Deztance and Dizplacemant

Distznce and displacemenl are different. When you traveied 50 km to the East and then 20 km 10 1the West,
tha totak distance yvoo traveled s 70 km, bat youe displacemant is 30 km East.
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In physics, wa say that distance is a =calar and displacement is 3 vactor. Scatar haz 2 magn; ] vactor

ftas kroth 8 magnitude and a direction. Scafar is ona dimensionzl and vector is two dimensk

Avarage Velocity and Instantaneous Velocily

Velocily shows how fast an objact iz moving 1o which direction. Average ve n *caﬁculated by
dividing digplacemanl over time.

At glapsed time
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For gxample. when a car moved 59 km in 2 hours, ¢ T velocity i3 25.5% Em/h because
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The instantaneous velociy shows iy of an abject at one point. For example, when you are driving a
car and iis speadomater swing 0 k@i h, then the instantaneous velocity of 1he car iz 90 km/ih.

Ozlance and Digplacemen

Distance and dizpla ara%iﬂ’amnt. When you traveled 58 km to the East and then 20 km 1o the Wast,
the totaf distan 4] d ks 70 km, but your digglacemeni iz 30 km East.
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In ica, we say 1hat distance is a 2calar and displacament is a vector. Scaktar haz 2 magniude and vector

ftas both 8 magnitude and a direction. Scatar iz one dimensional and vector is bwo dimenszionak

Average Velocity and Instantaneous Velocily

Valocity shows how fast an object iz moving 1o which direction. Average velocity can be calculated by
dividing digplacem ent over timo.
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Foar example, when a car moved 58 km in 2 hours, the average velocity i3 25.5 km/'h becguse
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The mstantaneous velocity shows the velocity of an object at one point. For example, driving a
car and its speedometer swings (o 30 km/h, then the instantaneocus velocity of the cj iz 9

Velocity-time Graph
»

A velocity-time graph shows the relationship between velocity and Ugee. eyfmple, if 2 car moves at
constant velocity of & m/s for 10 seconds, you can draw a velocity fme g@eph that looks ke this:

Velocity-time Graph
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The area belo répresents the disptacement the object traveled since it can be calculated by xy,

oFf (time * 1 which equals to displacement.

Relati

he car Ais at 50 km/h and the car B is at 30 km/h at opposite direction, the velocity of the car A
relative to the car B is B0 km/h.

What is acceleration?

When an object’s velocity changes, it accelerates. Acceleration shows the change in velocity in a unit



thme,

Velocity is measured in meters per second, mys, so acceleration is measured in {m/fs)/s, or mfs2, which
can be both positive and negative.

Average Acceleration and Instantaneous Acceleration
The average acceleration is the ratio between the change in velocity and the time interval.

Ay _ Velocity Change
At Elapsed Time
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For examgple, if a car moves from the rest to 5 m/fs in 5 seconds, its average acceler
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An instantaneous acceleration is the change in velocity at o®vt.

More Velocity-time Graph

i =

Let's examine more about a velocity-time grafig We say that the tangent of a velocity-time graph
represents instantanecous acceleration si
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For example, the instantaneo leration when t = 3 at the below graph is 3 m/s2, since the graph

has a siope of 3 when
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Displacement and Constant Acceleration
In this section, we will assume that acceleration is always constant,

We know that the area under the line of 3 velocity-time graph represents the displacement. Therefore,

the eguation
1
d = =, +V)

is true, where Vi is the initial velocity and VW is the final velocity, since the area of 2*
width * height.

»
Yelocity-time Graph: Constant Acceleration
33
30 —
¥ 25 1
E
= 20
E 15
T 10
5
I:I T T T T T
0 1 2 3 4 : =3
Time (=)
The final velocity of a uniformlby g abject s,
Ve =t +at
»
where:
* Y is the city in m/s,

initial velocity in mfs,

* 3 js acceleration in mfs?, and

+ tis time in second.



Theretore, by substituting it to the previous eguation,

— I . - 2 _ .2
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2a 2a therefore,

1 2
d =Vt +-at

2 is true. If you don’t understand the derivation, don't worry.
formulae are the ones that you showld learn.

From eguations

f/} =V, +at

1
d = =, +V)i

and

»
we can also say that ®
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d=—-x
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V' = +2ad
Theretore, is trae. These four red equations are very important and
vou should be very familiar wi emiit doesn't mean that you showld memorize these formudae.

Learn by using them.])

Accefeeation Bue to vity

Galikgo was the fgst ut that all objects falting to Earth have a constant acceleration of 9. 50 miz2
regardiess of t . Acceleralion due to gravity is given a symbod g, which equals 10 .80 mis2.

Thorafara, op & pen, it should behave kke this...

[mfs} iDispiacement [(m)
"""" 5
"""" 4.9
o 19 B 18 8
29.4 44 4
4 397 78 4

For all previous equations, we can substitute g for a



Vpetiovaer

P}? =PI= +2.Ed

1
d =V +§gﬁz

What is a Force?

Earce can be defined as a push or a pull. {Technically, force is something that can Rgceleriite chjects.) For
exampie, when you throw a baseball, you apply a force to the ball. force ks measure B [MNewton} A

force that causes an object with a mass of 1 kg to accelerate at  mfs is 4 1 Newton.

Mewton's First Law of Motion

f; the sum of all forces acting on an
ling g with 2 force of 100 N and the
of the first team (100 N - B0 N = 20 N).

You will have to learn a new terminoiogy here: net force.

object. for example, in 2 tag of war, when one team is

other with 80 N, the net force would be 20 N at th
When you stide your book on floor i will stop n you slide it on icy surface, it will travel further
and then stop. Galdeo believed that wh perfectly smooth object an a2 frictionless floor the

object would travel forever.

tsagc Newton developed the i iled further. He concluded that an object will remain at rest or

move with constant velod efe is no net farce acting on it. This is called Newtonr's First Law of
Motion, or Law of inertia.

»
Mewton's Second L ation

deals with an object with no net force. Mewton's Second Law talks about an object
Pt states that when the net force acting on an abject is not zero, the ohject will

e direction of the exerted force. The acceleration is directly proportional to the net force

ly proportiona to the mass. i can be expressed in formula

where:

v Fis the net force in N,



+ m is the mass of an abject in kg and
* 2 is its acceleration in m/s2.

From this formula, we can say that force is something that accelerates an object.

Mewton's Third Law of Motion

When you kick the wall in your room, you will probably end up hurting your foot. Newton's Thj
dMotion can explain why when one object applies a force on a second object, the second obj
a force on the first that has an equal magnitude but opposite direction. In other words,
the wall, the wall kicks you back with equal force. As a resuft you will get hurt. These fo
action-reaction forces.

Remember when you kick the wall, you exers force on the wall. When th H kicks you back, it exeris
force on you. Therefore, the net force on the wall is not zero and the ne your foot is not zero
neither.

Mass and Weight

dass and weight are different in physics. For example m oesn't change when you go to the

Moon, but your weight does. Mass shows the qua eight shows the size of gravity.
if you know your mass, you can easily find ygur i ecause
W=mg

where:

v W is weight in Newtgp (N},

* 3 iS5 Mass in

Weight is measured by Newton (N}

Friction



¥ou will have to learn another vacabulary before you proceed: the normal force. The normal farce acts
on any object that touches surface [either directly or indirectly). The normal force would be applied on a
ball on 3 table, but not on a ball in the air, for instance. It always acts perpendicularly to the surface. The
formula to calculate the normal force is

FN = -mg

where:

+ N is the normal force in Mewton [N),

* m is the mass in kg, and

= g is the gravitational force in mfs2. »

For examgple, the normal force acting on a 70 kg-person would be

FM = - {70 kgl(-9.8 m/s2} = 656N ®

Mow, we will talk about friction.

When you stide your book on floor, i will co o Mg because of the force of friction. Friction is the

farce that acts between two object in co e¥gse of action-reaction.

Force of friction can be calculated b ef

Fj‘ = HEy @
»

where:

lue of depends on surface you are dealing with. The following 1abke shows some exampla of @,

éEurfaca é".-';alue of W §
érubber on dry azphaft -=1 %
érubber oh wel azphaft I'_'IEIE %
ésteei on steal I'_'IHS §

éste&i on ice 50.010




érubbﬁr on ice EU.DGS

For example, if you throw & 500 g book on floor where = 4.1, the force of friction would be:

Fr= M= 0105+ 98) =049 N

Simple Breakdown of Forces

You can break down forces into several components easily. For example. th o3 o be
broken into two forces: Fx and Fy.

The foliowing formulas are true: »
Fx=cos A *Fl
Fy = sin A * Fl
The idea of "breaking down forces” 18 very im his chapter.
Two Dimensional Forces intc One
You can combine two forces into one. op k pushed a box with a force of 30 N at 0 degree and
Michact pushed it with a force of 4 rees. How can we fing the nat foree acting on 1he box?
W
»
TH ing you have to 4o is to find afl forces on x direction (% axis) onky. Jack exerts 30 N and Michael
& 45 * 40) N at % dirgction. Therefore, 1he total foree on x direction would be

30N ¥ (cos 45 401 M= 583 N, [E]

Then, yvou will have 10 analyze 2l forces on y direction [y axizg). Since fack exerls no force and Michae!
gxerts [sin 453 * 40} N, the total force on vy direction woukd be

BN+ (sind45* 48) N = 283 N. [N]

To find thae combination of Jack and Michael's forces, we can just combine forces on X and y dirgctions.
Therefore, using the Pythagorean Theaorem, we can calculate that



(583)" +(283)" =~ 648,

is the magnitude (size} of tha combined forcas.

One Dimenszéional Forces into Twao

You can aiso brezk down forces, For example, Fred pushed a box to the raszt and fack
pushed it to the north. If the net force is 100 N 1o north gast by 45 dagrees,

N
&OM {Michaed)

30N {Jack)

the foree applied by Fred woulkd be
FFred = cos 45 * 100 = 707 N

and the force by Jack is

Flack = gin 45 * 100 = 73 .7 N

Whan yvou combine FN and Fg, 2 single

generated. Thiz force. called tha T
can ba cafctlailed by Fg * S0 x.

|

. the mixtara of tha force of parallel and the force of friction determings how the
vas. |fthe force of parallel is farger than the force of friction, the box wilk slide. if
oth cas have saqual magnituede, the box will not slide. {f the foree of friclion is {arger
n ihe foree of parailel, tha box wil move upward. {Just kidding. The force of frictéion can
var be groeatar than the forca of paralkgl.)



Fn=Fgcom x

Fy=Fg ain x

Forcaes in Three Dircclions

1f you saa a mixtere of three or moroe forcas like bolow,

Adl yoo have to 4o is Lo cablcelate forces on X direction, on v direction, and ad
forces into one to get the 1otal net foree.
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