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OBJECTIVES

. 1 Introduction about mechanics

| 2 \Definition of motion

2 Space and time frames of reference:



Definition of mechanics ® »
What is “Mechanics”? ACADEMY
Mechanics I1s a branch of physics that studies the state

(motion or rest) of an object (or system) and taking Into
consideration Its causes.




=

Definition of mechanics
| Mechanics | ﬂc:)mv
Kinematics Statics Dynamics

Concerned with Concerned with Concerned with the

the description of analysis of loads study of motion

motion  without (forces, torque...) with reference to

reference to the acting on a the cause of motion

cause of motion system during (force, energy...)
static equilibrium



Definition of mechanics

Types of motion

Translational Rotational

motion

motion

Rectilinear motion

Curvilinear motion

Circular motion

Combined
motion




Definition of motion

Rest & motion:
The terms “at rest” or “in motion” are relative and depend
on the chosen reference.

The same object may be at rest with respect to a certain
observer and in motion with respect to another.

ACADEMY

B Is at rest relative to A

C I1s In motion relative to A

0

C I1s In motion relative to B




Definition of motion

Motion is defined as a change of position of a body relative to
a reference point.

Trajectory of a moving object: +~ ~

The trajectory of motion Is
the path described by this H

- : . : i
object during its motion. A B

The trajectory of rectilinear motion is straight line.



Space and time frames of reference:

The space frame of reference is used to determine the
position and the distance covered by a moving object
In this frame.

The origin of the reference is the point of observation of the
motion.

The space reference system of a particle moving on a
rectilinear trajectory is denoted by (0, 7).

motion
' X
> >
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Space and time frames of reference:
* The choice of a time reference Is used to know the
Instant of an event and to determine the duration of

motion.

 The time ty = 0s Is taken to be the origin of time of most
events, where It indicates the instant of starting the studying of
the motion and not necessarily the instant of starting the

motion.
. motiop
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T«
6%@ OBJECTIVES (.

L1 ‘Position vector

L2 ‘Distance and Displacement




Position vector

* The rectilinear motion of a body M is studied with réngEeMgt

to the frame (0, ©), of origin O.
* The position of the body at the origin of time t, = 0, Isat O
such that xo = 0 and Its position at an instant t, IS x

= OM.
* The position vector, at an instant t, Is:
¥=0M = xi
O . x

- — >
0 M, M



Position vector

Characteristic of the position vector OM{:
*Origin:. O

* Line of action: The horizontal line holding O and M4

Fl i’ X
0 M, o

* Direction: The motion Is from O to M: To right
» Magnitude: [F4] = \OM{\




Position vector
Application 1:
Consider a particle moving along the x-axis and starting

from Mgy attyg = 0.
The particle passes through My then M, as shown in the

figure.

ACADEMY

. MO M1 MZ i> X
1.What 1s the nature of t-SC—mt-—t-——»—»
motion? Justify. 02— 1 2

10cm

Since the particle moves on a straight line, the motion Is
rectilinear



Position vector

ACADEMY

2.Determine the position vector MOM{.
) M, M, M, [ X
MM, =74 =x1 =51 to 5cm t L,
T 10em

3. Determine the position vector MoM.,,.

M()MZ, — ?2 = xi): 10?



Position vector
5. Determine the characteristics of the position vector MOM{.

*Origin: M,
* Line of action: M, Tt My M, [ X
O P G —— G ——

The horizontal line holding tq S5cm t, t,

M, and M, ——

: . _ 10cm
* Direction: To the right

» Magnitude: 71| = [MgM{| = 5¢cm




Distance and Displacement
The displacement: ACADEMY
The displacement iIs the change In position vector between
two points.

MO M1 MZ i> X (m)
r-————---———————
t
0 X1 tl tz
e ———
X2




Distance and Displacement ) *
Distance: ACADENY

The actual distance covered by a moving particle in an
Interval of time.

The distance Is a scalar quantity, and its SI unit is meter [m].

MO M1 MZ i) X (m)
r———-:0p—ip—Pp———p
tO X1 tl tz
e ————————————————
X2




Distance and Displacement

Application 2:
1.Determine the displacement Mo M, M,
vector. to t, tlz "
Ay — Py — T = M0M2>— MOM{ x1=1.3m
X, = 2.5m

Ar = (X — x1)i

Ar = (2.5 -1.3)i

—

Ar =1.21



Distance and Displacement
Ar =1.21

2.Determine the distance covered during the motion of the
particle M between the two Instants.

ACADEMY

ﬁ : . Mo M, Mz 7x(m)
|Ax| = |AF] = [MqM, — MM, | F
— 0 X1 tl tZ
= |xz — x4 — |
X2

|Ax| = |A¥| = 1.2m
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OBJECTIVES (.

. 1 To calculate average & instantaneous speed

| 2 }To determine the average & instantaneous velocity vector



Speed and velocity ®

To study the motion of a moving particle M, the positions of Vacademy
the particle designated by M, ... Mg are taken over regular
time intervals t.

M() Ml MZ M3 M4_ M5 I X
"
tO t1 tZ t3 t4 t5

We must distinguish between the following:
1.The average speed.

2.Instantaneous speed.

3.The average velocity vector.

4. The Iinstantaneous velocity vector



Speed and velocity
Average speed (Vay): 8o Smant
The average speed (m/s) between two points Is the ratio of

the total distance traveled to the total duration needed to
travel this distance. __distance traveled d

V., = = —
av needed time At
Consider a puck moving on an air table, with a time interval
between two consecutive points Is T

MogtMy 7 My My © My T Ms 7 X

r-————pm—_y—_—_ e el

Lo t1 Ly L3 Ly ls



Speed and velocity

ACADEMY

P ) ————— e —— il

to t4 ) i3 Ly ts
The average speed between The average speed between
Mz& M4_ IS: Ml& M5 IS:
M,M, M,M, M{M: M{M:
V2,4- — — V1’5 — —
t, —t, 41t—271 t- —t; 5t—1

MMy V. — M1 Ms
2T 1,5 471

V2,4 :



Speed and velocity ®

Instantaneous speed (V): Ec:mv
The average speed Is not accurate to describe the motion.

The Instantaneous speed (V) at instant t is the speed of the
moving body at specific time (t).

MotMy v M7z My 7 My 7T Mg 7 X

to t4 &) L3 Ly ts
o _ MgMs _ M3Mg o MiM; MMy
Tt -ty 27 2Tt -ty 21
MM, M;M,
V3 — —

ty—t, 21



Speed and velocity ®
m)EMY

Application 3:

A puck moves without Initial speed on an air table. The time
Interval between two consecutive points Is T = 60ms.

1.Determine the average speed of the puck between V.,
V2,5, and V1’5.

2.Determine the instantaneous speeds V3, & V4 of the puck at
the Instants t;, & at t4.

My M.1 Ml 2 M; M, Ml 5
MM, M, M, M,M; | M:M, | M Ms

0.5cm 1.5cm 2.5cm 3.5cm 4.5cm




Speed and velocity

1.Determine the average speed of the puck between
Vi2, Vas,and Vs,

ACADEMY

Mot Mq 7 M ¢t M3 1t M,y T M5
MyM; M{M, M, M, M;M, M,M:
0.5cm 1.5cm 2.5cm 3.5cm 4.5cm

- MM, MM, (1.5 x107%)m
V1,2 — » V1,z T —3
T (60 X 107°)s

Vl,Z = 0. 25m/S



Speed and velocity

Moz My 7 M ¢ M3 7 Mg ¢ Ms Ticoki
MOMl M1M2 M2M3 M3M4. M4M5
0.5cm 1.5cm 2.5cm 3.5cm 4.5cm

V. — M,M- M,M-c
2,5 = Vyc =
s — L2 ’ 3T

Vays =

(2.5+3.5+4.5) x 107 » \v 10.5 x 1072
(3% 60 x 10~3)s 257 (180 x 10-3)

V,5 =0.583m/s



Speed and velocity

Moz My 7 M ¢ M3 1 M, T M5
MyM MM, M, M, M;M, M,M:
0.5cm 1.5cm 2.5cm 3.5cm 4.5cm

Vl 5 — V1 5 =
' lc: — 4 ' 471

(1.5+2.5+3.5+4.5) Xx10%m » i 12 X 10™*m
4% 60X 10 3s L5 ™ 240 x 10-3s

Vis=0.5m/s



Speed and velocity

2.Determine the Instantaneous speeds V3 & V, of the
puck at the instants t,, & at t5.

Mot My T My T M3 T My T M;
MyM; MM, M, M, M;M, M,M:
0.5cm 1.5cm 2.5cm 3.5cm 4.5cm

M,M, M,M,
V3 = m» V3 =
t4_ — tz 2T
-2
V3:(1.5+2.5)><10 mo g Vi = 0.333m/s

(2 X 60 X 10~3)s



Speed and velocity

ot M7 % 7 Nz T M t M5 Tachokiny
MOM]- MlMZ M2M3 M3M4. M4_M5
0.5cm 1.5cm 2.5cm 3.5cm 4.5cm
vV, — M3M5 » v, — M3M5
Yot -ty * 2T

- (2.5+3.5)x107*m >

Va = (2 X 60 X 10~3)s Vs =0.5m/s



Speed and velocity
The velocity vector (V):

ACADEMY

The VEIOCity vector iIs the rate of direction ufMutiﬂn
change of position with respect oV
to time. _; I;_'* :!;

Velocity (m/s) represents how fast an object moves with
direction.

The velocity Is a vector whose magnitude is called speed, and
its sign depends on the direction of motion V = V. 1.




Speed and velocity

The average velocity vector (V,,):

The average velocity measures the variation of the position
vector of a moving particle during an in interval of time
The average velocity Is represented by the vector:

ACADEMY

Y NN\ EA




Speed and velocity

The instantaneous velocity vector (V.. ):

The Instantaneous velocity measures the variation of the
position vector of a moving particle w. r. t time at a given
Instant.

The Instantaneous velocity Is represented by the vector:
V=V1i
Where V Is the instantaneous speed.

ACADEMY



Speed and velocity ® »

Be Smart

Characteristics of velocity vector: ACADEMY

direction of Motion
.

t;, V

_- -_-L- o
O \Y | b
Line of action horizontal and rectilinear.
Direction: To the right

Magnitude: Is the speed at point M, to be calculated



Speed and velocity ®

Application 4: A puck moves without initial speed on ﬂc:)mv
an air table as shown.

The time interval between two consecutive points is T = 60ms.
1. Calculate the instantaneous speed at M 5.
2. Determine the characteristics of the velocity vector at t5.

Mi M; M, M M, Mc

MyM4 MM, M,M;, M;M, M,M:
0.5cm 1.5cm 2.5cm 3.5cm 4.5cm




Speed and velocity ®
mEMY

T=60ms =(60—+1000) =0.06s
1. Calculate the instantaneous speed at M.

Mo M, M M; M, M5
MM, MM, M, M; M;M, M, M-
0.5cm 1.5cm 2.5cm 3.5cm 4.5cm
M,M, M,M, - (4x107%)m

3 t4—t2» 3 2T 5 57 (2%0.06)

V3 =0.333m/s



Speed and velocity ® »
T=0.06s;V; =0.375m/s ACADEMY
2. Determine the characteristics of the velocity vector at t5.

Line of action horizontal and rectilinear.
Direction: To right
Magnitude: V; =0.333m/s
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OBJECTIVES

.1 To calculate average & instantaneous acceleration

| 2 {To determine the characteristics of acceleration vector.



Acceleration and acceleration vector
Acceleration (a): ACADEMY

Acceleration Is a quantity used to describe the variations of
the speed of a moving particle with respect to time.

- change of velocity AV
T Tchange of time At

The acceleration expressed in is m/s?

1.Average acceleration.
2.Instantaneous acceleration.

3.Acceleration vector (average and Instantaneous) .



Acceleration and acceleration vector

Average acceleration: ACADEMY
Average acceleration iIs the variation of the speed of a moving
particle between two instants with respect to time.

My M; M, M M, M




Acceleration and acceleration vector
AV Ve—V;

d S g
WAt tp—

M M, M, M; My M;
> ——0— & & o

ACADEMY

The average acceleration The average acceleration
between M & M, IS: between M, & M: Is:

Vo — V3 V5=V,
Az 5 —
L4 s — 1,

A14 —



Acceleration and acceleration vector

Average acceleration vector (V,,,):
Average acceleration vector Is a vector represent the
variation of the speed of a moving particle between two
Instants with respect to time.

ACADEMY

—>

AV V-V,
At tp—t;

—

Ay —




Acceleration and acceleration vector

Application 5: The figure below shows the positions Vacaotiy
of a puck during an intervals of time T = 60ms.

Go ;1 Gy, .. G2 3.9cm Gz 5.1cm Gq4 6.3cm G5 750, Ge «
> -0 O—an———- ol ---- O PG

At t, = 0s, the puck starts from Gy and is initially at rest.
1.Calculate the instantaneous speeds V;; V3 and Vc.

2.Calculate the average acceleration between G{& G; and
between G; & Gs.

3.Deduce the average acceleration vector between G;& Gj.



Acceleration and acceleration vector
T =60ms = (60+-1000) =0.06s5;Vy =0

Go ., Gy,.. G2 39cm Gz 5.1cm Gy 6.3cm G5 5 5., Ge x
>0 ———@—————- === - ——————— G ——— L o

1.Calculate the instantaneous speeds V;; V3 and Vs.

GOGZ G()Gl + G]_GZ
V, = V. =
Tty — ¢ » : 27— 0
v - (1.5+2.7) x 1072 o ) - 4.2x1077
1 2T 1= 92%0.06

Vi, =0.35m/s



Acceleration and acceleration vector
T =60ms = (60+-1000) =0.06s5;Vy =0

Go ., Gy,.. G2 39cm Gz 5.1cm Gy 6.3cm G5 5 5., Ge x
>0 ———@—————- === - ——————— G ——— L o

1.Calculate the instantaneous speeds V4 ; V3 and Vs.

GZ G4_ GZGS + G3 G4-
- V, =
V3 ty — t, =~ / 4T — 2T
(3.9+5.1) x 1072 9 x 102
V — —
’ 27 = V3= 25006

V3 = 0. 75m/S



Acceleration and acceleration vector

T = 60ms = (60 = 1000) = 0.06 5: Vg = 0
Goé‘ G12.7cmG2 3.9cm Gz 5.1cm G4 6.3cm  Gg ar Geg x
-0 " Y PN . B Y SRy PN

1.Calculate the instantaneous speeds Vy; V3 and V.

G4Gg G4Gs + GG
Ve = V= =
>t —ty » 5 6T — 47
v - (6.3+7.5)x107% "N | 13.8 x 1072
> 27 >7 2x%0.06

Ve =1.15m/s



Acceleration and acceleration vector
T=0.06s5;Vy,=0;V;, =0.35m/s;,V; =0.75m/s; Vs = 1.15m/s

Be Smart
ACADEMY

2.Calculate the average acceleration between G{& G; and
between G; & G

Vs -V, 0.75 —0.35 0.4
a1’3:t3—1»a1’3: 2T »a1’3:2X006

a;3; = 3.33m/s*

Vs — Vs ) 1.15-0.75 D, - 0.4
t: — t3 @35 = 2T a3'5_2X0.06

ass = 3.33m/s*

A3 5 —



Acceleration and acceleration vector
T=0.06s5;Vy=0;,V;, =0.35m/s;V; =0.75m/s; V: = 1.15m/s

3. Represent the average acceleration vector between G{& Gj.

=
Go § Glz_ 7cmG2 3.9cm Gz 5.1cm Gg - 6.3cm G: 7 Bem Gg x
@ = = PP o o e -——mmm- = = e e e e P ——— o= =D

ai3
61’3 — a1,3.i> » 31’3 = 3. 33i(m/S2)

1cm — 1.65m/s?
x =?? - 3.33m/s?
-~ 1em X 3.33

— ~ 2
& 1.65 cm




Acceleration and acceleration vector
|nstantaneous acceleration:

ACADEMY

The average acceleration does not give an accurate value to
describe the motion of a mobile.
Instantaneous acceleration Is the exact description of the

variation of the speed at a given instant.

M M, M, M; My M;
> ———— &6 & o —



Acceleration and acceleration vector

M, M, M, Ms My

The Instantaneous acceleration The instantaneous acceleration
at M, : at M4

$

$

V3=V, - Vs —=V3
A M=
3 1 5 3




Acceleration and acceleration vector

|nstantaneous acceleration vector:
The Instantaneous acceleration vector describes the variation
of the speed at a given Instant in a given direction.

I—/)Z — Vzi)

ACADEMY



Acceleration and acceleration vector

Application 6: The figure below shows the positions of a
puck during an intervals of time T = 40ms. At t, = Os.

ACADEMY

Mo1cm Mi11.7emM2 2.4cm M3 3.1em Mg 380m Ms x

o 0o—0— @@

At ty = 0s, the puck starts from from M, with V, =
0.1625m/s.

1.Calculate the instantaneous speeds V,; V3 and Vy.
2.Calculate the instantaneous acceleration at M4 and at M.

3.Determine the characteristics of instantaneous acceleration
vector at M.



Acceleration and acceleration vector
T =40ms = (40 -~ 1000) = 0.04 s; Vo = 0.1625m/s

1.Calculate the instantaneous speeds V,; V3 and V.

Mo1cm M11.7emM2 2.40m M3 3.1em My 38em Ms

_ MM; MM, + M,M; (1.7 +2.4) x 1072
Vz_ts—t1»V2= 3T—1T » 2 ~ 2T
4.1 % 1072
V, = ) V, = 0.5125m/s

2 X 0.04



Acceleration and acceleration vector
T = 40ms = (40 - 1000) = 0.04 s; V, = 0.1625m/s

1.Calculate the instantaneous speeds V,; V; and V.

Mo1cm M11.7emM2 2.40m M3 3.1em My 38em Ms

M2M4 M,M; + M3M, (2.4+3.1) x 1072
ty—t; »VP’_ 4T — 21 » V3= 2T
.5 x 1074
v, = 2> * 10 o> V; = 0.6875m/s

2 x0.04



Acceleration and acceleration vector
T=40ms = (40 +-1000) = 0.04s;Vy = 0.1625m/s.

1.Calculate the instantaneous speeds V,; V3 and Vj,.

Mo1cm M11.7emM2 2.40m M3 3.1em My 38em Ms

M3M5 B v _ MMy + MyMs » - (3.1+3.8) x107?
— 3 4= 5t — 31 Va = 2T

V kb L V, = 0.8625m/
p— — . m/s
tT 2%x0.04 *




Acceleration and acceleration vector

tT=0.04s ; Vp=0.1625m/s ; V, =0.5125m/s ; V;
=0.6875m/s; V, = 0.8625m/s

Be Smart
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2. Calculate the instantaneous acceleration at M, and at M.

V2=V, o . ~ 0.5125 - 0.1625
-t e 21— 0
0.35

aq

— ) a,; = 4.375m/s"
2 x0.04



Acceleration and acceleration vector
T=10.04s; Vg =0; V, = 0.5125m/s; V3 = 0.6875m/s;
V, =0.8625m/s

2. Calculate the instantaneous acceleration at M, and at M.

Be Smart
ACADEMY

Vo—-V, » 0.8625 — 0.5125
A> = —
s t4_ —tz a3 4T — 21T
0.35 0.35
BT oxT » 3= 2%0.04

a, = 4.375m/s*>



Acceleration and acceleration vector
3. Determine the characteristics of instantaneous acceleration vector at M.

, Smak
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Mo1cm M11.7emM2 2.4c0m M3 3.1em Ma 38em Ms

as
63 - ag.i) » 63 - 4‘375?("1/32)
2
Origin: ", 1cm - 1.45m/s

| | x =77 — 4.375m/s?
Line of action: Horizontal

direction: Right 1cm X 4.375
magnitude: a; = 4.375m / s> X = 1 45 ~ 3cm




Acceleration and acceleration vector
Important notes

/\

ACADEMY

If the value of a IS If the value of a Is
positive (a>0) negative (a<0):

The motion called The motion called
accelerated. decelerated.

V and a have same V and a have opposite

sense). sense).






