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& physics Unit Two: Linear Motion

Chapter (1): Motion in a Straight Line

Objects around us can be sorted into stationary objects and moving objects. As we study
the motion of different objects, it is necessary to describe and understand such motion.
The vague ideas about motion convert travelling by ships, trains and planes into a mess.
Schedules of departure and arrival of different transportations are mainly based on
distances, times and speeds.

Accordingly, in this chapter we are going to investigate the concept of motion and the
related physical quantities.

1- Motion:

It is the change in the position of the object with respect to a fixed point as the time
passes.

If this motion is in one dimension along a straight path, it is
then called motion in a straight line. This is considered the
simplest type of motion

Motion diagrams: the motion of an object can be represented
by a series of photos taken in equal intervals of time.

The pattern that represents the sequence of motion.

Types of Motion:

Translational motion: is the motion which is characterized by
having a starting point and end point.

Examples are motion in a straight line, and projectile motion.

Periodic motion: is the motion that repeats itself over equal
intervals of time.

Examples are motion in a circle and vibrational motion.

2- Velocity:

Moving objects are described as being slow or fast. Scientifically this is not fairly
accurate.

We can describe the object motion quantitatively through the concept of velocity.

To identify this concept, study the following motion diagram for athlete displacements
every one second.
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Velocity: is the displacement moved by the object in one second, orQh% ate of c%r'x‘g!eeo$l
displacement. It is measured in (m/s) or (km/h).

- Through this diagram, the relation between displacement and time are recorded in
the table below:

Time {5) 1! ! 2 ) 4 5 i

Displacement () o 5 o 15 20 25 30

Using this table we can draw a conclusion that the athlete displacement is (5 m) every
second. This quantity is known as velocity (v) that can be found by the slop of the relation:

— Change of displacement Ad
Velocity = = =
) Time of change At
Applying this relation on the above mentioned example:
Ad d,-d, 105 5 5 mt
TTAr T -, 20 1 0™

!

Graphical representation of the relationship between displacement and time:

-Displacement is represented on the ordinate (y-axis) and time on the abscissa (x-axis):

-Draw a vertical line starting from the point (1s) on time axis.

-
=

-Draw a horizontal line starting from the point (5 m) on

L

; ) g -
displacement axis. -
-Highlight the point of intersection of the two lines. E :
- Ad
-Repeat with the other points of time and displacement. e
-Draw a straight line passing through most of the A -Eﬁ‘r_
highlighted points. ‘r'fx 2
! . . RN S R ER TR T T
-Calculate velocity by getting the (slope) of the straight 7
y by g g (slope) g 'R EEREE LR N

line.

Thinking Corner:

The opposite graph represents a walk of a girl from her house and returning back again.
Study the graph and answer the questions:

When did the girl stop walking?

La
=

What is the maximum velocity of the girl motion?

=

Why is her velocity when moving back considered negative? '

-

What is the difference between displacement and distance
moved by the girl?

n &
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Types of velocity:
(A) Speed and Velocity:

Focusing on the speedometer of a car, its pointer swings right and
left during car movement. The pointer reading specifies the value
of the car speed (for example, 80 km/h) without defining the
direction of the car motion. This value is known as (Speed).

Frgure (7 Dot the speedoameter
redd sl of v kaciy!
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However, just saying that a car moves at 80 km/h is an incomplet &dctiption sin& hbES
hint is given about the direction of the car motion. Accordingly we need to define such
direction to give a full description for the car motion. For instance, saying that the car
moves at 80 km/h to east. in this case, we call this (Velocity).

Ftnd of Speed Velocity
COTIPA rison
= The distance moved by the |The displacement of the object per
Definition : A . cri: l Ject 1
object per unit time. unit time.
Scalar, defined by its magnitude | Vector, defined by its magnitude and
Its type : LT -
- only. direction.
. T Positive in one direction and negative
Its sign Always positive. : L e =
= in the opposite direction.

It is worthy to mention that we are interested in velocity rather than speed when
discussing the next texts, equations and problems since it offers a full description of
motion.

(B) Uniform and Variable Velocity

As an athlete runs at uniform velocity, his displacements are equal in equal times. But if
he moves at non uniform velocity, his displacements are unequal in equal times.

Uniform velocity: the object velocity when it is displaced through equal displacements
in equal times. Both the velocity magnitude and direction are constant (when the object
moves in a straight line).

Non-uniform velocity: the object velocity when it is displaced through unequal
displacements in equal times. Its velocity may change in magnitude or direction.

'] 1 i I} 1] 1 i
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1:‘ -~ S a1 |
3 -1 | o = T ghamed g
1 | | i = > - N %
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Figure (81 motion a1 uniform velocity Figure (3): motion al vanable velocty
(C) Instantaneous and Average Velocity e ey
| B e s |
The motion of a car on roads is certainly variable. E i F 41—
The car speeds up or slows down responding to 2
the traffic conditions. Consequently, we are going 3_ B i
now to distinguish between the Instantaneous S i =i - i
Velocity and Average Velocity of the object (car). —=>1 =
(s}
Instantaneous Velocity (V): It is the velocity of S I
the object at a given instant. s O e e or R
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For example, the reading of the speedometer pointer at a given i

It can be determined graphically by the slope of the tangent drawn to the velocity curve at
that instant. .

Average Velocity (V): It is given by dividing the total
displacement of the object from the starting point to the
end point by the total time of motion.

It can be determined graphically by the slope of the
straight line joining the starting point to the end point.

displace ment{m)

Correcting misconceptions Time(s)

One of the common misconceptions is the confusion A Total displacement: (d)
between average velocity which is a vector quantity and - A O s
average speed which is a scalar quantity:

. Total displacement Total distance
Average velocity = —————o Average speed = o T i

Time management:

Set a target for each task you are going to accomplish. Examine your targets. Are they
realistic or not? Decide what you want to achieve and why.

Design your daily or weekly schedule to arrange your activities and define deadlines.
Keep a memo or reminder to record activities, dates and duties.

Solved Examples:

1- A person drove a car in a straight line to cover (8.4 km)
in (0.12 h). Because the fuel had run out, he walked
through (2 km) along the same straight line to reach the
nearest gas station after (0.5 h). Calculate the average
velocity of this journey.

ol k)
A

i
=
&
- |

]
]
WE
Solution: |I
/l

o Total displacement () @ghi‘"“?” Els,
Average velocity = 1T ' 2 2
Total Time () .‘5 _Ph.l ics ?'E ‘/r
442 104 17 ' il
T 042405 062
We can get the same result by finding the slope of the straight line joining the starting
point to the end point.

= 168 kmih .

2- If the person in the previous example returned back to his car in 0.6 h, find the average

velocity during the whole story.
Solution: ?E:?'m ! i

. 05 h 0.6 1
The total displacement = (8.4 ki) ek posiioniy

ol &4 K4 .
— = = = 085 Lot 8.4 ke
I D12 05 0.6 1.22 .12 h

KK S
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3-Acceleration aAS T eries

We have discussed the concept of the variable velocity (magnitude, direction or both).

Motion in which velocity changes with time is called the accelerated motion and the
quantity that expresses the change of velocity per unit time is called acceleration (a).

To investigate the concept of acceleration, study the following motion diagram that
illustrates the readings of the speedometer of a car moving from rest and speeds up in a
straight line.

pur

¥ ’I k y -_‘,.- ¥ ’:.- ¥ ’__ ! Speedaameter
\ ) k J \ f} \ } ’ﬁ 1"!. J nealmg
s aSs &5 e e
I 1 1 1

= Tine {3)
1 i) 2 3 E)

Acceleration: the change of the object velocity per unit time, or the rate of change of
velocity. It is measured in (m/s?) or (km/h?).

Do you know?
You can convert the speedometer reading from km/h into m/s by the relation:
1 km 000 m

= =iy

h “soxens 18

Recording the data of the given diagram that include velocity (m/s)and time (s), we obtain
the table below:

oA kil =

b

Time (s} 0 2 L 4
Velocity (m/s) i 5 1) 15 X

It is obvious that the car speeds up at a constant rate where its velocity increases by
(5m/s)« every second. This value expresses the acceleration of motion that can be found
by the slop of relation:

Change of velocity  Final velocity = initial velocity

Acceleration = = : : —
Time of change Final time = initial time

v ¥ = ¥,
ia= = @ohﬁmed E"Sﬁ

Ar f-t . N

o . , s Physics %
Applying this relation on the above mentioned example: RDAESARAN

Av  J0-5

9= A T2

Graphical representation of the relationship between velocity and time:

= Smils

The graph (velocity - time) expresses the motion of the L

car in the previous motion diagram. Notice that a
straight line is obtained indicating that the velocity of . 4 iv| B
the car increases uniformly and acceleration can be ] i” [ =1z "w
found by the slope of the straight line. g I;
ok - -
Lo {5)
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Types of Acceleration:

Objects may move at positive acceleration (increasing velocity), negative acceleration or
deceleration (decreasing velocity) or zero acceleration (uniform velocity). These types
can be identified by studying the following motion diagram that shows the motion of a

small ball along frictionless planes of different inclination.

bl edticem clime Clion
s fw <
- — g

As the ball chimbs up e melned plnme, A3 the ball moves along 1he
fa velociny  decreses with time and  smooth  hosizon@l  plane, B
accelron B negave velocity doest mod change with
time  amd  scceleration  equals

e

WVelooity {onsh Welocity Jons)
& ’

Ag ghe ball rolls down e inclimed plme,
it velocity incresses with tines amd
dcce kerat om 15 Pt ve

Veloc ity {onih

Harsx {4 Tiaree {4
mezgalive ool eration Ferg acozleration

Life Applications:

Hares {3

poaiive acozleration

4+ Three tools in the car can control the magnitude or the direction of the car velocity.
These are the accelerator to pump more fuel, the brakes to slow down and the steering

wheel to change direction.

i , 7
g Physics %
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Chapter (2): Motion with Uniform Alceteration es

You have studied in the previous chapter that acceleration is the change in velocity per
unit time. This acceleration may be uniform (constant) or varying.

T
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Motion of an object at uniform acceleration has a special importance since it represents
the motion of a number of objects in our experience. Examples may include those objects
falling near the Earth’s surface and projectiles.

Firoums § 133 fallnge of waker Figure {14 skating m & 12 a6
froan ghe Lops of & walkerfsll = o o Forae o et iomn
i T @ocs e ral en

Assuming that an object moved in a straight line at uniform acceleration (a)-and started
motion from rest at initial velocity (v,) It reached a final velocity (v,) after an interval (t)

during which it was displaced through a displacement (d)<\We can describe such motion

using certain equations called equations of motion as follows: Jnamed E/,
4

- - - . g . qs

1- Equation of (Velocity- Time): & Ph __':__IL'_:S_.":‘-;

You know that acceleration (a) is given by the relation: Ul ]

Foa g
= h,n" Ll:

t
The change of velocity (v, - v,) can be obtained by multiplying both sides by (1)
vo-v=al

Core)  ®

Compare the acceleration of motion of the fastest animal on Earth and that of one of the
fastest cars using the previous equation.

Thinking Corner:

Frgure { F5 ) Cheetall can olange its Frgare § F6): Buegarts Vevron car cfianges fifx
speedd fravm zero ror IO beds in 2 seconds sprevead frowm zerer for FOND Eds in 2 4 seceonds
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2- Equation of (Displacement- time):

The average velocity of a moving object can be given by the relation :( v)

Since the object moves at uniform acceleration. the average velocity can be given by the
relation:
v, + onamed £y
Wbl il \l , 6:3
2 g Physics

From the two forms I

Substituting -[n'J,Jn from the first equation of motion:

Fi) (v, # at)+ v, _-"I.'l: & r {
= = =W, +—unal
i 2 2 ! 2

Multiplving both sides by (1). we obtain:

(1=re5er) ®

Pay Attention:

% When the object moves in a straight line in one direction, its displacement (d)equals the
distance it covers (S).

% When the object moves in a straight line but changes direction, such as the object that
is projected vertically upwards then falls back to surface, its displacement (d) does not
equal the distance it covers (s).

Deriving the second equation of motion graphically:

Since displacement = velocity x time, this corresponds the v {iit)
numeral value of the product length x width in the (velocity — :
time) graph, or in other words the area below the curve.

Accordingly, we can deduce the second equation of motion
and find the displacement of the object by getting the area
below the curve in (velocity — time) graph i.e. the area of both
the rectangle and the triangle.

The area of rectangle =v, 1
The area of the triangle = 5 (v, ¥t

Since the change in velocity -[l.'Jr - v.) equals {ar}

The area of the triangle becomes: Tl ar?

The object displacement {4} = sum of the areas of the
rectangle and the triangle

Figure {(16): displacement is - 105)
numeevically equal to the area
Below the curve,
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|3- Equation of (Displacement- Velocity): Wast gerlesl

Sometimes time of motion is unknown. Because of this we need to deduce an equation
independent on time as follows:

Displacement of object can be determined by the relation: d =Vt

Substituting (7) and (t) using the following formulae:
— V.tV (U U

M =-'r— = r ¥
2 a
Thus, displacement can be found as follows:
— v+, Vo- ¥, vl
al = V= ! . o ! . = ! .
2 a 2a

The third equation of motion can be obtained:

|:_ 2ad =..le’1 . lu'f_J:| @

Three equations of motion are obtained right now that can be applied to the motion of an
object at uniform acceleration. Except for time, all the included quantities are vectors. So,

First of all a positive direction should be agreed at. For instance, if the direction to right is
considered positive, displacement, velocity and acceleration are positive if their
directions are to right and negative if their directions are to left. The table below
summarizes some cases based on equations of motion:

General formula | Motion starts from Stopping at the | Motion at }m.ifurm
s end of motion velocity
res "i_ 1,."_: n 2 = ﬂ
v, =¥, +al v, = at v, = -af V=V,
/ / . / " e
f.'-lr—i-l:.l'-l'__Tﬂ'J' J—Tﬁf Ju-_Ti-l'.l"z H
2ad=vi-? 2ad= vlf 2ad = 4';‘ 0= rf’ - l.f

Overcoming Learning Difficulties:

You may find difficulty in converting the word problems into a mathematical form. The

following guidelines may help:

% Its speed increases means: acceleration is positive (if velocity Is positive)

% Its speed decreases means: acceleration is negative (if velocity is positive)

% When? Means find the time. (t)

% Where? Means find the displacement. (d)

Time management:

onamed g

. , )
s Physies %

- Estimate the time interval expected to finish a particular activity.

- Make balance between studying, doing assignments, and homework at one hand, social
events, hobbies and fun at the other hand. Evaluate the importance of various duties and

tasks and arrange priorities.
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Solved Examples:

1- An aeroplane lands on the runway at velocity 162 km/h and
decelerates uniformly at

(0.5m/ S?Find the time it takes till stops.
Solution:
v. = 162 x 3 =45 m/fs
: 18
a=-05 m/s Vo=V +at
0=45 +(-0.5)t - 45 =(-0.5) t
t=90s%

2- Mohamed drove a car at uniform velocity (30 m/s). Suddenly, he saw a child crossing
the street and he applied the brakes to decelerate the car uniformly at (9 m/s®). If
Mohamed’s reaction time to use the brakes is (0.5 S), find the displacement of the car till it
stopped.

= resgurncdmo Errak o =l

Solution: A

Displacement of the car during reaction
time (uniform velocity):

d =y, = (3% (5= 15m

Displacement of the car when applying the brakes {uniform aceceleration )
Refering to the table in page: (38)

@ohamed E‘rﬁﬁ

& Physics >
Since, v, (of reaction time) = v, {when braking) ﬂ adasmnan <

2ad, = ]

s 2ad, = —1}1 {of reaction) -
—v 2 —(FOF

dz = == 50m
2 .2 = 'q

The total displacement

d=d +d,=15+5=65m

MNote that the total displacement of the car is the same as the total distance covered by
the car if the car keeps moving in a straight line.

Typical Stop Spacing
Safety Skills: 48 knil .‘m 23 = Gtimes the car lenght

4+ To save souls, avoid the dangers of skipping ottt (SR 36 m= 0 times e car lengh
prescribed speeds, and traffic instructions o [DTERID  5n= i tearknh
should be followed. One of these rules is leaving - —_— 3 o

an appropriate distance between vehicles in oriot [N 73 8tine e carlngh
order to allow thg driver to stop sa_fely_ln case of D i i i s
emergency. Obviously, more spacing is required m—

as the speed of cars get higher, or the road is 20 Distance dusing brsking

wet or has oil stains. Also, trucks should leave larger spacing than small cars do.
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IApplications of motion at uniform acceleration: Wast >er|esl

Free fall:

If we drop a book and a sheet of paper at the same instant from the
same height, which of them reach the ground first? But, when the
sheet of paper is placed adjacent to the book topside and allowed to
fall, what would you observe? Explain your observation.

When an object falls to ground, its motion is affected by the air
resistance due to collisions between the object and air molecules.
The impact of this resistance is greater on the velocity of falling light
objects than that of heavier objects.

Note that no air resistance affected the sheet of paper when it was
placed adjacent to the topside of the book during falling.

To simplify this issue, we are going to study the fall of objects under
the effect of their weights, only neglecting the effect of air
resistance. This motion is called free fall. It is worthy to mention that
at the absence of air resistance, all objects fall to the ground at the
same acceleration.

Distinguished Scientists:

Galileo proved that falling objects of different masses reach the
ground at the same time, when air resistance is neglected.

By dropping two objects of different masses down Tower of Pisa.
This experiment put an end for Aristotle thoughts that implied that
heavier objects would reach the ground first.

Free Fall Acceleration (g):

It is the uniform acceleration of objects that fall freely.

This acceleration equals (9.8 m/s®) and means that the object
velocity when falling freely increases by (9.8 m/s) every
second.

This acceleration (g) varies from one position to another
depending on its distance from the Earth’s centre. For
simplicity, it can be considered (10 m/s?)

Figure {18): would
twor ohjects reach the
ground at the same
instant in a vacuum?

Figune (19): Galileo's
Experiment of [ree (all

Figume (20) Does this person Call a
pecel eration 9.8 mds*?

Solved Examples:

Study the table then answer the questions below:

Time (s) Displacement (m) | Welocity (m/s)
0 0 0
(.5 1.23 3
{ 3 {0 pamed &
/
1.5 11.25 15 b
E- Ph uICS :E
2 20 20 '

1. Use equations of motion to calculate dlsplacement and \'ﬁlomty after 3 s.
Elshazl
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2. What do you conclude from the spacing increase between the ©
time?

3. using the data recorded, plot the graphical relationships (displacement - time) and
(velocity — time)

2- A box fell from a helicopter that was staying still at 78.4 m high above sea level. Find the
velocity by which the box hit water giving that acceleration due to gravity 9.8 m/s’
neglecting the air resistance. Also,

Find the time it took till splash.

Solution:

v.=0,g=98m/s*, d=T84m
2gd=v? - v? 2x98 xT84=v7

V= 39.2 m/s

3- A stone fell from the roof of a building. If the stone passed by a person standing in a
balcony 5m high above the ground 4 s later (consider g = 10 m/s?), find: i :

A- The building height.
B- The stone velocity when passed by the person.

Solution:

1
d=v.t+ y
i > g

1
d=0+ [T x10 x16) =80 m

i The building height: h=80+5=85m @g’t\ﬂm‘*d Eisﬁ

'E The stone velocity when passed by the person: E? Fh'. ;1cs ﬁ"‘z
V=V, gt | e
v, =0+ (10 % 4) =40 m/s

3- An apple has fallen from a tree. Find its velocity when it reached the ground if it took
1 second to the ground. Then, find the average velocity of the apple during falling and the
height from which it fell.

Solution:

Given data: v,=0 g=10mis® 1=1s
Velocity of reaching the ground vEV, gt =gt
10 x | = 10 mix

The average velocity of the apple during falling

1 Elshazl
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vias

1o+ 0
2

-

=5 mis

The height from which the apple fell: d=vy + + g = + gr?

-

o = fLJ (I flP=5m
>

Mini — lab
Determination of the acceleration due to gravity:

- The idea of the experiment is based on determining both of (d) And (t)

to find (g) using the second equation of motion.
Tap

-

horizantal

- Adjust the tap to allow a water drop to hit the plate base just as the
next drop starts to fall from the tap. Water

- Use a stopwatch to record the time taken by 50 successive drops to
fall. Divide the total time by the number of falling drops to find the time d
taken by one drop (t).

table

2d
- Determine the acceleration (g) :t—2

- Communicate with colleagues on the book site to compare the results
each of you got.

Solved Example:

In an experiment to determine the acceleration due to gravity using falling water drops,
the distance between the tap and the plate base is (1m). If the time taken by (100) drops is
(45 s), find the acceleration due to gravity.

Solution:
(iven data; d=Ilm .r‘.=ﬂ' . s —i g
Total time 45

Time taken by one drop to fall (1) = Rumber of drops — 00 =045%

Substituting in the second equation of motion:
d= E gr @nhamed Efs%
2x1 ¥ Physics %
-K — = 0.88 m/s* I
045 x 0.45 | |

Projectiles:
(a) Vertical projectiles:
- When an object is projected vertically upwards, it leaves the hand at initial velocity (V).

The object moves at uniform acceleration (-10 m/s?). The negative sign indicates that the
direction of acceleration is opposite to that of velocity.

Mr.VMioha 1 Elshazl
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\/
- Velocity decreases gradually as the object gets higher till its vel : @% hes
maximum height.

- Direction of velocity changes when the object returns back to the ground under the
effect of the Earth’s gravity that makes the object accelerate.

- Velocity of the object when projected up = - its velocity at the same point on falling.
The negative sign indicates that the two velocities are in opposite directions.

- Time of rise = time of fall.

Solved Example:

Time, displacement, and velocity of an object projected vertically upwards at initial
velocity (20 m/s) are recorded in the table below:

Time () { 0.5 | 15 2.5
Displacement (m) 0 875 | I5 |1875]| 20 |18.75

Velocity (m/s) 20 15 10 5 0 -5 -10
This motion can be represented by the following diagrams:

= Y
I:_.II
| :

E

i

Velocity (mA)

displacement ( m )

) . o Figure (22} change of Figure (23): change of velocity
Figure (21): projectile path displacement with time with time

1- Determine the object velocity at the points P, Q and N in the (displacement - time) and
(velocity — time) graphs.

2- What is the slope of the line in (velocity — time) graph? What does it represent?
Why has it got a negative sign?

Solution:

1- Finding velocity by the slope of tangent at points Q, P and N in (displacement-time)
graph.

. O -10.2
V.= Vv, =—= 5 V. =
“ Y086 R I

These values are the same as those obtained in (velocity - time) graph.
2- Acceleration (a) is the slope of line in (velocity - time) graph: @ohﬂm‘?” E.r%

-20 & Vsi '3"}-—
= _10 m/s? E.' Fh SICS 0y <

=—-10m/s

2
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The negative sign indicates that the object velocity is decreasing a
the ground.

(b) Projectiles when projected at an angle (Motion in two dimensions):

You have studied the motion of objects at uniform acceleration in a straight line either in a
horizontal, inclined or vertical plane. At the moment, we are going to study objects motion
when projected at an angle to the horizontal under the effect of gravity

i \“ -_I n -_,_-: | ,.,-'

Studying the projectile motion such as that of a ball or a cannon shell shows that it takes a
curved path (figure 26). It starts motion at initial velocity (V,) at angle (6) to the horizontal.

We can resolve velocity into two dimensions; horizontal (x) and vertical (y) as shown:

'H_J

v v v ¥
--I'=.'|-—-h- s -tﬂ'-—-h— = _.n’.-L._.h_ = -:il-.-h- -
Figure (26): Projectile Motion

The horizontal dimension (x): the ball velocity is uniform (V,,) neglecting any friction.
This velocity can be found by the relation:

v =v cos B
ix i

@ohﬂmed E"Gﬁ

; P 9

Substituting in the three equations of motion by the value of (V,)), considerlng (a,=0):

The vertical dimension (y): the ball moves at the acceleration due to gravity.
Consequently, velocity varies. We can find the initial velocity in the vertical dimension (V,)
by the relation:

V,,=V,sin 6

Mr.VMioha 1 Elshazl
At VWV, LIS

P slomn eF 5 0 0 aSe .CO
PDF created with pd Factoy Bro trial version WWW.pdifactory.com



http://www.fineprint.com
http://www.pdffactory.com

Viastc eries

Substituting in the three equations of motion by the wvalue of (v ) {"
: v
v

"*.."

considering fﬂ}_ =g=-10 s )

The velocity of the projectile at any instant is given by Pythagoras® 1 v,
7

fmmmmmm

relation: T
- =" .
v F ¥+ vzﬁ_ ¥

F

Finding the time of reaching maximum height (1):
Substituting in the first equation of motion by ["'"'|3,-= 0}, we obtain:
0= ¥ E gt

=)

Time taken till returning back to the plane of projection (flight time):

i.e. :

med

Bt 18 @\ohﬂ EJE&
PTe=gper == " . £
g s Ph} 5ICS =2

,Ifhmmmﬁnﬁf:i

Finding the maximum height reached by lhe projeclile (h): ['l“"' “'*”fj

Substituting in the third equation of motion by (v, = 0), we obtain:
2g h= -7,

iy
ie

e 1
2 o

Finding the range (the horizontal distance reached by the projectile) (R):
MNote that: T = time of the horizontal range = flight time

Substituting (a, = o) and (d = R} in the second equation of motion, we find:

( BR=v,T=2v_1 J

A motorcycle is launched at 15 m/sin a direction at an angle 30°to the horizontal.

Solved Example

A. What is maximum height reached by the motorcycle?
B. Find the time of its flight.
C. What is the horizontal range reached by the motorcycle?
Solution:
First, find the value of (v, ) and Wiy}:
v, =v,cos 30 =15 x0.866 =13 m/s
V=V, s5in 30 =15 = 0.5 =7.5 m/s

Finding maximum height (h):

Wi (7.5)°
h=—2= = =2.
2g  2x(-10)

Finding the time of flight (T

2w v, 2x7.5
T2 = e =15%
e (-10)

s
¥ LRy P

e BRI

Finding the horizontal range (R):
R=v, T=13%x15=21.5m
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I Chapter (3): Force and Motllo”ﬁSE De”agl

Previously we have described motion by studying the concepts of velocity and
acceleration without getting into the reasons beyond.

In this chapter we are going to discuss the existence of acceleration due to the impact of
a force. This leads us to Newton’s laws of motion that are considered as basic laws in
physics.

Force:

Force is a common term used in everyday life. For
instance, the force exerted by your muscles helps to pull
things, the car engine forces the car to move and the force
of brakes act to stop the moving car.

Force: is an external influence that affects the object to
change its state or direction of motion.

Force is measured by the spring balance in Newton (N).
Distinguished Scientists:

Although a lot of ancient philosophers tried to explore and explain motion and its causes,
no reliable theory had been achieved before the end of the seventeenth century. In this
aspect, we appreciate the contributions of two great scientists; Galileo and Newton.

Newton's first law:

May you have returned home one day after a long absence and looked around and
wondered:

“Alright, everything is in place, isn’t it?” Have you ever thought that you have just stated
one of the most important laws in nature!

Moreover, it is known that a rolling object on the floor would move for a certain distance,
slowing down, then stops. Ancient people thought that the normal nature of an object was
being static; meaning that every motion devolves to rest. But, experiments show that the
rolling object experiences forces of friction that slow it down till stop. If these forces do
not exist, the object would keep moving and would not stop. This principle is known as

Newton’s First Law of motion: “A static object keeps its state of rest, and a moving
object keeps its state of motion at uniform velocity in a straight line unless acted upon by
a resultant force.” The mathematical formula that

Expresses the law: >, F = 0

The term ZF is the resultant force that may equal zero when the forces acting on an object
may cancel the effect of each other.

A static object keeps unless acted upon o SAomowving object keeps its unless acted upon by
its state of rest o resultant foroce state of reotion at uniform a resultant force
welocity in & straight line

Applying Newton’s First Law, we can draw a conclusion that when the resultant force = 0,
acceleration = 0, and no change happens in object velocity either being static or dynamic.

Also, a resultant force is needed to move a static object or to stop a moving one. No need
for a resultant force to move objects at uniform velocity in a straight line.
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. . . . /]
Newton’s First Law is related to the concept of inertia. According \

Inertia”

Inertia: the tendency of an object to keep either its state of rest or state of motion at its
original velocity uniformly in a straight line. This means that objects resist changing its
static or dynamic state.

Exercise

Based on the concept of inertia explain the following daily observations:

= —_— -‘ — T -
Fall of cravon into the M otoreye be rider Flies off Seat be=lt shaoual<d bee
bottle when the ring is the motarceycle when it hits fastenaed on driving.
removed rapidly an obstacle,

Technological Applications

When being away from the Earth’s gravity, a space rocket
does not need to consume fuel to keep moving because
inertia keeps it moving at uniform velocity in a straight line.

Newton's second law:

We have learnt that when no resultant force affects the object, it does not move at
acceleration. Consequently, when a resultant force acts on the object (ZF #0), it moves at
acceleration. Accordingly, its velocity changes and it acquires acceleration (a #0).

Through his second law, Newton defined the factors affecting such acceleration; where it
is directly proportional to the resultant force on the object and inversely proportional to

the object mass.

b e e | £

= . =
ig—f =3 j &ﬁ. ¢ —3 €A M

Less force, less greater force, greater Less mass, more predter mass, less
acceleration. aoceleration. acceleration acceleration.

Figure (300 increase of acceleration with force. Figure (31} decrease of acceleration with mass

Newton’s Second Law of motion: “when a resultant force affects an object, the
object acquires an acceleration which is directly proportional to the resultant force and
inversely proportional to the object mass.” The mathematical formula that. th\‘:.,l.,-,anmuanf E’sﬁ

Expresses the law: a= X F/mor £ F =ma & Physics '93
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Representing the relationship between acceleration and the acti
notice that the acceleration of motion increases as the force
increases. Also, the less mass object (say, 100 kg) moves at a
greater acceleration than a heavier one (200 kg) does, when
affected by the same force.

|

=}

o O o
L

in =

Through Newton’s Second Law, we can state a definition for
the unit of force, “The Newton”

acceleration (ms)

=]

41200 kg

The Newton: is the force that when acts on an object of mass *H_ T
1 kg accelerates it at 1 m/s?. o o R

Foree ()
i.e. 1 Newton = 1 kg. m/s?
Critical Thinking Skills

A force of 1N acts on a wooden cube and accelerates it at certain acceleration (a).

When this force acts on another cube and accelerates it at acceleration (3a). What do you
conclude about the masses of the two cubes?

Mass and Weight:

Through Newton’s Second Law, we can infer that
moving or stopping a heavy body as a plane is much
difficult than a lighter body as a bicycle. In other words,
the plane resists the change in its Kinematic state more
than that done by the bicycle. Therefore, mass of an
object is defined by its resistance to change its
Kinematic state.

Also we can infer that acquiring acceleration implies the existence of force acting on the
object.

In case of moving at free fall acceleration, the object is under the effect of the
gravitational force of Earth.

Therefore, weight of an object is defined as the force of gravity acting on the body. Its
direction is towards the Earth’s centre and determined by the relation: W = mg

Newton's third law:

D %

Figure {34 what happens when air in Figure (35) what happens when Figure (36): what happens to the
a inflated balloon is allowsed o rush kKicking an opposite wall while rifle when the bullet goes out?
ot T sitting on a desk chair?

Newton formulated an explanation for the above mentioned situations through his third
law of motion that studies the nature of forces acting on objects. He noticed that forces
act in pairs of equal magnitude and opposite directions.

2
Figure (37): the two spring balances read the same
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Newton’s Third Law of motion: “when an object acts on anot er%&e t by aq‘(ggl,esl
the second object reacts with an equal force on the first object in a direction opposite to

that of action.”

I.e. For every action there is a reaction equal in magnitude and opposite in direction.
The mathematical formula that expresses the law: F,=-F,
Third law of motion implies that:

- No single force exists in the universe. Action and reaction are paired; originate and
vanish together.

- Action and reaction are of the same type; if the action is a gravitational force, reaction is
a gravitational force, as well.

- It is not a must that action and reaction are at equilibrium since they may act on different
bodies.

Practical Applications

4+ launching a rocket is based on Newton’s third law of motion. A huge amount of burning
gases rush down the rocket to generate a reaction pushing the rocket upwards.

Time management:

Take care and manage your examination time properly. Finishing a test in a hurry does not
grantee any extra marks. Answer carefully and neatly. Revise answers repeatedly to
avoid mistakes due to hastiness.

SOlVGd Example Action (F,} |'{-:1xlinq|_'_li_’r11"

less

acceleration

Larealer
1. What is the relation between the force ; K AL
acting on the elephant and that on the {r"_ﬁ
man?

2. Why are not action on the elephant
and reaction on the man at equilibrium?

3. If the elephant’s mass is 6times heavier than the man’s mass, calculate the
acceleration by which the elephant moves giving that the man moves at an acceleration
2m/s*.Why is the elephant acceleration negative?

Solution:
1. The force acting on the elephant = the force acting on the man.F1= -F2

2. For two forces to be at equilibrium, they must be equal, opposite, having one line of
action and act on the same body. All these conditions except the last one may be applied
on action and reaction; since the action acts on the elephant and the reaction is on the
man.

3 Finding acceleration of elephant’s motion:

F,=-F,
o = -mg g The negative sign indicates that the elephant motion is
-a, - opposite to the man motion.
ol -
3 e, @o“an‘led E"Sﬁ
since ", = J.‘iul;rI " . Gﬂ
- -l.’i'I -6 ]
2 2
“, =-12 mis Mr.Vioh: | Elshazl
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