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Scientific Method

A formal procedure in
which the researcher can
acquire new knowledge in an
organized fashion.

scientific method
noun

Principles and procedures for the
systematic pursuit of knowledge in-

Observe &

Ask Questions

Research-
Data Collection,
Analysis & Synthesis

Construct

o
Hypothesis Think Again!

Test Hypothesis
By Conducting
Experiments

Analyze
Experiment al Results
& Draw Conclusion

Hypothesis is False

Report Results



Independent Variable

The variable in an experiment D-Dependent
R-Responding

Dependent Variable Y-Y Axis

What you measure in the experiment and
what is affected during the experiment. |M-Manipulated
The dependent variable responds to the |I-Independent
independent variable. X-X Axis

Controlled Variable Hypothesis
A variable which 1s not allowed to change |A educated guess.
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Protons

Protons are positively ‘ -
charged particles found

within atomic nuclel.

Neutrons

Neutrons are uncharged
particles found within

atomic nuclei.

Electron

Electrons are negatively charged
particles that surround the atom's
nucleus.
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Atomic Number

The amount of protons and

electrons 1n an atom.
Atomic Number — ;47

Ag
Silver

107.8682

Atomic Mass

The atomic mass 18
the total mass of
protons, neutrons

and electrons 1n a

single atom.

Atomic Symbol

A one or two letter interna-
tionally agreed code for an
element.

Atomic
Symbol Ag
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PERIODS Rows of elements are called

periods. The number of energy
levels 1s equal to the period
number.

Yoo bd

GIROUVIPS
Columns of elements are called

groups. The number of valence
electrons are equal to the group

number.
TABLE 1.7 Names of some Groups in the Periodic Table
Group Name Elements
1 Alkah metals Li, Na, K, &b, Cs, Fr
2 Alkaline earth metals Be, Mg, Ca, 5r, Ba, Ra
16 Chalcogens 0,5, 5e, Te, IPo
21 17 Halogens F Cl Br, I, At

18 Noble gases (or rare gases) He, Ne, Arn K, Xe, Rn




group

4 5 6 F 8 9 10 11 12

13

18

14 13 16 17

hanmetals —

metals

Characteristics of a metal:

. shiny

. good conductors of thermal
energy and electric current

. malleable

. ductile

P

metalloids

Characteristics of a

Nonmetal:

. has dullness

. poor conductors of
thermal energy and
electric current

. brittle

Characteristics of a Metalloid:
. has properties of both metals and

22
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Ion
An 1ion is an atom or molecule in which the lon Exza+mp16
total number of electrons 1s not equal to ke
the total number of pI‘OtOIlS. (Iron Atom that lost Electron)

Oxidation Number
An oxidation number 1s a positive or negative number
that indicates how many electrons an atom has gained,
lost, or shared to become stable.

Isotope
Isotopes are variants of atoms of a particular chemical
element, which have differing numbers of neutrons.

Isotope Example
Carbon-13

(Carbon Atom with the atomic mass of 13)
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fission fusion
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Atom vs. Element
Elements are made of multiple
identical atoms.

Compound vs. Molecule
Molecules are formed when two or more of
the same atom combine while compounds are
created with different types of elements.

Heterogeneous vs. Homogeneous Mixture
The difference between Heterogeneous and
Homogeneous Mixtures 1s that in heterogene-
ous mixtures, the scientist can see that the
mixture 1s not evenly distributed.

Inorganic vs. Organic Compounds
The difference between Inorganic and Organic
Compounds are that Organic compounds have
at least one carbon atom.
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Kinetic Theory
Kinetic Theory states that as the temperature of
an atom increases, the atom will have more ki-
netic energy.

Solid vs. Liquid vs. Gas vs. Plasma

PHASES OF MATTER

Gas Plasma

HIGH

Low
<SSR Temperature or Energy S

26



State Change Graph

D - liquid gas /E -gas

condensation

vaporization

fl"IIIlﬂﬂ C - Ilquld

melting

e

B - solidfliquid

/ﬂ - solid

Heat added




A chemical property 1s any of a material's properties
that becomes evident during a chemical reaction.

For an example:

Oxidation, Combustibility and Corrosion are
all signs of chemical properties.

Chemical Properties
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Physical Properties
Physical properties can be observed or measured with-
out changing the composition of matter.
Examples:
State, Viscosity, Conductivity, Density, Solubility.

Increasing Rate of Solubility
Ways to increase the rate of solubility of a mixture are by
increasing the surface area, temperature and by stirring
the mixture.




Acids

Neutral

Bases

Acids and Bases
Acid: A solution that has an ex-
cess of H+ ions. It comes from
the Latin word acidus that means
"sharp" or "sour". Lemons. 6-0 on
Ph scale. Sticky to touch.
Base: A solution that has an ex-
cess of OH- ions. Another word
for base is alkali. Ammonia. 8-14
on Ph scale. Slippery to touch.

2] Common examples
p
1x10° Hydrochloricacid
1x 10" Stomachacid
1x102 Lemon juice
1x103 Vinegar
1x:10+4 4 Soda (carbonic acid)
1x107 5 Rainwater
1x10°6 6 Milk
1x107 7 Pure water
1x108 8 Egg whites
1x10° 9 Bakingsoda
1x 1010 ( Antacid
1x10H Ammonia
— Quicklime (calcium

w0 hydroxide)
1x1013 Drain cleaner
Lxi10-14 Lye (sodium hydroxide)

29

Neutralization
Reaction

Acid + Base >
Salt + Water




Covalent & Ionic Bond

atoms atoms

SHARING OF TRANSFER OF
ELECTRONS ELECTRON

Crystal Lattice

positive negative

molecule f :
ion ion

covalent bond ionic bond

Figure 2.6 Essential Cell Biology, 2/e. (® 2004 Garland Science)
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Types of Chemical Reactions

. SyntheSIS'two or more simple substances combine to form a more complex substance.

. DeCOInpOSItIOIl—a more complex substance breaks down into its more simple parts.

Synthesis: A+B —= AB
E.+E, — C
Decomposition: AB — A+B

C —= E/+ E;

Single Replacement:. AB+C — AC+B
C+E — C:;+E

Double Replacement:. AB+ CD — AC + BD

. Slngle ReplaC ement'when one element trades places with another element.
. DOUble ReplaC ement'when two elements switch places with two others.
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Writing Formufas for Compounds

lonic Cmpd: cont@ins a matal ion
and @ nanmatal ion

Binany Covalant: contain two
nonmatals aora matallod & nonmasal

1. werite the syrbol for the metsl on

2. wrte the syrbolor omnulsoiorthe
no nimetad or po hystomic: on

3. chezk the cesidation nurnbers of e=ch
ion; if they =234 up o zam, this s tha
famnu

4. u== the prope rsubscnpts atter the
syrnbol foresch ion =0 that w han
rutiplied tirmes the o, no. | the
algebmic sumofeach Erem

4. = Roran nurmersld sfer the name of
tha el ion denotes itoxidation
nurber

Examplas:

=od ium c:hloridei=s MNac|

copperll) carbonate 50 W00z
alurinurn cxide = ARD:

stmntium nit=he = Sn: hk:-z:ra

1. write the syrmbalof the fistelkmeant
rerned; if 2 pefe sccompanies the
rerns, plhos o subsanpt cquead o the
prefos after the syrnbol,

2. wa the syrbolof the second
elermsnt; plece 2 suwbecript afer its

=yrnbial if the prafe: e ns too or
highar

Examples:

carbon monoXide is G0
sulfurdiseide i= 502

phosp horus Tchioride s PGIE
uinitiogen i2lia oeide = Rl
carbon tetrmchionde isCG14
dizr=znie risufide i At




Increasing Rate of Reaction

. Adding a catalyst

A scientist can increase the rate of a reaction by:
. Increasing the surface area
. Increasing the temperature

When a physical change occurs the

Physical Change

compound 1s not altered.

Endothermic Reaction
A reaction that absorbs
heat.

Exothermic Reaction

A chemical reaction that{ When a chemical change occurs a

releases energy in the [new substance is created.
form of ]ight or heat. Odor, gas, color change, temperature change

33

and precipitation are indicators.

Chemical Change
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Law of Conservation of Mass

CaCl,
solution

CaS0, white
precipitate
in NaCl

Na,SO )
24 solution

solution

The Law of Conservation of Mass states that mass
must remain constant throughout a reaction.

Balancing Chemical Equations
The product of a reaction must have the same amount
of atoms as before the reaction took place. Therefore,
scientist use coefficients to balance equations.




Speed

The formula for speed 1s S=Distance/Time. Speed 1s
usually measured in meters per second.

Velocity
Velocity is speed with a direction.

Acceleration
Acceleration 1s the rate of
increase in velocity.

Instantaneous Velocity

what a speedometer 1n a car

welocity

Average Velocity
Average velocity 1s just net
distance traveled divided by

time.

Instantaneous speed 1s comparable to

a = Av /At

A Velocity - Time Graph

conztant
welocity

acceldrating decelerating

35
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Inertia
Inertia 1s the resistance of any physical object to a change 1n its
state of motion or rest, or the tendency of an object to resist
any change 1n 1ts motion

Force

Newton’s First Law Research .
S Force=MassxAcceleration
it is compelled to change that state m The ability to move .

by forces impressed on it."

Newton’s Third Law

Rocket Engine Thrust

Newton’s Second Law Exhaust Flow Pushed Backward

Definitions
Differential Form: Force = change of momentum F=d{mv) For every aclion, there is an equal and opposite re-action.
with change of time dt

or:

Force = change in mass X velocity with time F=(m.V, -m,V,)

(ti - 1,)
36 With mass constant:  Force = mass X acceleration F=ma

Force, acceleration, momentum and velacity are all vector quantities.
Each has both a magnitude and a direction.



Roller Coasters and Pendulums
Both roller coasters and pendulums experience energy transformations. It
switches back and forth between kinetic energy and potential energy.

Energy Transformations
Energy transformation 1s the process of energy
changing from one form to another.

Work Energy
Work=ForcexDistance | - The ability to do work. Measured in Joules.

Kinetic Energy
Possessed energy while an object is in motion.

Law of Conservation of Energy Potential Energy
States that energy cannot be either created Stored energy.
nor destroyed.
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Static Electricity
Static Electricity 1s the build up
of excess electrons.

Ohm’s Law

Ohm's Triangle

Cover the variable you want to find and perform
the resulting calculation (Adfucltiplication/Division)
as indicated.

Lightning

The discharge of electrons
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Properties of waves:

7\ Wawve length — distance from crest to crest.

Speed of light, 300,000 km/sec - rate of motion of crests or troughs.
‘T Period - Time between passaqge of successive cresis.
T Frequency - Number of crest passages per unit time.

A Amplitude - Distance from level of crest to level of trough.
JOHALP




THE ELECTRO MAGNETIC SPECTRUM

Wavelength
(metres)
Radio Microwave Infrared  Visible Ultraviolet X-Ray = Gamma Ray
1 W % % o | —i
Mechanical Wave 103 10°2 10°5 106 108 10°10 1012

A disturbance that moves

through a medium. || ™\_/" \_/" \/V\/W\/WWW

Frequency
(H2)
104 108 1012 t 1015 1016 1018 1020

Longitudinal Wave

This wave is moving in this direction — >

Transverse Waves are Back and Forth
90" to Longitundinal Propagation

Wa \‘l‘lt‘n.v,lh

|ﬂm" AN N ’”’\ 1,’\:
S

,“'I]U 'L”|H|l”‘
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Compression Rarefaction
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Wave Speed Reflection

Wave Speed=Distance/Time When Light is reflected, the angle
it hits the object 1s the same on

both sides of the normal

Reflected ray

Refraction ncident 2y
When light enters a new
medium, the ray angle
changes. witror__—

Incident Angle of S
Ray Incidence - Normal

Boundary

e Diffraction— waves are able to bend
around corners.
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Destru.Ctive interference



Sound Waves
Mechanical waves that require medium to travel.

Pitch
Highness or lowness of sound characterized by the frequency

Echo
The bouncing of sound waves against objects that create a

Doppler Effect
Occurs when moving car
passes you.
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