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CSET General Science
I & II
Welcome to the CSET General Science I & II Preparation Guide

This guide is designed to assist you with passing the first two parts of the science subject matter
examinations for California teachers, General Science Subtests I & II. Four types of readers will
benefit from using this guide:
First are those who are in the process of applying to a credential program. Most teacher preparation
programs in California require candidates to demonstrate subject matter competency prior to
entering a credential program of study. A passing score on the full Science CSET exam will provide
the necessary documentation of your expertise.
There are several reasons a teacher who already holds a California credential would decide to take
the CSET. The first might be to add a second subject matter authorization to an existing secondary
credential. Others take the exam to assist them with obtaining a secondary credential in addition to
an existing elementary credential. Finally, the CSET exam can be used to document that a teacher is
“highly-qualified” so as to meet No Child Left Behind compliance.
If you are interested in learning more about how taking the CSET exam can help you in your
professional preparation and career, the California Commission on Teacher Credentialing provides
the following resources:
    * Subject Matter Authorization
      http://www.ctc.ca.gov/email/supplement-SMA/SMA.html
    * NCLB Compliance http://www.ctc.ca.gov/notices/coded/050001/050001.html
    * Adding Secondary Credential to an Elementary Credential
      http://www.ctc.ca.gov/email/AA/second-to-elem.html
The Subject Matter Requirements (SMR)

The CSET Science Exam consists of three separate sub-tests that address the subject matter
content standards set by the California Commission on Teacher Credentialing Subject Matter
Requirements (SMR). You can learn more about the CTC requirements for subject matter
competency at: http://www.ctc.ca.gov/educator-prep/STDS-subject-matter.html
Below are links to the CTC Subject Matter Requirements (Standards) used in creating this guide.
K12 Science Student Standards			
General Science
Biology						
Chemistry
GeoScience (Earth & Planetary)			
Physics
Part II: Applicable to All Areas
Please note that this preparation guide addresses only the first two science subtests: General
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Science I and General Science II. You must also take a third subtest in your area of concentration:
Biology, Chemistry, Physics, or Earth and Planetary Science. To pass the science examination and
prove competency, you must earn a passing score on all three subtests. We provide a separate
course to prepare you for the third subtest exam. Please contact the publisher to obtain a copy the
specific study guide you need.
Once you have passed all three subtests, you may decide to apply for an additional science
credential authorization. A second authorization requires only that you pass the third subtest exam in
the second area of concentration.
What is the exam like?

There are both multiple-choice and constructed-response questions on the exam. Exams are
administered during the afternoon of the test administration day. When you register, you may choose
to take one complete exam (all three sub-tests) in one sitting, or you may register to take only one or
two of the sub-tests. You will have five uninterrupted hours of testing time to complete the subtest(s)
for which you have registered. The subtests are not individually timed. You may spend as much time
as you need on each subtest. When you have completed the subtest(s), or when the test session
ends, your test materials will be collected, and you will be released for the test session.
Once you pass a sub-test, you do not have to take that sub-test again as long as you use the score
toward certification within five years of the test date.
What is covered in subtests I & II?

This guide covers two of the three subtests in Science with each subtest covering six teaching
domains:
Sub-test I General Science includes:
    * Astronomy						    * Waves
    * Dynamic Processes of the Earth (Geodynamics)	    * Forces and Motion
    * Earth’s Resources					    * Electricity and Magnetism
Sub-test II General Science:
    * Ecology						    * Cell and Organismal Biology
    * Genetics and Evolution				    * Heat Transfer and Thermodynamics
    * Molecular Biology and Biochemistry			    * Structure and Properties of Matter
Sub-test III, which requires a separate registration with NES, covers the areas of concentration.
Preparation guides for each of these courses may be obtained from the same publisher separately.
    * Biology/Life Science
    * Chemistry
    * Earth and Planetary Science
    * Physics
We also offer study guides for the Multiple Subject, RICA, and the Single-Subject Mathematics
Exams I, II, and III.
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Preparation Strategies
designed for learning

The CSET tests are organized according to the California Subject Matter Requirements (SMR). You
may wish to download the SMR for your subject areas of concentration to use as a reference guide
while you prepare for the exam.
This preparation guide has been designed to minimize your time studying for the exam. We
recommend that you take the Pre-Test first to determine which areas of the test you can pass
without further review.
After you’ve determined your strengths and weaknesses, we suggest that you spend your time
studying those areas of the exam in which you need the greatest support first. Once you have
mastered those, then review your areas of strengths.
Each Domain contains two study guides:
    * A Quick Guide: Which reviews the basic scientific concepts of the domain along with “thinkabouts” for you to use in quizzing yourself.
    * A Detailed Guide: These materials contain large amounts of information that cover the subject
area in depth. Many of the pages link to resources on our csetprep.org web site along with other
excellent learning materials on the web. You will need Internet access to interact with, download
or print these pages. Hands-on simulations and “applets” have been embedded in many pages.
At the end of each Domain of study there is a Post-Test made available to us by National Evaluation
Systems. On the web we have linked all of the Post-Tests on one page. This way you may choose
to take the post-test as you finish reviewing each domain or you can take the whole exam in one
sitting. There are advantages to each method, but we prefer the single sitting technique which
allows you to track how long it takes you to finish two of the subtests in science. The answer key is
included at the end of the test.
If you are working from the print guide, we have included the Post-Test for each domain at the end
of each section. The constructed response (essay) questions for each subtest domain is included at
the end of the study guide for each subtest.
Required Software

You will need to have Adobe Acrobat Reader installed on your computer to use most
of the documents in the guide. If you do not have this free software application, you
can download the Acrobate Reader installer by clicking the link below.
To access the animations and simulations on the csetprep.org website (linked to the
Quick Review and Detailed Study Guides) you will need to have Adobe Flash Player
installed on your computer. You may download the Flash Player installer by clicking
the link below.
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How to Use this Guide
Test Content

National Evaluation Systems designed each of the subtests to comply with the California
Commission on Teacher Credentialing Subject Matter Requirements (SMRs). Please click on the
HOME link for more information about the SMRs and links to download these documents. Each
General Science subtest covers six science domains and their related subdomains.
Sequence of Study & Using Your Time Wisely

Many who study for the exams are overwhelmed by the vast amount of content that the tests cover.
For this reason, we divided each section of this preparation guide into 5 parts: a review of the
conceptual framework, a pre-test, a quick-study guide, a detailed study guide with web resources,
and a post-test.
We begin each of the domains of study with a self-evaluation to help you determine your degree of
proficiency in each of the areas tested by CSET. You keep track of your own score according to the
grading rubric provided. We recommend that you calculate an average score to determine how you
might do on test day. Use this information to guide you in determining the degree of effort you need
in each domain area. You may want to go ahead and take all of the pre-tests in each of the Subtests
to get a “big picture” of your knowledge of the subject. Then, we suggest you rank your scores from
weakest to strongest. Begin by studying the domains in the order that you ranked them - weakest to
strongest. This way, you will spend your time broadening your knowledge base rather than reviewing
known material.
Preparation Guide Contents for Each Domain

   1. Subject Matter Requirements and Content - Commission on Teacher Credentialing standards
   2. Pre-Test: Lists domains and subdomains and asks you to rank your level of knowledge. Use to
focus your study in the guide.
   3. Quick Review: For those needing only a refresher of the content area. Consists of a detailed
summary of the domain concepts with active links to take you to resources available to you for
review.
   4. Detailed Study Guide: Includes a 3-Level Study Guide (downloadable) for an in-depth review
for both General Science and Single Subject Science candidates. This guide is best viewed
online because it contains numerous links to our web site: csetprep.org where we have posted
complete college-level review of subject matter, online simulations, animations, and graphics to
help you to understand the content.
   5. POST/PRACTICE TEST taken directly from real CSET questions are included along with the
answers and explanation. These sample materials were obtained from the National Evaluation
System web site located at http://www.cset.nesinc.com. The constructed response questions
and sample graded responses are included at the end of each of the subtest sections. The
constructed response (essay) practice tests for each subdomain are included at the end of each
subtest section.
Accompanied Links

Some of the materials presented in this stidy guide is meant to work inconjuction with the CSET 
Prep online study aid as well as various other sites. This icon (Left) designates links that should be
opened and accessed simeltaneously.
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Subtest I
Domain 1: Astronomy
Candidates for General Science understand that
knowledge of the structure and composition of the
universe can be learned from studying stars and
galaxies and their evolution. They recognize that
objects in the sky move in regular and predictable
patterns. Candidates explain how and why the
moon’s appearance changes during the four-week
lunar cycle. They understand how telescopes
magnify the appearance of distant objects in the sky,
including the moon and the planets. They realize
that the solar system consists of planets and other
bodies that orbit the sun in predictable paths.

Domain 2: Geodynamics

Candidates for General Science Subject Matter
Exams understand the Earth’s features can be
explained by a variety of dynamic processes that
have occurred in the past and continue to occur.
They understand that plate tectonics account
for most of the important features of the Earth’s
surface and major geologic events. Candidates
explain how surficial processes and agents
such as waves, wind, water, and ice are slowly
modifying Earth’s land surface. They understand
how weathering, transport, and deposition of
sediment are related to this reshaping. Candidates
are familiar with evidence from rocks that allows
us to understand geologic history and the
evolution of life on Earth. hey can use observed
properties of rocks and minerals to determine
their process of formation. Candidates understand
that most of the energy on Earth comes from the
sun. They know that energy from the sun heats
Earth unevenly, causing air movements that
result in changing weather patterns. They use
their understanding of heat to explain the many
phenomena on Earth’s surface that are affected
by the transfer of energy through radiation and
convection.

Domain 3: Earth Resources

Domain 9: Forces and Motion

Candidates know there are many different natural
energy and material resources including air, soil,
rocks, minerals, petroleum, fresh water, wildlife,
and forests, and know how to classify them as
renewable or nonrenewable. They realize that
sources of energy and materials differ in amounts,
distribution, usefulness and the time required for
their formation. Candidates understand that the
utility of energy sources is determined by factors
that are involved in converting these sources
to useful forms and the consequences of the
conversion process. They know the natural origin
of materials used to make common objects.

Candidates describe the motion of an object
and understand the relationships among its
velocity, speed, distance, time and acceleration.
Candidates use Newton’s laws to predict the
motion of objects.

Domain 8: Waves

Candidates understand that all waves have a
common set of characteristics properties. They
apply their knowledge of these properties to
describe and predict the behavior of waves,
including light waves, sound waves and seismic
waves. Candidates apply the simple principles of
optics to explain how various lenses work.

SMR Domain 10: Electricity and
Magnetism
Candidates understand that electric and magnetic
phenomena are related. They use knowledge of
electricity and magnetism to explain many practical
applications.
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Astronomy
Astronomy Subject Matter Requirements
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review
• The Moon
• The Solar System
• Place & Time
• The Universe

IV.

Post-Test

Candidates for General Science Subject Matter Exams understand
the Earth’s features can be explained by a variety of dynamic
processes that have occurred in the past and continue to occur.
They understand that plate tectonics account for most of the
important features of the Earth’s surface and major geologic
events. Candidates explain how surficial processes and agents
such as waves, wind, water, and ice are slowly modifying Earth’s
land surface. They understand how weathering, transport, and
deposition of sediment are related to this reshaping. Candidates
are familiar with evidence from rocks that allows us to understand
geologic history and the evolution of life on Earth. They can use
observed properties of rocks and minerals to determine their
process of formation. Candidates understand that most of the
energy on Earth comes from the sun. They know that energy from
the sun heats Earth unevenly, causing air movements that result in
changing weather patterns. They use their understanding of heat to
explain the many phenomena on Earth’s surface that are affected
by the transfer of energy through radiation and convection.

Subject Matter Content
a.
b.
c.
d.
e.

f.
g.
h.

Describe the chemical composition and physical structure of the universe.
Describe the structure of the solar system and its place in the Milky Way
galaxy.
Distinguish between stars and planets
Recognize that stars vary in color, size, and luminosity.
Describe a simple model of how fusion in stars produces heavier elements and
results in the production of energy, including light.
Describe the regular and predictable patterns of stars and planets in time
and location .
Explain and predict changes in the moon’s appearance (phases).
Describe the use of astronomical instruments in collecting data, and use
astronomical units and light years to describe distances

Astronomy
I

Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Question 7

Describe the chemical composition and physical
structure of the universe. (1.1a)

Compare and contrast the physical properties, including
gravity, of rocky (terrestrial) and gaseous (Jovian)  planets.
(1.1g)

¶0

¶1

¶2

¶3

¶0

Question 2

Describe and diagram the physical structure of the
three main galaxy types. (1.1b)

¶0

¶1

¶2

¶3

Question 3

Describe the structure of the solar system and its
place in the Milky Way galaxy. (1.1c)

¶0

¶1

¶2

¶3

Distinguish between stars and planets.  (1.1d)

¶1

¶2

¶3

Question 5

Recognize that stars vary in color, size and luminosity
and understand the significance of these
properties. (1.1e)

¶0

¶1

¶2

¶3

Question 8

Describe the regular and predictable patterns of stars and
planets in time and location. (1.1h)

¶0

¶1

¶2

¶3

Question 9

Explain how Kepler’s Laws describe orbital motion. (1.1i)

¶0

¶1

¶2

¶3

Question 10

Question 4

¶0

¶1

¶2

¶3

Question 6

Explain and predict changes in the moon’s
appearance (ie. phases). (1.1j)

¶0

¶1

¶2

¶3

Question 11

Describe the use of astronomical instruments in collecting data, and use astronomical units and light years to
describe distances.   (1.1k)

¶0

¶1

¶2

¶3

Describe a simple model of how fusion in stars
produces heavier elements and results in the
production of energy, including light.  (1.1f)

¶0

¶1

¶2

¶3

Domain I: Pre-Test

Astronomy
Quick Review Guide

II

Subject Matter Content
a.
b.
c.
d.
e.
f.
g.
h.

a

Describe the chemical composition and physical structure of the universe.
Describe the structure of the solar system and its place in the Milky Way galaxy.
Distinguish between stars and planets
Recognize that stars vary in color, size, and luminosity.
Describe a simple model of how fusion in stars produces heavier elements and
results in the production of energy, including light.
Describe the regular and predictable patterns of stars and planets in time
and location .
Explain and predict changes in the moon’s appearance (phases).
Describe the use of astronomical instruments in collecting data, and use
astronomical units and light years to describe distances

Above, a diagram of the large scale structure of the
universe showing arrangement of .
superclusters in bubbles and filaments.  
From: www.windows.ucar.edu/tour/link=/
the_universe/Cosmology.html

Describe the chemical composition and physical
structure of the universe.

The chemical composition of the universe is mostly hydrogen occurring within main sequence
stars like our sun.  About 10% of the atoms in the universe are helium, occurring mostly within
older more massive stars (giants, supergiants, white dwarfs, etc.)  There are traces of heavier
elements occurring in neutron stars, supernova, and interstellar dust clouds produced by
supernova explosions.
Physically the universe is mostly empty space punctuated by stars, some of which include solar
systems.  The stars are gathered in galaxies consisting of 200 billion stars or more.  The galaxies
are usually classified as spiral, elliptical, or irregular.  In turn the galaxies occur in clumps called
local groups which in turn form superclusters.  These superclusters are arranged around empty
bubbles stretching 400 million light years across.
Historically, Edwin Hubble discovered that galaxies outside of our own show a “redshift”, that is
atomic spectra are shifted toward the longer wavelengths.  According to the Doppler Effect, this
means that relative to the earth, they must be moving away from us.  The farther away they are,
the faster they seem to be moving.
Describe the structure of the solar system and its place

• Movies often depict space ships traveling through dense asteroid fields, dodging right and left. Why is this unrealistic?
• The Space Shuttle, our current vehicle to space, is incapable of returning us to the moon, out nearest neighbor in space.  
Why not?

For more in formation, go to:

To Think About

http://www.school.discovery.com/schooladventures/universe/.
itsawesome/mindgame/index.html
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b

in the Milky Way galaxy

The solar system consists of our sun, containing 99% of its mass, surrounded by 9 planets
and assorted asteroids, comets, and other debris.  The planets are usually classified as inner
(Mercury, Venus, Earth, Mars) and outer (Jupiter, Saturn, Uranus, Neptune, and Pluto) with the
asteroid belt lying between the two groups.  The inner planets are small and rocky while the
outer ones are typically gas giants with the exception of Pluto which is small and rocky.  Our star
is in the Orion arm, about 2/3rds of the distance from the center to the edge of the Milky Way
Galaxy, a spiral galaxy 100,000 light years across.
Bode’s Law is helpful for remembering the relative distances of the planets from the sun using
Astronomical Units (1 AU = the average distance of the Earth
from the Sun).  Start with 0, add 3, then double: 0, 3, 6, 12, 24,
48, 96, 192, 384.  Add 4 and move the decimal over one: 0.4,
0.7, 1.0, 1.6, 2.8, 5.2, 10.0, 19.6, 38.8.  The distances from the
sun to each planet is as follows: Mercury 0.4 AU, Venus 0.7 AU,
Earth 1.0 AU, Mars 1.5 AU, Asteroids 2.8 AU, Jupiter 5.2 AU,
Saturn 9.5 AU, Uranus 19.2 AU, Neptune 30.0 AU, Pluto 39.4
AU.  Notice that the asteroids are included, but Neptune isn’t;
and that while the values for Mars and the outer planets are
usually off, they’re still very close.
Historically, it was not until Galileo starting using telescopes
that the Milky Way was discovered to be made of billions of
stars.  He also noted the moon had craters, that Jupiter had moons, that Venus went through
phases just like the moon’s and discovered sunspots.  The effect of these discoveries was to
shift thinking from the earth as the center of the solar system (geocentric) to the sun as central
(heliocentric).
Above a picture of another spiral galaxy
showing relative position of the solar
system within our galaxy.  We are in the
Orion Arm of the Milky Way Galaxy.
From: http://www.school.discovery.
com/schooladventures/uni
verse/galaxytour/milkyway.html

At left is a collection of solar system
images to scale.  The order from left to
right is the sun, Mercury, Venus, Earth,
Mars, Jupiter, Saturn, Uranus, Neptune,
Pluto. From: http://www.solarviews.
com/cap/misc/ss.htm

To Think About
• Pluto is a small rocky planet on the outer edges of the solar system.
Why is this unusual?
• The picture above shows our location 2/3s of the way out of the Milky Way Galaxy in the Orion Arm. How do you know this
can’t be an actual photograph of the Milky Way?
For more in f ormation, go to:

http://liftoff.msfc.nasa.gov/academy/space/solarsystem/solarsystemjava.html .
http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/index.html .
http://www.solarviews.com/eng/homepage.htm

Domain I: Quick Review Guide       
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c

Distinguish between stars and planets

Stars are large balls of gas undergoing fusion, releasing heat and light as hydrogen atoms are
smashed together to form helium.  Planets orbit stars and become visible by reflecting light from
their central star.  From Earth, planets can be distinguished from stars because stars twinkle
while planets appearing to be larger, don’t; or by watching the planet’s apparent movement
across the backdrop of stars from one night to the next (being much closer, planets appear to
move faster).  This apparent movement is called parallax.
Historically it has only been fairly recently, during the last 25 years, that planets orbiting other
stars have been discovered.  Large planets cause their stars to wobble slightly, or become
slightly darker as the planet crosses in front of the star.  Smaller planets can be seen as the light
reflected from them interferes with the light from their star, creating interference patterns that are
detectable.

To Think About
•  Why are planets far from stars difficult to find?
•  While observing the constellation Oion, you notice an extra dot of light.  Excitedly, you hurry back the next night and
notice the dot of light has shifted its location.  Is it a star or planet and how could you tell?

d

Recognize that stars vary in color, size, and luminosity.

The variation of stars in color, size, and luminosity is depicted on Hertzsprung-Russell Diagram.  
Colors vary from red to white, reflecting temperatures ranging from 3,000 to 20,000 C.
Luminosity (apparent magnitude) is a result of actual brightness (absolute magnitude), caused by
size (larger stars have more surface area producing light) and temperature (hotter being usually
brighter), and distance (closer stars appear brighter).
This sequence relates to the life cycle
of stars, which start as nebula (clouds
of dust and gas) which gravitationally
contract until hot enough for fusion to
begin.  The new star proceeds through
the main sequence until it has used up
its supply of hydrogen, and becomes
a giant or red giant (larger, cooler star)
fusing helium into carbon or heavier
elements.  After using up its supply of
helium, the star becomes a white dwarf
or black dwarf.  Dwarfs are extremely
small stars, white dwarfs being very
hot, black being cold.   If the star was
originally 10X  heavier than our sun,
when it uses up its helium it will explode as a nova or supernova before
collapsing into a neutron star (composed of neutrons packed densely
together, without the surrounding electron clouds.  Teaspoons of this
material weigh as much as loaded train cars.)  A star originally 30X heavier
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Above H-R diagram organized the variety of stars
discovered, and gave insight to the life cycle of
stars, shown on next page.
From: http://collections.ic.gc.ca/univer se/
stars_answers05.html
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than our sun will explode as a supernova, and
then collapse into a black hole.  Black holes are
stars whose density is great enough to prevent
light from escaping them.  They can be detected
because material being pulled into them is
accelerated by their gravitational pull and release
x-rays.  These x-rays can then be detected,
although the star itself cannot.
From: http://starchild.gsfc.nasa.gov/docs/
StarChild/StarChild.html

To Think About
•  Would a red giant or a white dwarf have a greater absolute magnitude?
•  Simply seeing that a star is red or blue would give you what information about that star?
F o r m o r e i nf o r m at i o n , g o t o :

http://www.eclipse.net/~cmmiller/BH/blkbh.html

e

Describe a simple model of how fusion in stars produces heavier elements and results in the production of energy, including light

Stars produce light as a result of the fusion of 4 hydrogen atoms into one helium atom.  In the
process, 0.7% of the hydrogen’s mass disappears, being converted into energy (E=mc2).  This
energy appears as light, heat, and other types of electromagnetic radiation.  When the hydrogen
in a star is used up, the helium begins fusing to form carbon and heavier elements.  If the star
is massive enough, it will eventually explode as a supernova, producing even heavier elements
such as iron.

From: http://fusioned.gat.com/
Teachers/Teachers.html

• Where do elements like carbon, which make up much of living organisms, come from?
For more in formation, go to:

To Think About

http://brahms.phy.vanderbilt.edu/~rknop/classes/a250/colgan_connolly/fusion.html
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f

Describe the regular and predictable patterns of stars and planets
in time and location

Planets orbit the sun in elliptical paths (Kepler’s 1st law), moving faster when they are close
to the sun, and slower when farther away (Kepler’s 2nd law: The line joining the sun and the
planet sweeps out equal areas in equal times).   Kepler’s 3rd law (the squares of the periods of
the planets are proportional to the cubes of the mean distances from the sun) allows people
to predict the time it takes planets to orbit the sun.  Astronomers using these laws combined
with careful observation can predict where planets will appear at any given time.  For example
Mercury and Venus are closer to the sun than is the Earth.  Therefore Mercury and Venus are
evening or morning “stars”, never appearing far from the sun’s location, and only visible shortly
before the sun rises or shortly after it sets.
The task of predicting where planets will appear is complicated by the Earth’s daily rotation
which causes the sun, stars, and moon to rise in the east and set in the west, and by the
Earth’s annual revolution around the sun which causes constellations to rise earlier each night,
eventually changing from one season to the next.  Ancient astronomers used these changes to
set up the first calendars, marking the passage of a year when a constellation reappeared in the
night sky.  The sun also appears to move north and south as a result of Earth’s 23 degree tilt.  
During N. America’s summer the top half (northern hemisphere) is tilted towards the sun and it
appears to rise high in the sky, while the situation is reversed in winter.  The date when the sun
appears directly overhead the farthest north is the Summer Solstice (June), while its opposite is
the Winter Solstice (Dec.).  In between, when the sun appears directly overhead at the equator
and we have equal hours of day and night are the Spring and Fall Equinoxes (March and Sept).

• Orion is a great winter constellation.  Where is it during the summer?
For more in f ormation, go to:

To Think About

http://csep10.phys.utk.edu/astr161/lect/history/kepler.html

g

Explain and predict changes in the moon’s appearance (phases)

The moon orbits the Earth, appearing in the sky as it reflects the sun’s rays.  Half the moon’s
surface is always lit, although the part we see might only include part of the that half.  When the
moon is opposite the Earth from the sun it rises when the sun sets and the sun brightly lights
the full side facing us, hence the name “full moon”.  The next night the moon rises later as it has
continued in its orbit while the Earth spun, and the lit half no longer directly faces the Earth.  This
begins its apparent disappearance as its dark side becomes increasing visible each night, thus
waning gibbous (¾th facing us is lit) is following be 3rd quarter (½ facing us is lit) and waning
crescent (¼th facing us is lit).  Finally the moon rises and sets at the same time as the sun and
we can no longer see it in the glare of the sun.  This is the new moon.  After the new moon,
sunlight starts reappearing on the opposite side of the moon from which it had disappeared, the
moon going successively through the stages of  waxing crescent (¼ facing us is lit), 1st quarter
(½ facing us is lit), and waxing gibbous (¾ facing us is lit).  The moon takes 29 days from one full
moon to the next, so the time from full moon to new is about 2 weeks.
The moon also causes eclipses, either solar or lunar.  Solar eclipses occur during some new
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moon phases when the moon comes directly between the sun and earth
and blocks our view of the sun.  Since the moon orbits about 5 degrees
off of Earth’s orbit around the sun, this doesn’t happen very often.  Lunar
eclipses occur during some full moon phases when the moon comes
directly in line with the Earth’s shadow and appears darker or more
orange as a result.  Remember that eclipses are named after the body
being blocked or hidden.
Lunar phase diagram at left shows what we see as the sun lights the
moon from beyond the right side of the diagram.  Waxing phases are
on the upper half,waning beneath, full moon is on the left, new moon
on the right. From: zebu.uoregon.edu/ph121/ images/moon- cycle.gif

• What phase appears when the moon sets at the same time the sun rises?
For more in f ormation, go to:

To Think About

http://antwrp.gsfc.nasa.gov/apod/ap991108.html.
http://zebu.uoregon.edu/ph121/l4a.html

h

Describe the use of astronomical instruments in collecting data,
and use astronomical units and light years to describe distances

Astronomical instruments include the telescope and spectroscope.  Telescopes gather and
focus light or other electromagnetic energy for visual, photographic, or electronic analysis.  
Optical telescopes gather light, and may be refracting or reflecting telescopes.  Refracting
telescopes bend light to focus it using convex lenses (like magnifying glasses) while reflecting
telescopes focus light using a concave mirror (like a satellite dish).  Reflecting telescopes are
also called Newtonian telescopes after their inventor, Sir Isaac Newton.  Non-optical telescopes,
such as radio telescopes, use concave surfaces that reflect their particular part of the spectrum
to focus light.  While visual analysis is most immediately gratifying, film exposed to the light can
gather more energy and hence more detail is seen.  CCD’s are even more sensitive, responding
to as little as a single photon falling on them.  If the light is passed through a spectroscope a
spectrum is obtained which can reveal the composition and movement of its source. Distances
in space are typically very large and so astronomers use special units to measure them.  
Astronomical units are used within the solar system, 1 AU being the average distance from the
Sun to the Earth (149,597,870.691 kilometers).  An even large unit is the light-year, which is the
distance traveled by light in one year.  As light travels around the world nearly 7 times in one
second, the distance is fairly large (9,500,000,000,000 kilometers).  Another large unit is the
parsec, equal to 3.3 lightyears.

To Think About
• Why are most larger telescopes reflecting?
F o r m o r e i nf o r m at i o n , g o t o :

http://members.tripod.com/~worldsite/astronomy/astroinst.html
Tip: Focus on the sections dealing with telescopes.
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Astronomy
Vocabulary
Galaxies
Superclusters
outer planets
Heliocentric
HR Diagram
dwarf
nebula
supernova

local group
inner planets
AU, geocentric
Parallax
absolute magnitude
apparent magnitude
main sequence
neutron star

constellation
gibbous
quarter
crescent
waxing
waning
solar eclipse
lunar eclipse

black hole
fusion
reflecting telescope
refracting telescope
solstice
equinox
AU
light-year

To Think About Answers
a

Describe the chemical composition and physical structure of the universe.

Movies often depict space ships traveling through dense asteroid fields, dodging right and left.
Why is this unrealistic?
Space is mostly empty, and in fact those asteroids would either be far apart or would have gravitationally reaggregated themselves into some form of planet.  In fact, Voyager and Pioneer spacecraft easily navigated through the asteroid field between Mars
and Jupiter.  Voyager I even flew through the rings of Saturn (Cassini gap) without incident.

The Space Shuttle, our current vehicle to space, is incapable of returning us to the moon, out nearest
neighbor in space. Why not?
The moon is still terribly far away.  If the earth were a beachball 3 feet (1m) in diameter, the space shuttle would orbit about 2 in.
(5 cm) away.  The moon would be several football fields away.  This is why it took the Apollo astronauts days to reach the moon.

b

Describe the structure of the solar system and its place in the Milky Way galaxy

Pluto is a small rocky planet on the outer edges of the solar system. Why is this unusual?
Most outer planets are large gas giants.  Pluto also has an unusually large tilt to its orbital plane.  Perhaps it was a wandering
planet that was captured by our sun after the formation of the solar system.

The picture above shows our location ²⁄³ s of the way out of the Milky Way Galaxy in the Orion Arm. How do you
know this can’t be an actual photograph of the Milky Way?
It takes years to move out of our solar system (Pioneer, Voyager space probes), which is light-hours across.  Imagine how long it
would take to get out of a galaxy 100,000 light years across!

c

Distinguish between stars and planets

Why are planets far from stars difficult to find?
Since planets shine by reflecting starlight, those far from stars will appear dark. Planets near stars are also difficult because
they’re lost in the glare of the star.
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While observing the constellation Oion, you notice an extra dot of light. Excitedly, you hurry back the next night
and notice the dot of light has shifted its location. Is it a star or planet and how could you tell?
The dot of light must be a planet because it moves against the backdrop of Orion.  Whatever moves the most must be closer.

d

Recognize that stars vary in color, size, and luminosity

Would a red giant or a white dwarf have a greater absolute magnitude?
Both could have similar absolute magnitudes.  The red giant will not be as intense, but has a large surface area emitting light.  
The white dwarf is much more intense, but has a limited surface area emitting light.

Simply seeing that a star is red or blue would give you what information about that star?
The color of the star relates to their temperature, red being cooler (3,000K), blue being very hot (20,000K).

e

Describe a simple model of how fusion in stars produces heavier elements
and results in the production of energy, including light

Where do elements like carbon, which make up much of living organisms, come from?
Ultimately, from the stars.  Heavier elements like carbon are formed in giant stars, and even heavier only in nova or supernova.  
We are stardust, at least physically.

f

Describe the regular and predictable patterns of stars and planets in time
and location

Orion is a great winter constellation. Where is it during the summer?
In the noonday sky!  The constellation hasn’t moved, but the earth has revolved to the other side of its orbit.

g
h

Explain and predict changes in the moon’s appearance (phases)

What phase appears when the moon sets at the same time the sun rises?
If the moon is setting while the sun is rising, they must be opposite each other in the sky, and it must be a full moon.
Decribe the use of astronomical instruments

Why are most larger telescopes reflecting?
Reflecting telescopes use mirrors, which can be supported from behind without sacrificing their ability to gather light.  Refracting
telescopes use lenses which are not easily supported.

Relevant CSET Bibliography
Science Content Standards for California Public Schools, Kindergarten Through Grade Twelve.  (1998).  Sacramento, CA:
California Department of Education.  Also at http://www.cde.ca.gov/cfir/index.html
Hewitt, Paul G.; Suchoki, John; and Hewitt, Leslie A. (1996).  Conceptual Physical Science (2nd Ed.). New York, NY; Longmann.
Press, Frank, and Siever, Raymond. (1985). Earth (4th Ed.). New York, NY: WH Freeman and Co.
Tarbuck, Edward J., and Lutgens, Frederick, K. (2000).   Earth Science (9th Ed.).  Upper Saddle River, NJ: Prentice Hall.
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III

Detailed Study Guide
Domain 1: Astronomy

NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm
Click here to access THE MOON
http://www.csetprep.org/science/Moon.htm
Click here to access THE SOLAR SYSTEM
http://www.csetprep.org/science/AstronomyHomePage.htm
Click here to access THE PLACE AND TIME
http://www.csetprep.org/science/PlaceAndTime.htm
Click here to access THE UNIVERSE
http://www.csetprep.org/science/Universe.htm
Level One: General knowlege
The Moon

1.   Describe the physical characteristics of the moon (gravity, atmosphere, motion, deformation
of the Earth, the lunar surface and its origin).
2.   What are spring tides, neap tides, diurnal tides, semi-diurnal tides and mixed tides and tell how they are caused.
3.   Identify  the phases of the moon. Use the moon animation, the table below the animation and the information
links (Motions of the Moon)  to help you to identify and describe the various phases of the moon. When you open
the link to the animation, select “Both” in the box entitled “Point of View”.  You see both the viewpoint of where
the moon is located in relation to the earth and sun in the left panel and what the moon looks like on earth
(northern hemisphere) in the right panel.
Sequentially input the following locations of the moon, press enter and the moon will go to that location.
(Numbers:  0, 0.125, 0.250, 0.375, 0.500, 0.625, 0.750, 0.0.875 and 1.0). Create a table below this sentence
where you can input a) location of moon in relation to sun and earth, b) the name of the phase of the moon, and c)
how much of the moon we see on earth.
4.   Describe lunar eclipses
5.   Describe solar eclipses
Solar System

1.   Describe the origin of the solar system.
2.   Describe the physical characteristics of the Terrestrial planets
3.   Describe the physical characteristics of the Jovian planets.
4.   Describe other objects found in our solar system (asteroids, meteoroids, comets Kuiper Belt, Oort cloud,
interplanetary medium, 951 Gaspra, 243 Ida and Dactyl, and 253 Mathilde.
5.   Summarize the current data about other planetary systems, not in our solar system.
6.   Describe Kepler’s Laws of planetary motion and how they affect the planets of our solar system.
Place and Time

1.   What are Cartesian coordinates?
2.   Define longitude and latitude.
3.   What is the equation of time and what causes it?
4.   According to astronomical relationships of the Earth’s time-keeping, define 1 year, 1 month and 1 week.
5.   What is a Sidereal year?
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6.   What are Seasons and why do they occur?
7.   What is meant when someone refers to the precession of the earth’s axis?
8.   Summarize how calendars have changed over the years of recorded time.
The Universe

1.   Describe the structure of the sun, the energy source, and tell why sunspots, solar flares and coronal mass
ejection occurs.
2.   Describe the effects of sunspots, solar flares and coronal mass ejections on the earth.
3.   Describe the celestial sphere (details).
4.   Describe in detail the evolution of stars
5.   Describe in detail stellar properties and composition of universe, the inverse square law, color and
  temperature... etc.
6.   What is the interstellar medium and what is it composed of?
7.   Describe Galactic structures, periodic luminosity, variable stars, our location in the Milky Way, the cause
of the shape of our galaxy, population I and II stars, and the galactic center.
8.   Describe other galactic structures.
9.   Define cosmology using examples explaining this area of science.
10. Describe the Instruments used to view the planets and their satellites, galaxies and other objects and tell
how these instruments work.
Level TWO: EXTENDED knowledge
The Moon

1.   Differentiate between the different tides present on earth and describe how these tides affect living things on Earth.
2.   Discuss how the different phases of the moon are caused and what direct and indirect  effects may occur on earth.
3.   Compare lunar and solar eclipses and discuss why they are predictable.
The Solar System

1.   Compare the physical and chemical properties of the Jovian and Terrestrial Planets and discuss the implication
of the similarities and differences.
2.   Describe any similarities and differences that you find in the other objects that move through our solar system.
What might be the implication of the origin of these objects based on the similarities or differences you find.
Place and Time

1.   How might earth’s precession influence the weather in the future?
2.   How is longitude and latitude related to time?
The Universe

1.   How is the power source of stars, including our sun, related to the evolution of stars and what might that mean in
regards to our solar system?  
2.   Compare similarities and differences in the different types of galaxies and propose what must be present in those
galaxies to have a planet where life exists.
3.   How might the interstellar medium be related to the formation of stars and planets?
Level THREE: APPLIED knowledge
The Moon, The Solar System, Place and Time, and The Universe

1.   How are the motions of our own galaxy, the stars within our galaxy, our own sun, the planets of our solar system
and the satellites of the planets related to Newton’s three laws of motion? Be detailed.
http://csetprep.org/MSAT%20SCIENCE/MacroMechHomePage.htm  
2.   How do the aurora support the modern theory and concept of the atom?
http://csetprep.org/MSAT%20SCIENCE/NuclearPhysics.htm 12.1: a and b.
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IV

Domain 1: Post-Test
General Science Subtest 1
question 1

Question 2

Which of the following best describes the most widely accepted
theory of the solar systems’s evolution?

Use the Information below to answer the question that follows.

A.

B.

C.

D.

A small star grew as it consumed comets, eventually
becoming large enough to ignite fusion reactions and
attract planetary bodies.
A star existing within the Milky Way Galaxy pulled in
comets and interstellar dust traveling through its
gravitational field.
The remnant elemnets of the explosion of a massive star
coalesced, forming planets that circled the hydrogen core
of the exploded star.
A spinning cloud of interstellar dust and gas shrank under
the force of gravity, producing a central star and revolving
planetesimals.

The graph shows the relationship between the temperature
and luminositty of main-sequence stars as depicted on a
Hertzsprung-Russell diagram. Which of the following best
describes the change in luminosity that occurs as the temperature increase about 10,000 Kelvin?
A.
B.
C.
D.

T he change in luminosity decreases exponentially.
The change in luminosity per unit temperature
increases.
The change in luminosity decreases logarithmically.
The change in luminosity per unit temperature
decreases.

Answers
1. Correct Response: D (SMR Code: 1.1) Astronomers theorize that the solar system formed from a cloud of gas and dust that contracted under
its own gravity and began to spin. Most of the cloud gravitated toward the center of this spinning disk, forming the sun. Smaller amounts of
matter spun in the separate eddies, creating nuclei around which evolving planetesimals formed.
2. Correct Response: B (SMR Code: 1.1) The Hertzsprung-Russell diagram plots the luminosity of stars as a function of their surface temperature. The luminosity increases upward on the verticalaxis, while the temperature decreases left to right on the horizontal axis. The increased
steepness of the graphed line above 10,000 Kelvin indicates that the change in luminosity per unit temperature increases at that point.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Geodynamics
Dynamic Processes of the Earth
IN THIS SECTION
I.
II.

Pre-Test
Quick Review Guide
• Domain Concepts 2.1
• Domain Concepts 2.2
• Domain Concepts 2.3

III. Detailed Review
• Surface Processes
• Minerals
• Rocks & Surface Geology
• The Atmosphere
• Atmospheric Effects
IV.

Post-Test

(Geodynamics) Subject Matter
Requirements
Candidates for General Science Subject Matter Exams understand
the Earth’s features can be explained by a variety of dynamic
processes that have occurred in the past and continue to occur.
They understand that plate tectonics account for most of the
important features of the Earth’s surface and major geologic
events. Candidates explain how surficial processes and agents
such as waves, wind, water, and ice are slowly modifying Earth’s
land surface. They understand how weathering, transport, and
deposition of sediment are related to this reshaping. Candidates
are familiar with evidence from rocks that allows us to understand
geologic history and the evolution of life on Earth. They can use
observed properties of rocks and minerals to determine their
process of formation. Candidates understand that most of the
energy on Earth comes from the sun. They know that energy from
the sun heats Earth unevenly, causing air movements that result in
changing weather patterns. They use their understanding of heat.
to explain the many phenomena on Earth’s surface that are affected
by the transfer of energy through radiation and convection.

Subject Matter Content
2.1
a.
b.
c.
d.
e.
f.
g.
h.
i.

j.

Tectonic Processes and Features
Diagram the features that provide evidence for plate tectonics.
Summarize the thermal processes driving plate movement.
Explain how density and buoyancy are related to plate tectonics.
Describe the location of the major plates and their speed and direction
of movement.
Describe spatial relationships of major geologic events and their genesis.
Describe types of plate boundaries.
Explain major geologic features of California in terms of tectonic
evolution.
Relate the causes of volcanoes, earthquakes, and earth resources to
tectonic processes.
Summarize earthquake processes in terms of epicenter, focal mechanism,
distance, and materials, and the role various factors play in the amount
of damage caused by an earthquake.
Describe and compare types of waves in earthquakes.
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Subject Matter Content, Continued
2.2
a.
b.
c.
d.

e.
f.
g.

2.3
a.
b.
c.
d.
e.

2.4
a.
b.
c.
d.
e.
f.

g.
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Rock Formation
Diagram and explain the rock cycle.
Describe relative and absolute dating techniques, including how half-lives
are used in radiometric dating.
Describe the law of superposition and relative age dating.
Identify evidence, including radioactivity, stratigraphy, fossils, magnetism
of rocks, geochemistry, and atmospheric composition, for the age
of the earth.
Identify the broad divisions of geologic time and the major fossil
classes of each.
Compare uniformitarianism and catastrophism.
Summarize the evidence in rocks and plant fossils for the evolution
of the atmosphere.
Shaping Earth’s Surface: Surficial Processes and Features
Describe the dynamic processes of erosion, deposition, and transport.
Describe the coastal processes including beach erosion and natural
hazards.
Explain the location of deserts on Earth.
Describe the significance of geologic structures and rock properties
to surficial processes.
Describe the effects of natural hazards, including earthquakes, volcanic
eruptions, landslides, and floods, on natural and human-made habitats
and environmental and human responses to those events.
Energy in the Earth System
Diagram the water cycle and describe interrelationships of surface
and subsurface reservoirs.
Explain daily and seasonal changes in the sky (i.e., the sun’s position
and the intensity and duration of sunlight).
Analyze the uneven heating of Earth by the sun.
Discuss the effects of air movements on weather.
Explain how differences in atmospheric pressure determine
direction of air movement.
Describe the energy transfer process of convection, conduction
and radiation in relation to the atmosphere/ocean and Earth’s
interior structure.
Interpret weather map data to predict weather patterns.

Geodynamics
I

Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Question 8

Diagram the features that provide evidence for plate
tectonics. (2.1a)

Relate the causes of volcanoes, earthquakes and earth
resources to tectonic processes. (2.1h)

¶0

¶0

¶1

¶2

¶3

Question 2

Summarize the thermal processes driving plate
movements. (2.1b)

¶0

¶1

¶2

¶3

Question 3

Explain how density and buoyancy are related to
plate tectonics. (2.1c)

¶0

¶1

¶2

¶3

Question 4

Describe the location of the major plates and their
speed and direction of movement. (2.1d)

¶0

¶1

¶2

¶3

Describe spatial relationships of major geologic
events and their genesis. (2.1e)

¶1

¶2

¶3

Question 6

Describe types of plate boundaries. (2.1f)

¶0

¶1

¶2

¶3

Question 7

Explain major geologic features of California in terms
of tectonic evolution. (2.1g)

¶0

¶1

¶2

¶3

Summarize earthquake processes in terms of
epicenter, focal mechanism, distance, and materials
and the role various factors play in the amount of
damage caused by an earthquake. (2.1i)

¶0

¶1

¶2

¶3

Question 10

Describe and compare types of wves in earthquakes. (2.1j)

¶0

¶1

¶2

¶3

Question 11

Diagram and explain the rock cycle. (2.2a)

¶0

¶1

¶2

¶3

Question 12

Question 5

¶0

¶1

Question 9

¶2

Describe relative and absolute dating techniques,
including how half-lives are used in radiometric dating.
(2.2b)

¶0

¶1

¶2

¶3

Question 13

Describe the law of superposition and relative age dating.
(2.2c)

¶0

¶1

¶2

¶3

¶3

Domain II: Pre-Test
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I

Preview Assessment Pre-Self Test
Continued
Question 14

Question 22

Identify evidence, including radioactivity, stratigraphy,
fossils, magnetism of rocks, geochemistry, and
atmospheric composition, for the age of the earth. (2.2d)

Describe the effects of natural hazards, including earthquakes, volcanic eruptons, landslides, and floods, on
natural and human-made habitats and environmental
and human responses to those events. (2.3e)

¶0

¶1

¶2

¶3

¶0

Question 15

Identify the broad divisions of geologic time and the
major fossil classes of each. (2.2e)

¶0

¶1

¶2

¶3

¶1

¶2

¶3

Question 23

Diagram the water cycle and describe interrelationships
of surface and subsurface reservoirs.(2.4a)

Question 16

¶0

Compare uniformitarianism and catastrophism. (2.2f)

Question 24

¶0

Explain daily and seasonal changes in the sky (i.e., the
sun’s position and the intensity and duration of sunlight.)
(2.4b)

¶1

¶2

¶3

Question 17

Summarize the evidence in rocks and plant fossils,
for the evolution of the atmosphere. (2.2g)

¶0

¶1

¶2

¶3

Describe the dynamic processes of erosion, deposition
and transport. (2.3a)

¶1

¶2

¶3

Describe the coastal processes including beach
erosion and natural hazards. (2.3b)

¶1

¶2

¶3

¶3

Question 25

¶0

¶2

¶3

¶1

¶2

¶3

Question 26

Discuss the effects of air movements on weather. (2.4d)

¶0

Question 19

¶0

¶1

¶2

Analyze the uneven heating of the earth by the sun. (2.4c)

Question 18

¶0

¶0

¶1

¶1

¶2

¶3

Question 27

Explain how differences in atmospheric pressure
determine direction of air movement. (2.4e)

Question 20

¶0

Explain the location of deserts on the earth.(2.3c)

Question 28

¶0

Describe the energy transfer process of convection,
conduction and radiation in relation to the atmospheric/
ocean and Earth’s interior structure. (2.4f)

¶1

¶2

¶3

Question 21

Describe the significance of geologic structures and
rock properties to surficial processes. (2.3d)

¶0

¶1

¶2

¶3

¶0

¶1

¶1

¶2

¶2

¶3

¶3

Question 29

Interpret weather map data to predict weather patterns.
(2.4g)

¶0
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Geodynamics
Quick Review Guide

II

2.1 Tectonic processes and features

a

Diagram the features that provide evidence for
plate tectonics

•	Fit of the continents especially when compared at the .
continentalmargin
•	Fossil evidence, both plant and animal, found on continents .
that were joined.
• Magnetic orientation of rocks on continents that were joined

b

Summarize the thermal process driving plate tectonics.

c

Explain how density and buoyancy are related
to plate tectonics

• Mantle closest to the liquid core heats and rises toward crust. .
•	Mantle material pulls plates apart and cools before sinking to .
complete the convection cycle.

•	Continental plates are made of less dense material than .
oceanic plates.
•	At boundaries the denser oceanic plate is forced .
beneath the less dense continental plate.
http://www.odsn.de/odsn/services/paleomap/paleomap.html

d

Describe types of plate boundaries

•

Divergent- sea floor spreading .
–  mid ocean ridges, rift valleys ex. Mid Atlantic Ridge
• Convergent
–  ocean-ocean subduction: deep sea trenches ex Mariana Islands
–  ocean-continent subduction: deep sea trenches at continent boundary, volcanoes along
coast ex. West Coast of South America.
–  continent- continent: high continental mountain chain, earthquake activity  ex. Himalayas
•	Transform plates sliding past each other, earthquake ex. San Andres
Relate the causes of volcanoes, earthquakes and earth resources
to tectonic processes.

NOTE: Photo citations and
captions to be added

Domain II: Quick Review Guide
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e

f

•	Volcanoes are found most often at the plate boundaries at ocean-ocean subduction zones.  
As material is subducted it is remelted and reach the surface through faults and fissures to
create volcanoes.
•	Earthquakes occur because of the faulting that occurs along the plate boundaries and the
movement of the plates
•	Mineral deposits can occur because of tectonic activity when rock material is melted and
begins to cool.  The type of minerals formed is dependant on the chemical make up of .
the melt.

Summarize earthquake processes in terms of epicenter,
focal mechanism, distance, and materials, and the role various
factors play in the amount of damage caused by an earthquake.

•	The point on the fault plane where movement first occurs is called the focus.  The point
on the surface directly above the focus is the epicenter.  
Earthquakes are strongest near the epicenter.
•	Earthquakes are caused by movement along any type of fault.
•	Body waves-from focus through earth material
–  P waves (primary) squeeze and stretch, compress and
expand. Travel through all material-solid, liquid, and gases
–  S waves (secondary) travel at right angles to direction of
wave. Travel through solids but not liquid or gases
• Surface Waves- travel on surface of earth
–  Love waves- move side to side perpendicular to wave
direction Love waves tent to knock building off their
foundations because of their horizontal movement.
–  Rayleigh waves- behave like rolling ocean waves, move in
elliptical path. Incredibly destructive because they produce
more ground movement and because they move slower and
take longer to pass.
• Factors in Damage
–  Ground motion depends on distance from epicenter and
what type of wave is responsible for the motion. It is also
dependant on the strength of the earthquake.
–  Fires can cause as much damage as the quake itself.  Can be
caused by broken gas mains and fuel storage tanks.
–  Landslides-unstable soil can be released by an earthquake
–  Liquefaction occurs when water-saturated sediment is
reorganized because of violent shaking. The sediment
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collapses, expelling the water, and causing the
ground surface to subside.

• Use your knowledge to explain the active tectonic processes that occur in California.  
In your explanation include earthquake, and faults.
Diagram and explain the rock cycle

To Think About

2.2 Rock Formation

a

Describe relative and absolute dating techniques, including how
half-lives are used in radiometric dating.

Domain II: Quick Review Guide
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•	To determine the relative date of geologic events to one another, four basic principles are
used. They are the principles of original horizontality, superposition, lateral continuity and
cross-cutting relationships
•	Absolute dating involves the use of
radioactive isotopes and the amount
of decay that has occurred in the
sample in question.  Radioactivity
provides a clock that begins
working when radioactive elements
are sealed into newly crystallized
minerals.  The rates at which
radioactive elements decay can be
measure and duplicated in many
different laboratories.  Therefore,
if we can determine the ratio of a
particular radioactive element and its
decay products in a mineral, we can
calculate how long ago that mineral
crystallized.  This is known as isotopic dating (previously, and somewhat inaccurately, called
radiometric dating.)
				
Number of Half-lives

Parent Isotopes
(percent of total isotopes)

Daughter Isotopes
(percent of total isotopes)

0

100

0

1

50

50

2

25

75

3

12.5

87.5

4

6.25

93.75

5

3.125

96.875

Parent Isotope
238

Uranium 238  ( U)
235

Uranium 235  ( U)
232

Thorium 232  ( Th)
87

Daughter Product

Length of Half-life

206

4.5 billion years

207

704 million years

Lead 206  ( Pb)
Lead 207  ( Pb)
208

Lead 208  ( Pb)
87

14 billion years

Rubidium 87  ( Rb)

Strontium 87  ( Sr)

48.8 billion years

Potassium 40  (40K)

Argon 40  (40Ar)

1.25 billion years

14

Carbon 14  ( C)

14

Nitrogen  ( N)

5,730 years

	The igneous rocks in Figure 12 have been dated by radioactive decay techniques
and have yielded the dates shown on the diagram. Based on this information we can
bracket the age ranges of the sedimentary units labeled 1 to 5 and 9 and 10.
	Beds 1 to 5 are greater than 70 million years old because they are cut by all the intrusions
and must be older than the oldest intrusion.
	Bed 9 truncates the oldest intrusion but is cut by the younger intrusion, therefore it must
be between 55-70 million years old. Bed 10 is younger than bed 9 (superposition) but
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the relationship between the 55 Myr intrusion and bed 10 is
unresolved because we can’t tell from the information available
if the bed truncates the intrusion or the intrusion cuts the bed.
However, the bed is overlain by a lava flow dated as 30 Myrs old
so we can estimate the age range for bed 10 as between 30-70
million years old.

•  Isotope X has a half-life of 10 days. If you began an experiment with a 400-gram sample of the isotope, how much
would be left after 40 days?
a) 100     b) 50     c) 40      d) 25     e) 20
•  The world’s oldest known rock is approximately 4 billion (4,000 million) years old (actually 3.96 billion years). What are the
approximate relative percentages of parent and daughter isotopes for uranium-238 and lead-206?
a) 75% parent and 25% daughter
c) 45% parent and 55% daughter
b) 55% parent and 45% daughter
d) 25% parent and 75% da

To Think About

c

Compare uniformitarianism and catastrophism

•	Charles Lyell referred to James Hutton’s concept that the geology and the processes .
that are occurring now are the same processes that occurred in the past as the principle .
of uniformitarianism.  That principle is better understood as “The present is the key to .
the past”.

2.3 Shaping of the Earth’s Surface: Surficial Processes and Features

d

Describe the dynamic processes of erosion, deposition,
and transport

•	Erosion is the picking up or physical
removal of rock particles by an agent
such as streams or glaciers. Natural
erosion has sculptured landforms on
the uplands and built landforms on the
lowlands. Its rate and distribution in
time controls the age of land surfaces
and many of the internal properties of
soils on the surfaces.

To Think About

• In a graded bed the particle size decrease
a)  upward    b)  downward    c)   in direction of current     d)  particle size stays the same

Domain II: Quick Review Guide
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•	Transportation of materials refers to the moving of
material from its source to some other location.
–  Rounding of particles is the removal of the edges of
particles when the material is being transported.
–  This can occur in steams, glaciers or the action of
waves as they break on shore.
–  Sorting is the way that particles are separated based
on the grain size and specific gravity.
–  Water is a very good sorting agent because of the low
viscosity which allows particles to settle out according
to their masses.
–  Glaciers are poor sorting agent because of their high
viscosity.
•	Deposition  When the transporting agent looses it energy the
particles that are being transported will be deposited.  This can
also refer to the build up of chemical or organic material on the
sea floor.  The amount of deposition is dependant on the flow
rate, slope, and area.

• Looking at the diagram on the right list in order  of amount of decreasing deposition.  
a)  ocean    b)  delta    c)   mountain     d)  river

To Think About

e

Describe coastal processes including beach erosion and natural hazards

•	The short-term change of landforms along a coastline is influenced by the interaction of
wave action with fluvial processes in the interior and human activity. The coastline is not
a static feature but one that will be built or torn down based on the amount of sediment
and what is removed by the action of waves. This process can be changed by the geologic
events. This can be seen in the different types of shorelines on the west coast versus the
east coast.
•	 Wave erosion is responsible for the different coastal features that are exhibited.  Sea
Stacks-offshore columns of resistant rock.  Sea Arches-wave action eroding a seacave
completely through. Sea Cave-large holes cut into a headland. Headland- finger shaped
projection of resistant rock
•	Natural hazards that can cause coastline changes include earthquakes, and hurricanes .
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• Explain how beaches are formed and why all beaches are not the same.
• Relate wave energy to the amount of coastal erosion that takes place

f

To Think About

Describe the effects on natural hazards, including earthquakes,
volcanic eruptions, landslides, and floods, on natural and human-made
habitats and environmental and human responses to those events.

•	Earthquakes
•	Fault Rupture uplift Break
of the ground surface by
the fault plane may form a
step in the surface known
as a fault scarp. Large
sections of Earth’s surface
may change elevation
as a result of uplift on an earthquake fault (Fig. 18). Mountains
east of Los Angeles were uplifted 0.3 meters (1 foot) by the 1994
Northridge earthquake.
•	Liquefaction occurs when water-saturated sediment is
reorganized because of violent shaking. The sediment collapses,
expelling the water, and causing the ground surface to subside.
•	Landslides- Earthquakes are often associated with mountains
formed along convergent plate boundaries.  The steep slopes
present in these environments are prone to landslides when
shaken. Landslides are common following
earthquakes in California.
•    Tsunamis-Giant sea waves are generated by
submarine earthquakes, especially noted in the
Pacific Ocean. Tsunamis caused by earthquakes
around the ocean’s perimeter may travel
thousands of miles to destroy coastal property in
Hawaii. Tsunami waves may reach heights of 15
meters (50 feet) near shore and travel at speeds
up to 960 km/hr (600 mph).

• What do you think happened along the San Andreas Fault during the famous 1906 Earthquake in San Francisco?
a) not much since the fault is a simple crack  along the state
b) a great deal since it is the longest fault that transects western California
c) moderate damage and changes as you headed toward Los Angeles

To Think About
Domain II: Quick Review Guide
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Vocabulary
Plate Tectonics
Erosion
Weather Map
Density
Deposition
Isobars
Buoyancy
Transport
Cold Front

III

Plate Boundaries
Beach Erosion
Warm Front
Volcano
Landslide
Stationary Front
Earthquake
Flood
Barometer

Epicenter
Water Cycle
Meteorologist
Rock Cycle
Aquifer
Half-Life
Relative Dating
Weather
Deposition

Absolute Dating
Convection
Uniformitarianism
Conduction
Catastrophism
Radiation

Detailed Study Guide
Domain 2: Geodynamics

NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access SURFACE PROCESSES, MINERALS, ROCKS, AND STRUCTURAL GEOLOGY
http://www.csetprep.org/science/GeologyHome.htm
Click here to access THE ATMOSPHERE & ATMOSPHERIC EFFECTS
http://www.csetprep.org/science/Atmosphere.htm
Level One: General knowlege
Surface Processes, Minerals, Rocks and Structural Geology

1.
2.
3.
4.
5.

6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
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Describe the theory of Pangea.
Give evidences supporting continental drift.
Describe the structure of the earth.
Define density and buoyancy in relation to continental plates
Perform the activity, “Location of Plates and their direction and speed of motion”.  Click on the Map to enlarge it
and copy it into a picture program. Save as a jpg picture. Using the plate movement calculator, you will draw an
arrow and write down the speed of movement of each plate. Submit that file to your instructor.
Major geologic events trigger a variety of effects. Identify the aspects that need to be considered when studying
the sequence of events during a major geologic disaster.
Identify the types of plate boundaries.
Describe the four basic types f faults away from plate boundaries.
Identify earthquakes of California and relate them to the features of plate tectonics.
What causes volcanoes and earthquakes?
Describe plutons and tephra and give examples.
Outline the Rock Cycle
What features characterize terrestrial volcanoes?
What are the two types of volcanic eruptions and give examples from historical eruptions.
How are the centers of earthquakes located?
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16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

How does soil type affect the hazzard of shaking?
Describe the different kinds of wave types generated by earthquakes.
Define and relate the concepts one to another; relative dating techniques, absolute dating techniques.
Show have the concept of “half-life” is used in radiometric dating.
Describe the law of Superposition as it relates to relative age dating.
What evidence has been used to calculate the age of the earth?
Compare uniformitarianism and catastrophism
How can rocks and plant fossils detect the evolution of our atmosphere?
Define the different types of weathering.
Tell why some minerals weather faster than others.
Define mass wasting and give examples.
What dangers face our shorelines.
What force(s) drives the sea?
Is it the water that moves in waves or is it an energy pulse? Give examples to defend your point.
Describe the physical and chemical characteristics of sea water.
Describe where deserts are most likely to be found.
What are minerals made of?
What is the difference between silicate and non-silicate minerals?
What dangers face our oceans? (Shorelines are not part of this question).
Compare Igneous, Sedimentary and Metamorphic Rocks.
Describe the effects of groundwater erosion and deposition.
What happens when humans make modifications to groundwater systems?
How do the chemical and physical factors of nature affect the ecosystems of earth?
What is geothermal energy and how is it related to hot springs and geysers.

Level TWO: Extended knowlege
Atmosphere and Atmospheric Contents

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Describe the hydrologic (including groundwater) and describe why it’s so important.
How does the tilt of the earth create seasons on earth?
What is the real definition of equinox?
Describe the different layers of the atmosphere (physical and chemical properties) and describe the major
events that occur in each layer.
In terms of the ecliptic, define the Summer and Winter Solstice.
What causes the uneven heating of the earth’s surface?
Describe how energy in the form of heat is transferred between earth’s surface and its atmosphere and
give examples.
Perform the applet activity regarding the atmosphere and answer the following question: Why is the pressure
highest in the lower regions of the troposphere?
Describe how and why earth’s atmosphere has changed from its early atmosphere to the present?
Differentiate between temperature and heat.
Define specific heat, latent heat and relate these concepts to the phases of matter (use water as an example to
show you understand this concept).
Describe how the concepts in 11 affect air masses and fronts, low and high pressure regions and cloud formation.
Describe the different cloud types as to altitude and shape. Relate the appropriate clouds to the weather.
Compare similarities and differences among sea, land, valley and mountain breezes.

Domain II: Detailed Study Guide

43

geodynamics

Detailed Study Guide
Continued

15. How do large-scale atmospheric circulation of air affect our climate?
16. Describe the causes of tornadoes and thunderstorms. How do safety measures in each type differ?
17. How are hurricanes born?
Surface Processes, Minerals, Rocks and Structural Geology

1. How do buoyancy and density relate to the movement of the continental plates?
2. How would you institute safety measures to human beings who were under the threat of suffering during a major
geologic event?
3. How are earthquakes, volcanoes and earth’s resources related to tectonic forces?
4. Why does magma type, temperature of magma and silica content determine the eruptive style of volcanoes?
5. Defend or refute the following statement: The soil of the San Joaquin Valley in central California, poses a sever
shaking hazard.
6. Earlier you answered a question asking where deserts are most likely to be formed.In this question you are to
discuss why this occurs.
Atmosphere and Atmospheric Contents

1. How have human activities affected the natural hydrologic cycle.. Give examples.
2. How might the precession of the earth affect seasons? Give specific examples.
3. Explain how and why differences in atmospheric pressure determine direction of air movement. Give at least
two scenarios.
4. Explain the energy transfer process of convection, conduction and radiation in relation to the atmosphere/oceans
and earth’s interior structure.
Level Three: applied knowledge

1. H
 ow does Newton’s concept of inertia and gravity relate to the formation of volcanoes?
Motion: Newton’s Laws
http://csetprep.org/MSAT SCIENCE/MacroMechHomePage.htm
2. Using your understanding of heat, describe how this principle relates to weather, wind, waves of the sea, local
storms, and all major cycles on earth (Carbon, Nitrogen, etc.).

Post-Test Answers
1. Correct Response: C (SMR Code: 2.1) Regional metamorphism occurs during the mountain building and large-scale deformation associated with
plate convergences. Large areas of metamorphic rock are formed during these episodes as compared to more limited zones created during contact
metamorphism. When two plates collide, the horizontal force creates the pressures and temperatures needed to fold and melt existing rock into
metamorphic rock.
2. Correct Response: A (SMR Code: 2.2) Decay rates for many radioactive isotopes have been precisely measured and do not change under normal conditions on or near Earth’s surface. A radioactive element in organic or inorganic material has decayed as the same rate since the material’s formation.
The date of the material can thus be calculated from the proportion of the original isotope to its stable end product currently  found in the material.
3. Correct Response: B (SMR Code: 2.3) In general, the stronger the wave action on a beach, the steeper the beach profil. From April through September
2000, the relatively small waves permitted the deposition of sand, which as the summer went on extended the beach further into the ocean. By March
2001, the large waves of the winter storms had eroded the sand that had been deposited the previous summer, leaving a steep cross-sectional profile.
2. Correct Response: D (SMR Code: 2.4) Unconfined sand-and-gravel aquifers are very permeable, permitting easy movement of water from tthe surface
into the aquifer. When the amount of groundwater drawn from such an aquifer exceeds its recharge rate, the water table surrounding the well will drop
to form a conicaldepression with the lowest point being at the well’s uptake. Since streams, lakes, and wetlands overlying an unconfined aquifer are
surface extensions of the elevation of the aquifer, the elevation of the water in these water bodies will also drop as they drain downward in response to
the drop in elevation of the water table.

44

CSET Preparation Guide: General Science I & II

Geodynamics
IV

Domain 2: Post-Test
General Science Subtest 1
question 1

Regional metamorphism, in which large areas covering
hundreds of miles are affected, is believed to be primarily
the result of:
A.
B.
C.
D.

v ertical stresses associated with intraplate rifting
and faulting.
high temperatures associated wuth untrusion
of magma into rock.
horizontal stresses associated with convergent
plate boundaries.
high temperatures associated with the deep burial
of geologic strata.

question 2

Shown above is a cross section of a beach showing
typical changes in the contour and form of beach sand along
California’s coastline between April 2000 and March 2001.
Which of the following explanations best describes the likely
events responsible for the changes in the contour and form
of the beach?
A.

B.

C.

Large swells during the summer provided abundant
sand, while less sediment was available during the
winter months.
The small waves during the summer deposited sand
on the beach, while the storm waves of the winter cut
back the beach.
Sediment built up during the dry summer months was
eroded by heavy winter rains and washed into the ocean.
The finer sediment deposited during the summer became
compacted and was more stable  than the easily eroded
course winter deposits.

Which of the following best describes the underlying
principle that allows radiometric dating to be used as an
absolute dating technique?

D.

A.

question 4

B.

C.
D.

T he decay rate of naturally occuring radioactive elements
into other elements is predictable.
The strength of the electrical charge of radioactive
elements is a measure of how long they have been
radioactive.
The proportions of beta and alpha particles emitted from
rock change as a consequence of age and temperature.
The half-life  of radioactive elements can be determined
by the magnetic field created in the surrounding rocks.

Question 3

Use the Information below to answer the question that follows.

When groundwater is pumped from an unconfined sand-andgravel aquifer, sometimes the amount of groundwater
withdrawn exceeds the recharge of the aquifer. Which of the
following is the most likely consequence of withdrawing more
water from this kind of aquifer than is naturally recharged?
A.

B.

C.

D.

 roundwater supply will remain constant, but quality will
G
be reduced as water is increasingly pulled from the pore
spaces of the aquifer sediments.
The water table will drop, but the supply of groundwater
will remain undiminished as water is drawn upward into
the aquifer from bedrock sources.
Groundwater will be pulled from greater distances, but
the water table near the point of withdrawal will remain
at the same level.
The water table will be lowered, and water from streams,
lakes, and wetlands will move downward into the auifer
in response to the decrease in groundwater elevation.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Earth’s Resources
Earth’s resources Subject Matter
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review
• Earth’s Resources

IV.

Post-Test

Requirements
Candidates know there are many different natural energy and
material resources including air, soil, rocks, minerals, petroleum,
fresh water, wildlife, and forests, and know how to classify them
as renewable or nonrenewable. They realize that sources of energy
and materials differ in amounts, distribution, usefulness and the
time required for their formation. Candidates understand that the
utility of energy sources is determined by factors that are involved
in converting these sources to useful forms and the consequences
of the conversion process. They know the natural origin of
materials used to make common objects.

Subject Matter Content
a.
b.
c.
d.
e.
f.

h.
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 escribe a variety of energy resources, including fossil fuels, nuclear
D
fuels, solar and biomass
Recognize earth materials as resources (e.g. rocks, minerals, soils,
and water)
Describe natural resources such as sopen space, potable water,
and wildlife
Identify resources as renewable vs non-renewable
Compae extraction and recycling in relation to energy, cost, and demand
Identify the natural origins and spatial distribution of material resources
for common objects, including common ore minerals such as copper,
lead, zinc and aluminum, and industrial mineral resources such as sand,
gravel, rock, aggregate, gypsum and limestoneg. Describe the presence
and distribution ofearth resources in California including but not limited
to, fossil fuels, sand, garvel, rock and metal
Explain sustainable uses of resouces with respect to utility, cost, human
population, and environmental consequences

Earth’s Resources
I

Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Question 7

Humans depend on a variety of energy resources,
both renewable and nonrenewable, to meet their
energy needs. (a & b)

Compare extraction and recycling in relation to energy,
cost and demand as well as other issues related to these
procedures.(3.1e)

¶0

¶0

¶1

¶2

¶3

Earth has renewable and nonrenewable resources.
Humans? demand for and uses of resources usually
exceeds the available supply. (d,f, & h)

¶1

¶2

¶3

Question 3

The cost of our resources with respect to utility and
environmental consequences is directly related to
human population and demand.

¶0

¶1

¶2

¶3

Describe a variety of energy resources, including fossil
fuels, nuclear fiuels, solar, biomass and wind. (3.1a)

¶1

¶2

¶3

Question 5

Recognize earth’s materials (rocks, soil, minerals,
water) as resources. (3.1b)

¶0

¶1

¶2

¶3

Question 6

Describe natural resources (open space, potable water,
wildlife, air) and the issues facing these resources. (3.1c)

¶0

¶1

¶3

Identify resources as renewable vs non-renewable. (3.1d)

¶0

¶1

¶2

¶3

Question 9

Identify the natural origins and spatial distribution of
material resources for common objects, including common
ore minerals such as copper, lead, zinc and sluminum,
and industrial mineral resources such as sand, gravel,
rock, aggregate, gypsum and limestone. (3.1f)

¶0

¶1

¶2

¶3

Question 10

Question 4

¶0

¶2

Question 8

Question 2

¶0

¶1

¶2

Describe the presence and distribution of earth resources
in California, including but not limited to fossil fuels,
sand, gravel, rock and metal. (3.1g)

¶0

¶1

¶2

¶3

Question 11

Explain sustainable uses of resources with respect to
utility, cost, human population, and environmental
consequences. (3.1h)

¶0

¶1

¶2

¶3

¶3

Domain III: Pre-Test
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Quick Review Guide

II

Teachers need to know there are many different natural energy and material resources. These
would include: air, soil, rock, mineral, petroleum, fresh water, wildlife and forest. It is important
they understand the concept of renewable and nonrenewable resources. Teachers realize the
sources and materials differ in amounts, distributions, usefulness and the time required for
their formation. Candidates need to understand that the usefulness or utility of these resources
as energy is determined by the factors involved in converting them to useful forms and the
consequence of those conversions.
In the Earth Resources domain there is one sub domain divided into 5 key elements. These
are expanded on in the Science Content Standards for California Public Schools, Grade 2: 3e;
Grade 6: 6a-c; Grades 9 -12: 9a, 9c

a

Describe a variety of energy resources,
including fossil fuels, nuclear fuels,
solar, and biomass.

Fossil Fuel - This includes coal, crude oil, and natural gas
forming from ancient organic matter. Coal is a sedimentary
rock that has formed from compaction of plant material. It is
often contaminated with sulfur which causes the release of
sulfur dioxide when it is burnt (combusted). Natural gas and
crude oil primarily originate from organic matter in marine
sediment. The organic matter decomposes, becomes buried
by sediment causing both pressure and heat build-up. Over
long periods of time large accumulations of gas and oil can
collect in sandy layers. Both oil and natural gas are less dense
than water, they tend to raise toward the surface through
watersaturated rock and sediment.
Nuclear Fuel - Nuclear fission uses Uranium - 235 or Plutonium
- 239 in a controlled energy release process. Fission is the
process of bombarding the nuclei of an atom with neutrons.
This will cause the nuclei to split resulting in 3 products. First
it releasing enormous amounts of energy, second it produces
two fission fragments (new elements), and third more neutrons
are released. These neutrons strike the nuclei of other Uranium

• Fossil fuels are often called “Buried Sunshine”. Can you explain why?
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To Think About
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Earth’s resources

or Plutonium atoms continuing the fission in a chain reaction. Nuclear
fusion is also an extraordinary source of energy. Fusion
occurs when nuclei combine to produce a nucleus of greater mass.
Fusion reactions tend to release more energy than fusion reactions
however, they take place at only very high temperatures (in excess of
40 000 000 C).
Solar Fusion - this is fusion in the sun. Hydrogen nuclei (protons) fuse
to make helium nuclei.
Four Hydrogen
Nuclei

+

2 beta
particles

→

One helium
nucleus

+

Energy

To Think About
• The potential fuels for nuclear fission are inexpensive, readily available, and
fission products are not radioactive. What are the problems with using fission as an energy source on Earth?

b

Recognize earth materials are resources
(e.g., rocks, minerals, soils, and water)

Rocks - Rocks are a combination of different minerals. Although there are about 3500 different
minerals known only 20 of these are commonly found in most rocks. The nine most common
rock-forming minerals are feldspar, pyroxene, mica, olivine, dolomite, quartz, amphibole, clay,
and calcite. Realize that each combination of rock-forming minerals creates a rock with a unique
set of properties. Characteristics of rocks would include: porous, granular, smooth, soft, hard,
different colors, and different densities.
Minerals - Theses are natural occurring, nonliving substances found in the Earth that have a
composition that can be expressed by a chemical formula. Minerals also have definite internal
structure. A good example is quartz, silicon dioxide or SiO2.

• Coal is formed from the decomposition of living materials. Is coal considered a mineral?

To Think About
Soils - Soils are a mixture of weathered rock, organic
matter, mineral fragments, water and air. Many things
influence the formation of soil including- type of rock,
slope, climate, amount of moisture, and length of time the
rock has been weathering.
Soil- Soil can be considered an ecosystem containing
small rodents, insects, algae, fungi, bacteria, and
decaying organic material. These materials will turn into
a dark colored material called humus. Humus is very
important in supporting plant life. It is the humus that
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provides the nutrients, potassium, nitrogen, and sulfur for the
growing plants.. Humus also helps promotes good soil structure
so it can collect and hold water.
Water - It is obvious that Earth has an atmosphere that supports
life. Why? The water or Hydrologic Cycle. Water has the ability
to trap energy from the sun and to slowly release that energy
back to the Earth’s atmosphere. However, water is a key
resource in feeding us (agriculture) and in the manufacturing of
many products.

To Think About

c

d

• In tropical areas where there are heavy rains plants cannot grow very well. Why?

Identify resources as renewable vs. nonrenewable

Renewable resource - These are resources that can be replaced by natural
processes in a relatively short amount of time. Fossil fuels are considered to not be
renewable because it takes so long for the organic life to decompose and form the
coal, natural gas, or oil. Some examples of renewable resources are: wind energy,
energy from moving water, geothermal energy, and solar energy.
Compare extraction and recycling in relation to energy,
cost, and demand

Recycling When something is worn out or of no use anymore the materials are used
to make other products rather than being thrown away. Recycling is the process of
braking down discarded materials for reuse in other products.
Recycling helps in several ways. First it reduces the amount of waste or trash that ends up in
our landfills. Next, recycling can help prevent pollution. Lastly, it reduces the cost of the recycled
materials compared to the new virgin materials. Mining aluminum from it’s raw ore is much more
costly than recycling our aluminum cans.
Recycling helps augment the supply of many of our natural resources such as aluminum, gold,
silver, lead, plastics, and glass. As demands for materials continue to increase the question
arises, should recycling be made mandatory? What do you think?

e

Explain sustainable uses of resources with respect to utility, cost,
human population, and environmental consequences.

As resources are being consumed it is important we consider substitutes for many of our
resources. Aluminum is replacing the more expensive copper in many electrical uses. Glass
fibers are replacing copper for telephone lines. Aluminum has largely replaced tin coated steel
for beverage containers. Cotton and wool are replacing polyester and other petroleum based
synthetic fibers
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Earth’s Resources
Vocabulary
Biomass
Fossil Fuel
Nuclear Fuel

Solar Energy
Rock
Mineral

Soil
Renewable Resource
Nonrenewable

Resource
Recycling

To Think About Answers
a

Describe a variety of energy resources, including fossil fuels, nuclear fuels,
solar, and biomass.

Fossil fuels are often called “Buried Sunshine”. Can you explain why?
All fossil fuels have formed from plants and animals that have died and are decomposed under tremendous pressure and heat.
Photosynthesis has provided both the energy for the plants and the food for the animals.

The potential fuels for nuclear fission are inexpensive, readily available, and fission products are not radioactive.
What are the problems with using fission as an energy source on Earth?
There are two problems with using nuclear fision on Earth as a power source. First in achieving the high temperatures necessary
to start the reaction. Second containing the reaction once it has started. At the high temperatures involved in fusion, matter exists
as a plasma high energy state in which ions exist in a gas like form. Containing plasma is a very difficult task!
History : Otto Hahn and Fritz Strassman achieved nuclear fission. Earlier the next year, Lise Meitner and her nephew Otto Frisch
explain the process and introduce the term fission to describe the division of a nucleus into lightner nuclei.

b

Recognize earth materials are resources

Coal is formed from the decomposition of living materials. Is coal considered a mineral?
No, coal is not a mineral. It does not have a composition that can be explained by a chemical formula.

In tropical areas where there are heavy rains plants cannot grow very well. Why?
Heavy rainfall washes the nutrients from the soil. In tropical areas there are very warm temperatures that along with bacteria
destroy the humus in the soil. These two conditions cause the soil to become empty of nutrients.

III

Detailed Study Guide
Domain 3: Earth’s Resources

NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access EARTH’S RESOURCES
http://www.csetprep.org/science/EarthResources.htm
Level One: General knowlege
earth’s Resources

1. What are fossil fuels and how are they formed?
2. How is coal formed and what’s its availability in the US?
Domain II: Quick Review Guide
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Detailed Study Guide
Continued

3. Compare the four types or ranks of coal.
4. Outline the history of coal use.
5. Describe how and why coal is cleaned.
6. What role does oil play in the US?
7. What are the drawbacks of oil as a source of energy?
8. Outline the history of oil use.
9. How is oil stored beneath the earth’s surface?
10. Describe natural gas and its use in the US.
11. Outline the history of natural gas.
12. How are nuclear fuels used to generate electricity?
13. How is solar energy produced?
14. How do solar cells work?
15. How is wind energy converted to electricity?
16. Describe the use of biomass as an energy source.
17. What are our mineral resources used for?
18. What is soil and why is it considered a resource?
19. Why is water considered a natural resource?
20. Why are open space, potable water and wildlife considered natural resources?
21. Differentiate between renewable and non-renewable sources of energy.
22. Identify the various energy resources as renewable or non-renewable and tell why.
23. Identify the natural origins and spacial distribution of material resources for common objects throughout the
US(see list in your computer text). Perform the activity “Spatial Distribution” and answer the question pertaining
to that activity.
24. Do the same thing for California’s natural resources and answer the question posed in the computer-text.
25. Identify the oil and gas issues facing California.
26. What is the meaning of sustainable and what are the different considerations that must occur to be able to create
a sustainable society in regards to earth’s resources?
Level two: extended knowlege
earth’s Resources

1. C
 ompare all of the energy resources presented in this domain. Determine the usefulness of each source of energy
within the context of today’s world. Consider the strengths and weaknesses of each resource. Give examples.
2. Determine which coal source is the most useful for the energy requirements of today’s world. Justify your answer.
3. What are the strengths and weaknesses of the various methods of mining coal.
4. Given all the energy sources presented, propose a logical plan to develop a society that maintains the integrity of
the resources of our planet.
Level three: applied knowlege
earth’s Resources

1. H
 ow might a major geologic event such as a volcanic eruption in the central valley upset or enhance the
development of a sustainable society?
2. How might a major geologic event such as an 8.0 earthquake enhance or disrupt the attempts to develop
a sustainable society?
3. What factors in modern society will be the most resistant to changing the way we do business when
considering plans to develop a sustainable society?
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IV

Domain 3: Post-Test
General Science Subtest 1
question 1

Question 2

Which of the following best describes the process of fossil
fuel formation?

The international emphasis on the recycling of aluminum has
been auccessful primarily because:

A.

A.

B.

C.

D.

F ossil fuels formed millions of years ago in massive
deposits during an unusally warm perios and are not
currently forming.
Fossil fuels form over hundreds of years from the rapid
decay of organic matter in shallow oxygen-rich ponds
and swamps.
Fossil fuel formation is ongoing and involves the burial
and slow transformation of carbonate rocks under highpressure conditions.
Fossil fuels form ove rmilliosn of years from the buried
remains of organic matter deposited in low-oxygen aqueous environments.

B.
C.
D.

s trict laws associated with recycling enacted in many
states enforce the return of aluminum cans.
there is an ethical incentive for the consumers to
recycle aluminum cans.
the extraction of aluminum from ore uses significantly
greater amount of energy than recycling.
mining aluminum ore has become unprofitable under
current environmental laws.

Answers
1. Correct Response: D (SMR Code: 3.1) Fossil fuels take millions of years ti form from organic material deposited in low-oxygen aquatic
environments, such as swamps and certain marine settings. The lack of oxygen inhibits decomposition by mircoorganisms, and sediments cover
the remains and partially perserve them. As the organic material is buried deeper, the increasing pressure causes chemical reactions to take
place, transforming the material into carbon-rich coal, natural gas, and oil.
2. Correct Response: C (SMR Code: 3.1) It is extremely energy-intensive to extract and purify raw ore. Although recycling also requires energy and
wastes some material, it is nonetheless a more energy and cost-efficient process. These factors have increased efforts to promote recycling.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Waves
waves Subject Matter Requirements
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review
• Waves

IV.

Post-Test

Candidates understand that all waves have a common set of
characteristics properties. They apply their knowledge of these
properties to describe and predict the behavior of waves, including
light waves, sound waves and seismic waves. Candidates apply
the simple principles of optics to explain how various lenses work.

Subject Matter Content
a.
b.
c.
d.
e.
f.
g.
i.
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Describe transverse and longitudinal waves.
Compare the characteristics of sound, light and seismic waves. (e.g.,
transverse/longitudinal, travel through various media, relative speed)
Explain that energy is transferred by waves without mass transfer and
provide examples.
Diagram the relative positions in the electromagnetic spectrum of radio,
microwave, infrared, visible spectrum, ultraviolet and X-rays.
Explain how lenses are used in simple optical systems, including the
camera, telescope, microscope, and the eye.
Explain and apply the laws of reflection and refraction.
Calculate quantities involving wavelength, wave speed, and frequency.
Explain the Doppler effect and provide examples.

Waves
I

Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Question 5

Describe transverse and logitudinal waves. (8.1a)

¶0

¶1

¶2

¶3

¶0

Question 2

Compare the characteristics of sound, light and seismic
waves (e.g. transverse/longitudinal, travel through
various media, relative speed.) (8.1b)

¶0

¶1

Explain how lenses are used in simple opical systems, using the camera, telescope, microscope and the eye. (8.1e)

¶2

¶3

¶1

¶2

¶3

Question 6

Explain and apply the laws of reflection and refraction. (8.1f)

¶0

¶1

¶2

¶3

Question 7

Question 3

Calculate quantities involving wavelength, wave speed,

Explain that energy is transferred by waves without
mass transfer and provide examples. (8.1c)

and frequency. (8.1g)

¶0

Question 8

¶1

¶2

¶3

Question 4

Diagram the relative positions in the electromagnetic
specutrum of radio, microwave, infrared, visible
spectrum,ultraviolet and X-rays. (8.1d)

¶0

¶1

¶2

¶0

¶1

¶2

¶3

Explain the doppler effect and provide examples. (8.1h)

¶0

¶1

¶2

¶3

¶3
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Quick Review Guide

II

Candidates need to understand that waves have common sets of properties which can be applied
to describe and predict the behavior of many types of waves, including light, sound, and seismic
waves. Candidates also need to apply the principles of optics to lenses.
The foundations of waves and optics requirements are listed in the Science Content Standards
for California Schools (1998) and outlined in the Science Framework for California Public Scools:
Kindergarten through Grade Twelve (2002).

Subject Matter Content
a.
b.
c.
d.
e.

a

Compare the characteristics of sound, light, and seismic waves (eg transverse/longitudinal, travel through
various media, relative speed).
Explain that energy is transferred by waves without mass transfer and provide examples.
Explain how lenses are used in simple optical systems, including the camera, telescope, microscope,
and the eye.
Explain and apply the laws of reflection and refraction.
Compare transmission, reflection, and absorption of light in matter.

Compare the characteristics of sound, light, and seismic waves (eg
transverse/longitudinal, travel through various media, relative speed).

Waves carry energy, and are either transverse or
longitudinal (also called compressional) based on
the movement of the particles transmitting the
wave. If the particles move in the same direction
as the wave, the wave is longitudinal, transverse
waves have particles that move perpendicular to
the wave. This is easy to remember because the
perpendicular lines in “t” .
(for transverse).
•	Sound: Alternating compressed and expanded
layers of air that spreads outward in .
all directions from their source.
•	Sound waves travel only through matter (solid, liquid, or gas) but cannot travel through .
a vacuum.
•	Speed of sound depends on the density of the medium that it travels through. The greater the
density the faster the speed. Iron-5200 m/s Air-346 m/s.
•	Light is made of all of the visible spectrum which is part of the electromagnetic spectrum.
The electromagnetic waves are considered to be transverse because they are composed of
oscillating electric and magnetic fields which travel perpendicular to the direction.

• Why are sound waves in air characterized as longitudinal?
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To Think About

Waves

b

•	Speed of light is 2.997 x 108 m/s and will travel .
through a vacuum
•	Interference-requires the wave to be of the same wavelength. For the
interference to be observed the waves must have a constant phase
difference.
• Seismic-Two types Body Waves and Surface waves
•	Body waves-Two types Primary and Secondary
•	Primary wave-These are longitudinal waves like sound
waves that move in all direction . They are the fastest of
the two and can travel thru all types of materials (solid,
liquid, and gas). They travel at 4000 to 7000 m/s
•	Secondary-These are transverse waves and cannot .
move thru liquids only thru solids. They travel at 2000 .
to 5000 m/s.

• How was the fact that P waves can travel thru all types of materials and S waves cannot travel thru liquids lead
to the discovery of liquid outer core.

To Think About

• Surface waves-Two types Love and Rayleigh
•	Love waves-Most like Secondary waves with no vertical displacement. They do not travel
through liquids and would not be felt on a body of water.
• Rayleigh waves-These behave like rolling ocean waves
•	Doppler Effect- The wave front reaches an observer more often as it approaches and less
often as it goes away. This results in a higher frequency. As the wave is going away the
frequency is lower. This occurs with all types of waves (light, sound, seismic).
•	Red Shift-the same Doppler effect helps to determine if the universe is expanding or

• Does the pitch rise as the source approaches and observer and decreases as the source moves away?

To Think About
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ADVANCING GALAXY

RECEDING GALAXY

contracting. The red shift is the longer wave length which
indicates a higher frequency therefore it is expanding.

Explain that energy is transferred by waves
without mass transfer and provide examples.

•	If a pebble is dropped into water, the wave that is produced will carry a certain amount of
energy. The wave will transfer the energy by transferring the motion of matter rather than
transferring matter. The rate of transfer depends on the amplitude at which the particles
of the medium are vibrating. The greater the amplitude, the more energy a wave carries in
a given time interval. For a mechanical wave, the energy transferred is proportional to the
square of the wave is doubled.
Explain how lenses are used in simple optical systems, including the
camera, telescope, microscope, and the eye.
Explain and apply the laws of reflection and refraction.
Compare transmission, reflection, and absorption of light in matter.

Relevant CSET Bibliography
Science Content Standards for California Public Schools, Kindergarten Through Grade Twelve. (1998). Sacramento, CA: California
Department of Education. Also at http://www.cde.ca.gov/cfir/index.html
Hewitt, Paul G.; Suchoki, John; and Hewitt, Leslie A. (1996). Conceptual Physical Science (2nd Ed.). New York, NY; Longmann.
Feynman, Richard. (1970). The Feynman Lectures on Physics (Volume I, II, and III). Boston, MA: Addison-Wesley.
Halliday, David; Resnick, Robert; and Krane, Kenneth S. (2001). Physics, Volumes 1 and 2 (5th Ed.). New York, NY: John Wiley &
Sons.
Halliday, David; Resnick, Robert; and Walker, Jearl. (2002). Fundamentals of Physics (6th Ed.). New York, NY: John Wiley & Sons.
Hewitt, Paul. (2001). Conceptual Physics (9th Ed.). Upper Saddle River, NJ: Prentice Hall.
Serway, Raymond A., and Faughn, Jerry S. (1999). Holt Physics (9th Ed.). Boston, MA: Harcourt Brace Jovanovich.
Young, Hugh D.; Freedman, Roger A.; Sandin, T.R.; and Ford, A. Lewis. (1999). Sears and Zemansky’s University Physics (10th
Ed.). San Francisco, CA: Benjamin Cummings.
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III

Detailed Study Guide
Domain 8: Waves

NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access WAVES
http://www.csetprep.org/science/WavePheHomePage.htm
Level One: General knowlege
Describe transverse and longitudinal waves

1. D
 escribe the different kinds of waves seen in nature and generated human activities.
2. Click on “What is a wave?” Use terms like, equilibrium (rest position), disturbance, pulse, medium to describe
what a wave is and how it moves.
3. Click on the yellow icon “Animation”. Describe what a wave is.
4. Return to the previous page, “What is a wave”. What is meant by the following statement? Waves are said to be
an energy transport phenomenon.
5. Use the self-test to check your understanding, then close the window and click on “Categories of Waves”.
6. Differentiate between transverse and longitudinal waves.
7. Compare surface waves (like water waves on the ocean) to longitudinal and transverse waves.
8. Compare electromagnetic waves to mechanical waves.
9. Click on the second animation icon: Describe the properties of electromagnetic waves and how they are created.
10. Return to the previous page and check your understanding in the self-test provided.
11. Click on “Anatomy of a wave” after closing the extra browser. Diagram both transverse and longitudinal waves
and identify the parts of the waves.
12. How do you determine the wavelength of a longitudinal wave?
13. Take the self-test to determine your understanding. Then close the browser and click on “Frequency and period of
a wave”. Define frequency and period of a wave in terms of a) their concepts and b) their equations.
14. Close the browser and click on, “Energy transport and amplitude of a wave”. Describe how you can tell the difference between a high- and lowenergy-wave.
15. Close the browser and click on “Speed of a wave”. Describe how the speed of a wave is calculated and tell how
changing the tension on the medium and the frequency of the wave are related.
Compare the characteristics of sound, light and seismic waves (e.g.,
transverse/longitudinal, travel through various media, relative speed)

16. Click on “P and S-Wave Animations” and “Details about P, S, Love and Raleigh waves”. Compare these seismic
waves to those you have already studied (i.e. identify them as longitudinal, transverse, water-wave-like (neither
transverse nor longitudinal).
17. Click on “Color and Vision” Describe electromagnetic waves in terms of their wavelength and frequency. Identify
the different electromagnetic on the spectrum in the same terms.
18. Locate the position of visible light and scroll down to see the spectrum that is caused by dispersion or separation
of the different colors of light. What is the wavelength and frequency of the spectrum (red- violet)?
19. Click on “Description of Electromagnetic Waves” and describe the FUNCTIONS of each of the major
electromagnetic waves.
20. Click on “Regions of the electromagnetic spectrum” if you need a detailed comparison of wavelength, frequency
and energy limits of the various major regions.

Domain VIII: Detailed Study Guide
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Continued
21. Why can sound be described as mechanical, pressure and longitudinal waves? Click on the three links under
SOUND to help you answer.
22. Using the information above about water waves and the current animation “Oceans waves: does the water move
or the energy?”, describe what type of wave this is…
23. Click on “Pitch and Frequency”. Define both terms and differentiate what it means to have a high and low
frequency. Also, differentiate between infrasound and ultrasound.
24. Click on “Intensity and the decibel scale”. How are intensity and the decibel scale related?
25.Click on “The speed of sound”. What does the term “speed of sound” mean in terms of the earth upon which we live?
26. Click on “The Human Ear”. Describe the “anatomy” of the human ear and how each part contributes to how we hear?
27. Identify the kind of waves that cause us to hear sounds.
28. In the links for “Boundary behavior”, define what a boundary is and wave behavior differences at different kinds
of boundaries.
29. Clearly differentiate among reflection, refraction, diffraction and interference (see links in the behavior of wave
section.)
30. In regards to wave behavior, what does it mean for a wave to be a standing wave? Tell how nodes and antinodes are
related to the phenomenon. (Use the links in the Standing Waves)
Explain that energy is transferred by waves without mass transfer and
provide examples

31. You already have the information from section b above. For each kind of wave studied in b) above, provide an example
of how energy is transferred without mass (molecule) transfer.
Explain how lenses are used in simple optical systems, including the
camera, telescope, microscope, and the eye

Click on each of the links below and describe the wavelike behaviors of light. Be aware that the Doppler effect is also an
example. This is studied at the end of this unit.
Wavelike behaviors of light
http://www.physicsclassroom.com/Class/light/U12L1a.html
Interference
http://www.physicsclassroom.com/Class/light/U12L1b.html
Interference using water waves
http://www.colorado.edu/physics/2000/schroedinger/index.html
Movie – Interference
http://www.colorado.edu/physics/2000/schroedinger/small_interference.html
Interference using laser light
http://www.colorado.edu/physics/2000/schroedinger/twoslit2.html
PERFORM THE ACTIVITIES:
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Detailed Study Guide
Continued
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.

Superposition of two wave pulses
Superposition of multiple waves
Color by addition activity
Color by Subtraction Activity
Reflection activity
Refraction activity
Plane Mirrors activity
Concave mirrors activity
Convex mirrors activity
Critical angle activity
Convex lenses activity
Concave lenses activity

B E S U RE TO VIEW THE LINKS PRIOR TO
EAC H AC TIV ITY (AS WE L L AS A FTER ) TO
GAIN VAL UA B LE INSIGHT

32. Superposition of two wave pulses report.
33. Superposition of multiple waves report.
34. Color by Addition Activity report.
35. Color by Subtraction Activity report.
36. Reflection activity report.
37. Refraction activity report.
38. Plane Mirrors activity report.
39. Concave mirrors activity report.
40. Convex mirrors activity report.
41. Critical angle activity report.
42. Convex lenses activity report.
43. Concave lenses activity
44. Explain how lenses are used in the optical system of the eye. (Use links to the eye to help you).
45. Explain how lenses are used in the optical system of the camera. (Use links to how the camera works).
46. Explain how lenses are used in the optical system of the telescope. (Use links to how a telescope works).
47. Explain how lenses are used in the optical system of the microscope. (Use the links to how the microscope works).
Calculate quantities involving wavelength, wave speed, and frequency

48. Observe the examples in link 1 and 3. There are practice problems in link
• Type in the solutions to your problems here.
Explain the Doppler effect and provide examples- read the links that
explain about the Doppler effect (Doppler effect and Doppler effect
and shock waves)

Perform the following activities: a) Moving Point Source activity and b) Supersonic jet aircraft activity. Enter your reports
(include graphs) below:
49. Moving Point Source activity report.
50. Supersonic jet aircraft activity report.
Level two: extended knowlege
waves

Domain VIII: Detailed Study Guide
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Continued
1. C
 lick on the link to the “The Wave Equation”. Write the wave equation and tell how what you said in the question15
related to SPEED OF A WAVE confirms or proves the wave equation.
2. Why is the right side of the visible spectrum high frequency/short wavelength while the left side of the spectrum is
long wavelength/low frequency?
3. Why don’t we see black or white colors on the visible light spectrum?
Level three: applied knowlege
waves

1. You will be taking a look at a web page you have already seen, but you will focus on the animation. Click on the following URL: http://www.physicsclassroom.com/mmedia/waves/em.html . After looking at the animation carefully, tell
WHY the movement of electromagnetic waves through media on earth takes longer than through a vacuum. Propose
what it would look like if there were a sound wave moving through the air and through a vacuum.
2. Look at all the different waveforms discussed in section b) of this study guide. How do they compare to each other?
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Domain 8: Post-Test
General Science Subtest 1
question 1

Question 2

In the early 1800s, Thomas Young directed a beam of coherent
light at a barrier that had two slits cut into it. He then observed
the pattern of light produced on the other side of the barrier.
This was one of the most important experiments in research to:

Use the diagram below to answer the question that follows.

A.
B.
C.
D.

determining the speed of light.
determining the relationshop between frequency and
color.
understanding the nature of polarized light.
understanding the wave nature of light.

A converging lens is used to create an image of the arrow
labeled X. If the focal length of the  lens is 0.1 m, then the
image that forms at the point labeled Y will be:
A.
B.
C.
D.

r eal and inverted.
real and erect.
virtual and inverted.
virtual and erect.

Answers
1. Correct Response: D (SMR Code: 8.1) Thomas Young’s experiment provided evidence of the wavelike nature of light. When a beam of light of a
single colorwas directed through two slits, Young observed alternating light and dark bands where the light passing through the two slits recomdined. Young interpreted these findings as an interference pattern characteristic of waves, in which two colliding wave crests enhance each other,
while a crest and trough cancel each other out.
2. Correct Response: A (SMR Code: 8.1) Since the arrow is further from the lens than the focal point (0.1 m), the image is both inverted and real,
i.e., able to be projected ontp a surface. As shown in the diagram below, three reference light rays passing through the arrow’s point converge on
the opposite side of the lens to determine the image’s size and orientation.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Forces & Motion
forces & motion Subject Matter
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review
• Newton’s Law
• Flow & Buoyancy

Requirements
Candidates describe the motion of an object and understand
the relationships among its velocity, speed, distance, time and
acceleration. Candidates use Newton’s laws to predict the motion
of objects.

• Position, Distance,

Subject Matter Content

   Displacement, speed,

a.

   Velocity, Acceleration,
   Time
IV.

b.

Post-Test

c.

d.

e.
f.

g.
h.
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 iscuss and apply Newton’s laws (i.e.,first, second, third, and law of
D
universal gravitation)
Define pressure and relate it to fluid flow and buoyancy (e.g., heart
valves, atmospheric pressure)
Describe relationships among position, distance, displacement, speed,
velocity, acceleration, and time, and perform simple calculations using
these variables for both linear and circular motion.
Identify the separate forces that act on a body (e.g., gravity, pressure,
tension/compression, normal force, friction) and describe the net force
on the body.
Construct and analyze simple vector and graphical representation of
motion and forces (e.g. distance, speed and time)
Identify fundamental forces, including gravity, nuclear forces, and
electromagnetic forces (magnetic and electric), and explain their roles
in nature, such as the role of gravity in maintaining the structure of the
universe.
Describe the causal relationships among heat, friction, and motion.
Explain and calculate mechanical advantages for levers, pulleys, and
inclined planes.

Forces & Motion
I

Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Question 5

 iscuss and apply Newton’s laws (i.e.,first, second,
D
third, and law of universal gravitation)

Construct and analyze simple vector and graphical
representation of motion and forces (e.g. distance, speed
and time)

¶0

¶1

¶2

¶3

¶0

Question 2

 efine pressure and relate it to fluid flow and buoyancy
D
(e.g., heart valves, atmospheric pressure)

¶0

¶1

¶2

¶3

Question 3

Describe relationships among position, distance,
displacement, speed, velocity, acceleration, and time,
and perform simple calculations using these variables
for both linear and circular motion.

¶0

¶1

¶2

¶3

Identify the separate forces that act on a body (e.g.,
gravity, pressure, tension/compression, normal force,
friction) and describe the net force on the body.

¶0

¶1

¶2

¶3

¶2

¶3

Question 6

Identify fundamental forces, including gravity, nuclear
forces, and electromagnetic forces (magnetic and
electric), and explain their roles in nature, such as the role
of gravity in maintaining the structure of the universe.

¶0

¶1

¶2

¶3

Question 7

Describe the causal relationships among heat, friction,
and motion.

¶0

Question 4

¶1

¶1

¶2

¶3

Question 8

Explain and calculate mechanical advantages for levers,
pulleys, and inclined planes.

¶0

¶1

¶2

¶3
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II

Subject Matter Content
a.
b.
c.
d.

e.
f.

g.
h.

a

 iscuss and apply Newton’s laws (i.e.,first, second, third, and law of universal gravitation)
D
Define pressure and relate it to fluid flow and buoyancy (e.g., heart valves, atmospheric pressure)
Describe relationships among position, distance, displacement, speed, velocity, acceleration, and time, and perform simple calculations using these variables for both linear and circular motion.
Identify the separate forces that act on a body (e.g., gravity, pressure, tension/compression, normal force, friction)
and describe the net force
on the body.
Construct and analyze simple vector and graphical representation of
motion and forces (e.g. distance, speed and time)
Identify fundamental forces, including gravity, nuclear forces, and
electromagnetic forces (magnetic and electric), and explain their roles in nature, such as the role of gravity in
maintaining the structure of the universe.
Describe the causal relationships among heat, friction, and motion.
Explain and calculate mechanical advantages for levers, pulleys, and inclined planes.

Discuss and apply Newton’s laws (i.e., first, second, third, and law of
universal gravitation)
Newton’s Laws of Motion and Gravitation:

First Law of Motion: An object in motion stays in the same continuing motion, an object at rest
remains at rest unless a net force acts on it. This is sometimes called the Law of Inertia. This law
stands in contrast to common experience where friction brings everything in motion eventually to a
halt. Nevertheless, friction is a force and common experience is in accord with this law. Forces are
pushes or pulls, and if more than one force is acting on an object, their combined effect needs to
be considered. For example, two equal forces pushing something in opposite directions will cancel
out and their will be no net force, and hence no resulting motion. Likewise once something is set in
motion by a force, it continues with the same speed and direction unless a new force redirects it.
This is what happens when you throw a ball up in the air. The force of your hand is greater than
gravity, but those forces are still opposing each other. As soon as you stop pushing on it (it leaves
your hand), gravity alone acts on it, pulling it down and slowing it, until it stops rising and begins to
fall back, still under the influence of gravity. Finally you catch it, the force of your hand opposing the
force of gravity, and the object coming to rest. In the absence of gravity the ball would continue to
travel in whatever direction you released it and the same speed at which it was released.
Something like this happens when a falling object’s air resistance equals the force of gravity, at which
time the forces balance each other and there is no further change in motion, or acceleration. That
speed is called the object’s terminal velocity. Once something has reached its terminal velocity it
will continue at that same speed forever unless the forces become unbalanced, either because its
air resistance changes or the ground exerts a force on it. Its interesting to notice that if you throw a
ball up enough so that its forward motion has time to take it to your friend before gravity (slowing its
ascent and speeding its descent) makes it crash to the ground. In the absence of gravity you would
have to throw the ball straight at your friend.
In space things are much the same as objects (planets, space stations, etc) orbit about other larger
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objects (stars, planets, etc). Orbiting objects can be thought of as continually trying to move in
straight lines perpendicular to whatever they are orbiting. Simultaneously, gravity pulls at them
sideways. The combination of their forward motion and the continually tugging of gravity results
in their orbits about the central object. In fact orbiting bodies usually orbit in elliptical orbits,
continually speeding up near their central object until their speed carries them forward faster
than gravity can pull them in and they move away from their central object, gravity now slowing
it down and pulling it back until the ellipse is repeated again.
Motion is a change in position over time, or to quantify, speed equals distance covered divided
by the time necessary to do so (S=d/t). We acknowledge this every time we talk about speed as
miles per hour, although any distance unit divided by any time unit will be a measure of speed.
A graph of position vs. time would be level for no motion, and sloping for motion, the steeper
the slope, the greater the motion. The area under such a graph would indicate the total distance
traveled. Notice that distance traveled is affected by both speed and time. A related concept is
velocity, or speed in a direction. The First Law is referring to velocity when it mentions motion,
that is a continuation of the same speed in the same direction. That means that to change
direction, as in when a freeway or street curves, requires an acting force, even if the speed never
changes! You supply that force by turning the steering wheel. If you go a corner sharply enough,
or fast enough, you will feel yourself trying to continue to go straight as the car turns into you.
This is experienced as being thrown to the side, but in fact the side is crashing into you and
pushing you into a new direction. Something fun to try is tossing something (light) into the air
while you’re in a car or bus that is changing velocity. Normally, the object will travel with you and
its easy to catch, but once the vehicle is changing, whatever you throw wants to continue doing
whatever it was up to when it left your hand.
Second Law of Motion: Acceleration equals force divided by mass (A=f/m).This
common-sense law explains quantitatively the relationship between how hard something is
pushed, how massive it is, and how fast it accelerates. While on earth we commonly treat
mass and weight synonymously, in fact mass is the amount of material something contains
while weight is the result of gravity pulling on it. While a loss of gravity causes a loss in
weight, an object’s mass won’t change as a result. An interesting point to think about is
how fast things of different weight fall. While you might expect heavier objects to fall faster
than lighter objects, they fall at the same rate (neglecting differing air resistances). This
makes sense if you realize that while heavier objects do experience a greater force from
gravity (that’s why they’re heavier), they also have more mass. Since their mass and the
gravitational force on them increase proportionately, they accelerate at the same rate (9.8
m/s2, or less exactly 10 m/s2).
Acceleration is any change in velocity (speed or direction) and is calculated as the
change in velocity divided by the time required to do so (A=(V2-V1)/T). You notice this
when you start suddenly in your car, as you feel yourself being pushed back into the seat.
What’s really happening is the seat is applying a forward force to you, trying to speed you
up. Of course how much or how fast your car accelerates will depend on how powerful an
engine it has to apply a force, and how heavy it is. While it might not be the safest, you’ll
get the best acceleration out of a light car with a powerful engine. A graph of speed over time
will be a straight line for steady acceleration, curving up for increasing acceleration. If
the line is level then the acceleration equals zero. The area under the curve also relates to
distance traveled since acceleration is a change in speed. A graph of acceleration over
time would be level for constantly increasing speed. Some related calculations include one’s
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final speed (Vf = AT), one’s average speed (Vavg = _ AT) and one’s final distance (D=1/2 AT2).
These calculations show that your final speed depend on how fast you’re accelerating and
how long you’ve been at it, that your average speed will be half way between the speed you
started at and the speed you finished at, and that the distance you covered will be the same as
your average speed times how long you were traveling. A common acceleration is gravitational
acceleration (as in thrown balls) and is 9.8 m/s2, which for most purposes rounds to 10 m/s2.
The Second Law can be rewritten as F=ma, in which case the units of force, at least in the
metric system, come out as kg meters/sec2, or Newtons in honor of Sir Isaac Newton who
originally came up the these laws. That means 1 Newton is the force required to accelerate 1 kg
of material at a rate of 1m/s every second. In weightless conditions, mass can be determined by
measuring acceleration caused by a known force, or by measuring the force needed to cause a
certain acceleration.
Third Law of Motion: For every action, there is an equal and opposite reaction. That means when
you jump you push the ground back and it pushes you forward. This is what makes ice-skating
so fun! Until you get the knack, the ice doesn’t push back and you don’t go anywhere (except
perhaps down). This law is also responsible for space travel. Some people think gases coming
out of rockets have to have something outside to push against, like the atmosphere, but in fact
rocket gases in space still work because as fast as they’re thrown out the end of the rocket, they
push the rocket forward. It’d be like you sitting on a skate board pushing yourself forward by
throwing weights off the back end. Every time you push on something, it pushes back on you
(that’s the resistance you feel).
The third law is related to conservation of momentum, such as when a cannon is fired. The
momentum of the cannon recoiling (mass times speed) is exactly equal to the cannonball’s
momentum (mass times speed), although in opposite directions. Likewise, in a head on collision,
the objects combined mass and speed will be the same before and after they hit. In general,
conservation of momentum states that the momentum of a system (all the interacting parts)
doesn’t change as a result of collisions (m1v1=m2v2).
Newton’s Law of Universal Gravitation: The story is that while on his farm pondering the motion
of the Moon orbiting the Earth, Newton sat under an apple tree when an apple dropped off
the tree. In an astounding insight Newton realized that the laws governing the behavior of the
Moon were the same as those governing the fall of the apple. The Moon was just a special case
because its forward inertia balanced its fall so that it orbited the Earth instead of falling into it.
The force of gravity felt by an object depended on just two things: the masses of the objects
concerned, and their distance apart (Fg = g(M1M2)/d2). Thus you pull the Earth up even as its
pulling you down, just its mass is considerably more than yours. A bigger factor is your distance
from the earth. If you move from one place on the Earth (consider the “Earth” as being a pinpoint
at its center), to a place twice as far away, the force of gravity is cut to _ what it was. A move 3x
farther means a cut in gravity to 1/9 what it was. This is the impact of the d2 term in the law. The
“g” is a constant, 6.7 X 10-11N m2/kg2.

• Is there gravity in space?
• What force accelerates a 5kg object at 10 m/s2?

To Think About
F o r m o r e i nf o r m at i o n , g o t o :

http://www.fearofphysics.com/.
http://hyperphysics.phy-astr.gsu.edu/hbase/hph.html#mechcon
http://www.physicsclassroom.com/Class/newtlaws/newtltoc.html

68

CSET Preparation Guide: General Science I & II

© 2003 TLI & Richard Smith

forces & motion

b

Define pressure and relate it to fluid flow and buoyancy
(e.g., heart valvles, atmospheric pressure)

Pressure: Pressure is the result of a force applied over some area, and is measured in terms
of pounds/in2 (psi) or Newtons/cm2. Pressure is useful for moving things, from hydraulic lifts,
ships, to airplane wings. Liquids are not very compressible, a fact taken advantage of with
hydraulic lifts. A force is applied to a small cylinder connected by a hydraulic line to a larger
piston. The pressure on the small cylinder is transmitted everywhere throughout the liquid,
including the larger piston. So if the pressure on the small cylinder is 1 psi, then the larger piston
will also exert a pressure of 1 psi, but since the surface area is larger, the number of pounds of
force can be significantly increased. In fact if two tables are laid on top of each other with plastic
bags between them, it is possible to lift someone on the upper table by simply blowing up the
bags. The increased surface area of the bags multiplies the pressure generated by your lungs.

The force applied to the top of this water filled
bottle is multiplied by the ratio of the top surface
area to the bottom surface area, a fact more usefully applied to hydraulic presses.
From: http://hyperphysics.phyastr.gsu.edu/hbase/
pasc.html#pp

Buoyancy is the result of pressure pushing up on objects floating in, or immersed in, a fluid.
The amount of this force will depend on the weight of the fluid displaced by the object. When
something is lowered into water for example, it pushes aside some of the water. It will try to
push aside its weight of water. If its volume is larger than that amount of water (its density is less
than water), it will float. If its volume is smaller than that amount of water (its density is more
than water), it will sink, but its apparent weight will decrease by the same amount as the weight
of water it was able to push aside or displace. Archimedes realized this was the way to tell if a
crown was pure gold or not. The volume of the crown could be determined by its loss in weight,
and its density found by dividing its weight by its volume. Gold has an usually large density, and
if the crown were not pure, it would have a lower density as a result.

A ball immersed in water will apparently loose as
much weight as the water it displaces. If it weighs
less than that water, it will float, only displacing
the volume of water whose weight equals its own.
http://hyperphysics.phyastr.gsu.edu/hbase/pbuoy.
html#buoy
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Flowing fluids have another unusual property known as the Bernoulli Principle. The faster a fluid
flows, the less internal pressure it has, or the less force it exerts sideways. Therefore something
to the side of the fluid will get sucked into the flow. Also, the narrower the opening a fluid has to
flow through, the faster it will flow. In cars with carburetors, a narrowing in the airflow called a
Venturi pulls in gas from the gas line and vaporizes it in the airflow for ignition in the piston. This
has also been used to explain the lift generated by airplane wings. The wings are curved so that
air flowing over the top of the wing travels faster than air across the bottom. As a result, there is
less air pressureabove the wing than below and the wing is pushed up, along with the airplane.
Conversely, when the channel a fluid flows
though is widened, the speed of the fluid
will slow down. This is of concern where
blood flows rapidly through a heart valve
and then slows down in the larger vessel
following it. As the blood slows down
and tends to sit it has a greater chance
of forming a clot that could later block an
arteriole in an important organ such as
the heart muscle or brain. This idea also
applies to flood channels, which quickly
carry away water from an area because
they tend to be narrow. As a result the
Notice the effects of the constriction: increased
water has more erosive power than it
velocity and decreased pressure.
http://hyperphysics.phyastr.gsu.edu/hbase/pbuoy.
would if the waterway was allowed to spread
html#buoy
out and slow down.

To Think About

• How do hydraulic lifts work?
• Why do steel ships float when the density of steel is much greater than the density of water?

F o r m o r e i nf o r m at i o n , g o t o :

http://www.vectorsite.net/tpecp4.html#m5 under liquids

Describe the relationships among position, distance, displacement,
speed, velocity, acceleration, and time, and perform simple calculations using these variables for both linear and circular motion.

See equations connected with Newton’s Laws of Motion.
Circular motion brings in a couple of complications. The further out you are from the center of
rotation, the faster your motion. Your motion consists of two types: tangental (straight ahear
speed), and rotational (turning speed). The relationship between these is that your tangental
speed (distance/time) will be the product of rotational speed (rotations/time) and distance from
the center of rotation (v=_r). As a result, your tangental speed is proportionate to your distrance
from the center of rotation. Some new force is involved, constantly pulling towards the center
of rotation (centripetal force), and an apparent force pulling away from the center of rotation
(centrifugal force) that is really the result of inertia trying to keep movement in a straight line. This
“centrifugal force” is the source of apparent gravity that space station colonists might feel as a
result of the space station’s rotation.
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To Think About
• When do kids hopping on merry-go-rounds experience the greatest acceleration, at the outside edge or center?
A train moving at 50 miles per hour goes how far in 3 hours?
F o r m o r e i nf o r m at i o n , g o t o :

http://hyperphysics.phyastr.gsu.edu/hbase/hph.html#mechcon

Identify the separate forces that act on a body (e.g., gravity, pressure, tension/compression, normal force, friction) and describe the
net force on the body.

See previous sections on gravity and pressure. Tension forces are any forces that pull,
compression forces are pushing forces. A normal force is any force at right angles to the surface
you’re on (its the force the ground exerts to keep you above whatever you’re on). Friction is an
unusual force in that it always opposes your motion, that is whatever way you’re going, its going
the opposite. All these forces combine to create net forces on objects.

To Think About

• Describe the direction and source of forces involved in flying airplanes. If a
car is moving down the road at 65 miles per hour, describe the forces acting on it and their relative sizes.
F o r m o r e i nf o r m at i o n , g o t o :

http://www.physicsclassroom.com/Class/vectors/U3L3b.html

Construct and analyze simple vector and graphical representations
of motion and forces (e.g., distance, speed, time)

See previous sections for distance, speed, and time graphs. Vectors are quantities with amount
and direction, and can be drawn as arrows of differing lengths. The long the arrow the greater
the amount. For example if you are flying north at 30 mph and a wind is blowing you east at 40
mph, then you could show this by making a grid with one axis for your northward motion and
another axis for your eastward motion. Starting from 0,0, you could draw an arrow going straight
north 30 units long and an arrow going straight east 40 units longs. That your actual resulting
motion is northeast would be apparent by drawing lines out perpendicular to the tips of the
arrows and seeing that they intersect at a point northeast of the original 0,0. Another way to do
this is to draw first one arrow indicating the original motion, and then adding a second arrow
that starts from the tip of the first arrow. An arrow then drawn from the origin to the tip of the
second arrow will indicate the combined motion. If you use the Pythagorean Theorem (a2 + b2
= c2) for right triangles, you can
determine that your speed will
be 50 mph NE.

Notice the incline can be removed after the
counter weights are attached without the block
moving. Also notice that 12002 + 9002 = 15002.
The 900 g counteracts the component of gravity
sliding down the incline, while the 1200g counteracts
the normal force of the incline keeping the 1500 g
block from sinking into it.
From: http://buphy.bu.edu/~duffy/ mech/1J30_10.html
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To Think About
• What can you tell about this graph? Does this graph indicate something is moving or standing still? Is it accelerating or moving with a uniform velocity? Is it speeding up or slowing
down? From http://www.physicsclassroom.com/Class/1DKin/U1L4a.html
• In these drawings, the arrows are vectors depicting
the direction and speed of forces effecting an
airplane. Blue arrows are the effect of the plane’s
motors, red arrows are the effect of winds. In each
case, what motion will result?
From http://www.physicsclassroom.com/
mmedia/vectors/plane.html

F o r m o r e i nf o r m at i o n , g o t o :.

http://www.physicsclassroom.com/Class/vectors/vectoc.html.
about vectors and motion or http://hypertextbook.com/physics/
mechanics/motiongraphs/ndex.shtml - about graphs and motion

Identify fundamental forces, including gravity, nuclear forces, and
electromagnetic forces (magnetic and electric), and explain their
roles in nature, such as the role of gravity in maintaining the structure of the universe.

Physicists acknowledge four fundamental forces at work in the universe. They are the gravitational
force, the electromagnetic force, the weak nuclear force and the strong nuclear force. Of these
forces, gravity is the most important at astronomical distances, holding the universe together.
The weak nuclear force is involved in nuclear decay, as when a neutron breaks down forming
an electron and a proton. The electromagnetic force combines the forces of electricity and
magnetism and is strongly involved in daily phenomena like lightning, motors, magnets, and even
holding atoms together (attractions between the positive protons in the nucleus and negative
electrons on the periphery). The strong nuclear force is responsible for holding the nucleus of the
atom together (keeping the positive protons from repelling each other).

casswww.ucsd.edu/public/ tutorial/Forces.html
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To Think About

• Which constant is larger, the electromagnetic force constant or the gravitation
constant? How could you tell? Which force must be overcome in nuclear fission, splitting the atom?
F o r m o r e i nf o r m at i o n , g o t o :

casswww.ucsd.edu/public/ tutorial/Forces.html

Explain and calculate mechanical advantages for levers, pulleys,
and inclined planes.

Machines are devices that change the direction or amount of forces. Mechanical advantage
is the amount by which your force is multiplied. Simple machines include levers, pulleys, and
inclined planes. All machines conserve a concept called work, which is the distance through
which a force is applied. When you lift a 3 lb weight 2 ft up, you have done 3 ft lbs of work.
Machines allow you to increase either force or distance, but at the expense of the other. Except
for considerations of efficiency, or friction, you get the same amount of work out of a machine as
you put into it.
Levers always have a pivot point called a fulcrum and an arm. Where the fulcrum is relative to
where you push (the effort arm) and where the resistance is (the resistance arm) determines
if the lever is a 1st, 2nd, or 3rd class lever. 1st class levers, like see-saws, have the fulcrum
between the effort and resistance. 2nd class levers, like wheel barrows, have the fulcrum at the
end of the arm, with the resistance between the fulcrum and the effort. 3rd class levers, like your
forearm, again have the fulcrum at the end of the arm, but have the effort between the fulcrum
and resistance. The ratio of the lengths of the arms is equal to the ratio of the force produced
compared to the force applied. Likewise, the ratio of the distances moved by the effort and
resistance will equal the ratio of the forces. For example, a first class lever has a fulcrum 2 feet
from the resistance and you are pushing at a distance 10 feet from the fulcrum. Whatever force
you apply will be multiplied by the lever 5X, the ratio of the distances involved.

Notice that twice the weight (force) is hung
from half the distance, a mechanical
advantage of 2 (or _ looking the other way).
From: http://buphy.bu.edu/~duffy/mech/
1J40_20.html

Movable pulleys can be thought of as levers as well, with the fulcrum being where the rope
leaves the pulley, the resistance being the center of the pulley, and the effort being where the
rope enters the pulley. The resistance arm will equal the radius while the effort arm will be the
diameter, thus pulleys always double your force. Using a block and tackle you can get this .
double effect multiplied many times. In general, each rope that goes around a moveable pulley
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(a pulley with the resistance attached)
doubles the force. Of course you have
to pull the rope that many times farther
as well.Inclined planes also magnify
forces, but this time the amount is
given by the ratio of the incline’s
length (the distance up the ramp) to its
height.
Inclined planes also magnify forces,
but this time the amount is given by
the ratio of the incline’s length (the .
distance up the ramp) to its height.

To Think About
• A pulley has an MA of 3. How much effort will be required to pick up a 250 kg piano?
• An inclined plane is 15 meters long, and 3 meters high? What is its MA?

F o r m o r e i nf o r m at i o n , g o t o :

http://hyperphysics.phy-astr.gsu.edu/hbase/hph.html#mechcon

Sample constructive response questions:

1.	Why do heavier objects fall at the same rate as lighter objects? How would their motion.
change if they were dropped from the moon?
2.	If an object moving at 65 miles an hour takes one second to increase its speed to 75 miles
an hour, what is its acceleration? At the same acceleration, how fast would it be moving in
another 3 seconds?
3.	Under what conditions will an object experience a constant speed or a constant.
acceleration?
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Earth’s Resources
Vocabulary
pressure
buoyancy
density
Bernoulli’s principle
tangential
rotational
centripetal force
tension
centrifugal force

compression
normal force
vector
gravity
strong force
weak force
machine
force
lever

fulcrum
pulleys
inclined planes
inertia
force
friction
net force
air resistance
terminal velocity

velocity
speed
acceleration
mass
weight
mechanical advantage
inverse square
law momentum
electromagnetic force

To Think About Answers
Is there gravity in space?
Yes! Gravity is holding the universe together, moons orbiting planets, planets orbiting suns, etc. Astronauts are “weightless” in
space only because they are essentially falling at the same rate as their space ship. Its a little like what you feel in an elevator
when it first starts going down. What force accelerates a 5kg object at 10 m/s2? 50 N. 5 kg X 10 m/s2

How do hydraulic lifts work?
A force on a small piston is connected by a hydraulic line (containing an incompressible fluid) to a large lift. The pressure is the
same on both ends, but since the lift has a larger surface area, it generates a larger force. Remember that pressure is force per
unit surface area.

Why do steel ships float when the density of steel is much greater than the density of water?
While steel’s density may be greater than water, ships are seldom solid steel. The vast air spaces within the ship increase their
volume while leaving their mass unchanged. Hence their density is decreased such that the weight of water displaced by them is
less than their volume.

When do kids hopping on merry-go-rounds experience the greatest acceleration, at the outside edge or center?
The greatest acceleration is on the outside edge. A kid twice as far from the center as another kid will be moving twice as fast,
having twice as much rotational acceleration. This is related to ice skaters spinning faster as they pull their arms in during a spin.
Their spinning faster conserves their rotational motion. A train moving at 50 miles per hour goes how far in 3 hours? 150 miles:
50 m/h X 3 h

Describe the direction and source of forces involved in flying airplanes.
Four forces are involved in airplane flight. They are thrust, which pushes or pulls the airplane forward; drag, which pulls it back;
lift, which pulls it up; and gravity, which pulls it down. In steady flight these forces must all be balanced.

If a car is moving down the road at 65 miles per hour, describe the forces acting on it and their relative sizes.
Four forces are again involved. They are thrust, which is pushing the car along the road; drag or friction, which is slowing it down;
the normal force of the road, which pushes the car up from sinking into the road; and gravity, which holds it down.
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What can you tell about this graph? Does this graph indicate something is moving or standing still? Is it accelerating or moving with a uniform velocity? Is it speeding up or slowing down?
The graph indicates that something is slowing down.

In these drawings, the arrows are vectors depicting the direction and speed of forces effecting an airplane.
Blue arrows are the effect of the plane’s motors, red arrows are the effect of winds. In each case, what motion
will result?
The first airplane is experiencing a tailwind and will move faster than its motors are pushing it. The second airplane is
experiencing a headwind and will be slowed down. The third airplane will end up traveling at an angle, its own motor
pushing it in one direction and the wind simultaneously pushing it to the side.

Which constant is larger, the electromagnetic force constant or the gravitation constant? How can you tell?
The electromagnetic force constant is larger, which is why magnets are able to lift metal objects despite the pull of gravity.

Which force must be overcome in nuclear fission, splitting the atom?
The strong nuclear force holds the nucleus together and must be overcome to split the atom.

A pulley has an MA of 3. How much effort will be required to pick up a 24,000 N piano?
8,000 N of force will be required: 24,000N/3 = 8,000 N. You will however have to pull 3 times further.

An inclined plane is 15 meters long, and 3 meters high? What is its MA?
Its MA = 5. 15m/3m = 5. Note that in moving something 15 meters up this ramp, you’re only lifted it 3 m up.
Sample constructive response question answers:

1. Why do heavier objects fall at the same rate as lighter objects? How would their motion change if they were
dropped from the moon?
Heavier objects have more inertia, resistance to acceleration, as well as experiencing a counteracting greater force from
gravity. Heavier objects do experience a greater force from gravity, its just balanced by their inertia. If objects are dropped
on the moon their downward acceleration would be less, since the moon only has 1/6 the mass of earth, still they would
fall at the same rate.

2. . If an object moving at 65 miles an hour takes one second to increase its speed to 75 miles an hour, what
is its acceleration? At the same acceleration, how fast would it be moving in another 3 seconds?
10 miles per hour per second (75mph-65mph)/1s. After 3 seconds it will be moving 105 miles an hour (10 m/h/s X 3s) +
75 mph. The 75 mph is the initial speed, to which we add the result of our acceleration.

3. Under what conditions will an object experience a constant speed or a constant acceleration?
Objects will experience a constant speed if their are no forces acting on it or if the forces acting on are balanced. For
example a plane in level flight at constant speed has equal thrust and drag, lift and weight. Objects will experience a
constant acceleration otherwise, in the direction of the largest force or forces.
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Detailed Study Guide
Domain 9: Forces & Motion

NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access FORCES AND MOTION
http://www.csetprep.org/science/ElectMagnetHomePage.htm
a.	Discuss and apply Newton’s laws (i.e., first, second, third, and law of universal gravitation);
c.	 Describe relationships among position, distance, displacement, speed, velocity, acceleration,
and time, and perform simple calculations using these variables for both linear and circular
motion;
e.	Construct and analyze simple vector and graphical representation of motion and forces (e.g.
distance, speed and time).
Click on “Introduction”

1. What is Kinematics?
Click on “Scalar and Vector Quantities”

2.	Differentiate between scalar and vector quantities. When you can pass the selfevaluation at the
bottom of the page, continue.
Click on “Vector Addition”

3.	Describe how vectors are added when the vectors are in the same direction and opposite
directions either horizontally or vertically.
4.	Describe how vectors are added when net force on free bodies is being determined.
5.	Describe how vectors are added when the vectors are at angles to each other, rather and
horizontally or vertically.
6.	Work Practice problems A and B until you come to the correct answer. Describe how you
solved the problem.
7.	ADVANCED STUDENTS ONLY: Describe how trigonometry is used in finding the appropriate
vector. Work the two problems below the animation until you come to the correct solution.
DESCRIBE YOUR SOLUTION.
8.	APPLICATION ACTIVITY: Click on the Animation icon and answer the following question:
Describe how the wind and an airplane flying in the air can show the practical application of
vector addition of horizontal and vertical vectors, two vertical vectors in the same direction,
and two vertical vectors in the opposite direction. Check with your instructor if you have
questions.
9. Describe the process of adding multiple vectors.
Click on “Vector Addition 2”

10. Describe how it is possible for vector addition of 8 + 6 to have multiple answers.
Click on “Vector Direction”

11.Using the information in this section, describe how individuals in physics have correlated vector
directions with degrees.
12.	What are the degrees associated with EAST, NORTH, WEST AND SOUTH? Click “Practice with
Vector Addition”- Parallelogram Method
13.	Another method of adding vectors is by what is called the Parallelogram Method. Use this
Domain VIII: Detailed Study Guide
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applet to help you understand HOW the method works. Describe HOW the parallelogram
method works. If you need further information, click on “Vector Addition-Parallelogram
Method”
Click on “Displacement and Distance”

14.	Differentiate between displacement and distance and work the two exercises to self-assess
to see if you understand the concepts of the two terms.
Click on “Speed and Velocity”

15. Define speed and velocity.
16. How are speed and velocity related?
17. Define average speed and average velocity
18.	Click on the animation and study it and read the material before and after..
Answer the following question: What is the difference between instantaneous speed and
average speed?
19.	Press the back arrow to return to the previous page and continue reading. What is the
difference between average speed and average velocity?
20.	What are the difference between instantaneous speed, average speed and constant speed?
21. Perform exercises 1 and 2, focusing now on average speed and average velocity. Once you
understand the concept move on.
Click on “Acceleration”

22. Define acceleration
23. When is an object NOT accelerating?
24. Click on the icon for the animation. Observe the three cars and identify which car(s) is/are
NOT accelerating and which car(s) is/are. Finally, if there is more than one car accelerating,
identify if the cars are accelerating at the same rate. If not, which one is accelerating the
fastest?
25.	Finally, as a test of your understanding, examine the position vs time graphs at the bottom
of the page. MATCH the cars at the top of the page with the correct line on the graph. Be
sure to ask questions if you need to.
26. Click on back arrow to return to the previous page and continue reading. WHAT IS THE 
DIFFERENCE BETWEEN CONSTANT AND NON-CONSTANT ACCELERATION?
27.  http://www.physicsclassroom.com/Class/1DKin/U1L1e.html .
Click on the link and scroll down to the table with fourcolumns. Answer the following
question. Using the relationship you learned that the total distance is proportional to the
square of the time tell WHY THIS IS THE CASE by comparing only the relationship of the
values of total distance traveled in the last column on the right. LEVEII
28.	For objects with constant acceleration, what is the relationship of the total time traveled to
the total displacement of an object?
29. Describe how to calculate average acceleration
30. What will be the direction of the acceleration vector when an object is speeding up and
when it is slowing down? What will be the direction for an acceleration vector for an object
that is slowing down as it rises into the air? What will be the direction of the acceleration
vector for an object that is falling (free-fall)?
31.	Click on the icon for the animation and examine it carefully. What is the direction of the
acceleration vector when the object goes downhill and when it is slowing?
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32. What is the direction of the velocity vector WHEN THE OBJECT TURNS?
33. Click back arrow and perform practice A and B to see if you have understood the concept.
Click on “Centripetal Acceleration”

34. What is centripetal acceleration?
35. What are the different kinds of forces that can cause centripetal acceleration?
36. What is the direction of the acceleration vector in centripetal acceleration?
37. What is the formula to calculate centripetal acceleration?
Click on “Acceleration in Uniform Motion”

38. How are centripetal acceleration and uniform circular motion related?
39. Like the study of all of physics, the study of 1-dimensional kinematics will be concerned with
the multiple means by which the motion of objects can be represented. WHAT ARE THOSE 
MULTIPLE MEANS?
Click on “Using Ticker-tape diagrams”

40. Describe what ticker-tape diagrams are and how they are used.
41. How could one recognize constant speed, constant acceleration, objects traveling at
constant speed but at different velocities and objects with greater amounts of acceleration
than other objects?
42. Check your understanding using the three problems at the bottom of the page. When you
understand this concept, continue.
Click on “Using Vector Diagrams”

43. What is a vector diagram and how can it be used to determine constant velocity and
acceleration?
Click on the three links below the words, Position vs. Time Graphs

44. Tell what the meaning of the shapes of the eight graphs in terms of velocity and acceleration.
Then complete the self-assessment at the bottom of the page.
45. Describe what the meaning of the slope is for position vs. time graphs.
46. Click on the animation icon and describe in words what the correlation of the car movements
are to the graph in terms of velocity and acceleration.
Click on three of the four links below the words, “Velocity vs. Time
Graphs” Answer the questions below

47. Describe the meaning of the shape of the velocity vs. time graphs in the first link.
48. Differentiate between positive and negative velocity. How can you know when the object
changes directions?
49. Describe what acceleration and deceleration look like in terms of both positive and negative
velocities.
50. Perform the self-assessment at the bottom of the page.
51. Describe the meaning of the slope of velocity vs. time graphs in the second link for the first
three examples.
52.	Perform the “check for understanding” activity. You will calculate the slopes of the different
phases of the graph. Check your answers… show your work below. If you need help to
calculate the slope, click on “Help with Slope Calculations”.
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53. Click on the animation icon and study the animation carefully. Be sure to compare the
motion of the ball to the left and the graph. Then answer the following two questions. A)
In terms of the graph, at what point does the ball REVERSE DIRECTIONS? B) In terms
of the BALL, at what point does the graph start downward? In terms of acceleration
or deceleration, why does the graph go down at that point? (To help you, compare the
distances between the points of the tickertape and remember the meaning of acceleration
and deceleration).
54. What does the area under the slope of a velocity vs. time graph in the FOURTH link mean?
Interpret each of the graphs and finish with the “self-evaluation”. Contact instructor if you
need help.
55. What are the different ways you learned to calculate the area under the velocity vs. time
curve?
Click on the 2 links below the words “Free Fall and the Acceleration
of gravity and answer the following questions.
(BE SURE TO EXAMINE ALL ANIMATIONS)

56. From the link, “Introduction to Free Fall”, describe this motion in general terms.
57. From the link, “Acceleration of gravity”, describe what acceleration of gravity is and what
it means in regards to velocity of objects in free fall. Click on the 3 links under the words,
“Constant Acceleration” (BE SURE TO EXAMINE ALL ANIMATIONS CAREFULLY).
58. From the link, “Representing Free Fall by Graphs”, describe the meaning of the shape of the
curve of the position vs. time graph and the slope of the line of the velocity vs. time graph.
59. From the link, “Example calculations”, describe how to solve problems of objects in free fall.
60. From the link, “Misconceptions of Free Fall”, describe the BIG misconception in
understanding the concept of FREE FALL.
Click on “What is Projectile Motion?”

61. What is a projectile?
62. What is the only force that operates on a projectile, by definition.
63. If a projectile is fired horizontally from a cannon, why doesn’t the projectile require a force to
maintain its horizontal motion?
Click on “Characteristics of a projectiles pathway”

64. What are the characteristics of projectile motion in terms of the pathway it takes and its
relationship to an object in freefall?
65. Evaluate forces, acceleration and velocity to the two the horizontal and vertical motion of a
projectile.
66. Click on the animation icon. Compare the horizontal velocity vector to the vertical velocity
vector in projectile motion. Click on left arrow to return to the previous page.
67. Scroll down to the next animation and click on the icon. The cannon is now pointing upward
and so it slows down as the force of gravity decelerates the upward motion. Describe the
horizontal and vertical velocity vector behavior. Tell how it is different from and similar to the
velocity vector behavior in the PREVIOUS question.
68.	Go back to the previous page (left arrow). What kind of path is the package following and
where will the package be with respect to the airplane?
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Click on “Describing Projectiles with Numbers”

69. Describe the equations needed to calculate the displacement of projectile when launched
horizontally and a projectile launched at an angle to the horizontal so that the combined
effects of the two forces can be included.
70. Do all 4 self-assessment checks at the bottom of the page.
Click on “Horizontally Launched Projectile Problems”

71. Describe how to solve horizontally launched projectile problems.
72. Perform the check for understanding.
Click on “Non-horizontally Launched Projectile Problems” (advanced)

73. Describe how to solve horizontally launched projectile problems.
74. Perform “check your understanding” at the bottom of the page.
75. Now you are prepared to predict and check your predictions of projectile motion. Run
projectile Applet 1 and perform the activity described above the Applet links. Then put your
predictions, results and conclusions below.
76. Use the self-test to check your understanding, then close the window and click on
“Categories of Waves”.
77. Differentiate between transverse and longitudinal waves.
78. Compare surface waves (like water waves on the ocean) to longitudinal and transverse
waves.
79. Compare electromagnetic waves to mechanical waves.
80. Click on the second animation icon: Describe the properties of electromagnetic waves and
how they are created.
81. Return to the previous page and check your understanding in the self-test provided.
82. Click on “Anatomy of a wave” after closing the extra browser. Diagram both transverse and
longitudinal waves and identify the parts of the waves.
83. How do you determine the wavelength of a longitudinal wave?
84. Take the self-test to determine your understanding. Then close the browser and click on
“Frequency and period of a wave”. Define frequency and period of a wave in terms of a) their
concepts and b) their equations.
85. Close the browser and click on, “Energy transport and amplitude of a wave”. Describe how
you can tell the difference between a high- and low-energy-wave.
86.	Close the browser and click on “Speed of a wave”. Describe how the speed of a wave is
calculated and tell how changing the tension on the medium and the frequency of the wave
are related.

b

Define pressure and relate it to fluid flow and buoyancy (e.g., heart
valves, atmospheric pressure)

Click on “Pressure, Fluid Flow, and buoyancy…” and answer the following questions.
87. What is a fluid?
88. What is mass density and upon what does it depend?
89. Define pressure (also atmospheric pressure)
90. How does pressure vary with depth of a static fluid?
91. Define Pascal’s Principle and how it is related to work and force of a fluid.
92. How is atmospheric pressure measured?
93. How is Archimedes Principle used to measure the mass of a basketball?
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94. What is buoyant force?
95. What is the volume of water displaced by an object?
96. What is the average density of the object (in this case, the basketball)?
97. Click on the first link under the words “Fluid Flow and Heart Valves” and carefully study the
animation. Answer the following question: What causes the force that produces the pressure
to force the blood through the heart valves, arteries, veins?
98. Check to see if your answer is correct by clicking on the second animation. The red
represents expelled blood, d) Identify the separate forces that act on a body (e.g., gravity,
pressure, tension/compression, normal force, friction) and describe the net force on the body
Click on all links under Newton’s First Law and study all animations.
Answer the following questions.

99.	Below the blue lettering of Newton’s First Law, define the law. Then, from the
“Introduction” link, what are the differences between balanced forces and unbalanced
forces? Be sure to give examples
100. 	From the “Inertia and mass” link, define inertia, and friction. Describe the relationship
among these Finally, solidify your understanding of the concepts of force and motion and
whether a force is needed for a constant motion (either at rest or an object at a constant
velocity)
101. 	Upon what does inertia depend? Give examples. Finally, perform the selfassessment at
the end of the page.
102. 	From the link “State of Motion”, define inertia and check out the truck and ladder
animation. Look at it now in terms of inertia. How is the animation related to inertia?
103. 	From the “Balanced and Unbalanced Forces” Link, define and give examples of objects
with balanced and unbalanced forces are operating on them and what happens to their
“motion” when these two types of forces operate.
104. 	From the “Meaning of Force” link, Compare contact forces with action-ata-distance forces
and define the term Newton and how it is used.
105.	From the “Types of forces” link, describe the types of forces and compare them. Compare
the terms, mass and weight. Finally check your understanding with the self-assessment at
the bottom of the page.
106.	From the link “Free body diagrams”, draw a free body diagram and identify the four types
of forces that could act upon it. Then draw a free body diagram (below) for each of the 11
examples on this page.
107. 	From the “Determining the net force” link, describe how to find net force and then perform
all example problems to test your understanding.
108. 	Below the blue lettering, Newton’s Second Law, define the law.
109. 	From the link “Introduction” define how unbalanced and balanced forces are related to
Newton’s Second Law.
110.	In the link after Introduction, describe the big misconception of Newton’s Second Law.
111. 	From the “Solving for acceleration” link, show how to mathematically calculate the
acceleration from Newton’s Second Law, F=ma. Finally, work the three practice problems
to ensure your understanding.
112.	From the link, “Addition of Forces”, use the material you gained in learning how to add
multiple vectors operating of free bodies to find the net force. Do all of the examples and
check to see if you understand the concept.
113.	From the link “Resolution of forces”, describe how to resolve forces in two dimensions.
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If you are not doing General Science, describe the use Trigonometry and Pythagorean
Theorem to solve the problems. If you are studying for general science, use either one.
ANSWER ALL EXAMPLE QUESTIONS so you can be sure of understanding.
114. 	From the “Equilibrium and Statics” link, describe this principle using Newton’s First Law
and vectors. Show how unequal forces can still be in equilibrium. Finally, complete all
examples to self-assess your understanding.
115.	From “Net force problems again” link, show how net forces in two dimensions are solved.
Work the examples and self-assess your understanding.
116.	From the “Inclined Plane” link, describe how forces in two dimensions are defined on free
body diagrams. Also show how net forces are determined with and without friction. Work
all examples and the self- assessment activity.
117. 	Answer the question in the text box, “What happens when the force on an object is
doubled?” Click on the text box to see the answer and then answer below the WHY
question. (Hint: use F= ma equation)
118.	Knowledge about both Newton’s First and Second Laws can help save our lives on the
highways of America. Perform the Safe Driving activity. Record your observations. After
analysis of your data, tell what this has to do with America’s driving habits and how it
might impact you.
119.	In Newton’s Third Law of Motion, define the law and tell what it means (with examples)
from the “Introduction” and “Action and Reaction Force Pairs” links.
120. 	 Describe Newton’s Law of Gravitation from the “Introduction” link.
121. 	Define both linear and angular momentum in the appropriate links (these include the ones
with the names linear and angular momentum as well as the links below that. These latter
ones are below.
Introduction
http://www.physicsclassroom.com/Class/momentum/U4L1a.html
Momentum and Impulse Connection
http://www.physicsclassroom.com/Class/momentum/U4L1b.html
Real World Application
http://www.physicsclassroom.com/Class/momentum/U4L1c.html
Newton’s Third Law (again)
http://www.physicsclassroom.com/Class/momentum/U4L1c.html
Momentum Conservation Principle
http://www.physicsclassroom.com/Class/momentum/U4L2b.html
Isolated Systems
http://www.physicsclassroom.com/Class/momentum/U4L2c.html
Problem Solving
http://www.physicsclassroom.com/Class/momentum/U4L2d.html
Using Equations To Guide Our Thinking
http://www.physicsclassroom.com/Class/momentum/U4L2dd.html

Identify fundamental forces, including gravity, nuclear forces, and
electromagnetic forces (magnetic and electric), and explain their
roles in nature, such as the role of gravity in maintaining the struc-
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ture of the universe

Study the links in this section, learn about the theories of unification and then answer the
question below.
122.	Identify fundamental forces, including gravity, nuclear forces, and electromagnetic forces
(magnetic and electric), and explain their roles in nature, such as the role of gravity in
maintaining the structure of the universe
Describe the causal relationships among heat, friction, and motion

123. Describe the causal relationships among heat, friction and motion.
Explain and calculate mechanical advantages for levers, pulleys,
and inclined planes

124. Explain the principles of levers, pulleys and inclined planes.
125. Describe how to calculate the advantages for levers, pulleys and inclined
planes.
Level II: Forces and Motion

1. Why must vectors be drawn to scale?
2. Click on the link below, and study this animation carefully.
        http://www.physicsclassroom.com/mmedia/vectors/ao.html .
Answer the following question: WHY DOESN’T IT MATTER WHICH ORDER YOU ADD
MULTIPLE VECTORS (IN TERMS OF THE RESULTANT VECTOR)?
3.	Forces cause motion. Decide whether this is a true or a false statement. Support your
example with facts from Newtonian Physics.
4.	Is there a force on the horizontal component of projectile motion? Defend your answer using
the principles of physics.
Level III: Forces and Motion

1. 	 http://www.physicsclassroom.com/Class/vectors/u3l2d.html
	Click on the link above and describe how, using trigonometry and vectors, you can find
the vertical velocity vector when the projectile is launched at an angle greater than the
horizontal. DESCRIBE HOW YOU CAN SOLVE THE SAME PROBLEM WITHOUT USING
TRIGONOMETRY.
2.	Describe how Newton’s Laws of motion relate to the motions of planets in the solar system,
moons around the planets and the Sun’s motion around the galactic center?
3. 	 How is Newton’s Third law related to the action of walking and running?
4. 	You are in the middle of a frozen lake that suddenly becomes FRICTIONLESS. That means
that you cannot move by walking. You have your large warm coat and a bag with your lunch,
including camera. There are no rocks in the ice… it is completely smooth from one side to
the other. DEVISE A METHOD TO GET TO THE EDGE OF THE FROZEN LAKE. NOTE: You
have to justify all parts of your proposal by using Newton’s Laws of Motion
5. 	You are traveling in a linear direction in outer space. How do you turn right in space? Tell
what Newton’s Law(s) allow you to do that.
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question 1

Question 3

The equation v=a∆t is sometimes used to find velocity when
acceleration time are known. Another form of this equation is
v0=a∆t. In this second form of the equation, the function of term
is to:

Use the diagram below to answer the question that follows.

A.
B.
C.
D.

indicate that the equation is valid only for an object that
starts at rest.
determine the time at which velocity is equal to zero.
allow the equation to be used even when an object has a
nonzero initial velocity.
allow the equation to be used even when acceleration is
not due to gravity.

question 2

Use the diagram below to answer the question that follows.

A force of 100 N is applied to piston X. What is the upward
force applied by piston Y.
A.
B.
C.
D.

2 00 N
400 N
800 N
1000 N

The rectangular solid in disgram is made of a material that has
a density 25% that of water. If it is placed in a container of
water, how many cubic centimeters of the rectangular solid will
be below the surface of the water?
A.
B.

5 00 cm3
250 cm3

C.      125 cm3
D.      0 cm3

Answers

1. Correct Response: C (SMR Code: 9.1) In the equation v=at, v=velocity, a=acceleration, and ∆t=change in time. This equation assumes that
the starting velocity equals 0 and can only be used to determine the velocity of an object initially at rest. If the object is already moving, then its
velocity can be taken into account by adding vo where vo=the starting velocity taken at any point during the motion.
2. Correct Response: C (SMR Code: 9.1) The depth to which an object will be submerged is based on how much water the object’s weight can
displace. If the obkect’s density is only 25% that of water, then I can only displace 25% of an equal volume of water. When the rectangular solid
floats in the water, the upward buoyant force exerted by the water equals the download force of the solid’s weight. This balancing of forces occurs
when 25% of the solid’d volume, or 125 cm3, is submerged.
3. Correct Response: B (SMR Code: 9.1) Pascal’s law states that pressure applied to an enclosed fluid is transmitted equally througtout the liquid
and container walls. Therefore when 100 N of force is applied to priston X, the pressure of the enclosed water increases throughout the container
and exerts a force on piston X equal to the ratio of the areas of the two pistons. Since the area of the piston Y is four times that of piston X, the
upward force of the piston is four times 100N, or 400 N.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Electricity & Magnetism Subject Matter
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review

IV.

Post-Test

Requirements
Candidates understand that electric and magnetic phenomena
are related. They use knowledge of electricity and magnetism to
explain many practical applications.

Subject Matter Content
a.
b.
c.
d.

e.
f.
g.
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 escribe and provide examples of electrostatic and magnetostatic
D
phenomena.
Predict charges or poles based on attraction/repulsion observations.
Build a simple compass -Use the compass to determine the direction
of magnetic fields.
Relate electric currents to magnetic fields and describe the application of
these relationships, such as electromagnets, electric current generators,
motors and transformers.
Design and interpret simple series and parallel circuits.
Define and calculate power, voltage differences, current, and resistance
in simple circuits
Recognize conservation of charge and energy and apply these to simple
circuits

Electricity & Magnetism
I

Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Question 5

Describe and provide examples of electrostatic and
magnetostatic phenomena.

Design and interpret simple series and parallel circuits

¶0

¶1

¶2

¶3

Question 2

Predict charges or poles based on attraction/repulsion
observations.

¶0

¶1

¶2

¶3

Question 3

Build a simple compass -Use the compass to
determine the direction of magnetic fields.

¶0

¶1

¶2

¶0

¶1

¶2

¶3

Question 6

Define and calculate power, voltage differences, current,
and resistance in simple circuits.

¶0

¶1

¶2

¶3

Question 7

Recognize conservation of charge and energy and apply
these to simple circuits.

¶0

¶1

¶2

¶3

¶3

Question 4

Relate electric currents to magnetic fields and describe
the application of these relationships, such as
electromagnets, electric current generators, motors
and transformers.

¶0

¶1

¶2

¶3
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Subject Matter Content
a.
b.
c.
d.
e.
f.

a

Describe and provide examples of electrostatic and magnetostatic phenomena.
Predict charges or poles based on attraction/repulsion observations.
Build a simple compass and use it to determine the direction of magnetic fields, including the Earth’s
magnetic field.
Relate electric currents to magnetic fields and describe the application of these relationships, such
as in electromagnets, electric current generators, motors, and transformers.
Design and interpret simple series and parallel circuits.
Define and calculate power, voltage differences, current, and resistance in simple circuits.

Describe and provide examples of electrostatic and magnetostatic
phenomena

Electrostatics, or phenomena involving static electricity, is caused by the accumulation or discharge
of charge in the form of excess electrons. Electrons are negative particles that surround an atom’s
nucleus, which is made of positively charged protons and neutral neutrons. Since electrons are on
the periphery of the atoms they are gained or lost comparatively easily. Accumulating electrons
produces a negative charge while losing them produces a positive charge. Similar charges repel
each other and opposite charges attract each other via their electrical fields. The strength of these
fields depend on the charges and distances (Coulombs Law: F=k(q1q2)/d2). Notice this is an inverse
square law, where the strength diminishes as the square of the change in distance.

Left: Charging by contact. Note repulsion after
contact is made. On right is a neat application of
electrostatics. From: sol.sci.uop.edu/~jfalward/
physics17/ chapter8/chapter8.html

Electrons can be transferred by friction or contact. When you scrap your feet across a rug, or pet
your cat, you gain electrons from the rug or fur. Then when you touch a doorknob those electrons
jump across to the metal, transfer by contact. Charging can also take place by induction. Induction is
charging something without its direct contact with another charged object. For example, a negative
object is brought close to a neutral object. The negative charge repels the electrons on the side of
the neutral object closest to it and these electrons become concentrated on the opposite side. While
the electrons are being held their by the repulsion from the negative charge, touching (grounding)
the backside allows those electrons to spread out, away from each other and effectively off the
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neutral object. If at that point you stop touching the object, there is no way for the electrons
to return, and the object now charged. As long as no new electrons can transfer back to the
formerly neutral object, it will have a positive charge, even after the negative object is taken
away. Because the electrons were never transferred to or from the charged object itself, this is
considered charging by induction.

Charging by induction. Note that charged wand
never touches metal sphere. From: http://sol.sci.uop.
edu/~jfalward/physics17/chapter8/chapter8.html

In a related phenomenon, neutral objects will be attracted to charged objects because
the charge will either attract electrons to the near side or repel them to the far side. Either
way the attractive forces will be stronger than the repulsive forces; unless the two objects
come into contact, transfer electrons, gain the same charge, and suddenly repel each other.
Magnetism is caused by the spin of unpaired electrons, which if they line up with each
other create magnetic domains. If enough of these domains line up with each other, the
material will become magnetic. Iron, nickel, and cobalt have enough of these unpaired
electrons to become magnetized, other elements like copper or aluminum don’t. These
domains can be lined up by stroking with a magnet (like when screwdrivers are magnetized)
or by passing an electric current nearby (as in electromagnets). If the magnet is heated or
struck sharply, the domains will become jumbled and the magnetism lost. Magnets have
north and south poles analogous to positive and negative charges (similar poles repel each
other while opposites attract), and are surrounded by magnetic fields whose strength is
inversely proportional to the square of the distance.

To Think About

• A positive charge is moved 3x closer to a negative charge. Do the charges
experience attractive or repulsive forces, and how are the changed as a result of this movement?
F o r m o r e i nf o r m at i o n , g o t o :

http://sol.sci.uop.edu/~jfalward/physics17/chapter8/chapter8.html

b

Predict charges or poles based on attraction/repulsion observations

See previous paragraphs on attractive and repulsive forces in section a.

c

Build a simple compass and use it to determine the direction of
magnetic fields, including the Earth’s magnetic field.

Compasses are small magnets that orient themselves with the Earth’s magnetic field, the
south pole of the compass pointing toward the Earth’s north pole. Simple compasses can be
made by stroking needles with permanent magnets and determining their orientation by
comparison with a known magnet. Once their orientation is noted, mark their south poles
with ink, so that the compass will always point north. Such needles can then be balanced
and hung by a thread, or floated on some water (large needles will need to float on something
like a small piece of cork).
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89

electricty & Magnetism

Making a compass. From www.scoutingresources.org.
uk/ codes directionb.html

• Which end of the compass points north?

To Think About
F o r m o r e i nf o r m at i o n , g o t o :

http://www.scoutingresources.org.uk/ codes_directionb.html

d

Relate electric currents to magnetic fields and describe the
application of these relationships, such as in electromagnets,
electric current generators, motors, and transformers.

Left: Magnetic field lines generated by electric currents.
Right: Diagram of a weak electromagnet. The arrows
indicate direction of current flow. From http://www.tpub.
com/basae/11.htm

Hans Oersted noticed that compasses were affected by nearby electric lines,
linking together electrical and magnetic phenomena. Any moving charge creates an
electromagnetic field surrounding it, which is why the compasses were affected. Thus by coiling
up wire and passing electricity through it, a magnetic field is created. The more electricity
and the more coils, the stronger the field. Also placing an iron core in the middle of the coil
strengthens the field. Simply wrapping a steel nail in wire (insulated wire so the electrical current
has to flow through the loops and not just skip from loop to loop) and attaching either end of the
wire to a battery will make an electromagnet. Be careful though because the passing electrons
will generate a lot of heat.
Magnets generate electromagnetic fields as well,
and if a magnet is moved within a coil of wire
and the magnet moved, the electrons in the wire
will be shoved along as well, creating an electric
current (direct current). Electrical generating
plants use water or steam turbines to move the
magnets back and forth, creating electricity that
surges back in forth (alternating current). Portable
generators use gasoline motors to move magnets
in coils of wire.
If a rotating electromagnet is placed next to a
permanent magnet, then depending on the
direction of the current through the electromagnet
the magnets will either attract or repel each other
From dept.physics.upenn.edu/.../mathphys/subsection4_1_5.html
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and the electromgnet will rotate as a result. In an electric motor the current flow first magnetizes
the electromagnet in one direction to repel from the permanent magnet, and then as the
electromagnet rotates half way around the current reverses and the electromagnet is attracted
to the permanent magnet. This is in some ways the opposite of the generator just discussed in
that a generator uses mechanical motion (produced by a gasoline
engine) to move a magnet producing an electric current, while a
motor uses an electric current to produce an electromagnet which
results in mechanical motion.
Transformers are another application of the relationship between
magnetism and electricity. Transformers have two sets of wires
(primary and secondary coils) wrapped around a common iron
core. When electricity first flows through the primary coil, it creates
a magnetic field. This magnetic field in turns induces an electric
current in the secondary coil.
The creation and collapse of the primary magnetic field is similar
to the movement of a magnet, so that as long as new fields are
created and collapsed, an alternating current will continue to 	
be produced in the secondary. This means that transformers
require alternating currents to continually create new magnetic
fields. The ratio of the primary voltage to the number of turns
in the primary coil will equal the ratio of the secondary voltage to
the numbers of turns in the secondary (Vp/Np=Vs/Ns). Also the
power (voltage X current, P=VI) in the primary will equal that of the
secondary so that VpIp= VsIs. I stands for current (intensity).

From topscience.org/magnetism.htm

Diagram of a transformer that doubles voltage. The amount of current will be cut in half though as power is conserved. From www.
school-for-champions.com/science/electromagnetism.htm

• How is an electric motor like a generator in reverse?

To Think About
F o r m o r e i nf o r m at i o n , g o t o :

http://www.school-for-champions.com/ science/electromagnetism.htm
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Design and interpret simple series and parallel circuits

Simple circuits have a power source (e.g.: battery), a switch (on/off) and
some kind of load (light bulb, motor, etc.). These must be connected so
that electricity can flow from one end of the power source, through the
switch and load(s), and back to the other end of the power source.
If these are arranged so that the electricity can only flow along one path,
the arrangement is called a series circuit; if the electricity can flow through
more than one path the arrangement is a parallel circuit. The pressure
from the power source that pushes the electricity through the circuit is
called voltage, the amount of electricity is called current (the two work
much like water flowing through a hose), and resistance measures the
difficulty current has in flowing through the wires. Great resistance can be
From:http://sol.sci.uop.edu/~jfalward/
physics17/chapter8/chapter8.html
beneficial, as in electric heaters and light bulbs, while in the wrong place .
(household wiring) it can melt insulation and cause fires. The relationship .
between voltage, current, and resistance is called Ohm’s Law, which says that the current in a
circuit equals its voltage divided by its resistance (I=V/R, or rearranged and using C for current,
V=CR).
In series circuits, resistances of the different loads add together, while in parallel circuits the
inverses of the resistances add together. The voltages across a series circuit also add to the
voltage of the power source, while in parallel circuits the voltage across each path is the same
as if the other paths weren’t there. Finally, current in series circuits is the result of the voltage
divided by the total resistance; while in parallel circuits the current in each branch depends
individually on the resistance in that branch. This means that if light bulbs are placed in a series
circuit they will be dimmer than they would be individually, but the battery will last just as long.
If the light bulbs are placed in a parallel circuit they will retain their original brightness, but the
battery will wear out sooner.

• A 18 ohm lightbulb is on a 9 volt circuit. How much current will it draw?

To Think About

F o r m o r e i nf o r m at i o n , g o t o :

http://sol.sci.uop.edu/~jfalward/physics17/chapter8/chapter8.html

Define and calculate power, voltage differences, current, and
resistance in simple circuits.

See discussion of power in relation to transformers (P=IV); and voltage, current and resistance
discussion in relation to circuits (I=V/R).

• How many amps will a common 60 watt light bulb draw on a 120 v circuit?

To Think About

F o r m o r e i nf o r m at i o n , g o t o :

http://sol.sci.uop.edu/~jfalward/physics17/chapter8/chapter8.html

92

CSET Preparation Guide: General Science I & II

© 2003 TLI & Richard Smith

Electricity & Magnetism
Vocabulary
Electrostatic Charge
Motor
Voltage
Magnetic Field
Transformer
Coulomb’s law

Attraction
Current
Ohm’s law
Repulsion
Series Circuits
Power

Electromagnetic Parallel
Circuits Secondary coil
Electric Field
Resistance
Charging by contact
Generator

Electromagnetic Induction
Primary coil
Alternating Current
Magnetic Pole
Inverse square law
Charging by induction

To Think About Answers
A positive charge is moved 3x closer to a negative charge. Do the charges experience attractive or repulsive forces,
and how are the changed as a result of this movement?
The charges experience a 9 fold increase in attractive force, as their distance is reduced to a third of its original value.

Which end of the compass points north?
The south end. Opposites attract.

How is an electric motor like a generator in reverse?
The electric motor uses the attraction and repulsion of electromagnets to produce motion while a generator uses motion (generated by burning fuel) to generate electricity.

A 18 ohm lightbulb is on a 9 volt circuit. How much current will it draw?
0.5 amps. I = V/R or 9v/18 ohm = 0.5 amps

How many amps will a common 60 watt light bulb draw on a 120 v circuit?
0.5 amps. P=IV, or I=P/V, 60 watt/120 v = 0.5 amp

Relevant CSET Bibliography
Science Content Standards for California Public Schools, Kindergarten Through Grade Twelve. (1998). Sacramento, CA: California
Department of Education. Also at http://www.cde.ca.gov/cfir/index.html
Hewitt, Paul G.; Suchoki, John; and Hewitt, Leslie A. (1996). Conceptual Physical Science (2nd Ed.). New York, NY; Longmann.
Feynman, Richard. (1970). The Feynman Lectures on Physics (Volume I, II, and III). Boston, MA: Addison-Wesley.
Halliday, David; Resnick, Robert; and Krane, Kenneth S. (2001). Physics, Volumes 1 and 2 (5th Ed.). New York, NY: John Wiley &
Sons.
Halliday, David; Resnick, Robert; and Walker, Jearl. (2002). Fundamentals of Physics (6th Ed.). New York, NY: John Wiley & Sons.
Hewitt, Paul. (2001). Conceptual Physics (9th Ed.). Upper Saddle River, NJ: Prentice Hall.
Serway, Raymond A., and Faughn, Jerry S. (1999). Holt Physics (9th Ed.). Boston, MA: Harcourt Brace Jovanovich.
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Detailed Study Guide
Domain 10: Electricity & Magnetism

NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access ELECTRICITY AND MAGNETISM
http://www.csetprep.org/science/ElectMagnetHomePage.htm
1. What is the fundamental quantity of electric charges?
2. Compare the sizes of electrons, protons and neutrons
3.	What happens to the overall electric charge when the same number of electrons and protons
exist in the same area? Neutralized
4. What is current and how is it expressed in terms of a formula?
5. Define electric force and write its equation.
6. Describe how like and unlike charges interact with each other.
7. How did Zerox Corporation capitalize on the principles of electrostatics?
8. Define polarization of charges and give an example.
9.	F defines the force of attraction and repulsion. In the activity below, bring the positive charge
(red) near each of the electrons. The length of the vectors are directly proportional to the
strength of the field. Although a field is defined in terms of a POSITIVE charge, try dragging
the blue negative charge around the electrons also http://www.colorado.edu/physics/2000/
applets/nforcefield.html Describe the force field around a charged particle in relation to the
strength of the field and its distance from the charge source. This describes the concept of
Coulumbs Law.
10.	Now we will look at the field emanating from one positively and one negatively charged
particle.
Behavior of charged particles in an electric field

http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic=36
Once the web page has opened follow the instructions.
a. In the space at the lower left the charge should read 1...
b.	Make sure the “Add” button is selected in the same area and then point and click the mouse
once about 1 inch from the right hand side of the applet.. a red positive particle will appear.
c. Move the slider at the bottom to the left until the charge reads -1
d.	Point the mouse and click one inch from the left edge of the applet... a blue negatively charged
particle will appear.
e.	Finally, click on the upper right hand button labeled “Force”. The resulting Force field between
the two oppositely charged particles will appear.
Describe how a force field looks between two oppositely charged particles.

Current: http://www.sasked.gov.sk.ca/docs/physics/u3b13phy.html
Electrical potential difference : http://www.sasked.gov.sk.ca/docs/physics/u3b23phy.html
Ohms’ Law: http://www.sasked.gov.sk.ca/docs/physics/u3b23phy.html
Electrical Circuits: http://www.sasked.gov.sk.ca/docs/physics/u3c13phy.html
Kirchoff’s Laws: http://www.sasked.gov.sk.ca/docs/physics/u3c23phy.html
Series and parallel circuits: http://www.sasked.gov.sk.ca/docs/physics/u3d3phy.html
Electrical Power and Energy:
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11. Define voltage in terms of work and charge.
12. Define resistance.
13. Define voltage in terms of current and resistance.
14. Describe how a simple electric circuit can be compared to a pump and water wheel.
15.	Define power in the terms of current and resistance. Tell how this equation was derived
(general terms).
16.	Tell how, when given W and V, one can find I and R.
16A. What is the relationship between voltage, resistance and current (milliamps) Describe the
relationship in words and relate it to the equations in
15 and 16.? http://micro.magnet.fsu.edu/electromag/java/ohmslaw/index.html
17.	Click on the link below to summarize the properties and laws associated with a simple series
circuit. http://www.sasked.gov.sk.ca/docs/physics/u3c23phy.html
18.	Click on the link below to summarize the properties and laws associated with a parallel
circuit. http://www.sasked.gov.sk.ca/docs/physics/u3c23phy.html
19. Describe how to avoid electrical shock when working with electricity. Use text… if no text
find website online
MAGNETISM

http://www.waowen.screaming.net/Maghandrules.htm
21.	Describe the hand rules that determine the direction of the magnetic field around currents of
electricity. (Answer found only in the link above-)
21.	Describe the law of the poles of magnets. .
http://micro.magnet.fsu.edu/electromag/java/magneticlines2/index.html
22.	Magnets also have force fields around them. Describe the magnetic force field around the
two magnets on p. 182 of your text.
23. What is meant when we say a material is ferromagnetic?
24. How are ferromagnetic materials magnetized?
25. Define electromagnetism
26.	Describe the two basic principles of the interaction of electrical and magnetic effects.
26a. Define Lenz’s law and how it related to 26..
http://micro.magnet.fsu.edu/electromag/java/lenzlaw/index.html
27.	Learn the concepts of AC currents.. Click on the URL below to learn more about AC
Currents. Summarize what you learned here. http://micro.magnet.fsu.edu/electromag/java/
generator/ac.html
28.	Learn the concepts of DC currents.(Click on URL below). Summarize what you learned
about DC currents here and also DESCRIBE THE SIMILARITIES AND DIFFERENCES
BETWEEN AC AND DC CURRENTS. http://micro.magnet.fsu.edu/electromag/java/
generator/dc.html
29.	Describe how charged particles move through magnetic fields and the forces (including
centripetal acceleration) that act on them. (to help with centripetal acceleration (center
seeking acceleration), use the right hand rule (link below) as you describe that force. What
would happen to the direction of the field and the force and if you reversed the current flow
or movement? (use the right hand rule and move your hand so that the charge movement is
in the opposite direction. .
http://www.physics.ubc.ca/~outreach/phys420/p420_96/reg/rhr_lor.htm
	On each of the following products describe how a moving charge and magnetic field are
related to produce the effectiveness of the product.
Electromagnetic Induction: This demonstrates that a changing magnetic field causes a potential
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Detailed Study Guide
Continued
difference (voltage) in a conductor. This concept is called Electromagnetic Induction. (SEE 
LENZ’S LAW – be sure to move the magnet toward and away from the conductor.
http://micro.magnet.fsu.edu/electromag/java/lenzlaw/index.html
Electromagnetic Induction is the principle used in electric generators (also called alternators),
microphones, electric guitars, transformers,and Tesla coils.
AC Current Generator
http://micro.magnet.fsu.edu/electromag/java/generator/ac.html
DC Current generator
http://micro.magnet.fsu.edu/electromag/java/generator/dc.html
Microphone
http://micro.magnet.fsu.edu/electromag/java/microphone/index.html
Magnetism inside a television set...
http://micro.magnet.fsu.edu/electromag/java/crookestube/index.html
Computer Hard Drive
http://micro.magnet.fsu.edu/electromag/java/harddrive/index.html
Level two: extended knowlege

1. How is current like the velocity of a vehicle?
2. How are Coulombs Law and Newton’s Law of Gravitation different and similar?
3.	Compare the equation for voltage with the equation of power in the physics portion of the
course. How are they similar and different?
4.	Compare electrical and magnetic force fields to the magnetic force field of the earth.
Level three: applied knowlege
Activity- Laboratory: application: Identifying simple electric circuits

http://www.princess-it.org/kp9/hrhprojects/
file/20060327_sammakkee/lanchang/html/physicsjava/circuit/light_bulb.htm
NOTE: This java script is no longer available on an English website. This Thai page, however, has the java applet, which uses
English buttons. After opening the application activity, you will see a series circuit and below it a parallel circuit.

Start with the series circuit and exchange, one by one, the 1 ohm resistance (light bulb) with a
2 ohm resistance. Look for patterns. Predict what will happen when you exchange the 2ohm
resistance with the 3 ohm resistance. Be sure to type how you approached that prediction.
Describe the patterns you see and how if your prediction was true. If it wasn’t, why wasn’t it Link
at least one of the observations you made to the laws of electric circuits.
Add a 1 ohm, 2 ohm and 3 ohm resistance to the series circuit and record the brightness as well
as the other parameters by selecting show. How do the values of power, current...etc, either
support the principles of electric circuits or how do they disprove those principles.
Next, scroll down to the parallel circuit. Try all combinations and identify the patterns you see.
Connect at least one of the patterns to principles of parallel circuits.
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Domain 10: Post-Test
General Science Subtest 1
question 1

Question 3

In the early twentieth century, Robert Millikan created electricity
charged oil droplets and then deternined their electrical charge
by calculating the magnitude of the electrical charge that would
suspend them in midair in opposition to gravity. He found that
the electrical charge on each oil droplet was always as integer
multiple of what we know as the basic unit charge. Millikan’s
experiment is credited with discovering.

Use the diagram below to answer the question that follows.

A.
B.
C.
D.

The device in the diagram consists of two windings of wire
wrapping around an iron core. The windings are separate
from each other, and neither is in direct contact with the other.
There are 200 windings of wire on the input side and 50
windings of wire on the outside side. The device most likely
performs which of the following functions?

the charge on a single electron.
the relationship described by Ohm’s law.
the size of an electron.
the relationship between charge and force.

A.
B.
C.
D.

increasing voltage
decreasing voltage
converting alternating current to direct current
converting direct current to alternating current

Answers

1. Correct Response: A (SMR Code: 10.1) Each electron carries an electrical charge approximately equal to -1.60 x 10-19. Robert Millikan discovered this experiementally by showing that the oil droplets had an electrifcal charge equal to some whole-number multiple of thi snumber. After
measuring the charge of thousands of oil droplets, he calculated the charge for a single by noting the smallesy possible difference in charge
found between the oil droplets.
2. Correct Response: B (SMR Code: 10.1) This device is astep-down transformer used to decrease voltage. Each outout-side winding receives the
same voltage, induced magnetically from the alternating current in the input windings. The voltages of the output windings simply add together:
more windings give a proportionate increase in voltage, fewer windings give a proporationate decrease. Thus, if more input than output windings
are present, the voltage will drop.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Constructed Response Questions
Subtest I

Complete the exercies that follow:
question 1

Using your knowledge of the hydrologic cycle:
•
Draw and label a diagram of the hydrologic cycle that includes all the pathways of the cycle and has the physical processes
involoved; and
•
Describe the transfer of energy between water and the environment as water evaporates and condenses
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Constructed Response Questions
Subtest I, Continued
Complete the exercies that follow:
question 2

Use the graph below to complete the exercise that follows:
Using your knowledge  of motion and graphs:
•
Explain the significance of the area between the line drawn to represent the train’s velocity and the hortizontal axis of the graph;
•
Explain the significance of the slope of the velocity-time graph; and
•
Draw an acceleration-time graph for the same trip, with acceleration
on the vertical axis and time on the horizontal axis.

100 CSET Preparation Guide: General Science I & II

101

Subtest II
Domain 4: Ecology

Domain 6: Molecular Biology and
Biochemistry

Candidates understand how organisms in ecosystems exchange energy and nutrients among  
themselves and with the environment. They can
identify factors that affect organisms within an  
ecosystem, including natural hazards and human
activity.

Candidates understand and apply the principles
of chemistry that underlie the functioning of  
biological systems. They describe the properties
of biochemical compounds that make them  
essential to life.

Domain 5: Genetics and Evolution

Domain 7: Cell and Organismal Biology

Candidates understand that a typical cell of any
organism contains  genetic instructions that  
specify its traits. They can explain how biological
evolution accounts for the diversity of  species
that developed through gradual processes over
many generations. Candidates can  describe
evidence used to explain the evolution of life on
the earth.

Candidates understand that that all living
organisms are composed  of cells and explain  
important cellular processes. They describe
and give examples of how the anatomy and  
physiology of plants and animals illustrate the
complementary nature of structure and function.  
Candidates demonstrate understanding of
physical principles that underlie biological
structures  and functions. Then apply these
principles to important biological systems.

Domain 11: Heat Transfer and
Thermodymanics

Candidates explain how heat flows in a predicable
manner. They understand that energy cannot  be
created or destroyed, although in many processes
energy is transferred to the environment  as heat.
Candidates apply their knowledge to explain how
many phenomena on Earth’s surface  are affected
by the transfer of energy through radiation and
convection currents.
Domain 12: Structure and Properties
of Matter

Candidates know that more than 100 elements
of matter exist, each with distinct properties and  
a distinct atomic structure. They describe both
macroscopic and microscopic properties of  matter including intermolecular and intramolecular
forces. They know that the organization of  the
periodic table is based on the properties of the

elements and reflects the structure of  atoms.
Candidates understand how the periodic table is
constructed and the periodic trends in  chemical
and physical properties that can be seen in the
table. They recognize chemical  reactions as processes that involve the rearrangement of electrons
to break and form bonds  with different atomic
partners. Candidates demonstrate understanding
of the principles of  chemistry that underlie the
function of biological systems.

4

Ecology
ecology Subject Matter Requirements
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review

IV.

Post-Test

Candidates understand how organisms in ecosystems exchange
energy and nutrients among themselves and with the environment.
They can identify factors that affect organisms within an
ecosystem, including natural hazards and human activity.

Subject Matter Content
a. Explain energy flow and nutrient cycling through ecosystems (e.g. food chain,
food web)
b. Explain matter transfer (e.g. biogeochemical cycles) in ecosystems
c. Distinguish between abiotic and biotic factors in an ecosystem
d. Compare the roles of photosynthesis and respiration in an ecosystem
e. Describe interrelationships within and among ecosystems (e.g. predator/prey)
f. Identify and explain factors that affect population types and size (e.g. competition
for resources, niche, habitats, species and population interactions, abiotic factors)
g. Describe the effects of natural hazards on various habitats (e.g. earthquakes,
volcanic eruptions, landslides, fire, floods)
h. Describe the impact of humans on ecosystems
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Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

¶0

Explain energy flow and nutrient cycling through
ecosystems (e.g. food chain, food web,
saprovores, etc.) (4.1a)

¶0

¶1

¶2

¶3

¶1

Describe the effects of natural hazards on various
habitats(e.g. earthquakes, volcanic eruptions,
landslides, fire, floods). (4.1g)

¶0

Explain matter transfer (e.g. biogeochemical cycles)
in ecosystems. (4.1b)

Question 8

¶1

¶2

¶3

¶3

Question 7

Question 2

¶0

¶2

¶1

¶2

¶3

Describe the impact on humans on ecosystems. (4.1h)

¶0

¶1

¶2

¶3

Question 3

Distinguish between abiotic and biotic factors in an
ecosystem. (4.1c)

¶0

¶1

¶2

¶3

Question 4

Compare the roles of photosynthesis and respiration
in an ecosystem. (4.1d)

¶0

¶1

¶2

¶3

Question 5

Describe interrelationships within and among ecosystems (e.g. prey, predator... etc.) (4.1e)

¶0

¶1

¶2

¶3

Question 6

Identify and explain factors that affect population
types and size (e.g. competition for resources,
niche, habitats, species and population interactions,
abiotic factors, etc.) (4.1f)
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Subject Matter Content
(a) Explain energy flow and nutrient cycling through ecosystems (e.g., food chain, food web)
(b) Explain matter transfer (e.g., biogeochemical cycles) in ecosystems
(c) Distinguish between abiotic and biotic factors in an ecosystem
(d) Compare the roles of photosynthesis and respiration in an ecosystem
(e) Describe interrelationships within and among ecosystem (e.g., predator/prey)
(f) Identify and explain factors that affect population types and size
(e.g., competition for resources, niche, habitats, species and population interactions, abiotic factors)

a

Explain energy flow and nutrient cycling through ecosystems (e.g.,
food chain, food web)

Every population within a community needs energy. The source of this energy is sunlight. Green
plants absorb light energy and convert it into chemical energy during photosynthesis. Green
plants, cynobacteria and a few other types of bacteria are called producers because they make
their own food. Organisms that eat other organisms for food are called consumers. Animals that
eat only plants are called herbivores. Animals that eat only other animals are called carnivores
and those that eat both plants and animals are omnivores. Scavengers are animals that eat
animals that are already dead. Energy is transferred through a community by food chains. When
organisms die, the materials that make up the organisms are returned to the ecosystem by
decomposers. These feeding relationships illustrate how organisms interact. In a rocky shore
community, a food chain might include: aquatic crustaceans feed on algae; on small fish feed on
crustaceians; racoons feed on fish.

In any community, a large variety of food chains are going to exist and interact. For example,
in the grassland environment, many different organisms will feed on the grass and a variety of
organisms may eat grasshoppers. One particular organism can occupy a position in numbers
of different food chains. A food webs present a broad picture of feeding relationships within a
community and show how food chains are interlinked.

The energy found in the levels of a food web can be shown by an ecological food pyramid. The
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base of the pyramid (first trophic level) represents the producers and because only 10% of the
energy can be passed on to the next level, the populations gets smaller at each higher level of the
pyramid. At the top of the food pyramid is the top carnivore (third level consumer) such as a lion,
tiger, or a wolf.

Food chains, food webs, and pyramids all show how energy moves in one direction through the
trophic levels of an ecosystem, and how energy is lost from trophic level to the next. This energy
is lost to the environment as heat generated by the body processes of organisms. Matter, in the
form of nutrients, also moves through the organisms at each trophic level of an ecosystem. Matter
cannot be replenished like the energy from the sunlight and therefore must be constantly recycles.
Because of this recycling, the atoms of carbon, nitrogen, and other elements that make up the
bodies of organisms alive today are the same atoms that have been on Earth since life began.

b

Explain matter transfer (e.g., biogeochemical cycles) in ecosystems

The Water Cycle:
Water begins its cycle through the ecosystem when plans absorb it through their roots. Animals
drink water or get it indirectly with the food they consume. As water moves through the
ecosystem plants and animals lose it back to the atmosphere through respiration. Organisms also
lose water through excretions. After an organisms dies, decomposition releases water back into
the environment.
The Carbon-Oxygen Cycle:
Carbon is found in the environment as carbon dioxide gas (CO2) in the atmosphere and ocean.
From the atmosphere, carbon dioxide moves to aquatic and terrestrial producers. Producers use
carbon dioxide in photosynthesis, a process that chemically combines carbon dioxide with water
to make sugar. Energy from the sun joins carbon dioxide, oxygen, and hydrogen from water into
energy-rich sugars. Organisms obtain carbon when they consumer producers or other consumers.
Respiration and decay are two processes that usually return carbon to the atmosphere in the form
of carbon dioxide gas. Carbon also returns to the atmosphere in large amounts as carbon dioxide
when fossil fuels are burned.
The Nitrogen Cycle:
Atmospheric nitrogen makes up nearly 78 percent of air. However, living things cannot use
nitrogen in the atmospheric form. Plants take up nitrates made by bacteria and lightning. Plants
convert the nitrates into molecules that contain nitrogen. Herbivores eat plants and convert
nitrogen-containing plant proteins into nitrogen-containing animal proteins. During digestion,
you convert plant proteins and animal proteins to forms that combine to make human proteins.
Organisms return nitrogen to the atmosphere when they die and decay.
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The Phosphorus Cycle:
Substances such as sulfur, calcium, and phosphorus, as well as others, must cycle through the
ecosystem. One essential element, phosphorus, cycles in two ways. Plants use phosphorus in the
soil in their body tissues. Animals get phosphorus by eating plants. When these animals die, they
decompose and the phosphorus is returned to the soil to be used again.

c

Distinguish between abiotic and biotic factors in an ecosystem

Ecology includes the study of features of the environment that are not living. Abiotic factors are the
nonliving parts of the environment. Examples of abiotic factors include air currents temperature,
moisture, light, and soil. Abiotic factors can effect living things and often determine which species
can survive in a particular environment. For example, lack of rainfall can cause a drought in
grassland. The grasses grow less quickly, wildflowers should not produce as many seed, and the
animals that depend on plants for food would find it harder to survive.
The biosphere is the portion of the Earth that supports life. Many different environments, both
aquatic and terrestrial, exist in various regions of the biosphere. Each environment includes both
living and nonliving factors that affect he organisms living there. All the living organisms that
inhabit an environment are called biotic factors.

d

Compare the roles of photosynthesis and respiration in an ecosystem

Sunlight is the ultimate energy source on earth. Energy from sunlight is not returned to its source
but is transformed to another from of energy, which are closely tied together in an energy cycle.
The energy cycle starts with sunlight being utilized by green plants and other photosynthetic
organisms (cynobacteria, some protozoans, etc.). The kinetic energy of sunlight is transformed into
potential energy stored in chemicals bonds in autotrophs (green plants, cynobacteria, etc.) The
process of photosynthesis synthesizes the chemical bonds. The potential energy is released in cell
respiration and is used in various ways.
Inorganic (nonliving) matter in the ecosystem is closely tied to organic (living) matter in the energy
cycle. For example, photosynthesis requires carbon dioxide form the air and water and minerals
from the habitat (soil, ocean, lakes). Chlorophyll in autotrophs captures the sunlight and organize
compounds (glucose) are generated from the inorganic ingredients via a series of enzymatic
reactions within the cells of autotrophs.
Relationship of Photosynthesis and Respiration:
The food that cells break down by respiration is glucose. During photosynthesis, energy is
built up and stored within glucose. Respiration is the opposite of photosynthesis. Respiration
released the energy sores in glucose for use by cells. When you eat glucose, which is found in all
carbohydrates, you are eating stored/potential energy. During respiration energy is released from
glucose.
Photosynthesis and respiration depend on each other. Photosynthesis builds up energy
and respiration released energy. One process cannot exist without the other. The process of
photosynthesis used carbon dioxide, water and sunlight to produce glucose. The process of
respiration uses glucose to produce carbon dioxide and water.
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e

Describe interrelationships within and among ecosystem (e.g.,
predator/prey)

Predation removes the very old, the very young, and the sick from the population and also reduced the
population of prey. If the predators do not keep the prey population in balance, the carrying capacity is
exceeded and the prey may starve. Other symbiotic relationships exist between species in an ecosystem.
Symbiosis is a unique association in which there is a close relationship between two different specific.
Symbiosis often involves direct physical contact and/or a physiological relationship. Three forms of
symbiosis exist: Mutualism, Commensalism, and Parasitism. Mutualism is an association of two species
in which both benefit from the relationship: for example, the protozoans that live in the intestines of
termites. The protozoans help in the digestion of the cellulose in the wood, hence being beneficial to the
termite. In return the protozoan receives protection and food. Commensalism is a relationship between
two specific from which one specific benefits and other is not affected or harmed: for example, remora
fish have a sucker on their basks that they use to attach to the underbelly of a shark. The remora benefits
by receiving protection and food scraps. The shark is not harmed b but receives not benefit. Parasitism
is where one species benefits (the parasite) at the expense of the other (the host). For example, in the
case of athlete’s foot, the fungus is a parasite and causes harm to the tissue of human feet (the host).

f

Identify and explain factors that affect population types and size
(e.g., competition for resources, niche, habitats, species and population interactions, abiotic factors)

If a population in a community is left unchecked, its size can increase astronomically. Population
size is controlled by various factors: competition, size of the population itself, predation, and
environmental factors. The competition among organisms of the same species is knows as
intraspecific competition, which weeds out the least fit in a population. The competition between
two different species is knows as interspecific competition. The species that is best adapted to
the environment will survive while the other species may perish or move into an empty niche.
The niche is often described as the role of an organism within a community. This can be elaborated
by stating that an organism’s niche is its position in the various feeding relationship that occur within
communities. Organisms can be classified according to their niche/mode of feeding. They may be:
(A) Producers (autotrophs)
- organisms that use light energy to make their own food.
(B) Consumers (heterotrophs)
- first order consumers (herbivores or omnivores)
- second order consumers (carnivores)
- third order consumers (carnivores that eat second order)
- decomposers – organisms that cause the breakdown and decay of dead materials
- detrivores – organisms that feed on matter than is broken down by decomposers
- scavengers – organisms that most often feed on dead plants, dead animals and waste
- parasites - feed on substances within a living organism
The number of individuals that can be supported by the environment is called its carrying capacity.
The population size usually fluctuates or stabilizes around the carrying capacity. When the birth rate
equals the death rate, equilibrium is attained. Difficulty in mating, high infant mortality, and inability
to nurture the young will reduce population size. Parasitism increases as resistance is weakened
by stress. Then the death rate exceed the birth rate, the density of the population is reduced.

Domain 4: Quick Review Guide        109

Ecology
III

Detailed Study Guide
Domain 4: Ecology

NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access ECOLOGY: INTERRELATIONSHIPS IN THE BIOSPHERE
http://www.csetprep.org/science/EcologyHomePage.htm
Level One:
ecology

1. What are saprovores, producers and consumers? Give examples.
2. Describe the roles of saprovores, producers and consumers in ecosystems.
3. Describe how an animal may be a 1st order, 2nd order and 3rd order consumer.
4. How does energy move through biomes?
5. Define 1st, 2nd, 3rd and…etc. order consumers in terms of the amount percent energy and mass they contain
as compared to the mass and energy found in PRODUCERS.
6. Describe why the decrease in mass and energy found in 5 above occurs.
7. Outline in detail the steps of the Nitrogen Cycle.
8. Outline in detail the steps of the Oxygen/Carbon Cycle.
9. Outline in detail the steps of the Calcium Cycle. This is representative of all cations (positively charged ions) on
earth.
10. Outline in detail the steps of the Water or Hydrologic Cycle.
11. Outline in detail the steps of the Phosphorus Cycle. This is an example of the other anions (negatively charged
ions) on earth.
12. Differentiate between abiotic and biotic factors in an ecosystem.
13. Define photosynthesis and tell in general terms how it works.
14. Define respiration and tell how it works in general terms.
15. Describe the role of prey and predator in ecosystems and the benefits that the prey and predator “enjoy” as a
result of those roles.
16. Define parasitism and give examples.
17. Define the types of relationships among the following organisms (individuals) in ecosystems. Be sure to give
examples.
• commensalism
• mutualism
• neutralism
• competition
• virulent/pathogenic
18. What are populations, individuals, habitats and niches in ecosystems? Be sure to give examples?
19. Identify the physical and chemical factors included for study and understanding of ecosystems.
20. What are the principles of ecological studies?
21. Describe community boundaries.
22. Describe the effect that abiotic and biotic factors have on communities of organisms.
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23. Describe the effects of natural hazards on various habitats (after studying this section completely)
24. Describe Succession and tell how it works with examples.The Universe  
Level TWO:
ecology

1. Show how matter and energy flow through the Nitrogen, Oxygen/Carbon, Water, Calcium and Phosphorus Cycles.
2. How are producers and 1st, 2nd, and 3rd-order consumers related to the cellular respiration and photosynthetic
processes?
3. Identify the factors that affect population size and types of individuals that live in a particular community.
4. Describe the impact that humans have on ecosystems. Defend your answers by stating examples of each kind of
impact you describe.
Level THREE:
ecology

1. Identify how the physical and chemical factors described in Level I may affect ecosystem. Be very specific by giving examples.
2. Now apply all of your understanding to communities of humans in cities and towns of America. Describe the factors that might cause the populations of humans and their surroundings to increase or decrease or may influence the
types of individuals living in that ecosystem.
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Domain 4: Post-Test
General Science Subtest II
question 1

Question 2

Use the information below to answer the question that follows.

In some tropical rain forests, a very large biomass of primary
producers is supported by soils that exhibit much lower levels
of phosphorus and other key nutrients compared to temperate forests. Which of the following statements best explains
the high levels of productivity on nutrient-poor soils in some
tropical rain forests?

Trophic Pyramids for Two Ecosystems

A.

The diagrams above show two types of trophic pyramids for
two different ecosystems.  One type of pyramid shows the
number of individual organisms that make up each trophic
level, while the other shows the total biomass of all organisms
at each trophic level.

B.

C.
D.

Which of the following is the most likely explanation for the
difference in the number of individuals at each trophic level
between the two ecosystems?
A.
B.
C.
D.

P lants growing under conditions of high temperatures use a different pathway for photosynthesis that requires the use of less nutrients.
Warm temperatures and high levels of moisture allow
decomposers to recycle nutrients rapidly for reuse by
primary producers.
High rainfall in tropical forests creates many streams
that contain and distribute high levels of dissolved salts.
Plants in tropical forests grow very slowly and are
extremely efficient at extracting nutrients from the soil.

T he individual producers in the ecosystem 1 are larger
than the individual producers in ecosystem 2.
The productivity of ecosystem 1 is greater than the productivity of ecosystem 2.
The individual producers in ecosystem 1 are smaller than
the individual producers in ecosystem 2.
The productivity of ecosystem 1 is less than the productivity of ecosystem 2.

Answers
1. Correct Response: A. (SMR Code: 4.1) A biomass pyramid reflects the total weight of living matter at each trophic level, while a numbers pyramid reflects the total number of individual organisms at each trophic level.  To have the situation shown for ecosystem 1, where the number of individual producers is smaller than the next higher trophic level yet the
biomass is larger, the biomass of individual organisms must be large.  This type of pattern might be found in a forest.  In ecosystem 2, the large biomass of producers is the result of
more, yet smaller, organisms.  This would be typical of a grassland ecosystem.
2. Correct Response: B (SMR Code: 4.1) Productivity rates of ecosystems largely depend on the speed of decomposition, which returns nutrients to a form usable by higher organisms.  
Organic matter in tropical rain forests can be broken down by decomposers in a relatively short time due to the warm moist climate year-round. As a result, nutrients are rapidly
recycled for reuse by primary producers such as trees, which quickly pull the nutrients out of the soil and assimilate them into their biomass.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Genetics & Evolution Subject Matter
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review
• The Moon
• The Solar System
• Place & Time
• The Universe

IV.

Post-Test

Requirements
Candidates know there are many different natural energy and
material resources including air, soil, rocks, minerals, petroleum,
fresh water, wildlife, and forests, and know how to classify them
as renewable or nonrenewable. They realize that sources of energy
and materials differ in amounts, distribution, usefulness and the
time required for their formation. Candidates understand that the
utility of energy sources is determined by factors that are involved
in converting these sources to useful forms and the consequences
of the conversion process. They know the natural origin of
materials used to make common objects.

Subject Matter Content
a.

b.

E xplain the inheritance of traits which are determined by one or more
genes including dominance, recessiveness, sex linkage, phenotypes,
genotypes and incomplete dominanceb. Solve problems that illustrate
monohybrid and dihybrid crossesc. Compare sexual and asexual reproductiond. Explain how the coding of DNA (deoxyribonucleic acid) controls
the expression of traits by genese. Define mutations and explain their
types and causesf. Explain the process of DNA replicationg. Describe
evidence, past and present, that supports the theory of evolution, including diagramming relationships that demonstrate shared characteristics
of fossil and living organismsh. Explain the theory of natural selection
including adaptation, speciation, and extinction
List major events that affected the evolution of life on Earth (e.g. climate
changes, asteroid impacts)
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Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Explain the inheritance of traits which are determined
by one or more genes including dominance,
recessiveness, sex linkage, phenotypes, genotypes
and incomplete dominance

¶0

¶1

¶2

¶3

the theory of evolution, ncluding diagramming
relationships that demonstrate shared characteristics of
fossil and living organisms

¶0

¶1

¶2

¶3

Question 8

Question 2

Explain the theory of natural selection including
adaptation, speciation, and extinction

Solve problems that illustrate monohybrid and dihybrid crosses

Question 9

¶0

¶1

¶2

¶3

Question 3

Compare sexual and asexual reproduction

¶0

¶1

¶2

¶0

¶1

¶2

¶3

List major events that affected the evolution of life on
Earth (e.g. climate changes, asteroid impacts)

¶0

¶1

¶2

¶3

¶3

Question 4

Explain how the coding of DNA (deoxyribonucleic
acid) controls the expression of traits by genes

¶0

¶1

¶2

¶3

Question 5

Define mutations and explain their types and causes

¶0

¶1

¶2

¶3

Question 6

Explain the process of DNA replication

¶0

¶1

¶2

¶3

Question 7

Describe evidence, past and present, that supports
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II

Subject Matter Content
a.
b.
c.
d.
e.
f.
g.
h.
i.

a

 Explain the inheritance of traits which are determined by one or more genes, including
dominance, recessiveness, sex linkage, phenotypes, genotypes and incomplete dominance.
Solve problems that illustrate monohybrid and dihybrid crosses.
Compare sexual and asexual reproduction.
Explain how the coding of DNA (deoxyribonucleic acid) controls the expression of traits by genes.
Define mutations and explain their types and causes.
Explain the process of DNA replication.
Describe evidence, past and present, that supports the theory of evolution, including diagramming
relationships that demonstrate shared characteristics of fossil and living organisms.
 Explain the theory of natural selection, including adaptation, speciation, and extinction.
List major events that affected the evolution of life on Earth (eg. climate changes, asteroid impacts).

Explain the inheritance of traits which are determined by one or
more genes, including dominance, recessiveness, sex linkage, pheno
types, genotypes and incomplete dominance.

Genes passed on from generation to generation determine the inheritance of traits.  Genes
are sections of chromosomes, which are contained in the sperm & egg that form the embryo.  
Humans have 46 chromosomes, 23 inherited from the mother, 23 from the father.  The
chromosomes form pairs, each member of the pair containing a form of the same gene.   Each
form of a gene is called an allele, and so usually there are two alleles (one from the mother and
one from the father) for each gene.  Genes contain the information used to make mRNA, which
is used to make proteins, which cause the physical characteristics of an organism.  These  
physical traits (eye color, hair color,
etc) are called one’s phenotype while
the nature of the genes is called one’s
genotype.  The alleles are typically
dominant or recessive, which means
that one form (dominant) is able to
mask the presence of the other form
(recessive).  For example, hair color
may be brunette or blond, the brunette
allele being dominant to the blond
allele.  If someone inherits two copies
of either brunette (noted as BB) or
blond (bb), they will have hair color of
the appropriate type.  If they inherit
one allele of each type (Bb) they will
have brunette hair since brunette is
dominant.  These conditions are termed
homozygous or purebred if the alleles
are alike, and heterozygous or hybrid if
From http://www.aruplab.com/cysticfibro inheritance.gif
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the alleles are different.  
Gregor Mendel, an Austrian monk in the mid 1850’s, first worked out the ideas above and this
type of inheritance pattern is called “Mendelian genetics”.  While these ideas are true for many
traits, they are not always true.  Exceptions occurred in some traits that blended, where neither
trait masked the other, for example straight vs curly hair, or white and red flowers producing pink
offspring.  In these cases heterozygotes displayed a third form of a trait, unlike the dominant
or recessive, but someplace between the two.  This pattern of inheritance is called incomplete
dominance.  Another type of non-Mendelian inheritance is seen with sex-linked traits, such
as color blindness or hemophilia.  In sex-linked traits the genes are located on the same
chromosomes that code for sex, XX for female or XY for male.  These sex-linked genes are on
the part of the chromosome missing on the Y, so males only get one allele for such traits.  Thus
recessive traits require only one allele to be expressed in males, while two such alleles are
required in females.  They’re annotated as XHXh , or for males: XHY, the X and the Y signifying
the sex chromosome, and the superscript letter signifying the gene in question.  Since males
more easily express recessive traits, these traits are called sex-linked.  A third type of nonMendelian inheritance is with traits caused by a combination of genes, such as skin color.  Traits
caused by several genes acting together are called polygenic.
Genetics really started with Mendel’s experiments in the 1850’s on pea plants.  He determined
that how one trait is inherited had nothing to do with how another trait was inherited (Law of
Independent Assortment), and that the two
alleles for each trait were separated during
reproduction (Law of Segregation).  His findings
were published in an obscure journal, and
received scant attention until the early 1900’s.  
Walter Sutton noticed that chromosomes
behaved much like Mendel’s unidentified
factors during meiosis and proposed a
“chromosome theory of inheritance”.  Thomas
Hunt Morgan noticed  a mutation in fruit flies
that was sex-linked and determined that it
must be located on the sex chromosomes.  
One of his students (Alfred Sturtevant) noticed
that some traits usually were inherited together,
as if they were on the same chromosome.  
Occasionally however, these traits didn’t
get inherited together, but recombined with
some other trait.  Sturtevant realized that the
frequency with which these recombinants
appeared was related to the distance between
the traits on the chromosome, and he called
this distance a centimorgan.  Only recently
have molecular biologists determined the
actual location of genes on chromosomes
during the Human Genome Project much like
From: http://hearing.harvard.edu/assets/figures/X-linked%20Inheritance%20small.jpg
Mendel’s unidentified factors during meiosis
and proposed a “chromosome
theory of inheritance”.  Thomas Hunt Morgan
noticed  a mutation in fruit flies that was sex-
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Occasionally however, these traits didn’t get inherited together, but recombined with some
other trait.  Sturtevant realized that the frequency with which these recombinants appeared was
related to the distance between the traits on the chromosome, and he called this distance a
centimorgan.  Only recently have molecular biologists determined the actual location of genes
on chromosomes during the Human Genome Project.

• In some families, traits present in one generation, for example “red hair”, seem to disappear in the next generation,
   only to reappear again the following generation.  Use your knowledge of genetics to explain this phenomenon.

To Think About

For more in formation, go to:

http://www.biology.arizona.edu/mendelian_genetics/mendelian_
genetics.html or http://www.dnaftb.org/

b

Solve problems that illustrate monohybrid and dihybrid crosses

Punnett Squares are used to determine the likelihood of different outcomes given the parental
genotypes for one or two genes.  Since each sperm or egg carries only one copy of each gene
(one allele), the possible types of sperm are line up against the possible types of eggs and the
outcomes noted for each sperm fertilizing each egg.  For a single gene (B for brunette, b for
blonde) being analyzed for heterozygous parents, it looks like this:
B

B

b

BB

Bb

b
Bb
bb
As you can see, there are three possible outcomes: 1 homozygous dominant, 1 homozygous
recessive, and 2 heterozygous.  That means there is a 3⁄4 (75%) chance that the offspring will
have a dominant, or brunette phenotype (although 2/3rds of these will have a recessive gene),
and a 1⁄4 or 25% chance the offspring will have a recessive, or blond phenotype.  This 3:1
phenotypic outcome, or 1:2:1 genotypic outcome is typical of heterozygous crosses.   
If the trait, such as hemophilia, is sex-linked, a heterozygous cross would be expressed as:
XH
X

H

X X
H

H

Y
X HY

Xh
X HX h
X hY
 The outcome in this case is 2/4 female (XX), 2/4 male (XY).  Of the females, none are hemophilic
(although their is a 50% chance of a female being a carrier for the disease).  Of the males, there
is a 50% chance of being hemophilic.
If two traits are considered, the process is much the same.  First identify all the possible
combination of alleles that could appear in the sperm or the eggs, then line them up to see all
the possible results of those sperms fertilizing those eggs.  For example, in a dihybrid cross
(heterozygous for two genes with mendelian inheritance) where the parents have the dominant
traits for widow’s peak (W) and being brunettes (B), the Punnett Square would look like:
WB

Wb

wB

wb

WB

WWBB

WWBb

WwBB

WwBb

Wb

WWBb

WWbb

WwBb

WwBB
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wB

WwBB

WWBb

wwBB

wwBb

wb

WwBb

WWbb

wwBb

wwbb

Notice that the row and column indicating the possible sperm and eggs contain only one allele
for each trait (only one w or b), reflecting Mendel’s Law of Segregation.  Also notice that the
dominant and recessive genes are expressed systematically, every possible combination being
present, reflecting Mendel’s Law of Independent Assortment.  The outcome is a 9:3:3:1 ratio
phenotypically (3:1)2.  That is the offspring have a 9/16 chance of expressing both dominant
traits, a 3/16 chance of expressing one dominant and one recessive trait, and a 1/16 chance of
expressing both recessive traits.  

• What are the phenotypes and genotypes of a cross between a heterozygous brunette and
   a homozygous blond?  Give the expected frequencies of each type of offspring. 
For more in formation, go to:

To Think About

http://www.biology.arizona.edu/mendelian_genetics/mendelian_genetics.html or http://
www.dnaftb.org/

Compare sexual and asexual reproduction.

c

Sexual reproduction increases the variety of possible offspring.  This is because the genes from
one parent are mixed with those from another in creating offspring.  To accomplish this without
steadily increasing the number of chromosomes, the process of meiosis reduces the number
of chromosomes by half.  Where normally cells contain 46 chromosomes (23 from mother,
23 from father, forming 23 pairs where each pair contains alleles of the same gene), meiosis
produces sperm and eggs each containing only 23 chromosomes, ready to be passed along
just as they’d been received.  For each starting cell, 4 eggs or sperm (gametes) are produced.  
Of the 23 chromosomes present in a sperm or egg, there is a random mix of chromosomes
from the mother and from the father.  In addition, early in meiosis pieces of chromosomes
exchange pieces during a process called crossing over, rendering most chromosomes neither
completely from either the mother or father.  Each of these three steps increases the variation of
the offspring produced: crossing over, random placement of chromosomes in sperm and eggs,
and random fertilization of eggs by sperm.  This is important for populations of organisms, as
populations therefore have the diversity necessary to meet natural selection and have some
individuals survive.
Asexual reproduction is quicker than sexual reproduction, requiring only one parent, thus
producing offspring more readily.  These offspring are produced by mitosis, where 2 cells
identical to the parent cell are produced.  The downside to this is that since the offspring are
identical, populations of organisms have little diversity and are strongly subject to extinction
through natural selection.

• Two successful populations, one reproducing sexually and the other asexually, are in an environmentally stable location
with plenty of resources.  Explain which population will experience more growth.
For more in formation, go to:

http://www.radford.edu/~rsheehy/genetics/Meiosis/B245OMeiAsex.html
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Explain how the coding of DNA (deoxyribonucleic acid) controls the
expression of traits by genes.

DNA is the material of which genes (and chromosomes) are made.  DNA is made from four
nucleotides, adenine, thymine, guanine, and cytosine.  These are arranged sequentially in
a double stranded chain so that every adenine nucleotide is opposite a thymine, and every
guanine nucleotide is opposite a cytosine.  Such chains are complementary such that either
strand by itself is able to make its opposite strand, which it does during DNA replication.  This
sequence of nucleotides can also be transcribed into mRNA, a single stranded material that is
able to leave the nucleus, unlike DNA.  Ribosomes in the cell use the sequence of nucleotides
in mRNA to assemble proteins in a process called translation.  Proteins are made of chains of
amino acids, each set of three nucleotides, called a codon, indicating a particular amino acid.  
What happens in the cell is that a form of RNA called tRNA is attached to an amino acid.  There
are different tRNAs, each attached to a different amino acid.  At one end of the tRNA is the
amino acid.  At the other end is a sequence of three nucleotides called an anticodon.  If the
anticodon matches the codon on the mRNA, then its amino acid is added to the growing protein
chain.  Thus the sequence of DNA nucleotides is transcribed to form mRNA and the sequence of
mRNA nucleotides directs the sequence of amino acids used in building proteins.  The proteins
are the enzymes and structural material that make the traits we have.  This sequence from
DNA to RNA to protein is called the central dogma of molecular biology and is the reason that
understanding DNA is so important.

From: http://www.geneticengineering.org/chemis/Chemis-NucleicAcid/Graphics/
Transcription.gif

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/Translation.gif
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http://www.talkorigins.org/faqs/molgen/DNA.RNA.protein.4.gif

The role of DNA in controlling cell functions goes back to Morgan’s identification of
chromosomes as the units of inheritance.  Chromosomes are composed of protein and DNA,
so efforts to determine the hereditary material focused on those materials.  In 1928 Frederick
Griffith showed that dead virulent bacteria could transform non-virulent bacteria into becoming
virulent.  When he injected a mixture of dead virulent bacteria (which alone did no damage) and
live non-virulent bacteria (which alone did no damage) into mice, the mice died.  In 1944 Oswald
Avery determined that it was the DNA from the dead bacteria that caused this transformation.  
He purified different materials from the dead bacteria and mixed them with the non-virulent
bacteria in a similar experiment.  His finding was substantiated in 1952 when Alfred Hershey
and Martha Chase showed that bacteriophages (viruses that attack bacteria) inject DNA into
the cells they infect. They used radioactive phosphorus which was incorporated into the viral
DNA and radioactive sulfur which was incorporated in the viral protein coat and noted that only
the phosphorus showed up in the virally infected bacteria.  Then in 1953 James Watson and
Francis Crick combined x-ray diffraction results from Rosalind Franklin and DNA composition
findings (Adenine composition always equals thymine composition, same for cytosine and
guanine) from Erwin Chargaff to deduce the double helix structure of DNA.  In 1909 Archibald
Garrod had noticed that the inherited disease often reflected an inability of the afflicted person
to make a particular enzyme.  In the 1930’s Beadle and Tatum showed that mutant Neurospora
(bread mold) strains were missing enzymes, each different mutation causing a lack of a different
enzyme.  Watson and Cricks DNA structure then made sense out of how DNA could impact
enzymes, which are made of protein.

• How does an insertion or deletion mutation (adding or removing a single nucleotide from a DNA sequence) completely
   alter the resulting protein?
For more in f ormation, go to:

http://www.people.virginia.edu/~rjh9u/trtrrev.html
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Define mutations and explain their types and causes.

A mutation is any change in the DNA nucleotide sequence regardless of their cause.  Mutations
are caused by DNA processing, radiation exposure (including natural cosmic rays), or chemical
exposure (including many cigarette components), etc.  Mutations may affect a single nucleotide,
replacing one with another, inserting one, or deleting one; or may affect a section of DNA,
moving it, turning it backwards, copying and moving the copy; and may be silent or expressed.   

Single nucleotide replacement mutation effect.  From:
http://www.cbs.dtu.dk/staff/dave/roanoke/fig13-01.jpg

From: http://www.blc.arizona.edu/Marty/181/181Lectures/Figures/MolBiol/muthome.GIF

From: http://www.blc.arizona.edu/Marty/181/181Lectures/Figures/MolBiol/muthome.GIF
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DNA is copied in preparation for cell division, and then moved about during the processes of
mitosis and meiosis.  During meiosis segments of adjacent chromosomes cross over each other
are interchange parts.  During these times DNA is subject to change or mutation caused by the
processing or by exposure to chemicals, called mutagens.  Short wavelength radiation carries
enough energy to knock off electrons from DNA molecules, breaking bonds that then allow
changes to occur.  The simplest mutations are point mutations, where a nucleotide is deleted,
inserted, or replaced.  When RNA is used to direct the formation of proteins, it is read in groups
of three nucleotides, called codons.  Often the third nucleotide in a codon is variable, meaning
several different nucleotides in the third position will indicate the same amino acid.  Changing
this nucleotide would have no effect.  Also large sections of DNA are never transcribed, or if
so the resulting sections of mRNA deleted before being used to form proteins.  These deleted
sections are called introns.  Mutations in any of these cases are silent because they don’t effect
the organism they occur in.  On the other hand, point substitutions can be important.  The
classic case of an important point substitution is sickle cell anemia, caused by the replacement
of a single nucleotide in the gene for hemoglobin.  The addition or deletion of a nucleotide
is much more serious, as it causes a frame shift error, changing which three nucleotides are
grouped as a codon, not just where the mutation occurs, but for every codon down the line.  For
example the sentence “Thecatatethebigrat” is easily read as “The cat ate the big rat”, but if the
first letter is deleted the sentence “hecatatethebigrat” becomes the unreadable “Hec ata tht heb
igr at”.   Some mutagens cause similar effects by occupying a slot where a nucleotide should
be, but not being transferred to the right nucleotide during transcription.  Additionally, sections
of genes can be moved from one place to another (translocation), interfering the both the gene
they were removed from and the one they were inserted in.  Likewise, segments of genes can
be replaced backwards (inversion).   Finally, during meiosis, chromosomes or their fragments
may fail to separate (called nondisjunction), leaving some gametes with too many chromosomes
or some with too few.  Down’s syndrome is caused by an extra copy of the 21st chromosome,
or at least a piece of it; Klinefelters syndrome is caused by an extra X chromosome (XXY male),
and Turner’s syndrome by a missing X or Y (XO female).  These cases are grouped into a class of
defects called aneuploidy.  Usually such mistakes result in zygotes that fail to develop.
Bruce Ames developed the Ames test using bacteria to screen chemicals for mutagenicity.  The
test involves mixing histidine dependent bacteria with a suspected mutagen, then attempting
to grow the bacteria on agar missing histidine.  No bacteria should grow.  If some do grow,
they must have had a mutation allowing them to make their own histidine and the chemical is
subjected to further tests.
• Why is it difficult in cases like the Chernobyl power plant accident, to determine the number of resulting mutations?
For more in f ormation, go to:

http://www.blc.arizona.edu/Marty/181/181Lectures/Lecture1516_
99.html
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Explain the process of DNA replication.

DNA is composed of two complementary strands of nucleotides, such
that adenine nucleotides always pair up with thymine nucleotides and
guanine with cytosine.  These strands twist around each other to form
a “double helix”.  During replication an enzyme called helicase untwists
portions of the strands at “origin of replication” sites, single strand binding
proteins stabilize the untwisted strands, and DNA polymerase enzymes join
complementary nucleotides together forming a new strand.  The growing
split is called a replication fork, which proceeds in both directions from the
origin of replication site to make a replication bubble.  Each new strand will
form a double helix with the template strand it was copied from.  he DNA
strands have a direction, 3’ on one end and 5’ on the other, and are lined
up opposite each other.  New DNA is made from the 5’-->3’ direction.  As
a result, one strand (the leading strand) can be made continuously, while
the other strand (the lagging strand) is mfragments that are later patched
together by a ligase enzyme.

From: http://www.blc.arizona.edu/
Marty/181/181Lectures/Figures/MolBiol/muthome.GIF

This type of replication is called semiconservative and was demonstrated by Meselson and
Stahl.  They cultured bacteria with a heavy nitrogen isotope, which was incorporated into its
DNA.  Then they switched the bacteria to a culture medium with a light nitrogen isotope.  By
isolating the DNA formed and determining its weight they were able to show that the new
DNA formed after switching to the light nitrogen media had a weight in-between the two forms
of nitrogen, indicating the presence of both old and new strands in the newly formed DNA.  
Subsequent replications had increasing percentages of lightweight DNA, but some still appeared
to have the intermediate weight, showing that some strands still were composed of the heavy
DNA.

g

• If Meselson and Stahl’s DNA showed heavy and light DNA after the first replication, what would that have meant?

To Think About

For more in formation, go to:

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/D/DNAReplication.html

Describe evidence, past and
present, that supports the
theory of evolution, including diagramming relationships that demonstrate
shared characteristics of
fossil and living
organisms.

Charles Darwin, originator of the theory
of evolution by natural selection, used
several lines of evidence in support of
his new theory.  In addition to these,
the theory is supported by recent
Relationships.  From: http://www.wwnorton.com/cdly/evolution/fig19_5.gif
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developments in paleontology and  molecular biology.
n Darwin’s time, Cuvier had noticed that fossils seemed similar to existing organisms found
in the same area, especially if they were found near the surface of the ground.  However he
also noticed the deeper the fossil was found, the more dissimilar to current organisms it was.   
Current techniques have validated these conclusions, assigning dates to the existance of now
extinct species.  Relative dating compares the position fossils are found in with the surrounding
geology to determine what is older or younger than something else.  Absolute dating uses the
decay of radioactive isotopes to determine how many years ago a fossil formed.  Radioactive
isotopes are forms of elements that decay into daughter products at a constant known rate.  
By comparing the amount of parent and daughter products, the age of the sample can be
estimated.  Radioactive dating, or radiometric dating also supports another new development
in Darwin’s time, the idea originating with Hutton and Lyle that the earth was very old, and that
over a long time, small changes could accumulate to a significant effect.  If the earth was very
old, normal geological processes such as deposition could create thick sedimentary beds, and
normal biological processes such as natural selection could create new species.
Darwin noticed in his travels around South America that organisms tended to be more like
organisms from surrounding areas than ones from the same type of habitat he knew of back
home.  Such evidence is called biogeography, or the study of the distribution of organisms.  For
example, marsupials are found only in South America and Australia.  By comparing the fossils
present in those places with the time those continents separated from other continents after
the breakup of Pangea, it is apparent that marsupials evolved before placental mammals, and
that placental mammals evolved after the South America and Australia split from the other
continents.  In fact, most marsupials in South America were driven extinct after South America
ran into North America and North American placental mammals invaded the south.  The
reverse happened as well, but few marsupials, notably the opossum and armadillo were able to
outcompete and survive in the north.
About a century before Darwin, Linnaeous had grouped organisms into a heirachical structure
of similarity, with kingdoms, phyla, classes, order, genus and for organisms similar enough to
reproduce together, species.  This ability to group organisms into increasingly similar taxons
led to the study of comparative
anatomy.  Anatomists noted that
many closely species, for example
whales, birds, and mammals, had
limbs with similar bone structures
that were serving different functions
such as fins, wings or legs.  Such
structures were called homologous
structures.  Anatomist also noticed
that organisms sometimes had
structures, like the appendix, which
seemed related to structures

Ancient whale.  From: http://www.lifesci.utexas.edu/faculty/sjasper/images/1302F.jpg
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in other species, but had little usefulness in the particular organism being studied.  Such
structures were termed vestigial.  Finally comparative anatomists noticed that some organisms
had similar structures, for example wings or fins, that were made completely differently.  Such
organisms, like birds and insects, or whales and fish, were only distantly related by Linneaus
and such structures were called analogous structures.  Anatomists also noticed that embryonic
development also showed similarities to the development of other organisms.  At early stages it
is difficult to tell the difference between human and embryos for example.  The developmental
paths showed that different organisms start along similar paths, growing increasingly different as
development proceeded.

Homologous structures.  From: http://www.lifesci.utexas.edu/faculty/sjasper/images/SO17_10.gif

Domain V: Quick Review Guide        125

genetics & Evolution

Embryonic structures.  From: http://www.lifesci.
utexas.edu/faculty/sjasper/images/SO17_14.gif

As people began discovering more fossil organisms, they wrote evolutionary trees to show
how current organisms were related to each other, and to their fossil ancestors.  These trees
are called phylogenetic trees or cladograms, phylogenetic reflecting the role of genetics in
creating phyla, and cladograms because a clad is a grouping.  One outcome of such diagrams
was to show that organisms didn’t evolve from each other, but from some common ancestor.   
Cladograms work by selecting what might be reasonably closely species, and then determining
which of them has characteristics shared by all the others.  This organism is the starting point
of comparison and is assumed to most closely represent the original common ancestor.  Then
the other species are compared to see in what order new features appeared, so that subsequent
organisms shared those features that evolved before them.

Cladogram.  From: http://www.es.ucsc.edu/~pkoch/lectures/L18.MAMMAL%20CLADOGRAM.GIF
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The development of molecular biology
has allowed biologists to compare amino
acid sequences in important proteins
such as hemoglobin or cytochrome
to determine the relationship between
current species.  The importance of
these proteins means that organisms
can’t afford to change them and still
survive, so they usually conserved intact,
with only minor changes.  As might
be expected, more distantly related
species have more differences in these
sequences.   Biochemists have also noted
Biochemical evidence.  From: http://www.lifesci.utexas.edu/faculty/sjasper/images/1303B.jpg
that processes such as cell respiration
or mitosis use the same enzymes, molecular structures, and biochemical pathways in different
species, revealing a common ancestry
More recently, DNA sequencing has allowed comparisons between species in terms of their
DNA similarity.  This has been important because DNA has large regions that are noncoding,
or “junk DNA”, contributing nothing to the survival of the organism and are therefore free
to change.  Still such regions are inherited and are therefore able to show genetically how
organisms are related.  One trick molecular biologists use is to separate the strands of DNA,
creating single stranded DNA, and then to mix in single stranded DNA from another species.  
Where the nucleotide sequences are the same the strands will hybridize, or stick to each other.  
Again as might be expected, more closely related species show a greater extent of hybridization
than do more distantly related species.  A startling finding of such studies is the conservation of
some sequences from organisms as distantly related as mice, fruit flies, roundworms, or yeast.

• What is wrong with the often-critiqued viewpoint that humans evolved from chimpanzees?
For more in f ormation, go to:

http://web.ukonline.co.uk/webwise/spinneret/genes/evoln.htm

h

To Think About

Explain the theory of natural selection, including adaptation, speciation, and extinction.

Natural selection was first proposed by Charles Darwin as a mechanism for evolution.  Others
had examined the fossil record then being uncovered and realized that changes in species had
occurred, but couldn’t explain how.  Lamarck had suggested change was the result of acquired
traits, for example giraffes stretching their necks to reach the uppermost leaves of a tree would
pass on those lengthened necks to their offspring.  During his voyage around the world on
the HMS Beagle Darwin was impressed with the variety of insects he saw in the Brazilian rain
forest.  Not only were there a lot of species, but also each species had lots of variations.  Also
during this voyage Darwin read an essay by Thomas Malthus, which pointed out that organisms
are able to reproduce much faster than their food supply.  Darwin pieced this together with his
own observations in concluding that if only some offspring were going to survive, there must
becompetition between the offspring for those limited resources, and those variations would
make the difference in how well each individual would be able to utilize resources.  Offspring
whose traits gave them an advantage would reproduce more successfully, and those favorable
traits would be passed on to succeeding generations.  Each generation would become
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increasingly more efficient at utilizing, or being adapted to, their environment by this process
of natural selection.  If the environment changed, as Darwin noted during an earthquake in the
Andes, then the selective pressures would change, and succeeding generations would become
adapted accordingly.  Notice that change occurs in populations and over generations as natural
selection works on the phenotypes of the individuals reproducing within an environment.  If
among a population no variations present (actually within its gene pool) enabled portions of
the population to cope with an environmental change, then the population could all die, or
become extinct.  If the population represented the entire species, then the species would go
extinct.  If portions of a population were separated from each other, or if a species were to
become divided into different populations separated by some barrier (river, mountain range,
etc), then possibly each subpopulation would experience different selective pressures, and
accumulate different mutations, each collection of variations proffering a selective advantage
within its own environment.  Later, the barrier could become removed (river dried up or mountain
eroded away) yet the populations remain unable to reproduce with each other.  While at first
a geographical barrier prevented the flow of genes between subpopulations, now behavioral
(mating calls, courtship dances), temporal (anything to do with time), mechanical (parts don’t fit),
gametic (gametes unable to fertilize each other), or other such mechanisms enforce reproductive
isolation and while physically together, the subpopulations remain distinct types of organisms, or
new species.
During environmental crises, rapid change may result as a result of a small number of survivors
possessing favorable traits.  As a result, sudden speciation will occur in a process called
punctuated equilibrium, as opposed to the more common gradualism.

Mechanism of Natural Selection.  
From: http://www.globalchange.umich.edu/globalchange1/current/lectures/selection/selection.html

•  Describe how flooding resulting from an El Nino event could result in formation of a new  species.
For m ore in formation, go to:

http://www.globalchange.umich.edu/globalchange1/current/lectures/selection/
selection.html
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i

List major events that affected the evolution of life on Earth (eg.
climate changes, asteroid impacts).

Their have been several major events that have affected the evolution of life on Earth. The first of
these is probably the advent of cyanobacteria, raising the level of oxygen in the atmosphere to
around 3%. This allowed oxygen dependent respiration to develop and also created the ozone
layer, shielding developing life from the harmful effects of UV radiation from the sun. Next would
be the development of eukaryotes, with compartmentalization of cell processes, allowing them
to be carried out more efficiently. Third would be the development of hard shells or exoskeletons
that allowed protection from predator species, resulting in the Cambrian explosion, where
most living basic body plans develop (End of Precambrian, 560 mya). The formation of Pangea,
along with a possible asteroid impact, caused the Permian extinction (90% of marine species
and 70% of terrestrial species driven extinct) at the end of the Paleozoic Era (225 mya). The
eventual breakup of Pangea (200 mya), another asteroid impact, and climatic cooling, drove
the dinosaurs extinct, ending the Mesozoic Era 65 mya. Mammals rose to fill the empty niches
during our present age, the Cenozoic.

Geologic timeline. From: http://seaborg.nmu.edu/earth/geotime/tline25b.gif

More accurate geologic timeline. From: http://seaborg.
nmu.edu/earth/geotime/tline24b.gif

• Describe five major events that altered the face of live on earth and explain  
their effect.
For more in f ormation, go to:

To Think About

http://seaborg.nmu.edu/earth/
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Vocabulary
gene  
chromosome
mRNA
protein
dominant
recessive
codominant
sex-linked
pure bred
hybrid
homozygous
heterozygous
allele  
Gregor Mendol
trait    
mutation
cyanobacteria

monohybrid
dihybrid
Pummett squre
Independent Assortment
Segregation
phenotype
genotype
gamete
asexual reproduction
sexual reproduction
nucleotide (base)
codon
transcription
translation
ribosomes
tRNA
Paleozoic

anticodons
bacteriophage
double helix
insertion
deletion
frameshift
mutagen
inversion
translocation
Turner’s syndrome
Klinefelter’s syndrome
aneuploidy
DNA or RNA polymerase
leading and lagging stand
semiconservative replication
radiometric dating
Permian extinction

Hutton and Lyell
analogous structure
phylogenetic tree
Malthus
eukaryotes
Mesozoic
Cretaceous extinction
Cuvier
homologous
cladogram
reproductive isolation
Precambrian
Cenozoic
Limeaus
vestigial organ
natural selection

To Think About Answers
a

Explain the inheritance of traits which are determined by one or
more genes, including dominance, recessiveness, sex linkage, pheno
types, genotypes and incomplete dominance.

In some families, traits present in one generation, for example “red hair”, seem to disappear in the next generation,
only to reappear again the following generation. Use your knowledge of genetics to explain this phenomenon.
The gene for red hair must be recessive, appearing in the homozygous parent of the first generation, but masked by a dominant
trait inherited from the other parent in the second generation. If two heterozygous individuals in the second generation mate, then
there is a 25% chance that one of their children will be homozygous recessive and thus express that trait (red hair).

b

Solve problems that illustrate monohybrid and dihybrid crosses

What are the phenotypes and genotypes of a cross between a heterozygous brunette and a homozygous blond? Give
the expected frequencies of each type of offspring.
What are the phenotypes and genotypes of a cross between a heterozygous brunette and a homozygous blond? Give the expected
frequencies of each type of offspring. The brunette would be Bb, the blond bb. The Punnett Square would look like:
B

b

b

Bb

bb

b

Bb

bb

Genotypically, 2/4 (50%) will be Bb or phenotypically brunette. Genotypically 2/4 (50%) will be bb or phenotypically blond.
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c

Compare sexual and asexual reproduction.

Two successful populations, one reproducing sexually and the other asexually, are in an environmentally stable location with plenty of resources. Explain which population will experience more growth.
Since the environment is stable, resources are plentiful, and both populations are successful, natural selection will have little effect. Therefore whichever population reproduces faster will experience more growth and this will be the asexual population.

d

Explain how the coding of DNA (deoxyribonucleic acid) controls the expression of traits by genes.

How does an insertion or deletion mutation (adding or removing a single nucleotide from a DNA sequence) completely alter the resulting protein?
The addition or deletion of a single nucleotide is copied onto the RNA produced from the mutant DNA. RNA is read in sets of three
in selecting the sequence of amino acids for building a protein chain. Adding or deleting a nucleotide shifts the set of three by one
letter for every amino acid in the chain, resulting in a completely different chain. For example the sentence “Thecatatethebigrat”
is easily read as “The cat ate the big rat”, but if the first letter is deleted the sentence “hecatatethebigrat” becomes the unreadable “Hec ata tht heb igr at”. Imagine each “word” representing a specific amino acid and the trouble becomes obvious.

e

Define mutations and explain their types and causes.

Why is it difficult in cases like the Chernobyl power plant accident, to determine the number of resulting mutations?
Most mutations affect areas of DNA that don’t affect the resulting proteins, and are “silent mutations”. Other mutations may affect
the resulting proteins so severely that the organisms carrying them can’t develop.

f

Explain the process of DNA replication

g

Describe evidence, past and present, that supports the theory of evolution,
including diagramming relationships that demonstrate shared characteristics of fossil and living organisms.

If Meselson and Stahl’s DNA showed heavy and light DNA after the first replication, what would that have meant?
Heavy and light strands would have resulted if the old DNA had come back together after serving as a template for new DNA, with
the new DNA forming the new strands. In fact the new DNA was composed of one strand of old DNA and one strand of new DNA,
producing an intermediate weight. Later strands appeared light because they used the “new DNA” as a template and their DNA
therefore had both light strands.

What is wrong with the often-critiqued viewpoint that humans evolved from chimpanzees?
No one has proposed that humans evolved from chimpanzees. What has been proposed is that because they have similar
anatomy, a common fossil record, similar biochemistries, and are very closely related genetically, they must be related to some
extinct common ancestor.
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Explain the theory of natural selection, including adaptation, speciation, and
extinction.

Describe how flooding resulting from an El Nino event could result in formation of a new species of mouse.
Formation of a river could isolate two portions of a mouse population. On different sides of the river will develop different environments, each enforcing different selective pressures. For example on the north side of the river the sun may shine more directly,
increasing the temperature and dryness of the area. On the south side the opposite may happen. Mice that are active in the
hot sun may dehydrate more readily on the north and those that are more nocturnal or seek shade more readily may reproduce
more successfully, passing on those genes to their offspring. The opposite may happen on the other side of the river. Eventually
a drought might dry up the river, allowing the populations to mix. Since the one population may be active at night and the other
the day, they don’t interact directly and don’t mate. Since species are defined as interbreeding populations able to produce fertile
young, these would now be separate species.

i

List major events that affected the evolution of life on Earth (eg. climate
changes, asteroid impacts).

Describe five major events that altered the face of live on earth and explain t Pangea (Cretaceous heir effect.
1. Cyanobacteria: oxygen production leads to respiration and the ozone layer.
2. Eukaryotes develop compartmental specialization.
3. Development of exoskeletons allow protection and the Cambrian explosion (adaptive radiation.
4. Asteroid impact and Pangea (Permian extinction) allow rise of dinosaurs to fill unoccupied niches.
5. Asteroid impact and breakup of Pangea (Cretaceous extinction) allow rise of mammals to fill unoccupied niches.
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Detailed Study Guide
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NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access PRINCIPALS OF HEREDITY
http://www.csetprep.org/science/PrincipalsOfHeredity.htm
Level One: General knowlege
Explain the inheritance of traits that are determined by one or more
genes includingdominance, recessiveness, sex linkage, phenotypes,
genotypes and incomplete dominance

Click on Click here to access PRINCIPLES OF HEREDITY http://www.csetprep.org/MSAT%20SCIENCE/
Cellular%20Biology/compounds1.htm to access the text material
1.   On what is genetics based?
2.   How was Gregor Mendel’s approach new and different? (three areas where he significantly departed from
  previous scientific studies of his day.)
3.   How did Mendel see his individual traits and what did he call them.
Watch the animation of “What are genes?”
4.   After watching the animation on genes, briefly describe your current understanding about genes and what the
proteins do when the genes produce them (give examples)- exit this website and return to Principles of Heredity
home page
5.   What did Mendel speculate about the offspring plants as a result of receiving the red trait from each parent with a
  red flower?
6.   What is a Punnet Square and what do the top and left sides of the square represent?
7.   Study the animation. After viewing the animation describe what it means that the plants are purebred red.
8.   What combination of genes (factors) will result in purebred white?
9.   How will the genes segregate in the Punnet Square in a cross between a purebred red and purebred white
  parents? CHECK THE NEXT ANIMATION TO SEE IF YOU ARE CORRECT. Modify your answer if you are not correct.
10.   Without peeking at the answer, predict what the color of the offspring flowers of offspring flowers will be in
  across between red colored and white colored purebred parents (WRITE YOUR PREDICTION HERE)?
11.   Continue reading until you find the answer… correct your answer and explain WHY IT WAS CORRECT… OR WHY
   IT WAS INCORRECT.
12.   Define the term 14. Define recessive and tell how recessive genes can be expressed.
15. Define genotype and phenotype. Use the F1 hybrid to give an example hybrid plants.
13.   The reason for this interesting observation is a principle of genetics called dominance. Define in detail this
  principle and tell why all four of the F1offspring had the red color.
14.   Define recessive and tell how recessive genes can be expressed.
15.   Define genotype and phenotype. Use the F1 hybrid to give an example of genotype and phenotype.
16.   Define homozygous recessive, homozygous dominant and tell how these terms are related to allele and allelic
        pair.
17.   Study the animations of the F1 cross of the purebred white and red plants and the cross between two F1 plants.
Describe what Mendel hypothesized the F2 generation phenotype would be like.
18.   After studying the F1 cross, tell whether Mendel’s hypothesis was correct AND HOW THE GENOTYPE OF THE F2
  GENERATION EITHER CONFIRMED OR DISPROVED THAT HYPOTHESIS.
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Solve problems that illustrate monohybrid crosses

Monohybrid cross: tall/short pea plants
http://www.csetprep.org/MSAT%20SCIENCE/PrinciplesOfHeredity.htm#monohybrid
19.   Describe Mendel’s First Law: The Law of Segregation and what it states (in English)
20.   Click on the link “Co-dominant” and define what it is. Give examples.
21.   Click on “Pedigree Considerations” and describe how, by looking at the pedigree, how you can differentiate
        between dominant and recessive genes.
Solve problems that illustrate di-hybrid crosses

22.  Why did Mendel want to track two different genetic traits and the same time?
Click on Dihybrid cross: Law of independent assortment http://www.csetprep.org/MSAT%20SCIENCE/PrinciplesOfHeredity.htm#dihybrid
23.   Define Mendel’s Second Law: The Law of Independent Assortment
24.   The chromosome theory of heredity: Click on the links “What is inheritance?”, “What are chromosomes?”, and
        “Detailed discussion: Chromosomes”
25.   Compare the Chromosome Theory of Inheritance with the Mendelian Theory of Inheritance (use the table online to
help).
26.   What are the principles of gene linkage on Chromosomes?
27.   Based on gene linkage, what are the only conditions that will allow Mendelian genetics to work?
28.   Summarize the process of crossing over and describe why it is essential.
29.   Click on the link “Crossing over of Chromosomes During Meiosis” and summarize the process. Describe how
diversity of gene expression can occur.
30.   Describe in detail crossing over.
31.   Compare autosomes and sex chromosomes. What is it that determines the sex of an individual?
32.   How are abnormal genes inherited?
33.   Based on the first animation, what is the probability of having a boy and girl?
34. Based on the explanation to the right of the first animation, what is consanguineous marriage. Why isn’t this type of
marriage permitted by law?
35. In the same animation, describe what a carrier is. Does the carrier show signs of the genetic abnormality?
36. What is the percent chance of having a daughter who is a carrier?
37. What is the percent chance of having a daughter who has the abnormality? Remember, this is homozygous recessive trait that is sexlinked (Linked to the sex chromosomes).
38. What is the percentage of boys from such a marriage who will have the genetic abnormality?
39. Will the boy ever be a carrier? Why or why not?
40. If the genetic trait is SEX-LINKED DOMINANT, how does it change the percentages that you reported above for sexlinked recessive abnormalities?
Compare sexual and asexual reproduction

41. Compare sexual and asexual reproduction. Although all the links will prepare you to answer this question, once you
have studied each link,access this link Meiosis http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/main.htmlcomparison of asexual to sexual reproduction last. It is a great summary.
Compare sexual and asexual reproduction

You will access both links 1 and 2 below… However, when you reach the end of the first link, there will be a link to the
second area of focus: Concepts of Genes and how their traits are expressed.
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Explain how coding of DNA (deoxyribonucleic acid) controls the
expression of traits by genes.

1) Protein synthesis from DNA and RNA
http://www.csetprep.org/MSAT%20SCIENCE/Cellular%20Biology/Proteins1.htm
42. What are proteins and what are the building blocks of proteins?
43. What kind of bond holds proteins together?
44. II Why are amino acids well suited to be t-he “letters of the protein alphabet?
45. What is the composition of amino acids?
46. When proteins are synthesized, many fold. Why do they do this?
47. Summarize HOW amino acids are different than each other and HOW they are the same.
48. Describe the steps of peptide bond formation. Use the animation to help you.
49. Summarize the three steps of protein synthesis. Use the animation to help you understand the general happenings of the third step.
50. Summarize the role of transfer RNA, codons and anti-codons.
51. Using the animation entitled “Details of Protein Synthesis: Step 3” Explain the events that occur at the molecular
level. Be sure to view the animation several times to make sure your description is complete.
2) Concept of genes and how their traits are expressed
http://www.csetprep.org/MSAT%20SCIENCE/Cellular%20Biology/genes1.htm
52.Describe what DNA looks like during cell division.
53. Describe how DNA exists between cell division in higher cells and in bacteria.
54. Where are the genes found in all cell types?
55. In reference to the polypeptides or proteins that are made by genes, describe the following concepts of genes: a)
one protein from one gene
      b)genotype and c) phenotype. GIVE EXAMPLES OF EACH.
56. Define genetic mutation and how it relates to the terms phenotype and genotype. (give examples)
57. Study the One Gene, One Protein animation. Describe what happens on a molecular level
Define mutations and explain their types and causes

58.   Define the three principles of the classic concept of the gene.
59.  Define mutation.
60.  What are point mutations and how do they result in an inheritable change?
61.   Describe what would happen if the middle nucleotide of the triplet AAA (coding for Lysine) were to change to a
C (cytosine)
62.   Describe other ways mutations may occur along a chromosome.
63.  How would the resulting mutational change be different in point mutations as compared to deletion and insertion
of a nucleotide?
64.   Even though genes may be mutated, there are still other factors required to fully express or suppress the
mutation. Describe the concepts of Penetrance, Expressivity g. Describe, Polygenic Inheritance, Pleiotropy and
Multiple Alleles and how they modify the expression of mutant genes. Give some examples.
65.   Compare the following types of inheritance: Autosomal Dominant, Autosomal Recessive, X-linked Dominant, and
X-linked Recessive.
66.   III Choose a genetic abnormality from each of the inheritance type and describe how each may be affected by
the concepts of expression or suppression of gene defects.
Explain the process of DNA replication

http://www.csetprep.org/MSAT%20SCIENCE/Cellular%20Biology/genes1.htm
– click link to access the material
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67.   Describe the three different parts of DNA and RNA nucleotides.
68.  Adenine and guanine have a name. What is it?
69.  Thymine, cytosine and uracil have another name. What is it?
70.   How are the three different parts of the nucleotides put together in RNA and in DNA?
71.   Give a general summary of DNA and RNA.
72.  What are the three different kinds of RNA and what is the function of each?
73.   Describe how the double-stranded DNA molecule is put together.
74.   What is meant by the term, “complimentary base pairing”?
75.   What is the force that holds the backbone of the DNA molecule together?
76.  Describe in detail how new DNA is made? Use the animation to help you.
77.   Describe in detail how new RNA is made? Use the second animation to help you.
78.   IIWhat are the similarities and differences in DNA and RNA (in both the synthesis and the structure).
Describe evidence, past and present, that supports the theory of
evolution, including diagramming relationships that demonstrate
shared characteristics of fossil and living organisms

http://www.csetprep.org/MSAT%20SCIENCE/evolutionarychanges.htm
79.   Describe the evidence of supporting the theory of evolution in the following areas: a) fossils, b) observation of
living things, c) homologous, analogous and vestigial structures and features, d) the process of speciation, and
e)mimicry.
Explain the theory of natural selection including adaptation,
speciation, and extinction

http://www.csetprep.org/MSAT%20SCIENCE/evolutionarymechanisms.htm
80.   Describe Darwin’s theory, issues that have arisen since the theory was first proposed, the process of and
evidence for natural selection, and types of selection. Use examples. Discuss the aspects of extinction.
81.  Describe the process of speciation and support it with a classical Darwinian example.
List major events that affected the evolution of life on Earth (e.g.
climate changes, asteroid impacts)

82.   Deparately discuss the impacts on evolution of “impact cratering”, asteroids, climatic changes, plate tectonics
and changes in climate.
Level TWO: Genetics & Evolution

1.   Why will the offspring of these purebred red also produce flowers that are purebred red?
2.   Click on Monohybrid Cross-tall and short pea plants http://www.cc.ndsu.nodak.edu/instruct/mcclean/plsc4 31/
mendel/mendel1.htm and compare tall and dwarf plant Genetics to those of the purebred white and red flowers.
3.   In sex-linked dominant genetic abnormalities that you already studied, what would happen if the “A” gene would
be on the X-chromosome of the father rather than on one of the X-chromosomes of the mother. Try the Punnet
Square to help you.
Level THREE: Genetics & Evolution
The Moon, The Solar System, Place and Time, and The Universe

1.   If you had a plant with a rough, green seed and another of the same kind of species with a round, yellow seed,
what experiments would you perform to show that they behaved according to the principles of Mendel’s genetics.
How would you prove that the two different traits were inherited separately?
2.   Why is continual diversity of gene expression important in living things?
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Domain 5: Post-Test
General Science Subtest II
question 1

Use the pedigree chart below to answer the question that
follows
A rare phenotype appears in the offspring of individuals 1, 2,
and 3, all of whom exhibit a normal phenotype. Based on the
frequencies in the chart above, which of the following is the
most likely mechanism for the inheritance of this trait?

C.

D.

the conservative model, in which the parental DNA remains intact while providing a template for an identical
double helix to be synthesized adjacent to it
the additive model , in which nucleotide chains assmeble into double helix configurations, and the segments
are linked to the parental DNA

question 3

Use the information below to answer the question that follows.
A.
B.
C.
D.

T he abnormal phenotype depends on autosomal
transmission.
the X chromosome carries the recessive allele
The abnormal phenotype occurs only by mutaion
The Y chromosome carries the recessive allele

Darwin made two distinct claims when proposing his theory
of evolution. Darwin’s first claim was that all modern species
have evolved from ancestral forms. The second claim was
that natural selection is the main meachinism for evolutionary
change.

question 2

Which of the following best describes the accepted model of
DNA replication
A.

B.

the semiconservative model, in which the two strands of
the prarental double helix separate, and each provides
the template for bulding a new strand that attaches to the
parental strand
the dispersive model in which a parental DNA molecule
replaces sgemnts of its double helix with new genetic
material, making the original segments available to assemble new DNA molecules

Which of the following observations best supporst Darwin’s
claim that all modern species have evolved from ancestral
forms?
A.
B.
C.
D.

S imilar complex structures, such as wye, are presnt in a
wide variety of unrelated ancestral forms?
Early embryos of all vertebrate groups, such as mammals, reptiles, and fish, are very similar.
Variation occurs in all species, and this variation may
help determine the survival of an individual.
All species appear to be well-adapted to the environment in which they live.

Post-Test Answers
1. Correct Response: B (SMR Code: 5.1) Since none of the parents display the rare phenotype, yet three of the offspring do, it can be conculded that the
rare phenotype is caused by a recessive allele. Also, since the rare phenotype occurs in offspring of both partners of the female parent, she is the likely
carrier of the recessive allele. It cannot be definitively ruled out that the trait is transmiteed autosomally; hovever, it is unlikely since all three parents
would have to be carriers of this rare phenotpe. Also, since the trait appears only in the male offspring, it is most likely sex-linked (i.e., the allele is on
the X chroomsome). Each male offspring receives either an XRY or XrY combination form this parents, with r representing the recessive allele. Since
males have only one X chromomsome, the rare phenotype would appear in all males inheriting the Xr chormosome form the mother.
2. Correct Response: A (SMR Code: 5.1) Watson and Crick predicted that DNA replicated by creating two daughter molecules, each having one new
strand and one strand form the original DNA. According to this model, the two strands of the parental double helix separate, each becoming a template
for bulidng a new strand, resultiing in two identical molecules of DNA. LAterexperimental evidence supported this method of replication, called the
semiconservative model because each new DNA molecule conserves half of hte parent molecule.
3. Correct Response: B (SMR Code:5.1) Research has shown that widely different organisms have strong similarities at the embryonic state. For example, embryos of fish, reptiles, birds, and mammals all exhibit developing gills and tails at an early sate, and only later taker their characteristic forms.
This evidence supporst the theory that these organism evolved form  common ancestral forms.

Reprinted with permission

From the National Evaluation System Inc. http://www.cset.nesinc.com
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Molecular Biology & Biochemistry
Molecular biology & biochemistry Subject
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.    Detailed Review
IV.

Post-Test

Matter Requirements
Candidates understand and apply the principles of chemistry that underlie the functioning of biological systems. They describe the properties of biochemical compounds that make them essential to life.

Subject Matter Content
a.

b.
c.
d.
e.
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 emonstrate that a small subset of elements (C, H, N, P, S, H) makes up
D
most of the chemical compounds in living organisms by combining in
many ways
Recognize and differentiate the structure and function of molecules in living organisms, including carbohydrates, lipids, proteins, and nucleic acids
Describe the process of protein synthesis, including transcription and
translation
Compare anaerobic and aerobic respiration
Describe the process of photosynthesis in terms of light-induced reactions
and the Calvin Cycle

Molecular Biology & Biochemistry
I

Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Demonstrate that a small subset of elements (C, H, N,
P, S, H) makes up most of the chemical compounds in
living organisms by combining in many ways

¶0

¶1

¶2

¶3

Question 2

Recognize and differentiate the structure and function of molecules in living organisms, including
carbohydrates, lipids, proteins, and nucleic acids

¶0

¶1

¶2

¶3

Question 3

Describe the process of protein synthesis, including
transcription and translation

¶0

¶1

¶2

¶3

Question 4

Compare anaerobic and aerobic respiration

¶0

¶1

¶2

¶3

Question 5

Describe the process of photosynthesis in terms of
light-induced reactions and the Calvin Cycle

¶0

¶1

¶2

¶3
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II

a

Demonstrate understanding that a
small subset of elements (C, H, O, N, P,
S) makes up most of the chemical compounds in living organisms by combining in many ways.

Carbon has four valence, or outer electrons available
to bond covalently with other elements in either single,
Periodic Table from www.utdallas.edu/~parr/
double, or triple bonds, making carbon an indispensable building
chm1341/laltable.gif
block of life. The chemistry of life is the chemistry of carbon, known
as organic chemistry. Most often it is a relatively small set of other
elements that combine with carbon. Hydrogen combines with carbon to form hydrocarbons,
energy storing, hydrophobic (water hating) materials found in fats and cell membranes.
Oxygen combines with carbon to make carbon dioxide, the end process of respiration, and
with carbon and hydrogen to make carbohydrates (sugars), source of readily available energy.
Carbon, hydrogen, and oxygen often combine to form organic backbones that include nitrogen,
phosphorus, and sulfur. Nitrogen is in proteins and nucleic acids, used respectively for building
materials and information storage/transmittal. Phosphorus is found as phosphate in cell
membranes, nucleic acids, and energy transfer molecules. Sulfur is mainly used in proteins.
Additional elements are used as necessary and important parts of living organisms, but none as
frequently as carbon, hydrogen, oxygen, nitrogen, phosphorus, and sulfur.

• What are the elements that make up most of the compounds in living things?
For more in formation, go to:

To Think About

http://redbaron.bishops.ntc.nf.ca/science/Biology/biomolecules/

b

Recognize and differentiate the structure and function of molecules in living organisms, including carbohydrates, lipids, proteins, and nucleic
acids.

There are four major biological molecules:
carbohydrates, lipids, proteins, and nucleic acids.
Carbohydrates (sugars) are used mainly for the
storage of readily available energy. Chained together
in molecules such as starch (in plants) or glycogen (in
animals) they form longer lasting energy stores. Arranged
as cellulose, they can be used for structural purposes,
for example in cell walls. Carbohydrates have a general
formula CnH2nOn, the oxygen making them polar
molecules able to dissolve well in water.
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Lipids have long hydrocarbon tails used for longer-term storage of concentrated energy. Lipids
make up fats and are used in cell membranes. Phospholipids have a charged or polar phosphate
group on one end, and a long nonpolar hydrocarbon tail on the other end. The polar part is
attracted to water, while the nonpolar parts are attracted to each other, forming a membrane
made of a phopholipid bilayer. This hydrophobic barrier blocks the passage of charged particles
such as ions, or large polar molecules such as sugars. The phospholipids are able to move
around each other, forming a flexible membrane able to merge with other membranes or pinch
off to form vesicles. In membranes, proteins inserted among these molecules form channels or
pumps for ions or large polar molecules to pass through. This model of phospholipids and
proteins forming a membrane is known as the fluid mosaic model because its made of different
parts which are able to move around each other.

http://www.accessexcellence.org/AB/GG/Panel_2.04a.jpg
Proteins are made of amino acid chains, also called polypeptides, and are used structurally
(hair, fingernails, muscles, connective tissue), for enzymes (globular forms), and as hormones.
All amino acids have an amine end and a carboxylic acid end (hence the name amino acid).
The amine group of one amino acid is joined to the carboxylic acid group on another amino
acid, forming a peptide bond, when amino acids are connected together forming chains
(polypeptides). In addition, proteins have a side group that is different for every amino acid.
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Proteins have four levels of organization: primary
structure (the sequence of the amino acids),
secondary structure (how the chain coils into an
alpha helix or forms beta pleated sheets), tertiary
structure (how the helices or sheets fold on
themselves), and finally quaternary structure (how
different protein subunits associate with each other).
Associations (hydrogen, disulfide, ionic bonds or
London forces between the side groups (labeled
R in the diagram) on the amino acids hold these
structures together.
Nucleic acids are used to store information in the
cell nucleus (DNA) and transmit that information to
How proteins bond together to form more
the rest of the cell (mRNA). Nucleotides (guanine,
complicated structures. From ntri.tamuk.
cytosine, adenine, thymine, and uracil are the
edu/hplc/ b-sheet.gif
building blocks of nucleic acids. Nucleotides consist
of a nitrogen base (a nucloside) a ribose sugar
(deoxyribose in DNA), and a phosphate group. The
sugars and phosphates form a backbone to which the nucleoside bases are attached. In DNA
the nucleosides hydrogen bond to their opposite number (guanine with cytosine, adenine with
thymine), making a double stranded structure. This combination of sugar-phosphate backbone
and attached bases form the famous DNA double helix. The hydrogen bonding between the
strands allow them to be separated easily and for complementary bases to follow the same
sequence. The covalent bonds forming the backbone give stability to each strand. RNA also has
a sugar-phosphate backbone with attached bases, but is single stranded. Also, RNA uses uricil
in place of thymine.

Watson & Crick
Building the original model of DNA at the MRC
Unit in 1953.
Courtesy of Mr. Anthony Barrington Brown
From: http://www2.mrc-lmb.cam.ac.uk/archive/
Crick62.html

• What two types of biomolecules contain phosphate groups?
For more in formation, go to:

http://redbaron.bishops.ntc.nf.ca/science/Biology/biomolecules/
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c

Describe the process of protein synthesis, including transcription
and translation.

Protein synthesis occurs in two steps, transcription within the nucleus and translation out in the
cell cytoplasm. During transcription DNA is unwound by an enzyme, helicase and stabilized so
that RNA polymerases can make an RNA copy of the nucleotide sequence. Polymerases bind
at promoter regions and work from a 3’ to 5’ direction on the DNA, building an RNA chain in the
opposite direction (5’ to 3’). Thus only one strand of the DNA is read, the sense strand (the other
is called the nonsense or antisense strand). Nucleotides pair, cytosines (C) with guanines (G)
and adenines (A) with either thymine (T) if DNA is being made or uracil (U) if RNA is being made.
Eventually the polymerases reach a termination signal and shortly thereafter fall off the DNA, to
be used again at another promoter.

Transcription diagram from: http://ntri.tamuk.edu/cell/rna.html
In eukaryotes, cells with nuclei, the strand of RNA constructed, called messenger, or mRNA,
then has noncoding regions removed. These regions are called introns and their associated DNA
is called junk DNA. The rest of the mRNA pieces are called exons, and are patched together
to form the final mRNA. The 3’ end of the mRNA gets a polyA tail added for protection (literally
30-200 adenine nucleotides) from degradation and the 5’ end gets a guanine cap added, also to
protect against degradation. The mRNA then leaves the nucleus through a pore in the nuclear
envelope (nuclear membrane) and enters the cell cytoplasm.
During translation, ribosomes attach to the mRNA at the 5” end. Ribosomes are made of two
parts, a large and small subunit. During the initiation stage of translation, the small subunit
attaches to the mRNA at a sequence of nucleotides that goes AUG, and another type of RNA,
tRNA or transfer RNA, also attaches. On the other end of the tRNA is an amino acid, in this
case, Methionine. This means that every protein starts with methionine as its first amino acid.
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After this tRNA attaches, the other part of the ribosome, the large subunit, also attaches to
the mRNA, the tRNA, and the small subunit. The large subunit has three sites where tRNAs fit,
called A, P, and E sites. All subsequent tRNAs enter the ribosome at the A site, attaching to the
mRNA and the ribosome. Then the ribosome moves down the mRNA three nucleotides, a unit
called a codon. The tRNA at the A site is moved to the P site and its amino acid is attached to
the methionine from the first tRNA. This empties the A site. The methionine from the first tRNA
is detached from its tRNA, and that tRNA moved to the E site where it leaves the ribosome, to
find another methionine amino acid. Meanwhile a new tRNA enters the A site. This process,
called elongation, continues until a stop signal is reached, no new amino acid is added, and the
completed amino acid chain (protein) breaks off to do its job. This final step is called termination.
During elongation, the order of nucleotide sequences is read in three nucleotide units called
codons. Each codon specifies a particular amino acid because only one tRNA will match it using
the pairing rules mentioned earlier (C-G, A-U). The tRNA nucleotides are called an anticodon
because they must match the codon from the mRNA for the tRNA to enter the A site on the
ribosome. Each tRNA will only attach to one type of amino acid, so the sequence of mRNA
nucleotides (formed as a result of the DNA nucleotide sequence), determines the sequence of
amino acids forming the protein. It is this sequence of amino acids that gives different proteins
their properties. There are 20 amino acids that are typically used in forming proteins and the
proteins are typically hundreds of amino acids in length. If the protein is to be secreted outside
of the cell, the ribosome will sit on the endoplasmic reticulum and the protein placed within it.

To Think About
• Why does the insertion or deletion of a single nucleotide in the DNA of a gene so dramatically change the entire
structure of the resulting protein that it is no longer recognizable as the same protein anymore?
For more in formation, go to:

http://redbaron.bishops.ntc.nf.ca/science/Biology/biomolecules/

d

The process of translation. From http://www.webbschool.org/nancy/cha7/translation.GIF
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For more information on transcription go to: http://ntri.tamuk.edu/cell/rna.html. For more
information on translation, go to: http://ntri.tamuk.edu/cell/ribosomes.html. Another excellent
site is: http://www.ncc.gmu.edu/dna/index.htm

d

Compare anaerobic and aerobic respiration.

Cellular respiration is the process of releasing energy stored in sugars, usually using the oxygen
we inhale and producing carbon dioxide in turn. Aerobic respiration takes place in three stages,
glycolysis, the Krebs Cycle, and the electron transport chain. Glycolysis takes place in the cell
cytoplasm, where glucose, a six carbon molecule is broken down by a series of enzymes to
form two molecules of pyruvate (a three carbon molecule). In the process two molecules of ATP
are used, but four are produced, along with two molecules of NADH. ATP molecules can be
used immediately to power cell processes, but NADH is a high energy molecule whose energy
is only released through the electron transport chain. The pyruvate produced is then changed
into acetyl CoA and taken into the mitochondria. Along the way one carbon of the acetyl CoA
is released in the form of CO2 and an NADH molecule is produced from each molecule of
pyruvate.
The mitochondria is a specialized organelle in eukaryotic cells that is specialized for producing
ATP. It has its own DNA similar to bacterial DNA and evidence indicates it was once a free living
organism that established a symbiotic relationship with other cells, eventually becoming a part
of them and dependent on them. Mitochondria have outer and inner membranes, the inner
membrane deeply folded to form christae. The space between the two membranes is called the
intermembrane space, and the space inside the inner membrane is called the matrix. The acetyl
CoA is taken into the matrix where the second stage of respiration, the Krebs cycle, takes place.
During the Krebs cycle, the two carbons from acetyl CoA are attached to a low energy fourcarbon molecule (oxaloacetate) to form citrate, a high-energy six-carbon molecule. A series of
enzymes then release the two carbons as CO2, capturing the energy in one ATP molecule, three
molecules of NADH, and a molecule of FADH2. FADH2 is another high-energy molecule like
NADH, but with a little less energy. The remaining four carbons reform oxaloacetate to repeat the
cycle.
The NADH and FADH2 molecules release their energy in the electron transport chain. The
electron transport chain takes place on the inner membrane of the mitochondria. The hydrogens
from these molecules are combined with oxygen to form water. At the same time high-energy
electrons are released from the NADH and FADH2, supplying energy to pump hydrogen ions into
the intermembrane space. The electrons eventually are captured by oxygen in making water,
and the high concentration of hydrogen ions used to drive an enzyme called ATP synthase,
which makes more ATP. Each NADH molecule supplies enough energy to make 3 ATP, and each
FADH2 molecule supplies energy for 2 more. Altogether 10 molecules of NADH and 2 molecules
of FADH2 enter the electron transport chain from each molecule of glucose that started
glycolysis. That produces 34 molecules of ATP in addition to the 2 from glycolysis itself, and 2
produced during the Krebs cycle. Thus each molecule of glucose yields about 38 ATP, 6 CO2,
and 6 O2 molecules. The overall reaction is C6H12O6 + 6 O2 --> 6 CO2 + 6 O2 + energy in the
form of 38 ATP.
Without oxygen present, there is no way for the electron transport chain to capture the energy
from the NADH or FADH2, which pile up in the cell. With the depletion of their precursors,
glycolysis, and the Krebs cycle also grind to a halt. Fortunately, anaerobic
respiration is able to operate under these conditions. Anaerobic respiration, or respiration
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without oxygen, is essentially glycolysis with a different ending, also called fermentation. As
in glycolysis, two molecules of ATP are used in producing four ATP, along with two molecules
of NADH and two pyruvate molecules. Since there is no way to use the NADH, another way
to recycle them into their precursors is required. This is accomplished by using the pyruvate
molecules to capture the energy from the NADH, returning it to the low energy form (NAD+). The
pyruvate ends up as lactic acid (lactic acid fermentation) or ethanol (alcoholic fermentation),
both high-energy molecules. Instead of 38 ATP being produced as in aerobic respiration, only 2
ATP are produced per molecule of glucose, the rest of the energy being stored as lactic acid or
alcohol.

The relationship between
photosynthesis and respiration.
From www.acslp.org/homepages/
Seifert/ Biology/Photoresp.html

From: http://www.lasallehs.
org/courses/science/biology/html/
cellular_respiration.html
This excellent graphic is
misleading only in that it leads to
the conclusion that fermentation
results in 0 ATP, while in fact the
glycolysis portion of fermentation
yields two net ATP.
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• What is the importance of the christae in mitochondria?
For more in formation, go to:

http://scidiv.bcc.ctc.edu/rkr/Biology201/lectures/
Respiration/Respiration.html

To Think About

animations at:

http://www.johnkyrk.com/index.html

e

Describe the process of photosynthesis in terms of light-induced reactions and the Calvin cycle.

Photosynthesis takes place in the chloroplasts of plant cells, and takes place in two stages,
the light reaction and the Calvin cycle. Inside the chloroplasts are stacks of organelles called
thylakoids. The light reaction is driven by photons hitting chlorophyll molecules on the surface
of the thylakoids and exciting electrons. The energy from these electrons is used to pump
hydrogen ions into the center of the thylakoids (the
From: http://www.acslp.org/homepages/
thylakoid space), and to convert NADP+ to its more
Seifert/Biology/photo.html
energetic form, NADPH. Water is split to replace the
used electrons, producing oxygen as a by-product.
The hydrogen ions concentrated in the thylakoid
space drive ATP synthase to produce ATPs.
The rest of the chloroplast outside the thylakoids is
called the stroma, which is where the Calvin cycle
occurs. During the Calvin cycle carbon dioxide
from the atmosphere is fixed, or attached to other
molecules within the stroma to make simple sugars.
The energy to do this comes from the ATP and
NADPH generated during the light reaction, the low
energy forms of which (ADP and NADP+) are recycled
back to the light reaction. The sugars then leave the
chloroplasts to be used elsewhere in the plant either
in synthesizing new compounds or for respiration.

To Think About
• The Calvin cycle is sometimes called the “dark reaction” in comparison to the light reaction that occurs on the thylakoid
membranes. Why is this incorrect?
F o r m o r e i nf o r m at i o n , g o t o :

http://scidiv.bcc.ctc.edu/rkr/Biology101/lectures/
Photosynthesis/Photosynthesis.html
An i m at i o n s at:

http://www.johnkyrk.com/index.html

Domain II: Quick Review Guide 147

Molecular Biology & Biochemistry
Vocabulary
valence electron
organic chemistry
hydrocarbon
hydrophobic
hydrophilic
carbohydrates
proteins
nucleic acids
starch

glycogen
cellulose
lipids
phospholipid
fluid mosaic model
peptide bond
polypeptide
protein structure
side group

mRNA
nucleotides
double helix
transcription
polymerase
translation
intron
exon
ribosome

eukaryotes
codon
anticodon
tRNA
aerobic respiration
anaerobic respiration
glycolysis
Krebs cycle
electron transport

chain
ATP mitochondria
nucleus
christae
intermembrane space
lactic acid fermentation

To Think About Answers
What are the elements that make up most of the compounds in living things?
Carbon, hydrogen, oxygen, phosphorus, nitrogen, and sulfur.

What three types of biomolecules contain phosphate groups?
Phospholipids contain phosphate groups in their hydrophilic heads, and nucleic acids (DNA and RNA) use phosphate
groups in forming their sugar-phosphate backbones.

Why does the insertion or deletion of a single nucleotide in the DNA of a gene so dramatically change the
entire structure of the resulting protein that it is no longer recognizable as the same protein anymore?
The insertion or deletion of a DNA nucleotide is transcribed onto the resulting RNA, so the complementary nucleotide
is also missing.  Therefore when the ribosome reads the mRNA, its reference frame for establishing codons will be
shifted by one nucleotide.  In turn then every codon further down the mRNA will result in a different amino acid being
attached to the growing amino acid chain.  Possibly the insertion or deletion will destroy the AUG start codon, and
translation will never start.

What is the importance of the christae in mitochondria?
Christae increase the surface area available to the electron transport chain and allow the organization of its enzymes
and the ATP synthase enzymes.  The christae also form a membrane barrier that allows the concentration of hydrogen
ions in the intermembrane space.  It is from this area of high concentration that the ions flow through ATP synthase in
making ATP.

The Calvin cycle is sometimes called the “dark reaction” in comparison to the light reaction that occurs
on the thylakoid membranes. Why is this incorrect?
While the Calvin cycle does not need light, it is able to occur in the light.  Therefore the Calvin cycle is not a “dark”
reaction, but simply a reaction that can occur day or night as long as ATP, NADPH, and CO2 are available.  In comparison the light reaction requires light energy to elevate the energy level of the electron in chlorophyll, and to split water
in order to replace that electron.
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Detailed Study Guide

Domain 6: Molecular Biology & Biochemistry
NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access MOLECULAR BIOLOGY AND BIOCHEMISTRY
http://www.csetprep.org/science/CellularBiology/compounds1.htm
Level One: Molecular biology & biochemistry
demonstrate that a small subset of elements (c, h, n, p, s, h) makes up
most of the chemical compounds in living organisms by combining in
many ways
Click here to access MOLECULAR BIOLOGY AND BIOCHEMISTRY.
http://www.csetprep.org/MSAT%20SCIENCE/Cellular%20Biology/compounds1.htm

1.
2.
3.
4.
5.
6.


Identify
the elements on the periodic table that make up the biotic world (living things).
Identify the elements on the periodic table that make up the abiotic world (things that are not living).
How do the “abiotic elements” interact with the “biotic elements”? Give examples.
Differentiate between the terms atom, element and compound.
Differentiate between the terms ionic and molecular compounds.
Describe how the ionic compound, sodium chloride, is put together in three-dimensional space and the forces that
hold them together.
7. Describe molecular compounds and the forces that hold them together in three-dimensional space in branches and
chains.
8. Using N2, O2 and Br2, describe three different ways these molecules can be represented. Be sure describe what
each of the dots and lines mean in regards to the bonds that are formed between atoms and what the color coding
means in terms of the bond between atoms.
9. Identify the kinds of bonds that exist in the molecule with the formula C5H10O22.
Recognize and differentiate the structure and function of molecules in
living organisms, including carbohydrates, lipids, proteins, and nucleic
acids...

10.
11.
12.
13.
14.

Describe the three different parts of DNA and RNA nucleotides.
Adenine and guanine have a name. What is it?
Thymine, cytosine and uracil have another name. What is it?
What are the three different parts of the nucleotides of RNA and in DNA?
What are the functions of DNA and RNA in living things? Use your knowledge gained in Genetics and Evolution
domain 5.
15. Describe the model of the cell membrane and HOW and WHY it has changed into its current state.
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Continued
16.
17.
18.
19.
20.
21.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Define diffusion and osmosis and how these terms are related to the concept of a semi-permeable membrane.
What is one way to define lipids using the concept of organic solvents?
Describe in detail the FOUR categories of membrane lipids.
Give one medical application for cells with glycoproteins (proteins with carbohydrates)
On what does membrane fluidity depend?
Describe how semi-permeable membranes interact with small polar molecules, large polar molecules, small ionic compounds, large ionic compounds and non-polar molecules.
Define turgor and plasmolysis.
What is active transport and how does it affect passage of chemicals through the membrane?
What are proteins and how are proteins related to amino acids?
What kind of bond holds proteins together?
What is the composition of amino acids?
Differentiate between essential and non-essential amino acids.
When proteins are synthesized, many fold. Why do they do this?
Summarize HOW amino acids are different than each other and HOW they are the same.
What are carbohydrates?
What are considered the high-energy carbohydrates?
Where does the energy come from and where is this energy located in carbohydrates?
Where is this energy stored in the body?

Describe the process of protein synthesis, including transcription and
translation		
Click on link to access information and answer the questions below.

34.
35.
36.
37.
38.

Describe the six classes of amino acids and WHY amino acids are placed in each category.
The peptide bond holds proteins together. Using the animation, describe in detail how peptide bonds are formed.
Using the animation, describe the three steps of protein synthesis.
Using the animation of translation, describe in detail this third step in protein synthesis.
Describe what the genetic code is and the role it plays in this third step of protein synthesis, or translation. Also, describe
what transfer-RNA (t-RNA) is and how this helps the translation process.
39. In the “Details of Protein Synthesis: Part 3 details, watch the order of the translation process, peptide bond formation, and
how the A and P sites of the ribosome function. Summarize this in outline form but in detail.

Compare anaerobic and aerobic respiration and Describe the process
of photosynthesis in terms of light-induced reactions and the Calvin Cycle
(Click link “d. Compare anaerobic and aerobic respiration above for Photosynthesis and Cellular Respiration”)
40. 	Using the first animation, summarize generally the differences between photosynthesis and cellular respiration
Go to the next animation and click on the large green box. Then read the first sentence to the right of the animation. Then click
on the large green box to to continue. Answer questions below after clicking the box.
41. 	Why are photosynthesis and cellular respiration so important?
42. 	What are the cellular organelles that are involved in photosynthesis and cellular respiration?
43. 	What are the two reactions that occur in the chloroplast and where, physically, do they occur?
44. 	Where does cellular respiration occur (organelle) and in what structure does it occur?

General Considerations of Photosynthesis and Cellular respiration

45. 	Using the animation and descriptions below it, summarize, on a cellular level, how the light and dark reactions occur, how
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energy is stored and what happens to the products of the chemical reactions.
46. 	Summarize how cellular respiration occurs in the mitochondria and what happens to the products of the reaction.

Details about Photosynthesis: Light Reaction, Part 1 Animation. Answer questions below from animation.
47. 	Read statement 1. Identify the chemical you see on the animation and tell what M, V and E represent.
48. 	How does the light reaction begin and how is it mediated?
49. 	Where do quanta come from and where do they go in terms of the chloroplast?
50. 	When a single quantum of light strikes the chlorophyll, what happens to an electron in the chlorophyll?
51. 	What is the peculiar characteristic that high-energy electrons have and why do they need special organic
molecules called “electron carriers” when the electrons drop back to lower energy levels?
52. 	What are the names of the three electron carriers and how are they related to the molecule, ADP?

Details about Photosynthesis: Light Reaction, Part 2 Animation.
53. 	When do the reactions described in the Part 1 Animation occur in relation to the reactions described in Part 2
Animation?
54. 	Identify the participants (reactants) of this reaction (#3-8)
55. 	What happens to the electrons in Chlorophyll A and to the in the second pigment (possibly Chlorophyll B)?
56. 	What happens next to 24 moles of water?
57. 	What happens next to the 24 moles of hydroxide ions?
58. 	Why is the restoration of the electrons from the pigments in the light reaction a necessary step?
59. 	What happens to the energy from the sun in every nicotinamide adenine dinucleotide with a 2- charge
60. 	What happens to the hydroxide ions, water and oxygen at the end of this cycle? (click on the go twice until
you see oxygen and water formulas).

Examine the continuous animation. If you do not see each individual step, go back and review the Part
2 Animation.
DARK REACTION DETAILS- THE CALVIN CYCLE
61. 	Where does the dark reaction occur?
62. 	The dark reaction is only partly described by the equation of photosynthesis. Write the equation and describe
in words what is happening.
63. 	Summarize the events that occur in the dark reaction. (see steps 1-6)
Complete story of the dark reaction: Use the animation to help you answer the questions below.
64. 	Summarize each step of the Dark Reaction (Calvin Cycle)
65. 	Where, in the cycle, is each of these chemicals described in the previous question used?
66. 	What happens to the carbon dioxide, NADP and ADP once they are used?
67. 	Using the information and animation under the heading “The Relationship Between the Light and Dark Reactions of Photosynthesis”, summarize how the dark and light reactions are related one to another.
68. 	What is a carbohydrate?
69. 	Which are the carbohydrates that are “high-energy”?
70. 	How are these carbohydrates metabolized to other high-energy sugars?
71. 	Summarize cellular respiration details.
We will now compare two types of respiration, aerobic and anerobic.
ANEROBIC RESPIRATION:
72. 	Using the animation on anaerobic respiration, summarize the steps of the process.
73. 	Why is this type of respiration called “anaerobic”?
74. 	What is another name for anaerobic respiration?
75. 	In terms of energy and chemicals, what are the ultimate products of anaerobic respiration?
76. 	What is one thing that is different about aerobic respiration (in terms of amount of energy produced)?
77. 	Historically, Aerobic Respiration is part of an important metabolic cycle.
This cycle has three different names. What are they?
78. 	Using the next animation on aerobic respiration, summarize the steps of this chemical reaction.
79. 	What are the products of aerobic respiration?
Citric Acid/Krebs/Tricarboxylic Acid Cycle
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80. 	Using the third animation (Citric acid cycle…) summarize the details of this cycle. (Note that the central parts of the
cycle are pyruvic acid and acetyl Coenzyme A.)
81. After the cycle has been complete you notice that fats, carbohydrates and proteins can be broken down to products
are the central parts of the cycle.  Why is this so important?
Final Reactions of Aerobic Respiration- THE ELECTRON RESPIRATORY
CHAIN.
82. Using the last animation (use stop and start often so you can see all the parts of these chemical reactions.) Summarize the steps of the respiratory chain. Remember that the single electron carrier represents only one of MANY as a result
of the Citric Acid Cycle.
83. In terms of energy and chemicals, what are the final products of the Citric Acid Cycle?
84. How does the Citric Acid Cycle’s production of energy compare with other parts of the light and dark reactions?
85. Define coenzyme, oxidation, reduction, FAD, Flavoprotein, oxygen and activation of oxygen

Level TWO: Molecular biology and biochemistry
Atmosphere and Atmospheric Contents

1.
2.
3.
4.
5.

Associate the four categories of membrane lipids with the functions each might have in the cell.
Why is energy necessary in living systems?
Briefly summarize the cycles leading to energy in living things.
Why do individual chemical reactions in photosynthesis and cellular respiration require different enzymes?
In terms of the light and dark reactions, where do the carbon dioxide, ATP and NADPH2 (reduced nicotinamide adenine dinucleotide) come from…or in other words, where are they made?
6. What is different and what is the same as you compare aerobic and anaerobic respiration?
7. If we lose our food supply, how will the body respond to attempt to survive?
8. How is the NADH2 similar to other cycles studied in this section?

Level Three: molecular biology and biochemistry

1. How can so few elements (C, H, N, P, S and H) result in the great diversity that is found in living things?
2. WHY are amino acids considered to the “alphabet” of proteins and how can they be the “author” of so much diversity
in living things?
3. Why can non-polar molecules freely diffuse through semi-permeable membranes?
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Domain 6: Post-Test
General Science Subtest II
question 1

Question 2

Which of the following is one reason why carbon plays a central
role in the functioning of all living organisms?

Which of the following describes the process of transcription
during protein synthesis?

A.

A.
B.

B.

C.

D.

Molecules that contain long carbon chains have an
unusually string and stable structure, which provides
rigidity for cell walls.
Most carbon-based compounds are small enough to
diffuse across cell membranes to help maintain cellular
homeostasis.
The arrangement of electrons in the carbon atom allows
it to form a large number of different compounds that are
involved in life processes.
Carbon atoms are relatively unreactive with other
elements, which allows them ti be used as catalysts in
metabolic reactions.

C.
D.

A molecule of mRNA is produced from DNA template.
Amino acids are produced according to teh sequence of
bases on a strand of mRNA.
A tRNA molecule is produced from mRNA template.
Proteins are produced according to the sequence of
bases on a strand of DNA.

Answers
1. Correct Response: C (SMR Code: 6.1) A carbon atom has four electrons free to bond with other atoms, allowing carbon molecules to take the
form of chains, branching chainsm and rings. Each of these structurally different molecules can include large numbers of carbon atoms along
with other elements. As a result, carbon can forma wide variety of compounds with different chemical properties and functions.
2. Correct Response: A (SMR Code: 6.1) During protein synthesis, a molecule of messanger RNA is formed from a DNA template in a process
similar to DNA replication, except the mRNA molecule that is produced is single-stranded. The mRNA then moves to the cytoplasm and attaches to ribosomes, where the code specified by the mRNA is translated into a prtein.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Cell & Organismal Biology
cell & organismal biology Subject Matter
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review

IV.

Post-Test

Requirements
Candidates understand that that all living organisms are composed
of cells and explain important cellular processes. They describe
and give examples of how the anatomy and physiology of plants
and animals illustrate the complementary nature of structure and
function. Candidates demonstrate understanding of physical
principles that underlie biological structures and functions. Then
apply these principles to important biological systems.

Subject Matter Content
a.
b.
c.
d.
e.
f.
g.

h.
i.
j.
k.
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Describe organelles and explain their function in the cell.
Relate the structure of organelles and cells to their functions.
Explain the conversion, flow, and storage of energy of the cell.
Identify and the function and explain the importance of mitosis and
meiosis as processes of cellular and organismal reproduction.
Compare single-celled and multicellular organisms, noting the role of cell
differentiation in the development of multicellular organisms
Describe the levels of organization(e.g., cells, tissues, organs, systems,
organisms and ecosystems) in plants and animals.
Describe the structures and functions of human body systems,
including, but not limited to, the skeletal, reproductive, nervous and
circulatory systems.
Explain the major structures and their functions in vascular and
non-vascular plants
Describe the life processes of various plant groups, including reproduction, photosynthesis, respiration and transpiration.
Explain the reproductive processes in flowering plants.
Identify examples where the physical principles of fluid flow, optics and
mechanics can be applied to living systems

Cell & Organismal Biology
I

Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Question 7

Describe organelles and explain their function in the cell.

¶0

¶1

¶2

¶3

Question 2

Describe the structures and functions of human body
systems, including, but not limited to, the skeletal,
reproductive, nervous and circulatory systems.

Relate the structure of organelles and cells to their functions.

¶0

¶0

Question 8

¶1

¶2

¶3

Question 3

Explain the conversion, flow, and storage of energy of the cell.

¶0

¶1

¶2

¶3

Identify and the function and explain the importance of
mitosis and meiosis as processes of cellular and organismal
reproduction.

¶1

¶2

¶3

Question 5

Compare single-celled and multicellular organisms, noting the
role of cell differentiation in the development of multicellular
organisms.

¶0

¶1

¶2

¶3

Question 6

Describe the levels of organization(e.g., cells, tissues, organs,
systems, organisms and ecosystems) in plants and animals.

¶0

¶1

¶2

¶3

Explain the major structures and their functions in
vascular and non-vascular plants.

¶0

¶1

¶2

¶3

Question 9

Question 4

¶0

¶1

¶2

Describe the life processes of various plant groups,
including reproduction, photosynthesis, respiration and
transpiration.

¶0

¶1

¶2

¶3

Question 10

Explain the reproductive processes in flowering plants.

¶0

¶1

¶2

¶3

Question 9
Identify examples where the physical principles of fluid
flow, optics and mechanics can be applied to living
systems.

¶0

¶1

¶2

¶3

¶3
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II

Quick Review Guide
Subject Matter Content
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.

Describe organelles and explain their function in the cell
Relate the structure of organelles and cells to their functions
Explain the conversion, flow, and storage of energy of the cell
Identify the function and explain the importance of mitosis and meiosis as processes of cellular and organismal
reproduction
Compare single-celled and multicellular organisms, noting the role of cell differentiation in the development
of multicellular organisms
Describe the levels of organization(e.g., cells, tissues, organs, systems, organisms and ecosystems) in plants
and animals
Describe the structures and functions of human body systems, including, but not limited to, theskeletal,
reproductive, nervous and circulatory systems
Explain the major structures and their functions in vascular and non-vascular plants
Describe the life processes of various plant groups, including reproduction, photosynthesis, respiration and
transpiration -also see the two tables below
Explain the reproductive processes in flowering plants
Identify examples where the physical principles of fluid flow, optics and mechanics can be applied to living
systems.

Describe organelles and explain their function in
the cell

The drawings to the left represent general cell types. The yellow cell will
represent bacteria (an organism of the Kingdom Monera-Prokaryotic cell)
as well as a protozoan (an organism from the Kingdom Protista-eukaryotic
cell). The cell to the right will represent plant, animal and some cells of the
Kingdom Protista.

SIMILARITIES AMONG THE CELL TYPES
Number/Similarities Bacterial Monerans
Description

Protozoans
(Protists)

Plant Cells

Animal Cells

YES

YES

YES

1. DNA/Chromosomes

YES

2. Cell Membrane

YES

YES

YES

YES

NO-Occurs near cell
membrane

YES-In organelle
called mitochondrion

YES-In organelle
called mitochondrion

YES-In organelle
called mitocondrion

Structures that make YES-Poly (many)
proteins and enzymes ribosomes
for the cell

YES-Endoplasmic
reticulum (organelle)

YES-Endoplasmic
reticulum (organelle)

YES-Endoplasmic
reticulum (organelle)

Cyroplasm

YES

YES

YES

3. Structures to
produce energy for
cell-Cell Respiration

YES
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DIFFERENCES AMONG THE CELL TYPES
Number/Similarities Description

Bacterial
(Monerans)

Protozoans
(Protists)

Plant Cells

Animal Cells

Cell Wall

YES

YES

YES

NO

Nucleus-nuclear membrane

NO

YES

YES

YES

Frimbria-DNA Transfer

SOME

NO

NO

NO

Vacuoles

NO

YES

YES

YES

Chloroplasts
(organelles for
photosynthesis)

YES

YES

YES

YES

Flagella (Mobility)

YES

YES

NO

NO

Capsule

SOME

NO

NO

NO

Functions of Cell “Parts: including viruses
Relate the structure of organelles and cells to their functions

Cell Wall- This structure is very rigid (does not change shape or bend). Its purpose in the
bacterial cell is to protect the cytoplasm, membrane and all the contents of the cytoplasm.
Cell membrane (Right)- Specialized structures surrounding cells and cell organelles.
These membranes are made of lipids and proteins and are selectively permeable.
This means that they allow some chemicals to enter or leave the cell but not other
chemicals.
•	Under a regular microscope the cell membranes appear like a “single line”.
Greatly magnified by an electron microscope, they show two layers separated .
by a space (see above).
•	Scientists first said that the membrane was like a sandwich. The protein was the
“bread” surrounding the inside of the sandwich of lipids. This did not explain the
selective permeability of membranes.
•	The model was changed (see drawing, upper right). Scientists kept the lipids
in the center (orange color) and the round blue spheres covering the internal
lipids. They put the specialized proteins (proteins to be explained later in this
section) perpendicular (at 90 degrees angle) to the membrane in between the lipid
molecules. These proteins go through the entire membrane. These membrane .
proteins may be lipoproteins (proteins that have lipids chemically attached to them).
See below to learn more about lipids and how they can cause selective permeability in cell membranes.
Lipids, Cell Membranes and Selective Permeability
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Selective Permeability
1. Diffusion
•	The term diffusion refers to the movement of atoms, ions and molecules down a
concentration gradient. Movement of particles is random but there is a net movement of
particles from regions of higher concentration to regions of lower concentration.
•	When the particles are uniformly distributed, they are said to be in equilibrium. The
particles continue to move randomly after equilibrium is attained but the particles
remain uniformly distributed.
•	Particles diffuse faster in gases than in liquids and faster in liquids than in solids.
Smaller particles diffuse faster than large particles.
•	Diffusion accounts for the uniform distribution of molecules of solute (a substance
dissolved in another substance or solvent) throughout the solvent. For example, when
a teaspoon of sugar (solute) is put into a glass of water (solvent), the sugar molecules
eventually become uniformly distributed in the water. A. Diffusion of a Solid (Dye) in a
Liquid (Water)
2. Semi-permeable Membranes:
•	A semi-permeable membrane is a membrane allowing only certain particles (ions or
molecules) to move through it. Such a membrane is considered to be selectively or
differentially permeable.
•
All cell membranes are selectively permeable.
•
Osmosis:
		Osmosis is defined as the diffusion of water molecules through a semi-permeable
membrane from a solution of higher water concentration on one side of a membrane to
a solution of lower water concentration on the other side.
If animal or vegetable tissues are dissolved by ethanol, ether, gasoline, benzene, chloroform,
petroleum ether, etc. a portion of the tissue “dissolves” or becomes soluble.The solvents
described above cannot dissolve water.
THE CHEMICALS THAT DISSOLVE IN THE SOLVENTS ABOVE ARE KNOWN AS LIPIDS. MEMBRANE LIPIDS ARE DIVIDED
INTO THE FOLLOWING CATEGORIES
SELECTIVE PERMEABILITY
Cell Membrane Model below modified and adapted from Scott, Forseman Biology, Copyright 1980

Cell membranes are a lipid bilayer- The hydrophobic (water repelling) end of the lipid molecules
is directed towards the interior of the membrane. The
hydrophilic (water loving) end of the lipid molecules
is directed towards the inside or outside of the cell.  
Hydrophobic area is red arrow. Hydrophilic area are
blue arrows.
The glycolipids (the molecules that determine the
surface properties of the cell) point toward the outside surface of the cell membrane.
The word polar means that a molecule (not an ion/electrically charged atom) has areas of
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positivity and areas of negativity. Water is an example of a polar molecule. The lipid bilayer
is fluid-like, permitting movement of the imbedded lipids and proteins sideways within the
membrane.
Text for above drawing: A classic experiment showed that imbedded protein molecules
could move from place to place on the cell membrane.
Membrane fluidity is affected by a) the placement and
number of double bonds in the fatty acid molecules of
lecithin and cephalin and by b) the amount of cholesterol
filling those spaces between the
phospholipid molecules. Cholesterol stabilizes the
membrane structure.
Membrane fluidity is affected by temperature. The mammalian cell membrane is stable at
body temperature but is not too rigid. Fish adjust the proportion of different lipids in their
cell membranes as they migrate from waters of one temperature to another.
Lipid bilayers do NOT allow larger ions and polar molecules to be transported across the
membrane unaided. (Most materials needing to get
into cells are in these categories)
Movement of these substances across the
membrane involves imbedded membrane proteins.
These proteins may connect to the energy
producing organelles of the cell to cause active,
aided transport.
Small ions (charged atoms), carbon dioxide
and oxygen can easily pass the “pores” in the
membrane. Larger molecules such as those making
up simple sugars pass through the membrane
slowly. This is the process called diffusion. Diffusion
occurs toward the side of the membrane where 	
						
    theconcentration of the the diffusing molecule is
						    lowest.
If the concentration of carbon dioxide is the lowest outside the cell, then carbon dioxide will
Domain VII: Quick Review Guide 159

cell & organismal biology

leave the cell.
•	Water diffusion through the semi-permeable membrane is called osmosis. If the
concentration of water is lower inside the cell then the water will move by osmosis into the
cell and the cell may burst like an overblown balloon. This is called turgor.
	If the concentration of water is lower outside the cell then the water will leave the cell. The
cell may shrivel up and die. This is called plasmolysis.
•	Non-polar molecules (no areas of charge at all in the molecule) can freely diffuse across the
membrane. Larger molecules will move very slowly.
•	Molecules and ions can be transported across the membrane
TOWARDS areas of GREATER concentration by the process
called active transport. This requires chemical energy and may
act somewhat like a revolving door of a department store or
hospital, moving the substance inside or outside of the cell. The
process may be mediated by the imbedded proteins.
functions of cell “parts”

3.	Cytoplasm- Serves as a fluid container for cell organelles.
and other cell substances. This is the area in which all of the work of the cell is done and
contains all chemicals and structures to do that work: Things occurring
within this area: protein synthesis, DNA and RNA synthesis, energy transfer,
preparation for cell division.
4.	Lysosomes- small enzyme-containing sacks within the cytoplasm of
the cell. These enzymes break down food materials into smaller parts.
Some enzymes may damage tissues resulting in emphysema .
or arthritis. Lysosomal enzymes remove waste materials from cells by
degrading them.
5.	Vacuoles- supports cell wall of plant cells; may also digest food particles (together with
lysosomal enzymes) remove wastes and store substances.
6.	Nucleus- place within the cell that houses the genetic material (chromosomes) and the.
nucleolus (produces RNA involved in protein synthesis)..
•
It carries the hereditary information of the cell.
•
It directs all cell activities.
• 	 It is bounded by a nuclear membrane except Monerans..
• 	Most cells with nuclear membranes contain nucleolus.
This structure is made up primarily of RNA needed for
protein synthesis.
7.	DNA/ Chromosomes: see above and it exists as 2 strands that
are coiled about each other much like a spiral staircase. More
details in next section.
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8.	RIBOSOMES: Structures that make proteins and enzymes for the cell. In bacteria these are
individual ribosomes attached to a strand of RNA. It is the place in bacteria where
new proteins are being made. Each individual ribosome is made of two particles.
One is a smaller particle, and the other is a larger particle. Both the smaller particle
and larger particle are made of r-RNA (ribosomal RNA) and thousands of proteins..
.
In all other cells protein synthesis occurs along the endoplasmic reticulum. Smooth
endoplasmic reticulum has no ribosomes attached to RNA which results in no
protein synthesis..
.
Rough endoplasmic reticulum has ribosomes attached to RNA and active protein synthesis.
9.	Chloroplasts: organelles within plant cells containing chlorophyl that allow plants to produce
food for themselves and for others who eat them. Sun energy strikes the chlorophyl
and starts a reaction where sugars are produced. The chlorophyl gives the cells a green
color. Their appearance is somewhat like the mitochondria. Cells that have
chloroplasts also have energy producing structures whether near the cell
membrane (blue green bacteria and Protists) or within the mitochondria of the
cell.
10.	Fimbria or Pili: These are tubular structures that are thought to be one way in
which bacteria can transfer DNA from one bacteria to another. This transfer results in
bacteria gaining new kinds of characteristics.
11. Flagella: This structure allows bacteria that have them to move around as well as the
Protist, Euglena. Flagella are like a propeller that pushes the organism around much
like the movements of a snake as it slithers along the ground.
12. Structures to produce energy for cell: Mitochondria in all cells but
bacterial cells. These contain the enzymes necessary for cellular

Explain the conversion, flow, and storage of energy
of the cell

Photosynthesis and Cellular Respiration: Summary (Animation)
NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org. Click
on Green Box to Begin:
1.	Photosynthesis and cellular respiration are the basis for the existence of life on this planet.
Click on green box to continue...
2.	The chloroplast (drawing at the top) and the Mitochondria (lower right of animation) are the
organelles in photosynthetic organisms that create and utilize the energy required for cellular
functions. Click on green box to continue...
3.	Two reactions occur in the chloroplast. One is called the light reaction occurring in the
granum (looks like a pile of coins) and the dark reaction occurring in the stroma (looks like
bridges between grana). Click on green box to continue...
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4.	Cellular respiration occurs in the mitochondria in structures called the Cristae. .
Click on green box to continue...
General Consideration of respiration and photosynthesis. Click on green box to continue...
5.	The energy in light produces chemical energy that is temporarily stored. These reactions are
mediated by different enzymes. Click on the green box to continue.
6.	Water undergoes an enzymatic reaction producing water and oxygen. The water stays in the
grana to continue this part of the light reaction. Oxygen also leaves the cell and enters the
atmosphere. Click on green box to continue.
7.	The stored energy moves to the stroma as carbon dioxide enters the stroma thus
commencing the DARK REACTION. Click on green box to continue.
8.	During the dark reaction the stored energy powers the enzymatic synthesis of the
sugar glucose from carbon dioxide. Glucose leaves the chloroplast and travels to the
mitochondria. Much of the stored chemical energy is transferred to the bonds holding the
glucose atoms together. More water is produced in this enzyme reaction. Click on green box
to continue...
9.	Glucose was actively transported through the membranes of both the chloroplasts and the
mitochondria. Once inside the mitochondria, cellular respiration now begins. Click on green
box to continue...
10.	The reaction takes place in the Cristae. You will now watch the chemical reaction (all steps
done by enzymes). Glucose will be broken down and carbon dioxide and water are the
products of the reaction. Carbon dioxide leaves the mitochondria. Part of the carbon dioxide
is recycled again through chloroplasts. The rest is excreted into the air or through exhalation
for mammals/animals. Click on green box to continue...
11.	Breakdown of glucose also produces chemical energy that is used throughout the entire
body for cell and enzyme functions as well as breathing, walking, running... in short.... being
able to live and move. The energy is called ATP (adenosine triphosphate). Adenosine is
the DNA/RNA purine nucleotide we have already seen. It has three instead of just the one
phosphate present in DNA. The other two phosphates have high energy bonds. Click on
green box to continue...
12.	Water, like carbon dioxide, is recycled to other parts of the organism. It too can be
eliminated. Once ATP is used for energy it loses a phosphate and becomes ADP. It is only
recycled..not eliminated. Click on green box to reset animation and review it again. .
.
.
Courtesy of University of Utah, Salt Lake City, Utah
Identify the function and explain the importance of mitosis
and meiosis as processes of cellular and organismal reproduction

1. Crossing Over.
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•
		
		
		
		

Occurs at prophase during the first part of meiosis (Anaphase I)
– Chromosomes pair before they divide
– Chromosome pairs wind around each other
– Each pair of chromosomes duplicates itself
– Chromosomes break and exchange equal amounts of chromosome material. The
newly exchanged pieces are enzymatically “glued” together.
		
– Chromosomes separate (to individual chromatids). Each chromatid now has different
traits or genes/alleles.
•	Purpose of crossing over: provides new combinations of genes/alleles (traits) in
male and female sex cells (gametes) so that when fertilization occurs the offspring
demonstrate increased genotypic and phenotypic variability.
	CLICKON “SUMMARY DESCRIPTION AND ANIMATION FOR CROSSING OVER DURING MEIOSIS” belowClick on the “Refresh” option on the top of the Internet browser of the new window to see the animation once
again. Summary Description and Animation for crossing over during meiosis -Details of meiosis seen below.

	CLICK ON “DETAILED DISCUSSION:CROSSING OVER” BELOW TO LEARN ABOUT CROSSING OVER
Detailed Discussion: Crossing Over

Compare single-celled and multicellular organisms, noting the role
of cell differentiation in the development of multicellular organisms

Gene triggers stem cell differentiation- article
Hormonal and Growth Factors controlling mammary gland differentiation
Muscle factors turning on muscle differentiation
Describe the levels of organization(e.g., cells, tissues, organs, systems, organisms and ecosystems) in plants and animals

Summary of levels of organization
Classification of organisms- details
Identify examples where the physical principles of fluid flow, optics
and mechanics can be applied to living systems

States of Matter : Effect on cells, tissues, systems and organisms
•	The dissolving properties of water protect living systems by aiding the elimination of toxins,
enzymatic processes of digestion, production of energy within a single cell, and many other
chemical reactions, including the synthesis of proteins (structural as well as functional
proteins) within cells. Enzymes facilitate all processes occurring within cells.
•	The dissolving property of water affects the availability of minerals from rocks, many of
whom are essential to maximal biochemical activities (example iron in hemoglobin... copper
or other metals as cofactors for maximum activity (respiratory chain).
•	The dissolving property of water allows nutrients to easily be dissolved.
•	The dissolving property of water is vital for the gases of life such as carbon dioxide and
oxygen. Without it gases would not be dissolved in or transported by the circulatory system
to different parts of the body. Gas exchange at the alveoli (lung)-level would not occur and
we would die.
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•	The ability of seawater to dissolve carbonates (compounds with CO3 ions) serves as a
storage place for much of the carbon dioxide on earth.
• Seawater also dissolves oxygen required by all marine life.
Heat Capacity of Water and energy: Effect on cells, tissues, systems and organisms
•	The high heat capacity of water protects the cell, tissue, organ, system, etc. by protecting
them from damage resulting from significant changes in temperature... both cold and hot.
•	The phase change properties of water contribute to cooling animals and humans through
the process of evaporation. The evaporation and condensation process directly affect the
availability of water through the Hydrologic Cycle.
Fluidity Properties of water: Effect on cells, tissues, systems and organisms
•	The fluidity property of water (osmosis, etc.) facilitates the maintenance of salt
concentrations at appropriate levels.
•	The fluidity property of water carries nutrients and products of cellular metabolism to places
needed in the single cell and multicellular organism... the organ system...etc.
•	The second law of thermodynamics stating that heat goes toward areas of lower heat
energy. In regards to water directly involves the transport of heat throughout the body..
Transfer of heat in a fluid by the circulation flow due to temperature differences (resulting in
density differences) This can affect the transport of hormones or cell factors, transfer RNA,
messenger RNA, as translation and transcription occur within the cell, controlling cellular
differentiation.
•	Disease states and principles of health for living things: example: hemachromatosis... a
disease of the over production of red cells, increasing the viscosity of blood thus decreasing
it’s ability to maintain a healthy environment.
Chemistry Principles: Effect on cells, tissues, systems and organisms
•	Chemistry principles of kinetic energy: principles of Newton’s laws. Kinetic energy... a
state that has to be present to initiate chemical reactions mediated by enzymes and by the
presence of heat within the body.
•	Chemistry principles of catalysts and pH in soluble enzymatic reactions necessary for life all
performed within a fluid system.. pH (acidity) of the system is critical for maximum enzyme
activity. Natural buffers helping stabilize the pH easily dissolve in water. Mammals whose
systems have become acidic have decreased energy and an enhanced deterioration of
major system functions.
Principles of Optics
Principles of optics: water allows free passage of light, facilitating photosynthesis in plants and
single cell organisms with specific organelles. Atomic chemistry: properties of magnetic fields
and the function of enzymes at the molecular level, realizing that each atom or protein has a
specific electromagnetic orientation. Some evidence exists that abnormalities of cell growth
associated with cancer may be associated with an abnormal electromagnetic orientation.
Newton’s laws of motion (macro-mechanics) facilitating the movement of mammals of all types.
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Detailed Study Guide
Domain 7: Cell & Organismal Biology

NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access STRUCTURE & FUNCTION OF CELLS
http://www.csetprep.org/science/CellularBiology/CellFunctionLipids.htm
Describe organelles and explain their function in the cell

1.	Compare the similarities and differences among bacterial cells, protozoans, plant cells and
animal cells.
Click on Functions of Cell “Parts: including viruses and answer the questions below.
http://www.biology.arizona.edu/cell_bio/tutorials/pev/main.html
2. Compare single cell organisms with multi-cellular organisms.
3. Describe the cell parts of Prokaryotes, including Archaea
4. Describe the cell parts of Eukaryotes.
5. Describe viruses.
Relate the structure of organelles and cells to their functions

Define the function of the following organelles:
6. Cell wall.
7.	Cell membrane. (Be sure to consider the information about selective permeability, the different
chemical structures and their roles and the concepts of polar, ionic, non-polar, etc. and finally,
the concepts of diffusion, osmosis and active transport).
8. Cytoplasm
9. Lysosomes
10. Vacuoles
11. Nucleus
12. DNA/Chromosomes
13. Ribosomes
14. Chloroplasts
15. Fimbria or pilli
16. Flagella
17. Organelles producing energy
18. Cell capsules
Explain the conversion, flow, and storage of energy of the cell

19. Summarize the steps of photosynthesis and cellular respiration
Identify the function and explain the importance of mitosis and meiosis
as processes of cellular and organismal reproduction.

20. What is mitosis?- first animation
21. What is meiosis?- first animation, second part
22. What is the importance of both mitosis and meiosis in the process of cellular and organismal
reproduction. – first animation, second animation and the material about crossing over.
Compare single-celled and multi-cellular organisms, noting the role of
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cell differentiation in the development of multi-cellular organisms

23.	You have already compared single-cell and multi-cellular organisms. Your goal now is to
note the role of cell differentiation in the development of multi-cellular organisms. To do
this you will summarize the common factors you see as you compare the common factors
in stem cell differentiation (example of a single cell system), gene regulation of embryonic
development (example of a developing multi-cellular organism, the factors controlling
mammary gland differentiation (example of an organ system), and muscle factors turning on
muscle differentiation (an example of a tissue).
Describe the levels of organization (e.g., cells, tissues, organs, systems, organisms and ecosystems) in plants and animals

24.	Using the link of the big overview of the principles of different levels of organization,
summarize those principles briefly.
Click on the second link, “Classification of Organisms” – detail and answer question 25 below
25. Define Kingdom, Phylum, Class, Order, Family, Genus, and Species.
26. Click on Kingdom Monera and describe the main identifying points describing this kingdom.
27. Click on Kingdom Protista. Describe the main identifying points describing this kingdom
28. Click on tKingdom Plantae and describe the main identifying points describing this kingdom
29. Click on Kingdom Fungi and describe the main identifying points describing this kingdom.
30. Click on Kingdom Animalia and describe the main identifying points describing this kingdom.
Describe the structures and functions of human body systems, including, but not limited to, the skeletal, reproductive, nervous and circulatory systems
You will be studying about the structure and function of each of the following human body systems.

Body Framework and Controls
http://www.csetprep.org/MSAT%20SCIENCE/BodyFramework.htm
The Skeletal System- Framework Support
http://csetprep.org/MSAT%20SCIENCE/SkeletalSystem.htm
The Muscular System – Movement
http://csetprep.org/MSAT%20SCIENCE/MuscularSystem.htm
The Nervous System- Survival, Cognition, Thinking
http://csetprep.org/MSAT%20SCIENCE/NervousSystem.htm
The Endocrine System- Control of Body
http://www.csetprep.org/MSAT%20SCIENCE/EndocrineSystem.htm
Nutrition and Digestion
Nutrition and Digestion (The digestive system)
http://www.csetprep.org/MSAT%20SCIENCE/NutritionDigestion.htm
Transport and Body Defense- these include:
The Circulatory System- Transport of Life’s Elements
http://www.csetprep.org/MSAT%20SCIENCE/CirculatorySystem.htm
The Immune System- Defense Against Foreign Invaders
http://www.csetprep.org/MSAT%20SCIENCE/ImmuneSystem.htm
Respiration and Excretion- these include:
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Continued
The Respiratory System- Carbon Dioxide and Oxygen Exchange
http://www.csetprep.org/MSAT%20SCIENCE/RespiratorySystem.htm
The Excretory (toxic elimination) System- Elimination of Toxins andWaste
http://www.csetprep.org/MSAT%20SCIENCE/ExcretorySystem.htm
Reproduction, Growth and Development
Reproduction, Growth and Development (The reproductive system)
http://www.csetprep.org/MSAT%20SCIENCE/ReproductionGrowthDevelop.htm
Click on each of the human body systems and describe the structure and
function of each organ system in the appropriate spaces below.
31. The skeletal system:
32. The muscular system:
33. The nervous system:
34. The endocrine system:
35. The digestive system:
36. The circulatory system:
37. The immune system:
38. The respiratory system:
39. The excretory system:
40. The reproductive system:
Explain the major structures and their functions in vascular and
nonvascular plants- click on link and answer questions below.

41.	Compare the structures and functions of monocots and dicots of the following plant organs:
roots, stems, leaves, and flowers and fruits.
42. Compare the vascular seed plants you described in the previous question to the same
structures (roots, stems, leaves, and flowers and fruits) of the non-vascular plants and
seedless vascular plants.
Describe the life processes of various plant groups, including reproduction, photosynthesis, respiration and transpiration

43. 	Compare the life processes of the various plant groups, including reproduction,
photosynthesis, respiration and transpiration. Flowers are the means of sexual reproduction
of vascular seed plants. What is the mode of reproduction of non-vascular plants and
seedless vascular plants?
Explain the reproductive processes in flowering plants

44.	Explain the reproductive processes in flowering plants. (click link above to access
information.
Identify examples where the physical principles of fluid flow, optics
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and mechanics can be applied to living systems (if you can’t locate
this area use the link below in Level II)

45. What are the states of matter and more specifically of water?
46. How can water cause a solid to “disappear”?
47.	What is the heat capacity of water mean? Click on link below and then scroll down until you
see the link, “Specific Heat” to find the answer
Click here to access Heat Transfer and Thermodynamics
http://www.csetprep.org/MSAT%20SCIENCE/TempAndHeat.htm
48. Define fluidity and fluid. Use a dictionary to help you.
49. Define kinetic energy, pH and catalyst. You may have to go to the unit on Chemistry to help
you: Click here to access STRUCTURE AND PROPERTIES OF MATTER
http://www.csetprep.org/MSAT%20SCIENCE/NuclearPhysics.htm
50.	Level II question: Define the principles of optics: you may have to go to the study unit if you
have not already learned this material. Then you will have to use your knowledge about how
light behaves in water Click here to access WAVES
http://www.csetprep.org/MSAT%20SCIENCE/WavePheHomePage.htm

Level II: Cell and Organismal Biology

Click here to access STRUCTURE AND FUNCTION OF CELLS
http://www.csetprep.org/MSAT%20SCIENCE/Cellular%20Biology/CellFunctionLipids. htm
Click on the link to the left and then on link “k” (see below) to get to this final section.
Identify examples where the physical principles of fluid flow, optics
and mechanics can be applied to living systems

1.	Describe how the states of matter affect cells, tissues, systems and organisms.
2.	Describe how the heat capacity of water and energy affect cells, tissues, systems and
organisms.
3. 	Describe how the fluidity properties of matter affect cells, tissues, systems and organisms.
4.	Describe how the principles of chemistry affect cells, tissues, systems and organisms.
5.	Describe how the principles of optics affect cells, tissues, systems and organisms.
6. Describe how macro-mechanics affect cells, tissues, systems and organisms.

Level III: Cell and Organismal Biology

1. Describe how the abiotic (non-living) and biotic worlds interact and rely on each other.
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Domain 7: Post-Test
General Science Subtest II
question 1

Question 2

Which of the following best describes the function of meiosis in
sexually reproducing organisms?

In most plants, the stomata on the leaves are closed at night
and open during the day. Which of the following explains this
general pattern?

A.
B.
C.
D.

to make cells with exact copies of DNA.
to induce the ovum to become permeable to a sperm cell.
to produce haploid gametes prior to fertilization.
to accomplish the first of several cell divisions in the
zygote.

A.
B.
C.
D.

E vaporative cooling through transpiration would be
excessive of continued through the night.
The stomata are light sensitive and function only in the
presencee of solar radiation.
The high concentration of potassium in the nearby
guard cells forces the stomata to close.
The stomata close at night to reduce water loss at a
time when a plant does not need CO2.

Answers
1. Correct Response: C (SMR Code: 7.1) Meiosis, the process by which gametes are produced in sexually reproducing organisms, results in the
halving of the number of chromosomes in the daughter cells. THis ensures that when two gametes unite, the offspring’s somatic cellls will
have a chromosome number that is normal for the species, with half the chromosomes coming from each parent. Without the halving of the
chromosome number, offspring would receive twice the number of chromosomes as its parents.
2. Correct Response: D (SMR Code: 7.1) Stomata permit plants to take up CO2 and release O2 during the day as they photosynthesizel. Plants,
however, also loose water through thw stomata. At night, when photosynthesis tops and the plant does not need CO2 the stomata close,
preventing water loss.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Heat Transfer & Thermodynamics
heat transer & thermodynamics Subject
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review

IV.

Post-Test

Matter Requirements
Candidates explain how heat flows in a predicable manner. They
understand that energy cannot be created or destroyed, although
in many processes energy is transferred to the environment as
heat. Candidates apply their knowledge to explain how many
phenomena on Earth’s surface are affected by the transfer of
energy through radiation and convection currents.

Subject Matter Content
a.
b.
c.
d.
e.
f.
g.
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Know the principle of conseration of energy and apply it to energy transfers
Discuss how the transfer of energy as heat is related to changes in
temperature
Diagram direction of heat flow in a system
Describe the methods of heat transferr by confuction, convection, and
radiation and provide examples for all
Explain how chemical potential energy in fuel is transformed to heat
Design and explain experiments to induce a physical change such as
freezing, melting, or boiling
Distinguish between physical and chemical changes and provide
examples of each

Heat Transfer & Thermodynamics
I

Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.

Question 1

Question 5

Know the principle of conseration of energy and apply it to
energy transfers.

Explain how chemical potential energy in fuel is transformed to heat

¶0

¶0

¶1

¶2

¶3

¶1

¶2

¶3

Question 2

Question 6

Discuss how the transfer of energy as heat is related to
changes in temperature.

Design and explain experiments to induce a physical
change such as freezing, melting, or boiling.

¶0

¶0

¶1

¶2

¶3

Question 3

¶1

¶2

¶3

Question 7

Diagram direction of heat flow in a system.

¶0

¶1

¶2

¶3

Distinguish between physical and chemical changes and
provide examples of each.

¶0

Question 4

¶1

¶2

¶3

Describe the methods of heat transferr by confuction,
convection, and radiation and provide examples for all.

¶0

¶1

¶2

¶3

171

Heat Transfer & Thermodynamics
II

Quick Review Guide
Subject Matter Content
a.
b.
c.
d.
e.
f.
g.

Know the principle of conservation of energy and apply it to energy transfers
Discuss how the transfer of energy as heat is related to changes in temperature
Diagram direction of heat flow in a system
Describe the methods of heat transfer by conduction, convection, and radiation and provide examples for all
Explain how chemical potential energy in fuel is transformed to heat
Design and explain experiments to induce a physical change such as freezing, melting, or boiling
Distinguish between physical and chemical changes and provide examples of each

Know the principle of conservation of energy and apply it to
energy transfers

•
•

Principle of Conservation of Energy.
Click on each of the four areas of Conservation of Energy to learn more
Heat Transfer Calculations

Diagram direction of heat flow in a system- energy transfers

• First Law of Thermodynamics- enthalpy, system work (using calculus)- follow
• Heat and work example
•	Second Law of Thermodynamics- examples - “It is impossible for heat to flow spontaneously
from a colder body to a hotter body.”
• Heat Engine Cycle- examples
The Kinetic Theory of Gases
• Conceptual Introduction to the Concepts of Gases - Activity
A quantitative and model view: Once the window appears when clicking on the link above, set the
number of particles in the chamber to 100, the pressure outside of the cylinder to 50 and the
velocity of the molecules to 100. Follow the directions below. Each time you put a new number into a
box, PRESS RETURN/ENTER to set the value.
•	Record the volume INSIDE the cylinder (V: to the left of the screen). Set up a table with
Pressure INSIDE the cylinder as the dependent variable (yaxis) and number of particles as
the independent variable. Record the pressure reading, then double the number of particles
(100), double them again (400) and double them once more (800). Each time record what
happened to the Pressure. .
GRAPH THIS RELATIONSHIP IF YOU CAN’T SEE THE RELATIONSHIP FROM THE DATA.
(GRAPH 1)
•	Set up a table with the volume INSIDE the cylinder as the dependent variable and the
pressure OUTSIDE the cylinder as the independent variable. Keeping the number of particles
at 800, now vary the Pressure OUTSIDE of the cylinder. Double it to 100, then double it
again to 200 and finally to 400. Each time record the volume INSIDE the cylinder ONCE THE 
VALUE STABILIZES. If it doesn’t record 5 values and average them. .
GRAPH THIS RELATIONSHIP IF YOU CAN’T SEE THE RELATIONSHIP FROM THE DATA.
(GRAPH 2)
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•	Set up a table with volume INSIDE the cylinder as the independent variable and the
velocity as the dependent variable. Keeping the number of particles of gas and the
outside pressure constant, begin to increase the velocity of the molecules. Record the
volume inside the cylinder. Double the velocity to 200 and then double it again to 400.
Each time record the INSIDE volume of the cylinder. GRAPH THIS RELATIONSHIP.
GRAPH THE RELATIONSHIP IF YOU CAN’T SEE THE RELATIONSHIP FROMTHE DATA.
(GRAPH 3)
•
l Answer the questions below.
		
1. What kind of relationship is there between the number of particles of gas inside the
cylinder and the volume inside the cylinder? Explain why.
		
2. What kind of relationship is there between increased pressure OUTSIDE the cylinder
and the volume inside the cylinder? Explain why.
		
3. What kind of relationship is there between increased velocity of the molecules of gas
inside the cylinder and the volume inside the cylinder? Explain why.
		    (Hint: use the equation for kinetic energy to help you)
		
4. A balloon is a good way to see if you understand the current concept. If you were
to fly up to the stratosphere (like superman) where the NUMBER OF MOLECULES
OUTSIDE THE BALLOON ARE MUCH LESS THAN THE number of MOLECULES
INSIDE THE BALLOON... WHAT WOULD HAPPEN TO THE SIZE OF THE BALLOON
IN THE STRATOSPHERE COMPARED TO ITS SIZE ON THE GROUND?
• Pressure and Number of Molecules-Daltons Law
•	Temperature and volume- Charles Law
• Pressure and Volume- Boyle’s Law
The Ideal Gas Law

(From notes by Dr. David Taylor, Northwestern University).
	The Ideal Gas Law is:.
PV = NkBT, where.
.
P = the pressure of the gas.
V = the volume of the container the gas occupies.
N = the number of molecules of gas in the container.
kB = Boltzmann’s constant.
T = the temperature of the gas in K°
	This equation has four variables in it (P, V, N, T) and that makes it hard to grasp. Frequently
though, we can constrain two of the variables and then we only have to worry about a twovariable equation. .
.
First, we can talk about a particular sample of gas inside a container. That fixes N, and we
don’t have to deal with it any further. We can just set NkB = constant, and for our purposes
it doesn’t matter what the constant is. Let us consider the rest of the variables, (P, V, T), two
at a time..
1) T = constant
	Ifwe fix the temperature, we are just left with PV = constant for the gas law. So, in this
situation, if the volume is doubled, the pressure must go down by one-half. And vice-versa.
The simplest illustration of this would be a cylinder with a plunger on one end: if you push
the plunger in so that the volume of the cylinder is halved and the temperature remains
constant, then the pressure will double.
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	However, it is important to realize that constant-temperature processes must be pretty slow
ones (in other words, you must move the plunger on the gas cylinder very slowly) because
there must be enough time for heat to flow between the inside and outside of the cylinder to
keep everything at a constant temperature..
.
Suppose you don’t do that. Suppose you just slam in the plunger very quickly. Well, you are
exerting a force through a distance (as you push the cylinder in, the pressure inside resists,
thus you are using force), and as we remember, E = Fd. So, energy is being expended
as you force the plunger inwards. Where does that energy go? If you slam the plunger in
quickly, it doesn’t have time to leave the cylinder, so there is only one place for it to go: into
the gas. In other words, the gas will heat up..
.
You can imagine the situation microscopically by visualizing the gas atoms inside the
cylinder, bouncing around like ping-pong balls. Suppose one of thewalls starts moving
inwards. What happens to the atoms as they bounce against the wall moving towards them?
Well, what happens to a baseball when it meets a bat moving towards it? The atoms
bounce off the wall with a higher velocity than they had when they hit it. In other words, their
temperature rises. In order for a cylinder with a plunger being pushed into it to remain at
constant temperature, the plunger must be moved in so slowly that the heated gas atoms
inside the cylinder have time to lose that heat to the outside world..
.
Note: the diesel engine, unlike a gasoline engine, uses no spark plug. How does it ignite the
fuel? It does it by simply operating at a very high pressure. When diesel fuel and air are sprayed
inside the cylinder in a diesel engine, the cylinder is compressed so highly (and so fast) that the
temperature of the fuel-air mixture rises enough to ignite itself. No other heat input is necessary..
.
The opposite of the above effect is provided by putting compressed gas into the cylinder,
then letting go of the plunger. The high-pressure gas will drive the plunger out -- and the
energy to accelerate the plunger has to come from somewhere. It can only come from
the gas inside the cylinder, so the gas temperature will fall. (It is left as an exercise to the
reader to imagine ping-pong balls hitting a wall and moving it outwards, and thereby losing
velocity.) The expansion can only occur at constant temperature if the expansion is very
slow, so that the gas has time to absorb heat from the outside world.
2) V = constant
In this case, we can write P(const) = (const)T for the Ideal Gas Law, or just P = (const)T.
	In this case, the pressure will rise or fall directly with the temperature. Double the
temperature, double the pressure. Constant volume is easy to achieve: you just need a gas
inside a sealed container of some sort. The only caveat to be kept in mind here is that the
temperature must be measured in degrees Kelvin. “Doubling the temperature” means that
you go from 200 K° to 400 K°, not 50 F° to 100 F°.
	Tech note -- Ever wonder why manufacturers warn you not to burn empty spray cans in a fire,
lest they explode? You may have wondered (as I did, when I was a little kid), what exactly is it
that is going to explode, if the can is empty? Well, in fact, the can wouldn’texplode -- if it were
truly “empty”. But, it isn’t empty. It has air inside, and if you heat that air enough, it might reach
a high enough pressure to rupture the can, i.e., explode.
	Microscopically, the V= constant case is easy to visualize. You have atoms bouncing around.
You heat them up (or cool them down), i.e., you change their velocity. They then bang gainst
the walls more (or less) energetically, which is exactly what we call pressure.
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3) P = constant
	This case gives us V = (const)T. Doubling the absolute temperature of a gas also doubles
its volume, if the pressure is constant, and vice versa. This case can sometimes be a bit
tricky to visualize. A constant pressure can only be maintained if there is some force (usually
external to the body of gas in question) maintaining a constant force on the gas. In class, I
have used a demonstration device which consists of a cylinder filled with tiny blue pellets to
simulate a gas. An agitator at the bottom whips up the pellets into a little hailstorm, thereby
simulating the motion of gas atoms. A movable plunger setting on top of the cylinder has, of
course, a constant weight and a constant area, so it represents a constant pressure. (Since
P = force / area). Temperature is a measure of the average energy of atoms, and by whipping
the pellets at different speeds I showed that the volume of the cylinder expanded as the
speed of the pellets (i.e., their “temperature”) was increased, and vice-versa.
	Microscopically, we are just saying that gas atoms move faster as they gain heat (increase
temperature). So, they pound the walls harder and create higher pressure. If the wall is free
to move, than it will do so, because unbalanced pressures on opposites sides of a wall
mean unbalanced forces, and thus the wall must move unless it is clamped into place.
	But why did plunger in my demonstration eventually stop? If the atoms (blue balls) are at the
same temperature, then they are still moving at the same speed. Why don’t they just push
out the plunger forever?
	To answer this, we must realize that the pressure on the wall is affected not only by how fast
the balls (atoms) are hitting it, but also how often. As the size of the chamber increases, the
time it takes for the balls to criss-cross the chamber must also increase. So, they cannot hit
the wall as often. Thus, as the wall moves further and further back, the pressure on it must
decrease. The wall eventually stops moving, at the point when the internal pressure has
become exactly equal to the external (constant) pressure.
	Probably the most common constant pressure phenomena in everyday life are those
affected by the Earth’s atmosphere, which is way too massive to have its pressure changed
by anything humans can do. (The Sun is more influential -- the weatherman’s “barometric
pressure” is just a fancy phrase for atmospheric pressure, and this does vary slightly with
the weather.) A party balloon, for example, has constant atmospheric pressure acting on it. If
you blow up a party balloon and place it in the freezer for an hour or so, it will shrink. If you
let it warm up, it will expand again.
Summary
	The ideal gas law is very intuitive, if you just remember what the terms in the equation
represent physically and keep in mind the picture of small atoms racing about. For a
constant volume, changing the temperature (the speed of the atoms) will change the
pressure because the atoms now strike the unmoving walls more (or less) vigorously.
	For a constant pressure (like that provided by the weight of a movable plunger) you again
change the temperature/speed of the balls, but in this case the walls are now free to move
and do so, changing the distance the atoms must travel between hits. The system will come
to equilibrium at a new volume, determined by the point at which the internal pressure once
again equals the external pressure..
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	For a constant temperature, changing the volume will change the pressure (change the
number of “hits” on the walls) because now the atoms have a different distance to travel
and thus can strike the walls more (or less) frequently, even though their speeds have not
changed..
More on Work/Energy

Carefully study each animation
Definition and Mathematics of Work
• Calculating Amount of Work
• Potential Energy
• Kinetic Energy
• 	 Mechanical
•	Energy Power
• Internal vs. External Forces
• Situations Involving External Forces
• Situations Where Mechanical Energy Is Conserved
• Practice Questions
• Illustrations
Potential and Kinetic Energy Activity and the Conservation of Energy:

1.	When the activity IN THE LINK ABOVE appears, set
• inclined plane angle to 45 degrees;
• height of ball to 10 m;
• Initial velocity of ball to 0;
• mass of ball to 1 kg and
• delta T to 0.05
2.	Set the x-axis box to x pos. (m). The y-axis box to Potential E (J) (energy in joules or m
squared per seconds squared). You will be looking at potential energy....
• Click go and notice the graph (Describe what you saw and then interpret what it means in
words.)
• Change the y axis box to Kinetic E (J) and click go. You will be measuring what happens to
the kinetic energy. (Describe what you saw and then interpret what it means in words.)
• Change the y axis box to Total (E) (J) and click go. You will now be looking at the total
energy of the system. Total energy is the total kinetic and potential energy in the system.
(Describe what you saw and then interpret what it means in words.)
• Change the y axis box to x accel. (m/s/s) (Acceleration) and click on go. You will be looking
at what happens to the acceleration. (Describe what you saw and then interpret what it
means in words.)
• Describe how this activity relates to the conservation of energy.
Discuss how the transfer of energy as heat is related to changes in
temperature

•	Temperature vs Heat
• Specific Heat
• Latent Heat --application to weather
Describe the methods of heat transfer by conduction, convection,
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and radiation and provide examples for all

• 	 Radiation - atmosphere
• Conduction- atmosphere
• 	 Convection- atmosphere
• 	 Relation to Earth’s Interior-Introduction
•	Earth Systems: Conduction- Earth’s interior
•	Earth Systems: Convection- Earth’s interior
•	Earth Systems: Radiation- Sun and Earth
Explain how chemical potential energy in fuel is transformed to heat

• Forms and Sources of Energy- in depth discussions
•	Review the carbon cycle to see how fuel is turned into different forms of energy (kinetic,
potential, heat, etc.) Then return to this page.
• Renewable sources
•	Energy Changes-general
• Geothermal energy
Design and explain experiments to induce a physical change such as
freezing, melting, or boiling

Introduction to Solids, Liquids and Gases --Read up to “Smaller than Atoms”
Phases of Matter- including surface tension, viscosity and phase changes. The “designing” part
of experiments refers to understand why a substance changes from a solid to liquid...a liquid
to a gas. What those preparing for exams must know is the molecular basis of WHY these phase
changes occur. See latent heat above (as well as specific heat) if you haven’t reviewed these
concepts. Then study the graphs, figures and tables to help you visualize what is happening on
a molecular level.
Molecular basis of phase transitions: In the phase transition diagram in “Phases of Matter”
above, there are three increases in temperature and two areas where the temperature remains
constant. Using water as an example, the increase at the lower left of the curve is due to energy
heating up the molecules of ice, causing them to increase in movements (specific heat of
ice is a set amount of energy required to raise the temperature of ice by 1 degree C.)
This continues until the temperature reaches the melting/freezing point (0 C). At that point
the curve becomes horizontal... there are no increases in temperature. This is the latent heat
of fusion. Large amounts of energy are required to break the hydrogen bonds between the
molecules of water in the ice. The reason that there is no temperature increase is because all the
energy goes to break the hydrogen bonds... NOT to increase the movement of the molecules.
Once all the hydrogen bonds are broken and the water molecules are now free to move, further
addition of energy, in the form of heat, continues to increase the motion of water molecules.
The temperature rises. This is the specific heat of water... a specific amount of heat required to
raise the temperature of the liquid by 1 degree C. This is called the specific heat of water. Now
another horizontal area of the curve is achieved when the temperature arrives at the boiling point
(varies according to altitude).
There is a longer time of horizontal graph (meaning no temperature increase), because now all
the energy is going in to break the final hydrogen bonds between water molecules. This is
the latent heat of vaporization or condensation. Its set value is much higher than the latent
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heat of ice at 0 C.After all the bonds are broken, the temperature takes another rise. This is the
specific heat of steam (water molecules free in air like other molecules). There is a set value of
energy required to raise the temperature of steam by 1 degree C. It is called the specific heat of
steam. The motion of the steam molecules increases and so does their temperature. This is the
basis upon which pressure cookers and autoclaves are based.
Distinguish between physical and chemical changes and provide examples of each

•
•

Review and practice- about physical and chemical properties and changes
Another practice- mainly about physical and chemical changes

Resources
Fordham Preparatory School; Encyclopedia.com; chemforkids; com; University of Florida, Department of Chemistry; USA Today;
John Hopkins University; NTNU Virtual Physics Laboratory; UC Berkeley; MillsAps College; Physicsclassroom.com; Exploratorium
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Detailed Study Guide

Domain 11: Heat Transfer & Thermodynamics
NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access STRUCTURE & FUNCTION OF CELLS
http://www.csetprep.org/science/
Know the principle of conservation of energy and apply it to energy
transfers

On the web page above, click on “Principle of Conservation of Energy”
1. What is energy and describe the principle of the conservation of energy.
2. 	AREA 1: Click on “Mass Energy; E = m(c squared). Describe this famous relationship of energy
and mass proposed by Einstein. (include the concepts of kinetic energy, rest mass energy,
high speed particle, nuclear binding energies and energy yields of fission and fusion
3.	AREA 2: Click on “Mechanics Problem Solving”. Summarize the relationship of energy
and Newton’s Laws. Click on links to Newton’s Laws to help you. Include the concepts of
gravitational potential energy, Newton’s first, second and third laws.
4.	AREA 3: Click on the “Work-Energy Principle” Define carefully the Work- Energy Principle and
give examples in the following areas: car crash, seatbelt use, car stopping distance, large
truck-small truck collision, two trucks-equal momentum, impact force on falling objects and
work-energy principle for angular quantities.
5.	AREA 4: Click on “Role [of conservation of energy] as a fundamental principle”: What does it
mean that Conservation of Energy is a fundamental principle?
6.	Scroll to the bottom of the page and click on the link “Electromagnetic force” in the text.
Briefly define the four fundamental forces in nature.
Click on “Heat Transfer Calculations”
7.	Show the steps of solving heat transfer calculations when a) the heat transferred (q) is
unknown, b) where the mass (m) is unknown, c) where the change in temperature (delta T) is
unknown and d) where the specific heat (Cp) is unknown.
Diagram direction of heat flow in a system- energy transfers

Click on “First law of Thermodynamics”
8. Describe the First Law of thermodynamics.
9. 	 Define the concepts of Enthalpy and System Work
10. 	Click on the link “thermodynamic potentials”, in the box labeled Enthalpy..
You are now in the thermodynamics potentials area. Define the concepts of the four
thermodynamic potentials useful in thermodynamics studies (UInternal Energy- click on box to
find details then use back arrow; Helmholz16. Flagella .
• 	 Free Energy- click on box to find details, then use back arrow
•	Enthalpy- click on box to find details, then use back arrow; G- Gibbs Free
•	Energy- click on box to find details, then use back arrow.) DEFINE –TS (click on the letters
to find information) and +PV (click on the letters to find information.)
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Click on “Heat and work example”
11. Define heat.
12. Define internal energy.
13. Define work (click on link “work” this page)
14. Heat can be produced by heating an object with a Bunsen burner or by doing mechanical
work on an object (like rubbing your hands together or mechanically pushing gas molecules
closer together in a cylinder). Describe the heat and work example from studying the graphic
and tell what is happening and why the end product of both approaches is the same?
15. Describe how Joule’s classic experiment showed how the relationship of joules to calories
was established and how it proved the direct relationship between work and heat. (to see
scroll down to the box labeled “Mechanical Equivalent of Heat”. (now these terms are used
interchangeably.
Click on “Second Law of Thermodynamics.”
16. In addition to the general definition given on the top area of this web page,
define the second law of thermodynamics using the examples of a) the
heat engine (click on link “heat engine), b) the refrigerator (click on link
“refrigerator”), and c) entropy (click on link “Entropy”). While you are in
entropy, define Entropy in terms of the second law of thermodynamics.
Also click on Biological systems are highly ordered; how does that square
with entropy? and describe HOW entropy and the second law of
thermodynamics are related to biological systems.
Click on “Heat Engine Cycle”
17. Describe how the first and second laws of thermodynamics impact the heat engine cycle.
18. Describe the pressure-volume cycle of heat engines (follow the arrow directions in your
description, paying attention to the labels of the x and yaxis and words in the graph proper.
Tell where this cycle occurs in automobiles.
19. Compare the energy reservoir model to the PV cycle (next section down).
20. In the last section on this page, define thermal bottleneck and describe why some
hydroelectric plants achieve an 85% efficiency (to help you click on the link “thermal
bottleneck”.
Click on “Kinetic Theory of Gases”
21. Perform the activity, Conceptual Introduction to the Concepts of Gases. READ THE 
INSTRUCTIONS ON THE WEBPAGE FIRST, THEN CLICK ON Conceptual Introduction to the
Concepts of Gases
http://www.phy.ntnu.edu.tw/java/idealGas/idealGas.html
	to show the Applet. Put the results of your activity below as well as the answer to the
questions for the activity.
Click on the links to a description of Dalton’s Law, Charles Law and Boyles Law.
After studying each link answer the questions below.
22. Describe Daltons Law
23. Describe Charles Law (V1/T1 = V2/T2) Pressure is constant
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24. Describe Boyle’s Law (P1V1= P2V2) Temperature is Constant
Scroll down and read the section on the Ideal Gas Law: Answer the question below.
25. Describe the Ideal Gas Law
26. The combined gas law is a combination of the Boyle’s and Charles’ Law. It assumes
3 variables, Pressure, Volume and Temperature. (P1V1/ T1 = P2V2/ T2) This takes into
consideration the relative changes between the three variables… nothing is held constant
in this one. Click on the link to work problems http://www.wise.k12.va.us/jjk/Chemistry/
gaslaws.html Click on the links below to see more help in work and energy problems
Definition and Mathematics of Work
http://www.physicsclassroom.com/Class/energy/U5L1a.html
Calculating Amount of Work
http://www.physicsclassroom.com/Class/energy/U5L1aa.html
Potential Energy
http://www.physicsclassroom.com/Class/energy/U5L1b.html
Kinetic Energy
http://www.physicsclassroom.com/Class/energy/U5L1c.html
Mechanical Energy
http://www.physicsclassroom.com/Class/energy/U5L1d.html
Power
http://www.physicsclassroom.com/Class/energy/U5L1e.html
Internal vs. External Forces
http://www.physicsclassroom.com/Class/energy/U5L2a.html
Situations Involving External Forces
http://www.physicsclassroom.com/Class/energy/U5L2b.html
Situations Where Mechanical Energy Is Conserved
http://www.physicsclassroom.com/Class/energy/U5L2bb.html
Practice Questions
http://www.physicsclassroom.com/Class/energy/U5L2bc.html
IN THE SPACE BELOW: SUMMARIZE THOSE CONCEPTS ABOVE YOU ARE NOT FAMILIAR
WITH. PERFORM THE PRACTICE QUESTIONS (SELFASSESSMENT).Be sure to study carefully
each animation carefully and read each of the animation descriptions. These will help strengthen
your concept attainment. Contact the instructor if you run into difficulties.
27. Return to the previous page and check your understanding in the self-test provided.
Click on Potential and Kinetic Energy Activity and the Conservation of Energy:
http://www.explorelearning.com/index.cfm?method=cResource.dspDetail&Resou rceID=27
and carefully perform the activity below this link on the web page. Answer all
questions, graphs and conclusions below.
Discuss how the transfer of energy as heat is related to changes in
temperature

Click on “Temperature vs. Heat”
28.	Describe the difference between temperature and heat.
Click on “Specific Heat”. Scroll down until you see 3) Specific heat capacity.
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29. Define specific heat capacity and describe the only conditions under which we can measure
temperature changes.
Click on “Latent Heat”- applications to weather
30.	Give examples, using the weather, whereby heat changes are measured in the air and in
water.
Describe the methods of heat transfer by conduction, convection,
and radiation and provide examples for all

31. Include examples as you compare and contrast the methods heat is transferred in the
atmosphere as well as heat transfer in the earth’s interior.
Explain how chemical potential energy in fuel is transformed to heat

Click on “Forms and sources of energy”
32. Summarize the various forms of energy available on earth and how they are harnessed to
produce energy.
Click on “Review of the Carbon Cycle”
33. Discuss how the energy of the sun is turned into chemical potential energy in plants.
34. Discuss the various ways the energy in plants are used on earth and by our bodies to
produce kinetic energy and heat.
Click on “Renewable Sources”
35. Renewable resources of energy are those that are recycled through natural processes. For
example, the wind turns the windmills that produce electricity, but the wind still is there.
Agriculture biomass can be burned to produce electricity. The plants can be grown once
again. Contrast this with non-renewable resources such as coal. Once it is burned it would
take millions of years to reform… the same with petroleum. This link presents an article
about corn in Iowa. How is this renewable resource used for energy production? (answer
below).
Click on “Energy Changes- general”
36.	Summarize the different energy conversions you see on this web page that cause things to
happen as well as those that produce heat.
Click on “Geothermal Energy”
37.	Describe how energy transfers are used in power plants that use renewable geothermal
energy to produce electricity.
Design and explain experiments to induce a physical change such as
freezing, melting, or boiling

Click on the following links and review as described: (also present on web page)
Introduction to Solids, Liquids and Gases
http://www.chem4kids.com/files/matter_intro.html
Read up to “Smaller than Atoms”
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Phases of Matter
http://itl.chem.ufl.edu/2045_s00/lectures/lec_f.html including surface tension, viscosity and phase changes. The “designing” part of experiments
refers to understand why a substance changes from a solid to liquid...a liquid to a gas. What
those preparing for exams must know is the molecular basis of WHY these phase changes
occur. See latent heat above (as well as specific heat) if you haven’t reviewed these concepts.
Then study the graphs, figures and tables to help you visualize what is happening on a
molecular level.
38. 	Describe the molecular basis for energy transfers and temperature changes (as well as lack
of temperature changes) as water changes physically from solid to liquid and liquid to gas.
The answers to this question are found on the web page just below the blue printing above.
It begins: “Molecular basis of phase transitions:”
39.	Now you understand the molecular basis for changes in phases of water, design an
experiment and to show the basis of transitions such as melting or freezing, boiling or
condensing. Describe the molecular changes during those changes.
Distinguish between physical and chemical changes and provide
examples of each

Review the links below:
Review and practice (about physical and chemical properties and changes)
http://www.teacherbridge.org/public/bhs/teachers/Dana/chemphys.html Another practice (mainly about physical and chemical changes)
http://virtual.yosemite.cc.ca.us/lmaki/Chem150- 99/chapters/chapter1/lessons/phys_chem/phy_c_1.htm
40.	After reviewing the links above answer the following: Distinguish betwee physical and
chemical changes and provide examples of each.
Level II: extended knowledge

1.	How is the First Law of thermodynamics similar to the Work-Energy Principle?
2.	On a molecular basis, describe how the photosynthetic process will take disorder to order
and HOW, on a molecular basis, this same order will turn to disorder.
Use this link to help you:
http://hyperphysics.phyastr.gsu.edu/hbase/biology/tree.html#c1
3. 	 Why don’t we see black or white colors on the visible light spectrum?
Level III: applied knowledge

1.	In each of the four fundamental forces of nature, describe if energy is conserved and if it is,
how energy it is conserved.
2. Describe how specific heat capacity is related to changes in temperature and in the weather
3.	Look at all the different waveforms discussed in section b) of this study guide. How do they
compare to each other?
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Domain 11: Post-Test
General Science Subtest II
question 1

Question 2

Which of the following is an example of heat transfer by
convection?

Use the graph below to answer the question that follows.

A.

B.
C.
D.

 urrents are formed in a household water heater as
C
warm water rises to the top and cool water sinks
to the bottom.
A cup of hot coffee placed outside on a cold day
becomes cool.
A rock sitting in the sun decreases in temperature
when it is sprayed with water from a hose.
sunlight coming through a window warms the
window sill.

Temperature (ºC)

IV

<---B--->

boiling
point

melting
point

<---A--->

Time (minutes)

The graph above shows the heating curve of a substance.
Which of the following best explains why section B of the
graph is longer than section A?
A.

B.
C.

D.

T he energy required to change the substance from
liquid to gas is greater than to change it from solid to
liquid.
The average kenetic energy of the molecules increases
as the temperature increases.
The entropy increases more when the substabce
changes from solid to liquid than when it changes from
liquid to gas.
The volume of the substance and the time required to
heat it increase as the substance changes phase.

Answers
1. Correct Response: A (SMR Code: 11.1) Convection is the process by which heat is transferred through the movement of a heated fluid. In
a household water heater, the water is heated from below by conduction of heat from the heating element of the water. Heating the water
causes it to become less dense and, therefore, more buoyant. The heated water rises, it transfers some of its heat to the surrounding cooler
water. The rising current of water becomes cooler itself, until eventually it becomes cool and dense enough to start sinking.
2. Correct Response: A (SMR Code: 11.1) Section B of the graph is longer than section A because more energy is required to vaporize the
substance that to melt it. During a phase change, energy is used to rearrange molecules in a melting solid or to spread molecules apart in a
vaporizing liquid. For this reason, the substance stays at a steady temperature until the phase change is complete, at which time the applied
energy begins increasing the substance’s temperature again.

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Structure and Properties of Matter
Structure and Properties of Matter Subject
IN THIS SECTION
I.

Pre-Test

II.

Quick Review Guide

III.

Detailed Review

IV.

Post-Test

Matter Requirements
Candidates know that more than 100 elements of matter exist,
each with distinct properties and a distinct atomic structure. They
describe both macroscopic and microscopic properties of matter
including intermolecular and intramolecular forces. They know that
the organization of the periodic table is based on the properties
of the elements and reflects the structure of atoms. Candidates
understand how the periodic table is constructed and the periodic
trends in chemical and physical properties that can be seen in the
table. They recognize chemical reactions as processes that involve
the rearrangement of electrons to break and form bonds with
different atomic partners. Candidates demonstrate understanding
of the principles of chemistry that underlie the function of
biological systems.

Subject Matter Content
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.
n.
o.
p.
q.
r.

Identify, describe, and diagram the basic components within an atom (i.e., proton,
neutron, and electron)
Know that isotopes of any element have different numbers of neutrons but same number of protons, and that some isotopes are radioactive
Differentiate between atoms, molecules, elements, and compounds
Click here to describe the role energy plays in the conversion from one state to another
AND Click here to compare and contrast states of matter
Discuss the physical properties of matter including structure, melting point, boiling
point, hardness, density, and conductivity
Recognize that all chemical substances are characterized by a unique set of physical
properties
Define and calculate density, and predict whether an object will sink or float in a fluid
Explain that chemical changes in materials result in the formation of a new substance
corresponding to the rearrangement of the atoms in molecules
Explain and apply principles of conservation of matter to chemical reactions, including
balancing chemical equations
Explain the origin of heat energy changes that occur in chemical reactions
Describe factors that affect rates of chemical reactions
Distinguish among acidic, basic and neutral solutions by their observable properties
Describe the construction and organization of the periodic table
Based on position in the periodic table, predict which elements have characteristics of
metals, semi-metals, nonmetals, and inert gases
Explain chemical reactivity using position on the periodic table
Predict and explain chemical bonding using element’s positions in the periodic table
Recognize that inorganic and organic compounds (e.g. water, salt, carbohydrates, lipids,
proteins, nucleic acids) are essential to processes within living systems
Explain the central role of carbon in living system chemistry
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Preview Assessment Pre-Self Test
Instructions
Respond to the following using the following scale:
0

1

2

3

I know nothing about the
terminology and conceptual
aspects of this statement

I know very little about the
terminology and conceptual
aspects of this statement

I know something about the
terminology and conceptual
aspects of this statement

I know a lot about the
terminology and conceptual
aspects of this statement

Be sure to total your scores and divide by the number of questions. If your average is 3, you don’t need to review this section. 2
requires general review. 0 and 1 require in depth review.
Question 1

Question 7

Chemical reactions form new substances with their own
chemical properties can only be observed when substances
change in composition. Physical property can be observed
without altering the composition. (12.1 e,h,f)

Discuss the physical properties of matter including structure,

¶0

¶1

¶2

¶3

Question 2

Isotopes of the same elements have different number of neutrons but the same number of protons and neutrons. Isotopes
of the same elements behave chemically the same. (12.1 a,b)

¶0

¶1

¶2

¶3

Question 3

An unknown compound has a formula MxTy where the
compound is not an acid, contains only two elements, and
M is not a metal. You could assume it does not include a
polyatomic ion, it will end in ?ide, and it is a binary molecular
comound.(12.1 h,q,p)

¶0

¶1

¶2

¶3

melting point, boiling point, harness, density, solubility and
conductivity. (12 e)

¶0

¶1

¶2

¶3

Question 8

Define and calculate density and predict whether an object will
sink or float in a fluid. (12g)

¶0

¶1

¶2

¶3

Question 9

Explain and apply principles of conservation of matter to chemical reactions including balancing of chemical equations. (12.1 i)

¶0

¶1

¶2

¶3

Question 10

Explain the origin of heat energy changes that occur in
chemical reactions and the factors that influence the rates
of chemical reactions (12.1 j,k)

¶0

¶1

¶2

¶3

Question 11

Question 4

We know alcohols have higher boiling temperatures than
alkanes and halocarbons containing comparable number
of atoms due to alcohols being capable of intermolecular
hydrogen bonding. (12.1 q,r,f)

Distinuish amoung acidic, basic and neutral solutions by their
observable properties. (12.1 L)

¶0

Describe the construction and organization of the periodic table
(12.1 m)

¶1

¶2

¶3

Question 5

Differentiate between atoms, elements, molecules and compounds (12 c)

¶0

¶1

¶2

¶3

Question 6

Describe in depth the role energy plays in the conversion of a
substance from one state to another. (12 d)

¶0

¶1

¶2

¶3

¶0

¶2

¶3

Question 12

¶0

¶1

¶2

¶3

Question 13

Based on position in the periodic table, predict which elements
have characteristics of metals, non-metals, semi-metals, and
inert gases. Also, predict and explain chemical bonding using
element’s positions in the periodic table. Finally, explain chemical reactivity using the position of the elements of a substance
in the periodic table.(12.1 n,o,p)

¶0
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II

Quick Review Guide
Subject Matter Content
aCandidates should be very familiar with the Science Framework for California
Public Schools: Kindergarten through Grade Twelve (2002) located in the Science
Content Standards for California Public Schools. This Domain contains 12.a through 12.p
elements. The elements 12.k through 12. n are all based on a strong understanding of the
Periodic Table.
Directions. Answer these questions before starting Domain 12. Grade
your quiz for understanding. The answer key follows the questions.

1. Which of these solutions is the most basic?
a. [H+] = 1 x 10-2 M
b. [OH-] = 1 x 10-4M
c. [H+] = 1 x 10-11M
d. [OH-] = 1 x 10-13M
2. The nucleus of an atom is____.
a. Positively charged and has a high density
b. Positively charged and has a low density
c. Negatively charged and has a high density
d. Negatively charged and has a low density
3. How do the isotopes hydrogen-1 and hydrogen-2 differ?
a. Hydrogen-2 has one more electron than hydrogen-1
b. Hydrogen-2 has one neutron; hydrogen-1 has none
c. Hydrogen-2 has two protons; hydrogen-1 has one
d. Hydrogen-1 has no protons; hydrogen-2 has one
4. Isotopes of the same element have different____.
a. Numbers of neutrons
b. Numbers of protons
c. Numbers of electrons
d. Atomic numbers
e. Symbols
5. What is the smallest particle of an element that retains the properties of that
element?
a. An atom
b. An electron
c. A proton
d. A neutron
e. A molecule
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6. Which state of matter is characterized by low density and high compressibility?
a. Gas
b. Liquid  
c. Solid
7. Physical properties of a substance include_____.
a. Color and odor
b. Melting and boiling points
c. Density and hardness
d. All of the above
8. Which of the following is a true statement about compounds?
a. They can be physically separated into their constituent elements
b. They have variable compositions
c. They are pure substances
d. They have properties similar to those of their constituent elements
9. In which of the following is the name and formula given correctly?
a. Ammonium selenide, Al2S3
b. Barium nitride, BaN
c. Cobaltous chloride, CaCl3
d. Stannic fluoride, SnF4
e. Sodium oxide, NaO
10. Different elements have different numbers of_____.
a. Subatomic particles
b. Protons
c. Electrons
d. All of the above
11. In every balanced chemical equation, each side of the equation has the same
number of _____.
a. Atoms
b. Molecules
c. Moles
d. Coefficients
e. Subscripts
12. The complete combustion of which of the following substances produces carbon
dioxide and water?
a. C8H18
b. K2CO3
c. CaHCO3
d. NO
e. H2S
13. What is the charge of the hydronium ion?
a. 2b. 1c. 0
d. 1+
e. 2+
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14. How many valence electrons surround a
carbon atom?
a. 1
b. 2
c. 3
d. 4
15. What are the two major byproducts of
photosynthesis?
a. Heat and light
b. Glucose and oxygen
c. Carbon dioxide and water
d. Heat and oxygen
16. Proteins are poly-_____.
a. Esters
b. Acetyls
c. Peptides
d. Amines
17. How many valence electrons are there in
an atom of phosphorus?
a. 2
b. 3
c. 4
d. 5
e. 6
18. Which term does not fit with the others
listed?
a. Ice
b. Salt  
c. Steam
d. Water
19. Which of the following are mixtures?
a. Ethanol
b. Vinegar
c. Motor oil
d. Helium
20. Which of the following is a physical
property?
a. Color
b. Density
c. Freezing point
d. All of these
21. Which of the following is not a physical
property of water?
a. Boiling point of 100oC
b. Colorless liquid

c. Able to dissolve table salt
d. Separates into hydrogen and oxygen
22. What is the volume of 60.0g of ether if the
density of ether is 0.70g/mL?
a. 86mL
b. 2.4 x 10-2mL
c. 1.2 x 10-2mL
d. 42mL
23. In the chemical reaction iron plus oxygen
yields iron oxide:
a. Iron oxide is a reactant
b. Iron is a reactant
c. Oxygen is a product
d. Iron is product
24. Which of the following can best distinguish
a physical from a chemical change?
a. Energy is absorbed or released
b. A color change occurs
c. A gas is produced
d. Mass is conserved
25. Which is true of any chemical reaction?
a. The mass of the reactants is always greater
than the mass of the products
b. The mass of the products is always greater
than the mass of the reactants
c. There is no relationship between the mass
of the reactants and products
d. The mass of the reactants equals the mass
of the products
26. What criterion is used to arrange the
elements in rows and columns on the
periodic table?
a. Similarity in size
b. Similarity in properties
c. Similarity in symbol
d. Similarity in date of discovery
e. Similarity in melting point
27. A mystery element Q is a non-lustrous
solid and a poor conductor of electricity.
To what category of elements does this
belong?
a. Metals
b. Nonmetals
c. Transition metals
d. Semimetals
e. Metalloids
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28. Which group of the periodic table has the
highest Electronegativity?
a. 1A
b. 2A
c. 3A
d. 6A
e. 7A
29. What is the true electron configurations of
the noble gases?
a. The outermost s and p sublevels are filled
b. The outermost s and p sublevels are partially
filled
c. The outermost s and d sublevels are very
close in energy and have
electrons in them
d. The outermost s and f sublevels are very
close in energy and have
electrons in them
30. How many electrons are shared in a single
covalent bond?
a. 1
b. 2
c. 3
d. 4
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Question      

Answer

Element

     1     

C     

12.j

     2     

A     

12.a

     3     

B     

12.b

     4     

A     

12.b

     5     

A     

12.c

     6      

A     

12.d

     7     

D     

12.e

     8     

C     

12.c

     9     

D     

12.

    10     

D     

12.a

    11     

A     

12.i

    12     

A     

12.p

    13     

D     

12.j

    14     

D     

12.p

    15     

B     

12.o

    16     

C     

12.o

    17     

D     

12.n

    18     

B     

12.d

    19     

C     

12.e

    20     

D     

12.f

    21     

D     

12.f

    22     

A     

12.g

    23     

B     

12.h

    24     

A     

12.h

    25     

D     

12.i

    26     

B     

12.l

    27     

B     

12.l

    28     

E     

12.m

    29     

A     

12.m

    30     

B     

12.n
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a

Candidates need to understand the basic subatomic structure of an
atom (proton, electron, and neutron – location, mass, and charge).

General Information.
There are two main regions of an atom; nucleus and electron cloud. The center is the nucleus and
contains both protons and neutrons. The nucleus is a tiny, dense, positive charged area of th om. The
electron cloud is on the outside of the atom. It contains the negatively charged particles the electron.

Properties of Subatomic Particles
Particle

Symbol    

Relative Electric
Charge      

Relative Mass
(Mass of proton=1)

Actual Mass
(Grams)

Proton     

P+1            

1+               

1  

1.67 x 10 -24

Neutron      

n-0            

0               

1   

1.67 x 10 -24

 Electron     

e-1 8   

1-          

1 / 1840  

9.11 x 10 -2

Proton symbol p+, positive charge, mass 1 amu  (atomic mass unit), located
in center (nucleus) of atom
Atomic Number is the number of protons in an element
Neutron symbol n0, neutral charge, mass 1 amu, located in center (nucleus)
of atom
Atomic Mass is the number of protons plus neutrons.            
Electron symbol e-, negative charge, mass is negligible,  located outside the
nucleus (center) in the electron cloud.
History: In 1911, Ernest Rutherford (1871 – 1937) at the University of Manchester, England tested the
atomic theory structure. Rutherford directed a narrow beam of alpha particles at a thin sheet of gold
(AU) foil. According to the prevailing theory, the alpha particles or helium atoms had lost their two
electrons should have passed through the gold with only a slight deflection due to positive charge
through out the gold. However, the majority of particles passed right through the gold atoms without
deflection. A very few number even bounced straight back toward the source. Rutherford’s famous
comment was, “It was about as credible as if you had fired a 15 – inch shell at a piece of tissue paper
and it came back and hit you!” Rutherford suggested a new theory of the atom. The atom is mostly
empty space. That all of the positive charge and most of the mass are concentrated in a small center
region called the nucleus. This nucleus is composed of both the positive protons and the neutral
neutrons.  
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b

Teachers need to understanding isotopes, realize how they form, and
that some isotopes are radioactive.

Isotope when atoms of the same element have a different
number of neutrons in the nucleus. This causes the atomic mass to differ.
Example: Look at the following example for neon atoms:        Ne-20      Ne-21       Ne-22
Here you have three different kinds of neon atoms.  
Question: How do these atoms differ?
Neon – 20

Neon - 21

Neon – 22

10 protons

10 protons

10 protons

10 neutrons

11 neutrons

12 neutrons

10 electrons

10 electrons

10 electrons

Answer: All have the same number of protons (Atomic Number) and the same number of
electrons (the positive and negative charges must be equal in a neutral atom) but they
each have a different number of neutrons! Note: isotopes are chemically alike because
they have identical numbers of protons and electrons, which are the two subatomic
particles responsible for chemical behavior! Only their atomic mass is different!
Question: Look at these two isotopes for the element chlorine.  Cl-35 and Cl-37.
What can you say about these two atoms of chlorine?   
Answer: Both atoms contain 17 protons but they differ by two neutrons. Chemically
these two isotopes will behave very similarly.  
Question: Looking at a periodic table, chlorine is shown having an atomic mass of 35.45
amu. Since you know mass is the sum of the protons and neutrons in an atom’s nucleus
how can you have 0.45 of either? Obviously you can’t. The 35.45 are an average of the
masses of the different isotopes for chlorine.
It is also important to realize that some isotopes can be radioactive.

History: In 1896 a French Chemist Antonie Henri Becquerel 1908) discovered
that Uranium salts fogged his photographic film without being exposed to light!
At the same time Marie Currie (1867 – 1934) and Pierre Curie (1859 – 1906),
pictured right, showed that the fogging was caused by rays being emitted by
the Uranium ore (salts). The Curies’ defined the process by which materials give
off rays as radioactivity”. Together Becquerel and the Curies’ won the Nobel
Prize in Physics in 1903 for their work.
General Information: A radioactive element or radioisotope undergoes a
drastic change as it emits radiation. Radioisotopes have unstable nuclei because the relative proportion
of neutrons to protons is wrong. There are either too few or too many neutrons relative to the number of
protons. Eventually, unstable radioisotopes of one element are transformed into stable (nonradioactive)
isotopes of a different element. It is important to realize the radioactive decay is spontaneous and doesn’t
need the input of any energy.  
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   Radioactive Decay Examples
                                           234
    U  ------------------------>   Th   +   alpha particle
238

92                                                                             90

       radioactive decay             
14                                                                         14

   C  ----------------------->      N    +       beta particle
6                                                                            7

         radioactive decay          

c

Teachers need to explain the differences between atoms, elements,
molecules, and compounds.

History: Democritus of Abdera, a teacher who lived in Greece during the
fourth century B.C., first suggested the existence of particles making up
substances; he called his “particles” atoms. The modern ideal of the atom
waited 2000 years! John Dalton (1766 – 1844), pictured below, an English
school teacher performed experiments to test and correct the “atomic
theory” of the day. Based on his results Dalton’s Atomic Theory was
developed.

Dalton’s Atomic Theory
1. All elements are composed of tiny indivisible particles called atoms. (We know this is incorrect
    because of subatomic particles).
2. All atoms of the same element are identical. (We know this is incorrect because of isotopes).
3. Atoms of different elements can physically mix together (mixtures) and can chemically mix  
    together (compounds).
4. Chemical reactions occur when atoms are separated, joined, or rearrange. However, the 	
    atoms of one element never change.
General Information: The descriptions/ definitions of atoms, elements, molecules, and
compounds are very important.
Atoms – the smallest particle of an element that retains or exhibits the properties of that element.
Element – these are the simplest form of matter that can exist. They cannot be separated
into simpler substance.  
Molecule – is the smallest electrically neutral unit of a substance that still retains or has
the properties of that substance (example- still boils at the same temperature or still has
the same density).
Compounds – are compounds that can only be separated into simpler substances only by
chemical means.  
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Question: What is the difference between an element and a compound?
Answer: Elements combine to form compound that have different properties. Elements
are the simplest form of matter that can exist under normal laboratory conditions. Compounds
are substances that can be separated into simpler substances by chemical (not physical means).
Great Example is table sugar!  C12 H22O11 , this is a white sweet-tasting solid compound. Pure
carbon is a black solid. Pure Hydrogen is a clear highly flammable gas, and Oxygen is a clear
gas responsible for combustion reactions (This gas must be present to support combustion). As
different as the three elements are, their properties don’t resemble the properties of sugar at all.

d

Teachers should be able to discuss the different states of matter
and the role energy plays in each.

Important Properties of the States of Matter
Property

Solid

Liquid

Gas or Vapor

Shape

Definite

Indefinite

Indefinite

Volume

Definite

Definite

Indefinite

Expansion on Heating Very slight

Moderate

Great

Compressibility

Almost
incompressible

Readily compressible

Almost
incompressible

General Information: An ice cube is solid water; tap water is liquid; and steam is gaseous
water. Most substances commonly exist in three states of matter. A substance will change
from one state to another with a change in temperature. The kinetic theory states that the tiny
particles (atoms) that form matter are in constant motion. The energy an object has because of
its motion is kinetic energy.
Question: How does burning a candle involve the three states of matter?
Answer: Paraffin, the solid wax, has a definite shape and volume, the melted liquid wax is
shapeless and runs down the side of the candle, the vapor which forms from the combustion
reaction (burning) has no shape at all. Properties of a solid, a liquid, and a gas are exhibited.

e

Candidates need to give examples of physical properties including:
melting point, boiling point, hardness, density, and electrical
conductivity).

General Information: Physical properties help chemist identify substances without altering
the chemical makeup of the substance. Good examples are copper is a reddish brown color or
molasses pours more slowly than water. Some typical physical properties of a substance include
odor, color, volume, state (solid, liquid, gas) density, melting point, and boiling point.
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General Information. Here are some examples of physical properties for common substances.
Physical Properties of Some Common Substances
Substance

Formula

State

Color

Melting
Point

Boiling Point  

Density (
g/ml)

Neon

Ne

gas

Colorless

-249 C

-246

0.0009

Oxygen

O2

gas

Colorless

-218 C

-183

0.0014

Chlorine

Cl2

gas

Green–
yellow

-101 C

-34 C

0.0032

Ethanol

C2H5OH

liquid

Colorless

-117 C

78 C

0.789

Mercury

Hg

liquid

Silver-white -39 C

357 C

13.50

Bromine

Br2

liquid

Red-brown

-7 C

59 C

3. 12

Water

H 2O

liquid

Clear

0C

100 C

1.00

Sulfur

S

solid

Yellow

113 C

445 C

2.07

Sucrose

C12H22O11

solid

White

185 C

Decomposes on heating 1.59

Sodium
chloride

NaCl

solid

White

801 C

1413 C

2.170

Question: Which of the following is a chemical or physical property?
a) boiling point of a certain alcohol at 78 C
b) Diamond is very hard
c) Sugar ferments to form alcohol
d) A metal wire conducts electric current
  
Answer: Right it is A, B, and D only. These describe inherent characteristics of each  substance AND more
importantly they have the same chemical composition at the start and at the ending. Fermentation is a chemical
change! The starting substance (reactant) is not the same as the ending substance (product).

f

Teachers need to explain the unique physical properties of chemical substances
( i.e. B pt , F pt , Density .)

Boiling Point – or Bpt is the temperature at which the vapor pressure of the liquid is just equal to the external
pressure on the liquid. An example is the “normal boiling point”. If you are at a high elevation the boiling point
is decreased due to lower pressure on the water. However, if you are using a pressure cooker water does not
boil at 100 C, it will boil at a higher temperature since the pressure has been increased.  Boiling point depends
on the pressure on the water (or system). The greater the pressure the higher the boiling point and the lower the
pressure the lower boiling point.
Question: On the top of a tall mountain like Everest would the boiling point be lower or higher than 100 C for
pure water?
Answer: It would be much lower than 100 C because the lower atmospheric pressure at the higher altitude
would also significantly lower the boiling point. Same scenario would be the famous Mojave Dessert which is
below Sea level where the boiling point of pure water is above 100 C. There is greater pressure at this lower
altitude so the temperature is increased!
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Freezing Pt-point at which a liquid charges into a solid given the conditions.
Density – this is a characteristic property meaning it is not dependent on sample size!
Density is defined as mass per unit of volume or D = M / V. The most common unit is
grams / milliliter. You can rearrange this equation for M=VD and V=M/D
Question: What is the density of a copper coin having a mass of 3.10 grams and and a
volume of 0.35 ml?  
Answer: Right! Density is mass divided by volume or 3.1 grams divided by 0.35 ml. The
correct answer is 8.85 g / ml .

g

Candidates need to calculate densities, mass, and / or volume given 2
of the 3 variables. Teachers need to explain why a substance would
sink or float in water.

General Information: It is important to understand that density is a characteristic property. It is
not defined or limited to the sample size! Aluminum has a density of 2.70 g / ml. That means if
we had 10 3 or 1000 times that sample size it would still weigh 2.7 g per ml of volume. Let’s look
at some common densities and calculate their volumes and masses.
  
Material

Density ( g / ml)

Aluminum

2.70

Water

1.0

Gold

19.33

Question: If you had 2 milliters of water and 2 milliters of gold which would have a
greater mass?
Answer: The gold would have a greater mass! Density is defined as mass per unit of
volume and 2 ml of gold would weigh almost 40 grams while 2 ml of water would only
weigh 2.0 grams.  
To review here are the three formulas for working out of density, volume, and mass.
Remember the definition of density is mass per unit of volume.
D = mass (g) / volume (ml)
M = volume (x) density (g/ml)
V = mass (g) / density (g/ml)
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h

Candidates need to explain chemical changes and the formation of product.

General Information. A chemical change means a substance has broken bonds or rearranges elements
in a chemical reaction to produce new substances or products. The brilliance of fireworks, the fizz of an
antacid tablet, the changing colour of autumn leaves, and the rusting of an iron nail are all examples of
chemical changes happening around you.
Question. Which experiment below is an example of a chemical change?
Substance   		
Experiment 1.Cu  	
Experiment 2. Cu  	

Color Change 		
Red – brown color 	
Deep Blue Solution 	

What’s Happening
Cu Pulled to make wire
Cu added to conc. Nitric acid  

Answer. Right! Experiment 2, with copper changing colour as it is reacted with an acid is an example of a
chemical change. However, it is important to note that a change in color may indicate a chemical change
or it may not! A good example is when you heat a metal red hot. Even though it changes color it does not
indicate a chemical change. When the metal cools off and returns to its original color it is still the same
starting substance (metal).
General Information. During a chemical reaction, the mass of the products equals the mass of the
reactants. This is known as the law of conservation of mass.

i

Candidates need to knowing balancing chemical equations by showing the
conservation of matter.

General Information. Chemical equations do not come already balanced. This must be done before the
equation can be used in a chemically meaningful way. All chemical calculations (stoic metric chemistry)
must be done with a balanced equation. A balanced equation has equal numbers of each type of atom on
each side of the equation. Mass is always conserved or kept constant is a chemical reaction. .Coefficients
are used to balance chemical equations not subscripts.
The following principles should be employed when balancing a Chemical Equation by inspection:  
1. Never touch subscripts when balancing equations since that will change the composition and therefore
the substance itself.  
2. Check to be sure that you have included all sources of a particular element that you are balancing on a
particular side since there may be two or more compounds that contain the same element on a given side
of an equation.  
3. I would suggest that you adjust the coefficient of mono atomic elements near the end of the balancing
act since any change in their coefficient will not affect the balance of other elements  
4. When there are a group of atoms that are acting as a unit such as a polyatomic ion and they appear
intact on both sides of the equation, it is best to balance them as a self contained group. For example,
if there are Phosphate groups, PO4-3, that appear on both sides, balance the phosphates as a group
instead of separating the Phosphorus and Oxygens. It can be done either way, but there is less likely of a
mistake if they are balanced as Phosphate groups.  
  
Try balancing these equations
1. Balance the following reaction: Cu + O2 ----> Cu2O
    Answer.  4Cu + O2 -  2Cu2O
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2. Balance the following reaction: CaCl2 + AgNO3 ----> AgCl + Ca(NO3)2
Answer. CaCl2 + 2AgNO3 -    2AgCl +  Ca(NO3)2
3. Balance the following reaction: H2 + O2 ----> H2O  
Answer. 2H2  +  O2  -   2H2O
History. In  The Law of Conservation of Mass it is the rationale for balancing a chemical equation. The law
was discovered by Antoine Laurent Lavoisier (1743-94) and this is his formulation of it, translated into English
in 1790 from the Traite elementaire de Chimie (which was published in 1789):
“We may lay it down as an incontestable axiom, that, in all the operations of art and nature, nothing is
created; an equal quantity of matter exists both before and after the experiment; the quality and quantity of
the elements remain precisely the same; and nothing takes place beyond changes and modifications in the
combination of these elements.”  
A less wordy way to say it might be:  
“Matter is neither created nor destroyed.”  
History: Antoine Laurent Lavoisier was, amongst other things, a chemist, economist, and public servant. He
is most noted for his discovery of the role oxygen plays in combustion.  
Lavoisier, the son of a very prosperous lawyer, was born in Paris on August 26, 1743. He was educated at
the College des Quatre Nations where he studied a broad range of academics. He was expected to follow in
his fathers footsteps and even obtained his license to practice law in 1764 before turning to a life of science.
In particular, he turned to geology. From 1763 to 1767 he studied geology under Jean Etienne Guettard.  
 	 In 1765 he wrote and published a paper on how to improve the street lighting in Paris. For this and
some works on agriculture, he was elected into the Royal Academy of Science in 1768. Also in this year,
he joined the Farmer’s General, a private company that collected taxes and tariffs for the government. In
1771, he married the daughter of a Farmer General, Jaques Paulze. She immediately became her husband’s
collaborator, learning to read English (which Lavoisier could not do) and becoming a skilled draftsman and
engraver.  
 	 In 1775, Lavoisier was appointed to the National Gunpowder Commission. He then moved to the Arsenal
of Paris where he created a superb laboratory for his growing experimentation. In large part, he was able to
afford his experiments and such a laboratory because of his inherited wealth. His new home quickly became
a gathering place for scientists and freethinkers.  
	 Lavoisier was politically liberal and shared many of the ideas of the philosophies. He was deeply
persuaded of the need for social reform in France. Because of this, he played an active part in the events
preceding the French Revolution. He served on a committee concerned with the social conditions of France
and proposed tax reforms and new economic strategies. He also served
on a committee that explored hospitals and prisons of Paris and then
recommended remedies for their horrible state. During the revolution, he
published a report on the state of France’s finances. When the Estate’s
General reconvened in 1789, he became an alternate deputy and drew up
a code of instructions for the other deputies to follow.  
Soon after the Revolution began J P Marat and other radical
journalist began to slander Lavoisier for being a member of Farmer’s
General. On May 8, all of the Farmer’s General were arrested and put in
jail. In a trial that lasted less than a day all were convicted and sentenced
to execution. When Lavoisier requested time to complete some scientific
work, the presiding judge was said to have answered “The Republic has
no need of scientists.” His body was thrown into a common grave. His
research was never completed.
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Solutions – acid, base, and neutral should be clearly understood by candidates.

General Information. The hydrogen ion concentration in a solution is very important for living things. This is
because, since the hydrogen ions are positively charged they alter the charge environment of other molecules
in solution. The concentration of hydrogen ions is commonly expressed in terms of the pH scale. Low pH
corresponds to high hydrogen ion concentration and vice versa. A substance that when added to water
increases the concentration of hydrogen ions(lowers the pH) is called an acid. A substance that reduces the
concentration of hydrogen ions(raises the pH) is called a base.
General Information. A scale was developed in The pH scale goes from 1 to 14. This is a number used to
demote the Hydrogen-ion concentration, or acidity of a solution; mathematically it is the negative logarithm of
the hydrogen-ion concentration of a solution.          
		
Here are a few common acids and bases. -->

Acids have a pH from 1 to 6.9. A strong acid has
a pH of 1 and a very weak acid has a pH of 6.9.
Bases have a pH from 7.1 to 14. A weak base is
7.1 and a strong base has a pH of 14.
Neutral means it has a pH of 7. Pure water is a
great example of a neutral substance .
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Teachers should understand the organization of the Periodic Table.

History: By the mid-1800’s about 70 elements had been discovered but until the work of Dmitri
Mendeleev (1834 – 1907) pictured right, a Russian chemist,
no one had organized them in any fashion. Mendeleev
listed the elements in columns in order of increasing
mass. He then arranged the columns so that the elements
with the most similar properties were side by side. He
constructed the first Periodic Table. His system was so
accurate that Mendeleev and others were able to predict
the physical and chemical properties of elements not yet
discovered! In 1913 Henry Mosley (1887 – 1915), a British
physicist, determined the atomic number of the atoms of
the elements. Moseley arranged elements in the table by
order of atomic number (number of protons) instead of
atomic mass (sum of protons plus neutrons).
Modern Periodic Table (Elements arranged by increasing atomic number).

1. The Periodic Table is set up in rows called Period or Series and columns called Family or Group.
2. Metals are located on the left of the table and nonmetals are located on the right side.  
3. In each square there is the symbol which represents the elements name, the atomic mass
which equals the number of protons plus neutrons, and the atomic number which equals
the number of protons.
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Candidates need to be familiar with the characteristic properties of
metals, nonmetals, semi-metals, and inert gases.

General Information.  The properties of elements can be generally explained in terms of electron occupancy
at the highest energy level in the atom (valence electrons). Elements whose atoms have relatively few valence
electrons are metals, and elements whose atoms with large numbers of valence electrons are nonmetals. This
is particularly true for the representative elements (main group elements or Group A). Alkali metal (family I A)
and alkaline earth (Family I B) elements are metals where the oxygen family (Family 6 A) elements and halogens
(Family 7 A) are nonmetals.
	Bonding in metals, or metallic bonding, involves valence electrons. These electrons are loosely held by
any one atom and collectively form a “sea of valence electrons” that can be used to explain many metallic
properties e.g., metallic luster (shinny), malleability (hammered into thin sheets), ductile (drawn into wire),
electrical conductivity, and thermal conductivity. The electrons are loosely held since each atom has several
unoccupied valence orbitals; it is relatively easy for the electrons to move about.  		 Metals are
located on the left side of the Periodic Table with Nonmetals located on the far right side of the table. They
are separated by the Semimetals (also called Metalloids) along the stair-step line on the table. Most elements
touching that line are Semimetals with the exception of Aluminum.   
Semimetals are elements with properties that are intermediate between metals and nonmetals. Two very
important Semimetals are Germanium (Ge – 32) and Silicon (Si-14) which are used to make computer chips and
solar cells. The Semimetals or metalloids are – B, Si, Ge, As , Sb, Te, Po, and At.
	 Nonmetals have large numbers of valence electrons. Their properties include; poor luster or dull, poor
conductors of heat and electricity, many are gases at room temperature but the nonmetal solids are very brittle
Noble gases or Group O is the last column to the right of the Periodic Table. Commonly these are referred
to as inert gases. Inert means they undergo few chemical reactions. Neon (Ne-7) is the one most people are
familiar with because of neon signs!
Question. For the following identify which is a Metal, a nonmetal, or a metalloid.
A) gold   B) silicon   C) manganese   D) sulfur   E) barium
Answer. Right! A, C. and E are metals. B is a semimetal and D is a nonmetal.

m

Teachers need to explain chemical reactivity as it relates to an elements
position on the Periodic Table.

General Information.  Candidates need to be very familiar with
the Periodic Table. They need to understand trends (Periodicity)
on the table and how they relate to chemical bonding types
and physical properties. In Domain 12 there are 4 test elements
based on understanding the Periodic Table. (12.k through 12.n).
*** Note this table illustrates representative or Group A elements
only. The transitional or Group B elements are not shown.
The first two columns or Family starting with H and Be are very
active element (Metals). The two columns starting with O and F
are also very active (nonmetals).
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Candidates need to understand chemical bonding as it relates to an elements
position on the Periodic Table.

General Information. There are two types of chemical bonding: Covalent Bonding and Ionic Bonding. Atoms
form molecules and gain stability (lowered potential energy) through covalent bonding by sharing one or more
electron pairs. Electron pair sharing is typical of nonmetals and is best illustrated for the hydrogen molecule,
a case of “equal sharing.” Two isolated hydrogen atoms have only one electron each. As the atoms approach
each other, the electron of one atom is attracted by the nucleus of the other atom, and vice versa. This mutual
attraction by two nuclei for an electron pair gives rise to the covalent bond, with an excess of attraction over
repulsion. Only “like” atoms (e.g., same electro negativity) form such equal-sharing, nonpolar bonds. Most
covalent bonds are not “equal sharing” since there is frequently a difference in electro negativity. In these
cases the bond is called a polar covalent bond. This means that the bond has a positively- charged and
negatively-charged end. However, the charges are not nearly as large as the charges on ions in ionic solids.
	 Now consider the opposite extreme. When a metal and nonmetal form a compound, most often the
nonmetal attracts electrons more strongly than the metal (i.e., it has a larger electro negativity). In such a case
the electron pair is “taken over” by the more electronegative atom to form a negatively-charged ion. The metal
atom, by virtue of losing an electron, acquires a positive charge to form a positively-charged ion. This is
essentially what happens between an alkaline metal and a halogen. If two electrons are “transferred” as
between an alkaline earth element and an oxygen family element, then 2+ and 2- ions are formed. In such cases
the bonding is called ionic bonding and the stability (lowered potential energy) is due to the mutual attraction
between oppositely-charged ions in the solid crystals these compounds form (commonly called salts).  
Question. Select which of the following molecules would exhibit covalent bonding and
which would most likely have ionic bonding.
A) LiCl   B) H2S   C) CaF2   D) N2O5   E) SrO
Answer. Right! A, B, C and E are ionic bonding with D being covalently bonded.

o

Teachers need to be familiar with organic and inorganic compound important to
the human cell (salt, water, carbohydrates, lipids, protein, and nucleic acids).

Carbohydrate – sugars are the smallest carbohydrates serving as fuel and carbon sources.
Monosaccharides are single or simple sugars. Glucose, C6H12O6, are major nutrients for cells.
During cellular respiration the simple sugar is used for fuel and the carbon skeleton of the
molecule serves as raw materials for other organic molecules like amino acids.
Lipid – very large molecules (not polymers) made up of glycerol(alcohol with 3 carbons
each carbon having a hydroxyl group) and a fatty acid ( having a carboxyl group and a long
hydrocarbon). Lipids are hydrophobic meaning they separate from water because water H – H
bonding excludes fats.
Two major groups saturated and unsaturated. Saturated fats are solids at room temperature and
unsaturated fats are liquids at room temperature.
Protein-are very important and account for more then 50% of the dry weight of most cells. Proteins have many
roles; structural support, storage, transport, defense, and enzymes. These organic compounds contain C, H,
and O. They are polymers of amino acids
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Nucleic Acid – are large complex organic molecules made of C, O, H, N, and P. Nucleic acids are polymers built up
of monomers called nucleotides. The nucleotides are made of 3 basic parts; a special 5 carbon sugar, a phosphate
group, and a nitrogen base. There are two basic types of nucleic acids- DNA (deoxyribonucleic acid) and RNA
(ribonucleic acid). The nucleic acids store and transmit the genetic information responsible for life itself.

p

Teachers should be able to explain the important role of carbon in living systems.

General Information: In the energy and carbon cycles, the process of photosynthesis and the oxidation of glucose
are responsible for the major transformations and movement of carbon. With the addition of water and energy from
solar radiation, some organisms (green plants, some bacteria, and certain algae use photosynthesis to chemically
convert the carbon dioxide to carbon-based sugar molecules. These molecules can then be chemically modified
by these organisms through the metabolic addition of other elements to produce more complex compounds like
proteins, cellulose, and amino acids
All life is based on the element carbon. Carbon is the major chemical constituent of most organic matter, from
fossil fuels to the complex molecules (DNA and RNA) that control genetic reproduction in organisms.
Carbon is stored on our planet in the following major sinks: (1) as organic molecules in living and dead
organisms found in the biosphere; (2) as the gas carbon  dioxide in the atmosphere; (3) as organic matter in soils;
(4) in the lithosphere as fossil fuels and sedimentary rock deposits such as limestone, dolomite and chalk; and (5) in
the oceans as dissolved atmospheric carbon dioxide and as calcium carbonate shells in marine organisms.

Key Vocabulary
Atom  
Electron
Proton     
Neutron
Isotope     
Radioactive
Molecule    
Element
Compound    
Melting Point

Boiling Point    
Density
Electrical
Conductivity  Metal
Nonmetal    
Semimetal
Malleable    
Ductile
Solid     
Liquid

Gas     
Density
Reactant    
Product
Coefficient    
Subscript
Conservation of
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Base
Neutral    
Periodic Table
D. Mendeleev    
Chemical Bonding
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Detailed Study Guide

Domain 12: Structure & Properties of Matter
NOTE: This guide is accompanied by an online resource and study aid. Please visit www.csetprep.org/GenSci.htm

Click here to access STRUCTURE & PROPERTIES OF MATTER
http://www.csetprep.org/science/NuclearPhysics.htm
Level I: Structure and Properties of Matter
Identify, describe, and diagram the basic components within an atom
(i.e., proton, neutron and electron) Click on this at the top oF the page.

1. Click on “Symbols of Elements” Describe why/how elements received their symbols
2.	Perform the “Heavier Atoms” activity as described on the html page. Report below in detail
what you learned about the electrons, protons and neutrons in the nucleus according to the
position of the element on the periodic table.
Development of Atomic Theory:
       http://www.fordhamprep.com/gcurran/sho/sho/lessons/lesson31.htm
3. Summarize the development of Atomic Theory..
Development of the Atomic Model:
       http://www.fordhamprep.com/gcurran/sho/sho/lessons/lesson32.htm
4. Describe the development of the Atomic MODEL..
Create an early model of an atom
      http://www.colorado.edu/physics/2000/waves_particles/wavpart2.html
Follow the directions in the link above. Put in several electrons and
cause them to revolve around the positively charged nucleus without
getting sucked in.

5.	Describe why this model has been often referred to as the solar system model..
Spectral Lines
http://www.colorado.edu/physics/2000/quantumzone/index.html
Each separate element has been found to contain its own unique signature of light called Atomic
Spectra or spectral lines. There are no two elements that are the same.
6. 	Describe what spectral lines are based on the information on this page and describe the
differences between the signature of sodium, hydrogen, oxygen and nitrogen..
Click on next at the bottom of the html page.
7. 	Describe how the following terms are related; special orbits, photons, quanta, Quantum
Mechanics and quantum leap.
8. Click on the model and see what happens. Try different levels. Answer the following question:
Based on the model, how would you define “special orbits”?
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Click on next at the bottom of the html page... it takes you to a page called “Energy Levels”
9. How is the energy of an electron and its size or radius of orbit related?
Level II: Structure and Properties of Matter

10. 	Describe how energy levels are related to the Bohr model of electrons orbiting around the
nucleus.
Click on Shrodinger Atom at the top of the page
11.	What does Shrodinger’s Model show that gives a more accurate picture of what is really
going on inside an atom.
12. Define Energy Level of Electron based on the Shrodinger Model.
13. Compare the Bohr and Shrodinger Model. How are they the same and how are they
different?  
Click Next Page on the bottom of the html page. It will take you to “Atomic Spectra”
Go to the bottom and play with the applet model. Click on one lower energy level at a time and
remember where the spectral line appears.  Then click on a decrease of 1, 2 and three levels
and note the spectral lines.
14. Why does an atom have a unique set of spectral lines that identify it over all other elements?
15. Describe the dual nature of electromagnetic radiation after studying the 4 links below.
How small particles can act like waves
http://www.colorado.edu/physics/2000/waves_particles/wavpart4.html
Photoelectric effect
http://www.colorado.edu/physics/2000/quantumzone/photoelectric.html
Classic two-slit experiment with light (interference)
http://www.colorado.edu/physics/2000/schroedinger/two-slit2.html
Electrons and interference
http://www.colorado.edu/physics/2000/schroedinger/two-slit3.html

Level III: Structure and Properties of Matter

Close html page and cut and paste the following URL. This will take you to a page where the
Heisenburg’s Uncertainty Principle is located:
http://www.colorado.edu/physics/2000/quantumzone/schroedinger.html  
16.	Describe this principle and define the diagram the concept of the MODERN ATOM, today
based on what you have learned.
17.	Discuss in logical terms, how an electron can really be at no specific location at any given
time. Does this destroy the whole modern concept of the atom? Defend your answer.
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Level I: Structure and Properties of Matter

Open the link, “Atomic structure” also review:
The Strong Nuclear Force http://www2.slac.stanford.edu/vvc/theory/stronginteract.html
18.	Summarize the different parts of the atom and describe how the strong nuclear force is
related to the atomic structure.
Know that isotopes of any element have different numbers of neutrons but same number of protons, and that some isotopes are radioactive

19.	Briefly describe what isotopes are and how they are different than the elements they come
from. (Use link below)
20. Define radioactivity and half-life in “English”.
21. Describe two uses of radionuclides you were previously unaware of. (Use link below).
Elemental Notation and Isotopes
http://www.fordhamprep.com/gcurran/sho/sho/lessons/lesson35.htm
Radioactivity and Half-lifehttp://www.carolina.com/chemistry/experiments/halflife.asp
Some Uses of Radionuclides
http://www.google.com/search?q=cache:GMqXMyU43YEC:www.musc.edu/aptmednuclides/reports/apt_
mac/VIII.Appendices_EFG+%22Radionuclid

Differentiate between atoms, molecules, elements and compounds.

http://csetprep.org/MSAT SCIENCE/Cellular Biology/compounds1.htm
22.	After carefully studying the information in the link ABOVE, differentiate between atoms,
molecules, elements and compounds.
When you see the wording, “The six elements can combine in many ways to form molecules
with different functions and purposes. Several of these are described below” GO BACK to
http://csetprep.org/MSAT%20SCIENCE/NuclearPhysics.htm    AND
click on the links in d at the top of the web page and answer the following question:
23.	Describe the properties of the states of matter and the role that energy plays to get from
one state to the next. (Not required for Physical Science 1 students)
Discuss the physical properties of matter including structure, melting point, boiling point, hardness, density, solubility and conductivity

24.	There are only a 100 kinds of atoms in the entire universe. Why is atomic structure
important? Use the link below to help you.
25. How are atoms packed together. Use the link below to help.
26. Explain how atoms are packed with two or more different atoms (use the link below)..
Structure of Matter
http://csetprep.org/MSAT SCIENCE/Cellular Biology/compounds1.htm
	Explain how atoms are packed when there are  two or more different atoms.
Melting Point
http://www.chem.uidaho.edu/%7Ehonors/phases.html
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27. From the information in the link above, describe what melting point means.
28. How does pressure affect the melting point of substances.
Level II: Structure and Properties of Matter

29. Describe what earth would be like without the Strong Nuclear Force.
30. Why are properties of the different substances on earth different?
31. Compare the graph for the melting points of water and carbon dioxide. Describe the
similarities and differences
Level III: Structure and Properties of Matter

32. How would you expect the boiling point to behave at higher and lower air pressures than
normal?
33. For advanced THEORETICAL discussion see boiling point of quarks. Describe how air
pressure might affect the boiling point of quarks?
Level I: Structure and Properties of Matter

34. Define boiling point.
35. What is hardness and how can the hardness measurement be defined? (Link below).
Hardness
http://www.calce.umd.edu/general/Facilities/Hardness_ad_.htm
36. Define density and tell how changes in the density of air affects humans.
Density of air and effect on humans
http://www.usatoday.com/weather/wdensity.htm
37.	Another physical property of substances is their ability to conduct an electric current. What
are four ways a conductor can be classified? (Use the information on the web page).
38.	Think of the conductors you know commonly (metals). Write a list of at least 4 conductors
from the highest conductivity to the lowest. (This will be an educated guess). Check out
your educated guess by clicking on the second link below.
• Conductivity of metals
39.	Define solubility and the factors that affect it. Some of the terms that are used in the brief
tutorial are studied in depth in later stages of this unit.
• Solubility
Recognize that all chemical substances are characterized by a
unique set of physical properties

Go to the explanation of

f)

on the web page. Answer the following question.

Level II: Structure and Properties of Matter

40.	Based on the information on the website under this category AND the information on how
atoms are packed together, describe WHY different substances in the world have different
properties and ACTIONS.
Define and calculate density, and predict whether an object will
sink or float in a fluid

PERFORM THE DENSITY EXPERIMENT OUTLINED IN THIS SECTION- Once you have
completed the guide you downloaded, FAX it to your instructor. Answer the questions for this
experiment below:
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1. Describe the properties an object has to have to float in water.
2. 	Predict at what point the objects in the fluid with the new density will float. Write those
predictions here. You will have to have the information from your downloaded sheet to help
you.
PERFORM STEP 6 OF THE EXPERIMENT: INCREASING THE DENSITY OF THE FLUID
3. Analyze why those predictions that failed did not come out.
4. 	Create a general statement of what will make any object float in a fluid, irrespective of what
the density of the object or fluids are.
Level I: Structure and Properties of Matter
Explain that chemical changes in materials result in the formation
of a new substance corresponding to the rearrangement of the atoms in molecules

1.	What are chemical changes and what happens in a chemical reaction to cause these
changes to occur? Give examples.
Chemical Changes
http://aa.uncwil.edu/reeves/chm101jr/dist_F98/chem_changes.htm
2.	In terms of chemical reactions, what is the definition of the law of conservation of mass?
(Link below)
3. What are chemical formulas? (Link below)
4. Using the formula in the link below, identify reactants, products, coefficients.
5. What does it mean to balance a chemical reaction?
Level II: Structure and Properties of Matter

6.	What is the relationship of balancing a chemical equation to the law of conservation of
mass? (Link below)
7. 	 Describe the steps of balancing a chemical equation.(Link below)
8. 	 How do you know when the reaction is balanced? (Link below)
9. 	What do subscripts mean in chemical equations and how do you use them while balancing
equations? (Link below).
What is happening in a chemical reaction to make these changes?
http://wine1.sb.fsu.edu/chm1045/notes/Stoich/Equation/Stoich01.htm

Level I: Structure and Properties of Matter
Explain and apply principles of conservation of matter to chemical
reactions, including balancing chemical equations

LOOK AT THE EQUATION TO THE LEFT:
10.	Decide whether it is balanced or unbalanced. State whether it is balanced or unbalanced
and describe why below. If it is not balanced, describe what COEFFICIENTS you would use
to help balance the equation.  Use the link below to help you solidify your understanding
about balancing chemical equations.
What is happening in a chemical reaction to make these changes?
11. Define molecular and formula mass.
12. How are molecular and formula masses determined?
Level II: Structure and Properties of Matter

13. Show how the molecular mass of C6H12O2 is determined.
14.	How is Avagadro’s number related to atomic, molecular and formula masses? (Answer for
each separately.)
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15. What is percent formula and how is it calculated?	 
16. Perform the practice problems of percent formula in the link below for Part 1
KNO3
H2SO4
C2H5OH
C6H5NH2
Level I: Structure and Properties of Matter

17.	In Part 2 of the link below, WHAT IS EMPIRICAL FORMULA AND HOW IS IT RELATED TO
MOLECULAR FORMULA?
Percent Composition- Instruction and Practice 1

18.	Define the Law of Definite Proportions. Using that law, finish the third line of the web page
that begins with 36 grams of water (H2O). You can check yourself using the field. Place
answers here.
19.	Describe the six points of Dalton’s Atomic Theory. (Link below) .
Dalton’s Atomic Theory
Explain the origin of heat energy changes that occur in chemical
reactions

20. Define reaction rate and tell what it has to do with the concept of energy.
21.	Describe how reaction rates are measured in science. Chemical Reaction RatesIntroduction
22. Define endothermic and exothermic reactions.
23. Describe the term catalyst and tell how an enzyme can serve as a catalyst for a chemical
reaction?
	Endothermic and exothermic reactions
http://www.citycollegiate.com/chapter2a.htm
	Enzymes in chemical reactions: examples of catalystshttp://dwb.unl.edu/Teacher/NSF/C10/C10Links/genbiol.cbs.umn.edu/RWPlecturenotes/Chemrxnssp98.html
Catalysts decrease the ACTIVATION ENERGY needed to start the chemical reaction. Activation
Energy is the amount of energy needed to start the chemical reaction that results in the
formation of products.
Level II: Structure and Properties of Matter

STUDY THE ENDOTHERMIC REACTION ANIMATION CAREFULLY.
24. Define what is happening in the animation in detail. Be sure to focus on the colors and
changes of colors of the reactants and products.
25. Tell what the hump is in the animation and what happens to the energy of the products
compared to the reactants.
26. Why is this entitled an endothermic reaction?
STUDY THE EXOTHERMIC REACTION ANIMATION CAREFULLY
27. What are the differences between this reaction and an endothermic reaction?
28. How does the energy of the products compare to the energy of the reactants in this kind of
chemical reaction.
The link “Principles of Chemical Reactions” is a more advanced discussion and presupposes
that you know about reaction rates.
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29. Define reaction rate and describe the factors that change the rates of chemical reactions.
(Use link below)
Reaction Rates
http://www.newi.ac.uk/buckleyc/react.htm
30. Graph the rate of the chemical reaction using the data in the link above and then do
the following: Calculate the rate of reaction (negative slope since the reactant is being
consumed) for the second, third and fourth and 5th- 20 minute interval (it’s like calculating
a slope with one point being 20 minutes and the second point at 40 minutes- although the
actual curve is not a straight line, the “straight-line slope” becomes the average.)
Finally, compare the second, third, fourth and the fifth-20 minute slope to the first one and then
to each other (how much does each rate decrease by? Submit the graph and your comparison
to your instructor via digital drop box or previously arranged FAX number.
31. WHY does the slope of the line continually decrease in this reaction?
Level III: Structure and Properties of Matter

32.	The discussion of reaction rates is for advanced students. Skip this discussion unless you
need the information for your test. At the bottom of the page is a short discussion about
the chemical rates of Carbon 14 deterioration. This is one of the tools used to date objects
from earth’s past.  DESCRIBE HOW SCIENTISTS WOULD USE THIS TECHNIQUE TO DATE 
ANCIENT ARTIFACTS.  You can use the graph you made to help you.
Chemical Kinetics
http://www.chm.davidson.edu/ChemistryApplets/kinetics/index.html
Advanced discussion (select from menu of concepts you are weak in or proceed sequentially.
Allows you to perform experiments through marvelous applets.)
Chemical Equilibrium
http://dbhs.wvusd.k12.ca.us/webdocs/Equilibrium/Equilibrium.html
This too is an advanced discussion (select from the menu of those areas you are weak in.).
Level I: Structure and Properties of Matter

33.Click on “Chemical Equilibrium” above and when the new window opens, Click on the top
link, “Dynamic Equilibrium”. Answer the following question: Explain what dynamic equilibrium
is (top section only), how it is shown and what happens in a chemical reaction when that
condition exists.
What is a chemical reaction?
http://www.chemtutor.com/react.htm
34. Click on the link above and answer the question
Examples of chemical changes
35. Give examples of chemical changes.  Compare chemical and physical changes.
Chemical equations of chemical reactions
http://www.chemtutor.com/react.htm
The first paragraph of the link above gives good advice to those who newly learn how to write
chemical formulas and are beginning to balance chemical equations.
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36. The second paragraph contains important information.  Define what the following symbols
mean: (l), (arrow pointing upward), (g),  (arrow pointing downward), and (aq).
NOW IT IS TIME TO LEARN OR REVIEW HOW TO WRITE IONIC FORMULAS.

Carefully follow the animation directions. DO NOT CLICK THE GREEN BUTTON when the
animation stops. Go to where you left off reading, and continue. When you get to the instruction
CLICK BUTTON TO SEE, return to the animation and click on the green button.
37. Complete the assignment below: write the correct ionic formulas in each problem.
a) Barium (2+ ion)and bromide ions (1-)
b) Barium (2+)and sulfide ions (2-)
c) Barium (2+) and phosphide ions (3-)
d) Iron III (Fe 3+ ion) and phosphate ion (3-)
e) Copper II (Cu 2+ ion) and nitrate ion (1-)
f) Aluminum ion (3+) and sulfide ion (2-)
g) Aluminum (3+) and phosphide ion (3-)
The three links below will teach you a) how to name chemical compounds, b) give you practice
and c) teach you how to name acids.
38. After doing the practices below, write the names BELOW of the compounds of the 7
formulas you have just written above.
Naming Chemical Compounds
http://science.widener.edu/svb/pset/nomen_b.html
Naming Chemical Compounds- Practice
http://www.gonzaga.k12.nf.ca/academics/science/chem/2202/naming/name2.html
Naming Acids: Scroll to bottom of page
http://science.widener.edu/svb/pset/nomen_b.html
Balancing Chemical Equations
Click on each of the 4 links below and follow through the logic of each type of balancing
activity.
Balancing Chemical Equations
http://www.chemtutor.com/react.htm#bal
Balancing ionic equations with polyatomic ions
http://www.chemtutor.com/react.htm#poly
Balancing equations where water is a product (combustion reactions)
http://www.chemtutor.com/react.htm#h2o
Balancing by overview
http://www.chemtutor.com/react.htm#over
Level I and Level II: Structure and Properties of Matter

39. What are decomposition reactions and how can you recognize them?
40. What are synthesis or combination reactions and how can you recognize them?
41. What are single replacement reactions and how can you recognize them?
42. What are double replacement reactions and how can you recognize them?.
Decomposition Reactions
http://www.chemtutor.com/react.htm#dec
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Synthesis (Combination) Reactions
http://www.chemtutor.com/react.htm#syn
Single Replacement Reactions
http://www.chemtutor.com/react.htm#single
Double-Replacement Reactions
http://www.chemtutor.com/react.htm#double
Level III: Structure and Properties of Matter

43. Perform the practice problems. Make sure you contact your instructor when you have
difficulties. If you can master the problems below you can consider yourself to be an expert
in that area.
Practice problems
http://www.chemtutor.com/react.htm#prob
Physical Science 1 students not required to do this area Moles, Molarity, Molality, Normality and
Stoichiometry are concepts for advanced students are accessed by clicking on the links below
this sentence.
Moles:
http://www.gcsechemistry.com/ximoles.htm
Molarity, molality, normality
http://www.carolina.com/chemistry/experiments/review.asp
Calculating Molarity
http://www.fordhamprep.com/gcurran/sho/sho/skills/molrcalc.htm
Problems for Molarity
http://dbhs.wvusd.k12.ca.us/Solutions/WS-Molarity.html
Calculating Normality: Molarity and Normality calculations are identical except that (for acids
and bases, the number of hydroxide ions in the formula of a base or the number of hydrogen
ions in the formula of an acid have to be considered. A 1M HCl   solution is also 1 N because
there is a 1 to 1 relation. A 1 M H2SO4 is a 2 N solution of acid. What would
Stoichiometry: Information and tutorials
http://www.chemistrycoach.com/tutorials-2.htm#Stoichiometry
44.Balancing Oxidation and Reduction equations is an advanced skill for Chemistry courses. If
your exam covers this area, you need to do it.  Physical Science 1 students are not required
to do this area.
How are redox reactions different?
http://www.chemtutor.com/redox.htm
• Oxidation states
• Is it a redox reaction?
• Half reaction
• Reduction or oxidation?
• Practice with assigning oxidation states
•	Balancing redox reactions
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Level I: Structure and Properties of Matter
Distinguish among acidic, basic and neutral solutions by their observable properties

45. Answer the question above through study of the four links below. .
What is an acid and a base?
•
Properties of acids
•
Properties of bases
		
http://www.chemtutor.com/acid.htmhttp://www.chemtutor.com/acid.htm
•
Overview of pH
		
http://www.chemtutor.com/acid.htm
FOR THOSE NEEDING SKILL DEVELOPMENT IN A CHEMISTRY CLASS THE LINKS BELOW
ARE ALSO PRESENT IN THE WEBSITE ACCESSED IN THE LINKS ABOVE. Physical Science 1
Students are not required the study below.
Solubility and dissociation
pKa Box
pH Box
calculator use with pH box
strong acids and bases
pH of strong acids and bases
weak bases
weak acids

weak acids and weak bases
pH of weak acids and bases
buffers and pH of buffers
buffer math
salts
the 5% rule
titration
titration and pH math problems

Describe the construction and organization of the Periodic Table

46. Describe how matter is classified. .
Classification of Matter
47.	Describe five elements whose name origins surprised you as you scanned the different
elements. Tell why. (Use link below).
Discovery of the Element
48. Briefly summarize the origin of the Periodic Table..
	The Periodic Table
Based on position in the periodic table, predict which elements have
characteristics of metals, semi-metals, nonmetals, and inert gases

49.	Describe the position of metals, nonmetals, semi-metals and inert gases (stable gases) on
the periodic table.
50. Develop a table to easily compare the properties of all of the families of the periodic table
and the properties of elements within each family including the metalloids or semi-metals.
51. Describe the seven periods of the periodic table (location and which elements are there)
52. Study the two animations about metal and nonmetal ions. Compare the differences between
the formation of metal and nonmetal ions.
53. Tell why the nonmetal ions are bigger than their corresponding atoms.
54. Tell why the metal ions are smaller than their corresponding atoms.
Explain chemical reactivity using position on the periodic table
Predict and explain chemical bonding using element’s positions in the
periodic table
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55. Describe from the link below what the numbers and letters are in electron configurations and
their relationships to principle quantum number, sublevels, orbitals, electron capacity, and
energy sublevel. (Link below)
56. Describe how to put electrons into atoms in the correct order. (Link below).
Electron Configuration and Valence Electrons
57. Using the animation to help you, write the electron configuration of the following atoms:
hydrogen (H), helium (He), potassium (K), scandium (Sc), yterbium (Yb), and iodine (I)
58. What does the electron configuration tell you about an atom?
59. The periodic table gives the key to remember the LAST energy level (quantum level or n),
orbital and number of electrons in the LAST ENERGY LEVEL. Study the jpg picture entitled,
“Last energy level, quantum level, orbital, and number of electrons in the energy level.”  
DESCRIBE THE PATTERN YOU SEE HERE.
60. Why is stability achieved by metals when they lose electrons and nonmetals when they gain
electrons?
Activity 1. Write the following information:
a. 	 Which area of the periodic table is filling the s-orbital last as the outermost layer of the atom,
b. 	 Which area is filling the p-orbital last,
c. 	 Which area is filling the d-orbital last,
d. 	 Which area is filling the f-orbital last.
Activity 2: Write the following information:
The oxidation number and the number of electrons in the outer energy level in ALL of the AFamilies and the name of each of the A-Families (use a table)
TRENDS IN THE PERIODIC TABLE: WHY ATOMS/IONS REACT IN SPECIFIC WAYS.

61. Why do the size of atoms get larger down a family? FILL IN THE LAST 2 ROWS.
62. What is this force called?
63. Why do atoms get smaller as one goes to the right across a period?
64. What is this influence or force called?
65. Using the identified forces in 62 and 64, identify what the specific trends are (define them),  
how they change across a period and down a family and why the changes in those trends
change as described:
a. 	 Ionization energy
b. 	Electronegativity
c. 	Electron affinity
d. 	 Metallic properties
e. 	 Nonmetallic properties
Level III: Structure and Properties of Matter

66. Identify how differences in electronegativity determine whether the bond between atoms is
covalent, polar covalent or ionic.
67. Tell how the differences in 66 are related to the periodic table..
Click here to see the relationship of electronegativity differences and type of bonding
68. Using the links below, describe how each of the inorganic and organic compounds are
essential to the processes within living systems.
69. Using the links and information below, explain why carbon plays a central role in living
system chemistry.
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Recognize that inorganic and organic compounds (e.g. water, salt,
carbohydrates, lipids, proteins, nucleic acids) are essential to
processes within living systems
Explain the central role of carbon in living system chemistry

•	Nucleic Acids: backbone of both nucleic acids and carbohydrates associated with DNA .
and RNA
•	Carbon Cycle: formation of carbon atoms/carbohydrates through photosynthesis using
carbon dioxide and the source of all energy (ATP)
• Amino Acids: in proteins- The backbone of all proteins.
• Carbohydrates: Source of high energy carbons, structure of cell walls in living things
•	Lipids: Structural components of biological membranes, provide energy reserves,
predominantly in the form of triglycerols Both lipids and lipid derivatives serve as vitamins
and hormones.
• Salt
• Water
•	Allotropes: Definition plus you will be able to see the three-dimensional structure of three
allotropes of carbon and physically rotate them.
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Domain 12: Post-Test
General Science Subtest II
question 1

Question 2

Use the data table below to answer the question that follows.
Substance

Phase

Mass

Volume

1

liquid

6g

8 cm3

2

liquid

9g

9 cm3

3

liquid

20 g

5 cm3

4

solid

5g

4 cm3

5

solid

8g

9 cm3

The mass and volume of five substances are measured and
recorded. Which of the following is a valid conclusion that can
be drawn from the data above?
A.
B.
C.
D.

S ubstance 4 will float in Substance 2 when both are in
the liquid phase.
Substance 4 will float in Substance 1.
Substance 3, in solid form, will float in the liquid form of
substance 3.
Substance 5 will float in Substance 2.

A chemist mixed two solutions in a test tube. The chemist
observed that a white precipitate formed and the test tube
became warm. Which of the following best explains what occured in the test tube?
A.
B.
C.
D.

A chemical change caused atoms tobe rearranged and
new substances to be formed.
A chemical change occured, and heat from the reaction
caused a phase change in the reactants.
A physical change caused atoms to be rearranged and
new substances to be formed.
A physical change occured, and heat from the reaction
caused a phase change in the reactants.

Answers
1. Correct Response: D (SMR Code: 12.1) A substance, whetehr solid or liquid, will float on another liquid substance if the density of the first
substance is less than the density of the second. Only response choice D definietly meets this criterion. Density (d) is defined as the mass (m)
per unit volume (V) of a material, shown by the formula d-m/V. The density of Substance 5 equals 0.9 g/cm3, while the density of Sunstance 2
equals 1 g/cm3. Therefore, Substance 5 will float in Subatance 2.
2. Correct Response: A (SMR Code: 12.1) Chemicak change involves a rearrangement of atoms through the making and breaking of chemical
bonds. Changes in temperature and the formation of a solid precipitate when two solutions are mixed are signs that a chemical change has
occured and the chemical identities of the substances have changed.
3. Correct Response: A (SMR Code: 12.1) The section of the periodic table labeled C encompassess the nonmetals. Nonmetals are characterized
by poor electrical conductivity at any temperature, whereas the metals (Section A) have good conductivity with increasing temperatures.
4. Correct Response: C (SMR Code: 12.1) Since the gas is made up of individual atoms and is chemically unreactive, the atoms of which it is
composed must have completely filled valance shells. This property is characteristic of the noble gases in Group 18 (VIIIA).

Reprinted with permission

From the National Evaluation System Inc..
ttp://www.cset.nesinc.com
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Question 3

Question 4

Use the diagram below to answer the question that follows.

A certain gas at STP exists as a monatomic species and is
chemically unreactive. In which part of the periodic table is
this element most likely found?
A.
B.
C.
D.

Group 1 (IA)
Groups 13 (IIIA) through 17 (VIIA)
Group 18 (VIIIA).
Groups 3 (IIIB) through 7 (VIIB)

An element is located in the section of the periodic table labeled C above. Based on its position in the periodic table, the
electrical conductivity of the element most likely:
A.
B.
C.
D.

is poor at all temperatures.
increases with increasing temperature.
is good at all temperatures.
decreases with increasing temperature.
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Constructed Response Questions
Subtest II

Complete the exercies that follow:
question 1

A series of steps is required to complete the process of protein synthesis. Using your knowledge of the transmission of genetic
information and protein synthesis in eukaryotes:
*.
•

 escribe the processesof transcription and translation in protein synthesis, including the roles of DNA, mRNA, and  tRNA; and
D
Explain now 20 amino acids found in proteins are formed by only four nucleotide bases
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question 2

The human body consists of several types of systems, including: respiratory system, circulatory system, digestive system. Select
one of the systems listed above, and using your knowlegde of human body systems:
•
Identify the system you selected and list the main components of the system;
•
Describe a primary function of the system in the body
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