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Chapter 1
Measurements

By PresenterMedia.com

http://www.presentermedia.com/mspp.html


Physics is based on measurement of Physical Quantities.

For example: length, time, mass, temperature, pressure.

Physical Quantities 

Physical Quantities

Base quantities

Assumed to be independent
of each other.

Length, mass and time.
Time

Length
Velocity

Derived quantities

Defined in terms of base 
quantities via equations.



Physical Quantities

Physical 
Quantity

Symbol
Equation

Unit

Velocity :        V

V= Length/time

m/s



The International System of Units (SI)
Based on the General Conference on Weight and Measurements In 1971.

Base 
Quantities

Units of base 
quantities

Standards of 
base quantities



Length: 
A meter is the 
length of the path 
traveled by Light 
in a vacuum 
during a time 
interval of 
1/299792458 of a 
second.

Time: 
A Second is the 
time taken by 
9192631770 
oscillations of the 
light (of specified 
wavelength) 
emitted by 
cesium-133 atom.

Mass: 
A kilogram is the 
mass of a 
paltinum-irradium
cylinder 3.9 cm in 
height and 
diameter kept 
near Paris.

Standards of Base Quantities 



Scientific Notations
For large or small numbers

3560000000.0 m = 3.56 x          m 

0.00000492 s = 4.92 x         s
6

9
10
+

10
-



Express 0.00592 in scientific notation.
a)  5.92 × 103

b)  5.92 × 103

c)  5.92 × 102

d)  5.92 × 105

e)  5.92 × 105

Scientific Notations
• Example



Express 0.00592 in scientific notation.
a)  5.92 × 103

b)  5.92 × 103

c)  5.92 × 102

d)  5.92 × 105

e)  5.92 × 105

Scientific Notations
• Example



Scientific Notations
Using prefixes

3.56x 109 m giga G 3.56 Gm

4.92 x 10-6 s = 4.92  s





Chain-link conversion 
Conversion between units

Convert 2 min to s?



min1

60

1min

min1 s


min1

60
1

s


s120
min1

s60
min2 

s60min1 

Conversion factor:
is the ratio of units 
that equal unity

1

60
1



.ايجاد العلاقة بين الوحدات المراد تحويلها1.

.نقسم على الوحدة المراد التخلص منها2.

نختصر و نوجد معامل التحويل المساوي 3.

.للواحد

.ويلنضرب الكمية المراد تحويلها بمعامل التح4.

.نختصر و نبسط النتيجة5.



Convert 2 s to min?

a) 120 min
b)  0.333x 102 min
c) 60 min 
d)  3.33 × 102 min

Unit Conversion
• Example



Convert 2 s to min?

a) 120 min
b)  0.333x 102 min
c) 60 min 
d)  3.33 × 102 min

Unit Conversion
• Example



Objectives
After this lecture you should be able to…

Standards of measurements

The International system of units

Units using the chain-link method 

The scientific notation to numbers

Explain

Define

Apply

Differentiate

Convert

Between base and derived quantities 



The End



By: Dr Wajood Diery



To locate an object means to find it’s position relative to reference point 
origin ( or zero point ) of an axis .

0origin

Positive 
direction

Negative 
direction



X= 3m 

X= -2m 

•Position: x
•Unit: m.



If the particle move from the position X1 to the position X2
X1 X2 

Displacement : x= x2-x1

• Unit: m.
•It is a vector quantity: has magnitude and direction.
• Direction: if x is positive  moving to the right

if x is negative  moving to the left

Distance : d

It is a scalar quantity: has no direction.

X=(-2)-(2)=-4m

x = 4m to the left



What is the difference between 
displacement and distance?

if a particle moves from x =0 m to x= 200m and then back to x=100m

d= 200+100=300 m Δx= 100 – 0 =100 m

x =0 x= 200m 

x=100m

To the right



The ratio of displacement  that occurs during a particular time
interval to that interval.

 Unit of is m/s.

t1 t2

X1 X2

• if it is positive  moving to the right
if it is negative  moving to the left



12

12

tt

xx

t

x
vavg











 is a vector quantity.avgv



The ratio of total distance  that occurs during a particular time
interval to that interval

 Unit of savg is m/s

 savg is a scalar quantity





2.01

driving

walking

70km/h

8.4km

30min
2km

= 10.4-0
=10.4km 

∆𝑥 = 𝑥2 − 𝑥1

X1=0

X2=8.4+2
=10.4km



driving

walking

70km/h

8.4km

30min
2km

∆ttot=∆tdrv+ ∆twalk

∆tdrv=
∆𝑥𝑑𝑟𝑣
𝑣𝑑𝑟𝑣

𝑣𝑎𝑣𝑔,𝑑𝑟𝑣 =
∆𝑥𝑑𝑟𝑣
∆𝑡𝑑𝑟𝑣

=
8.4

70
=0.12h

∆ttot=0.12+0.5=0.62h
∆twalk=30min=0.5h



driving

walking

70km/h

8.4km

30min
2km

𝑣𝑎𝑣𝑔, =
∆𝑥𝑡𝑜𝑡
∆𝑡𝑡𝑜𝑡

=
10.4

0.62
= 17𝑘𝑚/ℎ



driving

walking

70km/h

8.4km

30min
2km

𝑠𝑎𝑣𝑔 =
𝑡𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒
45min

=
8.4 + 2 + 2

0.12 + 0.5 + 0.75

=0.75h

=0.5h

=0.12h=9.1km/h



Velocity at any instant.

Unit is m/s

It is a vector quantity

dt

dx

t

x
v

t








lim

0

• if v is positive  moving to the right
if v is negative  moving to the left

s is the magnitude of velocity



Problem 15 p30
The position of a particle moving on an x axis is given by 

With x in meter and t in second. 
Calculate a)the instantaneous velocity  at t=2s?
Is the velocity constant or is it continuously changing?

𝑥 = 18𝑡 + 0.5𝑡3

dt

dx
v  =18 + 0.5 (3)𝑡2 = 18 + 1.5𝑡2

𝑣 𝑎𝑡 𝑡 = 2𝑠 𝑣 = 18 + 1.5(2)2 =24m/s

the velocity is continuously changing because it 
depends on time



b) The average velocity between t=2s and t=3s?



12

12

tt

xx

t

x
vavg











𝑥 = 18𝑡 + 0.5𝑡3

𝑎𝑡 𝑡1 = 2𝑠 → 𝑥1 = 18 2 + 0.5(2)3= 40𝑚

𝑎𝑡 𝑡2 = 3𝑠 → 𝑥2 = 18 3 + 0.5(3)3= 67.5𝑚

𝑣𝑎𝑣𝑔 =
67.5 − 40

3 − 1
= 27.5𝑚/𝑠



Average Acceleration Instantaneous Acceleration

When an object’s velocity changes ( magnitude, or 
direction),We say the particle undergoes an acceleration.

50m/s 100m/s



2

2

v

t

1

1

v

t

• is the ratio of a change in velocity to the time
Interval in which the change occurs.

•

12

12

tt

vv

t

v
aavg











• 2m/s :Unit

• It is a vector quantity.



a

dt

dv
2

2

dt

xd

)(
dt

dx

dt

d
a  2

2

dt

xd


dt

dx
v  but

dt

dv

t

v
a

t








lim

0

2m/s :Unit

It is a vector quantity.

dt

dv
a 



dt

dx
v  = 0 − 27 + 3𝑡2

𝑎 =
𝑑𝑣

𝑑𝑡
= 0 + 3 2 𝑡 = 6𝑡

𝑣 = −27 + 3𝑡2

𝑣 = −27 + 3𝑡2

𝑡 = ? ? ? 𝑣 = 0 → 0 = −27 + 3𝑡2 𝑡 = +3𝑠



To the right

upward

Velocity increases

a +ve

Velocity decrease

a -ve

Velocity increase

a -ve

Velocity decreases

a +ve

downward

To the left



Constant acceleration does not mean the velocity 
is constant, it means  the velocity changes with 
constant rate.

 Constant acceleration does not mean a=0. 
If a=0  v is constant.



0x  Initial position

x  final position

0v  Initial velocity

v  final velocity

t  time

a  Constant acceleration

atvv  0

2

00
2

1
attvxx 

)(2 0

2

0

2 xxav v 

tvvxx )(
2

1
00 

2

0
2

1
atvtxx 

Equation

0xx   displacment



when the object starts from rest 00 v

when the object stops 0 v

problem. in the mentioned else something unless00 x



atvv  0

2

00
2

1
attvxx 

)(2 0

2

0

2 xxav v 

tvvxx )(
2

1
00 

2

0
2

1
atvtxx 

Page 30

𝑥𝑜 = 2𝑚 𝑥 = 8𝑚 𝑣 = 2.8𝑚/𝑠𝑡 = 2.5𝑠

𝑎 =? ?

2

0
2

1
atvtxx 

8 − 2 = 2.8 2.5 −
1

2
𝑎(2.5)2

𝑎 = 0.32𝑚/𝑠2



Page 30

atvv  0

2

00
2

1
attvxx 

)(2 0

2

0

2 xxav v 

tvvxx )(
2

1
00 

2

0
2

1
atvtxx 

𝑥𝑜 = 0 𝑥 = 2𝑐𝑚 = 0.02𝑚 𝑡 = 5𝑚𝑠 = 0.005𝑠

𝑎 =? ?

𝑓𝑟𝑜𝑚 𝑟𝑒𝑠𝑡 𝑣𝑜 = 0

2

00
2

1
attvxx 

0.02 − 0 = 0(0.005) +
1

2
𝑎(0.005)2

𝑎 = 1600𝑚/𝑠2



 Free fall is the motion of an object under influence
of Gravity and ignoring any other effects such as air 

resistance.

 All objects in free fall accelerate downward at the
same rate and it is independent of the object’s mass, 
density or shape.

 This acceleration is called the free-fall acceleration.

 downwardsmg 2/8.9



• The motion along y axis
•

yx 
ga 

 atvv 0

gtvv  0

 2

00
2

1
attvxx

2

00
2

1
gttvyy 

 tvvxx )(
2

1
00

tvvyy )(
2

1
00 

 )(2 0

2

0

2 xxav v )(2 0

2

0

2 yygv v 

 2

0
2

1
atvtxx 2

0
2

1
gtvtyy 



• When substituting for g in the equations
g = 9.8m/s.
• when the object is moving up (ascent).
•When the object is moving down (descent)

increasing

ve is v

ve is y

g-

decreasing

ve is v

ve is y

g-

Max height

0v

g-



gtvv  0

2

00
2

1
gttvyy 

tvvyy )(
2

1
00 

)(2 0

2

0

2 yygv v 

2

0
2

1
gtvtyy 

Page 31

60𝑚

𝑣𝑜 = −20𝑚/𝑠 𝑦𝑜 = 0 𝑦 = −60𝑚 g= 9.8𝑚/𝑠2

2

00
2

1
gttvyy 

-60 − 0 = −20𝑡 −
1

2
9.8 𝑡2

𝑡 =? ?

𝑡 = 2𝑠



gtvv  0

2

00
2

1
gttvyy 

tvvyy )(
2

1
00 

)(2 0

2

0

2 yygv v 

2

0
2

1
gtvtyy 

𝑣0 = 12

𝑣 = 0 𝑣0 = 12𝑚/𝑠 g= 9.8𝑚/𝑠2 𝑡 =? ?

gtvv  0

0 = 12 − 9.8 𝑡 𝑡 = 1.2𝑠

𝑦 =? ? 𝑦𝑜 = 0 𝑣 = 0 𝑣0 = 12𝑚/𝑠 g= 9.8𝑚/𝑠2

)(2 0

2

0

2 yygv v 

0 = (12)2−2(9.8)(𝑦 − 0)

𝑦 = 7.3𝑚



gtvv  0

2

00
2

1
gttvyy 

tvvyy )(
2

1
00 

)(2 0

2

0

2 yygv v 

2

0
2

1
gtvtyy 

𝑦 = 5𝑚 𝑦𝑜 = 0 𝑣0 = 12𝑚/𝑠 g= 9.8𝑚/𝑠2

𝑡 =? ?

2

00
2

1
gttvyy 

5 − 0 = 12𝑡 −
1

2
(9.8)𝑡2

𝑡 = 0.53 𝑡 = 1.9

𝑦 = 5𝑚
𝑡 = 0.53𝑠

𝑦 = 5𝑚
𝑡 = 1.9𝑠





a

a
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Physical Quantities

Vector Quantities Scalar Quantities

+Ve Number -Ve Numbermagnitude direction+

Follow certain rules 
of addition and 
multiplication

Follow the rules of  
ordinary algebra

3-1 VECTORS AND THEIR COMPONENTS 
Vectors and Scalars

2



Vectors  

Adding Vectors Multiplying Vectors 

Geometrically By Components By scalar By a vector

Scalar
Product

vector
Product

•Adding vectors.
• Commutative Law.
• Associative Law.
• Vector Subtraction.

• resolving a vector. 

• unit vectors.
•Adding vectors.

3



• Vector equation

Adding Vectors Geometrically

4

• Draw the first vector.
• From the end of the first vector draw the second vector.
• And so on.
• Draw a line from the start point to the end point and this will be the Sum or resultant.



• Commutative Law

5



• Associative Law

6



• Vector Subtraction

7



x

y

• Component is the projection of the vector on an axis

• Resolving the vector is the process of finding the components

xa

ya a

axcos
a

ay
sin,

Components of Vectors

8



x

y



xa
xa

ya
ya

 cos andsin aaaa yx 

y

x

 sin andcos aaaa yx 

9



• Writing a vector in magnitude- angle  
notation

yx aandaa :


Magnitude Direction (angle)

aa yx
aa

22
,  )(tan 1

x

y

a

a


The angle is measured from positive
X-axis.

10



• Writing a vector in magnitude-
angle  notation

a


yx aanda

aa yx
a

22


anda

• Finding the components.

cosaax  sinaay 

)(tan 1

x

y

a

a


11



 
𝑎

 
𝑎

 
𝑎

 
𝑎

𝒂𝒙𝒂𝒙

𝒂𝒚

𝒂𝒚

: 𝒂𝒙 : +𝒗𝒆, 𝒂𝒚 : +𝒗𝒆
𝒂𝒙 : −𝒗𝒆, 𝒂𝒚: +𝒗𝒆

𝒂𝒙 : −𝒗𝒆, 𝒂𝒚: −𝒗𝒆
𝒂𝒙 : +𝒗𝒆, 𝒂𝒚: −𝒗𝒆

12



North of east

West of south

13



Sample Problem 3.02

14



• Unit vector is a vector of magnitude 1 
and points  in a particular direction

• Writing a vector in Unit vector notation

Vector Components

3-2 UNIT VECTORS, ADDING VECTORS BY COMPONENTS 

Unit Vectors

15



Adding vectors by Components

 𝑟 =  𝑎 + 𝑏
 𝑟 = 𝑟𝑥  𝑖 + 𝑟𝑦  𝑗 + 𝑟𝑧  𝑘

𝑟𝑥 = 𝑎𝑥 + 𝑏𝑥 𝑟𝑦 = 𝑎𝑦 + 𝑏𝑦 𝑟𝑧 = 𝑎𝑧 + 𝑏𝑧
-- -

-

16



Figure 3-17a shows the following three vectors:

Sample Problem 3.04

17



Multiplying a vector by a vector

Scalar product 
(or Dot product)

Vector product
(or cross product)

+ve scalar -ve scalar

Multiplying a vector by a scalar

will produce a new 
vector in the same 

direction as the 
started vector 

will produce a new 
vector in the 

opposite direction 
of the started vector 

will produce a 
scalar 

will produce a new 
vector 

3-3 MULTIPLYING VECTORS

Multiplying vectors

18



If the two vectors are given in magnitude 
and the angle between them

If the two vectors are given in 
unit vector notation

Scalar (or Dot product) 

19



֍ The scalar product is commutative 

֍ If the two vectors are parallel 

֍ If the two vectors are perpendicular 

֍ If the two vectors are Antiparallel

  î.î  10cos)1)(1( 

  ĵ.î  090cos)1)(1( 

֍ Multiplying Unit vectors 

20



any two similar unit 
vectors

The scalar product is 
commutative

any two different  
unit vectors

the angle between 
two vectors can be 

found

Properties
Of the scalar

product

If                                        vectors are parallel 

vectors are anti parallel

vectors are perpendicular
21



Sample Problem 3.05

22



If the two vectors are given in magnitude 
and angle between them

If the two vectors are given in 
unit vector notation

Vector (or Cross product) 

The direction of the result vector  

23



◊ The scalar product is Anti-commutative 

◊ If the two vectors are parallel 

◊ If the two vectors are perpendicular 

◊ If the two vectors are Anti-parallel 

î.î 00sin)1)(1( 

ĵ.î 190sin)1)(1( 

+ve

k̂ĵ.î 

-ve
k̂-î.ĵ  ĵ-k̂.î î-ĵ.k̂ 

◊ Multiplying Unit vectors

24



any two similar unit 
vectors

If                                                         vectors are parallel

vectors are anti parallel 

vectors are perpendicular 

Anti- commutativeany two different 
unit vectors

The small angle  
between the two 

vectors must be used 
because the odd 

property of the sin 
function

Properties
of the Vector

product

25



Sample Problem 3.07

26



27



By Dr. Wajood Diery

1



îxĵyk̂z

k̂ĵî andk̂ĵî 22221111 zyxrzyxr 


)k̂ĵî(-)k̂ĵî( 111222 zyxzyxr 


k̂)(ĵ)-(î)-( 121212 zzyyxxr 


k̂ĵî zyxr 


12 rrr




k̂ĵî zyxr 


Position

Displacement

4-1 position and displacement
Position and displacement

2



Problem 3 page 73

An elementary particle is subjected to a displacement of

ending with the position vector
What was the particle’s initial position vector ?

3

∆ 𝑟 = 2.0  𝑖 − 4.0  𝑗 + 8.0 𝑘

 𝑟 = 4.0  𝑗 − 5.0 𝑘



4.01

4



but 



Average velocity

Instantaneous velocity

4.2  Average  velocity  and  instantaneous 
velocity

5



6



4.02

4.01

7





but 

Average Acceleration

Instantaneous Acceleration

4-3 Average Acceleration and Instantaneous 

Acceleration

8



4.03

4.01 and 4.02

9



Problem 15 page 74
From the origin, a particle starts at t=0 s with a velocity

and moves in the xy plane with a constant
acceleration of (m/s2 ). At the time particle reaches

the maximum x coordinate, what is it’s (a) velocity and (b) position

vector?

10

 𝑣 = 7.0  𝑖 𝑚/𝑠

 𝑎 = −9.0  𝑖 + 3.0  𝑗



11



is the motion of a particle that is launched with an initial
Velocity and its acceleration is always the free fall
Acceleration -g.

0v


4.4 Projectile Motion

12



y

x
θ0

Projectile’s Path

Launching point Landing point

Max. height

13



14



y

x
θ0

v0

v0x

v0y

15



θ0

vx

vy

vy

Projectile motion

Horizontal Motion Vertical Motion

No Force Gravity
v=

v0x

v0y

vx
vx

Max. height

vy

xx 

y
y

x

0V


V


V


y

16



x

H 

Max. height

17



Problem 22 page 74 :

A small ball rolls horizontally off the edge of a tabletop that is

1.50 m high. It strikes the floor at a point 1.52 m horizontally from

the table edge. (a) How long is the ball in the air? (b)What is its

speed at the instant it leaves the table?

18



Problem 32 page 75:

You throw a ball toward a wall at speed 25.0 m/s and at angle 𝜃0 =40.0 ̊ 

above the horizontal (fig 4-26). The wall is distance d =22.0 m 

from the release point of the ball.

(a)How far above the release point does the ball hit the wall? What 

are the (b) horizontal and (c) vertical components of its velocity as it 

hits the wall? 

Figure 4-26 

19



d)When it hits, has it passed the highest point on its trajectory?

20



R
R

x

The Horizontal Range

21



This is the equation of a parabola, so the projectile path is parabolic

The Equation of the Projectile Path (TRAJECTORY)

22



EXTERNAL EXAMPLE

23



1-Velocity :
-magnitude constant v.
-direction :tangent to the circle in the
direction of motion.

V


V


V


V


2- Acceleration:
Why is the particle accelerating even though the speed does not vary?

- magnitude 
r

v
a

2



- It is called Centripetal(meaning seeking center) acceleration

- direction: toward the center. 

a


a


a


a


A particle is in uniform circular motion if it travels around 
a circle or circular arc at constant speed.

4-5 Uniform Circular Motion

24



3- Period: is the time for a particle go around the circle once.

velocity

distance
  Time 

v

r
T

2


For one round  distance = circumference of the circle 

25



jvivv ˆˆ


ĵvv 


îvv 


îvv 


jvivv yx
ˆˆ 



26



jaiaa yx
ˆˆ 



îaa 


îaa 


ĵaa 


ĵaa 


jaiaa ˆˆ 


27



4.06

28
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By: Dr. Wajood Diery
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5-1 Newton’s First and Second Law

What is Physics?

To study the motion of an object

We usually study the acceleration of this object 

Acceleration is the changing in velocity

The cause of this changing is a Force

2



If No Force acts on a body, the body’s velocity 
cannot change; that is, the body cannot Accelerate.

if the body is at rest , it stays at 
rest  

if the body is in motion, it stays 
in motion with the same velocity 

(same speed and direction) 

If there is No Force that acts on the body 

or

Newton’s First Law

3



֍ Its Unit is Newton N .
֍ It is a Vector.

Force

4



F

a0

m0

F

aX

mX

- Mass is an intrinsic characteristic of a body that  relates a force F
applied on the body and the resulting acceleration a.

- SI Unit is Kg.

- It is a scalar.

Mass

5



Fnet

a
m

The net force on a body is equal to the product of the body’s mass 
and its acceleration.

netF ma

net,x xF ma net,y yF ma net,z zF ma

constant. is 00 vaFIf net 



At rest, constant velocity, equilibrium  0netF

Newton’s second Law

6



1. Draw x and y coordinates.
2. The body is represented by a dot at the origin.
3. Each Force on the body is drawn as a vector arrow with
its tail on the body.

Free body diagram

7



Sample Problem (5.01)

8



Sample Problem (5.02)

9



5-2 Some particular forces

Gravitational 
force

Normal force Friction Tension

It is the force that the
Earth exerts on any object.
It is directed toward the 
center of the Earth. 

When a body presses 
against a surface, the 
surface deforms and 
pushes on the body 
with a normal force 
perpendicular to the  
contact surface.

This is the force
exerted by a rope

or a cable attached 
to an object. 

The force that opposes
the motion.

m

gF


NF


Friction

T
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Gravitational force

•It is the force that the Earth exerts on any object .It is directed 
toward the center of the Earth. 

gF


mgFw g 


mass weight

• mass is constant. • weight is changeable, It depends on g.

• Unit: N.• Unit: kg.

11



Normal force

The body at rest or moving
with constant velocity.

0a

NF


gF


yynet maF ,

0 gN FF

mgFF gN 

The body is moving
with  acceleration

yaa 

amFnet




Direction
of motion

amFnet




yynet maF ,

ygN maFF 

y

ygN

mamg

maFF




Direction
of motion

magF yN )( 
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Tension has the following characteristics:    
1. It is always directed along the rope.
2. It is always pulling the object.
3.  It has the same value along the rope. 

Tension

13



Newton’s Third Law

When two bodies interact by exerting  forces on each other, the 
forces are equal in magnitude and opposite in direction.

There is a horizontal force on the book from the crate denoted by
BCF


and a horizontal force on the crate from the book denoted by
CBF


magnitude) equal(CBBC FF 

direction) opposite and magnitude equal(CBBC FF




Why the action and reaction force do not cancel each other?

Action and reaction are called third-law force pair

5-3 Applying Newton’s Laws

14



Fn

earth pulls on Cantaloupe .(Action)Cantaloupe pulls on the earth.(Reaction)

:force from table on the Cantaloupe(action)

Force from cantaloupe on the table (reaction)

gF
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Sample Problem (5.07): Acceleration of Block 
pushing on Block

16



Recipe for the Application of Newton’s Laws of Motion for a 
single particle

1. Identify all the forces that act on the particle.  Label them on 
the diagram and the direction of motion of the object if it is 
moving.

2. Draw a free-body diagram for the object.
3. Check if there is any force needs to be resolved.
4. Write Newton 2ed law.
5. decide how many equations  do you need, if its one-dimension, 

need one equation, two-dimension ,you need two equations.
6. If the object at rest or moving with constant velocity, then the 

acceleration is zero  (a=0)  along that axis, otherwise  it a has a 
value.

7. Add the forces along each axis Geometrically(i.e along x-axis: to 
the right (+), to the left (-). Along y-axis :upward (+), downward 
(-).

8. solve the equation to find the unknown.
17



Sample Problem 5.04: Cord accelerates box up a 
ramp
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Sample Problem (5.06): Forces within an elevator cab

19
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Recipe for the Application of Newton’s Laws of Motion 
for a system of particles

1. Identify all the forces that act on the system.  Label them on the 
diagram and the direction of motion of each object if they are 
moving.

2. Remember that the system of two objects moves with the same 
acceleration.

3. Choose one object to start with and follow the steps below:
a) Draw a free-body diagram for the object.
b) Check if there is any force need to be resolved.
c) Write Newton 2ed law.
d) decide how many equations do you need, if its one-dimension, need one equation, two-
dimension ,you need two equations.
e) If the object at rest or moving with constant velocity, then (a=0) the acceleration is zero 
along that axis, otherwise a has a value.
f) simplify the equation you get and label it (1)

4.Now Apply step( 3) to the other object till you get another equation 
and label (2).

5.  Solve the two Equations to find the unknown.
21



Sample Problem 5.03: Block on table, block hanging

22
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By: Dr. Wajood Diery
1



• Definition.
• Is it Bad or good?
• Cause of friction.

2



The body does 
not move

The body does 
not move

No fractional force

The body does 
not move

max,sf


s

s

xnet

fF

Ff

F







0

0,

sfF 

max,sfF 

max,sk ff 

*The body starts moving with acceleration

*The kinetic frictional force.

Static fractional force 

3
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friction. static of Cofficient :s

friction. kinetic of Cofficient :k

• They are dimensionless.
•Their values must be determined experimentally.
•Their values depend on the properties of the body and 
the surface.

5



If the body starts moving with constant velocity
what is  the magnitude of kinetic frictional force?

k

k

xnet

fF

fF

F







0

0,

6



How you can make this block move,  given the 
mass of the block and       ?s

Nss Ff max,

mgFF

FF

F

gn

gn

ynet







0

0,

mgf ss max,

max,sfF 

F
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Sample Problem 6.01  Angled force applied to an 
initially stationary block
Figure (6-3 a) shows a force of magnitude F = 12 N applied to an 8.00 kg block at a 
downward angle of θ = 30.0 °. The coefficient of static friction between block and 
floor is µs = 0.700 , the coefficient of kinetic friction is µk = 0.400. Does the block 
begin to slide or does it remain stationary? What is the magnitude of the frictional 
force on the block?



V


V


V


V


a


a


a


a


A particle is in uniform circular motion if it travels 
Around a circle or circular arc at constant speed.

If we apply Newton’s second  law to analyze 

uniform circular motion we conclude that:

There is an acceleration  there must be a force 
produced that acceleration.

9



- direction: toward the center. 

- It is called Centripetal  Force.

Centripetal force is not a new kind of force.  It is simply 
the net force that points from the rotating body to the 
rotation center .  Depending on the situation the 
centripetal force can be friction, tension, or gravity.

F


F


F


F


r

v
mmaF

2

   :magnitude- 
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Tension Force is the centripetal force

Gravity Force is the centripetal force

Friction Force is the centripetal force T

Fg

11



Problem 57p125

A puck of mass m = 1.50 kg slides in a circle of 
radius r = 25.0 cm on a frictionless table while 
attached to a hanging cylinder of mass M = 
2.50 kg by means of a cord that extends 
through a hole in the table ( Fig. 6-45). What 

speed keeps the cylinder at rest?  

12
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We define a new physical parameter to describe the state of motion of an 

object of mass m and speed v. We define its kinetic energy K as 

2

.
2

mv
K 

SI unit is  joule, symbol: J . 

7.1 kinetic Energy

What is energy?

kinetic Energy

2



Problem 1 page 147

When accelerated along a straight line at 2.8 x 1015 m/ s2 in a 

machine, an electron (mass m= 9.1 x 10-31 kg) has an initial speed 

of 1.4 x 107 m/ s and travels 5.8cm. 

Find

(a) the final speed of the electron and 

(b) the increase in its kinetic energy.

3



If energy is transferred to the object  work  (W ) is positive.

If energy is transferred from the object  work  (W < 0) is negative.

7.2 Work and kinetic energy

4



- Work has another unit

5



090 displacmen and force ebetween th  angle  theIf-3 0  W

FdW  00 displacmen and force ebetween th  angle  theIf-1 

FdW  0180 displacmen and force ebetween th  angle  theIf-5 
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How to find the net Work done by several forces?

Find the work done by 

each force and then 

sum those works

Find the net force         

then

7
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Work-Kinetic Energy Theorem

netf iK K K W   

Change in the kinetic net work done on

energy of a particle     the particle

   
   

   

 Energy increases

 Energy decreases

net

9



Sample Problem 7.02
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Sample Problem 7.03

12



7-3 Work done by the gravitational force

13



Problem 18 p. 148

In 1975 the roof of Monteria's Velodrome, with a

weight of 360 kN, was lifted by 10 cm so that it

could be centered.

-How much work was done on the roof by the forces 

making the lift? 

14



7-4 Work done by a spring force

15



xxandxLetxxd  2112 0,

-

-

-
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veWxx fi   If

veWxx if   If

17



Problem 27 p. 149
A spring and block are in the arrangement of

Fig. 7-10 when the block is pulled out to x=+4.0

cm, we must apply a force of magnitude 360 N

to hold it there. We pull the block to x=11 cm

and then release it. How much work does the

spring do on the block as the block moves from

xi =+5.0 cm to (a) x = +3.0 cm, (b) x = -3.0 cm,

(c) x= -5.0 cm, and (d) x= -9.0 cm ?

18



֍ Average power

֍ Instantaneous power

7-6  Power

19
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Sample Problem 7.09

21
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Q. What is the Centre Of Mass (COM)?

2

9-1 Center of Mass



1. System of two particles on x-axis 

Where  

and x1 , x2 are the position of particles 
m1 and m2 respectively from the origin

The Center of Mass

3



2. System of n particles along x- axis: 

3. System of n particles distributed in 3D: 

Rem: put x1 , x2 ....etc, with their signs 

4



(9-3)

Sample Problem 9.01

5



9-2 Newton's Second Law for a System of Particles

6



Fig. (9-7) (a)

Sample Problem 9.03

7



Linear Momentum 

of a single particle

Linear Momentum of a 

system of particles

9-3 Linear Momentum

8



Linear Momentum of a single particle 

• is a vector quantity

• SI unit is 

Newton’s 2nd Law in terms of Momentum

9



Linear Momentum of a system of particles

10



Isolated: When the net 

external forces acting on a 

system of particles is zero

Closed: When no particles 

leave or enter the system

The system is said to be 

then 0

= 0 then

9-5 Conservation of Linear Momentum  
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Rem:
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External Example
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