Properties
of Matter

Prepared by: Dr. Eman Fouad
Lecturer of Physics, Faculty of Science

2022-2023




Properties of Matter

Contents

Chapter One
PHYSICAL QUANTITIES

Quantitative versus qualitative

SI Units - International System of Units
Scalars and Vectors

Dimensional Analysis

Examples

Chapter Two
STATES AND BEHAVIOR OF MATTER

Properties of Matter
Extensive properties
Intrinsic properties

Classification of Matter
Elements
Compounds
Mixtures

States of Matter
Solids
Liquid
Gases

The Changing state of Matter
Physical Change
Chemical Change

Chapter Three
MASS, VOLUME AND DENSITY

Mass
Volume
Density

Chapter Four
VISCOSITY

Fluid Resistance

Velocity Gradient

Law of Viscosity

Coefficient of viscosity and Newton's formula

1]




Properties of Matter

Motion in a viscous medium

Chapter Five
SURFACE TENSION
Liquid Drop
Capillary Action
Chapter Six
ELASTICITY
Deformation

Elastic Deformation versus Plastic Deformation

Elastic Properties of Matter
Elastic or Inelastic?

An Elastic Spring

Hooke’s Law

Stress and Strain

Types of Stress

Summary of Definitions

Longitudinal Stress and Strain
Example 1.

The Elastic Limit

Elastic Limit Definition

The stress strain curve
Example 2.

The Modulus of Elasticity
Example 3.

Young’s Modulus
Example 4:

Shear Modulus

Calculating Shear Modulus
Example 5.

Volume Elasticity

The Bulk Modulus

Example 7.

2]




Properties of Matter

Appendix
A Guide to Using Microsoft Teams

Section 1: signing in to teams
Signing in to teams
Pick a team and a channel
Section 2: teams and channels
Create a team
Adding people to the team
Create a channel for the team
Section 3: meetings in teams
Join a meeting on your schedule
Schedule a meeting
Section 4: meetings in teams cont
Start a meeting
Join a meeting
Section 5: share files and chat
Starting a new conversation with the entire team
Start a conversation with a person or a select group
Replying to a conversation
Section 6: share files and chat cont.
Using emojis, memes, and gifs
Sharing a file
Section 7: collaborate in microsoft teams
Mention @ someone
Notifications
Search for messages, people, or files
Section 8: set up teams on mobile
Access your teams files anywhere.
Choose your mobile device

31




Properties of Matter

Preface

Dear students, the purpose of our course this year is to
study Properties of Matter. I hope that I have succeeded in
preparing this course and find it easy, understandable and
enjoyable as I enjoyed with you during lectures. If there is any
comment [ would like to hear criticism from my students on my

email

Dr. Eman F. E[-Nobi

eman.fouad@sci.svu.edu.eg
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Chapter One
PHYSICAL QUANTITIES

Quantitative versus Qualitative

A physical quantity is one that can be measured and consists of a
magnitude and unit. Are classified into two types: Base

quantities and Derived quantities

o Base quantity is like the brick - the basic building block of a
house
o Derived quantity is like the house that was build up from a

collection of bricks (basic quantity)
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SI Units - International System of Units

Unit

—_

m kilogram
—_
ampere

—_

amount of mole

substance

luminous

intensit
Derived Relation with Base and Special
Quantity Derived Quantities Name

~ lengthxwidth
length x width x height

~ mass=volume
distance + time
changeinvelocity + time
mass x acceleration newton (N)
~ force+area  pascal (Pa)
force x distance joule (])
- work=time  watt(W)
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Prefixes

Prefixes simplify the writing of very large or very small quantities

micro

centi

kilo

megs __

giga
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Scalars and Vectors

Scalar quantities are quantities that have magnitude only.

Vector quantities are quantities that have both magnitude and

direction

Examples of scalars and vectors

| Scalars | Vectors

Distance Displacement
Speed Velocity
Mass Weight
Time Acceleration
Pressure Force
Energy Momentum
Volume
Density

Dimensional Analysis

Engineering and science, dimensional analysis is the
analysis of the relationships between different physical
quantities by identifying their base quantities (such as length,
mass, time, electric charge) and units of measure (such as miles
vs. kilometers, or pounds vs. Kkilo-grams) tracking these

dimensions as calculations or comparisons are performed.
The importance of dimensional analysis

o To check the correctness of the form of the equation
o To derive a relation between the physical quantities but it

can't have the values of the constants.
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o To determine the proper units for some particular terms in

an equation.

Dimension of basic and derived units

Length [L]
Time [T ]
Mass [M ]
Temperature [°K ]
Angle dimensionless

Derived Units \

Velocity (L1[T ‘1]
Acceleration (L1[T '2]
Force (ML ]
Frequency T '1]
Density (M][L ‘3]
Volume (L 3]
Pressure [M[L ‘1] (T ‘2]
Work L0 )
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Examples
Example (1-1):
Show that the following equation is dimensionally correct:

1
X=vot+§at

Where (v,) is velocity and (a) is acceleration

Solution:

Dim[LHS] = [L]

L 1rL
Dim[RHS] = H ]+ [ﬁ 772
1 3
= [L]+5 L] =5 [

Dim[LHS] = Dim[RHS]

The equation is dimensionally correct (ignore constants)

Example (1-2):

Show that the following equation is dimensionally correct:
v = vo + at

where (vo) is velocity and (a) is acceleration

Solution:

Dim[LHS] = [é]

o =[4 - [£]
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- [+ [7]=2[]
Dim[LHS] = Dim[RHS]

The equation is dimensionally correct (ignore constants)

Example (1-3):

The period (p) of a simple pendulum is the time for one complete
swing. How does (p) depend on mass (m) of the bob, the length
(L) of the string, and the acceleration due to gravity (g)?
Solution:
Letp « m*LPg¢

p = km@ Lb gc
Dim[LHS] = Dim[RHS]

[7] = [M] [TZ]
[T] = [M]*[L]P*¢[T] 2
~a=0
. —2c=1=>c=-05
- b+c=0=b=05

L
p = kLO.Sg—O.S =k |—
g
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Example (1-4):

Newton's second law states that acceleration is proportional to
the force acting on an object and is inversely proportional to the

object mass. What are the dimensions of force?

Solution:
[L]

The acceleration — [a] =Tz

The massm — [m] = [M]

kF
axXFm *=>aqg=—
m
F = % = [F] = [mlla] = [M][L][T]"2

Example (1-5):

The wave length A1 of a wave depends on the speed (v) of the

wave and its frequency (f). Decide which of the following

equations is correct: A = vf orA=v/f.
Solution:
A =vefb
Dim[LHS] = Dim[RHS]

[T] [T]

[L] = [L]*[T]™

12|
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~a=1
—a—-b=0> ~b=-1
v
A=vif 1 =—
FooF

~ The correct relationis A = /f
Dim[RHS] = [L]
From equation (1):
Dim[RHS] [L] [1] [L] + Dim[LHS] = U ¢
= |1—||—| = |— =
im 7T T2 im ncorrec

From equation (2):
L
Dim[RHS] = [T]/[l] = [L] = Dim[LHS] = Correct
T

~ The correct relationis A = v/f

Example (1-6):

Suppose a sphere of Radius (R) is pulled at constant speed (v)
through a fluid viscosity 7. The force (F) that is required to pull
the sphere through the fluid depends on v, R and 5, (F = (const)).

Find the dimensions of 7.

Solution:

Dim[LHS] = Dim[RHS]
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M]||L
[F] = ﬂﬁ L m=
F = (const)vRn
B F _ [F]
= (const)vR = Inl = [V][R]
oy M1
™7
_ _ [M]
=

14|
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Chapter Two
STATES AND BEHAVIOR

OF MATTER

Introduction to matter

Matter is anything, such as a solid, liquid or gas, that
has weight (mass) and occupies space. For anything to occupy
space, it must have volume. Thinking about it, everything on
earth has weight and takes up space, and that means everything

on earth is matter.
Properties of Matter

The basic properties of matter are it is made up of mass
and it has a volume occupying space. The properties of matter

can be divided into two categories:

o Extensive properties - It is that property which depends on
the quantity of matter in a body. For example mass, volume,

calories etc.

e Intrinsic properties - It is that property which is
independent of the quantity of matter present in the body. It
rather depends on the type of matter the substance is made up
of. For example density, hardness, melting point, boiling

point, color etc.

15 |



Properties of Matter

Classification of Matter

Matter can be classified into three different types namely:

Elements - It is made up of atoms or molecules of a similar
kind. Atom is the smallest particle of matter, for example,
neon and when two or more atoms are chemically bonded
they form molecules, for example, oxygen. Elements cannot
be broken down into simpler particles either by physical or

by chemical means.

Compounds - It is made up of atoms or molecules of
dissimilar elements chemically bonded together. Compounds
can be broken down into simpler particles by chemical
means and the properties of the broken part are completely
different from its parent compound. A compound made up of
elements always maintains a fixed ratio. For example two
molecules of hydrogen react with one molecule of oxygen to

form two molecules of water.

Mixtures - It is made up of two or more different types of
elements or compounds which are bonded as well as could
be separated by physical means. Every part of it retains its

individual properties. It could further be divided into two
types:
o Heterogeneous Mixtures - Composition of matter is not

uniform throughout. E.g. Gravel, soil etc.

o Homogeneous Mixtures (solutions) - Composition of

matter is uniform throughout. E.g. Tea, Kool Aid etc.
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States of Matter

There are mainly three states of matter-Solid, Liquid and
Gas. Solids, liquids and gases are all made up of very tiny stuff
that the naked eye cannot see, called atoms, molecules and/or

ions.

The illustration below is an idea of how atoms, molecules

and ions in matter look like under a microscope.

il &5 - .

Molecules In solids Molecules in liquids Molecules in gases

In this lesson, we shall look at Solids, Liquids and Gases, which

are known as the three states of matter.

NOTE

Plasma is considered to be the fourth state of
matter. It is hot ionized gas having almost an equal
number of negatively charged electrons and positively
charged ions. It is highly affected by both electrical and
magnetic field. For example, noble gases are used as
glowing tubes my ionizing it with the help of electricity.
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Solids

Solids are simply hard substances, and they are hard
because of how their molecules are packed together. Examples
include rock, chalk, sugar, a piece of wood, plastic, steel or nail.
They are all solids at room temperature. They can come in all
sizes, shapes and forms. Think of ice cubes as an example. They
are solids when frozen. They change into liquid at room
temperature. What about ashes? Is that solid too? Yes, ashes are
tiny solid particles that fall off when something burns— like

wood ash in the fireplace.

In the diagram below, see how similar the arrangement of

molecules are in the piece of rock and wood ash.

Arrangement of
molecules in a solid Molecules under
a microscope

Piece of rock Ash from burnt wood

18|
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Characteristic of particles (molecules) in a solid.

— The particles are close together (that’s why they cannot be
squashed or compressed.

— The particles cannot move freely from place to place (this is
why they have a fixed shape). The particles are arranged in a
regular, distinct pattern.

— The particles are held together by strong forces called bonds
(This is why solids do not flow like water. Their particles are
only able to vibrate in their position and cannot move from
place to place.)

— The particles can vibrate in a fixed position

Different solids behave slightly differently because they
have different properties such as ‘STRENGTH’. This makes solids
useful for different things. Look at a pencil eraser—it is solid, but
can slightly change shape because the strength of its bonds is

slightly weaker than that in a piece of diamond.
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Liquid

The particles in liquids are not as closely bonded,
arranged and fixed in place as in solids. The particles in liquid can
flow freely and can mix with particles from other liquids. Liquids

have their atoms close together, so they are not very easy to

compress.

Liquids, unlike gases are pulled by gravity to the bottom of
the container holding it. They take the shape of the container
holding it. You can pour a volume of liquid from one container to

the other — it can change shape but the volume will be the same.

Molecules in liquid are Molecules in different liquids may mix
randomly arranged and take up easily because of the random and
the shape of the container loose nature of its arrangement

in which they are.

Pour 2 liquids into the a bowl.
The molecules mix up.

Characteristic of particles in liquids:

The particles are:
— Close together, but not as packed as in solids. (They cannot

be compressed or squashed)

— Arranged in a random way.
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— move around each other (They flow and take the shape of
their container because their particles can move over each

other)

— The bonds in a liquid are strong enough to keep the
particles close together, but weak enough to let them move

around each other.
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Gases

Gas is everywhere, and it surrounds us. The air around us
is a kind of gas. The atmosphere surrounding the earth is a gas
too. Helium, Oxygen, Carbon dioxide and water vapour are all
gases. The particles in gases are very different from that of solids
and liquids. In gases, the particles are far apart from each other

and arranged in a random way.

The particles also move quickly in all directions. Gases can
fill up any container of any shape and size. Gases can be
compressed or squashed because the molecules are far from each
other. When gas is compressed, the gas molecules move from an

area of high pressure to low pressure.

Vapour is also a gas. Gases that are liquid at room
temperature, like water, can be classified as vapour. This means
they are usually liquid, but can vaporize (turn into gas) under

certain conditions.

NOTE

Compressing something means forcing the atoms in
it closer together. When you compress an object, you force

the atoms closer together.
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Comparisons between the three State of Matter

m

Volume Solids havea Liquids have  Gas do not
definite a definite have a
Volume volume definite
volume

Effect of rise
in
temperature
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sublimation
directly
changes from

solid to gas

Kinetic Low

energy

Malleability Malleable

Cannot be
compressed

into smaller
volume with
increase in
pressure

The

Compressible

Inter-

molecules

molecular

space are closely
packed
having very

less

gas and at
freezing
point liquid
changes to
solid state
More kinetic
energy
compared to
solids
Non
malleable
Non ductile
Cannot be
compressed
into smaller
volume with
increase in
pressure
The
intermolecul
ar space is
larger in
liquids

compared to

solids and at
condensation
point gas
changes to
liquid state
Highest

Non
malleable
Non ductile
Can be
compressed
into smaller
volume
with increase
in pressure
The
intermolecul
ar space is
largest in gas
compared to

that of solids
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m

intermolecul that of solids
ar space
Inter-
molecular

attraction

Gold, silver ~ Water, oil etc Oxygen,
etc hydrogen etc
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The Changing state of Matter

Matter cannot be created or destroyed, but can change
from one state to the other with the application or removal of
heat (temperature). Each time matter changes state, it is simply
the movement of molecules in them speeding up or slowing

down.

Let us use water as an example. At room temperature,
water is a liquid, and the molecules in it move slowly. When you
apply heat (or raise the temperature) the molecules move faster
and faster. With more heat, the liquid state will change to gas,
because the molecules would be moving so fast and taking up

space everywhere.

Adding heat: - Water (liquid) tums into (gas)
Ice turns into liquid at at “Boiling Point
“Melting Point’ U
| ' Evaporation

v v -

The scientific term for water turning into gas (vapour) as a

result of heat application is evaporation (to evaporate). Water

evaporates when it reaches boiling point.
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When you reduce the heat and bring down the
temperature in the gas, the molecules in the vapour slow down
and gradually turn back into liquid. The scientific term for gas
turning into liquid as a result of heat loss is condensation (to

condense).

Taking heat away:

Condensation Freezing
1
( gas (vapor) tums Liquid (water) turns
catgte T liquid into ice (solid)

Solid state

=

e

If you take away all the heat (put it in a freezer), the
molecules will be extremely slow and move very little. They will
hold to each other, turning the water into a solid (ice). The point

at which water turns into ice is called ‘Freezing point’.

Now, take the ice (solid) from the freezer, and place it in
room temperature. Soon the ice begins to melt. The point at

which solids melt into liquid is known as melting point.
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Physical Change

In a physical change, the internal make-up of the object
(molecules) stays the same, even after the change — only its form
changes. The resulting element can be reversed into the object
before. Changes that can be reversed are called a Reversible

Change.

In a physical change, the state, shape or size of the object
is changed. Pressure, temperature or motion can bring about a

physical change.

Change in state:
Put some water into a

e e

plastic cup and place it in the —3
Ice(salid)

freezer. After sometime the

water changes into ice, right?

The water moved from
a liquid state to a solid state.
With a bit of heat energy, the
ice will melt back into water.
Note that the stuff that water

is made up of, hydrogen

oxygen, did not change, but

its’ state changed from liquid to ice and back to liquid.

Change in shape: Take a sheet of paper and crush it in
your hands. Notice how the shape changed from a sheet into a
small ball in your hands? This physical change resulted from the

pressure you applied to it.
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Change in size: If the piece of paper is ripped apart, there

is going to be a change in its size too.

Sometimes physical change can involve a change in color
too, even though we don'’t like to use color change in explaining a
physical change. This is because applying paint or color to an
object technically means adding another matter to it. Real change

in color will be a result of a chemical change.

NOTE

In a physical change, no new kinds of particles
are produced even though the particles can move
closer together or farther apart, or they may mix

with particles of other substances.

DID YOU KNOW,..,

When you put sugar in water, it dissolves. It is a
physical change because the sugar particles mix with
the water particles, but molecule make-up does not
change. The process can be reversed by evaporating

the water and collecting the sugar.
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Chemical Change

Every day we experience chemical changes in many things
around us. Think of a rotten orange, fried egg, rusted nail and
even poop! — all these things involved an object (matter) going
through a process that can never be reversed. A chemical process

(reaction) caused that kind of change.

We say there us a chemical change in a matter when the
internal make-up (molecules) of the object changes. Unlike a
physical change, chemical changes cannot be reversed. Changes

that cannot be reversed are called Non-reversible Change.

There are usually one or more new substances formed or
created from that change. You can tell there is chemical change
when it produces a gas, light, smell, fire (heat) or color change.
A chemical change may also be accompanied by the formation of
a solid in the form of a precipitate, and in some cases,

accompanied by a gain or loss of energy.

A good example is the change that occurs when you fry an egg:

When you fry an egg, notice how Egg white'
the liquid egg-white part Vi

becomes solid and changes
to pure white colour.

The fried egg’s properties
are different from that of the
uncooked egg.
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Here is another example:

Think of the dry wood in the fireplace. When we light the
wood up, it burns gently and after a while, it turns into ashes. As
it burns, it produces heat, light and smoke which escapes through
the chimney. The heat, light, fire and smoke are all good
characteristics of a chemical reaction, which result in a

completely new matter—ashes.

Note that the ashes from the burning wood have an
entirely new molecular composition. It can never be turned back

into wood again.

Here are 10 common examples of Chemical Change you

can find in your home:

— Baking cakes

— Rusting nails or metals or aluminium

— Burning wood/log or lighting a match

— Exploding Fireworks

— Ripening and rotting bananas

— Digesting food in your tummy

— Mixing an acid with a base, producing water and a salt
— Baking turkey or grilling chicken

— Changing color of autumn leaves

— Milk going/gone bad...
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NOTE

When we eat, our bodies digest the food and
converts sugars into energy, proteins into body
cells and so on. When we breathe, our lungs absorb
Oxygen from the air we breathe in, and uses the
oxygen to enrich our blood. All these activities in
our bodies are chemical activities. Their end results

cannot be reversed.
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Chapter Three
MASS, VOLUME AND DENSITY

Mass

Mass is a measure of the amount of material an object is

made of. It is measured in kilograms.

Weight is the force of gravity on an object. It is measured in

Newtons.

iy My WEIGHT

My WEIGHT on on the moon

Earth is around is around
560N 90N
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it | | v
Comparison

--

What is it? It is the measure of It is the measure of

inertia. force.

Location

Physwal Scalar Quantity Vector Quantity
Quantlt

Sl unit Kilogram Newtons

Examples

Example (3-1):
The strength of gravity at the Earth's surface is 10 newtons per
kilogram. Calculate the weight of a car with a mass of 1500 kg.

Solution:

Weight = Mass x Gravity
Hence: Weight = 1500 x 10 = 15000 newtons
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Example (3-2):
The strength of gravity on the Moon is 1.6 newtons per kilogram.
If an astronaut's mass is 80 kg on Earth, what would it be on the

Moon?

Solution:
Mass is independent of location, so the astronaut's mass on the
Moon is the same as the astronaut's mass on the Earth.

Hence: Astronaut's mass on the Moon = Astronaut's mass on the

Earth =80 kg
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Volume

Measurement of the amount of space an object takes up

e Measured in milliliters (ml) or cm3

height h
_wgigih W

| length | —— —|

Which do you think would have the greater volume? The greater

mass? Why?

1 kg of rocks

1 kg of feathers
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Density

Density is defined as mass per unit volume. It is a measure
of how tightly packed and how heavy the molecules are in an

object. Density is the amount of matter within a certain volume.

Which one is more dense?

Demonstration: People in a square, How about this:

Which square is more dense?

Which one is more dense? Now which one is more dense?
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Mass g

To find the density Divide Density = Volume ¢

Example (3-3):

If the mass of an object is 35 grams and it takes up 7 cm3 of space,
calculate the density Set up your density problems like this:
Given: Mass = 35 grams Unknown: Density (g/cm3) Volume = 7
cm3

Formula:D=M /V

Solution:
D=35g/7cm3 D=5g/cm3

Let’s try some density problems together, Work on these

problems with your neighbor

1) Frank has a paper clip. It has a mass of 9g and a volume of

3cm3. What is its density?
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2) Frank also has an eraser. It has a mass of 3g, and a volume of

1cm3. What is its density?

3) Jackhas arock. The rock has a mass of 6g and a volume of

3cm3. What is the density of the rock?

4) Jill has a gel pen. The gel pen has a mass of 8g and a volume

of 2cm3. What is the density of the rock?

Ways to Affect Density

Change Mass AND Keep Volume Same
Increase the mass — increase density
Decrease the mass — decrease in density

Which container has more density?
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In your notebook illustrate the answer to the following question:

What 2 ways will INCREASE density?

Keep the
same
mass AND
decrease
the
volume

Keep the
same
volume
AND
increase
the mass

40|



Properties of Matter

Chapter Four
VISCOSITY

The viscosity is measure of the “fluidity” of the fluid which
is not captured simply by density or specific weight. A fluid
cannot resist a shear and under shear begins to flow. The
shearing stress and shearing strain can be related with a
relationship of the following form for common fluids such as

water, air, oil, and gasoline:

p is the absolute viscosity or dynamics viscosity of the

fluid, u is the velocity of the fluid and y is the vertical coordinate

as shown in the schematic below:

U

“No Slip
Condition”

z { Fixed plate

We feel resistance if we walk into a lake. This means the
existence of a force of friction in water. It is notable that this force

differs from a liquid to another; there are liquids of high friction
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force and others of low friction force. Forces of friction of these
liquids are known as viscosity of liquids or fluids. If the force is

high the liquid or fluid is said to be highly viscous and vice versa.

Fluid Resistance

— An object moving through or on a fluid meets resistance.
— Force causes the fluid to move.

— The velocity is proportional to the force.

F

——

v oc F

Velocity Gradient

— The resistance tends to keep the fluid in place.
* Law ofinertia
— The fluid moves most near the object and least farther away.

— This is a velocity gradient.
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Vi XY

Coefficient of viscosity and Newton's formula:

Newton coined a term to denote friction force among
layers of the liquid, besides a term referring to coefficient of
viscosity. He confirmed this through scientific experiments. He
stated that the friction force (F) relied on the surface area of the
liquid (A) besides velocity of the flowing of the liquid (V) and it is
indirectly proportionate to distance x its measure at the static
layer; the one next to the wall of the tube through which the

liquid runs. This is mathematically expressed as follows:

1

x —AV. =

! X

Or f=I].V.%

The previous negative sign reveals that direction of the
friction force is opposite to that of the velocity of the liquid's
flowing. The constant of this ratio () is known as coefficient of
viscosity. It depends on the nature of the liquid. In case of the
previous equation, it is possible to place VV/X as dV/dX in which
case the quantity dV /dX is known as velocity gradient.
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Newton's formula is expressed in this following way:

W
f_ rl' - dX
F

Or n=-—4 av | dx

Accordingly, the coefficient of viscosity may be defined as
the friction force needed for keeping velocity gradient equal to a

unit in a surface area of a unit, too.

If this force is equal to a unit, the coefficient of viscosity is
also equal to a unit. In this case, it is called poise, named after
scientist Poiseuille. Viscosity in liquids is similar to friction forces

among solid bodies as both.
Motion in a viscous medium:

Scientist Stocks investigated motions of metal balls inside
viscous media and coined a term expressing the friction force
produced by viscosity of the medium. Supposing that the
diameter of the ball is (r) and it moves with a velocity (V) in a
medium whose viscosity coefficient is (), this force is expressed

by the following relation:
F = 6nVrn

This law is known as Stocks law. This may be concluded
by the theory of dimensions. Supposing that there is a ball of a
radius (r) is dropped into a liquid whose coefficient of viscosity is

(), density o and density of the metal ball is 8 &o, at the
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beginning of dropping, velocity of the ball will be irregular, but it
gets regular later. It is called terminal velocity, then. At this
moment, acceleration of the forces influencing them is zero. In

other words, the three forces are:
1- Weight of the ball downward
2- Force of pushing the liquid onto the ball upward.

3- Stocks force due to upward viscosity

Weight of the ball is
4/3mr36. g
Were (g) is Earth gravity, force of pushing the liquid is
4/3nr38. g
stocks force is
6mlVry

and at the terminal velocity, the

following equation may be written:

Weight of the ball force of pushing on
the ball + Stocks force.

This expression is written

mathematically as follows:

4/3mr38.g = 4/3nr38.g + 6mVr
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Or 6nVrn = 4/3nr3.g (6 — o)

22
or V= (gng) 6 — o)

This illustrates that terminal velocity is directly proportionate
with its square radius, taking into account difference between the
densities of the ball and liquid. The terminal velocity is also

indirectly proportionate with coefficient of viscosity.
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Chapter Five
SURFACE TENSION

At the interface between a liquid and a gas or two
immiscible liquids, forces develop forming an analogous “skin” or
“membrane” stretched over the fluid mass which can support

weight.

This “skin” is due to an imbalance of cohesive forces. The
interior of the fluid is in balance as molecules of the like fluid are
attracting each other while on the interface there is a net inward

pulling force.

Surface tension is the intensity of the molecular attraction

per unit length along any line in the surface.

Surface tension is a property of the liquid type, the

temperature, and the other fluid at the interface.

This membrane can be “broken” with a surfactant which

reduces the surface tension.
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Liquid Drop

The pressure inside a drop of fluid can be calculated using

a free-body diagram:

Real Fluid Drops Mathematical Model

R is the radius of the droplet, s is the surface tension, Dp is

the pressure difference between the inside and outside pressure.

The force developed around the edge due to surface

tension along the line:

/—_\/ i _—
F,‘gmface @O‘ Applied to Circumference

This force is balanced by the pressure difference Ap:

_—_ Applied to Area
Fpressure = AA‘@ -\"'Ep

Now, equating the Surface Tension Force to the Pressure Force,

we can estimate:

Ap = p; — Pe
A 26
P=7
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This indicates that the internal pressure in the droplet is
greater that the external pressure since the right hand side is

entirely positive.

Capillary Action

Capillary action in small tubes which involve a liquid-gas-
solid interface is caused by surface tension. The fluid is either

drawn up the tube or pushed down.

“Wetted” “Non-Wetted”
|\0~

Adhesion__|

el T e e

Cohesion_| h

'\* =
Adhesion = =l

Cohesion —{ |

—=f 2R f—
Adhesion > Cohesion Cohesion > Adhesion

h is the height, R is the radius of the tube, q is the angle of contact.

“Wetted” “Non-Wetted” The weight of the fluid is balanced

with the vertical force caused by surface tension.
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Free Body Diagram for

. . 2nRo
Capillary Action for a Wetted
Surface:
Fsurface = 2TR0 cosO 0

o
~ , b4
W= ymR"h }'nR2h ~

Equating the two and solving for h:

20 cosf
YR
For clean glass in contact with water, 6 = 0°, and thus as R

decreases, h increases, giving a higher rise.

For a clean glass in contact with Mercury, 6 = 130°, and

thus h is negative or there is a push down of the fluid.

NOTE

Surface tension is apparent in many practical
problems such as movement of liquid through soil
and other porous media, flow of thin films, formation

of drops and bubbles, and the breakup of liquid jets.
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Chapter Six
ELASTICITY

Deformation

Deformation refers to any changes in the shape or size of an

object due to:

— An applied force (the
deformation energy in this
case is transferred through
work)

— A change in temperature (the
deformation energy in this

case is transferred through

heat).

Compressive stress results in deformation which shortens

the object but also expands it outwards.
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Elastic Deformation versus Plastic Deformation

Elastic Deformation Plastic Deformation

Elastic deformation is the Plastic deformation is the
deformation that disappears permanent deformation or
upon the removal of the external change in shape of a solid
forces, causing the alteration and  body without fracture under
the stress associated with it the action of a sustained force
Reversible Irreversible
Non- permanent; the substance Permanent; the substance
can resume the initial state back stays unchanged after

removing the stress
Causes the chemical bonds of the  Causes some of the chemical

substance to undergo stretching bonds of the substance to
and bending undergo breakage
Atoms do not slip pass on each  Atoms slip pass on each other
other
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r's
Stress LV3
A

Fracture
Plastic region

Elastic region

L
>

Strain

Diagram of astress-strain curve, showing the relationship
between stress (force applied) and strain (deformation) of a

ductile metal.

Elastic Properties of Matter

An elastic body is one that returns to its original shape
after a deformation.
e GolfBall
e Rubber Band

e Soccer Ball

An inelastic body is one that does not return to its
original shape after a deformation.
¢ Dough or Bread
e (Clay

e Inelastic Ball
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Elastic or Inelastic?

An elastic collision loses no energy. The deformation on

collision is fully restored.

In an inelastic collision, energy is lost and the deformation

may be permanent.

An Elastic Spring

A spring is an example of an
elastic body that can be deformed by

stretching.

A restoring force, F, acts in the
direction opposite the displacement of

the oscillating body.

F = —kx

Hooke’s Law

When a spring is stretched, there
is a restoring force that is proportional

to the displacement.
F = —kx

The spring constant k is a

property of the spring given by:
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AF

k=A_x

The spring constant k is a measure of the elasticity of the

spring.

Stress and Strain

Stress refers to the cause of a
deformation, and strain refers to the

effect of the deformation.

The downward force F causes the
displacement x. Thus, the stress is the

force; the strain is the elongation.

Types of Stress

A tensile stress occurs when

equal and opposite forces is directed

OO

away from each other.

P E e L
R

A compressive stress occurs

when equal and opposite forces is Tension

directed toward each other.
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Summary of Definitions

Stress is the ratio of an
applied force F to the area A over

which it acts:

F
A Compression
N 1b

Unite: Pa = — or —
m in

Stress =

Strain is the relative change in the dimensions or shape of

a body as the result of an applied stress:

Examples: Change in length per unit length; change in volume per

unit volume.

Longitudinal Stress and Strain

For wires, rods, and bars,
there is a longitudinal stress F/A
that produces a change in length

per unit length. In such cases:

Stress = —

ress

Strain = -
rain = 7
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Example 1.

A steel wire 10 m long and 2 mm in diameter is attached to the
ceiling and a 200-N weight is attached to the end. What is the

applied stress?

First find area of wire:
4 = D? _ 7(0.002m)?
4 4
= 3.14x107%m?
Stress = E = 200N
A 3.14 X 107®m?
= 6.37 X 107 Pa

Example 1 (Cont.)

A 10 m steel wire stretches 3.08 mm due to the 200 N load. What

is the longitudinal strain? Given: L = 10 m; AL = 3.08 mm

AL 0.00308 m
Longitudinal Strain = — = —— = 3.08 x 107*
L 10m
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The Elastic Limit

The elastic limit is the maximum stress a body can

experience without becoming permanently deformed.

B
H é
H H
i |
8 é
| |
g g
g
i

R R R R AR

ISeyondHlmat

If the stress exceeds the elastic limit, the final length will

be longer than the original 2 m.

The ultimate strength is the greatest stress a body can

experience without breaking or rupturing.

RN
NIRRT

SSAN

RN

If the stress exceeds the ultimate strength, the string

breaks!
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Elastic Limit Definition

Elastic limit is the maximum stress within which the body
regains its original condition when the deforming force is

removed.

The stress strain curve

In the case of crystalline material or metals the stress-
strain curve will be linear for small deformations. The

relationship between stress and strain is given by Hooke's law.

The stress beyond the elastic limit the relation is not

linear. Beyond the elastic limit the materials undergo plastic

deformation.
elastic range stic
(—-----g—->{< ------ flf--. ——————— > 2
! deformation
e 7
linear 1 /" "\ dlastic F T
- range | Y limit /;
D | (Hooke's failure
law) ionali
@ proportionality Fe
g limit ”
V3] /

Strain (g)
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Example 2.

The elastic limit for steel is 2.48 x 108 Pa. What is the maximum

weight that can be supported without exceeding the elastic limit?

Recall: A = 3.14 X 107°m?

F
Stress = 1= 2.48 x 108 Pa

F = (248 x 108 Pa) A
F = (2.48 x 108 Pa)(3.14 X 10~®m?) = 779 N

Example 2(Cont.)

The ultimate strength for steel is 4089 x 108 Pa. What is the
maxi- mum weight that can be supported without breaking the

wire?

Recall: A = 3.14 x 107® m?

F
Stress = 1= 489 x 10® Pa

F = (4.89 x 108 Pa) A
F = (4.89 x 108 Pa)(3.14 x 10~®m?) = 1536 N
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The Modulus of Elasticity

Provided that the elastic limit is not exceeded, an elastic
deformation (strain) is directly proportional to the magnitude of

the applied force per unit area (stress).

Sstress

Modulus of Elasticity = ,
strain

Example 3.

In our previous example, the stress applied to the steel wire was
6.37 x 107 Pa and the strain was 3.08 x 10-. Find the modulus of

elasticity for steel.

stress _ 6.37 X 107
strain ~ 3.08 x 10~4

Modulus = = 207 X 10°Pa

This longitudinal modulus of elasticity is called Young’s Modulus

and is denoted by the symbol Y
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Young's Modulus

For materials whose length is much greater than the width
or thickness, we are concerned with the longitudinal modulus of

elasticity, or Young’s Modulus (Y).

longitudinal stress

Y 's Modulus =
oung s Hoausus longitudinal strain

. Fly FL
_AL/L_AAL
1b

Unite: Pa or —
in

Example 4:

Young’s modulus for brass is 8.96 x 1011 Pa. A 120 N weight is

attached to an 8 m length of brass wire; find

the increase in length. The diameter is 1.5

mm.

First find area of wire:

aD?  7(0.0015 m)? e
— - AL T
=TT A

= 1.77 X 107°m?
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Y=896x10" Pa; F=120N; L=8m; A=
1.77x10°m? F=120N; AL=77?

v FL AL FL

] : e —
AAL AY

FL (120 N)(8.00 m)

AL

T AY  (1.77 X 10-5m2)(8.96 x 10'1Pa)
Increase in length:

AL = 0.605 mm

Shear Modulus

A shearing stress alters only the shape of the body, leaving

the volume unchanged. For example, consider equal and opposite

shearing forces F acting on the cube below:

The shearing force F produces a shearing angle ¢. The

angle ¢ is the strain and the stress is given by F/A as before.
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Calculating Shear Modulus

Stress is force per unit area:

St _
Tess =—

The strain is the angle expressed in radians:

d
Strain = ¢ = T

The shear modulus S is defined as the ratio of the shearing stress

F/A to the shearing strain ¢:

_a
?

The shear modulus Units are in Pascals.

S

64 |



Properties of Matter

Example 5.

A steel stud (S = 8.27 x 101° Pa) 1 cm in diameter projects 4 cm
from the wall. A 36,000 N shearing force is applied to the end.
What is the defection d of the stud?

First find area of wire:

_ aD? _ 7(0.01m)?
4 4
= 7.85

X 1075 m?

F=36000N; 1=0.04m; A=7.85x10°m?%d=7?7?

S_F/A_F/A_ FL_  _H
b d/l Ad AS
4 FIL (36000 N)(0.04 m)
 AY  (7.85x 1075m2)(8.27 x 101°Pq)
= (0.222mm
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Volume Elasticity

Not all deformations are linear. Sometimes an applied
stress F/A results in a decrease of volume. In such cases, there is
a bulk modulus B of

elasticity.

Volume stress

"~ Volume strain
AV /V

The bulk modulus is negative because of decrease in V.

The Bulk Modulus

B = —_F/A
- AV/V

Since F/A is generally pressure P, we may write:

—P PV

B= —=—
AV/V AV

Units remain in Pascals (Pa); since the strain is unitless.
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Example 7.

A hydrostatic press contains 5 liters of oil. Find the decrease in

volume

of the oil if it is subjected to a pressure of 3000 kPa.

(Assume that B=1700 MPa.)

o P _PV
&7;, "W
—P —PV

B= =y
%

AV = —PV _ —(3x10°Pa)(5 L)
B (1.70 x 10°Pa)

Decrease in V in milliliters (mL);

AV = —8.82mL
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APPENDIX

A GUIDE TO USING MICROSOFT TEAMS

SECTION 1: Signing in to teams

SIGNING IN TO TEAMS

1. Start Teams

-In Windows, click the Start Windows (icon) > Microsoft

-Corporation > Microsoft Teams

-For Mac users, naviagte to the Applications folder and then

click on Microsoft Teams

-For mobile users, tap on the Teams icon

2. Sign in with your Office 365 username and password
B Microsoft

Sign in

[Email, phane, or Skype

No account? Creat

PICK A TEAM AND A CHANNEL
Click on Teams to the left side

Northwind Traders - Mar

of the app and the choose a
team

2. Choose a channel and

explore the Conversations,

Files, etc.

68|



Properties of Matter

SECTION 2: Teams and channels

CREATE A TEAM

Select Create team at the

bottom of the teams list

S el
Enter the name and short o ' e
description for your new team
ADDING PEOPLE TO THE TEAM
In the Create team it el
prompt, enter a team perine b- g

member’s name and find

them in the list. e —
Click Done

CREATE A CHANNEL FOR THE TEAM

Select the row of dots (***) next to the team name
Select Add channel

Enter a name and a description for your channel

4. Select Add
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SECTION 3: Meetings in teams

JOIN A MEETING ON YOUR SCHEDULE
1. Select Meetings
2. Choose a meeting to join

3. SelectJoin

SCHEDULE A MEETING
1. Select Meetings
2. Select Schedule Meeting
3. Enter atitle, start and end time, and brief description of the
meeting
4. Enter the names of the people invited in Invite People

5. Select Schedule Meeting

TAlTI

LILINER
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SECTION 4: Meetings in teams cont.

START A MEETING

Select the video icon in a new conversation, or select the video
icon in an existing conversation to keep all the context

In your video preview, create a name for the meeting, then select
Meet now

Select the names of the team members who you want to invite to

the meeting

Northwind Traders > Mark

Conversation  Files  Wiki  Planner
S “a@e’ >igning om

& Reply

@ Annette Gamble 104
@ | Lets take one final I

Search

annah Tyle

Favorites
Northwind Traders e © Sounds like

my end. Can

General
O Reply

Customer Accounts

JOIN A MEETING
Look out for the video icon in a conversation to find a meeting

Select Jump In to participate in the meeting

Gay o 3
#‘ Does anyone have a mock of them appearing at the same time for reference? | looked through the designs and didn't
see one. 50 It's hard to tell

ack of them appeanng at the same 1 1 k L gt des 4 dick
ol
&. Hey guys. can we please fix the Last bit of copy in the pitch deck as part of the fit and finish pass
Q We have a prod-blocker (#43311) sbout the uplosd dislog not being dismissed properly. CC Miguel
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SECTION 5: Share files and chat

STARTING A NEW CONVERSATION WITH THE ENTIRE TEAM
Click on Teams, then select your team and channel

In the compose box, type out your message and then click Send

START A CONVERSATION WITH A PERSON OR A SELECT
GROUP

. Click New Chat at the top of the application

. In the To prompt, type the name of the person or the people you
want to begin chatting with

. In the compose box, type your message and then click Send

REPLYING TO A CONVERSATION
Locate the conversation you
want to reply to

Click Reply, add your message
and click Send
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SECTION 6: Share files and chat cont.

USING EMOJIS, MEMES, AND GIFS

Click on Teams, choose a team

and a channel
Click Sticker underneath you
compose box

Select a sticker, meme, or

whatever you choose, enter a

caption and click Done

SHARING A FILE

In the channel conversation, click on Choose file, under the
message compose box

Select a file, click Open, and then click Send

All the files you post in a channel are viewable in the Files tab

®© Recent

@ Browse Teams and Channels
% OneDrive

Upload from my computer @ to mention someone

As dk© @ & Qi -
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SECTION 7: Collaborate in Microsoft teams

MENTION @ SOMEONE

1. In the compose box, type the @ symbol, then type the
first letter of the person’s name.

-You can also @mention entire teams and channels

Select the person, then repeat for as many people as you want to

include
ﬂ' Noah McCormick !
¥ noah@northwindtraders.com lient had some changes to our design for the J
make those edits before our Wednesday clien
e Dwight Nesmith
dwight@northwindtraders.corr
Josh Nestor 2 include a section about the buy one get one
iosh@northwindtraders.com :d for August but she mentioned she got the t
& Add a bot
@n|
b ¢ @ @ B o -
Click Activity

The Feed shows you a summary of everyhing happening on the
channels you follow
-Click Filter to show only certain types of notifications, like

@mentions or likes
-Select Feed > My Activity to see a list of everything you’ve been

doing lately in Teams
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Teams

Favorites
Northwind Traders
. @ General
g
Teams Marketing
Overview

SEARCH FOR MESSAGES, PEOPLE, OR FILES

. Type a phrase or keyword into the box at the top of the app and
press enter

. Select the Messages, People, or Files tab
3. Select an item in the search results Or, you can click on
Filter to refine your search

_ i |

Messages People  Files Y

Production Notes
a

Contoso / Marketing

om Release Plan
Contoso / Overview

@ Brainstorm
Contoso / Marketing

om Video Revamp 2018
Contoso / General

Content Production
Contoso / Marketing
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SECTION 8: Set up TEAMS ON mobile

ACCESS YOU TEAMS FILES ANYWHERE.

Work, home, or on the go. Set up the office apps on your mobile

devices.

NN

CLICK ON YOUR MOBILE DEVICE

ENam

apple android windows

For more info, see:Set up Office apps and email on a mobile

device
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https://products.office.com/en-us/mobile/office-mobile-apps-for-ios?wt.mc_id=OTC_SIXSTEPS
https://products.office.com/en-us/mobile/office-mobile-apps-for-ios?wt.mc_id=OTC_SIXSTEPS
https://products.office.com/en-us/mobile/office-mobile-apps-for-android?wt.mc_id=OTC_SIXSTEPS
https://support.office.com/en-ie/article/set-up-office-apps-and-email-on-a-mobile-device-7dabb6cb-0046-40b6-81fe-767e0b1f014f?wt.mc_id=otc_sixsteps

