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This is a set oflass notes fophysics This hardcopy grovidedso that you can fully
participate in class discussions without having to worry about writing everything down.

While these notes are intethed to be reasonablgomplete, you will probably want to add your
own notes. If you have purchased this copy, you are encouraged to write directly in it, just as
you woutl write in your own notebook. However tifis copywas issued to you by the school
and intend to return it at the end of the year, you will need to write your supplemental notes
on separate paper. If you do this, be sure to write down page nunmbemsur notes to make
crossreferencing easier

You should bring these notes to classweay. Besides tlreobvious us&lnessin knowing/
remembering how to do the homework, in most instances, you will be allowed to use them
during quizzes and tests, because the point os#gssessments is not to see what you can
remember but to see hav well you carapply what you have learned.

These notes will be used with both the Honors andPG¥&sicd classes. However, the CP course
requires less depth, and will skip some of the topics and sections of théss.no
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Cornell Notes

Unit: Introduction
NGSS StandardsiA
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding:

1 how to take advantage of the Cornell netigking system
Language Objectives:

9 Understandthe term Cornell Noteand be able to desdye how Cornell
Notes are different from ordinary notaking.

Notes:

The Cornell notg¢aking systenwas developed about fifty years ago at Cornell

' YAGSNBRAGE ® L GKAY]l AdGQa I 3INBFG sle
especk £ £ @ dzaASTdzZ aeadsSYy F2NJ I RRAy3a @2dz2N) O2

/(such as mine).

The main features of the Cornell Notggstemare:
1. The main section of the page is for what actually gets covered in class.

2. The left gction (officially 2z2inches, though | have shrunk it tarhes
F2N) 6§KS&aS vy 2tiig8estions brommenislofyddidzat will
help you find, remember, or effectively use these notes.

3. The bottom section (&hches) is officially for you to addlg2 sentence
summary of the page in your own words. This is a good idea. However,
because the rest of the page is my notes, not yours, you may also want to
dzaS GKFG &aLI OS F2NJ FyedKAy3a StasS @&2dz
pre-printed notes.

Use this space for summary and/or additional notes:
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Readng & Taking Notefrom a Textbook

Unit: Introduction
NGSS StandardsiA
MA CurriculumFrameworks (2006)N/A

Skills:
1 pre-reading and reading a section of a textbook and taking notes
Language Olgjctives:
1 understandand be able to describe the reading and ntding strategies
presented in this section

Notes:

LT &2dz NBIR | GSEdGo06221 G(KS ¢l & &2dz ¢2dz
remember much of what you read. Before you can understand amyityiour

brain needs enough context to know how to file the information. This is what

l f0SNII 9AYyadSAYy gl a GFrEtlAy3 o2dzi 6KSYy
gKIFEG ¢S INB oftS (2 20aSNBSd¢

When you read a section of a textbook, you need to creataescontext in your
brain, and then add a few observations to solidify the context before reading in
detail.

René Descartes described this praces 1644 in the preface to hixrinciples of
Philosophy

"I should also have added a word of advice regartlregmnanner of reading this workvhich

is, that | should wish the reader at first go over the whole of it, as he would a romance,
without greatly straining his attention, or tarrying at the difficulties he may perhaps meet
with, and that aftewards, if they seem to him to merit a more careful examination, and he
feels a desire to know their causes, he may read it a second time, in order to observe the
connection of my reasonings; but that he must not then give it up in despair, although he
maynot everywhere sufficiently discover the connection of the proof, or understand all the
reasonings it being only necessary to mark with a pen the places where the difficulties
occur, and continue reading without interruption to the end; then, if he doetsgnodge to

take up the book a third time, | am confident that he will find in a fresh perusal the solution
of most of the difficulties he will have marked before; and that, if any remain, their solution
will in the end be found in another reading."

Use this space for summary and/or additional notes:
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Unit: Introduction

Physics

The bllowing 4stepsystemii I {1 Sa Fo62dzi GKS &l YS | Y2dzyi
spending on reading and taking notes, but it will probably make a tremendous
difference in how much you understand and remember.

1. Copy the titles/headings of each sexti Leave about % page of space
I FGSNI S OK 2y So 652y Qi R2 | yeBGKAY3
minutes.

2. Do not write anything yet! Look through the section for pictures, graphs,
and tables. Take a minute to look at thesthe author must have
0K2dzAKG GKS& 6SNB AYLRNIFYyOG® Ifaz2z N
the homework questions/problems at the end of the section. (For the
visuals, the author must think these things illustrate something that is
important enough to dedicate a significaamtount of page real estate to
it. For the homework problems, these illustrate what the author thinks
you should be able to do once you know the content.) This process
should take about 1§15 minutes.

3. Actually read the text, one section at a time. Facle section, jot down
keywords and sentence fragments that remind you of the key ideas. You
are not allowed to write more than the % page allotted. (You don't need
to write out the details those are in the book, which you already have!)
ThisprocessiS A YS O2y adzYAy3as o6dzi aAK2NISNI (K
used to doing for your other teachers.

4. Read the summary at the end of the chapter or sedtidnis is what the
I dzGK2NJ KAy l1a @2dz aK2dZ R 1y2¢ y2¢ (K
0§ KSNBQa 21dy KRB (I NS O23IyAT ST 32 ok O] |
should take about &10 minutes.

L 2dz aK2dzZ RyQi ySSR (2 dzaS Y2NB GKlFy |02
10 pages of reading!

Use this space for summary and/or additional notes.
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Physics

Taking Notes on Math Problems

Unit: Introduction
NGSS StandardsiA
MA CurriculumFrameworks (2006)N/A

Skills:
1 taking notes on a mathematical problem

Language Objectives:
1 understand ande able to describe the strategies presented in this section

Notes:

If you were to copy down a math problem and look at it a fewsdar weeks
fFrGSNE OKIyOSa INB &2dzff NBO23yAl S
you solved it.

Solving a math problem is a process. For notes to be useful, they need to
describe the process as it happens, not just the final result.

If you want totake good notes on how to solve a problem, you need your notes
to show what you did at each step.

For example, consider the following physics problem:

A 25kg cart is accelerated from rest to a veloafy3.57 over an
interval of 1.5s. Find the net forcapplied to the cart.

The process of solving this problem involves applying two equations:
v=V,+at and F=ma

Use this space for summary and/additional notes:
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Unit: Introduction

Physics

A good way to document the process is to use a-twtumn format in which
you show the steps of the solution in the left column, and you write an
explanation of what you did and why for each step in the right column.

For this problem, a twaolumn description would look like the following:

Step Description/Explamtion
m =25Kkg
Vo=0
v=3.5% Define variables.
t=1.5s

F=quantity desired

F=ma Choose a formula thatontainsF. See if we have the
other variables.
C No. Weneed to finda before we carsolve
the problem.
Choose dormula that containg. See if we have the
V=V, +at other variables.
C Yes.
3.5=0+a(1.5)
3.5=1.5a _ _ . )
35 1 Qubstitute v, v, andt into the 1% equationandsolve
—= Yga for a.
15 Y5
2.33=a
_ F=ma Substitutem anda into the 2" eqguation and solve
F=(25)(2.33) for E
F=58.33 '

Include the unitsand box the final answer.

Use this space for summary and/or additional notes.
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Introduction: Laboratory& Measurement

Unit: Laboratory& Measurement

Topics covered in this chapter:

The Scientific Method..........cooiiiiiiiiie e 15
Designing & Performing Experiments............cccccceeiiieniiiinnnnne. 18
ACCUIaCy & PreCISION.......ccuiiiiiiiiieei et 23
Uncertainty & Error ANalySiS........ccooooiiiiiiiiiiiiiiiieeeeeeeeiiie 25
Keeping a Laboratory NOtebOoOoK..........cccooeviiiiiiiiiiiiiiieeeeeed 38
Formal Laboratory REPOILS..........oooiiiiiiiiiiiieeeeeeeeieeeee e 45

The purpose of this @pter is to teach skills necessary for designing and
carrying out laboratory experiments, recording data, and writing summaries
of the experiment in different formats.

1 Designing & Performing Experimediscusss strategies for coming up
with your own experiments and carrying them out.

1 Accuracy & Precisipbncertainty & Error AnalysiandRecording and
Analyzing Dataliscuss techniques for working with the measurements
taken during laboratory experiments.

1 Keepng a Laboratory Noteboaknd Formal Laboratory ReportBscuss
ways in which you might communicate (write up) your laboratory
experiments.

Calculating uncertaintginstead of relying on significant figudeés a new and
challenging skill that will be used in lab wriips throughout the year.
Standards addressed in this chapter:

Next Generation SienceSandards (NGSS)
No NGSS standards are addressed in this chapter.

Massachusetts Curriculum Frameworks (&)0
No MA curriculum frameworks are specifically addressed in this chapter

Use this space for summary and/additional notes:
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Skills learned & applied in this chapter:

1 Designing laboratory experiments
1 Error analysis (calculation & propagatiohuncertainty)
1 Formatsfor writing up lab experiments

Use this space for summary and/or additional notes.
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The Scientific Method

Unit: Laboratory & Measurement

NGSS Standardsl/A

MA CurriculumFrameworks (2006)N/A

Knowledge/Understanding Goals:
1 Understand the scientific method

Language Objective

1 Understand and correctly use terms relating to the scientific method, such
a4 GLISSNI NBOASgE

Notes:

¢tKS aO0ASYOGATAO YSGK2R A&a | FryoOée ylLYS ¥
Ly GKS YARRES 3Sasx aaOASylAa aeichuich 6 SNE O
A0K2f I NBE ¢6K2 RSOARSR ¢gKIG ¢l a aO2NNBOGE

other.

During the Renaissance, scientists like Galileo Galilei and Leonardo da Vinci
started using experiments instead of argument to decide what really happens in
the world.

Steps:
1. Observe something interesting.

2. Figure out and perform an experiment that will have different outcomes
depending on the parameter(s) being tested.

3. Repeat the experiment, varying your conditions as many ways as you can.

4. If possible, come up with aadel that explains and predicts the behavior
you observed. This model is callethaory.

Use this space for summary and/additional notes:
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Unit: Laboratory & Measurement

Physics

5. Share your theory, your experimental procedures, and your data with
other scientists. Some of these scientists may:

a. Look at your experiments to see whether the expeents really
can distinguish between the different outcomes.

b. Look at your data to see whether the data really do support your
theory.

c. Try your experiments or other related experiments themselves
and see if the results are consistent with your theory.

d. Addto, modify, limit, refute (disprove), or suggest an alternative
to your theory.

¢CKA& LINRPOSaa A& OFffSR GLISSNI NBQAS¢

scientists have reviewed your claims and agree with them, and no

one has refuted your theory, your theory mgsgin acceptance within
the scientific community.

b2GS GKIG GKS ¢g2NR aiGKS2NERE&E A
GOKS2NE¢ AY SOSNERFE fFy3dz 3S

1 Has never failed to explain a collection of related obseows

D
O O¢
> ()

y &0AS
® Ly

1 Has never failed to successfully predict the outcomes of related
experiments

For example, the theory of evolution has never failed to explain the process of
changes in organisms because of factors that affect the survivability of the
species.

If a repeatable experiment contradicts a theory, and the experiment passes the
peer review process, the theory is deemed to be wrong. If the theory is wrong, it
must be either modified to explain the new results or discarded completely.

Notice also thatthewordt K@ LJI2 { KSaAaé¢ R2Sa y2aG | LILISF NJ
description of the scientific method. It is possible (and sometimes useful) to

have a hypothesis before performing an experiment, but an experiment is just as

valid and just as useful whether or not a hypotisesas involved.

Use this space for summary and/or additional notes.
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Physics

Theories vs. Natural Laws

A theory is a model that attempts to explaihy or how something happens. A
law simply describes what happens without attempting to provide an
explanation. Both theories and laws can be used to predict theoous of
related experiments.

For example, the Law of Gravity states that objects attract other objects based
on their mass and distandeom each other. It is a law and not a theory because
the Law of Gravity does not explairhy masses #ract each other.

Atomic Theory states that matter is made of atoms, and that those atoms are
themselves made up of smaller particles. The interactions between the particles
that make up the atoms (particularly the electrons) are used to explain certain
properties of the substances. This is a theory because it gives an explanation for
whythe substances have the properties that they do.

Note that atheory cannot become a law any more than a definition can become
a measurement.

Use this space for summary and/or additional notes.
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Designing & Performing Epiments

Unit: Laboratory& Measurement
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Skills
1 determine what you are testing

1 figure out how to get from what you can measure to what you want to
determine

Language Objectives
fUnderstand and cormely usel KS G SNX¥Y&a GRSLISYRSyYy G @I NA
GAYRSLISYREYG GFNRARFOES
1 Understand and be able to describe the strategies presentéisn
section.

Notes:

Most high school physics experiments are relatively simple to understand, set up
and execute much moreso than in chemistry or biology. This makes physics
well-suited for teaching you how to design experiments.

¢ KS SRdzOl GA2Y a hgldrylbased ddpériman@whichinfeans A a
you (or your lab group) will need to figure out what to do to perform a
experiment that answers a question about some aspegthyfsics In this

course, you will usually be given only an objective or goal and a general idea of
how to go about achieving it. You and your lab group (with help)edide the
specifics of what to do, what to measure (and how to measure it), and how to
make sure you are getting good results. This is a forgumfedinquiry.

Use this space for summary and/additional notes:
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Framing Your Experiment

Experiments are motivated by something you want to find out, obsewve
calculate

Independent vs. Dependent Variables

In an experiment, there is usually something you are doing, and something you
are measuring or observing.

independent variable the conditions you are setting up. These are the numbers
you pick. Becae you pick the numbers, they arelependenof what
happens in the experiment. For example, if you are dropping a ball from
different heights to find out how long it takes to hit the ground, you are
choosing the heights, so height is timelependentarable.

dependent variable the things that happen in the experiment. These are the
numbers you measure, which adependenton what happens in the
experiment. For example, if you are dropping a ball from different heights to
find out how long it takesa hit the ground, you are measuring the time,
which depends on the height. This means time isdbpendentvariable.

If someone asks what you independent and dependent variables are, the
jdzSadA2y aArayvYLX e YSIyasz a2KIi RAR RI2dz R2
RAR @2dz YSI AdzNBE O6RSLISYRSYy(d OFNAIFO6fSOKE

Use this space for summary and/or additional notes.
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Qualitative Experiments

If the goal of your experiment is to find owhether or notsomething happens

at all, you need to set up a situation in which the phenomenon you want to

observe can happen, then obserwhether or not it does. The only hard part is
YI1TAy3 &adaNB GKS O2yRAGAZ2YE 2F &2dzNJ SELIS
phenomenon happens or not.

If you want to find ouunder what conditionst 2 YSG KA Yy 3 KI LISy asz 4|
really testing is whether or not happens under different sets of conditions that
you can test. In this case, you need to test three situations:

1. A situation in which you are sure the thing will happen, to make sure you
can observe it. This is yopositive control

2. A §ituation in whiclyou sure the thing cannot happen, to makae your
SELISNRAYSY(dG OFy LINRPRdzOS | aAaddz GAz2y A
can observe its absence. This is yoegative control

3. The condition you want to test to see whethear not the thing happens.
Theconditionis yourindependent variable, anathether or not the thing
happens is your dependent variable.

Quantitative Experiments

If the goal of your experiment is to quantify (find a numerical relationship for)
the extent to which something happeifthe dependent variable)you need to
figure out a set of conditions in which you can measure the thing that happens.
Once you know that, you need to figure out how much you can change the
parameter you want to tesfthe independent variablegand still be ablé¢o

measure the resultThis gives you the highest and lowest values of your
independent variable Then perform the experiment using a range of values for
the independent value that cover the range from the lowest to the highest (or
viceversg.

Use this space for summary and/or additional notes.
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Physics

Determining What to Measure

Determining what to measure usually means determining whatgaou
measure, and then figuring out how to get from there to what you want to
know.

For a quantitative experiment, if you have a mathematical formula that includes
the quantty you want to measure, you simply need to find the values of the
other quantities in the equation. For example, if you want to calculate the force
needed to move an object, the equation is:

F=ma

In order to calculate the forgeyouwould need to know:
f mass you can measure this using a balance

i acceleration you could measure this with an accelerometer, but we do
not have one in the lab. This means you will need to calculate acceleration
from another famula.

Notice that we have figured out that we can measure mass directly, but we need
some way to figure out the acceleratiomhis means that our experiment to
determine the forceconsists of two steps

1. Measure the mass
2. Perform an experiment tdetermine the acceleration

3. Calculate the forcen the object from the mass and the acceleration

So now we need a formula for acceleratiofhat formia turns out to be:
d=v,t +1iat?

This means in order to calculate acceleratioe need to know:
i distance you can measure this with a meter stick or tape measure

1 initial velocity: you eiher need to measure this or set up your
experiment so the initial velocity is zero (the object starts out at rest).

1 time: you can measure this with a stopwatch

Use this space for summary and/or additional notes.
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Physics

Now, every variable we neeth the equation is something we can measure, so
% SQNB Oufekperinéniiisd

1. Measure themassof the object.

2. Determine theaccelerationof the object

a. Set up an experiment in which the object starts out at restiél
velocity is zerg, and then itaccelerates

b. Measure thedistancethe object moves and théme it takes.
c. Calculatethe acceleration

3. Calculatethe force on the object from the mass and the acceleration

Use this space for summary and/or additional notes.
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Physics

Accuracy & Precision

Unit: Laboratory& Measurement

NGSS StandardsiA

MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding:

1 Understand what accura@nd precisiormean and the difference between
the two.

Language Objectives
1 Understand ande ableto differentiate between accuracgnd precision

Notes:

Science relies on making and interpreting measurements, and the acamecy
precisionof these measurements affect what you caonclude from them.

Random vs. Systematic Errors

Random errors are natural uncertainties in measurements because of the limits
of precisionof the equipment used. Random errors are assumed to be
distributed around the actual value, witlit bias in either direction Systematic
errors occur from specific problems in your equipment or your procedure.
Systematic errors are often biased in one direction more than another, and can
be difficult to identify.

Accuracy vs. Presion
¢CKS g2NR& d&lyGROdaNINEEOASA ARZLYS OAFAO YSIE YAy A
accuracy for a single measurement, how close thieasurement is to the
GO2NNBOGe¢ 2NJ I OOSLII SR @ritsf hdm@aiwsethe 2 NJ | I N
averageis to the accepted value.
precision for a single measurement, how finely theeasurement was made.

(How many decimal places it was measured to.) For a group of
measurements, how close the measurements areach other.

Use this space for summary and/additional notes:
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Examples:

Suppose the following drawings represent arrows shot at a target.

———,

7 ~. o TING o IR > TRy
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/ ™G /'/ e \\ //
Mgl et e ] caaet g | o s SO
accurate not accurate accurate not accurate
precise precise not precise not precise

The first set is both accurate (the average is close to the center) and precise (the
data points are all close to each other.)

The second set is precise (closeetxh other), but not accurate (the average is
not close to the correct value). This is an examplgystemicerrort some
problem with the experiment caused all of the measurements to be off in the
same direction

The third set is accurat(the average is close to the correct value), but not
precise (the data points are not close to each other). This is an example of
randomerrort the measurements are not biased in any particular direGtlmurt
there is a lot of scatter.

The fourth set is neither accurate nor precise, which means that there are
significant random and systematic errors present.

For another examplesuppose two classes estimate MrA 3f SN &a F 3S o ¢
Of FaaQa SaidAaAyYl (S years ddSheseoneasarementstare Birlyk y R 1
precise (close together), but not accurate. (Kigler is actually about9years

2f RDO ¢tKS aSO2yR Of I aaQ&etdbdaias Yl GSa |
accurate (beause the average is 49, which is close to correct), buséhis not

precise because the individugalues are not close to each other.

NB

Use this space for summary and/or additional notes.
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Uncertainty & Error Analysis

Unit: Laboratory& Measurement
NGSS Standards’A
MA Curriculum Frameworks (2006N/A
Knowledge/Understanding:
1 Understand what uncertaintgf measurement means.
Skills:
1 Read and interpret uncertaintyalues.
1 Estimate measurement errors.
1 Propagate estimate of error/uncertaintiirough calculations.
Language Objectives
T Understand and correctly use thie S NI¥a o dz/éc“; Sd\!&i}} I-AAyffIi?'l lRNR
dzy OSNIUFAylueZXé dEYR GaNBf Il UAGDS SNNRBNJ
9 Accurately describe and apply the concepts described in this section using
appropriate academic language.

Notes:

In science, unlike mathematics, there is no such thing as an exact answer.

Ultimately, every quantity is limited by the precisiand accuracyf the

measurements that it came fromif you can only measure a quantity to within

ME:S OGKFG YSEya Fye ydzZyoSNI GKFEG A& RSNR
any better thant10%.

Error analysis is the practice of determining and communicating the causes and
extents of possible errors or uadainty in your results. Error analysis involves
understanding and following the uncertainty in your data from the initial
measurement to the final report.

Use this space for summary and/additional notes:
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Uncertainty

The uncertaintyof a measurement describes hadifferent the correct value is
likely to be from the measured value. For example, if a length was measured to
be 22.336cm, and the uncertainty was 0.088n (meaning that the

measurement is only known to withir02030cm), we could represent this
measurenent in either of two ways:

(22.336£0.030cm  22.336(30)cm

The first of these states the variation () explicitly in cm (the actual unit). The
second is shows the variation in thest digits shown.

AbsoluteError

Absoluteerror (or absolute ncertainty) refers to theuncertainty inthe actual
measurement, such g8.64+0.22) cm.

RelativeError

Relative error shows the error or uncertairdag a fraction of the measurement.
(Percent error, which you uddan chemistry last year, iglated torelative error)

uncertaint
measureehlue

The formula for relative erras R.E=

For example, a measurement .64+ 0.22) cm would have a relative erraf
0.22 out of 3.64. Mathematically, we express this as:

R.E= D22 _ 0.0604
3.64

To turn relative errointo percent error, multiply by 100. A relative error of
0.0604 is the same as 6.04% error.

Use this space for summary and/or additional notes.
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standard uncertaintyu): the standard deviation of thenean of aset of
measurements

{GFrGAaGAOLtEteT AT GKS YSI Adz2BRNVBRAO F2¢€
distribution, one standard deviatioruj should include 68.2% of the

measurementstwo standard deviation§2u) should include 921% of the

measurements, and three standard deviations)(8hould include 99.6% of the
measurements.

03 0.4

34.1% 34.1%

0.2

0.0 0.1

-30 =20 -lo u lo 20 30

Most scientists use the standard deviation to representertainty, which
means roughly 68.2% of the indivaluneasurements fall within the uncertainty.

E.qg.,if we report a measurement 022.336+0.030 cm, that means
1 The meanvalue isx =22.336cm

1 1t is68% likely that any single measurement falls betwbetween
(22.336b 0.030)cmand(22.336+0.030 cm, i.e.,between 22.30&m and
22.366cm.

However, because the reported measurement isasrrageof a set of
measurements, if there are a lot of data points, the likelihood thatdiierage
of the measurements is close to the actual value is mhigher than the
likelihood that any individual measurement is close.

Use this space for summary and/or additional notes.
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Calculating theUncertainty ofa Set ofMeasurements

When you have several independent measurements of the same data point, the
uncertaintyis calculated using statics, so that some specific percentage of the
measurements will fall witlni the average plus or minus thicertainty.

Ten or More Data Points
If you have a large enough set of data points (at least 10j tihe standard
uncertaintyis the standard deviation of the meamThat formula is

u=s, =

Sk

where:

u =standard uncertainty
" m = standard deviation of the mean

n
s = samplestandard deviation= \/nia (% - X)?
T ti=

n = number of measurements

If the variable x represents the measurgdantity andX represents the
arithmeticmean (average) value, you woldapress your resulis:

- o S
reported value= X°u = X° —

Jn

While this would be the correct formula to use whpossible often wehave too
few data points (small values of, which causeshe formulato predict a much
larger uncertaintythan we probably actually have.

Use this space for summary and/or additional notes.
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More than Onebut Fewer than Ten Data Points

If youhave only a fewdata points (fewer than 10), then you have too few data
points to accuratelygalculatethe populationstandard deviation. In this case, we
canedimate of the standard uncertaintpy usingthe formula:

uO

-

where:

uncertainty
range the difference between the largest and smallest measurement

u
r

If the variablex represents the measured quantity, you would express your
result as:

- r
reported value= X ° —

J3

Note that we are treating/3 as a constant. Whenever you have more than one

but fewer than ten data points, find theangeand divideit by +/3 to get the
estimateduncertainty.

Example:

Suppose you measured a mass on a balance and the redudiitegl between
3.46g and3.58g:

= 3.46;—3.58 _35

r=358- 3.46=0.12
r, 012,

(0] (0]

J3 1732
You would record the balance readiag (3.52+ 0.07)g.

0.07

Use this space for summary and/or additional notes.
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Uncertainty of a Single Measurement

If you have the ability to measure a quantity that is not changing (such as the
mass or length of an objectjpu will get the same value every time you measure
it. This means you have only one datant.

When you have only one data pojtihe standard uncertaintys the limit of how
precisely you can measuite(including any estimated digits)his will be your
best educated guesbased on how closely you think you actuallgasured the
guantity.

Digital Measurements

For digital equipment, if the readingstable (not changing), look up the

published precisio®2 ¥ G KS Ay aidNHzySyid Ay AG& dzaSNDa
balances used in high schools have adability of 0.01g but are only precise to

within £0.02g.) If there is no published value (or the manual is not available),

assume thauncertaintyis+ 1 in the last digit.

Use this space for summary and/or additional notes.
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Analog Measurements

Whenmaking analog measuremenwaysestimate to one extra digiveyond

the finest markings on the equipment. For example, in the diagram below, the
graduated cylinder is marked inmlL increments. When measuring volume in
this graduated cylinder, you would estimate andtesdown the volume to the
nearest 0.1mL, as shown:

In the above experiment, you should record the volume as 3. mL. t

would beinadequateto write the volume as 3fL. (Note that he zero at the

end of the reading of 32.0Lisnot extra. tis necessary because you measured
the volume to the nearest 0.hL and not to the nearestrhL)

When estimatingyou can generally assume ttthe estimated digithas an
uncertainty oft1l. This meanthe uncertaintyof the measurements usually
° I, of thefinestmarkings on the equipment.

Equipment Markings | Estimate To Uncertainty
triple-beam balance 0.01g 0.001g +0.001g
ruler 1 mm 0.1mm +0.1mm
100mL graduated cylinder 1mL 0.1mL +0.1mL
thermometer 1°C 0.1°C +£0.1°C

Use this space for summary and/or additional notes.
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Propagating Uncertainty in Calculations

When you perform calculations using numbers that have uncertayay need
to propagate the uncertainty through the calculation.

Crank Three Times

Thesimplest way of doing thisis$h ¢ ON} y1 GKNBS dankSae¢
three times Y S invoReR

1. Perform the calculation using the actual numbers. This gives the result
(the part before the ssymbol).

2. Perform the calculation agajinsing the end bthe range for each value
that would result in the smallest value. (Note that with fractions, this
mearsyou need to subtract the uncertainfgr values in the numerator
and add the uncertainty for values in the denominator.) Thisgthe
lower limit of therange

3. Perform the calculation again using the end of the range for each value
that would result in the largest value. This gives the upper limit of the
range

4. Assume you have fewer than ten data points and use the approximation

. r ,
that the uncertainty=u°® — , wherer is the range.

J3

¢KS RGIyGl3asS (2 aONIFy]l GKNDBadyoharesS a ¢
therefore less likelyo make a mistake. The disadvantage is that it can become
unwieldy when you have mulstep calculations.

Use this space for summary and/or additional notes.
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Error Propagation

This method requires applying a set of rules based on the formulas you use for
the calculations.(Foroned G SLJ OF f Odzf F GA2yas GKS
easier and faster. However, thinethod is often less workhen you have a
multi-step calculation).

The rules are:

1.

If the calculation involveaddition or subtraction add theabsolue
errors. For example, (8.450.15 cm+ (5.43t0.12) cm means:

(8.45+ 0.159cm
+ (5.43+ 0.12cm
[(13.88 + 0.27) cm|

GONI y°

(Uncertainty calculations involving addition or subtraction are intuitively

easy.)

If the calculation involvesiultiplication or division add therelative
errors, and multiply the total riative error by the result to get the
uncertainty. For examplef we have the problem

(2.51+£0.16) kgx(0.37° 0.04)?), we would do the following:

Theresultis 2.51kgx 0.372 = 0.9287<%"

For theerror analysis:

The relative erroof (2.51+0.16) kgis géi

The relative erroof (0.37° 0.04)§ IS 004

037 0.10810

The total relative errors 0.0637 + 0.1081 = 0.1718

The total relative errors what we multiply the result by to gés
(absolutg uncertainty.

0.9287*% x0.1718 =+ 0.1596‘%

Use this space for summary and/or additional notes.
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The answewith its uncertaintyis (0.9287 0.1596)% , Which wecan

round to| (0.93° 0.16)% |

Ly 3ISYySNItz AdQa 3I22R thimeadtveh OS (G2 aKk
significant figures The result should be rouerd to the same place value
as the uncertainty.

3. For calculations that involvexponents use the same rule as for
multiplication and division, butultiply the relative erroby the
exponent. For example, consider the problem:
Y%x(12.2£0.8) kgx ((5.8° 0.2) 0 )?

The result of the calculation isk (12.2)(5.8)* =2052";2ﬁ

The relative errog of the two measurements are:

08 _ 0.0656 and % =0.0345

122

Because theb.8 T is squaredn the calculationwe need to multiply its
relative errorby two (the exponent) This gives a total relative error of:

0.0656+ (0.0345¢x2)=0.1345

Now multiplythe total relative errory the resultto get the uncertainty

2052%3 0.1345= 27.6%

We would round this t¢ (205° 28)";2ﬂz .

Use this space for summary and/or additional notes.
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How Significant Figures Work (as an Approximation)

Note that the rules you learned in chemistigr calculations with signifant
figurescome from these rules, with the assumptitirat the uncertaintyis+ 1 in
the last digit.

For example, consider the following problem:

problem: Gaial FTAIEAE Sldza gt Sy
23000 +1000 237?27?.7?77
0.0075 +0.0001 0.0075
+ 1650 +10 + 1652.2?77
24{)500075 +1010.0001 24?777 777D
N A
L il v (Check this digit for
rounding)

If we rounded ouranswer of 2650 + 1010 to 25000 + 1000, it wouldagreewith
the number we got by using the rules for significgtires

Note, however, that our answer @650 + 1010 suggests that the actual value

is between 2840 and 2%60, whereas the answédrased on significant figures

suggests that the actual valug between 2000 and 2®00. This is why
Aa0ASydAata FTNRgY dzll2y dzaS 2F daAi3al FTAIAE
insist on using sig figs, it is better to report answersiie more sig fighan the

problem calls for, in order tainimize pund-off answersn your results.

Use this space for summary and/or additional notes.
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As another example, consider the problem:

34.52x1.4
Assume this mean@4.52° 0.01)3 (1.4° 0.1).

The answer (without its uncertaintys 34.523 1.4=48328

Because the calculation involves multiplicati we need to add the relative
errors, and then multiply the total relative error by the answer to get the
uncertainty:.

Therelative uncertainties are:

001 0.00029
34.52
01_ 0.0714
14

Adding themgives: 0.00029 + 0.0714 = 0.0717
Multiplying by our answer gives0.0717 x 48.328 3.466
The uncertaintys. +3.466.

Our answeincluding theuncertaintyis therefore 48.28 + 3.466, which we an
round t048.3+ 3.5.

Doing the calculation with sfigs would give us an answer of 48, which implies
48+ 1. Again, this is in the ballpark of the actual uncertagibiyt you should
notice (and be concerned) that the sig figs method underrepresthetactual
uncertainty by a factor of 3.5!

Use this space for summary and/or additional notes.
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Summary

Uncertainty of a Singl€®uantity
Measured Once

Make your best educated guess of the uncertain#ged on how precisely you
were able to measure the quantity and the uncertainty of thetrument(s) that

you used.

Measured Multiple TimegIndependently)

1 If you have a lot of data points, the uncertaingythe standard deviation.

r

J3

1 If you have few data points, use the approximatiof

Uncertainty of aCalculated Value

9 For addition & subtraction, add the uncertainties of each of the
measurements. The sum is the uncertainfythe result.

1 For multiplication, division and exponents:

1. Find the relative erroof eadh measurement.
uncertaint

R.E=
measuredhlue

2. Multiply the relative erroby the exponent (if any).
3. Add each of the relative errerto find the total relative error.

4. The uncertaintys the total R.Bimes the result.

Use this space for summary and/or additional notes.
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Keeping a Laboratory Notebook

Unit: Laboratory& Measurement

NGSS StandardsiA

MA Curriculum Frameworks (2006N/A
Knowledge/Understanding:

1 Understand the purpose of an informal lab writ@, such as you would
write in a notebook

1 rules for recording and working with lab data
Skills:

1 Write up an experiment in laboratory notebook format
Language Objectives

1 Understand and be able to describe the sections of a laboratory notebook
write-up, and which information goes in each section.

Notes:
A laboratory notebook serves two important purposes:
1. Itis alegal record of what you did and when you did it.

2. ltis adiary of what you did in case you want to remember the details
later.

In a research laboratory, you would normally do a wiitein your lab notebook
whenever you do a significant experiment that you believe you might want to
refer back to sometime in the future.

Your Notebookas an Official Record

Laboratory notebooks are kept by scientists in research laboratories and high
tech canpanies. If a company or research institution needs to prove that you
did a particular experiment on a particular date and got a particular set of
results, your lab notebook is the primary evidence. This means you need to
maintain your lab notebook inw&ay that gives it the best chance of being able
to prove beyond a reasonable doubt exactly what you did and when you did it.

Use this space for summary and/additional notes:
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Here are some general rules for working with dailost of these areourtesy
of Dr.John Denker, dittp://www.av8n.com/physicstincertaintyhtm):

Recording Data

1 Write something about what you did on the same page as the data, even if
it is a very rough outline. Your procedure notes should not get in the way
of actually performing the experiment, but there shdude enough
information to corroborate the detailed summary of the procedure that
82dz oAff GNARGS FFISNBINRaA®P o!fazzz F2
experiment that you write the detailed summary, the more weighwill
carry in ourt.)

1 Keepall of the raw data, whether you will use it or not.

152y Qi RA&AOFNR I YSIadaNBYSyidsz S@OSy AF
Fyegle FyR Ldzi | aKé ySEG (2 daiad . 2d
point in your calculations (as long as yduegan explanation).

1 Never erase or delete a measurement. The only time you should ever cross
out recorded data is if you accidentally wrote down the wrong number.

1 Record all digits. Never round off original data measurements. If the last
digit is a Bro, you must record it anyway!

1 For analog readingg @.,ruler, graduated cylinder, thermometgr
estimate and record one extra digit.

1 Always write down the unitwith each measurement!

1 Recordevery quantity that will beused in a calculation, whether it is
changing or not.

152yQi O2y@SNI Ay @&2dz2NJ KSFR 0ST2NB 4 NA
the original data in the unitgou measured it in, and convadrt a separate
step.

Use this space for summary and/or additional notes.
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Calculations
Use enough digitstb 2 AR dzy AYU0SYRSR t2aa 2F &aa3i
intrpduce roundoffAerrors [n the rpiddle 9f a galculation])his qsual]y ) ]
YSIya dzasS |a tShrad 062 Y2NB RAHZAUA 0K
you expect your answer to have.
Use few enough digits to be reasonably convenient.
Record uncertaintgeparatelyfrom the Y St a 92N$ YSy u ® 652y Qi
FTAIAaE 02 SELINBaa dzy OSNUI Ayueée do
[ S @S RAIAGEA Ay GKS OFfOdzf F 12N 6SG8SS
WhenAy R2dzoG> 1SSLI L SydGde 2F G3dzZ NR RA
you think you will end up rounding).

Integrity of Data

Your data are your data. In classroom settings, people often get the idea that

the goal is to report an uncertaintyat reflects the difference between the
YSIFadz2NBR @FftdzS yR GKS 02 NNBOingeal@d| f dzS o
ifet AT @2dz {ySs (GKS GO2NNBOl¢ O feltS &2dz ¢

In all cases in the classroom and ireal lifet you need to determine the
uncertaintyof your own measurement by scrutinizing your own measurement
procedures and your own analysis. Then you judge how well they agree.

For example, wavould say thathe quantities 16t 2 ard 11+ 2 agree

reasonably wejl because there is considerable overlap between their probability
distributions. However 10+ 0.2 does not agree with 140.2, because there is

no overlap.

If your results disagree with wetistablished results, you shoulabk for and
comment on possible problems with your procedure and/or measurements that
could have caused the differences you observed. You neyxsrfudge your

data to improve the agreement.

Use this space for summary and/or additional notes.
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Notebook Format

Every lab you worln, whether inhigh school, college, research or industry, will
have its own preferred laboratory notebook format. It is much more important
to understand whakindsof information you need to record and what you will
use it for than it is to get attached to any onerfmat.

In physicsclass this year, you will record data on loose paper, but in the same
format as you would use for a laboratory notebook. (Otherwise, the teacher
would need to take home three bushels of lab notebooks weighmoge than
100pounds to grade for every lab experiment.)

The format we will use is meant to follow an outline of the actual experiment.

52y Q0 @¢g2NNEB (22 YdzOK | o62dzi F2ff2Ay3 (K
important that the information you have is nwplete and recorded correctly

than it is to follow the format.

Title & Date

Each experiment should have the title and date the experiment was performed
written at the top. The title should be a descriptive sentence fragment (usually
without a verb) that gves some information about the purpose of the
experiment.

Objective

This should be a one or twgentence description of what you are trying to
determine or calculate by performing the experiment.

Experimental Plan

Your experimental plan is a short destiop (usuallya few sentences) that
explains:

9 what you are going to do (each of your independent variables and what
you are going to do with then

1 what you are going to measure or observe (your dependent variables)

1 how you are going to calculate or integirthe results.

Use this space for summary and/or additional notes.
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Notes

Your notes are yourriginal data In every experiment, you must write down a
brief description of the procedure and all of your data (measurements and
observationspuring the experimentand you must includthe same piece of
paperthat you wrote on during the experimeas pat of your notebook, no
matter how messy it is! (If I catch you turning in a copied over set of notes for
this section, you will lose credit.)

If you were keeping an actual notebook, your notebook would beotiig place

you are allowed to write anything during the experiment. However, because you
are not keeping @hysicanotebook this year, the piece of paper with your

original data serves the same purpose.

Procedure
This is a d&iled desciption of exactly what you did. You need to include:

1 Alabeledsketch of your experimental sefp, even if the experiment is
simple. The sketch will serve to answer many questions about how you set
up the experiment and most of the key equipnt you used.

1 A list of any equipment that you used other than what you labeled in your
sketch.

1 A stepby-step description of everything you did. The description needs to
include the actual values of quantities you used in the experiment (your
independentvariables). For a repeated procedure, write the steps once,
then list the differences from one trial to the nexE.g..6 wS LIS | (k4 & G S LJa
using distances of 1/, 2.0m, 2.5m, and 3.0y ® ¢

Data& Observations

This is a section in which you presentadilyour data. This section is a clean copy
of what you wrote down in your notes section during the experiment.

For a high school lab, it is usually sufficient to present a single data table that
includes your measurements for each trial and the quantiies calculated

from them. However, if you have other data or observations that you recorded
during the lab, they must be listed here.

Use this space for summary and/or additional notes.
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Analysis

The analysis section is where you interpret your data. (Any calculated values in
the table in the Data & Obseations section are actually analysis, even though it
is permissible to include them above.)

Your analysis needs to include:

1 Any calculated values that did not appear in the data table in your Data &
Observations section

1 Graphs, if necessary, to convey yoesults. Note that any graphs you
include in your writeup must be drawn accurately to scale, usgrgph
paper, and using ruler whenever a straight line is needed. (When a graph
IS required, you will lose points if you include a freehand sketcle#aus)

1 One (and only one) sample calculation for each separate formula that you
used. For example, if you calculated acceleratayreach of five data
points, you would write down the formula, and then choose one set of data
to plug n and show how you got the answer.

1 Quantitative erroranalysis. You need to:
1. Measure or estimatéhe uncertaintyof eachyour measurements

2. Calculate the relative errdor each measurement.

3. Combine your relativerrors to get the total relative error for
your calculated value(s)

4. Multiply the total relative erroby your calculated values to get
the uncertainty(x) for each one.

9 Sources of uncertaigt this is a list of factorimherent in your procedure
that limit how precise your answer can bBleverinclude hypothetical
humanerrot !'  &dF dSYSyd fA1S a2S YAIKG KI @S
YdzYo SNX»é 2NJ a2S YPAKGEGKRPE REPVPINHMNRBOGO
al@Ay3ar a2S YAIKG 0SS &dGdzLIAR yR @&2dz &
0KA& NBLRNIdE 6,2dz oAttt £2aS LRAYyGaA

Use this space for summary and/or additional notes.
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Note, however, that if a probleractually occurredand if yowsed that
data point in your calculations anywayou need to explain what happened
and what you think might be the effects on your results.

Conclusions

Your conclusion should be worded the same way as your objective, this time
including your calculated results witheir uncertainties. You do not need to
mention sources of uncertainiy your conclusions unless you believe they were
significant enough to create some doubt about your results.

Use this space for summary and/or additional notes.
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Formal Laboratory Reports

Unit: Laboratory& Measurengnt

NGSS StandardsiA

MA Curriculum Frameworks (2006)N/A
Knowledge/Understanding:

1 Understand the purpose of a formal lab writg, such as you would submit
to a scientific journal

Skills:
1 Write up an experiment formally in journal article format
Langiage Objectives
" YRSNBROGFYR YR O2NNBOGfe dzasS GKS
laboratory report.

1 Understand and be able to describe the sections of a formal laboratory
report, and which information goes in each section.

Notes:

A formal laloratory report serves one important purpose: to communicate the
results of your experiment to other scientists outside of your laboratory or
institution.

A formal report is a significant undertakintn a research laboratory, you might
submit as many agne or two articles to a scientific journal in a year. Some
college professors require students to submit lab reports in journal article
format.

The format of a formal journal articlgtyle report is as follows:

Use this space for summary and/additional notes:
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Abstract

This is the most important part giour report. Itis a (maximum) 26@ord

executive summary of everything about your experintettie procedure,

results, analysis, and conclusions. In most scientific journals, the abstracts are
searchable via the internet, so it needs to contain enoudbrimation to enable

someone to find your abstract, and after reading it, to know enough about your
experiment to determine whether or not to purchase a copy of the full article

(which can sometimes cost $100 or more). It also needs to be short enough that
0KS LISNAR2Y R2Ay3 GKS aSINOK g2y Qi 2adzad
and move on to the next abstract.

Because the abstract is a complete summary, it is always best to wait to write it
until you have already written the rest of your report.

Introduction

Your introduction is actually an entire research paper on its own, with citations.
(For a high school lab report, it should be8ages; for scientific journalsg5

10 pages is not unheard of.) Your introduction needs to describe any general
badground information that another scientist might not know, plus all of the
background information that specifically led up to your experiment. The
introduction is usually the most timeonsuming part of the report to write.

Materials and Methods

This sedbn isdescribes/our experimental procedureUnlike a lab notebook
write-up, the Materials and Methods section of a formal report is written in
paragraph form, in the past tense. Again, a labeled drawing of your apparatus is
anecessaryart of the seabn, but you need talsodescribe the setip in the

text.

Also unlike the lab notebook writep, your Materials and Methods section
needs to give some explanation of your choices of the values of your
independent variables (what you actually did).

Use this space for summary and/or additional notes.
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Data ard Observations

This section is similar to the same section in the lab notebook wpteexcept
that:

1. You should present only data you actually recorded/measured in this
section. (Calculated values are presented in the Discussion section.)

2. You need tantroducethe data table. (This means you need to describe
the important things someone should notice in the table first, and then
ale a2YSOUKAYy3 tA1SM®ELGF I NB aK2gy A

Note that all figures and tables in the report need to be numbered consedytive

Discussion

This section is similar to the Analysis section in the lab notebook-upitéut
with some important differences.

Your discussion is essentially a long essay discussing your results and what they
mean. You need to introduce and presentlle with your calculated values

and your uncertainty After presenting the table, you should discuss the results,
uncertainties, and sources of uncertainty in detaflyour results relate to other
experiments, you need to discudetrelationship and include citations for those
other experiments.

Your discussioneedsto include all of the formulas that you used as part of your
discussion, but you do not need to show your wirkeach calculation.

Conclusions

Your contusions should start by presenting the same information that you
included in the same section in your lab notebook waife However, in the
formal report, you should mention significant sources of uncertaiatyd
suggest how future eriments might follow up on or exparwh your
experiment.

Works Cited

As with a research paper, you need to include a complete list of bibliography
entries for the references you cited in your introduction amddiscussion
sections.

Use this space for summary and/or additional notes.
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Topics covered in this chapter:

Standard Assumptions in PRYSICS.........ooooiiiiiiiiieeeiceeeeeee, 52
Assigning & Substituting Xables..............ccccovvviiiiiiiiiiiiis 55
The MEtriC SYSIEM. ..o 62
Scientific NOtALION...........uuiiiiiiiiee e 67
THQONOMEY ...ttt e e e e e e e 70
[V =Toa (0] £ PP RPPPTT 74
Vectors vs. Scalars in PRYSICS......uuiiiiiiiieiiiiiiieeeeee e 79
Vector MURPICAtION..........uuviiiiiiieeii e 82

The purpose of this chapter is to familiarize you with mathematical concepts
and skills lhat will be needed in physics.

9 Standard Assumptions in Physigscusses what you can and cannot
assume to be true in orddo be able to solve the problems you will
encounter in this class.

1 Assigning & Substituting Variabldscusses how to determine which
guantity and which variable apply to a number given in a problem based
on the units and how to choose wbh formula applies to a problem.

1 The Metric Systerand Scientific Notatiororiefly review skills that you
are expected to remember from your middle school math and science
classes.

1 Trigonometry Vectors Vectorsvs.Scalars in PhysicandVector
Multiplicationdiscuss important mathematical concepts that are widely
used in physics, but may be unfamiliar to you.

Depending on your math background, some of the topics, such as
trigonometryand vectors, may be unfamiliar. These topics véltaught,
but in a cursory manner.

Use this space for summary and/additional notes:
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Standards addressed in this chapter:

Next Generation ScienceSandards (NGSS)
No NGSS standards are addressed in this chapter.

Massachusetts Curriculum Frameworks (2006):
No MA curriculum frameworks are specificaltydressed in this chapter.
However this chapter addressebe following mathematical understandings
explicitly listed in the MA Curriculum Framewodssprerequisites for this
course:
1 Construct and use tables and graphs to interpret data sets.
1 Solve simfe algebraic expressions.

1 Perform basic statistical procedures to analyze the center and spread of
data.

1 Measure with accuracgnd precisior(e.g.,length, volume, mass,
temperature time)

Convert withn a unit €.g.,centimeters to meters).
Use comma prefixes such as millicentt, and kilo.
Use scientific notationwhere appropriate.

Use ratio and proportion to solve problems.

= =4 =4 A

In addition, this chapter addresses the émling mathematical

understandings. The! T NI Y S g 2 NJ a followiing 8kifls ateot &G o G K S
detailed in the Mathematics Framework, but are necessary for a solid
understandinginth & O2 dzZNB S d¢

91 Determine the correct number of significantdigs
1 Determine percent error from experimental and accepted values.

1 Use appropriate metric/standard international (SI) urdgfsmeasurement
for mass (kg); length (m); time (s); for@¢); seed (m/s); acceleration
(m/s?); frequency(Hz); workand energy(J); power(W); momentum
(kgml/s); electric curren{A); electric potenal difference/voltage(V); and
electric resistancé K0 @

I Use the Celsius and Kelgoales.

Use this space for summary and/or additional notes.
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Skills learned & applied in this chapter:

1 Estimating uncertaintyn measurements

1 Propagating uncertaintthrough calculations

1 Identifying quantities in word ptalems and assigning them to variables

1 Choosing a formula based on the quantities represented in a problem

1 Using trigonometryo calculate the lengths of sides and angles of triangles
1 Representing quantities as vectors

1 Adding and subtreting vectors

1 Multiplying vectors using the dot produand cross product

Use this space for summary and/or additional notes.
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Standard Assumptions in Physics

Unit: Mathematics
NGSS StandardsiA
MA CurriculumFrameworks (2006)N/A
Knowledge/Undestanding Goals:

1 what are the usual assumptiois physics problems
Language Objectives

f understand and correctly use tieS NY &l aadzYLWiA2y ¢ | a A
setting up and solvinghysicsproblems.

Notes:

Many of us have been told not to make assumptiofi$iere is a popular
SELINBaarazy OGKIFIG adraSa GKFG agKSy @&2dz |
ass|ujme

In science, particularly in physics, this adage is crippling. Assumptioparacd

everyday life. When you cross the street, you assume that the spieeats far

away is slow enough for you to walk across without getting hit. When you eat
@2dzNJ f dzy OKY @2dz FaadzyS GKIFd KSnFT22R 42
you run down the hall and slide across the floor, you assume that the friction

between your shoes and the floor will be enough to stop you before you crash

into your friend.

assumption something that is unstated but considered to betffor the
purpose of making a decision or solving a problem. Because it is impossible
to measure and/or calculate everything that is going on in a typical physics or
engineering problem, it is almost always necessary to make assumptions

Use this space for summary and/additional notes:
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In a firstyear physics course, in order to make probleangl equationsasier to
understand and solve, we will often assume that certain quantities have a

minimal effect on the problem, even in cases where this would not actually be

true. The term ued for these kinds of assumptioAsda &G A RS £ ¢ ® {2YS
physics assumptions we will use include the following. Over the course of the

year, you can make each of these assumptions unless you are explicitly told
otherwise.

1 Consants (such as acceleratialue to gravity have the same value in all
parts of the problem.

1 Variables change in the manner described by the relevant equation(s).

1 Ideal machines (such as pulleys) and other objects treanat directly
considered in the problem have negligible mass, inertia, and friction

1 If the problem does not mention air resistance and air resistance is not a
central part of the problem riction due to air resistances negligible.

1 The mass of an object can be assumed to exist at a single pomtin 3
dimensional space.

1 Sliding (kinetic) frictioletween surfaces is negligible. (This will not be the
case in problems involving frictipthough even in friction problems, ice is
assumed to be frictionless unless you are explicitly told otherwise.)

1 Force can be applied in any directiosing an ideal rope. (You can even
push on it!)

1 Collisions between objects are perfcelastic
1 No energyis lost when energy is converted from one form to another.

1 The amount that solids and liquids expamdcontractdue to temperature
differences is negligible. (This will not be the case in problems involving
thermal expansior)

1 The degree to which solids and liquids can be compressed or expanded due
to changes in pressuiis negligible.

1 Gas moleculedo not interact when they collide or are forced together
from pressure

1 Electrical wires have negligible resistance

1 All physics studets do all of their homeworkJ
Use this space for summary and/or additional notes.
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In some topics, a particulassumptionrmay apply to some problems but not
others. In these cases, the problemaeds to make it cleavhether or not you
Oy YI1S GKS NB{SOIyid |aadzYLliAzy o 6 C2 N
problems involve frictiorand others danot. A problem that does not involve
FNRAOGARZ2Y YAIKG adlrdsS GKIFIG aF oft201 at AR

If you are not sure whether you can make a particular assumption, you should
ask the teacher. If this is not practical (suctaa®pen respose problenon a
standardized test), you should decide for yourself whether or not to make the
assumption, anaxplicitly state what you are assuming as part of your answer

Use this space for summary and/or additional notes.
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Assigning & Substituting Variables

Unit: Mathematics
NGSS Standards’A
MA Currculum Frameworks (2006)N/A
Knowledge/Understanding Goals:
1 be able to declare (assign) variables from a word problem

1 be able to substitute values for variables in an equation
Language Objectives
flunderstand and correctly use tieS Ny a & @ NRA BONRASEG ddéy R G &

1 accurately describe and apply the concepts described in this seasory
appropriate academic language

Notes:

Math is a language. Like other languages, it has nouns (numbers), pronouns
(variables), verbs (operations), and sentences (equa}jaisof which must
follow certain rules of syntax and grammar.

This means that turning a word problem into an equation is translation from
English to math.

Mathematical Operations

You have probably been taught translations for most of the common math

operations:
word meaning word meaning| word |meaning
and, more thar
(but not + 5 dpf \;ge:it +100 | is at least X
a2 NB
I(ebsust t:c?tn b change in, NX 's more >
G X B 3A difference inx than
of X is = is at most X
per, out o + is less tharp <

Use this space for summary and/additional notes:
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Identifying Variables

In science, almost every measurement must have a unit. Theseaueit@ur
key to what kind of quantity the numbers describe. Some common quantities in
physicsand their units are:

guantity S.l1. unit| variable
mass kg m
distance length m d,?
area m? A
acceleration | m/s? a
volume m? \Y;
velocity(speed)| m/s v
pressure Pa P
momentum N-s p
density kg/m® o
moles mol n
time S t
temperature K T
heat J Q
electric charge C q

b208S GKS adoidtsS RAFTFSNBYyOSa 0SGsSSy dz
f 26 SNOI & Be Grdek|dter | 0yaREK 2

Any time you see a number in a word problem that has a unit you recognize
(such as one listed in this table), notice which quantity the unit is measuring and
label the quantity with the appropriate variable.

Be especially carefwith uppercase and lowercase letters. In physics, the same
uppercase and lowercase letter may be used for completely different quantities.

Use this space for summary and/or additional notes.
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Variable Substitution

Variable substitution simply means taking the numbers you have from the
problem and substiiting those numbers for the corresponding variable in an
equation. A simple version of this is a density problem:

If you have the formula:

=$ YR @2 dzQ NB 1234 @&y W=2.8cm®

simply substitute 12.8 form, and 2.8cm®for V, giving:
. _ 1239 Y

3

“28cm® | om

Because variables and uniisth use letters, it is often easier to leave the units
out when you substitute numbers for variables and then add them back in at the
end:

12.3

"==55-449,
28 om

Use this space for summary and/or additional notes.
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Subscipts

In physics, one problem can often have several instances of the same quantity.
For example, consider a box with four forces on it:

The forceof gravity, pulling downward.

¢ KS ay 2 N¥flthée thbleFegstii) $avityand holding the box up.
The tensiorforcein the rope, pulling the box to the right.

The forceof friction, resisting the motion of the box and pulling to the
left.

» oD pRE

The variableforforca & &G Cé > a2 G(GKS RAIFAINIY ¢g2dA R
TF
iF

In order to distinguish between the forcasid make the diagram easier to
understand we adl subscripts to the variables:

Fgis the forceof gravity.
Fnis the normal force

Fris the tensionn the rope.
Fris friction

»owbdh PR

t
v,

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important
Notes/Cues Here

Assigning & Substituting Variables Page:59
Unit: Mathematics

Physics

When writing variables with subscripts, be especially careful that the subscript
looks like a subsiptt it needs to be smaller than the other letters and lowered
slightly. For example, when we wrifg, the variable i (force) and the

subscripty attached to it tells which kind of force it is (grayityThis might occur

in the following equation:

K, =mg a right J

It is important that the subscripton the left does not get confused with the
variableg on the right. Otherwise, the following error might occur:

Fg=mg
Fg=mg a wrong! L
F=m

AnotherO2 YY 2y dzaS 2 F & dzo a ONJR LJaa\ yM&EoAd € § da dzo 3
example, if an object is moving slowly at the beginning of a problem and then it

speeds up, we need subscripts to distinguish between the initial velaadythe

final@St 20A 08 @ t KEaAOAala R IKKSINID &l KOS f f
ddzo aONJX LIJ0 & né  Yis.Jaythe begihning df thevp®bldm8ne® ¢ >

GKS GiAYSE 2y GKS GLMPOECRY DAFDO| g8 A20R
without the ze.
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The ProblemSolving Process

1. Identify the quantities in the problem, based on the uratsd any other
information in the problem.

2. Assign the appropriate variables to those quantities.
3. Find an equation that relates all of the variables.
4. Subsitute the values of the variables into the equation.
a. LT &2dz KI@dS 2yfteé 2yS @OFINARIFIotS tS¥F
looking for.

b. If you have more than one variable left, find another equation
that uses one of the variables you have left, plus othemqtias
that you know.

5. Solve the equation(s), using basic algebra.

6. Apply the appropriate unit(s) to the result.

Use this space for summary and/or additional notes.
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Sample Problem

A forceof 30N acts on an object with a mass of k¢h What is the acceleration
of the objct?

Wehave unitsof Nandk§ | YR 6 SQNB f 2 2 We yead t&FldkI | OOS f
these upin our reference tables.

CNRY ¢F6fS 5 6avdzad yGAGASEAT I NAIlIo6fSa |y
tables, we find:

Symbol Unit Quantity Variable
N newton force =
kg kilogram mass m
acceleration a

Now we know that we need an equation that relates the varialffem, anda.

(IE and & arein boldface with an arrow abowliem becausehey arevectors.

2SQff RA&AOdzaa @SO0G2NRBR | fAGGES fFASNIAY
Now that we have the variables, we find a formula that relatesrthéd=rom the
aS02yR F2NXNdzZ | 062E Ay ¢+o06fS 9 64aaSOKLIYyA
of our reference tables, we find that:

o

F=ma
So we substitute:

30=15a
20=a

Again from Table D, we find that@elerationhas unitsof metersper second
squared, so our final answer, izog .

Use this space for summary and/or additional notes.
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The Metric System

Unit: Mathematics
NGSS Standardsi/A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding
1 Understand how unitbehave and combine algebraically.
1 Know the 4 common prefixes and their numeric meanings.
Skills:
1 Be able to describe quantities using metric umiith & without prefixes.
Language Objectives
{ Understand ad correctly use thél SN a ddzyA8¢ | YR AGLINBTA

1 Accurately describe and apply the concepts described in this seasomy
appropriate academic language.

Notes:

A unit is a specifically defined measurement. Units describe both the type of
measurement, ad a base amount.

For example, tm and linch are both lengths. They are used to measure the
same dimension, but the specific amounts are different. (In faictch is exactly
2.54cm.)

Every measurement is a number multiplied by its units algebra, the term
Goé YSIyaxtid GANBRL I NITHE VYESYyRAGUPpYDBYSa
distance IY S i S NE @

The number and the unitae both necessary to describe any measuremerbu
alwaysneed to write the uA G a ® {FeAy3d (KEE &Rz R
Y

0BK $
NA RAOdzZE 2dzd | & &l @&o/é3d amH A& GKS &l |

S a
The metric systens a set of unit®f measurement that is based on natural
guantities (on Earth) andowers of 10.

Use this space for summary and/additional notes:
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The metricsystertk | & T Fdzy Rl YSy Gl aol aSé dzyAada
1 meter (m): length
T1Af23INIrY 6130Y YIaa o0S@Sy GK2dzAaAK aiAf
based on the kilogram, not the gram)
1 second(s):time
1 Kelvin(K): temperature
1 mole (mol): amount of substance
9 ampere (A): electric current
1 candela (cd): intensity of light
Each of these base unitsdefined in some way that could beplicated in a
laboratory anywhere on Earth (except for the kilogram, which is defined by a
physical objecthat is lockedn avault in the village of SevreBrance). All other
metric units are combinations of one or more of these seven.
For example:
Vdocity (speedlis a change in distanoxer a periodf time, which would have
units of distance/time (m/s).

Force is a mass subjected to an acceleratifaceleration has s of

distancétime? (m/s?), and forcehas units of mass acceleration. In the metric
systemii KA & O2Yo Ayl (i Mdsyalled® nedeydri (Sydbald € D1 Y k &
which meas: 1IN1 11 31 ¥k &

Use this space for summary and/or additional notes.
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The metric systemises prefixes to indicate multiplying a unit by a powkten.
There are prefixes for powers of ten from"1® 10'®. The most commonly
usedprefixesare:

' mega M) = 10 =1000000
T kilo (k) = 16= 1000

- 1bt 1 -
q centi (c) = 1b'"= 156 = 0-01

- _ o 1 _
T milli (m) = 16 = 1000 0.001

IYAONR °® l'oé 5 MO0OMOL

These prefixes can be used in combination with any metric umit they work
justlike unitsp  Odvdp YSIya dop A Y%;bo OY s wSELTERE 3
multiply this out, you get 0.35.

Any metric prefix is allowed with any metric unit.

For example, standard atmosphepessureis 101325Pa. This same number
could be written as 101.32&Pa or 0.10825MPa.

There is a popular geek joke based on the ancient Greek heroine Helen of Troy.

She was said to have been the most beautiful woman in the wonld she was

Yy AYAaLANIGAZ2Y (2 GKS SYyUGANB ¢NB2ly FftS
GKFG tFdzyOKSR  (K2dzAl YR &aKALKADE ¢ KSNB
beauty required to launch one ship.

Use this space for summary and/or additional notes.
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Conversions

If you need to convert from one prigfto another, the rule of thumb is that if the
prefix gets larger, then the number needs to get smaller and-wécea.

For example, suppose we netmconvert0.5Y3 G2 >3

¢KS LINBFAE "B YR ¥ SE VY Xthepfelix ismgetting smaller by 3
decimal places, so the number needs to get bigger by 3 decimal places. The
answer is therefore 256 3 @

You can think of the rule in the following way:

0.25mg = (0.25)(0.001)g =0.00®5g
250> F (250)(0.000001) g = 0.0005g

As you can see, whehe prefix got smaller, the number had to get bigger in
order for thevalueto remainequalto 0.00025g.

Use this space for summary and/or additional notes.
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physics problem.)

The MKS/s. cgsSystems

Because physics heavily involves utht are derived from other units, it is
important that you make sure all quantities are expressed in the appropriate
units before applying formlas. (This is how we get around having to do factor
label unitcancelling conversionslike you learned in chemistryfor every single

There are two measurement systems used in physics. Inthe S & Y-S (i S NJ
kilograma S O 2 ¥ R ¢, units@ra dev¥d from the S.I. units of meters,
kilograms, seconds, moles, Kelvins, amperes, and candelas. In tloe cgs

G OS vy U Xrarndai SNG vy Rng, unétsdage deBived from the units of
centimeters, grams, seconds, moles, Kelvins, amperes, and candelas. The
following table shows some examples:

: : S.1. : S.l.
Quantity MKSUnit Equivalent cgsuUnit Equivalent
force newton (N) '%@ dyne (dyn) %
energy joule (J) ki?'z erg 9‘2'2“2
magnetic flux N kgin 0.1dyn 0.1gém
density tesla (T) A AG gauss (G) | =& 2§

In this class, we will use exclusively Mik#s. This means you only have to learn
one set of derived units. However, you can sesithportance, when you solve

physics problems, of making sure all of the quantities are in MKS units before
you plug them into a formula!

Use this space for summary and/or additional notes.
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Scientific Notation
Unit: Mathematics
NGSS Standards’A
MA Curriculum Frameworks (2006)N/A
Skills:

1 Be able to covert numbers to and from scientific notation
1 Be able to enter numbers in scientific notatioarrectly on your calculator.

Language Objectives

1 Accurately describe and apply the concepts describetlis section using
appropriate academic language.

Notes:

Scentific notation is a way of writing a very large or very small number in
compact form. The value is always written as a number between 1 and 10
multiplied by a powenf ten.

Forexample, the number Q00 would be written as % 10°. The number
0.000075 would be written as 7.810° P The number
602000000000000000000000 would be written as 6.0210%%. The number
0.OOOO(?LOO00000000000000000000000000663 would be written as
6.6x10° °."

(Note: in science, large numbers are typeset with a space after every thrég digi
both before and after the decimal point. To avoid confusion, commas are not
used because in some countries, the comma is used as a decimal point.)

Scientific notation is really just math with exponents, as shown by the following
examples:

5.63 10° =5.63 1000= 5600

2173102 =2173 1 2.173 1217, 0.0217
10° 100 100

Use this space for summary and/additional notes:
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b2GAOS GKIFIG AF mn Aa NFYAASR (2 | LIRaAaAda
powerof 10. This makes the number larger, and the decimal point moves to the
NAIKG P LF mn A& NIA&ASR G2 IlbyypadriAgdS S
of 10. This makes the number smaller, and the decimal point moves to the left.

Significant figures are easy to use with scientific notatiaft of the digits before

GKS GP¢ aAdy INB2aAdEYTRDOGNIDPIKEKERER a5
(insignificant) zeroes, which would be the roundafdl portion of the number. In

FTEOOEZ GKS YFGKSYFGAOFE GSNXY F2NJ GKS LI N
significand

Math with Scientific Notation

Because scientific notatiors just a way of rewriting a number as a mathematical
expression, all of the rules about how exponents wapkly to scientific
notation.

Adding & Subtractingadjust one or both number®ghat the powerof ten is
the same, then add or subtract the significands.

(350% 10°%)+(2.73 107)= (350 10°¢ )+ (0.273 10°9)
=(3.50+0.27)310°=3.773 10°®

Multiplying & dividing multiply or divide the significands. If multiplying, add the
exponents. If dividing, subtract the exponents.

3 8
62°10° 100 =625 1802503102
31310 31

Exponents raise the significand to the exponent. Multiply the exponent of the
power of ten by the exponent to which the number is raised.

(3.00° 10°F = (3.0072 (10°f =9.00° 10%2 =9,00° 10%

Use this space for summary and/or additional notes.
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Using Scientific Notation on Your Calculator

Scientific calculatorare designed to worlwith numbers in scientific notatian

LiQa LkaaAroftsS G2 OFy SyidSNJ GKS ydzyYo SN |
if you do this!) but math operations can introduce mistakes that are hard t

catch.

Scientific calculators all have some kind of scientific notdtiathon. The

purpose of this button is to enter numbers directly into scientific notation and
make sure the calculator stores them as a single numbeeauasbf a math
equation. (This prevents you from making PEMDAS errors when working with
numbers in scientific notation on your calculajoiOn most Texas Instruments
calculators, such as the-30 or T483, you would do the following:

What you type| What the calculator show| Whatyou would write
6.6|EHL o n 6.6eb 0 6.6x10°°"
1.52[EH12 1.5%12 1.52x10"

b T b n dym b n dylh”

On some calculators, the scientific notatibatton is labeled EXR or

instead o.

Important note: many high school students are afraid of button because
it is unfamiliar. If you are afraid of yo@ button, you need to get over it and
start using itanyway However, if you insist on clinging to your phobia, yeed
to at leastuseparentheses around all numbersscientific notationin order to
minimize the likelihood of PEMDAS errors in your calculations.

Use this space for summary and/or additional notes.
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Trigonometry

Unit: Mathematics
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 trigonometryfunctions that are used heavily in physics
Skills:
1 find the x-component and/-component of a vector
Langiage Objectives
{ Understand and correctly use tieS Nya daAySz¢é¢ aO2aAiAySsé

1 Accurately describe and apply the concepts described in this seasomy
appropriate academic language.

Notes:

If we have the following triangle:

a

14 A RS dokgest sidé, fo@posite the right angle) is thgpotenuse

fAARS a2¢ Aa (KS Zoppestie(ardss fioM)ngldNA | y 3t S

T4ARS abé A& (KS zadjgeéittodcdnnectedo) dny@ | y 3£ S
(and is not the hypotenuse).
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In a right tiangle, the ratios of the lengths of the sides will be a function of the
angles, and vicgersa.

¢CNAI2Yy2YSGONE OFNRY GUNRITE T GGNARIFy3Af Sé
study of these relationships.

The three primary trigopnometrfunctions are defined as follows:

siner=siny = opposite _0
hypotenuse h
adjacent _a h

cosing=coyy=———— =—
q a hypotenuse h

opposite o 6

fangeng =tang = adjacent a

There are a lot of stupid mnemonics for remembering which sides are involved in
GKAOK Fdzy OlA2yad Onhdl atolthadiNaf & S S20TNI (IHES & S

The most common use of trigonometiynctions in physics is to decompose a
vectorinto its components in the- andy-directions. In this situation, the
vector is the hypotenuse. If we know the angle of the vecta can use
trigonometry and algebra to find the components of the vector inxhandy-
directions:

cosq:% whichmeansa=hcosy

hsin8

sirq:% whichmeanso=hsimg
0

hcos 8
This is often necessary in physics problems involving graBigause gravity
acts only in the ydirection, the formulas that apply in the-girection are often
different from the ones that apply in thedirection.

Use this space for summary and/or additional notes.
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The Laws of Sines and Cosines
The Law of Sines and the Law of Cosines are often needed to calculate distances
or angles in physics probtes.

Consider the following triangl&BC with sidesa, b, andc, and angle#\, B, andC
AngleA has its vertexat point A, and sidea is opposite verteXA (and hence is
also opposite angld).

The Law of Sines

The law of sinestates that, for any triangle:

a b _c
SilA siB sirC

You can use the law of sinéyou know one angle and the length of the
opposite side. If you know those two things plus any otheg sidany other
angle, you can workour way around the triangle and calculate every side and
every angle.

Use this space for summary and/or additional notes.
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The Law of Cosines
The law of cosinestates that, for any triangle:

c® =a® +b? - 2abcoC

You can ge the law of cosine® find any angle or the length dtie third side of
a triangle as long as you knamy two sides and the included angle:

You can also use the law of cositesind one of the angles if you know the
lengths of all three sides.

Remember that which sides and angles you choose ta beandc, andA, Band
C are arbitrary. This means you can switieh labels around to fit your
situation, as lon@s angleC is opposite side and so on.

Note that the Pythagorean Theorem is simply the law of cosmése special
case whereC=90° (because cos 90° = 0).

The law of cosineis algebraically less convenient than the law of sisesa
good strategy would be to use the law of sines whenever possible, reserving the
law of cosines for situations when it is not possible to use the law of sines.

Use this space for summary and/or additional notes.
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Vectors

Unit: Mathematics
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 what a vectoiis
Skills:
1 adding & subtracting vectors
Language Objectives
T Understand and correctly use theS NI & €0 SECHER MDY RNJ
aYl 3ydd dzRS
1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

Notes:
vector. a quantity that has both a magnitudealue) and a directian

scalar a quantity that has aaluebut does not have direction (Ascalar is
what you think of as &@ NB 3 dzf I Nibclugindzsaurst.NJ

magnitude the scalarpart of a vectof(i.e.,the numberand its units but without
the direction). If you have a forcef 25N to the east, the magnitudef the
forceis 25N.

The mathemataloperation of taking the magnitudef a vectoris
represented by two double vertical bars (like double absolute value bars)

around the vector. For example,Rfis 25N to the east, therﬂl‘fﬂ =25N

resultant a vectorthat results from a mathematical operation (such as the
addition of two vectors).

Use this space for summary and/additional notes:
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unit vector. a vectorthat has a magnitudef 1.
''yAG @SOG2NER FNB (GeLilSasSi ra @SOG2NEZ o
The purpose of a unit vectds to turn a scalainto a vectorwithout changing
its magnitude(value) For example, dl representsthe scalargquantity

25cm,and I represents a unit vectgpointing southwargl then dn. would
represent a vectoof 25cm to the south.

The lettersl} [k and K are often used to represent unit vect®along thex, y,
andz axes, respectively.

Variables that represent vectors are traditionally typesebahd Italics Vector
variables maylsooptionally havean arrow above the letter:

\_
J F,v
Variables that represent scalars are traditionally typesqtiain Italics:
+> 02X <

Note that a variable that represents only the magnituafea vectorquantity is
generallytypeset as a scalar

For exampleﬁ' is a vectorrepresenting a forcef 25N to the east. (Notice
that the vector includeshe magnitudeor amountand the direction) The
magnitude would be25N, and would be represented by the variable

Vectors are represented graphically usargows. The length of the arrow
represents the magnitudef the vector and the directiorof the arrow
represents the directiomf the vector

10 15

magnitudel0 magnitudel5 .
direction:0° direction:+180° direng:'ng§°7(u )
(to the right) (to the left) ' P

"BA&d LINRy2dzy OSR ay KLl ié

Use this space for summary and/or additional notes.
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Adding & Subtracting Vectors

If the vectors have the same direction opposite directions, the resulta
easy to envision:

5, .5, _ 10

5

—_ 2 = 0

5 10 15
r+ r =

5, , 10 _ 5

5 15 10
+ =

10 +5l=51

If the vectors aranot in the same directioowe move them so they start from the
same place and complete the parallelograththey are perpendicularye can
add them using the Pythagorean theorem:

However, the trigonometryeeded for the calculations is more involved.

Use this space for summary and/or additional notes.
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If the vectors have different (and not ppsite) directions, the resultantectoris
given by the diagonal of the parallelogrameated from the two vectorsFor
example, the following diagram shows addition of a vector with a magnitdide
28 ard a directionof 0° added to a vector with a magnitude of 17 and a direction
of 66°:

17

6° ~
28 7

The resultantvectoris given by the parallelogram created by the two vectors:

The magnitudecan ke calculated using the law of cosines
c® =a’ +b? - 2abcosQ)
c? =28 +17% - 2(28)(L7)cos{14)
¢ =1460
c=+/1460=382
For the direction use the law of sines
382 _ 17
sinl4 sing
_ 1753|$14 _ (17)3((;:214) — 0407
g =sin' 0.407=240"

Thus the resultanvectorhas a magnitudef 38.2 and a directioonf +24.0° (or
24.0° above the horizontal).

Use this space for summary and/or additional notes.
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One type of physics problem that commonly uses vectors in this way s two
dimensional projectilenotion. If the motion of the projectile is represented by a
vector, V, at angled, the vector can be represented as the sum of a horizontal
vector and a vertical vector. This is useful because the horizontal vector gives us
the component (portion) of the vector in thedirection, and the vertical vector

gives us te component of the vector in thegirection.

For example, in the following diagram, the velodifithe projectileis V. The
component of the velocity in the-directionis v, , and the component in the-y

direction i5\7;.

¥ L o,
. 3 3

0y

Notice that\\/’X remains constant, but?’y changes (because of the effects of
gravity).

Use this space for summary and/or additional notes.
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Vectors vs. Scalars in Physics

Unit: Mathematics
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 how vectors are used in an algeHrased physics course
Language Objectives
1 Accurately describe and apply the concepts described in this section
includingd KS RAFTFTSNBY OS I[0\6R B &Bgapfaegndie i 2 NJ
academic language.

Notes:

In physics, most numbers represent quantities that can be measured or

calculated from measurements. Most of the time, there is nooemt of a
GRSTAOAGE 2F | YSI&AdzNBR |jdzl yialad C2NJ
power can only be nonnegative, because in classical mechanics there is no such
GKAY3 -YIa3 T G ITESNBEERS €2 5 SINIE y i A

However, vectorquantities have a directioas well as a magnitudend
direction can be positive or negative.

A rule of thumb that worksnostof the time in this class is:

Scalar quantities These are alost always positive. (Note, however, that we
will encounter some exceptions during the year. An example is electric
charge which can be positive or negative.)

Vector quantities Vectors can be positive or negative. In any given problem,
you will choose which directiois positive. Vectors in the positive direction
will be expressed as positive numbers, and vectors in the opposite (negative)
direction will be expressed as negative numbers.

Use this space for summary and/additional notes:
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In some cases, you will neeal $plit avectorin two vectors, one vector ithe
x-direction, and a separate vector in thedirection. In these casespy will

need to choose which direction is positive and which direction is negative for
both the x- andy-axes. Once you have done thesjely vector quantity

must be assigned a positive or negative value, according to the directions you

have chosen.

Example:

Suppose you have a problem that involves throwing a ball straight upwards with
a velocityof 157 . Gravity is slowing the ball down with a downward

accelerationof 9.8?. You want to know how far the ball has traveled in€.5

Displacement, velocityand accelation are all vectors. The motion is

happening in the/-directions 42 6S Yy SSR (2 OK22aS8 6KSGF
GKS LIR2AAGAGBS RANBOUAZ2Y D {dzlJLl2aS ¢S OK2
This means:

1 When the bd is first thrown, it is moving upwards. This means its velocity
is in thepositive direction, so we would represent the initial velocity as
\ %
v, =+15T.

1 Gravity is accelerating the ball downwards, which isrtbgative direction.
We would therefore represent the acceleratias a=- 9.83.

1 Time is a scalajuantity, so it can only be positive.
If we had to substitute the numbers into the formula:
TS+ 152
we would do so as follows:
d=(+150.5) +®)( 9.8)0.57

and we would find out thaﬁ’: +6.275m.

The answer ipositive Earlier, 8 RS TAY SR LXothaanswersellsk a & dzLJé
us that thedisplacemenis upward from the starting point.

Use this space for summary and/or additional notes.
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2KFG AFI AYyadSIRYE 6S KIR OK2AaSYy GR24y ¢
1 When the ball is first thrown, it is moving upwards. This means its velocity

is now in thenegatiwe direction, so we would represent the initial velocity
asv, =- 151,

1 Gravity is accelerating the ball downwards, which isgbsitive direction.
We would therefore represent the acceleratias a= +9.83.

1 Time is a scalajuantity, so it can only be positive.
If we had to substitute the numbers into the formula:
TG 182
we would do so as follows:
d=(-1505) +()©0.8)0.5?
and we would find out thatd =- 6.275m.
The answeisnegativep WSYSYOSN] GKIFIG aR2gyé¢ 4l a LR

is the negative direction This means the displacemastupwards from the
starting point, as before.

Remember: in any problem you solve, the cka€ which directioris positive
vs.negative is arbitrary. The only requirement is that every vegt@ntity in
the problem needs to be consistent with your choice.

Use this space for summary and/or additional notes.
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Vector Multiplication

Unit: Mathematics
NGSS StandasiN/A
MA CurriculumFrameworks (2006)N/A
Skills:

1 dot product& cross producof two vectors
Language Objectives

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

Notes:

With scalar(ordinary) numbers, there is only one way to multiply them, which
you learned in elementary school. Vectors, however, can be multiplied in three
different ways.

dot product multiplication of two vectors that results in a scalar
cross productmultiplication of two vectors that results in a new vector

tensor product multiplication of two vectors that resulis a tensor. (A tensor is
an array of vectors that describes the effect of each veotoeach other
vector within the array. We will natsetensors in a high school physics
course.)

Use this space for summary and/or additional notes:
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Multiplying a Vector by a Scalar

Multiplying a vectoiby a scalais like multiplying a variable by a number. The
magnitudechanges, but the directiodoes not. For example, in physics,
displacementquals velocityimes time:

-
d=vi
Velocity is a vectottime is a scalar The magnitudés the velocitytimes the

time, and the directiorof the displacemenis the same as the direction of the
velocity.

The Dot (Scalar) Product of Two Vectors

The scalatJINR RdzOG 2F (¢2 OSO028® A%2 O (INBERIzO K
multiplication of vectors is repsented with a dot:

A

ATB
The dot producbf A and Bis:
K‘ﬂ B= ABcosy

whereAis the magnitudeof K, Bis the magnitude of’;, andq is the angle
between the two vectorsA and B.

For example, in physicsork (a scalaquantity) is the dot productf the vectors
force anddisplacement (distanceé:

L\
W =F{d =Fdcosy

"LINREY2dzy OSR a! R2G . ¢

Use this space for summary and/or additional notes.
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The Cross (Vector) Product of Two Vectors

The vectomproduct of two vectors is called the cross produ€ross product
multiplication of vectors is represented with a multiplication sign:

A ™

A3 B

The cross produatf vectorsA and B that have an angle off between them is
given by the formula:
A3 B=ABsirg n

where the magnitudes ABsind, and the vectomy, is the direction (ABsind is a
scalar The unit vectorn is whatgivesthe vectorits direction.)

The directiorof the cross produds a little difficult to make sense out of. You
Oty FAIdzZNBE Al 2dzi dzaAy3d GKS aNRIAKIDG

A
KL
s

T

Position your right hand siat your fingers curl from
the first vectorto the second. Your thumb points in
the directionof the resultantvector ().

/

Note that this means that the resultantctors for
A3 B and B3 A will pointin oppositedirections,i.e.,
the cross producbf two vectors i1iot commutative!

b}
\ m ™y

AsB=C
cCcCc C
B3 A=-C
"LINPYy2dzy OSR a! ONRaa . ¢
Use this space for summary and/or additional notes.
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In physics, torqués a vectoiquantity that is derived by a cross product

o

Thetorque produced by a forcd= acting at a radius” is given by the equation:
C v v
3

F=rFsign

Because the directioaf the forceis usuallyperpendicularto the displacemenit
is usually true thasind=sin90°=1. This means the magnitude

rF sind =rF(1) =rF. Using the righthand rule, we determine that thdirection
of the resultanttorque vector (1) is coming out of the page.

Thus, if you are tightening or loosening a nut or bolt that has +ingintded
(standard) thread, the torqueectorwill be in the directiorthat the nut or bolt
moves.

Vector Jokes

Now that you understand vectorbere are some bad vectgokes

Q: What do you get when you cross an elephant with a bunch of grapes?

A: ﬁiﬁ\% sind

Q: What do you get when you cross an elephant with a mountain climber?
A:  2dz OFryQl R2 GKIFGH (6scafe® dagaimgh y Of A Y06 SN

s

someone who scales a mountdin

Use this space for summary and/or additional notes.
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Introduction: Kinematics (Motion)

Unit: Kinematics (Motion)

Topics covered in this chapter:

Motion, Speed & VEIOCILY...........uueieiiiiiiiiiiiiiiiiieeee e 89
ACCEIEIATION. .. ettt e e e e e e e e e e e e e aaeaaes 94
Solving Motion Problems.......cccoooieeee, 100
Projectile MOTION. ..o 105

In this chapter, you will study how things move and how the relevant
guantities are elated.

1 Motion, Speed Velocityand Acceleratiordeal with understanding and
calculatingthe velocity(change in positionand acceleratiofichange in
velocity) of an object, and with representing aimtierpreting graphs
involving these quantities.

1 Projectile Mbtion deals with an object that has twdimensional
motiont moving horizontallyand alsacaffected by gravity

Some of the challenging tasks include idemigyquantities from theiunits,
choosing the equation that relates the quantities of interest, and keeping
track of positive and negative directions when working with vector
guantities.

Standards addressed in this chapter:
Next Generation ScienceSandards (NGSS)
No NGSS standards are addressed in this chapter.

Massachusetts Curriculum Frameworks (2006):
14LYGSNIINBG FyYyR FLILX & bSgi2yQa GKNBS

1.5Use a freebody forcediagram to show forces acting on a system
consisting of a pair of interacting objects. For a diagram with only co
linear forces, determine the net foracting on a system and between
the objects.

Use this space for summary and/or additional notes:
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1.6 Distinguish qualitatively between static and kinetic frictiamd describe
their effects on the motion of objects.
1.75S&aO0ONROGS bSgi2yQa f inderni df theptttacichNE | f 3
between two objects, their masses, and the distabeéwveen them.

Topics from this chapter assessed on the SAT Phy&ibgect Test:

Kinematics such as velocifyaccelerationmotion in one dimension, and
motion of projectiles
1. Displacement
Speed, velocitand acceleration
Kinematics with graphs
Onedimensional motion with uniform acceleration
Twao-dimensional motion with uniform acceleration

a ks

Skills learned & applied in this chagt:
1 Choosing from a set of equations based on the quantities present.
1 Working with vectolquantities.
1 Relating the slope of a graph and the area under a graph to equations.
1 Using graphs to represent and calculate quantities.
1 Keeping track othings happening in two directions at once.

Use this space for summary and/or additional notes.
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Motion, Speed & Velocity

Unit: Kinematics (Motion)
NGSS StandardsiA
MA CurriculumFrameworks (2006)1.1, 1.2
Knowledge/Understanding Goals:
1 understand terms relating to positiospeed& velocity
1 understand the difference between speadd velocity
Language Objectives
T {RSN\ﬁG ';3[?{ b yf“ewéz Nq\@é@ﬁj éﬁmﬁ F YOS G SNY
AGRAALX EOSYBHIBISRR d& dSt 2 0A 0 e
1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

Notes:

codrdinate systema framework for describing &h 6 2 Sasilidd@ocation),
based on its distancgn one or more directions) from a specificadlgfined
point (theorigin). (You should remember these terms from math.)

direction: which way an objdds oriented or moving within its codrdinate
system Note that direction can be positive or negative.

position(s): the location of an object relative to the origin (zero point) of its
coordinate systemWewill consider position to be a zemgiimensional
vector, which means it can be positive or negative with respect to the chosen
coordinate system.

distance(d): [scalal how far an object has moved.

displacemen (53: [vecto®8 K2 g FI NJ | ypodtorgsSramiit®a OdzNNB Yy i
AGFNIAY3I LRaAGAZ2Y OGAYAGAL forhdgaiive( A 2y € 0
(or zero), dependingn the chosen codrdinate system

rate: the change in guantity overa specific perioaf time.

motionY ¢ KSy |y 2 isenar@iagbaertima.a A GA 2y

Use this space for summary and/or additional notes:
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speed [scala} the rate & which an object is moving at an instant in time. Speed
does not depend on directigrand is always nonnegative.

velocity. (vj [vector8 'y 2 6 2 S O 6ver a gverapediodf iy Sy (
Because velocity is\ector, it has adirectionas well as anagnitude
Velocity can be positive, negative, or zero.

uniform motion motion at a constant velocitfl.e., with constant speecnd
direction)

An object that is moving has a positive spekdt its velocitynay be positive,
negative, or zero, depending on its position

L S— - positive direction

positive speed, positive velocity

positive speed, negative velacity

=

positive speed, velocity = zero

Use this space for summary and/or additional notes.
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Variables Used to Describe Motion

Variable Quantity MKSUnit
S, X position m
o distance
d, d displacement m
h height m
o : m
v velocity —
S
. m
v | average velocity S

The average velocityf an objects itsdisplacementivided by the timeorits
change in positiodivided by the (change in) time:

We can use calculus to tumnintovo & G F 1 A Yy 3 t épgr&achesizatd

i.e., velocityisthe first derivative of displacementith respect to time.

We can earrang this formulato show thatdisplacemenis average velocity
times time:

C L

d=vi

t 2aA0A2Yy A arting poStiorplas@siidplateient G |
o S
s=s,+d=s, +vit

wheres, YS | y & @IL® & & & Xr@igformutadsdften expressed as:
s- s, =d =t

"SoA & LINE ysd ByNB S I2ded Kl ¢ @

Use this space for summary and/or additional notes.
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Note that%S is the slopeof a graph of positioifs) vs.time (t). Because%S =v,

this means that theslopeof a graph of positions.time is equal to the velocity

position

time

Dy

This is true of any graph. The slope of the Iing(rs which means the quantity

y-axis

X-axXis

defined by will always be the slope.

Recall that velocitys a vectoy which means itan be positive, negative, or zero.
On the graph below, the velocity #4T from Osto 2s, zero from Zto 4s, and

- 2% from 4sto 8s.

Displacement vs. Time

10

Displacement (m )
Lo T T - N o B + ¢
t

0 1 2 3 4 5 6 7 8
Time(s)

Use this space for summary and/or additional notes.
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Sample problems:

Q: A car traveld200m in60seconds What igts average velocity

Q: A person walks 320 at an average velocitpf 1.257. How long did it take?
LY Gl 2¢ f2y3¢ YHmeya oKIFIG fSyadk 27

vV =

r—o-|Q_

1.25=3tﬂ)

t =256s

It took 256seconddor the person to walk 32fn.

Use this space for summary and/or additional notes.
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Acceleration

Unit: Kinematics (Motion)

NGSS Standards’A

MA CurriculumFrameworks (2006)1.1, 1.2
Knowledge/Understanding Goals:

1 what acceleratiormeans
1 what positivevs.negative acceleratiomeans

Skills:

1 calculate positionvelocityand acceleratiorior problems that involve
movement in one direction

Language Objectives
' YRSNEGIYR YR O2NNBOdée dzaS GKS
1 Accurately describe and apply the concepts désttiin this section using
appropriate academic language.

0 SN

Notes:

acceleration a change in velocityver a periodf time.

LF +y 2062S00 Aa a4 pesifivededelgrationdzLJz ¢ ¢S al &
LF +y 2062500 A& aanhefafiveat@ler®igngy >¢ ¢S al &
/
> // > > \\
> / > >
S N
e
time time time
positive acceleratior acceleration= zero negative acceleratior
uniform accelerationg KSy 'y 2062S00 QaieNMeimBat2z T | OOSTt

which its velocitychanges) is constant.
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Variables Used to Describe Acceleration

Variable| Quantity MKSUnits
“ m
a acceleraion —
S
- acceleration m
g - —
due to gravity S

By convention, physicists use the variafjléo mean acceleratiodue to gravity
and a to mean acceleration caused by something other than gravity.

Because acceleratias a change in velocityver a periodf time, the formula
for accelerations:
Dv _Dv Dv _dv

a=—2=—=— and, from calculus: a=Lim—=—
t t Dt - oDt dt

The unitsmust match the formulaywhichmeans the units for acceleratianust
be velocity(distancétime) divided by time, which equals distance divided by
time squared.

Becausev :g—ts, this meanghat acceleratioris the second derivative of position

. . dv d d adsg d3s
with respect to time:a=—=—(v -—e—0=——
P dt dt() dtgdtg dt?

i.e,, accelerations the second derivative of displacememth respect to time.
However, in an algebrhased physics course, we will limit ourselves to problems
in which acceleration is constant.

We can rearrange this formula to show that the changeelocityis acceleration
times time:

Dv=v-v, =at
b23S (KIG 6KSY i$dfangngtiaeSiaiveldtity @) B ho2theA G &
same asthe average velocityy . (This is a common mistake that figstar
physics students make.)

Use this space for summary and/or additional notes.
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% is the slope of a graph of velocify) vs.time (). Becausegt—v =a, this

means hat accelerations theslopeof a graph of velocitys.time:

=y o0
(=] \ g{b
(=]
o F Av
= ?
At
time

Note ako that vt is the area under a graph wélocity(v) vs.time (). Because

vt =d, this means tharea unckr a graph of velocity vs. time is the
displacement Note that this also works both for constant velocity (the graph on
the left) and changing velocity (as shown in the graph on the right).

. e

-‘E acceleration =0 %H ?;.}Q
=2 S &

[ ] QL‘E'

> > 2

displacement W
displacement
t time t time

In calculus, the area under a curve is theegral. This means:
y
d= i3V dt

wherev can be any function df.

Use this space for summary and/or additional notes.
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In the graph below, between ©and4s the object is accelerating at a rate of
+2.59.

&

Between 4sand6s the object is moving at a constant velogiey +107T ), so the
accelerationis zero.

Thearea under a velocifyime graph equals the total distandeaveled.

Velocity vs. Time Velocity vs. Time Velocity vs. Time
15.0 [ | 15.0 - . ' 15.0 |
g 1001 l E 10.0 “ f‘eo: 10.0
z z z
,§ 50 3 50— 3 50
S 2 S
oocmiim | | | | 0.0 00— | | ety
00 20 40 60 00 20 40 60
Time (s) Time (s)
a=25%3 a=253 a=0
d=3@25E%)=5m d=1(@25@?)=20m d=vt =(10@)=20m
A=1(E)=5m A=1(4)10=20m A=(2)10)=20m

Use this space for summary and/or additional notes.
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To show the relationship betweanand v, we can combine the formula for
average velocityvith the formula for acceleratiom order to get a formula for
the positionof an object that is accelerating.

d=vt

v=at

However, the problem is that in the formulav =at is the velocityat the end
which is not the same as tleverage velocity v .

If the velocityof an object is changing€.,the object is accelerating), the
average velocity is given by the formula:

V, +V

2

V=

If the object starts at rest (not movingvhich means/, =0) andit accelerates at
a constant rate, the average velocigytherefore

Combining all of thesgives, for an object starting from rest:
d=vt =3vt =1(at)t =1at?

If an object was moving before it started to accelerate, it had an initial veocity
or a velocity at time=0. We will represent this initial velocity ag*. Now, the

formula becomes:

s- 5 =d =Vt +1at?

additional
distance due

distance’the object ~ additionaldistance £ to acceleration

would travel atits  the object will travel B Vol oo

initial vdocity because !t IS > distance traveled at
accelerating constant velocity

time

"LINE y 2 dzyi BN ¢4 2 dd K6 (D¢

Use this space for summary and/or additional notes.
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This equation can be combined with the equation for velowtygive the
following equation, which relates initial and final velocity and distance

V2 - V2 =2ad

Finally, when an object is accelerating besmaof gravitywe say that the object
Ad Ay EQFNBS TFIf¢
On earth, the average acceleratidne to gravityis approximately9.8073 at

sea leve[which we will usually rouwhto 9.83, or sometimes jusilog). Any

time gravity is involved (and the problem takes place on Earth), assume that
a=g=983.

Use this space for summary and/or additional notes.
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Solving Motion Problems

Unit: Kinematics (Motion)
NGSS Standards’A
MA Curriculum Frameworks (2006)1.2
Skills:

1 solve problems involving motion in two dimensions
Language Objectives

1 Set up and solve word problems relatingnmtion.

Notes:
We have learned five equations for solving motion problems. They are:

Equation Comments
d=Ds=s- S Definition of displacement.

C d_Ds_V,+V Used to calculataverae velocity. b 2 G S G K I (i

t ot 2 usev if there is acceleratiofithe velocity is chaging).
DV =\ \7; - X Relat.es velocityv), initial velocity Y, ), acceleratiorn(a),
and time ¢).

Relates distancer displacementd), initial velody
(vo), acceleratior(a), and time ().

S2 ol Relates distancer displacementd), velocity(v), initial
© velocity (), and acceleratiofa).

Note that vectorquantities (shown in bold with an arrow) can be positive or
negative, depending on direction

Use this space for summary and/or additional notes:
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Selecting the Right Equation

When you are faced with a problem, choose an equation baseti®ifollowing
criteria:

1 The equation must contain the variable you are looking for.

1 All otherquantities in the equatiomustbe either given in the problem or
assumed from the description of the problem.

o If an object starts at rest (not moving), the?@ =0.
o If an object comes to a stop, than=0
o If gravityis involved €.g.,the object is falling)a’=g'=9.8 2

This meansy/ou can choose the appropriate equation by making a list of what
you are lookindor and what you know. The equation in which you know
everything except what you are looking for is the one to use.

Use this space for summary and/or additional notes.
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Additional Strategies

Motion problems in physicsften involve gravity These problems usually fall
into one of two categdes:

1.

If you have an object in free fathe problem will probably give you
either the distancat fell (d), or the time it fell{). Use the formula

d=vit+iaf’i2 OFf Odz I 1S 6KAOK S dije@y S & 2 d:
starts from rest, that means;, =0.)

If an object is thrown upwas] it will decelerate at a rate of 9.8 32
Ol a&adzyAy3d adzZJ A juntiiiks®ps idavindgE2)FS RANB O
Then it will fall. This means you need to split the problem into two parts:

a. When the object is moving upward, the initial velogiy, is

usuallygiven anav’ (at the top)=zero. From these, you carse

V- \5? =2ad to figure out the distancé traveled, which gives

you the maximum height.
b. Once you know the maximum height, you know the distatoce
o - o .. .
the ground v, =0, and you can usel =39t~ (this time with an
accelerationof +9.8§) to find the time it spends falling. The
total time (up + down) will be twice as much.

Use this space for summary and/or additional notes.
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Sample Problems:

Q: If a cat jumps off a 118 tall refrigerator, how long doestiake to hit the
ground?

A:The problem gives us=1.8 m. The cat is starting from re¢t, =0), and
gravityis accelerating the cat at a rate af=g =9837. We need tofind t.

Looking at the equations, the one that hasavhve need {) and only
guantities we know is:

d=v,t +3at?
Vo =0, so this reduces to:

d=1at?
1.8=1)©0.8)t*

l;8:0.367:#
4.9

t =40.367=0.61s

Use this space for summary and/or additional notes.
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Q: An apple falls from a tree branch at a height ai &nd lands on Isaac
bSsiz2yQa KSIRO® 6! dansg Lall O bSgilz2y ¢

How fag was the apple traveling at the time of impact?

A:We knowd =s- 5, =5- 1.8=3.2m. We also know that the apple is starting

from rest {1, =0), and gravitys accelerating the apple at a rate of
a=g=983. We wantto findv.

Theequation that relates all of our variables is:
V2 - V2 =2ad
Substituting, we get:

vZ- 0=(2)0.89)3.2)
v =627
v=4627=79m

Use this space for summary and/or additional notes.
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Projectile Motion

Unit: Kinematics (Motion)

NGSS Standards’A

MA CurriculumFrameworks (2006)1.2

Skills:
1 solve problems involving motion two dimensions

Language Objectives
{ Understand and correctly use thieS N a LONRP 2 S OUG A E S
1 Set up and solve word problenrs/olving projectiles.

Notes:

projectile: an object that is propelled (thrown, shadtc.) horizantally and also
falls due to gravity

Gravity affects projectiles the same way regardless of whether thegtitg is
moving horizontally.Gravity does not affect the horimtal motion of the
projectile. This means theertical and horizontal motion of the projectile can be
considered separately, using a separate set of equations for each.

Assuming we can neglect frictiamd air resistancéwhich is usually the case in
first-year phics problems), we make two important assumptions

1 All projectiles have a constant horizontal velogity, in the positive

horizontal direction The equation for the horizontal matn is:
d, =Vvit

T All projectiles have aonstant downward accelerationf g = 9.8 % (in the

verticaldirection), due to gravity (You can choose whether the positive
verticaldirection is up or down, depending on the situatiod.he equation
for the vertical motion is:

d, =Vt +1gt?

1 The time that the projectilspends falling must be the same as the time
that the projectile spends moving horizontallyrhis means timé) is the
same in both equations, which means time is tlagiable that links the
vertical problem to the horizontal problem.

Use this space for summary and/or additional notes.
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The consequences of these assumptians:

1 Thetime that the object takes to fall is deterined by its movemenbnly
in the verticaldirection.

1 Thehorizontal distane that the object travels is determined by the time
(calculated above) and its velocitythe horizontaldirection.
Therefore, the general stratedgr most projectileproblemsis:
1. Solve theverticalproblem first to get the time.
2. Use the time from thevertical problemto solve thehorizontalproblem.

Sample problem:
Q: A ball is thrown horizdally at a velocityf 5T from a height of 1.5n. How
far does the ball travel (horizontally)?

A2 SQNB t221Ay 3 T2 Nl KB knsnethevdrtigaydistarice, RA & G I
d, =1.5m, and we know thav,,, = 0 (there is no initial vertical velocity
because the ball is thrown horizontally), and we know thatg=9.83 .

We need to separate the problem into the horizontal and vertical

components.

Horizontal Vertical

dp, =it d, =Vt +1gt?
d, =5t

v =§gt2
AtthispontweOl y Qi 3S i 15=(1)©.8)t2
farther, so weneed toturn to

the vertical problem. 111_2 =0.306=t?

t =4/0.306=0.55s

Now that we know the time, we can substitute it back into the horizontal
equation, giving:

d, =(5)(0.55=2.77m

Use this space for summary and/or additional notes.
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A graph of the verticals.horizontalmotion of the ball looks like this:

1-5 \

‘§'1

@

(=)

=

E

=2

= p

® 05

(=)
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@

=

0 05 1 15 2 25 3

horizontal distance (m)

Use this space for summary and/or additional notes.
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Projectiles Launched at an Angle

If the object is thrown/launched at an angle, you will need to use trigopnometry
to separate the velocityectorinto its horizontal X) and vertical )

components:
[am]
=
i
=
3 Il
o =
A T
o 5
¥ 8
E
=]
]
™
=
6 2

horizontal component =v cos 6
Thus:

1 horizontal velocity=v, =v cosd
1 initial vertical velocity=v,, =vsind

Note that the vertical component of the velogity, is constantly changing
because of acceleratiatue to gravity

W LN v,
L"r-, [ I I

U,
[ i B u © p T
v,
0, L

v,
F T,

Use this space for summary and/or additional notes.
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Sample Problers
Q: An Angry Birdslaunchedupwardfrom a slingshott an angle ofi0° with a

velocityof 202. ¢ KS 0 ANR auNR]1Sa GKS LAIE&Q TF2NJ
was launched from. How far away is the fortress?

: We are looking for the horizontal distanog, .

We know the magnitudand directionof the launch, so we can find the
horizontal and vertical components of the veloaitying trigonometry

Vi, =vCc0osy =20cosA0 =(20)(0.766 =15.37

Voy =Vsimg=20si0 =(20)(0.643=1297
We callthe vertical component,, becauséit is both the initial velocity
(v,)and thevertical velocity(v, ), so we need both subscripts.

[ SG§Qa YIF1S dzllsl NR GKS LRAAGAGS GSNIAOI
We want the horizatal distance(d,,), which is in the horizontal equation, so
we start with:

d, =vit

d, =153t

L GKAA LRAYG 68SONYA® #SH RRY&VE | NI2K S K
need toget it by solvinghe verticalequation.

The Angry Bird lands at the same height as it was launched, which means the
vertical displacemen(d,) is zero. We already calculated that the initial

vertical velocityis 1297 . If upwad is the positive directionacceleration
duetogravity SSRa (G2 0SS yS3IIGAGBS 606SOFdzasS A
a=g=-987.

Use this space for summary and/or additional notes.
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The vertical equation is:
d, =v.t +1at?
0=129t +()(- 9.8)t?
0=129t - 4.9t2
0=t (129- 4.9t)
t=0, 129-49t=0
129=4.91

t :@ =2.6s
49

Finally, we return to thdorizontal equation to findd,, .

d, =153t
d, =(15.3)(2.6)=15.3m

: A ball is thrown upward at an angle of 30° from a height wf Wwith a

velocityof 18 7. How far does the ball travel?

. As before, v are lookindor the horizontal distanced,,.

| 3 Ay makeésupwatdthe positive vertical direction

Again we find the horizontal and vertical components of the velaging
trigonometry:.

Vv, =vcosy =18cos30 =(18)(0.866 =15.67
Voy =VSimg=18sir80 =(18)(0.5r97
Starting with the horizontal equation:
d, = vt
d, =156t

Again,weOl y QU 3IS0 | ye& TFdetNie Kn&NaEmtha &rticalS
problem

Use this space for summary and/or additional notes.
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The ball moves In downwards.lts initial positinis s, =+1m, and its final
positioniss =0, sowe can use the equation:

S- 8, =Vt +iat?
0- 1=9t+()(- 9.8)t?
0=1+9t - 49t

CKA& GAYS 6S Ol v, solwenedd @soReNdusing e S1j dzI G A 2y
guadratic formula:

(= b Vb? - 4ac
Z2a

Lo 9°V9 - @490
@¢49

| _9°/B1+196 _9° /1006

9.8 9.8
{ = 9° 10.03: 19.03 _1 945
9.8 9.8

Now we can go b&cto the horizontal equation and use the horizontal
velocity (15.6T) and the time 1.94s) to find the distance

d, =v,t =(15.6)(L.94) =30.3m

Another way to solve the vertical problem isrealize that the ball goesp

to its maximum height, then comes back dowrhe ball starts from a
RAFTFSNBY G KSAIKOG GKFy Ad Frfta R2gy 02
time at the halfway point and double it.

At the maximum heighthe vertical velocityis zero. For the ball going up,
this gives:
V-V, =at
0-9=(-99)t,,
_ -9 _
tp = o8 0.918s

Use this space for summary and/or additional notes.
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At this point, the ball has reached a height of:

S=5, +V i +1at?
s=1+(9)(0.918 +(2)(- 9.8)(0.9187
s=1+826- 4.13=5.13m

Now the ball falls from its maximum height®fLl3m to the ground. The
time this takes is:

d = %atgown
5.13=(2)9.8)t foun
5.13
t2  =2""=105
down 4-9
tyown =+/1.05=1.02s

Thus tle total elapsed time i$ =0.918+1.02=1.94s. (Q.E.D.)

up + tdown

The motion of this ball looks like this:

—
L]

0 5 10 15 20 25 30 35
horizontal distance (m)

vertic al distance (m)
n

o

Use this space for summary and/or additional notes.
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Introduction: Forces

Unit: Forces
Topics covered in this chapter:

NewtomQad [ | g& .2.F...a.2.0A2) e, 116
FOICES. e 118
FreeBody DiagramsS.......ccoooeveeiiiiiiiiii e 124
DS G 0 BGEANALAW........c.ccveeveeeeeeeieceeeeeceeee e, 128
Force Applied at an ANgle...........ooovvvvviviiiiveeiiiins 133
Ramp Problems............uiiiiiiiicie 140
Pulleys & TeNSIQN.......cccceieeiiiiiee e 143
FrICHION. coe i 146
AerodynamicC Drag.........cccoeeeeeeeeiiiiieeeee e 151
UNIVErsd Gravitation...........ooocuiiiiiiieieieee e 153

In this chapter you will learn about different kindsforces and how they
relate.

b S ¢ i 2y @QadFdrdesescribe basic scientific prinagsl of how
objects affect each other.

1 FreeBody Diagramslescriles a way of drawing a picture that represents
forces acting on an object.

9 Forces Applied at an AngirRamp ProblemsandPulleys & Tension
describe some common situations involving forces and how to calculate
the forces involved.

1 Frictionand Aerodynamic Eag describe situations in which a foree
created by the action of another force.

TbSgi2yQa [ 6 27F deychb@shdldie calcuBtBldned A (I (G A 2
force of gravitycaused by massive objects such as plaaatsstars.

Use this space for summary and/or additional notes.
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One of the first challenges will be working with variables that have
subscripts. Each type of foroses the variabl& Subscripts will be used to
keep track of the different kinds of force3his chapter also akes extensive
use of vectors.

Another challengd y G KA & OKIFLIISNI gAff 0SS G2 aOK
solve problems. This involves finding the equation that has the quantity you

need, and then using a second equation to find the quantity that you are

missing from tle first equation.

Standards addressed in this chapter:
Next Generation ScienceSandards (NGSS)
HSPS21d ! yIFf &1 S RIFEGE (G2 &adzLIR2 NI GKS Of I A
motion describes the mathematical relationship among the net fancea
macroscopic object, its mass, and its acceleration

HSPS23. Apply scientific and engineering ideas to design, evaluate, and
refine a device that minimizes the forom a macroscopic object durireg
collision

HSPS24d ! 4SS YIFI GKSYIFGAOIE NBLNBaSyidlidiAzya
R/ 2 dzf foYésibie afidlpradict the gravitationahd
electrostaticforces between objects.

Massachusetts Curriculum Frameworks (2006):
14LYGSNIINBG FYyR FLILX & bSgi2yQa GKNBS f

1.5Use a freebody forcediagram to show forces acting on a system
consisting of a pair of interacting objects. For a diagram with only co
linear forces, determine the net foeacting on a system and between
the objects.

1.6 Distinguish qualitatively between static and kinetic frictiamd describe
their effects on the motion of objects.

1.75 S a ONXR 0 S lavb o unitiezsyl Gravitatiom terms of the attraction
between two objects, their masses, and the distabeéwveen them.

Use this space for summary and/or additional notes.
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Topics from this chapter assessed on the SAT Physics Subject Test:
i Dynamicssuch asdrces b Sgi2y Qa fl gax adaraadaz |
1l Gravity, such ashe law of gravitation2-NdA-+a&=—+ R Y SLI SNDa
1. What are Forces?
Types of Forces
bSgi2yQa [ g4
t N2oftSY {2f@Ay3a 2A0K bSglz2yQa [ 54
Pulleys
Inclined Planes
NewtolQa [ g 2F | YADBSNEIE DNIGAGIGAZY
Weightlessness

O NGO ODN

Skills learned & applied in this chapter:
1 Solving chains of equations.
1 Using trigonometryo extract a vectoin a desired direction
1 Working with materialspecific constants from a table.

1 Estimating the effect of changing one variable on another variable in the
same equation.

Use this space for summary and/or additional notes.
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bSolG2yQa [ 68 27T p@e2i6l A 2Y
e

yQa [Foad 2F a?z
Unit: Forces
NGSS StandardssPs21
MA CurriculumFrameworks (2006)1.4
Knowledge/Understanding Goals:
TbSglG2yQa GKNBS tlga 2F Y22UuAzy
Language Objectives
 Understand and correctly use tieS Nya a0 NBAGZ ¢ daAy Y2

1 Accurately describe and apply the concepts described in this seasomy
appropriate academic language.

1 Set up ad solve word problems relating forces

Notes:

force: a push or pull on an object.

bSgi2yQa: (@alaEofineftid) &
Everything keeps doing what it was doing Where was that externa
dzyt Saa | T2 N SAnbit at force when I needed it? a
rest remains at rest, unless actegon by a
net force An object in motion remains in
motion, unless acted upon by a net for€e

For example, a brick sitting on the floor will
stay at rest on the floor forever unless an
outside forcemoves it.

Wile E. Coyote, on the other hand, remains |
Y2U0A2YyX

Use this space for summary and/or additional notes.
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bSsili2yQa { Eo@esydrsafcelegationd change in velocijyp A ned
force, F, acting on an object causdse object to acceleraten the direction
of the net force¢ In equation form:

\

S Fu
m

bSgi2yQa & aably Re rmobkté@nprtant concept regarding
forces.

1 |If there is a net forcethe objectaccelerates (its velocitghanges). If the
202S000Qa @St ix(fitéaceelefatds), Dénlthgra rustde a0
net forceacting on it.

f IfthereisnonetforcE (G KS 202&800LQAy DGt QORYiBS
f 2

CANBRGOG [l60 LT (KS #.e,86Hwoa oS
accelerating)there mustbe nonet force (If there are no net forces,
either there are no forceactingon the object at all, oall of the forces
on the objectare equal and opposite, and their effectancel.)

bSsi2yQa : Evry NBnvplvestwo objects. The first object exerts a
force on the second, and the second object exerts the same force back on
the ¥ A NEokiedery adlion, there is an equal and opposite reaction.

Burningfuel in a rocket causes exhaust gases to esce
from the back of the rocket. The foré®m the gases
exiting (the action) applies thrusb the rocket (the
reaction), which propels the rocket forward.

If you punch a hole in a wall and break your hand in
the process, your hand applied the force that broke
the wall(the action) This caused a force from the
wall, which broke your han{the reaction) This may
seem obvious, thougiou will find that someone who
has just broken his hand by punching a hole in a wall I1s
unlikely to be receptive to a physics lesson!

Thrust

Exhaust
Gas
Mation

Use this space for summary and/or additional notes.
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Forces

Unit: Forces
NGSS StandardssPs21
MA CurriculumFrameworks (2006)1.5
Knowledge/Understanding Goals:

1 what forceis

1 net force

1 types of forces
Skills:

1 identify the forces acting on an object
Language Objectives

{ Understand and correctly use thieS Ny & & T & M@&Ve a4 O2y i O
forceX ¢ @G 2 LILIZEA yF I/ RPEHENSS I K
1 Accurately describe and apply the concepts described in this section using

appropriate academitanguage.

Notes:
force: (vectol apush or pull on an object.

Pi:lush
<=

weight the forceof gravitypulling an object downwardIn physics, we

represent weights the vectorr, ® b2d$S

IE; = mé’, which means on Earth\:g/ =m(9.8).

0KI G

FTNRY bSgiz2y

opposing forcea forcein the opposite directiorof another forcethat reduces

the effect of the original force.

net force the overall forceon an object after opposing forsecancel out.

contact force a opposing forcéhat exists only while another forde acting on
an object. Examples include frictiand the normal force

normal force a forceexerted by a surface (such as the ground or a wall) that

resists the force of gravitgn an object.

Use this space for summary and/or additional notes.

Mr. Bigler



Add Important Forces Page:119
Notes/Cues Here Unit: Forces

Because forces a vectoytwo forces in opposite directions counteract each
other; if the magnitudes are equal, the forces completely cancel. For example, in
the following picture:

the forces acting on the bird are:
1 gravity, which is pulling the bird down, and
1 the forcefrom the ground, which is pushinbe bird up.

The forcefrom the ground is called theorma force® 60¢KS GSNXY day2NY
02NNRBGSR FTNRBY YIOK YR YSIFIya GLISNLISYRAO

The normal forces the forceexerted by a surface (such as the ground, a table,
or a wall) that counteracts another force on the object. The normal force is
called acontact force because it is caused Hye action ofanother force, andti
existsonly while the objects are in contact. The normal force is also@osing
force because it acts in the opposite directitmom the applied force, and acts to
lessen or diminish the applied force.

¢
N
N

For example, if you push on a wall with afoodlOb ' YR G KS g1 f €
move, that means the force you apply to the wall causes a normal tdrt@N
pushing back from the wall. This norni@lce continuesdr as long as you
continue pushing.

friction: Like the normal forceriction is also both a contact for¢eaused by the
action of another forcgthat opposeghe force that causes it. Threction
is parallel to the surfaces that are in contact, and opposite to the direction of
motion.

Use this space for summary and/or additional notes.
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An object can have several forces acting on it at once:

On the box in the above diagranine forces are gravitylé;), the normal force

(IE,;), the tensionin the rope ﬁ), and friction(léf'). Noticethat in this problem,

the arrow for tensionslonger than the arrow for friction because the forcef
tension is stronger than the force of friction.

net force the remaining forcen an object afteccanceling opposing forse The
net force on the box (after canceling out grawtyd the normal forceand
subtracting frictionfrom the tensior) would be represented as:

Because there is a net forte the right, the box will accelerate to the right as a
result of the force

Use this space for summary and/or additional notes.
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You can think of forces as participants in a mditectiontug-of-war:

In the above situation, the net forde in the directiorthat the ropes will move.

Forces cause accelerationf a net forceacts on an objecit will speedup, slow
down or change direction Remember thak ¥ (i K Svelgciy & 8dD (i Q &
changing, there is npet force, which means all of the forces on the object
cancel.

In the MKSystem the unit of forces the newton (N). One newton is defined as
the amount of force that it would take to cause &d object to accelerate at a
rate of 13.

kgin
IN® 15

Because the acceleratiatue to gravityon Earth iQ.S? , F=mg indicates that
a 1kg mass has a weighh Earth of 9.8\.

In more familiar terms, one newton ipproximatdy 3.6 ounces, which is the
weight of an averagsized apple.One pound is approximately 4.4&

Use this space for summary and/or additional notes.
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Common Types of Forces
Force Symbol Definition Direction
pull of gravitybetween between the centers of
gravity £ two objects with mass, | mass of the objects
(weight) g one of which is usually th¢ (usually toward the
Earth center of the Earth)
o away from the object in
tension R pull exe_rted by & the directionof the
rope/string/cable .
string/rope/cable
7 contact forceby a surface | perpendicular to and
normal R .
on an object away from surface
o contact forcethat parallel to surface;
friction F opposes sliding between | opposite to directiorof
surfaces applied force
push that accelerates : o
- ) in the same directioms
thrust k objects such as rockets, :
acceleration
planes & cars
o opposite the
spring F tbheap:srrilnor pull exerted displacemenbf the
y aspring object
o the upward forceby a
buoyancy R fluid on objects less dens( opposite to gravity
than the fluid
friction caused by the :
- . opposite to the
drag [ molecules of a fluid as an| =" "~ .
: .. | directionof motion
object moves through it
the upward push (reactiol
o force)by a fluid on an
lift F object (such a an airplang opposite to gravity.
wing) moving through it aj
an angle

Use this space for summary and/or additional notes.
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Force Symbol Definition Direction

the attraction or repulsion| like charges repel,

electrostatic| F, between two objects with| opposite charges
an electrical charge attract
the magnetic attraction or] .. )
. - : like poles repel;
magnetic Fs repulsion between two

opposite poles attract

objects

You may have noticed that both buoyareryd magnetic forceise the same
subscript (both areepresented ady). This should not cause too much

confusion, because there are very few situations in which both of these forces
would be applied to the same object. If that were to happen, we woelkeld to

change one of the subscript$For example, wenight use IEE for the buoyant
force andlE; for the magnetic force.)

Use this space for summary and/or additional notes.
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FreeBody Diagrams

Unit: Forces
NGSS StandardssPs21
MA CurriculumFrameworks (2006)1.5
Skills:
i draw a freebody diagranrepresenting the forces on an object
Language Objectives
{ Understand and correctly use tlieS NI -baodly NidsyGnd ¢
1 Identify forces by name and draw a freedy diagram

Notes:

free-body diagran{forcediagram): a diagram representing the forces acting on
an object.

In a freebody diagramwe represent the object as a dot, and each faaisean
arrow. Thedirectionof the arrow represents the direction of the force, and the
relative lengths of the arrows represent the relative magnitudes of the forces.

Consider box that is at rest on the floor:

The forces on the box are:

1 gravity, which is pulling the
box toward the center of the
Earth

9 the normal forcefrom the
floor opposing gravityand
holding up the box.

Use this space for summary and/or additional notes.
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The freebody diagranfor the box looks like this:
ALy

Yr

=4
=

Now @nsider the following situation of a box thatcelerats to the rightas it is
pulled across the floor by a rope:

From the picture and description, we can assume that:

1 The box has weightvhich means gravitig pulling down on it.

1 The floor is holding up the box.

1 The rope is pulling on the box.

1 Friction between the box and the floor is resisting the fdiroen the
rope.

1 Because the box is accelerating to the right, the fapplied by the rope
must be stronger than the force from friction

Use this space for summary and/or additional notes.
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In thefree-body diagramwe againrepresent the object (the box) as a point, and
the forces (vectors) as arrow8ecausehere is a neforce, we need toincludea
legendthat shows which directiors positive.

ALy
F; E
-— ¢ >
Y

In the above diagram, the forces are:

F, =the forceof gravitypulling down on the box

I\:,] =the normal force(the floor holding the box up)

I\:; = the forceof tensionfrom the rope. (This might also be designatég
because it is the forcapplied to the object)

o

R =the forceof friction resisting the motion of the box.

Ly GKS 062G02Y NARIKG O2NJYSNI 2 Fshaw& S RA I I N
that we havechosen to make the positive directioto the right

Notice that the arrows for the normal for@nd gravityare equal in length,
because in this problem, these two forces are equal agnitude

Notice that the arrow for frictions shorter than the arrow for tensigbecause
in this problem, the tension is stronger than the fofcem friction. The
difference between thdengths of these two vectors represents the net farce
which is what causes the box to accelertighe right

Use this space for summary and/or additional notes.
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Steps for Drawing FreBody Diagrams

In general, the following are the steps for drawing most fbeely diagrars.

1.

Is gravityinvolved?

l

Represent gravit;asﬁ; pointing straight down.

Is something holding the object up?

T

If it is a flat surface, it is the normal forcﬁ,), perpendicular to the
surface.

If it is a rope, chairgtc.,it is the forceof tension(l\:;) acting along the
rope, chaingtc.

Is there an external forcpulling or pushing on the object?

Is there an opposing forée

T

If there are two surfaces in contact, there is almost always friction
(R), unless the problem specifically states tkia surfaces are
frictionless.

At low velocities, air resistangs very small and can usually be
ignored, even if the problem does not explicitly say so.

Usually, all sources of frictiaare shown as one combined forck.g.,
if there is sliding friction along the ground and also air resistatice
R vectorincludes both.

Are forces acting in opposing directions?

T

If the problem requires calculations iolving opposing forcg you
need to indicate which directiois positive.

Use this space for summary and/or additional notes.
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bSel2yQa w{ SO2yR [ |

Unit: Forces
NGSS StandardssPs21
MA CurriculumFrameworks (2006)1.4
Skills:
1 Solve problems relatingtoNg 1 2 y Qa4 {B@@YyR [l & 0
1 Solve problems that combine kinematics (motion) and forces
Language Objectives
fLRSYUGATE YR O2NNBOGfe&e dzasS GKS ljdz yia
problem.

1 Identify and correctly use the quantities involved in a probkat
combines kinematics and forces.

Notes:

bSsiiz2yQa {FerOs gaRse fcteleration (a change in velsity)ned
force, F, acting on an object causes the object to decatein the direction
of the net force¢

If there is a net force, the object accelerates (its velocity changes). If there is

y2 ySiG FT2NOS: (KS 2062S00Qa @St 20A08& NE
If an object accelerates (its velocity changes), ¢heas a net force on it. If

'y 202S00Qa @St20A0& NBYlFAya GKS &l YSZ

Remember that forces are vectors. No net force can mean no forces at all, or it
can mean that there were equal forces in opposite directions and their affect
cancel.

Use this space for summary and/or additional notes.
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In equation form:

A4
C_Fe
m

This formis preferred because acceleratiols what results froma force applied

to a mass. I(e.,force and mass are the independent variables and acceleration is
the dependent variable. Forces causeaeration, not the other way arounyl.
However, the equation is more commonly written:

s

E

_ L
net =ma

Sample Problem

Most of the physics problems involving forces require the application of
bSsizyos {REaFR [ 65

Q: A net forceof +50N is applied to a cart that has a mass ok85 How fast
does the cart accelerate?

Al LJLJE @Ay3a bSgi2yQa {SO2YyR [FsY
g o
F=ma c
+50=35a

g =+143%3
Q: What is the weighof (i.e.,the forceof gravityacting on) a 1&g block?
A:

A% o

-

F=(10.)(+9.8)=+98N
(Remember that we use the variablginstead ofa when the acceleratiois
caused by gravity

Use this space for summary and/or additional notes.
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FreeBods A ANI Ya YR bSgilizyQa |

Freed 2 R&@ RAIFANI YA INB 2F0GSy dzaSR Ay O2Yo0oA

(F = mé’); the freebody diagranenables you to calculate the net fordeom

net

which you can calculate mass or acceleration

Sample Problem:

Q: Two children are fighting over a toy.

AN

Jamie puk to the left with a forceof 40 N, andEdwardpulls to the rightwith
a force of ® N. If the by has a mass of®kg, what is the resulting
accelerationof the toy?

A: Let us decide that the positive directionto the right. (This is convenient
because the forcéo the right is larger, whicimeans the net forcevill come
out to a positive number.)

The forcediagram looks like this:

Efamr's FEdn'a.rd
N * 60N
Fe:
*— +20N
IE;et = mé/ C
+20=(0.6)a
C 20

a=—=+33.3" (totheright
06 2 ( ght)

Use this space for summary and/or additional notes.
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Q: A 5.0kg block is resting on a horizontal, flat surfat&w much forces

neededto overcome a force of 2.N of frictionandacceleratehe blockfrom
rest to a velocityof 6.0 over a 1.5second interval?

A-CKAA Aa | O2YO0AY Il 0A2yblemFandamotbmw G2y Q&4 & S
problem. We willneedafredé 2 R& RALF3ANI Y G2 oS FotS {:
going on.

The freebody diagranfor the blocklooks like this:

Afy
Fy fa
3 . 4 -
Y,
1. The net forcas given by:
Fa=F-F=R-2
F=Fa*2

This means we nee find the net forceandthen add 2N to get the
applied force

2. To find the net forcewe need the equation:
F

net

=ma

3. Weknowtham=5.01 33 0 dzi ¢ % \RengeQdifindaif2 &
order to calculateF .. For this, we will turn to the motion problem.

net "

4. The problem tells uthat v, =0, v=6.07, andt =1.5s. Looking athe
motion equations, we see that weave all of the variables except fain
the equation:

v-v, =at

(o]

Use this space for summary and/or additional notes.
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5. Our strategy is to solve this equation farthen substitute intoF,, =ma
to find F,, then use the relationship we found from the frbedy

diagramto find F,.

The acceleratiors:
V- v, =at
6.0- 0=a(l.b)
6.0=15a
a:40§

Substitutingback intoF,, =ma gives

Fo =Ma
F. =(.004.0)

F« =20.N

net

et

Finally:
F=F,*2

net

F, =20+2
F =22N

Problemdike this are straightforward to solve, but they are challenging because

82dz YySSR (G2 1SSL)I OKIaAay3da GKS ljdzr yaAadaAasSa
enough information to calculate them. However, you need to keep tréeach

step, because once you haweund the last equation you need, you have to

follow the steps in reverse order to get back to the answer.

Use this space for summary and/or additional notes.
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Force Applied at an Angle

Unit: Forces
NGSS Standards’A
MA CurriculumFrameworks (2006)1.5
Skills:

1 calculate forces applied at different anglesing trigonometry
Language Objectives

1 Set up and solve word problenrs/olving forces applied at an angle

Notes:

An important property of vectors is that a vectoas no effect on a second

vector that is perpendicar to it. As we saw with projectiles, this means that the
velocityof an object in the horizontal directidmas no effect on the velocity of

the same object in the vertical direction. This allowed us to solve for the
horizontal and vertical velocities as separate problems.

The same is true for forces. If forces are perpendicular to each other, they act
independently, and the two can be separated is&parate, independent
mathematical problems:

~ C
I:horizontall - rnahorizontal

s

E

_ C
vertical — ma

vertical

Use this space for summary and/or additional notes.
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For example, if we haute following forces acting on an object:

9N

-6N 18N

~AN

The net horizontal forcér) wouldbe 18b b N)=B12N, and the net vertical
force (/) would be 9N +06 LN)=+5N. The total net forcavould be the

resultantof the net hoizontal and net vertical forces:

5N Fnet

Zlﬁll\l

Using the Pythagorean Theorem:

a’ +b*=c’
5 +12° =F2,
169=F

net

Vv169=F  =13N
We can get the angle from trigonometry

opposite _ 5 _
hypotenuse 12
g=tan’'(tang)=tan*(0.417) =226

Use this space for summary and/or additional notes.
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If we have oe or more forces that is neither vertical nor horizontal, we can use
trigonometryto split the forceinto a vertical component and a horizontal
component. Once all of the forces are either vertical or horizontal, weaddn
them as above.

Recall the following relationships from trigonometry

hsin8

hcos©

Suppose we hava forceof 50N at a directiorof 35° above the horizontalln
the above diagram, thiwould meanthat h=50N andd = 35°

287N

The horizontal forcés hcos§) =50c0s85 )=41.0N 20N
The vertical forcés hcos§) =50sin85)=28.7N

50 sin(35°)

35°

50 cos(35°) = 41.0 N

Now, suppose an object was subjected f
the same 5N forceat an angle of 35°
above the horizontal, but atsa 20N

force to the left and a 30l force
downward.

The net horizontal forcevould therefore —30n
be 41+6 t H=ALN to the right.

The net vertical forcavould therefore be
28.7+(b o)L m Mapwards, which is -30N
the same a4.3N downwards.

Once you have calculated the net vertical and horizontal forces, you can resolve
them into a single net forgeas in the above example.

Use this space for summary and/or additional notes.
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In some physics problems, a foriseapplied at an angle but the @mt can move
in only one direction Acommon problem is a force applied at an anglen
object resting on a flat surface, which causes the object to move horizontally:

perpendicular
componeant

motion ——j-

parallel
component

In this situation, only the hizontal (parallel) component of the applied force
actually causes the object to move.magnitudeof the total force isF, then the
horizontal componenbf the forceis given by:

F, =Fcosy

If the object accelates horizontally, that mearsnlythe horizontal component
is causing the acceleratipwhich means the net forceust be Fcosy and we
can ignore the vertical component.

For examplesuppose the workein the
diagram at the righpushes on the hand truck
with a forceof 200N, at an angle of 60°

The forcen the directionof motion
(horizontally) would be:

Fcosy =200cos60 ) =(200(0.5) =100N

In otherwords,if the worker applie200N of
forceat an angle of 6Qthe resulting horizontal
force will be100ON.

Use this space for summary and/or additional notes.
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Static Problems Involvingorcesat an Angle

Many problems involving forces at an anglee based oran object with no net

force (either a stationary object or an object moving at constant velyditgt
has three or more forces acting at different anglés.the following diagram, the

s s
forces areF, F, and F;.

F}'

I\:I needs to cancel the combination éf and IE; This means:
1. Ifwe splitl\:I into its horizontal and vertical components, t®
components would be exactly opposiF§ and I\:; so we will call them\:;i
and I%
2. If we calculate the resultardf vectorslég and IEQ this would be exactly

opposite IEI so we will call this VeCtdi\_‘Ii.

As you can see, each vectsrcanceled by the resultaof the other twovectors,
whichshows whythere is no net force

Use this space for summary and/or additional notes.
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Strategy
1. Resolve all known forces into their horizontal and vertical components.
2. Add the horizontal and vertical components separately.

3. Use the Pythagorean Theorem tad the magnitudeof forces that are
neither horizontal nor vertical.

4. Because you know the vertical and horizontal components of the
resultantforce, use arcsine (s}, arccosine (c&s) or arctangent (tah
to find the angle.

Sample Problems:

Q: A stationary object has three forces acting grag shown in the diagram
below (which is not to scale):

F
50N
30N

What are the magnitudand directionof F?

A: Fis equal and opposite to the resultaot the other two vectors. The
magnitudeof the resultant is:

Hﬁ” =/302 + 502 =~/3400=58.3N

The directionis:

30
tang=—=0.6
b 50

g =tan*(tang)=tan *(0.6)=31.0 upfromtheleft(horizont)

Use this space for summary and/or additional notes.
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Q: A stationary object has three forces acting grag shown in the diagram
below (which is not to scale):

75N

T

F,

£

Whatarethe magnitude of I\:I and I\:;?

A: I\:I and I\:; are equal and opposite tthne vertical and horizontal components
of the 75 N force which we can findising trigonometry

HIEIH =horizontat 75c0s$0 ) =(75(0.643 =48.2N
HFZH =verticak75sin$0)=(75(0.766 =57.5N

Use this space for summary and/or additional notes.
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Ramp Problems

Unit: Forces
NGSS Standards’A
MA Curiculum Frameworks (2006)N/A
Skills:

1 calculate the forces on a ramp
Language Objectives

1 Set up and solve word problenrs/olving forces on a ramp

Notes:

The directionof the normal forcaedoes not always directly oppose gravitlfor
example, if a block is resting on a (frictionless) rathp weightof the block is

IE;, in the direction of gravity. However, the normatdeis perpendicular to the
ramp, not to gravity.

If we were to add the vectors representing the two forces, we would see that the
resultantt the net forca acts down the ramp

FN

Use this space for summary and/or additional notes.
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From geometry, we can determine that the angle of the ratps the same as
the angle between gravitgnd the normal force

From trigonometry, we can caulate that the component of gravityarallel to
the ramp(which equalghe net forcedown the ramp) is the sidepposie angle
d. This means:

Fet =R simg
The component of grayitperpendicular to the ramjs F, cosg, which means

the normal forceas:
R =- K cosg

K, =-FcosH

Fsin@
3

f

S

Fy

(The negative sign is because we have chosen down to be the positiveatirecti

Use this space for summary and/or additional notes.
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Sample Problem:

Q: A block with a mass of 2Ky sits on a frictionless ranyaith an angle of
inclination of 35°. How fast does the block accelerate down the ramp?

A: The weighof the block isf; =ma=(2.5)(9.8524.5N. However, the

component of the forcef gravityin the directionthat the block slides down
the rampis Ry sind:

Fsind
F, cos ¢

)

g

F,sing=24.5sir85 =(24.5)(0.34)=14.1IN
Now that we know tle net force(in the directionof motion), we can apply
bSgizyQa {SO2yR [l 8Y
F=ma
14.1=2.5a
a=5.643

Use this space for summary and/or additional notes.
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Pulleys & Tension

Unit: Forces

NGSS Standards’A

MA CurriculumFrameworks (2006)N/A

Skills:
1 setup & solve problems involving ropes under tension

Language Objectives
{ Understand and correctly use thieS N & éd LUoyIR Sl Sy a2z y
1 Set up and solve word problenrs/olving pulleys and/or tension

Notes:

tension the pulling forceon a rope, cable, etc.

pulley. a wheel used to change the directiohtensionon a rope

Use this space for summary and/or additional notes.
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A typical problem involving pulleys and tensimight be to find the acderation
of blocks mand m in the following situation. (Assume the surface and the
pulleyare frictionless.)

Fee-body diagramgor the two massesvould look like the follaing:

Ey 7
A A
>—
E, ]
Y
m; ma

We know the following:

1 Fris the net forceon m;. Therefore, form;, K, =mya.

1 Form,, gravityand tensionare puling in opposite directions. hE net force
is therefore R\, =F; - i =m,a

9 Because the blocks are connected, b&ttanda must be the same for
both blocks.

Use this space for summary and/or additional notes.

Mr. Bigler



Add Important Friction Page:145
Notes/Cues Here Unit: Forces

Sample Problem:

Q: Suppose we had the following situarti:

5 kg

Calculate the acceleratianf the pair of blocks.
A: For the block on the table:

K =ma=(9)@)

For the block hanging from the pultey

I:net :Fg - I:'I' :ma:(2)(a)
(2)©0.8)- F-=2a
196- F =2a

Now wesubstitute F- =5a into the second equation:

196- 5a=2a
196=7a

196 _
a—7—2.8§

Use this space for summary and/or additional notes.
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Friction

Unit: Forces
NGSS StandardsiA
MA CurriculumFrameworks (2006)1.6
Knowledge/Understanding Goals:
1 difference between static & kinetic friction
1 direction of the vectorrepresenting friction
Skills:
1 calculate the frictional forcen an object
1 calculate net forcen problems involving friction
Language Objectives
T Understand and correctly use thie S NY & B&N& D0 KB C?é(jTN\I;J\@fIﬁMC
fricionZ ¢ YR daO2SF&HFAOASYU 2F FNRAOULAZ2Y
9 Accurately describe and apply the conceg¢scribed in this section using
appropriate academic language.
1 Set up and solve word problenrs/olving friction

Notes:

friction: a contact forceaused by the roughnesf the materials in contact,
deformations in the materials, and molecular attraction between materials.
Frictional forces are always parallel to the plane of contact between two
surfaces, and opposite to the directi@f motion or appied force

static friction friction acting on an object at rest that resists its ability to start
moving.

kinetic friction frictionresisting the motion ban object.

In almost all situations, static frictide a stronger forcéhan kinetic friction

Use this space for summary and/or additional notes.
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coéfficient of friction a constant that relates the ftional forceon an object to
the normal force The céfficient of frictionis represented by the Greek
letter > (mu). It is a dimensionless number, which means that & ha units
(This is becauseis a ratio of two forces, so the units cancel.)

coéfficient of static friction>s represents the coéfficient of frictiofor an object
that is stationary (not moving)

coéfficient of kinetic friction> represents the coéfficient of frictiofor an
object that is moving.

The coéfficient of frictionakes into account the surface areas and surface
characteristis of the objects in contact.

The forceof friction on an object is given by the equations:

K ¢>R, foran objectthatis stationary, and

F =>/F, for an object that is moving,

Where F; is themagnitudeof the forceof friction, >s and> are the coéfficients

of static and kinetic frictionrespectively, andg, is themagnitude ofthe normal
force.

Note that the forceof static frictionis an inequality. For a stationary object, the
force that resists sliding is, of course, equal to the force applied. However, once
the applied force exceeds.F, the object starts moving and the equation for

kinetic fricion applies.

Use this space for summary and/or additional notes.
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Friction as a Vector Quantity

Like other forces, the forcef frictionis, of course, actually a vectoits direction

IS opposite to the direction of otion. However, the direction of the friction

vector is opposite to the direction of the force attempting to cause sliding (in the
case of static frictionor opposite to the direction of motion (in the case of

kinetic friction). This is perpendicular to the normal fordmit the direction of

the normal force cannot tell us the direction of the force of friction.

We could write:

Iéf’ ¢->RRes for an object that is statioary (because the forcef
friction is in the directioropposite to the applied force)

|\:: =->FKW for an object that is moving (because the foafdriction
is in the directionopposite to the velocity

However, in practice, it is more cumbersome to try to explain the unit vector
than it is to simply declare that the foraé# static frictionis opposite to the force
that is attempting to cause sliding, and the force of kinetic frict®oapposite to
the directionof motion.

This means that whether the foras# friction should be positive or negative
needs to be determined directly from the codrdinate systelnosen for the
problem.

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important
Notes/Cues Here

Friction Page:149
Unit: Forces

Physics

Solving Simplé-riction Problems

Because frictioms a contact forceall friction problems involve friction in
addition to some other (usually externally applied) farce

To calculate the forc&rom friction, you need to:

1.
2.

Calculate the forcef gravity On EarthF; =m(9.8)

Calculate the normal forcelf the object is
resting on a horizontal surface (which is @
usually the case), the normal foreeusually
equal in magnitudeo the force of gravity @ U, or u,?
Ff

or Fy
This means that for an object sliding acros
horizontal surface:
=R @
Figure out whether the frictioms static (ther:
is an applied forcebut the object is not b
4

moving), or kinetic (the object is moving).
Look up the appropriate coéfficient of fricti @
(>sfor static friction or for kinetic frictiof.
Calculate the forcef friction from the equation:
Fe¢mRk, or K=mkK
Make the forceof friction positive or negative, as appropriate.
If the problem is asking for net forceemember to go back and calculate
it now that you have calculated the foroé friction.

If frictionis causing the object to slow down and eventually stop and
there is no separate applied forcthen:

I:net = Ff

However, if there is an applied foremdfriction is opposingit, then the
net forcewould be:

Fnet = I:applied - Ff

Use this space for summary and/or additional notes.
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Sample Problem:

Q: A person pushes a box at a constant veloaisoss a floor:

The box has a mass of kg, and the coefficient of kinetic frictidoetween
the box and the floor is 0.35. What is the magnitwdéhe forcethat the
person exerts on the box?

A: The box is moving at a constant velogcithich neans there is no
acceleration and therefore no net forcen the box. This means the force
exerted by the person is exactly equal to the force of friction

The forceof friction between the box and the floor is given by the equation:
R =>HK
The normal forces equal in magnitudeo the weightof the box ), which is
given by the equation:
R =F =ma=(40)(9.8}3 392N

Therefore, the forcef frictionis:
Fe =>Fy
F =(0.35392=137N

Use this space for summary and/or additional notes.
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Aerodynamic Drag

Unit: Forces
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
KnowledgeMlnderstanding Goals:
1 an intuitive sense of how aerodynamic drag works
1 how aerodynamic drag is calculated
Language Objectives

flUnderstand and correctly use tieS N G RNJ 3¢ SKSYy Al NBF
that is slowed down by a fluid.

1 Accurately describe andaly the concepts described in this sectjiosing
appropriate academic language.

1 Set up and solve word problems relatingaerodynamic drag

Notes:

Most of the physics$ problems that involve aerodynamic drag fall into two
categories:

1. The drag forcés small enough that we ignore it.
2. The drag forcés equal to somether force that we can measure or
calculate.

Forsimple situationsinvolving aerodynamic draghe drag forces given by the
following equation:

K =- 1VGA
where:
I% = drag force
" = density of the fluid
v = velocityof the object (relative to thefluid)
G, = drag coéfficient of the obje¢based on its shape)
A = crosssectional area of the object

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important
Notes/Cues Here

Aerodynamic Drag Page:152
Unit: Forces

Physics

¢CKAA SldzrdA2y LI ASE oKSy GKS 2062S0i(
velocityrelative to the properties of the fluid (such as viscosity) cause
turbulence in the objed@ &  gi.k. oéhindthe object).

The drag céfficient, G,, is a dimensionless number (meaning that it has no

units) that encompasses all of the types of fricti@ssociated with aerodynamic
drag. Itserves the same purpose in drag problems that toéfficient of
friction, >, serves in problems involving friction between salidfaces

Approximate drag coéfficients for simple shapes are given below, assuming that
the fluid motion relativeto the object is in the directionf the arrow.

Measured Drag Coefficients

Shape Drag
Coefficient
Half-sphere —— @ 0.42
Cone —> q 0.50
Cube ——s 1.05
Aggt')ed - Q 0.80
ube
Long _)
Cylinder ; ( 0.82
Short D
1.15
Cylinder
Streamlined
Body — > o004
Streamlined

Half-body > A

Use this space for summary and/or additional notes.
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Universal Gravitation

Unit: Forces
NGSS StandardasPS24
MA CurriculumFrameworks (2006)1.7
Skills:
142t S LINRof SYa Ay@2ft gAy3d bSsglG2yQa [ &
Language Objectes
fl Understand and correctly use thieS NI & & IINY B Ad #ENI GA G G A 2

9 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problems relatingddS ¢ (i 2 y Qa ivgrdalg 2 F | y
Gravitation

Notes:

Gravity is a forcef attraction between two objects because of their mass. The
cause of this attraction is not currently known. More mass causes a stronger
force, but the force gets weaker as the object getshiar away.

This means that the gravitational pull of a single object is directly proportional to
its mass, and inversely proportional to its distanice.,

. m
=
9 d

(Thesymbol YSIya dAa LENROLIRZNIAZ2YI T (2
LF ¢S KIFI@S (g2 202S00Gazx amé YR aHéyY

. m . m
Ra - and R, -2
d, d,

Because each object is pulling on the other one, the total fax¢kerefore:

. mld'!!z_mlmz_mlmz
I:g = =

d, d, d;d,  d?

Use this space for summary and/or additionates.
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Finally, if we are using MK@its, the masses are in kilograms, the distarem
meters. If we want the forca newtons to be correct, we have to muItipIy by

the appropriate conversion factor, which turns out to Be672 10 No*  (The

units are chosen because they cancel thieamd kg from the formula and give
newtons, which is the desired unit. Thus the formula becomes:

m;m,

— -11 NGO
R =667 10 80~

kg

The number6.673 10 N‘f;f is called the universal gravitati constant, and is

NELINBaAaSyYyiSR o0& (KS aevyoz2f aDé¢o ¢ Kdza
Gravitation in equation form:

Gmm,
d2

Fg=

However, you may recall that on Earth, where the acceleradiomto gravityis
g=983, we also have the formula:

=mg=m(9.8)

m is the mass of the Earth

-SM Gis6672 101 Mr
d2 g

(5.983 10°* kg) andd is the radius of the Eant(6.373 10° m). If you plug these
numbers into the formula, you geg =983 as expectedi.e.,near the surface
of the Earth:

Gmim .
d”;l 2 = gén, =9.80n,

ol
1

Use this space for summary and/or additional notes.
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Sample Problems:

Q: Find the forceof gravitational attraction betweenhe Earth and a person
with a mass of 76g. The mass of the Earth is 5080**kg, and its radius is
6.37x10°m.

_Gmm
Fg - d2 2
A | = 6670101 (6.98° 10?475
’ (6.373 10°)?

F, =737N

Q: Find the acceleratiotue to gravityon the moon.

G
A: 9moon = drgnoon

moon
_ (6.673 101Y)(7.353 10%9)
moon (1.743 10°)

=1.6232

Q: If the distancéetween an object and the center of mass of a planet is tripled,
what happens to the forcef gravitybetween the planet and the object?

A: Starting withF, = Gr;]_zmz , if we replaced with 3d, we would get:

Ei = Gmm, _Gmm, :EOG”lmz
(3d)? 902 9 d?

ThusFj is% of the originalF; .

Use this space for summary and/or additional notes.
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Introduction: AngularMotion & Torgque

Unit: Angular Motion & Torque
Topics covered in this chapter:

ANGUIAr MOLION........coiviiiiiiiiiiieeeeeee s 158
L0 (0 [ [P PUPPPT 159
Centripetalvs.Centrifugal FOrCe.........coovuuumiiiiiiiiiiieeeieee e 164

This chapter involves motion around a fixed point
1 Angular Motiondescribes concepts and equations relating to motion in
a circle

1 Torquedescribedorcesthat cause rotational motion and the equations
relating to them.

1 Centripetal vs. Centrifu§j&orcedescribes the forces on an object that
is moving in a circular path.

This chapter will present some new challenges with keeping directions
correct. The torqusection will introduce the idea of having multiple
instances of the samguantity in an equation and adding them up.

Standards addressed in this chapter:
Next Generation ScienceSandards (NGSS)
No NGSS standards are addressed in this chapter.
Massachusetts Curriculum Frameworks (2006):
1.8 Describe conceptually the forces aived in circular motion.

Use this space for summary and/or additionates.
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Topics from this chapter assessed on the SAT Physics Subject Test:
1 Circular Motion such as uniform circular motion and centripéfaice

1 Gravity, such ashetaw-of-gravitationorbits, andy S LJX SNDa f I ga

1.

R e

Rotational Kinematics
Uniform Circular Motion
Rotational Dynamics

Kinetic Energy

Angular Momentum

YSL SNRa [ g4

Skills learned & applied in this chapter:
1 Working with more than one instance of the same quantity in a problem.

Use this space for summary and/or additional notes.
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Angular Motion
Unit: Angular Motion & Torque
NGSS StandardsiA
MA CurriculumFrameworks (2006)1.8
Knowledge/Understanding Goals:
1 angular velocity
Language Objectives

{ Understand and correctly use thieS Ny & & | y 3z R N& V¥ 8 dz@ ly KJ

velocityd €

1 Accurately describe and apply the concepts described in this section using

appropriate academic language.

Notes:

angular velocity. ): the speecat which an object moves through a given angle

as it travels in a circular path.

The angular velocitgf an object is the distanoaf arc traveled in a unit of time.

If the arc lengthequals the angle in radians, th&ﬂ=% YR . Aa
radian
secon(

Because the radian is based on the unit circle, the linear velotay object
traveling in a circle is:

V=r.

. , . Dw . .
similarly, if the angular accelerationa :E’ then the linear acceleration

would be:
a=NX)

Use this space for summary and/or additionates.
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Torque

Unit: Angular Motion & Torque
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 center of mass and torque
Skills:
1 calculate torque
Language Objectives
1 Understand and correctly use tlieS NI & Zi(af 2N EXSE 2 F NROGI G
aF dzf XENHEYT SES KNIYIRNM OSYUSNI 2F YI aaode
1 Accurately describe and apply the conceg¢scribed in this sectiqmuising
appropriate academic language.
1 Set up and solve word problenrs/olving torque

Notes:

torque (): a vectomuantity that measures the effectiveness of adein
causing rotation.

axis of rotation the point around which an object rotates.

fulcrum: the point around which a lever pivots.

lever arm the distancerom the axis of rotatiornthat a forceis applied, causing a
torque.

center of massif all of the mass were condensed to one point in a way that kept
all forces and torques the same, the point would be the eewff mass.

Use this space for summary and/or additionates.
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Torque is calculated as the cross prodofclever armx force

o o o~
_=r3F

We use the variablefor the lever arm(which is a distangédecause torque
causes rotation, andis the distance from the center of the circle (radius) at
which the torque is applied.

The magnitudef ~is rFsimy wheredis the angle between the lever aramd
the applied force Ifd =90°, then the magnitude of=rF

Because torqués the cross produaif two vectors, it is a vectawhose direction
is perpendicular to both the lever arand the force

F Applied
force

3\
Torque

direction
i
CKAA A& Fy LI AOFGARZ2Y 2F (GKS aNRIKIG

curl from the first vector") to the second %), then your thumb points in the
directionof the resultantvector ().

In this course, we will concern ourselves only with the magnitfdée torque

Torque is measured in Newtemeters:
1NGn=14%"

Note that workand energyare also measured in Newtemeters. However,
work and energy are scalguantities. Tl derived S.I. unit Joule (J) is a scalar
unit that measures scalar Newtaneters. Because torque avecta quantity,
one Newtonmeter of torque camot be described as one Joule. This is true
even if we are only concerrgnourselves with the magnitude

Use this space for summary and/or additional notes.
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Sample Problem

Q: If a forceof 20N is applied to a wrench with a 2tn handle, what is the
torque applied to the bolt?

A U=rsF
t =rFsi®0
t=rFQ)=rF
t =(20N)(0.25n)
t =4Nn

Seesaw Problems

A seesaw probia is one in which objects on opposite sides of a lever (such as a
seesaw) balance one another.

To solve seesaw problem$§the seesaw is not moving, then the torques must
balance and the net torqumust be zero.

Thetotal torque on each side is the sum of the separate torques caused by the
separate masses. Each of these masses can be considered as a point mass
OAYTFAYAGSE @ aYlff 2cen®&Cobmasgs LI  OSR 4 GKS

Use this space for summary and/or additional notes.
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Sample Seesaw Problem
Q: Inthe following diagram, the mass of the person on the left iskg0and the

mass of the person on the right is 3@. The board is 6/ long and has a
mass of 20kg.

Where should the board be positioned in order to balance the seesaw?

A: The torqle from the person on the left acts at a distance

t =IF
t 1 =X(MQ) = X(90kg)(9.82)
l o =882

The torquefrom the weightof the half of theboard that isto the left of the
fulcrumacts at a distancef /:

Center of mass is &t,. Fraction of mass to the left of the fulcrumig,.

Lo =1MY =) (OB

t e =0.817%°

Total torqueon the left:

tior =0.817%% +882x

Use this space for summary and/or additional notes.
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The torquefrom the person on the right acts at a distamfe6 b x:

tright =rF
Lrigne =T(MQ) =(6- x)(50)(9-8

nght 49(X6 X)
yignt =2940- 490x

The torquefrom the right side of the board acts at a distamfe(%:

tright =rF

g =1 = X’cﬁu@s)

trighe = 0.81736- 12x + x%)
rign =294+ 98X +0817%
Total torqueon the right:
g = 0.817%% - 490x - 9.8x+29.4+2940
g =0.817%% - 499.8x +29694

Because the torgeis o both sides are equal, set the equaticegual and
solve for x:

0.817x* +882x = 0.817x? - 499.8x +29694
882x =- 499.8x +29694

13818x =29694

Xx=2.15m

Therefore, the board must be placed with 2450 the left of the fulcrum
and 6.0b 2.15=3.85m to the right.

Use this space for summary and/or additional notes.
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Centripetalvs. Centrifugal Force

Unit: Angular Motion & Torque
NGSS Standards’A
MA CurriculumFrameworks (2006)1.8
Knowledge/Understanding Goals:

1 the difference between centripetalnd centrifugaforce
Skills:

1 calcuhte the centripetaforce of an object moving in a circle
Language Objectives

T Understand and correctly use thieS N & G NB Gl (0 KocgsXé y@RSy

GOSYy U RR RIS KpE
1 Explain the difference between centripefakce and centrifugaforce.

Notes:

Suppose an object is moving at a constant spg@dind a circle. Alibugh its
speed is constant, its directidteeps changing as it goes around. Because
velocityis a vectorspeed and direction), this means its velocity is constantly
changing. (To be precise, the magngusl staying the same, but the direction is
changing.)

Because a change in veloaityer time is 2
acceleration this means the object is !
constantly accelerating. The continuous

change in velocity ®ward the center of the

circle, which meanthere is continuous r r Vo
acceleration toward the center of the circle.

fuxy;

Use this space for summary and/or additional notes:
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Finally, because acceleratichcaused by a
netforceo b Sg 2y Qa aS02y '
if thereis continuous acceleration toward
the center of the circle, then there must be
acontinuous forcegoward the center of the
circle.

This forceh & OF £ t & RF 20NIBYET

centripetalforce: the inward force that keeps an object moving in a circle. If the
centripetal force were removed, the object would fly away from the circle in
a straight line that starts from a point tangent to the circle.

The formula for entripetal acceleration") is:

v
a=—
r

Given thatF=ma, the equation for centripetdiorceis therefore:

Use this space for summary and/or additional notes.
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centrifugald ¥ 2¢NB@ Spparent outward force felt by an object that is moving
in a circle.

| SYGUGNRTdzaIAfa @dBDODRYEOLtte y20 | F2NDOS
| SYGNRTFdAaAl f & &igeNiBDS ébjets tesistingniotitzh ds théy aré K
continuously pulled toward the center of a circle by centripetateleration

As an analogy, imagine that you are standing in an elevator. While tha
elevator is acceleratingpward, the forcebetween you and the floor of

the elevator increases. An increase in the normal férom the floor a?::::nf

because of the upward accebldion of the elevator feelshe same as ¢

an ircrease in the downward force of gravity P4
force fAr'om
bottom of

centrifuge tube

Similarly, a sample being spun in a centrifuge LT /

is subjected to the forcéom the bottom of /”

the centrifuge tube as it is accelerated towarc / / /i’ N

the center. The faster the rotation, the / apparent \‘1

stronger the force. Again, an increase in the f ® forceon |

normal forcefrom the bottom of the {1 objects in |

OSYdNRFdzAS (dzoS g2dzd \\ centrifuge/

downward force toward the bottom of the M o

centrifuge tube. S -

Use this space for summary and/or additional notes.

Mr. Bigler



Add Important Introduction: Energy & Momentum Page:167
Notes/Cues Here Unit: Energy & Momentum

Introduction: Energy & Momentum

Unit: Energy& Momentum
Topics covered in this chapter:

Linear MOMENTUM.......ccuiiiiiiiiiiiiiiicree et 170
IMPUISE.....ccceeeee e 176
WWOTK. .. 178
BN Y i 183
ESCAPE VEIOCILY......uueiiiiieiiiccc e 190
bSe02y Qa..L.NLRE.S...iiiiieee e 193
POWET.....ee e e 196

This chapter deals with the ability of a moving object (or potential for an
object to move) to affect other objects.

1 Linear Momentundescribes a wato represent the movement of an
object and what happens when objects collide, and the equations that
relate to it. Impulsedescribes changes in momentum

1 Workand Energydescribe the ability to cause something to move and
the related equéions. Powerdescribes the rate at which energy
applied.

{ Escape Velocigndb S ¢ (i 2 y QdesctibdintRrésting applications of
energyand momentum

New challenges in this chapter involve keeping tracthe same quantity
applied to the same object, but at different times.

Standards addressed in this chapter:
Next Generation SienceSandards (NGSS)

HSPS22. Use mathematical representations to support the claim that the
total momentumof a systenof objects is conserved when there is no net
forceon the system.

Use this space for summary and/or additional notes:
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HSPS31. Create a computational model to calculate the change in the

energyof one component in a systemhen the change in energy of the
other component(s) and energy flows in and out of the system are
known.

HSPS32. Develop and use models to illustrate that eneagjyhe
macroscopic scale can be accounted for as either motibpsudicles or
energy stored in fields.

HSPS33. Design, build, and refine a device that works within given
constraints to convert one form of energyto another form of energy.
Massachusetts Curriculum Frameworks (2006):
2.1lInterpret andprovide examples that illustrate the law of conservation of
energy

2.2Interpret and provide examples of how energgn be converted from
gravitational potential energto kinetic energyand vice versa.

2.3 Describe both qualitatively and quantitatively how wadn be
expressed as a change in mechanical energy

2.4Describe both qualitatively and quantitatiyethe concept of poweas
work done per unit time.

2.5Provide and interpret examples showing that linear momentarthe
product of mass and velocitand is always conserved (law of
conservaton of momentum). Calculate the momentum of an object.

Topics from this chapter assessed on the SAT Physics Subject Test:
1 Energy and Momentumsuch as potential and kinetic energyork, power,

impulse and conservation laws

What is Linear Momentum?

Impulse

Conservation of Momentum

Collisions

Center of Mass

Work

Energy

8. Forms of Energy

N o bk owbdRE

Use this space for summary and/or additional notes.
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9. Power

Skills learned & applied in this chapter:
1 Working with more than one instance of tharae quantity in a problem.
1 Conservation laws (before/after problems).

Use this space for summary and/or additional notes.
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Linear Momentum

Unit: Energy & Momentum
NGSS StandardasPs22
MA CurriculumFrameworks (2006)2.5
Knowledge/Understanding Goals:
1 definition of momentum
Skills:
1 cakulate the momentunof an object
1 solve problems involving the conservation of momentum
Language Objectives
{ Understand and correctly use thieS N & &@ 2 fatsalBiofiziyh O
GAYSOREGOABDAZ2YZE GAYSNIALFIE YR aY2YSyd
1 Accurately describe and apply the concepts described in this section using
appropriate academic language.
1 Set up and solve word problenrs/olving collisionend momentum

Notes:
collision when two or more objects come together and hit each other.

elasticcollision a collision in which the objects bounce off each other afteythe
collide, without any loss of kinetic energy

inelasticcollision a collision in which the objects remain together after colliding.
In an inelastic collision, total engyis still conserved, but some of the energy
is changed into other forms, so the amount of kinetic enasgyifferent
before vs. after the collision.

Any macroscopic collisigmeaning a collisio between objects that are larger
than individual atoms or molecules) will convert some of the kinetic enietgy
internal energyand other forms of energy. This means that no large scale
impacts are ever perfectlglastic

inertiaY ly 262S5S00Qa oAfAGe (G2 NBarad GKS

Use this space for summary and/or additional notes:

Physics Mr. Bigler



Add Important
Notes/Cues Here

Linear Momentum Page:171
Unit: Energy & Momentum

Physics

momentum(ﬁ): the quantity of movement of an amount of matteY.ou can

also think of momentum as the amnotof forcethat a moving object could
transfer each second in a collisioMomentum is a vectogquantity given by
the formula:

hod

\ )
o =mv

and is measured in unifb &, or %™ .

Note that an object at rest has a momentwhzero.

Inertia and momentunare related, but are not the same thing; an object has
AYSNIALF S@Sy i NBado Iy 2ma&sr@si Qa Y2YS
velocitychanges, but an the inertia of an object can change only if its mass

changes.

In a closed systepmomentumis conserved. This means thatless there is an
outside forcethe combined momentum of objects after they collide is equal to
the combined momentum of the objects before the collision

Solving Momentum Problems

Almost all momentunproblems involve the conservation of momentum law:

A b =an
ThesymboHA & GKS DNBS]T OFLAGIE fSGGSNI aaravl
YSI ya aadz@plmedn@tyessan of the momentumsThe subscript
¢ YSEya AYyAQGAL D, and oS FRIXSEQUNAS DD AE FAFA LY O |
the collision). In plain Englisiind each individual value g¥ (positive or
negative, depending on the directipand then add them all up to find the total.

The conservation of omentumlaw means that the total before a collision must
be equal to the total after.

For example, if you had a momentymoblem with tvo objects, the law of
conservation of momentum becomes:

o

v _ \ 4 \ 4
Pi1+Pi2=Pi1tPs2

Noticeth- & 6S KI @S G(G¢2 &pdzaa ORB®LIIZA S BESKI L0

ASLI NFGS GKAYy3Ia 1§22 E8NBFYNIaQlY AP £ £€¢ KSR
0KS amé | YR #mndobesry 2062S0i
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Becausep=mv , we can replace eacp with mv".

For our momentunproblem withtwo objects, this becomes:

A4 A4 _ A4 A4
MV MLV, =MV +MyVs 5

Note that there are six separate quantities in this problem;, m,, \771 \772
\\/’fyl, and\\/’fyz. A typical momentunproblem will give you (or enable you to
calculate) five of these, and will ask you for the sixth.

Note alsothat most momentunproblems do not mention the word
GY2YSyldzyoé ¢KS LINPOf SYA dzadzfte 3AAGDS
velocities before and after some sort of collisi@md it is up toyouto realize

that the problem involves conservation of momentum.

Most momentumproblems involve collisions. Usually, there are two objects
initially, and the objects either bounce off each other (elastilisior) or stick
together (inelasticollision).

For an elasticollisionbetween two objects, theproblem is exactly as described
above: thereare six quantities to consider: the two masses, the two initial
velocities, and the two finalelocities. The equation relating them is:

A4 A4 _ A4 A4
MV ¥ MLV, =MV +MyVs 5

To solve the problem, you need to obtain the quantities given in the word
problem and solve for the missing one.

For an inelasticollisionbetween two objectsthe objects stick together after

GKS O2tfAarzys gKAOK YSlIya GKSNBE Aa 2yf
of the objectism; =m, +m,> | YR GKSNBE Aa 2yfé 2yS az2o
velocity.

there are five quantities: the two masses, the two initial velocities, and the final
velocityof the combined object. The equation relating them is:

A4 A4 _ A4
MV 1 MLV, =MV

To solve this problem, you need to obtain the quantities given in the word
problem, add the two masses to fint;, and solve for the missing quantity.

Use this space for summary and/or additional notes.
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Sample Problems

Q: What is the momentunof a 15kg object moving at a velocitf +3.07 ?

Ao

mv
_ _ k 3 _ e
=(15kg)¢3.00) =459 = +45NG

A:

p:
C
p

The answer is given ag5N-s because momentuns a vectoy and we
indicate the directioras positive or negative.

Q: An object with a mass of 8Ky moving with a velocitgf +5.0 T collides

with a stationary object with a mass of kg. If the two objects stick
together after the collisionwhat is their velocity?

~ 5.0 mis i
[_ it i » [reorerlt-
B_U k — -
g 12 kg
A: The momentunof the moving object before the collisios:
p=mv=(8.0)(+5.0)=+40NG
The stationary object has a momentuhzero, so the total momentum of
the two objects combined is +40 &.

After the collisionthe tatal mass is 8.@g +12kg=20kg. The momentum
after the colision must still ber40b &, which means the velocity:

p=mv  40=20v°  v=+20D
Using the equation, we would solve this as follows:
MyV; 1 + MoV, , =MV c
@O +(120)=@B+12)v;

40=20V
\(/:f :@ = +2%
20

Use this space for summary and/or additional notes.
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Q: Mr. Stretchy has a mass of 8@ and is holding a 5K box as he rides on a

skaeboard toward the west at a speed 3.0 . (Assume the 68g is the

mass of MrStretchy and the skateboard combined.) He throws the box
behind him, giving it a velocitf 2.07 to the eas.

2 KFG A& aNX ({afteddBrowing thexdx? @St 2 OA (@

: This problem is like an inelastiollisionin reverse; Mr. Stretchy and the box

FNBE (G23S3G§KSNJ 6 ST 2 NRfteinvir§s. thO®eqtiatioha A 2y ¢ |y
would therefore look like this:

A\ A\ A\
MV, =MgVy¢ o +MpVs

2 KSNB (i KSséa dkoad OGNeRANWJGa N&D  { (G NP1 OK® ZF 2 MIR(G K ¢
box. Note that after Mr. Stretchy throws the box, he is moving one direction

and the box is moving the other, which means we need to be careful about

2dzNJ aA3dyao [ SGQa OK22aS (0KS RANBOUAZY
positive. Because the box is thrown to the east, this means the final velocity

of the box wil be V; , =- 2.0

Plugging values from the problem into the equation for the law of
conservation of momentunwe get:

myV; = ms\\éf st mb\\/ﬁb

60+3)(+3)=60v; s +(O)( 2
+195= 60\/ny$ +(- 10
+205= 60\%5

\9: : +205:

= +3.4
=7 60

E]

Use this space for summary and/or additional notes.
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Q: A soccer ball that has a mass of Ok43s rolling east with a velociof 5.0 .

It collides with a volleyball that has a mass of 0.27 that is rolling west with a
velocity of 6.52 . After the collisionthe soccer ball is rolling to the west with

a velocity of3.872 . Assuming the collision is perfectly elastnzl friction

between both balls and the ground is negligible, what is the velocity
(magnitudeand directior) ofthe volleyball after the collision?

A: Thisis an elasticollision so the soccer ball and the volleyball are separate
both before and after the collision. The equation is:

v v _ v v
msvi,s + rnvvi AV msvﬁs + m/Vf v

Where the subSdk Bdli Adthe sbceXball YR (1 KS W dzad BONRING (K
volleyball In all elasticollisions assume we need to keep track of the

directions which meansweneed 2 06S OF NBFdzZ | 62dzi 2 dzNJ
know which diretion the volleyball will be moving after the collisi¢hough

a good guess would be that it will probably bounce off the soccer ball and

move to the east). So let asbitrarily choose east to be positive and west to

be negative. This means:

guantity direction  value
initial velocityof soccer ball ~ east +5.02
initial velocityof volleyball west - 6.57
final velocityof soccer ball west - 3.872

Plugging values from the problem into the equation for the law of
conservation of momentupwe get:

s A o o
myV; ( +myV;, =my, (+myv,,

s I,s VoLV

(0.436.0)+(0.27)( 6.5) = (0.43)( 387 +(0.27)V" ,
215+ (- 1.755 =- 1.664+0.27V,

0.395=- 1.664+0.27V,

2.059= 0.27\/nyv

C _+2059

Vi = = +7.630
s 027

Positive means east, so the volleyball is moving with a velotify632 to
the east.

Use this space for summary and/or additional notes.
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Unit: Energy & Momentum
NGSS Standards’A
MA CurriculumFrameworks (2006)2.5
Knowledge/Understanding Goals:

1 what impulseis
Skills:

1 calculate the impulsgivento an object

1 calculate the change in momentuas the result of an impulse
Language Objectives

{ Understand and correctly use thieS N a®é& LJdzf a S

1 Accurately describe and apply the concepts described in &uison using
appropriate academic language.

1 Set up and solve word problenrs/olving impulse

Notes:

imgulse(:f): a forceapplied to an object over an interval of time. Impulse is a
vector quantity.

An impulsecauses a change in momentyand the amount of the impulse is
eqgual to the change in momentum. The impulse also equals fones time:

—

o C |\
J=FDt=Dp=p; - B
Impulse isneasured in the same unit as momentynewton-seconds):

ING=1k

Use this space for summary and/or additional notes:
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Sample Problem

Q: A baseball has a mass of 0.1pand is pitched with a velociof - 387
toward home plate. After the ball ht, its velocity is+ 527 toward the

outfield fence. If the impact between the ball and bat takes place over an
interval of 3.0ms, find the impuls@iven to the ball by the bat, and the force
applied to theball by the bat.

A: The impluse is:

J

C

J=mv; - m\%:m(\% - \%)

C )
J=(0.145)(52 (- 38))=+13.05NG

The collisiortakes place over a time interval of 315=0.0030s.

C
+13.05= F(0.0030)

C
F= 1305 _ +4350N
30

Use this space for summary and/or additional notes.
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Work

Unit: Energy & Momentum
NGSS StandardssPs3i
MA CurriculumFrameworks (2006)2.3
Knowledge/Understanding Goals:

1 understand the definition of work
Skills:

1 calculate worldone by a forcepplied to an object
Language Objectives

l Understand and correctly use thieS NI @& 2 NJ

1 Accuratdy describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problenrs/olving work

Notes:

work: the effort applied over a distancagainsta force

For example, if you lita heavy object off the ground, you are doing wadainst
the forceof gravity.

Mathematically workis the dot producbf the forcevectorandthe
displacementector.

o G«
W=F1d
The dot producis one of three ways of multiplying vectors. The dot product is a
scalar(a number without a directiof), and is equal to the product of the

magnitudes of the forcand distanceandthe cosine of the angle between
them. This means:

W =Fdcosy

WhereF is the magnitudeof the forcevector I\f, d is the magnitude of the
\ ]
displacementwector d , andd is the angle between the two vectors.

Use this space for summary and/or additional notes:
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Note that if the forceand displacementre in the same directiothe angle
g =0 , which meanxosy=cosQ )=1. In this case, the equation reduces to

W =Fd.

Work is measureih newtonY SG SNB® o6 bi Y
ING@n? 148°

As we will see later, worls equivalent to energywhich means a newtemeter
is equivalent to a Joule.

Note that:

1 If the displacements zero, no works done by the forceE.qg.,if you hold a
heavy box without moving it, you are exerting a force (counteracting the
force of gravity but you are not doing work.

1 If the net forceis zero, no works done by the displacemefthange in
location) of the object.E.qg.,if a cart is sliding across a frictionless air track
at a constant velocitythe net forceon the cart is zero, which means no
work is being done.

1 If the displacements perpendicular to the directioaf the applied force
(d =90°, which means ca$=0), no workis done by the forceE.g.,you
can slide a very heavy object along a roller conveyor (pictured below),
because the force of graviyd I O Ay 3 G@SNIAOFff& | yR
displacements horizontal, which means gravity is doing no work, and
therefore you do not have to do any work against gravity.

Use this space for summary and/or additional notes.
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In industry, gravityoller conveyors are usually set up at a slight downward
angle:

Add Important
Notes/Cues Here

In this situation, gravitys doing worko pull the boxes downward. (Vertical
force; vertical displacement Friction is doing work to slow the boxes down.
(Horizontal force; horizontal displacement.) The angle is desigo¢lat the
work done by gravity equals the work done by frictierhich means the workers
do not have to do any work (in the physics sedgeto keep the boxes moving.

Use this space for summary and/or additional notes.
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Sample Problems
Q: If you lifted a 60kg box 1.5m off the ground af constant velocitpver a

period of 3.0s, how much worklid you do?

A: The box is being lifted, which means the wi@klone against the foroef

gravity.
L
W=Fu
W =Fdcoyy
W =Fdcos0 =Fd
W=Fd=(mgd
W =[(60kg)(9.83)](1.5m)
W =(588N)(1.5m)=882N{n

Note that the amount of time it took to lifthe box has nothing to do with
the amount of workdone.

It may be tempting to try to use the time to calculate veloeihd
accelerationn order to calculate the forceHowever, because the box is
lifted at a constant velocity, the only force needed totlife box is enough to
overcome the weighof the box ).

In general, if works done to move an object vertically, the work is done
against gravityand you need to usa=g = 9.82 for the acceleratiorwhen

you calculate==ma.

Similarly, if works done to moven object horizontally, the work isot
against gravityand you need to find out the acceleratiah the object before
you can calculaté=ma.

Use this space for summary and/or additional notes.
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Q: In the picture below, the adult is pulling on the handle of the wagdth a
forceof 150.N at an angle of 60.0°.

If the adult pulls the wagon for a distano&€500.m, how much worldoes he
do?

A W=FQ@
W =Fdcosg
W =(150.N)(500m)cos60.0
W =(150.N)(500m)0.500) = 37500N ®n = 37 500N @n

Use this space for summary and/or additional notes.
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Energy

Unit: Energy & Momentum
NGSS StandardssPs3i
MA CurriculumFrameworks (2006)2.1, 2.2, 2.3
Knowledge/Understanding Goals:
1 define energy
1 conservation of energy
1 work-energy theorem
Skills:
1 cdculate gravitational potential energy
1 calculate kinetic energy
Language Objectives
1 Understand and correctly use tieS NY & EBSYSENBESEA DY BY SNH
aLRZ2uaSyumgEt SYySNHEe
1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problenrs/olving energynd the conservationfo
energy

Notes:
enerqgy the ability to do work

Energy is a scalguantity that exists in several forms, including:
kinetic energy(Ex): the energyan object has because of its motion.
heat(Q): the energyan object has because of the kinetic eneofyts molecules.

electrical work(W): thework done by applying an eleatrcurrentover a period
of time. Measured in joules (J) or kilowdaburs (kWh).

potential energyU) the unrealized energhat an object has because of its
position, temperature chemical reactions that could occetc.

Use this space for summary and/or additional notes:
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In mechanics, kinetic energygually refers to the energyf an object because of
its mass and velocityPotential energgza dzI €t f @ NBFSNR ,a®d |y 20
the ability of the forceof gravityto cause it to move.

Energy is measured in Joules (J):
1 1INGnt 1497

Kinetic Energy

The kinetic energgf an object is relatedb its mass and velocity

E =1imV

Notice that kinetic energyelates the same quantities as momentormass and

velocity. Knetic energyis related to momentum via the formula:
2

-
B 2m

Note also that, because kinetic energyd momentummustboth be conserved
in an elasticollision both final velocities are actually determined by the masses
and the initial velocities.

Gravitational Potential Energy

The gravitational potential energyf an object is determined by the forod
gravityand its distancebove the ground (which is the distance over which the
force of gravity is able to expend energydo workon the object).

U=Fh=mgh

(Remember thag is the \ariable that we use for acceleratiavhen it equals the
acceleration due to gravifywhich is9.8§ on Earth.)

Use this space for summary and/or additional notes.
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Conservation of Energy

In aclosed systenthe total energyis constant. Energy can be converted from
one form to another. When this happens, the increase in any one form of
energy is the result of a corresponding decrease in another form of energy.

In a systenthat has potential energykinetic energyand heat the total energys
given by:

Etotal = U+Ek +Q

In the following diagram, suppose that the girl drops a ball with a mas&@f 2
from a height of3 m.

[ @ ¢
2

f

1| 1+ 1

uU,=58.81J .I E,=58.8)
U,=29.4)

v _l @
potential potential energy kinetic
energy being converfed to energy

only kinetic energy only

Before thegirl lets go of the ball, it has 58J80f potential energy As the ball

falls to the ground, potential energyg gradually converted to kinetic energy

The potential energy continuouslydreases and the kinetic energy continuously
increases, but the total energy is always 58.8Afterthe ball hits the ground,
58.8Nim of workwas done by gravityandthe 58.8J ofkinetic enegy s

converted to other forms, such as thermal energy (the temperatures of the ball
and the ground increase infinitesimally), souett.

Use this space for summary and/or additional notes.
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Work-Energy Theorem

Work and energyre equivalent quantities The amount of workione by an
object that has kinetic energg given by thehange ints kineticenergy:

W =DE,

Because kinetic enerdgst equals potential energyained (and/ice versy we
can say that:

W =DE, =- DU

Note thatthe unitsfor work and energy newton-meters and joules are
equivalent

Work-energytheorem problems will give you information related to the kinetic
energyof an object (such as its mass and a change in veJaty ask you how
much workwas dore.
A simple rule of thumb (meaning that itnet always strictlytrue) is:

1 Potential energys energy in théuture (energy that is available for use).

1 Kinetic energys energy in theresen (the energy of an object that is
currently in motion).

1 Work is the result of energy the pag (the result of kinetic energy
having acted on an object).

Use this space for summary and/or additional notes.
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Solving Conservation of Energy Problems

Conservation of energyroblems involveecognizing that energy is changing

from one form to another. Once you have figured out what is being converted,
calculate the amount energy that is converted, and use the equation for the new
form to calculate the desired quantity.

In mechanics, conseriian of energyproblems usually involve woyrk
gravitational potential energyand kinetic energy

W:I\:JﬂaJ=chosq (=Fdifforce& displacemeareinthesamelirectioh
U, =mgh
E =imVv

There are two commotypes of conservation of energyoblems:

One type gives you the energythe start, and you have to calculate the desired
guantity (such as velocityr height) from tke energy after the conversion.
Energy of one typ=Energy of another type
Equation for first typ =Equation for second type
The second type requires you to calculate the same type of ersgryyo
different times or locations. You havo use the difference to calculate the
desired quantity (such as veloctiy height).
Energy afteb Energy befae = Energy Change
Energy change of one tgp=- Energy change of another tgmr work done

Use this space for summary and/or additional notes.
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Sample Problems

Q: An 875kg car accelerates frord27 to 44 7. What were the initial and final

kinetic erergies of the car? How much watld the engine do to accelerate
it?

A: B =imv =1(875g)(22n)° =211750J
e, =3mv5 =1(875kg)(442)* =847000 J
W =n 9=847000J- 211750J=635250J=635250N{n

The engine did approximatel$35250 N -m | of work.

Q: An 80.kg physics student falls offétroof of a 15m high school building.
How much kinetic energgoes he have when he hits the ground?

A: There are two approaches to answer this question.
1. wSO023yAl S GKFG GKS a&tthapdifhé uddingJ2 G Sy G A
is entirely converted to kinetic energyhen he hits the ground.

Calculate his potential energy the top of the building, and that will be
his kinetic energy when he hits theagind.

U=mgh=(80kg)(9.8)(15m)=11760J

The student hag 1760 J| of kinetic energywhen he hits the ground.

Use this space for summary and/or additional notes.
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2. Use motion equationstoffy R (1 KS & (i daReh Yidinfisithe @3St 2 OA
ground, based on the height of thbuilding and acceleratiodue to
gravity. Then use the formul&, =imv’.

t =+/3.061=1.750s

v =at

vV =(9.82)(1.7505)=17.15T
B =3mv’
E, =1(80kg)(17.18)
E =11760J

As before, the student has approximatehl 760 J| of kinetic energy
when he hits the ground.

Use this space for summary and/or additional notes.
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Escape Velocity

Unit: Energy & Momentum
NGSS StandardsiA
MA CurriculumFrameworks (2006)2.1, 2.2, 2.3
Knowledge/Understanding Goals:
TK2¢ FI aia Al}LE()‘[ Si 2NJ aL) OS &aKALI ySSRa
2U0KSNJ Llvityy SGQaov 3INJ
9 how escape velcv)citgela}es to gravitational potential energkinetic o
energ | YR bSgu2yQa [lan 2F | YAOSNAI{t DN
Language Objectives
fl Understand and correctly use tieS Nl o Sa O®4JS @St 20A 0@
1 Set up and solve word problenmsvolving escape velocity

Notes:
Escapé/elocity

If you want to send a rocket or space ship to explore the rest of the solar system
or beyond, the rocket needsnough kinetic energio escape fronthe forceof
9F NI KQa 3INI gAde

To explain the calculation, it is necessary to understand that our formula for
gravitional potential energis is actually a simplification. Really, because the
force of gravityattracts objects to the center of the Earth, the equation should
be:

U, =mgbh=mgh- h,)

whereh, is the distanceo the center of the Earth (radius of the Earth), dang
the total distance between the object and the centd the Earth. Normally, we
calculate gravitational potential enerdpased on a difference in height between
some height above the groundl)(and the groundi{(=0).

However, when we consider the problem ottaping from the gravitpf the
entire planet, we need to consider the potential energlative to the center of
the Earth, where the total forcef gravity would be zero.

Use this space for summary and/or additional notes:
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Todothis,KS NP O1 S{ Qalm) yhdstibk @eatdryn@rdBetual to
G§KS 91 NIKQa 3INI A (ngHi Nidsyedngm2=FB.yWier | t Sy S
Ol y I LILX & bfYdivérgay@avitatioh: &

imv :th:ae—‘r’le'Lzm2 &
¢ d° =

However, because we need to escape the gravitational pull of the entire planet,
we need to measuré from the centa of the Earth, not the surface. This means
that at the surface of the earth in the abovesquation is the same akin
bSgiliz2yQa [¢ 2F ' YADGSNEIT DNI GAGIH G
2yS 2F GKS YIadSayobSwdeyOr223% 27
This gives:

A2
I
I

Fgh:ng:Gr(?zmzd:Gn(]ij2

Gmm
%mZVezz rré 2
Gm
d

2 _
e =

Ve - ZZGrLblanet

planet = 0-98° 10% kgandd=6.373 10° m,
v, =1.12% 10° M=112007. This equals approximately 260 miles per hour.

\Y

Nl

At the surface of the Earth, whem

Use this space for summary and/or additional notes.
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Sample Problem:

Q: When Apolloll went to the moon, the space ship needed to achieve the
9 NI KQa S 2011208 (@S tS2AaN (LaS 9 Whedv&lity I NI OA
RAR GKS aLJ} OS aKALI ySSR G2 | OKAS@S Ay
return to Earth? I(e.,what is the escape velocity on the surfaafehe
moon?)

A Ve - 2Grr"l"lOOI"l
dmoon

- \/(2)(6.673 10 (7.35° 10%)
¢ 1.743 10°

v, =23702

Use this space for summary and/or additional notes.
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bSsi2yQa [/ NI} Rt S
Unit: Energy & Momentum
NGSS StandardesPs31
MA CurriculumFrameworks (2006)2.5
Knowledge/Understanding Goals:
fIK2g bSgiG2yQa / NIRtS RSY2yaandiheiSa (GKS
conservation of momentum
Language Objectives

fAccuratelydescrib& 2 ¢ b SgiG 2y Qa ONI RfS Af f dza (NI @
conservation of energgnd manentum, using appropriate academic
language.

Notes:

bSé[’JZYQé /| N} Rf S
bSgiliz2yQa / NITRfS Aa GKS yIrYS 3IAGSy (2 |
swing suspended from wires:

NI @

When one ball is swung and allowed to collide with the réghe balls, the
momentumtransfers through the balls and one ball is knocked out from the
opposite end. When two balls are swung, two balls are knocked out from the
opposite end. And so on.

This apparatus demonstrates a mostly elastdtision in which all of the
momentumand most of the kinetic energyre conserved.

Use this space for summary and/or additional notes:
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Before the collisionthe moving ball(s) have momamh (mv) and kinetic energy
(2mv?). There are no external forces, which meansmentun must be
conserved. The collision is mostly elagsivbich meangkinetic energ is mostly
also conserved. The only way for the same momentum and kinetic energy to be
present after the collision is for the same number of balls to swing away from
the opposite end with the same velocity

Mormernturn in: mv = momentum out

Kinetic energy in: 1— mvZ = kinetic energy out

JULUITS

Dne ball One ball
out

Momemtum in: 2myv = momentum out

Kinetic energy in: %Emvg = kinetic energy out

U ol eda B

Two balls Two balls
in out

If only momenum had to be conserved, two balls might move, but at %2 of the
original velocityp .dzi GKAA R2SayQi KI LISy o

Mornemtum in: mv mornenturm out Conserving momenturn in this case
requires that the two balls come out
with half the speed.

Momentum out = 2m-3
@ But this gives
= 2
“"‘ Kinetic energy out = 1? Emi—

Cne ball . | Two balls
in This doesn't happen! out Which amounts to a loss of half
of the kinetic enargy!

Kinetic energy in: — n‘w2:r kinetic enargy out!

Use this space for summary and/or additional notes.
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Note also that if there were no frictigrihe balls would continue to swing

forever. Howeverbecause of friction (between the balls and air molecules,

within the strings as they stretclefc.) and conversion of some of the kinetic

energyto other forms (suchasheatz (G KS o £ f & Cradfe will, ofNB I £ b S
course, slow down and eventually stop.

Use this space for summary and/or additional notes.
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Power

Unit: Energy & Momentum
NGSS Standards’A
MA CurriculumFrameworks (2006)2.4
Skills:
1 calculate power
Language Objectives
 Understand and correctly use thieS N @l£J2 6 S NJ

9 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problenrs/olving power

Notes:

power. a measure of the rate at which enerigyapplied or works done. Power
is calculated by dividing work (or energy) by time.

Power isa scalaiquantity and isneasured in Watts (W).

1W=12=1Nn = ke

S

Note that utility companies measure ergyin kilowatt-hours. This is because

P= \{[—V , Which means energyW =Pt.

Because kW =1000W and 1 h 3600s, this means
1 kWh=(1000W)(3600s)=3600000J

Use this space for summary and/or additional notes:

Physics Mr. Bigler



Add Important Power Page:197
Notes/Cues Here Unit: Energy & Momentum

Solving Power Problems

Most powerproblems equire you to calculate the amount of wodoneor
change in energywhich you should recall is:

W =Fd if the forceand displacemendre in the same direction

W =Fdcosy if the forceand displacemenare in different directions
and the angle between them .

DE, :%m(vz - v§) if the change in energwascausedby a change in
velodty

DU, =mgDhh if the change in energwas caused bg change in
height

Once you have the wortr energy you plug it in foeither W, DE, or DU, use
the appropriate parts othe formula:

and solve for the missing variable.

Sample Problems

Q: What is the poweputput of an engine that pulls with a fora# 500.N over
a distanceof 100.min 25s?

A: W =Fd=(500)(100) = 50000J

P= VTV -20000_ 2000W

Use this space for summary and/or additional notes.
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Q: A 60.W light bulb is powered by a generatitrat is powered by a falling

1.0kg mass on a rope. Assuming the generator is 100% efficienh¢
energyis lost when the generator cwerts its motion to electricity), how far
must the mass fall in order to powéne bulb at full brightness for
1.0minute?

_DY; _mgDh

t t

_ (1)©.8)Dh
60
3600=9.8 Dh

Dh= 3900 367m
9.8

60

Note that 367m is approximately the height ¢iie top floor of the Empire

State Bilding. TRy 1 | 02dzi GKIFG GKS ySEI YS

i A
YFGGSNI AF @2dz £t SIS (KS fA3IKGEA 2y 6K
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Introduction: SpecialRelativity
Unit: Special Relativity
Topics covered in this chapter:

Relative MOtION........c..uiiiiiiiiiiee e 201
Relative VEIOCIHIES........uuviiiiiiiiiiiiiiiiece e 205
The Speed of Light........coooiiiiii s 209
Length Contraction & Time Dilation.................ooeeeeeeeeinnn, 212
EnergyMomentum Relation................cccooeeeeiiiii 219

This chapter describedianges to the properties of objects when they are
moving at speeds near the speedlight.

1 Relative Motiorand Relative Velocitiedescribes relationships between
objects that are moving with different velocities.

1 The Speed of Lighescribes some familiar assumptions hawe about
our universe that do not apply at speeds near the speglight.

1 Length Contraction & Time Dilatiamd theEnergyMomentum Relation
describe calculations involving changes in the length, time, mass, and
momentumof objects as their speeds approach the speétight.

New challenges in this chapter involve determining and understanding the
changing relationships between two objects, both of which are moving in
different directions and at different speeds

Standards addressed in this chapter:
Next Generation ScienceSandards (NGSS)
No NGSS standards are addressed in this chapter.
Massachusetts Curriculum Frameworks (2006):
No MA curriculum frameworks are addressed in this chapter.

Use this space for summary and/or additional notes:
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Topics from this chapteassessed on the SAT Physics Subject Test:

1 Relativity, such as time dilatigriength contractionand massnergy
equivalence.

1. Special Relativity

Skills learned & applied in this chapter:

1 keeping track of the changing relationships between two objects

Use this space for summary and/or additional notes.
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Relative Motion
Unit: Special Blativity
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Objectives
1 the theory and concept of relativity
Xill Objectives
1 describe how a situation appears in different frames of reference
Language Objectives
T Understand and correctly use thieS N & NI yf Ri AGNMBEIRS NBy OS
OGFNIYS 2F NBEFSNBYOSe€0LO®
1 Accurately describe and apply thencepts described in this sectigmsing
appropriate academic language.

Vocabulary:

relativity: the concept that motion can be describedly with respecto an
observer, who may be moving or not movirgdativeto the object under
congderation.

reference framethe positionand velocityof an observer watching an object
that is moving relative to himself/herself.

Use this space f@aummary and/or additional notes:
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Notes

“New Orleans Streetcar.” Photo by Don Chamblee.

If the streetcar is moving at a constant velodyd the track is smooth, the
passengers may not notice that they are moving until they look out of the
window.

In the reference frame of a person standing on the ground, the trolley and the
passengers on it are moving at approximatelyr3iles per hour.

In the reference frame of the trolley, the passengers sitting in the seats are
stationary (not moving), and the ground is moving past the trolley at
approximately 30niles per hour.

Of course, gu might want to say that the person on the ground has the
GO2NNBOGE¢ NBFSNBYyOS FTNIYSO | 26 SOSNE RS
answer is more correct than the other. Either reference frame is valid, which

means either description of what is moviagd what is stationary is equally

valid.

Principle of Relativity

There is no experiment you can do that would allow you to determine
conclusively whether or not you are moving uniformly

Use this space for summary and/or additional notes.
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Reallthdi adzy AT2NYXY Y20A2y £ YS! yawhden@ang 3
with a constant speednd direction If velocity is constant, there is no
acceleration which means there is no net force

Consider a fst airplane (such as a supersonic jet) flying from Boston to San
Francisco. Imagine that the plane takes exactly three hours to fly to San
Francisco, which is the same as the time difference between the two locations.
Seen from outside the Earth, thesittion might look like this:

.:‘?Illl.lllﬂ r'rﬂl I.",:"
supersonic jet supersonic jet
::.l—._'.ﬂ

Francisco

rotating
earth

~
Supersonic jet over Supersonic jet
Boston just after takeoff. three hours later

over San Francisco.

You could argue that either:

1. The jet was moving from the airspace over Boston to the airspace over
San Francisco.

2. The jet was stationary and the Earth rotated underneath it. (The jet
needed to burn fueto overcomethedraf N2 Y GKS 9 NI KQa
as the Earthrotated, pullingits atmosphere and the jet with it.)

Use this space for summary and/or additional notes.
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Of course, there are other reference frames you might consider as well.

3. Both thesupersoniget and the Earth are movingecause theéEarth is
revolving aroundhe Sun with a speedof about 300007 .

4. The jet, the Earth and theu8 areall moving because the sun is revolving
around the Milky Way galaxy withspeedof about 2200007 .

5. The jet, the Earth, th Sun, and the entire Milky Way galaxy ak
moving through space toward the Great Attractor (a massive region of
visible and dark matter about 15Qillion lightyears away from us) with a
speedof approximatelyl 0000007 .

6. Itis not clear whether there might be multiple Great Attractors, and what
their motion might be relative to ezh other, or relative to somget-to-
be-discovered entity.

Regardless of which objects are moving with which velocities, if you are on the
airplaneand you drop a ball, you would observe that it falls straight down. In
NEBflGAGAAGAO G(GSNXYasz ¢S g2ddZ R ale aLy (K
the ball has no initial velocifgo itF £ £ & aG NI AIKG R2oYy d¢

Use this space for summary and/or additional notes.
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Relative Velocities
Unit: Special Blativity
NGSS StandardsiA
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:

1 understand how relativeelocitydepends on both the motion of an object
and the motion of the observer

Skills:
1 calculate relatre velocities
Language Objectives
i Understand and correctly use tieS N a NBf LEG A @S @St 20A0¢@

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problenrs/olving relative velocities.

Notes:

Because the observation of motion depends on the reference frames of the
observer and the object, calculations of velociged to take these into account.

Use this space f@aummary and/or additional notes:
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Supposewe set up a Slinky and a student sends a @ssion waveéhat moves
with a velocityof 2 along its length:

A second student holds a meter stick and times how long it takes the twave
travel from one end of the meter stick to thehwr. The wave would tak.5s
to travel the length of the meter stick, and the student would calculatelacity

of 1_m: 2m.
05s °

Use this space for summary and/or additional notes.
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upposeinstead thatthe student with the meter stick is running with a velocity
of 17 toward thepoint of origin of the wave

In this situationyou could use the velocities of the moving student and the wave
and solve for the amount of time it would take for the wave and the enithef

ruler to reach the same point. The calculation for this would be complicated,
and the answeworks out to be0.33s, which gives a velociof 37 .

The easier way to calculate this number is to realize that thearsiof the wave
relative to the moving student simply the sum of the velocity vectorsThe
velocity of the wave relative to the moving student is theref@€ +17 =317

This3T iscalledthe relativevelocity, specificallthe velocity of thewave
relative to the moving student.

relativevelocity. the apparent velocity of an object relative to an obserwehnich
takes into account the veloaits of both the object and the observewhen
the object and the observer are both moving, the relative velocity is
sometimes called thapproach velocity

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important
Notes/Cues Here

Relative Velocities Page:208
Unit: Special Relativity

Physics

Suppose instead thdhe student is running away from the point of oridire.,in
the same diredbn as the wavas travelingwith a velocityof 177

Now therelativevelocityof the waveis 27 - 1T =17 relative to the moving
student.
If the student and the wavevere moving with the same velocifypnagnitudeand

direction), therelative velocity would be zero and the wave would appear
stationary to the moving student.

Use this space for summary and/or additional notes.
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The Sped of Light
Unit: Special Blativity
NGSS StandardsiA
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 the speedof light is constant in all reference frames
Language Objectives

1 Accurately describe and apply the concepescribed in this section using
appropriate academic language.

Notes:

If the principle of relativitys true, it must be true for all measurements and all
reference frames, includiniipose involvindight.

In 1864, physicist James Kd&laxwell united fourcalculusequations involving
magnetic and electric field into one unifiedheory oflight. The fouequations
were:
1. DI dzaaQa [l o 06 KAOK RSAONAROGSA (GKS
and the electric charges that cause it).
2. DIdzaadaQa [ ¢ F2NJ al3adySGAay 6gKAOK
and South magnetic charges).

NE f

adl

3.CINIRIFedQa [ ¢ O66KAOK Rcat&NierSric K2g |

field).

4. YLIBNBQA [l 6 06KAOK RSacalNFeatsSas K2 g

magnetic field = A y Of dzR adwh Eorrectiot (#Hch desribes how
a changing electric fieldan also crate a magnetic field).

Il O0O2NRAY3I (2 alEgStftQa (GKS2NEJiefar 3K

waveof both electrical and magnetic energyrhe moving electric fiejgroduces

a magnetic fieldand the moving magnetic field produces an electric field. Thus
the electric and magnetic fields of the electromagnetic wave reinforce each
other as they travel through space.

Use this space f@aummary and/or additional notes:
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Froma | E¢ St f Q& staBifjgdmdmithehgasuted values fawo physical
constantsthe electric permittivity of free spacée,) and the magnetic
permeabilityof a vacuum(sg), Maxwell determined that the speeaf light in a

1
vacuummustbe ——° 32 10° 2.
me,

Both /m and g, are physicalconstans, whichdo not dependon the reference

frame. Maxwell theorized that the speedf light in a vaaum musttherefore
alsobe a physical constant, andtiterefore cannot depend on the reference
framethat isused to measure it.

This means:

1. Light travels at a constant velocityegardless of whether the light is
produced by something #t is moving or stationary.

2. The velocityof light is the same in all reference frames. This means a
photon of light moves at the same velocity, regardless of whether that
velocity is measured by an observer who is statigrarby an observer
who is moving.

If the wavein the above relative velocitgxamples was a laen of laser light
instead of a Bhky, and the observawras running at aelativistic speedmeaning
aspeedclose tothe speed of light the velocity of the light both students would
measure exactly theame velocity for the light!

laser
v=c

— b
<£;§§§ii — v=0.9¢c ‘\%§%

Because the speeaf light (in a vacuumjs a constant, we use the varialde
0 KAOK aidlyRa T2Ntinequstians. yi£0 (2 NBLINBa

Use this space for summary and/or additional notes.
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This idea seemed just as strange td't@ntury physicists as it does today, and

most physicists didhot believe Maxwelfor more than 45 yearsHowever,

severalS ELISNA YSy (G a KI @S O2y TANdSRerimdnE 6 St £ Qa
has eversuccessfully refuted it.

Note, lowever,that while the speedf light does not depend on the reference
frame, it does depend on the mediuinis traveling through. Light travels with a

: t¢]
velocityof 2997924582 10° T through a vacuum (empty space). However,

when light travels through matterg(g.,air, glass, plastigtc.), the velocity can
be substantially slower.

Use this space for summary and/or additional notes.
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Length Contraction & Time Dilation
Unit: Special Blativity
NGSS Standards’A
MA Currculum Frameworks (2006)N/A

Knowledge/Understanding Goals:
1 how and why distancand time change at speeds near the speédight

Skills:
1 calculate the apparent and proper lengths and times for objects moving at
speeds clos to the speedf light
Language Objectives
{ Understand and correctly use tieS Ny'a & f Sy Zi K yOR? yaiiNg YOI A
dilation® ¢

1 Accurately describe and apply the concepts described in this seasing
appropriate academic language.

1 Set up and solve word problems relatingréativistic changes in length
and time

Notes:

. aSR 2y al E ¢ Sffaf ddserved@eye @dmeriodurtigigivEh aA
relativisticspeedof lighttoward an oncomng beam of light, the student shild
measure the same velocitf light as a stationary observer:

laser

gy ;
g o ?

Use this space f@aummary and/or additional notes:

Physics Mr. Bigler



Add Important
Notes/Cues Here

Length Contraction & Time Dilation Page213
Unit: Special Relativity

Physics

However, the amount of time it takes for a photohlight to pass the moving
observer must be significantly lessaththe amount of time it would take a
photon to pass a stationary observer.

Because velocitgepends on distancand time, if the velocity of light cannot
change, theras the observer approaches the spesdight, this meanghe
distance and/or time musthange!

For most people, the idea that distanaad time depend on the reference frame
is just as strange and uncomfortable as the idea that the sjpédight cannot
depend onthe reference frame.

Use this space for summary and/or additional notes.
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Length Contraction

If an object is moving at relativistic speeds and the veladfitight must be

constant, then distances must become shorter as velocity increases. This means
that as the velocity of an object appohes the speedf light, distances in its
reference frame approach zerd.he Dutch physicist Hendrick Lorentz
determinedthat the apparent change in length should vagcording to the

formula:
= o V2
L=L,./1- V%,

length ofmoving object
L, = & LINR LJS BISf dbjSoy (Brigtk of objecat res

v = velocityof object
¢ = velocityof light

where:
L

The ratio ofi, to Lis named after Lorentz and is called the Lorentz fa(for
1

1- V2,

The contracted lengtis therefore given by the equatien

g:

in or %:g:;z
-V
g 1 42

Use this space for summary and/or additional notes.
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The Lorentz facton, is 1 at rest and approaches infinity as the velocity
approacheshe speedf light:

10

Q 6
S
N s b
—
I ar
o
3 -
2 _—///
1 ]
0 | | | 1 | | | |
0 01 02 03 04 05 06 07 08 09 1
velocity
c=1

In the discussion that follows, we will sdwat::

1. Length decreases as velodigreases. At the speedf light,r
approaches infinity, which means length) ¢hrinks to zero:

2. Time slows down as velocitycreases. At the speaf light,r
approaches infinity, which mearise time that passes for the object
Y2OAYy3A |0 GKS)swihBS®BRro2F f AIKG on

Dti=gDt

3. Massincreases as velocitgcreases. At the speaf light,r approaches
infinity, which means that the mass (m) also approaches infinity:

m=gm,

Use this space for summary and/or additional notes.
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Time Dilation

In order toimagine how time is affected aélativistic speedsmagine a clock
that keeps time by sending a pulse of light from point (A), bouncing it off a
mirror at point (B) and then measuring the time it takes to reach a detector back
at point (A). The distandgetween the two surfaces is L, and the time for a pulse

: . . 2L
of light to travel to the mirror and back is therefofat = —.
c
BI 1
A
At=21L/cy L
Al

However, suppose the clock is moving at a relativistic spéedhe moving
reference frame the situation tiks exactly like the situation above. However,
from an inertial (stationary) reference frame, the situation would look like the

following:
B F
S
/{"‘.
p
At =2 Djc
/D D
p
« L
F
V,
p
f((’
4 1/2 v At
Al : ; '_ To

Notice that in the stationary reference frame, the pulses of light must travel
farther because of the motion of thmirrorand detector. Because the speef
light is constant, the longer distantakes a longer time.

Use this space for summary and/or additional notes.
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In other words, time is longer in the inertial (stationary) reference frame than it
is in the moving refrence frame!

This conclusion has significant consequences. For example, events that happen
in two different locations could be simultaneous in one reference frame, but
occur at different times in another reference frame!

Using arguments similar to tho$er length contractionthe equation for time
dilationturns out to be:

Dii=gDx or %:g:;z
_V
1 42
where:

Dtj = time difference between two events stationaryreference frame

nt

time difference between two events movingreference frame

velocityof moving reference frame
velocityof light

(@)
I

Use this space for summary and/or additional notes.
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Sample problem

Q: In order to avoid detection by the Borg, the starskinterprise must make
itself appear to be less than 25 m long. If the rest length of the Enterprise is

420 m, how fast must it be travelling? What fraction of the spekkight is
this?

AL =25m
L, =420 m
c =2.998 10° 1

geoo 1
L _ V2
Vi e
420= 1
25 1- V2 8.2
(2.998° 10%)
——00595—
(2 9983 10°)?

(0.0595% =0.00354=1-

8.988° 1016
V2
8.9882 10'°
vZ =(0.99646(8.988° 10'°)

v? =8.956° 10

v=+8.956° 10'° =2.993 10°

2993 10°
2.9983 10°

=1- 0.00354=0.99646

=0.998c

Use this space for summary and/or additional notes.
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EnergyMomentum Relation

Unit: Special Blativity
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:

1 how and why mass changat relativistic speeds

1 the relationship between energynomentum and mass
Language Objectives

1 Accurately describe and apply the concepts described in this section
Ay Ot dzZRAYy 3 | £ 6 SN 9 A& uSnk ¥p@rapriakel Y 2 dz&
academic language.

Notes:

The momentunof an object also changes according to the Lorentz factor as it
approaches the speeaf light:

P=9P or

where:

p
Po

momentumof object in moving reference frame

momentumof object in stationary reference frame

velocityof moving reference frame
velocityof light

c

Because momentuh & O2 Yy &
framemusNB Y Ay O2yail
relativistic speeds!

Use this space for summary and/or additional notes:
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The equation for relativistic mass

m
m=gm, or H=g=

where:
m = mass of object in moving reference frame
m, = mass of object at rest

Thereforewe can writethe momentumequation as
p=gmyV

Note that as the velocitgf the object approaches the speed light,the
denominator of the Lorentz faot, ,/1- V2C2 approaches zerowvhichmeans that

the Lorentz factor approaches infinity

Thereforethe momentumof an object must also approach infinity as the
velocityof the object approaches the speefllight.

This relationship creates a potential problemn @bject with infinite momentum
must have infinite kinetic energybut9 A y' & i S A y B=2mcSlirdz. dvRil2 v
it is true thatthe relativistic massecomes infinite as velocigpproaches the
speedof light, there isstill adiscrepancy. Rmll from mechanics that:

2

_P
B 2m

According to this formulahe enagy predictedusingrelativistic momentum

should increaséaster than the energpredicted by usinde=mc* with relativistic

mass Obviously the amount of energy cannot depend on how the calarlas
LISNF2NYSRT (GKS LINRGESY Ydzad GKSNBTF2NS
correction for relativistic speeds.

Use this space for summary and/or additional notes.
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Thesolutionda (2 Y2RAT& 9byydaiigs mofhenfum&my.dihel A 2 v
resultingenergymomentum reldion is.

E® =(po)® +(Mc*)*

Thisequationgives results that are consistent with length contractitime
dilation and relativistic mass

For an object at rest, its momenturs zero, and the equation reduces to the
familiar form:

E? =0+(mc)?
E=m¢

Use this space for summary and/or additional notes.
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Introduction: Thermal Physics (Heat)
Unit: Thermal Physics (Heat)
Topics covered in this chapter:

Hed & TeMPEratUre.........cccuviiiiiiiiie e 226
Heat TranSTer. ... ... 230
ENergy CONVEISION.........cccvvviieiiiiiiiiiiiniiiininnnsnss e s e e e e e e e 234
EffICIENCY.cciiiiieeeeeeeeeeee 237
Specific Heat Capacity & Calorimetry.......ccccceevveieeiiiieeeeeeeeeennn. 241
Phase Changes & Heating CUrves..............ccccceeeeveeiiiiiiicnnnee, 249
Thermal EXpansion...........ccooooiiiiiiiiiiee e 255

This chapter is about heats a form of energgnd the ways in which heat
affects objects, including how it is stored and how it is transferred from on
object to another.

1 Heat & Temperatureescribes the concept of heat a form of energy
and how heat energy is different from temperature

1 Heat TransferEnergy Conversiand Efficiencydescribe how to callate
the rate of the transfer of heagénergyfrom one object to another.

{ Specific Heat Capacity &l6rimetryRSa ONRA 6 Sa RAFFSNBy
202S00aQ | oA fereigyh Phase Ghagesi&iHaahidy Cucved
addresses the additional calculations that apply when a substance goes
through a phase changsuch as melting or boiling).

1 Thermal Expansiotlescribes the calculation of the change in size of an
object caused bydating or cooling.

New challenges specific to this chapter include looking up and working with
constants that are different for different substances.

Use this space for summary and/or additional notes:
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Standards addressed in this chapter:

Next Generation ScienceSandards (NGSS)

HSPS26. Communicate scidific and technical information about why the

molecularlevel structure is important in the functioning of designed
materials.

HSPS31. Create a computational model to calculate the change in the
energyof one component in a systemhen the change in energy of the

other component(s) and energy flows in and out of the system are
known.

HSPS32. Develop and use models to illustrate that eneagyhe

macroscopic scale can be accounted for as either motions &t|es or
energy stored in fields.

HSPS24. Plan and conduct an investigation to provide evidence that the
transfer of thermal energwhen two components of different
temperatureare combined within a closed systeesults in a more
uniform energy distribution among the components in the system
(second law of thermodynamits

Massachusetts Curriculum Frameworks (2006):

3.1Explain how heagnergyis transfered by convectionconduction and
radiation

3.2Explain how heagnergywill move from a higher temperatur® a lower
temperature until equilibriunis reached.

3.3Describe the relationship between average molecular kinetic enangy
temperature Recognize that energy absorbed when a substance
changes from a solih a liquidto a gasand that energy is released when
a substance changes from a gas to a liquid to a solid. Explain the
relationships among evaporation, condensation, cooling, and warming.

3.4Explain the relationships among temperatuiganges in a substance, the
amount of heatransfered, the amount (mass) of the substance, and the
specific heat of the substance.

Use this space for summary and/or additional notes.
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Topics from this chapter assessed on the SAT Physics Subject Test:
1 Thermal Properties such as temperatureneattransfer, specific and latent

heats, and thermal expansion

1 Laws of Thermodynamic¢such as first and secotaws, internal energy
entropy, and heatengine efficiency

1. Heat and Temperature

2. The Kinetic Theory of Gases & the Ideal Gas Law
3. The Laws of Thermodynamics

4. Heat Engines

Skills learned & applieth this chapter:
1 Working with materialspecific constants from a table.
1 Working with more than one instance of the same quantity in a problem.
1 Combining equations and graphs.

Use this space for summary and/or additional notes.
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Heat & Temperature

Unit: Thermal PhysicéHeat)
NGSS StandardesPs32
MA Curiculum Frameworks (2006)3.2, 3.3
Knowledge/Understanding Goals:
1 the difference between headnd temperature
1 thermal equilibrium
Language Objectives
T Understand and correctly use thb$ NJveats & Kda G S YzL8S Nil- &i@daNisS v
G & dzNNP2 I#/ R& ¥AHK ¢ &5y NPYyLRR ¢ (dKES NI 2 Y S S NJ
1 Accurately describe and apply the conceptsa#éed in this section using
appropriate academic language.

Notes:

heat energythat can be transferred by moving atoms or molecules via transfer
of momentum

temperature a measure of thaverage kinetic energyf the particles (atoms or
molecules) of a system

thermometer. a device that measures temperatymaost often via thermal
expansiorand contraction of a liquidr solid

Note that heatis the energytself, whereas temperatures a measure of the
quality of the heat the average of the kinét energes of the individual
molecules:

Cold

Hot

Relative number of molecules

Kinetic Energy (velocity)

Use this space for summary and/or additional notes:
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When objects are placed in contact, hestransferred via the transfer of
momentumthat occurs when the individual molecules collide. Molecules that
have more energyransfer more energy than they receive. Molecules that have
less energy receive more energy than they transfer. This means two things:

1. Heat always transfers from objects with a higher temperatimere
kinetic energy to objects with a lower temperature (less kinetic engrgy

2. If you wait long enough, all of the molecules will have the same
temperature(i.e.,the same average kinetic enejgy

In other words, the temperaturef one object relative to another determines
which directionthe heatwill flow, much like the way the elevation of one
location relative to another determines which dation water will flow.

However, the total heafenergy contained in an object depends on the mass as
well as the temperaturgin the same way that the total energy of the water
going over a waterfall depermsdon the amount of water as well as the height:

Use this space for summary and/or additional notes.
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Heat Flow

system the region being considered in a problem.
surroundings everything that is outside of the system

E.g.,if a metal block is heated,ewvould most likely define thgystemto be the
block, and thesurroundingdo be everything outside of the block.

We generally use the variab{g to represent heain physics equations.

Heat flow is alwaysepresented in relation to thgystem

Heat Flow Sign ofQ System Surroundings
from surroundings + (positive) gains heafgets lose heat
to system warmer) (get colder)
from sysem L 6yS3 loses heafgets gain heat

to surroundings colder) (get hotter)

A positive value of) means heats flowinginto the system Because the heat is
transferred from the molecules outside the system to theletules in the
system, the temperaturef the system increases, and the temperature of the
surroundingglecreases.

A negative value d® means heats flowingout of the system Becase the heat
is transferred from the molecules in the system to the molecules outside the
system, the temperaturef the system decreases, and the temperature of the
surroundinggncreases.

This can be confusinguppose you set a glass of ice water on a table. When
you pick up the glass, your hand gets colder becauseibdiatwing from your
hand (which is part of the surroundingsito the systen{the glass of & water).
This means the system (the glass of ice water) is gaining heat, and the
surroundings (your hand, the tabletc.) are losing heat. The value @fwould

be positive in this example.

In simple terms, you need to remember that your hand is pathef
surroundingsnot part of the system

Use this space for summary and/or additional notes.
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thermal equilibrium when all of the particles in a systdmve the same average

kinetic energy(temperaturg. When a system is at thermal equilibrium, no
net heatis transferred. I(e.,collisions between particles may still transfer

energy but the average temperature of the particles in the systewhat we
measue with a thermometer is not changing.)

Laws of Thermodynamics

thermodynamicsthe study of heatelated (thermal) energghanges (dynamics)

enthalpyy G KS & dzohteéntoBah obje& or Gystem
entropyY G KS @ dzy dza | o findasystdnKEhétdy linfthe Bryh SINH &

SYGNRLR Aa dzyl @At ofS 06SOldzaSishd Kl a
a2YSGAYSa OFftftSR GRAA2NRSNE 2NJ aNIyR2Y
thermodynamic sense. The entropy of your room isexmodyname

property, not a commentary on how much dirty laundry is on the floor!) A
guantitative studyof entropy requires an analysis of possible energy states

and their probabilities, which is beyond the scope of this course.

The laws of thermodynamiciate that:

0. If a systems at thermal equilibriumevery component of the system has
the same temperature

1. Heat always flows from a region of higher enthaipya region of lower
SYGKIltLRO® ¢ KAA YSI guliof sbetingthagyu 3 S
putinoa, 2dz OF y Qi gAYy dE0

2. In almost every change, some eneigyrretrievably lost to the
surrounding® OYVUNRLIE A& I YSIFadaNB o T (GKAA
the universe islways increasing, which means on any practical scale, you
always get out less energy thanyou putd , 2dz OF y Qi o6 NBF |

3. In any closed systenthe total energyenthalpy+ entropy+ wark)
NBYIFAya O2yadlyido LF¥ SySNHe gl a af 2
entropy. 0 ¢, 2dz OFyQid 3ASG 2dzi 2F GKS 3L YSo
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Unit: Thermal PhysicéHeat)
NGSS StandardesPs26, HSPS32
MA CurriculumFrameworks (2006)3.1
Knowledge/Understanding:
1 heattransfervia conduction radiation& convection
Skills:
{ calculate heatransferdza A y 3 C 2 dzNA &oldugtiof + ¢ 2F | ST
Language Objectives
T Understand and correctly use EhB$ NYa a2y RodfiHWS/C)u A2y
OGN REE O &ADEYVER dzQ/UR2 MiJEA v & dzf | 0 2 NJ
1 Accurately describeral apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problems relating@® dzNA SNR& [l ¢ 2F | S
Conduction.

Notes:

Heat transfer is the flow of heanergyfrom one object b another. Heat
transfer usually occurs through three distinct mechanisms: conduction
radiation, and convection

conduction transfer of heathrough collisions of articles that are in direct
contact. Conduction occurs whémere is a net transfer of momentufnom
the molecules ofin object with a higher temperaturieansfer to the
molecules of an objeatith a lower temperature.

thermal conductivityk): a measure of the amount of hetitat a given length of
a substance can conduct in a specific amount of time. Thermal conductivity

) . i W
is measured in unitef O

conductor an object thatallows heato pass through itself easily; an object with
high thermal conductivity

Use this space for summary and/or additional notes:
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insulator. an objectthat does not allow heato pass through itself easily; a poor
conductorof heat; an object withow thermal conductivity

radiation transfer of heathrough space via electromagnetic wavgight,
microwavesegtc.)

convection transfer of heathrough exchange of particles that have a higher
temperaturefor particles that have a lower temperature. Convection usually
occurs when air moves around a room.

Natural convectioroccurs in a heated room because cool air is more dense
than warm air. The cool air sinks to the ground, displacing the lessede
warm air. When the rising warm air hits the ceiling, it moves across the
room, pushing the cool air along the ceiling, down to the floor, across the
floor, and back to the radiator.

Forced convectioran be achieved by moving hedtor cooled air using a
fan. Examples of this include ceiling fans and convection ovens.

Use this space for summary and/or additional notes.
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Calculating Heat Transfer by Conduction

Heat transfer by conductio® y 6S O f Odzf F i SR dzaAy 3 C2 dzl
Conduction:

Q_ 1l
t L

where:

Q=heattransfered (J)
t =time (s)
k = coéfficient of thermal conductivity—%=)

A =crosssectional area ()
nT =temperaturedifference (K or °C)
L =length (m)

For insulation (the kind you have in the walls and attic of your home), the
STFFSOUAPSySaa Aa YSIFadzZNBR o0& GKS aw gl f

R=C
K
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Sample Problems:

Q: A piece of brass is 5rm (0.0050m) thick anchas a crossectional area of
0.010m?. If the temperatureon one side of the metal is 65°C and the
temperature on the other side is 25°C, how much heditbe conducted
through the metal in 30s? The coefficient of #rmal conductivityfor brass

is 120 .
A: 9:- =
t L
Q 565- 253
= = 1200.01
g0 1200010, 5500
Q- _9600
30

Q=-288000J=-288kJ

(Note that because the quantities of hethiat we usually measure are large,
values are often given in kilojoules megajoules instead of joules.)

Q: Suppose your house has di-thick insulation, with an R value of 16, the
temperatureinside your house is 21°C and the temperature outside is 0.0°C.
How much heats lost through one agpre meter of insulation over ant@our
(288005s) period®

A: An R value of 16 mean:;%: 16, which meansE =1i6'

DT _ k

Q_ kPl - Kppr
t L L
L:-_
28800 16D@Y
i:-1.3125
28800

Q=-37800J=-37.8k<

Use this space for summary and/or additional notes.
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Energy Conversion

Unit: Thermal PhysicéHeat)
NGSS StandardesPs31
MA Curiculum Frameworks (2006)N/A
Knowledge/Understanding:

1 conversion of energpetween forms
Language Objectives

1 Accurately describthe law of conservation of energysing appropriate
academic language.

Notes:

The law of conservation of energtates that total energys always conserved,
but that energy can be converted from one form to another.

We have already seen this in mechanwith the conversion between
gravitational potential energgnd kinetic energy

Heat is energy Like other forms of energy, it can do workor Force
example, in ateam engine, heas used to boil water in a sealed
container. As more water boils, there is more gathe boiler,
which makes the pressuracrease. If the gas can only expdnd
pushing agairtssomething (like a piston), the foréeom the
LINS&dadz2NE OFy R2 g2NJ] o0& Y20A
connected to. (We will revisit the concept of pressure as a force
GgKSY ¢S adGdzRé FtdzAR YSOKIFYyAO
understandthat heat energy can be converted to kinetic enejgy

In mechanics, recall that collisions can be elastimelastic In an elastic
collision kinetic enegyis conserved; in an inelastic collision, some of the kinetic
energyis converted to other forms, mostly heat

Use this space for summary and/or additional notes:
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We can use the law of conservation of enetgestimate the amount of energy
converted to heain a completely inelasticollision

Considera0.15Q 3 GaLX G ol £f¢ Koli00y3d GKS gt ff

After the collision the velocityof the ball and the wall are both zerdrhis means
the kinetic energyf the ball after the collision is zero. Because enenggt be

conserved this means all of the kinetic energy from the ball must have been
converted to heat

E =imV
E. =(£)(0.15020.0)* =30.0J

Use this space for summary and/or additional notes.
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Now consider the same splat ball with a mass of Oligand a velocitpf

20.07 hitting a 1.00kg piece of wood that is initially at rest. This is still an
inelasticcollision but now the wood is free to move, which means it has kinetic
energyafter the collisio.

To solve this problem, we need to use conservation of momerttufind the
velocityof the splat ball + wood after the collisiceindthen use the velocity
before and after to calculate the changekimetic energy

Before the collision 0
%: msbvsb + TTM
p=(0.150(+20.0)+ 0 = +3.00NG
0

-1 2 1
B —Emstsb"'Emy’wz'

E. =()(0.15020.0)* +0=30.0J

After the collision
p = (msb + rnw) \ C C
+3.00=(0.150+1.00)v =1.15v
\? =+2.617

E =imVv
E =(3)1.15@61)*=3.91J

This means there is 30¢3.91=26.1J of kineticenergy K| i A& aYAaaiy3
the collisiord ¢ KA & q Yidraoatly goavértediyHealiByéu could

measure the temperature¢ ¥ GBS Gda It € ¢ YR GKS g22R S
before and after the collision, you would find that both would be warmer as a

NBadzZ G 2F (KSfemergh &aAy IE HC DPMm
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Efficiency

Unit: Thermal PhysicéHeat)
NGSS Standards’A
MA CurriculumFrameworks (200): N/A
Knowledge/Understanding:

1 what efficiencymeans

1 a sense of the efficiencies of different processes and machines
Language Objectives

1 Accurately describe the concept energyefficiency using apropriate
academic language.

Notes:

efficiency(' ): the ratio of the energgonsumed by a device or process to the
energy output by the device or process.

Devices and processes that convert endrgyn one form to another are often
described in terms of their energy efficiey. A device that is 100% efficient
would convert 100% of the energy to a new form.

h_usablenergyout
totalenergyn

For example, an electric motopnverts electricity to motion (kinetic energy
An electricmotor that is 100% efficient would convert 30f electric potential
energyto 50J of kinetic energy. An electric motor that is 80% efficient would
convert 50J of electric potential energy 40J of kinetic energy. The other 10
of energy would be converted to other forms of energy, such as trested by
friction within the motor.

We often say that this difference isenergyK I (i G & @fd&ia NBYSY0o SNJI i
law of conservation of energells us that energy never disappears. When we

ale SyYySNHe Aa af2ai02¢8 6KSNYSFR2WIA W Kra @G2
recoveg (entropy), which is usually mostly heat
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LINEP OS&aaSao Ly
given off to the stroundings

€€

The following table gives energgnversion efficiencies for common devices and
27 (KSaS COhatiSa s

Energy Conversion Efficiency

Device/Process Typical Efficiency
gasgenerator up to 40%
coal/gasfired powerplant 45%
combined cycle poweplant 60%
hydroelectric poweplant up to 90%
wind turbine up to 59%
solar cell cbnmE:x:T dza
hydrogen fuel cell up to 85%
internal combustion engine 25%
electric motor,a Y I £ £ W)\ pnb s
electric motor large (> 200) Tnb pdiz
photosynthesis in plants up to 6%
human muscle MnbHT:
refrigerator 20%
refrigerator, energysaving nnbp ez
light bulb, incandescent neortbp:
light bulb, fluorescent y b mciz
light bulb, LED nb mp::
electric heater 100%
firearm 30%

idKS

You may notice that an electric heater is 100% efficient, because all of its energy
is converted to heat However, this does not mean that electric heat is
necessarily the best choid¢er your home, because the powplant that
generated the electricity was probably only 45% efficient.

Use this space for summary and/or additional notes.

Mr. Bigler



Add Important
Notes/Cues Here

Efficiency Page:239
Unit: Thermal Physics (Heat)

Physics

Heating Efficiency

Heating efficiencys calculated the same way:

usablbheabut
Q, totalenergyn

/7 - Qout —

G! al o f23ziiKkehs Yigt that is not lost to the environment. For example,

if the boiler or furnace in your house is 70% efficient, that means 70% of the
energyfrom the gasor oil that it burned was used to heat the steam, hot water

or hot airthat was used to heat your house. The other 30% of the energy heated
the air in the boiler or furnace, and that heat was lost to the surroundingsn

the air went up the chimney.

Older boilers and furnaces (pf®90s) are typically0% efficient. New boilers
are around 80% efficient, and higffficiencyboilers thatuse heatexchangers to

O2ff SOG GKS KSFdG FTNRY (GKS SEKFdzad | ANJ

efficient.
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Heat Pump Efficiency

AheatlddzYL) A& | RS@AOS GKIFG aLdzyLlaeée KSEHOG T
refrigerator and an air conditioner are exaias of heat pumps. A refrigerator
dzaSa || FfdzZAR OGANBFNARIASNIYGEO (G2 GNIyasFs

refrigerator to the outside of the refrigerator (and into your kitchen). This is why

@2dz Ol yQu 022t 27F7F { Krétortobriogei Syoutiagda f S| OA
100% efficient refrigerator, the heat that you pumped out would mix with the

cool air and you would be back where you started. Moreover, because
refrigeratorsareonly 20 n /£2 SFFAOASY G X GKS NBFNARISNI
amount of heat, which means leaving the refrigerator door open actually heats

the kitchen up!

I FNYy26Qa8 ¢KS2NBYXZ yIYSR FFiSNI CNBYyOK LK
maximum possible efficieyof a heatpump is related to the ratio of the

temperatureof the heat transfefluid (liquidor gag when it enters the heat

pump to the temperature wheiit exits:

he1- o

out

If all of the heatwere successfully pumped, the temperatwat would be the
same as the temperature in, and the efficieveyuld be 100%.

For example, if a gasoline engitakes in air at 20.°C (293 and the exhaust
temperatureis 800.°C (107R), the Carnot efficienayf the engine would be:
T 293

ht¢l- " =1-—=1-027=0.73
T, 1073

out

This means that the maximum possible efficieatthis engine (if the heated
exhaust accounted faall of the energyloss) would be 73%.

Use this space for summary and/or additional notes.
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Specific Heat Capacity & Calorimetry

Unit: Thermal PhysicdHeat)
NGSS StandardesPs26, HSPS31
MA CurriculumFrameworks (2006)3.4
Knowledge/Uncerstanding:
1 specific heatapacity
1 calorimetry
Skills:
1 solve calorimetry(specific hegtproblems
Language Objectives
T Understand and correctly use thieS NXpacifidheatapacitg |y R
GOl f 28E YSUNE
1 Accurately describe and apply the concepts described in this seasory
appropriate academic language.

1 Set up and solve word problems relatingsgecific heatapacityand
calorimetry,

Notes:

Different objects have different abilities to hold heaEor example, if you enjoy
pizza you may have noticed that treauceholds much more heat (and burns
your mouth much more readily) than the cheese or thast

The amount of heathat a givermass of a substance can hold is based®n
specific heat capacity

specific heat capacitfC):a measure of the amount of heatquired per gram of
a substance to produce a specific temakemre change in the substance.

G: specific heatapacity measured at constant pressuréor gases, this means
the measurement was taken allowing the daexpandas it was heated.

G specific heatapacity measired at constant volume. For gases, this means
the measurement was made in a sealed container, allowing the pressure
rise as the gawas heated.

Use this space for summary and/or additional notes:
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For solids and liquid€;, £ G, because the pressur@and volune change very little

as they are heated. For gas€s> G, (always). Forideal gas&€3,b G =R,

where R is the gasonstant. (We will see the gas constant again when we study
fluid mechanics.)

When there is a choic&, is more commonlysed thanG, because it is easier to

measure. When dealing with solids and liquids, most physicists just use C for

specific heatapacitt YR R2y Q0 @2NNE [ o02dzi GKS RA&G.
Calculating Heat from a Temperatet Change

The amount of heagained or lost when an object changes temperatisrgiven
by the equation:

Q=mCDT
where:
Q =heat(Jor kJ

m =mass ¢ orkg)
C =specific heatapaciy (%)

NT =temperaturechange (kor °C)

Because problems involving heziten involve large amounts of energspecifc
heat capacitys often given in kilojoules per kilogram pdegree Celsius.

Note that 1&gt 18- 15 and 1. & ¢ 1551 =4.184.F .

You need to be careful with the unitsf the mass is given in kilograms (kg), your
specific heat capacityill have units ofk—g—c and the heatnergywill come out

in kilojoules (kJ). If mass is given in grams, you will use un&%cﬂnd the heat
energy will come out in jouke(J).

Use this space for summary and/or additional notes.
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Specific Heat Capacities of Some Substances

Specific Heat

Substance Capacity( k_% )

water at 20°C 4.181

ethylene glycol
(anti-freeze)

AOS I 2.080
steam at 100°( 2.11
steam at 130°( 1.99

2.460

vegetable oil 2.00
air 1.012
aluminum 0.897
glass 0.84
iron 0.450
copper 0.385
brass 0.380
silver 0.233
lead 0.160
gold 0.129

Use this space for summary and/or additional notes.
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Calorimetry
calorimetry the measurement of hedlow
In a calorimetryexperiment, heatlow is calculated by measuring the mass and

temperaturechange of an object and applying the specific heat capacity
equation.

calorimeter an insulated container for performing calorime&yperiments.

coffee cup calorimeter a calorimeter that is only an insulated contaimet does
not include a thermal mass (such as a mass of water). It is usually made of
styrofoam, and is often nothing more than a styrofoam coffee cup.

bomb calorimeter a calorimeter for measuring the heatoduced by a chemical
reaction. A bomb calorimeter is a doubdall metal container with water
between the layers of metal. The heat from the chemical reaction makes the
temperatureof the water increase. Because the mass and specific heat of
the calorimeter (water and metal) are known, the heat produced by the
reaction can be calculated from the increase in temperature of the water.

Use this space for summary and/or additional notes.
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Solving Coffee Cup Calorimetry Piems

Most coffee cup calorimetrgroblems involve placing a hot object in contact
with a colder one. Many of them involve placing a hot piece of metal into cold
water.

To solve the problems, assume that both objects end up at the same
temperature The heatost by the hot objecl(q1) equals the heat gained by the

cold object(Q.). (However, remember tha, will be negativebecausethe hot
object is I®ing heat.)

Q =mGDT,
Q,=mGDT,
Q=-Q
mG.DT, =- mG DT,

Notice that there are six quantities that you need: the two magsgsand m,),

the two specific heatapacites(G, and C,), and the two temperature€hanges

(DT, and DT,). (You might be given initial and final temperatures for either or
020KZ Ay o6 KAOK Irach)SThedpblemniwill givé $alllBut G 2 & dz
one of theseand you will need to find the missing one.

52y Qi FNBUO | 02dzi (K SDIywllHhe nedaéS(bedaiss if @ ¢ K
is cooling off), and the two minus signs will cancel.
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Seps for Solving Coffee Cup Calorimetry Problems

1. Identify the variables for both the hot and cold substance. This can be
tricky because you haube two massesthe two specific heatapacities,
andthe two temperaturechanges. For each quantity, you have to
identify both the variable and which substance it applies to.

2. Look up the specific heaapacities of the substances involved.

3. Plug each set of numbers into the equatiQ=mCDT. (.e.,e 2 ek
two separae Q=mCDT equations.)

a. Remember that for the substance that is cooling off, hisajoing
out of the systemwhich means the equation will b®=- mCDT.

b. BecauseDT will be negative for the substance that was cooling
off, the two negative signs will cancel.

4. Use the fact thaf) is the same for both equations to solve for the
unknown quantity. This will involve doing one of the following:

a. Calculate the value @& from one equation and use it in the other
equation.

b. If you need to find the final temperatureet the twomCDT
expressions (om{T; - T;) expressions) equal to each other.

Use this space for summary and/or additional notes.
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Sample Problems:

Q: An 0.05(kg block of alunmum is heated and placed in a calorimeter
containing 0.10(&g of water at 20°C. If the final temperatuéthe water
was 30°C, to what temperature was the aluminum heated?

A: The heatgained by the water equals the heast by the aluminum.

The heatgained by the water is:

Q=mCDT
Q=(0.100kg)(4.183) +10Q)
Q=4.18kJ

The heatost by the metal must therefore be 4.13.

Q=-mCDT
4.18kJ= - (0.050kg)(0.90Q%3) DT
4.18=-(0.045)T)

_ 418

= =-929C
- 0.045

The temperature ¥ G KS | £ dzY Ai.deWenpdovin byb9g56)c /

DT=T,- T,
-929=30-T
T =123.1C

This means the initial temperaturaust have been 123°C.
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Q: An 0.02%g block of copper at 95°C is dropped into a calorimeter containing
0.075kg of water at 25°C. What is the final temperatdre

A: Once again, the hedbst by the copper equals the heat gained by the water.
-Q=Q,
- MG T =m,Cy Ny
- (0.025)(®B85)T; - 95)=(0.075)(48){; - 25)
- (0.009625(T; - 95 =(0.3139(T; - 25
- (0.009625T; - 0.9144 =0.3138T; - 7.845
- 0.009625T; +0.9144= 0.3138T; - 7.845
+0.009625T; =+0.009625T;
0.9144=0.3234T; - 7.845
+7.845 = +7.845
8.759=0.3234T;

8.759
0.3234

=27C=T,

Note that because the specific heaitthe water is so much higher than that
of copper, and because the mass oé thater was larger than the mass of
the copper, the final temperaturended up much closer to the initial water
temperature.

Use this space for summary and/or additional notes.
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Phase Changes & Heating Curves

Unit: Thermal PhysicéHeat)
NGSS StandardssPs3i
MA CurriculumFrameworks(2006): 3.3
Knowledge/Understanding Goals:
1 phases and phase chargye
1 how heatis transferred in a phase change
1 why evaporation causes cooling
Skills:
1 calculate the heatbsorbed or produed during phase change
1 plot and make calculations from heating cusve
Language Objectives
T Understand and correctly use the S NY & & LIKS éa SéokasidreyE3 S
AKSFO 27F X LR2YNH | 4 Kiskl2lyA y 3 OdzNIJ S
1 Accurately describe and apply the concepts described in this section using
appropriate academic language.
1 Set up and solvkeating curveproblems.

Notes:

phase a term that relates to how rigidly the atoms or molecules in a substance
are connected.

solid molecules are rigidly connected. A solid has a definite shape and volume.

liquid: molecules are loosely connectedonds are continuously forming and
breaking. A liquid has a definite volume, but not a definite shape.

gas molecules are not connected. A gas has neither a definite shape nor a
definite volume. Gases will expato fill whatever space they occupy.

plasma the systemhas enough hea remove electrons from atoms, which
means the system is comprised of particles with rapidly changing charges.

Use this space for summary and/or additional notes:
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phase changewhen an object or substance changes from one phase to another
through gaining or losing heat

Breaking bonds requires energforming bonds releases energy. This is true for
the bonds that hold a solidr liquidtogether as well as for chemical bonds
(regardless of what your biology teacher may have told you!)

l.e.,you need to add energlp turn a solidto a liquid(melt it), or toturn a liquid

to a gaqboil it). Energy is released when a gas condenses or a liquid freezes.
(E.g.,ice in your ice tray needs to give off heatorder to freeze. Your freezer
needs to remove that heat in order to make thisgpen.)

The reason evaporation causes cooling is because the syterwater) needs
to absorb heafrom its surroundingge.g.,your body) in order to make the
change from a liquitb a gagvapor). When the water absorbs heat from you
and evaporates, you have less heat, which means you have cooled off.

Calculating the Heat of Phase Changes

heatof fusiond )0 a2 YSGAYSE Ol ff SR afl 6SYGYKSI (¢
the amount of heat required to melt one kilogram of a substance. This is also
the heat released when one kilogram of a ligeithstance freezes. For

exampe, the heat of fusion of water i334k% (which also equal§34é).
The heat required to melt a sample of water is therefore:

Q=mDHg,, =M(334.7)
(Note that by convention, heas in kilojoules rather than Joudg

heatof vaporizationd ndy): the amount of heat required to vaporize (boil) one
kilogram of a substance. This is also the heat released when one kilogram of
a gascondenses. For example, the heat of vaporization of Watéﬁﬁﬂk%.

The heat requied to boil a sample of water is therefore:
Q=mDH,,, = m(2260k%)

(Again, note that heais in kilojoules rather than Joules.)

Use this space for summary and/or additional notes.
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heating curvea graph of temperaturgs.heatadded. The fddwing is a heating
curve for water:
1201 gas f

100
temperature T

("Cc)
boiling

liquid
melting

|

w1 solid

ha
=1

-4
heat absorbed

Ly (K& BWARIARY 2F (KS OdzZNBS>: (RS al YLX S
added, the temperaturéncreases. The specific heat capaoityce isZ.llkkJ :
so the heat required is:

Qsoiig =MCDT =m(2.114) OT)

Ly GKS aYStidAy3aég LRNIA2Y 2F (GKS Odz2NBS:
As heatis added, the ice melts, but the temperaturemanns at 0°C until all of
the ice is melted. The heat of fusiohice i5334k%, so the heat required is:

Qe =MDH,, = m(334k%)

Ly (K& dRMN[idceRy 2F (0§KS OdzNIXS bheatsidided, al YLI S
the temperatureincreases. The specific heat capaoityiquid water is
4.184. X, so the heat required is:

Qiquia =MCDT = m(4.184%) (3]))

Use this space for summary and/or additional notes.
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Ly (GKS a&o 2 Atheicyh@ éthe kagnpldiisiaamykturd af water and water
vapor (steam). As he#é added, the water boils, but the temperaturemains at
100°C until all of the water has boiled. The heat of vaporizatiomater is
2260%, so the heat required is:

Quoil =MDH, 5, = m(2260kLg

Ly GKS LENLHA2Yy 2F GKS OdzNBSs: GKSisal YLI S
added, the temperaturéncreases. Thepgcific heat capacitgf steam is
approximaterZ.OS& (at 100°C; the specific heat capacity of steam decreases

as the temperature increases), so the heat required is:

Qyus =MCDT =M(2.08; ) (OT)

Use this space for summary and/or additional notes.
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Steps for Solving Heag Curve Problems

A heating curvg@roblem is a problem in which a substance is heated across a
temperaturerange that passes through the melting and/or boiling point of the
substance, which means the problem unmbés heating or cooling steps and
melting/freezing or boiling/condensing steps.

1. Sketch the heating curvier the substance over the temperaturange in
guestion. Be sure to include the melting and boiling stepwaell as the
heating steps.

2. From your sketch, determine whether the temperatusnge in the
problem passes through the melting and/or boiling point of the
substance.

3. Split the problem into:
a. Heating (or cooling) steps within each termaeire range.
b. Melting or boiling (or freezing or condensing) steps.

4. Find the heatequired for each step.
a. For the heating/cooling steps, use the equati@+ mCDT .

b. For melting/freezing steps, use the equatiQF mDH; .
c. For boiling/condensing steps, use the equatiQs mDH, .

5. Add the values of Q from each step to find the total.

Use this space for summary and/or additional notes.
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Sample Problem

Q: How much heatvould it take to raise the temperaturef 0.01% kg of HO

froY bup®dnc/ G2 bmMHp®Pnc/ K
A: The HO starts out as ice. We need to:

1.1 SId GKS AOS FNRY bLHuHpPdnc/
2. Meltit.

3. Heat the water up to its boiling point (from 0°C to 100°C).
4. Boil it.

5

. Heat the steam from 100°C to 125°C.
Q =mQDT =(0.015kg)2.11 %) (25C)=0.79125k.
Q =mDH,, =(0.0150y(334£) =5.010k.
Q; =mQDT =(0.015kg)4.184. - (100C)=6.276k.
Q, =mDH,,, =(0.015(kg)2260;) = 33.90k.
Q, =mQDT =(0.015(kg)2.08;5%)(25 C)= 0.780k.

Qotal :Q.L +Q +Q +Q4 +Q—3
Qo =0.791+5.010+6.276+33.90+ 0.780=46.757 kJ

G2 Ada

Use this space for summary and/or additional notes.
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Thermal Expansion

Unit: Thermal PhysicéHeat)

NGSS StandardesPS26

MA CurriculumFrameworks (2006)N/A
Knowledge/Understandhg:

1 thermal expansiomn solids, liquids and gases
Skills:
1 calculate changes in length and volume for solids and liquids
1 calculate changes in volume for gases
Language Objectives
l Understand and correctly use thieS N & OxeBdiamplié S

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problems relatingtb@rmal expansiomf solids,
liquids and gass.

Notes:
expand to become larger

contract to become smaller

thermal expansionan increase in the length and/or volume of an object caused
by a change in temperature

When asubstance is heated, the particles it is made of move farther and faster.
This causes the particles to move farther apart, which causes the substance to
expand

Solids tend to keep their shape when they expaifdiquids angases do not
have definite shape to begin with.)

Use this space for summary and/or additional notes:
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A few materials are known to contraaiith increasing temperaturever specific
temperature ranges. One wekhown example is liquidiater, which contrats
as it heats from 0°C to 4°QWater expands as themperature increases above

4°C)

Thermal Expansion of Solids and Liquids

Thermal expansion is quantified in solids and liquids by defining a coéfficient of
thermal expansion The changes in length or volume are given by the following
equations:

Length: DL=aLDT
Volume: DV=5bHV.DT
where:

DL=changenlengtt{m)
L, =initiallengtt{m)

DV =changénvolumdm?®)
V, =initiavolumegm?®)
a =lineacoéfficietofthermaéxpansiqiy

b =volumetricoéfficietofthermaéxpansidiy
DT =temperatugchange

Values oft andi at 20°C for some solids and liquids:

Substancel U(C™?) | b(C™*) | Substance| U(C™) b(ch
aluminum | 233 10°° | 6.9310° | gold 14310° | 42310°
copper 1.7310° | 51310° |iron 1.18310° | 3.33310°
brass 1.9310° | 56310° |lead 29310° | 87310°
diamond | 1310°® | 3310° mercury | 6.1310° | 1.82310%
ethanol 253104 | 753104 | silver 1.8310° | 54310°
glass 85310° | 2553 10°° | water (liq) | 6.9310° | 2.07310*
Use this space for summary and/or additional notes.
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bimetal stripg a strip made from two metals with different coéfficients of thermal
expansiorthat are bonded together. When the strip is heated or cooled, the
two metals expanar contractdifferent amounts, which causes the strip to
bend. When the strip is returned to room temperatytbe metals revert
back to their original lengths.

Room Temperature
Copper

__
Iron

l AT
Ae

e

Bonded

Clamped

Use this space for summary and/or additional notes.
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Sample Problems:

Q: Find the change in length of an 0.ADbrass rod that is heated fro2b°C to
980°C.

A: For brassa =1.9310° C.
DL=al.DT
DL=(1.93 10 °)(0.40)(955
DL=0.0073m

Q: A typical mercury thermometezontains about 0.22m° (about 3.0g) of
mercury. Find the change in volume of the meycun a thermometer when
it is heated from 25°C to 50.°C.

A: For mercury,b=1.82310*C*.
DV = HVDT
DV =(1.823 10 4)(0.22) (25
DV =0.00091cn’

If the distancdrom the 25°C to the 50°C mark is about 82, we could use
this information to figure out the bore of the thermometer

V =pr*h
0.00091= (3.14)r?(3.0)
r’=966%10"°

r =~/9.663 10°° =0.0098cm

The bore is the diameter, which is twice the radius, so the bore of the
thermometeris 0.020cm or about 0.20nm.

Use this space for summary and/or additional notes.
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Thermal Expansion of Gas

ideal gasa gas that behaves as if each molecule acts independently, according
to kineticmolecular theory. Most gases behave ideally except at
temperatures and pressures near the vaporization curve on a phase diagram.
(l.e.,gases stofpehaving ideally when conditions are close to those that
would cause the gas to condense to a liqordsolid)

Pressure

Temperature

For an ideal gaghe change in volume for a change in temperat(peovided
that the pressureand number of molecules are kept constant) is given by
/| KI NI SaQ [lgY

Vi Vi

T T

where volume can be any volume unit (as long as it is the same on both sides),
but temperaturemustbe in Kelvin

Use this space for summary and/or additional notes.
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Sample Problem:

Q: If a 250mL container of air is heated from 25°C to 95°C, what is the new
volume?

A: Temperatures must be in Kelyiso we need to convert first.
25°C+273=298K
95°C+273=368K

Vi _ Vi

T T

250V

298 368

Vi =308.7=[310mL]

Because we used mL fdf, the value oV, is therefore also in mL.

Use this space for summary and/or additional notes.
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Introduction: Electricity & Magnetism
Unit: Electricity & Magnetism

Topics covered in this chapter:

EleCtriC Charge........cooiiiiiieeeee e 265
[ 2dzf 2 YO.QA&. . [.hol 271
Electric FIeldsS........cc.oviieeeee e 274
9f SOGUNRO / dzNNB.Y.4....9....h.KY.Q4&...[.L.879
Electrical CoOMPONENTS......coiiiiiiiiiiiiiiireee e 283
EMF & Internal Resistance of a Battery.............cccccveeeeeeennnnns 286
CTCUITS. ..ttt e e 289
SEriES CIICUILS....eeiiii ittt 293
Parallel CIrCUITS........cooiiiiiie e 297
Mixed Series & Parallel CirCUILS...........ccceeveeeiiiiiiiiiiiiiiiieeeeees 303
Measuring Voltage, Current & Resistance..........ccccccceeeeennnnnne 306
MAGNETISITL. ..ceiiiiiiiiie e 310
Electricity & MagnetiSm............ceeviiiiiiiiiiiiiiieeeee e 318

This chapter discusses electricity and magnetisaw they behave, and how
they relate to each other.

1 ElectricChange/ 2 dzf 2 Y ¢andEledtric Bielddescribe the behavior
of individual charged particles and how to calculate the effects of these
particles on each other.

19t SOGNRO / dzNMN&Sgihes eguatiois al Zalc{ildtigns
involving the flow of chayed particles (electric current

1 Electrical ComponentEMF & Internal Resistance of a BatteZyrcuits
Series Circuif®arallel CircuitdVixed Series & Parallel Circyigend
Measuring Voltage, Current & Resistamescribe the behawr of
electrical components in a circiahd how to calculate quantities relating
to the individual components and the entire circuit, based on the way the
components are arranged.

Use this space for summary and/or additional notes:
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1 Magnetismdescribegproperties ofmagnets and what causebjects to
be magnetic.Electricity & Magnetisndescribes how electricity and
magnetismaffect each other.

One of the new challenges encountered in this chapter is interpreting and
simplifying circuidiagrams, in which &ferent equations may apply to
different parts of the circuit.

Sandards addressed in this chapter:
Next Generation ScienceSandards (NGSS)

HSPS24. Use mathematical representationsfS4-42v Q& [ +46 2F DN.
apd/ 2dzZf 2Y0Qa [ ¢ (0 2thegsasitaibdala® | YR LINSBR)
electrostatic forces between objects.

HSPS25. Plan and conduct an investigation to provide evidence that an
electric currentcan produce a magnetic fielhd that a changing
magnetic field ca produce an electric current.

HSPS26. Communicate scientific and technical information about why the
molecularlevel structure is important in the functioning of designed
materials.

HSPS32. Develop and use models to illustrate that eneagjyhe
macroscopic scale can be accounted for as either motions of particles or
energy stored in fields.

HSPS33. Design, build, and refine a device that works within given
constraints to convert one form of energyto another form of @ergy.

HSPS35. Develop and use a model of two objects interacting through
electric or magnetic fieklto illustrate the forces between objects and
the changes in energyf the objects due to the interaction.

Massachetts Curriculum Frameworks (2006):

5.1Recognize that an electric chargmds to be static on insulators and can
move on and in conductors. Explain that enecgy produce a separation
of charges.

5.2Develop qualitative andquantitative understandings of currentoltage
resistancE | YR (KS 0O02yySOiAzya FyYz2y3d (KSY

Use this space for summary and/or additional notes.
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5.3 Analyze simple arrangements of electrical components in both series and
parallel circuis. Recognize symbols and understand the functions of
common circuielements (battery connecting wireswitch fuse
resistancg in a schematidiagram.

5.4 Describe conceptually the attractive or repulsive forces between objects
relative to their charges and the distanceS 1 6 SSy GKSY 0o/ 2dzf 2

5.5Explain how electric curreng a flow of chargeaused by a potential
difference(voltage), and how powds equal to current multiplied by
voltage.

5.6 Recognize that moving electric charges produce magnetic forces and
moving magnets produce electric forces. Recogthiaethe interplay of
electric and magnetic forces is the basis for electric motors, generators,
and other technologies.

Topics from this chapter assessed on the SAT Physics Subject Test:

{ Electric Fields, Forces, and Potentlls 4 dzOK | a / 2cdefl 2 Yo Qa f I
charge field and potential of groups of point charges, and charged particles
in electric field

1 Capacitancesuch as parallgdlate capacitors and timgarying behavior in
charging/ discharging
1 Circuit EIemerlts adh DCAercuitssuch as resistors, light bulbs, series and 3
LI N> £t St ySug2Njlaz hKyQa gz IyR W2d.
1 Magnetism such as permanent magnets, fields caused by currents, 3 o
particles in magneticfiecl2 CI NIX Rl eéQa fl 6%~ | yR [ Syl ¢
Electric Charge
Electric Force
Electric Field
Electric Potential
Conductors and Insulators
Voltage
Current
Resistance
. Energy, Power, and Heat
10. Circuits

© o N A ODNR

Use this space for summary and/or additional notes.
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11.Capacitors

12.Permanent Magnets

13.Magnetic Force on Charges
14.Magnetic Force on Currer@arrying Wires
15.The Magnetid-ield Due to a current
16.Motional EMF

17.CF NI R &Qa [ I ¢

Skilk learned & applied in this chapter:

1 Working with materialspecific constants from a table.
1 Identifying electric circuitcomponents.
1 Simplifying circuitliagrams.

Use this space for summary and/or additional notes.
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Electric Charge

Unit: Electricity & Magnetism
NGSS StandardsiA
MA CurriculumFrameworks (2006)5.1, 5.4
Knowledge/Understanding Goals:
1 electric charge
1 properties of electric charges
1 conductorsvs.insulators
Language Objdives:
T Understand and correctly use thi"evS N¥a &St ,S Of &® ArNI¥B ¥ &
GaO02YyRdeOuURANg & ddf VY R2®WA Y RdzOU A 2 Y
1 Accurately describe and apply the conceptsatidged in this section using
appropriate academic language.

Notes:

electric chargea physical property of matter which causes it to experience a
forcewhen near other electrically charged matter.

positive chargethe charge of a proton. Originally defined as the charge left on a
piece of glass when rubbed with silk. The glass becomes positively charged
because the silk pulls electrons off the glass.

negative chargethe charge of an electronOriginally defined as the charge left
on a piece of amber (or rubber) when rubbed with fur (or wool). The amber
becomes negatively charged because the amber pulls the electrons off the
fur.

static electricity stationary electric chargesuch as the charge left on silk or
amber in the above definitions.

Use this space for summary and/or additional notes:
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electric current(sometimes called electricity): the movement of electrons
through a mediun{substancejrom one location to another. Note,
however, that electric current is defined as the directempositively charged
LI NIAOE S ¢2dzxZ R Y2QSo® ¢ Kdza St SOGNRO Od
from the actual electrons.

RENTAMIN FRANKLIN?

YES?
T BRING A MESSAGE
FROM THE  FUTURE!
T DoN'T HAVE MUCH THE. WHAT IS 177

|
THE CONVENTION YOURE SETTING
FoR ELECTRIC CHARGE 1S BACKWARD,
THE ONE LEFT ON GLASs BY SILK
SHOULD BE THE ANEGATAE CHARGE.

WE WERE GoING TO USE THE TIME MACHINE To
FREVENT THE ROBOT ARDCALYPSE, BUT THE
GLY WHO BuILT IT WAS AN ELECTRICAL ENGINEER.

Devices thatProduce, Use or Store Charge
capacitor a device that stores electric charge

battery: a device that uses chemical reactions to produce an electric current

generator adevice that converts mechanical enernggotion) into an electric
current

motor: a device that converts an electric curremio mechanical energy

Use this space for summary and/or additional notes.
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Conductorsvs. Insulators

conductor: a material that allows charges to move freely through it. Examples of
conductors include metals and liquids with positive and negative ions
dissolved in them (such as salt water). When charges are transferred to a
conductor, the barges distribute themselves evenly throughout the
substance.

insulator. a material that does not allow charges to move freely through it.
Examples of insulators include nonmetals and most pure chemical
compounds (such as glass or plestiVhen charges are transferred to an
insulator, they cannot move, and remain where they are placed.

Behavior of Charged Particles

Like charges repelA pair of the same type of charg@®vo positive charges or
two negative charges) exertfarce that pushes the charges away from each
other.

Opposite charges attractA pair of opposite types of charge positive charge
and a negative charge) exert a fotbat pulls the charges toward each
other.

2L //////// '///////

& @ O

Charge is conservedElectric charges cannot be created or destroyed, but can
be transferred from one location or mediuta another. (This is analogous
to the laws of conservation of mass and enejgy

Use this space for summary and/or additional notes.
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Charge Density

The anount of electric chargen a surface is called the charge density. As with
density (in the mass/volume sense), the variable used is usually the Greek letter
rho, with a subscript q indicating chardge), Charge density can be expressed in
terms of length, area, or volume, which means, the ufatscharge density can

cC C C
bem,ﬁ,orﬁ.

Charging by Induction

induction when an electrical chargmn one object causes a charge in a second
object.

When a charged rod is brought near a neutral object, the chargie rod
attracts opposite charges and repels like charges that are near it. The diagram
below shows a negativelgharged rod repelling negative charges.

If the negaively-charged rod above were touched to the sphere, some of the
charges from the rod would be transferred to the sphere at the point of contact,
and the sphere would acquire an overall negative charge

Use this space for summary and/or additional notes.
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A process for inducing charges in arpdimetal spheres is shown below:

. © . .
-
' @ (e) -

(a) Metal spheresA andBare brought into contact.

+ 4+
+ 4+ o+ + + 4+

(b) A positively charged object is placed near (but not in contact with) sphere
A. This induces a negative chargesphereA, which in turn induces a
positivecharge in spher@.

(c) SphereB (which is now positively charged) is moved away.
(d) The positively charged object is removed.

(e) The charges distribute themselves throughout the metal spheres.

Use this space for summary and/or additional notes.
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Grounding

For the purposes of our use of electric charges, the grdigaaith) is effectively

an endless supply of both positive and negative charges. Under normal
circumstances, if a charged object is touched to the ground, electrons will move
to neutralize the chargeeither by flowing from the object to thground or from

the ground to the object.

Grounding a charged object or circmtans neutralizing the electrical charge
an object or portion of the circuit.

In buildings, the metal pipes that bring water into the buildarg often used to
ground the electrical circuits. The metal pipe is a good condwdtelectricity,
and carries the unwanted chargeit of the building and into the ground outside.

GEround wire
connected to
SCrEew,

g

- i

(e
l..é:L I-'.'-

(i1
q e y g
!

Use this space for summary and/or additional notes.

Mr. Bigler



Add Important [ 2dzf 2Y0Qa [ | 6 Page2r1
Notes/Cues Here Unit: Electricity & Magnetism

[ 2dA 2Y0Qa [ o

Unit: Electricity & Magnetism
NGSS StandardasPS24, HSPS35
MA CurriculumFrameworks (2006)5.4
Skills:
fdzy RSNB GO YR 3 a2t @S LINRofSYa dzaAy3d / 2d
Language Objectives
! OOdzNY (1St & RS aQuilg@apropridtelaicadiemic Raguagd. &
1 Set up and solve word prtdms relatingtd 2 dzt 2Yo0Qa [ g @

Notes:

Electricchargh & Y SIF adzNBR Ay [/ 2dzZ 2Yo0a 6 o00oNBJDAL
amount of electric charge transferred by a curremtl ampere for a duration of

1 second.

1 C is the chaye of 6.2415x 10" protons.

b W is the chargef 6.2415x 10 electrons.

One proton or electrorfelementary chargetherefore has a charge of
1.6022x 10" €&,

Use this space for summary and/or additional notes:
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Because charged particles ea forceon each other, that force can be
measured and quantified. The force is directly proportional to the strengths of
the charges and inversely proportional to the square of the distaridee

formula is therefore:

C
I:e = k(jjlzqz dl’lz Fe = k?jlzqz
(vectorform) (scalarform)

where:

I\f; = electrostatic forceof repulsion between electric charges. A positive value
of IE; denotes thatthe charges are repelling (pushing away from) each

other; a negative value d?; denotes that the charges are attracting
(pulling towards) each other.

k =electrostatic constant 8.9876 10° Mot

g1 andg, =charges 1 and 2 respeetly

d =distancebetween the centers of the two charges

¢k, = unit vectorfrom q; towardsqp.

CKAA F2NNdzE | A& /2dzZ 2Y0Qa [Fé6ZX yI YSR
Chates-Augustin de Coulomb.

Use this space for summary and/or additional notes.
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Sample problem:

Q: Find the forceof electrostatic attraction between the proton and electron
a hydrogen atom if the radius of the atom is 3prh

A: The chargef a single protonsi 1.60x 10" "&, and the charge of a single
electronA & bx<@mop"en

37.1pm=3.713 10 'm

_kayq
Fe — d12 2
£ - (899° 10°)(1.603 10 ) (- 1.603 10°*°)

e

(3.713 10 11)?
F,=-167310'N

The value of the forces negative, which signifies that the force is attractive.

Use this space for summary and/or additional notes.
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Electric Fields

Unit: Electricity & Magnetism
NGSS Standds: HSPS32
MA CurriculumFrameworks (2006)N/A
Skills:
1 drawing electric fieldines
1 calculating electric fieldtrength
Language Objectives
{ Understand and correctly use thieS N a SfdaeOG NA O FASE R

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problems relatingaiectric fields.

Notes:

forcefield: a regionin whichan object experiences a force because of some
intrinsic property of the object that enables the force to act on it. One
example is a gravitational field. Objects that mass (the intrinsic property)
experience a force (gravityvhen they & within a gravitational field (near
the surface of the Earth). Force fields are vectors, which means they have
both a magnitudeand a direction

electric field an electrically charged regiohdt exerts a forcen any chaged
particle within the region.

The simplest electric field the region around a single charged particle:

fekd lines g
Y

The elechic fisld from an The elechic fisld from an
isolated positive charge izolated negative charge

Use this space for summary and/or additional notes:
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Field lines are vectors that show the directions of fosoean object. In an
electric field the object is aositivelycharged particle. This means thhe
directionof the electric field is from positive to negatjve.,field lines go
outward in all directions from a pasely-charged particle, and inward from all
directions toward a negativelgharged particle.

If a positive and a negative chargee near each other, the field lines go from
the positive charge toward the negative charge:

B34 Eneyslopsedia Britannica, ko,

(Note that everthough this is a twalimensional drawing, the field itself is
three-dimensional. Some field lines come out of the paper from the positive
chargeand go into the paper toward the negative charge, and some go behind
the paper from the positie charge and come back into the paper from behind
toward the negative charge.

In the case of two charged plates (flat surfaces), the field livadd look like
the following:

Copynght £ Addison Weslay Longman, Inc

Use this space for summary and/or additional notes.
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We can measure the strength of an electric fibjdpgacing a particle with a
positive charg€q) in the field, and measuring the for¢& ) on the particle.

[+++++++++]

YYv°Yy T F Y FY

/[ 2dzt 2Y06Qa [ ¢ G Brithekhadms dug fothé chargeom ¥ 2 ND S
the electric field
_ka,q

Fe - d122
If the positive and negative charges on the two surfaces that make the electric
field are equalthe forceis the same everywhere in between the tsurfaces
(This is becausesdhe particle gets farther from one surface, it gets closer to the
other.) This means that the force on the particle is relataty to the charges
that make up the electric field and the charggthe particle

We cantherefore describe the electric fieIdI\EJ) as the forcéoetween the electric
field and our particle, divided by the chargkour particle:

C
E=

o | T¢

This is more comonly written:

=

Use this space for summary and/or additional notes.
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Work Done by Electric Fields

Recall that works the dot producbf forceand displacement
W=F@i= Fdcosy
Substitutingqg for F (becausel\f: qg) gives:
W=q EG = gEdcosy
TW = work(N-m)

g = chargg(C)
1 E = electric fieldstrength @ or ¥)

1 E = magnitudeof E (Ror¥)
1 d = displacemenvector(m)
1 d = distance= magnitudeof d in the directionof forceapplied (m)

E E E E

[ L 4 4 4 4 4 L [ L [ 1

I <l X AP

q i i
!
{

W= gEd W=10 W = g Ed cost W=gkd

Use this space for summary and/or additional notes.
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Electric Potential

Recall from the worenergy theorenthat work equals a change in energy
Because aelectric fieldcan do work on a charged patrticle, an electric field must
therefore apply energy to the patrticle.

The ability of an electric fieleb apply energyo a charged particle over a
distanceis the electriqpotential difference Potential difference is more
commonly calledroltage(V), and is defined as the potential enedjfference
per unit of charge

DU_W_F1d_Fd c C
V:_:_:i:ﬂ:Eﬂd:Edcow
a qg q q

Voltage is a scalguantity and is measured in volts (V). (This is perhaps the only
instance in physics where the variable and unit symbol for the quantity are the
same.)

AVER LR

Note thatvoltageis always measured between two points; there is no such

thing as a voltage at one point. When we say that a batepplies 1.5/, we

mean that this is the electric potentidifferenced St 6 SSy GKS o GG SNE
and negative terminals.

Use this space for summary and/or additional notes.
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9f SOUNARO [/ dZNNByd 9 h
Unit: Electricity & Magnetism
NGSS StandardsiA
MA CurriculumFrameworks (2006)5.2, 5.5
Knowledge/Understanding Goals:
1 electric potential(voltage
1 electric current
1 resistance
Skills
1 perform calculations involving voltageurrent resistanceand power
Language Objectives
{ Understand and correctly use tie SN &8 & ©dzBERBENB O G OdzNNBy
GFEEOGSNY I Gy & LI deSHNIDYED ta oRX TiT SIBEK O S NB 4 A ¢
GLR2ESENI yREGs2N]
1 Accurately describe and apply the concepts described in this section using
appropriate academic language.
{ Set up and solve word problems relatingg h KY.Qa [ | ¢

Notes:

electric current the flow of chargegbarticles from one place to another, caused
by a difference in electric potentialThe directiorof the electric current is
defined as the direction that a positivetharged particle would move. Note,
howeve, that the particles that are actually moving are electrons, which are
yS3alraArgSte OKIFNASRO® ¢ KA&a YSopgosie 0 KI i S
direction from the electrons.

current

Use this space for summary and/or additional notes:
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Electric curren(l )isa vectoquantlty and is measured in
FYLISNBA 6! 03 2F0Sy |-ooNJsm|dsR—| ab YL

coulomb per second.

voltage potential differencg: the difference irelectricpotential energy
betweentwo locations,per unit of charge

Potential difference is the worfV) done on a chargeer

unit of charge(q). Potential differencé/) is a scalar _W_ Eﬂdc
quantity (inDC circuits) and is measured in volts (V), which ¢

are equal to joules per coulomb.

The total voltagen a circuitis usually determined by the powsupply that is
used for the circuit (usually a batteny DC circuits).

resistance the amount of electromotive forcgelectric potentia) needed to
force a given amount of curretiirough an object.

ResistanceR) is a salarquantity and $ measured in ohms Y

6mo®d® hy$S 2KY Aad 2yS G2t LSKTTF YLSNB®
¢CKAAa NBf I (A2 yraked far the Hermed whsicist[GeogyDhm.

h K'Y Q ais hofe@ommonly written:

=— or V=IR

{ A YL} & Lldzismtestatva®abjedt Hassan ability to resist electric
currentflowing through it. The more resistanaa object has, the more
voltageyou need to forceelectric current through it. Or, faa given voltage,
the more resistance an object has, the less current will flow through it.

Resistance is an intrinsic property of a substanicethe situations we will
study in this course, the resistanoéan objectdoes not change

Choosing the voltagand the arrangement of objects in the circ(uthich
determines the resistangas what determines how much currewill flow.

Electrical engineernsse resistors inircuits to reduce the amount of current
that flows through the components

Use this space for summary and/or additional notes.
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resistivity the innate ability of a substance to offer electrical
resistance The resistance of an objdsttherefore a function _rL
of the resistivity of the substancé ), and of thdength () and A
crosssectional areaX) of the object. In MK@hits, resistivity
ismeasuredinohrRY SG SNE o mi YO @

conductivty: the innate ability of a substance to conduct 1
electricity. Conductivity () is the inverse of resistivifyand is S :7
measured in siemens (S). Siemens used to be called mhos
(symbolT @ O0b20S UK lspelledibddkv@adds)h & a2 KY€

capacitancethe ability of an object to hold an electric charge q
CapacitanceQ) is a scalaguantity and is measured in farads C:v
(F). One farad equals one coulomb per volt.

power. as discussed in the mechanics section of this course, p&yes the
work done per unit of time and is measured in watts (W).
In electric circuits:

2
p=V_vi=12r=""
t R

work: recall from mechanics that wof®/) equds powertimes time and is
measured ireither newton-meters (N-m) ojoules (J):

2
W =Pt =VIt = I°Rt :E:Vq
R
Electrical worlor energyis often measured in kilowattours (kW-h).

1kwt 3.6 10° Jt 3.6MJ

Use this space for summary and/or additional notes.
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Summary of Terms ahVariables

Term | Variable Unit Term Variable| Unit
charge| g orQ | coulomb (C) resistance R 2KY
current I ampere (A)| capacitance C farad (F)
power P watt (W)
voltage \% volt (V) :
work wW joule (J)

Alternating Current vs. Direct Current

Electric currentan move in two ways.

direct current electric currenflows through the circuitstarting at the positive
terminal of the batteryor powersupply, and ending dhe negative terminal.
Batteries supply direct current. A typical AAA, AA, C, or D battery supplies
1.5volts DC.

alternating current electric currentlows back and forth in one directicand
then the other, like a sine waveThe current alternates at a particular
frequency In the U.S., household current is Mdlts ACwith a frequency of
60 Hz.

Alternating currentrequires higher voltages order to operate devices, but has
the advantage that the voltagdrop is much less over a length of wilan with
direct current

Use this space for summary and/or additional notes.
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Electrical Components
Unit: Electricity & Magnetism
NGSS StandasdHSPS26
MA CurriculumFrameworks (2006)5.3
Knowledge/Understanding Goals:
1 recognize common components of electrical circuits
Language Objectives

1 Recognize and be able to name and draw symbols for each of the electrical
components described in thgection.

Notes:

electrical componentan object that performs a specific task in an electric circuit
A circuit is a collection of components connected together so that the tasks
performed by the individual components combine in some ukefy.

circuitdiagram a picture that represents a circuit, with different symbols
representing the different components.

Use this space for summary and/or additional notes:
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The following table describes some of the common components of electrical
circuits, what they do, and the symbolsat are used to represent them in circuit
diagrams.
Component Symbol Picture Description
, ‘—n\\ Carries current
wire —_— : . T
in a circuit.
- Conrection
junction —+— ﬁ ' between two
or more wires.
‘ Wires cross but
unconnected - -
. —}— = are not
wires ’
connected.
. Supplies
battery —I | | = e currentat a
o fixed voltage.
. Resists flow of
resistor —AAN— W current.
. Provides
potentiometer :
variable
(rheostat, AN )
. NS (adjustable)
dimmer) .
resistance.
capacitor —| I— bj Stores charge.
Allows current
: Tl + — to flow in only
diode —p- - one direction
OFTNRBRY b
light-emitting i + AP Diode that
diode(LED) \!_/l' SR, gives off light.
Use this space for summary and/or additional notes.
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Component

Symbol

Picture

Description

switch

— —

Opens / closes
circuit.

incandescent
lamp (light)

Provides light
(and
resistance)

transformer

Increases or
decreases
voltage.

voltmeter

ammeter

ohmmeter

Measures
voltage
(volts).

Measures
current
(amperes).

Measures
resistance
(ohms).

fuse

Opens circuitf
too much
currentflows
through it.

ground

GND

(clamps to water pipe)

Neutralizes
charge.

Use this space for summary and/or additional notes.
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EMF &internal Resistance of a Battery

Unit: Electricity & Magnetism
NGSS Standds: N/A
MA CurriculumFrameworks (2006)5.2, 5.5
Knowledge/Understanding Goals:
1 resistanceand resistivity
Skills
1 calculate the internal resistancd a battery
Larguage Objectives
T yfes NEGHYR YR c}z NNBE D4l f @ NIez& S & iyIlREO & S NI
AOAYUSNY I ®¢E NsEaAaul yoOS
1 Accurately describe and apply the concepts described in this section using
appropriate academic lguage.
T{SG dzLJ yR a2t @S ¢2NR LINROof SYa NBfI (A

Notes:

An ideal batteryalways supplies currerdt the voltageof the electrochemical

cells inside of it. In a real battery, the voltage istieliess when the battery is

Gdzy RSNJ f 21 Ré 6 & dzLIth@nAvkfer it iOtdgdedNdBty b lodd2 |  OA
This difference is caused by reebrid limitations of the chemical and physical

processes that occur inside of the battery.

electromotive force(emf). the potential differencgvoltage) supplied by a
battery without load. This is the stated voltage of the battery. The term
GSEt SOGNRY20AGBS T2 NDSE2 AANES BRIZGS@ERSEY S|y a
represeti SR 08 GKS GFNAFIoftS s o

voltage the observed potential difference between two points in a circdihe
voltage of a batteryisually means the voltage under load.

Use this space for summary and/or additional notes:
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To account for internal resistancere model a battergs if it were a power
supply with the ideal voltageplus a resistothat is physically inside of the
battery.

== H | | AW

ideal mod€d

T

Note that this is a model; the actual situation is more complex, because in
addition tothe resistivityof the batterys component materialghe difference
between the internal voltagand the supplied/oltage also depends on factors
such aslectrolyte conductivityion mobility, and electrode surface area

The following table shows the nominal voltagied internal resistancef
common Duracell (qupertop) dry cell batteries of different sizes. These
numbers are given by the manufacturer for a new battaryoom temperature
(25°C):

Size |AAA| AA| C | D | 9V
Vaie(V) | 15| 1.5 | 15| 15 | 9
RO YM 250 | 120 | 150 | 137 | 1700

The internal resistancean be used to calculate the maximum currémdt a

battery could theoretically supply. If you were to connect a vitan the

positive taminal of a battery to the negative terminal, the only resistance in the
circuta K2dzf R 6S (GKS ol GSNEQA AYUSNYyIlt NBA&;

The theoretical maximum curremiat the batterycan supply is therefore the

current that would be supplied when the only resistariceét 1 KS o 0G4 SNE Qa
NBaAAGI YOS LyR Oy 068 OFfOdA FGSR FNRY
_V
Imax_a

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important
Notes/Cues Here

Circuits

Page:288

Unit: Eletricity & Magnetism

Physics

< £ 3
- — =3
| | 1

F{ =

Note also that thdactorsthat affect a batterf2 a
battery ages.The following graph shows the changes in voltagé internal
resistance of an alkaline AA battery as it supplied a cugéBOmA.

Voltage

Alkaline AA

[—Volts - IR]

20 30 40 50
Time (Hours)

60

1 08

+ 06

04

1+ 02

0.0

IR (Ohms)

o

av, Q
Rn =ghk- 1
t (%/FL gﬁ_

internal resistancef battery

battery)

Ay G S NYchdnged&tEeA & G | y (

Internal resistanceanbe calculated by measuring the voltagéth no doad€ on
the battery(i.e.,the voltmeter is connected directly to the batteryitv nothing
else in the circujtand the voltage witfload€ i.eqthe battery is connected to a

circuit with measurable resistance):

= voltagemeasured with full load (resistavith resistanceR in circuif)
= voltagemeasured with no load (voltmeter connected directly to

resistanceof the load (resistorthat is used to experimentally
determine the internal resistance of the battery

Use this space for summary and/or additional notes.
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Circuits

Unit: Electricity & Magnetism
NGSS Standards’A
MA CurriculumFrameworks (2006)5.3
Knowledge/Understanding Goals:

1 how resistancdimits currentin a circuit

1 the difference betveen series and parallel circsit
Language Objectives

1 Explain why resistors are necessary in electric circuits.

A z A

1] yRSNBGFYR yR O2NNBOGf& das GKS SNy

to electric circuits.

Notes:

circuit an arrangement of electrical components that allows electric cun@nt
pass through them so that the tasks performed by the individual components
combine in some useful way

closedcircuit a circuit that has aomplete path for currento flow from the
positive terminal of the batterpr powersupply through the components
and back to the negative terminal.

open circuit a circuit that has a gap sutihat currentcannot flow from the
positive terminal to the negative terminal.

short circuit a circuit in which the positive terminal is connected directly to the
negative terminal with no load (resistance between.

A diagram of a simple electric circaiight look like the switch

diagram to the right __,/

When the switchis closed, lte electric currentlows
from the positive terminal of the batterthrough the
switch, through theesistor, and into the negative
terminal of the battery.

——  battery resistor

Use this space for summary and/or additional notes.
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An electric circuineeds a powesupply (often a batterythat provides currenat
a specific difference in electric potenti@oltage, and one or more components
that use the energyrovided by the battery.

The batterycontinues to supply currenprovided that:
1. There is a path for the curremd flow from the positive terminal to the
negative terminal, and

2. The total resistancef the circuitis small enough to allow the curretd
flow.

If the circuitis broken, currentannot flow and the chemical reactions inside the
battery stop.

Of course, as circuits become more complex, the diagrams reflect this increasing

complexity. The following a circuidiagram for a metal detector:

>
-3
330K

T oo
264

B =
E=T>
L

o | oa7e 10K WRI G
A o <o mKi:q—f
o ‘EHT meT LoG. an

onFe,

Analyzing an electrical circuiteans figuring out the potential difference
(voltage), currentand/or resistanceontributed by each component of a circuit.

The following is an example of a circwith one 17V batteryand six resistors.
Notice that the voltages and resistances are all labeled.

2002 20
— MV —
10V 05V
+] J+ J+
17V — 160Q=4V 451:3,’11.?
60 1002
-.-"ﬁ"-"l'\'v'h + — '.-"l-"\"'ﬂ"'."'ﬂ' +
IV 25V

Use this space for summary and/or additional notes.
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Series vs. Parallel Circuits

If a circuithas multiple components, they can be arranged in series or parallel.

series Components igerieslie along the same path, one after the other.

Series Circuit

1
1T

In a series circujtall of the currenflows through evergomponent, one after
another. If the current is interrupted anywhere in the circaib current will

flow. For example, in the following series circuit, if any of light bulbs A, B, C, or D
is removed, no current can flow and none oétlight bulbs will be illuminated.

2998

- =
it

C
Because some voltaged & dza SR dzLJ 0 & ,®dclOddditionatf 6 Ay
bulb means the voltage is divided among more bulbs and is therefore less for
each bulb. This is why lightibs get dimmer as you add more bulbs in series.

Christmas tree lights used to be wired in series. This caused a lot of frustration,
because if one bulb burned out, the entire string went out, and it could take
several tries to find which bulb was burnedt.

Use this space for summary and/or additional notes.
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parallet Components iparallellie in separate paths.

parallel g
circuit g

In a parallel circujtthe currentdivides at each junction, with some of the current
flowing through each path. If the current is interrupted iregrath, current

can still flow through the other paths. For example, in the following parallel
circuit, if any of light bulbs A, B, C, or D is removed, current stilstlor@ugh

the remaining bulbs.

= A .g)%) B#}"é) clgj-"é) D'%j;@

Because the voltagacross each branch is equal to the total voltage, all of the
bulbs will light up with full brightness, regardless of how many bulbs are in the
circuit. (However, the total currenwill increase with each additional branch.)

Note thatcomplex circug may have some components that are in series with
each other and other components that are in parallel.

I A
VA TATAY,

il
A

A

Ll
— AN

Use this space for summary and/or additional notes.
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SeriesCircuits

Unit: Electricity & Magnetism
NGSS Standards’A
MA CurriculumFrameworks (2006)5.3
Knowledge/Understanding Goals:

1 the difference between series and parallel cirsuit
Skills:

1 calculate voltagecurrent resistanceand powelin series Circus.
Language Objectives

{ Understand and correctly use thieS N & & StNK S&a OA NDdzA (i

1 Set up and solve word problems relatingeiectrical circuits with
components in series.

Notes:

Analyzing Series Cinds

The following circuishows two batteries and two resistors in series:

B
isv 100
A C
= 3V 150
D

Current

Because there is only one path, all of the currdoivs through every
component. This means the current is the same through every coemion
the circuit

Itotal = Il :|2 = |3 =

Use this space for summary and/or additional notes:
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Voltage

In a series circujtif there are multiple voltageources €.g.,batteries), the
voltages add:

Vtotal :V1 +V2 +V3 +..
In the above circi, there are two batteries, one that supplie¥@nd one that
supplies 3/. The voltaghom AtoBis+6 > (G KS @2 f (| IB(noeNR Y

that A to D means measuring from negative to positive), and the voltage from D
to B is (+%/)+ (+6V)=+9V.

Resistance

If there are multiple resistors, each one contributes to the total resistamzk
the resistances add:

I%otal :R1+R2+Re.+-“
In the above circujtthe resistanc® SG 6 SSy LI Ay G&vp.a bR 5

Power

In all circuits (series and parallel), any component that has resistiissipates
powerwhenever currenpasses through it. The total power consumed by the
circuitis the sum of the power dissipated by each component:

I:%otal :H+PZ+%+'"

Calculations
You can calculate theoltage current resistanceand powerof each component
and the entire circuitising the equations:

2
V=IR P:VI:IZR:V—
R

G{ 2t @Ay 3 for theKeSquadtieNi¥nazahiike solving a Sudoku puzzle.

You systematically decide which variables (for each component and/or the entire
circuit) you have enough information to solve for. Each result enables you to
determine more and more of the, until you have falall of the quantities you
need.

Use this space for summary and/or additional notes.
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Sample Problem:

Suppose we are given the following circuit

and we are asked to fill in the table:

Unitt R R Total
100 Voltage V) \% 9V
1_;_— gy Current () A
i 150 ResistanceR) m | 10m 15m
Power P) wW

First, we recognize that resistandesseriesadd, so we have:

Unit R R Total
Voltage V) Vv 9V
Current () A
ResistanceR) m | 10m | 15m | 25m
Power P) wW
Now, we know twovariablesh y G KS & ¢ 2 ( ke GséV=Rbffinkhg = & 2

current Because this is a series circtiite total current is also the current
through R and R.

V=IR
9=()@9
= % =0.36A
R R Total

Voltage V) 9V
Current () 0.36A| 0.36A| 0.36A
ResistanceR) | 10m | 15m | 25m
Power P)

Use this space for summary and/or additional notes.
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As soon as we know the currente can find the voltagacross Rand R, again
usingV=IR

R R Total
Voltage V) 3.6V | 54V | 9V
Current () 0.36A| 0.36A| 0.36A
ResistanceR) | 10m | 15m | 25m
Power P)

2
Finally we can fill in the powersingP=VI, P=1°R or P:VE:

R R Total
Voltage V) 3.6V 5.4V 9V
Current () 0.36A 0.36A 0.36A
ResistanceR) 10m 15m 25m
Power P) 1.30W | 1.94W | 3.24W

Use this space for summary and/or additional notes.
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ParallelCircuits
Unit: Electricity & Magnetism
NGSS Standards’A
MA CurriculumFrameworks (2006)5.3
Skills:
1 calculate voltagecurrent resistanceand powelin parallel circits.
Language Objectives

0 YRSNEGEYR FyR O2NNBOG0&E dzas GKS SNy

1 Set up and solve word problems relating to electrical circuits with
components in parallel.

Notes:

Pardlel Circuits

The following circuishows a battenand three resistors in parallel:

Current

The currendivides at each junction (as indicated by the arrows). This means the
current through each path mustdd up to the total current:

lotar =11 1o+l +...

Use this space for summary and/or additional notes:
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Voltage

In a parallel circujtthe potential differencdvoltage) acrosshe batteryis always
the same (12/ in the above example)Therefore, the potential difference
betweenany point on the top wireandany point on the bottom wiremust be
the same. This means the voltage is the same across each path:

Vtotal :V1 :VZ :\/3 =

Power

Just as with series circaijtin a parallel circuiny component that has
resistancalissipates powewhenever currenpasses through it. The total
power consumed by the circui the sum of the power dissipated by each
component:

P

total :F:)L+F%+F?§+"'

Resistance

If there are multiple resistors, the effective resistarafeeach path becomes less
as there are more paths for the curretat flow through. The total resistance is
given by the formula:

1 1 1 1
=+t

Iziotal Rl RZ Rs

Some students find it confusing that the combined resistamfca group of
resistors in series is always less than any single resigtivself

Use this space for summary and/or additional notes.
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Hectric currentis analogous to water in a pipe

1 The currentcorrespondto the flow
rate.

1 The voltagecorresponds to the
pressurebetween one side and the
other.

1 Theresistancewvould correspond to
how small the pipe is (i.e., how hard
it is to push water through the
pipes). A smaller pipe has more resistance; a larger pipe will let water flow
through more easily than a smaller pipe.

The voltagdpressure) drop is the same between one side and the other because
less water flows through the smaller pipes and more water flows through the
larger ones until the pressure is completely balanced. The same is true for
electrons in a paralleircuit

The water will flow through these of pipes more easily than it would through
any one pipe by itselfThe same is true for resistors. As you add more resistors,
you add more pathways for the currenvhich means less total resistance

Another common analogy is to compare resistors with toll booths on a highway.

Onetoll booth slows cars down while the Infliaencing the Flow Rate an 2 Tollnay

drivers pay the toll. . 8 g \E /

Multiple toll booths in a row would slows \_ 8 ‘ E@
| He

traffic down more. This is analogous to ‘
resistors in series.
P

A Single Resistor Three Rasistors Thres
Placed in Series Placed i

8

Multiple toll booths next to each other (E@
(in parallel) make traffic flow faster ﬁ e A
because there are more paths for the
cars to follow. Each toll booth further
reduces the resistand® the flow of traffic.

D m| 0 o @
— m[@
o ™

Use this space for summary and/or additional notes.
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Calculations

Just as with series circgjtyou can calculate the voltageurrent, resistanceand
power of each component and the entire cuit using the equations:

Sample Problem

Suppose we are given the following circuit

V=12V

| +

and we are asked to fill in the table:

R R Rs Total
Voltage V) 12V
Current ()

ResistanceR) 4m 3m 2M
Power P)

Because this is a parallel cirguhe total voltage
equals the voltage across all three branches.

The first thing we can do is use=1Rto find the currentthrough each resistor

R R R Total
Voltage V) 12V | 12V | 12V | 12V
Current () 3A 4A 6A 13A
ResistanceR) 4m 3m 2M
Power P)

In a parallel circujtthe currentadds, sdhe total current is3+4+6=13A.

Use this space for summary and/or additional notes.
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Now, we have two ways of finding the total resistance

We can usé&/=IRfor the voltageand total current

V=IR
12=13R

R= 1. 0.923W
13

Or we can use the formula forsistances in parallel:

1 1.1, 1

=+ —+—

I%otal Rl RZ R3
1 1 11
= —+-4=
I%otal 4 3 2

1 3,4 6_13
-2, 5,0

Ry 12 12 12 12

12
Row =5 =0-923W

Now we have:

Physics

R R Rs Total
Voltage V) 12V 12V 12V 12V
Current () 3A 4A 6A 13A
ResistanceR) 4m 3m 2 M 0.923m
Power P)

Use this space for summary and/or additional notes.
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or P:V—2 :
R
R R Rs Total
Voltage (V) 12V 12V 12V 12V
Current (1) 3A 4A 6A 13A
Resistance (R)| 4m 3m 2M 0.923m
Power (P) 36W | 48W | 72W | 156W

Batteries in Parallel

are connected in parallel.

the lower voltage battery.

point the battery bursts.

As we did with series circsitwe can calculate the powassingP=VI, P=1°R

One question that has not been answerget is whathappens when batteries

If the batteries have the same voltagie potential difference (voltage) remains
the same, buthe total currentis the combined current from the two batteries.

However, i the bateries have different voltagethere is a problem, because
each batteryattempts to maintain a constant potential differen¢eoltage)
between its terminals. This results in the higher voltage battery overcharging

Remember that physically, batteries are electrochemical tedisall solidstate
chemical reactors with redox reactions taking place in each cell. If one battery
overcharges the other, material is deposited on the cathode (positive terminal)
until the cathodebecomes physically too large for its comipaent, a which

Use this space for summary and/or additional notes.
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Mixed Series & ParalleTircuits

Unit: Electricity & Magnetism
NGSS StandardsiA
MA CurriculumFrameworks (2006)5.3

Skills:

1 analyze circuits by replacing networks of resistors with a single resistor
equivalent resistance

Language Objectives

1 Set up and solve word problenrs/olving electrical circuits with some
components in series and others in parallel with each other.

Notes:

Mixed Series and Parallel Circuits

If a arcuit has mixed series and parallel sections, you can simplify the circuit in
order to determine the voltagecurrent and/or resistance The circuit can be
simplified by replacing resisits in series or parallel with a single resistor
equivalent resistance, as in the following example:

Suppose we need to find the total curreintthe following circuit
250

VA
Rl

10 Q< R2 RIS15 Q)
) j — 40V
3003R3 R5 5200

We need to simplify the resistaretwork to find the total resistanceThen we
can use the total voltagand total resistance to find the total current

Step 1: If we follow the currerthrough the circui, we see that it goes through
resistorR1 first. Then it splits into two parallel pathways. One path goes
through R2 and R3, and the other goes through R4 and R5.

Use this space for summary and/or additional notes:
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There is no simple shorthand for representing series [gauallel components, so
f SGQa RSTAYE WRS aXeyoNSHEAfaa2niE Ay aSNRS
resistors in parallel. The above network of resistors could be represented as:

Rit [(R2r R3)| (R4t RS}

Now, we simplify the network just like a mathgblenmt start with the inside
parentheses and workour way out.

Step 2: Replace R2 R3 with a single resistorThese are in series, so we just
add 10w+ 30m =40m @

Step 3: Replace R4 R5 with a single resistorThese are also in series, so we
just add 15n + 20m =35m P

Now we have the following slightly simpler circuit

250
A
" {} -
40 ﬁ;; ::.;350 — 40V

—a

{GSLI nY b2g 6S Oly O2Y0AYyS (GKS LI NIffSt
equivalent resistance
1 1 1
= + -
I:etotal 40 35

1

=0.0250+0.0286=0.0536

otal

1

-~ =187W
Rota 0.0536

Use this space for summary and/or additional notes.
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Now, our circuiis equivalent to:

250

18.7 Q= — a0V

Step 5: Add the two resistances in series to get the total combined resistdince
the circuit

18.7+25=43.7m

Step 6: Now that we know the tal voltageand resistancE S Ol y dzaS h K"
Law to find the current

V=IR
40=1(43.7)
1= _po2a

43.7

Once we know the total currentoltage and resistancén the circuit, we can
dzd S h K Y\F3R) f#ldngswitlothe equations for series and parallel ciguit
(and subcircuits) to find the current and voltage feachresistoras we did in
the previous sedon.

Use this space for summary and/or additional notes.
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Measuring Voltage, Current & Resistance

Unit: Electricity & Magnetism
NGSS Standards’A
MA CurriculumFrameworks (2006)5.3
Knowledge & Understanding:
1 how voltage currentand resistancare meaured.

1 how positive and negative numbers for voltaged currentcorrespond
with the directionof current flow.

Skills:
1 measure voltagecurrentand resistance
Language Objectives

1 Accurately describbow to measure voltagecurrentand resistancén an
electric circuitusing appropriate academic language.

Notes:

Analyzing an electricalrcuit means figuring out the potential difference
(voltage), currentand/or resistancén each component of a circuit. In order to
analyze actual circuits, it is necessary to be able éasure these quantities.

Measuring Voltage

Suppose we want to measure the electric potenfialltage
across the terminals of a\6 battery The diagram would look like
this:

The voltageéetween points A and B is either#6 2 MJ b ¢
depending on the direction The voltage from A to B (positive to
negative) is +¥, and the voltage from B to A (negative to
LR2AaAGABS0 A& be

U:l-—'||||+—oj:=-

Use this space for summary and/or additional notes:
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When measuring voltagehe circuitneeds to be pwered up with current

flowing through it. Make sure that the voltmeter is set for volts (DC or AC, as
appropriate) and that the red lead is plugged intotheaV 82 O1 SG 6 F2NJ YS1I
volts or ohms). Then touch the two leadsparallelwith the two points you

want to measure the voltage across. (Remember that voltage is the same across

all branches of a parallel circuitYou want the voltmeter to be one of the

branches, and the circuit to be the other branch.)

On a voltmeter (a meter that measures volts or voltagbe voltage is measured
assuming the curreris going from the red+) lead to the black b 0 Ih thd R @
following circuit if you put the red+) lead orthe more positive end of a resistor
andthe blackd b 0 f ti%ImBre riegative endhe voltagereadingwould be
positive. In this circuit, the voltmeter read$§V:

If youswitchthe leads, so thélacko b U isfostheRnore positive endnd the
red (+) leadis on the more positive endhe voltagereading would be negative.
In this circuif the voltmeter read$ &:

(red)
-B \
—

I
; - J—
(e c T
|

(black)

TheNEB | R A yVAndigafles tbatthe curreris actually flowingn the opposite
directionfrom the way the voltmeter is measuringromtheblako b 0 f S R {2
the red(+) lead.

Use this space for summary and/or additional notes.
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Measuring Current

When measuringurrent, the circuitneeds to beopen between two points.

Make sure the ammeter is set for amperes (A), milliampéne&) or

microampered > ! 0 | /  fdiwy & wkat yBuSekpSct the current in the

circuit to be. Make sure the red lead is plugged into appropriate socket (A if the

current is expectedtobe 015 2 NJ ANBF GSNE 2N Y! k>! AT O
be less than 0.B). Then touch one lead &ach of the two contact points, so

that the ammeter isn serieswith the rest of the circuit. (Remember that

current is the same through all components in a series circddu want all of

the current to flow through the ammeter.

On an ammeter (a meter that measuresurrent), thecurrentis measured
assuminghat it is flowingfrom the red(+) lead to the black & 0  Ih thd R @
following circuit if you put the red(+) leadon the side that is connected to the
positive terminal andhe blacko b 0 f ti&lerkl that 6 connected to the
negative terminalthe currentreadingwould be positive. In this circuit, the
current is+3A:

As with the voltageexample above, if you switched the leads, the reading would
beb3Ainstead of +3\.

Use this space for summary and/or additional notes.
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Measuring Resistance A

Resistance does not have a directiolifiyou placed an ohmmeter
(a meter that measures resistancacross points A and B, it would 100

readlow NB I NRf Saa 2F oKAOK fSIR 2y HKA

However, lecause an ohmmeter needs to supply a small amount ¢ B
currentacross the component and measure the resistaribe

reading is more susceptible to measurement problems, such as the resisibince
the wireitself, how well the probes are making contact with tiecuit, etc. Itis
often more reliable to measure the voltaged currentand calculate resistance
usingh KYQa FIR)g o=

Use this space for summary and/or additional notes.
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Magnetism

Unit: Electricity & Magnetism
NGSS Standards’A
MA CurriculumFrameworks (2006):N/A
Knowledge/Understanding Goals:
1 what magnetisms and how it occurs
1 properties of magnets
Language Objectives
{ Understand and correctly use tieS Nya @ YIF FRS G YI®y SGA O ¥

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

Notes:

magnet a material with electrons that can align in a manner that attracts or
repels other magnets.

Amagnehaa (62 SyYyR& 2N aLlRtSa¢eg>x OFffSR ayz2N
allowed to spin freely, the end that points toward the north on Earth is called the

north end of the magnet. The end that points toward the south on Earth is

called the south end of the iy S G @ 0CKS 9FNIKQa YIF3IySia
not in exactly the same place as its geographic poles.)

All magnets have a north and south pole. As with charges, opposite poles
attract, and like poles repel.

Copyright @ Addison Wesley Longman, Inc

Use this space for summary and/or additional notes:
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If you were to cut a magnen half, each piece would be a magnet with its own
north and south pole:

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important
Notes/Cues Here

Magnetism Page:312
Unit: Electricity & Magnetism

Physics

Electrons and Magnetism

Magnetism is caused by unpaired electrons in atoms. Electrons within atoms

resideinenergNBS IA 2y a OF £t f SR &2 ND Apitd tival € @ 9

electrons.

If two electrons share an orbital, they have opposite spins. (Note that the

St SOGNRByYya IINB y20G |OldzZtfe aLAYyYyAy3Id
certain subatomic particles.) This means that if one elecal@ns itself with a
magnetic field the other electron in the same orbital becomes aligned to oppose
the magnetic field, and there is no net fotce

However, if an orbital has only erelectron that electron is free to align with
the magnetic fieldwhich causes an attractive forbetween the magneand the
magnetic material. For example, as you may remember froemastry, the
electron configuration for iron is:

unpaired electrons

The inner electrons are paired up, but four of the electrons in the 3d sublevel are
unpaired, and are free to align with an external magnetic field

Use this space for summary and/or additional notes.
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Magnetic measrements and calculations involve fields that act over 3
dimensional space and change continuously with positibhis means that most
calculations relating to magnetic fiedaheed to be represented using
multivariable calculus, which is beyond the scope of this course.

magnetic permeabilitymagnetic permittivity): the ability of a material to
support the formation of a magnetic fieldMlagnetic permeability is
represented by the variable. The magnetic permeability of empty space is

— -7
my=4p2 10" 5.

diamagnetic a material whose electrons cannot align with a magnetic field
Diamagnetic materials have very low magnetic permeabilities.

paramagnetic a material that has electrons that can align with a magnetic.field
Paramagnetic materials have relatively high magnetic permeabilities.

ferromagnetic a material that can form csgals with permanenthaligned
electrons, resulting in a permanent magndterromagnetic materials can
have very high magnetic permeabilities. Some natw@tiyurring materials
that exhibit ferromagnetism include iron, cobalt, nickel, giaium,
dysprosium, and magnetite (K&,).

Use this space for summary and/or additional notes.
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Magnetic Fields

magnetic field a region in which magnetic attraction and repulsion are
occurring.

Similar to an electric fieldve represent a magnetic fielwy drawing field lines
Magnetic field linepoint from the north pole of a magnébward the south
pole, and they show the directiathat the north end of a compass or magnet
would be deflected if it waslpced near the magnet:

77

N

i

Use this space for summary and/or additional notes.
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CKS 9FNIKQa al3dySiAdO CA
The molten iron outer core and very hot inner core of the Earth causes a
magnetic fieldover the entire planet:

Because the core of the Earthisinconsta@ hA 2y > (G KS 9 Ni KQ&a Yl
constantly changingTheexactf 2 OF G A2y 2F (KS 91 NIKQa YI
poles varies by about 8mn over the course of a day because of the rotation of

the Earth ks average locatiofshown on the map of Northern Canada below)
drifts by about 5km each year:

41984 ppserved
91973 |

Modelled

\ .o 1900
...
| 1800%: 1904
=i 1831

-130° ~80°
-120° T T -90°

Use this space for summary and/or additional notes.
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Not all planets have a planetary magnetic fielllars, for example, is believed to
have once had a planetary magnetic field, but the planet cooled off enough to
disrupt the processes that causéd Instead, Mardias some very strong
localized magnetic fielddiat were formedwhen mineralscooled down in the
presence of theplanetarymagnetic field

In this picture, the blue and red areas represent regions with strong localized
magnetic field. On Mars, a comps could not be used in the ways that we use
a ompass on Earthf you took a compass to Mars, the needle would point
either toward or away from eacthese regions

Jupiter, on the other hand, has a planetary magnetic fiefeinty times as strong
as that of Earth. This field may be caused by water with dissolved electrolytes or
by liquidhydrogen.

Use this space for summary and/or additional notes.
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Recall that he north pole of a magnas the end that points toward the north on
Earth. This must meahat if the Earth is a giant magnet, one of its magnetic
poles must be near the geographic north pole, and the other magnetic pole must
be near the geographic south pole.

C2N) 200A2dza NBlFaz2yasx GKS 9FNIKQa YI3ySi
EarK Qad Gy 2NIUK YIFI3IAYySGIAO LIREtSe¢ 2N aYl Iy SihAac
YFAYySGAO LIRES ySIFENI GKS az2dzik LRftS Aa OF
GYlF3IySGAO az2dzikK L2t S¢d

However, because the north pole of a magpeints toward thenorth, the
91 NI KQ& vy 2 NI K YliSlgcation dustltbaref@e bé tgouty A y 3
pole of the giant magnet that is the Earth.

Similarly, because the south pole of a magpeints toward the south, the
9 | NJo#tifraagritic pole (maning its locatiopmust therefore be theorth
pole of the giant Earttmagnet.

Unfortunately,i KS G SNX & Y I 3y RAND Ky 2YNIBE§a61IA{0S .42 S
other similar term almost always means the magnetic pole that is in the north

part of the Earth. There is no universadlgcepted way to name the poles of the
Earthmagnet

Use this space for summary and/or additional notes.

Mr. Bigler



Add Important Electricity & Magnetism Page:318
Notes/Cues Here Unit: Electricity & Magnetism

Electricity & Magnetism

Unit: Electricity & Magnetism
NGSS StandardsesPs2s
MA CurriculumFrameworks (2006)5.6
Knowledge/Understanding Goals:
1 how a chargenoving through a magnetic fiefgroduces a force

1 how this property can be used to make electric motors, generators, and
transformers

Skills:

1 calculate the forcen a wireproduced by a currentnoving through a
magnetic field

1 calculate the voltagand currentchanges in a stepp or stepdown
transformer

Language Objectives
flUndergand and correctly usetht SN a ¢St SO0 ML O ANS G
GIASYSNF (2N adPAT yATF2NYSNI
9 Accurately describe and apply the concepts described in this section using
appropriate acadengi language.

1 Set up and solve word problems relatingthe behavior of electric current
in a magnetic field

Notes:
Magnetic Fields and Moving Charges

Like gravitational and electric fisdjdamagnetic field is a forckeld. (Recall that
force fields are vectoguantities, meaning that they have both magnitualed

direction.) Magnetic fields representedby the variableB” andis measured in
Teslas (T).

1T=1N

Use this space for summary and/or additional notes:
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The force Fona charge moving through a magnetic field with a velociy v’
is given by the equation:

Ezq(\%éj and F=qvBsimgy

Recall that current is just a flow of charges, which means thal@ctric current
moving through a magnetic fieltreates a forcen the wirecarrying the current

C T 2
Recall that | :T and \9:% :t—', where ? is the length (distangeof the wire

that passes through the magnetic field his means tham\\/’z ?Ib, which we can
use to create an equivalent equation:

F=212B) and F=?IBsimg

Note that the directiorof the cross prodcts V3 B and I3 B can be determined
using the righthand rule.

A currentpassing through a magnetic fielebuld be represented like this:

4

@ ® @@
® @ ® ® @W

:

R

In the above thgram, the batteryhas voltageV, the resistoas resistanc®
and the length of wirgpassing through the magnetic fiedda K @

The magnetic fieldtrength isB, and the field itself is denoted by the symbols
® @ @ @ @ which denote a magnetic field goimgfo the page. (A field
coming out of the page would be denoted @ @ © @ @ instead. Think of
the circle as an arrowside a tube The dot epresents theip of the arrow

facingtowardyod Iy R GKS & ¢ NBdalNdsshos heitdil oft KS Ff S
the arrow facing away from you

Use this space for summary and/or additional notes.
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For example, suppose we were given the following for the above diagram:

B=40310°T
V=30V
R=5W
?=2m
Current (fromOhmQ & )[ | & F\(jrcecin Te wire
V=IR F=2(73B)
30=1(5 F=?IBsiny
| =6A F=(2)(6)(4.8 10 °)sing0)
F=(2)(6)(4.80 10 °)()
F=4.8310“N

If the currentis going upward through the magnetic fielmhd the magnetic field

is pointing into the paper, then thaght-hand rule tells us that the foroeould
be directed to the left.

Magnetic Field Produced by Electric Current

An electric currentnoving through a wir@lso produces a magnetic fieddound
the wire:

B wire

'L'L'iIL' seeit Iroin -1|."L!‘-'L' ‘.‘-'i[L seen Lrom l‘k’llilILl

This time, we use the rightand rule with our thumb pointing in the directiaf
the current and our fingers curl in the direction of the magnetic field

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important Electricity & Magnetism Page:321
Notes/Cues Here Unit: Electricity & Magnetm

Electromagnets

An electrom@netis a magnetakes advantage of this principle. The wse
wrapped tightly in a coil (called a solenoid), which causes the magnetidirfiesd
to reinforce each other.

Magnetic Field due to
the Current Flow

A softiron core is placed in the center of the coil. The very high magnetic
permeabilityof iron causes the resulting magnetic fisdtdbecome thousands of
times stronger:

C T

)y { g
|

Of course, the electromagneinly works when currenis flowing through the
circuit

Use this space for summary and/or additional notes.
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ElectricMotors

The forceproduced by a mang currentin a magnetic fiele¢dan be used to cause
aloop of wireto spin:

Commutator

A commutatoris used tareversethe directionof the currentas the loop turns,
so that the combination of attraction and repulsiaiways applies forcm the
same direction.

If we replace the loop of wireiith an electromagne(a coil of wire wrapped
around a material such as iron that haath a high electrical conductiviignd a
high magnetic permealiiy), the electromagnet will spin with strongforce.

NORTH
]

Axle

To Battery

Permanent | Magnet

2001 HowStufflors

An electromagnethat spins because of itontinuously switchingttraction and
repulsion tothe magnetic fiedl produced by aseparateset of permanent
magnets igalledan electric motor An electric mototturns electric currentinto
rotational motion, which can be used to do work

Use this space for summary and/or additional notes.
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Generators

A generatorusesthe same components and operates under the same principle,
except thata mechanical forces used tospinthe coil. When the coil moves
through the magnetic fieldit produces an electcicurrent Thus a generator is a
device that turns rotational motion (woyknto an electric current.

Torque

Commutator

NORTH
|
SOUTH

Axle

I
-
-t
=
=
=
-t
=

Armature ——n

v
current

Permanent | Magnet

B2001 HowStuffloros
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Inductors (Transformers)

Because electric curreprroduces a magnetic fielé ring made of a
ferromagneticmaterial can be used to move an electric curreAn inductor
(transformer) is a device that takes advantage of this phenomenon in order to
increase or decrease the voltagean AC circuit

The diagram below shows an inductartransformer.

»
primary \ ' secondary
G“) coil ‘\' " coil

AW\

ironring

The currenton theinput side(primary) generates a magnetic fieid the iron
ring. The magnetic field in théng generates a current on treutput side
(secondary.

In this particular transformerthe coil wraps around theutput side more times
than the input. This means thatich time the current goes through the coil, the
magnetic field add#o the electromotie force(voltage. This means the voltage
will increase in proportion to the increased number of coils on the output side.
However the magnetic fieldbn the output side will producdesscurrentwith

each turn which means the current will decrease in the same proportion

#turngn — Vin — IOUt

#turns,,, Y |

out

in

Bn =Rt
A transformerlike this one, whiclproduces an increase in voltage cdled a
step-up transformer a transformer that produces a decrease in voltage is called
a step-down transformer

Use this space for summary and/or additional notes.
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Sample Problem:

If the input voltageo the following transformers 12 V,and the input currenis

6 A, what arethe output voltageand currenf

L
120V ~> 3 turns‘
6A

AANW\Y

N
N

9 turns

The voltageon either side of a transformas proportional to the number of
turns in the coil on that side. In the above transformtiie primaryhas 3turns,
andthe secondarycoil has Qurns. This means the voltage on the right side will

be %=3 times as much as the voltage on the left, 0036 The currentwill be

§=£ as much, or A.
9 3

We can also use:

#turns,, _ V,,
#turns,,, V.

out
3_120V
9V

out

=360V

V,

out

#urns,, _ oy

#turns,

out I in

31

S = lout
9 6A
| =2A

out
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Introduction: SHM &Mechanical Waves
Unit: SHM & Mechanical Waves
Topics covered in this chapter:

Simple Harmonic Motion.........ccccooveeiiiiiiiceeeeeeeeee, 329
0 o] 1] o 1= 332
PendUIUMS.....cooiiii s 335
WAVES. ... 339
Reflection and Superposition............cccooeeeeeeiii 347
SOUNA & MUSIC....uviiiiiiiiiee it 352
The Doppler Effect.........coooooiiiiies 362

This chaptediscusseproperties of waves that travel through a medium
(mechanical wavg.

1 Simple Harmonic Motio(6HM) describes the concept of repetitive back
andforth motion and situations that apply to it.

1 Springsand Pendulumslescibe specific examples of SHM and the
specific equations relating to each.

1 Wavesgives general information about waves, including vocabulary and
equations. Reflection and Superpositioiescribes what happens when
two waves share space within a medium

1 Sound & Musidescribes the properties and equations of waves that
relate to music and musical instruments.

1 The DoppleEffectdescribes the effects of motion of the source or
receiver (listener) on the perception of sound.

Sandards addressed in this chapter:

Next Generation ScienceSandards (NGSS)

HSPS41. Use mathematical representations to support a claim regarding
relationships among the frequencwavelength and speeaf waves
traveling in various media.

Use this space for summary and/or additional notes:
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Massachusetts Curriculum Frameworks (2006):

4.1 Describe the measurable properties of waves (veloérgguency
wavelength amplitude period and explain the relationships among
them. Recognize examples of simple harmonic motion

4.2 Distinguish between mechanical and electromagnetic wave

4.3 Distinguish between the twtypes of mechanical wagetransverse and
longitudinal.

4.4 Describe qualitatively the basic principles of reflectaom refractionof
waves.

4.5Recognize that mechanical wavgenerally move faster through a solid
than through a liquicand faster through a liquid than through a gas

4.6 Describe the apparent change in frequerdéywwaves due to the motion
of asource or a receiver (the Doppleffect).

Topics from this chapter assessed on the SAT Physics Subject Test:
1 Simple Harmonic Motionsuch as mass on a spriagd the pendulum
1 General Wave Propertiesuch asvavespeed frequency wavelength

superposition standing wavaeliffraction, andthe Dopplereffect.

Perbdic Motion(Simple Harmonic Motion)

Frequency and Period

Springs

Pendulums

Wave Motion

Transverse Waves and Longitudinal Waves

Superposition

Standing Waves and Resonance

The DoppleEffect

© o N oA ODNR

Sklls learned & applied in this chapter:
1 Visualimg wavemaotion.

Use this space for summary and/or additional notes.
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Simple Harmonic Motion

Unit: SHM & Mechanical Waves
NGSS StandardsiA
MA CurriculumFrameworks (2006)4.1
Knowledge/Understanding Goals:

1 what simple harmonic motiors

1 examples of simple mEonic motion
Language Objectives

" YRSNBOGFYR YR O2NNBOGf & dz&ES IyrRS 6(8S NY

able to give examples.

Notes:

simple harmonic motionmotion consisting of regular, periodic baakd-forth
oscillation.

Requirements:

1 The acceleratiofs always in the opposite directidrom the displacement
This means the acceleration always slaleg/n the motion and reverses
the direction.

1 In an ideal systertno friction), once simple harmonic motias started, it
would continue forever.

1 A graph of displacemens.time will result in the trigonometric function
sine or cosine.

Use this space for summary and/or additional notes:
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Examples of Simple Harmonic Motion

1 Springs as the springompresses or stretches, the spring foexelerates
it back toward its equilibrium position

v=0
a down

s=10
WIS Max
a=10Q

s=10
v ig max

a=1

s down
v=10

aup

1 Pendulums as the pendulunswings, gravityaccelerates it back toward its
equilibrium position

Use this space for summary and/or additional notes.
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1 Uniform circular motion as an object moves around a circle, its vertical
position (y-position) is continuously oscillating betweenandcr.

a a

e o

P |
& 3| 9P P 2P 3P
0 } } }
1T 21
Amz w3z fon
3m
Y -4

1 Waves waves passing through some mediguch as water or air) cause
the medium to oscillate up and down, like a duck sitting on the water as

waves pass by.

K
wave propagation
duck
motion

Use this space for summary and/or additional notes.
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Springs
Unit: SHM & Mechanical Waves
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 springs and springonstants
1 springforce as a vectogquantity
Skills:
1 calculate theforce and potential energyf a spring
Language Objectives
" YRSNBOGFYR YR O2NNBOGf e dzasS GKS SNY
1 Accurately describe and apply the concepts described in tlisoseusing
appropriate academic language.

Notes:

spring a coiled object that resists motion parallel with the directafn
propagationof the coil.

Spring Force

The equation for the forcévectol) fromaspringg & 3IA GBSy o6& | 221 SQa
for the British physicist Robert Hooke:

Where IE; is the sprindorce (vectorquantity representing the force exerted by

the spring),X is the displacemenof the end of the spring (also a vector
guantity), andk is the spring constant, an intrinsic property of the spring based
on its mass, thicknessnd the elasticity of the material that it is made of.

The negative sign in the equation is because the f@@ways in the opposite
(negative) directiorfrom the displacement

A Slinky has a sprimgnstant of0.5X , while a heavy garage door spring might
have a spring constant G001 .

Use this space for summary and/or additional notes:
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AX

uncompressed compressed spring  stretched spring
spring F=0  F=-KAX F = -kAX

Potential Energy
The potential energgtored in a springs gven by the equation:

U=1ke

WhereU is the potential energymeasured in jouleskis the springconstant,
andxis the displacement Note that the potential energig always positive (or
zero); this is because energy is a scqlaantity. A stretched spring and a
compressed spring both have potential energy.

Use this space for summary and/or additional notes.
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Sample Problem:

Q: A springwith a spring constant 02.7 ) is compressed 0.81. Find the force

needed to compress the spring and the potential enestgyed in the spring
when it is compressed.

A: Theforceh @ 3IAGBSYy o0& 1 221SQa [gd

Substituting hese values gives:

F=-k¢
C
Ié: - (2.78)(+0.3m)
F=-0.81IN
The potential energis:
U=3ke
U=(0.5)(2.7N)(0.3my’
U=0.12J

Use this space for summary and/or additional notes.
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Pendulums

Unit: SHM & Mechanical Waves
NGSS StandardsiA

MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 factors that affect the perioénd motion of a pendulum

Skills:

1 calculate the perioaf a pendulum

Language Objectives
' YRSNRBROF YR

appropriate academic language.

YR O2NNBOSf BayLBBaNE 20RK S
9 Accurately describe and apply the concepts described in this section using

Notes:

pendulum a lever that is suspended from a point such that it can swing back

and forth.

¥ *

¥ —> point of suspension

Use this space for summary and/or additional notes:
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The Fores on a Pendulum

As the pendulunswings, its mass remains constant, which means the fofce
gravitypulling it down remains constant. The tensiomthe pendulum (which

we can think of as ape or string, though the pendulum can also be 9ddido

remains constant as it swings.

However, as the penduluswings, the angle of the tensidarce changes.

When the pendulum is not ik center (bottom), the vertical component of the
tension isFrcosd, and the horizontal component i5 sind. Because the angle is
between 0° and 90°, cab< 1, which meansyis greater than the upward
component off. This causes the pendulum teemtually stop. Also because
the angle is between 0° and 90°, dir»0, This causes the pendulum to start
swinging in the opposite direction

Use this space for summary and/or additional notes.
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The Period of a Pendulum

period or period of oscillationthe time it takesa pendulumto travel from its
maximum displacemerit one directionto its maximum displacement in the
opposite direction and back again. The variable for the periddasd the
unit is usually seands.

S

Note that the time between pendulum 6 S (1 & ¢ 0 atackfal & G K
K dza

u
pendulum clock) are % of the peri@¥ ( KS LISy Rdzf dzY & ¢
clock with a pendulum that beats seconds has a pefied? s.

The perod of a pendulundepends on the forcef gravity, the length of the
pendulum, and the maximum angle of displacemeRor small anglesl & 15°),
the period is given by thequation:

>
T=2,0\/j
g

whereT is the periodof oscillation| is the length of the pendulunm meters,
andg is the acceleratiomlue to gravity(9.8§ on Earth).

Use this space for summary and/or additional notes.
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Sample Problem:
Q: An antique clock has a penduluimat is 0.20m long. What is its peridd

A: The periods given by the equation:

?
TZZp\/:
g

0.20

T=23.14),|—
3.14) 9.8

T =6.28,/0.0204
T=(6.28)0.142
T=0.898s

Use this space for summary and/or additional notes.
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Waves

Unit: SHM & Mechanical Waves
NGSS StandardssPs4l
MA CurriculumFrameworks (2006)4.1, 4.3
Knowledge/Understanding:
1 what waves are & how they move/propagate
1 transversevs.longitudinal wave
1 mechanical/s.electromagnetic wave

Skills:
1 calcdate wavelengthfrequency period and velocityof a wave

Language Objectives

l Understand and correctly use thieS NIV & Z & ¢ la ISR A& £ T |
GYSOKLI yAGH fa SEISER NE¥F IiNG V@ OBEINBS = ¢ o f
GG2NEAZ2VEIEE D8 Bl @ERE g AGiTdERS) daSyr @St By R K
G @StdaeOA (&

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problenrs/olving the wavelengthfrequencyand
velocityof a wave

Notes:
wave a disturbance that travels from one place to another.

mediunt a substance that a wavmvels through.

propagation the process of a waveaveling through space.

Use this space for summary and/or additional notes:
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mechanical wave a wavehat propagates through a mediuma contact

between particles of the medium. Somgaenples of mechanical waves
include ocean waves and sound waves.

1 The energyf the waveis transmitted via the particles of the mediuas
the wave passes through it.

1 The wavdravels through the medion. The particles of the medium are
moved by the wave passing through, and then return to their original
position (The duck sitting on top of the wave below is an example.)

E

wave propagation

.
-

duck
motion

1 The denser the mediupthe morefrequently the particles come in contact,
and therefore the faster the waveropagates. For example,

medium density (9/.,) | velocity of sound waves
air (20°C and atm) 1.2 3431 (7687 )
water (20°C) 998 14817 (3317)
steel(longitudinal wave 7800 60007 (13000%)

electromagnetic wavea waveof electricity and magnetisnmteracting with each
other. Electromagnetic waves can propagate through empty space.

Use this space for summary and/or additional notes.
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Types of Waves

transverse wavemoves its mediunup & down (or back & forth) as it travels
through. Examples: light, ocean waves

AAR
VYT

longitudinal waveor compressional wayecompresses and decompresses the
mediumas it travels through. Example:wsal.

Propagation ——

ARt

Dnsplacement

Use this space for summary and/or additional notes.
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torsional wave a type of transverse wawbat propagates by twisting about its
direction of propagation

The most famous example of the destructive powea torsional wavevas

the Tacoma Narrows Bridgerhich collapsed on November 7, 1940. On that
day, strong winds caused the bridge to vibrate torsionaly first, the edges
of the bridge swayed about eighte@mches. (This behavior had been
observed previously, resulting in the bridge acquiring the nickname
GDFff2LIAY3I DSNIASE DO | 26 SOSNE | FGSNI |
increased significantly, with thedgesof the bridge being displacag to
28feet! Eventually, the bridge started twisting in two halves, one half
twisting clockwise and the other half twisting counterclockwisied then

back again Thisopposing torsionamotion eventually caused the bridge to
twist apart and collapse.

Theo NARISQa O2fftlLJAS 41 a OF LWIdzZNBR 2y TFA
and collapsing are available on YouTube. There is a detailed analysis of the
0 NA R3S Qa htt/Aviwi.vibratl&n8ata koin/Tacoma.htm

Use this space for summary and/or additional notes.
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surface wavea transverse wavthat travels at the interface between two
mediums.

Ocean waves are an example of surface wgabecause they travet the
interface between the air and the water. Surface waves on the ocean are
caused by wind disturbing the surface of the water. Until the wgats to

the shore, surface waves have no effect on water molecules far below the
surface.

direction of wind

>

upper layer breaking wave
of air sinks

\ Swash
friction from the heach slows
air pressure the lower part of the wave hut
P upper part continues to move aﬁh
HCEVCERVEVLE forward and breaks b‘c’ﬁw

Use this space for summary and/or additional notes.
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Tsunamis

The reason tsunamis are much more dangerous than regular ocean waves is
because tsunamis are created by earthquakes on the ocean floor. The tsunami
wavepropagates through the entire depth of the water, which meanstsuis
carry many times more energlgan surface wave

Regular wind-generated waves
’%3‘ speed: 10-20 mph, wavelength about 300 feet

/.Amcgn\ Wind-generated Waves vs. Tsunami Waves

. Ilﬂleel

Tsunami by

the coast
speed: 30-200 mph
wavelength up to
10,000 feet

>100 feet

Tsunami in the deep ocean
speed: 450-650 mph
\ wavelength over 300,000 feet

mantle

10,000 feet

This is why a@L.2 foot high surface wavbreaks harmlessly on the beach;

however,atsunamithat extends @12 feet above the surface of the water

includes a significant amount of energglow the surface andandestroy an
entire city.

Use this space for summary and/or additional notes.
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Properties of Waves

Crest Direction of Energy Amplitude

Propogation ;

Trough

displacement
Lispiac

Wavelength

crest the point of maximum positive displacemenita transverse wave(The
highest point.)

trough: the point of maximum negative displacemefita transverse wave(The
lowest point)

amplitude the distanceof maximum displacemerdf a point in the mediunas
the wavepasses through it.

wavelength the length of the wavemeasured from a specific point in the wave
to the same point in the next wave. Symboat (lambda); unit=distance(m,
cm, nm.etc)

frequency the number of waves that travel past a point in a given time.
SymbokEf; unit =Y4me (Hz=1/)

period or time period the amount of time between two adjacent waves.
Symbol =T; unit=time (usually seconds)

T:l/f

Use this space for summary and/or additional notes.
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velocity. the velocity of a wavdepends on its frequendy) and its wavelength
o<uYy
vl f <

The velocityof electromagnetic wave (such as light, radio waves,
microwaves, Xays,etc)) is called thespeedof light, which is3.00° 10° T in

a vacuum. The speed aght is slower in a mediurthat has an index of
refractiongreater thanl. (We will discuss index of refractionmore detail
in the light and optics topic.)

The velocityof a wavetraveling through string under tensiqsuch as a piece
of string, a rubber band, a violin/guitar strirgfc.), the velocity depends on
the tension and the ratio of the mass of the string to its length:

[FL
Vstring = #

whereFris the tensioron the stringLis the length, andn is the mass.

Sample Problem:

Q: The radio station WZLX broadcasts waves with a frequeht0.7MHz. If
the waves travel at the speeaaf light, what is the wavelength

A: f=100.7MHz=100700000Hz=1.007® 10° Hz
v=c=3.00° 10° 0

v=/f
3.003 10® =/ (1.0073 10°)
; = 3008 10°

" 1.0072 108 =2.98m

Use this space for summary and/or additional notes.
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Reflection andSuperposition
Unit: SHM & Mechanical Waves
NGSS StandardsiA
MA Curriculunftrameworks (2006 4.1, 43
Knowledge/Understanding Goals:
f what happens whemwaveNBE Ff SOl a o0aGo2dzy0Sa¢ov 27FF
1 what happens wheitwo or more waves occupy the same space
Language Objectives
T Understand and correctly use thie S Ny & (ZEI@ ¥ 6(:81(}72[1]8? 8132 & A g A2
G402y a0 NHZOGATHES IAWR SINFSNBNYHREG A 0SS Ay i SNF
1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

Notes:
Reflecton of Waves
reflectionn whenawav&kK A 1 & | FAESR oadl GA2yl NBO LJ2A

N |
=)
—V,

\/‘_ I

Notice thatwhen the end of the rope is fixed, the reflected wasenverted (If
the end of the rope was freghe wawe would not invert.)

Use this space for summary and/or additional notes:
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Superposition of Waves

When waves are superimposed (occupy the sapace), their amplitudes add:

constructive interferencewhen waves add in a way that the amplituadliethe
resulting wavas larger than the amplitudes of the component waves.

\/

Because the wavelengths are the same and the maximum, minimum, and
| SNB LRAyiGa ff O20yOARS o6fAYyS dzLlv = (K
LK aS¢ gAGK SI OK 20KSNW

q

destructive interferene: when waves add in a way that the amplituoliethe
resulting wavas smaller than the amplitudes of the component waves.
6{2YSGAYSa ¢S areée GKIG GKS g1 @Sa a0l yc

AVAN
/|

Because the wavelengtlage the same but the maximum, minimum, and
I SN LRAYGAa R2 y2i 020yOARS:sE (KS ¢4 0S5
each other.

Use this space for summary and/or additional notes.
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Note that waves can travel in two opposing directions at the same time.
When this happens, the waves pass through each o#dribiting
constructive and/or destructive interferenaes they pass:

%
[t

Standing Waves

standing wavewhen the wavelengths an exact fraction of the length of a
mediumthat is vibrating the wavereflects back and the reflected wave
interferes constructively with itself This causes the wave to appear
aGFraA2Yy Il NB O t2Ay0a Fft2y3 GKS g1 @S

uKI
Points of maximum disptement- N3 Ol f f SR al yiAy2RSas¢ o

Nodes

|

Antinodes

Use this space for summary and/or additional notes.
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When we add waves with different wavelengths and amplitudes, the result can
be complex:

I Al
\ /N
"/
_|_
AN AW AN .
WOWOWW -
_|_

CKAAd A& K2g NIRAZ2Z gl 0Sa Sy 02 RSdzNJ Ni-ARGAY2 (3
antennareceive® & LJA O1 & dzZLJE O NI RA2 41 @S& GAUKAY
Imagine that the bottom wave (the one with the shortest wavelengtil

highest frequency A & G KS GalybuNIM& yBuUXdadiodd: it Bequenc

GKS NIRAZ2 gAftft TFAf liBdNblezhdzdarrierreqiensy. ¢ oS a
Then yur radiosubtracts the carriewave, and everythinthat is left is sent to

the speakers.
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Interference Patterns

When two progressive waves propagate into each ofhér & LJF OS> GKS g ¢

produce interferenceatterns. This diagram shows how interference patterns
form:

' - - .. " Y

+ L - % \ y

: g s - = . . 1
i ! K . . '-;_\ . ",1 N
! J| N E ; 5 ' W \\ \ "
! N i’ I e Y ITAE T " \ | [
i ) ! i ; - ; ) H i ! i :
! ! . | ] ! | o | ’ i ! !

t N . B
Peak Trough
Constructive

Destructive
interference

The resulting interferencpattern looks like the following picture:

In this picture, the bright regions amwavepeaks, and the dark regions are
troughs. The brightest intersections are regions where the peaksanéer

constructively, and the darkest intersections are regions where the troughs
interfere constructively.

Use this space for summary and/or additional notes.
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Sound & Music

Unit: SHM& Mechanical Waves
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
9 how musical notes are produced and perceived
Skills:
1 calculate the frequencygf the pitchproduced by a string or pe
Language Objectives
f Understand and correctly use tieS Ny & & N8 & &y NgEQ $izS/yRO &
AKFNXYZ2YREO aSNASaA
1 Accurately describe and apply the concepts described in this section using
approprige academic language.

1 Set up and solve word problems relatitagthe frequencies and pitches
(notes) produced by musical instruments.

Notes:

Sound waves are caused by vibrations that create longitudinal (compressional)
waves in the mediunthey travel through (such as air).

pitchY K2¢g aGaKAIKE 2NJ af26¢ | YdzaalOlt y2aS
frequencyof the sound wave
nﬂ T I [ I J = I
A | | |
v v |

¥

increasing frequency

resonance when the wavelengtlof a halfwave(or an integer number of half
waves) coincides with one of the dimensions of an object. This creates
standing wave that reinforce and amplify each other. The body of a musical
instrument is an exaple of an object that is designed to use resonance to
amplify the sounds that the instrument produces.

Use this space for summary and/or additional notes:
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String Instruments

A string instrumen{such as a violiar guitar) typically has four or more strings.
The lower stings (strings that sound with lower pitches) are thicker, and higher
strings are thinner. Pegs are used to tune the instrument by increasing
(tightening) or decreasing (loosening) the tensmmeach string.

open string

strings J

finger body
(resonance cavity)

The vibration of the stringreates a halfvave i.e.,<=2L. The musician changes
the halfwavelengthby using a finger to shorten the length of the string that is
able to vibrate. (A shorter wavelength produces a higher frequerigher
pitch.)

The véocity of the waveproduced om string (such as a violatring) is given by
the equation:

RL
Vstrlng I;
where:
f =frequency(Hz) Fr = tension(N)
m =mass of string (kg) L =lengh of string (.m)=/E

The frequencypitch) istherefore:

_;_i_i\/:_r

Use this space for summary and/or additional notes.
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Pipes and Wind Instruments

A pipe (in the musical instrument senseaitibe filled with air. Something in
the design of the mothpiece causes the air inside the instrument to vibrate.
When air is blown through thmstrument, the air molecules compress and
spread out at regular intervals that correspond with feagth of the
instrument, which determines thevavelength

Most wind instrumensg use one ofhree waysof causinghe air to vibrate:

Brass Instruments

With brass instruments like trumpets, trombones, French hoets, the player
presses his/her lips tightly againé S Y2 dzi KLIA SOS> | yR GKS LI
at the appropriate frequency

Reed Instruments

With reed instruments, air is blown past a reed (a sstiif object) that vibrates

back and forth. Clarinets and saxophones use a single redd fram a piece of
cane(asemd GATFTTF LI IFyd aAYAEFINI G2 oOl-éd220d h
AyaiNdzySydaéo dzasS Gg2 LIASOSaE 2F OlFyS 6K
Harmonicas and accordions usseds made from a thin piece of metal.

Fipples

Instrument with fipples include recorders, whistles and flutes. A fipple is a
sharp edge that air is blown past. The separation of the air going past the fipple
causes a pressuuifference on one side vs. the other. The pressure builds more
on one side, which forces air past the sharp edge. Then the pressure builds on
the other side and the air switches back:

3 :‘.\,\\ | \;,\\d‘\.\ // ,’:\\
N N e )
WA \ © W 7 | \ )]/

S rJ, —'ﬁ$ y ‘ .b _,-}fj-_'-: ‘ e <

Y@&R U % ey I

X / 1| Y\ ‘;":/; 'A\j

N2 4 lI e | '{| \)”T\{

v l‘é(\ ‘ /l

The frequencyf this backand-forth motion is what determines the pitch

Use this space for summary and/or additional notes.
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Open vs. Close®ipe Instrumats

An open pipe has an opening at each end. A closed pipe has an opening at one
end, and is closed at the other.

Examples of open pipes include uncapped organ pipes, whistles, recorders and
flutes;

(:_I O s open end

Notice that the two openings determine where the nodest these are the
regions where the air pressuraust be equal to atmospheric pressuie(,the

air is neither compressed nor expanded). Notice also that as with strings, the
wavelengthof the sound produced is twidbe length of the pipei.e., / =2L.

If the pipe is open to the atmosphere at only one end, such as a clarinet or brass
instrument, there is only one node, at the mouthpiece. The opening, where the
person is blowing into the instrument, & antinoda a region of high pressure
This means that the body of the instrument is ¥4 of a wastead of %i.e.,

/ =4L.

high pressure e e mmm-Smii ==

This is why a closegipe instrument €.g.,a clarinet) sounds an octave lower
than an openpipe instrument of similar lengtre(g.,a flute).

Use this space for summary and/or additional notes.
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For an instrument with holes, like a flute or recorder, the first open hole creates
a node at that point, which determines the halavelength(or quarter
wavelength):

leave open

it

L] -
mm— -
\
cover

The sped of soundin air isvs (3437 at 20°C and &tm), which means the
frequencyof the note (from the formulav, =/f) will be:

Vv o .
f =i for an openpipe instrumen (flute, recorder, whistle), and
v . . .
f :—IS_ for an closeepipe instrument (clarinet, brass instrument).

Note that the speeaf soundin air increases as the temperatuirecreases. This
means that as the air gets colder, the frequemyats lower, and as the air gets
warmer, the frequency gets higher. This is why wind instrumeat flat at

colder temperatures and sharp at warmer temperags. When this happens,

AGQa y2i GKS AyaidNHzySyd GKIFIG Aa 3I2Ay3

Use this space for summary and/or additional notes.
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HelmholtzResonators (Bottles)

The resonant frequencoyf a bottle or similar container (called a Helmholtz
resonator, named after the German physicist Hermann von Helmholtz) is more
complicated to calculate, because it depends on the resonénecgiencies of

the air in the large cavity, the air in the neck of the bottle, and the eross
sectional area of the opening.

A The formula works out to be:
-
I f=Vs | A
2p | VoL

where:

f =resonant frequency
Vs =speedof soundin air (3437 at 20°C and &tm)

A =crosssectionalarea of the neck of the bottle (th
V, =volume of the main cavity of the bottle @n
L =length of the neck of the bottle (m)

(Note that it may be more convenient to use measurements in ¢, and cnf,
and usev, =34,300 .)

You can make your outh into a Helmholtzesonator by tapping on your cheek
with your mouth open. You change the pitich changing the size of the
opening.

Use this space for summary and/or additional notes.
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Frequencies of Music Notes

The frequencies that correspond with the pitches of thesféen equal
temperament scale are:

pitch fre‘?:‘;;'cy pitch fre‘é‘:‘;)”cy
% C| 2616 E G| 3920
?E D| 2937 % Al 4400
% E| 3296 E B| 493.9
E F| 3492 % C| 5232

Note that a note that is an octave above another note has exactly twice the
frequencyof the lower note.

Harmonic Series

harmonic seriesthe additional, shorter standing wasé¢hat are generated by a
vibrating string or column of air that correspond with integer numbers of
half-waves. The natural frequengycalled the fundamentdrequency, and
the harmonics above it are numbered® harmonic, 2% harmonic,etc) Any
sound wavehat is produced in a resonanchamber (such as a musical
instrument) will produce the fundamental frequency plus althad other
waves of the harmonic series. The fundamental is the loudest, and each
harmonic gets more quiet as you go up the harmonic series.

Use this space for summary and/or additional notes.
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The following diagram shows the fundamental frequeand the first five
harmonics produced by gipe or a vibrating string:

_

1/2

1/3

TR

T o o >
Frasitliﬁg of Y:r?g\;/ti Harmonic | Pitch (relative to fundamental)

1 2L 0 Fundamental.
% L 1 One octave above.
% %L 2nd One octave + a fifth above.
% 2;‘ 3 Two octaves above.
}/ 2L 4th Two octaves + approximately a

S 5 major third above.
% 2;‘ gih Two octaves + a fifth above.
% A (n-1)" | etc.

n

Use this space for summary and/or additional notes.
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The Biophysics of Sound

When a person speaks, stomach muscles faicérom the lungs through the
larynx.

Nasopharynx

Oropharynx

Epiglottis

Laryngopharynx

Vocal cord

Larynx

Trachea

Esophagus

The vocal cord vibrates, and this vibration creates sound waves. Muscles tighten
or loosen the vocalard, which changes the frequenayth which it vibrates.

Just like with a string instrumenthe change in tensioohanges the pitch

Tightening the vocal cord increastbe tension and produces a higher pitch, and
relaxing the vocal cord decreases the tension and produces a lower pitch.

Use this space for summary and/or additional notes.
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When the sound reaches the ears, it travels through the auditory canal and
causes the tympanic membrane (eardrum) to vibrate. The vilmmatof the
tympanic membrane cause presswves to travel through the middle ear and
through the oval window into the cochlea.

auricle incus scala

scala
malleus vestibuli

aval _‘
weindovy

v
cochlea

round window basilar membrane

1997 Encyclopaedia Britannica, Inc.

The basilar membrane in the cochlea is a membrane with cilia (small hairs)
connected to it, which can detegery small movements of the membrane. The
membrane is thickest close to the oval window and it gets thinner as the
distancefrom the oval window increases. These differences in thickness cause
sounds of different frequencies (pibes)to resonate in different regions of the
cochlea. The brain uses the precise locations of these resonant frequencies to
determine the pitchof a sound.

Use this space for summary and/or additional notes.
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The DopplerEffect

Unit: SHM & Mechanical Waves

NGSS StandardsiA

MA Qirriculum Frameworks (2006)4.6

Knowledge/Understanding Goals:
1 the Dopplereffect

Skills:

1 calculate the apparent shift in wavelendfitequencydue to a difference in
velocitybetween he source and receiver

Language Objectives

{ Understand and correctly use thieS N & GSPRAIGIENIF YR a Yl OF
numberd ¢

1 Accurately describe and apply the concepts described in this section using
appropriate academic languge.

1 Set up and solve word problenrs/olving the Doppleeffect.

Notes:

Dopplereffect or Doppler shift the apparent change in frequen@yavelengthof
a wavedue to a diférence in velocitypetween the source of the wave and
the observer. The effect is named for the Austrian physicist Christian
Doppler.

You have probably noticed the Doppkffect when an emergency vehicle with a
siren dries by.

HERE COMES

VOICE UKETHAT

Use this space for summary and/or additional notes:
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Why the DopplerShift Happens

The Doppleshift occurs because a waigecreated by a series of pulses at
regular intervals, and the wave moves at a particular speed

If the source is groaching, each pulse arrives sooner than it would hatlee
source had been stationarBecause frequenag the number of pulses that

arrive in one second, the moving source results in an increase in the frequency
observed by the resver.

Similarly, if the source is moving away from the observer, each pulse arrives
later, and the observed frequency lower.

shorter wavelength

Approaching ambulance

higher frequency

longer wavelength
- > ‘

lower frequency

Use this space for summary and/or additional notes.
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Calculating the Doppleghift
The change in frequendy given by the ecation:

Qo

vV, °V,

[o]
w Vs =

f=f

o

|-CDO

L)

where:
f =observed frequency
fo =frequencyof the original wave

v,, =velocityof the wave

v. =velocityof the receiver(you)

r

v, =velocityof the source

S

The rule for adding or subtracting velocities is:
¢ KS NBOSA DS NR & thé rurdedatdd) If @ dre2ntdving Soward
the sound, thisnakes the pulses arrive sooner, which makes the frequency

higher. So if you are movitgward the sound,add your velocity. If you
are movingaway from the sound subtractyour velocity.

¢ KS a2 dzNOiSiftheded@ningtdd. Alfithé source is moving toward
you, this makes the frequendygher, which means the denominator needs
to be smaller. This means that if the source is motamgard you, subtract
its velocity. If the source is moviagvay from you,add its velocity.

52y Q0 GNB G2 YSe2Nk (65 1 Nebdkadi TO2NO FidearSa @ 2
reason through the equationL ¥ a2 YSGKAYy 3 GKIFdQa Y20Ay3
frequencyhigher, that means you need to make the nerator larger or the

denominator smaller. If it would make the frequency lower, that means you

need to make the numerator smaller or the denominator larger.

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important
Notes/Cues Here

The Doppler Effect Page:365
Unit: SHM & Mechanical Waves

Physics

Sample Problem:
Q: The horn on a fire truck sounds at a piwh350Hz. What is tla perceived

frequencywhen the fire truck is moving toward you 307 ? What is the
perceived frequency when the fire truck is moving away from yoROdt ?
Assume the speedf soundin air is3437 .

The observer is not moving, sp=0.
The fire truck is the source, so its velo@ppears in the denominator.

When the fire truck is moving toward yoilnat makes the frequencligher.
This means we need to make the denominator smaller, which means we
need tosubtractvs;

f_fé v, @
Oéﬁlw'vsg
f =3505 343 62350@063:372HZ
¢c343- 20+

When the fire truck is moving awatpe frequencywill be lower, which
mean we need to make the denominatordgr. This means we need to
add vs

av, 0
f=fgg W
.
t =350% 43 _0_350(0.9449=331Hz
¢c343+20+

Note that the pitchshift in each directiorrorresponds with about one half
step on the musical scale.

Use this space for summary and/or additional notes.
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Exceeding the Speed of Sound

The speef an obgct relative to the speed of sound the same mediuns
called the Mach number (abbreviation Ma), named after the Austrian physicist
Ernst Mach.

Ma = Vobject

Vsound
¢ Kdza dal OK ohla=2 isthelspeddlafs&uRd An object such as an
airplane that is moving at 1tfimes the speed of sound would be traveling at
Gal OK mads 2N al

When an object such as an airplane is traveling slower than the sgfesedind,
the jet engine noise is Dopplshifted just like any other sound wave

Ma < 1 Ma = 1 Ma > 1

2 KSy GKS | A NielcheytReQpeediZsSundMa s 1), &heleading
edge of all of the sound waves produced by the plane coincides. These waves
amplify each other, producing a loud shockwéye t t SR I aa2y A O

0¢KS GaONXO1¢ 27F | 1 whdziafbdlWhiplis sdapped-shagpy,y A
the endof the bullwhip travels faster than sound.)

Use this space for summary and/or additional notes.
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When an airplane is traveling faster than sound, the sound waves coincide at
poinid 0SKAYR GUKS FANLIXFYS G | ALISOATFTAO |

¢KS Fy3atsS h Xxa GKS Sljdz2 G§A2YY

l.e.,the faster the airplane is traveling, the smallerthe &glh = ' yR GKS yI
the cone.

Use this space for summary and/or additional notes.
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Introduction: Light & Optics
Unit: Light & Optics
Topics covered in this chapter:

Electromagnetic Waves.............ccccoeeeviieieeeeiieeeeeeeeeeeeeeeeeeens 371
(©70] (o] PP PP PRSPPI 374
REIECHON......c.iee e 379
YT (0] = TP PPPPPPPPR 382
REfTACHION. ... 392
POIAMZALION. ... 401
[ IS SRR 403
D1 r=Tox 1 0] o FOR PP PPRPPPRRTPOY 413
SCAMEING....ceiiiiiiieieeieeeeeeeeeert e 418

This chapter discusses the behavior and our perception of light.

1 Electromagnetic Wavediscusses properties and equations that are specific
to electromagnetic wave (including light).

1 Colordiscusses properties of visibight and how we perceive it.

1 ReflectionRefraction, Polarizatiorand Diffractiondiscuss specific
properties of light, and the equatioribat relatethese properties.

1 Mirrors and Lensesliscuss what happens when the directioha ray &
light is changed by a mirrar a lens

One of the new skills learned in this chapter is visualizing and drawing
representations of how light is affected as it is reflected off a mioror

refracted by a lens This can be challenging because the behavior of the light
rays and the size and location of the image changes depending on the
location of the object relative to the focal poiof the mirror or lens.

Another challenge ig drawing precise, t@cale ray tracing drawings such

that you can use the drawings to accurately determine properties of the
image, or of the mirror or lens.

Use this space for summary and/or additional notes:

Physics Mr. Bigler



Add Important
Notes/Cues Here

Introduction: Light & Optics Page:370
Unit: Light & Optics

Physics

Sandards addressed in this chapter:
Next Generation ScienceSandards (NGSS)
HSPS42. Evaluge questions about the advantages of using a digital
transmission and storage of information.

HSPS44. Evaluate the validity and reliability of claims in published materials
of the effects that different frequencies of electromagnetic radiation
have when absorbed by matter.

HSPS45. Communicate technical information about how some
technological devices use the principles of waedavior and wave
interactions with matter to transmit and capture information and energy

Massachusetts Curriculum Frameworks (2006):
4.2 Distinguish between mechanical and electromagnetic wgave

6.1 Recognize that electromagnetic wavare transverse wageand travel at
the speedof light through a vacuum.

6.2 Describe the electromagnetic spectrumterms of frequencynd
wavelength and identify the locations of radio waves, microway
infrared radiation visible light (red, orange, yellow, green, blue, indigo,
and violet), ultraviolet rays,-says, and gamma rayon the spectrum.

Topics from this chapter assessed on the SAT Physics Subject Test:

 Reflection and Refractiod & dzOK & {ySttQa I g I yR
and speed

1 Ray Opticssuch as image formation using pinholes, mirrors, and lenses
1 Physical Opticssuch as singislit diffraction, doubleslit interference
polarization and color
1. The Electromagnetic Spectrum
2. Classical Optics
3. Optical Instruments
4. Wave Optics

ills learned & applied in this chapter:
9 Drawing images from mirrors and through lenses.

Use this space for summary and/or additional notes.

Mr. Bigler



Add Important Electromagnetic Waves Page:371
Notes/Cues Here Unit: Light & Optics

Electromagnetic Waves
Unit: Light & Optics
NGSS Standards’A
MA CurriculumFrameworks (2006)56.1, 6.2
Knowledge/Understanding Goals:
1 know the regions of the electromagnetic spectrum
Skills
1 calculate frequency wavelengthfor electromagnetic wave
Language Objectives
1 Understand and correctly use thBS NYa a
O@AaAOf S aLISOUNHzYdbe
1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problems relatingeioergyproduced by a wavef a
given frequency

(0p))

f SOUNREIIAWR G A O

Notes:

eledromagnetic wavea transverse, traveling wavkat is caused by oscillating
electric and magnetic fie&d

Electromagnetic waves travel through space and do not require a medium

Electromagnetic waves (such as light, radio waves, etc.) travel at a constant
speed the speed of light. The speed of light is a constant, and is denoted by
0KS fcEUAENSGdzZ GA2yaod Ly | @I OdzdzYs GKS

c = 3.00x 10° /s = 186,000miles per second

Recall that the speedf a waveequals its frequenctimes its wavelength
c=/f

Use this space for summary and/or additional notes:
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electromagnetic spectrunthe entire range of pssible frequencies and
wavelengths for electromagnetic wase

The waves that make up the electromagnetic spectamshown in the
diagram below:

-
3 g 8
3 3 3 8
= = = =
I L I T
N N N N
1 L1 11 II 1 1 1 | I
)
NS =N [=
o I - I I
m w T m
- - - - - - - - - - - - - -
5 2 3 7% 8 3 3 g § g 3 3 3 Frequeny(Hy)
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In this diagram, energncreases from left to right,e.,higher frequency
waves carry more energy.

visible spectrumwavelengths of light that can be detected by the human eye.
This corresponds with wavelengths from roughly 40®to 700nm.

An antenna is a piece of metal that is affected by electromagnetiesvand
amplifies waves of specific wavelengths. The optimum length for an antenna is
either the desired wavelengtlor some fraction of the wavelength such that one
waveis an exact multiple ahe length of the antenna. (In other words, good
lengths for an antenna could bg , 1, 1%, etc.of the wavelength.)

Use this space for summary and/or additional notes.
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The energyE that a wavecarries equals aonstant times the frequency(Think

of it as the number of bursts of energy that travel through the wave every

second.) For electromagneticwave 0 A y Of dzZRAyYy 3 f AIKG0X GKS
constant (namedhfter the physicist Max Planck), which is denoted by a shript

in equations.

The energyf a waves given by the Plandkinstein equation:

E=hf=m:
/

whereE is the energyof the wavein Joulesf is the frequencyn HzhA & t f | y Ol Q:
constant, which is equal t6.626 10 3* X3, c is the speedf light, and<is the
wavelengthin meters.

Sample problem:
Q: What is the wavelengtbf a radio station that broadcasts at 98vHz?
A c=/f
3.003 10® =/(9.853 10")
3108
/ :M =3.05m
9.85% 10

Q: Whatwould be a good length for a car antenna that might be usedsterli
to this radio station?

A: 3.05m (about 1(feet) is too long for a car antenna. Somewhere between
half a meter and a meter is a good range.

4, wavewould be 0.76m (76 cm), which would be a good choice.

Use this space for summary and/or additional notes.
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Color
Unit: Light & Optics
NGSS StandardsiA
MA CurriculumFrameworks (2006)56.1, 6.2
Knowledge/Understanding Goals:
1 how different colors of light are reflected or absorbed
Language Objectives

{ Understand and correctly use thieS NI & = @ O & iR SNIYESLINRA Y I NB
colorZ ¢ GaSO2YyRI NBINJOBIE NI LIAIYSy(izé FyR

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

Notes:

color. the perception by the human eye of how a light wappears, based on
its wavelengtlffrequency.

Light with frequencies/wavelengths in the part of the spectriimrat the eye can
detect is calledisiblelight.

Use this space for summary and/or additional notes:
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How We See Color
Humans (and other animals) have two types of cells in our retina that respond to
light:

Axons connecting —
to opticnerve

Aqueous /

fluid

Ciliary
muscle

Rod cells resolve the physical details of images. Cone cells are responsible for
distinguishing col®. Rod cells can operate in low light, but cone cells need
much more light. This is why we cannot see colors in low light.

Use this space for summary and/or additional notes.
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Physics

to different wavelengths of light, having a peak (maximum) absorbance in a
different part of the visible spectrum

1ok T T I__,a-\

nef f .-"f ‘ red
osf

|
blue — | Rf: ;?\\;
o2 \ __

400 450 500 550 500 &S50 T00
weavelength (nm)

\ green

For example, light with a wavelength 400;450 nm appears blue to us, because
most of the response to this light is from the S cells, and our brains are wired to
perceive this response as blue coldright with a wavelength of around 50t
would stimulate mostly the M cells and woudghpear green. Light with a
wavelength of around 576m would stimulate the M and L cells approximately
equally. When green and red receptors both respond, our brains perceive the
color as yellow.

Colorblindness occurs when a genetic mutation causesieielefy or absence of
one or more types of cone cells. Most common is a deficiency in the expression
of M cone cells, which causes rgteen colorblindness. Because colorblindness
is recessive and the relevant gene is on thehsomosome, reejreen

colomlindness is much more common in men than in women.

Use this space for summary and/or additional notes.
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Light: Additive Mixing

Because our cone cells respond to red, green, and blue light, we call these colors
the primary colos of light. Other colors can be made by mixing different

amounts of these colors, thereby stimulating the different types of cone cells to
different degrees. When all colors are mixed, the light appears white:

Yellow

Additive (light)

primary color light that excites only one type of cone celheTprimary colors of
light are red, green, and blue.

secondary colarlight that is a combination of exactly two primary calofThe
secondary colors of light are cyan, magenta, and yellow.

Use this space for summary and/or additional notes.
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Reflected Light: Subtractive Mixing

When light shines on an object, properties of that object cause it to absorb
certain wavelengths of light and reflect others. The wavelengths that are

reflected are the ones that make it to our eyes, causing the objecppear that
color.

pigment a material that changes the colof reflected light by absorbing light
with specific wavelengths.

Red

Magenta

Subtractive (paint)

primary pigment a material that absorbs light of only one primapofar (and
reflects the other two primary colors). The primary pigments are cyan,
magenta, and yellow. Note that these are the secondary sabtight.

secondary pigmenta pignent that absorbs two primary coler(and reflects the

other). The secondary pigments are red, green, and blue. Note that these
are the primary colors of light.

Use this space for summary and/or additional notes.
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Reflection

Unit: Light & Optics
NGSS StandardsiA
MA CurriculumFrameworks (2006):N/A

Knowledge/Understanding Goals:
1 parallelism of light waves
Skills:
1 angle of incidencequals the angle of reflection

Language Objectives

{ Understand and correctly esheli SNy a GRBEFa 350808 NJ NS T
GRAT T dza & ENRIINISS & G sASV¥F NEISdzl of | YA SES2 I AR OA |
GlFy3atS 28 NBFt SOGAz2Y

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problenrs/olving angles of incidence and
reflection.

Notes:
reflection when awaved 6 2 dzy OS&a¢ 2FF |y 2062S00 I yR

(@

specular reflectionreflectionfrom a smooth surface.

diffuse eflection reflectionfrom a rough surface.

real imagea reflected image that is created by photons (rays of light) that
converge. Because light is reflected back from a mirrer, ljght cannot pass
through it), areal imageis one that appears front of the mirror.

virtual image a perceived image that appears to be the point of origin of
photons (rays of light) that diverge. Because lightflected back from a
mirror (i.e.,light cannot pass through it),\artual imageis one that appears
behindo 2 NJ & AhgrikoR S € 0

Use this space for summary and/or additional notes:
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A rule of thumb that works foboth mirrors and lenses is thatraal images
produced by the convergence of actual rays of light. A virtual insager
perception of where the rays of light would have come from.

When light waves strike a surface at an angle (measured from the perpendicular
2 NJ & Y £ NIRIA) NI Oailerelgtted at the same angle away from the
LISNLISY RA Odzt | NJp ¢tKS Yz2ad O2YY2y ail
incidenceequals the angle of reflectiah ¢

iSYS

incident light

..‘-.|'|F|-:‘ 1|f
incidence
8 -

normal

."\_ )
angle of 4
refllectuon

reflected |i'l_:h',

totally reflective surface

Which can be stated mathematically as eitlee=gi or g =g, .

Use this space for summary and/or additional notes.
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Specular reflectionms reflection from a smooth surface, such as a mirror

Specular Reflection

If the photons of light fromtie source are parallel when they strike the surface,
they will also be parallel when they reflect from the surface. This results in a
reflected image that appears to be the same size, shape, and distamehe
surface as the originalbgect.

Diffuse reflections reflection from a rough surface:

Diffuse Reflection

Light striking a rough surface will illuminate the surface. However, because the
reflected light rays are not parallel, the reflected light does not create a reflected
image of the object.

Use this space for summary and/or additional notes.
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Mirrors

Unit: Light & Optics
NGSS StandardsiA
MA CurriculumFrameworks (2006)N/A

Knowledge/Understanding Goals:
1 how convexand concavenirrors reflect images
Skills:

1 calculating the focal poirdnd the height and location of images reflected
by mirrors

Language Objectives
f Understand and correctly use tieS N & 3£y ANMNR YW@ OR2¢y O S
GF201%¢ LRUHYRYEOALYR aYPEAYATAOFIGAZ2Y
1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problems relatingdaenvex concae, and flat
mirrors.

Notes:
Convex & Concave Mirrors
convex an object that curves outward.
concave an object that curves inward.
flat: an object that is neither converor concave
focal point the point at which parallel rays strikimgmirror converge.

principal axis the imaginary line where a ray of light is reflected back along its
incident (incoming) pathMost physics problems represent the principal axis
as horizontal, but it can actually be any direction

Use this space for summary and/or additional notes:
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In a flat mirror the light reflected off the object (such as the person in the
picture below) bounces off the mirr@and is reflected back. Because our eyes
FYR GKS LI NI 2F 2dzNJ 6N} Aya GKIFIG RSO2RS

A 2 s oA

0SSy NBTfSOGSR: dfthedopcdiBthe minrS NBFf SOUA2Y

Object

If the mirroris flat, the reflectionis the same size and the same distafroen
the mirror as the actual object. Howevéhge image appears reversed
horizontally, but not vertically.

It would seem that the mirroét | Y 2 ¢ & érseilihgimad@h@izontaly but not
verticaly. (Of course this is not true. If you want the mirror to reverse the
image vertically, all you need to dogst the mirroron the floor.) What is
actually happening is thadight is reflected straight badkom the mirror.
Anything that is on your right will also be on the right side of the in{&gen
your point of view;fithe image were actually a person, this would be thieer
LJS NE [2fy, @nything that is on top of you will also be on top of theage as
you look at it.

What the mirroris doing is the same transformation as flipping a polygon over
the y-axis. The reversal is actually fraotd  O1 68 KSNBE aGaFNByYy (¢ YS
GKS YANNBNI YR a6l O01¢ YStya FIENLKSNI I &I

Use this space for summary and/or additional notes.
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Unit: Light & Optics
Jlrluallmage Q

Your Face Your Face Virtual Image Your Face
Wirtual bmdaigi
flat mirror convexmirror concavemirror
samesize image smaller image larger image

In a convexmirror (curved outwards), the reflected ragéverge (get farther
apart). When this happens, it makes the reflectappear smaller.

In a concavenirror (curved inwards), the reflected rays converge (get closer
together). When this happens, it makéhe reflectionappear larger.

Focal Points

The focal poinbr focusof a mirroris the point where the rays of reflected light
converge. For a spherical mirror (one in which the shdpgbeomirror is the
surface of a sphere), thdistancefrom the mirror to thefocus ) is always
halfway between the mirror itself antthe radius of curvaturer{). The radius of
curvature can also be described as the distance fronctrger of the sphere to
the mirror, which is part of its surface

d; = or r,=2d;

N |r:1

Use this space for summary and/or additional notes.
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In an introductory physics class, the foaisa curved mirrois often described
as a single point, as ihe following diagram:

' X!
L Byl

)

However ,is important to remember thaa principal axiga line perpendicular to
the mirror) can be drawrirom any point along the surface of the mirror. This
means that the focus not a single point, but rather thget of all point that

are halfway between the center of the sphere and the surface of the mirror:

\

Use this space for summary and/or additional notes.
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Equations

The distancdérom the mirrorto the focus(ds) can becalculated fronthe
distance to the objectd,) and the distance to the imagd; ], usingthe following
equation:

1,1

d, d

-1
o df
Distances for the imagel() and focugd;) are positive in front of the mirror
(where a ral imagewould be), and negative behind the mirror (where a virtual
imagewould be)

The height of the imagé;) can be calculated from thieeight of the objectl,)
and the two distancedd( andd,), using theollowing equation:

A positive value foh; means the image is upright (rigbtde-up), and a negative
value forh; means the image is inverted (upstdewn).

magnification the ratio of the size of the image the size of the object.

If m>1, the image is larger than the objedfor example, if 2, then the
image is twice as large as the objedf.m =1, the object and imagare the

same size. If |1, the image is smaller. Finally, note tivaamirror, virtual
images are always upright, and real imagare alwaysverted

Use this space for summary and/or additional notes.
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Sample Problem:

Q: An object that is =m high is placed &m in front of a spherical convex
mirror. The radius of curvature of the mirror is @®. Find the height of the
image and its distancieom the mirror. State whether the image is real or
virtual, and upright or inverted.

A: The mirroris convexwhich means the focus behind the mirror. Thisis the
side where avirtual imagewould be, so the distance the focus is therefore
negative. The distance to the focus is half the wadif curvature, which
meansd: =b m. From this information, we can find the distance from the
mirror to the imaged):

1,1_1
do di ds 1_ 14
1.1_1 d 45
—_t =
9 d -5
' di:-4—5:-3.2cm
s5,1_.9 14
45 d, 45

¢ KS @I f dz8 mear the imae is a virtual imadgeated 32 cm
behind the mirror

Now that we know the distancigom the mirrorto the image, we can
calculate the height of the imagé;§:

h, d,

S R i 5)B.2=9h
h, d, 16

5 9

The image is 1.8m high. Becaudhe height is a positive number, this
means the image is upright (rigetde-up).

Use this space for summary and/or additional notes.
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Ray Tracing

A more intuitive way of finding the location, size and orientation of an image in a
mirror is to draw (trace) the rays of light to see where tloeyverge. A simple
way to do this is:

1. Aray of light that hits the mirroon the principal axigs reflected baclat
the same angle relative to the principal axis. (The angle of incidence
relative to the principal axis equals the angle of reflecfion

N

2. Aray of light that hits the mirrgparallel to the principal axis reflected
directly towad or away from the focus

4

/

3. If you draw a pair of rays from the top of the object as described by #1
and #2 above, the intersection will be at the top of the imaf¢he
object

Use this space for summary and/or additional notes.
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For a convemirror, the images always virtual (behind the mirror) and is always
smaller than the object:

A P

T\ Ny Principal axis

s
Image "~ |

F
(Center of
curvature)

(Focus)“

For a concavenirror, the equations are exactly the same as for a conméxor.

However, for a concawmirror, theimage changes, depending on where the
object is relative to the center of curvature and the focas is shown by ray
tracing in each the following cases.

If the object iscloser to the mirrothan the focusyou see a virtual image
(behind the mirror) that is upright (rigkgide-up), and larger than the original:

A
I

A
-,/ |Image
s 7
2
"f
/
K
Object
Principaliaxis { ;
2F F F' 2F
(center of (Focus)

curvature),

Use this space for summary and/or additional notes.
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If the object isat the focusit is not reflected because the rays do not converge

Object

J‘ Principal axis

'[ I
oF /% L
(center of (Focus)
curvature )

If the object isbetween the focusnd the center of curvature, you would see a
real (in front of the mirroy image that is behind the object, inverted (upside
down), and larger:

, __ Principal axis

P oF

If the object isat the center of curvure, you would see a real, inverted image
that is the same size and same distafroen the mirroras the object:

Object

, Principlal axis

aF T F o 2F
Image cus)

Use this space for summary and/or additional notes.
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If the object isfarther from the mirrorthan the center of curvatureyou would
see a real, inverted imagbat is smaller and closer to the mirror than the
object.

Use this space for summary and/or additional notes.
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Refraction
Unit: Light & Optics
NGSS StandardsiA
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 what refractionis and why it happens
1 higher index of refractiotends light toward the normal (perpendicular)
1 how & why rainbows occur
Skills:
142t S LINRPofSYa dzaiAy3da {yStftQa [ ¢
Language Ojectives
T Understand and correctly use thBS Ny¥a o NE T BiJA OREEYS T NBT
ALINA&G YI YR a@MAUAOFE Fy3fsS
1 Accurately describe and applye concepts described in this section using
appropriate academic language.
{ Set up and solve word problems relating{to/ St f Q& [ | ¢ @

Notes:

refraction: a change ithe velocityand directionof a waveas it passes from one

mediumto another. The change in direction occurs because the wave travels
at different velocities in the different media.

index of refractiona nunber that relates the velocitgf light in a mediunto the

velocity of light in a vacuum.

Use this space for summary and/or additional notes:
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When light crosses from one mediuimanother, the difference in velocityf the
waves causes the wavo bend. For example, in the picture below, the waves

are moving faster in the upper medium. As they enter the lower medium, they
slow down. Because the part of the wave that enters the medium soonest slows
down first, the angle of the wae changes as it crosses the boundary.

//%5/////////// |
.

When the waves slow down, they are bent toward the normal (perpendicular),
as in the following diagram:

Mormal
Incident Ray 8y |
Alr
>lass
9,

Fefracted Ray

Use this space for summary and/or additional notes.
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The index of refractionf a mediumis the velocityof light in a vacuum divided
by the velocity of light in the medium:

c
n=-
Y
Thus the larger the index of refractipthe more the mediunslows down light as
it passes through.

The index of refractiofor different substances is given below.

Index of Index of
Substance Refraction Substance Refraction

vacuum 1.00000 quartz 1.46
air (0°C .

and 1atm) 1.00029 glass (typical) 1.52

water (20°C) 1.333 NaCl (sal) 1.54
crystals

acetone 1.357 polystyrene (#6 1.55
plastic)

ethyl alcohol 1.362 diamond 2.42

These values are for yellow light with a wavelengt®89nm.

Forlight traveling from one mediurmto another, theratio of the speedsf light
is related to theratio of the indicesf refraction as describeéd @ { y St f Qa [ | &
(named for the Dtch astronomer Willebrord Snellius):

¢CKS Y2NB FFEYAEAIFIN LINBaSyillidAzy 2F {yStft

n simg, =n,sing,

Use this space for summary and/or additional notes.
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Prisms

The index of refractionf a mediunvaries with the wavelengtbf light passing
through it. The index of refractias greater for shorter wavelengths (toward
the violet end of the spectrujnand less (closer to 1) for longer wavelengths
(toward the red end of thepectrum.

prism an object that refracts light

If light passes through a pris(from air into the prism and back out) and the two
interfaces are not parallel, the different indices of refractionthe different
wavelengths will cause the light to spread out.

White light

When light is bent by a prisnthe ratio of indices of refractiois the inverse of
the ratio of wavelengths. Thuswe canexpgng St ft Qa [ ¢ | a F2¢f 2

Use this space for summary and/or additional notes.
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Total Internal Reflection

If a light waves traveling from a slower mediuto a faster one and the angle is
so steep that the refracted angle would be 90° or greater, the boundary acts as a
mirror and the light ray reflects off of it. This phenomenon is caiial internal

reflection

I 42"

&

T 0° 15° 30° 450 6O°

critical anglgd.): the angle beyond which total internal reflectioccurs.

[}

__.8n
g. =sin‘g?

¢'1

aoOr

Use this space for summary and/or additional notes.
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Total internal reflections how optical fiberglongstrands of optically pure glass
with a high index of refractigrare used to transmit information over long
distances, using pulses of light.

Light Signal 1 ———
Light Signal 2 ==

The speaker stands behind a clear piece of glass. The image of the speech is
projected onto the glass. The text is visible to the speaker, but not to the
audience.

Use this space for summary and/or additional notes.
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Rairbows

A rainbowoccurs from a combination of refractiototal internal reflection and
a second refraction, with raindrops acting as the prisms.

When this proceseccurs, different wavelengths of are refracted at different
angles. Because colors near the red end of the spechawve a lower index of
refraction, the critical anglés shallower for these wavelengths, and they are
reflected starting at a shallower angle than colors closer to the violet end of the
spectrum. The overall change in the directafrthe light after this combination

of refractioncreflectioncrefraction (including both refractions as well as the
reflection) ranges from approximately 40° for violet light to approximately 42°
for red light. This difference is what produces the spread of colorsambow.

| ~a—— Reflected sunhght

<l — Total Internal
W _JJ;:'_l!- i } S _‘—/‘
DT = Reflection
rS | i unlhg
- _. \'“‘\ }:_:' '{_-.__F - b
P o,
TR Refraction

Raindrops

7~—— Dispersion

Man sees rainbow.
redat top.
blue at bottom

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important Refraction Page:399
Notes/Cues Here Unit: Light & Optics

When internal reflectioroccurs twice on the inside of a raindrop, the result is a
second rainbow

et

The second rainbowappears above th first because the angle of light exiting the
raindrop is greater varying from 50° for red light to 52.5° for violet light.

Use this space for summary and/or additional notes.
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Note that the order of the colors in the second rainb®weversed.

Note also that the sky is brighter insithee rainbow Because red light reflects at

all angles greater than or equal to 40°, red light is therefore a component of all
of the colors inside the red band of the rainbow. The same is true for each of the
other colors; inside of theiglet band, all wavelengths of visible light are present,
and the result is white light. Outside of the red band, no visible light is refracted,
which causes the sky outside the rainbow to appear darker.

Because the second rainbasirevesed, the sky will be brighteutsidethe
second rainbow.

Use this space for summary and/or additional notes.

Mr. Bigler



Add Important Polarization Page:401
Notes/Cues Here Unit: Light & Optics

Polarization

Unit: Light & Optics
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 how and under what circumstances light can be polarized
Language Objectives
i Understand and correctly use tieS N & LJ2 f | NR T SpEE 2 NJ & LJ2

9 Accurately describe and apply the concepts described in this section using
appropriate academic language.

Notes:

Normally, light (and other electromagnetic waygropagate in all directions.
When the light is passed through a special filter, called a polarizer, it blocks light
waves in all but one plane (directipres shown in the following diagram:

Polarization of Light Waves

Polarizer 1 Polarizer 2
(Vertical) (Horizontal)
N

B
A
/S

Polarized
Light Wave

Incident Beam
(Unpolarized)

Figure 1

Light that is polarized in this manner is caligdne-polarizedlight.

Use this space for summary and/or additional notes:
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A flat surfacecan act as a polarizer at certain angles. The Scottish physicist Sir
David Brewster derived a formula foretangle of maximum polarizatidrased
on the indices of refractionf the two substances:

180,

Y
Qs =tan (%—
1

DO

where:

g =. NBgadSNRa | y3t S satwhishSinpblafizd lght &rkingh y OA R ¢
a surface is perfectly polarized when reflected.

n; & n, = indices of refractioof the two substances

One example is light reflecting offieet road When the sun shines on a wet
road at a low agle, the reflected light is polarized parallel to the surface.(
horizontally). Sunglasses that are polarizeertically (.e.,that allowonly
verticaly polarizedight to passthrough) will effectively block most or all ohe
light reflected from the road.

Another example is the light of a rainbowVhen sunlight reflects off the inside

of a raindrop, the angle of incidended @SNE Of 2aS (2 . NBgaids
causes the lightiat exits the raindrop to be polarized in the same directisn

the bows of the rainbowie., horizontally at the top). This is why you cannot

see a rainbow through polarized sunglasses!

Note that if you place two polarizers on top aiah other and turn them so they
polarize in different directions, no light can get through. This is called crossed
polarization

Use this space for summary and/or additional notes.
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Lenses

Unit: Light & Optics
NGSS StandardsiA
MA CurriculumFrameworks (200): N/A
Knowledge/Understanding Goals:

1 how lenses work

1 the difference between conve concavdenses
Skills:

1 calculate the focusand the location and size of the image
Language Objectives

f Undergand and correctly use thé S NI 43 & t SFaRYy @ ORég OF 3§
G LINR y O &I dFed GBdeRS Ni SISl & GAGYAl NELliSdzZI o dzLANG FBS( =
YR GAY@BSNISRDE

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problenrs/olving convexand concavédenses.

Notes:

Lenses are similar to curved mirrors in that they change the direcfitight rays
to produce an image of an object that can have a different size, orientation and
distancefrom the mirrorrelative to the object.

Lenses are different from mirrors in that light passes through them, which means
they operate by refractiomstead of reflection

Use this space for summary and/or additional notes:
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lens a symmetrical optical device which refracts light way that makes the
rays of light either converge or diverge.

convexlens a lens that refracts light so that it converges as it passes through.
concaveens a lens that refracts light so thitdiverges as it passes through.

principal axisthe axis (line) that is normal to tleurfaceof the lens Light
traveling along the principal axis is refracted at an angle at€’the
directionis not changed)Most physics problems represent the principal axis
as horizontal, but it can actually be any directidwote also that a lens may
have a different principal axis on each side.

focusor focal point the point at which light rays converge after passing through
the lens

vertex the point where the principal axgasses through the center of the lens

real image an image produced by light rays that pass through the. lekr®al
image will appear on theopposite side of the lenfom the object.

virtual image an apparent image produced at the point where diverging rays
appear to originate. Airtual image will appear on thesame side of the lens
as the object.

A rule of thumb that works foboth mirrors and lenses is thatraal images
produced by the convergence of actual rays of lighAtvirtual imagés our
perception of where the rays of light would have come from.

upright image an image that is oriented in the same directamthe object.
6 & N&ide-@ziie 0

invertedimage an image that is oriented in the opposite directifsom the
202SO0PR2gyéz0JAARS

Use this space for summary and/or additional notes.
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In all lenses:

1. Light passing through theertex of the lenscomes out of the lens in &
same directioras it entered, as if the lens were not there.

UV CX ||.'r|_-.

principal axis

2. Light passing through any part of the lesther than the vertexs
refracted through thefocus:

CONVEX ||.'r|_-.

Notice that the light isefracted twice, once upon entering the leasd a
second time uporentering the air when it exits For convenienceve
usuallydraw the ray trace as the light is refracted once when it crosses
the center of the lens:

GOV EN ||.'th

L B )

L 3

1
1
T
1 Ih
1
T
1

T T

Use this space for summary and/or additional notes.
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The equations for leses are the same as the equations for curved mirrors.
Distances are measured from the vertex

The magnificatiorfm) is the ratio of the height of the imagh;] to the height of
the object f,), which is equald the ratio of the distancef the image @) to
distance of the objectd).

As with mirrors, the distanc® the image is defined to be positive for a real
image and negative foa virtual image However, note that with lenses the real
image is caused by the rays of light that pass through the ighih means a
real image is behind a lens, where as a real image is in front of a mirror

As with mirrors, the distancitom the vertexof the lensto the focus(ds) is
defined by the equation:

1.1
+ —

1,1_1
dl do df

Use this space for summary and/or additional notes.
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pass through.

I"

{
IT\ /MTlg hified

of Object
(what you see)

Convex Lenses

A conveXenscauses light rays to converge (bend towards each other) as they

The most familiar use of convénses is as a magnifying glass. Note how the
bending of the light rays makes the object appear larger

Actual Rays
Object Spreading
Out
] ‘_\\_‘

—

U

\

Eve

Convex Lens

Use this space for summary and/or additional notes.
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For a convelens the focuss always on the opposite side of the lens from the
object:

LUV X ||.'r|_-.

principal axis

If the object is farther away from the letisan the focusthe image is real (on
the opposite side of the lens) and ented (upsidedown):

CONVEex ]L"I.‘\

'Z: e

If the object is closer than the focuthe image is virtual (on the same side of the
lens and upright (righsside-up):

Use this space for summary and/or additional notes.
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Concave Lenses

A concavdenscauses light rays to divge (bend away from each other). For a
concave lens, the focus on the same side of the lens as the object.

concave lens

principal axis

For a concaviens the image is always virtual (on the same side of the lens) and
upright (rightside-up):

concave lens

principal axis

Use this space for summary and/or additional notes.
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Physiology

In the human eye, the cornea and lemath act as lenses. However, because the
action of the ciliary muscles changes the shape of the lens, the lens is
responsible for the exact focal poinvhich déermines what we are focusing our
eyes on. When the ciliary muscles relax, the images of distant objects are
focused on the retina. When these muscles contrtw focal point moves and
closer objects come into focus

Cross section of Human Eye

Iris

Cornea

Retina

Inverted image
of object

Pupil
Liquid
Object

Cilliary
Muscle

Use this space for summary and/or additional notes.
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Nearsightedness and Farsightendess
GbSIFNRAIKGSRE YSIya 2yt e ;tRevvieweQdiuaablg S| NJ
to focus on distant objects. This happens because the focus of thevlersthe
ciliary muscles are fully relagtes in front of the retina. Nearsightedness is

corrected by eyeglasses with concdeases, which move the focal poiback to
the retina.

GCIFNAAIKGSRE YSlIya 2yte 202 StdvieweFis NJ | g I
unable to focus on close objects. This happens because the ciliary muscles

cannot contracenough to bring the focal poirtf the lensfor light coming from

nearby objects onto the retl Farsightedness is corrected by eyeglasses with
convexlenses, which move the focal point forward to the retina.

Use this space for summary and/or additional notes.
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Telescopes

A telescopeperforms two tasks. The objective leimguses light from a distant
object and creates a virtual image front of the eyepiece.

Focal poini"‘-n‘ Focal point
Objective lens of eyepiece *er— —of objective lens

Eyepiece

Image of

Image of
eyepiece

objective
lens

The image from the objective lemsthen refracted by the eyepiece. The
eyepiece creates a much larger virtual imagich iswhat the eye sees.

Use this space for summary and/or additional notes.

Physics Mr. Bigler



Add Important Diffraction Page413
Notes/Cues Here Unit: Light & Optics

Diffraction

Unit: Light & Optics
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:

1 how light spreads from a slit

1 how a diffractiongratingworks
Skils:

1 calculate the distancbetween colored bands for a diffractigrating
Language Objectives

{ Understand and correctly use tieS Ny a G RA FH¥NF GRAFW NI O A
grating® €

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problems relatingdiéfraction gratings.

Notes:

diffraction: the slight bending oi waveas it passes around the edge of an object
or through a slit

2/

3pPeISqO

7/

Use this space for summary and/or additional notes:
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When light passes straight throughwade opening the rays continueni a
straight line. Howeveif we make theslit so narrow that the width is
approximately equal to the wavelengtthen the slit effectively becomes a point,
and waves propagate in all directions from it:

IR | U Lby

If we shine light through a slit whoglicknesss approximatelythe sane order
of magnitudeas the wavelengththe light can only hitite wall in specific
locations.

In the following diagramljght travels the same distander paths 1 and 2 the
same number of wavelengthd.ight waves hitting this pointill add
constructively, vinich makes the light brighter.

However for paths 3 and 4path 4 is Yavavelengthlonger than path 3. Light
taking path 4 is ¥wavelength out of phase with light from pagh The waves
add destructively{cancel), and there is no light:

)

|
|
Tlinnrr.j-!rnh!

00

Farther up or down the right sideill be alternating locations where the
difference inpath length results in waves that are phase (constructive
interference=bright gots),vs.out-of-phase (destructive interference dark

spots).

Use this space for summary and/or additional notes.
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diffraction grating a screen with a series of everdgaced slits that scatters light

in a repeating, predictable pattern.

white light

source

ditfraction
grating

When light shineshrough a diffractiongrating the following happens:

P 1 First-order

.
! A maximum

-

» (m=1)

>
3 D >
Y |
> v H'
> D » / Central or
- ~ : o zeroth-order
- X .
e \ maximum
[I = ‘ (m=1)
> A ]
H . ‘l
~ /
. ’ First-order
-

>
-
r maximum
> |
Pl (m=1)

The patterns of light surrounding the center are the points where the waves of
light add constructively.

Notice that blue and violet light (with the shtest wavelengths) is diffracted the
least and appears closest to the center, whereas red light is diffracted more and
appears farther away. This is because shorter waves need to turn less far to fit
through the slits than longer waves.

Use this space for summary and/or additional notes.
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The equatiorfor a diffractiongratingis:

dsing, =m/
where:
m = the number ofwavesthat equalsthe difference in the lengths of the
two paths (integer)
dn = the angleof emergence (or angle of deviation) in erdor light from

one slit to add constructively to light fromneighboring slithat ism
wavelengths away.

d = the distancebetween the slits
< = the wavelengthof the light

Use this space for summary and/or additional notes.

Mr. Bigler



Add Important
Notes/Cues Here

Diffraction Page417
Unit: Light & Optics

Physics

Sample Problem:

Q: Mr. Bigler has three |l&s pointers. The red laser has a wavelengfth
650nm, the green laser has a wavelength of 582, and the blue laser has a
wavelength of 40mm. If each of these is shone through a diffractipating
with 5000 lines per cm, what will the angle of emergence be for eachzolor

A: For our diffractiongrating 5000lines per cm equals ®®00lines per meter.

1
500000

=2310°m?

For the red laser, 650m equals/ =650nm=6.50% 10" 'm

The equation is:
dsimg, =m/
For the red laser an =1, this becomes:
(6.673 10 ®)sing=(1)(6.50% 10 ")
_ 650310’
2310°
g=sin*(0.3259=190"

=0.325

For the greenaser(/ =532nm=>5.323 10" 'm) andthe blue laser
(/ =405nm=4.053 10 'm):

. 532310/ . 4.053 1077
sig=""2_—"_ =0.266 simgp=——_~—"_=0.203

" 2310°° and " 2310°
g=sin’(0.266)=15.4" g=sin’(0.203 =117

Use this space for summary and/or additional notes.
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Scattering

Unit: Light & Optics
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 why the sky is blue
1 why the sun looks red at sunset
Language Objectives
{ Undersand and correctly use the S N & ad4 G G SNA y 3

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

Notes:

scattering a change in the directioof rays of light caused by irregularities in
the propagatiormedium collisions with small particles, or at the interface
between two media.

\ \ \ “'\“‘lst -

incident light diffuse light

Rayleigh scatteringscattering of light because of collisions with small particles
in the medium Rayleigh scattering is named after the British physicist Lord
Rayleigh.

Use this space for summary and/or additional notes:
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Rayleigh scatterinig responsible for the colaf the sky. Small particles (@.5
IYAONRY O &aOFOGGSNI gAaAaAoftS ftAIKG Fa AG LI
light at the blueand violetend of the spectrunis about five times as likely to be

scattered as light at the red end of the spectrum, the majority of the scattered

light in our atmosphere is blue.

The suns/a
£anh is*gma.svﬁem - 4

e 4
b &<
Vv ¥ 7

This is also why the sun appears yellow during the dag combination of red,
orange, gllow and green light appears yellow to us.

Water vapor molecules are much largeranging in size from¢b microns. For
these larger particles, the probability of scatterisgapproximately the same for
all waveéngths, which is why @lids appeaxvhite.

At sunset, because the angle of the sun is much lower, the light must pass
through much more of the atmosphere before we see it. By the time the light
gets to our eyes, all of the colors are removed by scatteziuagpt for the

extreme red end of the spectrumwhich is why the sun appears red when it sets.

Use this space for summary and/or additional notes.
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Introduction: Pressure & luid Mechanics

Unit: Pressure & Fluid Mechanics
Topics covered in this chapter:

PrESSUIE. ... e eennes 422
HYdroStatiCS..........cooeeeeeee e 426
BUOYANCY......oiiiiiiiiiiiiiiiici e eeni e . A29
GASLAWS. ...ttt 434

CtdZAR az2l0A2Yy .4.... S.NJ/.2.dzf..£.A.QA.. B4R &

Fluid mechanics is the study of behaviors that are specific to fluids (liquids
and gases).
1 Pressures the propertythat is central to the topic of fluid mechanics.

1 Hydrostaticsand Buoyancydescribe and give equations for the effects of
gravityon pressure

1 Gas Lawslescribes behaviors and equations involving temperature
pressureand volume, as related to gases.

fCt dzZAR a2 A2y describ& iy effdets bf iubamotiort o
pressure

This chapter focuses on reabrld applications ofluids and pressure
including more demonstrations than most other topics. One of the
challenges in this chapter is relating the equations to the behaviors seen in
the demonstrations.

Standards addressed in this chapter:
Next Generation ScienceSandards (NGSS)
No NGSS standds are addressed in this chapter.

Massachusetts Curriculum Frameworks (2006):
No MA curriculunstandardsare addressed in this chapter.

Skills learned & applied in this chapter:
1 Before & after problems.

Use this space for summary and/or additional notes:
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Pressure

Unit: Pressure & Fluid Mechanics
NGSS Staradds:N/A

MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding:

1 pressure
1 hydraulic pressure
Skills:
1 calculate pressuras an applied force
Language Objdives:
l Understand and correctly use thieS N &  GELINDYER daNkse R NI dzf A O
pressurep €

9 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve wongroblems relating tgressureand hydraulics.

Notes:

pressure the exertion of forcaipon a surface by an object, fluiekc.that is in
contact with it.

Mathematically, pressures definedas forcedivided by area:

FORCE
AREA

PRESSURE =

p=r
A

Use this space for summary and/or additional notes:
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The S.I. unit for pressure the pascal (Pa). ]

1Pat 1 N1 1k—§2 Force |=(30N
m m

(Note that Pa is a twdetter symbol.)

Some other common pressutmits are: | )
p .
{ bar: 1bar* 100000Pa! 10° Pa T
. . 0.01m?2
1 pound per square inch (psi)
1 atmosphere (atm): the average atmospheric ““53‘535 N/

pressureon Earth at sea level.
latm? 101325Pa! 101.32%Pa 1.0132%ar=14.696ps

{

Air pressurecan be described relative to a total vacuum (absolutespurg, but
is more commonly described relative to atmospheric pressure (gauge pressure

1 absolute pressure the total pressur®n a surface. An absolute
pressure of zero means there is zero foorethe surface.

1 gauge pressurethe difference between the pressuom a surface and
atmospheric pressure. A gauge pressure of zero means the same as
atmospheic pressure. The pressure in car tires is measured as gauge
pressure. For example, a tire pressure op30(30pounds per square
inch, or30%) would mean that the air inside the tires is pushing

against the air outside the tires withpessure of 3(si. A flat tire
would have a gauge pressure of zero.

Sample Problem

Q: What is the pressureaused by a forcef 25N acting on a piston with an
area of 005 m??

Use this space for summary and/or additional notes.
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Hydraulic Pressure

t I aol f QawhithNAasyliScbveiedby the French mathematician Blaise
Pascalstates that any pressurapplied to a fluid is transmittednaformly

throughout the fluid.

BecauseP:;, if the pressures constant, then the forcean be increased by

increasing the area where you want the fotcebe applied. Thus:

B =R which means Rk

CKAA LINAYOALXS A& OFffSR

— T

%

AK&RNJ dzf A OaéyY

Conservation of energglls us that the worldone byF; must equal the work
done byF,, which mean$-1; must act over a considerably larger distatican F».

This is how hydraulic brakes warkcars. When you step on the bragedal,

the hydraulic pressurés transmitted to the master cylinder and then to the slave
cylinders. The master cylinder is much smaller in diameter than the slave
cylinders, which means the foregplied to the brake pads is considerably

greater than the force from your foot.

Use this space for summary and/or additional notes.
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Sample Problem

Q: In a hydraulic systepa forceof 25N will be applied to a piston with an area
of 0.5m?. If the force needs to lifa weightof 500.N, what must be the area
of the piston supporting the 50MN weight?

A: i:i
A A
25N _ 500.N
0.5m* A

25A, =(500(0.5)
25A, =250

A, =10m?

Use this space for summary and/or additional notes.
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Hydrostatics

Unit: Pressure & Fluid Mechanics
NGSS Standards’A
MA Curriculum Frameworks (2006)N/A
Knowledge/Understanding:
1 hydrostaticpressure
Skills:
1 calculate pressurexerted by a column of fluid
Language Objectives
{ Understand and correctly use tieS N & K &pfedsra® & | (G A O

1 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problems relatinghydrostaticpressure

Notes:

Hydrostatic Pressure

hydrostaticpressure the pressure caused by the weigifta column of fluid

The forceof gravitypulling down on the molecules in a fluid creatpressure
The more fluid there is above a point, the higher the pressure at that point.

The atmospheric pressutbat we measure at
the surface of the Earth is caused by the air
above us, all the way to the highest pbin the
atmosphere, as shown in the picture at right:

Use this space for summary and/or additional notes:
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Assuming the density of the fluid is constant, the pressara column of fluid is
caused by the weighforce of gravity) acting on an @a. Because the force of
gravity ismg (whereg = 9.837 ), this means:

mg

P= .
A

> |<T

where:

P = pressure
g = accelerationdue to gravity(9.8§ on Earth)

A

areaof the surface the fluid is pushing on

We can cleverly multiply and divide our equation by volume:

Then, recognizing that density,, is mass divided by volume, we can substitute:

P:r&
A

Finally, if the volume of an object is the area of the base times the hdighwé
can rewrite the equation as:

P= rohh_ rgh

" Note that physicists use the Greek lettefor density. You need to pay céukattention to the
difference between the Greek lettér6 G NK2 ¢ 0 FyR GKS w2YlFy fSGG§SN alL

Use this space for summary and/or additional notes.
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Finally, if there is an external pressuRg, above the fluid, we have to add it to
the pressure from the fluid itself, which gives us the equation:

P=R +rgh

where:

P, = pressureabovethe fluid (ifrelevan)
" = density of the fluid this isthe Greek$ G G SNJ a NK 2 ¢ 0

g = accelerationdue to gravity(9.8§ on Earth)

h = height of the fluid above the point of interest

Sample Problem
Q: What is the water pressuri@ the ocean at a deptbf 25m? The density of

sea water ileZS% .

A: P=rgh=(10259)(9.8%)(25m)

P=251125Pa=|250000Pa| or|2.50barl|.

Use this space for summary and/or additional notes.
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Buoyancy

Unit: Pressure & Fluid Mechanics
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding:
. d2elyoe g ! NOKAYSRSaQ t NAyOALX S
Skills:
1 Calculate the buoyant foroen an object
Language Objectives
f Understand and correctly use tieS Ny & &RA &/1Rf 16@3z2 & | y i ¢
G 0dz2 &y Oe
1 Accurately describe andgaly the concepts described in this section using
appropriate academic language.
1 Set up and solve word problems relatingbimoyancy

Notes:
displace to push out of the way

buoyancy a net upward forceaused by the differences in hydrostapiessure
at different levels within a fluid:

strongest at the bottom
“of the box, causing a
net upward force - the

f 11

— i
w— Fluid pressure is R
ﬁ

Use this space for summary and/or additional notes:
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The hydrostatipressures stronger at the bottom of the object than at thegp
which causes a net upward foroa the object.

When an object displaces a fluid:

1. The volume of the fluid displaced equals the volume of the submerged
part of the object.

2. The weightof the fluid displaced equals the buoyawnte (Fg).

3. The net forceon the objectR,, = F; - Fs.
If the object floats there is no net forcewhich means the weigtdf the objectis

equal to the luoyant force This means,, = F, - F3 =0, F, =F, and

therefore mg=rV,g. (Cancelling from both sides givesn=rV,.)

If the object sinks the weightof the object iggreater than the buoyant force
This meandy, = Vg, F; =mg, and the weight of the submerged object is

Fret = Fy - Fs.

N

Archimedes' Principle
the buoyant force is equal to
the weight of the displaced water

weater level
with o wood

CKA&a O2yOSLIi Aa (y2sey
scientist who discovered it.

Use this space for summary and/or additional notes.
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The buoyant forcean be calculated from the following equation:

s =myg=rV49
where:
Fs = buoyant force
mq = mass of fluid displaced by the object
g = accelerationdue to gravity(9.8g on Earth)
= densityof the fluid applying the buoyant forde.g.,water, air)
Vg = volume of fluid displaced by the object

Sample Problers

Q: A cruise ship displaces 860tonnes ofwater when it is floating
(1tonne=1000kg) If sea water has a densityb@ZS% , what volume of

water does the ship displaBeWhat is the buoyant foraen the ship?

A r=—
V

35000000kg

m
10254 =
m Y

V =34146m°
R =rVy0
Ry =(102519)(34146m*)(9.82)

Use this space for summary and/or additional notes.
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Q: Consider the following cartoon:

Copyright © 2003 United Feature Syndicate, Inc.

Given the following ssumptions

f The balloons are standard 11 6 F t f 2y a> YSFyAy3a GKFG
diameter of 1linches (2&m).

1 The temperaturas 20°C. At this temperature, air has a density of
1.200%¢, and helium has a density 6f1669.

i Pasquale is probably aboutdoyears old The average mass a feygar
old boy is about 1&g.

1 The mass ofraemptyballoonplusstring is 237 g = 0.0037 kg

How many balloons would it actually take to Hasquale?

Use this space for summary and/or additional notes.
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A: In order to liftPasqualels = R
K, =mg=(16)©.8)=156.8N
R =74 V49 =(1.200V,(9.8)
Becauser, =F;, this means:

156.8 = (1.200V, (9.8)
V, =13.33m°

Assuming spherical balloons, the volume of one balloon is:
V:gprs =%(3.14)(o.14)3 =0.0115m°

Therefore, we need(%s: 1160balloonto lift Pasquale.

| 26 SOSNE GKS LINRPoftSY gA0K GKAA | yagSN
mass of the helium, the balloons or the strings.
Each balloon contain®.0115m>3 0.166% =0.0019kg=1.91g of helium.

Each balloorfincluding the stringhas a mass &1.37g=0.00237kg, so the
total mass of each ballodill of helium is 0.0042&g.

This means if we haveballoons, the total mass of Pasquale plus the
balloons is16+0.0042& kilograms. The total weiglf Pasquale plus the
balloonsis therefore this number times 9.8, which equals 156B041%.

The buoyant forcef one balloon is:

R =74, V49=(1.200(0.01150.8)=0.135N

Therefore, the buoyant forcef n balloons is 0.13%newtons.
For Pasquale to bable to float F; =F,;, which means
0.135n=0.041N +15638

0.09=156.8

n=|1685balloong

Use this space for summary and/or additional notes.
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Gas Laws

Unit: Pressure & Fluid Mechanics
NGSS StandardsiA
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding:
1. 28t SQ& [ wsawolumkINE & & dzNB
Y2y i2yaQ [vs.@mperaiNd a & dzNBS
1/ KI NI S&aQ [ I gs.vdlum&)Y LIS NI § dzNB
' 2231 RNRPQA t NAY OA kdfv@umé)y dzY 6 SNJ 2 F LI NI A
1 ideal gadaw
9 combined gataw

Skills:
1 Solve problems using the gksvs

Language Objectives
flUnderstand and correctly use tieS NI &  GILINBAGEH2dINEBY S> ¢ | Y R
demperaturez ¢ | YR @A RSIf 3l &
9 Accurately describe and apply the concepts described in this section using
appropriate academic language.

1 Set up and solve word problemsing the combined gdaw and the ideal
gas law

Notes:

ideal gasa gas that behaves according to the Kindfialecular Theory of Gases.
Specifically, this means the molecules are far aartimove freely in
straight lines at constant speeds. h&h the molecules collide, the collisions
are perfetly elastic which means theppounceoff each othemwith no energy
or momentumlost. Most gases behave ideally when the temperaisrkigh
enough and the pressutis low enough that thenolecules arenot likely to
form a liquidor solid and when the molecules areade of substances that
do not react chemically.

Use this space for summary and/or additional notes:
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28fSQa [ ¢
In 1662, British physicist and chemist Robert Boyle puddishis findings that the

pressureand volume of a gasere inversely proportional. If temperatuend
the number of particles of gas are constant, then for an ideal gas:

RAVi=RV;
(Note that by onvention,gag I 6 & dza S &dz0 aONRLII & damé
aFfedo

LY2yid2yaQ [ &
In 1702, French physicist Guillaume Amontons discovered that the pressdre
temperatureof a gaswvere diredly proportional. If volume and the number of
particles are constant, then for an ideal gas:
Py _ P,

T, T

(This law is often erroneously attributed tioe French chemist Joseph Louis Gay
Lussac.)

] KI NY¥ SaQ [ ¢
In the 1780s, French physicist JacqGésirles discovered that the volume and
temperatureof a gaswvere directly proportional. If pressuand the number of
particles are constant, then for an ideal gas:
\% _ V,

L h

| @23 RNPO& t NAYOA LI
In 1811, Italian physicist Amedeo Avogadro (whose full name was Lorenzo
Romano Amedeo Carlo Avogadrdliaregna e dCerreto) published the
principle that equal volumes of an ideal gighe same temperaturand
pressuremust contain equal numbers of molecules:
\ _ V,

N; N

Use this space for summary and/or additional notes.
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The Combined Gas Law

If each of the above principles is combined, the following relationship is found
for an ideal gas

P
1_\/1 = % =constan
NlTl N2T2

If pressurds in Pa, volume is ininand temperaturds in Kelvinthe value of the
constant turns out to bel.383 1022 ¢ KA & ydzYoSNJ Aa OF t € St

constant, named for the German physicist Ludwig Boltamd@hysicists usually
use the variablég i 2 NB LINBASy G . 2t 41 YFyyQa O2yadl

Note, fowever,that in most problems, the number ofgpticles of gaR 2 S & y Q (i
change. This meam§ =N, and we can cancel it from the equatiowhich
gives

AVi _BV,
Tl T2

Thsequation&d OI f f SR (0 K &wedx0 20YKOMOKS R 83 1daa SR G2 &
GoST2NBklF FOSNE LINRPOfSYa Ay@2f @Ay3a ARSI
When using the combined gas laany quantity that is ot changing may
therefore be cancétd out of the equation.(If a quantity is not mentioned in the
problem, you can assume that it is constant and may be cancelfed.gxample,
adzllll2asS ' LINRofSY R2SayQi Y.SWaimeangT | y & i K
is constant and you can cancel it. When you camdedm both sides of the
combined gasaw, you get:
Plvl F)2V2 . . e r w A v z 4
——==-==< which simplifiestoRV, =B\, 0 . 2éf SQa (7
x x P 1V1 = R2V2 [

Use this space for summary and/or additional notes.
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Solving Problems Using the Combined Gaw/L

,2dz Oy dzaS GKAa YSGK2Rlaw@obla2t gS | ye

1. Determine which variables you have
2. Determine which values aigital (#1)vs.final (#2).

3. Start with the combined gdaw and cancel ay variables that are
explicitly not changing or omitted (assumed not to be changing).

4. Substitute your numbers into the resulting equation and solve. (Make
sure all initial and final quantities have the same units Y R R 2 y Qi
that temperaturesmug be in Kelvih)

Use this space for summary and/or additional notes.
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The Ideal Gas Law

¢t KS RSTAYAGAZY 2F . 2f0G1 YIlgwQa O2yaidl yi

Multiplying both sides of this equation INTgives the ideal gdaw in its most
common form:

PV=NkT

where:
P = absolute pressuréPa)
V =volume ()
N = number of particles (or molecules)
ke= . 2f 0T YIHyyQa83s@PLrat ya o
T=absolute temperaturdK)
Note that the unitson both sides of this equation are equivalentXewtor+

meters, which are equivalent fjoules (energy. This means that the ideal gas
law is really just a mathematical statement of thrk-energy theorem

The left side of the equatiorrV, represents the workhat the gascan do on its
surroundings This is because:

P= E , which meandPV= ﬂ/: Fd=W
A A

The right side of the equatiolNksT, represents the number of particlell)

times the average kinetic energy each particleT), whic equals the total
kineticenergy2 ¥ G KS LJ NI A Of S & dg, is jost tRefniimber thaf y Q &
makes the unitsvork out correctly.)

In other words, the workhat a gascan do equal the kinetic energyf its
particles.

Use this space for summary and/or additional notes.
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Chemists more commonly woviith moles rather than particles.nichemistry,
the ideal gasawis more commonly written:

PV=nRT

where:
n = moles of gas

R = gasconstant 8.31 3

P, VandT are as above

Thega2yaidl yis w3z Aa Sldzt G2 .2ta4G1YlIyyQa
Y2tSa (G2 LI NIAOftga 6! @231 RNRPQa O2yaily
R=kgN, =(1.38 10 ** J)(6.02 10”°mol ') =8.31_3

mol®

Solving Problems Using the Ideal Gas Law

If a gadehaves according to the ideal gas Jawnply substitute the values for
pressure volume, number of particles (or number of tes), and temperature
into the equation. Be sure your unigse correct (especially that temperature is
in Kelvir), and that you use the correct constant, depending on whether you
know the number of partigls or the number of moles of the gas.

Use this space for summary and/or additional notes.
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Sample problems:
Q: A sample of an ideal gasntains2.103 10**particles, has a pressuné
1.20bar, and a temperaturef 35°C. What is its volume?

A: First we need to declare our variables.

Note that for the unitdo work out correctly (because of the units of
2G0T YEyyQa O anyisihelinyd, vomime g Bedntiznd
temperaturemust be in Kelvin

P=1.20bapk 100000Pa_ 120000Pa

lbar
V=Voo SOl dzaS 6S R2yQGQ 1y2s Al &Sio0
N=213 10"
ke = 1.38° 107 2 T80
T=35°C + 273 =368
Then we substitute these numbers into the ideal agand solve:
PV =Nkl
(120000Pa )V = (2.1 10**)(1.38 10'23%32)(308@

120000V = 8926
V =0.0744m°

Use this space for summary and/or additional notes.
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Q: A gashas a temperaturef 25°C and a pressucé 1.5bar. If the gas is
heated to 35°C, what will the new pressure be?

A: 1. Find which variables we have.

We have wo temperatures (25°C and 35°C), and two pressuresdr.5
andthenewpressuré K & 6SQNB f221Ay3 F2NL O

2. Find the action being doneonthegast KS I G SRé 0 @ lye (i KAY =
about the gadeforethe action is timed m € @anythyhg that is true
about the gasfter the action is timei H € ®

CAYS M 04G0STF2NBEUV ¢AYS H 64l FOSNEO

P1:1.5bar P,=P,
T,=25°C+273=298K T,=35°C+273=308K
3. Set up the formula. We can cancel volume (V), because the problem
R2 Saynfadnit:YS
RM _ BN

272 whichgivesust=-2061 Y2y (G2yaQ [ 60

V)
o

Ku

4. Plug in our values and solve:

Lsbar, B,

208K 308K

Use this space for summary and/or additional notes.
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CtdzZAR az2ziA2y 9 . SNYy?2

Unit: Pressure & Fluid Mechanics
NGSS StandardsiA
MA Curricdlum Frameworks (2006)N/A
Knowledge/Understanding:

. SNy 2dzf t AQa [ 6k9ljdzr GA2Y
Language Objectives

fl Understand and correctly use tieS N a Ff 2 g ¢

9 Accurately describe and apply the concepts described in this section using
appropriate academic language.

{ Set ip and solve word problemdza A y3 . SNy 2dzf £t A Q& Slj dzl { A

Notes:

flow: the net movement of a fluid

velocityof a fluid the average velocity of a particle of fluid as the fluid flows past
a reference point.

When a fluid flows through a pip#he total volume of fluid per unit of timémé)

is equal to the velocit)(%) times the crosssectional area (). If the total flow
remains the same, but the, but the diameter of the pipe changes:

then the crosssectional area/) times the fluid velocityv) at point 1 equals the
crosssectional area times the fluid velocity at point 2:

AV, =AY,

Use this space for summary and/or additional notes:
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According to the Dutclswiss mathematician Daniel Bernoulli, the pressures in a
moving fluid are caused by:

1 The pressurexerted by the fluidP (This is the pressure we would
measure with a pressure gauge.)

1 The hydrostatipressure rgh.
1 The dynamic pressuré rv?, which results from the forcthat the moving
fluid particles exert on the other fluid particles around them. (Note that
1 rv® has unitsof pressure:(%)(@)z =X =Pa)
A change in any of these pressurefeats the others, which means:
P+ rgh+1rv? =constan
¢CKAA SldzrdA2y Aa . SNyz2dzZftAQa Sldzad GA2y ®

If the velocityand height of the fluid are changing, as in the following diagram,
then the pressurenust also change as a result:

Ly G(KA& &Aldzd GA2YZ . SNYy2dA £ AQa Sljdz A2y

1 2 _ 1 2
R+rgh+3rvi =R +rgh, +37v;

Use this space for summary and/or additional notes.
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Ly . SNy2dzZtAQa SIdz i'j)\a/MrE:reafse;é('hﬂjﬁ/:I-térm.YEl 0KS
Consider the following example:

= L N
lowear velocity higher velocity lower velocity
higher pressure lower pressure higher pressure

.f -M

This pipe is horizontal, which mealnss constant; thereforergh is constant.
This means that i rv? increases, then pressu®) must decrease so that
P+ rgh+1 rv? remains constant.

This decrese in pressureaused by an increase in fluid velo@typlains one of
the ways in which an airplane wing provides lift

b= /ﬁme%

Pressure exerted by slower-moving air

Use this space for summary and/or additional notes.
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causes the paper to lift

Sample Problems:

will the new fluid velocity be?

A: The crosssectional area of the first pipe is:
A ="r?=(3.14)(0.209=0.126m?
The crosssectional area of the second pipe is:
Al r¥=(3.14)(0.10=0.0314m?
Avi=~Av;
(0.126)(0.30) = (0.0314)v

vo=[12m2]

I 02YY2Yy RSY2YailiN}XGAZ2Y 27

o AT TS
B o e

; =T
S~
S o
N
N

Figure A Paper rest Figure B Pap_e!' rest
position position

SNy 2dA £ AQE

The ai moving across the top of the paper causes a decrease in presslich

Q: Afluid in a pipe with a diameter of 0.40 is moving with a velocityf
0.307. If the fluid moves into a second pipe with half the diameter, what

Use this space for summary and/or additional notes.
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Q: A fluid with a density 01250% has a pressuref 45000Pa as it flows at

1.5% through a pipe. The pipe rises to a height ofrd,5vhere it connects
to a second, smaller pipe. What is the pressure in the smaller pipe if the fluid

flows at a rate of3.47 through it?
A: R+ rgh +4 v =R+ rgh, +3 13
45000 + (1250)(9.8)(0) + (¥2)(1250)(15)
P, + (1250)(9.8)(2.5) + (¥2)(1250)(3.4)
45000 + 1406 P, + 30625+ 7225
46406 =P, + 37850

P, =8556Pa=[8600P4|

Use this space for summary and/or additional notes.
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Introduction: Atomic & Particle Physics

Unit: Atomic & Particle Physics
Topics covered in this chapter:

The Bohr Model of the Hydrogen Atam..................ccoeeeeeene. 450
The Quantum Mechanical Model of théofn.............cccoeeeeeieennnns 454
Fundamental FOICES........uuuuiiiiiiiiiiiiiiiieeee e 457
The Standard Model.............cvuiiiiiiiii e 459
Particle hteractions (Feynman Diagrams).........ccccccevvvevvvvvvnnnnns 466
RAIOACHIVE DECAY.......uuvvvrririiiiiiiiir e e e e e e e e e e e 470
NUCIEAr EQUALIONS.......uveeiiriiiiiiiiiiiiiss s s e e e s e e e e e e e e e e 479
Mass Defect & Binding Energy.........cccevvveevvevevvvnveennennnnnnnnnnnn.. 481
HaIELITE. ..o 483
Nuclear FiSSion & FUSION..........ccooiiiiiiiiiiiiiiieeee e 489
Practical Uses for Nuclear Radiation............ccooovvvvvvvveennnnnnn. 494

Thischapter discusses the particles that atoms and other matter are made
of, how those patrticles interact, and the process by which radioactive decay
can change the composition of a substance from one element into another.

1 The Bohr Model of the Hydrogen Atai®scribes the first attempts to use
guantummechanics to describe the behavior of the electrons in an atom.
The Quantum Mechanical Model of the Atatascribes the evolution of
atomic theory from the Bohr modéd the present day.

1 Fundamental Forcedescribes the four natural forces that affect
everything in the universe. The strong nucleacéand the weak
nuclear force are particularly relevant to this chapter.

1 The Standard Modeind Particle Interactionslescribe properties of and
interactions between the particles that all matter is made of.

1 Radioactive Decajuclear Equatios, Mass Defect & Binding Energy
Half-Life, andNuclear Fission & Fusidescribe and give equations for
the nuclear changes that radioactive elements undergo.

Use this space for summary and/or additional notes:
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One of thechallenging aspects of this chapter is that it describes process that
happen on a sae that is much too small to observe directly. Another
challenge is the fact that the Standard Model continues to evolve. Many of
the connections between conceptisat make other topics easier to

understand have yet to be made in the realm of atomicaticle physics.

Standards addressed in this chapter:
Next Generation SienceSandards (NGSS)

HSPS18: Develop models to illustrate the changes in the composition of the
nucleus of the atom and the energgleased during the processes of
fission fusion and radioactive decay

HSPS43. Evaluate the claims, evidence, and reasoning behind the idea that
electromagnetic radiatiorcan be described either by a wanedel or a
particle model, and that for some situations one model is more useful
than the other.

Massachusetts Curriculum Frameworks (2006):
No MA physicsstandardsare addressedn this chapter However, his
chapter addresses the followirgjandards from the chemistry frameworks:

2.51dentify the three main types of radioactive deqajpha, beta, and
gamma) and compare their properties (composition, mass, change
penetrating powey.

2.6 Describe the process of radioactive debgyusing nuclear equations, and
explain the concept of halffe for an isotope (for example,-T4 is a
powerful tool in determining the age of objects).

2.7 Compare andontrast nuclear fissioand nuclear fusion

Use this space for summary and/or additional notes.
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Topics from this chapter assessed on the SAT Physics Subject Test:
1 Quantum Phenomenasuch as photons arttie photoelectric effect

1 Atomic Physicssuch as the Rutherford and Bahodek, atomic energy
levels, and atomic spectra

1 Nuclear and Particle Physicsuch as radioactivity, nuclear reactions, and
fundamental particles.
1. The Discovery of the Atom
2. Quantum Physics
3. Nuclear Physics

Use this space for summary and/or additional notes.
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The Bohr Modéof the Hydrogen Atom

Unit: Atomic & Particle Physics
NGSS Standards’A
MA CurriculumFrameworks (2006)N/A
Knowledge/Understanding Goals:
1 developments leading to the Bohr modwlthe atom
1 the Bohr modehlnd itslimitations

1 how the modern quantunmechanical model of the atom grew out of the
Bohr model

Skills:

1 calculate the frequendwavelengthof light emitted using the Rydberg
equation

{ calcubte the energyassociated with a quantulyf dzY 6 SNJ dza Ay 3 . 2 K NJ

equation
Language Objectives

{ Understand and correctly use thieS N & &%t I YSdza = ¢ | Y F
GalISOGNIt fAySadé

9 Accurately describe and apply tlencepts described in this section using
appropriate academic language.

1 Set up and solve word problermsing the Rydbergh and Bohr equations.

Notes:

Significant Developments Prior to 1913

Discovery of the Electrofi897): J.J. Thompson determined thathode rays
were actually particles emitted from atoms that the cathode was made of.
These particles had an electrical chaige a2 G KSe& gSNB yI YS

d

R

Discovery of the Nucleus m o o0 Y ONYySal wdzi KSNF2NRQA
experimeni ¢ RSOSNXYAYSR GKFG (2 Yéhage@yidl Ay S
NEIA2Y GKFG O2YLINAASR Y2ad 2F GKS a2
Gy dzOf Sdza €= | FGSNJ 0KS ydzOf Sdza 2F | OSf

4

|
Y
t

O o
(0] =

Use this space for summary and/or additional notes:
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wdzi KSNF2NR 6at f I vS {lompe the atemanashelievadito (i K S

be like a miniature solar systemwith electrons orbiting the nucleus in much
the same way as planets orbit the sun.

Balmer Formul#1885): Johann Balmer devised an empirical equation to relate
the emission lines in the visible spectrdian the hydrogen atom.

Rydberg Formulél888): Johannes Rydberg developed a generalized formula
that could describe the wavembers of all of the spectral lines in hydrogen

(and similar elements).

There are several series of spedtines for hydrogen, each of which

converge at different wavelengths. Rydberg described the Balmer series in

terms of a pair of integers (rand rp, where n <n,), and devised a single
formula with a single constant (now called the Rydberg constéuat) relates

them.

weé RoSNEQA

1
I :R_|
/VaC

O

Qo
=

PN
| P
|-O0O0O

SlidzZ GA2Y &1 &
discovered later, including the Lyman series (in the ultraviolet region; first

fFGSNJ F2dzyR

discovered in 1906) and the Paschen series (in the infrared refgisin

discovered in 1908).

Those series and their converging wavelengths are:

Series Wavelength Ny N,
Lyman 91nm 2Hb
Balmer 365nm 3Mpb
Paschen 820nm 4ThHb

Use this space for summary and/or additional notes.
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Ght Ré v dzl yV(Gad2900x suBtanNcparticles obey the laws of
Of raaAOlf YSOKIYyAOaZI o6dzi GKFG 2yfé OSN

Use this space for summary and/or additional notes.

Physics Mr. Bigler




















































































































































































