frequency MBADANIAS Fsta
9 &j@‘f{ﬁr” ﬁﬁﬁfﬂ@ vdws,_ §
m 3

g pih iy Wiam Al Drees
\/:IR s-{ — 2 o 0u
[ Al-imam Muhammad Ibn

Saud Islamic University

P

et 1B D

)
<
0
>,
-
S
L
M™
o=

=mc

CTRON




What are we going to talk about today?

Ch 1 : Motion in One Dimension

2.1 Position, Velocity, and Speed

2.2 Instantaneous Velocity and Speed

2.3 Analysis Model: Particle Under Constant Velocity

2.4 Acceleration

2.6 Analysis Model: Particle Under Constant Acceleration
2.7 Freely Falling Objects

Mechanic

\
/ |

Kinematics Dynamics
, describes HOW objects move shows WHY objects move




2.1 Position, Velocity, and Speed

s Position:

The position (x) of an object describes its location relative to some
origin or other reference point.

The position of the ball differs in the two shown coordinate systems.



1.2 Displacement; Average Velocity.

Exercise 1-a: What is the position of the ball ?

The position of the ball is x = +2 cm.
The positive sign indicates the direction is to the right of the origin.

Exercisel-b: What is the position of the ball ?

@ | | | | >
-2 -1 0 1 2 x (cm)

The position of the ball is x = -2 cm.
The negative sign indicates the direction is to the left of the origin.
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2.1 Position, Velocity, and Speed

= Distance: measured along the actual path (dashed line)
e Itis ascaler quantity, with SI unit: m

> Distance=30m

- O S S S S S O e e e e e e e e S

0 10m 10m X—axis



2.1 Position, Velocity, and Speed

= Displacement: Displacement (blue line) is how far the object is from
its starting point to ending point,

o Itisavector quantity, with SI unit: m

Displacement = 10 m, E
or Displacement = 10 m {




2.1 Position, Velocity, and Speed

» Displacement:
The displacement is defined as :| Ax = Xf — X;

Exercise 2:
1) the displacement in Fig.a is :

Ax =X; —%; =30m7—10m{=20m?
2) the displacement in Fig.b is :

Ax =X; —%; =10m{—30m{=—20mi
The displacement can be
! ™ o 3! itive or negative; it is
2 » oS ;
b Ax - Ax —% P .. S ..
. i S b o, negative if the motion is
10 20 30 4 10 20 30 4 in the negative direction

6 Fig.a Fig.b



2.1 Position, Velocity, and Speed

Exercise 3: Use the diagram to determine the resulting distance and
the displacement traveled for ,C and

)

H Distance Displacement




2.1 Position, Velocity, and Speed

Distance Displacement

Scaler quantities Vector quantities

Always positive Can be negative, positive
Distance= actual path Ax = x_f — X;

Dimension: length (L) Dimension: length (L)

SI unit: m SI unit: m




2.1 Position, Velocity, and Speed

= Average Speed:
Average speed is the distance traveled divided by the elapsed time At.

Distance travel

Average speed =

Time elapsed

Distance travel @
=, ®\




2.1 Position, Velocity, and Speed

= Average Velocity:

Average velocity is displacement divided by elapsed time At of the
displacement.

Displacement

Average velocity = Time elapsed

10
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2.1 Position, Velocity, and Speed

Average Speed

Average Velocity

Scaler quantities

Vector quantities

Always positive

Can be negative, positive

Distance travel

d=
average spee Time elapsed

V.., = =
At —ty

Dimension: length/time (L/T)

Dimension: length/time (L/T)

SI unit: m/s

SI unit: m/s




2.1 Position, Velocity, and Speed

Example 2.1: Find the displacement, average velocity
and average speed of the car in Figure between
positions A and F.

The car moves to

the right between

positions @ and @
w
® ®
s - B le
1 1 1 | 1 1 | | | 1 1 1 1 .'I.'f_l'l'l.}
—60 —50 —40 —-30 —20 —10 O 10 20 30 40 h) 6O
® ® © ©
B o o 5 g -
1 1 1 | 1 1 | | | 1 1 1 1 .'I.'{ITI.}
—60 —50 —40 —-30 —20 —10 O 10 20 30 40 ) 6O
il
The car moves to
the left between
positions @ and ).
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2.1 Position, Velocity, and Speed

SOLUTION

Consult Figure 2.1 to form a mental image of the car and its motion. We model the car as a particle. From the position—
time graph given in Figure 2.1b, notice that xg = 30 m at ig = 0 s and that xg = —53 m at {g = 50 s.

Use Equation 2.1 to find the displacement of the car: Ax=xg —xg=-53m—-—30m= —83m
This result means that the car ends up 83 m in the negative direction (to the left, in this case) from where it started.

This number has the correct units and is of the same order of magnitude as the supplied data. A quick look at Fig-
ure 2.]1a indicates that it is the correct answer.

Use Equation 2.2 to find the car’s average velocity: Uy = o ~ Yo
" e ~ l@

~ —583m—30m —83m 17m/

50s — 0 50 s R

We cannot unambiguously find the average speed of the car from the data in Table 2.1 because we do not have infor-
mation about the positions of the car between the data points. If we adopt the assumption that the details of the car’s
position are described by the curve in Figure 2.1b, the distance traveled is 22 m (from @ to ®) plus 105 m (from ® to
®), for a total of 127 m.

127
Use Equation 2.3 to find the car’s average speed: Vnyg = §0 = 25 m/s
S

Notice that the average speed is positive, as it must be. Suppose the red-brown curve in Figure 2.1b were different so
that between 0 s and 10 s it went from @ up to 100 m and then came back down to ®. The average speed of the car
would change because the distance is different, but the average velocity would not change.



Revision

= Slope of Line

The slope, represented by the letter m, measures the
inclination of the line, If the line passes by the points
(x4,y1) and (x,,7,), the slope is obtained by the

relation :

v
X

= derivative (Rules)

d
,where n and A are constant, For example = 2x3 = 6x?
X

[ J L J L] d
e The derivative of constant is zero, For example = 34 =0
X

14
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2.2 Instantaneous Velocity and Speed

= Instantaneous Velocity: It can be calculated in two ways:

X

The instantaneous velocity is side to be the
limit of the average velocity v as At approaches
zero. This evaluating limit is called
differentiation.

T AR di
1m =
At—0 At dt

L
I
I

t

The instantaneous velocity can be tound graphically by
drawing a tangent (straight line) to the (x-t) curve at the instant of time, then the
velocity is to be found as shown in the figure

, AX
v = Slope of tangent = Ar




2.2 Instantaneous Velocity and Speed

= Instantaneous Speed :

The instantaneous speed of a particle is defined as the magnitude of its instantaneous

velocity. As with average speed, instantaneous speed has associated
with it.

For example, if one particle has an instantaneous velocity of 125 m/s along a

given line and another particle has an instantaneous velocity of —125 m/s along
the same line, both have a speed of 125 m/s.

16
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2.2 Instantaneous Velocity and Speed

Example 2.3 Average and Instantaneous Velocity

A particle moves along the x axis. Its position varies with time according to
the expression x = —4{ + 2%, where x is in meters and ¢ is in seconds.? The
position—time graph for this motion is shown in Figure 2.4a. Because the
position of the particle is given by a mathematical function, the motion of
the particle i1s completely known, unlike that of the car in Figure 2.1. Notice
that the particle moves in the negative x direction for the first second of
motion, is momentarily at rest at the moment { = 1 s, and moves in the posi-
tive x direction at times { = 1 s.

(C) Find the instantaneous velocity of the particle at { = 2.5 s.

SOLUTION

Measure the slope of the green line at {t = 2.5 s (point 10m — (—4m)
©) in Figure 2.4a: Vs = 385 — 155 -
or dx _4d (—4t + 2t?) 4 + 4t
V=—=—(— = —
dt dt

The instantaneous velocity at t=2.5s is v=—4+4(25)=+6m/s

10—

+6m/s



2.3 Analysis Model: Particle Under Constant Velocity

If the velocity of a particle is constant, its
instantaneous velocity at any instant during a
time interval is the same as the average
velocity over the interval.

Exercise 4. What is the average velocity of the
car in the figure during the interval that the
clock reading changes from 5 to 10 seconds?

Ans (20m/s)

18

N@

30

S

¥}
w

Clock readings in seconds

SO W W

D
o

s
w

[«=]

(a)

L 0=

| T I

— 600 metres

— S00 metres

— 400 metres

— 300 metres

— 200 metres

— 100 metres

— 0 metres

600

500

400

(metres)

300

200

100

0

0

5

10

15 20
(seconds)

(b)

25

30



2.3 Analysis Model: Particle Under Constant Velocity

Exercise 5: What is the average velocity of the
car in the figure during the interval that the } @
clock reading changes from 10 to 25 seconds? ‘

Ans (20m/s)

— 600 metres 600

— 500 metres 500

— 400 metres 400

— 300 metres 300

Clock readings in seconds

— 200 metres 200

— 100 metres 100

0 = o = = o ) = O = W=
(metres)

0, et 0
HERE pr PRI 15 00t 251130

(seconds)

=
w
— e e — — — — — — — — — ——— — — — — —— V— — — " e — e e o —— — —— — —— —

HIEE=

19

(a) (b)



2.3 Analysis Model: Particle Under Constant Velocity

Exercise 6: A car moves as shown in Figure. :
N
Find its average velocity from t=0 to ' @

t=1s. Ans (1 m/s) !

Time
in
seconds

6

D

(metres)

e |25 /
20

- T

0 1 2 38 4 5 6 7 8 9

(seconds)

®

I

&
)
\

D
b

2 O (@) (b)



2.3 Analysis Model: Particle Under Constant Velocity

Exercise 7: A car moves as shown in Figure. 9
Find its average velocity from 1 s to 2 s. T @
S

Ans (3m/s)

Time

seconds
6

D

(metres)

- — — — — — — — ——— — — ——— — ——— ——— — ——— o— — —— — — —— —
(]
[
S
O
S
o

3
0
@ - gsainotiBE 4 5 6 7 8 9

(seconds)

2 1 (a) (2]



2.3 Analysis Model: Particle Under Constant Velocity

Exercise 8: Given the position-versus—time graph, find the velocity-versus—time

graph.

Position vs. Time

i Velocity vs. Time
0.9 - 5 L
0.8 -
ek ﬂ--l'r ) "E" 1-5 -
E 0.6 - ol .
o Bl 2 054 i
@ 0.4 - ' T :
% 034 L= 0 . ;
0.2 - - _0.5 - i
0.1
0 | | : | : | | - _-1- ] | | | | | | | | |

|
T B 0 02040608 1 12 1.4 16 1.8 2
22 Time [5] TimE [5}



2.4 Acceleration

= Average acceleration

Average acceleration is defined as the change of velocity divided by the elapsed
time (At)

) AV Vi —V;
a = — =
TOOA tr—

 Acceleration is a vector quantity.
 Acceleration can be negative, positive.

e Acceleration has a
e Acceleration has SI unit m/ s2.

Not that: a constant velocity means change in velocity, so in this case the
acceleration must be zero (no acceleration).

23



2.4 Acceleration

Instantaneous acceleration : v Slope of tangent line =

instantaneous acceleration at EJ_

Instantaneous acceleration
is defined as the acceleration of an object at a given instant

Slope = average acceleration
between times £, and

Slope = average acceleration
between times £, and §,

AV dv or L, d*x
dt?

a = lim =
At—0 At dt

(] .f]

The instantaneous acceleration can be found graphically
by drawing a tangent (straight line) to the (v — t) curve at the instant of time, then
the acceleration is to be found as shown in the figure
Av

qa =Sl t t =—
a ope of tangen AL

Acceleration can be either uniform or nonuniform. In this course acceleration is
uniform

24




2.4 Acceleration

Example 2.6 Average and Instantaneous Acceleration

25

The velocity of a particle moving along the xaxis varies according to the expres-
sion v, = 40 — 512, where v, is in meters per second and {is in seconds.

(A) Find the average acceleration in the time interval t = 0 to ¢ = 2.0 s.
Find the velocities at {; = ig = 0 and {,= ig = 2.0 s by V@ = 40 — 5ig? = 40 — 5(0)2 = +40 m/s

substituting these values of f into the expression for the

— _mp 2 = —59M2 = +9
velocity: v, = 40 — Slg 40 — 5(2.0) +20 m/s

Yy % e~ U@ 20m/s —40m/s

Find the average acceleration in the specified time inter- Ayavg = =
. A+ — _ =90s: 'ff_ !'-i; f,@_f@ 20s—0s
val Al = tg — lg = 2.0 s:
= —10 m/s?

(B) Determine the acceleration at { = 2.0 s.

dv d

a=—=—(40 — 5t%) = —10t
dt dt

The instantaneous acceleration at t=2.0sis v = —10(2) = —20 m/s?

The acceleration at is equal to
the slope of the green tangent
line at ¢t = 2 s, which is —20 m/s2.

v, (m/'s)
40
30 ®

20

0 t(s)

—20

—30



2.4 Acceleration

=" X P, da direction :

e A pOSitive VeIOCity Simply means that r>0 x Position to right of origin.
the object is moving in the positive

direction, as defined by the coordinate

. x<0 x Position to left of origin.
system, while a
means the object is traveling in the
other direction v, >0 Direction of motion is to the right.

« Moreover, even if an object has a

v. <0 Direction of motion is to the left.

positive acceleration, it does not mean %
that the object is speeding up! A
positive acceleration means that the &=>0 Acceleration vector points to the right.

change in the velocity points in the
positive direction. a, <0 Acceleration vector points to the left.

FER R,

26
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2.4 Acceleration

= Speeding up and Slowing down:

When an object's acceleration is in the same direction of its motion, the object
will speed up. However, when an object's acceleration is opposite to the
direction of its motion, the object will

(a) Speeding up (b) Slowing Down
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2.4 Acceleration

Fosition-Time Graph

Velocity-Tirme Graph

Acceleration-Time Graph

B Fosition W = locity B Acceleration
200 30 &
20 4
150 0 =
100 ] ]
-10 -2
=0 =20 -4
] -Z0 )

1] 15 ] 15 1] 15
*

Fosition-Tirme Graph

Velocity -Tirme Graph

acceleration-Time Graph

&
Fosition-Tirne Graph Velocity-Time Graph Acceleration-Time Graph
W Fos=ition B Velocity B Acoceleration
n] 30 [
_ 20 4
= 10 e
-1a0 o o
_ -10 -2
150 -0 -4
-200 =30 -E
15 1] 15 8] 15
L

Wl Fosition
200

130
100
=0

]
) 13

W \elocity

0
20
10
]
-10
=20

-30
) 13

W Acceleration

0 13

FPosition-Time Graph

Velocity-Time Graph

Acceleration-Time Graph

B Fosition
200

150

100

S0

o

1] 15

B VYelocity
Z0

20
10

o

-10

=20
=30

1] 15

B Acceleration
&

4
2

o

-2

-4
-6

1] 15



2.6 Analysis Model: Particle Under Constant Acceleration

When the acceleration is constant, we can find the equations of motion. In this case:

1- The average acceleration and the instantaneous acceleration are equal (d,, = a)

2— The average velocity is simply the average of the initial velocity and the final
velocity

lext VoA

V; ~+ vf
Vav = 2

>

Constant 1
acceleration

29


Abood Habiby


2.6 Analysis Model: Particle Under Constant Acceleration

When the acceleration is constant, by take the initial time ¢;= 0, then At = tr —t;
will be simply t, therefore following equations are obtained:

KINEMATICS equation: ( motion in x—axis )

1 | Average velocity . Vi + U, f Relating the final velocity to the
Var = 2 initial velocity.
> | Final velocit S . Relating the final velocity to the
A velocity Vaf = Vxi T Vxl igitial velocity and the acceleration,
. 9 _ o [|Relating the final velocity to the
3 | Acceleration G = Uy — Uy initial velocity, the acceleration and
* 2Ax the position Change.
Relating the final position to the
4 | Change in position | A% — Vot + la’xtz initial position, the initial velocity
2 and the acceleration.

30




2.6 Analysis Model: Particle Under Constant Acceleration

Solving Problems:

1.

2.
3.
4

31

Read the whole problem and make sure you understand it. Then read it again.
Decide on the objects under study and what the time interval is.

Draw a diagram and choose coordinate axes.

Write down the known (given) quantities, and then the unknown ones that you
need to find.

Which equations relate the known and unknown quantities? Are they valid in
this situation? Solve algebraically for the unknown quantities, and check that
your result is sensible (correct dimensions).

Look at the result—is it reasonable? Does it agree with a rough estimate?
Check the units again.



1.5 Finding the Motion of an object.

Exercise9: A car, initially at rest at a traffic light, accelerates at 2m/s? when the light
turns green. After 4 seconds what are its

(a) Velocity (Ans: 8 m/s)
(b) Position ( Ans: 16 m)

32



2.7 Freely Falling Objects

Which object-the elephant or the feather— will
hit the ground first ?!

Near the surface of the Earth, all objects accelerate at the
same rate (ignoring air resistance).

o Free—fall acceleration is independent of mass.
e Magnitude: g = 9.8 m/s? .

* Direction: always downward, so a,
define “up” (y—axis) as positive, a,= -g = -9.8 m/s2

is negative if we

33
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2.7 Freely Falling Objects

When the @, = —g = —9.8 m/s*j, and by take the initial time t;= 0, then At = t; — t;
will be simply t, therefore following equations are obtained ( motion in y-axis ) :

B ﬁ’yi + ﬁ’y f Relating the final velocity to the

A loci -
1 | Average velocity Vg = > initial velocity
lating the final veloci h
2 | Final velocity ﬁyf _ vﬂ_ — Gt Relating the final velocity to the

initial velocity.

_, 2 _, 2 |Relating the final velocity to the
Yyi ~ Vyf |initial velocity and the position
2g Change.

3 | Change in position

Relating the final position to the
4 | Change in position Ay = By;t — = Gt? initial position and the initial
g velocity.

34



1.6 The Acceleration of Gravity and Falling Objects

Exercisell: A rock fall off a cliff from a rest. How fast will it be moving after 5 s?
(Ans: -49 m/s)

35



1.6 The Acceleration of Gravity and Falling Objects

i ® i
Example 2.10 Not a Bad Throw for a Rookie! m ® ;g;;{fi;

ug=0
ayg= —9.80 m/s*
A stone thrown from the top of a building is given an initial velocity

{
|
|
|
|
:
|
A
|
|
|
|
|
:
(A) Using ig = 0 as the time the stone leaves the thrower’s hand at ) 5@

|
|
|
|
i
of 20.0 m/s straight upward. The stone 1s launched 50.0 m above the i
ground, and the stone just misses the edge of the roof on its way down ig=0 :
. . =0
as shown in Figure 2.14. jg_ 20.0 m/s i
dyg= —9.80 m/s” | © tg=4.085s
i Je="P
0.0 . ; . . . » | ho = —200m/s
position @), determine the time at which the stone reaches its maxi- @ | ap=—980 m/s?
mum height. T Zt ke i
ex |
Uer — T Y
- el L |
vy = Uy Toat Tt = a |
| |
0 — 20.0m/s |
- A1
t=tg = — = 2.04s : )
—980m/s" I© l@=:).00§
50.0 m | )@= —225m
. ) . | he = 990m/s
(B) Find the maximum height of the stone. | a4,p=—9.80m/s’
|
|
_ _ 1 49
Jmax = Y@ = Y& T U@l T Ea}i :
|
yo = 0 + (20.0 m/s)(2.04s) + 5(—9.80 m/s?)(2.045)* = 20.4m |
|
| tg=583s
: yp= —50.0m
1® ve= —37.1 m/s
36 A ©a:®— —980m/s
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1.6 The Acceleration of Gravity and Falling Objects

(C) Determine the velocity of the stone when it returns to the height from which it was thrown.

ve' = ta T 2¢,()g ~ Ya)
vy@g = (20.0 m/s)* + 2(—9.80 m/s>) (0 — 0) = 400 m?/s’
e = —20.0 m/s

(D) Find the velocity and position of the stone at £ = 5.00 s.

vg= e + af=20.0m/s + (=9.80 m/s?)(5.008) = —29.0 m/s
Yo = Ya T ﬂj.@f, + %a}ﬁ

=0 + (20.0 m/s)(5.00 s) + 3(—9.80 m/s2)(5.00 s)2

= —225m

37

50.0 m

tg=2.04s
y@=204m
ug=0
a,g= —9.80 m/s’

© tg=4.08s
yeo=10
%o = —‘)OOm/s
ae= —980m/s

©® tg=5.00s
Y= —225m
he = 990m/s
ap= —9.80 m/s

le=583s

yp= —50.0m
@ vye= —37.1 m/s

he= —9.80 m/s



Name:

Section

= Homework 3

4. A particle moves according to the equation x = 107,

1] where x is in meters and { is in seconds. (a) Find the
average velocity for the time interval from 2.00 s to
3.00 s. (b) Find the average velocity for the time inter-
val from 2.00 to 2.10 s.

21.|A particle moves along the x axis according to the

I equation x = 2.00 + 3.00¢f — 1.00¢*, where xis in meters
and tis in seconds. At { = 3.00 s, find (a) the position of
the particle, (b) its velocity, and (c) its acceleration.

48.| A baseball is hit so that it travels straight upward after
[ being struck by the bat. A fan observes that it takes
3.00 s for the ball to reach its maximum height. Find
(a) the ball’s initial velocity and (b) the height it reaches.

51. A ball is thrown directly downward with an initial
speed of 8.00 m/s from a height of 30.0 m. After what
time interval does it strike the ground?

15. A velocity—time graph for an object moving along the
x axis is shown in Figure P2.15. (a) Plot a graph of the
acceleration versus time. Determine the average accel-
eration of the object (b) in the time interval { = 5.00 s to
{ = 15.0sand (c) in the time interval { = 0 to { = 20.0 s.

Uy

—

m,/ s)

&b bl oraeoow

Figure P2.15



