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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS SECTION

MILES J. DRESSER

ASSOCIATE PROFESSOR OF PHYSICS

WASHINGTON STATE UNIVERSITY
GENERAL INTRODUCTION: From che earliest age that a child
can communicate, their curiosity about nature and its
behavior is evident. The questions of "why?" which
sometimes exhaust the patience of the adults around them,
are many times the same questions that have driven
scientists to explore the mysteries (f nature. Those
explorations have resulted in a clearer view of nature, out
as each mystery is explored and becomes less mysterious, new
| mysteries become evident that arouse the inherent curiosity
of people to study them. We have found that the unravelling
of mysteries has in most cases been to our benefit because
as we develop understanding, we can better employ nature to
our benefit. Machines do work we cannot, medicines cure the
previously uncurahle, and new materials are found that adapt
to our requirements where others failed. Transportation and
communications have taken us from a world of isolated
families, communities, and tribes to a massive interrelated
world society which on one hand seems exciting and filled
with potential but on the other hand is frightening in its
complexity and variety. Thus while science has given us
many benefits it has also created some of our most complex
problems. Living in these times then requires that we have

a populace that is generally at ease with and somewhat
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conversant in the sciences. Just as the knowledge from
science has contributed, in part, to our problems so must an
understandinc of science be involved in the solution of
those problems.

To that end we will try to create a course that
involves specialist teachers who demonstrate both the
process and substance of physical science in a manner that
is intriguing and stimulating to the potential elementary
teacher. We feel that the ability of an elementary teacher
to feel at ease while presenting physical science topics or
encouraging their students in those studies is critical to
the improvement of attituwes toward the physical sciences
found in our general society.

Using specialist teachers in the physical sciences
requires that we use subjact matter breakdowns that are
evident at the University level but rather meaningless at
the elementary level. The four blocks of tuis course will
be Physics, Chemistry, Geology, and Astronomy. All of
these topics become blended as they are implemented into
elementary educational programs so that the elementary
teacher must be able to draw on knowledge from several
academic areas for a single classroom topic. The primary
goal of this course is then to provide the future teacher
with sufficient knowledge of the subject matter in the
Physical Sciences that they can feel confident when called
on, to present these topics to the elementary class. It is

assumed that these students will be concurrently enrovlled in
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a science methods course which parallels this and deals with
the 1mplementation of the topics of this course in an

elementary situation.

PHYSICS INTRODUCTION: The domain of physics includes the
search for some of the most fundamental of the laws which
govern the behavior of matter and how these laws combine to
explain the phenomena of nature that we observe. Topics in
Physics include motion, force, energy, fluid behavior both
at rest and in motion, temperature, electricity, magnetism,
light and optics, and the construction of matter from the

level of subnuclear particles through the construction of

the atom to the nature of solids and fluids as an assembly
of atomic particles. Our intent is to activate the
childlike curiocity that pervades us all, to see that simple
model~ and simple explanations infact explain far more of
nature around us than might seem possible at first glance.
Simple models are many times numerical in nature so that

the quantification of pnenomena and substances becomes

an important part of this subject. The first step in
quantification of physical phenomenon is to establish

an appropriate measure. An understanding of measurement

is crucial to the development of the physical sciences

and particularly to the development of those topics in

the domain of Physics. Thus we begin with the process of
measurement and proceed to the topics of mechanics, (motion,
force, and energy). We will then study the subject of heat

and temperature followed by the topics of electricity and

§




magnetism, and optics and light. cGur final focus will be on
atomic and nuclear construction and the use of physical

models to aid our understanding of phenomena at that level.




PHYSICAL SCIENCE FOR ELEMENTARY TEACH:KS
PHYSICS BLOCK -~ LECTURE #1

I. Introduction
A. Course Procedures nd Plans
B. Nature of Physics
C. Measurements
1. process (comparison)
2. definitions (conventions)
length

time {Show examples
mass

II. Kinematics

A. Speed (Demo Air Track horizontal or tipped)
1. average
2. instantaneous
3. examples

B. Acceleration -~ deceleration
1. average
2. instantaneous

3. examples
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PHYSICAL SCIEMNCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -~ LECTURE #2

I. Review of Kinematics
A. Position

B. Velocity

II. Kinematics (cont.)

B. Acceleration - deceleration
1. average
2. instantaneous
3. examples

C. Description of Motion
1. constant acceleration
2. wuseful formulae

X - Xy = at2 + v t (Ball down

5 5 ° sloped hill)
vi - vt o= 2a(x - xo)

3. examples
freefall experiments (Fz2ather & Farthing)

g = const. for everything
(ignorirg air drag)

Talk about describing a ball’s motion when
tossed up (or down) *+ velocity,
+ acceleration, + position

4. numerical examples




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #3

I. Review cof Kinematics
A. Position

B. Velocity

C. Acceleration

D. Formulae for const. accelesration
2
X - xo = vot + at
2 2 Watch signs!

vi - v o= 2a({x - xo)

II. Kinematics in 2 or 3 dimensions

A. Vectors
1. magnitude & direction
2. position vectors coordinate arrows
3. velocity vectors

B. Combining vec‘ors
1. graphical addition
2. components raler

prc.ractor

3. component addition
4. subtraction (the minus vector)

C. 2 dimensional motion

1. independence of components

a. monkey hunter demo

b. other demos

12
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #4

Dynamics - Answers the question

"Why do velocities change?" - or
"How can we change a velocity?"

A. The answer is ~ Force

A crude definition of force -
"That which changes velocity."

Newtor. said....{(First law) - an object rer.ins at
rest or at constant velocity unless acted on by a
net Force.

B. How do we measure force?
1. note dependence on mass

2. note dependence on acceleration

C. Action - Reaction




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #5

I. Review of concepts of force

II. Newtons laws of motion

A. First---"rest or constant velocity"
B. Second---"net force = ma"
C. Third--~-"action-reaction"

III. Application examples of the three laws
A. Ball with string above and below

B. Tablecloth from under a place setting

C. Tractor and log




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #6

I. Review of Newton’'s Laws

A. 1st Law (defines Force as that which changes
velocity)

2nd Law - quantifies Force via F ¢ = ma
3rd Law - Action-Reaction...ForceS come in pairs

B. Applications

1. Units of Force

kg(m/sz) = Newton = N, English Pourl is force of g
F = mg
m = £/g = 1b/(ft/s’) = Slug

2. Weight vs Mass

Weight is force of g on matter, Mass is quantity
of matter

if Fnet = mg
m=F.../9 =Ww/g
II. Momentum
Defined as P = mv
. _ _ vV - Vv
Since Fnet =ma = m { o)
t
- mv-mv _ P~ P
t t

P
t
or P=Ft--F t is called impulse

Bat hits ball with F for t ~-- Changes momentum by P

if F

P/ t

]
o

and if F




II.

III.

IV.

PHYSICAL SCILENCE FOR ELEMENTARY TEACHERS
PHY3ICS BLOCK === LECTURE #7

Review of Newtons laws.
Another Application - perscn on an elevator
a =2 m/sz, m = 100 kg, find the apparent weight.
Work
AR. No work if no change in position
B. No work if force is perpendicular to the motion
C. Work is negative if motion is opposite to force
Potential Energy (mgy for gravity)
A. Energy of position
1. Work to put it there
2. Work it can deliver if released
Kinetic Energy (mv+2 /2)

A. Energy of motion

1. Fnet = ma from Newton II
2. v2 - voz = 2 ax Kinematic #4
3. W= Fnet x = (ma) x =m (ax)
_ 2 _ 2
= m(v v )/2
= KE - KEo

4. This is called the work energy theorem:

Work by a net force is equal to the change

in the kinetic energy.




II.

III.

Iv.

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #8

Review of work and energy

A. Work (F X)
B. Potential Energy (mgy for gravity)
C. Kinetic Energy (mv2/2)

Conservation of energy
A. Hills and valleys

3. Loop the loop

Circular motion

A. Centripetal vs. centrifugal

B. Centripetal force (mvz/r)

C. Torque and rotational acceleration (T = Ia/r)
D. Moment of inertia (I = {number}mrz)

E. Angular momentum and conservation (L = Iv/r)

F. Rotational kinetic energy (KErot = I(v/r)2/2).

Conservation of total energy

TE = PE + KE + KEr

ot

tran. is motion of center and rot. is rotation about
the center. Tran. is translation.

tran



II.

III.

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK —-=- LECTURE #9

Review of rotational motion

A, Torque (T =Fr )

perp
B. Angular dynamics (T =1 a/r)
C. Angular momentum (L =1v/r)
Wrap up of rotational motion
A. Angular energy (KErot =1 (v/r)2/2)

B. Corservation of all energy

Temperature and heat
A. Temperature and thermometric properties
B. Linear expansion

C. Heat capacity

18
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} PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
l PHYSICS BLOCK =-- LECTURE #10

I. Review of rotation and temperature

A. Rotation conservation of energy in translation
and rotation

B. TemperAtures
C. Thermometric properties -- Pressure
II. Heat as a form of energy
A. Heat capacity of materials
B. Heat transfer
1. conduction
2. convection
3. radiation
C. Phase changes
1. boiling point, freezing poirt
2. Triple point

3. latent heat of trarsformation




II.

IIT.

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #11

Review of heat concepts

A. Temperature

B. Heat and heat capacity

Heat Transfer

A. Conduction vs Convection

B. Radiation

Bciling and Melting

A. The melting point (Fusion)

B. The boiling point (Condensation)
C. Heats of transformation

D. The Triple point




II.

III.

Iv.

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK —-- LECTURE #12

Review of Exam

Static Charge

A. Strong Force

B. Two Kinds (+,- The Franklin convention)
C. Force Fields

D. Charging by induction
The Electric Field

A. Point charge

B. Parallel Plates

C. Other shapes

D. In and around conductors

Charge Storage (Capacitors)




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCTK -- LECTURE #13

I. Review of Electric Fields

A. Charges
B. Fields around shapes
II. Charging objects
A. Induction
B. Storage
III. Potential (Energy / charge)
A. Work against the field

B. Moving charge

C. Ohms Law

Series and Parallel




II.

III.

IV,

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK == LECTURE #14

Review of potential and current

Current (the ampere = coulomb per second)
Resistance

A. Ohms law

B. Resistance units

C. Parameters of resistance (The salt tube)
Circuits

A. Symbols

B. Sources of potential

C. Series

D. Parallel

23




II.

III.

Iv.

VI.

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK ~- LECTURE #15

Schedule makeup for Friday
Review of currents

Circuits

A. Svmbols

B. Series

C. Parallel

Magnetic fields

A. Poles

B. Materials

C. Magnetization

Magnetic forces on moving charges
A. Bending an electron beam
B. Jumping wire

C. Meters and motors
Magnetic fields of currents

A. A wire

B. Coils




II.

III.

Iv.

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #16

Review of Magnetism

Magnetic forces on moving charges

A.

B.

Bending an electron beam

Meters and motors

Magnetic fields of currents

A.

B.

c.

Dl

A wire
Coils
Electromagnets

Atomic electron currents a source of ragnetism

Magnetically induced electric fields

A.

Moving wire
Moving coil

Moving Field and Lenzes law

Transformer and AC




II.

III.

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #17

Review of Electricity and Magnetism
Light (Electromagnetic waves)

A. Speed in vacuum 3 x 108m/s for al
observers!

B. Reflecticn and construction of images

C. Refraction, Snells law.... i = nr

(See figure to the right)

D. Speed of light in materials - index
of refraction

Refraction of objects

A. Parallel surfaces

B. Prisms

C. Curved surfaces - lenses
D. Focal point

E. Ray tracing - images

F. 1/f = (1/1) + (1/0)




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #18

I. Review of Refraction

A. Lenses
B. Focal point

II. 1Image construction
A. Ray tracing
B. 1/f = (1/1I) + (1/0)

III. Light as a wave
A. Interference from separate sources
B. Diffraction from a single source
C. Gratings

IV. Polarization




III.

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #19

Review of Interference

Diffraction from gratings

A. Interference from adjacent slits
B. Light sources

C. Spectra

Atomic models

A. Electrons

B. Orbits vs. standing waves

C. The nucleus

28



II.

IIT.

PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- LECTURE #20

Review of the atom

Standing waves of electrons

A.

The

A.

Bohrs criterion n/\ = Circumference of oruit
/\ = v/f,/\ is wave length, v is wave velocity
and f is frequency or £ = 1/T where T is time

for one cycle.

De Broglie’s hypothesis}\ h/mv, the particle

wave connection. h = 6.6 x 10-34jou1e sec

Plancks Quantum E = hf. This is the energy
carried by one light particle or a photon.

nucleus

Nucleons --- Protons and neutrons

Nuclear size and stability

Alpha, beta, and gamma decay

Fission and Fusion




PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS SECTION

CHAPTER 1 -- MEASUREMENTS

If one seeks to begi~ at the very becinning of a subject
one finds that most fundamental of definitions are the moust
difficult, not because of their com; lexity but because of
their simplicity. They seem so obvious that we struggle with
finding a precise statement that covers the full character of
this simple concept. Position and time are two such entities
in the subject of Physics, and we choose to define them not
in a verbal statement but rather in the process of how they
can be measured. If we all agree on how something is to be
measured then we will all be talking about the same p. .perty
when we compare our results. There can be no ambiguity.

That is not to say that our preconceptions of the nature of
this property may not differ from that of others but we are
at least in agreement that the measurements are identical.

A specific example will be of more help than further
generalities so let us consider what position means. The
certinent dictionary definition from Webster’s "New Universal
Dictionary” 2nd Ed. states,

"The place occupied by a person or thing; site;

situation; location; as, the position of a building;

the position of a figure in a picture®.

However if one looks up the definitions of "“place, site,
situation, or location" these definitions are defined in
terms of the others. The definition becomes circular so this

is not productive. We then take the other course; we base
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our definition on the understanding of how we are going to

measure the position. To measure position we need (A) a
frame of reference and B) a unit of measure. The process of
determining the position of an object will be to measure the
number of units that that object lies from the origin of our
agreed upon frame of reference. We will also have to agree
on how we handle different directions and which point within
the object we are using to determine location, but these are
refinements we will discuss later, so let us proceed assuming
that they can he resolved. Say we have agreed that a par-
ticular stick is to be oitr unit of length and so we lay down
the stick with one end on the origin and direct the other end

toward the object we are trying to locate, see Fig. 1.

Y
-3
_ -2
A ~/’i} Figure 1

We mark where the other end falls and then move the stick so
that one lies on that mark and the other end is directed
toward our object of interest. For the moment assume that
the object is several lengths away from the origin. We mark
the location of the end nearest the object and repeat the
process until we arrive at the object. If we count the

number of lengths thus required we say that that is the
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distance measured (at least crudely). It is crude because we
rarely come out with an exact number of lengths and we have
to determine how to measure fractional lengths. This is done
by finding a shorter length that is an exact fraction of the
agreed upon unit lenath, for example say we find a stick that
is exactly 1/10 of our unit length. We can of course test it
by measuring the length of the unit length with the short
stick and it will be exactly 10 short lengths long. Now we
return to our original task of finding the position of an
object. 1If the object lay beyond the 14th length but closer
than the 15th, we get our short length unit out and find out
that the object was beyond the 6th short length but closer
“han the 7th short length, then our position is 14 lengths
plus 6 or 7 short lengths (whichever is closer, say 6), so
the distance is 14.6 lenqths. We are uncertain of our length
to one short leagth and if we desire more accuracy in our
position we must find a shorter lengthk to subdivide the
remainder with. We continue that process until our accuracy
is sufficient for the job. This is of course a ridiculously
painful process and we quickly learn that measurement is
easier if we print the necessary subdivisions on our stick so
we can cail it a ruler.

The time measurement process is done similarly but first
requires a comparison unit for time. People have observed
over the centuries that a pendulum swings with a very regular
frequency. We shall call the time for on2 rcund trip a

"period”. Thus the period of a given pendulum can become the
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basis of our time measurements. For example if we want to
know the time between the statt of class and the end of class

we count the number of swings of the pendulum and that is the

number of our units of time in the interval.

Since there

will probably be some fraction of a swing left over, the

error in our count is at most the time of one swing (a

period). 1If we desire more accuracy we find a standard that

oscillates faster so that the period is shorter.

The units of mass are defined by comparison to a

reference chunk of material. If we have many identical

chunks the mass of unknown materials can be compared in

balance pans to the number of chunks it takes to balance. We
will come back to the idea of mass later on and be more

thorough in our description of that concept.

We should by this point have a good visualization of the

measurement process for distance (or position) and time, so

we next turn to the common units of length or time that are

used. There are several possible sets of agreed upon units

of whiih two are most common in the USA. These are the

Systeme” International (metric) and the English system.

While the English system is the most commonly used system in

the USA for everyday transact. ns, the pressures of world

trade are driving us to conversion to the metric system. At

present we are the only nation not committed to that

conversion process. Thus preparing youth for the future

requires that we provide them with a familiarity to the

worlds system of units as well as some knowledge of our




english units. This course will use the metric units
exclusively with the exception that occasional references to
english units in text examples may occur to give the student
a sense of size in units that are most familiar to them.

The Systeme” International, (or SI as it will be
referred to from here on) has its fundamental unit of lengti
the meter. The meter is just slightly longer than one yard
(39.37 inches) and for rough comparisons we may think of them
interchangeably. The great advantage of the metric system is
the way in which units are divided or multiplied. A set of

prefixes is defined so that the same prefix is used for all

units. See Table 1.

Table 1. The Metric Prefixes

Name Symbol “Decimal Value

Tera T 1,000,000,000,000.

Giga G 1,000,000,000.

Mega M 1,000,000.

Kilo K 1,000.
{unit) 1.

[centi c 0.01

milli m 0.00:

micro (mu) 0.000 001

nano n 0.000 000 001

pico p 0.000 000 00O OO1

femto f 0.000 000 000 0GC 001

it et ay———
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The centi unit is bracketed because its use is almost
entirely in conjunction with meter as in centimeter or
occasionally as centigram. Powers of 1000 have become much
more popular and are the only ones we will use in this
course. There are also a few prefixes not shown here that
are commonly presented when metric units are presented but,
because those prefixes are rarely used, they are omitted from
this table. These unlisted prefixes correspond to
multipliers and dividers of 10 and 100.

Thus the prefixes give us a set of multipliers which
provide us with subunits and multiple units which always go
by powers of ten and usually go by the factor of 1000.
Contrast this with the task of remembering the number of
inches in a foot, feet in a mile, or seconés in an hour, you
only remember 1000, (instead of 12, 5,280, or 2600), since
there are 1000 millimeters in a meter, 1000 meters in a

kilometer and 1000 secs in a kilosecond.




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS SECTION

CHAPTER 2 -- MOTION

VELOCITY

With our concepts of length and time we can now begin
to describe motion in more detail. We begin by discussing
velocity. Velocity is a rate, a rate of change of distance
with time. You may remember equations like distance = rate
X time or the rate = distance/time. We call this rate
average velocity and express the above equation in a new
form,

v =X - xo/t,

or the average velocity of an object is found by dividing
the change in position of that object by the time it took to
make that change. The units of velocity will be m/s or
miles/hour or some other distance unit divided by some time
unit. In this definition we do not worry about the details
of what actually happened between the two end points, only
the net change in position divided by the corresponding
time. For example a student notes that she travels 1/4 mile

on her bicycle in 1 minute, thus her average velocity is

(1/4 mile) / (1 minute) = .25 mile/min. Many times we would
prefer to know that result in miles/hour. Since there are
60 min in 1 hour we multipiy the previous result by (60
min/hour) and get (.25 mile/min) * (60 min/hour) = 15
mile/hour. A metric example of the same calculation is

given by; "A hiker notes that they have traversed 250 m in a
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time of 6 min. what is the hikers average velocity." For
this problem x -~ Xo = 250 m and t = 4 =win or 240 s, thus the
average velocity is (250 m) / (240 s) = 1.04 m/sS. Thus the
hiker averages 1.04 m/s even though they may have jogged
part of the distance and sat down for a rest at some other
time in the 4 minute interval.

In class we will measure the change in position of a
glider on the air track and the corresponding change in time
for a 1 m interval. From that measurement we will then
calculate the average velocity in the interval. We can then
shrink the interval down to .5 m and repeat the experiment
finding a time that is about half of the previous time so
that when we calcu’ate the average velocity we will get
essentially the same value as before. Although we won’t
have time to reduce the interval further we can note that
further reduction will always give the same average velocity
because the time always decreases by the same amount as the
distance so that their ratio is constant.

Instantaneous velocity is then defined as the value we
get after reducing the interval as far as conceivable. This
became particularly useful when we go to a tilted air track
where the glider is changing velocity continuously as it
speeds up going down the track. We can therefore measure
the velocity at any point on the hill by shrinking the
interval around the point in guestion and then taking the
ratio of Ax / At until the ratio is not affected by the size

of the interval. This is primarily a conceptual process and
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we will not normally do this but it is important in our

understanding of what is meant by instantaneous velocity.

ACCELERATION

After noting the changing velocity of the glider in the
previous discussion we recognize the need to quantify how
that velocity is changing. We begin in close analogy to the
previous discussion by defining the average acceleration as

a rate, a rate of change of velocity with time or;

a

ave (v - vy /¢t

Or average acceleration is the change in velocity divided by
the corresponding change in time. The units of acceleration
are (m / s)/ s which by the rules of division of fractions
can be written; (m/ s8) * (1 / s) =m /s2 or sometimes
strange mixtures of time units like (miles/hour)/ s. We
must be careful here. Note that in earlier math classes
your equations for rates always assume the rate is constanc.
Thus if velocity, a rate, changes (i.e., accelerates) the
simple equation distance = rate ° time does not work. We
will come to the correct procedure for this case a little
later.

Of course we can extend this definition to
instantaneous acceleration as we did for instantaneous
velocity. If we shrink the interval of time in which the
measurement of A v is made the ratio A v /At becomes
constant and independent of the interval size. This is the
instantaneous acceleration at the center of the interval.

For many situations the acceleration does not change much
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and we can deal with one special case, that is the case of
constant acceleration.
-
In the case of constant acceleration the instantaneous
value of acceleration is the same everywhere so that the
average acceleration is equal to the instantaneous

acceleration everywhere. 1In this case then;

a

(V - Vo) / t’
or;

Vo= v, + at. [ 1]
We will subsequentally refer to these eyuations as the
definition of acceleration. We also note that if the
acceleration is constant then,

Vave = (v + vo) / 2,
so that the definition of average velocity gives us;

v

ave (x - xo) / £t = (v + vo) / 2

or;

X - Xy = (v + vo) t / 2. [ 2 ]

We refer to either form of the above equations as the
definition of velocity equations. There are two other
equations that we will use for convenience although all
problems can be solved with the two equations above. The

first of these other expressions is;
2

X - X, = (1/2) at” + vot, [ 3]
which relates x,a,t. The second additional expression is;
v2 - vo2 = 2 ax, - [ 4 ]

which relates x,v,a. Thus with these equations for constant

acceleration we can describe or predict all the details of
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that motion. Note that each equatior relates three of the
four variables x,v.a, and t. Equation [ 1 ] relates v,a,t,
equation [ 2 ] relates x,v,t, equation [ 3 ] relates x,a,t,
and equation [ 4 ] relates x,v,a. When solving a particular
problem take note of the variables you are given or asked to
find and then which of these expressions is most useful will
become apparent.

The most common case of constant acceleration is that
of the acceleration of gravity on earth. We find that all
objects when allowed to fall freely (i.e. no friction or air

drag) fall with the constant acceleration of 9.8m/sz. For

most cases wWe will call this lOm/sz.

EXAMPLES

A. Motion from rest with positive acceleration --- find the
position_and Velocity after time t.

A car starts out from,a stoplight with a constant
acceleration of 2 m/s” (about 4.1 mph/s), how far
has it traveled in 10 s? How fast is it going?

We first ask ourselves, what parameters do we know and
what do we want to find? Since the car starts out from the
stoplight we know Vo = 0 m/s, it has an acceleration of 2
m/sz, and we are trying to find out position, x, after 10 s.
Thus, this is an x,a,t problem and we will employ Equation
([ 3 ]. For convenience we choose Xo = 0 m. Thus Equation
[ 3 ] becomes;

x = (1/2)at?.
substituting the given values into this equation we get;

« = (1/2)(2 m/s) (10 s)?

40



X =100 m (about 300 ft).

To answer the second question we know a,t and want to find v
so we have a v,a,c problem which suggests the use of
Equation [ 1 ].

v

at (since vo = 0 m/s)

(2 m/s2)(10 s)

20 m/s (about 60 ft/s or 41 mph)

B. Motion from rest with a_negative acceleration --- find

e wn olanr B e o T o —— . W—— > o v Sttt S — . ————

the position and velocity after time t.

A fat cat drops his favorite dog from a second

story window and hears the dog hit the ground

1 s later. How far is the window above the ground
and what is the dogs speed as he strikes the ground?

Again we note that v_. = 0 m/s, and the acceleration for

(o)

this case is that of gravity, i.e. =g =-9.8 m/sz. For

a
our purposes we will use g = =10 m/s2 because the rounded
value is easier to use and i. accurate enough for our
purpos2s. To find the height of the window above the ground
we note that we know the acceleration and the time (i.e. an

X,a,t problem) so we will use Equation [ 3 ], or x =

(l/2)at2. Thus we have;

X

(1/2)(-10 m/s?)(1 s)?

X =-5m (about -15 ft).

The negative sign tells us that the position is in the
negative direction relative to the window. Since we chcse
positive as upward tne dog hits the ground below the window.

This is of course obvious to our experience tut I am showing




that the mathematics above is consistant with our common
experience.

We are also asked to find the velocity at impact so now
the problem has variables of v,a,t and we go to Equation

(1],

<
1]

(-10 m/s®) (1 s)

-10 m/s (about 30 ft/s or 21 mph)

C. Motion with an initial velocity and positive
acceleration --- find the distance traveled and the
final velocity in time t.

In the Indianapolis 500 all of the racing cars are
traveling at 15 m/s (about 34 mph) as they approach
the starter. Wwhen the lead car receives the go flag
it accelerates for 16 s at a constant rate of 5 m/s
(about 11 mph/s). How far has this car traveled
from the start line? what is its velocity?

Thus we are given a = 5 m/sz, t = 16 s and Vo = 15 m/s.
Again we will say Xo = 0 m. Now Equation [ 3 ] is written;
x = (1,72) at2 + vot,

(1/2)(5 m/s%)(16 s)% + (15 m/s)(16 s),

x:
X = 640 m + 240 m,
X = 880 m (about 2,900 £t or .55 miles)

To find the velocity we go to Equation [ 1 ] and get;

= + .
\'4 VO at

15 m/s + (5 m/s%) (16 s)

Vv =
v=15m/s + 80 m/s
v = 95 m/s (about 210 mph)

D. Motion with an initial velocity and a negative

acceleration --- find the distance and velocity after
time t. '"°
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An arrow is shot straight upward with an initial
velocity of 12 m/s (about 40 ft/s). Find the
position and velocity at the end of each of the
first 4 s.

Remember that up is positive (+) so that Vo =+ 12 m/s,
and again we can choose X, = 0 m. We have acceleration (g)
and times given and are asked for position so that this is
an x,a,t problem so we go to Equation { 3 1;

2

X (1/72) at® + Vot

X = (1/2)(-10 m/s?) (t%) + (+12 m/s) (t).
If we cclculate x for t = 2 s as an ex.mple we get;

X = (1/2)(-10 m/s%) (4 s2) + (+12 m/s)(2 s)

X = -200m + 24 m

X =4m,
Other values of x for differenc values of t are entered in
Table 2. The velocities are also calculated by using
Equation [ 1 ] or v = 12 m/s + (-10 m/sz) t. As we look at
Table 2 we see that the second column gives the distance

an object falls under gravity for the specific times.

Table 2

t (1/2)at? v o= X v

(s) (B e D) (m) (m/s)
0 0 0 0 +12
1 -5 12 7 +2
2 -20 24 4 -8
3 -45 36 -9 -32
4 -80 48 -32 -28




Column 3 gives how far the object would rise if there were
no gravity. Column 4 is the sum of columns 2 & 3 and shows
us that the arrow is rising in the first second but is
falling by the second second. The velocities in column 5

show the velocity turning around between 1 and 2 s.

E. Other questions for case D.

(1) Bow high did it go0?
(2) How long does it take to return to x

= 0 m?
(3) what is the velocity of the arrow at x = 0

m?
1. We want to find x when v = 0 m/s (i.e. at the top of
the path). We know v,a and want to find x so we

will use Equation [ 4 ];
2 2

v - v = 2 ax,
v=0m's, Vo = 12 m/s, a =g = -10 m/s2
(002 - (12 m/s)? = 2(-10 m/s°)x
-144 mz/s2 = =24 m/s2 X
X =7.2m

2. How long will it take for x to return to zero? The
variables now are x,a,t so use Equation [ 3 ],
Xx = (1/2 at2 t vt
0m = (1/2)(-10 m/s%)t? + (12 n/s)t
(5 m/s®)t? = (12 m/s)t

t

12 m/s / 5 m/s2

t = 2.4 s
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3. What is the velocity at x = 0 m?

Use; v2 - vo2 = 2 ax

at X = 0 m we see v2 - v02 =0 m2/sz’
2 _ 2

or v o= vO

v =+ -V _ .
v or o

To ma"e sense we suspect that v is +v, at t = 0 s and -V, at

t = 2.4 s. We can remove any doubt, however, with Equation

(

17];

=V + a
v o t

(12 m/s) + (-10 m/s%)(2.4 s)

<
i

<
[}

12 m/s - 24 m/s

v=-12m/s at t = 2.4 s.
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS SECTION

CHAPTER 3 -- VECTORXRS AND 2 DIMENSIONAL MOTION

As we try to locate different objects around us it
becomes evident that how far away it is is not adequate for

that description. We need to know in what direction the

object is as well as how far it is away. This need is
satisfied by the concept of a VECTOR. A vector can be
thought of as an arrow whose length is related to the size
of the property being described and which points in iLhe
appropriate direction for that property. 1In the beginning
example of locating objects around us an arrow would reach
from us to each object so that its length was the distance
of that object from us and the direction of the arrow is the

direction in which the object is located.

VECTOR _ADDITION Second Shot

A student is trying to putt 6'
their golf ball into the hole,
see Figure 3-1. The first shot
goes off to the right of the hole
so that a second shot is required )
to "sink® it. Measurements made ®

determine that the hole lies

due north of the original

-

position and was eight feet Figure 3-1




away. The players first shct was ten feet long and directed
about 37° east of north. The new position of the ball is
now six feet due east of the hole. This problem is best
discussed in terms of vector sums. The players first shot
can be represented by a vector that has a length of ten feet
ana a directicn of 37o each of north. The players second
shot should go due west six feet so that it is represented
by an arrow of length six feet and & direction 90o west of
north. The combination of these two arrows then represents
the final position of the ball. A vector that connects the
tail of the first to the heat of the last represents the
single shot the player should have made, or in terms of

vectors it is the vector sum of the other two vectors.

DEFINITION

The sum of two vectors can be found by placing the tail
of the second on the head of the first. The sum is the
vector that connects the tail of the first to the head of
the second. Three or more vectors can be added by finding
the sum of two of the vectors and adding that sum to a
remaining vector until all the vectors are summed.

Note that while a vectors size and direction are
crucial to its meaning, the position that it occupies is
unimportant, so a vector can be moved to any position you
desire, as long as its size and direction are not changed.
In Figure 3-2 vectors A and B are +to be added. Vector A is
3 units long (centimeters in our sketch) and points at 60°

from the vertical. Vector B is 2 units lonyg and points at
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135°

from the vertical. 1In frame A we see the two vectors
are separated from each other. 1In frame B we have shifted

the vectors so that the tail of B is on the head of A.

4 units

Figure 3-2

The vector C is the sum of A and B. With a ruler and
protractor we measure the length of C and its direction.

We find that C has a length of 4 units and a direction of
87° from the vertical. Thus the sum of (3,60°) and (2,135°)
is (4,870). You cannot determine this answer without going
through the graphical process and measuring your answer
(there are other mathematical ways of determining this
answer but we will not introduce those methods in this

class).

VECTOR COMPONENTS

We have seen how to add vectors so that a group of
Vectors can be replaced by a single vector whose effect is

the same as the collective action of the group. This means
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EvameA 2.6 on'ls X

that any vector could be thought of as the sum of some other
vectors whose directions might be more convenient for our
consideration. For example if we draw a set of axis (x,y)
and draw vectors parallel to the x or y axis which sum to
the given vector, we can then replace the given vector by
these new vectors, which we call its components. In Figure
3-3 we show the vectors A and B of Fig. 3-2 and their
respective (x,y) components. The components replace the
original vector so we draw two short lines across the

original vectors since they are no longer required.

*

3 B . Bx l‘YUl.It

3 o 1.5 umtl
A] wils 65

8 LLUE

Ax

L=,7 G« (o
z; e
Figure 3-3

At first it may seem that we have made the problem more
difficult because where we used to have 2 vectors we now
have 4. But, 2 of the new vectors are parallel to the X

axis and the other two vect>rs are parallel to the y axis so

49




now adding the parallel vectors is like simple addition.

The sum of the x components is the x component of the answer
and the sum of the y components is the y component of the
answer. In frame B of Fig. 3-3 we see the components
combined to give us the v ctor sum, C, and note is the same
result as we got in Fig. 3-2. This component method may not
seem easier for vector addition, but its real usefulness
comes in Physical situations where motions (and other vector
quantities) are easier to visualize in components. Our next

section is a good example of such a situation.

TWO DIMENSIONAL MOTION

In chapter two we discussed the case of an arrow being
shot straight up into the air, we would now like to consider
the case oi the arrow shot at some angle above horizontal so
that it traverses some distance as it goes up and down. The
important concept in this discussion is the independence of
motion in different directions. Several different classroom

demonstrations were used to make this point. Figure 3-4

Eovr

[

T

Figure 3-4. The bear lets go of the limb /
just as the trigger is pulled.
\

00




force is not zero then an acceleration will result. Note
that an object sitting on the table is pulled by gravity
downward and is being pushed upward by the surface of the
table. Thus the object has two forces acting on it but they
are equal and opposite so there is no net force and the
object remains at rest. It is easy to imagine situations
where an okject is at rest but has many forces acting on it.
I1f we remove any one of these forces the remaining forces
cannot sum to zero so the object must begin to move. Thus
any of the forces are capable of accelerating the object but

only the net force will accelerate it.

NEWTON 'S _SECOND_LAW

If a system experiences a net force it will respond
to that force with an acceleration that is directly
proportional to that net force. This acceleration is
also inversely proportional to the mass of the system
experiencing the net force. Mathematically this is

expressed as,

We see that the second law quantifies the definition of
force so that if we can measure mass and acceleration (from
our fundamental concepts of mass, length and time) we can
then determine what force must have produced that

acceleration. The units of furce must be Kg m/s2 to be

consistant with the expression above. Physicists have given
the name of Newton to this unit of force. Thus 1 Newton =1

Kg m/sz. In the English system the unit of force is the

ERIC ol




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS SECTION

CHAPTER 4 -- DYNAMICS --- FORCES

Our discussions thus far have focused on the descrip-
tion of motion without regard for the reasons for that
motion or cnange in motion. The area of Physics called
dynamics deals with the cause of change in motion. Sir
Isaac Newton was the scientist credited with laying down the
cornerstones of this field. This cornerstone comes in the

form of three statements now known as "Newtons Laws".

NEWTON 'S FIRST_LAW

An object will remain at rest or move with constant
velocity unless acted upon by a net force.

The First Law tells us that the natural state of an
object is either one of rest or constant velocity. Prior to
Newton people believed that rest was the only natural state
and that all objects will slow down unless they are being
pushed. Newton postulates that forces are required to
change velocity.

The First Law thus gives us the first idea of what a
force is, i.e. it is that which changes an objects velocity
(or that which accelerates an cbject). We think of force as
a push or a pull since pushes or pulls will accelerate
objects. The statement uses the words "net force"” and by
that it means that we must sum all forces acting on an

object, using vector metl.ds if necessary. If this net
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Figure 3-5. Projectile Motion

(accelerating) vertical component of velocity. The actual
arrow is represented by a dot, the arrows in the figure are

the vector velocity or its components.




shows one such apparatus "The monkey hunter"., 1In this
demonstration the monkey (actually a teddy bear) is released
from its support simultaneously with the r-lease of a
projectile directed at the bear from across the room. Since
the motion of the projectile in the hnrizontal direction
does not affect the acceleraticii of gravity both teddy bear

and projectile fall to earth at the same rate and so when

the projectile reaches the position of the teddy bear they
have botih fallen the same distance from their initial
elevation and a collision results.

Now returning to the example of an arrow shot at an
angle; if we resolve the initial velocity into vertical and
horizontal components, we then see for the horizontal
component of the arrows motion a constant velocity in the X
direction for all time. That means that Equation [ 2 ] of
chapter 2 becomes x = Voxt where Vox is the x component of
the initial velocity. Meanwhile in the vertical direction
the arrow is traveling identically with that described in
Example D of chapter 2. 1It’s initial velocity in the y

direction, v is first slowed down by the downward

oy’
acceleration of gravity until at the top of its path it has
0 velocity. The constant downward acceleration of gravity
now begins to increase the velocity in the negative,

(downward) direction and it uniformly gains larger negative
velocities. Figure 3-5 shows a picture of the two motions

going on simultaneously. Note the constant horizontal

component of the velocity vector and the changing
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pound and the unit of mass is rather obscure but called the
slug, so that 1 pound = 1 slug ft/sz. The confusion between
force and mass is compounded in our society by the common
thinking that pounds {a force) is the same measure as
K.lograms (a méss), they are not. However, we can measure
the force of gravity in e_ther Newtons or pounds, at the
surface of the earth, on a mass measurea in kilograms, in
either Newtons or pounds. We define the we‘ght of an object
as the force of gravity on its mass. Since weight is a
force its units are Newtcns or pounds while mass is measured
in kilograms or slugs. Note also thar objects will weigh
differently in different gravitational fields, such a: on
the moon, but an objects mass is the same everywhere in the
univ -se.

Applications of the second law will be considereaq

shortly but first we will look at the Third Law of Newton.

NEWTON S THIRD_ LAW

For every force (action) on A due to B there is an
equal and opposite force (reaction) on B due to A.

This statement shows us that forces always act in
pairs. One object cannot exert & force on another without
that other exerting an equal and opposite force on the
first. This is often referred to as Newton’s action-
reaction law. 1Its greatest usefulness is in identifying
forces on an object of interest. For example if we exert a

forc2 on the floor in order to walk forward, we know that
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the floor pushing on us is one of the forces that determines
our motion.

by a string, a similar string is tied to a hook on the
bottom of the ball and hangs out below, see Fig. 4-1., A
downward force is applied to :he lower string and gradually
increased until a string breaks. Which string breaks? Let

us begin by looking at the forces LSS S S S s

on the ball. The ball is being

lifted up by the upper string,

Tl, while gravity, W, and the

lower string, T2. are pulling it
down. Thus since before the string

breaks there is no acceleration

there can be no net force. Or
Tl - W -T2 = 0, If we rearrange
this expression we get Tl = W + T2,

which tells us that the upper

string will elways be stretched Figure 4-1

more strongly than the lower one and thus it should break
first. 1In class we showed that if we pulled the lower
string very fast the lower string broke before the upper.
This was because at the high speed the ball could not move
enough to transrit the tension to the upper string before

the lower string had exceeded its breaking point. A second



demonstration was that of pulling the table cloth out from a
place setting of dishes etc. 1If the table cleth Figure 4-1
is pulled slowly the force of friction between the cloth and
the dishes is large enough to move the dishes with the
cloth, however if the cloth is pulled very quickly the
dishes do not receive sufficient force to accelerate at the
rate of the tablecloth and the cloth is gone Lbefore they
have moved significantly.

Both of these examples show the tendency of objects to
remain at rest unless acted on by a force sufficient to
produce the required acceleration (this tendency is many
times called the object inertia). 1In the first example the
force necessary was greater than the strength of the string
and in the second case the force was greater than friction
could provide so the tablecloth slipped out from under the

dishes.

Second Law Example - 1200 Kg tractor is pulling a 400 Kg log

with a cable, see Fig. 4-2. The cable exerts a force of

2000 N on the log and there is a force of 800 N required to

pull the log over the ground. Find the acceleration of the

log and tractor.

o
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First we focus our attention on the log. Wwhat forces

are acting on the log? Since the motion is horizontal we
need not concern ourselves with vertical forces. There are
only two horizontal forces acting on the log, the force of
the cable which we call the tension, T, and the force of
friction Ff. Thus the net force is;

Free =T - F¢
2000 N - 800 N

1200 N.
Now Newton’'s second law permits us to calculate the
acceleration of the log by;

Fnet = ma

1200 N = (400 Kg) a,

or, solving for a, we get;

& 1200 N / 400 Kg

a

3 m/s®.
This is the acceleration of the log or tractor since they
are moving together.

We might al~ o ask what is the force of the tractor
wheels on the ground to do this job. We can answer this by
shifting our attention to the tractor. The ~rces acting on
the tractor are the pull of the cable, T, which by action~
reaction is pointing opposite to the direction of motion,
and the force of the ground on the wheels, theel’ which is
the source of the forward motion of the tractor. For the

net force we get;




F °T'

net theel

F + T.

or theel = net

From the sacond law we can replace the net force with (Ma)
where M is the mass of the tractor so;

theel =Ma+T
(1200 Kg)(3 m/s%) + 2000 N

5600 N.

Third Law Example - We have used t third law several times

in the examples above but we will point out cne further
arplication from the example above. If we iook at the log
and tractor as a single object and ask what forces are
acting on that object we see that there are really only two
because the force of the cable at one point in >ur system is
equal and opposite to the force of the cable at another
point in the system. Thus the cable forces cancel out and
the force of the wheels minus the frictional drag of the log
becomes the net force on the system. We must be careful at
this point to note that the mass of the system is the sum of
the mass of the log plus that of the tractor (i.e. 1600 Kg).
The second law would then say;

Fuheel ~ Fg = (m+ M) a
5600 N - 800 N = (1600Kg) (3 m/s?)

4800 N

4800 N.
The fact The fact that both sides are identical proves that
our analysis is consistan* whet’ ~r we focus on the log, the

tractor, or the cembination.




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS SECTION

CHAPTER 5 -- WORK AND ENERGY

In our everyday use of the work we have a broad range
of uses from our employment of job to those activities that
tire us of the results of ones effort. In physics our
definition will relate to some of these concepts but it is
much more specitic than the range of meaning in our
language.

In Faysics our definition of work is that if we move an
object with some force through some distance work has been
done. The amount of work is given by the product (force)
(distance) where the force used must be the component of the
force parallel to the direction of motion. Algebraically
this is expressed as;

Definition =-- W = F_. x, for motion in the x

direction, if the motion were in the y direction

then the work would be FY Y.

The implication here is that work is not done unless the
force produces a change in position. If you hold out your
arm to the side with a book in your hand no work is done on
the book as long as it does not move. Even after you get
tire¢ and your arm begins to hurt from maintaining that
force you are not doing work on the book, because there is
no change in position. The physiology of how the body
provides the force through chemical energies is a digression

you might like to study but one we cannot go into in this

course.
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Work against gravity is one of the most common tasks we
do. Since gravity permeates the space about us we cannct
escape its demands. If we were to lift a watermelon, say of
mass 10 Kg from the ground to the table a height of 76 cm we
ask what would be the work required? We know that the force
to 1lift 19 Kg is roughly (16 Kg) (10 m/sz) or 168 N. Thus
the work to lift the watermelon must be; (166 N)(6.7¢ m), or
70 Nm.

The units of work come out in Nm (Newton meter) and
this unit is comr °ly given the name of joule. Thus we
would normally say that the work expended to lift the
watermelon is 76 j. In the english system the units for
work are simply, foot pounds. Be careful to not confuse the
units of work with the tnits of tcrque. The units of work
are dimensionally the same, but mean something quite
different. Torque is always force times a perpendicular
distance and work is force times a parallel distance.

The concept of energy is closely related to that of
work. Energy is seen as having the capability to do work,
or stored work. For example if we lift the watermelon to
the table the watermelon, by virtue of its raised position,
has the capability of working on something else as it
returns to the floor level. This energy of position is
called Pote ;tial Energy, PE. A change in potential energy
can be calculated by finding the work required to accomplish
the change in position. 1In our example the watermelon

required 78 j to be lifted to the table so we say it has




780 j of PE with respect to the floor. Note that we only

know how to find changes in PE, the zero of potential energy

Vs Gm =N

is not defined. By and large we will choose the zero to
make our calculations easier. For the watermelon problem
calling the floor zero is convenient, however if we have a
deep hole in the floor and want to consider dropping the

watermelon down the hole we might choose the zero of PE as

the bottom of the hole. This choice is not necessary

vecause we can just call the PE minus as tre melon goes

below ground. The zeropoint is entirely arbitrary.
Definition -- The potential energy of gravity
on the surface of the earth, PE ravity’ €an be
calculated by; PE ravi = mgy,gwﬁexeyy is the
vertical positiongagovgythe selected zero of PE,

m is the mass of the cbject and g is the
acceleration of gravity.

Another form of energy is that of motion of Kinetic
Energy, KE. An object, A, that is moving can exert a force
on another object, B, and move object B, as it, A, slows
down. Thus the motion of A has performed work on B at the
expense ¢f the A motion. To better understand this let us
consider the work done by a net force in the x direction.

W= Fnet X
From Newton's second law;
= ma
E‘net m

so that;

W = ma X.

A
-
a




From our fourth kinematic equation (see Chapter 2),
v2 - vo2 = 2 a %,
we get;
ax = (/2 (v - v 2.
We recognize this (a x) as appearing in the expression for
net work above so we substitute to get;
W=m (1/2)(v2 - voz).
This is usually rearranged to;
W= (1/2)mv? - (1/2)mv 2.
We now see that our work with the net force has produced a
change in motion where the quantity (1/2)mv2 is our measure
of the work. We can now define kinetic energy;
Definition -- Kinetic energy, KE, is calculated by;
KE = (1/2)mv2,
and work by a net force is;
W - KE - KEO.
Someone might ask what is the KE of the watermelon if it
falls from the table to the floor? We note that in falling
gravity will work on the melon in the amount mgy, and this
amount of work will produce a change in kinetic energy given
by;
W - mgy = KE - KEO.

I1f the melon begins with zero KE then we get;

mgy = (1/2)mv2
or v2 = 2 gy
= 2(190 m/sz)(.7ﬂ m)
v = 3.74 m/s. {12.3 ft/s or 8.4 mph}
r 0J
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Another viewpoint of the above discussion is that the
potential energy of the melon before it fell is the kinetic
energy of it as it reaches the floor. Or if we think of a
quantity we call total energy, TE, which we define as;

TE = PE + KE,
then as the melon falls it has the same total energy but
initially it is all potential energy and as it hits the
floor it is all KE. Every increment of lost PE is gained KE
so that TE is the same throughout the fall. Si e at the

PE = mgy and at the bottom TE = KE = (1/2)mv2, our

top TE
equation is the same as before;

mgy = (1/2)mv2.
This new perspective becomes a powerful tool for solving

problems.

EXAMPLE A

In class we suspended a bowling ball from a cable in
the ceiling. This made a large pendulum which we watched as
it swung back and forth. From *‘ne point of view of energy
we note that at the outer endpoints the ball comes to rest
and TE = PE, while at the center the call is at its lowest
point which we called zero PE so that TE = KE. At other
points if we know the elevation we can calculate the KE and
thus the velocity at that height. The ball was held off the
instructors nose and then let fall, when it swung back it
could not ccime any closer than its initial position and
therefore could not hurt the instructor (if the instructor

doesn't movel!l).




EXAMPLE B

We talked about a ball rolling off of the bench. Say
we had a ball rolling at .5m/s on a tench that is 6.86m
above the floor. Find the speed of the ball as it strikes
the floor. 1Initially the total energy has two contributions

for it has both KE and PE;
2

TE mgy + (1/2)mvo

m(18 m/s2) (6.86 m) + (.5)(m) (.5 m/s)?

8m + .125 m (in joules)

(8.125)m (in joules).

Now the energy at the bkottom is;

TE = (1/2)mv?,
note at the bottom PE is zero because y = 8 at the bottom.
The total energy at either top or bottom is the same so we
equate the two equations;

(8.125)m = (1/2)mv?,

so that after -J,ting that mass cancels out

v2 = 16.25 mz/sz,
or v = 4.63 m/s.
£
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CHAPTER 6 -- ROTATIONS AND CIRCULAR MOTION

CENTRIFUGAL VS. CENTRIPETAL

As we go around & corner in a car it is common to think
of a centrifugal force throwing everything to the side of
the car that is on the outside of the curve. In physics we
call this a fictitious force although from inside the car it
seems real enough, from outside the car the situation looks
not only different but allows us to see that there is in
fact no force in the outward direction. From the frame of
reference outside the car we see each passenger moving in a
straight line, as the car begins to turn the passengers try
to continue in a straight line and the car is pulling out
from under them, the only real force on the passenger is the
force of the seat trying to force them inward on the
circular path. Now we append this by saying that Physicists
don't mean that the concept of centrifugal force is useless
or wrong, in fact it is considered a useful construct for
many purposas but we keep ia mind it is not real. The real
force that is acting is the centripetal force and it is
radially directed inward. All circular motions must have a
centripetal force to maintain that path. The size of the
center seeking (centripetal) acceleration required to stay
on a circle of radius r is;

a = vz/r.

66




Newtons second law tells us the net force required to stay
on that path is then;
F = mvz/r,

where F is radially poirted inward and is the centripetal
force. For planets orbiting the sun the centripetal force
is gravity acting between the sun and the planets. If you
swing a weight on the end of the string the string provides
the pull to the center that keeps it on a circular path.

When a car goes around the corner the force of friction
on the wheels provides the force of the earth on the car's
wheels that keeps it turning. Occasionally the friction is
not sufficient, as on ice, and the car doesn't turn but
rather continues on a straight line in a skid. Sometimes
highway engineers bank the highway so that a component of
the normal force of the road points toward the center of the
curve and provides the necessary centripetal force without
relying on friction (and thus the quality of the tires).
Thus if we go arcund the curve at the speed it was 4designed
for we won't skid even on glare ice, but if we go too slow
we will slide down the bank and if we go too fast we will
slide up the bank. Note that many highway departments post
curve speeds that are not the exact speed they were designed
for so that you can't always tell what the design speed of a

curve is.

TORQUE AND ROTATIONAL MOTION

If we apply a force of 16N northward on one end of a

long stick and a force of 18N southward on the other end we

AR {4




woulu first note that the net force on the stick is zero but
we would further note that such an action will result in the
rotation of the stick about its center. This action that

produces a rotation is called a torque.

DEFINITION - Torque about an axis is calculated from the
product of the force and the perpendicular distance from the
axis to the force.

T =F rperp

Torques that cause counter-clockwise rotations, CCW, will be
called + and those that ccuse clockwise rotations, CW, will
be called negative. In general a torque is a vector whose
direction needs to be defined but for this couise we will
suffice ourselves with the + or - sense defined above. When
an object is in equilibrium not only its forces must be zero
but also its torques must be zero. When two students are on
opposite ends of a teeier-totter and are balanced we say
their torques sum to zero or there is no net torque. If
student A has weight WA and sits Xa to the left of the
center support and student B has weight WB and sits L3N to
the right of center as we view them from the side. The
torque of student A is positive {(force down on the left is
CCW) and given by (WA)(XA) + (-WB)(XB) = @ which can be
rearranged to; (WA)(XA) = (WB)(XB).

This is many times called the law of the lever but it is

just the balance of torques requirement.




If the torques do not add to zero, rotational
acceleration results, and an equation very analogous *-

Newtons second law describes that response.

NEWTONS 2ND LaW FOR ROTATIONS

T =1 (a/r),
where I is the moment of inertia and plays the role of mass
(inertia) in rotations. The factor a/r is a measure of
angular acceleration where a is the acceleration at any

point r from the center.

The above reiatiornship describes the response to a torque in
the same way that F = ma describes the response to a force.
In class we applied a torque to a bar with masses on it that
accelerated rapidly when the masses were near the center of
rotation and it accelerated slowly when the masses were out
near the end. From this we concluded that the inertia to
rotating systems depends not only on the mass but how far
.-.. mass is from the cenier of rotation. This is the
concept of moment of inertia, moment of inertia is always
proporticnal to mass and the square of a dimension. Table
6~1 below shows some typical moments of inertia for your
comparison. Note that is it important to observe your axis
of rotation, as dicferent axis will have different moments
of inertia for the same shape. By comparing the first two
examples we see that when all the mass is in the outer edge

as in the ring the moment of inertia is larger than when it



Taole 6-1. Moments of inertia for several
symmetrical shapes around specific axes.

Thin nng, ams through center @ | = MR?
Sulid umtorm 0.8k of Lylider axis through center @ or @ |= WR:

Ty wralusen (0 das Uiruugh centee = ——— 1= atd

Ty wiforin 1od axis through une end o ———— 1= ML

Uniforns sohid sphere. axis through center e | = MR}

1s at a smaller radii as in the uniform disk where it is

half as big. The metho by which these values are
calculated is unimportant in this class but the qualitative
feeling for where the mass is distributed and its impact on

I should be noted.

ANGULAR MOMEWTUI

Just as we had a momentum statement of Newtons second
law; F= (P - Po)/tl
we now have its rotational equivalent in angular momentum,
L, where L = I (v/r}. That expression is;
T= (L - Lg)/t.
Torques change angular momentum the same as forces are
required to change momentum. If we have no torques on a

system then its angular momcntum cannot change (It is




constant or conserved). This is the principle of

conservation of angular momentum.

EXAMPLES

Our first example of conservation was as the instructor
sat on the bar stool he gave himself some initial angular
momentum while his arms were extended with masses in them.
As he pulled the masses closer to his body the velocity of
rotation increased, it he reextended them he slowed down.
Now recall that the angular momentum has to be constant
during all this because no torque is being applied. ThLvs
(I(v/r) dces not change, if the instructor changes his I
then (v/r) must change correspondingly so that their
product, L, remains the same. As the masses are pulled in
the moment of inertia is reduced so that (v/r) must be
larger. If the masses are put at large radius I is larger
and (v/r) must be smaller.

For the second example we had some weights on the end
of levers. As we spun the weights sround and watched them
change velocity as we pulled them in or let them out, we
again noted that the small moment of inertia gave a larg~s
angular velocity.

The third example demonstrated how a gyrocompass works.
Since angular momentum is conserved when no torques are
applied, w< can set a wheel in rota:ion and its axis will
point in the same direction no matter how our direction
changes with respect to that motion. We therefore have a

device that continually points in the direction it was




started in. Note that this an absolute direction in space
and so even the rotation of the earth may Le evident in the
orientation of the gyrocompass. This becomes its merit in
space navigation because its direction does not depend on
the presence of earth. We also noted tnat if we supplied a
torque on this spinning wheel its response was not in the
direction of the applied force but rather perpendicular to
the plane of the force and iane axis of rotation. This 1is
why when bicycles are moving very fast (and even more so
motor cycles) they become difficult to steer by turning the
handlebars, but are easily steered by shifting the body
weight. The torgue of tipping causes the wheel to respond
by turning (sometimes called precessing) in the desired
direction but applying a torque to the handle bars induces a
rotation that works to tip the bike over or at least make it

feel very skittery.

ROTATIONAL KINETIC ENERGY

The final analogy to linear (or translational) motion
that we studied previously (Chapters 4,5) is that of
rotational kinetic energy. By now we should be used to
writing angular analogue equations:

K = (1/2) 1 (v/r)2.

Erot.
Note that in conservation of angular momentum examples such

as your instructor sitting on the bar stool, since angular
momentum I (v/r) was constant but we noted changes in (v/r)

the KE must have changed. If we think for a moment we

rot.
realise that this makes sense because it takes a significant




force to pull the masses inward and thus change the moment
of inertia. It is that work that we do pulling *he masses

inward that produces the increased KE Thus although

rot.”
angular momentum is conserved (or a constant) the rotational
kinetic energy is not conserved because work must be done to

move the masses, and that work changes the rotational KE.

Rolling without slipping Many times we look at systems

where rolling is involved and we need to describe that
process carefully. If the center of the wheel is traveling
forward with a velocity v then the outer most edge of the
wheel is rotating with such a velocity that the lower most
point is moving backward with respect to the center of the
wheel with the same speed v. This means that the ground and
the edge of the wheel are moving with the same velocitv with
respect to the center of the wheel and thus they are at rest
with respect to each other i.e., there is no slippage. Thus
the angular velccity (v/r) of the bike wheel and the speed
‘of the center of the wheel with respect to the ground are
easily related when we are rolling without slipping. The v
in (v/r) is the velocity of the center of the wheel as it

rolls without slipping.

CONSERVATION OF TOTAL ENERGY

As we consider the total energy of a rolling cbject we
now recognize that there will be a kinetic energy of the
wheel as it moves forward as well as a rotational kinetic
energy because it is spinning. We are vermitted to split

the kinetic energy into these two parts. The first we call




Translational Kinetic Energy, KE and vJe identify it as

tran.’
the kinetic energy of the center of mass of the object. The
second part deals with the rotation about the center of mass

and that is the KEro . Our expression for conservation of

t.
energy is now;

TS = PE + KEtran. + KErot.'
Thus for objects rolling down the hill from the same height,
they will all have the same total energy. If one develops
more rotational energy it will develop less translational
energy and thus move more slowly down the hill. On the
other hand if it has less rotational energy it will then
develop more translational energy and move down the hili
with a higher velocity. Note that for two objects of the
same mass rolling with the same velocity the one with the
larger moment of inertia will have the largest ro’ tional
energy. Therefore, when predicting which objects will roll

down a hill the fastest we need only look at the moment of

inertia to see which object will have the larger or smaller

rotational KE.
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CHAPTER 7 -- TEMPERATURE AND HEAT

At this point we take a new tack and begin a different
topic. Up to this point our fundamental concepts of mass,
length, a2nd time were adequate for every new concept we
developed. To enter the topic of heat and temperature we
must incroduce a new fundamental concept, that of
temperature.

Our earliest sensesc include the awareness of
temperature and we are aware of hot cold differences. To
quantify these observations we note that there are some
physical phenomena that occur at precise and repeatable
temperatures. We can use these phenomeni to define a
numerical scale and then if we can find a physical property
that varies with temperature we cza calibrate that property
to give us the proper measure at the standard points as well
as find a measure for intermediary points. For example we
note that the freezing point and the boiling point of water
seem to occur at fixed temperatures at least with some
controls like standard air pressure and water purity. We
might define, as was done historically, the freezing point
of water to be # and the boiling point to be 188. We then
look for an object or system whose properties vary with
temperature such as the volume or length of a substance.
Say we are looking at the volume of a liquid trapped in a

narrov glass tube. We put that tube in contact with melting




ice and put a mark on the tube that corresponds to the
volume at temperature @. Then we put the tube in boiling
water (at the standard pressure) and a mark on the tube that
corresponds to the volume at temperature 106. We now divide
the space between the two marks into 166 equal spaces and we
have a thermometer that can measure temperatures between
those two temperatures. We can also add marks of the same
size above and below @ and 168 to measure temperatures above
or below the range we originally defined. This works as
long as we don't get so cold that we freeze tue liquid ir

the glass tube or so hot that we boil tbat liquid.

CELSIUS AND FAHRENHEIT

Our two mnst common scales are the Celsius and
Fahrenheit scales. Celsius is the temperature scale of the
metric system and thus the scale used most commonly
throughout the world. Fahrenheit is the english system
scale and thus the one most commonly used in our day to day
experiences.

The Celsius scale (previously called centigr.’e) or °c

was defined, as we did in our example above, with 6°c being
the melting point of ice and 186°C being the boiling point
of water. However the scale is now defined by there being
273.15 c° from absolute zero up to the triple point of water
and the triple point of water is at -.81°c. The concepts of
absolute zero and the triple point of water are to be
discussed later but at this point they are mentioned as

experimentally observable points from which a temperature
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scale can be defined. This definition yields a scale with
the melting point of ice at § and the boiling point very
cl.se to 188 but these later two points no longer define
that scale. WNote that as we define the scale we define how
large the temperature unit will be as well as where some
point of the scale lies with respect to the defining points.

The Fahrenheit scale or °F was originally defined with

# as a salted ice temperature and human body temperature as
168. These points were more difficuit to reproduce reliably
and thus the defining points were shifted to 32 for the
melting pecint Jf ice and 212 for the boiling point of water.
This produced a scale close to the original one but with
more reliable defining points. Note that human body
temperature is close to the old 168 (98.6) but no longer
exactly 1686. The cho..e of 32 and 212 seems rather off the
wall without the historical perspective but then so does
273.15 c°. The primary point here is that one cannot argue
that either scale is more logical or sensible to use than
the other, the only issue of our nations converting to a
different scale is one of whether we will march to our own
drummer or conform to the choice of the majority of the
world. The surviva® 2f our own economic strength will
probably have a larger impact in that choice than our
personal taste.

Scale conversions are easily accomplished if we

consider the way we have defin.d our scale. Figure 7-1

shows a temperature line on which the points for melting
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and boiling are shown. We note that the range between

melting and boiling for the Celsius scale is 1898 c® and for

CELSIUS | ) FAHRENAEIT
100 | boiling point 212
I

}A change of

180 F

A change of
100 C

180 F2  or _9 F2
100 C 5 C

~/melting point 32

Figure 7-1. Temperature scales
the Fahrenheit scale it is 188 F°. We see that the ratio of
Fahrenheit to Celsius is, 9 F°/5 c°. There are almost 2 F°
for every c®. 1In fact this becomes an easy way to estimate
conversions from one scale to the other. 1If ycu observe the
Celsius temperature on a bank reader board double the number
and add 32 to ¢get the temperature in Fahrenheit. See if you
can do it faster than the bank si 1 does it. Of course it
is easiest when the temperature is close to freezing. You
will soon find that you are off by a degree or two because
your doubling is an overestimate. To go the other way,
(from F to C) you must find out how far from freezing you
are in oF, {i.e. subtract 32) then take 1/2 of that
remainder and you will have your Celsius temperature. For
more accuracy just use 5/9 instead of 1/2 or 9/5 instead of

double.




We demonstrated that a set of metal cylinders of
identical mass and radius all heated to the temperature of
boiling water would melt parafin very different amounts. We
then conclude that different amounts of heat are drawn from
these cylinders or that different substances of equal mass
hold differing amounts of heat for the same temperature
change. Thus there is a material property for different
materials that tells us how much heat they absorb to change
temperature by one degree. This quantity is called specific
heat capacity and is defined by:

c= AQ/mAT,
where AQ is the heat required to change mass m of the
substance a temperature change AT. The o0ld units of heat
are the calorie. This unit was chosen so that tte specific
heat capacity of water is one, or if we take 1 gram of water
and raise if 1 c° then 1 calorie of heat has been added to
the water. This definition of a calorie is quite different
than the calorie that dieters watch. The dieters unit is
the same idea (an energy) but it is really 1666 times larger
than our definition. Dieters should call their unit a
Kilocalorie. We will never use the misnamed calorie in this
course.

Up to the middle of the 1866's heat was not seen as an
entity that has a relationship to mechanical energy as we
have discussed previoucly, and thus its units developed
separately. Since we now recognize heat as a form of energy

these 0ld units of calories are more commonly rerlaced by
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joules where 4.2 joules equal 1 calorie. We will continue
to use units of calories in our subsequent discussioas.
Table 7-1 shows some typical specific heats.

Table 7-1. Specific heat capacities of
a few substances

Substance Spgcific Heat Capacity o
J/Kg C Cal/g C
helium 5190 1.24
water 4186 1.0
ice 2100 .59
steam 201¢ 0.48
wood 1700 .49
air 1658 8.25
aluminum 9243 .22
copper 399 8.093
mercury 138 8.633
lead 128 6.031

A low specific heat capacity (or specific heat) means
that a small amount of heat is all that is necessary to
raise an object 1 c® while a large specific heat means that
a large amount of heat is required to raise the object 1 c°.
We now invert our definition of specific heat so that we can

find the heat required to raise a given object a certain

amount. AQ mc AT,

or more commonly,

mc AT.

O
n

. steel 460 .11




LIQUID - SCLID - VAPOR

Another important property of materials is their
ability to change form. We are fairly familiar with the
solid, liquid, and vapor forms of matter. These forms are
called phases and there are in fact four phases of matter,
the fourth one heing the plasma phase. If we add heat to a
solid substance we find that it warms up as in the previous
discussion until it reaches its melting point. Figure 7-2
shows a graph of temperature versus heat added for water.
Note as we start out in the lower left the 1 gram sample of
material is a solid (ice) and warms up to its melting point
of 8 °C since Cice = .5 cal/g c“, At the melting point
although we add heat the temperature does not change, at

this point the additional heat is transforming the material

from a solid to a liquid. Note this means that the
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Figure 7-2. Temperature versus heat added
for water

transition from one phase to the other can only occu.

when the line on the graph is horizontal (i.e. constant




temperature while heat is increasing). Here we see
that 80 cal were required to complete the transition from
solid to liquid for the 1 g sample. As heat is continuing
to be added the liquid now responds with increasing
temperature. It requires 166 cal to go from & % to 100 °c
since Coater - 1.0 cal/g c®. Now at the boiling point of
168 °C we begin to convert liquid into vapor (or gas) and
again the temperature does not Change since the energy is
being used to transform .he phase rather than increasing the
temperature. Thus the line is again horizontal until the
transformation is complete, some 548 cal later. Further
heating now causes the vapor (steam) to get hotter and we
note that since the specific heat capacity of steam, Csteam
= 0.48 cal/ g c® it takes 4.8 cal to raise the temp of steam
to 11¢ °c. Althoggh w2 terminate the data at that point if
we continued to heat the steam to higher and higher
temperatures at temperatures of over 106,000 °c the
molecules would have enough energy to fragment themselves
into positive and negative charged pieces and the next phLase
change, to the plasma phase, would begin. This is obviously
an experiment we can't easily watch since no container will
withstand those kinds of temperature. Plasmas can be
observed in laboratory situations but they are generally
created electrically rather than by heating. The uniqueness
of the plasma is that it is a mixture of charged particles

in a gas like condition. The presence of charge seriously

affects the way these particles behave. Whiie plasmas are

- 8.
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difficult to obse ve on earth t! are the phase that most
star matter is found in so that the most common phase of

matter in the universe is that of plasma.

HEAT TRANSFER

Conduction - When we stir our coffee with a silver spoon we
note that after a short time the handle i: becoming hotter.
Since the air around the handle is not that hot we conclude
the heat must be coming up the handle from the coffee. This
is the process of heat conduction. 1In general whea heat is
conducted we find that the heat is transferred from atom to
atom as energy, as this energy is passed along fro. neighbor
to neighbor we sense the rise in temperature as the energy
arrives and note the conduction process. Different
materials conduct heat at different rates so that their heat
conduction is another property that can be measured. We
will not quantify that process but we noted in a

« ‘-monstration that heat was conducted down aluminum and

copper rods much faster than it was down stainless steel.

Convection - In the previous discussion energy was passed

from atom to atom but the atoms themse.ves did not move any
further than their random oscillations about equilibrium.

A coavection process on the other hand takes the molecules
that have the thermal enerqy and moves the energetic
molecules to the position where that eaergy is des'.red.
Thus convection infers motion of the heated material.
"sually convection is subdivided into the catagories of

forced convection and natural convection. lLa example of
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forced convection is when the furnace creates heat in the
fire box it does not warm the nouse very well so we take a
fan and blow th~ heated air to the parts of the house where
it is needed. Pushing the heated air to different locaticns
by a fan is one example of forced convection. Taking a
heated stcne and placing it near your feet in bed is another
example. Or the other hand natural convection is a process
tuat occirs only in fluids. By fluids I mean macerials that
flow, they may be either liquids or gasses. For example a
hot stove sitting in one corner of a room warms tne air
around it as this air gets warm it expands. Since the mass
of heated air does not change but its volume increases we

see that it has a lower density (Density = mass / volume).

fluids so the heated air rises up until its density is equal
to its surroundings or it hits the ceiling. Since the air
has left the proximity of the stove scme new cooler air must
come in to replace it this air is now warmed until it 1s
lighter than its surroundings and it also rises. As this
process continues a current of air is set up called a
convection current that continuously moves the previously
warmed air away from the stove and across the ceiling where
as 1t cools it returns to the floor level where it moves
back toward the stove and reheating. Thus the stove heats
the whole room far better than simple conduction could have

done. As you heat pans of clear liquids on the stove you

can many times observe convection currents as the hected

l Now objects with lower density will float in more dense
AR




fluid rises from the bottom of the pan cools at the upper
surface oL the liquid and then falls back to the bottom.
Radiation - The need for a third mechanism of energy
transfer is evident when we seek to explain how the sun's
energy gets to the earth after -raveling through a space
where there are almost no molecules, certainlv not enough
molecules to explain the flow of energy we experience.
Radiation is a fiow of energy in a wave motion where the
wave is an oscilleting field rather thar oscillating
particles. Thus this method of energy transfer does not
require the presence of intervening matter. 1It, however,
occurs even when other matter is present so that it is a
competing process in that some heat may oe lost by radiation
while some heat is lost as well by convection and
conduction. You can detect the loss of heat of a light bulb
by radiation if you hold your hand near the bulb as it is
switcned on. Immediately you can feel the warmth of the
newly 1lit bulb, as time procedes you will note the
surrounding air getting warmer by conduction and convection
but that first sense of warmth is the radiation coming to
your hand. Different surfaces may radiate or abscrb energy
faster than others. Objects that are black absorb visible
radiation easily and many times absorb the nonvisible
radiations as well. If they absorb easily they also radiate
easily. Shiny reflective objects on the other hand arr poor

absorbers or radiaters. This is why your thermos bottle is

S




~oated with a mirror like finish. That way it does not

radiate away the energy of your heafed contents or absorb
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heat from the surroundings if your contents are chilled.
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PHYSTCAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS SECTION

CHAPTER 8 -- STATIC ELECTRICAL PHENOMENA

Electrical phenomena have been observed since the
beginning of time. In the world ar.und us we feel static
cling, za»s as we slide across the car seat, clean dry hair
that won't lie down, lightening storms, as well as the
electricity that comes out of the wall socket anég all that

it does. The simplest form of electricity is that produced

by rubbing two objects together. For example we take some

animal fur and rub it on a black plastic rod and note that

both objects ar. charged. The presence of charge can be

detected by that object's affect on other objects. For
example the charged rod will attract other objects like a

piece of wood that is free to rotate or a styrofoam ball

suspended on a string. 1In one case we took a styrofoezm ball

coated with a black conductive coating. The ball was
attract to the rod and moved until it touched the rod at

the instant of contact the ball was seen to jump back from

the rod and then it was repelled by it. We postulate that
the charge from the rod was transferred to the ball at the

instant of contact and then since the rod and the ball had

the same cha"gJe they repelled each other. Our experiments

went on to show that there were two types of charge in that
when we rubbed a glass rod with silk the resulting charge on

[ ]
the glass rod attracted the balls-which had been repelied by

the black plastic rod. If we then discharged the balls and

87




allowed them to touch the glass rod they were repelled by
the rod and each other. We thus concluded that similar
charges repel each other and dissimilar charges attract. We
chose to follow Ben Franklin's convention that the charge
found on the glass rod would be identified as positive (+),
and the charge on the black plastic rod would be negative
(-).

On the atomic scale this transfer of charge by rubbing
is seen as the separation of charge from one atom to the
other. Two objects actually strip electrons (or
occasionally positive ions) from each other and thus the
previously neutral pieces now have a net charge. Whatever
positive charge is accumulatad on one will be the amourt of
negative charge on the other.

Thesc charges exert a force on each other that is very
similar to the force of gravity. Newtons law of gravitation
was F = GmM/r2 as used in astronomy. Note that if you apply
this to the force of the earth on objects at the surface of
the earth the law can be rearranged to; F = m(GM/rz). The
quantities in the parenthesis are all constants for
different objects on the surface of the earth since M is the
mass of the earth, r is the radius of the earth and G is the
tniversal gravitation constant. Thus the quantity (GM/rz) =
g = 9.8 m/sz and the F = mg that we have used is just a
special case of the general law. The torce law for
electricity is F = (9x159m2N/cou12)qQ/r2, where q and Q are

the charges, measured in c~ulombs, on two objects a distance




r apart (from center to center). This law gives us the
force on one object due to the other it is a vector pointing
away from the other object for positive forces. This means
that i the two chacges have the same sign they are
repulsive and if they are f opposite sign the forces are
attractive so that the equation is consistant with our
experimental observations. This equation actually tells us
how big a coulomb is in that if we have two charges of 1
coul each separated by a distance of 1lm they will produce a
force of 9x1G9N, a very large force. Thus 1 coulomb is an
extremely large charge, if we could put that much charge on
the two objects we could likely build a structure that could
hold the two balls at that distance. If we work with
r.crocoulomb quantities the force will become easily
manageable and then a measured force at a given separation
will tell us how large the product g2 in (coulombs)2 is
between the two objects. If we had charged the two objects
equaily the charge n one of the objects is then measured
(i.e. the squace root of gQ). There are easier ways to
measure charge that we will get to, but for now we have a

definition.

THE ELECTRIC FIELD

When ve talked of a gravitational force we mentioned
that our use of F = mg was a special case of Newtons law of
gravity where g was a constant on the surface of the earth.

We could have called g the gravitational field strenath

where g = F/m. With this definition g is no longer thought
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of as a constant but rather a variable that exists

throughout space. As a number it will be the acceleration
an object will :xperience at that point of space. Of course
across the surface of the earth it is still reasonably
constant but as we leave earth and look at other poinus of
space it can vary considerably. Our definition of Electric
field is very analogous. Since -harge, q, plays the roll of
mass in the equation for electrical force we say the
ele..ric field, E, is given by; E = F/q or if we know the
field at some point the force on charge g at that point is F
= gE. It is easiest to think of the electric field as the
electric force on a charge of +1 coul. The shapes of
electric fields around different objects are instructive in
terms of where we expect strong or weak electrical forces.

Figure 8-1 shows three electric field configurations.

A 8, ¢

ju
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Figure 8-1. Electric Fields of a few shapes

Frame A shows two point conductors of opposite sign, Frame B
slows two parallel strips of conductor, and Frame C shows an
irregqular shaped conductor opposite a flat strip of
conductor. We simulated these in class with grass seed in

0il and charging provided by the electrostatic generator

[ f}g




(sometimes called a van de Graff). The simila.ity to iron
filings and magnets is also striking. The important
observations of these drawings are that the electric field
lines always enter or leave a conductor perpendicular to
that surface. We also note that regions with lots of lines
are strong field regions, and regions with only a few lines
are weak field regions. For example in Frame A the lines
are closest together at the points of the charges where the
field;

9mZN/coulz)Q/rz,

E = F/Q = (9x19
is larger because r is smaller. In frame C we see another

region of large _ield around the point.

ELECTRIC POTENTIAL

Since the electric field represents the force on a
charge of one coulomb and if we move that charge in that
field we must be doing work or creating potential energy.
The potential energy per unit charge is defined as the
Potential, V;

Vv = PE / q,
or

PE = qgV.
We see that potential energy and potential are closely
related ideas but that they are not identical. The units of
potential are obviously (joules / coul), but this unit is
given the name of Volt so that 1 Volt = 1 joule / coul. The
volt is our common unit of potential in the US so that in

electricity we have already gone metric. Thus particles
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with high electrical potential are analogous to objects with
high gravitational potential like on top of & mountain, and
objects with low (or negative) potential are analogous to
objects in deep valleys or holes. The high potential point
means that charge falling from there can do lots of work but
as it does it loses that potential to the work *t is doing.
One subtlety that shoul be noted is that a (-) charge at a
(-) potential can do positive work, or a minus charge that
is at a low o: negative potential is the same as a positive
charge on top of the mountain it is capable of delivering

some work.
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS SECTION

CHAPTER 9 -- CCRRENT ELECTRICITY (CHARGES IN MOTION)

In the previous discussion we have looked at charge and
supposed it to be stationary. Since most of the materials
we looked at did not nermit motion of the charges we note
that materials can be classified by those that permit
charges to flow (called conductors) and those that inhibit
the motion of charge (called insulators). We certainly
recognize there are materials which can transfer charge
rapidly such as metcals. In this section we will focus on
the ability of a mater.al to restrict the flow of charge
through itself, a property we call resistance. Before we
can define resistance we need to take note of some physical
experiments. If we apply a voltage across a material we may

observe a current flowing through it. If we choose a

conducting material the current will be easily detected. If

the material is a good insulator that current may be
ext.emely difficult to measure but it is nevertheless there.
For now lets think of the easy casa; so our material is a
metal say a piece of iron wire. We move charge to one end
of the wire say the electrons that are accumulated at the
negative end of a battery. If we attach the other end of
the wire to the positive end of the battery then the
electrons are drawn from the negative end of the wire to the
positive end. The battery then lifts them up in energy

(remember that minus charge at negative potential is a
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positive PE) by sacrificing stored chemical energy where
they can then retrace the previous path through the wire.

Now if we perform this experiment with a device that
tells us how many electrons per se.und are pazsing through
our wire then we can quantify the charge flow. We call the
current, I, the charge per second passing some point in our
wire. The units of current are coul/s which is defined as
an Ampere. Since we know that each electron carries
1.6x16 2coul then I = n(1.6x16  %coul) where n is the
number of electrons per second. The current will then be in
amps. Actually it is easier to measure the current, I, and
that is what we will do from here on.

I1f we connect different voltage sources up to our wire
we would find that the current flow was different for each
voltage. A graph of voltage versus current will result in

data that is, for most materials, a fairly straight line.

Figure 9-1 shows such a plot. The larger the voltage across
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the resistor the larger the flow of current through it.

This is a demonstration of Ohms Law.

OHMS LAW - The current, I, through an object is usually

proportional to the voltage, V, across it. 7Tne constant of
proportionality is called "Resistance", R. Mathematically
it is expressed; V = IR. Materials for which R is constant
are called Ohmic and those for which R is not constant are

Nonohmic.

The units of resistance are (volts/amp) which is given the
name of ohm so that 1 ohm = 1 volt/amp. We see that
resistance tells us how the current flows for a particular

voltage. If the charge is given a particular potential it

can fall to zero more easily through a small resistance than

it can through a large one so a large current flows through
the small resistance and vice versa. Although no material
is perfectly ohmic through all extremes of conditions
(pressure, temperature for example), most materials are
ohmic for a large range of conditions. Most materials
become nonohmic when the current through them is large
enough to begin heating them faster than the surroundings
can cool them.

From the above discussion it is obvious that

temperature is one factor that affects resistance. What are

other factors that affect resistance? The size and shape of

objects is important. For example if we have two identical

o
(ohe}

L

W R N N R E s am

-




T W S WD Ny Gan Iy SN AR M IR A G Y 3B au -

lengths of wire and we connect one from the plus pole of a
battery to the minus pole a certain current will flow if we
connect the other wire to the same place the same current
will flow through it and thus the battery is losing twice as
much current through the two wires as it would through one.
I1f we push the two wires close together so that they become
like one wire they still draw the same current so we say
that the end area (or cross sectional area) of the wire is
dou.led and its current carrying capacity .s doubled. 1If
for the same voltage a wire carries twice the current then
it must have half the resistance so we conclude that
resistance is inversely proporticnal to area. A big pipe
can carry more water and a big wire can carry more current.
Another important factor in the resistance is the
length of a wire. Again let us think of two identical wires
but this time we will connect one end of one to the plus
pole and one end of the other wire to the minus pole now we
connect the two free ends to each other. Since they are
1dentical they must lose equal amounts of energy or
potential. Since the total potential loss across the pair
is the original potential, Vo, then the potential drop
across each wire must be half of the original potential or
(1/2) V . That is to say if we had a 12 volt battery there
would be six volts acrosé each of the wires. Since they
have only half of the potential across them they must have
half of the current they wculd have if they were directly

across the original potential. Now the current that flows

! 36




through one wire leaves that wire and continues through the
other wire so that the combined wires carry half of the
current while across the potential Vo. The resistance of
the combination is thus twice that of either wire. Our
conclusion is then that doubling the length of the wire will
double its resistance. The two size and shape factors for
resistance are the crossectional area and the length. The
larger the cross section the smaller the resistance and the
longer an object is the larger its resistance. We observed
this directly by observing the change in resistance of salt

water held in a rubber tube. As we stretched the tube the

resistance got larger in part because of the increased
length and also because as it stretched it got ckinnier, if
we pinched the tube the resistance increased due to the
reduction in crossectional area of the conduction path.

Electrical Connections - As we connect more than one

electrical element to a source of electricity we recognize

that there are several different ways that connections might
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be made. The two most common are identified as series and

parallel., Figure 9-2 shows a circuit diagram of these two
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Figure 9-2. Serijes an@ parallel connections
(or circuits)
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types of connections. A circuit diagram represents the
electrical connections that must be made, however, while in
the diagram wires are always drawn in neat straight lines in
actuality they need only go from one connection to the other
and any route is as good as the other. The wires may twist
and wind but the conunections are all that matters. Notice
also in Figure 9-2 that standard symbols for batteries,
switches and resistors are indicated. Note, many times the
resistor represents the electrical device we are interesteu
in. Electrically it is only a resistance even though to us
it may also be a light, a fan, a stereo, a curling iron, or
many other electrical devices.

The series combination shown in Figure 9-2 A is
characterized by the fact that there is only one path for
electron flow the current that flows through one device must
also flow through all subsequent devices. There are no
branching points in a series circuit. The driving potential
is divided up between the elements of the circuit so that
the total of the individual pctential differences is the
potential of the source (in this case the battery).

Viotal = V1 * V2t 7T
In this case the potentials Vl, Vz, and etc. are the
potential differences of each element in the circuit. Since
the current never divides the current flowing at any place
in the circuit is the current flowing at all other points.

For the parallel combination we note that the crrrent

flow divides into branches some of it going through
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r2sistor 1, more through resistor 2 and the remainder
through resistor 3, Parallel combinations can split into as
many branches as desired. Since it is the curren“ that is
divided in the elements of a parallel circuit we note that
every element has the same voltage across it but we must sum
the currents for the tot:l current provided by the battery.

Itotal = Il + I2 + *
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS SECTION

CHAPTER 10 =-- MAGNETISM AND ELECTROMAGNETISM

The presence of magnetic fields is something that most
people have experienced from ear: <childhood. 1In fact the
most common explanation for peculiar behavior of objec:s is
"it must be done with magnets". There is a great confusion
among people about the difference between gravity,
electricity ani magnetism. Many people (non scientists)
think of them as the same thing. In this chapter we will
show an important and strong connection between electricity
and magnetism but they are hot the same forces. Can you
think of tests to show that gravity, electricity, and
magnetism are not the same?

The presence of a magnetic field is easily detected by
inserting small bits of iron (filings) in that region. If a
field is present the iron will be oriented by the field and
that orientation is visually very obvious. For example iron
filings are sprinkled around a bar magnet and give a
patterns as shown in Figure 10-1. The oriented filings seem
to flow from one end of the bar to the other. The two ends
of the bars are called poles and as we play around with two
such bars we find that in one orientation both ends attract
and in the reverse orientation both ends repel each other.
As we try different combinations with several magnets we can
find that two puses which are attracted to a tbird pole will

repel each other and we come to the conclusion that like
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Figure 10-1. Magnetic field of a bar magnet
seen with iron filings

poles repel and unlike poles attract. We further note that
we can give a direction to the flowing lines of magnetic
field we see with our filings. We define the flow as the
direction of push on @ north pole placed at that location.
The two kinds of poles are given the names of north and
south because if they are suspended on a slender thread one
pole of the magnet will orient itself toward the geographic
north on the surface of the earth, the other pole then
pointing more southward. Thus a north seeking pole is
called a north pole and a south seeking pole is called the
south pole of a magnet. This brings us to the most

disturbing of paradoxs, that is that since unlike poles
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attract, all the north pointing poles must be drawn to a
south magnetic pole at the north pole of the earth. Thus
the earths geographic north pole is a south magnetic pole.
Although at first glance this sounds impossible, or to be a
contradiction in terms, it is in fact true and once being
recognized it is no longer a problem, thats just the way it
is. Figure 10-2 shows a sketch of the earths magnetic

field. Note its similarity to the field of a bar magnet.

20°E
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N (@) b o
ubserved field * 10°E
Figure 10-2 A. The Magnetic Field of the earth.
B. Magnetic corrections (declination) for
true north in the U.S.

Also note that the magnetic poles are not on the geograpnic
poles. This means that a compass does not point exactly
north. 1In fact in this part of the world it points N20°
east of north. If you are using a magnetic compass for
navigation you must remain aware of this correction called
magnetic declination which varies by quite a bit, see Figure
10-2B. As we further look at the field configuration we
aote that the field is parallel tc the earths surface only
near the equator at other lattitudes it has a vertical (or

radial) component that in the northern hemisphere is
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downward (or radially inward) and in the southern hemisphere

is upward (or radially outward) from the earth.

MAGNETIZATICN CF MATERIALS

We will find that some atoms are magnetized and that is
a fundamental property of the atom. Typical strong magnetic
atoms are Iron (Fe), Nickel (Ni), Cobalt (Co), and
Gadolinium (Gd). Some atoms or molecules that show a weak
magnetic field are Oxygen (02), Sodium (Na), and Nitric
Oxide (NO). The first group are those that we most commonly
think of as magnetic (called ferromagnetic) and can be made
into permanznt magnets while the second group (called
paramagnetic) are never found as permanent magnets but can
be attracted by a strong magnetic field. We showed in class
that liquid oxygen (a paramagnetic liguid) would hang in the
gap of a strong magnetic field.

But we are still drawn to the puzzle of why some pieces
of iron exhibit a permanent magnetism and other pieces of
iron are attraciud by a field wut are not permanently
magnetized. Let us look at the behavior 0f a collection of
small compasses. If we set them close enough tc each other
so that they interact with each other and then take a bar
magnet near the top of the set with enough stirring motion
that all of the compass pointers are spinning, and then
remove the bar magnet. We note that they slow down and

point in a variety of directions but within small regions

they point in a consistant direction (see Fig. 10-3a). On

the other hand if we slowly draw a pcle of our bar magnet
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near the compasses from righc to left and on away the
compasses all align in oae direction (Fig. 10-3b,. This is
a good analogy to the behavior within a ferromagnetic
material. While all the atomic magnets are alligned with
their nearest neighbors there will be regions (called
domains) of these oriented atoms that are oriented in
different directions. This is the situation for
unmagnetized iron in which the domains of alligned atoms are
randomly oriented so that there is no net magnetic field on
the cverall scale but there is magnetic fieid within each
domain. When we expose that unmagnetized iron to a strong
magnetic field the domains that are alligned with that field
tegin to orient the atoms on thei: boundaries so that those
domains grow in size at the expense of their neighboring
domains. Thus, after the strong magnetic field is removed,
the sum of the fields from the domains is now in the
direction of these larger domains and the iron has a

permanent magnetic field, it is a magnet.

MAGNETIC FIELDS ASSOCIATED WITH CURRENTS

if we place iron filings or a small compass needle near
a wire carrying current we find that there are magnetic
field lines oriented in circles that are perpendicular to
and centered around the current carrying wire. We thus
discover the first link between electricitv and magnetism,
that moving charges (currents) can create magnetic fields.
We then explored several combinations of wires wrapped into

coils or spirals and found even stronger fields as we
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increased the number of windings. Figure 10-3 shows the
field for a loosely wound spiral carrying current. We
should note that the field looks very similar to that
observed for a bar magnet. This becomes our first clue that
perhaps all magnetic fields are the result of current loops.
Indeed when we think of atomic electrons circulating about a
nucleus it is easy to see the origin of magnetic fields from

these microscopic current loops. We also find that

Figure 10.3. Tne magnetic field of a spiral
carrying current

spinning g electrons produce a magnetic field as a result of
that spinning charge. Because of the way that the electrons
combine in complicated atoms, for many atoms the combined
spinning and orbiting contributions for the electrons cancel
out and there is no net maganetic field, but in a few atoms
there is not complete cancellation and thus we have magnetic
atoms. Virtually every magnetic field we encounter can be

explained in terms of current loops, however, some




Physicists are scill searching for an element of magnetic
charge (called the magnetic monopole) that, like an electric
charge which creates an slectric field, becomes a point
source for the magnetic field. Regardless of the success of
this search, it is clear that the origin of most magnetic
fields that we deal with is due to current loups and is thus

always found with two poles.

FORCES ON MOVING CHARGES

The second connection between electricity and magnetism
is that if we watch charges move through a magnetic field we
find that they are Jeflected by that field. Hagnets located
close to electron beams show this very clearly. For example
if a bar magnet is held close to a black and white
television screen the magnetic field will radically distort
the image on the screen (don't try this on color TV because
the magnetic field can damage the precision focusing
required for color pictures and you will need a repairman to
demagnetize your set). The distortion is because the
magnetic field bends the electron beam as it approaches the
screen from behind and it strikes at a different point than
it was supposed to. We can also observe this effect with a
current running down a wire in a magnetic field. If the
current flows perpendicular to the field the wire will be
thrown sideways out of the field perpendicular to both the
field and the direction of current flow. If the field is
strong enough and the current large enough the effect is

quite dramatic. We can capitalize on this effect by running
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current through a loop of wire in the field so that one side
of the loop is pushed down while the other side is pushed
up. This coil can be constructed on an axle then where it
could be made to spin. This device is the beginning of an
electric mot.r. Special electrical connections are required
to keep the mctor turning in the desired direction but for
our purposes we only note the source of the force that turns
the motor is the force on a current flowing in a magnetic
field.

If a piece of metal is pushed through a magnetic field
the charges (electrons in that metal) will be pushed to the
side of the metal. Now forces on charges rieans that the
charge is in an electric field or that the motion of the
metal in a magnetic field is generating an electric field or
an electric potential. 1If the piece of metal is a wire,
whose length is in the direction of that sideways force, the
charges will flow along the wire, aad we see that we can
generate a current by forcing a wire through the magnetic
field. This is the fundawmental idea on which a genezator is
constructed. 1In a sense this is the inverse operation of a
motor in that in a motor we send electricity to the device
and it begins to rotate from which we can extract mechanical
work. On the other hanc if we do mechanical work to turn
the coil in the magnetic fielu we can generate electricity
flowing in the coil and thus extract electrical energy.

While the case of the motion of a conductor in a

magnetic field has been discussed we also find that motion
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of the magnetic field with respect to a fixed conductor also
produces a potential in that material. That motion can be
produced either by moving the source of the magnetic field
or if it is an electromagnet turning the electromagnet on or
off or by changing the current through that electromagnet.
Whatever the reason for the changing magnetic field it will
produce a potential in space that will force charges to flow
if there is a conductor present. We capitalize on this
effect in a device known as a transformer. We apply an
alternating plus then minus voltage to a coil of wire. This
alternating voltage is the kind of electricity we find in
the electrical outlets supplied by the local electric
utility, (called AC for alternating current). The
alternating voltage applied acr ss the coil causes a current
to flow that alternates in direction in response to that
voltage. As the current oscillates in the coil the magnetic
field also oscillates through the coil first one way through
then the other. 1If we then place another coil near that
first coil the new coil will experience the changes in
magnetic field from the first coil and the resulting
potential from that will cause currents to flow in the new
coil. These new currents will also be alternating currents
since they are derived from an oscillating field. We also
noted Lenses law which stated that the induced current would
flow in a direction such that the field created by the new
current flow would oppose the change in the field that

created it. This basically says that the situation opposes
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charge and any change we impose on the system will result in

a response that tries to counter our initial change. 1If we
add another loop to our coil we are adding the potential per
coil tc that thet we had pieviously. Thus we can increase
the * ltage out by increasing the number of loops,
(sometimes called windings), and decrease the voltage by
decreasing the number of loops on the coil. Thus a
transformer can change the size of the potential availatle
perhaps down to 6 volts or up to 1000 volts. Whatever we
desire can be gerierated just by changing the number of
windings. Note also that this could not work if we used a
constant voltage like we get from batteries. It is the
oscillating voltage, current, and magnetic fields that are

critical to its operation.
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CHAPTER 11 -- PROPERTIES OF LIGHT AND OPTICS

We have talked about the existence of Electric and
Magnetic fields and even how oscillating magnetic fields
will produce oscillating electric fields or potentials. The
simultaneous oscillation ~f electric and magnetic fields is
called an electromagnetic wave and it is a wave that moves
perpendicular to the direction of the field oscillation.

At this point we need to discuss briefly the nature of
a wave and some of its characteristics. The best example of
a wave is that of surface waves on water. When we drop a
rock into the lake we see the waves (or ripples) move
outward from the point where the rock strikes the surface.
These waves form a circular pattern that expands away from
the point of impact but centered on it. As we look closely
at the motion of the water when @aves pass through it we see
that the water itself primarily goes up and down, it doesn®°t
move in the direction of the wave's motion. The wave motion
is an obvious motion in the shape of the surface of the
water caused by primarily vertical oscillation of the
water's surface. The waves can be measured in terms of
three quantities. The wavelength,/\, of a wave is the
distance from one crest to the next crest measured in
meters. The frequency, £, of a wave is the number of cycles
per second that any constituant of the wave oscillates with.

The velocity, c, of a wave is the change in position per
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unit time of any point on the wave such as the crest or a
valley. The frequency is very closely related to another
propairty known as the period, T. You may remember that in
our first laboratory we measured the period of the pendulum
as the time to complete one cycle of oscillation or one
round trip. Thus the period is the time to complete one
cycle or thus it is the number of seconds/cycle. The
inverse of this number must be cycles/second which was the
units of frequency and indeed we can readily convert from
frequency to period or vice versa whenever reciired by f =
1/T or T = 1/£. The frequency unit of cycles per second is
given the name of Hertz after a famous physicist who worked
in the foundations of electromagnetic waves. This unit is
abbreviated as Hz and you may note that the dial of your
radio has vlues that are in KHz or Mhz which are the
frequency ranges in which you can tune your radio. Now if
our crest moves a distance/h\ in one period of oscillation T
then the velocity must be c = /\ / T in meters per second.
We can also write this in terms of frequency as c = /\ f.
Thus the parameters wavelength, frequency and velocity
characterize the waves and tha2y are always interrelated by
c = /\ f. While water waves are basically an oscillation
that is perpendicular to the direction of the wave motion,
other waves can be formed by oscillations parallel to the
direction of motion. Sound waves are of this variety the
molecules get pushed together in a high density region this

comes at the expense of molccules near there thus a
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depletion cf molecules or a low density region. These
alternating low and high density regions are the
oscillations that pecome the wave.

Electromagnetic waves are oscillation in the strength
of the electric or magnetic field as it moves through space
it is a transverse oscillation in that the electric and
magnetic fields osciilate at right angles to each other.

Figure 11-1 shows & sketch of the oscillation to clarify

Figure 11-1. An electromagnetic wave

the descriptions we have just given. The wave travels with
a velocity ¢ = 3x108 m/s. This is true for all obser~ers
regardless of their motion according to Einstein®s theory of
relativity. The paradoxes and complications that that
theory creates are fascinating and stimulating but we do not
have time to go down that tangent. The wave can travel with
a great variety of frequencies or wavelengths. The lowest

frequencies we normally encouncer are the radiowave
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frequencies which have a frequency of about 1 MHz for AM and
about 100 MHz for the FM band which admittedly don't seem

all that low but the higher frequencies include infrared

waves around 10 THz (1012

1 pHz (10%3 Hz = PHz), ultraviolet light around 10 PHz,

x-Rays from 100 PHz to 100 EHz (1018 H» = EHz), and Gamma

rays on up to 1024 Hz. Although this is an extremely long

Hz = THz), the visible light at

range of frequencies all of the waves are identical in that
they are oscillating electric and magnetic fields that
travel with a velocity of ¢ = 3x108m/s. They differ only in
their frequency of oscillation and thus also their

wave length.

In this chapter we will focus our attention on that
narrow range of the electromagnetic spectrum called the
visible light. 1In frequency it goes from 435 THz to 700 THz
and respective wavelengths 690 nm to 430 nm. The low
frequency long wavelength end is perceived by the human eye
as the color red and the high frequency short wavelength end

is seen as a deep blue violet.

REFLECTION AND REFRACTION

As light travels through or against different materials
it behaves in some interesting ways that we should begin to
look at. Some very shiny surfaces will reflect light and we
can watch narrow beams come into and scunce cff of surfaces.
We note that the beam (sometimes called a bundle of rays or
more simply just the rays), leaves the surface with the same

angle that it came in on. We usually measure this angle
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from the perpendicular to the surface and then note that the
angle i (for angle of incidence) equals the angle r (for

angle of reflection)., Figure 11-2 shows such a ray with

Figure 11-2. Light reflecting from a
mirror surface

the angles i and r indicated. An additional ray is dashed
in to show how someone looking from point B sees the candle
flame at A as though it is at A'. The eye always takes
diverging rays and extrapolates back to their source point
as the location of the object. Sometimes this extrapolation
goes to a place other than where the light actually came
from because of some optical device in this case the mirror.
When this occurs we say the image is virtual. This is most
obvious in the case of a mirror because it is clear that
light cannot come from behind the mirror where our image is
located.

As light passes into or out of a transparent material

we also observe that it can be bent in that passage. For

example we show in Figure 11-3 a light ray coming into the
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Figure 11-3. The refraction of light going
from air into water

surface of water and refracting as it goes into the water.
Note again the angles measured from the perpendicular angle
i and angle R the angle of refraction. Angle R is rarely
equal to i and as we look at different materials we find
that for the same i we get different values for angle R. We
also find that for different frequencies (colors) we get
different angles R for the same angle i. Snell's Law tells

us how to predict R for light passing from substance I to

substance II.

SNELL'S LAW - Construct two right triangles above and blow

the boundary between two transparent substances. The light
ray should be the hypotenuse of both triangles and the two
hypotenuses should have equal length. One leg of each

triangle is the surface perpendicular and the other leg is

parallel to the boundary. 1If the upper leg parallel to the
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boundary has length X; and the lower leg parallel to the
boundary has length XR Snells law is;

nIXi

= Dpp¥ge

where nI, and nII are the indexes of refraction for the two

substances,

The index of r~fraction is a number that can be looked up in
handbooks for different materials. Table 11-1 gives some
typical values for the index of refraction. The irdex can
never be less than 1.0 and it is rarely greater than 2.0 so
that the values in the table reasonably span the allowed
range. From Snell's law we see that the larger the index of
refraction ng the more the light will be bent in medium II.
In the case of the light ray passing into water the ray will

be closer to the perpendicular and X_ will be less than L

R
In class we directed a beam of light into a tank of water
and onto a submerged mirror and then up to the surface of
the water. Since the index of refraction for water is
greater than that of air the emerging ray was always further
from the perpendicular than the incident ray. As the
incident angle was increased the uangle of the emerging ray
got larger up until it was 90° or thus parallel to the water
surface., For larger incoming angles the ray could not
emerge and thus it was 100% reflected.

We traced the progression of light through a series of

transparent objects and made some observations when light

passes through a rectangular nbject and emerges irom the




opposite side it emerges with a ray that 1s parallel to the

ray that came into the first surface. This is fairly
ohvious as wc see that the emerging ray from the refraction
on the first side will travel to the opposite parallel side
where it must follow Snell's Law and refract back to the
same direction as initially. When light falls on a

triangular shape as in Figure 11-4 the light ray is

_~
" 7oral Change
~ i odirection

Figure 11-4. The r~fraction of light
through a prism

bent toward the normal (surface perpendicular) as it enters
the triangular block of material (many times called a
prism). This ray travels on until it encounters another
face of the prism where it will refract and emerge being
bent away from the normal to that face. The direction of
the final ray compared to the direction of the original ray
coming in was noted t~ be bent toward the thickest part of
the prism. One should also note that in this bending of the
ray different wavelengths had different indices of
refraction and thus the final ray is broken up into a

spectrum of color. Little glass prisms hung in the window
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will make beautiful rainbow like patterns from this effect
when the sun passes through them.

The most useful shape, however, is that with curved
surfaces. As we observed light traveling through a curved
piece of material we found that all parallel rays coming
into the shape were bent to a common point on the other
side. Such a shape (called a converging lens) is shown in
Figure 11-5 and the point of convergence of the rays is

identified as its focal point, F. We found that such a

device could reconstruct the light patterns coming from a
source of light, called our object, into an image of that
source on the other side of the lens. For many cases that
image actually has light coming from there and when viewed
from a point beyond actuallyv appears to lie at this image
point. This image is called a real image because the light

is actually there. We can construct these images with a

.,
P
P
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Figure 11-5. A converging lens and its
focal point




ruler and a few simple rules. Most objects can be
represented by an arrow, since the only important thing is
to have some sense of size and which end it up. Figure 11-6
shows the rays commonly used to construct an image from the

Ruralle! Rhygétl— .

6‘472./ &z

L

!

) £ Imaqe
object” :
)

Figure 11-6. Ray tracing to find an image
produced bv a lens

object on the left. The rays traveling from any point on

the object to the lens are all brought to the same
corresponding point on the image regardless of 4hich part of
the lens the light ray passed through. Of the many rays
that pass through the lens there are two which we can

account for and once we find a point of intersection for

|
those two we know that all others will also pass through
that point as well. The first of these is the parallel ray.
The parallel ray is a ray parallel to the axis of the lens

| and the base of our arrow object. This parallel ray is

‘ drawn so that it passes through the tip of the arrow and

‘ then travels on to the lens at which point it must kend and

\ pass through the point f, the focal point, and then travel

‘ on continuing in that same direction. The other ray is the

central ray which passes from the arrow tip through the

center of “he lens. Since the center of the lens has two
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surfaces that are close to parallel, that ray must travel
through the lens without being bent. This ray is drawn on
from the lens until it intersects the first ray at which
point we say that the tip of the image arrow has been found.
There are some cases where the two rays will never intersect
and then we extend them to the left to see if they converge

on the left. When convergence on the left is found the

image is virtual,

Another curved shape is that of a diverging lens (one
that is thinner in the center than on the edges). Here we
have a lens that must bend incoming parallel rays to wider
or diverging angles. These divergina rays can be extended
to the left to find a common point, from which they seem to
come, called the focal point of this lens. Because it is on
the left of the lens (opposite of the focal point for a
converging lers) this focal length is given a negative
value. 1Images for this lens can be constructed with the
same two rays as above but the parallel ray through the tip
of the object is bent outward as it emerges from the lens as
though it comes from this lens' focal point. More reading
and examples of these image counstructions are available in

the laboratory notes.

INTERFERENCE EFFECTS-A WAVE PHENOMENON

If we drop two pebbles into a pond simultaneously we
can watch the ripple patterns as they interact with each
other. This interaction is called interference. You may

note that there are regions where the i1nterfering waves have
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larger p:axs and valleys than either wave originally and
other places where there is much less action than either

wave by itself. 1In Figure 1l1-7 we show a representation

NE__POINT SouRpce Two kSl SOoukces
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Figure 11-7. Interference of two waves

of the waves we are discussing. The solid rings represent
wave crests and the space between them are the valleys of
the waves. The regions where the solid rings from both
sides are directly on top of each other are regions of
increased oscillation or positive interference and the
regions where the solid ring of one is on the open ring of
the other are regions of negative interference or
cancellation. With light waves we see this happen by
looking at a distant source of light through two narrow
slits or scratches in an otherwise opaque surface. Light
through these openings gives an image that is multiple.
Instead of one image we have a central strong image and
progressively weaker images to either side. The closer our

slitc are together the further apart will be the images. We
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also directed the laser beam through two slits and saw the
spot split up into several spots of varying intensity.

We also found that we could get multiple images from a
single slit. While this i3 harder tc understand it is
basically an interference effect between light “rom either
edge of the opening. These interference patterns also get
further apart as the sliits edges get closer together. Once
we had seen this effect then we recognized that some of the
changes in intensity of our first patterns Iinterfer:ance was
due to the width of individual slit and other variations are
due to the spacing between slits. Since slits are always
narrower than the spacing between them the more widely
separated oscillations in intensity are due to the slit
width and the narrower oscillations are due to the slit
separation.

Our final observation of an interference effect was
that found for more than two slits. As we increased the
numbe of our slits we found that the patterns became more
sharply focused where they were maximum and that they went
to zero for longer distances between the maxima. This led
to spots that were separated by angles like 10 to 20
degrees. These multiple slit systems are called diffraction
gratings and can then be used to break a spectrum up into
its components. We cbserved the spectrum of mercury

displayed on the wall from a large multiple grating.
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS SECTION

CHAPTER 12 -- ATOMS AND NUCLEI

As turn of the century scientists struggled with the
implications of the spectra we have just seen from a diffraction
grating, they were bothered by the fact that atoms did not
radiate lines except when highly disturbed as in arc discharges,
and the reasons for those specific lines which were so different
from one element to the other. First let us look at the details
of the construction of an atom. We find that the atom is divided
into a small central point called the nucleus and a cloud of
electrons around it. All the positive nuclear charge is on the
nucleus and an equal amount of negative charge is found in the
electron cloud so that the atom is normally an electrically
neutral species. Since the negatively charged electrons are
drawn to the positive nucleus we must explore what other effects
are present that prevent the atom from collapsing on itself. The
first idea that comes to mind is a planetary model in which the
electrons have a rotational motion about the nucleus so that the
nucleus provides the necessary centripetal force to hold the
electrons in orbits. This model was developed by Niels Bohr but
requir -4 some rather insightful qualifications to actually
describe the simplest of atoms. Another concept also developed

in that era that was more¢ successful at describing the behavior

of electrons and nuclei. That was the recognition that in this

extremely small scale world particles don‘t behave strictly the

way we think of particles behaving in the world of our




experience. In our everyday world particle behavior is usually
contrasted with wave behavior. Particles travel in straight
lines while waves bend around corners. Pparticles can have any
value of energy while waves have resonances at specific
frequencies and ergies. These everyday distinctions ar>
clearly demonstrated in our macro world but on the microscopic
scale the distinctions become considerably more blurred. Thus,
this thing we call an :lectron is capable of wave like behavior
as well as its well known particle like behaviors. The rule for
converting from particle like properties to wave like properties
is that the particle's momentum, p, is related to its wave
property,/\ by p = hA/\ . Here h is called Planck's constant and

is 6.6x1034

joule sec. Electrons can be diffracted from very
fine gratings (usually the periodic rows of atoms on a single
crystal surface). We also find that the locality of electrons
around an atom are best thought of as standing wave resonances.
The space is three dimensional and it is difficult for our minds
to picture what that looks like. We looked at standing waves on
a ring of wire and found particular frequencies where the waves
would resonate and other frequencies for which there was no
response. The figures below (Fig. 12-1) show the kinds of
standing waves that electrons have near atoms. Figure 12-1 A. is
the lowest energy possible for an electron and we see that is a
very spherical region centered about the nucleus, while Fig. 12-1

B. shows the next higher enerqy level with its six lobed maxima

separated for ease of viewing but in fact all centered around the




Fig. 12-1. The lowest energy electron standing waves.

nucleus. As we go to higher energies the resonant waves become
more complicated but the confiqurations have been confirmed in
many experiments. It is the orientation of these lobes (called
orbitals in chemistry) that determines the bonds directions in
chemistry and thus the shapes of complicated molecules. When an
electron is in a nigher energy shape it can drop to a lower one
by releasing energy in the amoung of E = hf where £ is the
frequency of the released wave and h is Planck's constant. This
is the origin of the specific spectral lines of different
materials. Any time this energy is released it comes as a light
wave but because it is released as a discrete entity we call it a
photon or particle of light.

THE NUCLEUS

The constituents of the nvcleus are called the nucleons. We
have found that nucleons may be charged positive or zero. These

two ¢ itegories of nucleons are called respectively protons and

neutrons. Figure 12-2 shows a graph of all the nuclei we have
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Fig. 12-2. Nuclear stability

observad. The coordinates are horizontally the number Of
neutrons and vertically the number of protrons. The s .all solid
circles represent nuclei that are stable and found on earth the
small open circles are those that have been madc in laboratories
but are unstable so they don't last very long. We see that there
is a large domain of the graph where nuclei have never been
observed because they are too unstable to last for a measurement.
Thus, the rough line of solid circles is the region of highest
stability from this we can see that for very small nuclei the
protons ané neutrons are about equal in number. As we go to
higher numbers of nucleons we note that stability favors more
neutrons. This seems reasonable because as we pack more protons
into that small space their repulsive force is going to weaken
their binding and make the nucleus more unstable. By packing in
a few more neutral nucleons the protons are further apart and

thus not as strongly repulsive.
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An unstable nucleus returns to a stable condition by

ejecting different forms of energy. These forms were labeled ‘
alpha, beta, and gamma as they were first observed and
distinguished. Alpha rays (or particles) travel only short
distances from their source and their path can be bent in a
magnetic field. Beta rays travel much farther than alphas but
still only a few centimeters in air. The path of beta particles
is also deflected by a magnetic field but in the opposite
direction as alphas. Gamma ray travel the farthest and are not
deflected by a magnetic field. Subsequent studies have further
identi“ied the alpha particle as a combination of two protons and
two neutrons or thus the nucleus of a helium atom. The positive
charge of two protons explains the bending of the path in a
magnetic field. Beca particles have been identified as electrons
and their negative charge eaplains the opposite bending of their
paths in a wmagnetic field. Gama rays we have already identified
as electromagnetic waves of very high frequency. Since their

energy is hf these are also very high energy photons.
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACYERS
PHYSICS BLOCK

Laboratoxy 1  Description of Motion

Purpose
The goal of this labcratory is for you to be able to

describe qualitatively and quantitatively the motion of
objects.

Laboratory Obijectives
As a result of this session you will:

1. Describe qualitatively and quantitatively the motion of
a given object in terms of position, time, velocity, and
acceleration.

2. Develop techniques of measurement.

3. Show now to present data and observations in graphical
form.

4. Define and explain the difference between velocity and
acceleration.

5. Identify the important parameters of a pendulum's
motion.

6. Identify the concepts of this lab as they apply in
playground equipment.

Part I Motion

Section A---~ What is constant speed?

Introduction

Every day you hear about how fast things go. For example,
how much time it takes to get from a class in Fulmer to the
CUB, or a police officer informing you that you have
exceeded the speed limit. Yet as much as we refer to a
concept like speed or velocity, what do we really know about
it? what information can the speed of an object give us?

We will explore the answers to these questions and bring up
some new ones.

Materials

Air track set up (with rubber band replacing the spring on
the support), air track glider, masking tape, stopwatch
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Procedure

In this section of the lab you will start a glider moving at
constant speed. You will describe the motion of the glider.
From your observations You will develop a definition of
velocity. You will then make measurements to determine if
your definition for velocity is correct.

7a

Fig. 1.3 Air Track Set-up

Section A, 1=~ Observations of a glider's novement

l. Leveling the track: Turn on the blower. Place the
glider (without the glider weight) in the center of the




2. Setting the glider in motion: Now put the glider on the
track such that the glider is pushed up against the rubber
band. Release the glider. The glider should move to tr-~
other end of the air track. 1If not try again. Try to
develop a consistent method of releasing the glider.

3. Repeat 2 as many times as You need. Complete worksheet
section A.1 for this part.

Section A.2---- Measuring the motion of a glider

4. sSetting up to measure time to travel a distance: You
will measure the time it takes the glider to move a distance
of 120cm. To accomplish this you will first mark off the
distance on the air track's scale with two pieces of masking
tape. Put the first piece of tape about 25cm in front of
the glider when it is at the initial starting position.
Place the second piece of tape at the appropriate spot to
mark the end of the 120cm distance (these marks will also be
used in Section B). Praccice releasing the glider such that
it takes between 10 to 12 seconds to travel the 120cm
distance.

5. Making the measurements: For Table I.A.1 you are asked
to find the distance travelled duriry each successive two
second interval. A method of doing this is outlined below.

a. Release the glider

b. Have your partner say 'zero' when he/she presses the
start button on the clock. It is best to start the clock
when the glider is near the piece of tape 25cm away.

c. When your partner says ‘zero! place a piece of tape at
the front of gliders present position. fThis mark serves as
the starting mark for your measurements of distance
travelled.

d. Place tape at the position of the front of the glider at

successive 2 second intervals. It is best to walk along

with the glider, so that You can see the position of its
front.

e. Complete Table I.A.l1 and answer the adjoining questions.

130




Section B---~- What is constant acceleration?

Introduction

Have you ever noticed how your weight changes when an
elevator starts or stops? Have You watched how a
speedometer "drops" as you slow down for a traffic light or
"climbs" when you speed up after a stop? Both of these
questions deal with the same concept --- acceleration. \We
need to ask ourselves the same questions as we did when we
considered speed.....

Materials

Air track set up, air track glider, masking tape, one wooden
block (19cm x 1l9cm x 2cm), stopwatch

Procedure

In this part of the lab you will make observations of a
glider as it accelerates down an inclined air track. From
these observations, you will develop a definition of

acceleration. You will then make measurements to determine
if your definition is correct.

Section B.l--- Observations of a glider's movement
[NOTE: Place the glider weight back on]

1. Setting up for acceleration of the glider: Place one
wooden block underneath the single leg support of the air

track. We have elevated the air track so that the glider
will be "running" down hili.

2. Putting the glider in motion: Turn on the blower.
Release the glider at the beginning of the 120cm distance,
i.e. at the elevated end of the air track.

3. Repeat 2 as many times as you need. omplete Part I,
Section 3.1, of Lab 1 Worksheet.

Section B.2~==~ Measuring the motion of the glider

4. Setting up to make the measurements: For Table I.B.1
you are asked to find the distance travelled in successive
one second intervals. One way of doing this is to have your
partner call out each second and then mark, with masking
tape, where the front of the glider is at that time. Tt is
helpful to walk aleng with the glider as you place the tape.
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In this way you are looking right out the front of the
glider as you place the tape.

It may take several tries to get all the time intervals.

Patience, and checking your marks closely, will provide
enlightenment about acceleration.

5. Making the measurements: The distances asked for in
Table I.B.1 are to be found by mecasuring between successive
pieces of tape, e.g. the distance for interval #2 is found
by measuring the distance between the piece of tape put on
the track for the first second and the piece of tape put on
the track for the second second. Complete Section B.2.

Section C---- A complicated case

Introduction

You will now consider a case where the motion is a bit more
difficult than what you have considered this far.

Material

Air track set up (separate system placed on the tables at
the back of the room), air track glidev, the glider weight
with the aluminum fin arrangement, copper shim (to be taped
to the aluminum fin), one wooden block (l9cm x 19cm x 3.5cm)
placed undernsath the single leg support of the air track,
narrow gap horseshoe magnet (elevated, at a cad past the
hzlfway mark, such that the aluminum/copper fin
configuration will pass through the gap of the magnet) .

Procedure

You will find the demonstration set up in the back of the
room. Turn on the blower. Place the glider on the high end
of the air track. Release it. Repeat as many times as you
need. Complete Part I, Section C of the worksheet.

Physics Feat: Tipe on doing this lab in your classroom

The purchase of an air track for use at the elementary
school level is not advised. Most high school science
departments have an air track or accessibility to one. Also
the high school physics teacher may be able to suggest sonme
alternative experimental set ups. For cxinplc the dry jice
pucks used in the Project Physics courss.

An alternative vay of having your students app&y the
concepts of motion would be to set up a Hot Wheels* track.
Let the students play with the toy car and track and then
have them analyze the motion.




Part II The Pendulum?
Purpose

To develop a systematic process of identifying the important
parameters involved in the motion of a pendulum (i.e. that
period is independent of amplitude and mass, and that period
is aependent on length).

Introduction

Whenever an object is hung from a point so that it can swing
back and forth it is a pendulum. The pendulum, besides
being a reference in macabre literature, is an example of a
special type of mction called simple harmonic motion. oOne
example of the use of pendula can be found in a grandfather
clock. Understanding how a pendulum works opens the door to
understanding musical instruments, lasers, TV, or the design
of bridges.

The time for a pendulum to swing across and back to where it
started is called its period (T). A good way to measure the
period is to determine the time for 10 complete swings and
then divide by 10. Thus if it required 30 seconds for 10
complete swings over and back, the period is 3 seconds. The
reason we do this is that the average value of the period
for ten swings gives a more accurate result than just
measuring a single swing (ask yourself why this is so).

Work with your lab partner to make this measurement.

The maximum distance the pendulum swings to either side from
"straight dswn" is called the amplitude (A) of the pendulum.
The number of complete swings the pendulum makes in ore
second is called the frequency (f) of the pendulum.

Material

Two 1 meter pendulums (one steel bob, one wood bob), 4 metexr
pendulum, stop clock, pendulum supports

Procedure

The questions for this part are listed here. Record your
wbservations on the worksheet under Part II.

1. Does the period of a pendulum change as the amplitude
changes? See if you can find out. Set up the pendulum with
the steel bob. The length, £, of the pendulum should be 1lm
(£ = 1/2 the diameter of the bob + the length of the string
from the bottom of the support). Pull it 12 cm to one side
and let it gc. Measure the period as outlined in the
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introduction. Repeat three times. Record your measurements
in Table II.1. Now pull the pendulum all the way to one
side. Measure the period. Repeat three times. Record your
measurements in Table II.2. Answer question II.1.

2. Does the period of a pendulum change when you change ti.o
amount of weight on the end of the string? set up the
pendulum with the wood bob per the instructions in step 1.

carry out the necessary measurements to complete Table II.3
and answer question II.2.

3. Does the period of a pendulum change when you change the
length of the pendulum? Ask the lab instructor for the 4m
pendulum. Your lab instructor will indicate where to set up
this pendulum. Be sure to measure the length. Make the

appropriate measurements to complete Table II.4 and answer
the questions.

Physics Feat: Pendulum Facts3 (optional)

It is often s7id that a pendulum has the same period regardless

of amplitude. This is not exactly true, as you hzve helped show. -
The statement should be: the amplitude of a pendulum is small

(for example, less than 10°) then the period is almost constant.

Simple harmonic motion is idealized motion in which the amplitude

has no effect on the period.

The actual relation from theory for small amplitude js that
T = 2r {I/g. Does your data agree with this? How can you show
this with a graph?
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK -- LABORATORY 1

Optional -- A Freely Falling Body*

Introduction

Today you have, through your observations, developed a
description of moving bodies which in the language of a
physicist is called kinematics. Galileo was the first
person to describe motion in this currently accepted manner.
He reasoned from experience, starting from the definition of
acceleration, using mathematics as the means of deduction.

He emphasized the essential role of experiment in testing a
physical concept.

Galileo was able to show that:

a.) The acceleration of a body freely faulling in a vacuum
is constant. This means that during any one interval of
time, the gain in velocity will be the same as the gain in
velocity during an earlier or later interval of the same
length, i.e., g= constant.

b.) The acce.eration of a body in free fall in a vacuum is
independent of the mass of the body.

In this part of the lab we will check to see if these
statements are still true.

Material
Free fall experiment equipmeat, ruler

The apparatus used to measure the acceleration of gravity is
shown in Fig. II.l. The "bomb" which is held at the top of
the apparatus by an electro-magnet, is released by opening
the switch. It falls freely between a pair of parallel
wires. As the bomb falls, a spark jumps from one wire
through the flange of the bomb to the other wire every 1/60
second. The spark leaves a small hole in the waxed paper
tape. The distance between consecutive holes on the tape ic
distance the bomb fell curing the interval of 1/60 second.

Procedure

1. The lab instructor will aid in obtaining the tapes (one
per student).

CAUTION: When starting the sparker, use only one hand,
keeping the other in your pocket or behind your back. This
will reduce the danger of your becoming part of the circuit
and getting shocked.
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Fig. II.1 Apparatus used to measure the acceleration
of gravity
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2. The exact time of release cannot be recognized on the

tape, so pick the second or third dot, circle it and label
it "o". see Fig. II.2.

; ..Go).(? . @ . ? .

Fig. II.2 A sample waxed-paper tape record

3. Circle alternate dots and consecutively number the
circled dots (using every dot results in too much data).

4. Measure the distance (in cm) between consecutively
numbered dots and enter the values in Table II.l1 of the
worksheet. [lot a graph of the distances (on the y axis;
distance is the dependent variable) versus time (on the x
axis; time is the independent variable). Use the graph
paper provided in the worksheet,

5. Plot a graph of the velocities (on the y axis; velocity
is the dependent variable) versus time (on the x axis; time
is the independent variable). Since each velocity is the
average velocity during a 1/30 second interval, plot each
velccity at the mid-point of the appropriate time interval.
This graph is a test of the statement M"a" of Galileo
mentioned in the introduction. Use the graph paper provided
in the worksheet.

6. From the graph of velocity versus time, find the best

value of the accelaration of gravity. The slope of the

- graph Av / At (the change in velocity Av divided by the
corresponding time interval 4t) is tiie acceleration 'g’'.

7. Complete the wcrksheet.
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ERIC

Aruitoxt provided by Eic:

Physics Feat: Measurement of Reaction Time?
(optional)

One of the characteristics of physics is that knowledge of one
aspect of nature may permit measurements of completely unrelated
phenomena, For instance, knowledge of the acceleration of
gravity can be used to measure the height of a building. One
only needs to measure the time for an object to fall tg the
ground from the roof. One then uses the formula y= 1/2 gt° and
the value of g to find the heaght, y.
The measurement of your "reaction time” is made with a falling
meterstick. Your partner holds one end of the meterstick and you
position your open fingers opposite the 50 cm mark as shown in
the figure. vYour partner releases the stick at some arbitrary
time. The distance it falls before you,catch it can be converted
into your reaction time using y= 1/2 gt®. Re,eat the measurement
several times to get an average. Is there a difference between
the reaction time of your two hands?
Repeat this experiment with a dollar bill (with your partner
holding one end of the bill and you positioning your fingers at
the middle of the bill). You probably will not be able to catch
the bill. How does the measurement of your reaction time and the
+ law of falling bodies support this occurrence? Try this one with
your betting friends!

*Adapted from: A Survey of laboratory Physics,

Fig. II.3

Part 1, by

Paul A. Bender, (Star Publishing Company,

Belmont, Ca, 1985).
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Worksheet for
Laboratory 1 -- Optional
A Freely Falling Body

Table II.1

Distance travereaq Average velocity
Interval during interval during interval
number D Vn=Dp / (1/30 sec)

1

1. Compare the graph of distance versus time to the graph
of velocity versus time. Wwhat differences do you see in the
shapes of the graphs? What does this suggest about the
relationship between acceleration and distance?
Acceleration and velocity?

| 2. Show your work to calculate the value of the
| acceleration of gravity here. What does the straight line
of the velocity versus time graph suggest?
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Lab 1 Description of Motion

Apparatus List

Set up is based on 24 students at 12 lab stations

Per lab station

—

ea. 1 ruler

ea. Air track set up (rubber band replacing the spring on
the support)

ea. Timer clock

ea. One wooden block (19%9%m x 19cm x 2cm)

Air track glider and glider weight

ea. Steel bob pendulum - lm length

ea. Wood bob pendulum - lm length

—

et ot ot et

Per lab room

Balances

Masking tape

Graph paper tablet

1 ea. 4m pendulum; key to 3rd floor pendulum

Air track set-up on the back demonstration tables (air track
glider, the glider weight with the aluminum fin arrangement,
copper shim taped to the aluminum fin, one wooden block 19cm
X 19cm x 3.5cm placed under the single leg support, close
face hor: eshoe magnet located just past the halfway mark of
the air track and elevated such that the aluminum/copper fin
configuration will pass through the opening of the magnet).
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Worksheets for
Laboratory 1 Description of Motion

Name Date

Partner's Name

Part I Motion
Section A.1

1. Describe your observations of the motion of the glider
after you release it in terms of distance and time.

2. What inferences can you make about a relationship
between distance and time?

Section A.2

Table I.A.1l

Interval Time of Total elasped Distance Total Dist.

# interval time at traveled traveled
(at;) end of the over by end of
interval interval interval
Aty Adi aAdg

1 2 sec 2 secC

2 2 sec 4 sec

3 2 sec 6 sec

4 2 sec 8 sec

142




3. How do the distances ad; traveled duriag the equal time
intervals compare? Does the total distance traveled adg
increase at a constant rate?

4. Make the appropriate calculations to complete the
following table. Answer the questions following the table.

Table I.A.2
Interval Ratio of 44; toat; Ratio of ad, to atg
# bd; /& ty ady / oty
1
2
3
4

How do the ratios ofA;di to At; compare between successive
intervals? How do the ratios of xd to s t, compare to each
other and to the ratios of Adi to A%i?
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5. How long would it take the
travel 200cm using the ratio you found f
interval 3. (assume we

have an air track long enough)? How
far would the glider travel in one minute?

glider in the case above to
orade tost, in

7. Sketch a graph of distance (y axis
axis). Also sketch a grapn of speed (

axis). What does the slope of the distance versus time
graph tell you?

What does the slope of speed versus time
graph tell you?

) versus time (x
Y axis) versus time (x




8. Suppose the drawing below represents the position of the
glider at successive one second intervals. Did the glider
move like the one we investigated in this lab? How do you

know?
3

!
1
1

j= -
i
|
|
e~

t
]
1
-4

T :
o

Fig. I.A.1

9. We have now developed the concept of speed----i.e.
speed is the ratio of change in distance to change in time
(&/at). This ratio is referred to as the average speed.
It is an average since we are not finding the speed at an
exact location or at an exact tinme. Rather we are taking a
distance and dividing it over an interval of time, i.e. we
are getting "on the average" how far an object goes in one
unit of time. This is the information the ratioa x/at
provides. Review your answers to question 1. Record below
any changes you would like to make.
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Section B.1

1. Record your observations of the motion of the glider
after you release it, in terms of distance, time and speed.

2. What inferences can you make about relationships between
distance and time; speed and time.

Section B.2

Note: 1In this part you will be finding an average speed for
each interval. Since it is an average speed there is not an
exact moment of time that the glider has the speed you find.
However, we can estimate that the glider's instantaneous
speed at the midpoint of the time it took the glider to
travel the interval is the average speed (make sure you can
justify this to yourself). For example, if the glider
traveled 18cm in a 1.8sec interval, the glider's average
speed over the interval would be l0cm/sec; its instantaneous
speed at .9sec would be estimated to be 10cm/sec.

Table I.B.1
Interval # and Distance Average Speed
time glider travelled (distance/ 1 sec)
had avg speed during int.
1
t= .58
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3. How do the distances traveled during equal time

intervals compare? How does this differ from the motion in
Section A.2?

4. How do the average speeds in the successive equal time
intervals compare? In what way does this differ from what
you observed in section A.2? How does this relate to the
observed changes in distance?

5. Determine the ratio of the change in average speed (4v)
between successive time midpoints, with respect to the
change in time (4 t), i.e. av /4 t, to complete Table I.B.2.

Table I.B.2

Time interval Change in Change in average AV / at
of interest time (4 t) speed ( AvV)
0 to .5s .53
.5s to 1.5s 1 s
1.58 to 2.5s l s

6. How do the values of AV / st compare? What does this
ratio tell you? We call this ratio the acceleration.

147




7. What would happen if the change in velocity is negative
(as would happen if the glider were to slow down)? Would we
still have an acceleration? Why or why not?

8. sSketch the following graphs (the axis assignments are
like Section 1 #7): distance versus time, speed versus
time, and acceleration versus time. What do these slopes
tell you? What relationships do you see between the graphs?

9. We have now developed the concept of acceleration--=--
i.e. acceleration is the ratio of the change in velocity to
the change in time. Review your answer to question 1.
Record below any changes you would like to make.
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Saction ¢

1. Describe the motion of the glider. Utilize the concepts
You have learned in your description.

2. Hand sketch the following graphs: distance versus time,
velocity versus time, and acceleration versus time. What
relationships do you see between the graphs?




Part II The Pendulum

Table II.1
Period of a pendulum for a small anplitude
length = mass of bob =

Trial number Period

1
2
Average =
Table II.2
Period of a pendulum for a large amplitude
length = mass of bob =

Trial number Period

Average =

l. Does the period of the pendulum change as the amplitude
changes? Support your answer with your results.




Table II.2
Period of a pendulum for a small amplitude
lergth = mass =

Trial number Period

Average =

2. Compare the average period of Table II.1 to Table II.3.
Does a change in the weight of tre pendulum cause a change
in the period?

Ta%le 1I.4
Period of a pendulum with a long length
iength = mass =

Trial number Period

Average =

3. How does the average period found on previous page
compare to the average value of Table IT.1?

4. Based on the investigations you have just completed,
what factor is the period most dependent on? Support your
conclusion with your results.
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

Laboratory 2 The Nature of Force

Purpose
The goal of this laboratory is for you to describe the
forces and torques in a physical situation.

Laboratory Objectives

As a result of this session you eliould be able to:

l. See the force in its role of push-pull

2. Contrast force and the "net-force"

3. Distinguish force on an object from those by that object

4. Determine the magnitude and direction of torque for
simple cases.

5. Identify the physical concepts of this lab as they apply
to push-~pull wagons, trikes, bikes, teeter-totters,
etc.

Part I Static Forces and Torques

Section A--~- Finding the balance of force

Introduction

Net Force

When a group of forces, all of which pass through tl.: same
point, act on an object, they may be replaced by a single
force called the net force (F et) or resultant. The
magnitude and direction of this net force (Fpet) may be
determined by drawing the proper vector force giagram, as
was discussed in the lecture.

Equilibrium --- Net Force of Zero

In this section of the laboratory you will be working with
the case when the net force is zero (i.e. the vector sum of
all the forces is zero). This is referred to as the first
condition of equilibrium. We will discuss the second
condition in Section B.

An object is in equilibrium when the conditions are present
for the object to have zero acceleration. Knowing that

Frnet = ma, it is apparent that if the net force is zero, the
acceleration must be zero! So, it follows that a net force
of zero is a condition for equilibrium.
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We can now refine our definition of equilibrium using our
knowledge of motion from laboratory one, to be.

Equilibrium is the condition of an object whose
velocity is constant in magnitude and direction.

In this part of the laboratory you will consider the case
where velocity is the constant zero. This is called static
equilibrium. The case where the object remains in steady
motion in a straight line is called dynamic equilibrium.

EXPERIMENT ==~ A car on an inclined plane
Introduction

You will determine the net forc~ on a car sitting on an
inclined plane. You will need to make a vector diagram to
determine what must be done to achieve a net force of zero.
Using pulleys and weights you will apply the forces required
to give a net forse of zero without the plane present.

NOTE: You are asked to determine a force identified as F
(read F sub n). It is the force of support due-to the board
and in the absence of friction it is perpendicular to the
plane. F, is often called the "normal force", where normal
refers to the force being perpendicular to the bzard's
surface. To determine F, You need to recognize that the net
force in the y direction is zero. fThis follows since the
car is neither flying off ~f or sinking into the board!].
Knowing that the sum of the forces in the Y direction add up

to zero, you can find Fp.

Apparatus

Car on an inclined plane set-up, 30-60-90 triangle, ruler

Procedure

1. Refer to Figure I.l. Carry out the appropriate work to
determine the vector component of the car's weight along the
plane (W,) and the vector component of the car's weight
perpendicular to tha plane (wy). Show your work on the
worksheet.

e W
b
Fig. I.1 Force Diagram of car on plane
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2. Determine the force you need to apply to give a net
force of zero. Use a pulley and weights to apply this
force.

3. Complete the worksneet for this section.

Section B---- Finding the balance of torque

Introductiggl

What is torque?

A force's tendency to produce rotation of a body is called
the torque. It is equal to the product of the force's
magnitude times the perpendicular distance from the axis of
rotation (a fulcrum, if you like; to the force's location.
This is illustrated in Figure 2. Here a force F is shown
applied to a wrench at a point P a distance R, away from
the center of the nut. The magnitude of the torque is FR, .

The distance R, is ca’ ed the lever arm of the force F about
the nut's center.

lL Ry

F
NUT ' \
~ &—_Point p

.

T~

Fig. I.2 The Torque

e

WRENCH

If we had applied che force in the opposite direction we
would have had the same magnitude of torque, but a different
direction of rotation. We identify the torque vector with
both its magnitude and the direction of rotatir= it causes.
So in Figure 2 the torque is FR; in a clockwis. (CW)
direction. If the force had been from the oppousite
direction the torque would have been FR, in a counter
clockwise direction (ccw).

Equilibrium --- Net torgque 6f zero

Based on the definition of static equilibrium, we can see
that a net torque of zero is also required for equilibrium.
If the net torque is not zero, as with the wrench in
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Figure 2, we get a rotation. Hence, we do not satisry our
definition of static equilibrium, i.e. a constant velocity
of zero.

As an illustration of how to use net torque, we consider the
situation shows in Figure 3.

- RA = .741n-§—_RB = 1lm —A

(8]

| ——

= 757N - Wy = 560N
(1701b) (1251b)

‘
Wp and Wp indicate the weights of A and B

Figure 3 Teeter-Totter
To find the net torque we need to add the torque due to A to

the torque due to B. First we will find the wmagnitudes and
directions of each:

T = Wa Rp = (757N)(.74m) = 560 N m
due to A A"A counterclockwise

Tdue to B = Wg Rg = (560N) (1m) = 560 N m clockwise.
If we add the two torques, we see they cancel since they
oppose each other. Therefore, this is a case of net torque
equal to zero.

Notice, we can use this relationship to find an unknown
value of weight or length. You will do this in lab.

Conditions of Equilibrium

To summarize, the conditions of equilibrium are:

Conditic.i 1 - The net force [sum of all forces] acting on
the object must equal zero. (Otherwise the body would
accelerate in the directien of the net force.)

Condition 2 = The ne* torqr= [sum of all torques] acting on
the object must equal zer- (Otherwise the body would
rotate at ever decreasing and increasing speeds.)

You will apply these condition in the worksheet.
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EXPERIMENT ~~~=~= Torque

1. Finding your partner's weight.

a. Arrange the large plank on its fulcrum, so that it
is balanced as well as possible. This is to balance
out the torque due to the weight of the board. The
net torque due to the board should now be zero.

b. Convert your weight from pounds into Newtons. The
ccnversion factor is 4.45 Newtons = 1 pound.

c. Knowing your weight in Newtons, devise an
experiment using the 'teeter-totter' to determine
your partner's weight.

d. Show your work on the worksheet, Part 1 Section B.2.
Answer the questions in this section.

2. T-stick
a. Experiment with the green wooden T-shaped device.
Use the weight hanger to hold different weights at
different distances from the handle.

b. Summarize your observations on the worksheet.

Part II Dynamic Forces

Section A---- Newton's l..s in reaction3

Intrnduction

In this part of the lab you will investigate Newton's third
law. For every force (action) on A due to B there is an
equal and opposite force (reaction) on B due to A. A simple
translation of this is: 1If you push on something, it will
push back on ynu just as hard. If you pull on something, it
will pull back on you just as hard.

Apparatus
2 skateboard platforms, 18 feet of cord

156




Procedure

l. Partner up with someone about your size. Place the
skate boards about two or three meters apart. Be sure they
lie along a straight line pointing at each other.

2. You and your partner should stand o; the skateboards
facing each other. Have your partner tie one end of the
cord around his/her waist. you pull on the other end.
Record your observations on the worksheet.

3. Now tie one end of the rope around your waist and let

your partner pull on the rope. Record your observations on
the worksheet.

4. Now both of you pull on the rope. Record your
observations on the worksheet.

5. Bring the skateboards together. Have your partner push
off of you. Repeat with you pushing off of your partner and
also with both of You pushing off each other. Record your
observations on the worksheet.

6. Repeat steps 1 through 5 with someone larger than you,
(ideally twice the size).

7. Complete the werksheet.

OPTIONAL=~~~

Section Be==- Measurement of the acceleration of the
elevator<

Introduction

To make this measurement you will measure the force produced
by the acceleration of the elevator on your own mass.

Apparatus

Elevator (>6 floor run), bathroom scale
Procedure

l. Measure your weight in pounds with one of the bathroom
scales. These scales are not very accurate, but use the
reading to find your weight in newtons. The conversion
factor is 4.45N/1 1b. Now calculate your mass in kilograms.
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2. Take the bathroom scale and your partner onto the
elevator. stand quietly on the scale as your partner
records the scale reading for at least the following; the
maximum weight, the minimum weight, and the weight during
the middle part of a long run (>6 floors). Note the
conditions under which each of these cucurs (elevator going
up or aown, beginning or end of ride between floors).

3. Sketch a graph of apparent weight (vertical axis) vs.
time (horizontal axis) for a typical long run up, and

another graph for a long run down. Staple this to the
worksheet.

4. The acceleration is calculated from the following
formula;

W! = w° + Ma

in which; W' is the apparent maximum (or minimum) weight,
(as read from the scale) Wy is the weight (as
measured in the lab before getting on the
elevator) M is the mass (as calculated in part 1)
a is the acceleration. The acceleration will
turn out to be positive when the speed of the
elevator increases while moving upward or
decreases while moving downward. The
acceleration will be negative when the speed
decreases upward or increases downward.

This equation is an expression of the net force. It
comes from;

Fnet =ma =W - wo.

5. Answer the guestions on the worksheet.
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Worksheets for
Laboratory 2 The Nature of Force

Name Date

Partner's Name

Part I Static forces and torques

Section A.

1. Make a sketch like Fig. I.4. Scale the force diagram to
determine the components of W (use the procedure - itlined in
the lecture and your laboratory instructors introduction).
Record your values in the appropriate blanks.

Magnitude of the forces
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2. What is the magnitude and direction of the force
required to give the car, when it is on the plane, a net
force of zero? If the car has a net force of zero when it
is set up on the plane which #ay will it move? Test your
answer by setting the car up on the plane with the force you
have determined with string, pulley, and weights

3. Replace the normal force (Fy) with another string,

pulley, and weights and then puTl out the plane. what

happened when you pulled the plane out? Why? [Use the
concept of equilibrium in your explanation.]

4. Move the car - what happens. Why?

5. Draw a force diagranm (not to scale) of the forces acting
on (a) the inclined plane angd (b) the car. 1In addition to
the direction of the force vectors, also indicate
magnitudes.
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6. Explain clearly the source of the forces you drew in S5a
and 5b. Be concise.

Section B

Teeter-totter

1. sSketch your experimental set-up here. Indicate
distances, forces, and torques. Explain, briefly how the
set-up meets the conditions of equilibrium.

2. Show your calculations to determine your partner's
weight, in Newtons.
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T-Stick

1. Observations

2. Do your observations support our definition of torque?

Part II

Section A.

1. Record your observations for procedure #2, #3, and #4
below. 1Identify each part.
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2. Observations for procedure #5.

3. Record your observations for #6 below. Identify each
part.

4. Summarize Newton's third law based on your observations.
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5. How was Newton's second law illustrated by doing the
experiment with a person your size, and then with someone
larger (or smal.ier) than you.

6. Caa something exert a force if it is not moving? How?

7. You learned that when you push on something it pushes
back on you. Using this, explain how you are able to walk.

8. What happens it you are in a canoe and try to jump out
onto a dock? Answer this in terms of Newton's laws of
motion.
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OPTIONAL

Section B

1. Calculate the maximum positi
maximum negative acceleration in

ve accelerati
units of m/s

gn and the

2. If the elevator were in free fall what would your
apparent weight be? What would be Your acceleration?




Lab 2 Nature of Force

Apparatus List

Per Lab Station

1l ea. inclined plane device

ea. car with eyehooks (thumbtacks on dowels)
(preweighed)

[

2 ea. 50g. weight hangers

2 ea. weight sets (on rider)
2 ea. table clamps

2 ea. rod uprights

2 ea. rod clamps

2 ea. pulleys on rod supports
1l ea. 30-60-90 .riangle

l ea. ruler

1 ea. green handled

1 ea. weight hanger

1l ea. 1/2 kg, 1 kg, 2 kg weights
Per Lab

1 ea. ball of string

4 ea. bathroom scales

1l ea. scissors

4 ea. skateboard platforms

2 ea. cord - 3 meters long

2 ea. large plank

2 ea. dowel rod support




PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

Laboratory 3 wWork and Energy

Section A.1 -- Levers

Purpose

The goal of this laboratory is for you to understand the
mechanical advantages of simple machines, the concept of
work as used in physics.

Laboratory Objectives

As a result of this session you will:

1. Distinguish between force and energy

2. Recognize energy in its different forms

3. See the applications of simple machines as force
redirectors, magnifiers, and reducers.

Introduction

In this section of the lab you will determine the mechanical

advantage of various levers and describe how the forces work
with the levers.

Apparatus

Lever demonstration (metal bar, saw horse, and blue motor),
human lever display (back, ankle, bicep, and the tricep),
exposed watch, nutcracker and nuts, hand drill, large plank
and fulcrum, a door handle with detachable inob, screwdriver
and paint can with 1id, broom

Procedure

1. The lab instructor will indicate the location of the
Jever station.

2. Complete the worksheet for this section.

Section A.2 -~ Inclined Planes and Screws

Introduction

In this section of the lab you will determine the I.M.A. and
A.M.A. for an irclined plane. You will also show that a
screw is simply an inclined plane wrapped around a cylinder.
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Apparatus

Plank used in 101 labs (mount to the table 80cm from its
end), large protractor, plumb-bob, screw demonstration from
lecture demo, suitcase loaded with 10kg of mass, 15kg spring
scale, screw demonstration from Lecture Prep, lipstick
container (with screw bottom).

Procedure

1. Your lab instructor will indicate the inclined plane
station.

2. Determine the weight of the suitcase, the length of the
board (to where it rests on the table), the height the
board is above the floor (measure it to where the board
meets the table), and the angle of the board. Record
these values on the worksheet.

3. Complete the worksheet questions on the inclined plane.

4. Complete the worksheet questions on the screw.

Section A.3 -~ pulleys

Introduction

In this part of the lab you will determine the I.M.A. and
A.M.A. of different pulley systems.

Apparatus

(2x)4 pulley set-ups shown in Fig. A.3.1 below (8

all together) hung from the ceiling, string (nylon cord),
step ladder, 8-2000g spring scale, 8 eye bolts (in place in
the overhead runner), 8 1000g hooked weights, 3 single
pulleys.
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Fig. A.3.1

Procedure

1. Your lab instructor will indicate the location ¢ the
pulley station.

2. With the spring scale measure the force required to 1lift
up a load of 1ON(1000g) with the single pulley set-up.
Lift with a slow uniform speed. Raise the load .20m.
Measure the distance the applied force must act through.
Record your observations on Table a.1.

3. Repeat the process with the pulley set-up designated by
your instructor. Do not enter these values into the
table. Entec your values on the table drawn on the
chalkboard.

4. Average the values for each pulley set-up. Record
these in Table I.A.1l.

5. Answer the questions on the worksheet.




done.

where P

W
t

Introduction

As was discussed in the Preceding section, in physics the
word "work" means a force acting through a distance and is
given by the product of that force and the distance through
which it acts (W= F x D). Also it was mentioned that the
units of work are joules or foot-pounds. You should keep in
mind that this distance does not have to be along a straight
line, it could also be the distance a wheel turns around.

The quantity of work tells us how much energy we need or
have used to accomplish a task.

Another measurement that is quite useful in physics and
industry is how fast work is being accomplished or being
This quantity, the rate of doing work, or the work

per unit time -- is called POWER.?1 Average power is found
by the following equation:

P=2W/ ¢t

= power, or how quickly you are doing work (using up
energy,

= total work done,

time during which work ic done (expressed in
seconds) .

The units of work are foot pounds or Joules per second
(J/s), cor more commonly called Watts. You have probably
heard of kilowatt hours in connection with electrical bills.
This simply tells you how much work was consumed during the
billing period (or, if you like, the amount of energy used
during the time since *he last bill). If you look on a
light bulb, toaster, iron, or just about any household
appliance you will find a power rating. A light bulb, for
example, may have a value of 60W (60 Watts) painted on top.
This value tells you it takes 60 Joules of work a second to

produce the light you use to see with. Much of this work
goes to heat (feel the bulb).

In this part of the lab you will be the producer of energy
for the work required o power a headlight or two. You will
accomplish this task by pumping a bicycle to provide the
work necessary to operate a car generator. The generator
will then produce electrical energy which will be used to
provide the work required to make the light bulb glow. From
the work you do you should gain a feeling of how much work
we expect the electric company to provide us.




Apparatus

Bike generator set-up

Procedure

1.

2.

Your lab instructor will indicate the location of the
generator apparatus.

When it is your turn to use the generator, take time to
look at how the set-up utilizes simple machines to
transfer the work caused by the flexing of your muscles
to the work required to light the light. Be sure to

consider the levers in your legs as well. Summarize
briefly on the worksheet.

Pump on the bike until you get the light or lights to
glow. The power you are producing at that point can be
found by multiplying current and voltage (the units will

be in Watts). This is equivalent to W/t. Complete the
worksheet for this section.

Optional Activities

1.

Examine the exposed watch. Briefly describe (in words

and drawings) how the stem transfers your applied force
into stored energy in the spring.

Examine the doorknob. What advantage does the knob have

over the spindle? Explain in terms of lever arms and
torques.

Examine the human lever demonstrations. Make the
necessary measurements to estimate the ide:zl and actual
mechanical advantage of the bicep. How does this
compare to a simple lever? What class of lever is
this set-up? What is the efficiency of this system?

Calculate the efficiency for a pulley, lever, and ramp
systen.

Determine the AMA for the pulley system below.

Fig. A.3.2.




PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

Lapcratory 3 Work and Energy

Simple Machines

Introduction to simple machinesl'2

How are screwdrivers, hearts, eggbeaters, and automobiles
alike? They are all machines. To talk about machines we
need to understand the following:

A FORCE is a push or pull as you discovered in Laboratory 2.

When you push or pull something (apply a force) and
mak . it move you do WORK on it. Work is done in the
distance a f{orce moves something. It is given by
WORK = FORCE X DISTANCE (Force in newtons, distance
in meters); tl.e unit of work is the Newton-meter
wi.ich is given the name Joule.

It requires ENERGY to do work. Energy is the ability to do

work or to change the state of ma“ter; it is also measured
in Joules.

A simple Machine is a Force Magnifier (or reducer) which is
used to change the magnitude or direction of a Force so that
it can be used more conveniently. A Compound Machine is a
combination of simple machines.

Basically a machine can do the following:
A machine can change a small force into a large one
(magnifies the force).
A machine can make things move faster.

A machine can change the direction of a force.
Machines can make it easier to do work.

Note that you must put energy into the machine in order to
get it to do w ‘k. A machine cannot make energy.

Machines are not to be confused wit.:

Engines which convert thermal energy to work or convert

chemical or nuclear energy to thermal energy and
then to work.

Motors which convert electrical energy to work.




Today we are going to study some special simple machines:
the lever, the inclined plane, the screw, and the pilley.
Each of these has been used for centuries:; cc ~lex machines
are just clever combinations of these.

Levers 1,2

An example of a simple lever is shown in Fig. 1. F is the
applied force (the force you apply to the lever); L is the
load force -- the force which is available at the output end
of the machine as it is operated (for example it is the
amount of force [or weight if you like] you could lift at
the end of the lever):; P is the fulcrum; Dp is the distance
from the aprlied force to the fulcrum (it is called the
lever arm tc the applied force): and Dy, is the distance of

the load force from the fulcrum (it is called the lever arm
to the load force).

P
L/ ,, 1

t j‘&‘ E 1

oy z

Figure 1. A Simple Lever (First Class)

Note that the lever arm, as in any ype of lever, is the
perpendicular distance from the fu.crum to the force,
whether it be the applied force or load force. This is the
same method we used to calculate the torque in Laboratory 2.
A lever takes advantage of the torque created by the force.
You can calculate the output force by using the methods you
developed in Laboratory 2. The type of lever, shown in Fig.
1, is sometimes called a first class lever (the fulcrum is
between the applied force and the load force).

A pair of scissors, shown in Fig. 2, illustrates another use
of the first class lever. If one blade of the sciussors is
regarded as fixed, then the force F applied by the user
results in a force L being developed by the blade of the
scissors against the material being cut. P is the pivot
around which the blade turns. Other examples of this type
of lever are a screwdriver used to pry a 1lid off of a can, a




teeter-totter, the mouantin

. g of a diving board and a hammer
being used to pry a board.

L

Figure 2. Scissors in terms of Simple Machines

Another type of lever is the second class lever.
second class lever the load force is
force and the fulcrum. Fig. 3 shows an example of this type
Oof lever. Here the applied force F results in the lifting
force L on the load. The axle of the wheel acts as the

fulcrum. A nutcracker is another example of this type of
lever.

In a
between the applied

Figure 3. A Second Class Lever

A third type of lever is -the third class lever. Here the
applied force is between the fulcrum and the load force. An
example is shown in Fig. 4. The applied force F, shown in
Fig. 4, results in the lifting force L on the textoock, with

the elbow joint acting as the fulcrum. Another example is
when you use a broom in sweeping.




Muscle

Figure 4. A Third Class Lever

A fourth type of lever is the wheel and axle. Looking at
Fig. 5, a force F applied at the rim of one of the wheels
tends to turn the whole set-up and thereby cav:-es a load
force L to develop on the rim of the other wheel. 1In this
manner you can see that it is just like any other lever. An
eggbeater also illustrates this.

Figure 5. The Wheel and Axle

Another illustration of the wheel and axle is shown in
Figure 6, where gear teeth serve to connect the two wheels,
and Figure 7, where a chain connects the two wheels. The
gear teeth, belt, or chain serve to transmit the force from
one wheel to another. Each whe:1 acts like a lever, where
the radius of the wheel acts as the lever arm.

R

V&;ﬁirl'
Figure 6. Figure 7.
Gear Teeth Chain connecting

Gears




Inclined Plane and Screws2:3

An inclined glane (or more simply a ramp), is used to make
it easier to 1ift a heavy load. The principle of how an
inclined plane accomplishes this is shown in Fig. 8., which
represents a sloping board on which a box is being pulled up
the board. W is equal to the weight of the box (mg, it
points straight down); W, is the component of the box's
weight along the ramp (i§ points down the ramp); Fy is the
force perpendicular to the ramp and pointing up from the
plane (it is the force the ramp applies to the car); F is
the force applied to move the box up the ramp (Note that we
have ignored friction. 1If it were included it would point
in the same direction as Wy: since friction forces oppose
the motion).

As can be shown through graphical vector addition (see
Laboratory 2). Wy is less than W. Therefore you can see
that it takes less force to pull (or push) a box up a ramp
than to lift it straight up!

Figure 8. An Inclined Plane

A wedge, an ax, and a knife blade are other examples of the
inclined plane simple machine.

An ordinary screw is an inclined plane wrapped around a
cylinder (see Fig. 9). Tha upper edge of the inclined »lane
follows a helical path which forms the screw thread. The
inclined plane in this form is used in almost all machinery
built for home or industrial use.
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Wrapped aroung
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Figure 9. Relation between a screw and ramp
Pt.lleysls2,3

A pulley is a wheel which can be used to change the
direction of a force. A simple pulley is illustrated in
Fig. 10. The pulley is attached to a support; the rope is
tied to the load and then passed over top the pulley: the
person applies a force, F, to the free end. This results in
an upward force L on the attached end of the rop2. In the

absence of friction in the pulleys, the tension in the rope
is the applied force F.

If the load in Fig. 10 is being lifted, such that its net
force is zero, the applied force, F, must equal the load
force, L." So if the load equals 670N, then the applied
force will also equal 670N. 1In practice the applied force
is greater than the load force due to friction in the
pulley. Notice that should we pull the load 20cm into the
air we will have to pull the string 20cm.

S~ L L s S L

‘1
. L
l
'

Figure 10. A pulley

A combination of pulleys not only change the dirsction of
the force, but also reduces the magnitude of the applied
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force needed to 1ift a 1. .. Consider the pulley system
shown in Fig. 11. The applied force is F. The load force L
is pulled on by thrze stx.nds of rope: two by means of the
pulley that is attached to the load and one that is attached
to the load directly through the pulley; in effect each
strand of the rop: is supporting one third of the load
(L/3). This means that our applied force F will pe equal to
one third the load force (L/3).

s S s S S

“TW@F

Figure 11. A system of pulleys

If there is frictien in the pulleys, a force larger than L/3
must be ererted on the rope. However in both the fric :ion
and non-iriction case, lifting the load through 10cm
requires that each strand be shortened ny 10cm, which means
that 30cm must be pulled out of the pulley system. So the
force must be moved througl; a distance three times that
which the load is raised.

Characteristics of simple Machines!

We will now investigate several characteristics of simple
machines by which we can judge their behavior.

Efficiency

As you have gathered from reading ~btout the various
machines, the applied force F must move through a distance
and therefors does work; this input of work represents the
enargy supplied to the machine iiom an outside source. But
during this process the load force I also moves through a
certain distance, and does work -~ an output of work or
energy. It is this output of energy which may be usefully
utilized.

The efficiency of any machine is defined to be the ratio

between the output of work from the machine and the ‘nput of
work to the machine:

- Workout _ IL(p
E work in F(D%%
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Where E = Efficiency of a machine.
L = 1load force exerted by the machine.
D; = distance moved by load force L.
F~ = force applied to the machine.
Dp = distance moved by the applied force F.

This ratio is often expressed in percent (by multiplying by
100) ;7 it can be thought of as indicating the fraction (or
percentage) of the total energy put int> the machine which
appears as usalle energy at the output end of the machine.
For an ideal rachine we would have no friction and therefore
the efficiency would b2 1 for if you like 100%).

With any real machine we have friction forces. Sinca these
forces will be present whenever we put work into the systen
it is evident that the output work will be less than the
input work. The work done by the applied force musc provide
the work to move the load in addition to work done by the
frictional forces. Often this friction is useful! For
example when you lift a heavy load up with a pulley,
friction helps keep it from falling back.

So, in the real world the efficiency will always be less
than 1 (or 100%). 1In this lab you will determine the
efficiency of the different simple machines.

Mechanical Advantages3

Since we get less energy out of a simple machine than we put
in, you might ask why we even use them. The following
example will illustrate the advantage of simple machines.
Suppose we wish to charge the tire on a 9000N (~2000
lb.)car. The work required to raise it .20m is 18007 (i.e.
Work = Fd). Most people cannot do this directly!

If, however, we use a jack, we can easily develop the 9000N
force and raise the car .20m. The person accomplishes this
by applying a force of, say 225N at the jack handle, the
jack multiplying this force by 49, assuming no friction.

But the person operating the jack h:3 to pump the handle up
and down many times. By the time the car is raised .20m,
the handle will have been pushed through a total distance of
+2m X 40 = 2n. The work of 8m x 225N = 1800J at the input
is felt as {.20m) x 9000 = 1800J at the output. Note how

the proportion of force and distance has been drastically
altered.

It is apparent that a small amount of force moving through a
large distance can accomplish the same amount of work as a
large force moving through a small distance. This is
illustrated by the jack. This work relation explains hrw

’
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simple machines can help with tasks. The ratio of the
applied force to the load force in a simple machine is
called its mechanical advantage. This ratio, in effect,
tells you how much a machine magnifies the force you apply,
i.e. the advantage you get.

In the previous example, ignoring frictional losses, the
ratio for mechanical advantage is the same as the ratio of
the distance moved by the input force t~ the distance moved
by the output force. This is tue for ny simple machine
(try verifying this for yourself).

In any actual machine, however, frictional losses do exist
and must be supp. .ed through additional work by the appl =4
force. So, in ti.e jack, frictional forces in its mechanism
might require a force of 300N rather than the 225N exerted
on the handle to develop the 9000N load force. The actual
mechanical advantage (A.M.A.) is then only 9000N/300N, or 30
instead of 40. The handle must nevertheless be pumped
through the same 8m to raise the car .20m as before.

So the mechanical advantage the ja-k wo.ld have, under the
ideal conditions of no friction, remains the ratio of the
total distance the car is raised: 8m/.20m or 40. This is
called the ideal mechanical advantage (I.M.A.) and is given
for any simple machine by the ratio of the distance moved by
the applied force to the distance moved by the load fo:ce.

Therefore the two equations we have to describe mechanical
advantage are:

= Dp_(Distance moved by applied force)
I.M.A. 1 (distaice moved by load force)

. = & (Load force)
A.M.A F (Applied force)

The distances, Dp and D; that are shown in the figures of
this writeup are the ones to be used in the I.M.A. equation.

In tha lever shown in Fig. 1 the distances moved are
proportional to Dp and Dy, respesctively; thus in this case
I.M.A. is equal to Dp/D;. A large lever a.m D. means a
large I.M.A., which §ol Qws from experience with levers and
torques in Laboratory 2." The height of the upper end of the
inclined plane (ramp) of Fig. 8 represents the distance Dy,
through which the load is 1ifted when the applie” force
mcves the entire length of the plane (Dy). Hence, a long
gentiy sloping ramp would have a very hgqh I.M.2.

© 181




A convenient way to determine the I.M.A. of a system of
pulleys, such as shown in Fig. 11, is to count the number of
strands supporting the moveable pulley. Analysis of the
operation will show that this gives the I.M.A. directly.

For other pulley arrangements one must inspect the pattern

and see how far the applied force F must move in exder to
move L one unit of distance.

Keep in mind that I.M.A. is the ideal case with no friction.
Any practical machine will have an A.M.A. less than I.M.A.

*Even though ti.e lever arm is not the discance the force

moves through, it is proportional to that distance. This
can be shown from similar trizngles, drawn from distances
of movement and lever arm distances.
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Worksheets for
Laboratory 3 Work and Energy

Name Date

Partner's Name

Part I Simple Machines

Section A.1 -- Levers

Motor Lifting Lever Set-up

Record the weight of the Blue Motor
(Convert to Newtons)

What class of lever does this set-up illustrate?

Try the lever set-up at the three different lever arm
lengths mzrked on the bar. Below, sketch each case,
indicating the lever arm length to the applied and load
force.

Which of the above situations was it easiest to 1ift the
motor? Why? Explain in terms of torques, and lever
arms. Calculate the applied force for this case.
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5. MaKe the necessary measurements to determine the ideal
mechanical advantage of the case that was easiest to
1lift the motc:- and that that was most difficult. How
do the numbers compare? Why might this be?

6. Explain what mechanical advantage means, based upon your
observations, prelab reading, and calculations. How
does mechanical advantage convey the idea of force
magnification or reduction?

Miscellaneous Levers

Experiment with the rest of the equipment. Answer the
questions below. )

~.a. Sketch the screwdriver and 1id indicating the fulcrum
and leve~ arms.

b. W. t class of lever does this set-up illustrate?




2.a. Sketch the nutcracker with a nut, indicating fulcrum

and lever arus.

b. What is the ideal mechanical advantage of this system?

C. What class of lever does this set-up illustrate?r

3. Hold the broom as shown in Fig. I.A.l. The hand at the
top of the broom is the location of the fulcrum and is
held fixed. The hand on the handle is used tc¢ supply
the applied force which moves the broom.

a.
8
b.
c.
7
d.
Fig. I.A.1
The Broom

5. Examine the hand drill.

Indicate, on Fig. I.A.1,
the fulcrum and lever
arms.

What class of lever does
this set-up illustrate?

What is tlhe ideal
mechanical advantage of
the broom determined from
measurements made

while you hold the broon.

How doas the distance
your hand (holding the
handle) moves compare
to the distance the end
of the hroom mo/es?

a. Briefly describe (in words and drawings) how the
direction of force is redirected. (i.e. which turns
faster, do all wheels turn in the same direction?)
and how the force is magnified or reduced.
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b. What class of lever does this set-up illustrate?

Summary
1. In your own words, describe (with examples from your
laboratory experiences) how levers demonstrate the

ability to magnify, reduce, and redirect an applied
force.

Section A.2 -- Inclined Planes and Screws

Inclined Plane
1. Weight of suitcase (in Newtons)

Length of board

Height of board above floor

Angle of board
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Lift the suitcase onto the table using the spring scale.
Record the average spring scale value .

Pull the suitcase up the ramp using the spring scale

the height of the table. Record the average spring
scale value .

What do your values suggest? What is the easiest way

(in terms of force applied) to 1lift this suitcase to the
table?

How does this machine accomplish its task? (i.e., does
it magnify, reduce, or redirect a force?) Draw

on your experiences in Laboratory 2 to develop an
explanation.

Calculate the work done for lifting and for palling.
How do these compare? Does this agree with what you
know about simple machines? Why or why not?
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7. Deternine the I.M.A. and A.M.A. of the board. Are they
the save or different? Why? Show your work below.

8. If you were to decrease the angle of the board how would
the I.M.A. change? The amount of work done?

The Screw

1. Unroll the large screw model. Explain in your own words
how a screw is made from a wound up ramp.

2. Take apart the lipstick container. How does the amount
you turn the base of the container relate to the amount
the lipstick holder is moved?
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Section A.3 -- pulleys

TABLE A.1. Pulley Data (g = 10m/s2)

Pulley Single A
Data set-up

# of support
strands

Load Force (N) 10 10

10

10

10

Appiied Force (N)

Dist. Applied
Force moves (m)

Dist. Load Force
moves (m) .2 .2

Work by Applied
Force (J)

Change in PE

- by Load (J)

I.M.A.

A.M.A.
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Pulley Questions

1.

2.

For the case of the single pulley, what does the spring
scale read when you stop pulling? what does it read

when you lower the load? Explain the differences
observad,

In general, how does the change in potential energy
compare to the work done by the applied force? Why?

What relation did you see between the number of strands
and the mechanical advantage? -

How did the distance the force actad through change with
the mechanical advantage?
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5. Summarize how a pulley system works. In particular
describe how a pulley redirects and magnifies or
reduces the force.

Part II Work

l. Summarize, through sketches and words, how the energy

required to generate electricity arrives at the
generator from your auscles.

2. Calculate the power required for 1 lamp. For 2 lamps.

3. Hold your hand in front of the lamp. What do you feel?
Where does this come from?
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What happened when you switched from 1 lamp to 2 lamps?
Why?

Given that 746 Watts equals 1 horsepower, how many
horsepower did you generate for 1 lamp? 2 lamps?

Explain the difference between the daily use of the word
'work' and the way it is used in 'physics'.
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Lab 3 work and Energy

Apparatus List

Per Lab

Lever Demo

Metal bar, saw horse, chain, blue motor (weighs 1324N
{300 1b.])

Back lever display

Bicep lever display

Tricep lever display

Open face watch

Nutcracker & walnuts

Eggbeater or drill (hand turning type)

Door handle with detachable knob

Screwdriver and can with 1lid

Broom

Inclined Plane Demo

Plank (mount to table 2.5° from its end
Large protractor

plumb bob

weighted suitcase

15kg spring scale

Screw demonstration from lecture prep.
Lipstick container

Pulley Demo

Bike

12 eyebolts overhead
Pulley set-ups shown in figure A.3.1
String

Step ladder ‘ AJ/// ,/// ,/// ,///If// ,///i///////’///

8 1000g weights
8 2000g spring scale
3 single pulleys

g i el

Demo .

Bike generator 3 2 i X .

A M«gi E il v y F
Stmo\e H B C D

Pulley S»'-ups
Fig. A.3.1
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

Laboratory 4 Gas Laws and Heat

Purpose
The goal of this lab is for you to determine the relationships of
the gas law {P V= n R T), and explain pihenomenon of heating and
coolirg.

1
Part I Behavior of Gases~™

Th2 volume of a gas will change if you change either its temper-
ature or its pressure. Apparatus similar to that shown in Fig. 1
will be used to experimentally determine the relationships among
these variables.

Section A

Relationship between volume (V) and pressure (P), holding the
temperature constant.

l. Find the diameter of the syringe. Record this on the
worksheet.

2. Set the piston near the top of the syringe. This adjustment
is best made by placing a string or soft wire along the
piston seal when inserting the piston into the cylinder.
This will allow some of the air to escape. Withdraw the
wire when the piston is at the desired location. In order
to prevent scratching of the walls of the syringe, make sure
-he wire is not kinked. Be sure the air and cylinder are
dry because water vapor will effect the results.

Figure I.A.1l weignt
Setup for investigating ﬂ Eg@ﬂ
the relationship between
volume, pressure and wire
temperature of a confined ;/’//ﬂ

volume of gas. The plastic
tip at the bottom has been

cvt off and heat-sealed to

make the syringe airtight.

The wire is used to set the
initial volume.

p]astic syringe

r/////// beaker (for

support)
P

N &

tip of syringe

_/,,,/’ is heat sealed

© 195



Starting with 5N, load the piston slowly with weights up to
several 10°s of Newtons, recording the volume, V, for each
load. Obtaining the correct volume takes cav:. After
loading the piston you may get better data if you compress
the gas a bit more by pushing down on the piston and then
releasing. To check that the position of the piston is
uninfluenced by friction, twist the piston without pushing
.or pulling. Record the weight and volume on the table in the
worksheet.

You may want to approach the equilibrium position from above
and then again from below and average the results.

4. Detergine the pressure, P (in N/mz) and also the volume V
(in m~) for each of the loads. Your lab instructor will
esplain how to calculate these values.

5. Graph your pressure valves, P, in N/m2 on the y axis aga%nst
the corresponding valve of Volume, V, on the x axis in m~.

6. Regraph the data using 1/V on the x-axis. You should obtain
a linear relationship.

7. Complete questions 1-4 of the worksheet.

8. Repeat the experiments with one or two other gases. Carbon
dioxide (in the form of dry ice) and natural gas are
available. Put your work in the tables.

9. Complete questions 5 and 6 of the worksheet.

Section B

Relationship between the volume of a gas and its temperature
(holding the pressure constant).

The procedure will be to measure the volume of a gas at the
freezing temperature of water and again at the boiling temper-
ature of water, while holding the pressure constant during all
the measurements. Instead of measuring the volume of the gas at
more than two fixed temperatures in order to show the iinearity
of the relationship betweern volume and temperature, we will
assume the linearity. We can then construct a graph of volume
vs. temperature with only two points. This graph can be regarded
as a calibration graph for using the volume of gas as a theImo-
meter. This is, in fact, the approximate procedure followed by
early experimenters.

1. Adjust the volume of air so that, while supporting a load of
about 20N on the niston, the volume of gas is a little more
tkan half the me Jared capacity of the cylinder. Immerse the
cylinder and piston in a mixture of ice and water using as
much ice as possible. Allow some time for the immersed
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cylinder and the air to come to the temperature of the ice
water bath. Record the vclume of the confined air. Measure
and record the temperature of the ice water. Keep the beaker
of ice water; you will use it later.

2. Using the other 600 ml beaker, place the apparatus in hot
water and bring the water tc a full, rclling boil. Continue
to boil until you are sure the temperature of the confined
air is the same as that of the boiling water. Record the
volume of the air. Measure and record the temperature o:
the boiling water. DO NOT let the thermometer bulb rest on
the bottom of the beaker. After all the measurements are
taken, keep the hot water; you will use it later with other
gases.

Section B.2

3. Answer questions 7 and 8.

4. On graph paper mark off the horizontal scale in units of
volume including zero voiume and the two measured volumes.
Mark ofg the vertical scale in degrees Celsius from -300+0
to +100°. Plot your data carefully.

S. Using your "air thermometer" measure the termperature of tap
water. Record vour value on the worksheet. Also record tho
value found by using 2 thermometer.

6. Repeat the experiment (steps A and B) with two other gases
such as CO, and natural gas and plot the results on the
same graph®as in II.C. Extend all three lines so that they
cross the vertical axis. Determine the temperatures
corresponding to zero volume. Record your resulte on
the worksheet. Staple your graph to the back of the
worksheet.

7. Answer questions 9, 10, and 11.

Part II Leidenfrost Effect and related stuff

Section A---- Liquid nitrogen demonstrations

Introduction

In this part of the lab you will look at the effect of liquid
nitrogen on various materials. This is a qualitative part in
that you will be describing what ynu observe. Just remember that
liquid nitrogen is twice as cold as boiling water 1is hot,
therefore be careful not to splash any of the liquid nitrogen on
yourself because it might hurt you. A liquid nitrogen freeze
will look and feel like a burn.
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Apparatus

Dewar, carnration, racquet ball, 2 balloons, rubber tubing,

liquid nitrogen

Procedure

Your lab instructor will demonstrate the effect that liquid

nitrogen has on various materials. You will be asked to record
your observations and explanations on the worksheet.

Section B---- Quench demonstration

Introduction

In this part of the lab you will look at phenomena due to
heating. You will try to formulate an explanation of the
experiment that you are about to do. The description and Figure
II.B.l below are to be used for reference in completing your
description.

The color of an incandescent body is a measure of its
temperature. Glass and steel makers can tell if their furnaces
are at the proper temperatures just by looking at them. Figure
II.B.l below gives a rough indication of the color produced by a
body at different temperatures.

Color of incandescent light Temperatur2 of Body
°c °F
Incipient dark red 540 1000
Dark red 650 1200
Bright red 870 1600
Yellowish red 1100 2000
Yellowish white 1260 2300
White 1480 2700

Fig. II.B.l1 Color of incandescent bodies of various temperatures




Apparatus

Cne bunsen burner per lab group, matches, two bunsen burners at
the back of tne room, two additional hot plates at the back of
the room, one brass knob and stand per labgroup, two brass knobs
at the back of the room, two 600ml beakers at the back of the
room.

Procedure

1. Fill the two beakers about 374 full with water, one at room
temperature and the other just below the boiling point.

2. Heat the brass knob until it is cherry red. (Estimate the
temperature; see Figure 1). Record this on the worksheet.

3. Plunge the hot brass knob into the beaker of room temperature
water and hold it immersed until it cools. CAUTION: do not
let it touch the glass because it may break the beaker.
Record your observations on the worksheet.

4. Reheat the brass knob. Take the boiling water off the hot
plate. Plunge the hot brass knob into the hot water. Record
your observations on the worksheet.

5. Describe quenching in cool and hot water. Explain the

differences in the worksheet. (This is the Leidenfrost
effect).

References

1. This laboratory is adapted from A Survey of Laboratory
phyics, Part I, by Paul A. Bender. Star Publishing Company,

(Belmont, CA, 1985).
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PHYSICAL SCIENCE FOR ZLEMEMTARY EDUCATION TEACHERS
PHYSICS BLOCK

Optiona Handout for Lab 4 -- Energy Transfer

EXPERIMENT ON HEAT BALANCE*

This laboratory consists of three parts. Your performanc- will
be judged by Part III only. (But to be able to do Part III you
will need to read Part I and do Part II.)

Part I: Background Information and Principles

Nothing is more important to our existence thain the balance
between the heat energy we receive and the heat energy we give
off. The earth receives heat from the sun and sends heat back
intc space. Our environment has a temperature such that on the
average the heat received and the heat given off are in balance.
On a smaller scale of size, the heat balance of houses (which gan
be controlled by design) can be such that one house will be 10
hotter in summer than another. Finally, the heat kalance of our
persens can vary widely, due to differences in clothing, fo:
example.

An interesting aspect of heat balance is the so-called greenhouse
effect. Although you may not own a greenhouse, you have
encountered the effect if you have left your car sitting in the
sunshine with the windows closed. 1In countless cases the
areenhouse effect has been the Waterloo of the architect, who has
designed large areas of glass in the wrong places for artistic
reasons, only to find he has produced an oven!

There are three distinct ways that heat can be transferred from
one locaticn to another; convection, conduction and radiation.
Convection is the transport of heated materiali to a cooler
location. For instance, the 1ir near a fire becomes hotter,
expands and rises carrying heat away from the fire. Conduction
is the process by which heat is carried to the handle of a frying
pan when the pan is held over a fire. The atoms of the pan in
contact with the flame become hot (i.e. they vibrate faster) and
cause neighboring atoms to heat up. Thus the heat is carried
through the pan to its handle. Radiation refers to the transfer
of energy by electromagnetic waves. When these waves are )
absorbed by a body the energy is converted into heat. The sun’s
energy is carried through almost empty space to the earth by
means of electromagnetic radiation, mostly infrared and light
waves. Although infrared is not visible, it can be felt, for
instance, as the heat from a hot stove or from a fire.

*A Survey of Laboratory Physics, Part 1, by Paul A. Bender. Star
Publishing Company (Belmont, CA, 1985).
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Every object continuously receives energy from the outside, and
also continuously loses energy to the outside, by one or all of
the processes just mentioned. If the rate of receiving energy
from the outside is greater than the rate of giving off energy to
the outside, the difference goes into raising the temperature of
the object itself. 1If, on the other hand, chere is a net outflow
of energy, then the temperature of the object will fall. If
conditions remain constant for a while, the object will reach a
constant temperature, at which the outflow just equals the
inflow. It will then be at equilibrium with its surroundings.

In interpreting your experimental results you will need a fact
about the absorption and emission of radiant energy. Briefly
stated, it is that a given color surface (say black) which is a
good absorber of radiation is 31so a good emitter of radiation,
and vice versa. You will also need to know that the rate of
emission of radiant energy by an object increases extremely
rapidly as its temperature is raised: 1In fact, as the fourth
power. More quantitative statements can be found in your
textbook.

The fact that makes heat balance an interesting puzzle is that an
object may receive energy by one means, but may not be able to
get rid of it by the same means. For example, if you have a box,
painted black on the inside, that has a small glass window, and
you project a beam of light into it through the window, radiant
energy will go in, but little will come out. The box will have
to get rid of the energy by ot. er means, and in order for
equilibrium to be reached, the inside of the box may have to get
quite hot. This is called trapping of heat; in this case it
might be called trapping of radiation. The greenhouse is a form
of trap. You will have a chance to observe this effect first
hand.

Part II: Introduction to the Apparatus and Basic Measurements

Your source of energy will be light from a reflector flood lamp,
which is entirely radiant energy. The beam can be projected onto
a copper disc, which has a thermometer in it. When other factors
are kept constant (e.g., the distance from the lamp), the initial
rate of rise of temperature after the light is turned on will be
proportional to the rate at which the energy is absorbed from the
light beam. To obtain the rate, you can just measure the rise in
temperature in a short interval of time, say one or two minutes.
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the plastic stops is negligible (this has been tested) but
it does prevent the movement of air. Place the box over the
black disk as shown. Heat it up to a little above the
starting poirt you used in the previous exercise on the
cooling rate. Shut off the light, and as the temperatura
falls, get the rate for the same range of a few degrees that
you measured when the box was not over the disk (in the
previous test).

THIN PLASTIC
“KITCHEN VIRAP;
ERONT AND BACK,

TAPED ON

Figure 2. The "greenhouse"

Part III: Questions and Further Experiments

You have been introduced to some measurements that are possible.
Some of the variables are: black or white disk, box or no box,
distance from the light, etc. Yocu are cn ycur ¢wn to do scme
further experiments. The list of questions below will suggest
experiments, or perhaps require them. A well reasoned and
experimentally demonstrated answer will be worth much more than
guesses. For each question include reasoning, experimental
results, sketches and graphs needed to support your answer.

1. What color clothing would you choose to wear (a) in sunny
hot Mexico? (b) for skiing on a very cold, clear day?
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A.

Measure the 1initial rate of rise for the black ditk. The
experimental arrangement is shown below.

reflectorflood thermometer

lamp (150W) ‘?////

copper tube
(soldered to disk)

&g l about 8" copper disk

wooden peg

Figure 1. Schematic diagram of the experimental set-up.

After taking the data, plot the temperature against the time
(say every 15 sec.) for at least the first two minutes. 1In
this way you can easily determine the rate of increase from
the slope of the line using the nearly straight portion of
it. Express the result in degrees per minute. (There will
always be a curved part at the very beginning, the first 15
sec. or so. This is due to & time lag between the
temperature of the thermometer and the temperature of the
disk. 1Ignore this curved part when drawing the straight
line.)

Measure the rate of cooling, which is proportional to
the rate of loss of energy. To d8 this,oraise the disk to
some elevated temperature, say 20~ or 30° C above room
temperature, by projecting the beam onto it. Shut off the
beam, and piot the fall of the _.emperature for abo.: three
minutes. (As before, do not use the brief curved part at
the very starc.)

Finally, make a measurement in which the heat loss by
convection is reduced. We have provided a box whicn will
enclose the disk. The sides are of extremely thin plastic
of the kind used in the kitchen. The amount of radiation
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4.

How would the temperature of the air in a closed room by
affected if you were to stop the sunshine from coming in
by hanging a black curtain just inside the window? A white
curtain A black or a white curtain just outside the window

Imagine a car sitting in the sun. Using your greenhouse,
explain how the equilibrium temperature inside will differ
in different circumstances, e.g., windows clcsed or open,
white or black upholstery, etc.

Some houses have white roofs and some have black, or nearly
black Is there reason for the choice of roof color?

—in o

Optional Questions

l.

In the sunshine on a very cold day you have a black coat and
a transparent plastic coat. How will you arrange these for
maximum warmth?




2.

3.

5.

Unde1 what conditions will snow that is blackened on top by
sooct ‘city air pollution) melt faster than clean snow? Would
soot be a suitable agent to use for snow removal?

If you were to blow air onto the disk from an electric fan,
what would change, heat absorption or loss?

You have measured certain things avcut a white and a black
disk. How do you think a reflecting {mirror-like) surface
would ccmpare? Would it be like the black; the white, or
neither? You may be able to find some aluminum foil.

Our planet as a whole (including the atmosphere) received

nearly all of its energy in the form of radiation from the
sun. By what process(es) does 1t lose heat?




€. When the rate of loss of heat becomes equal to the rate of
gain, the system is in equilibrium, i.e. at constant temper-
ature. Of the various conditions (white, black, greenhouse,
no greenhouse) can you give a reason as to which should give
the highest, and which the lowest, equilibrium temperature?




Lab 4
Needs

Per Station

2ea. Beakers (600 ml)

lea. Sealed syringe (on mount)

lea. Plunger (with weight holder)

lea. weight set (lg. flat [1] 1/2kg, [2] lkg,

[l1] 2kg....NOTE: Lakel masses as 1/2kg as SN
lkg as 10N
2kg as 20N

lea. Thermometer

lea. Hot plate

lea. Bunsen burner

lea. Brass knob

lea. Small table clamp

lea. Brass knob holder

lea. Wire for syringe/plunger

Optional
lea. Green house set~up [heat balance lab]

lea. Black disk
lea. White disk
lea. Spot lamp

Per Lab

Dewar

Carnation

Small CO, block and cooler

Box of matches

Racquet ball

Rubber tubing

2 balloons

Flask with cork and side extension for tubing
Heavy duty syringe set-up

Spray lubricant

Set-up in back

Bunsen burners

Hot plates

Small table lamps
600 ml beakers
Brass knobs

Brass knob holders

NN LwhON

Optional
Box of heat balance stuff...construction paper,

filters, foil, scotch tape, plastic wrap
1 Blower




Worksheets for
Laboratory 4 Gas Laws and Heat

Part I

Section A

Title and number :our graphs, and staple them to the back of the
worksheet.

1. What does the fact that the graph in Section A, step 4
being different than Section A, step 5 indicate about the

relationship between P and V?

2. If we write P = A + B/V what value of A and B does your step
5 graph suggest.

3. Using the graph found in Secticon A, step 5, calculate the
value of P for which V is infinite, that is, for which 1/V is

Z2ero.

4. What is the significance of this value of P? What should its
value be?
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5. wWhat do you suppose determines the magnitude of the constant
B in the relationship between P and V?

6. Does the constant slope depend on the gas?

Section B

Volume of cooled air (in m3)

Temperature of ice water =

Volume of warmed air tin m3)

Temperature of boiling water

7. Why should you keep the thermometer off tne bottom of the
beaker?

8. You mightohave expected the temperature of the boiling water
to be 100°C, but it wasn’t. Why not?
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What is the temperature of tap

thermometer?

How does this agree with the va
thermometer? How can you accou
is any?

Volume of cooled carbon dioxide

Temperature of ice water =

water according to your air

iue found by a mercury
nt for the difference if there

Volume of warmed carbon dioxide

Temperature of boiling water

Volume of cooled natural gas

Temperature of ice water =

Volume of warmed natural gas

Temperature of boiling water

Temperature for zero volume of
Temperature for zero volume of

Temperature for zero volume of

9. How do these t.hree values

air =

CO2 =

natural gas =

compare?
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10. Is there any meaning to temperatures lower than that corre-
sponding to zero volume? Explain your answer.

11. Write a mathematical relation between V and T. Combine
this with the results of part I to write a single equation
relating P, V and T of a gas.

Part II

1. Write down what you observed when your lab instructor poured
liquid nitrogen onto the table. Why did the nitrogen slide
around? Have you ever seen this sort of motion occur when
you sprinkle water onto a hot pancake griddle? Explain.

2. Writ: down what you observed when the inflated balloon was
dipped into the liquid nitrogen. Does this agree with the
gas law you determined in Part I? Another way to explain
what occurred when the balloon is dipped in the liquid
nitrogen, is tc consider the kinetic energy of the air
molecules. From this statement, see if you can explain
what you observed.
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3. Write down what you observed with the carnation and racquet
ball. Explain.

Part III

Estimate of temperature of the brass knob =

l. Observations of the knob plunged into room temperacure water:

2. Observations of the knob plunged into hot water:

3. Explain the differences between the two cases. Why does
this occur?
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Worksheets for
Laboratory 4 Gas Law and Hea:x

Name I Date

Partner s Name

Part I
Section A

Diameter of the syringe (in meters) =

Area of syringe opening (in m2) [Area = (radius)2]

Table I.1

Gas

Volume

Load Weight Syringe Scale Reading Pressure
!

Calculation Space




Table I.2

Gas

Load Weight Syringe Scale Reading Pressure Volume

Calculation Space
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Table I.3

Gas

__Load Weight Syringe Scale Reading

Pressure

Volgpe

Calculation 3Space
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

Laboratory 5 Electrical Circuits

Purpose
The goal of this lab is for you to develop understanding of

basic circuits used in everyday life.

Series and Parallel Circuits1

Introduction

While Thomas Euison was trying to invent the incandescent
electric light in 1879, he was also working on a system that
would enable this light to be used in the home. That system
included central power generatars, switches, insulating
materials, meters, and many more items.

An important part of this system was a parallel wiring
circuit for homes. Up to that time, the only electric lights in
existence were the extremely brilliant carbon arc lamps that were
beginning to be used for street lighting. These had to be
connected in series. The following experiment shows the
dif ference between the two types of circuits.

Apparatus

3-volt source, three flashlight bulbs and sockets, leads
Procedure

Start by setting up the simple light bulb circuit shown
below.

Power
Soeue
S gt
Figure 1 -- Beginning set-up
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Start by setting up a series circuit, as shown. When final
connectiors have been made and the bulbs are lit, loosen either
bulb. Now set up the circuit for three bvlbs in series. Record
your observations and answer the questions in the worksheet.
Substitute batteries for the battery eliminator and verify that
the same results hold.

Figure 2 -- Series circuit

Now change to a two bulb parallel circuit as shown in Figure
3. Loosen either bi.’".. Now set up the circuit for three bulbs
in parallel. Again loosen a bulb. Pacord your observations and
answer the questions on the worksheet.

Figqure 3 ~~ Parallel Circuit

Now try a combination circuit, as shown in Figure 4. Record
your observations on the worksheet.

?ou er~
Sowce

A,
tn Jasallel

/

ém Series

Figure 4 -- A Combination Set Up
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Wiring Up2

Introduction

In this part of the lab you will hook-up circuits to see now
the various configurations work. On the work sheet you will be
asked to explain how the various configurations work.

Aggaratus

Two buzzers, three push buttons, 3 volt power source, leads

Procedure
Assemble three of the different circuits shown below. On
the worksheet describe how each circuit works.

(22 Yush

11!

T%ue(
\V 4
—isv
Owne Suzwer |
One “Buttor Voulc Bovzec

|

|

\

Trowt Buaeer, !
!

K T@ {TT7 W PLTW o
L8]

o = o]

*"‘4'3V’ _{=v L J
2 Borzers, 13V i .
Ovee Bottont 2 8e p2ers, Owju{{w\ g”@”"( + hvauver™
i §e¢. -sgﬁstcm ‘
Figure 5 -- Circuit Set-ups
The Special Circuits
Introduction

You will now consider some other circuits. Your lab
instructor will demonstrate them to you. During the lab you will
have time to go back and develop an understanding of how the
circuit works.

Aggaratus

House lighting circuit set-up, conducting tester set-up, the fuse
set-up, the light bulb set-up, the quiz board.
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Procedure

1.

House lighting circuit =-- study how this one works. Explain
on the work sheet the current flow and how the position of
the switches explain how it lights.

The conductivity tester -~ Explain how this circuit worhss.
Complete the table and questions in the worksheet.

The fuse -~ same as above. Explain how this is important
in protecting houses.

The quiz board =-- Try to determine the circuit before looking
at the back of the board.

(Optional) The light bulb -- same as above. What did you
notice about the influence of air to no air?

References

Simple Experiments on Magnetism and Electricity...from

Edison, by Robert F. Schultz, Thomas Alva Edison

Foundation, Inc., Camhridge Office Plaza, Suite 141,

18280 West Ten Mile Road, Southfield, Michigan 48075 (1979).
The material used in this lab was taken verbatim from
experiment 10. As a perspective teacher you may want to
contact the Thomas Alva Edison Foundation. They have
several booklets of excellent science activities (ranging
from energy to environmenta. science). Additionally they
have movies and resource units cn Thomas Edison and other
inventory aimed for the primary and upper elementary grades.

Electricity, Boy Scouts of America, Irving, Texas (1985).
The diagrams used here were adapted from this merit badge
book. As you look for resource material in planning your
lessons, consider looking at the Boy Scout merit badge book
series., The merit badge book provides an overview of a
subject. Also, each hook lists several resources that

can be utilized by junior high age children.

Safe and Simple Electrical Experiments, by Rudolf F. Grad.

Dover Publicacions, Inc. (New York: 1973). Superb collection
¢l electricity and magnetism experiments usiﬁggﬁvgryday

materials. A must for every science educator’s library.




ATTACHMENT A
Build A Conductivity Tester3
Materials

1 1/2 or 6 v Battery

Lamp assembly

Four feet of insulated copper wire
Two pencils with eraser tips

Two thumbtacks

Substances can be divided essentially into two categories.
First are the conductors, which allow electricity to flow through
them with ease, and second are the nonconductors, or insulators,
through which electrons will not travel or at best have a hard
time getting through.* Among the insulators are glass, rubber,
mica, silk, and oils. The best conductors are metals, but all
metals are not equally good conductors. Some are better than
others. Silver is the best. Listed below are a few commonly
known metals in the order in which they rank as conductors.

1. Silver 6. Tungsten
2. Copper 7. Iron
3. Gold 8. Tin
4., Aluminum 9. Lead
5. Magnesium 10. Mercury

Conductors contain a large number of free electrons and
therefore permit electrons to flow easily through them. Though
silver is the dest conductor, it is too expensive to be used
commonly, so copper wire, which is considerably less expensive,
is preferred for most electrical work.

Wwhen electrons move in a conductor, an electric current is
produced. Such a current consists essentially of certain
electrons pushing on other electrons that are free to move in the
material in which the current flows. Those electrons in turn
push others, and so forth down the line. Each electron actually
moves only a short distance before it collides with another one;
the one that has been hit then moves a short distance, collides
with another, and so forth.

Nonconductors, on the other than, have few free electrons
and therefore allow practically no current to flow through them.
In electrical work they are used as wrappings over current-
carrying wires or as support for such wires. When nonconductors
are used to keep conductors separated from each other, they are
called insulators.

*A new group of materials falling between conductors and
insulators, called samiconductors, has been found to be of
great importance in the last two decades. These materials
made the development of the transistor possible.




Let us construct a conductivity tester which can be used to
test materials. Connect one of the terminals of the battery to

the bulb assembly. One wire from the other battery terminal and

the other wire from the lamp assembly are to be connected to our

two test probes.

The test probes are constructed as follows: Clean off all
the paint from the heads of two thumbtacks. Also scrape off the
insulation for a distan~= of about 3 inches on the free ends of
the wires connected to tne kattery and the lamp assembly. Wrap
the wires (which now have their insulation removed) at least six
times around each of the tasks. Then push the tacks firmly into
the erasers of the two pencils as illustrated. You- tester is
complete. To see if it functions properly, touch the two
thumbtack surfaces together. You are completing the circuit, and
if all connections are correct, the bulL will light up. Now
separate the probes, and let us see how we can use our
instrument.

Collect a number of objects which you want to test to see
whether they are conductors of electricity or not. Here are some
suggestions: A coin, a fork, a piece of cardboard, some nails,
paper, cloth, rubber, a key, a piece of wood, a piece of tin
foil, chalk, something made of plastic, a metal pot, plus
anything else you can think of.

8uld ights f object und> .eet
18 a4 conductor
’

=~ Two pencils with
eroser lips

—

Thumblack with 31z winds of
wir® oround 118 pin inseried
n eraser

Object whase conductivity it 10 B lested

Apply your test probes to the objects under test, one at a
time, somewhere along their surface. Be sure that you don’t
touch the probes” thumbtacks together while you touch the object
under test, but keep them far enough apart so that any current
which flows would have to flow through the object under test.

Here is what is going to happen. You will find that with
all the metal objects the bulb will light, showing us that they
are all conductors. With those objects that are not made of
metal, or don’t have any exposed metal surfaces, the bulb will
not light up, and we see that they are not conductors of
electricity. They are insulators.
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ATTACHMENT B

THINGS YOU NEED. Wire, bulb, socket, and flashlight battery
(you may need 2 batteries). A strip of
Christmas tree tinsel (silver icicle) or
can substitute aluminum foil.

Undoubtedly the smallest, though not the least important,
device in Edison’s home lighting system was the fuse. Something
like an automatic safety switch, the fuse cuts off the current
when it becomes high enough to cause a fire. Dangerously high
currents in the main lines are the result of too many branch
circuits being used at the same time (overloading the lines). Or
they are the result of the "live" wire accidentally touching the
"ground” wire or anything else that is grounded, such as a water
pipe. This accidental touching is known as a "short circuit.”

Edison’s first fuse was patented on March 10, 1880, urder
the name "Safety conductor for Electric-Lights." He intended
that such a fuse be placed in the circuit of each lamp or other
electrical device.

It consisted of a piece of thin, special wire enclosed in a
tube made of a non-conducting material. The wire had a low
melting point. Whenever a short circuit (high surge of current)
developed, the hcat of the high current would melt the wire
immediately -- opening the circuit before any great damage
occurred. The tube served to keep the droplets of molten metal
safely contained and to prevent the two ends of the conductor

from separating.

r |
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You can easily demonstrate how the fuse works. Lay two
small lengths of wite on a flat surface so that the wires are in
a straight line and 2.5cm or less apart. We ‘re going to connect
a piece of tinsel across the 2.5cm gap. Use tape to make your
connections, and be sure there is good contact at both ends of

the tinsel. This will be our fuse. .
Now comes the test. Connect the fuse wires with the lamp

and flashlight battery, as shown. Use tape to hold the wires to
the battery ends. If everything is in order, the lamp will

light.




To see the fuse in action, we’ll have to produce a short
circuit. Do this by touching the two terminals of the lamp
soccket at the same time with a pair of tweezers or another piece
of wire. That will allow the current to bypass the lamp, taking

a short cut, you might say.

[F A SECOND BATTERY 15
NEEDED INSERT #Eee*-;

4

Without the lamp to act as a resistance, the current becomes
much higher than it was. The load will probably be more than the
tinsel can carry. If so. the tinsel will overheat, melt, and
open the circuit. However, you may have to use two batteries in
series, depending on the thickness of the tinsel. If it weren’t
for our homemade fuse, the power source would spend itself in
seconds.

We get this same kind of protection from our home fuses
(and circuit breakers). Edison foresaw the possible dangers of
electrical overloads and short circuits. That’s why he felt the
fuse was a necessary part of his system.




ATTACHMENT Cl

Experiment 7 -- Edison’s Electric Light
Materials

Wide-mouth jar with cover, 1.5m of hookup wire, copper-strand
lamp wire 1.5m long, switch, birthday cake candle on a small
base, 6-volt battery.

BULB. 1In the cover, punch two small holes just big enough
to receive the wire. Space the holes 4cm apart. Insert two 45cm
lengths of wire through the holes so that they will extend
halfway into the jar. WNow bend the wires down the sides of the
cover, and tape them in place. Put a strip of tame over the
holes too.

FILAMENT. Remove one copper strand from the lamp wire.
Wind it several times around a nail. Slip the coiled filament
off the nail, and connect it to the two wires ccming from the
cover.

LIGHTING UP THE DARK (WELL, NOT QUITE). Screw the cover on -
the jar. This is our "lamp." Next, connect the lamp in series
with the switch and the battery. Turn the lamp on and start
counting. The filameut will begin to glow. If it continues
glcwing for more than 15 seconds, open the switch. Otherwise
you“ll drain the battery. Try a shorter filament. Keep doing
this until you find a length that burns for just a few seconds.
When you do, put on a new filament of this length.

Now we’'re going to remove some of the air from the lamp.

Put the candle inside the jar and ignite it. Then turn out the
room lights. While the candle is burning, close the jar tightly.
When the candle goes out, which means it has used up a lot of the
air, turn the lamp on once again. Hopefully, the filament will
glow a little longer this time. Letting it glow in the dark will
produce a rather dramatic effect.




ATTACHMENT D1

Experiment 8 -- A Light-Bulb Indicator
Materials

2 long thin nails, 2" of hookup wire, bulb socket, screw-type
flashlight bulb, flashlight battery, some tape.

We mentioned that the electric light bulb is a simple
device. Well in addition, it operates in the simplest of
circuits. An example is the light-buib indicator you are about
to put together.

ASSEMBLING THE INDICATOR. Actually there’s not much to
assemble, as you can see. All you do is hoox the light bulb and
battery .n series and attach the circuit ends to the nails. Make
all connections by soldering. But if you have no soldering
equipment, use tape. Also cover the nails and nail connections
with tape, leaving only the tips exposed.

WHAT DO WE DO WITH IT? Lots of things. For example you can
use it in science experiments to learn whether or not different
materials and liquids are good conductors of electricity.

You can also use it to check items like flashlight bulbs or
glass-tube fuses, as shown. Some of these fuses have wires so
thin you can hardly see them. If you touched the indicator nails
to the ends of such a fuse and the bulb lit up, you’d know the
fuse is OK.

But whatever you do, never use it on anything that is
connected to a voltage source (but then you don’t need to be told
not to stick your finger in a beehive, do you?).

oo
o
i

-t




PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

Optional Handout for Lab 5

BRINGING TWO BALLOONS BACK TOGETHER

Materials you will need:

Two rubber balloons

Some wool or fur

Saran wrap

Four feet of silk or nylon thread

BN -
e s s

Blow up two balloons, tie their necks securely, and attach each
to a 2-foot piece of silk or nylon thread. Then rub one balloon
against the wool, and rub the other balloon with a piece of Saran
wrap. Now hold the balloons by their strings, one string in each
hand, so that they hang straight down. First hold them quite far
apart, then bring them closer together, and note what happens.
The balloons will be strongly attracted to each other, and if you
let them come close enough, they will eventually touch. As soon
as they do touch, they will be neutral again and hang down
straight.

Here s why: That balloon which

has an excess of electrons (the N\
one rubbed with the fur or wool) Zkﬁ\

gave up its electrons to the balloon

with a shortage of rlectrons (the \

one charged with the Saran wrap).
As a result of the transfer of
electrons whena the ballons touched,
there was no longer an excess of
alectrons on the one balloon and
no deficiency of electrons on

the other. There being no

further attraction or repulsion Atirective
between them, they hang down e
straight.

LIKE CHARGES REPEL

Materials you will need:

1. Two strips of newspaper, each about 1 inch wide and

20 inches long
2. Polyethylene bag, nylon stocking, or piece of wcol

You can make strips of newspaper fly apart simply by rubbing
them. Hold the strips at one end, and let them hang down as




shown. You will see that they hang down straight, one next to
the other. Now stroke them lengthwise, from top to bottom, with
the thumb and forefinger of “he free hand. After several strokes
they will have acquired a charge. Since both of the strips have
the same charge, and we know that like charges repel, they will
fly apart.

An even greater charge can be put on these strips, and thus much
wider separation obtained, by rubbing them with a piece of
polyethylene, such as that used in a cleaner or vegetable bag, or
with some wool. Make sure that

the outside surfaces of the strips

both get rubbed at the same time.

2
Either of these materials will '
produce a greater charge much <§§ 2 paper 1008

faster, so that now the strips ]:m;;wm,
will really fly apart, oftentimes or wool
after just one stroke. e ——
The charges which were placed g

on the paper strips as well as ® reietine
on the material we used for charging bog
them will be very readily indicated 1

on the electroscope or charge
rndicator that we will build in
the next experiment.

tly opert

2 Peper strips

l They wil

For further experimentation, try

rubbing the strips with other

materials, and see which produces the greatest charge. You can
also try the same experiment with three or more strips, and you
will really see some interesting effects.

To show that charges distribute all over the strips, reverse
them. That is, bring the bottoms of the two strips which are now
apart together, hold them together, and bring them to the top.
Conversely, drop the two ends which were previously held up, and
release them. Now you will see that the free ends will again fly
aparc.

BUILDING AND USING A LEAF ELECTROSCOPE

Materials you will need:

1. Small bottle (milk bottle will also do)

2. Large paper clip or stiff piece of wire (approximately
6 inches long)

3. About 1/2 square foot or aluminum or tin foil

4. Caewing gum wrapper or other source of thin metal foil

5. Rubber or cork stopper to fit the opening of the bottle
used
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To do this, fold the strip in half (lengthwise) and cut off a
little triangle from either side of the fold so as to leave only
a very narrow bridge. Then lay the leaves onto the L-shaped
section of the wire. The leaves should be straightened out so
that they will hang loosely and parallel to each other. Now
insert the cork with all its attachments into the bottle, and the
electroscope is finished. For best results be sure that
everything is dry -- absolutely dry. Otherwise charges will

leak off very rapidly, and you may not be able to charge your
electroscope at all.

Here is how the electroscope works. If it is touched with a
charged object, the charges will run down the wire into the
leaves, both of which will get identical charges. Since we know
that like charges repel, the leaves will fly apart at the bottom
because they are hinged together at the top. Now to use our
electroscope.

Rub a comb briskly for abou. 30 seconds with a piece of nylon (an
old nylon sticking will be fine) to give the comb a negative
charge. If you bring it close to the 'nob of the electroscope,
the leaves will separate. When the comb is taken away, they will
return to their normal positiorn. If you touch the knob with the
comb, the electroscope by contact (Figure B). Touching the knob
with the finger offers an easy escape path for the negative
charge which has been put on the electroscope, and thus the
electroscope is discharged.
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To give our electroscope a positive charge, bring the same
charged comb near the knob, and with a finger of the other hand
touch the knob for about a second. 1In do‘ng so, we allow a few
additional positive charges to travel from our iinger to the knob
of the electroscope. Take the hand away from the knob, and then
remove the comb. You'll note that as the comb is removed, the
two leaves will separate (Figure C). We have now charged the
electroscope by induction with a positive charge. Bringing the
charged comb near the knob of the electroscope once more will
cause the leaves to return to their normal position, and they
will separate again as soon as the comb is removed, providing you
have not touched the knob of the electroscope.

To give the electroscope a positive charge by contact, touch the
knob with a positively charged glass rod as shown in Figure D.
To give it a negative charge by induction, proceed as in Figure
E.

The electroscope can also be used to determine unknown charges.
Here is how: First charge the electroscope with a known charge.
Let us assume that we have charged it by contact with a comb
rubbed with nylon so that it will now have a negative charge. If
we bring the object whese charge is not known near the ball of
the charged electroscope, one of two things will happen. The
leaves will either separate more or come closer together. If the
object is negatively charged, it will repel the electrons on the
ball of the electroscope and send them down towards the leaves,
thereby causing them to separate even more. On the other hand,
if the object is positively charged, it will attract some of the
electrons away from the the leaves towards the ball. This will
cause the leaves to cvome closer together, since they are not
charged so strongly any more.

The same action will occur, but with opposite charges, if we give
the electroscope a positive charge, as we did above. 1In this
case the leaves will separate more if a positively charged object
is brought near the electroscope and will come closer together if
we approach the ball with a negatively charged object.

How far the leaves separate gives us a direct indication of the
relative amount of charge which is placed on the electroscope.
Thus the farther they spread apart, the greater the charge. The
charge on the electroscope can be accumulated by charging it
several times from the same charged object or from another having
a charge of the same polarity (positive or negative). The leaves
will thus speed farther apart each time an additional charge is
put on the electroscope. Before starting any new experiments,
always discharge the electroscope first by touching its metal
ball with your finger.

Charge the electroscope by contact and by induction from various
other objects to become familiar with this simple but important
instrument. Make a note of the different amount of charge that
various objects produce.




DISCHARGING YOUR ELECTROSCOPE
BY RADIATION OR IONIZATION

Materials you will need:

1. Leaf electrosc pe
2. Watch or clock with radiant dial
3. Matches (and candle)

A charged electroscope will become discharged if the air around
it can be made conductive. This can be done by placing the
electroscope in the vicinity of X-rays or some radioactive
material. Hold the radium dial of a clock or a watch several
inches from the knob of the charged electroscope and see how
quickly it discharges. For best results, the crystal of the
timepiece should be removed to permit easier passage of the alpha
rays which i+ otherwise obstructs.

Objects can thus be easily tested for radioactivity by bringing
them close to the knob of an electroscope or by actually putting
them into the bottle. If the electroscope remains charged for a
relatively long time but discharges more rapidly when the object
under test is near it, then the object is radioactive. If no
effects are noted, then the object is not radioactive.

We can also discharge the electroscope with a lighted candle or
match. When a gas (such as air) is heated, the speed of its
molecules increases and ionization is more likely to occur, that
is, the molecuvles are more likely to become positively or
negatively charged. Bring a lighted candle or » match near the
ball of the charged electroscope and you will see that again the
leaves will close. The charges have indeed leaked off into the
ionized, or charged, air. Now try an interesting experiment.

Waith or Clock
with lumnous diot

Cordboord siweid
not effecitve

Cordboard shueld

Ehectroscope

OMIZ ATION
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Hold a piece of ccrdboard between the candle and the knob of the
electroscope, anl you will see that the flame will now have no
more effect on the charged electroscope. The cardboard acts as a
screen. Try to do the same shielding with the radioactive
material. Does it also work? It does not! The cardboard does
not act as a shield because those rays or particles emitted by
the radioactive material are harder to stop and pass very easily
through the cardboard.

HOW T'O CHARGE YOUR FRIENDS
TO 10,000 VOLTS

Materials you will need:

1. Four strong glasses or jars

2. Piece of fur (a fur collar or muff will do)
3. Board or large book

4. A friend

Without the slightest danger, you can charge someone to a
potential of thousands of volts and then discharge him by drawing
large sparks from his fingers. Let us try it. Before we build
our charges, we must be sure we won’t lose them right away, so we
have to insulate the person being charged. wWe accomplish this by
means of an insulation platform, for which we need four glasses
and a board.

Place the glasses, which must be absolutely dry, on the floor
near a radiator or a water tap, and separate them sufficiently so
that you can place the board on top and thus construct a stable
and safe platform.

Have the person to be charged stand on that platform. Be sure
that no part of his body touches anything. Now stroke his back
vigorously with a piece of fur for about a minute, and then let
him bring his finger near the radiator or the tap. You will see
that quite a spark jumps across. The charged person can also
touch someone else who is not insulated from the floor and create
a nice spark in this way as well.

St shaneng
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An electroscope is an easily constructed and very useful
instrument for determining the presence of electrostatic charges.
It indicates the existence of charges on anything we bring near
it, and it will also tell us the polarity of the charges -- that
is, whether they are positive or negative. From our previous
experiment with the newspaper strips, we know that if we hold two
light narrow strips together at one end and give them the same
charge,the free ends will fly apart. The electroscope basically
consists of the lightest metal foils (or leaves as they are also
called) we can find, placed inside some sort of container such as
a bottle. The bottle is needed to assure that the sensitive
foils are not disturbed by air currents. Construction of the
electroscope is very simple and can be accomplished in just a few
minutes.

First of all, shape a paper clip or a piece of wire with an
L-shaped appendage as shown in Figure A and push it through the
stopper that fits the buttle you are using. It is most important
that both the stopper and the bottle be completely dry. To be
sure that they are, dry them in a warm oven for a little while
just before you are ready to assemble the electroscope.

About a half inch of the paper
clip or wire should be left
protruding from the stopper to
hold a ball of aluminum foil.
This ball should be as round as
possible for best results. It
is made by packing and squeezing
aluminum foil into a little
sphere, which is then simply
pushed onto the wire.

Bell of oluminum 104
Bottie stopper

Leoves of
then foil ~

The leaves are made from the
lightest available material. A
strip of tissue paper will serve

Band Shghfly o hold balof in a pinch, but the foil from a
, oluminom fon stick of chewing gum is best for
Cingth depands on size of Bortie our purpose. The paper can be

separated from the foil by soaking
the wrapper in warm water for a few
e s o minutes. The foil and paper will
En N then come apart easily. Straighter
the foil, dry it, and cut a strip
about 1/2 inch wide and 3 1/2
inches long. 1In order to make
the instrument as sensitive as
possible, the leaves should be
able to separate with the least

- Appronimete dimensens -

of 1eaves resistance, so make them extremely
narrow at the point at which they
rest on the support.

Bend tohold Ieoves

v w?

Figure A
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What you have done is to build up a strong electrostatic charge
by rubbing with the fur. This charge ma,; be as high as 10,000
volts or even more. As a further experiment, try rubbing with
wool, nylon, rubber, ployethylene, or any other material, and see
which gives you the greater charge as indicated by the length of
the spark you can draw.

You might also try several layers of ployethylene to stand on for

insulation, instead of the glasses and the board.

THE TRIBOELECTRIC OR ELECTROSTATIC SERIES

Now you are on your own. You can

experiment to your heart’s content Poutve Polanty (+)
in static electricity, and as a guide Rabbut's fur
you can refer to the triboelectric Glass
series (also known as the electrostatic Nylon
series) which is presented here in Wool
tabular form. st
Paper
As far back as 1757, J.C. Wilcke noted oo
that various substances, such as glass, Lucite
silk, wool, and amber, could be arranged rﬁ?““
in a triboelectric series. He showed Polysiyrene
that as you rub any two different Polyethylene
materials together, they will become Surgbor oo
electrified and develop opposite charges. Cellulord
The one higher up on the list will give Vi "
up electrons and thus become positively Saran wrap
charged. The one below will have gained Negauve Polarty (=)

those electrons and thus acquire a
negat‘ve charge.

The farther apart the materials are on the list, the easier it is
to work with them and the higher the charge will be. You can
determine the presence and nature of the chage by means of the
charge detector or electroscope. The exact charge on each body
depends on its molecular structure as well as the condition of
its surface.

From Safe & Simple Electrical Experiments by Rudolf F. Graf




Apparatus List

Lab 5 Electrical Circuits

Per Lab Staticn

1l ea Cattery Eliminator

2 ea 1.5v Battery with holder

3 ea SPST Momentary switches (on base)
2 ea 1.5v-3v Buzzer on base

3 ea 3v Lamps in socket

Per Lab (center display table)

House Switch Circuit

1 Battery Eliminator

1 Board with 2 SPDT switches mounted
1 6v Lamp & socket

e

Set-up Ve

)?37/ A

Fuse Circuit

1 6v Battery

1 6v Lamp and socket
Foil from gum wrappers

Set-up

Conductivity Tester

1 Box of conductivity material - cubber ball part
wooden ruler
split pencil
plexiglass
foil
popcorn
paper clip
enameled copper wire
s~rapped coper wire
piece of metal
chalk




2 leads (thumbtacks & wire pushed into the eraser of a

pencil —:::EA\\\
Set-up

%

1 6v Battery
1 6v Lamp and socket

Quiz Board
1 Quiz board

as # wire connecting
responses
— paper
i clips .
=
[
Front
s A

2 1.5v Battery in holder
(hooked together to give 3v) Back
1 3v Lamp and socket

Set-up

Light Bulb (or just use set-up)££:
1 Jar

1 Jar 1id, small holes indented

1 Copper strand lamp wire

1 Birthday candle

Matches

1 6v Battery

1.5m of hook-up wire

o0
QO
Pa




Worksheets for
Laboratory 5 Electrical Circuits

Part I Series & Parallel Circuits

Section A. Series Circuits

Record your observations below. Be sure to include sketches
of the circuit hookups.
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Questions (Reference back to your observations as
necessary.)

1. How does the brightness of two bulbs in series compare
to that of a single bulb? Three bulbs to two bulbs and
a single bulb? What do you think causes this? Explain
using the coacepts of resistance, current, energy, and
voltage.

2. What happered when you unscrewed a bulb? Why? Explain
your cbservations using the concept of current.
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3. What would be the difficulty in using this type of
zircuit in wiring your house?

4. Were there any changes in your observations when you
substituted batteries for the battery eliminator?




Section B. Parallel Circuit

Record your observations below. Be sure to .nclude sketches
of the circuit hookups.

oo
o
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\
How does the brightness of two bulbs in parallel compare
to that of a single bulb? Three bulbs to two bulbs and
a single bulb? What do you think causes this? Explain
using the concepts of resistance, current, energy and
voltage. |
J

2. What happened when you unscrewed a bulb? Why? Explain
your observations using the concept of current.

3. What is the advantage of using this type of circuit in
wiring your house?




Section C. Combinations

Record your observation. Sketch the circuit.

Explain the relative brightness of the bulbs to each other,
using the results of A and C. Be suire to indicate

resistance, energy, voltage, and current as they apply
in this problem.




Part II  Wiring Up

Circuit Title

Sketch of Circuit

Explanation of current flow, indicating the action of each
button.

Describe how this circuit could be used in a household.




Circuit Title

Sketch of Circuit

Explanation of current flow, indicating the action cf
each button.

Describe how this circuit could be used in a household.




Circuit Title

Sketch of Circuit

Explanation of current flow, indicating the action of each
button.

Describe how this circuit could be used in a household.
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Part III The Special Circuits

ll

2'

House Lighting Circuit

a. Sketch the circuit.

b. Explain how the current flows in relation to switch
positions and lighting of the bulb.

Conductivity tester (Read Attachment A)

a. Complete the table. Did the bulb light?
(Yes or No)

Material

Enameled copper wire
Scrapped copper wire
Rubler ball

Wooden ruler

Plexiglass

Paper clip

Chalk

Piece of metal

Wooden pencils graphite
Composite pencils graphite
Foil

Pop can (sides)

Your choice

b. What type of material can be a conductor?




P—A—

c. Does the material on the surface of a metal affect
its ability to conduct?

d. What type of material acts as an iasul cor
(i.e. non-conductor).

e. What might cause the differences between
insulators and conductors?

3. The Fuse -- (Read Attachment B)

What purpose does a fuse serve?

4, The Quiz Board

a. Sketch the circuit for the quiz board (without
looking at the back of the board).
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b. Suggest one use of this apparatus in your classroom.

5. (Optional) The Light Bulb

a. What difference did you see between the case of a
;arge amount ¢f oxygen to a small amount?

b. What is the purpose to reduce the zmount of
oxygen in a light bulb?

¢ 247




PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

Laboratory 6 Magnets and Motors

Purpose
The goal of this lab is for you co develop an
understanding of how an electrical motor works.

Laboratory Objectives

As a result of this lab, you should be able to:

1. Qualitatively describe through sketches the magnetic
field for various configurations of magnets.

2. Describe the effect a magnetic field has on a current
carrying wire.

3. Describe the effect of moving a wire through a magnetic
field.

4. Describe magnetic shielding.
5. Explain qualitatively how an electric motor works.

6. Build an electric motor.
Part I Magnetic Fields1

Introduction

A magnetic field is very different from an electric field.

A magnetic field exerts a force on a magnetic "pole" or any
magnet:zed body. Magnetic "poles" come only in pairs, as,
for instance, the north and south poies of a compass needle.
A compass needle will align itself parallel to the magnetic
field at the site of the compass. This is because the north
pole of the needle feels a force in the direction parallel
to the field and the south pole feels a force in the
opposite direction. 1Iron filings act in a very similar
fashion. A long thin sliver of iron becomes magnetized in a
magnetic field (magnctic "induction") so that one end of the
sliver becomes a north pole and the other becomes a south
pole like the compass needle.

" 248




AEEaratus

1 board with slots for 2 bar magnets, 2 bar magnets,
3 smell compasses, paper, iron filings, large iron washer,
baby food jar with corn oil and iron filing mix,

2 disc magnets, bright light, iron filings between two
transparencies.

1.

Mapping the magnetic field with iron filings: Place a
piece of paper over the bar magnet and sprinkle iron
filings carefully on the paper. Tap the paper gently
until the filings line up in a discernable pattern. On
another sheet of paper sketch the pattern. Wwhen you are
done, pour the filings back into the container. Place a
couple of the small compasses around the magnet.

a. Do they line up along the magnetic field lines?

b. Is there a direction to the magnetic field around
a magnet?

NOTE: Do not pick up the iron filings with bare magnet.

The magnet cannot be "turned off" in order to release
the filings.

The field of two magnets: Using two bar magnets under
the paper sketch the field lines indicated by iron
filings for the followi: ;

.
ER

(1) between two like poles 3/4" apart.

(2) between two unlike poles 3/4" apart.

a. Briefly account for the difference between the two
patterns.

Modification of a magnetic field by the presence of soft
iron: Place a piece of soft iron (for example a large
washer) between, but not touching, two unlike poles.
Again draw the pattern of magnetic field lines. Explain
what the washer has done to the field.

a. Place your explanation here. Be sure to note aow
the magnetic field has “closed’ down.
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b. Move the washer a little bit. what has happened to
the field?

c. What is the strength of the magnetic field within
the washer hole? Why might this be called magnetic
shielding? 1In particular, what might cause this?

4, 3-D magnetic field: Shake up the jar with oil and iron
filings. Place your ‘::ar magnets at the sides of the
jar. Backlighting the jar will help you see the
movement in the iron filings.

a. Briefly describe the field for a N-S pole, and N-N
pole configuration.

b. Try this with the disc magnets. Note any
differences between the fields.

Part II Currents and Magnetic Fields
Hands-on Demonstrations

Introduction

In this part of the lab you will observe the following: the
creation of a magnetic field by a current carrying wire; the
creation of a current by moving a wire through a magnetic
field; the repulsion of a current carrying wire from a
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magnetic field. The purpose of this part of the lab is to
provide you with a logical reason to explain how an
electrical motor works.

Apparatus

Compass, galvonometer, close-face horseshoe magnet,

wire, 6V lantern battery, metal U {of soft iron} with 2 disc
magnets serving as the faces of a small horseshoe magnet,
current carrying wire demo

INSTRUCTIONS

Your lab teaching assistanmt ill demonstrate the
materials. You will have time l. =r to try the
demonstrations yourself.

Section A. Magnetic field created by a current
carrying wire

1. Did the wire have any effect before it carried
any current?

2. What was the effect on a compass when the current
was flowing through the wire? How does this verify
that a magnetic field is created? What is the
source of net force required to turn the compass
needle?

3. Suggest a way to detect electrical wires running
through your house.

. . . coulomb
4, Since a current is defined as

what might be
sec
the source of the magn. ..c field?




(Optional) Move a compass around on your lak table.
See if you can find a current source there. Explain
where it comes from.

(Optional) Sketch the magnetic field around a wire and
a solenoid. Are these fields what you expected?

Section B. Current created by moving a wire through a

magnetic field

l.

Briefly describe how you determined that a current was
created.

Was the wire attracted to or repulsed from the magnet
before any movement.

What might be the cause of the current? HINTS; (a) a
magnetic field exerts a force on magnetic poles, (b) a
net force results in a movement and (c) a current is
moving electric charges which results in the magnetic
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Would you see a difference if the magnet were to move
instead of a wire? Wwhy or why not?

How are the concepts of this demonstration used in

everyday life? (HINT: This is called the "generator
effect.")

Section C. Repulsion of a wire by a magnetic field

l.

Explain what caused the wire to "jump". HINT: Consider
the fact that there must be a net force to cause the

wire to overcome its weight. Account for the source of
this net force.

What do you think determines the magnitude of the jump?
List three possibilities. Try an experiment to verify
one f your predictions.
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3. How do your observations help explain the operation of
an electric motor? HINT: Considetr the fact that there
inust be a net force causing the torque which causes the
rotor to rotate.

Part III Building a2 Motor 2.3

Introduction

An electrical motor is a device that changes electrical
energy to mechanical energy by means of magnetism. In this
part of the lab you will apply the concepts you have
developed to the construction of a simple electrical motor.

Apparatus

Per person: approximatelv .6m of winding wire
paper clips

magnet

wooden block (3" x 2" x 3/4")
thumb tacks

- 1.5V battery ("D" cell)

- 15cm of hookup wire

(W R N

Per group: 1 ruler
small piece of sandpaper,
1 dowel rod form (1l/2" dia.)

Per lab: 12 pair of pliers
extra winding wire
extra batteries
roll of masking tape
extra magnets
scissors
rubberbands
2 pair wire cutters
1 wire stripper

INSTRUCTION >

Making the Coil

1. Cut off .6m of the winding wire.
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2. Wwind the wire around the dowel to form a coil
about 7cm (3") of wire at each free end.

Leave

3. Loop each free end of the wire twice around and through
the coil. (See Fig. #1). This is to prevert the coil

from unwinding.

Looping the free ends
of the wire coil

Figure 1

4. Remove the insulation from the free ends of the wire.
To do this, lay the wire flat on the table. Rub the
free ends with sandpaper. Rotate the wire so that you
remove the insulation from all sides of the free end.

Making the Coil supports

1. Unbend two paper clips.

2. Grip one of the paper clips at its center with a pair
of needle nose pliers. (See Figure #2).

lrecs
P .

Figure 2

3. Grasp one end of the paper clip.
nose of the pliers.
other end.

Side View

Figure 3

(See Figure 4).

Unbent
// ‘?ﬁ?eoazp

Gripping the paper clips

Bend it 270° over the
(See Figure 3). Repeat for the
The purpose is to make a

<
%-7 le A
// Bend
End o 4hes nev

Front View (enlarged)

Ben?ing the end of the paper clip
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F: .nt View (enlarged)
Figure 4 Completed Paper Clip Loop
4. Bend the ends of the paper clip as shown in Figure 5.

NOTE: The distance from the end to the start of the
bend is 1.5cm.

/?«Yer Clc(, LOGP

,-' |‘SCM-, — 'usﬂlﬂ'\—-‘

L4 P o—
-

Figure 5 Bending the ends of the paper clip

5. Bend the ends of the straight part of the paper clip as
shown in Figure 6. NOTE: This can be accomplished by

gripping the endoof the paper clip with the pliers and
turning them 180°.

Figure 6 Bending the U’ into the end
of the paper clip to complete
the coil support

6. Repeat steps 2-5 for the second paper clip.




Putting the Motor together

1. Cut off 2 15cm lengths of hook-up wire. Strip off l.5cm

of insulation from the wire. These will be the battery
hook ups.

2. Wrap one end of each of the pattery hook ups around the

pin of the thumbtack. (See Figure 7). These will be
used in the next step.

Hoole o e P

“’Z_-r%kkcd

Figure 7 Wrapping the hook-up wire
around the pin of a thumbtack

3. Assemble the motor as shown in Figure 8.

Wice supports- Thomb tecle

wopden block —

NOTE: The thumbtacks are placed in the U-bend.
Double fold the tape to hold the magnet in
place.

Figure 8 Motor Assembly
Place the free ends of the coil in the paper clip loops.
You may need to clip a bit off the ends of the coil to
fit it easily between the loops.

Balance the coil. A balanced coil will spin "evenly"”
after you twist it. Take your time at this stage.




Powering Up

1.

Tape the ends of the battery hook-ups to the terminals

of a 1.8

V battery. A rubber band wrapped around the

battery ends will help insure a good contact. (See
Figure 9).

Figure 9 The Completed Motor

Spin the coil and it should continue to spin by itself.
If it doesn’t spin it again. If the motor won 't work,
check the following:

a. If nothing happens - you may not be getting

any
(1)

(2)
(3)

electricity.

Try spinning the coil while the battery
hookups are squeezed against the battery.
Check that the insuvlation is completely
removed from the free ends of the coil.

Try your coil on someone elses motor setup
and battery. If it spins, check your
battery and motor setup, then repeat 1 and 2.

b. If the coil rocks back and forth, but won’'t spin;

(1)
(2)

check the balance of the coil.
adjust the free ends so they are wrapped
around the center of the coil.




Questions and Discussion

1. 1In which direction does your coil spin? 1In particular,
what causes the coil to spin? Explain as thoroughly as
possible, using the information from the other parts of

the lab.

Investigate ways to change the direction of the spin.

2‘
List them here. Give a brief hypothesis of why your

method changed the direction of the spin.




3. Touch the wmetal parts after the motor has been running
a white. Do the parts feel warm? Explain in terms of
work and energy.

4, In what ways could you increase the speed of the coil.
Suggest at least four methods. Try at least one of
them (two if time permits). Describe the results.
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5. What happens when one magnet is placed on e ch side
of the coil? Does it matter which face you use?

(Remember each magnet hes a north and south face).
Explain.

Optional

6. Use the motor to turn a wind dial or wheel. Describe
your success or failure.

7. Find a way to change the motor and make it work better.
Describe your result.

8. What might be the cause of the static heard on a radio
when it is near a running motor?




Part IV  Optional Lab Demonstrations

Introduction

The following demons”rations are an optional part of the
lab. They are presented to give you ideas and extend the
principles in today’s lab.

Apparatus

Ecddy Current Demonstration, Magnetic Attraction Hall
Demonstration, magnetic shielding (induction) material
(brass, glass, wood, lead, iron, zinc, copper)

WARNING: When working near strong magnetic fields you

should remove any magnetic sensitive device from your
person, i.e. watches, meal cards, etc.

Seccion A. Magnetic Attraction Hall Demonstration

1. Move each of the different metal rods through the
field of the magnet. What diffoerence was there
hetween each material?

2. Try holding the rods that are most attracted to the
magnet in the center between the faces. What difficulty
do you have? 1In particular how does the force of
attraction vary with the distance between the rod and
a face on the magnet?
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3. Determine which is the north and south face of the
magnet.

Section B. Eddy Current Demonstration

1. Are the test metals attracted to the magnets?

2. Compare the rate of fall, for the different metals,
when dropping normally and then when dropping through
the magnet. Record your observations below.

3. Where is the force coming from that cause the net
force falling through the magnet to be less than the
net force of straight falling?




Section C. Magnetic Materials

1.

Test the various materials for magnetism. In general
what material is magnetic?

What does the magnetic metal do to the magnetic field?

That is does it increase it, decrease it, or redirect
it?

References

A Survey of Laboratory Physics, Part II, by Paul A.

Bender, Star Publishing Company, (Palo Alto, CA: 1980).
Shoestring Science Experiments.

“Activities for Groups," The Physics Teacher, March
1985. This magazine is a good source for activities
and explanations. The magazine is designed for high
school physics teachers.




Lab 6 Magnets and Motors

Apparatus List

Per Person (Consumable Items) (put in lab box)

ea. wooden block (3" x 2" x 3/4")

ea. 1.5V (D-cell) battery

ea. paper clips (standard size)

ea. thumb tacks

ea. magnet (ceramic disc)

ea. rubber band

ea. small piece of sandpaper

ea. overhead transparencies frame

ea. thick overhead plastic to fit frames

(Y Y N S Ny SN N )

Per Lab

Motor Station (Center table)

Consumable items;
Roll of 422 winding wire (enameled)
(at least .6 meters per person)
#18 hook-up wire (at least 30 cm per person)
1l ea. roll of Scotch mending tape
1/2 1b. iron fil:i.gs

ea. wire strippers

ea. wire cutters

ea. magnets (ceramic disc)
ea. AM radio

ea. 1.5V D-Cell

ea. scissors

ea. box of tacks

ea. box of paper clips

ea. sheet of sandpaper

4
4
6
1
6
1
1
1
2

Magnetic Field due to current carrying wire demo (center
table)

1 ea. 6V battery

1 ea. banana plig wire (long)

1 ea. alligator clip

1 ea. compass

l ea. 6V 15 amp source (or substitute car battery)
1 ea. momentary contact switch

1 ea. singie wire demo

1 ea. solenoid demo

banana plug wire foi hook-up




Generator Effect !‘back of room)

ea. homemade horseshoe magnet

ea. large horseshoe magnet (close face)
ea. galvonometer (100 y A scale)

ea. long banana plug wire

[ R S

Jumping Wire Demo (back of room)

1 ea. homemade horseshoe magnet |
1 ea. large horseshoe magnet (close face) |
2 ea. long banana plug wire (flexible) |
1l ea. alligator clip

1l ea. 6 V battery {(or car pattery)

Hall Demo

1 ea. magnetic strength

Eddy Current Demo

1 ea. large magnet
copper & aluminum pieces

1 ea. rectanguler bottle with oil & iron filings (put near
Eddy Current Demo)

1 ea. box of small magnets (center table)
1 ea. pack of white paper

Per Lab Station

ea. long nosed pliers

ea. ruler

ea. bottle with cooking oil and iron filings
ea. board cut to hold magnet:z

ea. bottle of iron filings

ea. bar magnets

ea. soft iron washer (large)

per 2 groups - gooseneck lamp

per 2 groups - motor support templates

ea 1/2" diameter dowel rod (10 cm long)

bt et bt N bt et e = N
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

Laboratory 7 Lenses and Optical Devices

Purpose

The goal of this lab is to introduce you to some of the
properties of converging and diverging lenses. You will also |
learn how to construct a microscope and astronomical telescope.

Laburatory Objectives
As a result of this lab, you should be able to:

1. Determine the focal length of a converging lens and a
diverging lens.

2. Construct a simple telescope and explain how it works.

3. Construct a simple microscope and expl-in how it works.

4. Describe the relationship between the _oject of a
converging lens and its image.

5. 9Describe the effect of changing the aperature of a lens.

Part I Determing Focal Length

Introduction 1,2

The focal length of a lens is determined by the curvatures of the
two faces and by the index of refraction.

Cenverging Lens - Any lens that brings parallel light rays to a
focus (then, of course, spreads out again) is called a converging
or positive lens. The positive refers to the focus being on the
opposite side of the lens relative to the incomirng light rays.
The distance between the center of the lens and the point of
focus is called the focal length.

You sho"1d note that parallel light rays from an object at
infinity will converge to a focus. That is we can find the focal
length of a converging lens by focusing on a distant object. The
light that travels from a distant object "straightens out" as it
travels, just like a water wave started by a drop spreads out
from a curved front to a straight front. Therefore, the light
from a distant object has effectively parallel light rays.

One further note: A converging lens is one that is thicker in
the middle than at its edges, regardless of the curvatures of its
two faces.

Diverging Lens1 - A diverging lens is one that bends a parallel
beam so tuat after the beam I z2aves the lens the rays spread gut,
that is, the beam diverges. A diverging lens is thinner at 1cs
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center than its edge. Although a diverging lens will not bring
parallel light to a focus, a focal length is defined for it, as
shown in Figure 1.

F?

el

\

S~

11y
‘

Figure 1. If parallel rays pass through a
divecging lens the resultant rays
seem to radiate from a point. This
is the focal point.

A diverging lens is sometimes called a negative lens. The reason
for this is that the focus is on the same side as the incoming
light rays.

One further note on lenses: Simple lenses [single lenses] do not
have a specified direction. Simply put this means that if we had
the incoming light coming from the opposite direction [e.g. the
light would come from the right in Figure 1], we would find the
focal length to have the same value, even if it changes sides.
So, We could say a converging lens has a focus on both sides.

Apparatus

Student telemicroscope equipment, box of lenses (102 lab), white
projection cards, ray box and masks, ruler, red lamps, black
paper, large clips [card supports].

Procedure
A. Convergent lenses
1. Determine the focal length of the convergent lenses
indicated by your lab instructor. Identify each lens for
reference. Record your values in centimeters.
2. To complete this measurement face your lens out a
window towards a distance object [l block or more]. For
example aim the lens toward the water tower out the east
window in the hallway. Use the meterstick as a base.

3. Move the card back from the lens until the image of the
distant object is in focus.

<58




5.

6.

B. Divergent Lenses2

1.

2.

7\7“3 ?Pc'\cttor Hasik with

Measure the distance from the center of the lens to the
image. Record your measurements in Table 1. (At the ena
of R),

Reverse the lens and show the focal length is unchanged.

Repeat for the other lenses

Determine the focal length of the indicated divergent
lenses, in centimeters.

Arrange the apparatus as shown in Figure 2. Make sure
the central ray traverses the lens without being bent.
This ray then lies along the ‘optical axis”’.

///gg:;L;j:§C§® &ggcirwwtﬁ&)

3 wtS |

Pt

£
/ &
3 Rora el MI&S %‘LWK sheef

Figure 2. Experimental measurement of the T”“fer‘
focal length of a diverging lens.

Note how the rays diverge after leaving the lens. Mark
the direction of the three rays, remove the lens, and
extend the rays backwards until they intersect the
central ray, [which lies on the optical axis}]. The
distance betweer the intersection point (focus) and the
center of the lens is the focal 'ength of the lens.

Reverse the len and show thit the focal length is
unchanged.

Record your value on the table [at the end of this
section]. Staple your drawing to the report.

Repeat for the other divergent lenses.
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Optional

A, Use

the set up for divergent lenses to find the focal length

of a convergent lens [the lens on the aluminum mount]. The
only difference in the set up is shown in Fiqure 3. Note:

The

1.

center ray is again the optical axis.

‘}._F___.l

—~———

Figure 3. Experimental measurement of
the focal length of a converging lens.

What difference was there in the value you found by
focusing on a distant object? Account for the
difference.

Borrcw someone ‘s glasses. Devise an experiment to
determine if the person is "nearsighted" [his/her
glasses would have divergent lenses] or "farsighted"
[his/her glasses would have - nvergent lenses].
Describe your experiment. Was your experiment a
success?
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Location Location Character
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. *Adapted from Experiments in Physics, Physics 202 by
Figure 4. Imaging properties of lenses* Paul A. Bender and J. Thomas Dickiason., Star I’ublishia72

Company, (Belmont, CA: 1985).




TABLE 1. LENS FOCAL LENGTHS

Identification Type Focal Length

fConvergent or
Divergent]

— -

Part II Imaging Properties of a Lens

Introduction1

Various aspects of images formed by a converging and diverging
lens are shown qualitatively in Figure 4. You will 1look at the
images formed as you change the distance from the object to the
lens from a separation of one focal length to a separation of two
focal lengths. You will next consider the case when the object
is separated from the lens by a distance of less than cne focal
length.

A. Imaging with the object outsidr one focal length (F)1

object mask

ray projector { converging lens screen
P4 pd ¢
Kl f —.

-

©——— image distance e——

object
distance l 34
S

0

Figure 5. Setup used for investigation of the
relationship between image distance,
object distance and focal length.
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Procedure

a.

With the "object mask" in the ray projector, place the ray
projector and the screen a distance apart equal to about five
times the focal length of the converging lens. (See Figure
5).

Now place the lens on a line between the projector and
screen and move it back and forth until you find a sharp
image on the screen. Note that there are two positions of
the lens for which you get a sharp image. These correspond
to configurations II and IV in Figure 4.

Do your observations correspond to II and IV in Figure 4?
That is, are the images [size and inverted] and location
distances as predicted by Figure 4? (You need only take
rough measurements to confirm this).

Under what conditions is the image larger than the object?
.....Smaller than the object?

What happens as the distance between the lens and object is
about one focal length [look on the far wall]? What happens
when the distance is less than one focal length [i.e. is an
image formed on the screen or far wall]?
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B. 1Imaging with object inside cue focal length”
- The Converging lens as a Magnifier or Eyepiece

When you try to look at the fine details of an object tnat is far
away, the image formed ' n your r-etina is very small. So, you
bring the object closer making the image larger and the fine
details stand out. However, as the object gets to near the eye,
(less than 25 cm) your eye can no longer focus the object. The
problem, is to be able to bring the obje-t very close, so as to
get a large image on the retina, and stil! k=2e¢p the image sharply
focused.

The solution is to use a convergent lens with a short focal
length. The lens forms a virtual image of the object, when the
object is just within the focal length, and the eye looks at the
virtual image. Refer to Ficuare 6.

. _— e,(&,e
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Figure 6. Eye sees virtual image = ernlarged
and erect.

The Converging Lens as a Magnifier - You showed in answering
question e above that if the distance between the objecc and the
lens becomes less than the focal length you could not produce an
image on the screeixi. This is illustrated in Figure 4. When the
object is within the focal length the light rays are bent towa.d
the axis of the system, but they still diverge and do not form an
image. One can still ree an image, however, if you locok back
through the lens at the object. It is not a "real" image, which
can be projected on the screen as you did in the previous
section, but is called a "virtual" image: one you can see, but
is not project=ble.

When you use a converging lens as a megn.fier, hold the leus
close to your eye, bring the cbject close to the lens (within tne
focal length of the lens) and adjust distances until you see a
focused image at abo.t 25 cm, the "normal" reading distance.
'inder these conditions the magnification is given by

Mmaxiram = 1+ 25/¢ Eq. 1
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Instructions

Use the "student’s telamicrosccope". The lenses and the
transparent grid, which will be used as the object, are mounted
in black plastic holders with magnetic nounts. Put the 40 mm
focal length lens, the magnifier, at the 0 cm mark on the scale
and the grid at about the 4 cm mark. Put the card vith the graph
on it into the card holder and put the card holder at the 25 cm
mark. Note that the card holder mounts on the telemicroscope sco
that the adjusting knob is on the opposite s’de from the cm
scale.

with your eye close to the lens look through it and focus by
mcving the grid. 7vhe following procedure is to measure the
magnification of your magnifier. With one eye close to the lens
look at the transparent grid through the lens while looking with
the other eye arcund the lens at the graph paper. The virtual,
magnified image of the transparent grid should be formed at the
distance of the craph paper. To check this move your eye back
and forth across the lens and look for relative motion (parallax)
between the image and the graph paper. You can now compare the
image size with the graph paper and estimate the magnification.
Repeat with the 25 mm focal length lens.

a. Which lens magnified the grid the most?

b. Why did you need to move the grid up when you used the 25 mm
lens?

Cc. Was the image erect?

Part III Optical Instruments 1,2

Introduction

In this part of the lab you will construct various optical
inecruments, using the principles developed earlier.
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Apparatus

Single filament bulb,
white projection cards

lab jack, student telemicroscopes kit,

2. Astronomical (Keplerian) Telescope

Introduction

Figure 7 shows the paths of light rays in a s‘mple astronomical
telescope.

The magnlflcatlon of a telescope is not defined as the ratio of
the sizes of the image to object. It is defined as the ratio of
the angles subtended b, the image and the object as shown in

Figure 8.
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Figure 7. Illustration of the paths of light rays
in a simpla astronomical telescope
image seen in telescope
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Figure 8.

The magnification of a telescepe is

defined as 6./0
infinity.
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It can be shown that if the object is far away from the telescope
(i.e. greater than 20 times thc length of the telescope) the
magnification of the telescope is given by;

M = focal length of objective (magnification of Eq. 2

focal length of eyepiece 1 telescope)

From Eguation 2 you can see that to increase the power of a
telescope you must increase the focal length of the objective
(and therefore tl . distance between the lenses) or decrease the
focal length of the eyepiece. These conditions have led to
astronomical telescopes of enormous lengths, up to several
hundred feet between the lenses. However, the problems of
keeping the lenses rigidly aligned in the wind and still being
able to point the telescope to different postiorns of the sky have
kept most telescopes under about 40 feet in length.

With astronomical telescopes it is more important to have a
bright image than to have high magnification. The amount of
light entering the eye or the photographic plate is determined by
the area of the objective lens. By increasiang the area of the
objective, the amount of light forming the final image is
increased, thus enabling more distant stars to be seen. Because
of this, astronomical telescopes are usially classified by the
diameter of the objective rather than by their focal length or
power. A telescope is designed to bring a distant object closer.

Instructions

An astronomical telescope consists of an objective lens (so
called because it is facing the object) of long focal length, f_,
and an eyepiece of short focal length, f.. Construct a telescope
using the telemicroscope as follows: Pug the 105 mm lens (the
objective; at the 13 cm mark and focus the image of the bare
bulb, which is across the room, onto a wh.te card which is in the
card holder at about the 4 cm mark. Now put tne small aperture
40 mm lens (the eyepiece) near the o cm mark and focus on the
back of the card. Now, while pointing at a distant object (not
the bulb, it may be too bright) pull the card out. You should
now have a focused telescope! Repeat with the 40 mm lens as the
eyepieca2. This procedure should emphasize that the ey Jiece_acts
as a magnifier "looking” at the imace of the objective.

Questions

1. 1Is the image inverted or erect?
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2. Describe in your own words how a :celescope works. That is
start with a distant object and explain how the image makes
its way to the return of your eyes. Use sketches as
necessary. Be concise. (Hint: Identify the object and
image of each lens separately and relative distances.)

3. What is the distance between the lenses, in terms of the
focal lengths of the two lenses? Find this distance. Does
this distance change if the object distance changes?

Optiona:

Galilean Telescope - The Galilean telescope, or opera glass,
consists of a converging lens cf long focal length as the
objective, as in the astronomical telescope, but the eyepiece is
a diverging lens. Put the diverging lens at the 0 cm mark of the
telemicroscope close to your eye and using the 105 mm lens as the
objective find the vorrect distance between the lenses to focus
on a distant object.

Questions

1. Is the object erect or inverted?




2. What is the distunce between the lenses in terms of the
focal lengths. Do not forget that the focal iength of a
diverging lens is negative.

B. Compound Microscope/O &/eie

Introduction
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Figure 9. Diagram of the compound microscope
The action of a compound microscope is illustrated in Figure 9.

The magnifying power of a micro>scope is defined in the same way
as for a telescope.
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magnifying power _ visual angle of image seen with instrument
of instrument visual angle seen directly

More useful is the formula, derived from the definition above,

that,
magnifying power _ maganifying power of the objective times
of a microscope the magnifying power of the eyepiece.

The magnifying power of the objective is the ratio of the size of
the image formed by the objective (first image) to the size of
the object. This, of course, is not a fixed number for any given
lens. However, in a commercially built microscope the image




distance is fixed by the length of the optical tube (an optical
length of 160 mm is now almost universally adopted}. Thus, since
the image distance is fixed, the object distance is also fixed
and the magnifying pow.r for the lens is cdetermined. The
magnification is clearly marked on the lens mount of most
objectives.

Since the eyepiece is bei‘ 7 used as a magaifying glass to view
the image formed by the owjective, the magnifyirng power of the
eyepiece is determined by the same formula as for the magn-.fying
glass, which is

magnifying power of the eyepiece = EE =1

e
(f is the focal length of the eyepiece measured in cm.) The
powe of the eyepiece is usually marked on its mount.

Instructions

A compound microscope (as opposed to a simple microscope, which
is a magnifying glass) is a device which at its simplest consists
of two lenses, an objective and an eyepiece. The object is
placed just beyond the objective’s focal point and produces a
real, enlarged image of the object. This image is viewed, with
~dditional magnification, through the eyepiece. Set up the
microscope using the telemicroscope. As the eyepiece put the
small aperture 40 mm lens at the 0 cm mark. Put the large
aperture 40 mm lens, as the objective, at the 20 cm mark. Put
the card containing graph paper in the card holder at the 25 cm
mark. Adjust the microscope until the graph is in sharp focus.
Carefully note the positions of all the components. Estimate the
magnirication by superposing the image as seen through the
microscope with th- object seen directly as you did with the
magnifying g'ass.

Questions

1. How much did your microscope magnify?

2. What is the distance between lenses in terms of the focal
lengths of the two lenses?
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3. Describe in your own words how a microscope works. That is
start with the object and explain how the image makes it to
the retina of your eye. Use sketches as necessary. Be

concise. (Hint: Identify the object and image of each lens
separately and distances.)

4. wWhat lens combination might increase the magnification? Try
it and report your results here.

Part IV Optional Demonstrations

Apparatus

Find your height mirror, polarizing display, optics display box,
aperature reducing material, large lens hall demo

A. Find your height mirror - The instructions are on the mirror.
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B.

1. Sketch a ray diagram explaining what is occurring.

Large lens hall demo

1. What type of lens must this be? Why?

Aperature experiments - (A write-up explaining use with
Cameras is found near tne lens). The aperature (opening of a
lens) determines the amount of light that will reach the
"screen". Cameras use this to control the amount of ligh*
2nergy that will reach the film. Your eyes have an iris that
will change your pupil diameter to regulate the amount of
light.

The éperature does not change the focal leagth. It also
does not lose any of the image.

1. Play with the aperature opening on the camera lens

located in the optics display box. Describe how the
aperature is changed.

¢ 283




2. Tape a sinall circle of tape to one of the convergent
lenses with the aluminum bases. Go into the hallway
to refind the focal length. Was there any change in F?
How did the intensity change? Did you lose any of the
image? Block off half the lens and see what happens.
Report your observation here.

3. Use the ray box and a convergent lens. Project an
i.;age of the object mask. Block off various parts of
iens. Record your observations on intensitv and loss
of image.

4. Summarize the effect of changing aperature.
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5. Why, based on your observations, do telescopes want a
large objective?

Polarizing Materials - This is a "fun" hands on display.
A write-up explaining what is occurring is located near
the box.

Optics Box Demo - Experimen+* with the various items. Notice
that just because a lens is cut in half does not mean it
won 't work.

References

Experiments in Physics, Physics 202, by Paul A Bender and
J. Thomas Dickinson. Star Publishing Company (Belmont, CA:
1985). Material taken verbatim.

A Survey of Laboratory Physics, Part 2, by Paul A Bender.
Star Publishing Company (Belmont, CA: 1984). Material taken
verbatim.




Lab 7 Lenses and Optical Devices

Apparatus List

Per Person

ea. strips of black construction paper

ea. ray box

ea. mask set (image and 3 slits)

ea. box of six lenses (3 diverging & 3 converging)

ea. projection card (llcm x 11.5cm) (white on one side,
graph on the other)

[ N I Ty S Y

1 ea. larc= binder clip (to hold card)

1 ea. aperature mask

1l ea. red light drsk lamp

1l ea. student’s telemicroscope kit

1 ea, ruler

Per Lab

1 ea. pack of white paper

1 ea. optics demonstration box

1 ea. fixed focus camera with wax paper screen
1 ea. nearsighted glasses

1 ea. farsighted glasses

1l ea. "find your height” mirror demonstration
1 ea. reflecting telescope

1 ea. blackboard optics set-up (from lecture prep)
1 ¢a. polarization spacer

1 ea. box of mica

1 ea. box of iceland spar (calcite)

1l ea. polarization light table/and demo items
1 ea. large lab jack

1l ea. single filament light source (25w)
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

TA Notes Lab 1

1. At the beginning of class you will reed to introduce the
concept of motion In the introductory talk you should
illustrate that all of us refer to motion in uvur daily
cocnversations.

2. Part of the introductory material should include the
"Feather and Farthing" free fall demonstration (a penny and
a feather in an evacuated tube). Be creative in your
introduction of ‘.ne demonstration. Do not give an
explanation of why the behavior is such; let the students
develop their own understanding of what is occurring.

3. You will also need to introduce the rudiments of graph
making. Particularly the art of sketching based on one’s
observations. See attached material for a handout on
graphing.

4. a. Part I of the lab will require close supervision.
You should move from table to table, checking to see if
the students are arriving at the appropriate responses
to the questions. You should not just look at the
written answer but rather ask the student to verbalize
what they have written. For groups larger than twelve
people, you may want to arrange for assistance. You
will need to make sure that you observe and question
each student to help them develop a full understanding
of the material.

b. Do not let the students get bogged down in
mathematics and graph drawing. The students are only
asked to make sketches, not detailed analysis. The
main thrust is for the students to compare graphs and
make decisions based on their comparisons.

5. Part II of the lab is much like the 101 lab of the same
name. However the students her2 are not going into the
analysis, rather they are again making comparisons and
judgments. The graphing ability is at the 101 level. Help
the students understand that the graph and its mathematical
analysis is simply a tool to further understanding.

6. Part III is optional. The students at this stage are
learning how to approach a problem and answer it based on
their experimental evidence. Again have the students
verbalize their answers.




7. The physics feats are introduced as brain fodder for tine
students. The intention is for the student to extend
his/her knowledge about the use of paysics.

8. The lab, as written, is designed for the students to
work in a two-person group. You may at times find i easier
to cover some of the material as a class usinj inquiry
methods. For example Part I could be done with the whole
group. Use good questioning strategies to bring out the
desired responses.

Additional Suggestions:

1. Included in the attached material is an inquiry lesson
that deals with the independence of gravitational
acceleration and rass that can be substituted for the
"Feather & Farthing" demonstration. Howeve. note that it
brings in Force and Newton’s Law concepts that are ahead of
the students in lecture.

2. An alternative to using an air track is to get a board
and soup can. Start the soup can rolling on the board (you
may need to elevate the board a bit). Carry out the same
measurements and analysis.

3. Additional suggestions for optional Part III: "Pull the
pendulum to one side and let it go. What happens to the
amplitude as it swings back & forth? Why?"

You will find a key to one of the service shafts on 3rd
floor (room 350). The pendulum is hung from the ceiling of
12th floor; it serves as an illustration of the effect of
length on the period.

Graphs

A graph is convenient way to arrange data so that
relationships between two or more "properties” (called
variables by scientists) can be seen at a glance. The graph
will show you how a change in one variable is related to a
change in the other. The independent variablz is usually
graphed on the horizontal axis. 1It’s value is specified in
advance. The dependent variable is the thing we are
interested in measuring. It is usually graphed on the
vertical axis.

To draw a graph, first decide which is the dependent
variable, and plot it on tbhe vertical axis. Plot the
independent_variable on the horizontal axis. Label the axis
to tell what you are measuring. Include the units you are
measuring in; there might be a big difference between time
(sec.) and time(min.)! Next, determine the scale. You can
approximate it by dividing the number of grid lines by the
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highest data value. This will spread the data points out so
you can see the changes easily. Always start with zero at
the o.igin, and use equal intervals or units along the
scale. Use different symbols for points and lines
representing different experiments, and clearly label which
is which. 1Incluae a title. Refer to Figure 6.

An important value that can be found from a graph is
its slope. The slope is the ratio of changes in the
dependent variable to changes in the independent variable.
The slope is sometimes called "rise over run" (how fast the
curve rises divided by how fast it spreads out [the run]).

Expressing the slope in terms of an equation, we have for
the slope, S;

rise Yo, = ¥;
S = = ’
run Xy = X
where y,, y, are two values of the dependent variable;
Xyr X gre %he two associated values of the independent
varia%le.

Reading a graph is easy, if everything is labelled.
For example, suppose we wanted to know how quickly a mug of
fregh hot coffee (Mug A) will cool to room temperature
(13- C) if its is ieft on the table. We are compering change
in temperature (the dependent variable) as a func-ion of
time (the independent variable). We decided arbitrarily
that time would be measured at 2-minute intervals. You
would find the graph to look like graph A. Notice how the
line slopes down, indicating that the coffee lost heat with
time. When a quantity is measured against time the slope of
the line is called the rate.

If we put another mug of coffee (Mug B) in the
refrigerator to cool, we could compare their relative rates
of cooling. By looking at graph B, we can see that the
coffee that was in the refrigerator also lost heat with
time (because the graph clopes down), but it reached room
temperature sooner. Thus, from these graphs we could
quickly determine that both mugs lost heat, but Mug B lost
heat at a faster rate (because the slope is steeper). From
the graph we cogld ask questions like: Why did the graph
level out at 15° C in A? What was the temperature of
the refrigerator? Howowould the graph look if the mugs
contained ice water (0 C)oinstead of coffee? How long
did Mug B take to reach 15 C? Mug A? The slope can be
used to answer these questions!!
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Fig. 1. Graphs of a cooling curve

Referring to the graph for Mug A, you can see a triangle
drawn tangent to the curve at point C. The corners of the
triangle will be used to find the slope at C. The slope is
given by:

rise T2 - Tl

run t2 - t] *

The size of the triangle run is chosen large for easier
reading of the corners but all sizes have the same slope.

From the Mug A graph we have,
14°¢ - 27.5%  -13.5%

S = = = -1,7%/min.
10 min - 2 min 8 min at t = 6 min.

Note that the slope varies with time but is pretty constant
in the first 2 minutes.

The slope tells us quite a bit. First the (*=7)
indicates that Mug A is losing heat (it is cooling).
Second, since we have a value versus time, the slope gives
u3 the rate of cooling --- -1.7°C/min. at 6 min. If we had
done a graph of distance vs. time or velocity vs. time the
slope would again give rates - rates with special names such
as speed or acceleration respectively.

oo
()
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Summary of Procedure for Plotting Graphs:

1. Allow plenty of space for the graph.

2. Draw the axis. The vertical or y-axis is called the
ordinate; the horizontal or x-axis is called the
abscissa.

3. Determine which tvpe of data to plot on each axis.
Normally the dependent variable is plotted on the
vertical axis and the independent variable is plotted on
the horizontal axis.

4. Determine how to display numericai quantities along
each axis:

(a) It is not necessary to start at zero.

(b) Numerical intervals on one axis need not be the
same as on the other axis.

(c) Intervals should be selected to be of a
convenient size for ease of plotting and graph
interpretation.

5. Label each axis clearly with the type of data being
plotted and the units being used.

6. Plot the points.

7. Draw the straight line or curve which best represents
the plotted points.

8. Interpret the graph - estimate slopes when meaningful.

Purpose: The goal of this lesson is for the student to have
a clear understanding of the independence of gravita-
tional acceleration, g, and mass.

Rationale: The concept of the constancy of g for all masses
is central to solving many basic physics problem. A
clear understanding of the concept is required to
interpret a physical problem.

Performance Objectives:
Given a word problem dealing with mass, gravity, and air
resistance the student will give the correct response
using the results of this lesson.

Given several verbal questions on mass and gravity the
student will respond that "g" is independent of mass
each time.
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Content: Gravitational acceleration is independent of
mass.

Procedure:

The lesson development flows as follows:

(1) Present an experiment. Questions ensue. The
experiment is done. Summarize through student
feedback.

(2) Vary experiment. Questions ensue. The experiment
is done. Summarize through student feedback.

(3) Vary experiment. Questions ensue. The experiment
is done. Summarize through student feedback. (This
last experiment branches to a new topic.)

The sequence of the lesson is such:
(1) Focuser - World Series, Baseball, and falling
objects.
weight
mass - the quantity of matter in a body. More
specifically, it is the measurement of the
inertia or
Ql - what makes a baseball fall?

response - force of gravity

Q2 - Does it make a difference how much it
weighs?

response - in air, yes - in vacuum, no
Define on overhead weignt and mass
(2) Procedure

(a) Introduce experiment (2 balls, 1 lead,
1 regular)

Q3 - If I release these balls at the same time,
which will hit first?

Generate a general response. Each student
indicates choice.

po IT

Q4 - wWhat can you conclude about the effecc of
the different weights (amount of mass) on
how the balls fell.

Student response and indicate why they
made that choice.
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Differentiate between mass and weight

(b} Experiment 2 (2 different sized balls)

Q5 - Does size have an effect?
Generate a group response.
DO IT.

Q6 - So, what is the important factor?

Generalize respornse.

(c) Experiment 3 (Paper and ball)

Q7 - Which will hit first?
After response crumple paper and drop it.
08 - So, what is the important factor? Why?

Generate response. Evaluate by leading them
into trying it with paper not crumpled.

(d) Thought experiment

Q9 - What would ‘'ve happened in a vacuum?

Have them support their answer by citing
parts of Experiment 3.

Extension of

(1)

(2)

Focuser - So we ‘'ve decided that the weight (mass) has
no bearing on the fellow but air resistance does so..

Let ‘s look at Newton’'s Laws....

We know that a falling body

Fnet = ma and 1nertia
the ‘weight’ of an object is given by Fg = mg
A body falling is described by
= + 1
Fnet Fa mg net force where Fa is force of

air resistance




but we can ignore F_ (in our earlier exp.)

so, Fnet = mg but Fnet = ma
_F
a = mnet
- ratio of weight
a mnet m g mnet to mass
&« =g
Same for all bodies in
the same locale
F _ £ _
ﬁnet =g mnet =g
Much like
c _ c -
D d

The kicker is air resistance

[{e} Fnet = Fa + mg when in vector form -
Now F_ depends on the speed
through the air. Ti 2 faster
it goes the larger F_ will
be until -

mg
Fa =mg or if you like mg - F_, = 0

which means the object has no net force and thus no
acceleration

Wwhat you see is

Paper
terminal velocity

since ——% = a by definition




So the net force is zero, so it moves at a constant
velocity!

For calc buffs a = v so if v
t t
then V is as constant in time.

Interject parachuters

Interject extension

(3) Closure. Draw a group summary. Stress importances.

Suggest they extend air resistence in their own
experience.

(4) Evaluation Procedures: Following the closure give

them attached question sheet. This is a small
stummative check. Formative check is continuocus.

Lesson Extension: Develop the mathematics to back-
ap our observations.

Materials: 2 tennis balls (1 filled with lead
shot), 1 ping pong ball, 1 basketball, 2 sheets of
paper, 1 observation sheet per 2 people, 1 question
sheet per person, overheaa.

If you repeat todays experiments on the moon, what would
you notice different?

Clearly distinguish between mass and weight.

Suppose an elephant and a feather fall from a high tree,
which encounters the greatest force of air resistance in
falling to the ground.

a) the elephant b) the feather c) both the same

Justify your answer

(Note - Elephant clearly the largest - largest frontal
area. But importance is Fa/m; Here the feather is
largest so it reaches terminal velocity quicker).
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4.

A boulder is many times heavier than a pebble - that is,
gravitational force that acts on a boulder is many times
that which acts on the pebbie. Yet if you drop a

bould v and a pebbie at the same time, they will fall
together with equal accelerations (neglecting air
resistance). The principal reason the heavier bouulder
doesn’t accelerate more than the pebble has to do with:

a) energy b) weight c¢) inertia d) surface area
e) none of these

Juctify your answer.




PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

*
TA Notes Lab 2

TREE FORCE

NEEDED: Observation.

The roots of a growing tree can exert unbelievable
force. They can destroy concrete foundations and create
massive upheavals of earth and rock. They can split a hard
rock if growing inside it.

In the drawing a tree growing in a front yard is seen
destroying concrete steps, the walk, and the street curb.

The large force exhibited by the roots is the combined
forces of millions of tiny cells with fragile walls.

But there is very little energy involved. Energy or
work equals force times distance moved. Power equals energy
over time. Distance moved is small, energy small, time long
(large), Hower small.

YOU AND A HORSE

NEEDED: A ruler, a scratch pad, a pencil.

EXPERIMENT: Measure the height of the stairs or steps, then
find out how much energy is used in climbing them.

METHOD: Multiply the beight by your weight to get foot-
pounds of energy. Suppose you weigh 110 pounds and the
stair is ten feet high, you have used 1110 foot-pounds of
energy. To change this into horsepower, another figure must
be added: time. Horsepower is 33,000 foot-pounds per
minute, or 550 foot-pounds per second. If you climb the
stairs in five seconds, then your power is ll-- divided by
five times 550, or four-tenths of a horsepower.
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WEIGHT LIFTING

NEEDED: A weight.

EXPERIMENT: Lift the weight as in the drawing at left, and
it is easy. Try to lift it as shown in the drawing at
right, and it is difficult or impossible.

REASON: In the left drawing,

the muscle tension (force upward)
and the weight act alon¢ the same
line and are equal. Both are
fairly small.

In the right drawing, where
the arm is extended, the muscle
tension times ivs distance from
the pivot point mast equal the
weight times its distance from
tne pivot point (length of arm).
Since the weight is far from the
pivot point and the muscle close
to the pivot point, the muscle
tension must be many times the
weight, if it is to support the
weight.

The lower drawings show
this in an over-simplified manner.
The pivot point is the shoulder
joint.

GLAMORIZING THE WEDCE

DICTIONARY DEFINITION: A weige is a piece of wood or metal,
small at one end aad larger at the other, used for rending

or compressing.
COMMENT: A wedge is a type of
inclined plane which is pushed
into an object to cut or split it.
The smaller the angle of the wedge,
the easier it is to cut the object;
therefore a sharp knife cuts better
than a dull one.
The push required to move a
wedge into an object is not easy
to determine because of friction.
The wedge is used by carpenters
and woodsmen in the form of the ax,
chisel, plane, and nail. The farmer
turns his soil with a wedge--the plow|
A rotating wedge or cam is used to
push up the valve rods in automobile
engines. A needle is a wedge, too.




DEFYING GRAVITY

NEEDED: A hammer, a ruler, a string a table edge.
EXPERIMENT: Tie the ruler and hammer together as shown, and
they will hang from the table in what will look like a most
precarious manner.

REASON: Most of the weight is in the hammer head, and if
the ruler .s moved along the table edge until the center of
weight of the assembly is directly under the edge, the
balance point will be easy to find. It is as if the weight
were hanging straight down from the table. The center of
gravity of the assembly must be oa the table side of the
table edge.

MULTIPLIED MUSCLE POWER

NEEDED: A hammer and a nail, a piece of wood, a small block
of wood.

EXPERIMENT: Try pulling the nail with the nose of the
hammer against the wood. Then place the small block undcr
the hammer as shown, and the nail will be pulled easily.
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REASON: Note the two broken
lines in the drawing. If
the distance of line A is
one inch, and the distance
of line B is 10 inches,
the pull on the handle
places about ten times as
much pull ¢ the nail. 1If
40 pounds c¢. pull is exerted
on the handle, about 400
pounds of pull is exertad on
the nail. The pulling force
applied to the handle will
most ten times as far as the
nail moves.

The hammer is a form of
lever.

*
From: 332 Science Tricks & Experimeats, by Robert J. Brown,
Radio Shack, Cat. No. 62-1081.
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

T.A. Notes Lab 4 -- Behavior of Gasses

Equipment Nct <

1. “.ote that the equipment is different from that indicated
in the instructions. The scale is now on the plunger,
not on the bedy of the syringe, and no longer calibrated.
Students will have to calibrate the scale in cm3, finding
the zero volume reading and calculating the volume from
the inside diemeter of the syringe body and the scale
reading. A good way to read the scale is to sight across
the top of the syringe body, being careful to eliminate
parallax.

2. The pistons cr plungers should be snug, but not tight,
in the syringe body. If necessary, try a little spray
lubricant (not vasoline; it sets up hard af*er a few
days). Please spray into a cardboard box or into the
waste basket. Much of that stuff on the floor makes it
as slippery as ice. If the plungers stick, twist slightly.

3. At the end of lab remove all the
pistons from their syringes :c they
don’t freeze in place.

4. Make a CO2 "generator" to fill ﬁ
the syringes, as shown below. . y’
5. Put weights on the plunger slowly, N ¢
both to prevent large temperature M
changes and to prevent ov~rturning /L/uA—A«AMikﬂl///. =7
the apparatus. ﬁ —
. ’Dn\,} e
Demonstrations

1. Liquification of dry ice (to be done by TA’s only): Using
the special syringe on the front desk (not the syringes at
the student desks) a li tle (pea size) piece of dry ice can
be liquified by hand p.:ssure. If the plunger is then
released solid CO2 will form. The plunger will also travel
the length of the lab so aim carefully!

BE SURE GAS STOPCOCKS ARE OFF WHEN DONE!!
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PHYSICAL SCIENCE FOR ELEMENTARY EDUCATION TEACHERS
PHYSICS BLOCK

TA Notes =-- Lab 6

CURRENT AND COMPASS

If a current-carrying wire runs directly over a magnetic
compass, the needle of the compass will

aj) not be affected by the current

b) point in a directic» perpendicular to the wire
c) point in a direction pacallel to the wire

d) tend to point directly to the wire

ANSWER: CURRENT AND COMPASS

The answer is: b. The magnetic field lines circle the
current in the wire as shown. The needle of the compass
then orients itself parallel to 2nd along the magnetic field
lines. Therefore the needle is perpendicular to the
current.




FARADAY 'S PARADOX

This is a coil of wire with a hunk of iron locked in it.

This is a coil of
wire with a hunk
of ironlocked init.

a) If current is made to flow in the wire, the iroa becomes
a magnet

b) If the iron is a magnet, current is made to flow in the
wire

c) Both of the first two statements are true

d) Both of the first two statements are false

ANSWER: FARADAY 'S PARADOX

The answer is: If current flows in a wire wrapped around
some iron (say a nail), it becomes an electromagnet. Making
such a magnet is an old standard Cub Scout project. But if
a magnet is sitting inside a coil it does not cause a
current in ti.e coil or even charge the wires. 1In the days
of Queen Victoria, Michael Faraday* and many of his
contemporaries puzzled about this. They thought if current
makes magnetism, then by all rights magnetism should make
current, but how? While wondering about this, Michael
Faraday made his big discovery. A magnet would make a
current in the coil, but only if it was moved inside the
coil and not locked in one place. After all, it takes
energy to make a current and the energy comes from the force
that moves the magnet or the coil.

Faraday's discovery was the key to electric generators. A
generator just moves a magnet back and forth near a coil (or
moves a coil near a magnet) and so makes an electric current
flow in the wire. The Prime Minister of England came to
Faraday’s laboratory to actually see electricity generated
in this way. After the demonstration he asked Faraday,
"What good is electricity?" Faraday answered that he did
not know what good it was, but that he did know some day the
Prime Minister would put a tax on it!
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METER TO MOTOR

When electrons in a wire flow through a
magnetic field in the direction shown, the
wire is forced upward. If the current is
reversed, the wire is forced downward. If

a wire loop is instead placed in the ragnetic
field ana the electrons flow in the direction
shown below, the loop will tend to

(s

a) rotate clockwise
b) rotate anticlockwise
c) do nothing

ANSWER: METER TO MOTOR

The answer is: b, for the right side 1s
forced up while the left side is forced
down as shown. Although this is an easy
question to answer, its point is important
for this is how electric mecers work.
Instrad of ones loop, many loops forming

a coil are used. and held by means of a
spring. When current is made to flow through
the coil the resulting forces twist the coil
against the spring -- the greater the current, th- more the
twist, which is indicated by a pointer that gives the
reading. It is only one step further to an electric motor,
wherein the current is made to change direction with each
half turn of the coil so that it turns repeatedly.

Underlying electric meters and motors
is the simple fact that electnic current is
deflected in a magnetic field. The deflect-
ing force is always perpendicular to both
the current and the magnetic field as
shown in the sketch.




MOTOR~-GENERATOR

Both an electric motor and a generator consist of coils of
wire on a rotor that can spin in a magnetic field. Tlhe
basic difference between the two is whether electric energy
is the input and mechanical energy the output (a motor), cr
mechanical energy is the input and electric energy the
output (a generator). Now current is generated when the
rotor is made to spin either by mechanical or electric
energy -— it needn’t "care" what makes it spin. So is a
motor also a generator when it is running:

a) Yes, it will send an electric energy output through the
input lines and back to the source

b) It would if it weren’t designed with an internal bypass
circuit to prevent this problem

c) No, the device is either # motor or a generator -- to be
both at the same time would violate energy conservation

ANSWER: MOTOR-GENERATOR

The answer is: a. Every electric motor is also a generator,
and in fact, the power ccmpany that supplies the input
energy in effect gives you a refund for the energy you send
back to them. That’s because you pay for the net curcent
and hence tbhe net energy consumed. If you motor is spinning
freely with no external load it will generate almost as much
current as it is powered with, so the iaet current in the
motor is very little. Your electric bill is low as a
result. The back current, not friction, limits the speed of
a free-running motor. When the back current cancels the
forward current, the motor can spin no faster. But when
your motor is connected to a load and work is done, more
current and more energy is drawn from the input lines than
is generated back into them. If the load is too great the
motor may overheat. If you go to the extreme and put too
great a load on a motor such as to prevent it from spinning
-~ like jamming a circular saw in stubborn lumber for
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example -- no back current is generated and the undiminished
iaput current in the motor may be enough to melt the

insulation in the motor windings and burn the motcr out!

~

’6"'3\‘4")46 LOAD o) SAW)
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Shew) InPVT
CURAgS AT
- - Qﬂﬁ Y !,
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7
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LACK CURRENT G-ENERATED
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From Thinking Physics by Lewis Epstein. 1Insigh% Press (San
Francisco: 1983).
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK

HOMEWORK FROBLEM SET #1

If the stick of "Measurements, Fig. 1" is found to be 50 cm
long and the distance from A to B is found to be 14.6 stick
lengths, then what is the distance from A to B in meters?

How many kiloseconds are there in an hour? How many minutes
are there in one kilosecond?

Graphs for position versus time are shown below.

A. State whether they indicate constant or changing
velocity.

B. 1Is the average ve.>city in the interval A-B pocitive,
Zero, or negative for each case?

A

X X | ¢

ITI. III.

t t t

A driver traveling to Moscow (a distance of 8 miles)
averages 30 miles/hour for the first four miles. How fast
must she drive to average 60 miles/hour for the total trip?

T0 drag racers are given the go flag. The red car'i engine

starts 1/2 second later and then accelerates at 5m/s”. The
biae car has a good start and takes off immediately at
4 m/s°. After 3 seconds from the go flag which car has gone

the farthest? wWhich car has the largest velocity?

For the situation of problem 5 answer the questions for 5
seconds after the go flag.

K&F #1-4 - A car accelerates from a speed of 2ero to
60 km/hour in 12 s. What is its acceleration?

K&F $1-7 - At the end of its arc, the speed of a pendulum
is zero. 1Is its acceleration also 2zero?

A ball is thrown up at an angle of 45° with respect to the
ground, describe how the X and Y components of its velocity
vary as it travels. Continue the discussion until the ball
strikes the ground.

Discuss the forces acting on the ball of problem 9 during
this motion, including the forces to start and stop it.
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK

HOMEWORK PROBLEM SET #2
R : , HEEEIRE Tt
l. A child in a city where the blocks <|<{<}=<i{ 2" .
are square starts from the corner S8 Bl <l NdetH 2nd St.
of West Third Avenue and Nnorth Second o 5 3
Street, and walks south 5 blocks _ slujul ol o) Norel st St.
along West Third Avenue, crossing 2121 212 Y| Main
Main Street and reaching South MY
Third Street. She then walks 5 Squth 19t §t. | <| <} <
blocks eastward, crossing Center SoutH 2nd dt. | @] B| T
Avenue to reach East Second Avenue. - o
She then runs to the corner of Squth 3nd St. | 91 21 4
North First Street and East Second Sl 8 8
Avenue, and finally she goes along
North First Street to West Fourth
Avenue.
a. What is the distance traveled? Figure 1
b. What is the displacement for the entire trip?
displacement = vector position
distance traveled = total length of all segments of trip
g m
- - 600 k .
400 kg l >
300 N F i
/ ,LUQ__
Figure 2
2. A horse is puliing a heavy cart, and the cart (and

horse) are both being accele¢rated. 1Is the force of the
cart on the horse equal and opposite to that of the
horse on the cart? If your answer is "yes," explain how
it is that these equal and opposite forces give rise to
the "net force" that is necessary to cause acceleration.
If your answer is "no," explain whether Newton’s third
law is true while the cart is accelerating.

Explain how the horse becomes accelerated. What
is the origin of the "net force" on him? In which
direction is the net force on the horse?
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3.

10.

A horse of mass 600 kg is setting into motion a loaded
stoneboat of mass 400 kg (Figure 2). The force of
friction is 500 N.

a. What fcrward force F is exerted on the horse
by the ground if th§ system has a forward
acceleration of 2ms™? (Hint: Consider the
whole system in solving this part of the problem.)

b. What is the tension in the connecting rope? (Hint:
Consider either the horse or the stoneboat for this
part, as a check, do it both ways.)

If ycu push vigorously against a brick wall, how much
work do you do on the wall?

When a punter kicks a football, is he doing any work on
the ball while his toe is in contact with the ball? 1Is
he doing any work on the ball after it loses contact
with his toe?

A football player leaps into the air to catch a forward
pass. Discuss the catch in terms of both the conserva-
tion of momentum and the conservation of energy.

What is the weight in newtons of a man whose mass is 70
kilograms? :

What is the mass of a child whose weicht is 300 N?
The motor on a 75 kg moped exerts a forward force on

the bike of 300 newtons. Find the acceleration of the
moped.

How much potential energy does a 60 kg high jumper have
when he/she goes over a 2 meter bar?




PHYSICAL SCIENCE FOR ELEMENTARY TEACHEFRS
PHYSICS BLOCK

HCMEWORK SET #3
(Not to be turned in)

Rotational

1.

A penny is laid on the rough surface of a phonograph
turntable, near the outer edye, and the motor is turned
on. The penny does not slip, and it turns with the
turntable with a constant sveed of 33 1/3 rev/min. 1Is
the velocity constant? Is che penny in equilibrium?

Is it possible for a body to be accelerated if its
speed is constant?

Consider an atom of aluminum near the rim of a
phonograph turntable turning at 45 rev/min. Does any
centripetal force act on the atom? If so, what is this
force caused by?

What is the source of the centripetal force on the
pilot of a plane that is executing a vertical loop-the-
loop, when the plane is at the bottom of the loop,
curving upward?

Often when a high diver wants to turn a flip in mid-
air, she will draw her legs up against her chest. Why
does this make her rotate faster? What should she do
when she wants to come out of her flip?

As a tether ball winds around a pole, what happens to
the speed of the ball? Why?

Markings to indicate length are placed gn a steel tape
in a room which has a temperature of 22~ Celsius. /.
Surveyor uses the tape on a day when the temperature is
277 C. 1If he measures the width of a lot to be 30
meters, is his measurement too long, too short, or
accurate? Defend your answer.

One hundred grams of ice is at 0° celsius. How many
calories of heat are required to change all of this to
steam?

Give examples to distinguish between temperature and
heat.
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What would happen if the glass of a thermometer
expanded more upon heating than did the liquid inside?

11. Why can potatoes be baked more quickly by putting a
piece of metal through them?

12. Suppose you are outside on a below-freezing day. Why
would it be more dangerous to lick a steel pole than a
piece of wood?




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK

HOMEWORK PROBLEM SET #4

1. A rod with a positive charge is brought near, btut not
touching, an electroscope. 1Its foil stands out. Why?
What kind of charge is on the foil?

2. A rod with a positive charge is brought near, but not
touching, an electroscope. When we remove our finger and
the positively charged object, does the foil move? Why?
What kind of charge is on the foil?

3. Two objects are charged: one positive, the other negative.
What happens when they touch?

4. Assume you have a solid metal ball and a hollow ball of the
same size and material. Which cne can you place the most
charge on? Why?

5. A charged comb often will attract small bits of dry paper
which fly away when they touch the comb. Why?

6. You need a 27 volt battery but all you have is a box of
several 1.5 volt batteries. Sketch a circuit that would
enable you to get your 27 volts from them.

7. The figure to the right illustrates Large Resistance >
two resistances - one large and one g
small - connected to a battery. )

In which resistor is the current Small Resistance
largest? Why? Which resistor

has the most voltage across it?

Why?

8. Given three light bulbs and a battery, sketch as many
different electric circuits as you can.

9. Discuss the changes in energy that occur as a charge moves
through a circuit.

10. A wire carries a current from south to north. If a
compass is placed above the wire, will it deflect in the
same direction as it will when placed below the wire?
Explain.

11. Two parallel wires carry electric currents. Do they affect
each other? Why?
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12,

13.

14.

15.

16.

17.

18.

19,

fou are an astronaut stranded on a planet with no test
equipment or minerals around. The planet doesn®°t even have
a magnetic field. You have two pieces of iron in your
possescion; one is magnetized, one is not. How could you
determine which is magnetized?

There are irreqular variations in the strength and direction
of the earth®s field at points on the surface having the
same latitude. What could cause these variations?

A beam of particles shoots through your dormitory room.
If you would like to know whether they are electrically
charged, how could a magnetic field resolve your problem?

What will be the effect of rotating the coil of a
generator at a faster rate?

When you hear an electrical device numming, it is likely a
transformer producing the sound. What causes transformers
to hum? wWhat frequency of hum do you expect from the
transformer?

Could a current be induced in a coil by rotating a magnet
inside the s0il?

Why will a transformer not work for DC?
Propose some experiments that you could do to show that

gravity, electricity and magnetism are different
phenomena, and discuss the conclusions *hey provide.
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PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLCCK

HOMEWORK PROBLEM SET #5
(Not Due)

How long must a mirror be in order that a person 2 meters
tall can see his whole image (standing) in the mirror?
(Be careful ~ the answe: is not 2 meters.)

Suppose you are told only that two colors of light (X and Y)
are sent through a prism and that X is bent more by the
prism than is Y. Which color travels slowest in the glass
of the prism?

converging or a diverging lens? Why?
Why do you suppose a lens shaped like
this is often used in eyeglasses?

Is the lens shown in Figure 1 a D

Figure 1

Use the law of refraction to convince
yourself that the path followed by a

ray of light through a pane of glass

is as shown by the dark line in

Figure 2. What does the gray :;77
line show?

Interference patterns can be produced
by the two light waves shown in

! ) Air| Glass | Air
Figure 3. Explain.

To reduce the glare from light ﬂ I Figure 2

reflected off water, should polarizing
glasses cut off vertically or

horizontally polarized light?

Explain. Light Source

L . ~ ¢>#
Does the light produced by a neon - P
sign constitute a continuous 2" N
spectrum or only a few colors?
Defend your answer. Figure

Which has more energy, a photon of Mirror
ultra-violet "light" or a photon
of yellow light?

Refer to Figure 4. Would you expect the energy of the
electron to change more or less fromn =1 ton = 2 as
compared ton = 2 to n = 3?2 Why? 1Is the distance from

n =1 ton =2 greater or less than the distance from n = 2
ton = 3?
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11.

12.

13.

12/6 C and 13/6 C both have 6 protons in the nucleus.

12/6 C and 11/5 B both have six neutrons. The first pair
are bota the same element, but the second pair are not. Why
is the number of protons so much more important then the
numker of neutrone?

Alpha particles emitted with exactly the same energy as beta
particles do not penetrate as far. Why?

If an element has a half-life of two days, how much of an
original sample of two milligrams remains after eight days?




PHYSICAL SCIENCE FOR ELEMENTARY TEACHERS
PHYSICS BLOCK -- EXAM 1
11 April 86

Answer questions on a separate page.

1. 36 pts. -~ Define or describe the following concepts.
Be briet
but complete and clear.
A. Average Velocity
B. Acceleration of Gravity
C. Newtons Second Law
D. Action-Reaction (Newtons Third Law)
E. Momentum
F. Conservation of Energy
G. Angular Momentum
H. Temperature
I. Heat
J. Heat Capacity
K. Triple Point
L. Thermometric Properties

2. 13 pts. -- A basketball player shoots a basket from 20
ft. away from the basket. It’s a high arching shot
that drops neatly through the basket for a score.
Describe all of the forces on the ball as it is being
shot by the player, as it travels to the basket and as
it drops through the net. Also describe the motion as
the ball travels from the player to thas hoop, be sure
to indicate the velocity and acceleration at important
points in the trajectory such as the point of release.
The peak of the path and just before it hits the net.

3. 12 pts. -- A student is standing on a scale in an
elevator. The elevator is accelerating at 2 m/s. If
the student’s mass is 60 kg, what does the scale read
in Newtons?
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5'

13 pts. -- Consider the amusement park ride below:
(Note: The car starts by being lifted to a point on the
.eft side from which it is released. No further energy
is prov'.ded.)

A, Does the car have to start higher than the central
loop?

B. Where does the centripetal force on the rider come
from at the bottocm of the central loop?

C. Where does the centripetal force on the rider come
from at the top of the loop?

D. Write down the eguation that tells us how fast the
riders are going when they are a distance y above
the bottom.

13 pts. -- A playground merry-go-round has a flat

horizontal disk with a freely rotating bearing at its
center. A child pulls him/herself toward the center of

the disk.

A. How is the rotational velocity of the
merry-~go~-round affected?

B. How is the angulir momentum affected?

C. How is the kinetic energy of rotation affected?

D. Does the child have to work to move toward the

center?




T ce)—»

A.

C.
D.

E.

aSOt = w— — .
[}
i !

— 1 1 1

6. 13 pts. == A new substance is being studied,
(a1 g piece), it starts out as a solid at -100C and
is warmed by adding heat at the rate of 25 cals/sec. .
The data below indicate the behavior as it heats and
subsequently vaporizes.

10k - e e —— e - m—— ———— — =

70 O

Sor

(o K o

e ————— =

<
3
“r

2 ¢

What is its melting temperature?

What is its boiling temperature?

How much heat did it require to melt?

How much heat is required to raise the liquid
phase 1¢°?

In what phase is the specific heat the largest?



THE EQUATION SHEET

X"X-V+Vt
o~ 2 °
v - vo = at
X - xX_=v_ t + %at2
o o

2 2 _ _
v Voo = 2a({x xo)
F = ma
P = mv

= FIperp

PEgravity = mgy

-
_ L
KEppansy = 2TV

TE = PE + KE

T=1I (a/r)
L=1I (v/r)
KE_ . = %I (v/r)°
rot r
Q = mcAT
=mdl
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Physics Teaching Resources

A. Books and Publications
1. Refer to the references of each lab write up.

2. Thinking Physics - Gedanken P_y51cs, by Lewis C.
Epstein. Insight Press (San Francisco: 1983).

Excellent collection of non math physics questions
ith complete physical eXplanations. This book

~i11ll help develop physical understanding.

3. Physics Experiments for Children, by Muriel
Mandell. Dover Publications (New York: 1968).
Good collection of simple demonstrations using
everyday objects.

4. Science Experiments and Anusements for Children,
by Charles Vivian. Dover Publications (New York:
1967).

5. The Physics Teacher, journal published by the
American Association of Physics Teachers.
The journal is designed for high school physics.
Howevei many of the topics and demonstrations
talked about are applicable to elementary school.
Talk to your local physics teacher for ideas.

6. 333 Science Tricks & Experiments, by Robert J.
Brown, Radio Shack, Cat. No. 62-1081.

7. Safe and Simple Electrical Experiments, by Rudolf
F. Gray. Dover Publications (New York: 1973).
Fantastic source of inexpensive science experiments
using everyday materials.

8. High school physics texts.

9. Elementary School Science Curriculum Guides

B. Sources of Egquipment

1. Contact local businesses, (e.g. optometrist for
lenses).

2. Radio Shack for electrical equipment, (e.q.
buzzers and switches).
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Edmund Scientific Company, Barrington, New Jersey
08007.

Contact them for a catalog. They have many
interesting items, (e.g. prisms, lenses,

luminous paint).

Your local Educational Service District office.

Your local high school physics teacher. He/she
has many ideas and items that can be of use to vou.

Local colleges.

Current information. Attached are articles and
quips that you mignt find useful.
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Aruitoxt provided by Eic:

2. Just after a rock 1s dropped out of a window, 1 1s
in equilibrium. The force which the rock exerts on the
earth 1s equal and opposite to the force which the earth
exerts on the rock. Consequently, Newton's third law
applies hiere, and the net force on the rock 1s zero.

3. An object 1s thrown vertically into the air. It rises
to a maximum height, and then falls again. As it rises, its
acceleration is positive, and as it falls, its acceleration 1s
negative. At the maximum hewght, it is momentarly at
rest, and 1its acceleration is zero.

Nolice that all three of these examiples are drawn

that physics 1s usually presented as 4 provieni60iv.ng dis-
cipline, and students thus have a good deal of practice I1n
solving homework problems in preparation for examina-
tions. However, niost students who take introductory
physics will not, in the future, be called upon to inake
calculations. Instead, they will need to make infornied
evaluations of written statements, both formal and informal.
The critical reading and correction of paragraphs containing
errors thus has a place both in homework probliems and on
exanunatinns.

Paul G. Hewitt

City College of San Francisco, San Francisco, California 94112

160 THE P'4YSICS TEACHER MARCH 1985

City College of San Francisco,

Paul G. Hewitt
San Francisco, California 94112

A BODY AT REST TENDS TO.., \

... STAY AT

THE PHYSICS TEACHER MARCH 1985




[BACKYARDEPAYSICS

THATS EASY ! THE BAG
|F | DROP THE BAG OF CLOTHESPINS

OF CLOTHESPINS 15

AND THE SINGLE PIN AT THE SAME
TIME, WHICH WiLL FALLTO THE

— GROUND FIRST ?
- ‘f:lff f:::.n »
- ‘) 9 2 <
R v)f.g R
— i
N A4
I OUOJao

HEAVIER, WHICH MEANS
GRAVITY PULLSON T
WITH MORE FORCE.
SO THE BAG OF PINS

WILL ACCELERATE
MORE AND HIT THE
(GROUND FIRST /

NOT TRUE /THE BAG
OF CLOTHESPINS HAS
MORE MASS, WHICH
IS TO SAY, HAS MORE.
INERTIA...IT WILLBE
LESS RESPONSIVE.TO
GRAVITY AND LAG
REHIND THE
SINGLE PIN!

= <0 THE SINGLE
PIN WILL HIT THE
GROUND FIRST 7

SINCE THE BAG HAS BOTH A
GREATER WEIGHT AND A GREATER
INERTIA, ONE OFFSETS THE OTHER [

WEIGHT_fwean\ _
MASS }w(“l*?)"" 4
THE ACCELERATION 1S EQUAL FOR RoTH!
-
= OF COURSE. < )
el
AV ) P LA
P, Do i
a '—J ":f.
— 1

Q .
E MC 84 THE PHYSICSTEACHER  SEPTEMBER 1985
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SATELCTER PARSICS

You SAY You DON'T UNDER STAND
WHY SATELLITES ORBIT --- WATCH THIS -- -
TELL ME WHAT YOU SEE WHEN | DROP

\ THIS ROCK

DOWN BECAUSE. OF
GRAVITY [

IT FALLS STRAIGHT E

OBSERVE.? CURVED PATH

MOVE MY HAND SIDE- | AGAIN--ONLY| | MOVE MY HAND EVEN FASTER WHEN

WAYS WHEN | DROP THIS TIME IT ] DROP IT, WHAT DO YOU OBSERVE ?
IT--- WHAT Do YoU FOLLOWS A

CorRECT! Now 1. ¥ AHAJTrAlLS| | CORRECT ! WHEN 1 DO IT AGAIN AND

TWO THINGS : |
OBSERVE IT FALLS
FARTHER DOWN
RANGE., AND IT

TRACES A WIDER-
CURVED PATH [/

EXCELLENT ] Now WHERE
WOULD IT LAND IF |T MOVES
FAST ENOUGH SO THE CURVED
PATH IT TRACES MATCHES THE
CURVATURE OF THE EARTH ?

NV s

———1 -~ (q)° 1 GETiT] iTwiL
STiLL BE FALLING,
|

BUT DUE TO THE
MATCHING CURVE
OF THE. EARTH, IT
WILL FALL AROUND
THE ZARTH RATHER THAN|
INTO IT, ITWILL BE
AN EARTH SATELLITE ]

TSI PHYSICS TEACHER DECEMBER 1908 3 2 4

sl PRNEVETRIN pd er FANNES

SIMPLE ?

... BUTIS (T

BUT THE BASIC PHISICS
CF SATELLITE MOTION
1S THAT SIMPLE =gi6#

YES ! THEREARE —
REALLY THAT |VARIATIONS TO CONSIDER,




Children’s dynamics

ROGER OSBORNE

4

Roger § Osborne 13 Keader n
Flevvier  agad  irector of  the
Scremee Fducerrn  Research
t'mit gt the Umyertty of
Wautkatn  The research interests
are i scence cducation parte
wlatly photics educatton, and his
cuwreem  research  focuter on
children’s  conceptient i 1es
cice  (Depariment of Physics,
t'noerats sof Waikato Hamition
New Jealand!

with its logical structures and teaching sequence
wauld appear straightfurward (o legs Even umversity
physics students can have problems with some of the most basic ideas Consider,
fur examiple, that 77% of a group of fust year university physics students could
wope with the relatively complex applied mathematses task of Question 1 of
Table | but only 61% of the group cuuld corectly answer Questiun 2 Why
would Questiun 2, which invilves very central and bask ideas necessary for even
an clementary understanding of Newtontan dynamis be so dilficult for stu
denis who have studicd physics for thice years?

A Jover arzlysis of Question 2 shows that 28% of the siudenis (N > 120)
chase an answer which induded “the furce of the hit'* as one of the {orues
acting on the ball Such a viewpoint, sometimes catled impetus theuty  thata
woving objec! necessanly has a foree 1n ot in the direction ud motron u wom
nton amongst sludcnls of physics 1n many munnm ncduding Fran ¢! Bt
an? and US? Om own studses in New Zealand® shuw that mmpetus like
oeliefs appear tu actually mcreare in populmly duning the juniut high schonl
years and are very ¢ y schoal teachers 1t s interesting
to note that the impetus theory wn held by some Gr:ck and Medieval philasu
phets tncduding Galileo 1n his carly wiitings, and the sinidanly of these beliels
uver centunes suggest that they are a natural outcome of expenence winh
tetrestrial motson *

Fhere may emist 4 whale system of conceptions sutrounding an unpelus
like heleef tn the beginning physius student ® Certainty any of the 1deas held by

yuldten and students about fote gnd motiup are 1gictrclated and interdepend
el Hlowever, as we shlll dutcuss. they do pot {orm anvthing like the fogia)

ugtute of inte; foung in a Newtonsan lormulate
(‘hnldlcns tdeas ahuul lmu and frelated tops sieh as Tiction’ and
guvuy. suggest that ¢ 1y held non N wonueptions inddude

moving body has a force it

1bhe speed ul a body 1s caused by the fore
A stronger force will cosnpletely ifaminate a weaket force
All thsngs [adl down, but heavy things fall fasten
1 toc tion 15 scanething which only owurs when things move
1 tichion increases with the speed of stiding

Harniers™ hike table tops stop objedis falling
Obyects can resist shding hecause they are stock
1h= state of rest i fuendamenially dilierent from the siate vl mntion
(navity 1ncicases with height abuve the carth

J! there ss no air there 1s no gravity

lae above 1deas are also held by some adulls and ate certanly nat unique to
childrer Nevertheless in tenins of teaching and Yearning at the schoul leved 1 s
uselul ta collectively desenibg [hese notiuny as part of chiddien s dynamieg
On the other hand, this 1s not nicant 10 1niply that the above ideas are held by all
children or that any one chitd would hold them a)l Nowever, they are frequently

*The basis of an addicss to a Sﬂum Physics Tudm; (:);ievence Hamuion New Zesland,
fanvary, 1984

D0 PHYSICS LEAGIINEE NOVEMA 2 1984

Teble §

A compsrison of two physics problems
{hest answers (h) and Lo ) respactavely
1 Thethiee forces L'l"\"'t this ont )
- PREEPN
F,=51+4y
Fy=-1t427
Fy=27-27
act concurrently at the point J . + 5 [ The
torque with respect to the posnt 2 Tes [ 15
) 27Nm (b) 4% Nin 1) 107 Nm

(d) 12T Nm () 15% Nm

~

A gatf bath s travehing thruugh the air as shown

r 4

-
o~

A student states that there are three {orces on the

bal?

A the lorce of gramty

B the force of the hit

€ the force of the air ressstance

n fact ti.: farce on the ballis made up of

(a) Aanly (b)) A and B only (<) Aand C only
{d) A, B.and (" anly fe) Band ( only

heard when children talk about foree and inatian Funher,
hddren make statements which [ollaw as 3 diredt canse
quence of these 1ieas For exampte, 1f a child who thinks
that “f there 15 no air there «an be no gravity “ is told that
“thete 15 no a1 on the moon™ then it 1s not surprsing that
be or she might assumic 1hat “there 1s no gravity on the
mcon * This latter view s held by some 442 uf 13 yearold
foils in New Zealand

Vanous studies have shown how dilhcult st 1s to
change the «deas that childien hold Certainly, our own
alterupts o change school chifdres s 1deas about force and
molion have yrelded mexed success and even hemng aware uf
the intudive 1dcas that university students hald has not
enabled us to be enticly successtul in our teaching, as we
have exemphlied carhiet

Mini-theorics

tow do children acqmire “'Whildien’s  dynainis'™?
Certainly 1t wonld appear not to bave been taught to them
tul rather thiough experienie and the use of fanguage they
have generated thewr own theorices as to how and why things
behave a3 [hey !5"7

1t has been argued by ( taxton' ® thar through learn
ing abowt the watld, from the day we are boin, we develop
i thennes which apply to specilic sttuattons and help u.
to make predictions and dectde on certain actions The
thearies may operate al a st ™ oancus leve! of thinking,
they nced not be 2/ticulated, and can he used i 3 spon
tancous and intuilive way | or example a Jhuld tequires a
“theary " abaut projectite motion 1l he or she s o sugcess
fully catch a bhall, bt 1t inay be a theoty he or she wuntd
he quite vnconsaous of and onable Lo artiulate Mg

iheonies alio cngble sndividualy to offer dracustens 209

provide etplanatians  For these 1hings ta ocnr  the
thennes need to be Ttamed consciosly and aritunlaled on
the (hitd s develuping language

( hildren are not too interested in coherence hetween

theortes and therelore _mini theoties nught be eapected o

and_be onigat
s with height ahove the caith™
and “these 1 no gravily i1n space™ can be two mins theanes
without conflict i 8 child’s mind 1n (ontrast physiists
have become incrcasingly preoccupied ahout (aherence
between theories and this has led to complex and ahstract
conceptions which are far temoved frums simple explana
tions of everyday phenomena

Childien, hike scienlists, change mini theonies when 1t
15 expedient to do so Claxtan argues that either the theary
stsel 15 changed, which results 1n changes i predictions
actwns, descniptions or explanations, or the set of sitna
tions, to which the theory i considered to apply s
chan,ed Such changes are hkely to be caused by muorrect
predutions or actions, o1 desctiptions ot explanations
which are found not tu be uselul On the other hand,
theones are reinforced when they lead to predutiuns,
actions, descisptiuns, anu eaplanations considered appru
priate and successful by the learner
Clusters of mini-theories

We have so [ar distingurshed hetween what we have
called *childien’s dynemics™ and “physicists’ dynamis’ a
distinction between mtuitive tdeas loimutated by the (hild
and 1dcas hased on our hertage and cultuie However, ot
has heen implicd by Claxton that there may be twu distinct
glusters _of nunitheorres within ““children’s dynamics™
which cauld be called ‘gut dynanies” and “lay dynamis ™
The three custers gut dynamics, lay dynamors and
physicists”  dynanics ate  distinguishable, alihough
probably not enteely separable

Gut dynamics Einstern 1s teputed to have stated that even
a physicist Teatns hatf hss ot her physics by the age of three
Much of ths 1s dynanics, and 11 ts largely gul dynanies ™
Thiough Inal and error this learning oceuts in the hame and
ts based on dmecl expenence 1ather than language The
active efforts made at a young age to comprehend the
wotld enable chiddien to make predictions about what will
happen, for example tu an object thrown fruin the high
char ot knked along the kitchien hioor Gut dynanes 1s
about the tangible wurld and influcnies notor skl and
tception This perception can be yuite dffcrent frem the

t1ealty stating one 1n the face, ¢ g . the shape of the patl of
a progectile

The collection of mim theotis constituling “‘gut
dzmmlss" 1end to be unarfitlated and net evsanty
coascsous Rather they ase shown in a person Lineous
reac):ons and intuilive |ud‘m—unw Jues
(t work’™ and “‘1s it useful *? Gut dynamis provides the
individual with the ability to nferact physically with the
wotld whether st he fur work or pleasuze Sport is largely
played using * gut dynamues

Fxamples of gut dynamis for many people would
include, heavy th.ngs fall Jastest, things nced a pish to get
them going, you have to keep pushing to keep things
mowving, rubbing causes things to heat up and wear ol

Language 1s very much second place to experience In
terms of gul dynamus, hut where 1t s inwolved it 1s the
cveryday spoken langnage of the community, e g “hit the
ballcloser tathe topof the bat and 1t will not jar so uch
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tinhike gut dynanins which 5 based an
divedt eapensonee iy dynamies b oo . d in the form and

1 Many sindonts do not appecoiale that the ai o
nicniary dynainio conrses B3 o provide then with m

qontent of the language the (hild grvws ug 1o speak and the
Fccnunie and wages of eaperiences (onveyed by those with
wham the hild comnes in o . and the
anthars of the bouks he ar she a argues that
thewe deas may be aciepied passively sight onseen gud
1atly, so that the child may grow ugt not even reatizing
they are there She weallh of visial and verbal infur
that the average «hotd teceives  bor envample fram
1 Wats and “Space Invaders’ involving force frelds and
e waips NASA puitores and “Lhat s Ingedihbe’ in
volveg weightles, astronauts and feats of magi pro
videy hin r her with a nuved-up store of 1act fantasy and
beln | retated to dynanins [his store ts quite extensive even
betare the (hild reaches school and may be held quite
imlepapdontly ol gol dynamics “and nor selated 1o 1t
1 vamples ot lay dynamus would he t dea that
attananis aic werghtless sn the space shat {NASA
pactnrest ol redines Ttction and hence rodices wear
IV advarinesent]  space Lravet sequiras powarfil engines
ab At sines  (Star Warst  ahe force of the o
be seen tn thie danage™ (News) and  the fone field kept
higaut  (swgene fnhon oy
14y dynantis provides an individaal with knowledge

that «an bo usd to provide entertaiming conversation
Towever, st s of L prastioa) ise in 1T of doing things

Fhonasts dinamics  In the school salting physiasts
dy naises v primardy Newtonran dynasins It appears to
many begmnimg pliysics sModents to apply to a sllange
woild of ltshontess stapes and pificys amlagn gravita
total hickds and point mawes  and ngid light rods and
wann tenuen Fven i the laborarory
bles and air pulleys imply an attempt 10
bantasy workd set apart Non reality
White gut dynamies ishis on expenence and lay
dypanics bnlds on everyday langiage physists dynam
1s By 2 dgustic and inathentatical siupersica fuse of s

rgsslbeas atrings
FILEEIPTE S
denw

™

T
own Cnaclinns 1 e sntutave, fon exataple 2 (ar
mosing 4 4 dy sprecdd aconnd 4 v nondar path s acor
aung and Wi ponil s pol open G guobion The knowl
odpe v athiclatod comamnly and detibogatdy toamint

Soiland tevoved and 8 npveryt xul, forns 4 highly oo

Dot sl of ideay A varable amannt o1 aitive and self
100 1 possibie bt the «apanences
ond G show the himations ul the woalizeld thearses
an provalng suppaiteng evidoncoe tu thes nyetnl
[TTRNN | o> of physionis dynamics to conteast wath the
gt aud Ly dynamns disossed eabor ininde alt iy
Vallg gy accdlerate twards the carth ot 98 s ?
an ol st movng a8 2 sreardy specd has ne ki locee a0tmg
ot and the hinee ol gavidy sl on 1 atconaol 0
erbl acccleratiog dm om hor tawatd the waaee ol the
Carth

haegration of clusiers

AU indivsdaals have a5 boast twa it of ming
" ton @il dynannes and by dynamns hawmover  sla
denis of physios undontitedly have theoe dustons of aang
hcaris b drnved fiom 4 ditborent fearmng baw Do
thirse students are then got  lay  and physists
iy Raingcs intn 2 codicrent interretated wholc ! Mich ot the
tineacch ated eathios sugpests that many do not Many
@warsons can I gt figwand by this
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alfernalive mmtmlghu_lum n gut dypamns uwng
Wﬂm—lll.'llllll the langusge of lay d[n:;mu
Ratheo they sunply asame that the reacher is try ‘:.-
help them sec canaections belween ther got and 1y,
dynaimes and 1o help them «xgess their gut dynaim,
more Leively (3ne cvon sinpedts that some ebenmionry
1y school teachers are wades 1has sanie nisaptrehensiun
Ihe appatent snaicase in papulanity of unpetusdike wduay
throngh ner high schionl may sunply rellect that the
pupils have become more flount a1 «xpressing then g
dynanins

Many pupis ondoubiedty do dowelop aset of “physicng
dynamiies s theories which ciable themn to operate
i the Weatired world of the laboratary  ‘expenment
and the physics exannnation paper However, they ulten
du nol refate this spect ol physiosts” dynanis ™ 1o
Their got and fay dynainics in any senvible way sy they

scc no need (o o this Cnt dynaiiss enables ane 1o
play sce hockey, Jay dynamis enables one to talk about
Star Wars, while physiusts dynainics enahles one ta do
physies assignments There © no prablen?

T think through ditlerent aspects ol gat, Jay, and physt

[

cisls’ dynamics where they can be appied to the same

silualjons yo {hai 3 voperent gn{ iniegiated vicw of

dynaniscs s stored in memoty (an be (1 ¥
ezo (1 might fail), 10 cusrenlly uselas) lnuvtlcdlt struc
fnres Ot might ruin rathes than hetp my game_of ice
hockey) o1 it insy sunply annoy fnends and (smily

(Mom doesn't understand i § talk ke our physics

teacher)

Perhaps, thareloze o sy wot so anpusing that fag
nany studants then gt and tay dyoanis are not develop
ed thiough thern physins votrses 1n incful ways nor ate
they sddated 1o what they are tanght i dhe physicy vlass
om

Alternative auns fur teaching dynanncs

the previnis disiinaan hads s 1o cmsrder what
shoold be our anmy Tot e toack ag of dynamises a1 ttie
sohool level ( Bavton inrplics we gt faced with two in
cunipatihie a vey
1 1o teach peaple ‘pliyucnds dynaimiies  as 4 new lan
gage aud voncepluabzatnn witk enpting to tink
1010 gt and lay dynamics
To hielp childien develup ther abulity 10 make proda
tions, peslnrnr actiems dosoribe and «splan imohion and
Ihe causes of that aiohian as 1t sclares teo then waosld

in other waids s the ann ol dynamns tuaching 1o

snculuate hildien inta 4 new langoape and conueptuals
2ation_ withuit_regard the Nl duay, of sy 18 Lo
help children make betfor swas
cunently find tliemadves' v 10 (o impose physicsis
dynamies ot 1o dcv:it.t.r"g'ul and Ly dynamins toward a4
Mt coberent and s Vil viewprosmt
Fet s conuder cach ol these afiernatives

Leaching phasicasts” dynamus  Toadhing physicsis dymany
1 mvolves 4 view that phyuoints dynamies s nght and
any altcroative vizwpaint s siroply  winng™ m foast 2
nuwenception Susch miscanc plions are best ignorad singe
¢ teaching 2imy 15 pot Lo dovelop the acamacy coherence
ot ellectiveness uf the childs evayday cncounters with
caturr por ta develup b ar Bier langinage n whinh Cvpers
ences hasad on s cocmintors can be articolated Rather

~

of 1 wiuld 1n which ey *

it s §s simply to elftect panstimsion ol 4 body of
Luew ledge ssolated from and independent of o L vperr
cnee and use of language Indeed, relating the sdeas buog
}mghl tn everydsy cxamiples snd anslogies, anet 1 the
camman ose of language, may hindes rather than help,
ame W will “call up’ unwanted aspeuts ol got and lay
dynainis tinfortunately the prohlean with this approach ss
that Jhildren necessanly bring ther gut aud lay dynaimes
i the physics lesson Childien cannol sbsorh new meanings
et Lan unly construct sdeas in thesr own heads on the basis
of what they know alieady A (hild s gut and Jay dynamics
are used to consiruct meanings, whether we like st or not,
and so what 1s taught «an often be nusintespreted in ternis
of these alternative comeptions While limsted school
suvces. can be gained by rote learning furmolas, the Iack of
incaningful undenstanding an Jead 1o sn nabiity to
apply the knowledge to the solving of even the simplest
probfems That some university students continve to apply
thewr uninfluenced gut dynamics, albest diessad op in the
language of sd physicsts  dynammes, to prohtems
requirtng physe dynamic- suggests that the  teaching
physicists” dynamacs™ approach has been cven less suicess
ful than we might have thoush!
Developing real world ideas abous dyaamnics  The aun here
is to help children belter understand then present sdeis
the relationship belween those 1deas and huw thesc tdeas
«an be modified and developed to nprove real world pie
diction, achion, desctiption, and explanation (he ideais Lo
hele a child toward a cakerent snleprated and usetv)
eodv of kanwledge by accepting as a stating point the
child’s presert ideas

Tie problem with the “developing real wotld 1deas’
approach s that each child lives with his or her own nung
theoty «lusters of gut, 1ay, and phystcesis' dynamics and the
mdividual agoling, challenging, and modilying of views 1s
deaily snipractical with large dasses In addition, most
sylabuses and exammalions are nol desighed with this aien
of teaching dynamics in mind | xannnation papers simply
assess how niuch physiasts’ dynanies o known and nost
examiners are nul concerned about Uie state of 2 chitld s
got and lay dynamis and whether o1 nat they are
coherenlly linked to physicsts” dynanucs Peshaps in this
regatd Q 2 of Table | may be considered an unis quesion
since it altempts to cvajusle such linkagest

Whith of the above two a1 ns s adopted by teachers
al present? Qur expenience of vuuh_u_n. lessons on Jynaniks

learming
snvuonment
for lesining
dynamics in
the primery
school

gut dynamics
fiom the child
ascale-
simplitied
physicist
dynamics from
the corticulum
developer

tay dynemics
from the tescher

Fig | The ckmeniary school learning envuonmen! may be 2
alzange mixture

would suggest that this 15 targely unsuccessful for the
1easons discussed earlier

At the senior secondery school level “teaching phys
cists’ dynamics™ approach and “‘developing real world rdeas
about dynamics™ should be compatible if early teaching has
been appropuste  Unfortunately, students entering this
level of educstion at present scem to have fimly establish
ed tdeas based on gut end fay dynemics which are stifl
quite different (rom and incompatible with tdeas based on
physicists’ dynamics 0 we, as teachers of senior physics,
try even harder to encourege real understanding of physi
csts’ dynamics, pupils can report that they are finding
physks more rather than less diffeeult To retreat anlo 8
woild of apphed mathematics, of recall and substitution
problems g aigeb and 1 pul
provides a haven for pupils, teachers, and examiness 1a an
othetwise [ughtenmg woild of misundeistandings and
misinterpretations Futther, 12 15 a world which same of our
hest students seem happiest in, whese they can excel n
tesms of present assessment mechanisms We as teachers are
waught 1n the muddie of a conflict of desites a5 we wani to
do Lhe best [, ., out pupils both in the shatt and Jung term

What should we do?
1 would aigue that the teaching of dynamics must

begin al an carly age Without teaching, pumls develop thers
gut and fay dynamics in ways which ase nflexible, huned
and te for the uverall best predution, action,

al_the clenientary school level suggests that the I
envitoninent at that level (s often a sirange mixture of
mainty gut dynamics from pupmbs, manly lay dynanies
from the teacher, and simphiied physicets dynainns from
the vainntum developer thig 1) Undnuhiedly primaty
teachers would like 1o develop in JJuldicn seal world sdeas
aboot dynantics but they are nesthor aware of childsen’s
present wleas or how they <29 Ivst he developed They
teceive Bitle uscful guidance i this §or evainple sutivities
frequenitly snggesied involve children 1n 10lling ball bearings
across desks, o shidisg blodks dawn planes Stich expen
ences are familias to )l chiblien and compleiely inter
pretable in terms of «hildren's gut dynantics

As 2 consegquende 1118 nel sipresing 111 Lhildren aie

rpropt
description and explanation in the real world oy fol sob
sequent learning of “physiusts’ dynamics © Ta sigue that
the teaching of dynamics shonld begin early 15 not, how
ever, to aigue for the teaching of physiusts’ dynamics
Rather the teaching of dynanics from age S to say age 15
should help develop, chaltenge, and extend gol and lay
3zmmlc: 1n_such ways thal g helps make betler sense of |
the world and m such ways that the [ lized alternative
gonceplions provided 1n the senior high schood will find @
nscaninglul and valiied plase, What s required s a smurgas
board ol expenences and debaie which_challenge and
inodify gut dynamics, as well as lagily language and the

lefy with a feeling that teachers are sunply tiying to help
fhem sefate a language to thar gul dynan

Al the jnntos secondaty sohinol Jeved ther iy 2 wide
range of teaching However it 1 wsually hased on ihe
“teaching physiasts’ dynanics approach and our evidonce

_purpose of |
terms of lay dynamics, Motcover, the experiences and
discussinn should ;lu'ldt seeds of sltcinative conceplions
upon which the later teaching of pliysiusts’ dynamics can
e firmly based Some pussibilities are given in fable §)

1his cerlainfy does nul mean the prohlums onthined
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Table H
Suggestions for developing gut and lay dynamsca
in the jumior school

Lrpenences ta develop gut drnamics (actvilies and

thinkmg)
playing with an a1 track aw table of ather near
ftionless surface
playing with  the inonkey and the huntes *
measunng the changing specds and/or paths of
moving objects, € g, prajectiles with strabe pholo
graphs cars roliing down slupes with times
feehng the force of | N, 10 N, ICON
watching and discussing things faling 1n an evacu
aled glass tube
mreasunng the fore required to shde varrons
ohjects with a spring balance
obsctving  dituthions of the support as heavy
ohjedts are placed on beams and tables
ubserving and drawing what happens vhen a whirl
mg bal' on the end of 2 sinng s Jet go
Measuning the centnapetal pull on something to
keep st moving ina cirele, using a spring balance

Experiences (0 develup lay dynamics Uanguage and
disunssion)
noliling fact fiom fantasy (c 8 “overcommg
merha * * force barniers™)
Tearning wourte ? sve different weamngs in different
comests {e g force weightlessness)
leamning to qualif; words sudh as foction ¢ force
ol I " from * haat due to faction™)
leaiming of differences between words (e g, pres
sure from toree, force fiom momentum  density
from weight)
wonntenng folklose (e g , people wear heavy boots
on the moon vnce there s no gravity )
somtering  tmages  fromn s, rence Jution (e I 3
spacedralt move  steadity thiough space  with
engines fnllon)
dntinguishing awpeuts of gravity {(eg  “speed of
fait fonn * putl of gravity )
Jooking at canse ang effect (e g, exptence of au
doesn t pravluce graviy)
fearming we Can define ward meanings or allow
usdge to ditate, but fur soence detimtions are
necessaty

At no concern of the teacher of the ntradue toty physics
Tist an appreciation of the ewstence and impartance of
xitand Lay dynranncs shoald iftnence whal i tanght even
m oliege physics Bath fur provihing &l toundation
tor iae feaming .n physis, a5 well ay for giving pupils
an apprey m of the relevance of Physics 1o ther world
2 senntivity to physics students’ deas 1y tipaitant isqus
Momsan as o on aspedts of gut and lay dynarnics and how
they relate to, and can be ditferent tomn, physicists
335,10 iy expenence time wel) spent evan at the
year nniversity gevel o azk gnestinns n physis
Cumnabions chich explore how gut and lay dynam, s
hase been ¢ reloped by pupih and mtegiated with phys
NS dynat s s of valne bolh to Popils end soiety
Secand, teachers ol Juntor suence and primary pupil:
need il the support and gonfance that they can get frop;
the tcachery of phyyiy Wheie the local teacher of physics
™ enthosiasin about developing ideas in dynamics at the
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somo lovels aather nneposng that - no dynam, .
rhysiosts dynannc e taught 3t thene levo)s oy o
will prasper How <an the teache ol physiis halpr 4y,
K1ve Lwo suggesttons as s vampkos fron Table 1)
Develnping gut d1 nemus an wample A teaches of rhy .,
who constdess that dynamies shoutd be taught anly 4y 4),,
scmnr schom and who sees no posnt in developing g and
lay wynamus 13 not bidy to allow the air LIZ T8 W TS TR
by mmor dlasses Atter all not only mught it get broy o b
the navelty i3 ikely ta have worn off hy the tine the g,
get to physs dasses On the othe hand, 4 teachy oa
rhysis who acknowhdges the tmportance of extonding
and chaltenging gt dynamies may welf appreciate the vaty,
of providing even very yonng hildren with endless appor
tuntties o play with an an teack  an table, or other I
liontess devices
l)nrlnemz la)_r dynamics an crampic It could well b,
argue t ympetus bke theones arse in part because of 4
semaniic problens The concept af *momensum™ "o
central aspect of gut dynamie. but i bucennes motrectly
labeled as 2 force as 4 conmgience of everyday language
(lay dynamus) It can b argued that to devilop gut an i 1gy
dynamus towards physicnts dyvanins mnvolves tmttoduiing
the term mamenium ta childien at o 1elative ly yonng age
and later distingishing 11 from foree  Net force changes
momertum  These wdeas fotm the basiy of an approach tu
dynamus 1n the jpnar suhaol windh we have tred, and
made available to yunnw igh school teachers Nowew s
2g21n without the support and Pl by the tegiher
of physis of what 1y buang attampied el nnovation 1
hikely to otcur

Conelusion

Let me propose thred actionable projes lar you as
the teaches of physis in yont schoot area for this year
The intioduction of an ais hack into your loal primary
school ot kindergarien the «onsideranon of momelum®
25 2 concept to be fanght at th intcrmedyale and/or yumor
secondary school Jeval, and the incmon n oyonr semor
phywis exannmation of sime questioms to chedk on the
development of gut and fay dynannes and how wefl they
are mtegrate d with physiasis dynamics At least it will be
a beginming
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fine-beam cathode-ray tube
;23 the observant and enquiring student

Part 7

tora descnption of the expertmenial apparaius,
see Part 1 on page 80 of the Februarv ussue

Teacher and student have now nesrly completed
nvestigations into those otherwise unpublished uses of the
1 BCRT and ats Hefmholtz (otls which our student,
with his necessanly limited knowledge 1n the relevant
fizids of theotetical s1d expetrmental physics, can profits-
biy pursuc There remain three very interesting gnd didac:
lically worth while lines of enquiry, of which two were
followed 1n the actinties descibed delow, the third 1o be
examined tn a later, linal session

Teacher ~ We have spent 2 good deal of time examtning
what 1 will call the dynamic psopeities of the
beam  the clectton strcam made visible by the
excitalion of hehum gas i the ptesence of
cleciromagnetic and electrostatic fields Now |
would hke you lo spend a hittle mote time
exannmng the natuse of the wmanlle, and in
finding, if you can, the spectral content of the
glow which ights up both beam and mantle

Student O K 11l probably need s wouple of lab sess ~ s
to work this aut, and then Fll repoit back with
« witte up,and begin asking vou questions

later The student’s wrise up

(1) Properies of the mantle

(a) 1 began investigations with the Helmholtz coils
still having their magnettc axis along the transverse beam
hne bt with no «oil cursent flowing On tutning up the
anode vallage | nolied that the green glow vofume sus
founding the sprke™ always had a defimte. characterstic,
and beantiful geamelne fosm, widest al sits base and taper
ing, in the manner of 2 cone, to 2 tip,but with a Jeal form
tather than thiangular axial section bt 13 possible 1o propa
gate this resingled beam a tile beyond the spike tip, but
the (slour of this extension differs from the general glow
by heing pinkish, suggestive of the «ahir of an excited
hehim  specrral tube, and the beam spseads out The
mantle aes nut extend beyond the tip of the spike in these
wrenmstames (dag 1)

1 Jdedace that, up to the pumary founs point i this
resiticted beam, there s 4 suffiaent bul gradnatly dinninish
ing supply of elecirons having enough encigy to praduce
the necessary helium atom omsat sn It s the randoin
suattering of energetic electrons (rum the man beam path
by both elastic and tnelastic cothsions with helium atoy
that 1s, a1 least an parl | helieve responsyble for the visible
mantle W 1 the wnsequent and nevilable gravual de
ucave 1n the intennty of this scatiered eledtron showe
with 1ty progress alang  the beain that deteimines the

JOHN lc P WEBB

The University of Sussex., Brighton, England BN 9QH

. tograph, long exposure ) The green glow volume
;’vwz‘wﬂc alwaya has 2 definite, characteristic, and

tiful geometric form
::;:m photograph, shoil expusure ) 1 i possible tu drive the
restricted beam a tittle beyund the spike tip, but the colous of the
extension beeomes pinkish, cathet hhe the hehum spectral tude

colour

geometne form ol tins mantte But | atsa behieve that 2
large proportian ol the manlle’s glow anses from the
“handing on,” outwards (rom hehum atom (o helium
stom, of the spectral components of the piimaty glaw of
the beam atsell

Beyond the fowus pasnt (the anly focus poant an thy
1estricted beam case) the sutviving eleditans whach remain
n the beam path have insufficent encrgy to mnive helium
atoms, and nliimately at the end of this limiled visible
path to exate atoms al afl In this short bheyund focus
pink culupred  beam, the range of remamming clectron
energies penmits exvitzlion of the hebum a,ams to 2 varely
of levels, with consequent emosmn of fanthar helima speq
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(Recered 30 June 1930, accepted for publication 19 Muarch 1‘)8(}j
Sectionn  has Several

Conclus dons
INTRODUCTION

Scicnee for elementaty school grades K-6 varies some-
v.hatin content from one textbook serics to another, but 1t
is Lanly common that 40-605 of the material covered 15
ducetly related to physics. These teats suggest that certain
leaning activities such as experiments, demonstrations,
and observations be carried out by the teacher and the
¢lise Otten the apparatus for a learning activity is to be
comstiuctd from simple, readily available materials. The
typreal vlomentary school tescher has had iittle experience
in petformic 3 experiments and is often frustrated In
his her attempts at carrying out the suggated learning ac-
tisity Tomoet s necd we have deselopad a physical sci-
etive workshop that s aade available to teachiers who are
retuining to the unis coity for additonal taimng.

This course i besed upon the assumptions that most
elcentary teachzis have had hittle or no physics and lack
the competence and confidence to carry out an actisity-
otivnted science progtam, that most experiments should be
carried out using readily available and casily constructed
materials, that skidl in using hand tools is needed by niost
tewhers, and that teachers who learn in an activity-orient
ed course are better prepared to teach in that mode.

FORMAT

The cluassis conducted in an informal workshop format
in which each student works on her (since most partici-
pants are females, we choose to use the feminine gender)
oW apparatus and does the experiments individually The
lah par-aerarrangenientis not used sunce th -t tends to pro-
duce one “doer™ and one “watcher * The coure requirss
total of 60 hours of parucipation, and Padcipants may
recieve up to four semester hours of credit toward a mas-
ter’s degree in education The ener gy output of the instruc-
tut v very high. and the number of students per instructor
should be limited tc about twelve, although, we have suc-
cessfully team: taught sections as large as fifty by using four
instiuctors. The instructor conducts demonstration ex-
pecunents, pre-laband post-lab explanations, and is other-
Wi constantly involved in explaining concepts to individ-
ual parteimants. The experitnents can be divided into three
types (1) directed experiments, brief in duration, during
which the instructor explains the results observed and
helps the students understand what is observed (much of
Unit 11s of this type); (2) experiments carried out by the
students and discussed in a post-lab session (Units I, V,
and VI contain the best examples of these experiments);
and (3) obervation of phenormena utilizing easily contruct-
¢.b o1 readily available materials where data are not taken
but the phenoni*non is observed and described (Sec. Il is
the purest evaniple of this type). Some of the sections mix
all three approaches .

The course has been taught in several different time ar-
rangements including ¢ 1e evening per week for an entire
Setiester, two evenings per week for eight weeks during a
regular scrnester, as a six-weck summer course and as a
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three-week summer course Each arrangs el Foo g,

advantages and dnadvanmgcs. The first two hus e ,:'

~ oy

vantages that the participant can put the material i » i
diate use in her clussroom and have the mtantre.y -
sceing the childien's responses. One disads antig. s o
both the patticipants and the instructor are tiredal” .4y,
ing worked all day, and this fatigue tends to lirut <-1i>
asm A second disadvantage is that all materiah g v
brought inand removed from the classroom for 2. 1t N
meeting.

The two summer programs lose the abeve o, o
but more than make up for them by elintinzel . 3.
vantages listed Our experience indicates that th: (+-..
week course meeting 4-6 hours per duy for ten te fi7 ..
dayst 1room used for nothing else offers the bes: 1. !
sttu.ation

Thecourse hasbeen taught in school cafeterias, b, sori
elementary school classrooms, high school science Jub..s
torics, and university laboratories. We think 1t 1s be!
taught in an elenniary school classroom since the partic
pant> overcome the same space and facility difficulties dar-
ing th- coursc as they will face in implementing a physial
scictice program in their classes Most importartly the
course mus’ be taught in a free and easy workshop atri
sphere where students can learn fram each oth:-, ot
mediate answers to their questions ana jearn the: &
science experiments can be an enjoyable ex; cric .t

Hand tools, lightw cight electric drills, and st . ~ *
are provided along with most materials needed tove
each piece of experimental apparatus. Each studsn S
apparatus with which she does experimcts, 4., w' oo '
course is finished, she takes the apparatus she hae 5. "
Other experiments make usc of commonly avaly' a0
nals, such as spectacle lenses, aquarium, and nie o e
When the course is finished each participant has e
materials to carry out nearly all of the IV ST
demonstrations. Special apparatuses, which are ettt s 2
pensive or difficult to obtain, are avoided

Every aspect of the program is partofa plannedc™or’
gise the participant confidence and compeisice to 2
out an activity-oriented physical science program in =
school

L

o

CONTENT

It was our goal for each participant to gain a measu®? ‘:{
competence in performing approximately 100 c\p"rim‘“;;
and demonstrations from the various areas of physivs F“,
example, in Unit I the student makes an alcohal burs’
from a baby food jar and clothesline rope and fucls it Wit
spirit duplicator alcohol. The participants use the burﬂ‘?f;‘f
the heat source for eleven experiments and demonstratid P
that can be done with test tube stoppers, glass tubing. 3;
rubber hose. These experiments include boiling at low P
sure, distillation of wood, distillation of iquids, and rcmr
tallization of salt. Nine additional heat experimenis
done in a later unit. "

In the second unit an equal-arm balance sen~."i%¢

13

O 1932 Amencan Assoctation of Physicy Teu he -

§34 «

i

| me i

l ,q;.mur‘.‘
i el

* and 100
contentsi
the autho

. CONCLI

Moret
past six 3
L Omapf.
t ostantly ra
pated wit
on teack:
ments. F¢
vI5Ors, ar.
indicate ¢
porated n

Our ex
havean ir
inz by de
ticipant te
and perfc
used in te
ments nee
done wit
matarials,

—— - . — .

TASLE OF

1 Alcoh
1. At

- —

~
PP =

voro

—O VP NGV
[+ ]
5

—
—_——
x
N

=
m
¢
3
.

“LAs

~
0
(]

Sy  snt——
»
&

- o
had
o
”




Jve ads ant;

-

iing the dis,

that the s .
T ten to 56

e

1ebest teack:., -
Y

:ing a ph,\SICL' '

portantly .,

srkshop atma

other, get im
trrn that doie;
erience.

nd saber <aug
dto constru,:

student budds '

and when ke
she has bujit
vailable mate.
musical toss
t has crough
2riments and
are either ex

aned effortto
nee 1o cam
Jgram in her

a measure of
experisients
"physics. For
sohol burner

fuels it with
the burner
nonstations
+ tuding, and
1t low pres:
,and recnys
Timents 40¢

scusitive W

‘es E l{[ﬁc

Aruitoxt provided by Eic:

oyt 20mgs constructed, and 1t1s then used to carry out
Yy teen e\periments including determination of the densi-
:;’o“ol,ds, liquids, and gases and a study of Archimedes'’s
‘F:H“:iple' . . . . .

The optics unit contains 22 demonstrations and experi-
~opis USING such items as.mirror stock, pinhole cameras,
X .‘._urium. lenses, and shaving mirrors. Eleven experiments
'fe ncluded on weather, 16 on mechanics, 11 on sound,
‘-‘:‘d 10 on electricity. A complete listing of the table of
“ sieats from our study guide is available on request from

¢ author.
L:Q_\‘CLL'SIO.“JS

\{ore than 200 persons have taken this course during the
it SIX years, and student evaluations have been taken
Y.ou1 approximately 100 of these. The course has been con-
" iruly rated as one of the best in which they have partici-
~s1.d with respect to amount learned, potential for impact
', reaching, and personal satisfaction with accomplish-
...ats. Follow-up interviews with teachers, science super-
\nars, and principals as well as unsolicited correspondence
ind:cate that many who have taken the course have incor-
.orated much of it into their science teaching.
""Our experience indicates that physics departments can
».ve an impact on public elementary school science teach-
.ig by developing and teaching courses that train the par-
r'cipant to conduct class experuments, develop apparatus,
.nd perform the demonstrations that we have traditionally
<od 10 teaching clementary physics. However, the expeni-
aents need to be simplided and worked out so they can be
Joae with readily available and easily constructad
anacrials.

TABLE OF CONTENTS

[ Alcohol burner plus test tubes
1 Atmosphenc pressure

2. Vacurm produced by condensation
3 Boiling at low temperature

4 Test tube lens

5 Cartesian diver

6 Gas thermometer

7 Liquid thermometer

$ Distillation of wood

9 Distillation of ink or shoe polish
10 Botling point when <alt is added

11 Recrystailization of salt

I Experimen:s with an equal-arm balance

1. Asscmbly
2. Calibration of balance
3 Calibration of a set of masses
4 Does shape change mass?
5. Gas has weight
6. Warm air is lighter than cool air
7. Condensation rates
8 Evapcration rates
9 Density of solids

10. Density of water and alcohol

11, Density of gas

12. Archimedes’s principle

13. Denuity by use of Archimedes's principle

1l Optics
1. Reflection box
2 Pinhole camera
3. Concave mirror images
4 Speatrum by scarf :-ating
5. Specirum with pas 1 water “ad mirror
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6 Moon hox

7 Agquanum ophics

8 The cntical angle

9 Spectrum

10 Refraction index by shortened ruler

i1 Displaced :mage .

12 Absorption of light 'white box. dlack oox)
13. Absorption of isght by use of magmify.ng glass
14 Waves on a chain

15. Polanzauon

16. Polanzation of <ky light

17 The periscope

18 The kalerdoscope

19. The telescope
20 The water drop microscope
21, The color wheel
22. Blue sky-red sunset

IV Weather

! Dew formation

2 Frast formation

3 Wind indicator

4 Construction of 3 rain 5auge
5. Solar distillation

6. Greenhouse effect

7 Solar heating <ystem

8. Convection currents

9 Humidity
10. Marshmallow 1n hypodermic syringe
11. Smog bottie

V. Mechanics

1. The force required to streich a spring
2. The center of gravity of a regular object
3 Heart of Texas-—a center of mass exnenment
4 Equaltorques
5 Rubber band <cale calibrated 1n newtons
6. Mcasurement of work
7 Inchned plane
8 Pulley system
9 Thrce classes of levers
10 The wheel and axle
11 The mouscirip car
12 Ping pong ball.n fiiiinel
13 Spool. pin, and cardboard Bernoullt deane-strations
14 Atmosphernic prescure—A
15 Atmospheric pressure—B
14 Thactieity of solids

V1 Heat

I Thermal expanaon of volids

2. Thermul expansion of solids rod (vecond icrhod)
3. Thermal expanvanof g es

4 Thermal expanston of hiquids

S. Melting point und freczing point

6. The effect on meiting point of impunties

7. Thermal expansion of mctal plate

8. Calorimetry

9 Spectfic heat

VIL Sound

1. Demonstration of the traveling wave

2. Waves can transniit energy

3. Pclarization by reflection

4. Standing wave—harmonics can be seen
S. Standing wave—harnionics can be heard
6. Resonance—n.itural frequencies of air cotumn
7. Vibrating bars

8. Vibrating rceds

9 Resonant air canity

10 Singing glass

11 Speed of sound

12 Vortes box

Naotey ind 1M aise o
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Museum of Natural Science pays this 12-
year->ld to play with toys. He shows visitors—es-
pecially the smaller variety—how to discover science
while having fun. Rob’s toys have mass, velocity,
inertia, momentum, and weight. His toys “feel”
gravitational and centripetal forces. They accelerate
and decelerate. Through toys, Rob uses familiar ex-
periences ta draw children willingly intc the realm
of physics. : :

Rob begins his show with the simplest of toys—

the ball. He drops a light ball and a heavy ball from °

the same height at the same time. The result often
surprises his audience, and Rob asks the children to
“help” him explain what happened. He guides them
along by asking if it is harder to pull a loaded cart
or an empty one. Together, they determine that the
heavy ball receives more gravitational pull, which it
needs to f il at the same rate as the light tall. Rob
then shows his expertise at tossing a ball straight up
and catching it. He asks where the ball will fall if
he repeats his toss while walking. Most of the

oB Schuller may be the world’s youngest
physics teacher. Each weekend the Houston

 The Physics of Fun

younger viewers expect the ball to drop behind him.
Another surprise: tgc ball shares Rob’s momentum
and returns to his hand.

Next, Rob rolls a piece of clay into a ball and
drops it. Splat! But he says momentum can make the
clay ball bounce six feet high. The trick is to stick
the-clay ball on top of a bigger, bouncier ball. He
drops both balls, which his viewers know will fall
at the same rate and arrive together. The big ball

. receives an upward push from the foor and sta

to climb. The clay ball on top captures the bigge
ball's momentum and flies upward. Rob then dro
the clay ball into a jar of waer: it sinks with a splash
He asks for help in making the ball float. But curio
viewers must wait until the end of the program
sce how dense clay can be made buoyant—with th
aid of physics. The trick, of course, is to shape th
clay into a boat.

The momentum story continues with Rob’s fa
vorite toy, the water rocket. He first fills the sma
rocket with air under pressure. When the air is ¢
leased, its downward momentum shoots the -ock
upward in a classic example of action and rea-tio

BY CAROLYN SUMNERS

mwv M’re

/ hanging upside-doun on a roller coaster or
* momitoring marble moientum in the classroom, kids
readily enter the realm of science through
toys and amusement parks.
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Lductive physics,
learned from enjoyable

ences and memories,
makes sense to kids.

Rob then asks his rocket fans to prc&ict what will
kappen when he adds. water to the compressed air.

Taking careful aita—remembering where the water -

will go—Rob-fires the rocket. The water adds mass
and therefore momentum to the escaping air and the
rocket soars even higher.

The World as Laboratory

Rob’s Science in Toyland demonstration grew out
of the museum’s. Informa! Saence Study, funded
through the University of Houston by the Natonal
Science Foundation. My colleagues and [ at the mu-
seunn are developing educational materials and class-
room programs that draw on children’s familiar and
enjoyabie expzriences to teach the language and con-
cepts of physics. Inductive physics—that learned
from metnories of toys, amusement parks, sports,
and playgrounds—makes. sense to kids. '

A sixth-grade girl inspired the study. [ was trying
to explain to her the “location’”” of the floor of 5
hypothetical space colony and why she wonldn’t fall
inward. But all my efforts, including swinging a
bucket of warter over my head, only caused more
confusion. Finally, a sympathetic classmate cold her
to think about the rapidly spinning Barrel of Fun at
the local amusement park. I will never forget the
look of understanding on her face—she now had an
experience to learn from. She could “feel” thecentrip-
etal force pushing inward from the sides of the barrel
as its bottom dropped away, providing a structure
upon which she could build abstract concepts.

We aimed firsc at developing materials and cur-
ricula for the -middle grades—roughly five through
nine—since this-is the period when' kids too often
decide to “tune out” science. For them, science must
become so interesting and meaningful that itis worth
remembering and pursuing. We found thateven stu-
dents who had never made a contribution in science
class could describe the feeling of zero gravity while

rushing down a roller coaster hill and the 4-g valley
that follows. S - ‘
We've since developed programs for students in
all grades, including accelerated students. Older stu-
dents not only tackle more difficult scientific con-
cepts; they also get into matters of engineering. They
can probe the mechanical details of how toys work,
or they might analvze blueprints and accelerometer
readouts from roller coaster-rides. We even challenge

n 1964 . . C .

- them to desigi.their own toys and rides as an exercise

3 3 5.(- -

in applying theoretical concepts.

We've now tested our programs on more than
5,000 students from around the country. In St
Touis, for example, 12 ninth-grade clas..s spent a
month working with our materials—experimenting
witk: toys, studying amusement park rides, and top-.
ping it off with a trip, t0 the Six Flags Over Mid-
America park. We tested them before and after the.
program, measuring their knowledge in three areas:
comprehension of mechanics concepts; recall of sci-
ence experiences; and ability to apply mechanics
concepts to new situations. Students of all academic
abiliges showed significant learning gains in each
category (see chart, opposite page), with slow learn-
ers recording the same percentage gains as acceler-
ated students. Guis, who began with lower scores,
reached or exceeded boys’ scores. This came as
something of a surprise; from sports to machines,
most mechanics experiences have a definite *‘male”
bias. But we found that the girls had ridden more
amusement park rides more often, a fact that gave
them-a relevant “knowledge base” for learning about
physics.

Fueled by such successes, the materials and cur-
ricula developed in the Informal Science Study will
soon be “going national.” The Department of Ed-
ucation (DOE) has reviewed the programs and will
include them-in its Natonal Diffusion Network—a
list of educational programs that the department
deems effective. The list is sent to schooi districts
nationwide, and schools interested in our programs
can contact us. We will provide materials and con-
duct workshops for teachers on a shared-cost basis
using DOE funds soon to {e appropriated.




Yo-Yo Meters and G-Force Detectors

Now let’s take a trip to an amusement park with
Amy O’Neal and Elizabeth Gregory. Amy, age 12,
and Elizabeth, age 11, became “computer pnysi-
cists” this summer in a week-long course we ran at
the museum. They began by runmng computer pro-
grams we’ve developed that simulate many thrill
rides. The girls designed loop coasters and watched
riders stick tight even when upside down. They tilted
curves so banking angles would hold riders squarely
on their seats. They played arcade-style basketball
with properly angled parabolic arcs. They gave just
enough spin to a gravity-defying barrel so passengers
would cling to the walls. They made changes that
could never be made in a real park, creating dan-
gerous rides without risking a rider’s life and limb.
In all, Amy and Elizabeth began to see the physical
principles behind these familiar rides.

The girls then joined about 300 other computer
physicists on a laboratory trip to Astroworld. They
went equipped with scientific instruments and meas-
uring devices picked up at a toy store. Elizabeth
became an expert with the yo-yo meter, which she
used to “watch” the forces she experienced on the
rides. For example, on a suspended zolier coaster
called XLR-8, Elizabeth watched the yo-yo swing
outward at each banked turn, The force of her body
pushing against the seat confirmed the yo-yo’s read-
ing—the centripetal force produced by-the banked
curve exactly matched gravity’s tug. The yo-yo
proved that she would not fall off or fly away on
this ride. On the scrambler, Elizabeth’s yo-yo became
a pendulum swinging back and forth. As she moved
through the ride’s complex spirograph pattern, her

pendulum yo-yo faithfully maintained its .swing,

tracing each path in reverse as viewed by her moving
eye.
But her most dramatic moment came on the loop
coaster. Initiaily holding the yo-yo in her hand, with
the string tied to her wrist for safety, Elizabeth re-
leased it when she was upside-down at the top of
the loop. The yo-yo seemed to fall “up” rather than
dropping to the ground. As she had learned in class,
she was.traveling so fast that the. yo-yo, sharing her
momentum. kept going in a straight line. She, how-
ever, was curving downward in the loop, so the yo-
yo ended up in her lap.

Amy favored the paddle ball—a ball attached to

a paddle by an elastic string—and turned it-into a
g-force detector to measure acceleration. Astronauts

*.during lift-off may pull 3 g’s, experiencing three

times their normal weight, while in the weightless-
ness of orbit they experience zero g. To calibrate her
g-force detector, Amy held the paddle upright and

marked the spot where the ball rested normally—

representing 1 g. She -added a second ball to the
string, which caused the elastic to stretch as far as
it would with one ball under 2 g’s of force, and
marked this spot. She then repeated the process with

a third ball to mark 3 g’s.
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. that it *- worth remembering.

_"of each drop and the extra g’s en-
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Er man& students, .
science must become so
inleresting and meaningful

" On the roller coaster, Amy’s de-
tector showed the reduced g force

countered in every valley. Then she .
went on the Sky Screamer, which
drops passengers from a 10-story
tower. Amy plummeted for two
seconds of free-fall followed by a
landing curve that braked her de-
scent. First the paddle ball floated
freely in front of her——a certain in-
dication of her weightless condi-
ton. As she entered the landing
curve, the ball reached z reading
well over 3 g’s. She can carry this
experience with her as a real-hfe
example of physics inr action.

Several parks around the nation- 3
are now using. the materials, in-
cluding physics workbooks, that - i
we've developed. For example, the
Six Flags park at Magic Mountain
in California and Great Adventure -
i New Jersey run special physics “field lab” days,
and the Six Flags Over Texas park is planning a
similar program for physics and physical-science stu-
dents. The Iowa Junior Academy of Science is testing
a physical science laboratory at Adventureland in
Des Moines using all of the eighth graders in the
city’s public schools. Both teachers and students are
enjoying the artenton. For years schools have re-
warded the band, glee club, and sports teams with
trips. It is encouraging to see a similar privilege given
to science students. - -

Toys in the Classroom

For the past 3 years I have presented workshops at
teachers conventions around the country. The work-
shops emphasize how to bring student experiences
into the classroom-—from science show-and-tell ac-
tivities in the lower grades to toy activities and
amusement-park [aboratories for older students. In
Houston, I've watched toy labs grow in several el-
ementary and middle schools, where children seem
to thrive when studying the world in miniature.
Some toys mimic human behavior—ilipping,
swimming, hopping, rolling, ju:nping, waddling, and
walking. Whether they wind up, roll down, rev up
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‘have a power source somewhere. Describing the en-

from being pushed, or use batteries, these toys all

ergy flow in the mechanical devices offers a simple
introdiction to the principle of energy conservation.

Toys that roll are meant to be raced, of course.
Proper 1ab equipment includes a long downhill ramp
of plastic or plywood that slopes gently to a hard
floor straightaway. Some racers inevitably roll faster
for very scientific reasons. Students discover that
wheel friction is a killer, but several of the pint-size
experts in this field testify that applying graphite
works wonders. Crooked wheels waste too much of
the precious gravitational energy. Wheel quality al-}§
most always takes precedence over wheef size. Aéro-
dynamic styling can help if the race is close. Students
wi.C know that all objects fall at the same rate are
often puzzled about what happens when mass is
added to racers. Using clay and trial-and-error tac
tics, they soon learn that mass makes little differenc
on the downhill roll, but the extra momentum car-|
ried onto the straightaway makes heavier racers bet-
ter every time. :

"After one great race, a female contestant requested
that we use dolls in a demonstration. But that
pointed to something that had been bothering us:
dolls—traditionally “girls’ toys"’—don’t lend the—

LI - —— . -
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selves easily to science. Staring at a doll and won-
dering ‘“‘where’s the physics’ only leads to
frustration. Drogping or throwing dolls in the name
of science surely provides little encouragement for
budding female scientists. Finally, we hit on the idea
of safety. )

Roller skates that clamp overshoes make excellent
cars for carrying dolls. The students would crash the
cars and study the results, adding safety features for
the next crash. Doll-sized seat belts, shoulder has-
nesses, head rests, and padded dashboards grew
. from classroom supplies. Class interest ran high: the
girls cheered when the dolls survived, and the boy-
rooted for the wreck. :

Another class modified this- idea, replacing the
dolls with raw eggs. Each egg had a painted face
that had to remain visible during its ride. A ramp
running abruptly into a_wall guaranteed equally
forceful crashes for all participants. Losers cleaned

up the mess. As an interesting safety note, the sole. -

surviving egg was protec ¢d by an air-beg system
made from a balloon. A

Flipping toys also make fascinating physics. With
a push from its long curled sail, a toy cat can roll
over. Tiny legs flip out and push toy cars and planes
upside down and over. With a spring-loaded kick,
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a toy mouse flips high in the air and lands on its
feet. A simple description of these forces and their
directions is a lesson in Newtonian mechanics. Add-
ing cldy weights shows.the delicate balance of each
toy acrobat.

Marbles make excellent lab equipment. A ruler
Wit a center trough along its length quantifies the
marble player’s art. Marbles.of different s-zes and
speeds can be rolled along the trough into each other
with great head-on accuracy. Students can see mo-
mentum passed from marble to marble in each col-
lision. Students who do not speak algebra can still
see that mass and velocity are both important in
marble mechanics. A small marble must travel twice
as fast as a marble with \ vice as much mass to stop
it. And for observers, clear marbles make handy con-
vex lenses that provide upside-down views of the

~world. .

The slinky has long served teahers as.a medium
for demonstrating longitudinal (soundlike) waves:
and transverse (lightlike) waves. But we've also
solved one-of the greatest probiems with slinkies:
what to do when a slinky is stretched or bent. Dam-
age usually strikes at the middle, tendering the toy
useless. Such a slinky can be cut in half. The halves
can then be dropped from the same height, with one
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Weight of coaster 378.5 tons (spprox) -
9 ft

Angle of first drop - 36° - Length of train -4

Height of each Toop - 70 ft Chain speed - 354 fpm

Maximum g-force -59g Frontal area of train - 3
Minimum g-force -2.0¢ ({ntersecting the wind} - 3.7 ft x 2.8 ft ’
Speed limit < 50 mph Horsepower of cha‘a motor - 200 hp

Minimum speed - 3 mph Round trip time - 111 sec *
Minimum rider height - 4 ft- Round trip distance - 1942 ft

E

Ride capacity - 28

half compressed and the other outstretched. In seem-
ing defiance of the ‘‘all-fall-together” law, the
stretched-out slinky hits the floor first. Students
finally realize that it 1s the centers of mass that must
be at the same height to make a gravity race fair.
A car track with a ramp that hurls the car around
a loop always proves a favorite. By adjusting the
height of the ramp, students can change the car’s
speed in the loop. When the speed drops too low,
gravity conquers inertia and the car comes tumbling
off. Older toy scientists can calculate the exact height
for the car’s ramp in terms of the loop’s diameter
that gives the slowest acceptable ride. This demon-
stration gives students the opportunity (o experiment
with a model of an amusement park ride before ex-
periencitig the real thing. From watching the car,

. students develop an idea of whar it would feel like

to be inside. Going on the ride lets the learner slip
inside his or her experiment to get a different per-
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spective on the forces involved.

Students also enjoy speculating about which toys
will work well in the zero-g conditions of the space
shuttle, Could an astronaut yo-yo? Would a tloating
slinky still carry waves? Would a paddle ball be as
easy to hit? Could a windup car run around the sides
of a circular doorway without ever needing to’ be
rewound? These fascinating questions have led me
into negotiations with officials at NASA’s Johnson
Space Ceater in Houston. I've proposed that shurtle
astronauts test some of these toys and videotape their
efforts. The latest word is that this may happen dur-
ing one of next year’s missions. The videotapes

“would then be available to teachers.

Many Happy Returns

With the holiday season fast approaching, toys are
on many people’s minds. Anyone venturing into a
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Several amusement
parks acress the nation
now use materiale

doveloped in the
iaformal Science Study.
This w problem

various forces on a roller
coaster (left).

toy store will find physics on every shelf—even
though only one aisle will likely be labeled “edu-
cational.” These toys, such as chemistry sets or mi-
croscopes, take a science-inclined child into the
world of adult scientists. But there is as much applied
science and engineering in those other toys that all
kids want. Since many people automatically make a
distinction between “fun” and “learning,” the po-
tential of these toys is often overlooked.

For those who forgo the toy store adventure, the
staff of the Houston Museum of Natural Science
recommends a special old-fashioned science toy. It

is appropriately called the Come Back Can. Rob"

Schuller makes this toy from a soft-drink can, a rub-
ber band, a one-ounce fishing sinker, and several
large paper clips. He uses a nail to make a uole in
the bottom of the can. He slips the rubber band
through the sinker and knots it in the middle. He
then feeds one end of the rubber band through the
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Rob Schuller's Science in
Toyland program delights
chiidren at Houston's
Museum of Naturai
Histcry. For example,
doll-carrying rolier skates
provide a drematic look
at momentum in action
(left). As a hollday
science gift, Rob
recommends the Come
Back Can {(above; see
article for instructions).

- tab slot in the can top and secures it with a paper

clip. With a hook fashioned from a paper clip, he
gglls the rubber band through the hole in the can

ttom and attaches it with another paper clip. The
sinker must hang with a little slack, but should not
touch the walls. The paper clips must be taped se-
curely to the ends of the can, which may be decorated
with smooth wrapping paper to add a festive touch.

Rob rolls his finished Come Back Can forward a
few times to wind up the rubber band. Then he rolls
the can across his stage. The can finally comes to a
stop and begins to roll back. Toy scientists of all

ages will be fascinated by this holiCay treat while .

seeing an important scientific principle, conservation
of energy, at work—or, rather, at play. .

CAROLYN SUMNERS 1s director of astronomy and physics at" the
Howston Museurn of Natural Science and co-principal investigator of
the Informal Sc.ence Study at the Unsversity of Houston.
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