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OBJECTIVES [

.1 Identify the types of rectilinear motion

. 2 Recall position and velocity vector
\

- 3 Apply Newton’s 3" law (Principle of interaction)



zjrypes of rectilinear motion. ) P >
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fl'ypes of rectilinear motion. ] ® «

Uniform Rectilinear Motion (U.R.M):
A motion is said to be U.R.M if the velocity iIs constant (V
= cst ), and the acceleration I1s zero (a =0), during a
constant time between two consecutive points ()

ACADEMY

o o o o
T A; T A, T A; T A,
The average velocity between two points ( Ag & Ay) IS:

~ Ax  ApAy
At 4T

Vav = Vo



r:ryli)es of rectilinear motion. j

Uniformly Accelerated Rectilinear Motion (U.A.R.M):
A motion is said to be U.A.R.M if the velocity increases with
time, and the acceleration is positive & constant (a > 0).

ACADEMY

- 1 \ -

Ap

o P o o—
T A1 T AZ T A3 T A4-

The average velocity between any two points (A & A,) IS:

CAx A4,
At 3t

Voo = V1,4



EI'ypes of rectilinear motion. 7

Uniformly Decelerated Rectilinear Motion (U.D.R.M):
A motion is said to be U.D.R.M if the velocity decreases with
time, and the acceleration Is negative & constant (a < 0).

ACADEMY

@ @ @ @
T Al T AZ T A3T A4_
The average velocity between any two points ( A, & A4) IS:

B Ax B A2A4_
At 271

Voo = V2,4



Types of rectilinear motion. ] ® 2
mm\nv

Application 1:

Consider a particle moves a straight line, where Ay, to Ag are the
successive positions of the center of mass at different instants.

Let T =50ms to be the time interval between any two
successive position

AO A]_ AZ 2 5cm A3 3.5cm A4_ 4.5cm A5
o ®

QTQT PRI

0.5cm  1.5cm

Determine the magnitude of the average velocity of the
particle between A{& A5 then between Ay & Ax



cI'ypes of rectilinear motion.
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AO A1 Az 2 5cm ég 3.5cm 124 4.5cm A5 x:

® T o T ®
0.5cm  1.5cm
(1.5+2.5) X 1072
A1A3 V1,3 — 27
Vi3 = 2T
4 x 1072
= A4z + A243 Vi3 = 2X50x103
V13 = ¢
3 1
— A1A2 A2A3 V1 3 = 0. 4m/S
Vi3 = 3t —1 '




cI'ypes of rectilinear motion.
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*:\0T .1 T A3 25cm .3 3.5 .4 4.5 .5 X
0.5cm  1.5cm
yo_ 12.5x 1072
Vor = AoAs 057 5% 50 %103
= U5 —
Vo ApAq + A1Ay + A7A3 + A3 Ay + A4AS
05— 5t—0
Vos =0.5m/s
. (0.5+1.5+2.5+3.5+4.5).1072
05 =

51




i?ecall position and velocity vector ]
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Position vector: It is the vector that joins the origin
O to the moving particle:

OM=r=xi+Vj

Velocity Vector: The velocity vector
IS the derivative of the position
vector w.r.t time:

V=()T+ Q)]




Recall position and velocity vector |

Application 2:

Given the parametric equations x = 2t and y = 4t%*are the
coordinates of point (M) at time t.

1.Find the position vector of
(M) at instant t.

2. Find the velocity vector of the
point M at instant t

The velocity vector Is the
derivative of position vector
W.I.t time:

V =21+ 8tj



Recall position and velocity vector
A system of particles consists three particles:

e Particle (1): of mass m; and a 1 m
position vector r4 :

e Particle (2): of mass m, and a = — o
position vector 7, -

- Particle (3): of mass m; and a
position vector 7,




Recall position and velocity vector
The position of the center of mass of the above system Is:

R mlFl - m2F2 + .- me‘N
I'g =

mq +my + - My

mq X1 + m- X9 + .- mpyXy

XGg —
mq +myp + ---My

_ Imyy; +mpy; + - MyYyy

Y6 = mq +m, + ---my

ACADEMY




Recall position and velocity vector ]

Application 3: A system formed of three
particles as shown iIn the figure. Given m,
m, = 1kg; m, = 2kg; m3 = 3kg ?
Find the position vector of the center of

mass of the above system.

— _ m171 -+ m272 -+ m373 =
0G =7, = <

37 + 47 + 4] + 97

m1+m2 +m3 13i>_|_7j>

g —
- 1(3)) + 2(21+ 2)) + 3(30) 6
- (1+2+3) ¢ =2.161+ 1.16]

—

reg




Newton’s 3" law (Principle of interaction) j ’P"
B

. . . . e Smart
Principle of interaction: ACADEMY
For every action there exists an equal and opposite reaction

FA/B FB/A = ( Force of AonB Force of Bon A
Vector relation C 9 i
Fa/g = —Fp/a |

Magnitude Fog = Fp/a
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OBJECTIVES [

1 Definition of Linear Momentum

. 2 Linear Momentum of system of particles

3 Linear Momentum of center of mass



Definition of Linear Momentum ] =

Linear momentum is a vector quantity that depends on
the motion of an object.

Linear momentum Is the product of mass with the velocity

vector. — —
P=mV| @@ x

A B
* m: mass of the particle, expressed in kg.

. V: velocity vector of the particle. Its magnitude Is the speed,
expressed In m/s.

« P: Linear momentum of the particle. Its magnitude Is
expressed in kg.m/s.




Definition of Linear Momentum ]

Application 4: ACADEMY

Consider a ball of mass 250g moving with a velocity of magnitude
V = 3m/s as shown in the figure.

Calculate the linear momentum of the ball. _' l

—

P=mxV =0.25 X (+37)

X
—

P = 0.751 (kg. m/s)



Definition of Linear Momentum |

Application 5: ACADENY
A ball of mass m = 250g moves with a velocity of magnitude V =
3m/s as shown in the figure. B i

1. Calculate the linear momentum of the béll.

X
e

—

P=mxV=0.25x (—31) P = —0.751 (kg. m/s)
2.Draw on the figure the linear momentum vector without scale

The linear momentum is of same direction as the velocity vector.



Linear Momentum of system of particles

Consider a system consists of of particles as shown in the

figure.

The linear momentum of the system of particles Is the vector sum of
all the linear momentum of its particles.

Where:

P4

—

P,

I_J>8ys — 13)1 +I_)>2 +I_)>3 ++I_))n
—> —> —> /ml Vl \
m,V, P; =m3l; G . Vs
| . m3
= v, T o
— — — —@
m,V, P,=m,V, -

]

ACADEMY




Linear Momentum of center of mass ] '@ *

Consider the system of particles as shown in the figure.
The position vector of the center of mass Is:

— — — / _ \
L, MyTry +myry + mgr; oL V1 .
I'c = G Vi
G m4 + m- + msy O mi/
v, M2
Where: M =m, + m, + m; \<—0 )

MFG — m171 —+ mz?z —+ mg?g




Linear Momentum of center of mass | @ *

Mrg = my7y +myr; + mar's ACABENY

Differentiate the above equation w.r.t time:

G V3
MV =myV; + myV, + mgVj - mz. m:/

I_))Gzl_;l"‘l_;z‘l‘[_;g

But [_;SYS = [_;1 + i;z + I—))3 j‘> _’G — I—;SYS — MVG




Linear Momentum of center of mass j '@ *

ACADEMY

Application 6:
Consider a system of two balls A of mass m; = 50g and B of
mass m, = 75g are moving horizontally in opposite directions
as shown in the figure.

The two ball (A) and (B) moves with velocities V; = 4m/s and
V, = 6m/s respectively.

1. Determine the linear momentum of the system (A—-B).

2. Deduce the velocity of the center of mass of the above system

(A,




L_inear Momentum of center of mass

Be Smart

(A):mq =50g;V, =4m/s; Ball (B)ym, = 75g;V, = 6m/s. ACADEMY

1.Determine the linear momentum of the system (A-B ).

I—;Sys — l—))l + I—;z — ml\_fl + m2‘72 9 x
Pyys = 0.05 X (41) + 0.075 X (—61) 5
- V. = >
Psys = —0.251 (Kg. m/s) CT M
2.Deduce the velocity of the center of v, —0.251
mass of the above system 7 (0.05 +0.075)
Pe = Pyys = MVg Vi = —2i (m/s)
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ACADEMY

OBJECTIVES

. 1 Apply Newton’s second law Iin terms of Linear momentum.

. 2 Apply the principle of conservation of Linear momentum.



Newton’s second law & Linear Momentum | @

—

The Linear momentum of a system is given by: P = MV

derive w.r.t time: % =MV’ == — = Ma

The sum of all external forces
acting on a system of particles Is

dpP z 2
dt e equal to the time derivative of the

<

linear momentum of the system.

Can be applied for system or for particle.



Newton’s second law & Linear Momentum | ® *
Application 7: ACADEMY

A solid (S) of mass m = 5Kg moves on a horizontal plane.

The solid (S) starts its motion from rest at t, = 0 under the
action of friction force of magnitude f.

@ 1

X
—

1. Name and represent the forces acting on the solid (S).
2. Determine using newton’s 2"9 law, the magnitude of

friction, knowing that P = (=2t + 3)i



Newton’s second law & Linear Momentum
m = 5Kg; g = 10N /kg.
1.Name and represent the forces acting on the solid (S).

ACADEMY

The forces are: .
Weight (W) J i x
Normal (ﬁ). -,

T

Friction (7)



Newton’s second law & Linear Momentum

m = 5Kg; g = 10N/k,g;I_’> = (=2t + 3)1
2.Determine using newton’s 2"9 law, the magnitude of friction,

ACADEMY

knowing that P = 2t + 3. N
Apply newton’s 2" law: Y F,, :d—lz. Wi > x
., . - dP ., o dpP 12
W+N+f=— D mg+N+f=— W



Conservation of Linear Momentum |

ACADEMY

A system is called . If the sum of external
forces applied on the system is zero (Q; ﬁext = 0); then

dP .
E — z Fext

d_P:O zFext:O
dt
I_))l:I_))f

Linear momentum is conserved



Conservation of Linear Momentum |

Application 8: ACADEMY
Consider two pucks (A) and (B) of respective masses my
= 200g and mg = 300g.

(A), moves with the velocity V4 = VaZ, enters in a head-on
collision with (B), initially at rest.

After collision, (A) rebounds with the velocity Vi = VA7 and

(B) is moves with the velocity Vi = VAL,




Conservation of Linear Momentum | e

The figure below shows the positions of the centers of Vackoewy

masses of (A) and (B) obtained.
The time interval separating two successive dots Is T = 20ms.

Befo.re _' . 4 . . . ’ -

collision Ay A, A, A, As A, 5 —
: 5cm ”

after , o ® ’ L‘—Q—O—‘—O—ih—b

collsion Ay Ay Ay Ay Ay || By By By Bi B B

1cm 4cm



Conservation of Linear Momentum |

—_—

1.Calculate the algebraic values V4, V), and Vyp.
2.Determine the linear momentums P, and P’; of the puck

(A) before and after collision respectively and I_’}; of the
puck (B) after collision.

3. Deduce the linear momentums P and P’of the center of
mass of the system [(A) and (B)] before and after collision,
respectively.

4.Compare P and P’ then conclude.




Conservation of Linear Momentum

my=0.2Kg;V,; &Vy;mg=0.3Kg;Vg=0;&Vp; T=20ms

1) Calculate the algebraic values V4, V), and Vg

_9 5cm .

V. — A1A6 _ 5x10 _‘. B . N o '._l:f

A 57 5% (20 X 1073) Ay Az Az Ay As A
V,=0.5m/s

> X

—
AL A, 1x 1072 A- A, A, A, A
V) = 16 _ V,=0.1m/s N &

57 5% (20 x 10-3) ) P—



Conservation of Linear Momentum | ’P
my;=0.2Kg;V, =2 &V, =%mp=03Kg:Vg=0;&V), =? ACADEMY

B1Bg
Ve, =
B 51
I X
—_—— e ——— ——
4 x 102

/ B; B, B; B, B: B
Vg : :

T 5x (20 X 10-3)

4cm

Vp=0.4m/s



Conservation of Linear Momentum

my =0.2Kg; V,=0.5m/s; & V), =0.1m/s; mB—OgﬁW’
Vg =0;& Vg =0.4m/s

2.Determine the linear momentums 13;1 and }_’;’1 of the puck (A)

before and after collision respectively and ﬁl; of the puck (B)
after collision.

P,=m,.V,;=0.2x(0.5) m) P,=0.1i(Kg.m/s)
Py=m,V,=0.2x(-0.10) ™ P’ = —0.02i (Kg.m/s)

Py, =mp.Vy=0.3x(0.40) ™) B, —0.12i (Kg.m/s)



Conservation of Linear Momentum

P, = 0.1% (kgm/s); Py = —0. 027 (kgm/s); P}y = 0.121 (KGR

3. Deduce the linear momentums P and P’of the center of mass of
the system [(A) and (B)] before and after collision, respectively.

P=P,+P;=0.1i+0 M) P =0.17 (Kg.m/s)

P'=P,+Py=—0.02i+0.121 ™) §' _ (17 (Kg.m/s)

4.Compare P and P’ then conclude.
P=P =0.1i (Kg.m/s)
Then the linear momentum of the system Is conserved
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ACADEMY

OBJECTIVES

.1 ldentify the types of Collision between two particles

. 2 To study the Elastic Collision of two particles



Types of Collision between two particles | ® *

Be Smart
ACADEMY

Collision: are observed between billiards balls or between two
cars...

Usually, collision last for a very short time, so external forces are
neglected with respect to internal forces.




Collision <

/\ 'ACADEMY

Perfectly Elastic Collision NOW
Collision betwe_en billiards balls In-elastic Collision Perfectly In-elastic Collision
(No change In the shapes of
the bodies) \ 4 @

@ Collision between to Collision between Bullet
cars. Deformation of & wood box. The two
the shapes of the bodies. bodes stick together and

Linear momentum is conserved: * form a new system
Psys(bef) — Psys(aft) @ @

Kinetic energy Is conserved: Linear momentum is conserved Poysmer) = Psys(art)

KEsys(bef) — KEsyS(aft) Kinetic energy Is not conserved: KEgysmer) # KEgys(ar)



Types of Collision/ Elastic collision

k3

ﬁm’w
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V>
é Before Collision

Instant of Cgllision

After Collision




Types of Collision/ Elastic collision | ?J
A. Elastic Collision of two particles ACADEMY

The linear momentum of the system IS conserved:

Pbefore — Paft_e}‘ .
m1V1 -+ m2V2 = m1V{ -+ m2V2,
The velocities are collinear (head-on collision), then:
m1V1 -1 m2VZ — m1V{ Sy mZVZ'
m1V1 — m1V{ — m2V2’ — m2V2 (1)




Types of Collision/ Elastic collision | ®

Be Smart
The total kinetic energy of the system of the is conserved: """

K. Epefore = K. Eafter

1 2 1 , 1 2 1 2
5 MgV +omyVy = omy Vi~ +om,V,

m; (V12 — V{Z) = m, (Vz X VZZ)




Types of Collision/ Elastic collision | ®

/ / ACADEMY
ml(Vl — Vl) — mz(vz — Vz) cir ne waa s (2)

Divide equatlon (3) by equation (2):
m1 (V,1:" VW + V) _m (Vz"‘ Vz)(Vz +V3)

P (Va=V1) T, (V;,F‘ V,)

(Vi+V])) = (V) + Vy) oo o . (4)




Types of Collision/ Elastic collision

Solve the system of equation (1) and (4):
m1V1 — m1V{ — m2V2, — m2V2 ......... (1)
(V1+V’1) — (VIZ + Vz) e X (ml) ...... (4‘)

{lel —mi V] = myV, — m,V, ...(1)

.
.
.
P

Add the two equations:
2m1V1 — m2V,2 + m1V,2 T m2V2 + +m1V2
2m,V, = Vy(my + my) + Vy(my — my)
2m,Vy — Vy(my — my) = Vy(my + my)

ACADEMY



Types of Collision/ Elastic collision ] P
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- 2myVy — V;(mq — my)

VI
2 (m; + my)
i _ 2m1 - _mz — ml-
VZ — . V1 -+ . VZ
_(m1 + mz)_ _m1 + mz_
Substitute V, in equation (4):
, - Zmz - -ml —i mz-
V1 — . VZ —+ . V1
_(m1 + mz)_ _m1 —+ mz_




Types of Collision/ Elastic collision

Application 9: ACADEMY
Consider a body (S4), of mass m; = 400g, moves on a
horizontal plane with a speed V; = 3.464m/s enters In a
head-on collision with a body (S,) of mass m,
= 800g initially at rest.

After collision (§) rebounds with a speed V; and (S;) moves

forward with moves with a speed V, as shown in the figure.

(S1) 6
O i x .
—> Before collision




Types of Collision/ Elastic collision

ACADEMY

(S1) 6
O i x g
—> Before collision

(s;) P22
i x [ ] [ ]
> after collision

Calculate the speeds V; of (§;) and V,, of (§,) after collision




Types of Collision/ Elastic collision ]

my; = 0.4kg; V;, = 3.464m/s; m, = 0.8kg; V, =0
Conservation of linear momentum of the system [(A), (B)]:

=g

o _ I /
Pbefore — % after m1V1 T m1V1 — mZVZ (1)

‘$
*
"
*

‘

*

“
*
“
Rd

The velocities are collinear then: | 1. (v, — v!) = m,V, (2)

m1V1 — le'l ~+ m2V’2




Types of Collision/ Elastic collision

Conservation of kinetic energy of the system [(A), (B)]:

KEbefore — KEafter

1 , 1 , 1 2 1
Emlvl +Em2V =Em1V1 _|_E

2 2
m1V2 - m1V’1 -+ m2V’2

Be Smart
ACADEMY

m,V: —mVy* = myV}”
72
m-V ;2 , 2
£ m, (Vi — V") = m,V,
/ / 72
my(Vy — V1) (V1 +Vy) = mpVy™ .. (3)



Types of Collision/ Elastic collision ] P

e Smart
my; (Vi —Vy) =myVy ... (2) ACADENY

ml(Vl — V{)(Vl + V{) - mzvz ......... (3)

Divide equation (3) by equation (2):

“““ ”.'2
my (Vl y Vll)(Vl;_ V,1 . mzqu
My (Vy—V7) m, Vs

.
.
e®



Types of Collision between two particles
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Solve the system of equation (1) and (4):
m1V1 — m]_V{ — m2V2, ...... (1)
(V1+V7) = (V5) ... Xx (my) ... ... (4)

m1V1 — le'l — m2V’2 (1)

myV, +myVi = myV; ... (4) 2myV, = Vy(my + my)
. 2mqV
Add the two equations: Vi, = 171
(m{ + my)

m1V1 + m1V1 — m2V,2 + m1V’2



V2

Types of Collision/ Elastic collision ] P
A

2m4V

B (my + my)

- 2X0.4X%3.464

~ (0.4+0.8)

V, =2.31m/s

Be Smart
CADEMY

Substitute in equation (4):

V1+V{:V2,

3.464 +V; =2.31

Vi =—-1.15m/s



Types of Collision/ Elastic collision

Application 10: ACADEMY
Consider a particle (A), of mass m4, moves on a horizontal
plane with a speed V; = 1.5m/s enters in a head-on perfectly
elastic collision with a particle (B) of mass m, = 2m initially
at rest.

After collision (A) the speed of (A) is V7 and that of (B) is V,, as

shown In the figure.
Calculate the speeds V; of (A) and V, of (B) after collision
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ACADEMY

OBJECTIVES

. 1 Tostudy Inelastic collision between two particles



Types of Collision/ Inelastic Collision

B. Inelastic Collision of two particles ACADEMY

Inelastic Collision

—

Completely inelastic collision:

Normal Inelastic collision objects stick together afterwards

For both In-Elastic collision

Psys (before) - Psys (after)

KESyS(before) 2 KESyS(after)



Types of Collision/ Inelastic Collision ) B

Application 10: ACADEMY
Consider a solid (A), of mass m; = 0.5kg, moves with a speed V;

= 1.5m/senters in a head on collision with a solid (B) of mass m,
= 1kg moves with a speed V, = 0.9m/s.

After collision (A) moves back with a speed V; = 3m/s and (B)
Moves with a speed V5.

Q ‘71 e ( :)
m1 >
Before collision

A B

e d —),
vV, ; ‘
——r) )
After collision

A B




Types of Collision/ Inelastic Collision ) P »

ACADEMY

1.Which variable is conserved during collision.

2.Determine the speed V, of body (B) after collision.

3.Calculate the kinetic energy of the system [(A), (B)] before and
after collision. Deduce the nature of collision.

Q " e
m1 >
Before collision

e d —),
vV, ’ ‘
——r) )
After collision




Types of Collision/ Inelastic Collision

my, = 0.5kg;V, =1.5m/s; m, = 1kg;V, = 0.9m/s; V; = 3m/s
1.Which variable Is conserved during collision.

During collision linear momentum Is conserved.

2.Determine the magnitude of the speed V, of body (B) after collision.
Apply conservation of linear momentum of the system:

m1V1 -+ m2V2 — m1V’1 —+ m2V,2

. 0.5%(1.57) +1%(-0.97)=0.5%(-37) +1x V},

V., = 1.357 (m/s)



Types of Collision/ Inelastic Collision ] @

my = 0.5kg; V, = 1.5m/s; m, = 1kg; V, = 0.9m/s; V,  Tacastiv
= 3m/s
3.Calculate the kinetic energy of the system [(A), (B)] before and
after collision.
KE(SYS)bef - KEA + KEB

- , 1 2
KE(SYS)pef = 5 My Vi +5m,V;

KE(SyS)per = 0.5 % 0:5 X (1.5)%40.5 % 1 x (0.9)?

KE(SyS)before =0.56 +0.405
KE(SyS)before = 0.965]




Types of Collision/ Inelastic Collision

my =0.5kg;V, =1.5m/s; m, = 1kg;V, = 0.9m/s; V; = 3m/s

3.Calculate the kinetic energy of the system [(A), (B)] before and
after collision.

KE(SyS)after = KE, + KEg

1
7 2 r 2
KE(SYS)after = 2 myV; + 2 m;V;

KE(SYS)after = 0.5 X 0.5 % (3)%40.5 % 1 X (1.35)?

KE(SYS)after = 2.25 + 0.911
KE(SyS)after = 3.16]



Types of Collision/ Inelastic Collision J

mq = 0. Skg; V1 = 1. 5m/s; m, = 1kg; VZ — O_gm/s; V{ ;Ci\%mlfﬁ/ﬁ
=3m/s

4.\What i1s the nature of the collision.

KE(SYS).fter = 0.965] And KE(SYS).fter = 3.16]

KE (Sys)before #+ KE (Sys)after

Then the collision 1s not Elastic






