Thank you so much for purchasing this
copy of

Advanced Physical Science
Hello there! Thank you so much for your willingness to bring this curriculum into your home or
classroom. It has taken nearly three years for me to complete this work and I do not believe
you will be disappointed. I have worked hard to provide the best physical science curriculum
possible. Please in mind that I have built this curriculum as an introductory physics course for
high school-aged students.
If you are new to the Classic Science series, the following information will give you an overview
of the coming year. For seasoned veterans out there, the format of this text is similarly
arranged to the other 36-week curricula within the Advanced series. I'll go into a little more
detail with the timeline of this text very shortly.
For now, thank you all so much for your guidance and support these past three years. The
requests for this book have been consistent for several years now and I have done my best to
bring the same quality (and at times, levity) to this book as I have in the past.
Furthermore, I would like to thank Dr. Russell Clothier for his exhaustive efforts to review
and edit this text. His professionalism towards this work can only be matched by his
unbelievable patience towards my initial drafts of this text. Thank you Doc and thank all of
you once again for your continued interest in “my little project.” I could not have achieved so
much without your help….

Studying 101

Obviously, there will be a strong emphasis on mathematics within this book. I have included a
math primer within the student copy for kids to review some basic concepts called “Chapter 0”.
The contents of this chapter were taken from my Advanced Chemistry book so if your child
has already experienced this high school resource there should be no worries whatsoever. If
not – do not panic! Chapter 0 will provide the necessary information for you to understand the
importance of accuracy vs precision in our calculations and the rules involved with the use of
significant figures.

What type of calculator should you purchase? Whatever you choose, please do not break the
bank! There are many online calculators that work just fine and are completely free. If you do
wish to make an investment I would recommend any “scientific calculator” on the market. The
important functions that are needed involve trigonometric equations (sine, cosine, tangent) and
their inverse functions.
What is more important than memorizing any of the equations in this book is the understanding
of how they work. I recommend keeping a notebook to highlight the main ideas that are
encountered by the student on a daily basis. Note taking is invaluable to a learner as it
personalizes the content and allows for a stronger retention of knowledge.
The study of physics is filled with overlapping concepts and definitions. This is another reason
for taking good notes as the child reads through the material. I have worked out nearly all of
the review and assessment questions to help guide you through the work. Although an emphasis
has been placed on the proper use of significant figures within this text, please do not get
upset if your answer is off by an insignificant amount. For example, if your answer is 2.016m
and the answer key says “2.02m” do not lose your mind! This is not rocket science (well, some
of it is rocket science, but anyway…) Just stay calm. If you provided me an answer within an
introductory high school physics course that demonstrates your understanding of the
principles involved, but was off by an amount of 0.01 – I would give you a good grade!

Weekly Timeline

This is a 36-week curriculum for high school-aged students and has been segmented into twoweek units each ending with a unit quiz. Each week may be broken down into three separate
days to make it easier for you to set up your schedule:
1) The first day of each week contains a reading assignment and a series of practice
problems for your child.
2) The second day can be spent reviewing the answers from the practice problems on the
first day, to review the notes for the week, and to preview the weekly lab activity which
may require some preparation.
3) The third day is set aside for a lab activity that will reinforce the concepts being taught
that week.

Unit Quizzes and the (gasp!) Quarterly Tests
Each unit contains a quiz in similar format to the weekly practice problems. Students should
study not only their vocabulary terms, but any labeled images throughout the textbook as well.
I would highly recommend allowing the child to use a notecard to prepare any equations,
concepts, etc. he/she may need for these assessments. It reduces any test anxiety that may
be present AND it allows them to write out their notes once again which can only help with
their retention!

Four quarterly tests have been created to further assess your child’s understanding of the
chapter concepts in addition to the unit quizzes. A pre-test has also been provided which
contains a similar amount of questions that will be found in the post-test.
Given the possible time requirements to review previous questions and prepare note cards, a
full week has been provided to the child within the timeline of this book. Below is the timeline
for the first quarter:

Week
1
2
3
4
5
6
7
8
9

Unit
1

2
3
4

Chapters
1
2
3
4
5
6
7
8

Topics

Introduction to Mechanics
Speed, Velocity, and Acceleration
Graphing Motion
Gravity and Kinematic Equations
Newton’s First Law and Forces
Newton’s Second Law and Friction
Newton’s Third Law
Projectile Motion
Quarterly Pre-test and Post-test

I would highly recommend setting up a regular schedule during the testing week. Segmenting
these weeks into three or more separate days will make it easier to review the large amount of
vocabulary and scientific concepts. Here are my suggestions:
1) The first or second days of each testing week should be spent reviewing the weekly
practice problems and unit quizzes. Do not forget to study the labeled diagrams within
each chapter as well.
2) One day should obviously be allowed for your child to complete the test.
3) An additional day needs to be set aside to evaluate the answers, correct any possible
mistakes within the notecards, and for an overall review. This material overlaps many
times throughout the year. The tests can be the most powerful learning tool throughout
the year.

Weekly Labs
There are several labs that require some minor construction within this textbook. I have
created these activities with the simplest of materials that will provide a maximum amount of
enjoyment and education for your child. I cannot stress the importance of looking ahead each
week to obtain the necessary materials. A materials list has been provided in the next few
pages of this text and can also be found online on my website www.eequalsmcq.com. Most
materials can be found at a local grocery/department store; however, some items (such as
magnet wire and rare earth magnets) may require a trip to Radio Shack or an online provider.

Future Projects

I’m not even close to being done yet! I have received many suggestions for future books and
will be working hard to provide these to you as soon as possible. The best way to keep up-todate on this development is to sign up for my monthly LabNotes at www.eequalsmcq.com. I’m
certain you’ll love the free activities I provide each month for you and your family!
I cannot thank all of you enough for your support and willingness to communicate with me these
past few years concerning both the Elementary and Advanced series. Are their mistakes in
this book? Most likely. Despite multiple edits and having a college professor of physics
reviewing my work there will still be errors and for that I apologize. Please let me know if you
find them and I will update the book immediately as I have done in the past.
Most people think that physics is far beyond their capabilities and this is simply not true. As
with anything in life it takes work and effort to become proficient at a task. Your child will
achieve this level by the end of the year. They will stumble and they will get frustrated, but it
will work itself out so long as they keep asking questions and searching for the answers.
And thank you for your tireless efforts to guide your children through the concepts of science.
Your hard work will not be forgotten in the young lives you are molding right now.
Keep moving forward everyone!
Take care,

Scott McQuerry

Thank you to all of my faithful subscribers and readers.
And a special thank you to those of you who have
chosen to use my curriculum in your homes, co-ops, and
classrooms. My family has been overwhelmed by your
generosity and encouragement over the years. I am very
hopeful that my curriculum has helped your
homeschooling endeavor or classroom experience. I
have been asked by several families the same question, “Who are you and why are you doing this?” Without going into
great detail, E=McQ, LLC is owned, operated, and stressed over by single individual. I am an educator by profession and
began working with homeschool families several years ago while offering free programs to area families to explore
various concepts in science. This product is the fruit of my 20-year labor in science education.
To those of you who have gotten caught up in the popular groups that condone illegal file sharing, I would like to share a
few thoughts with you.
Unfortunately there are groups of homeschoolers and teachers who are choosing to download and/or “share” files they
are not permitted to share. Certain publishing companies have even attempted to sell the Classic Science curriculum
without my knowledge or consent. This bothers me a great deal – both as an educator and as an independent publisher
of textbooks. Maybe you simply aren’t aware, but hosting and sharing files (paid or free) that were not made by you is
illegal without the express written consent of the author. Downloading these files is also illegal. What you are doing is
called “stealing.” Furthermore, the unlawful distribution of copyrighted materials within the home or classroom makes
you, your school district, or your business liable for prosecution.
You may have justified your actions due to budgetary constraints, or simply out of the desire to “get a good deal.” I
wonder how many of you would be able to walk up to your child and say “Honey, we really wanted this curriculum, but
we wanted to save money, so mommy stole it.” What would you say if your child did something similar? I hope you can
understand there are no excuses for this type of behavior.
Homeschooling isn’t just about academics, but instead it is a way of imparting our character, values, morals, ethics,
spiritual beliefs, and life skills into our children. Today my hope is that you would be encouraged to check your ways and
think twice before participating in these “sharing” groups. What you are doing is not only illegal and unethical, but you
are also taking advantage of all of the authors and companies that have put their valuable time and energy into creating
products to help your educational experience be more successful.
And to classroom teachers and publishers who are currently utilizing or selling the Classic Science curriculum without
consent, you are jeopardizing your careers with this activity. How many teachers or business owners would condone
stealing in their workplace?
The motivational speaker Zig Ziglar once said, “Be careful not to compromise what you want most for what you want
now.” I sincerely hope that you do not allow this small compromise to creep into other areas of your life. And most
importantly I hope you are not passing down these values to your children and students.
*Thank you Erica at www.confessionsofahomeschooler.com for your help in preparing this statement.
Copyright©2018 by E=McQ, LLC and Scott McQuerry. All rights reserved. No part of this book may be used or
reproduced without the written permission of the publisher, except as explicitly stated below: The individual owner
of this book has my permission to make multiple copies of any materials for personal use within their own home.
Reproduction of these pages by schools, school systems teacher training programs for wider dissemination,
cooperative groups of homeschool or other families or by anyone for commercial sale, is strictly prohibited unless
licensing for such has been purchased from Scott McQuerry (mrq@eequalsmcq.com)
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Chapter 1: Finding Your Way...
Measuring tape or meter stick
Graph paper (see attached)
Pencil
Masking, electrical, or duct tape

Chapter 2: Rollin’, Rollin’, Rollin’... Part 1 of 2

Two (2) wooden boards of 2+ meter length each or a single grooved section of
paneling of similar length
Measuring tape or meter sticks
Marble, Ping Pong ball, etc
Book
Metronome (Many free versions can be found online at the time of this writing.)
Camera (optional)

Chapter 3: Rollin’, Rollin’, Rollin’... Part 2 of 2
Ramp from the previous lab
Tape
Stopwatch

Chapter 4: Challenge Lab: Harmonious Washers
Metal plate, pan, or bowl
3-5m string
6-7 metal washers
Measuring tape/ruler

B

Chapter 5: Extremes are easy. Strive for BALANCE!

Meter stick
Two (2) 1000g/10N spring scales*
Two (2) tables or chairs
Two (2) 20cm pieces of string
Dowel rod (to support the hanging spring scales)
Two sealable baggies containing 80 US pennies and one with 160 pennies
*Educational Innovations has been the best place I have worked with over the years for
equipment. I highly recommend that you check them out: www.teachersource.com

Chapter 6: Internal Friction of Fluids

3-4 “thick” and transparent liquids such as corn syrup, honey, glycerin, light
molasses, etc.
One smooth-sided water bottle (~500mL or larger) for each of the liquids you will
be using
One glass marble for each liquid
Marker
Ruler
Stopwatch

Chapter 7: Newtonian Rocketry
Drinking straw
Heavy weight fishing/nylon line
Paper lunch bag
Balloon
Stopwatch
Tape
Measuring tape or meter stick

C

Chapter 8: Modeling Trajectory
10 large washers
String
10 Paper clips
Meter stick
Masking tape
Clothes pin or other small clamp
Braided elastic band

* Check out the sewing aisle of your local store; you will need a ~0.75m length of band with a
thickness of ~1/4”)

Chapter 9: Challenge Lab: Calculate Momentum and Impulse
3-4 books
Ruler with grooved center
Glass marble
Ping Pong Ball
Stopwatch
Scissors
Tape
Cardstock
Smooth countertop

Chapter 10: Marble Momentum

7-8 similar sized marbles or other balls
Two rulers with grooved centers or pieces of grooved paneling
Book
Tape
Split timer*
*Many versions can be found free online. Once this timer is running the user can mark and
record individual times while the stopwatch continues to run. At the time of this writing you
can find one at https://www.online-stopwatch.com/split-timer/

D

Chapter 11: Powering Up the Stairs
Bathroom scale (optional)
Meter stick
Stopwatch
Access to stairs

Chapter 12: Conservation and the Pendulum
Stopwatch
Tape
~3m fishing line or string
Meter stick
Protractor
10 pennies (~25g) taped together

Chapter 13: Newton’s Solo Cup
Clear plastic cup or Mason jar
String
Scissors

Chapter 14: Searching for the COG
Scissors
3-4 index cards
String
Paper clip
Thumb tack or nail
Marker
Metal coat hanger
Pliers
Modeling clay

Chapter 15: Rotational Momentum and Water Bottles
1-3 Plastic water bottles
Water
Table

E

Chapter 16: Shedding Light on the Inverse Square Law
Mini Maglite flashlight
Ruler
Index card
Scissors
Binder clip
Graph paper (see attached)
Cardboard box
Tape

Chapter 17: Charged Up for Induction
Aluminum pie pan
Piece of wool
Styrofoam plate
Styrofoam cup
Tape
Aluminum foil
Paper clip

Chapter 18: Faraday Cages and Electric Shielding

Aluminum foil
Two cell phones
Envelope (large enough to completely surround a cell phone)
Tape
Metal kitchen strainer or metal animal cage (optional)

Chapter 19: Resistance is Futile...
Digital multimeter

* A ~$10 model is sufficient and can be found in most hardware or home improvement store

Pencil
Paper

F

Chapter 20: Homemade Circuit Board

Two Christmas tree lights with 5-7cm wire remaining (last 2cm stripped)
Two AA alkaline (dry cell) batteries
Electrical tape
Wooden board ~14cm x 23cm
Wire strippers
Six screws
Four washers
Screwdriver
16 mini alligator clips (Hardware stores and online sources are your friend!)
Four sections of copper wire ~15cm long

Chapter 21: Short Circuits and Hand Rules

5-6 Inexpensive magnetic compasses
Circuit board, jumper wires, and batteries from Chapter 20 lab
~30-40cm length of straight metal coat hanger wire or other similar wire
~30cm Square cardboard box
~30cm Square piece of flat cardboard
Scissors
Oven mitts or kitchen towels
Tape
Goggles

Chapter 22: Motoring through a Magnetic Field
AAA alkaline (dry cell) battery
Compass
20-200 et solid uncoated copper wire
* Thin, inexpensive, easy to bend…

Cylindrical item ~0.5” diameter
* The handle of a wooden spoon works well.

Four rare earth neodymium disk magnets 0.5” diameter (~13mm)
* Can be found at www.teachersource.com Item #M-150
* These magnets are very powerful. As long as you have only one, you are reasonably safe. But
two of them attracting together can pinch your skin between them quite painfully. Two of these
magnets stuck to each other are almost impossible to get apart. Also, keep the magnets away
from your credit cards and embedded chip keys – it will erase them!

G

Chapter 23: “Magnetizing” Aluminum

Multimeter
Empty 7.5fl oz. soda can
Paper clip
~10m copper wire
Electrical tape
String
Pillow (optional)
Four rare earth neodymium disk magnets (from the previous lab)

Chapter 24: Generators 101: Shake on it!
Electrical tape

Scissors or wire cutters
Two cotton balls
Glue or rubber cement
Sandpaper (optional)
10mm LED
* There are plenty of options for purchasing these online. The cheaper the better…

~60 meters of #30 gauge magnet wire
* If you purchase this by weight a 1/4lbs spool will work fine.

One large rare earth neodymium magnet (~0.875 in. OD x 1 in. high)
* I would recommend purchasing this item from www.teachersource.com Item M-195
* I would also recommend storing this magnet in an old tennis ball. Simply make a small cut on
its outer surface and insert the magnet. This item is unbelievably powerful. There are a
number of practical uses for this magnet when your lab is done. Check them out online!

Old film canister OR empty prescription bottle
* The diameter of the canister must be a little larger than the diameter of magnet being used

Chapter 25: Challenge Lab: Gravity ala Pendulums
Stopwatch
Tape
~3m fishing line or string
Meter stick
10 pennies (~25g) taped together

H

Chapter 26: Gummy Waves: Part 1 of 2
75 Wooden BBQ skewers
150 Gummy bears
Duct tape (~10m)
Heavy weights (optional)
Meter stick
Stopwatch

Chapter 27: Gummy Waves: Part 2 of 2
Gummy bear wave device from previous lab
Video recording device (optional)

Chapter 28: Binder Clips and Resonance

One manila folder or card stock
Five binder clips
Scissors
Duct tape
Two ~30cm long boards
Smooth surface (Careful! It may become scratched!)

Chapter 29: Syrupy Sweet Polarization
Small clear Mason jar
Corn syrup
Windowsill
Clear glass baking dish
Two supportive containers
Battery powered light source
Two polarizing filters

* You can use two lenses from old polarized sunglasses for this activity. They can also be
purchased online (I recommend www.teachersource.com)

I

Chapter 30: Gelatinized Refraction: Part 1 of 2
Binder clip
Laser pointer (red)
Protractor
Graph paper
Wax paper
Tape
One packet each of the following:
Knox gelatin (clear)
Red dessert gelatin (optional)
Yellow dessert gelatin (optional)

Chapter 31: Where did the flame come from?
Two tea candles
Lighter
Transparent CD case
Black construction paper or black fabric
Ruler

Chapter 32: Gelatinized Refraction: Part 2 of 2
Two binder clips
~15cm square piece of cardboard
Scissors
Bright flashlight
Round cookie cutter or empty tin (steel) can
Graph paper
Knife
Wax paper
Tape
Dessert gelatin

* If the gelatin from the Chapter 30 lab has gone bad you will only need one color for this
activity.
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Measuring tape or meter stick
Graph paper (see attached)
Pencil
Masking, electrical, or duct tape

12BPS4.1 Objects change their motion only when a net force is applied. Laws of motion are used
to calculate precisely the effects of forces on the motion of objects. The magnitude of the
change in motion can be calculated using the relationship F = ma, which is independent of the
nature of the force. Whenever one object exerts force on another, a force equal in magnitude
and opposite in direction is exerted on the first object.
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coordinate
system

a measuring system, such as a number line, which may/may not
contain two perpendicular lines also known as x- and y-axes
the measurable change in position for an object from its initial
displacement
starting point to its final destination
scalar quantity; the amount of space between two people, places,
distance
or things that is measured along the path that connects them
dynamics
the study of the causes of motion
kinematics
the study of the descriptions of motion
magnitude
a positive value that describes the length of a vector
mechanics
the study of motion
a picture that depicts the position of an object moving in equallymotion diagram
spaced periods of time
origin
area where perpendicular x- and y-axes intersect
particle model a motion diagram that replaces the multiple images with dots
the amount of space between an object in motion and where it
position
began its motion
Pythagorean
an equation (a2 + b2 = c2) used to calculate the resultant vector
Theorem
of a right triangle
resultant
the sum of two vectors
scalar
magnitudes that exist without direction
beginning point of a vector which identifies the initial position of
tail
an object in motion
time interval
the difference between two different times
the end of a vector which contains an arrow and identifies the
tip
direction of the vector’s motion
quantity that identifies both the amount and direction of a
vector
moving object; it is typically drawn in the form of an arrow
volume
the amount of space a substance occupies
one of a pair of perpendicular lines which lies on an imaginary
x-axis
horizontal plane
one of a pair of perpendicular lines which lies on an imaginary
y-axis
vertical plane
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What branch of mechanics deals with the causes of a particular motion?
Dynamics is the component of mechanics that focuses on the causes of an object’s
motion.
What two variables does a vector provide us concerning the motion of an
object?
A vector is a quantity that identifies both the magnitude and direction of a
moving object.
Name three examples of scalar quantities.
Time, volume (the amount of space a substance occupies), and distance are
examples of scalar magnitudes.
Describe the difference between distance and displacement.
Distance is the sum of all motion performed by an object while displacement is the
measurable change in position for an object from its initial starting point to its
final destination.
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1) kinematics
2) origin
3) scalar
4) resultant
5) dynamics
6) x-axis
7) y-axis
8) particle model
9) tail
10) position
11) magnitude
12) distance
13) vector
14) Pythagorean Theorem
15) motion diagram
16) mechanics
17) displacement
18) time interval
19) tip
20) coordinate system
21) volume
Short answers
1) 85.0km east – 35.0km west = 50.0km east
2) The distance you traveled during this time may be considerable. However, you
must have ended your run in the same position as when you began so your
displacement is zero.
3) 2 miles (running forward) + 2 miles (walking backwards) = 4 miles (total)
4) 0 miles (You finished in the same location where you started.)
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5) 100km (A to B) + 70km (B to C) + 40km (C to D) = 210km (total)
6) 100km east – 70km west = 30km east
7) |30km east – 70km east| = 40km east
8) The name of the race provides its distance: 1600m. Since the runner is
traveling in a circle and ends at the same location as she began her
displacement is 0m.
9) Distance = 20m + 5m + 10m + 5m = 40m
Displacement = (20m north + 10m north = 30m north) and (5m east - 5m west
= 0m)
10) Distance = 2km + 4km + 6km + 4km = 16m
Displacement = (2km north + 6km south = 4km south) and (4km east 4km west = 0m)
11) Distance (circumference) = 2(3.14)(12m) = 75/2 (we divide by 2 since the
skater travels halfway around the circle) = 38m
Displacement = radius x2 = (12m)(2) = 24m east
12) The vectors in this diagram form a right triangle so the Pythagorean
Theorem can be used:
4.02 + 8.02 = c2
80m = c2
8.9m = c

Chapter One: Page 8
13) The three vectors in this diagram form a right triangle. Therefore, the
Pythagorean Theorem can be used to solve the problem:
5.02 + 2.52 = c2
31m = c2
5.6m = c

14a) False – The size of a vector is irrelevant.
14b) False - Both scalar and vector quantities have a magnitude.
14c) True - Vectors require both a magnitude and a direction.
14d) True - Scalars such as distance depends upon the path taken from the
initial to the final position. Displacement (a vector quantity) requires only the
initial and final positions to determine a value. Vectors do not consider the path
taken between these two points.
14e) False - This statement should read that a vector quantity (such as
displacement) depends only upon the initial/final locations of an object. A scalar
quantity depends only upon the initial and final location of an object in motion;
this is not the case for vector quantities.
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15)
a
12.0km north
and 4.0km east

12.02 + 4.02 = c2
13km = c

b
3.0m south and
10.0m west

10.02 + 3.02 = c2
10m = c
1

(1.0x10 m if you are
using the correct sig
figs)

c
8.0km north
and 2.0km west

d
2.0km south and
4.0km east

8.02 + 2.02 = c2
8.2km = c

4.02 + 2.02 = c2
4.5km = c
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Finding Your Way...
The addition of well-drawn vector graphics will be practiced in this activity.

Materials:

Measuring tape or meter stick
Graph paper (see attached)
Pencil
Masking, electrical, or duct tape

Procedure:
1) Your job is to create a vector graphic of the path from a single location in
your home (origin) to the nearest exit. Only vertical and horizontal vectors
are allowed.
2) Carefully measure the distance for each vector as you will need to create a
scaled drawing of this path.
3) Use vector addition to calculate the total horizontal and vertical motions
that are completed. Make certain each vector identifies both magnitude and
direction. Consider using “+” when traveling North or East and “-” when
moving South or West to identify direction.
4) Calculate the total distance and the magnitude of displacement of your path.
We will practice how to determine the direction of the displacement vector
in the near future. Stay tuned...

Explanation:

This exercise is designed to help you practice the scalar and vector quantities of
distance and displacement. Precise measurement is required when drawing
vectors as their length must remain comparatively proportional to the magnitudes
they represent. A scaled drawing will allow you to construct a right triangle to
determine the displacement from the origin to the end of your path. This can be
seen in the sample drawing below with the blue dashed lines:
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Sample Graphic:

Horizontal Distance:
(-2m) + (-12m) + (3m) = -11m

Displacement: Use the Pythagorean
Theorem to solve for c:

Vertical Distance:
(6m) + (-6m) + (-5m) = -5m

c = √5m2 +11m2 = 12.1m

Distance:
2m + 6m + 12m + 6m + 3m + 5m = 34m
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