AP Physics I
General Course Expectations &
Summer Assignment 2022

Contact:
Hello students! I am Mr. Burt, and I will be your AP Physics I instructor this year. I’m excited to work with you over the course of this year and have high hopes that, with determination and hard work, each of you will pass the AP Physics 1 exam.  You may contact me throughout the summer with any questions.  Throughout this course, I will gladly work with you to meet the challenge, provided you are willing to put in sincere effort. If you have any issues with the work, please contact me using either method below:
Email:  burts@springfieldpublicschools.com
Remind: To join, text @burtapphys to 81010

General Course Expectations:

· The summer work is worth seven (7) typical homework assignments, and the first exam for this course is based on the summer work.

· I am aware that even if I do not complete the summer assignment, I will not be able to drop the course.  

· I understand that there will be three (3) mandatory Saturday Test Prep sessions that I am expected to attend. Tentatively, the dates are
· 10/22/21
· 2/11/23
· 3/25/23 – mock exam

· I understand that the AP Exam in May is free to students and is mandatory.  If, for any reason, I do not take the test, I will not receive AP credit for the course, and I will be charged $25 to cover the cost of the returned test.

Signature:
I have read the General Course Expectations above and previewed the summer work assignment.  I understand the stated expectations for the course.  I commit to completing the summer assignment, and I realize the consequences of not completing the work with sincere effort.

Student Name (print)		Student Email (print clearly)			Student Signature	Date	

														

														
Parent/Guardian Name (print)	Parent/Guardian Email (print clearly)	            Parent/Guardian Signature        Date

														


AP Physics I					    Name:  ________________________________

Attached:
1) “Summer Assignment 2022 Introduction”
2) “The Expectations for the First Days of School”
3) College Board AP Physics I “Table of Information”
4) “Math and Vector Practice” #1-24

1) Summer Assignments 2022 Introduction
Summer Reading Text (attached):  For the Love of Physics by Walter Lewin
Expected time to complete assignment:  2-3 days.

The summer text will hopefully open your eyes to some of the amazing natural phenomena in the universe that physics helps to explain.  This book offers great insight as to why knowledge of physics is important and how far reaching it is in our lives.  The author, Walter Lewin, is one of the most dynamic and renowned physics instructors in the world, retired now from MIT.  

Assignment:  You are assigned to read excerpts from the first few chapters that have been copied for you.  Additionally, we have several full copies of the book that can be loaned for those interested to read further.  For those with a strong interest in physics, it is a must read.

After reading the text, please write one page of complete and thoughtful sentences about your thoughts on the book and/or the author.  In the writing, please identify three (3) items you learned (specifically quote the text), two (2) items you have questions about, and one (1) insight or opinion you have of the writing and information. 

Writing should be typed, neatly presented, and organized with care.  Unorganized or careless work will not be accepted.  

Math and Vector Practice (attached):  
Expected time to complete assignment:  2-3 days.

This packet is a math preview/review to practice valuable skills that will be highly useful throughout the AP Physics course.  AP Physics I requires strong proficiency in algebra, basic trigonometry and some geometry.  In addition to understanding science concepts and exploring the physical world, physics applies the mathematics you have been learning!  The following assignment includes mathematics problems that are considered routine in AP Physics I.  This includes knowing several key metric system conversion factors and how to employ them.  

Another important skill in physics is understanding vectors.  This may be new to many of you.  The attached vector practice contains brief tutorials and example/practice problems.  

Laboratory Design:  
Expected time to complete assignment:  Up to one hour.

Design an experiment to explore the relationship between mass of an object and the time it takes the object to drop from a height.  List any common, accessible lab equipment needed, outline a procedure for data collection, and include a labeled diagram of the setup.  

Credit for this Summer Assignment

This summer assignment will be worth the value of seven regular homework assignments.  Full credit can only be awarded for work turned in on the first day of class.

In addition, the content of your first exam in week one will be based on the mathematics work you find in this assignment.  Success on the exam will be improved with sincere effort on this summer assignment.

Collaboration regarding the work is encouraged.  Use the Internet for reference material. However, do not copy work from another student.  This is to maintain your own integrity and reputation, and it’s for your own benefit regarding the content. 


Investing & Using an AP Review Book

To help ensure success in this course, it is expected you would use an AP Review book.  We will use pieces of one as a resource.  The book is 5 Steps to a 5 AP Physics I Algebra-Based by Greg Jacobs, published by McGraw Hill.

You are encouraged to purchase your own copy of this review book so you can write in it, mark it up, abuse it and keep it.  Alternatively, there are other satisfactory books from Kaplan, Barron’s, College Board and more.  Generally, they run from $18-$24.  They provide great reviews, advice and practice problems for each topic of AP Physics I.  They usually include 2-3 invaluable, full practice exams.  These books are available from most common bookstores or Amazon.


Internet Resources to Explore

Log on to the following three sites.  You will be expected to use them as resources throughout the year.

· learnapphysics.com
Click on Physics 1 & 2 on the top navigation and then on any topic under Physics 1 on the following page to explore video lectures and multiple choice practice banks.

· aplusphysics.com/ap1/ap1-supp.html
Click on any of the topics at the bottom of the page to view practice problems.

· hippocampus.org
Click on Physics to explore video presentations, video lessons from KhanAcademy, and simulations.

· phet.colorado.edu
Click on any of the Java simulations that are available here to make sure you are able to use them.

The Expectations for the First Days of School

What is due on the first day of school?

· Summer Reading Text Assignment
· One page reflection with 3-2-1 insights.

· Math and Vector Practice Assignment
· Complete all questions in the packet.
· You may attach extra paper if there is not enough space in the packet to show your work.

· Laboratory Design Assignment
· One page write-up of materials, lab procedure and diagram.

What if I don’t get all the problems or don’t understand the instructions?

· Do the best you can, use available resources, and show work and effort to receive credit.  I do not expect you to get all the problems in this class at first, but I do expect you to give an honest effort to all the problems we attempt.
· Email/text questions or concerns to Mr. Burt using one of the methods on the front page.
· Come to class the first days, and perhaps after school for help, with any questions to resolve these issues prior to the first test.

What should you be prepared for on the first days of class?

· Class Binder: 	
3-ring binder w/ graph-paper notebook included
· You will receive lots of material all year.  The only way to successfully stay organized is to have a 3-ring binder and put these materials in it in chronological order.
· All laboratory work, challenges and notes should be maintained in a graph-paper notebook included in your binder.  This will serve as a record of your work in class.  This is in preparation for the expectation of college laboratory work.

· All summer work is due Day 1 (August 29, 2021).

· On Day 1, we will use and discuss your summer work.

· There will be a math/vector exam covering the summer work in week one of class.  This will be your first and likely easiest test of the year.  Be sure you spend time working to understand the material.



[image: ap-physics-1-equations-table.pdf]


Math & Vector Practice Assignment

Be sure to read all directions throughout the packet.  All work must be completed on the pages below in the areas provided.  Calculators should be avoided for this section of the work.  No physics is needed for this assignment!


Scientific Notation Review
Solve the following.  Final answers should be in scientific notation.


1)  [image: ]				2)  




Unit Conversions Review
3)  Finish the SI prefix table below.  Follow the example of the centi- prefix.  You should be familiar with these.

	Symbol
	Name
	Numerical Equivalent

	n
	
	

	
	
	

	m
	
	

	c
	centi
	10-2

	k
	
	

	M
	
	

	G
	
	



Example for #4-6: 
			140 kilometers is how many centimeters?

		  140 km	    X   	1000 m	    X   	100 cm	   =  1.4 x 107  cm
		      1			   1 km			    1 m


4)  16.7 kilograms is how many grams?



5)  [image: ] seconds is how many years?



6)  [image: ] m/s is how many kilometers per hour?



Trigonometry Review
Use the figure below to answer problems 7-10.  Simplify as much as you can.


c

a
b







7)  Find c if given a and b.				8)  Find a if given b and c.



9)  Find b if given a and .				10)  Find  if given b and c.





11)  Using the properties of triangles, prove that A ≅ C in the drawing below.
  	[image: ]

Answer:








4
20
12

Area Review
12)   What is the area under the curve at the right?  

				_____________________



Algebra Review
Solve the following equations for the given variable and conditions.  Simplify if needed.


Example: . 	Solve for x.

	     

	                


13)  
A.) Solve for vi.				B.)  Solve for d.






14)  
A.) Solve for vo.				B.)  Solve for t, if vo = 0.









15)  		Solve for v.		







16)  		Solve for hf   , if hi = 0 and vf = 0.		







17)  .  		 Solve for vf,2  , if vi,1 = 0.






18)  .  	Solve for g.







Miscellaneous
Simplify without using a calculator.  Remember to show all of your work.



19)  					20)  











21)  Consider  , ,  , or .

a.) As x increases and y stays constant, z _____________________.

b.) As y increases and x stays constant, z _____________________.

c.) As x increases and z stays constant, y _____________________.

d.) As a increases and c stays constant, b _____________________.

e.) As c increases and b stays constant, a _____________________.

f.) As b increases and a stays constant, c _____________________.

g.) As n increases and m stays constant, l _____________________.

h.) As l increases and n stays constant, m _____________________.

i.) If s is tripled and t stays constant, r is multiplied by _____________________.

j.) If t is doubled and s stays constant, r is multiplied by _____________________.

 
Vectors

Most of the quantities in physics are vectors.  This makes proficiency in vectors extremely important.

Magnitude: Size or extent.  The numerical value.  Answers questions like “how big?” or “how much?”
Direction: Alignment or orientation of any position with respect to any other position.  Answers questions like “which way?” and ”relative to what point of reference?”
Scalars: A physical quantity described by a single number and units.  A quantity described by magnitude only.
Examples: time, mass and temperature (they do not have a direction associated with them)
Vectors: A physical quantity with both a magnitude and a direction.  A directional quantity.
Examples: velocity, acceleration, force (you need to know how big and in which direction)
Notation: [image: ]	or	[image: ]	     Length of the arrow is proportional to the vector’s magnitude.
				     Direction the arrow points is the direction of the vector.
Negative Vectors
Negative vectors have the same magnitude as their positive counterpart.  They are just pointing in the opposite direction.
	[image: ]	[image: ]

Vector Addition and Subtraction
Think of it as vector addition only.  The result of adding vectors is called the resultant. [image: ]
[image: ]	[image: ]	+	[image: ]	=	[image: ]
So if A has a magnitude of 3 and B has a magnitude of 2, then R has a magnitude of 3+2=5.
When you need to subtract one vector from another, think of the one being subtracted as being a negative vector.  Then add them.
[image: ] is really[image: ]	[image: ]	+	[image: ]	=	[image: ]

A negative vector has the same length as its positive counterpart, but its direction is reversed.
So if A has a magnitude of 3 and B has a magnitude of 2, then R has a magnitude of 3+(-2)=1.
This is very important.  In physics, a negative number does not always mean a smaller number.  Mathematically, –2 is smaller than +2.  But, in physics, these numbers have the same magnitude (size), they just point in different directions (180o apart).

There are two methods of adding vectors

ParallelogramB
A

A + B R
B
A
B
A

A – B B
A
- B
A
R
- B
A

“Tip to Tail”
A + B B
A
B
A
B
A
R

A – B B
A
- B
A
R
- B
A


Both methods arrive at the exact same solution since either method is essentially a parallelogram.  It is useful to understand both systems.  In some problems, one method works better than the other.


22) Draw the resultant vector using the parallelogram method of vector addition (just DRAW them, no calculations here).

Example
a. 
b. 
c. 
d. 
e. 



23) Draw the resultant vector using the “tip to tail” method of vector addition.  Label the resultant as vector R.
a. 

Example 1: A + BR
B
A
B
A

Example 2: A – BR
- B
A
B
A

b. X + YY
X

c. T – SS
T

d. A + B + CB
A
C

e. A – B – CB
A
C



Direction:  What does positive or negative direction mean?  How is it referenced?  The answer is the coordinate axis system.  In physics, a coordinate axis system is used to give a problem a frame of reference.  Positive direction is a vector moving in the positive x or positive y direction, while a negative vector moves in the negative x or negative y direction.  This also applies to the z direction, which will be used sparingly in this course.
-y
-x
+y
+x

What about vectors that don’t fall on the axis?  You must specify their direction using degrees measured from East.   “East” is the same as the positive X-axis in this case.



Component Vectors
A resultant vector is a vector resulting from the sum of two or more other vectors.  Finding the components is the reverse of finding a resultant.  Component vectors are the vectors that are parallel to the x- and y-axes that, when added together, equal the resultant.       (NOTE: this is true at least for now…just wait until rotation!) 
R
R
+Ry
+Rx
R
+Ry
+Rx
or

Any vector can be described by an x-axis vector and a y-axis vector, which when summed together, mean the exact same thing.  The advantage is you can then use plus and minus signs for direction instead of the angle.

24) For the following vectors draw the component vectors along the x and y axes.
a. 
b.  
c.  
d.  
e.  



Note: The quadrant that a vector is in determines the sign of the x and y component vectors.

[image: ][image: ][image: ]
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also, astronomy is physics, writ large across the night sky: eclipses, com-
ets, shooting stars, globular clusters, neutron stars, gamma-ray bursts,
jets, planetary nebulae, supernovae, clusters of galaxies, black holes.

Just look up in the sky and ask yourself some obvious questions: Why
is the sky blue, why are sunsets red, why are clouds white? Physics has
the answers! The light of the Sun is composed of all the colors of the
rainbow. But as it makes its way through the atmosphere it scatters in all
directions off air molecules and very tiny dust particles (much smaller
than a micron, which is 1/250,000 of an inch). This is called Rayleigh
scattering. Blue light scatters the most of all colors, about five times
more than red light. Thus when you look at the sky during the day in any
direction*, blue dominates, which is why the sky is blue. If you look at
the sky from the surface of the Moon (you may have seen pictures), the
sky is not blue—it’s black, like our sky at night. Why? Because the Moon

has no atmosphere.
Why are sunsets red? For exactly the same reason that the sky is

blue. When the Sun is at the horizon, its rays have to travel through
more atmosphere, and the green, blue, and violet light get scattered the
most—filtered out of the light, basically. By the time the light reaches our
eyes—and the clouds above us—it's made up largely of yellow, orange,
and especially red. That's why the sky sometimes almost appears to be on
fire at sunset and sunrise.

Why are clouds white? The water drops in clouds are much larger
than the tiny particles that make our sky blue, and when light scatters off
these much larger particles, all the colors in it scatter equally. This causes
the light to stay white. But if a cloud is very thick with moisture, or if it
is in the shadow of another cloud, then not much light will get through,
and the cloud will turn dark.
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Out in the country with my students I could show them the Andron,.
eda galaxy, the only one you can see with the naked eye, around 2. mil-
lion light-years away (15 million trillion miles), which is next door a
far as astronomical distances go. It's made up of about 200 billion stars.
Imagine that—200 billion stars, and we could just make it out as a faint
fuzy patch. We also spotted lots of meteors—most people call them
shooting stars. If you were patient, youd see one about every four or five
minutes. In those days there were no satellites, but now youd seeahost of
those as well. There are more than two thousand now orbiting Earth: and
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we're stargazing. As the planet closest to the Sun, it's very difficult to see
it with the naked eye. The conditions are best only about two dozen eve-
nings and mornings a year. Mercury orbits the Sun in just eighty-eight
days, which is why it was named for the fleet-footed Roman messenger
god;and the reason it's so hard to see is that its orbit is so close to the Sun.
Its never more than about 25 degrees away from the Sun when we look
at it from Earth—that’s smaller than the angle between the two hands
of a watch at eleven oclock. You can only see it shortly after sunset and
before sunrise, and when it’s farthest from the Sun as seen from Earth. In
the United States it's always close to the horizon; you almost have to be in
the countryside to see it. How wonderful it is when you actually find it!

Stargazing connects us to the vastness of the universe. If we keep star-

ing up at the night sky, and let our eyes adjust long enough, we can see
the superstructure of the farther reaches of our own Milky Way galaxy
quite beautifully—some 100 billion to 200 billion stars, clustered as if
woven into a diaphanous fabric, so delightfully delicate. The size of the
universe is incomprehensible, but you can begin to grasp it by first con-
sidering the Milky Way.

Our current estimate is that there may be as many galaxies in the uni-
verse as there are stars in our own galaxy. In fact, whenever a telescope
observes deep space, what it sees is mostly galaxies—it's impossible to
distinguish single stars at truly great distances—and each contains bil-
lions of stars. Or consider the recent discovery of the single largest struc-
ture in the known universe, the Great Wall of galaxies, mapped by the
Sloan Digital Sky Survey, a major project that has combined the efforts
of more than three hundred astronomers and engineers and twenty-five
universities and research institutions. The dedicated Sloan telescope is
observing every night; it went into operation in the year 2000 and will
continue till at least the year 2014. The Great Wall is more than a bil-
lion light-years long. Is your head spinning? If not, then consider that
the observable universe (not the entire universe, just the part we can

observe) is roughly 90 billion light-years across.
This is the power of physics; it can tell us that our observable uni-
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CHAPTER 2

Measurements, Uncertainties,
and the Stars

My Grandmother and Galileo Galilei

Physics is fundamentally an experimental science, and measurements
and their uncertainties are at the heart of every experiment, every dis-
covery. Even the great theoretical breakthroughs in physics come in the
form of predictions about quantities that can be measured. Take, for
example, Newton’s second law, F = ma (force equals mass times accel-
eration), perhaps the most important single equation in physics, or Ein-
stein’s E = mc? (energy equals mass times the square of the speed of light),
the most renowned equation in physics. How else do physicists express
relationships except through mathematical equations about measurable
quantities such as density, weight, length, charge, gravitational attrac-
tion, temperature, or velocity?

I will admit that I may be a bit biased here, since my PhD research
consisted of measuring different kinds of nuclear decay toa high degree
of accuracy, and that my contributions in the early years of X-ray astron-
Omy came from my measurements of high-energy X-rays from tens of

21
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verse is made up of some 100 billion galaxies. It can als()Atell us that of
rse, only about 4 percentis ()fdinary Mat

the matter in our visible unive
1d you and I) are made. About 23 per.

ter, of which stars and galaxies (ar o
it's invisible). We know it ex;j
cent is what's called dark matter (its invisible) W it exists, by,

at it is. The remaining 73 percent, which is the bulk
of the energy in our universe, is called dark energy, whi.ch is also inyjs.
ible. No one has a clue what that is either. The bottom line is that wey,
ignorant about 96 percent of the mass/energy 1n our. universe. Physics
has explained so much, but we still have many mysteries to solve, which
I find very inspiring.

Physics explores unimaginable immensity, but at the same time it can
dig down into the very smallest realms, to the very bits of matter such
as neutrinos, as small as a tiny fraction of a proton. That is where I was
spending most of my time in my early days in the field, in the realms
of the very small, measuring and mapping the release of particles and
radiation from radioactive nuclei. This was nuclear physics, but not the
bomb-making variety. I was studying what made matter tick at a really

we don't know wh

basic level.
You probably know that almost all the matter you can see and touch

is made up of elements, such as hydrogen, oxygen, and carbon com-
bined into molecules, and that the smallest unit of an element is an atom,
made up of a nucleus and electrons. A nucleus, recall, consists of pro-
tons and neutrons. The lightest and most plentiful element in the uni-
verse, hydrogen, has one proton and one electron. But there is a form
of hydrogen that has a neutron as well as a proton in its nucleus. That is
an isotope of hydrogen, a different form of the same element; it’s called
deuterium. There’s even a third isotope of hydrogen, with two neutrons
joining the proton in the nucleus; that's called tritium. All isotopes of3
given element have the same number of protons, but a different number
of neutrons, and elements have different numbers of isotopes. There il
thirteen isotopes of oxygen, for instance, and thirty-six isotopes of gold
Now, many of these isotopes are stable—that is, they can last mor® i
less forever. But most are unstable, which is another way of saying they
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radioactive, and radioactive isotopes decay: that is to say, sooner or later
they transform themselves into other elements. Some of the elements they
transform into are stable, and then the radioactive decay stops, but others
are unstable, and then the decay continues until a stable state is reached.
Of the three isotopes of hydrogen, only one, tritium, is radioactive—it
decays into a stable isotope of helium. Of the thirteen isotopes of oxygen,
three are stable; of gold’s thirty-six isotopes, only one is stable.
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thousands of light-years away. But there simply is no physics Withgy,
measurements. And just as important, there are no meaningfy| Meg
surements without their uncertainties.

You count on reasonable amounts of uncertainty all the time, Withoy,
realizing it. When your bank reports how much money you have j, your
account, you expect an uncertainty of less than half a penny. Whe,, You
buy a piece of clothing online, you expect its fit not to vary more than 5
very small fraction of a size. A pair of size 34 pants that varies just 3 per.
cent changes a full inch in waist size; it could end up a 35 and hang on
your hips, or a 33 and make you wonder how you gained all that weight.

Its also vital that measurements are expressed in the right units, Take
the case of an eleven-year-long mission costing $125 million—the Mars
Climate Orbiter—which came to a catastrophic conclusion because of
a confusion in units. One engineering team used metric units while
another used English ones, and as a result in September 1999 the space-
craft entered the Martian atmosphere instead of reaching a stable orbit.

In this book I use metric units most of the time because most
scientists use them. From time to time, however,

I'll use English units—
inches, feet, miles,

and pounds—when it seems appropriate for a US.
audience. For temperature, I'll use the Celsius or Kelvin (Celsius plus
273.15) scales but sometimes Fahrenheit, even
works in degrees Fahrenheit,

My appreciation of the crucial role of me

one reason I'm skeptical of theories that can’
measurements. Take string theory,

theory, the latest effort of theoreti
everything”

though no physicist

asurements in physics is
t be verified by means of
or its souped-up cousin superstring‘
cians to come up with a “theory of
» and there are some brilliant ones

Predictive power, which is why som¢

physicists, such as Sheldon Glagh : s
ow at Harvard, i hether ¥

even physics a ]|, MR
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Bodies in Motion

ere’s something fun to try. Stand on a bathroom scale—not one
of those fancy ones at your doctor’s office, and not one of those

digital glass things you have to tap with your toes to make it turn on, just
an everyday bathroom scale. It doesn’t matter if you have your shoes on
(you don't have to impress anyone), and it doesn’t matter what number
you see, and whether you like it or not. Now, quickly raise yourself up on
your toes; then stop and hold yourself there. You'll see that the scale goes
alittle crazy. You may have to do this several times to clearly see what's
going on because it all happens pretty quickly.

First the needle goes up, right? Then it goes way down before it comes
back to your weight, where it was before you moved, though depend-

ing on your scale, the needje (or numbered disk) might still jiggle a bit
before it stabilizes, The

You do so quickly,
Weight, before cq

n, as you bring your heels down, especially if
the needle first goes down, then shoots up past your
have, ming to rest back at the weight you may or may not
a|
Same w:tte: 1o know. What was that all about? After all, you weigh the
€
doyoyr €T You move your heels down or up on your toes, right? Or

37
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the six astronauts who were measured, all six showed about 3 percent

growlh in height—a little over 2 inches if you're 6 feet tall. Now astro-

pauts’ suits are made with extra room to allow for this growth,

gee how revealing good measurements can be? In that same class
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measure length to an accuracy of about 0.1 centimeter (| m'“lmcmr
e \ |

But at least as import

{ plaving g

students that I'm not piay upp
<cially “cooked” meter stick for my )

that [ have prepared a specially uml.«d A _) h“rm,mi

nts—that would be a terrible, very dishonest thmg to do,

ant for me is the fact that I want to Prove "
¢

ames with them. Suppose, for examy
Ple

measureme

showing that the length of the i -
surements, | establish that my scientific integrity is beyond douby.

1 then ask for a volunteer, measure him standing up, write that num.
ber on the blackboard—185.2 centimeters (or just over 6 feet), plus o
minus 0.1 centimeter of course, to account for the uncertainty, Then |
help him lie down on my desk in my measuring equipment, which oo,
like a giant Ritz Stick, the wooden shoe-store foot-measuring device,
only his whole body is the foot. I joke back and forth with him aboy;
how comfortable he is and congratulate him on his sacrifice for the sake
of science, which makes him just a wee bit uneasy. What have I got up my
sleeve? I slide the triangular wooden block snug up against his head, and
while he lies there, I write the new number on the board. So we now have
two measurements, each uncertain by about 0.1 centimeters. What's the
result?

Are you surprised to learn that the two measurements differ by
2.5 centimeters, plus or minus 0.2 centimeters of course? I have to con-
clude that he is in fact at least 2.3 centimeters (or about 0.9 inches) taller
while lying down. I go back to my prone student, announce that hes
roughly an inch taller sleeping than standing up, and—this is the best
part—declare, “My grandmother was right! She was always right!”

Are you skeptical? Well, it turns out that my grandmother was 2
better scientist than most of us. When we are standing, the tug of grav-
ity compresses the soft tissue between the vertebrae of our spines, &
when we lie down, our spines expand. This may seem obvious once 1o
know it, but would you have predicted it? In fact, not even the sci"
tists at NASA anticipated this effect in planning the first space missioni
The astronauts complained that their suits got tighter when they L

in space. Studies done later, during the Skylab mission, showed th4' ‘

By

aluminum rod is the same in the tyy, me
a-
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However, string theory has some brilliant and eloquent proponents.
oW s 8 :

Greene is one. and his book and PBS program The Elegant Uni-
Brian U . . .
: (I'm interviewed briefly on it) are charming and beautiful. Edward
perse . s - . R
" tens M-theory, which unified five different string theories and pos-
wittens ‘

its that there are eleven dimensions of space, of which we lower-order
1\;~ing> see only three, is pretty wild stuffand is intriguing to contemplate.

But when theory gets way out there, I am reminded of my grand-
mother, my mother’s mother, a very great lady who had some wonderful
sayings and habits that showed her to be quite an intuitive scientist. She
us‘ed to tell me, for instance, that you are shorter when standing up than
when lying down. Ilove to teach my students about this. On the first day
of class I announce to them that in honor of my grandmother, I'm going
to bring this outlandish notion to a test. They, of course, are completely
bewildered. I can almost see them thinking, “Shorter standing up than
lying down? Impossible!”

Their disbelief is understandable. Certainly if there is any difference
in length between lying down and standing up it must be quite small.
After all, if it was one foot, youd know it, wouldn’t you? You'd get out
of bed in the morning, youd stand up and go clunk—you're one foot
shorter. But if the difference was only 0.1 centimeters (%s of an inch)
youmight never know. That's why I suspect that if my grandmother was
right, then the difference is probably only a few centimeters, maybe as
much as an inch.

To conduct my experiment, I of course first need to convince them of
the uncertainty in my measurements. So I begin by measuring an alumi-
num rod vertically—it comes to 150.0 centimeters—and I ask them to
agree that I'm probably capable of méasuring it with an uncertainty of
Plus or minus one-tenth of a centimeter. So that vertical measurement is
150040, centimeters. I then measure the bar when it’s horizontal and
come up with 1499 + 0.1 centimeters, which is in agreement—within
the Uncertainty of the measurements—with the vertical measurement.

What did | gain by measuring the aluminum rod in both positions?

A
lot! For one, the two measurements demonstrate that 1 was able to
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Consider just how revolutionary an insight this was. Not only did it

overturn all previous understanding; it pointed the way to the discovery
of a host of forces that are acting on us all the time bul
like friction, gravity, and the magnetic and electric forces. So important
was his contribution that in physics the unit of force is called a newton.
But not only did Newton allow us to “se¢” these hidden forces; he also

showed us how to measure them.
With the second law he provided a remarkably simple but powerful
guide for calculating forces. Considered by some the most important
famous F=ma. In words:

equation in all of physics, the second law is the
F, on an object is the mass of the object, 11t multiplied by

t are invisible—

the net force,
the net acceleration, 4 of the object.
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sooutCaien whickias B o covty biography, recount, S story This brings us to a very important feature of the second law. The word

thath, netinthe equation as given aboves vital, as nearly always in nature more

rformed an experiment from the top of the Leaning Tower of p;
Isa in

which he threwa cannonball and a smaller wooden ball off the t than one force is acting on an object; all have to be taken into account.
”n_nsnubﬂ Hisintent, reputedly, was to disprove an assertio overat This means that the forces have to be added. Now, its not really as simple
o Aristotle that heavier obj 1 attrib. 0
‘heavier objects would fall faster than li as this, because g that they have
an |
The account has long been doubted, and it seems pretty cleal ight ones a magnitude as well as a direction, which means that you cannot really
0 1 00W that make a calculation like 2 + 3 = 5 for determining the net force. Suppose
ces act on a mass of 4 kilograms; one force of 3 newtons is

forces are what we call vectors, meai i

o manider only two for
" of the A
pollo 15 Moon pointing upward, and another of 2 newtons is pointing downward. The

ly dropped

Mﬁw gﬂ“ﬂ“ﬂ“ﬁ MM_.nos mgs.a sum of these two forces is then 1 newton in the upward direction and,
jects of dif- according to Newton's second law, the object will be accelerated upward

cceleration of 0.25 meters per second per second.

The sum of two forces can even be zero. If [ place an object of mass m
on my table, according to Newton's second law the gravitational force on
the object is then mg (mass X mssgos& acceleration) newtons in the
downward direction. Since the object is not being accelerated, the net
force on the object must be zexo- ‘That means that there must be another
force of mg newtons upward. That is the force with which the table
pushes upward on the object. A force of mg down and one of mg up add

und at th
e {
same rate in a vacuum. Itsa with an a

up to a force of zero!

s B o s o Newton's third law: “To every action there is always
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in oppOs! reerk wl )
1o why your scale goes berserk when you lift yourself up onto your toes
on it. This brings us back to the issue of just what weight is, and lets us

nd it more precisely.

::mmnmnw
and on a bathroom scale, gravity is pulling down on you

When you st

with force Mg (
¢ same force so that the net force on you is zero. This force

where m1 is your mass) and the scale is pushing up on

you with th

pushing up against you i
what registers as your weight. Remember, weight is not the same thing as

‘mass. For your mass to change, youd have to go on a diet (or, of course,
you might do the opposite, and eat more), but your weight can change

much more readily.
Let's say that your mass (m) is 55 kilograms (that's about 120 pounds).

When you stand on a scale in your bathroom, you push down on the
scale with a force mg, and the scale will push back on you with the same
force, mg. The net force on you is zero. The force with which the scale
pushes back on you is what you will read on the scale. Since your scale

may indicate your weight in pounds, it will read 120 pounds.
Let’s now weigh you in an elevator. While the elevator stands still (or

while the elevator is moving at constant speed), you are not being accel-
erated (neither is the elevator) and the scale will indicate that you weigh
120 pounds, as was the case when yoU weighed yourself in your bath-
room, We enter the elevator (the elevator is at rest), you go on the scale,
and it reads 120 pounds. Now 1 press the button for the top floor, and the

s what the scale actually measures, and this is
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it

o
‘0 pounds. Since an
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RBodies in M

that you lost weight, which you may enjoy! However,

ou will 5¢€

:r_m:_u< that, when the elevator has come to a stop, your weight will
mro_i< umma.w © normal (120 pounds).
4gain go bac o, someone who really, really dislikes you cuts the cable

mnnno%:a NAWQBEW down the ator shaft, going down with an
and yoU .mz:‘om ol realize you probably wouldn't be thinking about
unnm_.aqn:“ﬂuﬁ point, but it would make for a (briefly) interesting experi-
_uEa_nMoﬂn weight will become m(g - g) = 0; you are weightless. Because
H_“.S_o is falling Jdownward at the same acceleration as you, it no longer

15 a force on you upward. If you looked down at the scale it would
1

er zero. In truth,
ould be floating. If you had a glass of water you could turn it over

regist you would be floating, and everything in the ele-

vator W
and the wate

Jurge you not to try!
This explains why astronauts float in spaceships. When a space mod-

r would not fall out, though of course this is one experiment

ule, or the space shuttle, is in orbit, it is actually in a state of free fall,
just like the free fall of the elevator. What exactly is free fall? The answer
might surprise you. Free fall is when the force acting upon you is exclu-
sively mnuigno:m__ and no other forces act on you. In orbit, the astro-
nauts, the spaceship, and everything inside it are all falling toward Earth
in free fall. The reason why the astronauts don't go splat is because
the Earth is curved and the astronauts, the spaceship, and everything
inside it are moving so fast that as they fall toward Earth, the surface of
the planet curves away from them, and they will never hit the Earth’s
surface.

Thus the astronauts in the shuttle are weightless. If you were in the
shuttle, you would think that there is no gravity; after all, nothing in the
shuttle has any weight. Its often said that the shuttle in orbit is a zero-
gravity environment, since that’s the way you perceive it. However, if

there were no gravity, the shuttle would not stay in orbit.
ing that I really wanted

TThe whole idea of changing weight s so fascinat
to be able to demonstrate this phenomenon—even weightlessness—in
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class. What if I climbed up on a table, standing on a bathro, cale g
lat

was tied very securely to my feet? I thought then maybe I ¢y omeh
w

show my students—by rigging up a special camera—that for the hil]f\ec

ond or so that I was in free fall the bathroom scale would indicate zero, 1 |
might recommend that you try this yourself, but don’t bother; trys; me,
I tried it many times and only broke many scales. The problem i that
the scales you can buy commercially don't react nearly fast enough, since 3
there is inertia in their springs. One of Newton’s laws bedeviling another!
If you could jump off a thirty-story building, you would probably haye
enough time (you would have about 4.5 seconds) to see the effect, but of
course there would be other problems with that experiment.

So rather than breaking scales or jumping off buildings, here’s some-
thing you can try in your backyard to experience weightlessness, if you
have a picnic table and good knees. I do this from the lab table in front
of my classroom. Climb up on the table and hold a gallon or half-gallon
jug of water in your outstretched hands, just cradling it lightly on top of |
them, not holding the sides of the jug. It has to be just resting on your
hands. Now jump off the table, and while you are in the air you will see -
the jug start floating above your hands. If you can get a friend to makea -
digital video of you taking the jump, and play it back in slow motion, you
will very clearly see the jug of water start to float. Why? Because as you5
accelerate downward the force with which you have been pushing up on
the jug, to keep it in your hands, has become zero. The jug will now be
accelerated at 9.8 meters per second per second, just as you are. You and
the jug are both in free fall.

But how does all of this explain why your scale goes berserk when you

lift yourself up on your toes? As you push yourself upward you acceler
ate upward, and the force of the scale pushing on You increases. So yo

yo
decelerate to come to a halt, and that means that your weight goes do

weigh more for that brief time. But then, at the top of your toes,

Then, when you let your heels down, the entire process js reversed, and
you have just demonstrated how, without changing your mass at all, y ,
can make yourself weigh more or less for fractions of 3 second,
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