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Exercise 1 collision between two objects

Consider two objects A of mass m, = 500g and B of acikiy
mass m, = 750g.

A moves horizontally with a velocity magnitude V; = 4m/s, while B
moves with a velocity of magnitude V, = 2m/s.

At a certain time, a collision takes place between the two objects as
shown in the figure.
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é Before Collision




Exercise 1 collision between two objects | T 7

After collision A returns with a velocity V; = 5m/s and B ACADEMY
moves with a velocity V;, = 4m/s.

v v
Vi “ V> , 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.



Exercise 1 collision between two objects BB 3,

3.Calculate the linear momentum P, of object A and Py of [Acabemy

object B before collision.

4. Calculate the linear momentum qu of object A and Fg 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

— —

V1 VZ

C C Before Collision
14 !/
Vi “ Va R After Collision
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collision between two objects IR 5,

Exercise 1

my, = 0.5kg; V{=4m/s; m, =0.75kg; V, =2m/s,
Vi =5m/sandV, = 4m/s
1.Determine the forces acting on each object, then the sum of

external forces of the system.

him @"

For object A: weight (W, = m,g); normal (N;): YF,,=W;+N;=0.

For object B: weight (WZ = m,g); normal (ﬁz): Zfext = Wz +N, = 0



Exercise 1 collision between two objects | @

my = 0.5kg; V{=4m/s; m, =0.75kg; V, =2m/s;
Vi =5m/sandV, = 4m/s

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

™ Ve me

= ~ I--I\ AP s _|\ P —I_))' —
Fo.ot = 0. 7 »—= — 1 7o

P;—P; = L Pg =P,
The linear momentum of the system is conserved



Exercise 1 collision between two objects

Be Smart
ACADEMY

3.Calculate the linear momentum P, of object A and Pg of object B
before collision

my = 0.5kg; V, = 4m/s; m, = 0.75kg;V, = 2m/s;V; =5m/sand V, = 4m/s

For (A) before collision: Py, =my X V; = 0.5 X (+41)
P,=2i (Kg.m/s)
For (B) before collision: P; =m, XV, = 0.75 X (—20)

Pp = —1.51 (Kg.m/s)

®" @




Exercise 1 collision between two objects

m; = 0.5Kg; Vy = 4m/s;my = 0.75kg; V, = 2m/s; Vi Tain
=5m/sand V, = 4m/s

4.Calculate the linear momentum P, of object A and Py of object B
after collision

For (A )after collision: For (B) after collision:

Py =my X Vj = 0.5 X (=50 Py =m, x V) =0.75 X (41)

1_5A = —2.51 Kg.m/s. f)’]’g = 37 Kg.m/s.




Exercise 1

Vi =5m/sandV, = 4m/s

collision between two objects | @ *
my = 0.5kg; V; =4m/s; m,; = 0.75kg; V, =2m/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 = 0.5{Kg.m/s.

For the system after collision:

P' =P, + P, =—2.51+ 31

P = 0.5{Kg.m/s



Exercise 1 collision between two objects

6. Compare P and P’ then conclude

The linear momentum iIs conserved









Exercise 2 Nature of collision | :
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An object (A), of mass m, = 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.

Fig. 1

A 1s released, without Initial velocity, from the point D situated at
a height hp = 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/s?.



Exercise 2 Nature of collision

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

2. Deduce the speed V;4 of (A) when it
reaches the point N.

M
Fig. 1

3. (A) reaches N and moves along NM with the same velocity VlA
= Vya. L. Another object (B), of mass mg = 4kg moves from M

toward N with the velocity V,5 = —1.1.

a. Determine the linear momentum 1_55 of the system [(A), (B)]
before collision.
b. Deduce the velocity VG of the center of Inertia G of the system

[(A), (B)].



Exercise 2 Nature of collision IR 3,
m,=2kg; f=0;Vp=0,hp =0.45m; g = 10m /s>

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

MED — KED + PED

ACADEMY

MED =0+ mA.g. hD

MEp =2 x10x0.45

MED — 9]



Exercise 2 Nature of collision ] @

m,=2kg; f=0;Vp =0, hp =0.45m; g = 10m/s* ACADEMY
2. Deduce the speed V44 of (A) when It reaches the point N.

ME 1Is conserved, because friction In
neglected (f,. = 0):

MED:MEN 9]:KEN+PEN
B)
1 ¥ N y b M d
9 =5mVig+0 9] =0.5%x2xVi, -

1A — 9] V1A — 3m/s



Exercise 2 Nature of collision ] 8

m,=2kg; f=0;Vp =0, hp =0.45m; g = 10m/s*
3. (A) reaches N and moves along NM with the same velocity

V1A = V4. L. Another object (B), of mass mp = 4Kkg moves
from M toward N with the velocity V1B = —1.1.

a. Determine the linear momentum 1_55 of the system [(A),
(B)] before collision.

I_;SZI_))A +I_)>B

=

—x
==l

I_;S — mA[_/)A T mBI_/)B T
Ps =2 X (+30) + 4 X (—10) siN_ @i
Pq 2tkg.m/s Fig. 1

A = o e wm e e -
=4




Exercise 2 Nature of collision J

m,=2kg; f=0;Vp =0, hp =0.45m; g = 10m/s*

b. Deduce the velocity \7G of the center
of inertia G of the system [(A), (B)]

P; =P; = 2ikg.m/s

M xV; =2tkg.m/s

(2 4+ 4) x Vo= 2tkg.m/s

I—/>G _ Zlkgm/s I_/)G - O33i>m/S
6kg



Exercise 2 Nature of collision L B

4. After collision, (A) rebounds and attains a maximum ﬁgfémﬁt
a. Determine the mechanical energy of the system [(A),
Earth] at the point C.
b. Deduce the speed V5, of (A) just after collision
5. Determine, by applying the principle of the conservation of
the linear momentum of the system [(A), (B)], the velocity

V,p 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 [k
maximum height h = 0.27m.

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

MEC — KEC + PEC
MEC =0+ mAg.hC

ME, =2 x 10 X 0.27

ME, = 5.4]



Exercise 2 Nature of collision

Be Smart
ACADEMY

b. Deduce the speed V,, of (A) just after collision.
ME Is conserved; because friction is neglected (f,. = 0)

ME = MEafter collision

5.4] = KE + PE
1

— 2 ' .
54‘] — ZmAVZA + 0 -

5.4] = 0.5 X 2 X V5,

5.4] = V5, Voa = 2.32m/s



Exercise 2 Nature of collision IR 3,

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

1723 of (B) just after collision.

— —

P (before) — P (after)
2ikg.m/s = P4 + Pg

2tkg.m / s = mA.VZA o mB.I_fZB Fig.

. A 64T =4 %XV
21 =2 X (—=2.320) + 4 X Vyp 6.641 2B

20 = —4.641 + 4 X Vyp V2p = 1.661m/s
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Exercise 2 Nature of collision | ® »
6. Specify the nature of the Be Smart
collision.
KEbefore = KE, + KEpg
1 5 1 ,
KEbefore - EmAle g EmBVlB

KEpefore = 0.5 %X 2 x 3%+ 0.5 x 4 X (—1)*

KEpefore =9 + 2 = 11]



™ L

Exercise2 ~ Nature of collision
KE  fier = KE4 + KEpR

1 . 1 2
KE fter = EmAVZA T EmBVZB

D, Conni
DHe dmarl

ACADEMY

KEgfter = 0.5 X2 X 2.32°+ 0.5 x4 X (1.66)"
KE ey = 5.382 + 5.511

KEqfier = 10.95]

KEpefore ® KEgfter  Then the collision is elastic









o Fi/rfnciple of Interaction P »

Exercise 3

The aim of this exercise 1S to ¢
verity the principle of interaction
between two blocks.

USRSV £ A B i1 x
D Doc1 E
For this purpose, we consider two blocks (A) and (B) considered

as particles of respective masses m4 = 200g and mg = 800g.

(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 a with respect to the
horizontal and the second one DE Is straight and horizontal.



Exercise 3 Principle of Interaction ) ® »
Block (A) is released without ¢ ACADEMY
initial velocity from point C

Situated at a height h, =0.2m | B 7 x
bove a  horizontal  xuaxis. S =
confounded with DE, of unit

vector

e The horizontal plane containing the x-axis as a reference
level for gravitational potential energy;
e g = 10m/s>



Exercise3  Principle of Interaction Y »

1)The mechanical energy of the system [(A), Track, EaIAfPFfM‘{s
conserved between C and D. Why?
2)Deduce that the speed of (A) atpointDIsV, = 2m/s.

3)(A) continues I1ts motion with a velocity I7A = 27 (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 V; = —1.2% (m/s) and V}; = 0. 8% (m/s).




Exercise3  Principle of Interaction | £~

m, = 0.2kg; mp = 0.8Kg; f = ON; h, = 0.2m; g = 10
VC — O c
1)The mechanical energy of the
. ke
system [(A), Track, Earth] is | B |i x
onserved betweer il e E
Why?
Since the friction Is neglected, therefore the mechanical
energy Is conserved.

0.5 pt



L

EXxercise 3 Principle of Interaction

m, = 0.2kg; mp = 0.8kg; f = ON; hy = 0.2m; g ACADERIY
=10m/s*; V=0

2)Deduce that the speed of (A) 4,

atpoint Dis V4 =2m/s. | 5: s
ME is conserved , then ME; = MEj P Docl E
KEC + GPEC — KED 1 GPED
1 2
_ 2 2 _ = 2 _

10 x 0.2 = 0.5V2m 2 =0.5V%2 |Va=2m/s  1.5pt



Exercise 3 Principle of Interaction | @ *

m, = 0.2ke: mg = 0.8Kkg: f = ON: hy = 0.2m; g = 10m/s% | ACKDENY

3)(A) continues its motion with a velocity V, = 21 (m/s) along
track DE until it makes a head-on with (B)
Initially at rest.

Show that the velocities of (A) and (B) right after the collision are
V), = —1.27(m/s) and V3 = 0.8% (m/s).
C

liInear momentum IS conserved:

— h¢

Pbef — Paft } >

mAVA + mBVB — mAV;l -+ mBV;;
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EXxercise 3 Principle of Interaction | £~

—

—> —> — — Be Smart
mAVA -+ mBVB — mAVf4 ~+ mBV;; ACADEMY

mAVA — mAVf4 + mBV;;
The veloclties are collinear then:

mAVA — mAqu + mBV;;

myV, —myV, = mgVp

mA(VA — V1,4) — mBV;;... (1) 0.5 pt



Principle of Interaction R

The collision is elastic, then the kinetic energy Is conserv
KEper = KE of,

1 1 1 1
/Z/mAV,%l M=/Z/m,4v’fl /ZZmBVllza

2 2
mAVﬁ — mAV,A —+ mBV’B

EXxercise 3

12 72 / /
myVi—maV'y =mgV'p B m,(Vi-V'3) =mgV';

muV,—V)WV4+V,) =mgV's.....(2)  0.5pt



Exercise 3 Principle of Interaction |

—

Divide (2) = (1) then:

PHWAVDWVa+ Vi) p5V5
(V=T ) Y

Vi+Vy=Vig ... (3) 0.5 pt

Be Smart
ACADEMY




EXxercise 3

my(Vq —Vy)=mgVg... (1)
VA+V:4 =V,B ......... (B)X my

muV,—myV, = mgVp
kmAVA + m/;(V;l — mAV'B

ZmAVA = mBV;; + mAV;;

2myV, = Vp(mp + my)

Principle of Interaction | ?j
B

e Smart

V’ - ZmAVAjADEMY
B mp +my
b _2%X0.2x2
£~ 0.2+0.8
Vg =0.8m/s

B, = 0.81 m/s
0.25 pt



EXxercise 3

To calculate V/; Substitute V; = 0.8m/s in equation 3:

Principle of Interaction L 5
— r

e

Be Smart
CADEMY

VA+V:4 :V’B

2+V,=0.8
V,=0.8—-2
Vy=-1.2m/s

—

B,=-1.2i m/s 0.25 pt



EXxercise 3 Principle of Interaction 5
2

4)The duration of the coII|S|on Is ¢
h¢

At = 0.1s, SO A—t o — Apply
during Newton's second AN S—— S

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.



Exercise3  Principle ofjt/e[@ggn\A/\j L 5

m, = 0.2kg; mg = 0.8Kkg; f = ON; g = 10m/s* ACADENY
4.1) on (B) to determine the force F,5 exerted by (A) on (B);

. !AB I X
D

Apply newton’s 2"d law on B:

. AP
ZFex:A_t

mB[_/)b — mB[_/)B
At

mBﬁ+NB+FA/B:



B e S e

Exercise 3 Principle of Interac@n\/\/\j

Be Smart
ACADEMY

At
Project along x-axis: mpg+Ng=0

Fap = A7 5 Fap = 01

Fup = 6.41 (N) 1 pt



Exercise 3 Principle of Interaction

B

m, = 0.2kg; mg = 0.8Kkg; f = ON; g = 10m/s*
4.2) on (A) to determine the force Fy 4 exerted by (B) on (A);

Apply newton’s 2" law on A:

]

B

2? _AI_)) D
ex_At

mAI_/);l i mAI_/)A
At

mAﬁ+NA+FB/A —

e~y



EXxercise 3

— — Be Smart

- . my qu —my VA ACADEMY

Project along x-axis: m,g +N4 =0

L mVy-m,V, az  _0 2(—1.21) — 0.2(-21)
Fpia = A7 Fpia = 01

F)B/A — —64‘? (N) 0.5 pt
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Principle of Interaction R 3,

EXxercise 3

—

5) Deduce that the principle of interaction is verified.

Fpia=—Fy/p

Then the principle of interaction is verified. 0.5 pt
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