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P reface

Symbols and Standard International Units

These are the symbols and the units that are used in the lessons:

s Displacement (meters: m)

-

Time (seconds: s)

u Initial velocity (meters per second: m/s)

vay Average Velocity (meters per second: m/s)
v Final Velocity (meters per second: m/s)

a  Acceleration (meters per second per second: m/s”)
g Acceleration of Gravity on Earth (meters per second per second: 9.81 m/s?)
m Mass (kilograms: kg)

w  Weight( N = kg m/s?)

F  Force (Newtons: N = kg m/s?)

Fn  Normal Force (Newtons: N = kg m/s?)

W Work (Joules: J = kg m?/s/s)

Ep Potential Energy (Joules: J = kg m*/s°)

Ex Kinetic Energy (Joules: J = kg m?%/s?)

p Density (kg/m’)

V  Volume (m?)

P Pressure (Pascal, Pa)

Q Quantity of heat (J)

C specific heat J/kg/°C

AD the change of temperature (Kelvin, K)

[ Current (Ampere)

Q Quantity of Charge(Coulombs, C)

C  Capacitance(Farad, F)

P Power (Watts: W = kg m?/s*/s)
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Phusical Guantities & Measurement

117 P hgsical— Quantities

A physical quantity is a quantity that can be measured. It can be defined in terms of the operations
necessary to measure it. All physical quantities have numerical value and unit of measurement. For
example, if a person weighs 70 kilogram, then “70” is the numerical value and “kilogram” is the unit.
This physical quantity would be written as 70kg.

Person weight =70 kilogram = 70 kg
Physical quantity = numerical value x unit measurement

o If the temperature outside is 30 degrees Celsius, then “30” is the numerical value and “degree

Celsius” is the unit. This quantity would be written as "30 °C".

Temperature = 30 degree Celsius = 30°C
Physical quantity = numerical value x unit measurement

e Physical quantities can be classified into:
- Base quantity
- Derived quantity

12 Base Quantities

Base quantities are physical quantities that cannot be derived from other physical quantities.

All base quantities are measured in units based on the International Systems of Units, which is also
commonly known as SI units. Table 1 shown seven base quantities in SI units are based on the metric
system:

Table 1: Base quantities in SI units

Length 1%, ete. meter m
Time t second s
Mass m kilogram kg
Electric current Li ampere A
Temperature T _ Kelvin K
Amount of n mole mol




substance

Luminous intensity | Iv candela cd

13 Derived Quantities

Derived quantities are physical quantities obtained from the combination of base quantities by
multiplication, division or both.

Quantities such as force, pressure and power can be calculated or expressed in terms of base
quantities. Table 2 shows some derived quantities and their units as well as their relationship with

base quantities.

Table 2: Derived Quantities and their units

A Length x Breadth !

Area mxm=m
Volume vV Length x Breadth x Height mx mxm=m>
Velocity v Distance / Time m/s=ms"
Accelaration a Velocity change / Time m/s =ms "
Density p Mass / Volume kg/m’® =kgm™
Force % Mass x Accelaration & kgm/s™ atau Newton
Mass x Gravity
Work w Force x Distance N x m = Nm = Joule (J)
Power P Work / Time Js™

Do it Your ‘SeH:

Examp’es : Notes

1Q1-
A helicopter is flying at a height of 1500m with the velocity of 2.0ms.
Two sky drivers of mass 60kg and 65kg jump down respectively from
the helicopter. They accelerate downwards and they take about 30
minutes to reach the ground.

a. State the quantities refer to the question above;

Base Quantity .
Derived Quantity -

b. From the above passage, list the base and derived quantities and

Chapter 1 — Physical Guantity and Measurement
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Base Quantity =

Derived Quantity -

1Q2-

eat, Power, Current, Period

From the above physical quantities, list the base and derived quantities
and their SI units.
Base Quantity -

Derived Quantity -

1Q3-
Study the following picture and list the physical quantities that can be

measured.

The list of physical quantities-

1Q4-

State the dimension and unit for:

a. Area
b. Volume
c. Velocity




N otes

d. Acceleration

e. Force
f. Weight
g. Energy

1%

We also use prefixes, in addition to SI units. Prefixes are used when the quantities measured have

very big values or very small values. Each prefix has its own abbreviation and value. Table 3 shows

Prefix

the abbreviations and values of some prefixes.

Table 3: Prefixes

Prefix Abbreviation  Factor Example
Tera T x 10 S5STm=5x10"m
Giga G x10° [2Gm=2x10"m
Mega M x 10° 8 Mm =8 x 10°m
Kilo k x10° |7km=7x10"m
Hekto h x 100 [6hm=6x10"m
Deka da x 100 [9dam=9x10"m
x 10
Desi d x10" |[5dm=5x10"m
Senti c x 10™ 3em=3x10"m
Mili m x10° |4mm=4x10"m mé—i_m'm (1)
Mikro M x10° [8um=8x10"m 10° -i_nano (n)
Nano n x 107 Inm=1x10"m
"Piko = x10? |[6pm=6x 10%m 10 @ pico ()

15  Conversion Of Units

In certain specific situations, the values of physical quantities need to be changed from one unit to
another. Skills of conversion from one system of unit to another or from one prefix to another by

using simple and systematic approach in the conversion process.

o , Chapter 1 — Physical Guantity and Measurement



s ’ Chapter 1 — Physical Quantity and Measurement

Table 4 lists examples of basic conversion factors that one should know to facilitate unit conversion

at fundamental level.

1) | Length

a) 1 km 1000 m

b) Im 100 cm

c) 1 cm 10 mm

d) 1 inch 254 mm @ 2.54 cm

e) 1 feet 30.48 cm @ 0.3048 m

f) 1 mile 1.61 km
2) | Mass

a) 1 ton 1000 kg

b) 1 kg 1000 g

c) lg 1000 mg

d) 1 pound (1b) 0.4536 kg
3) | Time

a) 1 year 365 days / 12 months

b) 1 month 4 weeks

c) 1 week 7 days

d) 1 day 24 hours

e) 1 hour 60 min

f) 1 min 60 s

2) 1 year 3600 s
4) | Volume

a) lm’ 1000 liter

b) 1 liter 0.001m’
5) | Angle

a) | 1 circle 2 @ radian
6) | Electric

a) 1 kW 1000 watt

b) 1 watt 1000 m

c) 1 kQ 1000 gQ

d) 1 gQ 1000 mQ
7) | Temperature

a) Fahrenheit Tg =9/5 Tc + 32

b) Celcius Tc=5/9 (Tg- 32)

) Kelvin Tx = T¢ + 273.15




16  Conversion o‘f F reﬁxe's—

» Prefixes to Nuerical Value |

1Q5-
The thickness of a film is 245Nm. What is the thickness in unit meter?
=245x102x10°m
=245x107m
1Q6-

Convert 60 mm? to m2.

=60x 1030 x 103
=60x103+(3
=60x106m?

Numerical Value to Prefixes

1Q7-
0.306 s is equal to how many ms.

1ms
0 -3

=0.306sx

S

=0.306x 103 ms
@
=0.306 x 109-(3)

=0.306x103ms

1Q8-

Convert 0.00034W into pW.
1

107w

=0.00034 W x

=0.00034 x 106 uW @
=0.00034x 10°-(6)
=0.00034 x 106 uWw
1Q9-
23 m? is equal to how many mm?

Tmm Tmm
e X -3
1073m 1073m

=23x106uW
@
=23 x 1003 x 1003
=23x103+3

=23m?x




=23x106 mm?
P reﬁXes to P reﬁXes
1Q10-

Convert 0.000012 km into cm.

lem
0—2

=0.000012x103mx

m
=0.000012 x 10°mx 10° m
=0.000012x 105 m

@

‘ =0.000012 x 1032
=0.000012x 105m
1Q11-

Convert 630,000 MJ into K]J.

1KJ

10°J

=630,000x 10¢]x 103 ]
=630,000x103]

=630,000x 105 ] x

=630,000x10 63
=630,000x 103

1Q12-

Convert 569.54km?2 to mm?

=569.54km2x103mx 103m x 1mm . 1mm
10 3m 10 °m

=569.54x103x103x103x 103
=569.54 x 102 mm?

@
=569.54 x10 33 x10 3-(3)
=569.54 x 102 mm?




Self Learning 1

Prefixes to Numerical Value

Do it yourself 1

Change the following quantities

a. 25mg=..g

Do it yourself 2

b. Earth Radius = 6367 km? = ...m?

Do it yourself 3

Answer: 25x10°g

Answer: 6367 x 10°m?

c. 689 mN =..N

Answer: 689 x 10°N

Do it yourself 4

d. Electric current=83721 pA=..A

Answer: 83721 x 10°°A

'v' Mﬁﬁml @lm\ﬁfg and Measurement



Do it yourself 5

e. 60mm3=..m3

Answer: 60 x 10°m?®

Numerical Value to Prefixes

Do it yourself 6

Change the following quantities to the units shown.

a. 1lday=86400s=...us

Answer: 86400 x 106ps

'i‘ Do it yourself 7

b. Electric current = 83,721 A =....

Answer: 83,721 x 10°mA

Do it yourself 8

c. Beaker diameter = 0.0072 m =...mm

Answer: 0.0072 x 10°mm




Answer: 689 x 10°km?

59 kN/m to N/mm

Answer: 99 x 10°cm’®

35.69 cm?/s to m2/hr

Measurement

Convert the following quantities

a. 50km/hrtoinm/s ik Port Dicksen

0002642

Pespustakaan Politekn



mdﬂeaswemev\t

e. 100kg/m3 to g/cm3

b. 78900 Q/m to kQ/km

e

SR S SRS N R T i
o it yourself 16

c. 59kN/mtoN/mm

d. 35.69 cm?/s to m?/hr

100kg/m3 to g/cm3




2.0 Measwemehf‘

In science, measurement is the process of obtaining the magnitude of a quantity, such as length or
mass, relative to a unit of measurement, such as a meter or a kilogram. A measurement answers the
general question, "how many?” as in how many miles, or millimeters, or gigahertz. As measurement
is basically about counting, measurement is conducted in numbers and is quantitative, in comparison
to other observations which may be made in words and are qualitative. The term measurement can

also be used to refer to a specific result obtained from the measurement process.

21 Error in Measurement

Any measurement made with a measuring device is approximate.
If you measure the same object two different times, the two measurements may not be exactly the
same. The difference between two measurements is called a error in the measurements.
Error is the difference between the actual value of a quantity and the value obtained in measurement.
There are 2 main types of error;

e Systematic Error

e Random Error

Sgstemaﬁc Error

Systematic errors are errors which tend to shift all measurements in a systematic way so their mean

value is displaced. Systematic errors can be compensated if the errors are known.

Examples of systematic errors are

1. Zero error, which cause by an incorrect position of the zero point,
2, An incorrect calibration of the measuring instrument.
& Consistently improper use of equipment.

Systematic error can be reduced by

1. Conducting the experiment with care.
2. Repeating the experiment by using different instruments.
Zero error

A zero error arises when the measuring instrument does not start from exactly zero.
Zero errors are consistently present in every reading of a measurement.

The zero error can be positive or negative.

= , Chapter 1 — Physical Guantity and Measurement




1 3 1 3 1 3
OM“ 0M4 OM4

No zero error Negative zero error Positive zero error
(NO ZERO ERROR: The (NEGATIVE ZERO ERROR: (POSITIVE ZERO ERROR:
pointer of the ammeter place on  The pointer of the ammeter does ~ The pointer of the ammeter does
zero when no current flow not place on zero but a negative ~ not place on zero but a negative
_through it.) value when no current flow value when no current flow
through it.) through it.)

Random errors

e Random errors arise from unknown and unpredictable variations in condition.
It fluctuates from one measurement to the next. Random errors are caused by factors that are beyond
the control of the observers.
e Random error can cause by:-
1. Personal errors such as human limitations of sight and touch.
2. Lack of sensitivity of the instrument: the instrument fails to respond to the small change.
3. Natural errors such as changes in temperature or wind, while the experiment is in progress.
4

Wrong technique of measurement.

e One example of random error is the parallax error. Random error can be reduced by:
L. Taking repeat readings

2. Find the average value of the reading.
P 373”‘3X error

i e A parallax error is an error in reading an instrument due to the eye of the observer and pointer are not

in a line perpendicular to the plane of the scale.

Anvil  Spindle Sleeve Thimble  Ratchet

P}\gsical Quantity and Measurement

Frame




Wags to ImproVe Accur‘acg in Mea‘Surem‘enf

L.

Make the measurement with an instrument that has the highest level of precision. The smaller
the unit, or fraction of a unit, on the measuring device, the more precisely the device can
measure. The precision of a measuring instrument is determined by the smallest unit to which it
can measure.

Know your tools! Apply correct techniques when using the measuring instrument and reading the
value measured. Avoid the error called "parallax" -- always take readings by looking straight
down (or ahead) at the measuring device. Looking at the measuring device from a left or right
angle will give an incorrect value.

Repeat the same measure several times to get a good average value.

Measure under controlled conditions. If the object you are measuring could change size
depending upon climatic conditions (swell or shrink), be sure to measure it under the same

conditions each time. This may apply to your measuring instruments as well.

14’ Mea'swing I-n'strumenfs

Using A-p-pro-priate Instruments to Measure

When we measure a physical quantity, we need to consider its magnitude and then choose a

suitable instrument.

The magnitude of the quantity should not exceed the maximum capacity of the instrument, and the

instrument must be sensitive enough to detect and give a meaningful measurement of the quantity.

For example; meter rule is used to measure the length of a book, measuring tape is used to measure

the length of a table and micrometer screw gauge is used to measure the diameter of a glass rod.

Ruler

s | Chapter 1 — Physical Guantity and Measurement
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o A ruler or rule is an instrument used in geometry, technical drawing and engineering or building
to measure distances and to rule straight lines.

o Strictly speaking, the ruler is essentially a straightedge used to rule lines and the calibrated
instrument used for determining measurement is called a 'measure'. However, common usage is that a
ruler is a calibrated straightedge that can be used for making measurements.

° The smallest division on a meter rule is 0.lcm. A meter rule can therefore measure length
accurately up to 0.lcm only. All measurements of length using the meter rule have to be recorded
accurate to 0.1cm. For example, a length of 12cm will have to be recorded as 12.0cm.

° To avoid parallax error when reading the scale of a meter rule, the eye must look
perpendicularly at the mark on the scale. If the end of the meter rule has worn off, then the

measurement should start from the 1cm.
T() read a rul-er

L Before you begin, take a moment to study the markings on the ruler. The larger lines denote

centimeters (cm). The smaller lines denote millimeters (mm). Note that 1 cm equals 10 mm.

2 Align the metric ruler next to the object you wish to measure, just as you would a ruler with

imperial measurements.

3 Read the number next to or just prior to the end of your object. The larger line denoting the
number of centimeters comes first. For instance, if the end of the object falls at a larger line labeled

with the number six, the object is 6 cm.

4. Count the smaller, or millimeter, markings if applicable. For instance, if the object extends
three small markings after the 6 cm point, the object is 6.3 cm long. Alternatively, you may measure
the object in millimeters by multiplying the centimeter measurement by 10. So, in this example, you

could also say that the object is 63 mm long.

Vernier Cahper

J The meter scale enables us to measure the length to the nearest millimeter only. Engineers and
scientists need to measure much smaller distances accurately. For this a special type of scale called

Vernier scale is used.




nside
Jaws —— Main scale
L]
0. 1 W 4 "5
B i
Vernier scale
Object
.
“Outside
jaws
o The Vernier scale consists of a main scale graduated in centimeters and millimeters. On the
Vernier scale 0.9 cm is divided into ten equal parts.
o The Vernier calliper consists of a main scale fitted with a jaw at one end. Another jaw,

containing the vernier scale, moves over the main scale. When the two jaws are in contact, the zero of
the main scale and the zero of the vernier scale should coincide. If both the zeros do not coincide, there
will be a positive or negative zero error.

o To measure the inner and outer diameter of a hollow cylinder or ring, inner and outer callipers

are used. Take measurements by the two methods as shown in figure below.

Reading: 2.64 cm

l Q‘wpter 1- 1%95?::!- Quantity and Measurement




4&; Chapter 1 — Physical Guantity and Measurement

Steps:

l. Read the centimeter mark on the fixed scale to the left of the 0-mark on the vernier scale. (2 cm
on caliper seen above)

2. Find the millimeter mark on the fixed scale that is just to the left of the 0-mark on the vernier
scale. (2.6 cm)

3. Look along the ten marks on the vernier scale and the millimeter marks on the adjacent fixed
scale, until you find the two that most nearly line up. (0.04 cm)

4. To get the correct reading, simply add this found digit to your previous reading. (2.6 + 0.05 =
2.64cm)

Miecrometer Serew Gause

o Micrometer screw-gauge is another instrument used for measuring accurately the diameter of a
thin wire or the thickness of a sheet of metal.

o It consists of a U-shaped frame fitted with a screwed spindle which is attached to a thimble.

J The screw has a known pitch such as 0.5 mm. Pitch of the screw is the distance moved by the
spindle per revolution. Hence in this case, for one revolution of the screw the spindle moves forward
or backward 0.5 mm. This movement of the spindle is shown on an engraved linear millimeter scale

on the sleeve. On the thimble there is a circular scale which is divided into 50 or 100 equal parts.

o When the anvil and spindle end are brought in contact, the edge of the circular scale should be
at the zero of the sleeve (linear scale) and the zero of the circular scale should be opposite to the datum
line of the sleeve. If the zero is not coinciding with the datum line, there will be a positive or negative

zero error as shown in figure below.




()

No zero error Positive zero eror  Negatfive zero emor

To read Micrometer Serew Qaug_e

Reading: 2.96 cm

Steps:

Determine the reading on the main scale. In this case, the reading on the main scale is 2.50 mm.
Determine the reading on the circular scale, which is the marking on the circular scale that coincides
with the horizontal line of the main scale. In this case, the reading on the circular scale is 0.46 mm (46

x 0.01).

The total reading is then obtained by adding the reading on the main scale with the reading on the

circular scale, which is 2.50 mm + 0.46 mm or 2.96 mm.

@&&hﬁty and Measurement

Reading = Linear scale reading + (Coinciding circular scale x Least count)

=2.5mm+ (46 x 0.01)
=(2.5+0.46) mm
=2.96 mm




Self Learhing 2

Measurement Length
Instrument
! | X I 12.0 cm |
L | 4 I 8.75 cm |
| Z I 0.633 cm |

Table show three readings of length measured using three different instrument, X,Y and Z. Name the
three instruments used.

List three experimental errors that may arise during the measuring process.

Do it yourself 21

Suggest two ways to reduce errors in measurement




Do it yourself 22

Write down the readings shown by the following instrument

i. Ruler

wrong right wrong

|
!

i

Answer :
ii. Micrometer Screw gauge
=
-
=
15
Answer :
-~ —~25
P
omen
e ——
= Answer :

Answer:

anJ ﬂe:surement’




Do it yourself 23

iii. Vernier Calipers
- ' - -
1
SR
HiNIaRERTARER
AREAREBY
Mainscale =__ 0 12345878910
nd the division of
Vernierscale = _______ vernier scale which is
_ coincides with any
Finalreading=______ part of the main scale
Self Learnir\g 3
1. Physical Quantities is a physical characteristic that can be
2 The value of the measurement consists of a numerical and a
3. All physical quantities can be classified into two groups:
L 2.
4. What are base quantities?
Base quantities are quantities that cannot be in terms of other base quantities.
- 8 What are derived quantities?
Derived quantity is one which obtained by base quantities by multiplication, division or

both these operations. Its unit is derived from a similar combination of the base units.

6. Complete the table below;
Physical Quantity SI Unit /Derived Unit
l Quantity I Symbol | saunmit | Unit Symbol
Length L Meter m

Mass




Time

Temperature

Electric Current

Velocity
Acceleration
Force
Weight
% A cube with sides 4 mm is made from a material of density 14 g/cm”.

1. Find the volume of the cube in cm’
ii. State the density of material in kg/m’
iil. Find the mass of the cube

Conversion of Units

ical Guantity and Measurement

8. Convert:
a) 1 Tm=
b) lm=
c) 1 Gm=
d) lm=
e) | Mm =
f) lm=
g) 1 km=
h) lm=
i) | hm=
J) Im=
k) lecm=

1) 1= 2

m) ] mm=




ity and Measurement

n)
0)
p)

r)

Il m= mm
I pm = m
I m= pm
I nm= m
I m= nm

Change the following quantities to the unit shown

3.68 kg

568 cm
8700 ml

25 mg
0.101 cm
250 ml

600 g

8900 mm
0.000004 m
0.250 kg

I

|

Il

Convert each of the following measurements into metre (m).
¢) 0.34 km
d) 0.012 Mm

=a e =g e
® g 3

N

mm
mg

a) 12000 pm

b) 230 mm

Complete the following unit conversion
12.34 kHz = Hz
120 Mm = m
0.12 pg = g
7.1x103 mJ = J
8.34x10-1 cA = A
5.1x102 dW = W
1.11x10-3 nm = m
7.134 x104 pm = m
14500 g = kg
12.34 N = MN
0.134 s = ms
756.6 Hz = kHz
0.00034J = wJ
3.12A = dA

A car is moving with speed 2km minute™, what is the speed inm s™'?




o

13.

14.

1A,

Change 4500 kJ/hour to Watt (J/s).

Complete the following unit conversion of speed.

a) 90 kmh™ = ms’
b) 110 kmh™ = ms™
¢)1.3ms’ = kmh™!
d) 8.12 ms™ = kmh™

Complete the following unit conversion of density.

a) 760 kgm™ = gem™
b) 12000 kgm™ = gem™
¢) 5.1 gem™ = kgm™
d) 3600 Nm™ = Nem™
e) 12x106 Nm™ = Nem?




f) 1.5x10+ Nm™ = Nem™
g) 3.16x10-5 Nem? = Nm™>
h) 7.1x10-3 Nem? = Nm™




Mea'stxremen{" o)c Lehgﬂ\
16. The reading of ruler

T
1 2 4

3

II Ruler A

Answer :

17.  Diagram 1 show vernier calipers used to measure external diameter of a hollow cylinder.
4 What is the function of X?

ii. What is the reading of the vernier calipers?

18. Write down the readings shown by the following vernier caliper

a.%7 . g
Loee v ber e v b s
RN RN

5 10
Answer :
b.
4
Answer : g 5 3)
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Answer :
d.
0 1 2
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0 5 10
Answer :

19. Write down the readings shown by the following Micrometer Screw gauge

&

77T
N

PR







Sheed, Ve/az'l'[‘y,l’/ rn/s/, Distance,d ( rn), Displacement, s( n),  Acceleration ,a ﬂv/s‘v, Deceleration,-a ( rn/szj Jtime, t 6’/

Linear Moﬁon

2.0 Introduction

Linear Motion is about the moving of object from one point to another point. When the object is
moving the quantities that will produced are time, distance or displacement, speed or velocity and
acceleration. Example; walking to the shop, ride the motocycle to friend house, cycle, jogging and
climbing.

2.1 Distance and 'Di's-placemehf

Distance

> The total length of the path travelled from one location to another.
> Scalar quantity

> Measured in metres (m)

Displacement

> The distance travelled from its initial position to its final position
> The shortest distance called displacement

> Vector quantity

> Measured in metres (m)

The Difference between Distance and 'Di's-p!-acem'ent'

Pty cumic Pou Dicson

Figure 3.1

Based on Figure 3.1, distance from Polytechnic to Port Dickson town is 14km. While
displacement (shortest distance is only 11km)




Figure 3.2 shows difference between distance and displacement.

Amin’s Polytechnics Bus stop
House

1000m 200m

Figure 3.3
Amin walked from his house to bus stop then return back to polytechnic. Calculate the:

a) Distance traveled
b) Displacement
Solution: :
a) Distance=1000m +200m +200m=1400m or 1.4km

b) Displacement=1000m+200m-200m=1000m or 1km

2.2 Speed and Velocity

Speed

» The distance travelled per unit time
» The rate of change of distance
> Scalar quantity

: m
> Measured in metres per second (—)
S

» Formula: speed=m

time

= | Chapfer 2 = Linear Motion



Speed, Velocity, v(n/s),  Distance,d (m), Displacement, s(m),  Acceleration ,a [m/f?), Deceleration,~a( m/5) Jtime, <)

Velocitg

The speed in a specified direction
The rate of change of displacement with time
Vector quantity

Measured in metres per second (E)
s

Formula: velocity=é‘vplcfc—emelt
time




2.3 Acceleration
» The rate of change of velocity with time

» Vector quantity

» Measured in metres per second per second square(ﬂz)
s

» Formula: a=2""

Deceleration / Retardation

> Negative acceleration
» An object is undergoing
» The rate of change of velocity of the object has a negative value
» Measured in metres per second per second square( ﬁz)
s
> V—=u

Formula: -a= =
V




Speed, Velocity, r(rn/s}, Distance,d 6»), Displacement, s( ), Acre/efaﬁon 2 6»/ Z), ﬂece/enﬁon,—a( Ltime, t (sj
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2.4 Equations Of Motion

1. Objects moving with uniform velocity

A = v x

2. Objects moving with uniform acceleration

25 Moﬁon qraph's

Displacement ( .. )
m

A Uniform velocity

Increasing velocity

Not moving

»Time ( £ )
N

Displacement-Time Graph

u = initial velocity ()
s

m<

vV =i +2as




Speed, Velocity, v( rn/s/L Distance,d /nv/‘, Displacement, sf;n/, Acceleration ,a (a rrﬁ7/, Deceleration,~a / m/szj Jtime,t \/5)

. Increasing velocity
Velocity ( ) ; &
& dope™S Uniform acceleration
Increasing velocity,
/ Non-uniform acceleration
Uniform velocity
!
»Time (—)
) ; s
Velocity-Time Graph
4 v ’ v
Velocity (—) Velocity (——)
1} ms A ms

I
¥
1
1
1
|
1
|
1
[
1
I
I
1
1

: t , t
i »Time (—) T »Time (—)
| 5 : hy
i i ' a |
Acceleration (—:a_—7 ! Acceleration (——-) |
o A . M5 i
| . M
: i | t
: ) »Time (—)

[

1. The gradient of a displacement-time graph determines the velocity of a moving object

S
A
> -t
0 ' ] ;
At rest Moving with uniform
velocity
S S
0l ; ol .
Moving with uniform Moving with uniform
acceleration deceleration

2. Velocity-time graph

s

£ l Chapter 2 — Linear Metion



a. gradient of the graph = acceleration
b. area under the graph = displacement

v
A hd
Uniform Ve|OCity Uniform acceleration Uniform deceleration

Determining the Area on a v-t Graph

For velocity versus time graphs, the area bound by the line and the axes represents the displacement.
The diagram below shows three different velocity-time graphs; the shaded regions between the line
and the time-axis represents the displacement during the stated time interval.

E
E
The shaded area is representative of the displacement during from 0 —
seconds to 6 seconds. This area takes on the shape of a rectangle can be >
calculated using the appropriate equation. =
> 0 2 4 5
Time {s)
E
£
The shaded area is representative of the displacement during from 0 -
seconds to 4 seconds. This area takes on the shape of a triangle can be E
calculated using the appropriate equation. =
> 0 2 4 6
Time (s)
@ 50
£ 40
The shaded area is representative of the displacement during from 2 o 30
seconds to 5 seconds. This area takes on the shape of a trapezoid can be E 20 V.
calculated using the appropriate equation. s ! g
> 0 2 4 6
Time (s)

The method used to find the area under a line on a velocity-time graph depends upon whether the
section bound by the line and the axes is a rectangle, a triangle or a trapezoid. Area formulas for each
shape are given below.

Rectangle Iriangle

Area-bhxh Ar‘ea—%xhxh

Trapezoid

Arca —%xb H(hy + hy)

&3 ’ Chapter 2 — Linear Motion
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Chapter 2 — Linear Motion

Speed, Velocity, r/rr/s/, Distance,d ﬁj, Displacerent, sﬂr/ Acceleration ,a (,rﬁ’/, ﬂere/emﬁan,—a/ m/szj Jtime, t (s)

Calcul-aﬁng the Area o)c 2 Rectansle

Now we will look at a few example computations of the area for each of the above geometric shapes.
First consider the calculation of the area for a few rectangles. The solution for finding the area is
shown for the first example below. The shaded rectangle on the velocity-time graph has a base of 6 s
and a height of 30 m/s. Since the area of a rectangle is found by using the formula A =b x h, the area is
180 m (6 s x 30 m/s). That is, the object was displaced 180 meters during the first 6 seconds of motion.

50 Area=b *h
40 Area = (6s) * (30 m/s)
30

20
10
0

Area= 180 m

Velarity {(m/s)

0 2 4 6
Time (s)

Ca!tul-aﬁng the Area of 2 Triahg]-e

The shaded triangle on the velocity-time graph has a base of 4 seconds and a height of 40 m/s. Since
the area of triangle is found by using the formula A = 0.5 * b * h, the area is (.5) * (4 s) * (40 m/s) = 80
m. That is, the object was displaced 80 meters during the four seconds of motion.

" 50 . Area=0.5*b*h
e a0 Area = (0.5) * (4 s) * (40 m/s)
=
-E 20 Area =80 m
2 10
= 0
> 0 2 4 [
Time (s)

Caleulating the Area of a Trapezeid

The solution for finding the area is shown for the first example below. The shaded trapezoid on the
velocity-time graph has a base of 2 seconds and heights of 10 m/s (on the left'side) and 30 m/s (on the
right side). Since the area of trapezoid is found by using the formula A = (0.5) * (b) * (h; + h), the
area is 40 m [(0.5) * (2 s) * (10 m/s + 30 m/s)]. That is, the object was displaced 40 meters during the
time interval from 1 second to 3 seconds.

330 Area=0.5*b * (h; + hy)

Eop Area = (0.5) * (2 s) * (10 m/s + 30 m/s)
=N

E 10 Area =40 m

©S 0

® 0 I 2 3

- lime (s)




N-ternaﬁVe Meﬂ\od for Tra-pezoids

An alternative means of determining the area of a trapezoid involves breaking the trapezoid into a
triangle and a rectangle. The areas of the triangle and rectangle can be computed individually; the area

of the trapezoid is then the sum of the areas of the triangle and the rectangle. This method is illustrated
in the graphic below.

T30 30

I ®

5 20 =20

210 210

w o

20 50

T0 | 2 OF3}U0 I 7 %

Time [s) Time ()

Reclangle . Triangle .
Triangle: Area = (0.5) * (2 s) * (20 m/s) =20 m
Rectangle: Area= (2 s) * (10 m/s) =20 m

Total Area=20 m + 20 m =40 m
Area under v-t graph as displacement and distance

Let’s assume v-t graph is given and ask the question “what is the displacement from time t;, to time
t,7”

4 v (cm/s)
10
7
t(s)
0 / 1( 20 30 -
-8 \\\

This is a negative area; height of the rectangle is -8 ,
width is 10 seconds. It represents a negative
displacement, which means that the object is now
displacing toward the origin. Its direction of motion is
opposite to its initial displacement.

Area of this
rectangle is the
displacement from
t=0tot=10s

Chaptev 2 — Linear Motion




Speed, Ve/az'/'{y,l'/m/f), Distance,d (m/, Displacement, s/rn), Acceleration ,a (m/;zj, ﬂece/eraﬁbn,—a( m/szj Ltime, t Kf)

0-10 area = 10x10 = 100
10-20  arca=-8x(20-10) = 80
20-30 area = 7(30-20) = 70

Total distance covered = 100+80+70 = 250 cm
Total Displacement = 100 +(-80) + 70 = 90 cm, this means that object is 90 cm away from the origin,

in the positive direction

4 ot 4

2Q5:

A velocity-time graph of a motorcycle is shown in figure above.
velocity, m/s ' : :
A

i 12fiche i

v

10

Timels

Calculate the:
a) initial acceleration
b) final acceleration
c) total distance traveled
d) average velocity
of the motorcycle.

Solution:
a) - From thie'geaphey, =121"y, =0; “x,"=10," x,°=0




initial acceleration = gradient of the graph

P e 4
Xy =X
i2=0

T 10-0

=yinis
hY

b)Fromthegraph. v, =12, 5, =0, x; =30, x, =40

initial acceleration = gradient of the graph

o ol
N
A2
30-40
=122
)

b) Total distance of the motorcycle.
dis tan ce = area under the graph
diatan ce = %(a +b)

=—;-x(40+20)x12
=360m

c) Average velocity
Total distance

Average velocity =
5 v Total time taken

_360
40

C
S

2Q6:

Rossa is driving through town at 25m/s and begins to accelerate at a
constant rate Of 1.0m/s?>.Eventually Rossa comes to a complete stop.

a) Represent Rossa ‘s accelerated motion by sketching a
velocity-time graph. Use the velocity graph to determine this

C"\apt'er Pl Lihear Motion

&




Speed, Ve/orily,v/ m/s), Distance,d (m}, Displacement, s(r m), Acceleration ,a 6:1/52/, Deceleration,~a ( rn/s'Z/ Ltime, t s)

distance

b) Use kinematic equation to calculate the dlstance Whlch Rossa
travels while decelerating

Answers

.0.00 400 200 120 10 200 4.0 22.C
tire (s)

a) Distance from graph
0.5 (25) (25)=313m

b) Distance using kinematic equations

o= a4 as

| 0=25%+2(-1)s
' s=313m

1. The distance traveled by an object with a constant speed of 2ms™ in a time of 6s is? (answer: 12m)

2. A student starts cycling from rest and reaches a speed of 12ms in 2 seconds. The dlstance t'aveled
by him is? (answer: 36m) ,

3. A car accelerates from rest to 4ms™ for a period of 2 minutes. What is the velocity of the car after 1




minute? (answer: 240ms™)

4. A van has traveled 10m in 2 seconds. If the acceleration was 2ms™, its initial velocity would be?
(answer: 3ms™)

5. A bus decreases its velocity from 8ms™ to 4ms™ in a distance of 12m. What is the acceleration of
the bus, in ms™? (answer: -2)

6. A bullet is traveling with a velocity of 400ms ' before it strikes a cement wall. If it penetrates the
wall with a depth of 4cm before it stops, what is the deceleration of the bullet? (answer: 2 x 10° ms

)

7. A stone is being thrown vertically upwards with an initial velocity of 20ms™. Calculate the time
taken for the stone to go up and come down to the ground. (answer: 4.0775s)

Chapter Zr Liheﬂr Metion




Speed, l/e/oci(y,vﬁvu/s), Distarce,d (v, Displacerent, s(m),  Acceleration ,a (m/5), Deceleration,-a( m/%) ,time,t (s) I

. model rocket is launched vertically with a velocity of 24ms™. Estimate the total distance
traveled by the model rocket. (answer: 58.7156m)

velcity-timc graph of a car is shown in gure above. Calculate the initial acceleration of
the car and the total distance. (answer: 1.5ms™)




7 Define:

i.  Uniform velocity
ii.  Uniform acceleration

Figure 1.1 represent the movement of the car. Determine :
i.  Initial acceleration (answer: 4m/s? )
ii.  Value of v if that time the acceleration is -2m/s? (answer:30)




Speed, Ve/&riiy,r(;n/c), Distance,d (), Displacement, sln),  Acceleration ,a (r ,,y{f)’ Deceleration,~a( m/5") Ltime,t (5)

cee

iii.  Total distance traveled (answer:550m)

Velurily (mds)

40

I IR S

/

1 {
108 ' gg 58

»1[5)

Figure 1.1




15) 6]

e -
(10 2, 1575
i

il

P

S

'
il

i
"

4.0 (5s,5m.s)

vebeity (mfs)

AY TA 20 J{AF 460 {0 A 271 8N 90N Ar
t'me (s)

Figure 1.2

i) Maximum velocity (answer: 15m/s )
i) Acceleration (answer. 2m/s?)
iii) Displacement until 8 second (answer:47.5m)

16 A car decelerates uniformly from 22m/s to 10m/s in a distance of 100m. Calculate :

i.  The deceleration of the car (answer:-1.92m/s?)

ii.  The time taken for the speed to decrease from 22m/s to 10m/s (answer:0.16s )

iii.  The time taken for the car to come to a stop from the speed of 22m/s (answer:9.09s )

17 Figure 1.3 shows a velocity-time graph of an object for a period of 7 seconds:

v(m/s)
A
4.0 f----- . .
AP AR Y i :
e >
‘ t(s)
O B e S

Chapter 2 — Linear Motion
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Speed, Velecity, vin/s),  Distance,d (m), Displacement, slm),  Accelenation ,a (m/), Deceleration,-a( n/5) time,t (5)

18 A bus initially rest rolls down a hill with a uniform acceleration of 5m/s?>. How long will the
‘ bus take to travel 150 m, the distance to the bottom of the hill? (answer:7.75s )




1. Accleration of the oach

(answer:2.86m/s?)

iil. | Distance travel when the coach is declerating (answer:250

e

(swer:73s




Speed, Velecity, v(n/s),  Distance,d (m), Displacemert, s(m),  Accelenation ,a (» n;/.fi), Deceleration,~al n/s) Jtime,t (5)

1-A car starts frm rest and accelerates at a constant acceleration of 5 m/s? for 5 seconds. The car
| then travels at a constant velocity for 10 seconds. The brakes are then applied and car stops in 7
seconds.

ii. Plota velocity time graph for the whole journey

iii.  From the graph plotted determine the total distance traveled (answer:400m)




(22 A bus leaves a station A at 1430 hours and arrived at 1600 from station B about 85km. What is
average speed for the journey? (answer:17.74m/s)

23 A car travels on a straight line road. It increases its velocity from 20m/s to 35m/s in 5 seconds.

b

il.
1ii.
iv.

The car maintains its velocity for 10 seconds before it stops in 10 second.

Sketch velocity versus time graph

V(m/s) a
35 ——te--e- , :

20 — E \ R
51 13: \\25 t(s)

N\

Calculate the acceleration in first 5 seconds (answer:3m/s)
Calculate the total distance (answer:662.5m)
Calculate the average velocity (answer:26.5m/s)

Chapter 2 — Linear Motion
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Speed, Velecity, v/m/s), Distance,d (rnj, Displacement, 5(m), Acceleration ,a (n-/szj, 0ere/enﬁon,—a( M/SZ) Jtime,t (9)

Trg your best........







C"\apter 3 — Force

Fbrce,F (N)

weight, v (N) mass, m/kg) acceleration, a (n\/s7)

Force

3.0 Introduction

A force is not something that’s directly observable; what is perceived is the effect, that is, the change

gravity, g=7.81n-/52 Moment, N\(Nrn)

produced by the force (e.g., something is compressed, or twisted, or moved).

The Effects of a Force

Force

Mass

Acceleration

Definition

Force is defined in terms of pushes and pulls OR Force is defined as an action which will alter the

F=ma

Impulse

= myv -1mu

Problem-solving

state of motion of body in a straight line.

The symbol for force is F and its ST unit is the Newton (N).A force is a vector quantity which has
magnitude and direction.A force will alter the body in the aspect of; size, shape, state of motion,

direction of motion and speed.

The following are examples of forces that are used in our daily activities: pushing a trolley; hitting a

F

Impulsive force,

_mv—mu
t

Effects

golf ball; resistance force that slows down the motion of a wooden block.




Force,F (N) weis"\t, w (N) mass, n-(k ) acce!eraﬁoh. 2 ("/52‘) ravit 1 =9.81rr/s? Mon-ert M(Nn/
9 Jrnty, §

Z 1 Foree In Eqruﬂibrium

Force In Equilibrium

v y v
Force in equilibrium Addition of force Resolution of force

- resultant force = 0

Y

Newton’s third law of
motion

When an object is in eqvuﬂ-ibrium

When all the forces acting on an object are balanced/ in equilibrium, they cancel out one another
and the net force or resultant force is zero. The object behaves as if there is no force acting on it.

Therefore, a stationary/static object will remain stationary and a moving object will continue
moving with the same velocity in a straight line or acceleration is zero.

Resultant force, F =ma

=m(0)
=0
T Normal Force, R
Friction Force, Fr ¢ — Reaction Force, Fr
Weight , W

Normal Force, R = Weight, W

Reaction Force, Fr = Friction Force, Fg

Balanced forces do not change the state of rest or state of motion of an object.
Examples of balanced forces:

a) Forces acting on a stationary lorry are balanced forces.

C‘wa ter 3 - Fotce




Furce,F (N) weig‘\f, W (N) mass, m(kg) acceleration, 2 (vn/sz) gravity, g=9,81rn/sz Moment, M(Nn\)

The weight of the lorry is balanced by the reaction from the ground acting upwards on the lorry at th
tyres. The net force acting on the lorry is zero.

reaction

Figure : The lorry is at rest

weight

b) Forces acting on an aeroplane causing it to move at constant velocity are balanced forces.
The lift force is equal to the weight of the aeroplane and the forward thrust is equal to the drag. The

net force acting on the aero plane is zero.

Lift from wings

/4 thrus

Figure: An aeroplane flying at
constant velocity

Air resistané/

(drag)
Unbalanced forces acting on an object

When the forces acting on an object are not balanced, there will be a net force acting on it.
This net force is known as the unbalanced force or the resultant force.

So, unbalanced forces cause a stationary object to move or a moving object to accelerate (change its
velocity- change magnitude, direction or both).

Action of halanced and unbalanced force

Table 3.1 shows the action of balanced and unbalanced forces.

Resultant force = (-10) + (+10) = 0. Force are
10N 4 o taglihice balanced . The object not moves

Resultant force = (-10) + (+15) = +5. Forces are

10N — . R e unbalanced. The object moves to right




r

Furce,F (N) weigH, W (N) mass, m(kg) acceleration, a (vn/sz) gravity, g=9.81n\/52 Moment, M(Nn-)

Resultant force = (-10) + (-7) + (+12) = -5. Forces
10N <« - o are unbalanced. The object moves to left.
p N

15N Resultant force, Fx = (-7) + (+12) = +5. Forces are
unbalanced. The object moves to right.

Resultant force, Fy = (+15) + (+2) + (-10) = +7.
Forces are unbalanced. The object moves up.

12N

10N

3.2 Newton's Law

Newton’s first law states that an object will remain at rest or in uniform motion in straight line unless
acted upon by an external force.

Newton’s second law of motion states that the rate of change of momentum is directly proportional to
the resultant force and in the same direction as the force. A body of mass m is applied with a force '
and its velocity changes from u to v. The force can be written as

F a rate of change of momentum
— fv-n)
t N
vV-u )
t
hence, F o ma

Fa or Fam

but (

=a

F =kma where k is a constant
hence k is 1, the formula becomes..".
F=ma
In ST units, Fis the force in newtons, N

m is the mass in kilograms, kg

. . g T
a 1s the acceleration in —

S

} Chapf‘er 1 Force

o
=1



e et e

Chapter L Fon.-e

Force,f //V} weight, w (/V} mass, vr/kgj acceleration, a (rr/s?) gravity, 9=9.81rr./s? Moment, M(Nm)

Fa rate of change of momentum

(v-u)
t

(mv-mu)

Fo or Fam

but ___(v-tu ) =

hence, F & ma
F =kma where k is a constant
hence k is 1, the formula becomes..".
F=ma
In ST units, Fis the force in newtons, N

m is the mass in kilograms, kg

) . . m
a 1s the acceleration in 3

S

Newton’s Third Law of motion states that for any action, there is a reaction which has the same

magnitude but acts in the opposite direction. The following figures show Newton’s third law of
motion.

reaction

action

action

Examples Notes

3Q1- Calculate the action forces experienced by a body of mass 50 g

Solution:

F=2 : m=50g; a=1.5m/s’
m=50/1000=0.05kg

F=ma = 0.05x1.5=0.075N

3Q2- A box of mass 4 kg is put on floor. The box is pulled horizontally
with a force 13N. Find the acceleration of the box if:

Solution:

F=13N,m=4kg, F=ma

moving with an acceleration 1.5m /s”.

i. The floor is smooth surface.
ii. The rough surface and friction force is SN.




Force,f (V) weight, w (V) mass, rn(kg) “acceleration, a (w/s%) gravity, g=2.81m/. 5 Moment, M(Nm)

1. From the figure below, a toy train has three coaches A, B and C
respectively mass 8kg, 8kg and 4 kg. Each carriage is connected

with a chain. If its forward motion is 50N. Calculate
A B c

TZ Tl
8kg 8kg 4kg —> 30N

Smooth surface

I. What is the acceleration of the objects?
i What is the tension of the string between the objects?

Solution:

i.  Assume that force 30N acts on the combined mass of 8 kg , 8 kg
and 4 kg

total mass. m = 8+ 8 +4 =20 kg

F=30N
30 2
Resultant force, F=ma, a= 56 =1.5ms

ii. Consider the object of mass 8 kg, 8 kg and the force T; that pulls
the object to the front. )

T;, my =8 kg ,mp=8kg,a=1.5 ms™

a=1.5m/s’
Ty =(ma+mg) a
Ti=16x1.5=24N 8kg 8 ke -

Consider the object of mass 8 kg and the force T that pulls the object to
the front.

(orpoo tanl) Aoy BB convvvsnsansimmmissmmnessnsnns smsmnnis

----------------------------------------------------------------

...............................................................

...............................................................

3Q3- A car of mass 1500kg moving from the speed of 30km/h to




Furce,F (N) weig"\t, W (N) mass, m(kg) acce]eraﬁon, a (vn/ sz) gravity, 9=9.81m/ 52 N‘oment, M(Nrn)

60km/h in 20 seconds. Calculate the action forces experienced by the car
by neglecting the friction force.

Solution:

..............

-p

v, ,. ;

3.3 Wei ghf

The weight of an object an object is defined as the force of gravity acting on the object. The symbol
for weight is W, and the SI unit of weight is the Newton (N). Formula of weight, W = mg.

g is the acceleration due to gravity. The acceleration due to gravity is always acting downwards.
Value of g is 9.81 ms™ or 9.81 Nkg™' .

What is the difference between mass and weight?

* Mass is the amount of matter in an object. This does not change in an object as it moves away
from the earth. .

*  Weight is caused by gravity. Therefore, the greater the distance, the less the force of attraction.
The less the distance the greater the force of attraction. )

*  Your weight is dependent upon the mass of the earth. If you were able to go to the planet,

Jupiter, your weight would be 27 time greater, because the mass of Jupiter is 27 times greater.

student has to consider its mass. If its mass is 72kg, calculate the

weight.
Solution:

m= 72kg




Force,f (W) weight, w (N) s, m(kg) acce‘!emﬂor\, a (w/s) gravity, ¢=2.81m/ S Moment, M(Nm)

W=mg = 72x 9.81 = 706.32N

3Q5- An object with a mass of 3.5 kg is supported by two forces as
shown in figure 1. Calculate the weight of object.

Solution:
Weight of the object, W = mg

=34x9.81=33354N
m = 3.5 kg

Figure 1

3.4 Addition Of Force

Force is a vector quantity. It can be represented by a long line which shows the magnitude of the
force and an arrow head on it which shows the direction of the force.

Arrow shows
direction of vector

~

The force obtained from the addition of two or more force is called the resultant force.
The additions of vector quantities such as forces must take into account both the direction and

magnitude.

For vectors which are parallel (whether in the same direction or in opposite directions), the resultant

vector can be determined by the addition of every vector (such as Table 1.1).

For non-parallel vector quantities, the resultant vector can be determined using the triangle of

forces, or the parallelogram of forces.




Force,F (N) weight, W (N) mass, m(kg) acce’emﬁon, a (rn/ sz)

3.5 Componehts Of Force

gravity, 9=9.81M/ d Moment, M(N"‘)

Components of force can dived to component axis -X and component axis -Y

Component axis —X, Fy

Component axis -Y

A

I A
i = |

beside

Eos = —————
hypotenuse

F

X

F

Fx =F kos6

Sin = opposite
hypotenuse
— Fy
F
Fy=F Sin6

vectors in the~direction of OX (Fy) and OY (FW)'

iii.

Solution:

f. F; =Fcos 0 Fy=Fsin 0
= 8 cos 25° = 8sin25°
=725 N =13 N

Find the agnid of the ompents of the following |




r

Force,f (N) weight, w (N) mass, rn(kg) acceleration, a (n\/ sz) gravity, g=?,81m/ i Morent, M(Nm)

i F,=Fcos 0
=50 cos (180" - 35%)
=-40.95 N (negative sign indicates that the direction of

ox/
F, is backwards/ from figure, Fy is left direction)
Fy=Fsin ¢
=50 sin (180° — 35%)
Y

=28.67N r=son A

A ©=180%35°
iii. ~ Fy=Fcos T B
=70 cos (270°-60")
=-60.62 N

Fy=Fiii €
70sin(270° - 60°)
=-35N

3Q7- Figure ¢ shows worker pushlng a concrete roller along a floor with

force 80 N. The force 1sam.n.g-3-5——belew—fhe-hel;?ltal
L Calculate th@rlzontal component of force. _\? W’J

ii. Calculate the vertical component.

Figure c

Solution: S“ j

i. F, = Fcosf 350 Fx
=80 cos (360° - 35%)
=65.53 N 80N
ii. Fy=Fsin 6 R

= 80 sin (360° — 35°)
=-45.88 N (negative sign indicates that the direction of Fy

is downward)




Force,F (IV ) weight, W (N) mass, m(kg) :cce]eraﬁun, 2 (vn/ 52)

3Q8- From figure below, Rina pulling a box of 55 kg mass on a smooth
surface at an angel of 33° from horizontal. Find the Fg, Fx and Fy.

Solution:

Fy =mg =55x9.81 = 539.55N
FY = FRsin33°

F, _ 53955
sin33°  0.5446

™ =990.727N

FX: (try yourbest) Ans:830:229N. .cueeinivan

gravity, g=7.81 w/ s Moment, M( an)

Af’f’htaﬁbh of Vector Re‘SOI-uﬁon

For an object moving along an inclined plane, the acceleration due to gravity can be resolved into two

components, one which is parallel to the surface and one which is perpendicular to the surface.




r

Force,F (N) weig}\t, w (N) mass, m(ks) . acce]enﬁon, 2 (rn/sz) gravitg, 5=?,81m/sz Mbmer\t, M(Nrn)

Figure below shows that, the force acting along the surface is mg sin 0.

A friction-compensated inclined plane is set up when the frictional force G is balanced by the
component of the force of gravity along the surface, i.e. mgsin 6 =G

G= frictional force

3Q9- An object with a mass of 5 kg moves down pane inclined t
angle of 50°. Calculate the object action force.

Smooth surface

50°

Solution:

The force of gravity cab be resolved into the component OX (Fy) which
is parallel to the surface because the object is moving along the inclined
plane

Therefore

OX = mgsinb
=5(9.81)sin50"
=375TN

The force acting parallel to the surface, F =37.57 N,




Furce,F (/V) weig‘\t, W (N) mass, w(kg) acceleration, a /n/s?)\ gravity, 5=9.81m/s? Moment, M(Nrn)

Examples

N otes 3

3Q10- A child playing slide as shown in the figure below. If the mass of
the child is 30 kg, calculate the

i. The force action by the child.
ii. The acceleration of the child with ignore the frictional force.
iii. The acceleration of the child if the frictional force is 55N.
Solution:
1. The force action is Fy.

F,= mgsind = 30x9.81xsin55" = 241.076N

ii. F=ma

241.076 = 30a, a= S3.078

=8.0358 m/s”

1il. F =ma
(s yonntesty ATy G0N . rav s s sidnn s s rabahimmerssos SAaBNG RS

3Q11- An object with a mass m kg is placed on a plane inclined at an
angel of 35% . A force of 50 N pulls it up along the surface. Calculate
value of m if the acceleration of the object is 1.05m/s”.

Solution :

The reaction force =mgsinf R
50N

=m(9.81)sin35° = 5.627mN

Net force =ma
u/
50 — 5.627m = mx1.05 vogsing
50=1.05m+ 5.627m mgcosO

50 =6.677m

m=50/6.677 = 7.488kg

An object moving along s
friction-compensated
plane will have a constant
velocity, its acceleration
is zero.




Force,f (N) weight, w (N) mass, vn(kg) ‘acceleration, a (m/: sz) gravity, g=9.81m/ S Moment, M(an)

Self Learning 1

1. Find magnitude of the resultant force for each situation below:

7N
a) 5N —>] - A T s Ry
T .2\
b) 5N «—
N~ L

c) l +———> 35N

rough surface and its given 6 N friction force

d) 25N

Uil /) 45°

3] A car broke is towed by truck with a force 1500N at an angel 35
figure below. Calculate the force on the direction of motion.

"r 1500




Force,F (N) weigl\t, % (N) ~ mass, m(kg) accelenﬁun, 2 (m/ sz) gr.\vity, 9=7.81m/ sz Mcmer‘\f,‘ M(Nm)

. A durian falling from tree. If the mass of the durian is 2.5 kg, calculate the weight of the durian,
(Ans: 24.525N)




9,

Force,F (N) ‘weig‘\f, W (N) ‘mass, vn(kg)

acceleration, a (m/ sz)

gravity, g=2.81m/<  Moment, M(Nm)

2

A worker is pulling a box with a rope which makes an angle of 55° with the vertical. If the

tension of the string is 3500N, find:

i 4

the horizontal force

the vertical force

A 60 kg skier slides down a 60" slope. Calculate

a)
b)

the horizontal force

the vertical force

(2867.03N;2007.517N)

(294.3N; 509.74N)




Chapter T
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Force,F (l\/) weighf, % (IV) mass, m(kg) acte?emﬁbh, 2 (m/sz) 9ravit3, 9=9,81rn/52 Mumeht, M(Nrn)

10.  From figure below, shown an object with mass 6500g moves down a plane inclined at an angel
40°. Calculate :

a)  the component of force (axis-X) 6
b) the component of force (axis- Y) 40°
c) the acceleration of the object if the friction force is 15 N.

(40.987N; 48.847N; 3.998m/s%)

3.5 Mulﬁple of Forces

Resultant force and its direction can also be determined by using method as shown in examples
below.




rf

Fbrce,F (N) weight, % (N) mass, m(kg) ~acceleration, a (m/ sz) gravity, 9=9.81m/ $ Moment, M(Nm)

3QI1-

a. Find the resultant force, R and its direction, 0 from the Figure below:

0 \ 10N ii. — 60kN \

_— 70kN | -5
60° 700[- 20° W £ 0
-l e
40° CY
Tsn 65° SOKN| > >
Solution: _45kN

- Firstly, make sure all 6 value is calculated against positive x axes in
anticlockwise direction.

- Assign inward arrow ( <€— as negative and outward arrow )
as positive.

= Then draw a table below:

Force (N Fx (N) Fy (N)
10 10cos60° = 5 10sin60" = 8.66
3 3cos170° = -2.95 3sin170° = 0.52
5 5¢0s270" = 0 5sin270" = -5
2 2¢0s300° = 1 2sin300° = -1.73
]L7 A r g - —\\
total / (3.05) ( 2.45} 2

\ ! y ( Ty
3 F =/(3.05) +(2.45) + an SE )

N
= V15305 =3.91 |
~N
tanﬁ—i—ﬁ — it
F.3.05 f\

O =tan"' 0.803 = 38.77°

11, Remember, assign inward arrow (<+— ) as negative and outward
arrow (T ) as positive.




Force,F (N ) weight, W (N) mass, rn(kg) acceleration, a (m/ sz) gravity, g=9.81m/ s2 Moment, M(Nm)

Force Fx (kN) Fy (kN)

(kN)

70 70c0s20” = 65.78 70sin20° = 23.94

60 ~(60cos110%) =20.52 | -(60sin110°) = -56.38
30 30cos180° =-30 30sin180° =0

45 -(45¢0s230%) =28.92 | -(45sin230") = 34.47
50 50c0s335°=45.31 50sin335° = -21.13
total 130.53 -19.1

3 F =/(130.53)" +(~19.1)
= 17402.89 =131.92kN

F -
tang = .4 — _ﬁ
E 13053

x .

O =tan"'-0.146 = —-8.32°

Negative sign, to show that the 0 in 4™ quadrant.

il
“[" ‘

-}
i

3.6 Momenf

A moment is defined as a force multiplied by the perpendicular distance from the line of action of the
Il force to the pivot.

The moment can be calculate using the formula:

Moment, M = Force x Perpendicular distance of force from pivot

=Fxd

The unit of moment of is Newton meter (Nm) and moment is a vector quantity.

P rinciple of Moments

For equilibrium: (i.e. an object is balanced and not moving or turning).




Force,F (N) weig"\t, W (N ) mass, m(kg) accelenﬁor\, & (n\/ 52) 9ravit3, 5=7.81m/ sz Mbn\enf, N\(Nm)

Principle of Moments - If a body is in equilibrium under the action of a number of forces, then the
algebraic sum of the moments of the forces about any point is equal to zero. In other words,

The sum of the clockwise moments about a point equal sum of the anticlockwise moments about
that point.

When several coplanar force acting on a rigid body, the body will be in static equilibrium and has
neither translation nor rotation. In order to maintain the body in this state, we must have the following
conditions:

Condition 1:

To avoid translation, the net force acting through the centre of the mass of the body must be zero.
Hence, we have

2>Fy=0 and >F,=0
Condition 2:

The body will rotate if the forces produce a net moment on the body about any point or axis.
Therefore, the total moment ) M about any point or axis must be zero if the body does not rotate.
Hence, we have

YM=0

Wherever the sum of clockwise moments equal the sum of anticlockwise moments in magnitude, the
total moment will be zero.

> +(clockwise moments) + ) -(anticlockwise moments) =0
Or

Y '(clockwise moments) = ) (anticlockwise moments)

Solving problems related to equilibrium and centre of gravity.

0 10 30 40 50 70 20
100cm
50N 100N 40N 30N 100N

Clockwise moment equal to anticlockwise moments

In the figure above,

Solution:

e




Force,f (V) weight, w (n) mass, m(kg) acceleration, a (m/sz) qravity, g=7.81"\/52 Moment, M(Nm)

Y (anticlockwise moments) = > (clockwise moments)

(50x40) + (100x20) + (60x10) = (30x20) + (100x40)
4600 = 4600

b. A metre scale is supported at the centre. It is balanced by two weight A
and B as shown in figure below, find the distance of B from the pivot.

0 30 50 80 100em
A A 0‘
i —— B
20cm d
40N 20N

Clockwise moment and anticlockwise moment about 50 cm divisions are
equal.

Solution:

> (anticlockwise moments) = ) (clockwise moments)

20x d =40x 20
Therefore,
d=28%_ 40em
20

I Hence the 20N force of B is acting from 90cm mark.

c.  The illustration in figure below shows a uniform meter rule weighing 30
N pivoted on a wedge placed under the 40 cm mark and carrying a weight of
70 N hanging from the 10 cm mark. The ruler is balanced horizontally by a

‘ weight W hanging from the 100 cm mark. Calculate thw
: W.

0 10 40 510 100cm
y
70N 30N w
Solution:

> (anticlockwise moments) = Y (clockwise moments)

Wx(100-40) + 30(50-40) = 70x(40-10)




Force,f (N) weight, w (N) mass, m(kg) acceleration, a ( m/ 52) gravity, 9=7.81rn/ s Moment, M(Nm)

60W + 300 =2100

60W = 2100 —-300

W =1800/60 =30 N

d. Identify the gravitational point for action forces system below for the
bar is ié equl!lﬁrium)
i

40N 25N 20N 40N

S b
II ,!41 % I()

\ " P2 )
(9( - l \
‘ Solution:

The force moment method can determine the centre of gravity for several
forces acting on a system, so that the bar will be in equilibrium horizontally,
like example above.

Firstly, we must find Fy for force 40N acting 35 above the horizontal.

Fy = 40sin35° = 22.94N

Y (anticlockwise moments) =} (clockwise moments)

22.95(x) + 25(x-4) = 20(8-x) + 40(10-x)

22.95x +25x — 100 = 160 — 20x + 400 — 40x

X(22.95 +25 +20 + 40) = 100 + 160 + 400
107.95 x = 660

X =660/107.95=6.11 m

1i. . 50N 30N 100N

’ L

AI | | IB
I I T 1

im 2m 4m
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Force,F (N) weight, w (/V ) mass, rn(kg) acceleration, a (rn/ sz) gravity, g=7.81m/ '3 Moment, M(Nm)

lution:
Let say center of gravity at X from B. So, the figure like below:

50N 30N 100N

L

‘(ﬁlm: z[h;lr ' z?

4m

-

Y (anticlockwise moments) = 3 (clockwise moments)
50(6-x) + 30(4-x) = 100x

300 — 50x + 120 — 30x = 100x

300 +120 = 100x + 50x + 30x

420 = 180x

X=420/180 =2.33 m

You can also say the center of gravity at X from A, but the answer is not
same. Let us calculate.

50N 30N 100N

L

| | | |
r T L

Iim 2m 4m

Solution: X

> (anticlockwise moments) = ) (clockwise moments)
50(x-1) + 30(x-3) = 100(7-x)
50x — 50 + 30x — 90 = 700 — 100x
50x + 30x + 100x = 700 + 50 + 90
180x = 840

X=840/180=4.67m




Force,F (N) weig‘\t, W (N) mass, m(kg) accelenﬁun, 3 (m/ 52) gravity, 9=7.81m/ sz Moment, M(Nm)
2.7 Resultant Moment

Center of gravity can also be determined by using the Resultant Moment method.

Resultant moment force = total moment force acting

Fi F,
| | | | |
| T T 1
Xl X2 I X3 X4
From left, the center of gravity is ....... e
3

Resultant Moment = total of force x center of gravity
=(F;+ B+ (F5) )x
F; is directed to the upward, so the sign of F; is negative (- F3)
Total of moment of force = Fy(x;) + Fa(x; + X2 + X3) + (-F3))(x; + X2)
Therefore,
Resultant moment force = total moment force acting
(F1 + Fo + (-F3) ) x =Fi(x1) + Fa(x; + X2 + x3) + (-F3))(x; + x2)

X=F1(x1)+F2(x1 +X, +X3)-F (X, +x,)

F, +F, - F,

a. Identify the gravitational point for action forces system below for the
bar is in equilibrium.

k 25N 20N 40N

N

4m | 4m 2m

) 58

We use the same example (d i ) to show the answer is same if you use any
method (principle moment or resultant moment).




Force,F (N ) weight, W (N ) mass, n\(kg) acceleration, a (rn/ sz)

Solution:

From left, the center of gravity is .......

Resultant Moment = total of force x center of gravity

= (40sin35° + 25 + 20 + 40)x

=107.94x

Total of moment of force = (40sin35%)0 + 25(4) + 20(8) + 40(10)

=660

Resultant moment force = total moment force acting

107.94x = 660

x=660/107.94=6.11 m

Solution:

From left,

Resultant moment force = total moment force acting

(60 +30-20)x=60(1)+30(1+ 3 + 1)+ (-20)(1+ 3)
70x = 60 + 150 — 80

=130/70=1.857m

gravity, 5=9.81rn/ ¥ Moment, M(Nm)




Force,f (V) weight, w (n) mass, m(kg) acceleration, a (/) qravity, ¢=2.81n/. s Moment, M(Nm)

Self Learning 2

I, A box of mass 3 kg is put on a smooth floor. The box is pushed horizontally with a force 3.5N.
What is the acceleration of the box? (ans:1.17 ms'z)

g B Object A of mass 9 kg and object B of mass kg are td oeher with a lig |
placed on a smooth surface. The objects are pulled with a 15 N force.

A B
9kg 4kg > 15N e
Smooth surface o
Figure 1
i. What is the acceleration of the objects? ‘ (ans: 1.15ms™)
8 What is the tension of the string between the objects? (ans:10.35N)




Furce,F (N) weisht, W (N) mass, m(kg) acceleration, 2 (m/ sz) gravity, 5=7.81m/ sz Moment, M(Nm)

3 | . car of ass 500kg is mving with a uniform velocity of 10 ms™ . The car brakes suddenly
and it stops within a distance of 25m. What is the force acting on the brakes of the car?
(ans: -1000N)
!
!
|
i
|
,[
l‘:
i
i
6 An object is moved by a constant force of 15N acting at an angle 55° to the horizontal as

shown in Figure 3.

8 15N |
j 55°
; |
: !

}‘Iax ok g |
g Figure 3

If th bject 1smoved in smoothsurface -
Calculate the horlzontal component and state the dlrectlon | 8.0)
» Calculate the vertical component and state the d1rectlon . (12.29)

b CIf the obJect is moved mrough surface with the fnctlonal force is 3N, calculate the
~ force acting. (5.60)




che,F (N) weight, v (N) mass, m(kg) ) acceleration, a (rn/ sz) gravity, 5=9.81rn/ < Moment, M(Nrn)

nangl of t the
horizontal. If the tension of the string is 5500N, what is the horizontal force?. (2750N)

8. A load of mass 4 kg is suspended by strings T, Q and R attached to retort stands as shown in
Figure 4. Whit use the resolving method, calculate the tension of string R, T and Q. (assume g =10
ms?) | (R=20N, T=31.11N, Q=23.835N)




Force,F (N)

weigh, W (N)

mass, m(kg )

acce'enﬁon, a (m/ sz)

gravity, 9=9.81m/ 5 Moment, M(Nm)

500N

500N

400N

200N

4 N—

9. A picture is hung as shown in figure below. If the mass of the picture is 500g, calculate the |
tension of string T and Q if the system in equilibrium.

(Q=T=2.995N)

(ans: Fr= 854.86N, 6= 34.187°)




Force,F ( N)

5N

weight, W (N)

60°

3N

60°

mass, m(kg)

2N

“acceleration, a (m/ sz)

gravity, ¢=9.81m/<’  Moment, M(Hm)

(ans: Fg="5.019N, 6 = 72.51°%)

(Fr=161.849 N, 0= 6i8’°_J




force,f (N) weight, v (N) mass, m(kg) acceleration, a (m/ 52) gravity, 3:9,81»\/ 5 Moment, N\(Nm)

(P=8N, G=10.39N: P=

12. From Figures below, determine the center of gravity if the system in equilibrium. (use
principle of moment/ force moment and resultant moment).

60N

~ (ans:2m from A) |




vy

F""*:F (”) weig‘\f, W (N) mass, m(kg) 3cce]enﬁon, a (m/ sz) gravity, 5=7.81m/ 3 Moment, M(N,,,)

b)
20N l IBN 21N 16N
A Il | | | X B
r 1 i T 1
4m 2m 3m 2m

(ans: 4.67 m from A)




Forre,F (N) weight, w (N) mass, m(kg) ~ acceleration, a (m/ sz) gravity, 5=9.81m/ 5 Moment, N‘(Nm)

13,

Iim

Ey A

Fa

>

(ans: FAo=29.43N, Fp=19.62N)




Ferce F (N) weight, w (N) mass, m(kg) acceleration, 2 (vn/ sz)

gravity, gﬂ7.81m/ 4 Moment, M(Nm)

ans: 4.51 m from A

). Find the centre gravity for beam ABis L m long and assume the system in equilibrium, s

shown in Figure 1.

80N 70N

(ans: 0.269L m)

60 °°|

A IA'& ./; 37°

1/3L
60N

Figure 1
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Force,F (N) weight, w (N) mass, rn(kg) acceleration, 2 (w/sz) gravity, g=9.81rn/52 Moment, N‘(Nn\)

(Im, 55m 7m | 13.5m |

] N

Fa
20N 50N

A

(FA=28.65N; Fg=41.35N)

1.. Test 1 Sest Jun 2010

a) Define:
1. Force.
ii. Newton’s Second Law.
b) State one scalar quantities and one vector quantities with its units.
¢) A bus with a mass of 2010kg accelerates from 0 to 25m/s in 35s. Assuming the acceleration is

constant, find is the total force on the bus.

d) From the Figure 1, a block suspended from two ropes, so that it hangs motionless in the air. If the
magnitude of T, =12N, calculate the magnitude of T).

» Figure 1

e) i Define moment.
i't’
L\ ii. From the Figure 2, convert each unit from kg to N.
j‘;
v 1il. Find value of force acting at F, and F;.

-thapter Bis Force

m



Force,f (N) weight, w (IV) mass, m(kg) acceleration, a (m/ qravity, g=7.61 : Morent, N\(Nm)

Calculate the centre o

im 2m

Figure 2




8 I C‘\arte'g —Force

|

Force,F (N) weighr, W /N) mass, n«(kg) acceleration, 2 (m/sz) gravity, 3=9.81m/sz Moment, M(Nrn)

a)

b)

d)

2. Test 1 Sesi Dee 2010

Define:
1. Scalar quantity
ii. Vector quantity

A box of mass 4.2 kg is put on a smooth surface. The box is pulled horizontally with a force 3.5N.
Find the acceleration of box?

The six ropes tight to the ring are pulled on with force as shown as Figure 1. Calculate the resultant
force to the forces acting on the ring.

Define: Figure 1
i Newton’s First Law
il Newton’s Second Law

From Figure 2 calculate the centre of gravity from point A if the system in equilibrium.

7N 21kg
2.7N
45° l
A B
1 1 | | *
I | 1 1
Im 2m 2m Im 8N
Figure 2
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Furce,F (N) weight, w (N) mass, m(kg) acceleration, a (m/sZ) gravity, g=7.81n—/sz Moment, M(Nm)

Z Test 1 Sesi Jun20T1

a) Define:
i) Force
ii) Second Newton Law

b) Differentiate weight and mass

¢ ) Based on Figure 1, below, there are two teams pulling the ropes. Team A has total force of 240 N while
team B has total force of 270N. Describe which group will win this game relate to force in equilibrium.

Figure 1

c) The 4 ropes tight to the ring are pulled on with force as shown as Figure 2. Determine the resultant
force and its direction for the figure.

25N

50N .
30

40N

20N

B e e e

Figure 2

¢) Define moment and gives it ST unit

f) States TWO types of method to solve moment problem




Force,F (N) weight, w (N) mass, m(kg) acceleration, a (vn/ sz) gravity, 9=9.81m/ & Moment, M(an)

g) From Figure 3,

F3=30N
F1=0.7kg
‘/é
A : B
F2=900g
10N=F4
I I | |
| 2m ! 4m ! 3m ! im
Figure3

) convert value of F1 and F2 to unit Newton

(ii) calculate the centre of gravity from point A
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Work, Energy & Power

41 Work

Work done is the product of an applied force and the displacement of an object in the direction of the
applied force. This word of “work” brings to mind pushing, pulling and walking back and forth. The
very unusual thing about the day-to-day usage is that it is almost identical to the Physic usage of the
term.Work done can be happen when the point at which a force acts moves. When the force is
constant , the work done is also can be defined as the product of the force and distance moved.

“Work done on an object, is the product of the average force on it and the distance traveled
in the direction of the force.”

s meter
Figure 4.1

Figure 4.2

Work = Force x Distance moved in the direction of the forceJl

So if we have a constant force of magnitude F Newtons, which moves a body a distance s
meter along a flat surface , the work done is F x s and the unit of Work is Joules (J) ;

Figure 4.1 and 4.2 shows that the situation of movement of an object where the force applied
is parallel with the distance. So, the work done can be happen when the force acting by the
distance traveled.

S meter

Figure 4.3



Figure 4.4

Now suppose that this force is at an angle of a horizontal. If the body moves a distance of s meters
along the ground, then the work done is F Coz 6 x s ( since F Coz 6 is the component of the force in
the direction of the motion)

Figure 4.3 and 4.4 shows that the motions of the object is applied force at an angle of a horizontal of
the distance. If the force acting is not parallel with the distance, we use the component of the force
which is parallel to the distance. So we can find the work done by the object with the formula ;

W=F Coz 6 XLI

The ST unit of work is Joule (J) and is the work done when a force of 1 Newton (N) moves through a
distance of 1 meter (m). (1 Joule is the work done when an object is moved 1 m under the application
of force of 1 N in the direction of motion.

1J=1Nm

The work done by an object can be positive or negative. Since force , F and displacement , s are both
vectors, the result of the above equation depends on their directions:
e IfF acts in the same direction as the motion then positive work is done. That means the
object on which the force is applied gained energy.
e If the direction of motion and F are opposite, then negative work is done. This means that
energy is transferred in the opposite direction.
Example:
“If you try to push a car uphill by applying a force up the slope and instead the car rolls
down the hill you are doing negative work on the car. Alternatively, the car is doing
positive work on you.”

No work is done when a force is applied when no displacement occurs. From the Figure 4.1 , the
students pushes as hard as he can against a stationary wall but there is no work done because the
force exerted on the wall produces is no displacement.

Work is also not done when an object undergoes a displacement with no applied force acting on it.
This happens when a satellite moves a constant velocity in space. (Refer 4.2)
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Figure 4.2

— 1
p

4Q1. How much work is done by an applied force to lift a 17 Newton
block 4.2 meters vertically at a constant speed? 3

Solution:

Given; F=17N
s=4.2m

W=FxD
= 15%4.2
=714 Nm @ ]

4Q2. A man lifts a 15 kg bag onto his shoulders through a vertical
distance of 160 cm. What is the work done by the man?

Solution:

Given ; mass, m =15 kg, w=mg= 15x9.81=147.15N
d =160 cm = 1.6m

W=Fxd
= 147:15% 1.6
=235.44]

4Q3- A rigid 1.45 kg block are pulled at a constant speed through a
horizontal at a distance of 220cm at the Earth’s surface. Determine the
work done on the blok.

Solution
Given ; mass = 1.45 kg
d =220cm




(Answer = 31.29])

4Q4- A man is sitting on a sheet of plastic is pulled a distance 5.5 m
along a smooth floor by a woman exerting a constant force 75 N at an
angle 35° with respect to the direction of the motion as shown as the
Figure 4.3. What is the work done by the women?

Solution:
Given ; F=75N
S=55
0= 359
W=Fxs
=FCoz 0 xs
=75 €0s 359% 5.5
=61.4x5.5
=3379Nm@]

4Q5- A horizontal force pulls a body of mass 7.5 kg at a distance of 320
cm across a horizontal surface at an angle of 32 °. Find the work done if
the body moves with uniform velocity .

( Answer = 1.997 x 10¢])

Solution :

4Q6- From the Figure, a rigid 2.3 kg block is raised at a constant speed
through a vertical distance of 2.0 m at the Earth surface . Determine the
work done on the block by the hand. ( Using g=9.81 m/s?)

I=2m

2.3kg
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Solution :
Given ; m=2.3kg

h =2.0m

g =9.81 m/s?

W = Fxs
=mgxh
= 2.3%9.81%2.0
=451 Nm @]

4Q7- A man pushes a 12 kg box at a constant velocity over a distance of
370 cm.

How much work does the man do in pushing the box?

Solution:

Given; mass, m =12 kg
d =370cm = m

= 435.564 ]

4Q8- A cube is moves up a 37° incline under the action of certain
forces by 52 N, as shown in Figure. Determine the work done by the
force as the block moves 78 cm up the incline.

F

/'

250
Solution:
Given;F=52N
s=78cm
=0.78 m

W =Fxs
=52%0.78
=40.56 Nm @]




4Q9- A smooth surface is inclined at angle of 30° to the horizontal. A
block of mass of 18 kg lies on the surface and is pulled at a uniform
speed a distance of 11.2 m up a line of greatest slope. Find the work

done by the block.
(Answer =1.97x103)

Solution:

4Q10- Several blocks , having a total weight of 400 N are loaded
into a 12 kg cabin that is then pulled up a wooden ramp 12 m long
making an angle of 27.2 0. Knowing that friction was negligible,
how much work was done?

Solution:
Given ;W = 400N
Mass of cabin = 12 kg
0=27.20
s=12m
F =400+ (12x9.81)
=517.72:N
W =Fxs
W =FCoz 0 xs
=517.72'C02272x 12
=5525x103Nm @ ]

4Q11- Determine the work done by the truck with the force 155 N if the
height of slope given 1.5m

1.5m
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42 Energg

Energy — Energy is the ability to do work. When work is done, energy is transferred. Some kinds of
energy can be stored, while others cannot. Energy is also a capacity a physical system to perform
work. It is exists in several forms such as heat, kinetic energy (mechanical energy) , light, potential
energy, electrical or other forms.

Energy is the capacity to do work. When positive work is done on an object, the system doing the
work loses energy. In fact, the energy lost by a system is exactly equal to the work done by the
system. An object with larger potential energy has a greater capacity to do work.

I’ Work done = Energy needed |

The SI unit for energy is Nm @ Joule (J). The SI unit of energy is same with the SI unit of work.

Energy can be taken from almost anywhere. Power plants use many different types of energy
sources, including oil, coal, nuclear, biomass (organic gases), wind, solar, geothermal (the heat from
the earth's rocks is very hot underground and is used to turn water to steam), tidal and hydroelectric
(waterfalls). Most power stations work by using steam to turn turbines which then drive generators
and create an electric current.

Most of these sources are dependent upon the sun's energy, because without it we would not have
weather for wind and tides. The sun is also responsible for growing plants which decompose into
fossil fuels like oil and coal. All these sources can be put under 2 headings, renewable and non-
renewable. Renewable sources are sources which will not run out, like solar energy and wind power.
Non-renewable sources are ones which will run out eventually, like oil and coal.

Kinetie Er\er93 (KE )

Kinetic Energy is the energy an object possesses due to its motion. Any object which is moving has
kinetic energy.

The word of “kinetic” is derived from the Greek word meaning to move and the word of “energy” is
the ability to move. So, the “ kinetic energy” is the energy of the motions or it is an ability to do
work. The faster the body moves the more kinetic energy is produced. The greater the mass and
speed of an object, the more kinetic energy there will be.

A body which isn’t moving will have zero kinetic energy , therefore the formula of kinetic energy is

K.E.= 1mv2
2

Where ; m = mass ( kg)
v = velocity (m/s)



4Q12- The record average speed for the men’s 10 km walks is 4 . 2
m/s. How much kinetic energy would a 74 kg athlete have at that
speed?

Solution:

Given; v=4.2m/s

m= 74 kg
KE.= i
2
= %(74)(4.2)2
=652.68 Nm @]

4Q13- The record average speed for the men is 5.3 m/s. How much
kinetic energy would a 72 kg athlete have at that speed?
(answer; 1011.24 ])

4Q14- The velocity of a 3.5 kg trolley is increased from 12 m/s to 18
m/s over a distance of 10 m. Find ;

a) The change in the kinetic energy of the trolley.

b) The force that acts on the trolley.

Solution :

Given; m=3.5 kg

u=12m/s
v =18 m/s
a) Change in kinetic energy = %mvz . %mu2
1 1
=—(3.5)(18)* - —(3.5)(12)?
S (3.5)(18)” - 2(3.5)(12)
= 567 - 252
= 315]
b) The work done to accelerate the trolley is equal to the change
in its kinetic energy.
Workdone = Fxd
315 =Fx10

F 315N

k, Emgg & Pover
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40Q15-

The velocity of a 5 kg bicycle is increased from 10 m/s to 12 ms-!
through 50m distance. Find;

a. The change in the kinetic energy of the trolley.

b. The force that acts on the trolley.

Potential Energg

Potential Energy (P.E) is the energy which an object has because of its position. The change in the
potential energy of a body incurred in moving from one point to another equals the work done in
overcoming the interaction that stores the energy.

The “potential energy is the same as stored of energy where it’s held within the gravitational field.
When you lift the heavy object you exert energy which later will become kinetic energy when the
object is dropped.

For example, A lift motor from a roller coaster exerts potential energy when lifting the train to the
top of the hill. The higher the train is lifted by the motor the more potential energy is produced; thus,
forming a greater amount if kinetic energy when the train is dropped. At the top of the hills the train
has a huge amount of potential energy, but it has very little kinetic energy.

“Potential Energy is the stored energy of position possessed by an object”

GRAVITATIONAL POTENTIAL ENERGY - Gravitational Potential Energy is the energy stored
in an object as the result of its vertical position or height. The energy is stored as the result of the
gravitational attraction of the Earth for the object.
Gravitational energy is the potential energy associated with gravitational force. If the object falls
from one point to another point inside a gravitational field, the force of gravity will do positive work
on the object, and the gravitational potential energy will decrease by the same amount.

“ The gravitational potential energy depends on the initial position and the final position of
the object”

!Qﬁiﬁm % — Work, Energy & Pever
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For example, a book placed on top of a table. As the book is raised from the floor, to the table, some
external force works against the gravitational force. If the book falls back to the floor, the "falling"
energy the book receives is provided by the gravitational force. Thus, if the book falls off the table,
this potential energy goes to accelerate the mass of the book and is converted into kinetic energy.
When the book hits the floor this kinetic energy is converted into heat and sound by the impact.

The factors that affect an object's gravitational potential energy are its height relative to some
reference point, its mass, and the strength of the gravitational field it is in. Thus, a book lying on a
table has less gravitational potential energy than the same book on top of a taller cupboard, and less
gravitational potential energy than a heavier book lying on the same table. An object at a certain
height above the Moon's surface has less gravitational potential energy than at the same height above
the Earth's surface because the Moon's gravity is weaker.

Mass = m kg

Height =h meter

Figure 4.7

From the Figure 4.7, when an object of mass , m kg is raised to a height , h meters above the Earth’s
surface , the object possesses gravitational potential energy. The gravitational potential energy is
equal to the work done to raise an object to a particular height.

Work Done, W =F x

Gravitational Potential Energy, P.E = Work Done

Where;
m= mass, kg
h= height, meter
g= gravitational= acceleration = 9.81 m/s’

40Q16-

A hammer of mass 2 kg does more work when dropped from a height
of 10 m than when dropped from a height of 5 m. what is the
potential energy y hammer when it dropped from a height of 5 m.

Given ; mass = 2 kg
s =5m

et & — Work, Energy & Pover
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W =Fxs
=mgxs
=2%9.81x%5
=98.1]
P.E =WorkDone
=98.1]

A boy has a mass of 3800 gram. He climbs 15 m up a tree. What is
his gain in gravitational potential energy.

( Answer = 5.59 x 103 ])

Solution :

40Q17-

An astronaut has a total mass of 112 kg. On the moon, he climbs into

his spacecraft 7 m up a ladder. His gravitational potential energy

increases by 825 J. What is the strength of gravity on the moon.
(Answer =1.052 m/s?)

Solution :

4Q00

A box of mass 4.5 kg is placed on a shelf which is 0.17 m above a
table. If the table is 0.7 m above the floor as shown in, find the
potential energy of the box with reference

a) The table top

b) The floor




Solution:

a) From the table top
P.E = mgh
=4.5x9.81x0.17
=7.5]

b) From the floor
P.E = mgh :
=4.5x9.81x (0.7 +0.17)
=38.41]

‘ P tehﬁal eg -

Elastic Potential Energy is the energy which an object possessed when it is compressed or stretched.
(Figure 4.12)

Elastic is defined as the ability of a material to recover its original shape and size after the force that

distorts it is removed. Springs are normally very elastic. However , a spring can be permanently
stretched if it is overloaded.

Figure 4.12

The elastic potential energy P.E stored in a spring extended by x is thus given by:
— . |
1
[ PE=—Fx
2

Hooke’s Law states that if a spring is not stretched beyond its elastic limit , the force that acts on it is
directly proportional to the extension of the spring.

If the extension of a spring produced by a force F is x, then;

Drk, ‘Energg & P ower
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Where k is the spring constant. The spring constant, k can be defined as the force that is needed to
extend a spring by a unit length .Since F = kx , the elastic potential energy stored in a spring extended
by x is also given by:

Which is ;
x = Distance of spring when it is to compressed or stretched
k = is the spring constant

The spring has constant of a spring depends on
a) The length of the spring
b) The diameter of the spring
c) The size of the spring
d) The material used to built the spring

4Q17-

A spring is fixed vertically as shown in Figure. When a 450 g block of
wood is placed on top of the spring, its length is reducing from 27 cm
to 15 cm. Find the elastic potential energy stored in the spring.
(Assume that the elastic limit is not exceeded)

Solution ;

Compressed , X =27-15
=12 cm
=0.12m

Compressed Force,F =mg
=0.45x9.81
=441N

Elastic Potential Energy , P.E = %Fx

= l><4.41x0.12
2

=0.26]

T e SR
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Princi-pl-e 0f Conservation Of Energy

The principle of conservation of energy states energy can neither be destroyed nor created, but it
can change from one to another.

The total energy of any system that is isolated from the rest of the Universe remains constant,
even though energy may go from one form to another within the system

P.E a = mgh = maximum
KEa= lmvz = minimum
2

<):< PEs+KEs=P.Ea+KEs
§:3

P.E ¢ = mgh = minimum
KEc=1,,2=maximum
2

o~
{4 1
5,
N

% i)

Position A:
e P.E=maximum, K.E =0 ( The pendulum stop for a moment )
Position A to B :
e The potential energy of the pendulum gradually decreases as it is changed to K.E.
Position B :
e PE=0(h=0,v=maximum)
Position B to C :
e The K.E gradually changes back to P.E
Position C :
e P.E=maximum , K.E =0 ( pendulum stops for a while). Now the pendulum will oscillate
from C to B and back to A.
e The oscillation cycle will repeat.

Chapter A Work, Er\ergg & Power
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4.3 POWER

Definition — is rate at which work done or the rate change of energy or power is the rate of doing
work.

The quantity work has to do with a force causing a displacement. Work has nothing to do with the
amount of time that this force acts to cause the displacement. Sometimes, the work is done very
quickly and other times the work is done rather slowly.

For example, a rock climber takes an abnormally long time to elevate her body up a few meters
along the side of a cliff. On the other hand, a trail hiker (who selects the easier path up the mountain)
might elevate her body a few meters in a short amount of time. The two people might do the same
amount of work, yet the hiker does the work in considerably less time than the rock climber. The
quantity that has to do with the rate at which a certain amount of work is done is known as the
power. The hiker has a greater power rating than the rock climber.

- S.I unit of power is J/s or Watt (W).
- Thp =746 Watt

Power = WorkDone or Power = ChangeofEn _ergy
TimeTaken TimeTaken
bt =T gy p -E
B t ¢

40Q18-

A car moves at a constant velocity of 65 km/h. Find the power
generated by the car if the force of friction that acts on it is 1450 N.
Solution :

Given ;

v=65km/h=18.06 m/s

F=1450N
P=7?
P=W =Fv
T
P=1450x18.06
=26180.56
=2.618x10¢W

4Q19-

How much power does it take to raise an object weighing 100 N a




distance of 18.0 min 52.0s?

Solution :

Given; F=100N
d=18.0m
t=52.0s

P = ﬂ: T

t
=34.6 Watt
4Q20

A man of mass 62 kg walks up a flight of stairs 2.7 m high. What s ......

a) The work done by the man.

b) The energy required to walk up the stairs

c) The power generated by the man if he takes 4 minute to the top of
the stairs.

Solution :

Given;
m =62 kg
h=2.7m

t =3 minute = 180 second

a) W = mgh
=62x9.81x27
=1642.19]
b) Energy needed = Work done
=1642.19]
WorkDone
c) Power Generated = ZimeTaken
— 1642.19
180
=912 W

4Q21- Siti of mass of 48 kg walks up a stairs of 2.2 m high. Find.....
a) The work done by Siti
b) The energy required to walk up the stairs
c) The power generated by Siti if she takes 3 minute to the top of
the stairs.

Solution ;

i wka, lEr'\evg‘g & Power
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4022
A 67 kg skydiver moving at terminal speed falls 45 m in 1 second.
What power is the skydiver expending on the air?

Efficiency

The efficiency of a machine can be defined as the ratio of use output energy to the energy put into
the machine. This ratio is normally expressed as a percentage. Thus;

EfﬁClency = use output of energy 100
input of energy

ey
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4023

What is the efficiency of a pulley system that will raise a 2000-N load a
vertical distance of 1 m when 3000 ] of effort is involved?

Solution :
Given;

Output of work=F x d
=2000x1
=2000]

Input of work  =3000]

Efficiency = use output of work <100 %
input of work

2000
=——x1009
_ 3000 %

=66.7%

4024

A machine this is 42% efficient is used to lift a mass of 1050kg to a
height of 17 meters. How much work must be done by the machine?

( Answer = 73545.57 ])

4025
A machine requires 2200 | of energy to raise a 32 kg block a distance of
5.5 meters. What is the machine’s efficiency?

(Answer = 78.5 %)
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Work Done by Gravit

Potential Energ

Self ‘Learning

. A22 kg blo s o ward from ' po 22 m arth’s surface. At what height above
Earth’s surface will the gravitational potential energy of the Earth block system have
increased by 550 J?

P.E=75.196J

4. A 2.0 kg block is thrown upward from a point 20m above Earth's surface. At what hei
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above Earth's surface will the gravitational potential energy of the Earth block system
have increased by 500J?

6. Assuming an efficiency of 25% for the muscle system in the process of converting food

energy into mechanical work, how much energy would be used by a person of mass 75 kg
(weight 1651b) in the process of climbing four flights of stairs for a total height of 15 metes?
Find the answer in joules and convert to dietary calories (1 dietary calorie = 4186 Joules)




the point it hits the ground assuming that there is no air resistance?

( Work done=981J)

9. A rope is attached to a 50.0-kg crate to pull it up a frictionless incline at constant speed to a
height of 3-meters. A diagram of the situation and a free-body diagram are shown below.
Note that the force of gravity has two components (parallel and perpendicular component);
the parallel component balances the applied force and the perpendicular component balances
the normal force. Calculate the amount of work done upon the crate.

Fllll'lﬂ

(Work =14701)
10. A box has a mass of 6.2 kg. The box is lifted from the garage floor and palced on a shelf. If
the box gains 165 J of Potential Energy, how high is the shelf?

hapter 4 — Work, Energy & Power
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11. A person on the street wants to throw an 7 kg book up to a person leaning out of a window 6
m above street level. With what velocity must the person throw the book so that it reaches the
person in the window?

4
R LE N =

stant si)eéd of 7.5 5.

l.A 770 N marine in basic trainm climbs a 10.0 m vertical rdpe at a con
What is his power output?




14. Eddie has made a long gun. The bullet has a mass of 25 g. A force of 4 N pushes the bullet
down the barrel, but the barrel has a frictional force of 1 N in the opposite direction. The
barrel is 6 meter long and the bullet starts off at rest. What is the final speed of the bullet as it
leaves the barrel? (v=3795m/s)

| a) o Jim is applying a 20.6 N force downward at an angle of 53.7" with the horizontal to

the displace a broom a distance of 5.25 m( 64.03 J)
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16. A small hoist can raise 100 kg of bricks to the top of a construction projet 3 m boe th
street in half a minute. Determine the power provided. ( 16.35 Watt)

¢ How much the work done by each student? (269.75J & 261.95))




1 The ﬂol pate is c a 2.11 kg can of white paint. He has climbed raising the can
10.0 m) up the pole from its base, where he just finished having lunch on the roof of a 35.0 m
tall tower.

b) What is the total increase in the can’s potential energy above the value it had |

while it sat on the ground? ( 931.46J)
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a) How many joules of work has he done? ( 8.240 x 10 ' -

c) If he climbs the stairs in 20s, what was his pwer 412.02
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51 Introduction

Solid, liquid and gas are the most common states of matter on Earth. The state or phase of a matter can
change depending on pressure and temperature conditions, transitioning to other phases as conditions

stated; for example, solid transitions to liquid and liquid to gas with an increase in temperature or
pressure.

5.2 Particles of Molecules

Gases, liquids and solids are all made up of atoms, molecules, and/or ions, but the behaviors of these
particles differ in the three phases. The following table summarizes properties of solids, liquids and

gases.
Table 5.1: Properties of Solids, Liquids and Gases
BEHAVIOUR SOLIDS LIQUIDS GASES
Microscopic L
- O 0O
VIEW 8 OOO O O O C
o OO O O
& NN O
@)
Particles Particles in a solid are Particles in a liquid are | Particles in a gas are
arrangement tightly packed, usually in | close together with no | well separated with no
a regular pattern regular arrangement regular arrangement
Particles Particles in a solid Particles in a liquid Particles in a gas
movement vibrate (jiggle) but vibrate, move about, | vibrate and move freely
generally do not move and slide past each at high speeds
from place to place other
Compressible | Not compressible; Not easily Compressible.
there are no free spaces | compressible; Lots of free spaces
between particles. little free space between | between particles.
particles.
Shape Holds its shape. Shape of container. Fills any space.
Volume Fixed by the shape of the | Fixed volume of the No definite volume
solid. container.
Example Paper, rock, wood. Water, alcohol, oil. Air, carbon dioxide,

oxygen.

1
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5.2 Density

A material's density is defined as its mass per unit volume.
e [t is essentially, a measurement of how tightly matter is crammed together.
e The principle of density was discovered by the Greek scientist Archimedes.

To calculate the density, p (usually represented by the Greek letter "rho") of an object, take the
mass (m) and divide by the volume (v):

: mass
density =
volume
_m
p _— e—
v

e The SI unit of density is kilogram per cubic meter (kg/m?). It is also frequently represented in
grams per cubic centimeter (g/cm?).

Using of Density
One of the most common uses of density is in how different materials interact when mixed
together.

e  Wood floats in water because it has a lower density.

e An anchor sinks because the metal has a higher density.

e Helium balloons float because the density of the helium is lower than the density of the
air.

e The density of ice is less than water, so ice cubes float on the surface of your drinks and
doesn't sink down to the bottom.

e The density of carbon monoxide and carbon dioxide are heavier than air, so place your
carbon monoxide/dioxide detector near the ground so that it can go off if there's a build
up of these dangerous gases in your home.

'Densitg of water
Distilled water has a density of 1g/mL = g/cm’.
e Water is the only substance whose MASS = VOLUME.
That is why water density =1 g/mL
=1 g/em’
= 1000 kg/m’

An object with a density greater than 1000 kg/m3 will SINK in water.
An object with a density less than 1000 kg/m’® will FLOAT in water.

 Chapter 5 — Selids and fluids
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Density of various materials

Table shows a few examples on densities of other materials.

Materials Density (kg/m3)
1 | Gold 19300
2 | Tungsten 19250
3 | Mercury 13593
4 | Lead (Plumbum) 11340
5 | Copper 8920 - 8960
6 | Iron 7900
7 | Aluminum 2700
8 | Rock (typical) 2500
9 | Sea Water 1025.18
10 | Liquid Water 1000
11 | Plastics 850 - 1400
12 | Wood (typical) 800
13 | Alcohol, ethyl 785.06
14 | Alcohol, methyl 786.51
15 | Alcohol, propyl 799.96
16 | Styrofoam 30-120
17 | Carbon dioxide 1977
18 | Oxygen 1.4290
19 | Air (dry, at sea level) 1:2
20 | Helium 0.1785
21 | Hydrogen 0.0899
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Figure 5.1 below shows a simple experiment on how we can differentiate material base on their
density values.
e Three liquids, Mercury, water and an Alcohol are poured slowly into a glass-cylinder.
e [t is okay if the liquids mix a little during the pouring. This is because the layers will
always even themselves out due to the varying in densities.
e The liquids will layer on top of one another.
e And we can see that there are three-layers of liquids in the cylinder.

Alcohol, 785.06kg/m?*
Water, 1000kg/m?

Mercury, 13593kg/m?

Figure 5.1: Three layers of liquids when mixed together
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| A ship floating on water is a great II.‘

I illustration of the difference between mass ".
and density. A ship must have a density of

I less than 1025 kgm ~ (the density of sea

I water), or it will sink. Ships have a large I
mass, because they are made of steel, but

| because they have a large volume, their ||

I density is less than 1025 kgm . If enough
mass is added to them such their density

I goes above 1025 kgm ~*, it will sink.
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5.1 a) What is a density of a rock with a volume of 18m® and a mass
of 54 kg?

_ mass
Density =
volume
m
p=—
v
_ Sdkg
18m°
=3kgm .

b) A different rock with a volume of 40m® and a mass of 80kg.
What is its density?

Density = Lo o
volume
m
F
v
80kg
40m’®
=2kgm .

In the above two examples
which rock is heavier?

Answer: Heavier in the
question refers to mass or
weight. Therefore, a rock
in question (b) is heavier
since it has a mass of 80kg
comparing to the rock in
question (a) which has a
mass of 54kg.

(d) In the above two
examples, which rock is
more dense?

Answer: Density is the ratio
of mass to volume.
Therefore, the first rock is
denser with a density of
3kgm ~ and the second
rock is less dense even
though it weighs more,
because its density is only
2kgm .

*Notes: This example
shows why it is important
to be careful to not use the
words heavier/lighter
when you means more or
less dense.
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Examples e et T

5.2 A person handed golden-colored cube to you. The person wants
you to buy it for *Since the density is
RM2000, saying that it is a gold bar. You refer to you table of 1851.85 kgm *, the cube
densities of other materials and look up for ‘Gold’. You found out | is obviously is NOT A
that its density is 19300 kg/m>. You measure the cube and find GOLD cube! The real

that it is 3 cm on each side, and a mass of 50 g. What is its gold’s density is 19300
density? Is it gold? Should you buy it? kg/m®. The person selling
the cube is trying to lie to
Answer: you, so DONT BUY the
cube!
Given that the dimension of each side is 3cm
=0.03m
Volume of cube =0.03m x 0.03m x 0.03m
=0.000027m"*
Mass of cube =50g
=0.05kg
Density of cube o
volume
m
p=—
12
0.05kg
0.000027m°

=1851.85kgm .

5.3 Relative 'Deh'sih:)

e Relative density is also known as specific gravity.

e Specific gravity usually means relative density with respect to water

e Relative density of a material is the ratio of its density to the density of water, which the density of
water is 1000 kgm .

e This ratio is a pure number, containing no units.

e As water is most often used as the reference, if a liquid has a density less than 1000 kgm —*, then it
will float in water. Hence methyl alcohol, with a density less than 800 kgm ~*, floats on the top of
water, which explains why oil tends to float in the sea. On the other hand, as an ice cube has a
density of about 910 kgm ~, if it is placed into methyl alcohol, it will sink to the bottom.

IO material

/0 water

e The formula of relative density, Boalarin =
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5.3 A sample of iron has density of 7900kg/m’. The density of
water is 1000 kg/m . What is the relative density of iron?

p p material
relative =
p water

7900kg/nt
~ 1000 keg/m

=79 |

Do it Sourself 1

1. A cube is given to a student in an experiment. The Dimension of
the cube is 30cm x 30cm x 30cm and weighs 20 Newton. The student
needs to find the density and the relative density of the cube.

Weight, w = mg
_ =mx 30cm
20N
m=__ /[/_
m = 2.04kg
%cm
—————>
30cm
Dimension of cube = cmx__ cmXx____ cm
Volume of cube, v = e, mx__ m¥._ .. m
10 material
.. Density of cube, p =— Relative density, ,0 relative =
v 10 water
__ kgm®
_ kgm”
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Do it yourself 2

Given two types of liquids, X and Y. Liquid X has a mass of 2000kg and
a volume of 2m” while liquid Y has a mass of 5000kg and a volume of
0.368 m”. Find the density, relative density and name the liquids (refer
table of densities of various material).

Liquid x;
.. Density of liquid x, p =—
v

p material

pwater

Relative density, Prelative =

Liquid x is :

Liquid y;
” .. Density of liquid y, p=—
I v
|
i -
i} |28 _

P material

| Relative density, 2 catertivn™

p water
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5 4 Pressure

Pressure is defined as the force per unit area, which is calculated by taking the total force and
dividing it by the area over which the force acts.

Force and pressure are related but different concepts.

A very small pressure, if applied to a large area, can produce a large total force.

J

Force, F

Pressure, (symbol, P) =
Area, A

The pressure exerted by a column of liquid of height 4 and density p is given by the hydrostatic
pressure equation:

u: Pressure, P = pgh ]

Which p is density, g is gravity (9.81ms ) and h is height.

Fluid density and local gravity can vary from one reading to another depending on local factors,
so the height of a fluid column does not define pressure precisely

In the international system pressure is measured in Newton per square meter, which are defined
as Pascal (abbreviated Pa).

.
A
Newton, N
e Units of Pressure = 6141702}1,2
Meter™,m
Newton, N
e Pressure = ——% = Pascal, Pa
Meter” ,m"~
N
L 1—2' = 1 Pa
m

Another common units of pressure is Bar which 1bar = 100,000 Pa.

Pressure can also be measured in mm of mercury (Hg). This unit stems from old fashioned
barometers that are designed to use atmospheric pressure to lift a column of mercury. The
number of mm of mercury is simply the number of mm that the pressure pushes up the mercury
column.

To convert among these units use 1 mm of mercury = 133 Pascal = 0.02 pounds per square inch.

(Notes: A barometer is an instrument used to measure atmospheric pressure. It can measure the

pressure exerted by the atmosphere by using water, air, or mercury. A manometer is an instrument

Jor measuring pressure of gas)

Exam-ples onh ﬂ\e use of P ressure

Why does a sharp knife cut more easily than a dull one? A
sharp knife blade has a smaller area. Therefore for the same
amount of force, the sharp knife blade exerts more pressure and
cuts more easily

Chapfcr 5 — Solids and Fluids
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A woman wearing spiked high heel shoes can damage a floor
more easily than when she is wearing flat shoes. With the spiked
heels, the force of her weight is concentrated on a smaller area to
exert more pressure

Blood pressure is the force that the blood exerts on a unit area
of our artery walls. If the blood pressure is too low, there is not
enough force to push the blood to our brains and we pass out. If
this pressure is too high, it can burst a weak blood vessel.

e Atmospheric pressure is the force from the weight of the atmosphere above us pushing down on
a unit area. In a fluid which is a liquid or a gas, the pressure increases with the depth of the fluid
because there is a greater weight of fluid pushing down on each unit of area. This effect can
cause our ears to pop as we go up or down mountains.

5.3 A sample of iron has density of 7900kg/m’. The density of
water is 1000 kg/m . What is the relative density of iron?

p material

/Owater

p relative =
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_ 7900kg/m’—
1000 kg/m>—

=79
Do it Hoursel-f 3

A cube as in figure below has a mass of 200kg. The dimension of the
cube is 0.8m x 1.5m x 2.5m. If the cube is placed on a bench, find the
maximum pressure the cube can exerts to the surface of the bench.

Mass of cube = 200kg

.. Weight of cube =mg
=200x9.81
=1962 N

To find the maximum pressure, first we must find the minimum surface
area of the cube.

Areal=08x1.5
= 1.3m*

Area2=0.8x2.5
=2m?

Area3=15x2.5
= % T9m?

The minimum surface area is Area 1 = 1.2m*
So the maximum pressure exerts to the surface of the bench is;

_ Force, F
Area, A

P

1962

1.2

=1635Nm
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5.6 A submarine can go to a depth of 50m from the sea level. The
density of sea water is givenas p__ .. =1.03x 10°kgm . Question:;

a) What will happen if the submarine goes beyond that level?

b) Calculate the maximum pressure that can exert to the
submarine’s surfaces.

¢) If the total surface area of the submarine is 200m? , what is the
maximum load (Newton) the submarine can carry?

Answers:
a) What will happen if the submarine goes beyond that level?

Pressure increases with depth, and a submarine is designed to a
certain amount of pressure. For a depth of deeper than 50 meters, it
could cause damage to the submarine regarding of the exceeding of

pressure.

b) Calculate the maximum pressure that can exert to the submarine’s
surfaces

¥ =pgh
=(1.03x 10%) (9.81) (50)
=5.05x 10°Pa

¢) If the total surface area of the submarine is 200m*, what is the

maximum load (Newton) the submarine can carry?
p _ Force, F
Area, A g
F =PA

=(5.05 x 10°) (200)
=10.1x 10'N
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Po it Hourself 4

1. Given the weight of a semi-cylinder wood is 14N. It has a diameter of 0.1m and height of 0.3m.
It is placed on a surface of a table. Calculate the
1) Maximum pressure, and
i1) The minimum pressure
That the wood can transfer to the surface of the table

Weight, w =
Diameter =
Height =

Area 1 =

Area 2 = Pmax = P min=

2. Figure shows a rectangular block on a table.

Area = 2....

The pressure exerted by the block on the table is 40000Pa. Find the weight of the block.

3. What is the pressure at a point 50m below the surface of a sea? Given the density of sea water is
1025.18 kg/m?3

G‘wapter 5 _ Solids and Fluids
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4. Given the mass of the block is 160 kg. Calculate the pressure which is exerted by the block on
the floor.

3cm

8cm

5.5 Paseal's P rihci-pl'e

Pascal's principle states that when a force applied to a surface of an enclosed fluid, the pressure
is transmitted undiminished to every part of the fluid, as well as to the walls of the container.

e A common application of this is a hydraulic lift used to raise a car off the ground so it can be
repaired at a garage.

If a car sits on top of the large piston, it can be lifted by applying a relatively small force to the
smaller piston, the ratio of the forces being equal to the ratio of the areas of the pistons.

A small force applied to a small-area piston is transformed to a large force at a large-area piston.

Pressure on surface 1 = Pressure on surface 2

Py
/R F
4, _ 4,

e The volume of fluid being pushed down under the smaller piston is equal to the volume of fluid
that lifts the larger piston upwards.

Chapter 5 — Selids and Fluids
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Density, kg Relative densit =speciﬁc ravity,RD= ,,y,ﬁ"(no unif)
y:P = Y revity P

Which by substitution, the equation can be written as

Ah; =A,h,

*h is the height or distance moved

F

Area,

5.6
liquid is 300N/m”.

Force, F1= ?
diameter =0.1m

Answer:

Diameter 1 =0.1lm

. Area 1 =

Diameter 2 =0.25m

. Area?2 -—

I
o
=)
B
)
=]

N

Area,

A_hydraulic machine has a small piston with a diameter of 0.10m and a bigger
piston with a diameter of 0.25m. Find the force that acts on the small piston and the
force that pushes the bigger piston upwards. Given that the hydraulic pressure in the

Force, F,= ?
diameter = 0.25m

Presswe,P(Pa) Bougaht Force, F;,(N)
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P =300N/m
P,=P,
5 _5H
A] AZ
B
p, = L
Al
~F = PA,
= (300)(7.85x107)
= 2355N
p, - &
AZ
~F, = P,A,
= (300)(0.049)
147N
5.7

Figure shows a simple hydraulic system.

1) A 35N force is placed on piston A. Calculate the force acting on piston B.

ii)  Find the mass of object Q that can be lifted by piston B

iii)  If piston A moved 1.5m downwards, what is the distance moved by piston B

iv)  If the mass of object Q is replaced with a 150kg load, how much force is
needed to move piston A so that it can lift the load on piston B.

Force,F, = ?

A =0.15m’
Answers
i) A 35N force is placed on piston A. Calculate the force acting on
piston B.
P,=Py

. 2
AA AB
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35x1.4
F, ==

0.15
F, =326.7N

i) Find the mass of object Q that can be lifted by piston B

W=mg

w
W= —=

g
_ 3267

9.81
=33.3kg

iii)  If piston A moved 1.5m downwards, what is the distance moved by
piston B

0.15(1.5)=(1.4)(h )
h=0.1607m

1v) If the mass of object Q is replaced with a 150kg load, how much
force is needed to move piston A so that it can lift the load on piston

B.
Q =150x 9.81
=1471.5N
E,_Fy
AA AB
_ 1471.5x0.15
# 14
=157.66N




Chapter 5 — Selids and Fluids

Density,p (%) Relative density=specific 9mVit3,RD= p,,y,m,(no unit) Presswe,P(Pa) Bbugahf Force, FI,(N)

Do it Sour’self 5

1. The mass of X is 2kg and it is placed on piston M. The cross sectional area of piston M and N is
S5cm? and 80cm® respectively. Calculate:
a. The force that acts on piston M
b. Find the pressure that is exerted on piston N
c. Find the mass of object Y that can be lifted by piston N
d. If piston M moves downwards for 20cm, what is the distance of piston B moving
upwards

X=2kg y

M=5c¢c N=80cm

2. Figure shows a simple hydraulic system.

The cross-section areas of piston A and piston B are 0.04m? and 0.8m? respectively. A force of
300N is applied to the piston M. Find the force exerted by piston N on the¢ load.
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3. Figure shows a force of 100N which is applied to the piston P. Find the pressure which is

exerted on piston Q.
m Piston P (20cm diameter)

Liquid

Piston Q (80cm diameter)

5.6 Archimedes’ P rincipl-e

o When an object is immersed in water, it feels lighter.

° This is because the water exerts an upward force or the upthrust upon the object.

o This upthrust is a force produce by water in reaction to the force of the weight of the object
that is immersed in the water.

° This upthrust or the upword force is termed as Buoyancy.

° In a cylinder filled with water, the action of inserting a mass in the liquid causes it to
displace upward.

° Archimedes Principle states that the buoyant force on a submerged
object is equal to the weight of the fluid that is displaced by the
object.

° The weight of the displaced fluid can be found mathematically.

° The fluid displaced has a weight W = mg.

o The mass can now be expressed in terms of the density and its

volume, m = pV.
. Hence, F, = pvg

5 — Selids and Fluids
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Buoyant Force = weight of water displaced, (w)
= mass of water displaced, (m) x gravity, (9)
= density of water displaced, ( p ) x volume of water displaced, (v) x gravity, (g)

Hence, F, = pvg

e Another way to evaluate the Buoyant force is

Buoyant Force = weight of object in air state — weight of object in water state
Hence, F, =W, -W,

Water displaced

For example, weight of a stone in air state is 8.9N, and when it is immersed in water, the spring balance
reads 7.7N. So the buoyant force is:

Buoyant Force = weight of object in air state — weight of object in water state
F, - W, -W,
89N - 7.7N
1.2N

The difference between the object’s weight and the buoyancy force of the displaced fluid is called the
net force, F

net *

= weight of object — buoyant force of displaced fluid
- mg- pvg
o If the Buoyancy of an object exceeds its weight, it tends to rise

(the object floats)

. An object whose weight exceeds its buoyancy tends to sink.
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A ball floats in a pail full of water. The ball has a mass of 0.5 kg and a
diameter of 22 cm.

(a) What is the buoyant force?

(b) What is the volume of water displaced by the ball?
(c) What is the average density of the basketball?

Answers
(a) What is the buoyant force?

The ball floats on water so there is no net force. The weight is
balanced by the buoyant force. So:

i

Buoyant force Fj, mg

0.5x9.81

Il

=4 905N *remember-....the ball floats on

water ...
(b) What is the volume of water displaced by the ball?

By Archimedes' principle, the buoyant force is equal to the weight
of fluid displaced.

Buoyant force Fj, =pvyg
L'}

So,v =
Py

4905
1000 x 9.€1

=0.0005 m?
(c) What is the average density of the ball?

To find the density of the ball, we need to determine the volume.
This is given by:

Volume of ball = ‘3 wr: - .
=3m(011)° z
=0.0056 m3

The density is then just the mass divided by this volume, so:
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m

Density.
9 p - —
-

0.5
00056

=89.3 kgm3

Do it Sourse!-f 6
6.5.1 Figure shows the weight of block W in the air is 4N. The block is immersed in a beaker of
water and its weight becomes x N. Given that the density of block W is 1.6 x 10% kgm™3. Find the

value of x.
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6.5.2 A marble has a mass of 500g and density 800kgm ™ is placed inside a fish-tank filled with
water. Calculate:

a) The volume of water displaced by the marble

b) The apparent loss in weight of the marble

c) The weight of marble in water.
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Self Le‘amir\g

1. What are the 3 types of particles?
2. Give four (4) differences between solid, fluid and gases.
3. What is the definition of density?
4. What is the symbol of density? State the formula.
5. What is the SI unit for density?
6. An object has a mass of 300g and volume of 0.025 m?. Find the density of this object.
&
32 7. A wood has a mass of 800g and a dimension of 10cm x 20cm x 5.5cm.
ui, a. Calculate its density
.fi b. Calculate its relative density.
5
h—_—_

e
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c. Ifthe wood is placed in water, will it sinks? Explain your answer.

11. A metal plate is thrown ina liquid to adth of 1.7m th ese acted on iwas 1094Pa
What do you think the type of liquid it was? (4ns: seawater)
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) 1 A lad with a mass of 2kg wears high-heeled shoes. The heel which is in a shape of a circle
has a diameter of 5Smm. If the lady stands on one leg, how much pressure do you think she

exerts on the floor? (4ns:25.98 x 10°Pa)
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15. A simple hydraulic system with a small piston of 0.8m~ area and a larger piston of 1.35m" area.
If 526.3N force is applied at the smaller piston, how much force that will move the larger
piston? (Ans: 887.63N)
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17. A hydraulic pump with a large piston B has a radius of 17cm and a small piston A with a rad
of Scm.

a. If aforce of 35N is applied on the small piston, how much force is experienced by the
large piston (4ns:404.6N)

b. What is the mass of load Q (4ns:41.24kg)

c. If piston A moves downwards 0.3m as the 35N is applied, what is the distance move:
by piston B. (4ns:0.026m)

d. Ifload Q is replaced with a 150kg load, how much force is needed on piston A to
support piston B? (Ans:16207.73N)

Load Q

—+—» Liquid

Figure 4

.........................................................................................................................

.......................................................................................
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19. An object weighs 19.4N in the air but when it is soaked in water, it weighs 13.8N.
i. Why is the object weigh lighter when it is soaked in water?
ii. Calculate the buoyant force that acts on it. (4ns:5.6N)

W=19.4N W=13.8N

20. Figure 6 shows a metal block with a dimension of 10cm x Scm x 2cm is hung on a spring
balance. It is later immersed in water. (Density of metal block is 3.2 x 10’ kgm™and density of
water is 1000kgm)

2cm

5cm

10cm

_ (a) (b)
Figure 6

a. Find the reading of spring balance in figure (a) (4ns:3.14N)
b. Calculate the Buoyant Force which acts on the metal block (4ns:0.981N)
c. What is the reading of the spring balance in figure (b) (4ns:2.159N)

I Chapfer 5 — Solids and Fluids
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21.  An object of density, 80gem™ and mass 900g is immersed in a liquid of density 50gem™.
Calculate:
a)  the volume of liquid displaced (4ns:1.125 x 10°m*)
b)  the mass of the liquid displaced (4ns:0.56kg)
c) the buoyant force experienced by the object (4ns:5.52N)
give all your answers in SI units.

. d the buoyancy of a piece o wood with a mass of 12 kg and has a volume of 0.086m°.
Will the wood floats or sinks? (Density of seawater = 1025.18kg/m*)

Ans: 747.18N, it will float
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1-Final Exam Question —J—anuarg 2010

1) Density (p)

b) A block of volume 800cm* is immersed in water. Calculate: |
a. The actual weight of the block (5m) |
b. The apparent weight when it is immersed (6m) |

(The density of block = 2500kgm , density of water = 1000kgm )
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‘Z-Fihal Exam Que‘sﬁon—j ulg 2009

a) Give the definition and formula of pressure and density (6m)
b) A glass block of volume 200cm” is immersed in water. Calculate the actual weight of the
glass. (Density of the glass = 2500 kg/m*) (9m)
€ Figure shows a hydraulic jack. Given the cross-sectional areas of the smaller piston and larger
piston are 20m* and 80m * respectively. If the smaller piston is pushed with a force of 800N,
calculate:
1. the mass of Load in kg (6m)
ii. the Specific gravity of fluid in piston if the density is 800 kg/m”* (4m)
Force = 800N
Cross sectional area Cross sectional area
= 20m’* = 80m*
£
n
£ m=326.2kg, p, =0.8
|5
—_—
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Z_Final Exam Questions- Jan 2009

a) Define the terms below:
i.  Pressure (2m)
ii. Archimedes Principle (2m)
iii.  Density (2m)
b) A metal block which has the mass of 1.2 kg is placed horizontally on the table as shown in

the figure. The area of the block that touches the horizontal table is 8.0m”.

Horizontal Table

Metal block

i.  Calculate the pressure that acted on the block on the table (3m)
ii.  If the block volume is 150m?, calculate the density of the metal block (3m)

Chapter 5 — Sclids and Fluids
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Density,p ( %) Relative Jensit3=speciﬁc gnvitg,RD= p,,hﬁ,,(ho unit) PresSure,P(Pa) ngant Force, ﬂ(N)

i. The volume of liquid A and B ' 4 (5m)

» iii. e nsity of 50m3 of the mixed liquids




k \ \
Density, p ( m—gj) Relative density=specific gravity,RD= p,.y,m,(r\o unit)  Pressure,P(Pa) Rouyant Force, f(N)

gnchrs:

b) i P =13471Pa
ii.  p=0.008kg/m®.

c) i. V,=0.002m*, V,=0.0067m?,
ii. V,,=0.0087m’, ’
iii. p=0.1kg/m".

d) F,=375N

Referer\ce’s

1. Gases, Liquids, and Solids
http://www.grc.nasa.gov/WWW/K-12/airplane/state.html

2. States Of Matter
http://www.chem.purdue.edu/gchelp/liquids/character.html

3. Solids, liquids and gases - their 'molecular' structure
http://www.apqj64.dsl.pipex.com/sfa/slg structure.htm

4. Density
http://physics.info/density/

5. Understanding Pressure in Physics
http://physics.suite101.com/article.cfm/understanding pressure in physics

6. Relationships Of Altitude To Atmospheric Pressure
http://www.britannica.com/EBchecked/topic-art/41486/8325/Near-the-surface-of-the-Earth-
atmospheric-pressure-decreases-almost

7. Pressure: Force Divided By Area
http://www.darvill.clara.net/enforcemot/pressure.htm

8. Pascal’s Principle
http://webphysics.davidson.edu/physlet resources/bu semesterl/c23 pressure pascal.html

9. Archimedes’ Principle
http://www.slideserve.com/benjamin/archimedes-principle
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G=Arount of heat (j) AD=AT= the c‘nange of fempemture(c or K) c= speciﬁc heafo—/ kg/ C)

. Tem?ent'ure and _Heat'

6.1 Introduction

Heat always refers to the transfer of energy between systems (or bodies), not to energy contained
within the systems (or bodies).

Example: The iron is hot, so it's reasonable to say it must have a lot of heat in it. Reasonable, but
wrong. It's more appropriate to say that it has a lot of energy in it (i.e. it has a high temperature), and
touching it will cause that energy to transfer to your hand ... in the form of heat.

6.2 Temperat'ure

Temperature is a physical property of matter that quantitatively expresses the common notions of
hot and cold. Objects of low temperature are cold, while various degrees of higher temperatures are
referred to as warm or hot. The symbol for temperature is T. There are three temperature scales in
common use. These are: Fahrenheit Scale, Celsius Scale or Centigrade Scale, Kelvin or Absolute
Scale.

Some of the world uses the Celsius scale (°C) for most temperature measurements. It has the same
incremental scaling as the Kelvin scale used by scientists, but fixes its null point, at 0°C = 273.15K,
the freezing point of water.A few countries, most notably the United States, use the Fahrenheit scale
for common purposes, a historical scale on which water freezes at 32 °F and boils at 212 °F.The
Fahrenheit scale chooses the freezing point of water to be at 32 degrees, and the boiling point at 212
degrees, under a pressure of one atmosphere. The Celsius Scale, , puts the freezing point of water at
0°C and the boiling point at 100° C. The Kelvin scale has hache marks the same distance apart as the
Celsius scale. However, it starts measuring temperatures at absolute zero, which corresponds to -
273.15° Celsius.

63 Com-pari’SOn of Tem-per‘at'ure Scale's

Table 6.1

Absolute zero ; =
Freezing point of water 0 ST g ¢ 2_}315 :
[Boling point of water 00 [ 218 | 375




aehmount of heat(T) AB= the change of tempent‘ure(c or K) = specific heat(T/ kg/ c)

To convert from Celsius to Kelvin, use the following simple formula:

l K="C +273.15° |

so if we want to change Kelvin to Celsius, it will be,

‘ °C=K-273.15° I

To convert from Celsius to Fahrenheit, use

op_92,
F—5

ST T ot oy

6Ql1-

Convert 100 Kelvin to Fahrenheit.

Hint: We know that there is no directly formula to convert
Kelvin to ° Fahrenheit, but we can convert Kelvin to ° Celsius

then from ° Celsius to Fahrenheit as shown;

Solution °C=K-273.15°

100 - 273.15

= -173.15 K

2

F==C+32

ol

=2(-173.15) + 32
=-279.67°F

6Q2-

Calculate:

(a) The typical room temperature of 20°C and a cold
| temperature of -18°C on the Fahrenheit scale; and




QeAmount of heat (J) AB=AT= the change of fen\perature(c or K) c= specific heat(J/ ke/ c)

(b) Another cold temperature of -10"F and normal body
temperature, 98.6°F, on the Celsius scale?
¢) The absolute zero on the Fahrenheit scale?

Solution:
a) Celsius-to-Fahrenheit conversion
20°C=68F, -18°C =-0.4°F.....s it true?
Prove it!

b) Please try....

-10°F =-23.3°C

¢) Also try this...... absolute zero =0 K = -
459.67°F (refer to the table 6.1)

" d) show the calculation method 98.6°F =2, find
W v

6Q3- Compute the conversion below;

a. Convert 100 ° Celsius to Fahrenheit.
b. Convert 100 ° Fahrenheit to Celsius.
c. Convert O Kelvin to Fahrenheit

Good luck!




[

QeAmount of he:to— ) AB= the change of tempenture(c or K) e= specific heat(T/ '(5/ C)
Solution:

6Q4- Solve the question below,

1. Convert 15 ° Celsius to:
a. Fahrenheit scale.
b. Kelvin scale
2. Find 78 ° Fahrenheit to:
a. Celsius scale.
b. Kelvin scale
3. Find the summation of 54 ° Celsius and 212 Kelvin in
Fahrenheit scale.

Good luck!
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Q=Amount of heaf (j) A6=AT= the change uf temperature(c or K) c= specific heato—/ ks/ C)
Solution:

shle Ll

“® ne 60 100

: : 0088 20

‘: : : “@

A N

™ s B
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6.4 Heat
Heat is energy transferred from one physical entity to another due to thermal contact or thermal

radiation when the systems are at different temperatures. The heat is transferred by particles
bouncing into each other. The heat or amount of heat or the quantity of heat use symbol Q and the
unit is in Joule. Heat is also measured in calories, or kilocalories. One kilocalorie equals 4,186

Joules. Another common unit, on your monthly electric bill, is the kilowatt-hour, which equals 3.6
x10°7.

In other words, under kinetic theory, the heat is transferred by particles bouncing into each other.
When heat, (i. e., energy), goes into a substance one of two things can happen:

The substance can experience a raise in temperature. That is, the heat can be used to speed up the
molecules of the substance.

Note that temperature is different from heat, though the two concepts are linked. Temperature is a

measure of the internal energy of the system, while heat is a measure of how energy is transferred
from one system (or body) to another. The greater the heats absorbed by a material, the more rapidly

the atoms within the material begin to move and thus the greater the rise in temperature.



QeAmount of heato_) AO= the change of femperafure( CorK) c= specific heat(T/ kg/ C)

6.5 ﬂ\e Meﬂ\od of He‘at Trah'sfer

Heat transfers through our environment all the time. In this module you will learn three ways that
heat transfer in our environment; CONDUCTION, CONVECTION AND RADIATION.

Conduction

The energy is transferred by the direct contact of molecules through
a medium not by the movement of the material. Energy transfer by
heat between objects is classified as either heat conduction.

Example: putting your hand on a stove burner. The amount of energy
transferred depends on how conductive the material is. Metals are
good conductors, so they are used to transfer energy from the stove
to the food in pots and pans. Air is the best insulator, so good
insulating products try to trap air and not allow it to move.

Convection P,

Convection is the up and down movement of gases and liquids. The energy is
transferred by the mass motion of groups of molecules resulting in transport
and mixing of properties. By, fluid convection, this is the mixing of hot and
cold fluid regions.

Example: holding your hand over a stove burner, wind currents and hot air balloon.

= :'” Ratliaﬁor\

N
\_,-\ \ /
il ~ The energy is transferred form of waves through space by electromagnetic
* radiation.

Example: heat felt when standing away from a large fire on a calm night. Another example; a camp
fire, a light bulb and microwave oven.

Anoﬂ\er exam-p]—e's for cont’ucﬁoh, convection and radiation

Often, heat transfer occurs as a combination of the methods
we've discussed. For example, fire heats a pot by convection.
The heat is then transferred from one side of the pot to the other
by conduction.

..

Chapter 6 — Temperature and Heat
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Do it yourself

G\=Arr-uunf of heaf (j) A6=AT= ﬂ'\e c‘wange uf ten«perarure(c or K) c= speciﬁc heato—/ks/C)

After the study, can you describe the method of heat energy transfer in our life,

on 1_?—4‘3.&;{“_7‘”

6.6  Specific Heat Capacity, ¢

Specific heat is another physical property of matter. All matter has a temperature associated with it.
The temperature of matter is a direct measure of the motion of the molecules; the greater the motion
the higher the temperature. For most purposé¢s, these details can be all accounted for in an empirical
quantity called the specific heat capacity, c. Tterefore:

Q

maAaT

where Q is the heat energy,(Joules), m is the mass,(kg), ¢ is the specific heat capacity,(J/kg/°C)
and AT or A@ is the change in temperature (°C)

The specific heat capacity of a solid or liquid is defined as the heat required raising a unit mass of
substance by one degree of temperature. Specific heat is typically quoted in units of J/g/K or J/g/°C (Joules
per gram per Kelvin or Joules per gram per degree Celcius). For example, if a substance has a heat capacity of
30 J/kg/°C that means it takes 30 Joules of energy to raise the temperature of 1 kilogram of the substance by 1
’ Celcius.

Table 6.2 shows the specific heat for common substances.

Aluminum 900 Water 4186=4200




aeAmount of heat(T) AO= the change of tempemture(c oK) e= specific heat (/' kg/ &)

—

Ice 2100 Seawater 3900

o Iron 460 Glycerin 2400
Glass 670 Mercury 140
Cuprum/Copper 390 Olive oil 2000
Plumbum /Lead 130 Kerosene 2200
Zinc 390 Spirit methyl 2500

Gold 129 Ethanol 2440
Brick 900 Milk 3930
Cement 1550 Petroleum 2130
Diamond 630 Sulfuric acid 1340
Paper 1336 Turpentine 1720

Notes: the lowest specific heat capacity registers the highest temperature rise (refer to the table, the gold is the hottest)

6.7 Caleulating Heat Energy Changes

The amount of heat transferred can be readily determined by changes in temperature of the
surroundings. When a substance undergoes a temperature change without a phase, three factors
determine the amount of heat (Q) a substance will absorb or release. The three factors are:

1) mass of the substance (m).

2) specific heat capacity of the substance (a measure of how much energy the substance
absorbs to change the temperature 1°C).

3) temperature change the substance undergoes ( A T). If the temperature increase, the
substance gain heat energy, if the temperature decrease, the substance loss energy(the sign is
—ve energy)

_Heat' Caleulation formul-‘a

The factors indicated above all have a direct relationship with the amount of heat transferred.
Therefore the following formula can be developed for the calculation of heat when a temperature
change occurs.

Q=mc AT

Example N ofes

6Q6-

mass of water = 300 grams
temperature change in water = 15 °C
specific heat capacity =4.19 J/ g * °C
Determine amount of heat in joules

Solution:

Q=(300g) * (4.19J/g * °C) * (15°C)
Q=18,855J or 19 kJ

Chapter b6 — Temperature and Heat
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GeArmount of heat O— ) AO=AT= the c‘\angt of tevnpevature(c or K)

6Q7-

Calculate the specific heat capacity of concrete if 3,620 J of heat causes the
temperature of a 250 gram sample to change from 10.15 °C to 26.50 °C?

Given Information
Heat = 3,620 Joules
Mass = 250 grams
Temperature change = 10.15 - 26.50 °C.

The specific heat capacity of concrete in J/g* °C=?

Solution
. = .
Step 1: c -
Step 2: AT =26.50 °C -10.15 °C = 16.45 °C.
Y & e 3620
a 025(1645)

The specific heat capacity of the concrete = 0.880 J/g °C.
6Q8-

Find the heat necessary to boiling 5 kilograms of water from a temperature of 25
dcc;grees Celsius to the point of 100 degrees Celsius. (Heat capacity, C gno= 4186 J/kg °
Solution: Check the data in symbol; m water = 5kg, AT= 100-25 = 75 and ¢ = 4186 J/kg/° C.
Find the heat, Q =?
Q =mc AT
=5(4186)(100-25)

=157 x 10° Joules
6Q9-

How many joules of energy are required to raise the temperature of 100g of gold
from 20°C to 100°C?
Solution:

00 s ] &
m= B m——
&% Jooog

c= specific "\eafo—/ kg/ C)

Hint; Gold gained heat
energy, therefore gold
is heating....

1
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QeAmount of heato—) ABO= the change of tempenture(c or K)

AT=100-20= 80 °C

=mc AT
= (0.1 kg)(129 J/kg°C)(80°C)
=1032J .

Q

6Q10-

A 0.250 kg block of a pure material is heated from 20°C to 65.% by the addition
of 1.04 kcal of heat. Calculate its specific heat, and identify the substance of
which it is most likely composed.
Solution :

Q=mc AT,

__Q . . .
= It is copper. Is it true?

Do It %urse/f-J

A half liter of water at 30°C is cooled, with the removal of 63 kJ of heat. What is
the final temperature of the water?

Tf=0°C

e= specific heat(J/ks/C)

Some guides; point the
data from the underline
items and write them into
symbol. Do you realize
the unit of volume? You
must convert unit liter to
m’ and get the mass from
density of water
formula...don’t forget the
energy remove meaning
the heat loss, so use —ve
Q...Good luck
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GeAmount of heat (j ) AB=AT= the c\’\ange of fempenture( Cor K) ge specific hcaf(j/ kg/ C)

2

Do It %meZ

A 0.05 kg mass of metal is heated to 200 °C. If the final equilibrium temperature is
22.4 °C, and the amount of heat is 50 000J, find the specific heat of this metal.
Good luck!

Solution:

C=5630.63 J/kg/C

[ Self Learhihg 1

May uses a child's wading pool in the back yard. During a morning the temperature of 3500 L of
water in the pool was raised by the sun's energy from 23 °C to 33 °C throughout the morning.
How much solar energy did the water absorb?




QeAmount of heat(T) AB= the change of temperature(C or K) e= specifie hest (T/ks/C)

2. Calculate the energy lost by a 15 g sample of liquid glycerin when it changes temperature from
64 °C to 42 °C.

4. Compute temperature change results
water?




QePmount of heat (7) AB=AT= the change of tempenture( CorK) c= specific heat (/| kg/ c)
6.8 Thermal Eqvuﬂ-ﬂ)rium

Thermal equilibrium is achieved when two objects or systems reach the same temperature. When
two objects are placed together, the object with more heat energy will lose that energy to the object
with less heat energy. Eventually, their temperatures will be equal and exchange heat energy as
neither object is warmer or cooler than the other. At this point, the rate of heat flow between the two
substances are equal with no net heat transfer.

The temperature is found by solving the equation of thermal equilibrium, which may be written
schematically as,

,Symbol —ve for heat loss

This is solved simultaneously with the condition of charge conservation, and thermal equilibrium
equation will be;

Heating + Cooling = 0 , let Q= quantity of heat,

Qheating +Q cooling = 0

, let heating be =1 and cooling =2.

Q + Q =0

m;ciAO +myc, A6 =0

Symbol to Remember:

O final temperature, 6; = initial temperature

We also use symbol T for temperature....




QeAmount of heat(_T) AB= the change of tempenture(c or K) e= specific heat(T/ k_‘l/ c)

e

A 4.5 kg block of metal is heated until the femperature is raised to 650° C. Then this block is
dropped into a container holding of oil with temperature 20° C. Finally, the temperature of
metal block and the oil are remaining constant at 6¢° C. If the specific heat capacity, c, of
metal is 0.11 kTkg™ °C?. Calculate the mixture temperature, 6 if the specific heat of oil given
0.307 kJ/kg/C.

Solution:

ma= 4 _5kg
e (@D
Ch=0.11kMgfC
me— 2 _8kg
T=20"C

Cz= 0.307 |k MkgiC
ef =7

: Hating  +  Cooling =0
~ Quantity of heat while heating + Quantity of heat while cooling =0

Qh + Q 0
mc(AB) + mdA8)=0
45(0.11)(6f-650) +  2.8(0.307)(6£-20) =0

0495(8f650) +  0.8596(8£-20) =0

0.4956f +0.85966f - 321.75 -17.192 =0
1.354 6f = 338.942

Bf= 250.033°C




1

G=Pmount of heat CU AB=AT= the change of ternpenture( C or K) c= specific ‘\ut(j /! kg/ C)

Assuming there is no heat exchange with the outside and a material of cup, find the final
equilibrium temperature. (¢ 4= 900 J/kg/C, € wate-=4186 J/kg/C )

Solution:

To avoid errors in more elaborate problems, it's best to make a table.

Aluminum, al 0.2 900 T 50 180(T-50)

Water, H20 0.25 4186 T 85 1046.5(T-85)

Finally, sum up the heat transfers: N°.,7¢J‘°‘f‘ water dominates, due its large heat capacity.

Put 0.3 kg of aluminum at 50 ° € and 0.5 kg of water at 85° C. Assuming there is no
heat exchange with the outside, find the final equilibrium temperature, T;. (¢ 4= 900
J/kg/C, € water=4186 J/kg/C ) Good luck!

Solution:




Solution:
_ kg _
m= 150 g convert to kg........ so, 150 g x 1000g 0.15 kg
How to convert volume to mass? Remember volume in unit liter or cm’ but mass
iskg.... '
V=450 cm’,
: : : ~ find the mass from the density of water,

PR TR BN o T v =

QeAmount of heat(T) AB= the change of tvmpent'ure(C or K) e= specific heat(J/ kg/ c)

A zinc block with mass 150 g is at temperature of 55° C. A plate of glass with mass 0.5kg has
initial temperature at 78° C. Both of them are dropped into a volume of 450 cm? into water with
a temperature 26° C. Calculate the final temperature of the mixture.

b
T

Please continue..

Plate of glass 0.5k 670 s 78

- Sum up all the substances;
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AT
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QI1- A 4.5 kg piece of metal is heated until the temperature is raised to 200° C. Then
this block is dropped into a container holding of 3kg water with temperature 70° C.
Finally, the temperature of metal block and the water are remaining constant
temperature. If the specific heat capacity, c, of metal is 0.1 1kJ-' kg °C™. Calculate the
final temperature if the specific heat of water is 4200J/kg/C.

Good luck!

Solution:

I* step you can list all the substance of heating and cooling. Can you guess? Very
good the heating substance is the metal (recognize from high temperature)

A At s i

Rl




QcAmeunt of heat(T) A= the change of tempenture(c or K) e= specific heat(J/ks/C)

Q2- Beaker P contains 50cm’ of water at 60° C while beaker Q contains 100cm’ of
water at 40° C. When the water in both beakers are mixed and allowed to stand, they
attain a common temperature. Find the mixed temperature? (Heat capacity, C 20)=
4186 J/kg °C)

Solution: (Hint: find the mass in kg, from density of water)




Q=PAmount of heat (j) AO=AT= the chahge of ternperafure(c or K) c= speciﬁc heat(j/ kg/ C)

Q3. A 0.05 kg mass of glass is heated to T; °C then put in a bowl containing 0.4kg of
water that is initially at 20 °C. If the final equilibrium temperature is 184 °C, find the
value of T; if the specific heat of this glass is 670 J/kg/C. Good luck!
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Self Learning 2

1. The average human body temperature is 98.60 F. What is the equivalent temperature on the
Celsius scale? Show the method of calculation.

(A). 22.8° Celsius.

(B). 37° Celsius.

(C). 51.2° Celsius.

(D). 209.48° Celsius.

2. A science article refers to a temperature of 300 K. What is the equivalent Fahrenheit temperature?
(A). 17°F.

(B). 80.6°F.

(C). 549°F.

(D). 572°F.

3. This morning I have measuring my body temperature 102 ° F. Find the temperature in ° C and
decide if I can go for a lecture?

(AL 25°C.
(B).39°C.
(C).53°C.
(D). 152°C

4. If the boiled water in degree of Celsius is 100 what is the equivalent scale of temperature in
Fahrenheit and Kelvin?

(A).212°Fand -173.15K
(B). 278°F and 373.15 K
(C). 212°F and 373.15K
(D). 278°F and -173.15 K

5. Convert all the temperature below?
(@).17°Fto°C

(b). 80.6°Cto°F
(). 549°F to K

(d). 572K to °F.

C}\apter 6. Temperature and Heat
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QeAmount of heat (T) AB=AT= the change of tempenture( CakK) c= specific heat(T/ kg/ c)

o e R P

. A blcycl and rider a combined ms of 120 g. Howa nergy of heat are generated in
the brakes when the temperature change from 27 ° C to 35° C.(The specific heat of iron is 450
J/kg/K) Answer= 432k]
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9. A 300 watt immersion heater is used to heat 250.0 g of water from 10 degree C to 70 degree C.
Find the total of heat? (Cyaer = 4200J/kg/° C)

Answer= 63kJ

11. How much heat is needed to change 250 g ice at 0° C to at 10° C? ( specific heat ce 10
J/kg/°C) '




' )

G=Arount of heat (_T ) AB=AT= the change of tempenture(c or K) c= specific heat(j/ kg/ C)
13. Calculate the amount of heat needed to increase the temperature of 250g of water from 20°C to
56°C.

e

15. 216 J of energy is required to raise the temperature of aluminum from 150 to 35°C. Calculate the
mass of aluminum. (Specific Heat Capacity of aluminum is 0.90 I°C-'g™) (12g)

St TS

Answer = 12




QePmount of heato_) AO= the change of temperature(C or K) c= speciﬁc heato_/ ks/ C)

17. The 1050 g mass of iron spoon heated from 25 ° C to 100 °C. How much heat the spoon gained
if the specific heat of iron 452 J/kg/C.

Answer = 35595]J

18. A, B and C are the type of liquid which mass A is 8 kg and mass B 22kg. The initial
temperature of A liquid is 65°C, liquid B 45°C and liquid C 15°C. The final temperature when all the
liquid mixed is 40°C If the specific heat A, B and C is 2.1 x 10° J/kg/C, 3.3 x 1 O"P J/kg/C, 4.2 x 10°
J/kg/C find :

i Find the heat energy of liquid A and B

ii. The mass of liquid C.

Answer = 420kJ, 363kJ

19. 3 kg of gold at a temperature of 20 °C is placed into contact with 1 kg of copper at a
temperature of 80°C. The specific heat of gold is 130 J/kg °C and the specific heat of copper is 390
J/kg °C. At what temperature do the two substances reach thermal equilibrium?

Answer = 50°C

E
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21 Self Learning 11: ( Deration< 30 minstes)

a. Gives definition for change of temperature. 3 marks

b. - A metal fork with mass 500g at 20°C temperature is heated till 100°C. Calculate the thermal
quantity absorbed by that kitchenware tool. (Specific heat capacity for metal fork is 4523kg °C™).
5 marks
c. A 50g silver spoon at 20° C is used to mix fresh milk at 40°C. After a few moment the spoon and
milk achieved 35 ° C. If mass of the milk the specific heat is 3.93kJ/kg/C,
i.  Calculate the thermal absorbed by spoon( specific heat of silver = 0.23kJ/kg/C)
ii.  Find the mass of milk.

17 marks

Chapter 6 — Temperature and Heat
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Q. = electric c‘varge (C), n = number bf e!ectrohs, e =1602 x 1047 (C), C = Capacihhce(r), v :\/b’hse (V)

. aectﬂcrh_.l

C‘\apt‘er v E]ectric(tg
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7.0 Introduction

Electricity is the flow of charge around a circuit carrying energy from the battery i- ;
(or power supply) to components such as lamps and motors. Electricity can flow
only if there is a complete circuit from the battery through wires to components
and back to the battery again. The diagram shows a simple circuit of a battery, T
wires, a switch and a lamp. The quantities in basic of electricity are Charge, ®
Current, Voltage, Resistance and Power.

7 Charge of aectricihj

There are two kinds of charge, negative and positive. The electric charge on an electron is very
small and it is NEGATIVE: -1.6x10™"* Coulombs. The protons found at the center of atoms have the
same amount of charge as the electron except it is a POSITIVE electric charge: +1.6x10™"°
Coulombs.

positive charge negative charge

Fig. 7.1 Two kinds of charge

The coulomb is defined as the quantity of charge that has passed through the cross-section of an electrical
conductor carrying one ampere within one second. The symbol Q is often used to denote a quantity of
electricity or charge. The quantity of electric charge can be directly measured with an electrometer, or

indirectly measured with a ballistic galvanometer.

Q=ne, Q=1t,Q=CV

where;

Q = the electric charge in coulombs transferred, Q= ne = C V, t = the time in seconds, n = number of
electrons, e = electron, 1.602 x 10" C, C = Capacitance in Farad, V is Voltage in Volt.

7.2 Current

The flow of charge is called the current and it is the rate at which electric charges pass though a
conductor.

i




This flowing electric charge is typically carried by moving electrons. One terminal of a cell or battery is
positive, while the other is negative. The current is flowing from positive to negative. This is called
conventional current. Current arrows in circuit diagrams al/ways point in the conventional
direction. However, be aware that this is the direction of flow for a positively-charged particle. In a
copper wire, the charge carriers are electrons. Electrons are negatively-charged and therefore flow
from negative to positive. This means that electron flow is opposite in direction to conventional
current.

The SI unit for measuring the rate of flow of electric charge is the ampere, A. Electric current is
measured using an ammeter. When a metal wire is connected across the two terminals of a DC
voltage source such as a battery, the source places an electric field across the conductor.

Direct current (DC) is the unidirectional flow of electric charge. Direct current is produced by
such sources as batteries, thermocouples, solar cells, and electric machines. Direct current may flow
in a conductor such as a wire, but can also flow through semiconductors, insulators, or even through
a vacuum as in electron or ion beams. The electric charge flows in a constant direction,
distinguishing it from alternating current (AC).

Alternating current (AC) the movement of electric charge periodically reverses direction. This
means that the direction of current flowing in a circuit is constantly being reversed back and forth.
AC is created by generators in power plants, and other sources. This AC current is delivered to our
homes and businesses by the power lines.

73 Cou]-omb"s 'Law

The electric force acting on a point charge ql as a result of the presence of a second point charge g2 is given
by Coulomb's Law:

kqlq?2

Electric Force, Fe =
12

r=distance of charge, k= constant, = quantity of charge

F
repel

attract

1, distance of charge

by: rus

Figure 7.3: Like charges repel, unlike charges attract.
The electric force between charges may be calculated using Coulomb's law.

Normal household circuits operate on an AC voltage of about V =120 volts. Connected to such a circuit, the
electric power relationship P = IV tells us that to use power at the rate of P = 120 watts on a 120 volt circuit
would require an electric current of I = 1 ampere. One ampere of current transports one Coulomb of charge

C‘w‘apter Vit aectricity

Frak
e =]
-X




@ = eleetric charge (C), n = number of electrons, e = 1.602 x " (C), C= Capacitance(F),

V Veltage (V)

per second through the conductor. So one Coulomb of charge represents the charge transported through a 120

watt light bulb in one second.

7 .4 Caleulate Electric Charge

7Q1- From the experiment of urum electrolyis, the current 1.5
Ampere flow for 25 minutes. Determine the electric charge
transferred? Find the magnitude of current if the electric charge is 5000
Coulombs in the same time?

Solution
Data: [ = 1.5 A, t= 25 minutes = 25 min x 610;:: =1500 seconds, Q=?
Q=1t
Q=1.5(120)
=2250C

Data: =7, t= 25 minutes = 1500 seconds, Q= 5000 Coulombs

Can you finish it?

Answer :3.33 A

7Q2- Fill the blank.

‘

3 i

it
A

;. ‘.ﬂc»:‘l:ab_-n-fv.r-‘ .
= A = sl
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7Q3-

A positive charge of 2.90 uC is at rest at the origin. An electric current of
0.00655 Ampere acts on the charge with voltage 1.5 Volt. Find the
capacitance and the time taken flow in the wire?

Solution:
Data: Q=29uC=29x10%C,1=0.00655A,C=7t="?
Q=CV
29x10¢=C (1.5)
C=1.933 x 10-6 Farad.
Q=1t
2.9x106C=0.00655t

t=4.4275 x 104 second

Try to convert the answer in minute and hour? Can you do it yourself?

7.5 Capacitors
Capacitors follow the law using the reciprocals.
7.51 Capacitors in series

The total capacitance of capacitors in series is equal to the reciprocal of the sum of the reciprocals of their
individual capacitances:




§ ' C‘\apt;r 7 — Electricity

Q. = electric c}\arge (C),

n = number of electrons, e = 1.602 x (o (C), C= Capac'ltar\ce(F),

B

C G Cn

Figure 7.6

V =Veltage (V)

The working voltage of a series combination of identical capacitors is equal to the sum of voltage ratings of
individual capacitors provided that equalizing resistors are used to ensure equal voltage division. This is all
because of Ohm's law V' = R/

7.5.2 Capacitors in parallel

Capacitors follow the same law using the reciprocals. The total capacitance of capacitors in parallel is equal
to the sum of their individual capacitances:

_lale s

Figure 7.3

C total — Cl + C2 Foemsa T Cn

The working voltage of a parallel combination of capacitors is always limited b.y the smallest working
voltage of an individual capacitor.

Examples

Notes

7Q4-

There are four capacitors which have the magnitude 5F, 6F, 8F and 3 F.
Find the total capacitance if the arrangement of capacitors

i) in parallel
ii) in series

Given C1=5 F, C2=6F, C3=8 F and C4=3 F




i) in parallel, C 1= C1 + Cz +....+ Cy
=5+6+8+3
=22F

i) Please try in series....

7.6 Energg Stor‘age in Calpa-citor‘s

We can now talk about the energy stored in the electric field of or, equivalently, stored in the arrangement of
electric charges within the capacitor. Again, we use the parallel-plate capacitor because it is reasonably
simple. First, note that we will use schematic representations of circuit elements to save drawing time. For a
source of EMF, or voltage that can move charges, we have the symbol in figure 7.4.

Figure 7.4: Symbol for a source of EMF within a circuit.

To calculate the energy stored, we hook the EMF source to a capacitor, e.g. by closing a switch that allows
conducting lines to link the EMF source and a capacitor together.

switeh ——

open closed

. @ H;"%Q__\
L7 + 5 7 + 5 +
0 - C 0 w— C

Figure 7.5: Closing a switch to charge a capacitor.

the capacitance through the relationship define as,

<o

C= Capacitance in farad, Q = the electric charge in coulombs and V= Voltage in volt

Chapter 7 — E’edﬁcitg
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7Q5- —

G = electric charge (C), n = number of electrons, e = 1.602 x 1677 (C), C= Capacitance( F), V =Veltage (V)

7.7 Batteries and Ca‘pacitor

We are more familiar with the concept of storing electrical energy in batteries. Hence, it makes some sense to
distinguish between batteries and capacitors. The purpose of a battery is to use chemical (or other) processes
to produce the EMF needed to move charges around. This is done by using the chemical or other process to
maintain a constant potential between the poles (i.e. the positive and negative parts of the battery). This
constant potential provides the EMF for moving charges from one conductor of a capacitor to another, for
example. Hence, this is the principal distinguishing feature of a battery and a capacitor: a battery maintains a
constant potential difference between it's poles whereas a capacitor can maintain a potential difference
between its positive and negatively charged conductors, but there is no need for that potential difference to be
constant - the potential difference depends on the magnitude of the charge on the conductors. Thus, while
batteries store energy, capacitors store both energy and charge.

Ep = CV?

Ep= Potential energy in J, C= Capacitance in farad, V= Voltage in volt

30 volt voltage is used to charge a capacitor with rate 2pF. Determine:

i- The charge stored in capacitor plate
ii- The potential energy stored in capacitor
i- Q= CV=(2x10%)(30
= 6x105C

i~ Ep=3CV?

=2 (2x10)(30)
=9.0x104]
7Q6-
If the 230 volt voltage is used to charge a capacitor with rate 5 GF.
Determine:
4 The charge stored in capacitor plate

ii. The potential energy stored in capacitor




Notes

7.8 Ohm's Law

Ohm's Law defines the relationships between (P) power, (V) voltage, (I) current, and (R) resistance. One
ohm is the resistance value through which one volt will maintain a current of one ampere.

Current, I

Current is flows on a wire or conductor. Current is measured in (A) amperes or amps.

Voltage, V

Voltage is the difference in electrical potential between two points in a circuit. It's the

| push or pressure behind current flow through a circuit, and is measured in (V) volts.

Resistance, R

Resistance is defined as the ability of a substance to prevent or resist the flow of electrical
current. A substance resists electrical current because of a collision between electrons and
atoms, which slows the electrons down and converts some of their energy to heat energy.
A very high resistance allows a small amount of current to flow. A very low resistance
allows a large amount of current to flow. Resistance is measured in Qohms.

Power, P

' Power is the amount of current times the voltage level at a given point measured in

wattage or watts.

In electrical circuits, Ohm's law states that the current through a conductor between two points is directly
proportional to the potential difference or voltage across the two points, and inversely proportional to the

resistance between them.

I

ﬁ

-+

AV R
o=

Figure 7.5

V, 1, and R are the parameters of Ohm's law. The mathematical equation that describes this relationship is:




Q- _

@ = electric charge (C) ! n = number of electrons, e = 1.602 x 107" (C), C-= Capacit‘ance(F), V =Viltage (V)
7= V
R
Where,

V is the potential difference measured across the resistance in units of volts;

[ is the current through the resistance in units of amperes and

R is the resistance of the conductor in units of ohms.

More specifically, Ohm's law states that the R in this relation is constant, independent of the current.

The power dissipated by a linear resistor may be calculated from its resistance, and voltage or current. The
formula is a combination of Ohm's law and Joule's laws:

where P is the power in watts, R the resistance in ohms, V the voltage across the resistor, and I the current
through it.

Find the power lost as heat energy in the wire cable if the current 500 A
through the resistance 0.3 ohm. After that compute the equivalence
voltage to generate the power lost.

Solution: Data: I=5 00 A, R=0.3 ohm, AP=?
Power lost, AP=12 R
=5002(0.3)
=75000 Watt
P=VI
75000=V (500)

V= 15 Volt




. 5 Examples Notes

7Q8-

Find the power if given the voltage 30 V with the resistance 9 ohms, then
compute the current that can flow through.

Answer: 0.075 Watt

7.9 Resistant in Wire

Resistance is defined as the ability of a substance to prevent or resist the flow of electrical current.
The factor of resistance in wire is dependence on the dimensional of wire; the cross sectional area of wire
and the length. The relationship of the resistance of a wire is inversely proportional to its cross-sectional area
and directly proportional to its length; Resistance increases with length because the electrons have further to

g0, so greater collisions with atoms in the material. Look at these wires:

I, length

bl

A_ area

Figure 7.6

Electrons moving through the short wire only feel resistance for a short time compared to the longer one.

This means its resistance is less.

Chapter 7 — Electricity
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@ = electric charge (C), n = number of electrons, e = 1,602 x o™ (C), C= Capacitar\ce(F), V =Veltage (V)

Thickness (cross sectional area of the wire), length, and temperature all have some effect on the amount of
resistance created in a wire. Another factor is the conductivity of the material. Some metals are just more
electrically conductive than others.

Cross Sectional Area

The thicker the wire, the less resistant it is. This is because there are more electrons in the metal that are free
to move as a current. Also, there is more space for the electrons to flow, so more can fit down. This is often
compared to water in a pipe; the thicker the pipe, the more water that can flow through it.

Temperature

The temperature of the wire also affects the resistance. This happens because as the metal gets warmer, the
metal ions in the wire gain kinetic energy and start to vibrate. As their motion becomes more erratic they are
more likely to get in the way and disrupt the flow of the electrons and therefore increase the resistance.

Length of the wire

Voltage can be thought of as the pressure pushing charges along a conductor, while the electrical resistance
of a conductor is a measure of how difficult it is to push the charges along. Using the flow analogy, electrical
resistance is similar to friction. For water flowing through a pipe, a long narrow pipe provides more
resistance to the flow than does a short fat pipe. The same applies for flowing currents: long thin wires |
provide more resistance than do short thick wires.

The resistance (R) of a material depends on its length, cross-sectional area, and the resistivity (the Greek
letter rho), a number that depends on the material:

R=2

R is the resistance of the conductor in Ohm
A is the cross sectional area in m”

/ is the length of the wire in meters
Jo,

is the resistivity of the material in Ohm-meter

Electric resistivity or P is a measure of how strongly a material opposes the flow of electric current. The
resistivity and conductivity are inversely related. Good conductors have low resistivity, while poor
conductors (insulators) have resistivity that can be 20 orders of magnitude larger.

Resistance also depends on temperature, usually increasing as the temperature increases. For reasonably
small changes in temperature, the change in resistivity, and therefore the change in resistance, is proportional
to the temperature change. ‘

Table of various resistivity at temperature 20° C ( Source from Wikipedia) ;

Material Resistivity (£2:m) at 20 °C

Silver 1.59x10°® '




Copper 1.68x10°°

4
-
i
|

7Q9- A copper wire has a length of 160 m and a diameter of 1.00 mm.

the wire is connected to a 1.5-volt battery, how much current flows throug}
wire? (Use the resistivity for copper, p=1.72 X 108 Qm in

normal temperature) ‘

Solution:
L is the length, 1.60 m. The resistivity given,
For copper, p=1.72x 108 qm

The area is the cross-sectional area of the wire. This can be
calculated using:

A=mr?=n(0.0005)2=7.85%107m?

The resistance of the wire is then:
R=pLid=(1.72x108)(160)/(7.85% 107 =350Q
The current can now be found from Ohm's Law:

I=V/R=15/35=0428A




G = electric charge (C), n = number of electrons, e = 1.602 x L (C), C= Capacitahce(F) A V =Voltage (V)

7Q10-
One zinc wire is connected to a 2-volt battery has a diameter of 2.5 x 103
and a length of 350 cm. Find the current flows through the wire?
Data=
Solution:
V= L=
D= R=
A= p=
£ I=?
|
|
!
710  Series and -parau-el- cireuits
Ri and Batlery in series Lamp. &1 and D1 in parafie!

Figure 7.7




Components of an electrical circuit or electronic circuit can be connected in many different ways. The two
simplest of these are called series and parallel and occur very frequently. Components connected in series are
connected along a single path, so the same current flows through all of the components. Components
connected in parallel are connected so the same voltage is applied to each component. A circuit composed
solely of components connected in series is known as a series circuit; likewise, one connected completely in
parallel is known as a parallel circuit.

In a series circuit, every device must function for the circuit to be complete. One bulb burning out in a series
circuit breaks the circuit. In parallel circuits, each light has its own circuit, so all but one light could be
burned out, and the last one will still function.

7101 Series eireuits

1]
AAA
R

Figure 7.7 : A series circuit with a voltage source (such as a battery) and 3 resistors
Series circuits are sometimes called current-coupled. The current that flows in a series circuit will flow

through every component in the circuit. Therefore, all of the components in a series connection carry the
same current.

Notes:
Voltage drops add to equal total voltage.
All components share the same (equal) current.

Resistances add to equal total resistance.

Ry R, Ry

Figure 7.8

So that, Riota = Ry + Ro+ Ra+---+ R,
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Q. = electric c}\arge (C), n = number of electrons, e = 1.602 x 10_19 (C), C= Capacitahce(F), v =Vo!tage (V)

R R2 Rs

| L <

1 A series circuit is shown in the diagram above. The current flows
through each resistor in turn. If the values of the three resistors are
given R1 = 8Q), R2=8Q and R3 = 4Q, while the voltage is 10 volt.

Ri=8+8+4=20Q

@ With a V=10 V battery,
“\‘ V=I1R
the total current in the circuit is:
gl
I-R—20 =0.5A.
The current through each resistor would be 0.5 A.
7Q12-
Ry Rz R3
5 ohms 10 ohms 20 ohms
25V T
1
From figure above, calculate: a. Effective resistance of the
circuit.
b. Current, I in the circuit.
a. R=5+10+15
=300
b. V=IR
[=V/R
=25/30

=0.833A




7.10.2 Parallel Cireuits

If two or more components are connected in parallel they have the same potential difference (voltage) across
their ends. The potential differences across the components are the same in magnitude, and they also have
identical polarities. Hence, the same voltage is applicable to all circuit components connected in parallel. The
total current / is the sum of the currents through the individual components, in accordance with Kirchhoff's
circuit laws. The current in each individual resistor is found by Ohm's law. Factoring out the voltage gives

1 1 1
I ——3 ¢ | (S N P I
total (R1+R+ +Rn)

To find the total resistance of all components, add the reciprocals of the resistances R; of each component
and take the reciprocal of the sum:

- .
=4 =
Figure 7.12
I N
Rt 1 Ry R,

To find the current in a component with resistance R;, use Ohm's law again:

=

Chapter 7 — Electricity




7Q13-

Q. = electric charge (C) 3

o iy o elestining, & = L602 & 1077 (),

ko
I

==

Notes:
All components share the same (equal) voltage.

Branch currents add to equal total current.

Resistances diminish to equal total resistance.

Find the magnitude of current from the circuit below.

b Ri =50

]2 Rz =)

b ]

R e
I Ri=
14

| -
' 1
12V

eq

1 | 1 1
_——t — _—=
R, 5 10 5
R, =26

C = Capacitance(F), V =Veltage (V) }




7Q14-

A parallel circuit is shown in the diagram above. In this case the current
supplied by the battery splits up, and the amount going through each
resistor depends on the resistance. If the values of the three resistors are
given R1 = 100, R2= 8Q and R3 = 4Q), while the voltage is 10 volt, find
the total of current.

Solution:
Step 1 : Find the total of R ¢q, resistant

\%
Step 2: Current, [ = =)

Step3-

The individual currents can also be found using I = V / R. The voltage across
each resistor is 10 V, so:

[=10/8=125A
Iz=

I3=
Note that the currents add together to 5A, the total current.

I total = I1 +12 ot 13=




7Q15- - T V T The "--" symol is used

G = electric charge (C), n = number of electrons, e = 1,602 x 1™ (c) : C- Capacihnce(r), V =Viltage (v)

7103 A series-parallel combination circuit

However, if circuit components are series-connected in some parts and parallel in others, we won't be able to
apply a single set of rules to every part of that circuit. Instead, we will have to identify which parts of that
circuit are series and which parts are parallel, and then selectively apply series and parallel rules as necessary
to determine what is happening. Take the following circuit, for instance:

This circuit is neither simple series nor simple parallel. Rather, it contains elements of both. Because the
circuit is a combination of both series and parallel, we cannot apply the rules for voltage, current, and
resistance "across the table" to begin analysis like we could when the circuits were one way or the other.

Solution

Step 1: Calculate total resistance of parallel circuit.

Step 2: Re-draw the circuit, replacing each of those parallel resistor combinations
Step 3: Calculate total resistance.

Step 4: Calculate total current from total voltage and total resistance (I=V/R).

Step 5: From known resistances and total voltage / total current values from step 4, use Ohm's Law to
calculate unknown values (voltage or current) (V=IR or [=V/R).

here to represent "series,"
just as the "//" symbol is
used to represent "parallel.”

100Q 3 R, x,%zson

350Q SR,

Figure 7.15—parallel circuit

In the example circuit Figure 7.15, R, and R, are connected in a simple
parallel arrangement, to the series circuit Rj.




Solution:

Step 1: Having been identified, these sections (R; and R,) need to be

converted into equivalent single resistors; calculate parallel R, and R,
1 1l 1

R Rl  R2
g 1y 2
R= (G + 250

100

R=71.429 Q

Step 2: Then the circuit re-draws:

<
71429 Q é R, /R,

350Q SR,

L —AAN

Figure 7.16

Step 3: After calculate the total resistant by series circuit, then redraw the
circuit again,

v = Rt -421.429 ohm

Figure 7.17

Step 4: Calculate the total current from total voltage and total resistance.
Now, total circuit current can be determined by applying Ohm's Law
(I=V/R)
I= V/IR
=20/421.429
=0.0475 A

Back to our equivalent circuit drawing, our total current value of 0.0475
amps is shown as the only current here:




@ = electric charge (C), n = number of electrons, e = 1.602 x 107" (C), C-= Capacﬁance(F), V =Viltage (V)

1=0.047 A

0V = 4214290 3’ R #Ry-- Ry

I=0047A

e

Figure 7.18

Now we start to work backwards in our progression of circuit re-drawings to
the original configuration. The next step is to go to the circuit where R;//R,
and R; are in series:

*—
1=0.047A
71429Q SR /R,
>

Figure 7.19

Step 5: From known resistances and total voltage / total current values from
step 4, use Ohm's Law to calculate unknown values voltage or current for
each resistant.

Knowing the current through the equivalent resistors R,//R, and Rj3, we can
apply Ohm's Law (V=IR) to the two right vertical columns to find voltage
drops across them:
V=IR, V=0.0475(71.429)=3.393 V
V=1R, V =0.0475(350) =16.625V

Check, V total = 3.393 + 16.625 = 20.0 Volt




-
I= 00475A - N
-
193 R R,
1 - /"
0V :—:
i~ \
QS R,
I=004754 - ¥
— e
Figure 7.20

Finally, the original section of the table (columns R; through R4) is complete
with enough values to finish. Applying Ohm's Law to the remaining vertical
columns (I=V/R), we can determine the currents through R;, R,, and R;

11=V/R|,

IZ=V/ Rz,

I3=V/R3,

Calculate all the magnitudes,

[,=3.393/100 = 0.0339A.

I,=3.393/250=0.0136 A.

CheCk; Il A 12 =0.0475A

I;=16.625/350 = 0.0475 A.

individually:
I= 00475A
-
4-—\
10Q 3R, R; $ 250Q
— 4—/ .
»V =
naa ; I 6625V
[=oosa | Rs Ut
— -
Figure 7.21

Having found all voltage and current values for this circuit, we can show

As a final check of our
work, we can see if the

calculated current values
add up as they should to the
total. Since R, and R, are in
parallel, their combined
currents should add up to
the total of 0.0475 A.
Likewise, since R; currents
should also same to the
total of 0.0475A. You can




@ = electric charge (C) s

n = number of electrons, e = 1,602 x 107 (C),

C- Capacitance( F),

V =Veltage (V)

“those vlues in the schematic diagram as such: check for yourself to verify
that these figures do add up
as expected.

I= 00475A
-
R: 4 N 4
100Q > R, S 250Q | 3313V
< } o.oum.f 7~
V. — ?
0.0339A B
3500 p.S
I=00475A 1 I R, L
- -
0.0475A
Figure 7.2

1000 < R,

mémn

500 gkz

Step 1

I Determine the currents through R, R,, and R; individually.







Q = electric chavge (C), n = number of electrons, e = 1.602 x 10'1,’( C), C'= Capacﬂanc‘e( F)’ v =Voltage‘ (V)

Self 'Learnihg

1. What is the meaning of charge and current?

3. Given voltae is 60V had passed throughh capaior in 4.5F to charge it. culae;

"b. Potential nergy on paitor plt 7

Answer: 8.1 x 10°J

5. If 4.8x10° J of energy is used to move a charge through an electric potential difference of 2.0x10
V, what is the magnitude of the charge?

Answer: 9. x10°%C




7. Find the total resistant which of te copnts are connected ectly in series with each
other, and which are connected directly in parallel with each other if R1=2Q, R2=3Q R3=5Q
and R4=7Q);

a.
3
R1S
b >
R2S SR3
b.
I
>
<
-
R'l]'_
D -
R> 2R3
>




@ = electric charge ( C), n = number of electrons, e = 1.602 x 1™ (C), G Capacitance(F), V =Veltage (v)

9. From the clruitresented belo, calculate the total effective resistance of the resistors in the
series-resistance circuit depicted above. What basic rule of series-resistance can you deduce from
your results? Then using the ohm’s law to find the total current?

®II R1=10 Q

5v
- @ R2-25

=

T e T S BT R
WOD i |




i S £l LRI £l
11. From schematic diagram calculate the current for R1, R2 and R3 :
220 Q 470 Q
Ry
130Q = 12volts
|
Answer: 0.0255 A, 0.0923 A, 0.0545 A. Total Current

=0 1723 A




@ = electric charge ( ), 1 = number of electruns, e=1602 x 104’ (C) 2 C= Capacitahce( ), - V =Viltage (V)
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