respective

masses 𝒎𝟏 = 𝟐𝒌𝒈 and 𝒎𝟐 = 𝟒𝒌𝒈, are placed in the space

frame of reference (O, Ԧ𝒊, Ԧ𝒋) as shown in the adjacent figure

𝒙

𝒚

Ԧ𝒊
Ԧ𝐣

𝐎

𝟒𝒎

𝟔𝒎

(𝐒𝟏)

(𝐒𝟐)

1) Determine 𝑿𝑮 and 𝒀𝑮 the coordinate of

the center of mass [(𝑺𝟏);(𝑺𝟐)].

2) Deduce the position vector of the center

of mass of the system [(𝑺𝟏);(𝑺𝟐)].

Part A: (𝑺𝟏) and (𝑺𝟐) are at rest:



Exercise 3

𝒙

𝒚

Ԧ𝒊
Ԧ𝐣

𝐎

𝟒𝒎

𝟔𝒎

(𝐒𝟏)

(𝐒𝟐)

1) Determine 𝑿𝑮 and 𝒀𝑮 the coordinate of the center of mass [(𝑺𝟏);(𝑺𝟐)].

Part A: (𝑺𝟏) and (𝑺𝟐) are at rest:

𝑿𝑮 =
𝒎𝟏𝒙𝟏 +𝒎𝟐𝒙𝟐
𝒎𝟏 +𝒎𝟐

𝑿𝑮 =
𝟐(𝟎) + 𝟒(𝟔)

𝟐 + 𝟒
𝑿𝑮 = 𝟒𝒎

𝒀𝑮 =
𝒎𝟏𝒚𝟏 +𝒎𝟐𝒚𝟐
𝒎𝟏 +𝒎𝟐

𝒀𝑮 =
𝟐(𝟒) + 𝟒(𝟎)

𝟐 + 𝟒
𝒀𝑮 =

𝟖

𝟔
𝒎



Exercise 3

𝒙

𝒚

Ԧ𝒊
Ԧ𝐣

𝐎

𝟒𝒎

𝟔𝒎

(𝐒𝟏)

(𝐒𝟐)

2)Deduce the position vector of the center of mass of the

system [(𝑺𝟏);(𝑺𝟐)].

Ԧ𝐫𝐆 = 𝐗𝐆Ԧ𝐢 + 𝐘𝐆Ԧ𝐣

Ԧ𝐫𝐆 = 𝟒Ԧ𝐢 +
𝟖

𝟔
Ԧ𝐣



Exercise 3

Part B: Motion of the center of mass:

At instant 𝒕𝟎 = 𝟎𝒔 (𝑺𝟏) is submitted to the force 𝑭𝟏 = 𝒂. Ԧ𝒊 where a is

constant while (𝑺𝟐) is submitted to the external force 𝑭𝟐 = 𝟖. Ԧ𝒋.

1)Calculate the acceleration vector 𝒂𝟏 ( in terms of a) and 𝒂𝟐 of (𝑺𝟏) and

(𝑺𝟐) respectively at any time t.

2) Deduce 𝒓𝟏 (in terms of a) and 𝒓𝟐 the position vectors of (𝑺𝟏) and (𝑺𝟐)

respectively at any time t.

3) Show that a=6N knowing that (𝑺𝟏) meets (𝑺𝟐) at the instant t=2sec.

4) Determine the position of the center of mass of the system [(𝑺𝟏);(𝑺𝟐)]

and deduce its acceleration.

5)Verify the theorem of center of mass 𝑴𝒂𝑮 = 𝒎𝟏𝒂𝟏 +𝒎𝟐𝒂𝟐, where 𝑴
= 𝒎𝟏 +𝒎𝟐



Exercise 3

At 𝒕𝟎 = 𝟎𝒔; 𝑭𝟏 = 𝒂. Ԧ𝒊 & 𝑭𝟐 = 𝟖. Ԧ𝒋.

1)Calculate the acceleration vector 𝒂𝟏 ( in terms of a) and 𝒂𝟐 of (𝑺𝟏) and

(𝑺𝟐) respectively at any time t.

𝑭𝟏 = 𝒎𝟏𝒂𝟏 𝒂. Ԧ𝒊 = 𝟐𝒂𝟏

𝒂𝟏 =
𝒂. Ԧ𝒊

𝟐

𝑭𝟐 = 𝒎𝟐𝒂𝟐 𝟖. Ԧ𝒋 = 𝟒𝒂𝟐 𝒂𝟐 =
𝟖. Ԧ𝒋

𝟒

𝒂𝟐 = 𝟐. Ԧ𝒋



Exercise 3

2) Deduce 𝒓𝟏 (in terms of a) and 𝒓𝟐 the position vectors of (𝑺𝟏)

and (𝑺𝟐) respectively at any time t.

𝒓𝟏 =
𝟏

𝟐
𝒂𝟏𝒕

𝟐 + 𝒗𝟎𝒕 + 𝒓𝟎 𝒓𝟏 =
𝟏

𝟐
(
𝒂

𝟐
. Ԧ𝒊)𝒕𝟐 + (𝟎)𝒕 + 𝟒Ԧ𝒋

𝒓𝟏 =
𝒂

𝟒
𝒕𝟐Ԧ𝒊 + 𝟒Ԧ𝒋

𝒙

𝒚

Ԧ𝒊
Ԧ𝐣

𝐎

𝟒𝒎

𝟔𝒎

(𝐒𝟏)

(𝐒𝟐)

𝒓𝟐 =
𝟏

𝟐
𝒂𝟐𝒕

𝟐 + 𝒗𝟎𝒕 + 𝒓𝟎

𝒓𝟐 =
𝟏

𝟐
(𝟐. Ԧ𝒋)𝒕𝟐 + (𝟎)𝒕 + 𝟔Ԧ𝒊

𝒓𝟐 = 𝟔Ԧ𝒊 + 𝒕𝟐 Ԧ𝒋



Exercise 3

3) Show that a=6N knowing that (𝑺𝟏) meets (𝑺𝟐) at the instant

t=2sec.

(𝑺𝟏) meets (𝑺𝟐) at t=2sec then 𝒓𝟏 = 𝒓𝟐
𝒂

𝟒
𝒕𝟐 Ԧ𝒊 + 𝟒Ԧ𝒋 = 𝟔Ԧ𝒊 + 𝒕𝟐 Ԧ𝒋

𝒂𝒕𝟐

𝟒
= 𝟔 𝒂𝒕𝟐 = 𝟐𝟒

𝒂 =
𝟐𝟒

𝟒
For t=2s: 𝒂(𝟐)𝟐= 𝟐𝟒 𝟒𝒂 = 𝟐𝟒

𝒂 = 𝟔

𝒓𝟏 =
𝒂

𝟒
𝒕𝟐Ԧ𝒊 + 𝟒Ԧ𝒋 𝒓𝟏 =

𝟔

𝟒
𝒕𝟐Ԧ𝒊 + 𝟒Ԧ𝒋 𝒓𝟏 = 𝟏. 𝟓𝒕𝟐Ԧ𝒊 + 𝟒Ԧ𝒋



Exercise 3

4) Determine the position of the center of mass of the system

[(𝑺𝟏);(𝑺𝟐)] and deduce its acceleration.

𝒓𝑮 =
𝒎𝟏𝒓𝟏 +𝒎𝟐𝒓𝟐
𝒎𝟏 +𝒎𝟐

𝒓𝑮 =
𝟐(𝟏. 𝟓𝒕𝟐Ԧ𝒊 + 𝟒Ԧ𝒋) + 𝟒(𝟔Ԧ𝒊 + 𝒕𝟐 Ԧ𝒋)

𝟐 + 𝟒

𝒓𝑮 =
𝟑𝒕𝟐Ԧ𝒊 + 𝟖Ԧ𝒋 + 𝟐𝟒Ԧ𝒊 + 𝟒𝒕𝟐 Ԧ𝒋

𝟐 + 𝟒
𝒓𝑮 =

(𝟑𝒕𝟐 + 𝟐𝟒)Ԧ𝒊 + (𝟒𝒕𝟐 + 𝟖)Ԧ𝒋

𝟔

𝒓𝑮 = (
𝟏

𝟐
𝒕𝟐 + 𝟒)Ԧ𝒊 + (

𝟐

𝟑
𝒕𝟐 +

𝟒

𝟑
)Ԧ𝒋



Exercise 3

𝒓𝑮 = (
𝟏

𝟐
𝒕𝟐 + 𝟒)Ԧ𝒊 + (

𝟐

𝟑
𝒕𝟐 +

𝟒

𝟑
)Ԧ𝒋

𝑽𝑮 = 𝒓′𝑮 = 𝒕. Ԧ𝒊 +
𝟒

𝟑
𝒕. Ԧ𝒋

𝒂𝑮 = 𝑽𝑮
′ = Ԧ𝒊 +

𝟒

𝟑
Ԧ𝒋

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

of CM

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 𝑴𝒂𝑮 = 𝒎𝟏𝒂𝟏 +𝒎𝟐𝒂𝟐,

where 𝑴 = 𝒎𝟏 +𝒎𝟐

𝒎𝟏𝒂𝟏 +𝒎𝟐𝒂𝟐 = 𝟐 𝟑Ԧ𝒊 + 𝟒(𝟐Ԧ𝒋) 𝒎𝟏𝒂𝟏 +𝒎𝟐𝒂𝟐 = 𝟔Ԧ𝒊 + 𝟖Ԧ𝒋

𝑴𝒂𝑮 = (𝟐 + 𝟒) Ԧ𝒊 +
𝟒

𝟑
Ԧ𝒋

The theorem of center of mass 𝑴𝒂𝑮 = 𝒎𝟏𝒂𝟏 +𝒎𝟐𝒂𝟐 is verified

𝑴𝒂𝑮 = 𝟔Ԧ𝒊 + 𝟖Ԧ𝒋




