
Grade 12 LS – Physics

Chapter 2: Linear Momentum

Prepared and presented by: Mr. Mohamad Seif



Think then Solve



Consider two objects A of mass 𝒎𝟏 = 𝟓𝟎𝟎𝐠 and B of

mass 𝒎𝟐 = 𝟕𝟓𝟎𝐠.

Exercise 1         collision between two objects

A moves horizontally with a velocity magnitude 𝐕𝟏 = 𝟒𝐦/𝐬, while B

moves with a velocity of magnitude 𝑽𝟐 = 𝟐𝐦/𝐬.

At a certain time, a collision takes place between the two objects as

shown in the figure.

𝒎𝟏

𝐕𝟏 𝐕𝟐

𝒎𝟐 Before Collision



Exercise 1         collision between two objects

After collision A returns with a velocity 𝐕𝟏
′ = 𝟓𝒎/𝒔 and B

moves with a velocity 𝐕𝟐
′ = 𝟒𝒎/𝒔.

𝒎𝟏
𝑽𝟏
′ 𝑽𝟐

′

𝒎𝟐 After Collision

1. Determine and represent the forces acting on each object.

2. Determine the sum of external forces acting on the system [A, B].

What can you deduce.



3.Calculate the linear momentum 𝑷𝐀 of object A and 𝑷𝐁 of

object B before collision.

𝒎𝟏

𝐕𝟏 𝐕𝟐

𝒎𝟐

𝒎𝟏
𝑽𝟏
′ 𝑽𝟐

′

𝒎𝟐

Before Collision

After Collision

Exercise 1         collision between two objects

4. Calculate the linear momentum 𝑷𝑨
′ of object A and 𝑷𝐁

′ of object B after

collision.

5.Deduce the linear momentums 𝑷 and 𝑷′of the system [(A) and (B)] before

and after collision, respectively

6.Compare 𝐏 and 𝐏′ then conclude



1.Determine the forces acting on each object, then the sum of

external forces of the system.

𝒎𝟏 = 𝟎. 𝟓𝐤𝐠; 𝑽𝟏 = 𝟒𝒎/𝒔; 𝒎𝟐 = 𝟎. 𝟕𝟓𝒌𝒈; 𝑽𝟐 = 𝟐𝒎/𝒔;

𝐕𝟏
′ = 𝟓𝒎/𝒔 and 𝐕𝟐

′ = 𝟒𝒎/𝒔

For object A:

For object B: weight (𝑾𝟐 = 𝒎𝟐𝒈); normal (𝑵𝟐): σ𝑭𝒆𝒙𝒕 = 𝑾𝟐 +𝑵𝟐 = 𝟎

weight (𝑾𝟏 = 𝒎𝟏𝒈); normal (𝑵𝟏):σ𝑭𝒆𝒙𝒕 = 𝑾𝟏 +𝑵𝟏 = 𝟎.

𝒎𝟏
𝐕𝟏 𝐕𝟐𝒎𝟐

Exercise 1         collision between two objects



2.Determine the sum of external forces acting on the system [A, B].

What can you deduce.

σ𝑭𝒆𝒙𝒕 = 𝟎.

𝒎𝟏
𝐕𝟏 𝐕𝟐 𝒎𝟐

∆𝑷

∆𝒕
= σ𝑭𝒆𝒙𝒕 = 𝟎.

The linear momentum of the system is conserved

Exercise 1         collision between two objects

𝒎𝟏 = 𝟎. 𝟓𝐤𝐠; 𝑽𝟏 = 𝟒𝒎/𝒔; 𝒎𝟐 = 𝟎. 𝟕𝟓𝒌𝒈; 𝑽𝟐 = 𝟐𝒎/𝒔;

𝐕𝟏
′ = 𝟓𝒎/𝒔 and 𝐕𝟐

′ = 𝟒𝒎/𝒔

𝑷𝒇−𝑷𝒊

∆𝒕
= 𝟎.

𝑷𝒇 − 𝑷𝒊 = 𝟎 𝑷𝒇 = 𝑷𝒊



𝒎𝟏 𝐕𝟏 𝐕𝟐𝒎𝟐

For (A) before collision:

3.Calculate the linear momentum 𝑷𝐀 of object A and 𝑷𝐁 of object B

before collision

𝐏𝐀 = 𝐦𝟏 × 𝐕𝟏 = 𝟎. 𝟓 × +𝟒Ԧ𝒊

𝑷𝑨 = 𝟐Ԧ𝒊 (𝑲𝒈.𝒎 ∕ 𝒔)

For (B) before collision: 𝐏𝑩 = 𝐦𝟐 × 𝐕𝟐 = 𝟎. 𝟕𝟓 × −𝟐Ԧ𝒊

𝑷𝑩 = −𝟏. 𝟓Ԧ𝒊 (𝑲𝒈.𝒎/𝒔)

Exercise 1         collision between two objects
𝒎𝟏 = 𝟎. 𝟓𝐤𝐠; 𝑽𝟏 = 𝟒𝒎/𝒔; 𝒎𝟐 = 𝟎. 𝟕𝟓𝒌𝒈; 𝑽𝟐 = 𝟐𝒎/𝒔; 𝐕𝟏

′ = 𝟓𝒎/𝒔 and 𝐕𝟐
′ = 𝟒𝒎/𝒔



4.Calculate the linear momentum 𝐏𝐀
′ of object A and 𝐏𝐁

′ of object B

after collision

For (A )after collision:

𝑷𝐀
′ = 𝐦𝟏 × 𝑽𝟏

′ = 𝟎. 𝟓 × (−𝟓𝒊)

𝐏𝐀
′ = −𝟐. 𝟓Ԧ𝒊 𝐊𝐠.𝐦/𝐬.

For (B) after collision:

𝑷𝐁
′ = 𝒎𝟐 × 𝑽𝟐

′ = 𝟎. 𝟕𝟓 × (𝟒Ԧ𝒊)

𝐏𝐁
′ = 𝟑Ԧ𝒊 𝐊𝐠.𝐦/𝐬.

Exercise 1         collision between two objects

𝒎𝟏 = 𝟎. 𝟓𝐤𝐠; 𝑽𝟏 = 𝟒𝒎/𝒔; 𝒎𝟐 = 𝟎. 𝟕𝟓𝒌𝒈; 𝑽𝟐 = 𝟐𝒎/𝒔; 𝐕𝟏
′

= 𝟓𝒎/𝒔 and 𝐕𝟐
′ = 𝟒𝒎/𝒔



5. Deduce the linear momentums 𝑷 and 𝑷′of the system [(A) and (B)]

before and after collision, respectively.

For the system before collision:

𝑷 = 𝑷𝐀 + 𝑷𝐁 = 𝟐Ԧ𝒊 − 𝟏. 𝟓Ԧ𝒊

𝑷 = 𝟎. 𝟓Ԧ𝒊 𝐊𝐠.𝐦/𝐬.

For the system after collision:

𝑷′ = 𝑷𝐀
′ + 𝑷𝐁

′ = −𝟐. 𝟓Ԧ𝒊 + 𝟑Ԧ𝒊

𝑷′ = 𝟎. 𝟓Ԧ𝒊 𝐊𝐠.𝐦/𝐬

Exercise 1         collision between two objects

𝒎𝟏 = 𝟎. 𝟓𝐤𝐠; 𝑽𝟏 = 𝟒𝒎/𝒔; 𝒎𝟐 = 𝟎. 𝟕𝟓𝒌𝒈; 𝑽𝟐 = 𝟐𝒎/𝒔;

𝐕𝟏
′ = 𝟓𝒎/𝒔 and 𝐕𝟐

′ = 𝟒𝒎/𝒔



The linear momentum is conserved

𝐏 = 𝐏′ = 𝟎. 𝟓Ԧ𝒊 𝐊𝐠.𝐦/𝐬

6. Compare 𝐏 and 𝐏′ then conclude

Exercise 1         collision between two objects





Think then Solve



Exercise 2                    Nature of collision

An object (A), of mass mA = 2 kg, can

slide without friction on a path situated in

a vertical plane and formed of two parts:

a circular part DN and a horizontal

rectilinear part NM.

A is released, without initial velocity, from the point D situated at

a height 𝒉𝑫 = 𝟎. 𝟒𝟓𝒎 above the horizontal part NM (Fig.1).

The horizontal plane passing through MN is taken as the

reference level of gravitational potential energy. Take 𝐠 =
𝟏𝟎𝐦/𝐬𝟐.



Exercise 2                    Nature of collision

1. Calculate the mechanical energy of the

system [(A), Earth] at the point D.

2. Deduce the speed 𝐕𝟏𝐀 of (A) when it

reaches the point N.

3. (A) reaches N and moves along NM with the same velocity 𝑽𝟏𝑨
= 𝐕𝟏𝐀. Ԧ𝒊. Another object (B), of mass 𝒎𝑩 = 𝟒𝐤𝐠 moves from M

toward N with the velocity 𝑽𝟏𝑩 = −𝟏. Ԧ𝒊.

a. Determine the linear momentum 𝐏𝐒 of the system [(A), (B)]

before collision.

b. Deduce the velocity 𝑽𝑮 of the center of inertia G of the system

[(A), (B)].



1. Calculate the mechanical energy of the system [(A), Earth]
at the point D.

Exercise 2                    Nature of collision

mA = 2 kg; 𝒇 = 𝟎; 𝑽𝑫 = 𝟎, 𝒉𝑫 = 𝟎. 𝟒𝟓𝒎; 𝒈 = 𝟏𝟎𝒎/𝒔𝟐

𝐌𝐄𝐃 = 𝐊𝐄𝐃 + 𝐏𝐄𝐃

𝐌𝐄𝐃 = 𝟎 +𝐦𝐀. 𝐠. 𝐡𝐃

𝐌𝐄𝐃 = 𝟐 × 𝟏𝟎 × 𝟎. 𝟒𝟓

𝐌𝐄𝐃 = 𝟗𝐉



2. Deduce the speed 𝐕𝟏𝐀 of (A) when it reaches the point N.

Exercise 2                    Nature of collision

mA = 2 kg; 𝒇 = 𝟎; 𝑽𝑫 = 𝟎, 𝒉𝑫 = 𝟎. 𝟒𝟓𝒎; 𝒈 = 𝟏𝟎𝒎/𝒔𝟐

𝐌𝐄 is conserved, because friction in
neglected (𝒇𝒓 = 𝟎):

𝑴𝑬𝑫 = 𝑴𝑬𝑵 𝟗𝑱 = 𝑲𝑬𝑵 + 𝑷𝑬𝑵

𝟗𝑱 =
𝟏

𝟐
𝒎𝑨𝑽𝟏𝑨

𝟐 + 𝟎 𝟗𝑱 = 𝟎. 𝟓 × 𝟐 × 𝑽𝟏𝑨
𝟐

𝑽𝟏𝑨
𝟐 = 𝟗𝑱 𝑽𝟏𝑨 = 𝟑𝒎/𝒔



3. (A) reaches N and moves along NM with the same velocity

𝑽𝟏𝑨 = 𝐕𝟏𝐀. Ԧ𝒊. Another object (B), of mass 𝒎𝑩 = 𝟒𝐤𝐠 moves

from M toward N with the velocity 𝑽𝟏𝑩 = −𝟏. Ԧ𝒊.

a. Determine the linear momentum 𝑷𝑺 of the system [(A),
(B)] before collision.

Exercise 2                    Nature of collision

mA = 2 kg; 𝒇 = 𝟎; 𝑽𝑫 = 𝟎, 𝒉𝑫 = 𝟎. 𝟒𝟓𝒎; 𝒈 = 𝟏𝟎𝒎/𝒔𝟐

𝑷𝑺 = 𝑷𝑨 + 𝑷𝑩

𝑷𝑺 = 𝒎𝑨𝑽𝑨 +𝒎𝑩𝑽𝑩

𝑷𝑺 = 𝟐 × (+𝟑Ԧ𝒊) + 𝟒 × (−𝟏Ԧ𝒊)

𝑷𝑺 = 𝟐Ԧ𝒊𝒌𝒈.𝒎/𝒔



b. Deduce the velocity 𝐕𝐆 of the center
of inertia G of the system [(A), (B)]

Exercise 2                    Nature of collision

mA = 2 kg; 𝒇 = 𝟎; 𝑽𝑫 = 𝟎, 𝒉𝑫 = 𝟎. 𝟒𝟓𝒎; 𝒈 = 𝟏𝟎𝒎/𝒔𝟐

𝑷𝑺 = 𝑷𝑮 = 𝟐Ԧ𝒊𝒌𝒈.𝒎/𝒔

𝑴 × 𝑽𝑮 = 𝟐Ԧ𝒊𝒌𝒈.𝒎/𝒔

(𝟐 + 𝟒) × 𝑽𝑮= 𝟐Ԧ𝒊𝒌𝒈.𝒎/𝒔

𝑽𝑮 =
𝟐Ԧ𝒊𝒌𝒈.𝒎/𝒔

𝟔𝒌𝒈
𝑽𝑮 = 𝟎. 𝟑𝟑Ԧ𝒊𝒎/𝒔



5. Determine, by applying the principle of the conservation of
the linear momentum of the system [(A), (B)], the velocity

𝑽𝟐𝑩 of (B) just after collision.

6. Specify the nature of the collision.

Exercise 2                    Nature of collision

4. After collision, (A) rebounds and attains a maximum height

𝒉𝑪 = 𝟎. 𝟐𝟕𝒎.

a. Determine the mechanical energy of the system [(A),

Earth] at the point C.

b. Deduce the speed 𝐕𝟐𝐀 of (A) just after collision



𝑴𝑬𝑪 = 𝑲𝑬𝑪 + 𝑷𝑬𝑪

Exercise 2                    Nature of collision

4. After collision, (A) rebounds and attains a

maximum height 𝒉𝑪 = 𝟎. 𝟐𝟕𝒎.

𝑴𝑬𝑪 = 𝟎 +𝒎𝑨𝒈. 𝒉𝑪

𝑴𝑬𝑪 = 𝟐 × 𝟏𝟎 × 𝟎. 𝟐𝟕

𝑴𝑬𝑪 = 𝟓. 𝟒𝑱

a. Determine the mechanical energy of the system [(A), Earth]

at the point C.



Exercise 2                    Nature of collision

b. Deduce the speed 𝐕𝟐𝐀 of (A) just after collision.

𝑴𝑬𝑪 = 𝑴𝑬𝒂𝒇𝒕𝒆𝒓 𝒄𝒐𝒍𝒍𝒊𝒔𝒊𝒐𝒏

𝟓. 𝟒𝑱 = 𝑲𝑬 + 𝑷𝑬

𝟓. 𝟒𝑱 =
𝟏

𝟐
𝒎𝑨𝑽𝟐𝑨

𝟐 + 𝟎

𝟓. 𝟒𝑱 = 𝟎. 𝟓 × 𝟐 × 𝑽𝟐𝑨
𝟐

𝟓. 𝟒𝑱 = 𝑽𝟐𝑨
𝟐 𝐕𝟐𝐀 = 𝟐. 𝟑𝟐𝐦/𝐬

ME is conserved; because friction is neglected (𝒇𝒓 = 𝟎)



5. Determine, by applying the principle of the conservation of
the linear momentum of the system [(A), (B)], the velocity

𝑽𝟐𝑩 of (B) just after collision.

Exercise 2                    Nature of collision

𝑷𝒔 (𝒃𝒆𝒇𝒐𝒓𝒆) = 𝑷𝒔 (𝒂𝒇𝒕𝒆𝒓)

𝟐Ԧ𝒊𝒌𝒈.𝒎/𝒔 = 𝑷𝑨 + 𝑷𝑩

𝟐Ԧ𝒊𝒌𝒈.𝒎 ∕ 𝒔 = 𝒎𝑨. 𝑽𝟐𝑨 +𝒎𝑩. 𝑽𝟐𝑩

𝟐Ԧ𝒊 = 𝟐 × (−𝟐. 𝟑𝟐Ԧ𝒊) + 𝟒 × 𝑽𝟐𝑩

𝟐Ԧ𝒊 = −𝟒. 𝟔𝟒Ԧ𝒊 + 𝟒 × 𝑽𝟐𝑩

𝟔. 𝟔𝟒Ԧ𝒊 = 𝟒 × 𝑽𝟐𝑩

𝑽𝟐𝑩 = 𝟏. 𝟔𝟔Ԧ𝒊𝒎/𝒔



6. Specify the nature of the
collision.

Exercise 2                    Nature of collision

𝑲𝑬𝒃𝒆𝒇𝒐𝒓𝒆 = 𝑲𝑬𝑨 +𝑲𝑬𝑩

𝑲𝑬𝒃𝒆𝒇𝒐𝒓𝒆 =
𝟏

𝟐
𝒎𝑨𝑽𝟏𝑨

𝟐 +
𝟏

𝟐
𝒎𝑩𝑽𝟏𝑩

𝟐

𝑲𝑬𝒃𝒆𝒇𝒐𝒓𝒆 = 𝟎. 𝟓 × 𝟐 × 𝟑𝟐 + 𝟎. 𝟓 × 𝟒 × (−𝟏)𝟐

𝐊𝐄𝐛𝐞𝐟𝐨𝐫𝐞 = 𝟗 + 𝟐 = 𝟏𝟏𝐉



𝐊𝐄𝐛𝐞𝐟𝐨𝐫𝐞 ≈ 𝐊𝐄𝒂𝒇𝒕𝒆𝒓

Exercise 2                    Nature of collision

𝑲𝑬𝒂𝒇𝒕𝒆𝒓 = 𝑲𝑬𝑨 +𝑲𝑬𝑩

𝑲𝑬𝒂𝒇𝒕𝒆𝒓 =
𝟏

𝟐
𝒎𝑨𝑽𝟐𝑨

𝟐 +
𝟏

𝟐
𝒎𝑩𝑽𝟐𝑩

𝟐

𝑲𝑬𝒂𝒇𝒕𝒆𝒓 = 𝟎. 𝟓 × 𝟐 × 𝟐. 𝟑𝟐𝟐 + 𝟎. 𝟓 × 𝟒 × (𝟏. 𝟔𝟔)𝟐

𝐊𝐄𝒂𝒇𝒕𝒆𝒓 = 𝟏𝟎. 𝟗𝟓𝐉

𝑲𝑬𝒂𝒇𝒕𝒆𝒓 = 𝟓. 𝟑𝟖𝟐 + 𝟓. 𝟓𝟏𝟏

Then the collision is elastic 





Think then Solve



The aim of this exercise is to

verify the principle of interaction

between two blocks.

(A) and (B) can move without friction on a track CDE lying in

a vertical plane. This track is formed of two parts: the first one

CD is straight and inclined by an angle α with respect to the

horizontal and the second one DE is straight and horizontal.

Exercise 3                Principle of Interaction

𝜶

𝒉𝑪

𝒙Ԧ𝒊

𝐂

𝐃 𝐄Doc 1

𝑨

𝐁

For this purpose, we consider two blocks (A) and (B) considered

as particles of respective masses 𝒎𝑨 = 𝟐𝟎𝟎𝐠 and 𝒎𝑩 = 𝟖𝟎𝟎𝐠.



Block (A) is released without

initial velocity from point C

situated at a height 𝒉𝑪 = 𝟎. 𝟐𝒎
above a horizontal x-axis,

confounded with DE, of unit

vector

• The horizontal plane containing the x-axis as a reference

level for gravitational potential energy;

• 𝒈 = 𝟏𝟎𝒎/𝒔𝟐

Exercise 3                Principle of Interaction

𝜶

𝒉𝑪

𝒙Ԧ𝒊

𝐂

𝐃 𝐄Doc 1

𝑨

𝐁



1)The mechanical energy of the system [(A), Track, Earth] is

conserved between C and D. Why?

2)Deduce that the speed of (A) at point D is 𝑽𝑨 = 𝟐𝒎/𝒔.

3)(A) continues its motion with a velocity 𝑽𝑨 = 𝟐Ԧ𝒊 (m/s) along

track DE until it makes a head-on elastic collision with (B)

initially at rest. Show that the velocities of (A) and (B) right

after the collision are 𝑽𝑨
′ = −𝟏. 𝟐Ԧ𝒊 (m/s) and 𝑽𝑩

′ = 𝟎. 𝟖Ԧ𝒊 (m/s).

Exercise 3                Principle of Interaction



1)The mechanical energy of the

system [(A), Track, Earth] is

conserved between C and D.

Why?

𝒎𝑨 = 𝟎. 𝟐𝐤𝐠; 𝒎𝑩 = 𝟎. 𝟖𝐤𝐠; 𝒇 = 𝟎𝑵; 𝒉𝑪 = 𝟎. 𝟐𝒎; 𝒈 = 𝟏𝟎𝒎/𝒔𝟐;

𝑽𝑪 = 𝟎

0.5 pt

Exercise 3                Principle of Interaction

𝜶

𝒉𝑪

𝒙Ԧ𝒊

𝐂

𝐃 𝐄Doc 1

𝑨

𝐁

Since the friction is neglected, therefore the mechanical

energy is conserved.



2)Deduce that the speed of (A)

at point D is 𝑽𝑨 = 𝟐𝒎/𝒔.

𝒎𝑨 = 𝟎. 𝟐𝐤𝐠; 𝒎𝑩 = 𝟎. 𝟖𝐤𝐠; 𝒇 = 𝟎𝑵; 𝒉𝑪 = 𝟎. 𝟐𝒎; 𝒈
= 𝟏𝟎𝒎/𝒔𝟐; 𝑽𝑪 = 𝟎

ME is conserved , then 𝐌𝐄𝐂 = 𝐌𝐄𝐃

𝐊𝐄𝐂 + 𝐆𝐏𝐄𝐂 = 𝐊𝐄𝐃 + 𝐆𝐏𝐄𝐃

𝟎 +𝐦𝐠𝐡𝐂 =
𝟏

𝟐
𝒎𝑽𝑨

𝟐 + 𝟎

𝟏𝟎 × 𝟎. 𝟐 = 𝟎. 𝟓𝑽𝑨
𝟐 𝟐 = 𝟎. 𝟓𝑽𝑨

𝟐

𝑽𝑨
𝟐 =

𝟐

𝟎. 𝟓
𝑽𝑨
𝟐 = 𝟒

𝑽𝑨 = 𝟐𝒎/𝒔 1.5 pt
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3)(A) continues its motion with a velocity 𝑽𝑨 = 𝟐Ԧ𝒊 (m/s) along

track DE until it makes a head-on elastic collision with (B)

initially at rest.

Show that the velocities of (A) and (B) right after the collision are

𝑽𝑨
′ = −𝟏. 𝟐Ԧ𝒊 (m/s) and 𝑽𝑩

′ = 𝟎. 𝟖Ԧ𝒊 (m/s).

𝒎𝑨 = 𝟎. 𝟐𝐤𝐠; 𝒎𝑩 = 𝟎. 𝟖𝐤𝐠; 𝒇 = 𝟎𝑵; 𝒉𝑪 = 𝟎. 𝟐𝒎; 𝒈 = 𝟏𝟎𝒎/𝒔𝟐

Exercise 3                Principle of Interaction

𝜶

𝒉𝑪

𝒙Ԧ𝒊

𝐂

𝐃 𝐄Doc 1

𝑨 𝐁

linear momentum is conserved:

𝑷𝒃𝒆𝒇 = 𝑷𝒂𝒇𝒕

𝒎𝑨𝑽𝑨 +𝒎𝑩𝑽𝑩 = 𝒎𝑨𝑽𝑨
′ +𝒎𝑩𝑽𝑩

′



𝒎𝑨𝑽𝑨 +𝒎𝑩𝑽𝑩 = 𝒎𝑨𝑽𝑨
′ +𝒎𝑩𝑽𝑩

′

𝒎𝑨𝑽𝑨 = 𝒎𝑨𝑽𝑨
′ +𝒎𝑩𝑽𝑩

′

𝒎𝑨𝑽𝑨 −𝒎𝑨𝑽𝑨
′ = 𝒎𝑩𝑽𝑩

′

𝒎𝑨(𝑽𝑨 − 𝑽𝑨
′ ) = 𝒎𝑩𝑽𝑩

′ … (1) 0.5 pt
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𝒎𝑨𝑽𝑨 = 𝒎𝑨𝑽𝑨
′ +𝒎𝑩𝑽𝑩

′

The velocities are collinear then:



The collision is elastic, then the kinetic energy is conserved:

𝟏

𝟐
𝒎𝑨𝑽𝑨

𝟐 +
𝟏

𝟐
𝒎𝑩𝑽𝑩

𝟐 =
𝟏

𝟐
𝒎𝑨𝑽

′
𝑨
𝟐
+
𝟏

𝟐
𝒎𝑩𝑽

′
𝑩
𝟐
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𝑲𝑬𝒃𝒆𝒇 = 𝑲𝑬𝒂𝒇𝒕

𝒎𝑨𝑽𝑨
𝟐 = 𝒎𝑨𝑽

′
𝑨
𝟐
+𝒎𝑩𝑽

′
𝑩
𝟐

𝒎𝑨𝑽𝑨
𝟐 −𝒎𝑨𝑽

′
𝑨
𝟐
= 𝒎𝑩𝑽

′
𝑩
𝟐

𝒎𝑨(𝑽𝑨
𝟐 − 𝑽′𝑨

𝟐
) = 𝒎𝑩𝑽

′
𝑩
𝟐

𝒎𝑨 𝑽𝑨 − 𝑽𝑨
′ 𝑽𝑨 + 𝑽𝑨

′ = 𝒎𝑩𝑽
′
𝑩
𝟐
……(𝟐) 0.5 pt



𝒎𝑨 𝑽𝑨 − 𝑽𝑨
′ 𝑽𝑨 + 𝑽𝑨

′

𝒎𝑨 𝑽𝑨 − 𝑽𝑨
′ =

𝒎𝑩𝑽
′
𝑩
𝟐

𝒎𝑩𝑽
′
𝑩

Divide (𝟐) ÷ 𝟏 then:

𝑽𝑨 + 𝑽𝑨
′ = 𝑽′𝑩………(𝟑) 0.5 pt
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ቊ
𝒎𝑨𝑽𝑨 −𝒎𝑨𝑽𝑨

′ = 𝒎𝑩𝑽𝑩
′

𝒎𝑨𝑽𝑨 +𝒎𝑨𝑽𝑨
′ = 𝒎𝑨𝑽

′
𝑩
……𝒂𝒅𝒅

൝
𝒎𝑨(𝑽𝑨 − 𝑽𝑨

′ ) = 𝒎𝑩𝑽𝑩
′ … (1)

𝑽𝑨 + 𝑽𝑨
′ = 𝑽′𝑩……… 𝟑 × 𝒎𝑨

𝟐𝒎𝑨𝑽𝑨 = 𝒎𝑩𝑽𝑩
′ +𝒎𝑨𝑽𝑩

′

𝟐𝒎𝑨𝑽𝑨 = 𝑽𝑩
′ (𝒎𝑩 +𝒎𝑨)

𝑽𝑩
′ =

𝟐𝒎𝑨𝑽𝑨
𝒎𝑩 +𝒎𝑨

𝑽𝑩
′ =

𝟐 × 𝟎. 𝟐 × 𝟐

𝟎. 𝟐 + 𝟎. 𝟖

𝑽𝑩
′ = 𝟎. 𝟖𝒎/𝒔

𝑩𝑩
′ = 𝟎. 𝟖Ԧ𝒊 𝒎/𝒔

0.25 pt
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To calculate 𝑽𝑨
′ Substitute 𝑽𝑩

′ = 𝟎. 𝟖𝒎/𝒔 in equation 3:

𝑩𝑨
′ = −𝟏. 𝟐Ԧ𝒊 𝒎/𝒔

𝑽𝑨 + 𝑽𝑨
′ = 𝑽′𝑩

𝟐 + 𝑽𝑨
′ = 𝟎. 𝟖

𝑽𝑨
′ = 𝟎. 𝟖 − 𝟐

𝑽𝑨
′ = −𝟏. 𝟐𝒎/𝒔

0.25 pt
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4)The duration of the collision is

∆𝒕 = 𝟎. 𝟏𝒔, so
∆𝑷

∆𝒕
=

𝒅𝑷

𝒅𝒕
. Apply,

during Newton's second law:
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4.1) on (B) to determine the force 𝑭𝑨/𝑩 exerted by (A) on (B);

4.2) on (A) to determine the force 𝑭𝑩/𝑨 exerted by (B) on (A);

5)Deduce that the principle of interaction is verified.



4.1) on (B) to determine the force 𝑭𝑨/𝑩 exerted by (A) on (B);

𝒎𝑨 = 𝟎. 𝟐𝐤𝐠; 𝒎𝑩 = 𝟎. 𝟖𝐤𝐠; 𝒇 = 𝟎𝑵; 𝒈 = 𝟏𝟎𝒎/𝒔𝟐

Apply newton’s 2nd law on B:

෍𝑭𝒆𝒙 =
∆𝑷

∆𝒕

𝒎𝑩𝒈 + 𝑵𝑩 + 𝑭𝑨/𝑩 =
𝒎𝑩𝑽𝑩

′ −𝒎𝑩𝑽𝑩
∆𝒕
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Project along x-axis:

𝑭𝑨/𝑩 =
𝟎. 𝟖 𝟎. 𝟖Ԧ𝒊 − 𝟎

𝟎. 𝟏

𝒎𝑩𝒈 + 𝑵𝑩 + 𝑭𝑨/𝑩 =
𝒎𝑩𝑽𝑩

′ −𝒎𝑩𝑽𝑩
∆𝒕

𝒎𝑩𝒈 + 𝑵𝑩 = 𝟎

𝑭𝑨/𝑩 = 𝟔. 𝟒Ԧ𝒊 (𝑵) 1 pt

Exercise 3                Principle of Interaction

𝑭𝑨/𝑩 =
𝒎𝑩𝑽𝑩

′ −𝒎𝑩𝑽𝑩
∆𝒕



4.2) on (A) to determine the force 𝑭𝑩/𝑨 exerted by (B) on (A);

𝒎𝑨 = 𝟎. 𝟐𝐤𝐠; 𝒎𝑩 = 𝟎. 𝟖𝐤𝐠; 𝒇 = 𝟎𝑵; 𝒈 = 𝟏𝟎𝒎/𝒔𝟐

Apply newton’s 2nd law on A:

෍𝑭𝒆𝒙 =
∆𝑷

∆𝒕

𝒎𝑨𝒈 +𝑵𝑨 + 𝑭𝑩/𝑨 =
𝒎𝑨𝑽𝑨

′ −𝒎𝑨𝑽𝑨
∆𝒕
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Project along x-axis:

𝑭𝑩/𝑨 =
𝟎. 𝟐 −𝟏. 𝟐Ԧ𝒊 − 𝟎. 𝟐(−𝟐Ԧ𝒊)

𝟎. 𝟏

𝒎𝑨𝒈 + 𝑵𝑨 + 𝑭𝑩/𝑨 =
𝒎𝑨𝑽𝑨

′ −𝒎𝑨𝑽𝑨
∆𝒕

𝒎𝑨𝒈 + 𝑵𝑨 = 𝟎

𝑭𝑩/𝑨 = −𝟔. 𝟒Ԧ𝒊 (𝑵) 0.5 pt
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𝑭𝑩/𝑨 =
𝒎𝑨𝑽𝑨

′ −𝒎𝑨𝑽𝑨
∆𝒕



5) Deduce that the principle of interaction is verified.

𝑭𝑩/𝑨 = −𝑭𝑨/𝑩

Then the principle of interaction is verified. 0.5 pt
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