
Distance and Displacement 

Distance and displacement arc diftctcnt. Wflen you traveled 50 km to tfle East and then 20 km to the West, 
the total distance you traveied fs 70 km, but you£ displacement is 30 km East. 
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Tho instantaneous velocity sflows ｾｯｦ＠ an object at one point. For example. when you are driving a 
car and its speed om ctet swinN-::Fhen the instantaneous velocity of the car is 90 k m /h. 

Dtstance and ｏｩｳｰｬ｡｣｣ｭ･ｮｾ＠

Distance and ､ｩｳｰｬ｡ｾ｜｡ｲｯｴｩｲｴｯｴｯｮｴＮ＠ When you traveled 50 km to tho East and then 20 km to the West. 
the total ､ｩｳｴ｡ｮｾｾ､＠ is 70 km. but yout displacement is 30 km East. 
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Scalar has a m agnttude and vectot 
has both a m agn it ude and a d irecl ion. Scalar is one dimensional and vecto£ is two dimensional. 

Average Velocity and Instantaneous VclocHy 

Ve1ocity shows how fast an obj ocr is moving to which direct ion. A vet age velocity can be calculated by 
dividing displacement ovet tim e. 



IJ.d displacement v---....; __ _ 
- IJ.t - elapsed_ time 

Fot exam pie, when a car moved 50 km in 2 h ouf s, the average velocity is 2 5. 5 km J h boca use 

50km ｾ＠V=-=255kmlh 
2h 

Tho .nstantaneous veloc.ty shows the velocity of an object at one po1nt For oxampl•-c:f"' dnv1ng a 
car and Its speedometer sw.ngs to 90 km/h, then the Instantaneous velocity of the ｣Ｌ［Ｌ［［［ｾ＠
Velocity-time Graph 

A velocity-time graph shows the relationship between velocity ｡ｮｾｾ＠ t m:e. if a car moves at 
constant velocity of S m/s for 10 seconds, you can draw a velocity ｾｹＬｾｴ＠ looks like this: 
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or (time • J w ch equals to displacement. 

ｒ･ｾｾ＠
ｾｾ｣｡ｲ＠ A is 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 80 km/h. 

What is acceleration? 

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



time. 

Velocity is measured in meters per second, m/s, so acceleration is measured in (m/s)/s, or m/s2, 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. _ ｾ＠

a_ ｾＭ Velocity Change ＰｾＧ＠
- IJ.t - Ellapsed Time 

For example, if a car moves from the rest to 5 m/s in 5 seconds, its average acceleu 

,. ＢＢｾＧ＠ •lml•' cJlJ . 
An instantaneous acceleration is the change in velocity at o"i:lt. 

Let's examine more about a velocity-time gra We say that the tangent of a velocity-time graph 

represents instantaneous ｡｣｣･ｬ･ｲ｡ｴｩｯｮｳｾ＠

m•!•': ., ｾ＠
For example, the insta tane01eration when t: 3 at the below graph is 3 m/s2, since the graph 

has a slope of 3 wh n 3. + 
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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 a velocity-time graph represents the displacement. Therefore, 

the equation 

•. ±w, +V.i• ｾ＠
is true, where Vi is the initial velocity and Vf is the final velocity, since the area of rnP2 . 
width • height. ｾ＠
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Tho ｦｩｾｬＢＢＧ｣ｩＢ＠ of • Ｌ［ｲｯｾ＠ -&•bi•" 0, 

v1 ｾＢｦＫ｡ｴＬ＠ 0 
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• VII• ｾｬ＼ｹ＠ ;, mh, 

• ｾｮｩｴｩ｡ｬ＠ velocity in m/s, 

ｾＺ･ｲ｡ｴｩｯｮ＠ in m/s2, and 

• tis time in second. 



Therefore, by substituting it to the previous equation, 

1 (v'- v;) (V1 +V;)(V,- V;) 
d =2cv, +V;) a I = 2a 

(V/ - V;l) 
= 

2a therefore, 

1 2 
d = V:t +-at 

1 
2 is true. If you don't understand the derivation, don't ｷｯｾｲｹＮ＠

formulae are the ones that you should learn. 

From equations 0 
V, =V;+at 

and 

we can also say that 

1 [cvt + V; )<V, - V; )] d = -X L....::__ _ _:_ _ ___.L 
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Therefore, • tJ:' true. These four red equations are very important and 
V,

2
=Vj

2
+2ad ｾｾ＠

you should be very familiar ｾ＠ ... m It oesn't mean that you should memorize these formulae. 

Learn by using them.) ｾ＠

vity+ 

ut that aU objects falling to Eanh have a constant accolefation of 9.80 m/s2 
. Acceleration due to gfavity ts gtven a symboi g, which equals to 9.80 m/s2. 

For all previous equations, we can substitute g fnr a: 



1 
ri = V:t + -gt2 

I 2 

Force can be defined as a push or a pull. (Technically, force is something that can ｃ･ｾ･＠ objects.) For 
example, when you throw a baseball, you apply a force to the ball. force is ｭ･｡ｳｵｾ＠ (Newton). A 

force that causes an object with a mass of 1 kg to accelerate at 1 m/s is ･ｴｾ＠ 1 Newton. 

Newton's First Law of Motion c; 
You will have to learn a new terminology here: net ｦｯｲ･ｾＮ＠ ｾｴｨ･＠ sum of all forces acting on an 
object. For example, in a tag of war, when one team is li; '(.;Z;' with a force of 100 Nand the 
other with 80 N, the net force would be 20 N at th of the first team (100 N · 80 N = 20 N). 

• 

n you slide it on icy surface, it will travel further 

perfectly smooth object on a frictionless floor the 

_.._L-..vdeals with an object with no net force. Newton's Second Law talks about an object 
states that when the net force acting on an object is not zero, the object will 

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

"-lielv proportional to the mass. It can be expressed in formula 

F=ma 

where: 

• F is the net force in N, 



• m is the mass of an object in kg and 
• a is its acceleration in m/s2. 

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

Newton's Third law of Motion 

When you kick the wall in your room, you will probably end up hurting your foot. Newton's Th' 

Motion can explain why: when one object applies a force on a second object, the second ob1 ap 
a force on the first that has an equal magnitude but opposite direction. In other words,g ick 

the. wall, ｴｨｾ＠ wall kicks you back with equal force. As a result you will get hurt. ｔｨｲｾｳ＠ ar ailed 

actton-reactton forces. v 
Remember when you kick the wall, you exerts force on the waiL When ｴｾｬｬ＠ ｫｩ｣ｾ＠ you back, it exerts 
force on you. Therefore, the net force on the wall is not zero and the ne your foot is not zero 

neither. r ｾ＠

Mass and Weight ｾＢＩＮＮＮＬ｟＠ '-' 

Mass and weight are different in physics. for example 4... :U:sn't change when you go to the 

Moon, but your weight does. Mass shows the qua ' Ｌｾ･ｩｧｨｴ＠ shows the size of gravity. 

where: 

Weight is measured by Newton (N). 

Friction 



You will have to learn another vocabulary before you proceed: the normal force. The normal force acts 

on any object that touches surface (either directly or indirectly). The normal force would be applied on a 

ball on a 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: 

• FN is the normal force in Newton (N), 

• m is the mass in kg, and 

• g is the gravitational force in m/s2. n.. • 
For example, the normal force acting on a 70 kg-person would be u 'C,J 
FN = · (70 kg)( -9.8 m/s2): 686N .t f(j. 
Now, we will talk about friction. ｾ＠

When you slide your book on floor, it will co 

force that acts between two object in ｣ｯｾ＠

Force of friction can be ｣｡ｬ｣ｵｬ｡ｴ･ｾＮｕＺ＠

F,=JJFN e,r 
where: 

• is th e of friction, and 

because of the force of friction. Friction is the 

• ｾｾ＠ alforcein N. 

ｾｾｦ＠ depends on surface you are dealing with. Tho following table shows some example of IJ. 

jsufface 

j rubber on dry asphalt 

I rubber on wet asphalt 

!steel on ｳｴ･･ｾ＠

!steel on ice 

Value of 11 

• I 

0.95 

0.18 

0.010 



!rubber on ice io.oos 

For example, if you throw a 500 g hook on floor where= 0.1, the force of friction would be: 

Ft= pF'N=(O 1)(05 *98) =049N 

You can break down forces into several components easily. For example. ｴｨｴＧｦｴＧ｣ｾ＠ n be 
broken into two forces: Fx and Fy. ｾ＠

The following formulas are true: e, + 

Fx= cos A" Fl c; 
Fy= sin A* Fl f(j-

Two Dimensional Forces into One 

You can combine two fotces into one. pp k pushed a box witfl a force of 30 N at 0 degtee and 

Fy 

ﾷﾷｾﾷ＠

Then, you willflave to analyze all forces on 'J direcHon ('J axis). Since Jack exerts no fotce and ｍｩ｣ｨ｡･ｾ＠
exerts (sin 45 • 40} N. the total force on y direction would be 

0 N • (sin 45 • 40) N • 28.3 N. [N] 

To rind the combination of Jack and Michael's forces. we can just combine ro1ces on x and y dlrectlons. 
Thcfefore, using the Pythagorean Theorem, we can calculate that 



is the magnitude (size) of ｴｨｾ＠ com ｢ｩｮｾ､＠ forces. 

ｏｮｾ＠ Dim cnsional Forces tnto Two 

You can ｡ｾｳｯ＠ break down forces For example, Fred pushed a box to the cast and Jack 
pushed it to the north. If the net force is 100 N to north easl by 45 degrees, 

N 

w .,. 
:JON(Jackl 

the force applied by Fred would be 

FFrod > cos 45 • 100 > 70.7 N 

and the force by Jack is 

FJack = sin 45 • 100 ｾ＠ 70.7 N 

N 

Jack 

CJ 
cJo· 

ｾｦｬｪ＠
acts parallel to the surface wiU be 

Uel (F/J), causes the box to move forward. F/f 
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Forces 1n Tflreo Directions 

AU you have to do is to calculate forces on x dlf'ection. on y d1rect1on. and ｡､ｴＭｳｾ＠
forces into one to got tho total net force "-J 

0 . 

• 


