Introduction

Aims of the Physics Syllabus

This syllabus presents a modern view of physncs with
major emphasis placed on the fundamental concepts un-
derlying this basic science. The syllabusis designed to en-
courage the utilization of such basic concepts as the con-
servation of energy, the conservation of momentum, the
conservation of charge, vectors and scalars, and fields as
unifying themes rather than as isolated topics. This ap-
proach tends to foster an appreciation for the unity of
physics. As aresult, the syllabus shows the importance of
these ideas as unifying themes which can be applied re-
peatedly throughout the course.

The objectives of the course in physics should extend

beyond a minimal comprehension of the basic facts and
principles outlined in this syllabus. The ability and will-
ingness to change beliefs and opinions after careful
weighing of new evidence and the development of the
habit of critical thinking are the most important outcomes
of the study of this science. These methods of thought
and action will remain long after many specific details of
subject matter are forgotten.

Major scientific advances within the past forty years
have created a critical shortage of skilled technicians, sci-
entists, and engineers. At all levels of ability, there is an
increasing demand for workers with more training and
understanding of our physical world. Of even greater im-
portance is the need for a continuing supply of well-
informed citizens capable of making sound decisions on
the many new issues and problems that face us including
the efficient use of natural resources and-maintenance of
a healthy environment.

To deal with these complex issues and problems as
adults, students must acqunrc scientific literacy by, devel-
opmg skills and positive science attitudes and by acquir-
ing knowledge about the natural world. Students dem-
onstrate this literacy by applying their skills, attitudes,
and knowledge to solve problems appropriate for their
age levels.

Problem Solving

Problem solving should be an overalltheme for the en-
tire course of study, rather than being treated as a special
subject. Itis an integral part of a student’s learning experi-
ence and may be related to both traditional class problems

and laboratory experiences. Problem solving is the appli-
cation of logical and creative thinking to a new and unfa-
miliar situation requiring resolution. A scientifically liter-
ate person is an effective problem solver.

Before a student can solve a problem, the student must
recognize that there is a problem to be solved. To help
students recognize a problem, use their EXPERIENCES to
make them aware of DISCREPANCIES. The discrepancies
should lead them to raise QUESTIONS, and the questions
will help them to define the problem.

EXPERIENCES can be both spontaneous events and
teacher-planned activities. The experiences chosen for in-
struction should be ones that make students aware of dis-
crepancies.

DISCREPANCIES are differences, inconsistencies, dis-
agreements, or disharmonies that we encounter. A dis-
crepancy becomes evident only when we have some prior
experience or basis for comparison.

Types of discrepancics Examples

® A goal to achicve withouta
means to achieve it.

* A person needs to zero
an ammeter, but the
adjustment screw is

others may know the
information, but the
student does not.

A difference between what
the student has been told
is true and what the
student has already
verified personally,

A conflict (internal or
external) between interpre-
lations, opinions, attitudes
or values.

A difference between an
existing sct of conditions
{what is) and a desired sct
of conditions (what should
be).

missing.
* Adifference between what * A rubber ball does not
the student expects to bounce.
+ abserve and what the
student actually does
observe,
* Alack of knowledge — * Astronauts experienc-

ing, weightlessness
when orbiting the Earth
are undergoing an
acceleration.
¢ A student is told that
heavy objects and light
objects will hit the
ground at lhc same
time.
Students participate in
a debate of the pros and
cons of building a
nuclear energy plant.
¢ Many people do not
wear scat belts while
riding in a car.



QUESTIONS play a vital role in problem solving be-
cause they help to identify and define the problem and to
guide the systematic search for a solution. Once a student
recognizes a discrepancy, encourage the student to con-
struct many questions about it. It is important that stu-
dents are taught to construct precise questions (who?,
what?, when?, where?, which?, why?, how?, what if?).
When a student has constructed a precise question, the
student has more clearly identified the problem.

Once a student has identified the problem by construct-
ing precise questions, the student can proceed with
problem solving. One model for problem-solving con-
sists of a sequence of steps, beginning with planning and
progressing to decision making. For each step in the se-
quence, the problem solver will:

—construct questions;

—identify, select, and apply skills; and

—create tangible products which contain answers to the
questions.

Refer to the problem-solving model in Appendix A. Al-
though this is organized into a sequence of steps that
have a logical progression, it is important to note that, in
practice, problem solvers often move back-and-forth
among the steps as a problem is worked. For example, a
need to reorganize the data may not become apparent un-
til the data are analyzed. As the data are being analyzed, a
problem solver may realize that additional data must be
obtained. Appendix A contains additional information
about problem-solving, and examples of physics prob-
lems.

Skills

Skills are the tools needed to solve problems. A student
needs to learn the appropriate use of each skill and needs
sufficient opportunity to apply each skill in realistic situa-
tions. The skills which students should develop during a
course in physics include:

* Applying Mathematics * Identifying/Selecting

¢ Classifying Alternatives
¢ Communicating ¢ Manipulating Materials
¢ Creating Models * Measuring

* Formulating Hypotheses ¢ Observing

* Generalizing * Predicting
¢ ldentifying Variables * Recording Data
* Inferring * Verifying

¢ Interpreting Data

Descriptions and examples for each of these skills are
found in Appendix B. These skills are subject to testing
on the Regents Examination in Physics. Skills specific to
the laboratory will be discussed in the section on the Labo-
ratory.

Attitudes
Students can increase their capacity to appreciate nat-
ure and enjoy the process of studying about it. This is the
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most encompassing positive science attitude for students
to develop. This attitude can be nurtured by helping stu-
dents develop more specific positive science attitudes
about:

¢ the natural world

* the nature of science

* the application of skills and knowledge to solve prob-
lems for the benefit of others

Specific examples of positive attitudes are listed in Ap-
pendix C. .

Applications :

It is both easy and valuable to show the role of physics
principles in common experiences. Since transfer of
learning is only likely to occur when specifically taught,
applying physical concepts to students’ experiences will
help them develop confidence in their ability to under-
stand and deal with other aspects of the physical world.
As a result, students will be better prepared to make the
evaluative judgments that a democratic society requires
of its citizens. Practical applications, suggested through-
out the syllabus, provide motivation for students as they
begin to perceive physics as a familiar and enjoyable sub-
ject.

Sequence and Scheduling

One of the major challenges in constructing a syllabus
for a one-year course in physics is to provide a general
understanding of the fundamental principles of physics
and, at the same time, to achieve a deeper understanding
of some of these principles. There is insufficient time in a
one-year course to teach all the physics the teacher may
wish to teach. Choices must be made.

Inan attempt to provide some degree of flexibility in the
course, and at the same time insure adequate coverage of
basic areas, the content outlined by the syllabus has been
limited to a basic core, comprised of five units, and six
optional areas. The minitmum requirements for a course
based on this syllabus include the basic core and two of
the six optional areas.

The minimum time required for a course based on this
syllabus is the equivalent of six 40-minute periods per
week, although seven periods are recommended. This
time allotment should include at least one double labora-
tory period each week. '

The core units are listed as units I through V to avoid
confusion with the optional units VI through XI. The or-
der of presentation used in the syllabus indicates one of
several possible teaching sequences. Any sequence that
presents a logical development of physical principles may
be followed. For example, if the optional unit Motion ina
Plane is to be taught, the topics in this area may be incor-
porated into the Mechanics unit.

’
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Teachers are encouraged to set their own time allot-
ments based on their teaching experience and on student
interest and achievement. Below is a suggested time
frame based on the idea that this syllabus represents a
survey course in physics in which many toplcs should be
given equal treatment.

Mechanics—9 weeks

Energy —3 weeks

Electricity and Magnetism -8 weeks
Wave Phenomena—7 weeks
Modern Physics —2 weeks

Each Optional Area—2 weeks '

Organization of the Syllabus
The syllabus is divided into the five core units and six
optional units. The core units are:

Mechanics

Energy

Electricity and Magnetism
Wave Phenomena
Modern Physics

The optional units are:

Motion in a Plane

Internal Energy
Electromagnetic Applications
Geometric Optics

Solid State Physics

Nuclear Energy

The syllabus is organized under three major headings in
three columns.

1. Content Outline/Understandings/Concepts

This column contains the topical outline and basic
concepts of the course and lists quantitative require-
ments. Concepts in this column are subject to testing
on parts I and 111, if core, or part Ii, if optional, of the
Regents examination. The asterisk (*) used in the out-
line denotes that quantitative treatment is required.

2. Discrepancies/Practical Applications/Activities

This column contains discrepancies in italics and prac-
tical applications and gives additional information in-
cluding Unifying Themes, special activities related to
the development of skills, and requirements for a
course based on this syllabus. Material contained'in
this column is subject to testing on parts 1 and {il, if
core, or partll, if optional, of the Regents examination.

Discrepancies and practical applications do not have
to be memorized by students, but references to them
and questions about them may appear on the Regents
examination.
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3. Supplementary Information

This column includes additional information and ex-
planation of the basic concepts. The material in this
column is not subject to testing.

Prerequisites

Students enrolling in the Regents physics course must
have satisfactorily completed sequential mathematics
Course 1. They should have also completed or at least be
currently enrolled in sequential mathematics Course II.
Application of mathematical skills is stressed frequently
in this syllabus. Some of this material will already have
been developed in courses in mathematics and science.
Other topics, such as vectors, may not have been previ-
ously studied. Teachers are encouraged to review mathe-
matical skills and present new mathematical concepts
when introducing the associated physics material, rather
than spending the first week or two in math review. For
more information, see Appendix E, Mathematics and
Measurement.

Systems of Units

SI (Internatibnal System) units are used in this sylla-
bus. The fundamental units used are the meter, kilogram,
second, ampere, and Kelvin, The fundamental units can-
dela and mole are not used in this syllabus.

Regents examination questions will be in terms of the

‘five fundamental units mentioned above and the appro-

priate derived units (e.g. newton, joule, volt, etc.) as de-
fined at appropriate points in the syllabus. The only ex-
ceptions to this rule are the electronvolt, which is a
widely used unit of energy, and the atomic mass unit.
While examination questions will be confined to these
units, the use of other systems (e.g. CGS and FPS) in
class and in the laboratory is encouraged.

Significant Figures and Precision in Measurement

The concept of significant figures is important for preci-
sion in measurement, but is difficult for many high school
students. It is left to the teacher to determine the depth to
which the topic is appropriate for his/her particular stu-
dents.

Students are expected to understand significant figures
in terms of the degree of precision to which a common
measuring device can be used. This is subject to testing.
See Appendix E, Measurement and Mathematics, for ex-
amples of the types of questions a student may be asked
on the Regents physics examination. Performing opera-
tions with significant figures is not subject to testing.

The Regents Physics Examination

The Regents Examination in Physics has three parts. Part
1 consists of 60 multiple-choice questions based only on
the core, units | through V, and accounts for 70% of the
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total score on the examination. Part 1l consists of six
groups of 10 multiple-choice questions. Each group is
based on one of the optional areas, units VI through XI.
Students will choose two of the six optional areas in part
II, which accounts for 20% of the total score. Part 11l con-
sists of free-response questions based on the core, units |
through V, and accounts for 10% of the total score. For
information about free-response questions, see Appen-
dix D.

All students must be provided with a centimeter ruler

and a protractor for the Regents examination. Students -

may use calculators for the examination provided all stu-
dents in the physics class have access to a calculator dur-
ing the examination. '
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Laboratory

The pragmatic approach of “learning by doing” is in-
herent in a physics course using the laboratory investiga-
tions approach. The knowledge obtained by students
from meaningful manipulation of laboratory materials
can have a profound effect upon their lives by increasing
their awareness of the environment of which they area
part. The importance of laboratory work is hlghllghlcd by
the need to:

1. Stimulate the development of basic skills by provid-
ing experiences in recording and interpreting data
and manipulating equipment.

2. Develop safety habits which are transferable to cve-
ryday situations in and out of school.

3. Provide first-hand experiences with some of the
ways in which scientists collect, organize, and inter-
pret data under controlled conditions.

4. Provide some first-hand experiences using activities
which are associated with a variety of science-
related careers.

5. Stimulate and maintain student interest while devel-
oping and reinforcing understandings basic to the
course.

6. Foster the attitude that physics is learnable and ap-
plicable to the lives of students.

The laboratory can be defined as the place where ph\'c-
ics students engage in the manipulation of concrete ob-
jects. Manipulative activities provide direct experiences
for the students and enable them to answer important
questions on the basis of personal observation and exper-
imentation. When planning laboratory experiences, pri-
ority should be given to ficld and laboratory activities
which feature manipulation. On rare occasions, there are
legitimate instances when nonmanipulative activities can
and probably should be substituted for these hands-on
activities. The less direct experiences available through
filmloops, videotapes, videodiscs, photographs, teacher
demonstrations, and microcomputer simulations can be
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reasonably substituted when the objects or energy levels
are sufficiently hazardous, the activity is excessively
costly, or the equipment is inaccessible. These situations
represent the exception, and should comprise no more
than 15% (4.5 periods) of the minimum laboratory re-
quirement of thirty 40-minute periods.

Laboratory investigations should take many forms. In
addition to exercises which simply require verification of
known constants or relationships using an established
procedure, students should also be encouraged to design
their own method for a particular investigation and to de-
termine which variables affect the results. In some cases,
teachers will find it appropriate for a laboratory experi-
ence to precede classroom discussion, while on other oc-
casions laboratory work can be used as an effective
follow-up activity. It is vital that laboratory and class work
be carefully integrated. Furthermore, teachers are en-
couraged to provide students with numerous opportuni-
ties for hands-on activities, not only during the labora-
tory, but throughout the physics course.

Regents physics has a mandated laboratory require-
ment, and successful completion of this course earns for
the students one unit of credit in a laboratory science.
Each student must be engaged in laboratory activities for
at least thirty 40-minute periods (or its equivalent of 1200
minutes) exclusive of time used in changing classes or
teachers. Satisfactory written reporls of these laboratory
experiences must be prepared by the student. Standards
for satisfactory written reports must be established by the
local school district at the beginning of the school year. At
the completion of the course, these laboratory reports
must be kept in the school for six months following the
date of the examination, except in instances where a se-
nior or transferring student needs these reports for fur-
ther work.

Pursuant to Section 207 of the Education Law, Scction
8.2(c) of the Rules of the Board of Regents states, “Only
those persons who have satisfactorily met the laboratory
requirements as stated in the State syllabus for a science
shall be admitted to the Regents examination in such sci-
ence.” This Rule of the Board of Regents applics to all stu-
dents whether regularly enrolled in a Regents science
class or studying independently. For students with severe
physical or emotional handicaps, admission to a Regents
science examination without having completed the labo-
ratory requirement will be considered on an individual
basis. Questions pertaining to this matter should be di-
rected to the Chief of the Bureau of Science Education,
State Education Department, Albany, New York 12234,

The emphasis placed on the laboratory component of
this course requires that the teacher be able to evaluate
student competencies in the laboratory. In addition to the
skills listed above and described in Appendix B, students



are required to demonstrate competency in seven manip-
ulative skills:

1. Demonstrate safety skills involved in handling
equipment such as projectiles, chemicals, heating
elements, electrical circuits, and radioactive mate-
rials.

2. Determine the change in length of a spring as a func-
tion of force. Graph the data.

3. Determine the period of a pendulum for a given
mass and a given length.

4. Set up a series circuit and a parallel circuit each con-
sisting of a source of potential (battery, power sup-
ply) and two resistances (light bulbs, resistors). De-
termine the current through and potential difference
across each resistance and the circuit as a whole.

5. Map a magnetic field using a magnetic compass and
a permanent magnet or electromagnet.

6. Determine the path of a light ray passing from air
through another medium and back into air using a
transparent object (rectangular block, semicircular
container). Draw the ray diagram. '

7. Formulate inferences about the contents of a “black
box” (a sealed system into which one cannot see) by
making external observations. Examples of “black
boxes” include:

a) Light rays entering and emerging from a box con-
taining unknown optical components. Students
identify the instruments by observing the path of
the light rays entering and leaving the box.

b) A shoe box containing objects having different
properties (i.e., magnetic, scent, etc.). Students
identify the contents through the use of appropri-
ate tools (i.e., compass, nose, etc.).

“Black boxes” enable students to understand the
process of modeling more clearly, especially as it re-
lates to the development of the model of the atom.
An exciting activity is to have the students design
the “black boxes.”

The Evaluation Plan for assessing proficiency in these
seven skills consists of these two components:

1. written responses on the Regents examination, and
2. laboratory performance in the local school setting.

The seven manipulative skills are best assessed by the
teacher observing students in the local school setting. Itis
the responsibility of the teacher to determine that these
skills have been demonstrated. A Physics Laboratory

t
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Skill Evaluation form is included in Appendix B. As each
skill is satisfactorily completed, the date and the initials of
both the teacher and student are to be recorded on the
evaluation form. Satisfactory completion of all seven
skills is required prior to admittance to the Regents exami-
nation. These completed forms must be filed with the
student’s written record of laboratory work for a period of
six months after the completion of the course.

Safcty Suggestions

1. Students should not handle chemicals or equip-
ment in the laboratory until they have been given
specific instructions.

2. Students should report at once any equipment in
the laboratory that appears to be unusual such as
broken, cracked, or jagged apparatus, or any reac-
tions that appear to be proceeding in an abnormal
fashion.

3. Students should report any personal injury or
damage fo clothing to the teacher immediately no

' matter how trivial it may appear.

4. Loose clothing and hair should be prevented from
coming in contact with any science apparatus,
chemicals, or sources of heat or flame.

5. Laboratory materials should not be transported
through hallways by unsupervised students or
during the passing of classes.

- 6. Students should be instructed never to taste, or in-

* hale directly, unknown chemicals.

7. Students should be warned of the dangers in-
volved in the handling of hot glassware or other
equipment. Proper devices for handling these
items should be available.

8. Electrical wiring should be checked for fraying, ex-
posed wires, and loose connections.

9. Students should be familiar with the location and
use of the fire blanket, fire extinguisher, and eye
baths.

10. Students should wear safety glasses whenever

' chemical or projectile labs are being performed.

11. Students should be given instructions on the

- proper use of electrical equipment.

12. Appropriate, specific safety instructions should be

* given which are applicable to particular experi-
ments.

Changes in the Syllabus

Corrections or changes in the syllabus that become nec-
essary will be brought to the attention of school principals
by means of supervisory letters from the Department.
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Unit One

MECHANICS

Content Outline/ Discrepancies/ Supplementa
Understandings/ Practical Applications/ PP entary

o Information
Concepts Activities

I. KINEMATICS

Kinematics deals with the mathemati-
cal methods of describing motion
without regard to the forces which
produce it.

The motion of a body may be de-

scribed in terms of its position as a
function of time.

*A. Distance and displacement

Distance is a scalar quantity that rep-
resents the length of a path from one
point to another.

Displacement is a vector quantity
that represents the length and direc-
tion of a straight line path from one
point to another.

Total displacement is a vector sum.

B. The meter

The meter, m, is the Sl unit of
length. It is a fundamental unit.

*C. Velocity and speed

Velocity is a vector quantity which
represents the time-rate of change in
displacement for an object.

Speed is a scalar quantity which rep-
resents the magnitude of the veloc-
ity.

The slope of a position-time curve is
the time rate of change of position
(speed).

w

y =S, _ As

V= =
t -t At

Unifying theme: Vectors

Requirements are limited to motion with
constant acceleration in a linear path.
Practical applications:

* bicycles

¢ skateboards

¢ roller skates

* cars

* toys

Quantitative  requirements  include
graphical solutions for displacements at
any angle and numerical solutions lim-
ited to two displacements at angles of 0°,
90°, and 180°.

Practical applications:

* displacement (air distance) vs. road
distance between two cities

* map reading

* odometer reading on a car

Thelength of a meter should be made fa-
miliar to students in terms of their own
bodies and other familiar lengths.

Two cars moving at 88 km/h in opposite direc-
tipns have different velocities.

Quantitative requirements include the
ability to recognize, interpret, and use
graphs of displacement versus time and
to apply the related equations.

Practical applications:

¢ fastball thrown at 150 km/h

* speed limit

* reading on a car's speedometer

Motion is relative to a frame of reference.

Whenever quantities are introduced
their vector or scalar nature should be
stressed.

A jogger is concerned with distance; a pi-
lot, with displacement.

The concept of fundamental units
should be introduced.

As units are introduced they should be
classified as fundamental or derived.

One meter is the distance light travels in
a vacuum in 1/299,792,458 second.

The relation of position as a function of
time should be developed graphically.
The time, whether dependent or inde-
pendent, should be plotted on the hori-
zontal axis.

Slopes very often have physical meaning
that can be best shown in graphic form.

The reading on a car’s speedometer is in-
stantaneous speed.

Ticker-tape timers provide students with

14



Content Outline/ Discrepancies/ Supplement
Understandings/ Practical Applications/ pprementary

‘e Information
Concepts Activities

If the speed is changing, the
distance-time graph is curved, and
the slope of the tangent to the
distance-time curve at any point rep-
resents the instantaneous speed at
that point.

The second, s, is the STunitoftime. It
is a fundamental unit.

The meter/second, m/s, is the Sl
unit for velocity.

*D. Acceleration

Acceleration is a vector quantity that
represents the time-rate of change in
velocity of an object.

The meter/second squared, m/s?, is
the SI unit for acceleration.

The slape of the speed-time graph is
the time rate of change in velocity
(acceleration).

Vi—vV, _Av

a= =4av
L -t At

*E. Final velocity of and distance
traveled by an object at constant
acceleration,

The final velocity and the distance
traveled by an object at constant ac-
celeration are functions of the initial
velocity, acceleration, and time.

= v,At + %a(At)’

vi=2a4s +v?

The average velocity of a uniformly
accelerated object may be found by
averaging the initial and final veloci-
ties.
Vi +

2

v=

*F. Freely falling objects

Objects freely falling for short dis-
tances may be considered as exam-
ples of objects with constant acceler-
ation.

Practical applications:

¢ pendulum clock
¢ stop watch

Students are required to determine the
period of a pendulum,

The size of a second should be made fa-
miliar to students in terms of their pulse-
rate and by counting “one-thousand-
one, etc.”

It takes approximately 8.5 minutes to reach
orbital velocity from an at-rest position on the
launch pad.

Quantitative requirements include the
ability to recognize and interpret graphs
of velocity versus time, and to apply re-
lated equations.

Practical applications:

¢ automobile
¢ jet plane

Practical applications:

¢ stopping at a red light
¢ tailgating the car ahead

Requirements include problems in
which v, # 0.

The acceleration of a freely falling object near
the surface of the earth is 9.8 m/s:.
Quantitative requirements for free fall

an observable pattern by which to com-
pare constant velocity with acceleration.

One second is the time for 9,192,631,770
cycles of the electromagnetic radiation
which will cause transitions between the
two lowest energy states of the cesium-
133 atom.

Find the length of a pendulum that has a
period of one second.

The relation of velocity as a function of
time should be developed graphically.

Using data taken from a videotape of a
space shuttle launch, calculate accelera-
tion.

The area under the velocity-time curve
represents displacement.

It should be stressed that the speed of an
object with constant acceleration
changes at a constant rate.

Derive the equations

s=v,AtL ~t~-,1;a(At)2
andv?=2ads +v?

These relationships are valid only for
cases where there is a constant accelera-
tion.

The limits imposed by air friction and ter-
minal velocity should be discussed.

“Short distances” can be considered to
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Content Outline/ Discrepancies/ Supplementa
Understandings/ Practical Applications/ pprementary

oo Information
Concepts Activities

Anobjectin free fallis considered to
have no appreciable air resistance
acting on it.

Pﬂuit’t "((Q u\thh 6, T

I1. STATICS

Statics deals with the relation between
forces acting on an object at rest.

A. Force
A force is a vector quantity.

*B. Vector addition of concurrent
forces

The resultant of two or more concur-
rent forces acting on a body is the
single force producing the same ef-
fect. The resultant may be found by
the vector addition of the individual
forces.

The net force acting on a body is the
vector sum of all concurrent forces
acting on the body.

If the angle between the forces is 0°,
the resultant force is a maximum. If
the angle between the forces is 180°,
the resultant force is a minimum.
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problems are limited to solving problems
with constant acceleration, no friction,
and with initial or final velocity equal to
zero.

Practical applications:

* free fall type amusement park rides
» sky diver

Unifying themes: Vectors, Fields

A wall can push.

Practical applications:

* weight

Use spring scales calibrated in newtons

to give students some concept of the size
of a newton.

A 50 kg girl can outpull two 90 kg football
linemen.

Quantitative requirements include
graphical solutions limited to two forces
acting at any angle and numerical solu-
tions limited to forces acting at angles of
0°, 90°, or 180°.

Practical applications:

* sitting in a chair

¢ ahanging sign

be from sea level where g = 9.806 m/s? to
an altitude of 16 km where g = 9.757 m/
s

To improve students’ ability to estimate
answers, approximate g as 10 m/s2,

If the optional unit “Motion in a Plane” is
to be covered, trajectories may be taught
here,

A more rigorous definition of force will
be developed in considering Newton's

.second law of motion.

The region in which a force acts is known
as the “field” of the force. The field con-
cept may be introduced when the con-
cept of a gravitational field is developed.

The unit of force, the newton (N), will be
introduced when Newton's second law is
discussed.

1N =350Z =.221Ib.

A medium sized apple weighs about 1 N.

Interactions may be classified as:

1) strong interactions (the strongest)

2) electromagnetic interactions

3) weak interactions

4) gravitational interactions (the weak-
est)

There is some debate as to whether the

weak interaction should be referred to as
a force.

Graphical solutions include using the tri-
angle and parallelogram methods.

—
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triangle method

parallelogram method



Content Outline/ Discrepancies/ Supplementa
Understandings/ Practical Applications/ ppiementary
A, Information

Concepts Activities
1t may be necessary to review the pythag-
orean theorem, basic trigonometric func-
tions, and the use of the protractor.
Concurrent forces act on the same point
of a body.

*C. Resolution of forces
A single force may be resolved into  Quantitative requirements include  Resolution of forces into x and y compo-

an unlimited number of compo-
nents.

The vector sum of the components is
equal to the force.

*D. Equilibrium
If the vector sum of the concurrent
forces acting on an object is zero, the
object is in equilibrium.

The equilibrant is the force that is
equal and opposite to the resultant.

An object in static equilibrium re-
mains at rest or moves with constant
velocity.

III. DYNAMICS

Dynamics deals with the relation be-
tween the forces acting on an object
and the resulting motion,

A. Force, mass and acceleration; grav-
itational and inertial properties of
objects

1. First law of motion

An object remains at rest or moves
with constant velocity unless
acted upon by an unbalanced
force.

The first law of motion is called
the law of inertia.

The inertia of an object is propor-
tional to the object’s mass.

graphical solutions limited to compo-
nents at right angles to each other and
the resolution of forces into x and y com-
ponents.

Resolve the forces acting on a box resting
on aninclined plane into the parallel and
perpendicular components of the force.

Practical applications:

.® pushing a lawnmower

¢ pulling a wagon

Identify situations in which the net force
is zero and an object is in equilibrium.

Draw a free-body diagram showing the
forces on a suspended cart that appears
to be resting on an inclined plane. Re-
move the plane and the cart stays in
place.

Practical applications:

* acar moving at 88 km/h
¢ sitting in a chair

A space probe continues moving after the en-
gines are shut off.

Draw free-body diagrams.
Practical applications:

* seat belt

¢ pulling a tablecloth out from under
dishes

nents provides a convenient method for
solving vector problems. For example:

Experiments with force tables clearly il-
lustrate equilibrium.

Free-body diagrams show all the forces
acting on a body. For example:

¢ abox sliding to the left

4 Fnormal

» |5 . .
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The first law defines Newtonian frames.
If such a frame is assumed, the first law
may be presented as a special case of the
second law, where the net force is zero.
An example of a non-Newtonian frame
might be an accelerating car in which an
object on the dash is observed to slide
with respect to the non-Newtonian

11
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*2. Second law of motion

An unbalanced force (net force)
acting on an object causes an ac-
celeration which is directly pro-
portional to the force and in the
direction of the force.

F=ma

The slope of a force vs. accelera-
tion graph is the mass of the ob-
ject.

The unbalanced force (net force) is
the vector sum of all the forces act-
ing on the object.

a. The kilogram

The kilogram, kg, is the SI unit
of mass. It is a fundamental
unit.

b. The newton

The newton, N, is the Sl unit of
force.

The newton is the amount of
force which will impart to a
mass of one kilogram an accel-
eration of one meter per second
squared. It is a derived unit.

1 newton = Lkilogram meter

second?

*3. Newton's Universal Law c)>f

Gravitation

Any two point masses attract each
other with a force that is directly
proportional to the product of
their masses and inversely pro-
portional to the square of the dis-
tance between them.
F=clum

r2
Every mass may be considered to
be surrounded by a gravitational
field. The interaction of an object
with the field produced by an-
other object results in the attrac-
tion.

\‘(t?‘en l'q“ﬁ (I,ﬁ:\'
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¢ tossing and catching a ball on amoving
train
* tightening a loose hammer head

Practical applications:

¢ elevator
* stepping off a chair

The value for the universal gravitational
constant is 6.67 x 10-*' N*m%kg?.

Unifying theme: Fields
Practical applications:

¢ moon orbiting the Earth
* tides

frame of the accelerating car without any
force pushing it.

Stress that in the equation F=ma, Fis a
net force.

Have students stand on a bathroom scale
as they ride up and down in an elevator.
Discuss the changes in weight reading as
the elevator begins to move upward or
begins to move downward.

The kilogram is the mass of a specific
platinum-iridium alloy cylinder kept at
the International Bureau of Weights and
Measure at Sevres, France. It is the only
standard based on a physical artifact.

One kilogram weighs 9.8 newtons at
short distances above the surface of the
Earth. Stress the difference between
mass and weight.

The relationship between gravitational
force and distance is the first example of
the inverse square law to be encoun-
tered. Since this law applies to many
fields, an understanding of it at this point
is desirable. The limitation of the gravita-
tional law to point or spherical sources
with uniform mass distribution should
be emphasized.

The concept of field was introduced by
Michael Faraday to deal with the prob-
lem of forces acting at a distance.

Develop the “field” concept as applied to
the gravitational field associated with a
mass. The masses referred to relate to the
property of mutual attraction of matter
and not to the property of inertia. Mass
measured by gravitational attraction is
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*4. Gravilational field strength

The magnitude of the strength of
a gravitational field at any point is
the force per unit mass at that
point in the gravitational field.
-E

8= m
The gravitational field strength, g,
is also referred to as the accelera-
tion due to gravity.

1 newton
kilogram

1 meter _
second?

The force to mass ratio is the same
for all objects for short distances
above the surface of the Earth.

The field is a vector quantity.

*5, Weight
The weight of an object is equal to

the net gravitational force acting
on it.

w=mg

The weight of an object is equal to
the product of its mass and the
gravitational acceleration.

Weight is a vector quantity.

The magnitude of the gravita-
tional force varies with the loca-
tion of the object with reference to
the Earth. The weight of an object
varies with its position,

The slope of a weight vs. mass
graphis g.

An object can push or pull you without
touching you.

Unifying themes: Fields, Vectors
Practical applications:

¢ solar system

A person weighs less at the top of a mountain
than at sea level.

As an elevator begins to rise, an object in the
elevator weighs more.

Unifying theme: Vectors

In a gravitational field, g, an object of
mass, m, will experience a force
(weight), F=ma. If that force is the only
force acting on an object, it will be accel-
erated according to Newton's second
law: F=ma. Hence, a will equal g.

B m=00kg
w =588 N

called gravitational mass. The most sen-
sitive experiments possible to date con-
clude that gravitational mass is numeri-
cally equal to inertial mass, and both are
expressed in the same units.

The acceleration due to gravity is com-

monly denoted by the symbol g.

Demonstrate that g is the same on a
feather and coin dropped in an evacu-
ated tube (guinea and feather tube).

Apollo astronauts in 1971 dropped a
feather and hammer on the moon to
show that they fall at the same rate.

The direction of the gravitational field is
the direction of the force on a test mass.

The acceleration due lo gravity is a con-
stant at any one location, and is the ratio
of an object’s weight to its mass. The
gravitational field of the Earth at any one
point has the same numerical value as
the acceleration due to gravity at that
point. The gravitational field strength is
usually expressed in newtons/kilogram.
Spring scales graduated in newtons may
be used in weight measurements, but
comparison of masses (“weighing”) on a
balance should be referred to as mea-
surement of mass. To one significant fig-
ure, 100 grams weigh 1 newton, 200
grams weigh 2 newtons, and so forth.

The kg and g are commonly misused as

weight units. Refer to the pound and
gram labels on food packages.

If the optional unit “Motion in a Plane” is
to be discussed, circular motion and Ke-
pler’s Laws may be taught here.

- 13




Content Outline/ Discrepancies/ Supplementas
Understandings/ Practical Applications/ PP entary
A Information
Concepts Activities
6. Friction

14

Friction, which opposes motion,
is the result of contact between
surfaces.

The normal force is the force per-
pendicular to the surfaces which
holds the surfaces together.

On a horizontal surface, the mag-
nitude of the normal force equals
the weight of the object.

a. The coefficient of friction
The coefficient of friction is de-
fined as the frictional force di-
vided by the normal force.

b. Static friction

When an object is at rest on a
surface and a force is exerted
tending to slide it, the object
will not move until the force ex-
ceeds the maximum static fric-
tion force.

Starting friction is the maxi-
mum static friction force.

Static friction is equal to the
force paraltel to the surfaces un-
til the maximum static friction
force (starting friction) is
equalled.

¢. Kinetic friction

Kinetic or sliding friction is the
friction that occurs when ob-
jects slide with respect to each
other.

Kinetic friction is less than start-
ing friction and for non-
deformable objects is practically
independent of the apparent
surface area and the relative ve-
locity of the object.

d. Rolling friction

Rolling friction is the friction
that occurs when one object is
rolled over another.

Rolling friction is generally less
than sliding friction.

A fluid is used to reduce friction in a human
Joint.

Unifying themes: Vectors, Conservation
of energy

Practical applications:

¢ traction on dry, wet, and icy roads
* amusement park rides

Quantitative treatment of this relation-
ship is not required, but students are re-
quired to use the coefficients of friction to
compare the behavior of objects in mo-
tion.

Even though automobiles are constructed of
tietal parts with very fine tolerances, lubrica-
tion is necessary.

Practical applications:

* rotor-type amusement park ride
* standing

Two picces of very smooth glass experience
high stiding friction when stid across each
other.

Practical applications:

* toboggan .
* pushing a crate across the floor
¢ sandpaper

¢+ walking

Practical applications:

* automobile

® roller skates
* ball bearings
* bicycle

Give examples where the frictional force
is increased, such as putting sand on icy
highways and rubbing rosin on the fin-
gers when throwing a baseball.

Give examples where the frictional force
is decreased, such as waxing skis or coat-
ing a frying pan with Teflon.

Demonstrate ways to decrease the fric-
tion force by lubricating surfaces or roll-
ing one object over another.

Static friction is greater than kinetic fric-
tion because of microscopic projections
on a surface. Surfaces at rest are more re-
sistant to motion because of bonding be-
tween these projections.

Slide a block along its different sides and
measure the force needed to keep it mov-
ing at a constant velocity each time.

To build the pyramids, the Egyptians
pulled large blocks of rock over logs.
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e, Fluid friction

Fluid friction is the friction that
results from an object moving
through a fluid such as water or
air.

*B. Momentum

The magnitude of the momentum of
an object is equal to the product of
its mass and velocity.

p=mv
Momentum is a vector quantity and

has the same direction as thé object’s
velocity.

The kilogram* meter/second,
kg m/s, is the SI unit for momen-
tum.

*1. Impulse

The magnitude of impulse is
equal to the product of the unbal-
anced force acting on an object
and the time the force acts.

Impulse is a vector quantity and
has the same direction as the force
acting on the object.

J=Fat

The Newton*second, N-s, is the
SI unit for impulse.

*2. Change of momentum

When an unbalanced force acts on
an object, there is a change of mo-
mentum.

FAt=mAv

*3. Law of conservation of momen-
tum

When no resultant external force
acts on asystem, the total momen-
tum of the system remains un-
changed.

When two bodies interact with no

external forces, their total mo-
mentum remains unchanged.

Practical applications:
* parachute

¢ terminal velocity

* automobile

* airplane

* boat

An automobile moving at 30 m/s has more
momentun than a bullet moving at 500 m/s.

Unifying themes: Conservation of en-
ergy, Vectors

Practical applications:

¢ bullet penetrating a wall
¢ moving car

Modern uni-body cars are designed to collapse
in an accident.

Practical applications:

s hitting a ball with a bat
¢ follow through in golf or baseball
* pushing a swing

Quantitative requirements are limited to
changes in velocity and to situations in
which the impulse and momentum are
colinear.

Practical applications:

¢ automobile collision protection
* padded baseball glove
¢ landing with bent, not stiff, knees

Quantitative requirements are limited to
situations in which the initial momen-
tum in the system is zero, such as simple
recoil or explosion problems.

Practical applications:

* rowing a boat
¢ rifle recoil
¢ reverse thrust of a jet engine

Cars are streamlined to reduce fluid fric-
tion.

Hovercrafts ride on a layer of air which
results in less friction than if the craft
moved through the water.

m = 1100 kg
@ V= 500 m/s '
m = .005 kg

Design landing platforms onto which
raw eggs can be dropped without break-
ing.

From Newton’s second law,

F=maor
F=mA—Atvand
FAt=mAv

Point out that rocket propulsion involves
a change in mass as the fuel is used up.

Graphical solution of conservation of
momentum problems is not required. If
such problems are included it is sug-
gested they be considered after a study of
kinetic energy.
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4. Third law of motion

1f one object exerts a force on a sec-
ond, the second exerts a force on
the first that is equal in magnitude
and opposite in direction.

The third law of motion is referred
to as action-reaction.

Practical applications:

¢ launching a space shuttle
* air boat
* manned maneuvering unit

The law of conservation of momentum
for an isolated two-particle system is the
basis for the third law of motion. Since
the total momentum in an isolated two-
particle system remains constant, the
forces act for the same time period and
are equal in magnitude and opposite in
direction.

Every action-reaction pair of forces in-
volves two objects, each exerting a force
on the other.

Even though the forces are equal in mag-
nitude, they produce different effects
since they act on different objects.
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1. WORK AND ENERGY

When work is done on or by a system
the total energy of the system is
changed. Energy is needed to do the
work.

*A. Work

Work is done on an object when a
force displaces the object.

Work is equal to the product of the
force acting on an object and its re-
sultant displacement in the direc-
tion of the force.

W=Fas

Work is a scalar quantity.

1. The joule

One joule of work equals a force of
one newton exerted through a dis-
tance of one meter. The joule, J, is
the SI unit of work and is a derived
unit,

Tjoule = 1 newton* meter

1kilogram* meter?

Tjoule = second?

*B. Power

Power is the time-rate of doing work.
It is a scalar quantity.

One watt of power equals one joule
of work done in one second of time.

The watt, W, is the Sl unit of power.
It is a derived unit.

1 watt = 1joule/second

18

Unifying themes: Conservation of En-
ergy, Fields

Although this unit deals primarily with
the concepts of mechanical energy, there
are other forms of energy such as ther-
mal, chemical, nuclear, sound and elec-
tromagnetic. Energy can be transformed’
from one form to another.

It is less work for a short person to lift 1400 N
overhead than for a tall person.

Practical applications:

* an elevator

* block and tackle

* jack lifting a car

Quantitative requirements are limited to

situations in which the force and the dis-
placement are in the same direction.

The students should become familiar
with the size of the joule by calculating
the work required for simple actions,
such as raising a textbook 10 cm.

Minimum quantitative requirements are
limited to situations where work is done
at a steady rate.

Practical applications:

® running up the stairs
¢ horsepower rating of a car engine

Since an important part of physics is a
study of energy, its forms and its trans-
formations, introduce, at this time, the
general concept of energy and its various
forms.

The concept of the vector dot product ap-
plies for cases in which the force and the
displacement are not in the same direc-
tion, W = Fscos#.

Force versus displacement graphs of dif-
ferent shapes representing various kinds
of forces may be presented and inter-
preted.

Fundamental units and dimensional
analysis should be stressed.

One joule of work can be demonstrated
by lifting an apple (mass 100 grams)
through a displacement of one meter, a
small amount of work in human terms.

The concept of instantaneous power us-
ing work-time graphs which are not lin-
ear may be introduced.

The expression, F As/ At, also represents
average power generated when the
speed of the object to which the force is
applied varies with time.

Power is the slope of a work versus time
graph.



Content Outline/ Discrepancies/ Suppl ¢
Understandings/ Practical Applications/ uppilemenary

i Information
Concepts Activities

1 kilogram* meter?
second?

Twatt =

C. Energy
There are various forms of energy.

The same units are used to measure
work and energy. Work can be done
only by the transfer of energy from
one object or system to another.

The joule, ], is the SI unit of energy.
Energy is a scalar quantity.
1joule = 1 watt*second

1. Potential energy

Potential energy is the energy an
object has because of its position
or condition. The change in po-
tential energy is equal to the work
required to bring the object to that
position or condition from its
original position or condition as-
suming no energy lost to friction.

Potential energy is a scalar quan-

tity.

*a. Gravitational potential en-
ergy

If work is done on an object
against the gravitational force,
there is an increase in the gravi-
tational potential energy of the
system.

If work is done by the gravita-
tional force on an object, there
is a decrease in the gravitational
potential energy of the system.

For displacements that are
small compared with the radius
of the Earth, the change in grav-
itational potential energy of an
object is equal to the product of
its weight and the vertical
change in height.

APE = mgih
Since w = mg, APE = wAh.

A power company really sells energy.
Practical applications:

¢ electrical energy
¢ mechanical energy
* heat

¢ solar energy

* wind energy

Practical applications:
* bow and arrow
Quantitative requirements relating to po-

Ltential energy of position will be limited

to position of an object in a gravitational
field and for a spring.

Compare the potential energy of a book
raised to the ceiling with its potential en-
ergy resting on the edge of a desk.

Practical applications:

* throwing a ball upwards
* hydroelectric plant
¢ piledriver

In human terms, the watt is a small unit
of power. For this reason, power is often
expressed in kilowatts:

One horsepower = 746 watts

The kilowatt-hour should be discussed
as a unit of energy.

1 kilowatt-hour = 3.6 x 10° joules

The field concept may be introduced by
diagraming or modeling gravitational
fields. A gravitational field is the space
where a gravitational force is exerted on a
mass. The gravitational field lines of the
Earth are directed radially inward to-
wards its center, the direction in which a
test mass would travel if released.

The expression “gravitational potential
energy"” refers to the gravitational poten-
tial energy of the mass — Earth system,
not the gravitational potential energy of
the mass alone. Energy is stored in the
system, not the mass.

For short distances above the surface of
the Earth (up to an altitude of about 16
km), g is considered to be a constant.

PE =3000J

ﬁPE= 1000 J

19




<£

Lab

Content Outline/ Discrepancies/ Supplementa
Understandings/ Practical Applications/ pprementary
o Information
Concepts Activities
*b. Elastic potential energy % Z
When work is done on a spring Practical applications:
in compressing or stretching it, * toys
potential energy is stored in the * spring scale
spring. * mattress spring Spring
The slope of a force- * dart pistol gun )
displacement graph is the Students are required to deter- Pointer
spring constant, k. mine the relationship between
the force applied to a spring and
the elongation of the spring and
graph the results.
Weight

F = kx
The newton/meter, N/m, is the
SI unit for the spring constant,

The potential energy stored in
the spring is equal to one-half
the product of the spring con-
stant and the magnitude of the
square of the distance by which
the spring has been com-
pressed or stretched from its
original length.

PE, = th kx

*2. Kinetic energy

Kinetic energy is the energy an ob-
ject has because of its motion.

The kinetic energy of an object is
equal to one-half the product of its
mass and the square of its velocity.

KE = Y2 mv?

Kinetic energy is a scalar quantity.
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at EQUIL., PE= 0

at A, PE; =.2J
at B, PE =.8)

Practical applications:

* moving train
¢ soaring bird
¢ running dog

q KE=8x10%J

Ruler

In the equation, F = kx, Fis the
force exerted on the spring.

Try Hooke’s Law experiments
with rubber bands and plastic
garbage bags.

It is highly recommended that
the expression for spring poten-
tial energy be derived empiri-
cally by performing a Hooke’s
Law demonstration. Plot a
force-displacement graph and
determine the spring constant
by taking the slope of the graph.
The potential energy stored in
the spring can be determined
by finding the area under the
curve.

As a spring is compressed, the force in-
creases. The equation for potential en-
ergy is based on the average force. Since
F = Wakxand W = Fx, W = PE = 12kx?

The square of a vector quantity, in this
case velocity, results in a scalar quantity,
because a vector dot product is involved:

v'v=vvcosl; when# = O°, v'v = v?
The scalar product of two vectors is the
product of the magnitude of one vector

and the component of the other vector in
the direction of the first.
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*D. Work-energy relationship

The work done by a force in moving
an object is equal to the sum of the
change in potential energy, the
change in kinetic energy, and the
work done against friction.

1. Conservative force
A conservative force is one for
which the work done on an object
is independent of the path taken.
Potential energy can be defined
only for a conservative force.

2. Non-conservative force
A non-conservative force is one
for which the work done on an ob-
ject depends upon the path taken.
Friction is a non-conservative
force.

*E. Conservation of energy

In any transfer of energy among ob-
jects in a closed system, the total en-
ergy of the system remains constant.

A closed system is one where no ex-
ternal forces act and no external
work can be done on or by the sys-
tem,

The change in energy of a system is
equal to the change in kinetic energy
plus the change in potential energy
plus the change in internal energy.

If no nonconservative forces are,
present in a system, the sum of the
changes in potential energy and ki-
netic energy is equal to zero.

For mechanical systems, the sum of
the kinetic and potential energies is
called the total mechanical energy.

Work done against friction in a me-
chanical system is converted to heat
or internal energy.

Practical applications:

¢ roller coaster

* “Hot Wheels"” car

* toys

¢ skijump

Quantitative requirements are limited to
preblems in which the work done is
equal to the sum of the change in poten-
tial energy, the change in kinetic energy,
and the work done against friction.

Unifying theme: Conservation of energy

Practical applications:

¢ pendulum clock
¢ bouncing ball

Practical applications:

* meteor
* re-entering space vehicle

Review the force of friction with demon-
strations and/or laboratory exercises.

PE —=KE+IE

KE —=PE+IE

In the absence ol nction:
M A PE=10)KE=0
at B PE =0, KE=10)
Al PE=10) KE=0

Friction always does negative work be-
cause it removes mechanical energy from
the system.

Discuss the impossibility of a perpetual
motion machine.

If the optional unit “Internal Energy” is

to be discussed, this would be an appro-
priate introduction to it.
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1. STATIC ELECTRICITY

Static electricity deals wilh electrical
charges at rest.

A. Micro structure of matier

The basic unit of molecular structure
is the atom.

Three of the units of which atoms
are composed are electrons, pro-
tons, and neutrons.

Electrons are negatively charged,
protons are positively charged, and
neutrons are neutral,

The protons and neutrons are found
in the nucleus of the atom.

The electrons are found outside the
nucleus.

Neutral atoms have equal numbers
of electrons and protons.

’rotons are not readily removed
from the nuclei of atoms.

B. Charged objects

An ubject which has a deficiency of
electrons is charged pusitively; one
which has an excess of electrons is
charged negatively; and one with an
equal number of electrons and pro-
lons is neutral.

24

Dancing ona nylon carpet can cause sparks to
fly.

Unifying Theme: Conservation of charge

Practical applications:
¢ the atom

The copy machine in the office and lightning
have a great deal in conmon.

Unifying themes: Conservation of

charge

Use electroscupes in laboratory exercises
to'determine the sign of a charge.

Describe the behavior of a charged elec-
troscope when objects with the same
and opposile charge as the electruscope
are brought near it.

During the summer months, static cling in
clothes is generally not a problem.

The term ‘at rest’ indicates that the net
flow of charge in any given direction is
zero, It sheuld not be implied that the
charges themselves are not in motion.

Since this material is usually covered in
science 7-8-9 and in chemistry, only a
brief review of atomic structure should
be necessary at this point.

Protons and neutrons in the nucleus are
held tightly together by nuclear forces.
Protons and neutrons are relatively mas-
sive compared to electrons. The elec-
trons are more loosely bound by electri-
cal forces outside the nucleus, and, as a
result, electrons rather than protons are
transferred in a charging process.

The electron and the proton have charges
which are equal in magnitude and oppo-
site in sign. The magnitude of the charge
on an object occurs in multiples of e, the
elementary charge unit.

Protons, neutrons, and mesons are com-
posed of groups of quarks, which have
charges of + e/3 and & 2e/3. However,
these quarks cannot be isolated.

In damp weather, a blow dryer may be
used to improve the results of experi-
ments in static electricity.
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Unlike charges attract and like
charges repel.

The charging process occurs by an
exchange of electrons.

Grounding either removes or adds
electrons to the object to neutralize
the charge.

C. Conservation of charge

The net charge in a closed system is
constant. Charges may be transfer-
red from one object to another.

D. Elementary charges

Any charge is made up of integral
multiples of a minimum charge
called the elementary charge.

The charge of the electron is one
negative elementary charge.

The charge of a proton is one posi-
tive elementary charge.

*E. Quantity of charge

The quantity of charge a body pos-
sesses depends on its excess or defi-
ciency of electrons.

The coulomb, C, is the SI unit of
charge. It is a derived unit.

1coulomb = 6.25 x 10' elementary
charges

*F. Coulomb’s law

The electrical force between two
point charges is directly propor-
tional to the product of the charges
and inversely proportional to the
square of the distance between
them.

F_ kag

r?

The value for the electrostatic con-
stant, k, (in a vacuum or air) is
9.00 x 10° N*m¥/C2.

Practical applications:

* photocopy machine

* lightning

¢ electrostatic precipitators

Practical applications:

* lightning rods

¢ ground wire in an electrical apparatus

Use conservation of charge and symme-
try to predict the results when identical
charged conducting objects are placed in
contact.

Practical applications:

* proton
* electron

Quantitative requirements are limited to
conversions between elementary charges
and coulombs.

Practical applications:
¢ the atom

Conservation of charge is a universal law,
Pair production is an example of conser-
vation of charge.

If a neutral hard-rubber rod is rubbed
with neutral, clean plastic wrap, it can be
shown with an electroscope that both are
charged, one positive and the other neg-
ative,

The coulomb is defined in terms of the
ampere which will be considered in a
later section.

The elementary charge, e, has a magni-
tude of 1.60 x 10-® coulomb. Therefore, a

coulomb of charge represents an excess
or deficiency of

1.00 coulomb
1.60 x 10-¥ coulomb or
electron

6.25 x 10" electrons.

Charged objects may be considered to be
point charges when they are small com-
pared to the distance between them,

Substitution of sample values gives large
forces for coulomb-sized charges and
lab-sized forces for charges in the micro-
coulomb range.

The Coulomb force that exists between
two point charges is an example of New-
ton's Third Law. Stress that the force is
applied to each object.
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The Coulomb force is equal in mag-
nitude and opposite in direction for
each object, directed along the line
joining the charges.

*G. Electric fields

An electric field is said to exist in any
region of space in which an electric
force acts on a charge.

An electric field exists around every
charged object. The electric field in-
tensity is a vector quantity.

The magnitude of the strength of an
electric field at any point is the force
per unit charge at that point in the
electric field. The direction of the
field is the direction of the force on a
positive charge.

L
q

The newton/coulomb, N/C, is the Sl
unit for electric field strength.

E-.:

1. Electric field around a point
charge

The field around a point charge is
radial.

The electric field around a
charged conducting sphere acts as
though all the charge were con-
centrated at the center. The field
within a charged conducting
sphere is zero.

The intensity of the electric field
varies inversely with the square of
the distance from the point
charge.

Unifying themes: Fields, Vectors, Con-
servation of energy.

Practical applications:

s coaxial cable (electric shielding)
Students should be able to draw electric
field diagrams for point charges and par-
allel plates and to determine the direc-
tion of the net force on a point charge
placed in the field.

\

Arrows show the direction of the electric
field.

Draw diagrams showing the electric field
for like charges and unlike charges near
each other.

Electric field strength is the force per unit
charge, while gravitational field strength
is the force per unit mass.

The electric field may be detected by the
introduction of a test charge into the
field.

In the equation, E = Fiq, qis not the origi-
nal charge creating the field; qis a charge
brought into the field.

The similarity between the electric field
around a point charge or a uniformly
charged spherical body and the gravita-
tional field around a sphere should be
emphasized.

From the relation E = Fiqg, it follows that
the force exerted on a charge in an electric
field is the product of the charge and the
field intensity. In the Sl system, the unit
for E is the newton/coulomb. In compari-
son, the gravitational field strength (g =
F/m) can be expressed in newtons/ kilo-
gram,

The field around a uniformly charged
sphere is similar to that of a point charge.
For any charged conductor whose
charges are at rest, the field lines are nor-
mal to its surface.

The inverse square law for the electric
force between two point charges has
been verified experimentally to a high
degree of accuracy.

For the field of a point charge being mea-
sured with a point test charge, q;:

E = F _kqq/r _ kq

q 9 r
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2. Electric field between two paral-
lel plates
The electric field between two par- +4++++++++++++ The essentially uniform nature of the

allel charged plates is essentially
uniform if the distance between
the plates is small compared to the
dimensions of the plates.

3. Electric potential

The electric potential at any point
in an electric field is the work per
unit charge required to bring one
coulomb of positive charge from
infinity to that point.

Electric potential is a scalar quan-
tity.

*H. Potential difference

The potential difference between
two points in an electric field is the
change in potential energy per unit
charge as a charge is moved from
one point to the other.

w

q
1. The volt

The volt, V, is the Sl unit of electric
potential and potential difference.

The volt is the potential difference
that exists between two points if
one joule of work is required to
transfer one coulomb of charge
between these two points agains
the electric field. :

1 volt = 1 joule/coulomb
*2. The electronvolt

An electronvolt, eV, is the energy
required to move one elementary
charge through a potential differ-
ence of one volt.

1 electronvolt = 1.60 x 10" joule

*3. Electric field in terms of electric
potential

The intensity of a uniform electric
field is the rate at which electric
potential changes with position.

Practical applications:

¢ batteries

* household electricity

® power transmission lines
® Van de Graaff generators

Practical applications:

¢ energy of photons

¢ measuring bandgaps in semiconduc-
tors

¢ energy levels in atoms

Quantitative requirements include con-
versions between electronvolts  and
joules.

Practical applications:
* charged parallel plates

field between parallel plates produces a
very nearly constant force on a given
charge placed anywhere in the field ex-
cept near the edges of the plates.

When a charge is moved against the force
of an electric field, work is done on the
charge, and its electric potential energy is
increased. When the charge moves in re-
sponse to the field, work is done by the
field and its potential energy is de-
creased. In both cases energy is con-
served.

Thessimilarity between electric and gravi-
tational potential energy should be
noted.

Distinguish between electric potential
and potential energy.

The students should become familiar
with voltage magnitudes of common de-
vices. Most electric cells yield 1to 2 volts.

The student should become familiar
with examples of energy exchanges in
terms of eV. For example, chemical bond-
ing involves 1 to 2 eV and visible light
photons carry about 1 to 2 eV (and thus
cause chemical changes).

Energies of particles used in nuclear re-
search are measured in MeV, GeV (BeV),
and TeV.

The formula E = V/d is valid only for a
uniform electric field.

The equivalence of volt/meter and
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_v newton/ coulomb may be shown as fol-
d lows:

The volt/meter, V/m, is a unit for
electric field intensity.

II. ELECTRIC CURRENT

28

An electric current is a flow of electric
charge.

It is measured by the rate at which elec-
tric charge flows past a given point.

A. Conductivity in solids

Solids vary in their ability to conduct
an electric current.

The conductivity of solids depends
on the number of free charges per
unit volume and the mobility of the
charges.

Conductors are substances in which
there are many free electrons.

Insulators are substances in which
there are few free electrons.

The outer electrons are not bound or
are only loosely bound to particular
atoms of a conducting material.

The outer electrons are tightly
bound to the atoms of an insulating
material.

B. Conditions necessary for an elec-
tric current

A potential difference is required to
create a flow of charge between two
points in a conductor. The conduc-
tor must form a complete circuit to
maintain a flow of charge.

The potential difference in a circuit
may be supplied by a battery.

A voltmeter is used to measure po-
tential difference.

Practical applications:

* copper
¢ aluminum
* electrical wire

Symbols for:
|
T I
]
acell a battery

Symbol for a voltmeter

1volt = .M_
coulomb
1volt = 1 newton*meter

coulomb

1 volt - 1newton
meter coulomb

Students should become familiar with
the magnitudes of electric fields, such as
mV/m for radio reception.

Since the word “current’” means a flow of
charge, the use of such phrases as “cur-
rent flow” is, strictly speaking, redun-
dant. However, the use of terms which
are in general use may clarify concepts.

In general, metals are good conductors of
electricity and nonmetals are poor con-
ductors.

It is left to the teacher to decide whether
to use electron current (- to + ) or conven-
tional current (+ to -).

The resistivity of a material is a numerical
indication of how well the material con-
ducts electricity. The resistivity of copper
is 1.7 x 102" m; the resistivity of alumi-
numis 2.8 x 10°'m

No solid is a perfect insulator, but in
some solids, such as glass and fused
quartz, the conductivity is so low that,
for practical purposes, they may be con-
sidered nonconductors.

Some materials whose outer electrons
are more tightly bound to their atoms
than for conductors, but less tightly
bound than for insulators, are called
semiconductors. Their resistivities lie be-
tween conductors and insulators.
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*C. Unit of current

A current of one ampere transfers
charge at the rate of one coulomb per
second.
=59
At
The ampere, A, is the SI unit of elec-
tric current. It is a fundamental unit.

An ammeter is used to measure cur-
rent.

D. Resistance of a conductor
1. Ohm'’s Law

At constant temperature, the cur-
rent in a metallic conductor is di-
rectly proportional to the poten-
tial difference between its ends
and inversely proportional to its
resistance.

*2. Resistance

Resistance is the ratio between po-
tential difference across and cur-
rent in a conductor.

\"
R=T
The ohm, Q, is the S unit of resist-

ance. It is a derived unit.

3. Resistance in a conductor

The resistance of a conductor of
uniform cross section and compo;,
sition varies directly as its length
and inversely as its cross-sectional
area. In general, the resistance of
metals increases with increasing
temperature.

E. Circuits

A circuit is a closed path in which a
current can exist.

Circuit components may be con-
nected in series or in parallel or in
combinations of these.

Symbol for an ammeter:

_®_

Symbol for resistance:

The slope of a potential difference — cur-
rent graph is resistance for a metallic con-
ductor at constant temperature.

Short, fat, cold wires are better conductors
than long, thin, hot wires.

Practical applications:

¢ superconductor
transistor
computer chip
lightbulb

[ ]
®
[ ]
¢ electrical resistance thermomeler

A 30-watt lightbulb can be brighter than a
60-watt lighthulb.

Students are required to draw circuit dia-
grams.

Connect voltmeters and ammeters in cir-
cuits to measure potential difference and
current.

The formal definition of the ampere will
be introduced after the requisite con-
cepts have been developed in the section
on magnetism.

AC considerations are excluded.

Ohm's Law is often expressed mathe-
matically as V = IR. It should be stressed
that Ohm's Law is specific for certain ma-
terials and not a general law of electricity.
However, since this relationship holds
for metallic conductors at constant tem-
perature found in ordinary electric cir-
cuits, it is of great practical importance.

The resistance is the constant of propor-
tionality in Ohm’s Law.

In vacuum tubes, transistors, gas dis-
charge tubes, and electrolytic cells,
Ohm's Law does not apply, so that volt-
age versus current graphs are not linear.

Incandescent lightbulbs experience an
increase in temperature as they are used,
resulting in an increase in resistance.

The resistance of nonmetals and solu-
tions usually decreases with increasing
temperature.

At relatively low temperatures some ma-
terials have zero resistance. This phe-
nomenon is known as superconductiv-
ity. Research is currently taking place to
increase the temperature at which super-
conductivily occurs.

In some materials, for example certain
semiconductors, the relationship be-
tween temperature and resistance de-
pends upon the temperature range.

Stress safety procedures when handling
electrical apparatus.

Although series — parallel combination
circuits are not required, they may be in-
troduced.

Requirements are limited to series and
parallel D C circuits.
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For any junction in a circuit the sum
of the currents entering the point is
equal to the sum of the currents leav-
ing it.

For any simple circuit loop, the sum
of the potential drops is equal to the
source.

*1. Series Circuits

A series circuit is one in which
there is only one current path.

The current is the same in all the
components of a series circuit.

L=h=L=0L=...
The sum of the potential drops in

a series circuit is equal to the
source.

Vi=V,+V,+ V, 4+ ...
The total resistance of a series cir-

cuit is equal to the sum of the re-
sistances of its components.

R=R/+R;+Ry+ ...

Ammeters are connected in series
in acircuit.

*2. Parallel circuits

A parallel circuit is one in which
there is more than one current
path.

The potential drop is the same
across each branch of a parallel
circuit.

Vi=V,=V,=V,=.

The total current in a parallel cir-
cuit is the current supplied by the
source and is equal to the sum of
the branch currents.

L=L+L+L+...
The reciprocal of the equivalent or
total resistance of a parallel circuit

is equal to the sum of the recipro-
cals of the branch resistances.

30

Unifying theme: Conservation of charge

Unifying theme: Conservation of energy

Practical applications:

holiday tree lights

fuse

circuit breaker

thermal swilch (bimetallic strip) in a
hair dryer

Students are required to set up a series

circuit consisting of a source of potential.

and two resistances. They must deter-
mine the potential difference across and
the current through each resistance and
the circuit as a whole.

Practical applications:

* electrical devices plugged into outlets
* jump starting a car
¢ overloaded circuit

Students are required to set up a parallel
circuit consisting of a source of potential
and two resistances. They must deter-
mine the potential difference across and
the current through each resistance and
the circuit as a whole.

This is known as Kirchoff’s first law.

This is known as Kirchoff’s second law.

(A
&)

The expression for the total resistance of
a series circuit may be derived as follows:
Vi=Vi+V,+V, 4. ..

Where V = IR

Thus, LR, = LR, + R, + LR, + .
Butl,=lL,=L=L=...

SoR =R, + R, + Ry + . .

The devices in a car are usually con-
nected in parallel across the battery.

The difference between parallel and se-
ries circuits can be observed by connect-
ing three resistances in series and then in
parallel. In each circuit determine the po-
tential difference and current for each re-
sistance and for the circuit as a whole.

% F 0

The expression for the equivalent resist-
ance of a parallel circuit may be derived
as follows:

k=L +L+L+...
Wherel = V/R

Vi _V,, VvV, Vv
Thus, St = L 4 2 4.3 4 |
us R, R.+R,+R,

ButV,=V,=V,=V, = . ..
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1 1 1 1
= e
R°R'R'R

Voltmeters are connected in paral-
lel in a circuit,

+ ...

*3. Electric power

Electric power is the time rate at
which electric energy is ex-
pended.

The watt, W, is the Sl unit for elec-
tric power.

Itis a derived unit.

Power is equal to the product of
current and potential difference.
For conductors which obey Ohm's
Law, it can be applied to obtain ex-
pressions involving resistance.

P = VI for any general device

P = VI = PR = VIR for ohmic
conductors

Electric power is a scalar quantity.

*4. Electric energy

The energy used in an electric cir-
cuit is the product of the power
developed and the time during
which the charges flow.
W = Pt = Vit = PRt

The joule, ], is the SI unit for elec-
tric energy. It is a derived unit.
Electric energy is a scalar quantity.

1I1. MAGNETISM

A. Magnetic force
Magnetic force is a force that exists
between currents.

B. Magnetic field

Magpnetic fields exist in the regions
around electric currents.

1. Direction

The direction of a magnetic field
is, by convention, the direction in
which the N-pole of a compass
would point in the field.

Practical applications:

* power rating on lightbulbs and appli-
.ances
¢ dimmer switch

Practical applications:

¢ household electric bill
¢ household electric meter

Unifying theme: Conservation of energy

Iron fences beconte magnetized after standing
in the same place for many years.

Practical applications:

* the Earth
* magnctic compass

Unifying theme: Fields

Substituting units into the formula
P = Vlyields:
P= joule

coulomb

coulomb
second

.

joule
second

P = watt

Since the joule is a small unit of energy,
commercial electrical energy is usually
measured in kW hr. One kW hr = 3.6 x
10°J.

One reason for boosting the potential in
power lines is to reduce the current and
thus reduce the loss of energy.

Compare the efficiency of incandescent
lights with fluorescent lights.

The general properties and uses of mag-
nets and the compass should have been
taught in previous courses. A review of
these concepts may serve as an introduc-
tion to this section.

Paramagnetism is due to electron spinin
the atoms of a material. Ferromagnetism
is also due to electron spin, but a quan-
tum effect is responsible for aligning the
spins of many atoms. Diamagnetism is
due to a displacement of electron orbital
arrangements.

The north pole of the Earth’s magnetic
field is located near the South Pole of the
Earth.

3
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2. Magnetic flux lines

A magnetic field is mapped by
imaginary magnetic lines of force
called flux lines. The lines of force
always form closed paths and
never cross.

The magnitude of the magnetic
field is greatest where the lines of
force are closest together.

The direction of the magnetic field
at any point is tangent to the field
line at that puint.

3. Flux density

The magnetic flux density (mag-
netic field strength) at a pointin a
magnetic ficld is the flux per unit
area taken perpendicular to the
flux at that point.

Flux density is a vector quantity.

The tesla, T, is the SI unit of flux
density.

4. Magnetic field around a straight
conductor.

An electric current in a straight
conductor creates a magnetic field
that may be represented by mag-
netic lines of force that are concen-
tric circles, having the wire as a
common center, and in a plane
perpendicular to the conductor.

5. Magnetic field around a coil of
wire {solenoid).

An electromagnet is a coil of wire
with a ferromagnetic core.

C. Force on a moving charge carrier in
a magnetic field
The force on a moving charge carrier
in a magnetic field is perpendicular
to the direction in which the charge
carrier is moving and to the mag-
netic field vector at that point.

Students are required to map the mag-
netic field around a magnet.
Practical applications:

¢ bar magnel
* Earth

Unifying theme: Veclors

Determine the direction of a field around
a conductor by using an appropriate
hand rule.

A piece of iron can turn a weak solenoid into a
strong electromagnet.

Practical applications:

* loud speaker

¢ electromagnet

¢ electric motor

* circuit breaker

* galvanometer

Determine the direction of a field around
a coil using an appropriate hand rule.

Practical applications:

o cathode ray tube
* mass spectrometer

Magnetic fields can be demonstrated by
using iron filings near a magnet.

Students should become familiar witl
the magnitudes of several common mag,
netic fields. For example:

research electromagnet 127 °
Earth’s surface 5x10°T
(.5 gauss)

Permeability is the property of a materi.
which permits the flux density to b
greater than it would be in a vacuum.

The permeability of air is nearly the sam
as that of a vacuum which is one.

The flux density between the poles ¢
magnets (such as surplus magnetrons)
often given in gauss.

1.0 tesla = 1.0 weber/meter?
1.0 tesla = 1.0 x 10 gauss

It is left to the teacher to decide wheth:
to use left-hand rules or right-han
rules.

The direction of the force may be det:
mined by considering the increase of fl
density on one side of the charge carr
{additive fields) and the decrease on
other side of the charge carrier (subtr.
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The force is a maximum when the
angle between the field and the di-
rection of motion of the charge car-
rier is 90°, There is no force when
the angle between the field and the
direction of motion of the charge car-
rier is 0°,

IV. ELECTROMAGNETIC
INDUCTION

A potential difference may be induced
in a conductor. The magnitude of the
induced potential difference is propor-
tional to the rate at which the flux
linked by the conductor changes.

A. Electromagnetic radiation

Electromagnetic waves are gener-
ated by accelerating electric charges.

Determine the direction of the force on a
moving charge carrier by using an appro-
priate hand rule,

Unifying Theme: Conservation of en-
ergy
Practical applications:

* generator
¢ transformer

Unifying themes: Fields
Practical applications:

* electromagnetic spectrum
* antenna

tive fields). The charge carrier moves to-
ward the weaker field,

If the optional unit “Electromagnetic Ap-
plications” is to be discussed, the sec-
tions on meters and motors may be intro-
duced here.

The force between parallel conductors is
used to define the ampere. A current of
one ampere is that current which, when
flowing in each of two parallel wires one
meter apart, causes the wires to exert a
force on each other of 2 x 107 newton for
each meter of their length.

The induced potential difference de-
pends on the rate at which the flux is
changing, whether that change is be-
cause the flux is changing in magnitude
or direction, or because of any motion of
the conductor that causes a change in
Aux.

Accelerating charges produce oscillating
electric and magnetic fields which are
perpendicular to each other.
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I. INTRODUCTION TO WAVES

A wave is a vibratory disturbance that
propagates through a material or
space.

A. Transfer of energy

Wave motion transfers energy from
one point to another with no trans-
fer of mass between the points.

B. Pulses and periodic waves

A wave may be classified as a pulse
or a periodic wave.

1. Pulses in a medium
A pulse is a single vibratory dis-
turbance that moves from point to
point.
a. Speed of a pulse

In a uniform medium, a pulse
has a constant speed.

The speed of a pulse is depen-
dent on the type and properties
of the medium.

b. Reflection and refraction

When a pulse reaches a bound-
ary with a different medium,
part of the pulse is reflected,
part will be transmitted
through the second medium,
and part will be absorbed.

2. Periodic waves

A periodic wave is a series of regu-
lar (evenly timed) disturbances in
a medium,

36

Unifying theme: Conservation of energy

Sound from a rifle firing could trigger an ava-
lanche.

Practical applications:

¢ sound
* walter
* light

Practical applications:
 one-way mirror
¢ sound-proofing
¢ concert hall design

/—\/\/

A medium is the material through which
a wave passes and is required for the
transfer of mechanical waves, e.g. water
waves, sound waves, rope waves and
spring waves.

Particles of the medium vibrate around
rest (equilibrium) positions, but do not
move along the wave as the energy does.

In the case of electromagnetic waves,
where the waves are periodic distur-
bances of electromagnetic fields and no
medium is necessary, the term “space”
or “vacuum” will be used.

Wave behavior in a medium is more eas-
ily studied and is therefore used here to
establish typical patterns as exhibited by
all waves.

A ripple tank may be used to demon-
strate both pulses and periodic waves.

Suspend a long coiled spring from the
ceiling to demonstrate wave phenom-
ena.

Use ripple tanks to demonstrate wave
phenomena.

Discuss design features used in aclive
and passive solar energy systems, such
as painting the back surface of a solar col-
lector black and placing windows on the
south side of a house.
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C. Types of wave motion

Two simple types of wave motion
are longitudinal and transverse.

1. Longitudinal waves
The vibratory disturbance in lon-
gitudinal waves is parallel to the
direction of travel of the wave.

2. Transverse waves

The vibratory disturbance in
transverse waves is at right angles
to the direction of travel of the
wave.

1I. CHARACTERISTICS OF PERI-
ODIC WAVES

A. Frequency

Frequency is the number of vibra-
tions occurring per unit time.

The hertz, Hz, is the SI unit of fre-
quency. It is a derived unit.

1 hertz = 1cycle/second

*B. Period

The period is the time required for
completion of a single vibration.

The second, s, is the SI unit for per-
jod.

The period is the reciprocal of the
frequency.

=1
f

C. Amplitude

The amplitude of a wave is the maxi-
mum displacement of a particle of
the medium from the rest position.

As the amplitude of a light wave in-
creases, the brightness of the light
increases.

As the amplitude of a sound wave
increases, the loudness of the sound
increases.

D. Phase

Points on a single periodic wave hav-
ing the same displacement from
their equilibrium position and mov-
ing in the same direction are said 10
be in phase.

Practical applicalions:

¢ sound
e seismic waves (P-waves)

Practical applications:

* electromagnetic waves
s seismic waves (S-waves)

Practical applications:
* radio frequencies
* tuning fork

* sonar

¢ dog whistle

Practical applications:
e period of a pendulum

Compare the relative amplitudes of
waves from diagrams.

Practical applications:

* boom box

e rock concert

o threshold of pain

o dimmer switch on a light switch

Poinls in phase: A+E
B+F
C+G

The longitudinal and transverse nature
of earthquake waves provide evidence
for the structure of the Earth’s interior.

Water ripples are approximately trans-
verse. Waves in a cord are transverse.

The human ear can detect sound fre-
quencies in the range of 20 Hz to 20,000
Hz.

A frequency of one hertz is equal to one
vibration per second. This definition is
now standard and should be stressed.

Ultrasonic sound is used to study body
organs, map the ocean floor, locate min-
eral depusits, and clean equipment and
eyeglasses.

Amplitude
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E. Wavelength

The wavelength of a periodic wave is
the distance between two consecu-
tive points in phase.

The wavelength can be measured
from one point on a wave to an iden-
tical point on the same wave.

*F. Speed

The speed of a wave is equal to the
product of the frequency and the
wavelength,

veafi

G. Doppler effect

The Doppler effect is the variation in
observed frequency when there is
relative motion between a source
and a receiver.

There is an increase in observed fre-
quency when the distance between
asource and a receiver is decreasing,.

There is a decrease in observed fre-
quency when the distance between
asource and a receiver is increasing.

Changes in sound frequency are ob-
served as changes in pitch. Changes
in light frequency are observed as
changes in color.

H. Wave fronts

A wave front is the locus of adjacent
points of the wave which are in
phase.

IIl. PERIODIC WAVE PHENOMENA

Periodic waves respond to different
conditions in predictable ways.

A. Interference

Interference is the effect produced
by two or more waves which are
passing simultaneously through a
region.

1. Superposition

The resultant displacement at any
point is the algebraic sum of dis-
placements due to individual
waves,
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To begin the race, you look for the flash of the
starting pistol instead of listening for the
sound.

The relationship v = f A may be consid-
ered an application of s = vt. The dis-
tance A is covered by the wave of velocity
v in one period:

A=vT =viforv =f).

The bat is scen hitting the ball before the crack
is heard.

Practical applications: - A ripple tank demonstration may be
used to illustrate the Doppler effect and
the compression of waves. A “water
boom” can be created which is analogous

to a sonic boom.

¢ train whistle

¢ passing car’s horn

* radar

* red shift of starlight

* measuring the speed of a baseball Observations of the red shift of light from
distant galaxies support the Big Bang

. theory of the formation of the universe.
Frequency & a moving source . :
Tuning forks or a signal generator and an

oscilloscope may be used to demonstrate
pitch.

High
Frequency

Low
Frequency

A ripple tank may be used to demon-
strate wave fronts,

©

Tawo waves can be less disturbing than one. Interference may be demonstrated using

Practical applications: aripple tank.

* beats
* concert seating

Paired Wave Diagrams

AN
N~~~
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a. Constructive interference —_— —————
Maximum constructive interfer- To illustrate constructive and destructive
ence occurs at points where the interference, two transparencies depict-
phase difference is 0°. : ing identical waves in different colors
Constructive may be used. A third blank transparency
L. can be placed on top and the resultant
b. Destructive interference sketched for various phase relationships.
Maximum destructive interfer- -
ence occurs at points where the
phase difference is 180°. —_—
Maximum destructive interfer- .
ence results in the formation of Destructive

nodal points and nodal lines.

The total destruction of two co-
incident periodic waves results
if they have equal amplitudes
and frequencies and a phase
difference of 180°.

2. Two sources in phase in the same
medium

Two wave sources operating in
phase in the same medium pro-
duce wave trains forming sym-
metrical interference patterns
where the waves meet.

Constructive interference occurs
at points where path distances to
the two sources differ by an even
number of half-wavelengths, re-
sulting in a phase difference of 0°
or 360°.

Destructive interference occurs at
points where path distances to the
two sources differ by an odd num-
ber of half-wavelengths, resulting
in a phase difference of 180°.

3. Standing waves

Standing waves are produced
when two waves of the same fre-
quency and amplitude travel in
opposite directions in the same
medium.

Two sources in phasc

Identify constructive interference at spe-
cific points on a diagram of two sources
in phase.

Identify destructive interference at spe-
cific points on a diagram of two sources
in phase.

Identify nodes and antinodes from
standing wave diagrams,

Antinodes

Standing waves in a stretched string may
be demonstrated using a sonometer. Pa-
per riders will show locations of nodes
and antinodes. It should be noted that
the string must contain an integral num-
ber of half-wavelengths.

Standing waves have important implica-
tions for atomic and nuclear physics
which should be discussed at the appro-
priate time in that optional area.
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a. Reflection

Standing waves are most often
produced by reflection of a
wave train at a fixed boundary
of the medium.

b. Resonance causes vibrations in
an object at the object’s natural
vibration frequency by a wave
with the same frequency. Most
vibrating systems will vibrate
at a particular frequency if dis-
turbed. If they are excited at the
resonant frequency, the ampli-
tude will increase.

IV. LIGHT

Light is an electromagnetic distur-
bance that can produce the sensation
of sight.

*A. Speed

The speed of light is equal to the
product of frequency and wave-
length,

1. Inspace

The speed of light in space is an
important physical constant, 3 x
10*m/s.

c=1f\

2. In a medium

The speed of light in a medium is
dependent on the frequency of
the light and on the nature of the
medium.

B. Reflection
1. Law of reflection

The incident ray, the reflected ray,
and the normal to the surface at

40

Ben Franklin made @ musical instrunient
with glasses partially filled with waler.

Practical applications:

® structural design (Tacoma Narrows
Bridge collapse)

behavior of atoms

music and acoustics

opera singer shattering a glass
marching band breaking step when
crossing a bridge

You can see the flash of lightning before you
hear the clap of thunder.

lllustrate the law of reflection by ray dia-
grams.

Resonance may be demonstrated using a
matched pair of tuning forks.

Emphasize the importance of standing
waves in producing resonance.

No medium is necessary for the trans-
mission of electromagnetic waves.

To distinguish the speed of light from
other wave speeds, the symbol “¢” is to
be used for the speed of light in a vac-
uum.,

Various methods for measuring the
speed of light should be discussed.

Measurements of the speed of light re-
futed the belief that the space between
the Earth and sun was filled with “ether.”

The speed of light in space is the same in
all reference frames and is the limit value
for increases in speed.

The speed of light in a medium is always
less than the speed of light in a vacuum.
However, the speed of light in air is the
same as that in a vacuum within three
significant figures.

Of all the possible paths between two
points, a light ray will take the path
which requires the least time. This is
known as Fermat’s principle and may be
used to explain reflection.

Reflection results when waves strike a
boundary of different impedence.
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the point of incidence are in the
same plane.

The angle of reflection is equal to
the angle of incidence.

0, =6

2. Regular reflection

Regular reflection is reflection
produced by polished surfaces,
usually producing an image of the
source.

3. Diffuse reflection

Diffuse reflection is the scattering
of light caused by reflection from
irregular surfaces.

C. Refraction

Refraction is the change in direction
of a wave that occurs when the wave
passes obliquely through a bound-
ary and across which there is a
change in speed.

1. Effect of the medium

The speed of light waves depends
on the properties of the medium.

Construct plane mirror images using
light ray diagrams and apply the law of
reflection. Measure the angle of inci-
dence and the angle of reflection.

Normal

Mirror

Practical applications:

¢ mirror
¢ pool of water
* looking out a window at night

Practical applications:

* this paper
* blue sky
¢ red sky at night

4

)

Rough Surface

You can see the sun when it is below the hori-
20M.

Students are required to determine the
path of a light ray passing from air

Two students, a large mirror and string
may be used to illustrate the law of reflec-
tion. One student observes the image of
the second. The string is used to line up
the image with the first student, is then
fastened to the mirror, and is then run
back to the second student. Angles can
then be measured.

Flat paint is used to paint the interiors of
homes to minimize regular reflection
which produces “hot spots.”

The law of reflection holds for each light
ray, but since the surface is irregular, the
normals to the surface are not parallel
and the reflected light is scattered.

An analogy such as a line of soldiers
marching from smooth pavement into
mud or the two right tires of a car going
off the road into the mud may help ex-
plain the change in direction of a wave
undergoing refraction.
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2. Speed and refraction through another medium and back into Normal
When a wave enters a new me- air using a transparent object (rectangu-
dium obliquely, and there is a de- :jar blo;:k, sen(;!cm:ular container) and to i
crease in speed, the wave bends raw the ray diagram.
towards the normal (forms a Practical applications: Air Speed=c
smaller angle). * twinkling star
When a wave enters a new me- ® “water” on road on a summer’s day Glass Speed<c

dium obliquely and there is an in-
crease in speed, the wave bends
away from the normal (forms a
larger angle).

*D. Absolute Index of refraction

The absolute index of refraction of a
medium is the ratio of the speed of
light in a vacuum to the speed of
light in the medium.

ns= i
v
*1. Snell's Law

The ratio of the absolute indices of
refraction is inversely propot-
tional to the ratio of the sine of the
incident angle to the sine of the re-
fractive angle.

nsing, = n;sin g,
and

nv, =n,v,
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A straw appears to bend when placed in a
glass of water,

Practical applications:

¢ astraight rod appearing bent in water

* distortion when looking into a fish
tank

® one-way mirror

o,

Immersion oil and glass have nearly the
same indices of refraction, making the
glass rod “disappear” when it is in the
oil.

Relative index of refraction is represented
by:
ny/n, = n,,

It should be stressed that a subscript of
“1” refers to the incident medium, and
2" to the refractive medium.,

Given Snell's Law:

sind, n,
sin@, n,

c
Where n, = < and n,=—
Vi V2

1t follows that
sind, _clv, v,

D — = o

sind, cv, v,

Since the frequency of the light does not
change as the light travels into another
medium

fi=f,=f

and

vi = fAand v, = f)\,
Therefore,

vi BN

—_— el = O

v, A N
Consequently,
sind, _n, v, )

sin, n, v, X\
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*2. Critical angle

Thecritical angle is the angle of in-
cidence for which the angle of re-
fraction is 90°.

sing, = 1
n
from one medium (n) into air or a
vacuum (n=1)

3. Total internal reflection

Total internal reflection occurs
when the angle of incidence is
greater than the critical angle.

Glass
Air

0>6,

4. Dispersion

Dispersion is the separation of
polychromatic light into its com-
ponent wavelengths as the light
enters a dispersive medium
obliquely.

Polychromatic light contains
waves of different frequencies.
Polychromatic light may be dis-
persed because each frequency of
light has a different absolute index
of refraction.

a. Dispersive medium

A dispersive medium is a sub-
stance in which the speed of a
wave depends on its frequency.
Glass is a dispersive medium for
light.

b. Non-dispersive medium

A non-dispersive medium is
one in which the speed of the
wave does not depend on the fre-
quency. A vacuum is non-
dispersive for light.

Glass
Air

Telephone communications can be carried by
laser beams through glass fibers.

Practical applications:

* fiber optics

¢ diamond

* rainbow

Red, blue, and green light make white.
Practical applications:

® diamond
rainbow
chandelier
prism

Red

White
Light

Violet

Snell’s Law for the critical angle, sin 6, =
n,/n,, reduces to sin 8, = 1/n when the
refractive medium is a vacuum or air.

Total internal reflection occurs when
light passes from one medium into an-
other having a smaller absolute index of
refraction with the incident angle greater
than the critical angle.

Current use of ROY G BIV excludes in-
digo; i.e., ROY G BV.

Indices of refraction for glass:

violet light 1.53
yellow light 1.52
red light 1.51

Under everyday classroom conditions,
air is a non-dispersive medium for light.
The dispersive effect of air on light can be
observed in the Michelson interferome-
ter and, rarely, as a green flash as the sun
sets.

Air is a non-dispersive medium for
sound.

If the optional unit “Geometric Optics” is
to be discussed, this is an appropriate in-
troduction to it.
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E. Wave nature of light

Much of the beliavior of light can be
interpreted in terms of wave phe-
nomena.

1. Interference of light
Interference phenomena can be

produced by light.

Interference can be explained by
the wave model of light.

a. Diffraction

Diffraction is the spreading of a
wave into the region behind an
obstacle,

b. Coherent light sources

Sources producing waves with
a constant phase relationship
are said to be coherent.

*c. Double Slit

Light from two coherent point
sources produces an interfer-
ence patlern.

Q>
lx

;Mo Yl SLT

Practical applications:
* soap bubble
* oil slick on roadway

U Barfrier

Commercial slits are available and can be
used to demonstrate diffraction using a
He/Ne laser.

Students can observe diffraction by look-
ing at a light source through their fingers
squeezed together.

According to Huygen's Principle, every
point on a wave front may be considered
a source of wavelets with the same
speed.

Huygen's Principle provides a geometric
method for predicting, from a known
wave front shape, the shape of the wave
front at a later time.

Lasers produce nearly coherent light.

Conventional light is emitted in “pack-
ets” that are random in time and direc-
tion. Lasers produce light that is more
coherent with groups of “packets” that
are vibrating in phase in time and travel-
ing in the same direction.

A laser produces a beam of light with a
very narrow band of frequencies in
which all the waves remain in phase for
longer times than with ordinary sources.

Students can make their own doubie slits
with two razor blades held tightly to-
gether being used to scratch lines on a
blackened microscope slide.

The geometry of the double slit experi-
ment and wave interference may be used
to derive

]

o>
ouf B
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2. Polarization

Polarization is the separation of a
beam of light so that the vibra-
tions are in the same plane. Trans-
verse waves can be polarized; lon-
gitudinal waves cannot = be
polarized.

F. Electromagnetic spectrum

The electromagnetic spectrum con-
tains radio waves, infrared waves,
visible light waves, ultraviolet
waves, x-ray waves and gamma ray
waves.

The different effects of electromag-
netic waves on receivers is due to dif-
ferences in their frequency.

Visible light is a small portion of the
electromagnetic spectrum.

Practical applications:

* polarized sunglasses
* 3-D movie
® stress analysis

You can get a sunburn on a cloudy day.
Unifying theme: Fields

Accelerating charges emit electromagnetic m-
diation.

Practical applications:

* radio and television transmission
* sunlight

* sunburn

¢ medical diagnosis
® cancer treatment
* sterilizing food
¢ greenhouse

* microwave oven

Polarization occurs because of the vibra-
tions of the electric ficld in one plane.
Observe the effect on light when two po-
larized film sheets are viewed at phase
angles of 0° and 90°.

Applications of various waves in the elec-
tromagnetic spectrum should be dis-
cussed.

Discuss the greenhouse effect.
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I. DUAL NATURE OF LIGHT

Light appears to exhibit the character-
istics of either waves or particles in dif-
ferent experiments.

A. Wave phenomena

Interference, polarization, and dif-
fraction of light can be most easily
explained on the basis of a wave the-
ory.

B. Particle phenomena

The photoelectric effect can be ex-
plained most easily on the basis of a
particle theory.

*1. Photoelectric effect

The photoelectric effect is the
emission of electrons from a sub-
stance when illuminated by cer-
tain electromagnetic radiation.

In aregion of the spectrum, where
photoemission can occur forama-
terial, the rate of emission of pho-
toelectrons is directly propor-
tional to the intensity of the
incident radiation.

Unifying theme: Conservation of energy

Light can move objects.

Practical applications:
e electric eye

¢ solarcell

* light meter

o smoke detector

Plot a pholocurrent — intensity graph.

Photocurrent

Intensity

Discuss the dual nature of electromag:
netic radiation, including light. This dual
nature illustrates that in order to concep-
tualize the behavior of light models mus!
be used. When light waves are interact
ing with each other, as in interference ef
fecls, a wave model is most effective
Generally, however, when light interact:
with matter, a particle model is better. h
the microscopic world, matter also re
quires dual models for complete descrip
tion.

Einstein received a Nobel Prize in 191
for his work on the photoelectric effec
Place a zinc plate on an electroscope ai
charge it negatively. Shine an incandt
cent light, laser light, and ultraviol
light on it. Only the ultraviolet light w
discharge the electroscope.

The kinetic energy of the photoelectr:
actually depends on the frequency oft
photon. This effect cannot be explain
by the wave theory, but provides ¢
dence for the particle nature of light.

On the basis of the particle model, wh
a photon is absorbed by a substance !
energy of the photon is transferred |
single electron within the surface.
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The maximum kinetic energy of
photoelectrons is dependent only
on the frequency of the incident
light and the nature of the surface.
The maximum kinetic energy of
the photoelectrons is indepen-
dent of the intensity of the inci-
dent light.

For each photo-emissive material
there is a minimum frequency
called the threshold frequency be-
low which no photoelectrons will
be emitted. The energy associated
with the threshold frequency is
the energy required to remove an
electron from the surface of a sub-
stance and is called the work func-
tion,

The maximum kinetic energy of
the photoelectrons varies linearly
with the frequency of the incident
light that produces them.

The slope of the kinetic energy
versus frequency graph is the
same for all photo-emissive sur-
faces and is equal to Planck’s con-
stant.

II. THE QUANTUM THEORY

The quantum theory was developed to
explain phenomena which could not
be explained by the classical wave the-
ory of light. v
*A. The quantum

Atoms absorb or, if excited, emit
electromagnetic radiation only in
discrete amounts called quanta.

The energy of each quantum is di-
rectly proportional to the frequency
of the radiation. The constant of pro-
portionality between the energy of a
quantum of electromagnetic radia-
tion and its frequency is Planck’s
constant.

Ephoton = hf
*B. Photon

A photon is a “particle” of light car-
rying energy and momentum. Pho-
tons act individually and their ener-

Kinetic Energy

Plot a kinetic energy -intensity graph.

Intensity

Plot a maximum kinetic energy — fre-
quency graph for the photoelectrons.

>

il
E o
3 &
£Mm
5
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fo Frequency

Determine the slope of a kinetic energy
— frequency graph. Compare the results
to Planck’s constant (6.63 x 10-*J.s).

Given the wavelength of a photon, stu-
dents are expected to be able to calculate
the frequency and energy of the photon,

The emission of photoelectrons is a ran-
dom phenomenon.

The kinetic energy of the fastest moving
electrons can be determined by measur-
ing the retarding voltage necessary to
stop the photoelectric current.

Light of a frequency below the threshold
frequency does not eject photoelectrons
from the substance regardless of how
great the intensity of the light. According
to wave theory, light of any frequency
should cause photoelectrons to be emit-
ted, provided the light’s intensity is suf-
ficient,

The wave theory is unable to describe the
process of radiation absorption observed
in the photoelectric effect.

In 1905 Einstein proposed that electro-
magnetic radiation was not only quan-
tized during the process of emission as
proposed by Planck, but also remained
quantized during transmission and ab-
sorption.

An analogy that may be used is to com-
pare the wave theory to a hose and water
and the quantum theory to buckets of
water.

A photon has energy and has momen-
tum, but a photon is not energy or mo-
mentum,
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gies are inversely proportional to
their wavelength.

he
E=-x

*C. Photoelectric equation

The kinetic energy of an ejected pho-
toelectron is equal to the difference
between the energy of the incident
photon and the work function of the
photo-emissive surface.

KE,,.=hf - W,

Substituting W, = hf,,

KEm:x =h (f - fo)

D. Photon — particle collisions

In a photon — particle collision, the
photon energy and momentum de-
crease, and the particle energy and
momentum increase. Both energy
and momentum are conserved in
this collision. As the energy of the
photon decreases, its frequency de-
creases.

*E. Photon momentum

The momentum of a photon is in-
versely proportional to its wave-
length.

h
P=x

*F, Matter waves

Moving particles have wave proper-
ties. Under ordinary circumstances
the wave nature of moving objects is
not significant because their mo-
menta are too large (matter wave-
lengths too small). It is only when
the moving particles are on a sub-
atomic scale that their wave proper-
ties are observable and important.

R:L

p

HI. MODELS OF THE ATOM

A. The Rutherford model of the atom

On the basis of scattering experi-
ments, Rutherford proposed a
mode] in which the positive charge
of an atom, and most of the mass,
are considered to be concentrated in
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Unifying theme: Conservation of energy

Unifying themes: Conservation of en-
ergy, Conservation of momentum

Unifying themes: Conservation of en-
ergy, Conservation of momentum

Practical applications:
¢ electron microscopes

Unifying theme: Fields

Students are required to formulate infer-
ences about the contents of a “black box”
by making external observations. “Black

By combining the equations, E = hf anc
¢ = fX, the relationship between energ:
and wavelength is given by E = hc/A

This equation was formulated by Alber
Einstein in 1905. This illustrates conser
vation of energy.

Compton used x-rays for his photon
particle collisions in 1922.

The Compton Effect is explained in term:
of the conservation of energy and mo
mentum in photon-particle collisions.

Although the photon carries momentun
and can exert a force, it does not and can
not have rest mass. In any frame of refer
ence in space the photon moves with th
speed of light and cannot be at rest.

De Broglie made this proposal in 1924
based on his intuitive feeling that natur
is symmetrical and that the dual natun
of light is matched by a dual nature o
matter.

The de Broglie wavelength should b
computed for a baseball and an electro)
to stress that the de Broglie wavelength i
insignificant (too small to be diffracte:
and detected) for all but subatomic parti
cles.

Alpha particles directed at a thin metalli.
foil were observed to be scattered in al
directions. The distribution of the parti
cles as a function of their scattering an
gles was experimentally measured.
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a small dense core, called the nu-
cleus of the atom, with electrons
widely separated from the nucleus.
Most of the atomic volume is space.

1. The alpha particle

The alpha particle is a helium nu-
cleus which consists of two pro-
tons and two neutrons.

2. Alpha particle scattering

Most of the alpha particles di-
rected at a thin metal foil pass
through without being deflected.
A very small percentage of parti-
cles are scattered through angles
ranging up to 180 degrees.

3. Trajectories of alpha particles

Alpha particles are deflected into
hyperbolic paths because of the
electric forces (Coulomb forces)
between them and the positively
charged nuclei of the metal foil,

4. Dimensions of atomic nuclei

The radii of atomic nuclei are
small compared with the radii of
their respective atoms.

5. Limitations of Rutherford’s

model

Rutherford’s model did not ac-
count for the lack of emission of
radiation as electrons move about
the nucleus and the unique spec-
trum of each element.

boxes” enable students to develop the
skill of modeling. Modeling is extremely
important for understanding how scien-
tists developed the modern theory of the
atom.

Alpha particle paths

I

Reboundl—> @

»

e
(e

c>(.P‘ractically no deflection

Planetary model of the atom

Rutherford confirmed the existence of al-
pha particles in his “mousetrap” experi-
ment.

Many naturally radioactive substances
emit alpha particles. These include ra-
dium, radon, polonium, and uranium.
The type of nuclear disintegration which
results in the emission of alpha particles
is called alpha decay.

Energies of particles used in this experi-
ment ranged between 4.5 and 9.0 MeV.
This corresponds to velocities from 1.5 x
10" m/s t0 2.0 x 10" m/s. The unexpected
and significant result of this experiment
is the deflection of some particles
through very large angles, almost 180 de-
grees. Since both the nuclei of the foil at-
oms and the alpha particles are posi-
tively charged, the alpha particles
experience Coulomb forces of repulsion.

The angle through which the particle is
deflected is called the scattering angle.
The probability of a head-on collision is
very small.

The ratio of the radius of an atomic nu-
cleus to the radius of its atom is between
1:10,000 and 1:100,000.

Electrons moving around the nucleus are
accelerated and should radiate energy of
changing frequency and eventually col-
lide with the nucleus. Since atoms emit
only radiation of specific frequencies and
do not collapse spontaneously, Ruther-
ford’s model required modification,

51



Content Outline/ Discrepancies/ Supplementa
Understandings/ Practical Applications/ pp-ementary

sl Information
Concepts Activities

B. The Bohr model of the hydrogen
atom

The Bohr model of the hydrogen
atom consists of a positively-
charged nucleus and a single elec-
tron revolving in a circular orbit.

1. Bohr’s assumptions

An orbiting electron does not lose
energy even though it has an ac-
celeration toward the center.

Only a limited number of speci-
fied orbits is permitted. Each orbit
represents a particular energy
state.

When an electron changes from
one energy state to another, a pho-
ton with energy equal to the dif-
ference between the energies of
the two states is emitted or ab-
sorbed.

2, Energy levels

When gas atoms are bombarded
by electrons, the gas atoms can ac-
cept energy only in discrete
amounts.

The process of raising the energy
of electrons in atoms is called exci-
tation.

Excitation energies are different
for different gases.

Excited atoms subsequently re-
lease the energy as photons.
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Students should become familiar with
the hydrogen energy levels.

lonizaui M
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Energy levels for the hydrogen atom

Unifying theme: Conservation of energy.

Compare the energy levels of the hydro-
gen atom with some of the energy levels
of the mercury atom. ’

cV
L ]
Tonization
j x 0.0
L )
i ~ ~-1.50
he N s
g 248
(7 N.2.08
c/ SN 3T
-y
d C_ 195
¢ -5.82
~ A Y
b -, ST
L ]
Ground State
a w -10.38

A few energy levels for the mercury atom

Assumptions contrary to classical theory
are required to explain the behavior of at-
oms.

If the optional unit “Motion in a Plane”
has not been taught, a brief discussion of
circular motion, specifically changing ve-
locity and acceleration toward the center
of the circle, will be necessary at this
time,

The Bohr model does not provide a fully
accurate model for the atom. Quantum
mechanics is required for a complete de-
scription. However, as an introduction
model, the Bohr picture remains useful.

According to classical theory, the elec-
tron should lose energy by emitting elec-
tromagnetic radiation and spiral into the
nucleus.

The permitted orbits are those for which
the angular momentum of the electron is
an integral multiple of Planck’s constant
dividedby 2 =

When an electron goes from one state to
another, the change of energy is given
by: hf = E, — E, where E, and E, are the
respective energies of the two states and f
is the frequency of the radiation emitted.

In 1914 J. Franck and G. Hertz further
strengthened the concepts of stationary
states or fixed energy levels by bombard-
ing vaporized elements such as Hg with
electrons. The atoms of gas accepted en-
ergy from the electrons only in discrete
amounts that agreed with the energy
level values of the atoms.

Excitation energies were different for dif-
ferent gases,

Electrons with energies lower than the
discrete excitation energies of the gas at-
oms collided elastically with these atoms
and no energy was absorbed.

The Franck — Hertz experiment demon-
strates one way of exciting atoms; other
methods are thermal excitation, electrical
discharge, and electromagnetic excita-
tion.

The energy level diagram shows only a
few of the levels for a Mercury atom. For
this reason, the levels are labeled a
through j.
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a. Ground state

The ground state is the most
stable state and is the lowest
possible energy level.

b. lonization potential

The minimum energy neces-
sary to remove an electron from
an atom is called the ionization
potential.

3. Standing waves

Standing waves for electrons can
exist only at certain distances from
the nucleus, which correspond to
the discrete energy levels of the
atom. An electron in a standing
wave about the nucleus will not
radiate energy.

4. Limitations of Bohr model

Bohr’s model of the atom did not
successfully predict other aspects
of the hydrogen atom nor can it
explain the electron orbits of large
atoms having many electrons.

5. Atomic spectra

Each element has a unique char-
acteristic spectrum since each ele-
ment has a unique arrangement of
orbital electrons.

*a. Excilation and emission

Atoms excited lo energy levels
above the ground state emit en-
ergy as photons when their
electrons fall to lower energy
levels,

Epl\(llnn = Ei - El
*b. Emission spectra
The energies associated with
the lines in an emission spec-

trum of an element may be de-
termined by using an energy

Helium was found in the sun before it was
found on earth.

Practical applications:
¢ identifying elements in stars

* spectroscope
¢ laser

Quantitative requirements include inter-
preting energy level diagrams for hydro-
gen and mercury.

The minimum energy necessary to re-
move an electron from the atom is equal
to the magnitude of its potential energy
minus its kinetic energy.

The ionization potential is the energy re-
quired to remove an outermost electron
from its ground state and leave it at rest at
infinity, that is, to ionize the atom.

A standing wave will occur only when
nk = nh/p or nhimv = 2r,; then
Planck’s assumption mvr, = nh/2r fol-
lows. The number of wavelengths in an
orbit for a particular energy level is equal
ton.

In the ground state, n = 1. All the other
states are called excited states because
energy must be added to the electron in
order to move it to these states. When an
atom absorbs energy, an electron moves
into orbits with larger radii and into en-
ergy levels with higher energy.

These standing waves are for the proba-
bility function that describes the location
of the electron. The electron does nof tra-
vel in a wave-like orbit.

The energy leve! diagrams for atoms hav-
ing more than one electron apply to en-
ergy states of the whole atom, instead of
individual electrons.

Through a spectral analysis of sunlight,
helium was found to exist in the sun be-
fore it was detected on earth,

If sufficient energy is supplied, the elec-
trons may be excited to one of several en-
ergy levels. As each electron returns to
the ground state, it can radiate a photon
of one particular energy or several pho-
tons with energies equal to the energy
differences between several internal
stales,

Energy inputs in the range of a few eV
can excite electron transitions between
outer levels which will emit light when
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level diagram.

A visible emission spectrum
will appear as bright lines of
color on a black background.

The emission spectrum formed
when excited hydrogen elec-
trons return to the n=2 energy
level is called the Balmer series.
The Balmer series contains visi-
ble lines of red, green and vio-
let.

*c. Absorption spectra

Anatom will absorb an incident
photon only when the photon
has an energy equal to the dif-
ference between any two given
energy levels within the atom.

C. Cloud model

There is no specific orbit for an elec-
tron as it moves about the nucleus.
Instead there is a region of most
probable electron location called a
state. Each electron occupies a state,
A state can hold no more than two
electrons. The high probability vol-
ume for an electron is called an elec-
tron cloud.

Practical applications:

¢ Fraunhofer lines in solar spectrum
* fluorescence

¢ phosphorescence

¢ fluorescent light

-

Quantitative requirements include inter-
preting energy level diagrams for hydro-
gen and mercury.

they return. Input energies in the keV
range can excite the innermost electrons
which emit x-rays when they return.

Other emission spectra for hydrogen arc
called the Lyman, Paschen, Brackett, and
Pfund series.

Phosphorescence occurs when excited
electrons delay emitting photons and re-
turning to the unexcited state. As a
result, phosphorescent materials can
“glow in the dark.”

Schrodinger interpreted the matter
waves as probability waves which can
only give the probable position of an
electron at any given distance, not an ex-
act position. The highest probability is
that an electron will be at a distance from
the nucleus which agrees with one of
Bohr's radii.

Since the cloud model is primarily a
mathematical model and difficult to visu-
alize, it is beneficial to use a simplified
“solar system” model.

If the optional topic “Nuclear Energy” is
to be discussed, this is an appropriate in-
troduction to it.
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*I. TWO-DIMENSIONAL MOTION
AND TRAJECTORIES

The motion of an object traveling in a
plane (two dimensions) may be de-
scribed by separating the motion of the
object into x and y components of the
vector quantities displacement, veloe-
ity and acceleration,

Given the initial velocity (speed and
direction) of a projectile in the gravita-
tional field of the Earth, the subse-
quent motion of the projectile may be
described.

*A. A projectile fired horizontally
When a projectile is fired horizon-
tally above the surface of the Earth,
its initial vertical velocity is zero.

v, =10
Vv, = constant
*B. A projectile fired at an angle

For a projectile fired at an angle with
the surface of the Earth, the initial
vertical and horizontal components
of the velocity may be determined
and the motion treated as two sepa-
rate linear motion problems.

V., = v,sind

V.. = V,Cus @
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Unifying theme: Vectors

Quantitative requirements include deter-
mining initial and final vertical, horizon.-
tal, and total velocity, range, maximum
height, time of flight and time to reach
maximum height,

Refer to the equations developed in Unit *

I, Mechanics, for solving problems in
this section.

Practical applications:

* supply drop from an airplane
* seagull dropping clams on the side-
walk

A ball thrown horizontally at 20 m/s will hit
the ground at the same time as another ball
dropped from the same height at the same
time,

Quantitative requirements are limited to
Projectiles launching and landing at the
same height.

Practical applications:

* golf ball
* baseball

Stress the independence of the horizon-
tal and vertical motions.

Trajectories to be described are limited to
projectile motions near the surface of the
Earth where g, the acceleration due to
Bravity, can be considered to be constant
at 9.8 meters/second? and where there js
no appreciable air resistance.

Students should be made aware of the
limitations of the friction-free model.
The model is inaccurate for the motion of
Ping-pong balls or bullets, These situa-
tions should be studied as typical of
problem solving in real world situations.

Discuss the effects air resistance has on
the actual shape of the flight paths of pro-
jectiles.

Discuss the importance of the axes being
perpendicular to each other so that x and
y motions are independent; since there js
no horizontal force acting on the projec-
tile, the horizontal component of the ve-
locity remains unchanged, and since the
only vertical force acting on the projectile
is its weight, the vertical component of
the velocity changes due to gravitational
acceleration. The connection between
these independent motions is that both
take place simultaneously on the same
time scale.

Point out that by separating the vector
problem into two separate problems,
each can be solved as a linear motijon
problem. Solving these for both velocity
components after the same time interval
has elapsed, the separate components
can be combined to find the resultant ve-
locity vector at that time. Other quanti-
ties can be found similarly.
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II. UNIFORM CIRCULAR MOTION

Uniform circular motion is the motion
of an object at constant speed along a
circular path.

*A, Centripetal acceleration

An object undergoing uniform cir-
cular motion has a centripetal accel-
eration directed toward the center of
curvature.

Centripetal acceleration is a vector
quantity. The magnitude of the cen-
tripetal acceleration is directly pro-
portional to the square of the speed
and inversely proportional to the ra-
dius of the path.

y?

a = —
r

*B. Centripetal force

The force which causes the centripe-
tal acceleration is centripetal force. It
is a vector quantity directed toward
the center of curvature. Its magni-
tude is directly proportional to the
product of the mass of the object be-
ing accelerated and the centripetat
acceleration.

The centripetal force is the net force
acting on the body. The body main-
tains its constant speed because
there are no tangential forces. It is
not in equilibrium.

III. KEPLER'S LAWS

A. Keplers first law

The path of each planet about the
Sun is an ellipse with the Sun at one
focus.

Anellipse is a closed curve such that
the sum of the distances from any

lObjCCl

<l

Practical applications:

* amusement park rides
* satellite
¢ car rounding curve

A rotating space station may have artificial
gravity.

Neptune is sometimes further from the sun
than Pluto.

It can be shown that, for a given v,, the
maximum range of the projectile will oc-
cur when # = 45°,

Circular motion should be treated as a
problem in dynamics. To understand the
dynamics of uniform circular motion,
one should know the frame of reference
from which one observes the motion. It
should be the inertial or Earth frame of
reference, not the accelerated frame of
reference, the frame of reference of the
object moving in the circular path. If one
places oneself in the accelerated frame of
reference, one will experience a force,
commonly referred to as a centrifugal
force, which acts away from the center of
motion.

Centripetal acceleration arises from the
change in direction of the velocity. Point
out that this acceleration must be per-
pendicular to the velocity if the magni-
tude of the velocity is constant; there
must be no component of acceleration
parallel to the velocity.

Derive F, = mv¥r from Newton's 2nd
law, F = ma, and centripetal accelera-
tion.

To clarify the dynamics of uniform circu-
lar motion, use free body diagrams of the
forces and everyday situations in which
centripetal force and acceleration are ob-
served and experienced.

Friction provides the centripetal force
that keeps a car on the road as it goes
around a curve. Discuss why race-car
tracks and highways have banked
curves.

Point out that the object would move tan-
gentially in a straight line in the absence
of the centripetal force, which must be
applied to change the direction of the ve-
locity of the mass.

It is interesting to note that the force that
causes an object to move in an ellipse, as
well as the path of any other conic section
(parabola, hyperbola or circle) is an in-
verse square force.
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point P on the curve to two fixed
points (called the foci, F, and F,) re-
mains constant. A circle is a special
case of an ellipse in which the two
foci coincide, at the center of the cir-
cle.

B. Kepler's second law

Each planet moves so that an imagi-
nary line drawn from the Sun to the
planet sweeps out equal areas in
equal periods of time.

As a planet moves closer to the sun,
the planet’s potential energy de-
creases and its kinetic energy in-
creases, resulting in a change in
speed. Most comets have very ellip-
tical orbits so that these changes in
speed are more pronounced.

C. Kepler’s third law

The ratio of the mean radius of orbit
cubed to the orbital period of its mo-
tion squared is the same for all plan-
ets,

R3T? = K, where K is a constant for
this ratio. K is not a universal con-
stant; it is a constant for satellites of a
particular body being orbited, e.g.,
the sun, a star, a planet, etc.
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Practical applications:

¢ planetary motion
* comet

Unifying theme: Conservation of energy
Discuss the changes in centripetal accel-
eration as a satellite follows an elliptical
path.

The Sun is closest to the Earth in Jamuary;
furthest away in July.

Quantitative treatment of Kepler’s third
law is not required.

Of all the planets, Pluto has the most el-
liptical orbit. Venus and Neptune have
orbits that are closest to a circle.

Make it clear that the constant K depends
on the mass of the body being orbited. K
for objects orbiting the earth is 1.02 x 10"
m’/s?; for objects orbiting the sun, K is
3.35 x 10" m¥/s%.

As the mass of an object being orbited
decreases, K decreases.

Newton’s Law of Universal Gravitation
together with uniform circular motion
leads to Kepler's Third Law if the as-
sumption is made that the orbit of the
planet is circular. (The orbits of the plan-
ets except for Mercury and Pluto are very
close to circular.) For a planet in a circular
orbit, of radius equal to the real planet’s
mean radius, the centripetal force is pro-
vided by the gravitational force:

F. = Gm,m/R? = m, vIR
Substituting v = 27 RIT

Gm, _ (2r RITY?
R

Then —R—z‘ =47 RIT?

R* _ Gm,
O =T

b a4 ———— - 47" iy W . W VLB
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1V. SATELLITE MOTION

A satellite is defined as a smaller body
which revolves around a larger one.
Satellites of the Sun include the plan-
ets. Satellites of the Earth are the Moon
and human-made objects placed in or-
bits about the Earth.

The orbits of satellites around the
Earth are frequently circular.

If the speed of a satellite decreases,
such as by the drag of the atmosphere,
it will spiral back toward Earth. If the
speed of a satellite exceeds escape ve-
locity, it will leave Earth orbit.

A. Geosynchronous orbits

A geosynchronous orbit is one in
which the period of the satellite is
the same as the period of the Earth’s
rotation around its own axis. In a
geosynchronous orbit, the satellite
always remains in the same position
over a point on the Earth’s equator.

B. Artificial satellites

The radius of orbit of a human-made
satellite of the Earth may be deter-
mined by equating R¥T? for the
Moon and R3/T? for the satellite.

Satellites are falling around the Earth.

Unifying themes: Vectors, Fields, Con-

servation of energy

Practical applications:

® space shuttle

¢ Moon

* apparent “weightlessness” of an astro-
naut

Practical applications:

* skylab

* meteor

Practical applications:

* communication satellite
¢ weather satellite

Point out that objects such as the Moon
and the Earth revolve around their center
of mass. The center of mass of the Earth-
Moon system lies at about 2/3 radius of
the Earth. Other examples should be
used.

For the Apollo astronauts to land on the
Moon, their ship had to first achieve es-
cape velocity for the Earth. On leaving
the Moon, their ship had to reach the
Moon's escape velocity. Escape velocity
for the Earth is 11 km/s.

Pioneer 10 crossed Neptune’s orbit in
1983, 11 years after being launched from
Earth. As it passed Jupiter, Pioneer 10
used Jupiter’s gravitational field to speed
up enough to escape from the solar sys-
tem.

To determine the radius for a geosynch-
ronous orbit of a satellite, R,, substitute
T, = 8.64 x 10's = 24 hours. The value
obtained will be as measured from the
center of the Earth, approximately six
Earth radii. To determine the distance of
the satellite from the Earth’s surface, sub-
tract the radius of the Earth, 6.38 x 10¢
meters.

Using Kepler’'s Third Law,
RMT,2 = R3/T.?
Time for Moon's orbit = 2,36 x 10° sec-

onds, and radius of Moon'’s orbit = 3.84 x
10°m,

RIT,2 = (3.84 x 109%(2.36 x 1057 =
RHT.2 = R(8.64 x 104

R, = 7.59 x 102m>
R, = 4.23 x 10’m
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I. TEMPERATURE

Temperature is an indication of how
hot or cold something is with respect
to a chosen standard.

Temperature is a scalar quantity.

A. Absolute temperature

Absolute temperature is directly
proportional to the average kinetic
energy of random motion of the
molecules of an ideal gas.

1. Absolute zero

At absolute zero no thermal en-
ergy can be transferred to another
object.

B. Temperature scales

Temperature measurements are
commonly referred to arbitrarily se-
lected fixed temperatures, which are
called fixed points and are readily re-
producible.

1. Celsius

On the Celsius scale the freezing
point of water is 0 degree and the
boiling point is 100 degrees at
standard pressure.

*2. Kelvin

On the kelvin scale absolute zero
is the zero point.
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Practical applications:

¢ bimetallic strip
¢ digital thermometer
¢ thermocouple

Requirements are limited to the recogni-
tion, interpretation, and use of graphs of
average kinetic energy versus tempera-
ture.

Practical applications:
¢ weather report

A discussion of the various types of ther-
mometers is appropriate.

In terms of the microstructure of matter,
temperature is proportional to the aver-
age Kinetic energy, that can be ex
changed between particles, of the parti-
cles in an object.

An ideal gas is one which consists of per-
fectly elastic particles of negligible size
which exert no forces on each other, ex-
cept during collisions.

By extrapolation of the relationship be-
tween the absolute temperature and the
average kinetic energy of the molecules
of an ideal gas, absolute zero would ap-
pear to represent zero kinetic energy, or
the absence of all molecular motion.
However, according to modern theory, at
absolute zero the molecules of a sub-
stance have a finite amount of energy,
known as the zero-point energy.

In theory and in practice, absolute zero is
not attainable by a finite series of pro-
cesses.

The expression “centigrade tempera-
ture” should be avoided.

In 1954 the size of the degree was set by
the General Conference of Weights and
Measures. The triple point of water, (the
unique temperature at which water can
co-exist as a solid, liquid and gas) was se-
lected as the standard, fixed point of
thermometry and defined as 273.16 K or
0.01°C. The value of 273 K is satisfactory
for class use.
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The kelvin, K, is the SI unit of
temperature. It is a fundamental
unit.

The kelvin temperature is equal to
the sum of the celsius tempera-
ture and 273.

II. INTERNAL ENERGY & HEAT

Internal energy is the total kinetic and
potential energies associated with the
motions and relative positions of the
molecules of an object, apart from any
kinetic or potential energy of the object
as a whole,

Heat is energy that is transferred from
a warm body to a cold body because of
the temperature difference between
them.

Heat is a scalar quantity.
The joule, J, is the SI unit of heat.
1. Mechanical equivalent of heat

Heat and mechanical energy are
both forms of energy; therefore,
they can be measured in the same
units.

*A. Specific heat

The specific heat of a substance is
the quantity of heat tequired to raise
the temperature of a unit mass of the
substance one Celsius degree.

Q=mcAT.

The energy absorbed or liberated in
a temnperature change does not pro-
duce a change in phase. It does,
however, produce a change in the
average kinetic energy of the mole-
cules.

B. Exchange of internal energy
*1. Conservation of internal energy

When there is an exchange of in-
ternal energy and no conversion
to other forms of energy, the total
internal energy of the system re-
mains constant.

Practical applications:
® cryogenics
* superconductor

Unifying themes: Conservation of en-
ergy

Requirements are limited to the recogni-
tion, interpretation, and use of heating-
cooling curves.

Practical applications:

¢ thermal pollution
* OTEC energy system

Even at O°C, outside air can be used to heat
your home.

There is more heat energy in the Arctic Ocean
during the winter than in a boiling cup of wa-
ter.

Practical applications:
* driving a nail into wood

Practical applications:

¢ crustof pizza cools faster than the top-
ping

* water's modifying effect on climate

* water-cooled engine

Unifying theme: Conservation of energy

Quantitative requirements include deter-
mining the final temperature when two
substances are mixed, assuming a closed
system,

Practical applications:

* solar energy storage

An increase in the internal energy of an
object can result in a variety of changes in
the motions and positions of the atoms.
Energy used in doing work against fric-
tion is converted into internal energy.

The total internal energy of an object de-
pends on its temperature, mass, mate-
rial, and phase.

Stress the difference between heat and
temperature.

The kilocalorie is also a unit of heat en-
ergy. One kilocalorie is equivalent to 4186
joules. Performing calculations with kilo-
calories is not required.

The specific heat of a material depends
on temperature. However, at ordinary
temperatures and over ordinary temper-
ature intervals, specific heats can be con-
sidered to be constant,

Specific heat of water is
4.19 x 10°J/kg* C" = 4.19 k]/kg"C».

The term “phase” is used instead of
“state” to avoid confusion with other
conditions, such as state of equilibrium.
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2. Change of phase

During a change of phase of a
crystalline substance there is a
change in internal energy but no
change in temperature.

The energy absorbed or liberated
in a change of phase does not
change the average internal ki-
netic energy and does not pro-
duce a change of temperature, It
does, however, produce a change
in the molecular potential energy
associated with the bonds be-
tween molecules.

*a. Heat of fusion

The heat of fusion is the amount
of heat required to change one
kilogram of a substance at its
melting point from the solid to
the liquid phase with no change
in temperature.

. = mH,
The same amount of energy is
liberated when an equal mass of

the substance at its freezing
poinl freezes.

*b. Heat of vaporization

The heat of vaporization is the
amount of heat required to
change one kilogram of a sub-
stance at its boiling point from
the liquid to the gaseous phase
with no change in temperature,

Q. = mH,
The same amount of energy is
liberated when an equal mass of
the substance at its condensa-
tion point condenses.

<. Factors affecting boiling and
freezing points of water.

(1) The effect of salt

A dissolved salt lowers the
freezing point of water,

A dissolved salt raises the
boiling point of water.

(2) The effect of pressure

Increased pressure lowers
the melting point of ice. In-
creased pressure raises the
boiling point of water.

The temperature of a non-crystalline
solid, such as glass, does not remain con-
stant during melting and freezing.

Practical applications: When ice cream is frozen using an ijce-
‘salt mixture, it is the melting of the ice

* freezing ice cream 4
that takes the heat from the cream mix.

¢ melling snow

Practical applications: The heat of vaporization is a constant

* refrigerators only when no external work is done.

* heat pumps

Practical applications:
¢ salt onicy roads

When salt is added to boiling water, the water
stops boiling.

It will take longer to bake a cake on the top of
Whiteface Mountain than on the shore of Lake
Ronkonkoma.

Melting and refreezing due to pressure
changes is called regelation.

Pressure tends to force the malerials into

TR
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III. KINETIC THEORY OF GASES

Gases are composed of molecules in
constant random motion. In gases of
low density, the average distance of
separation of molecules is large in
comparison with their diameters, and
the total actual volume of the gas mole-
cules is small in comparison with the
volume occupied by the gas.

The forces between molecules in a low
density gas are negligible except when
the molecules collide.

A. Pressure

Pressure exerted by a gas is due to
collisions of gas molecules with the
walls of the container.

B. Gaslaws

The product of the pressure and vol-
ume of an ideal gas is directly pro-
portional to the product of the num:
ber of molecules of the gas and their
absolute temperature.

P P \%
\ T T

IV. LAWS OF THERMODYNAMICS

A. First law

The heat added to a system is equal
to the sum of the increase in internal
energy of the system and the exter-
nal work done by the system.

You can hold a flask of boiling water in your
bare hand,

Practical applications:

* making a snowball
® pressure cooker

Air can cause a sealed metal can to collapse.
Practical applications:

¢ balloon

* breathing

* vacuum cleaner

® drinking soda through a straw

Requirements include the recognition,
interpretation, and use of graphs and
simple proportions involving the rela-
tionships among pressure, volume, and
temperature for a fixed mass of gas.
Practical applications:

¢ cartesian diver
* blowing up a balloon

Unifying theme: Conservation of energy
Practical applications:

¢ bicycle pump

* cylinders in an auto engine

the state which occupies the smallest vol-
ume.

Collisions between gas particles will usu-
ally result in a transfer of energy between
particles, but the total energy of the sys-
tem remains the same.

A gas that would conform strictly to this
model would be an ideal gas. This model
does not exactly represent any gas under
all conditions of temperature and pres-
sure. A general rule is that a gas made up
of malecules with only a few atoms each,
well above its boiling point can be con-
sidered to be ideal.

Standard temperature and pressure
(STP) of a gas are defined as 0°C (273 K)
and 760 mm of mercury (760 torr) or 1 at-
mosphere of pressure.

One atmosphere is a pressure of 1.01 x
10° N/m? or 101 kilopascals (101 kPa).

The pascal is the SI unit of pressure.
1Pa = TN/m?

This is a statement of the ideal gas law
represented as PV = nRT.

As divers rise to the surface, they must
expel air from their lungs because the air
is expanding with decreasing pressure.

For a fixed mass of gas:

PV, DBV,
T T

The ideal gas law incorporates the gas
laws of Boyle and Charles. A discussion
of these laws is appropriate.

A system is a specific material or group of
objects, such as an automobile, the moon
and the earth, or the entire solar system.

Discuss adiabatic processes, such as adi-
abatic temperature changes within an air
mass.
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B. Second law

Unless external work is done to pro-
duce the effect, heat cannot flow
from a cold region to a hotter region.

Entropy is a quantilative measure of
the disorder of a system. There is a
tendency in nature to proceed to-
ward a state of greater disorder. The
entropy of the universe is steadily
increasing.

C. Third law

It is impossible by any set of finite
operations to reduce the tempera-
ture of a system to absolute zero.

Practical applications:

* heat pump
¢ refrigerator

tdentify the second law of thermody-
namics in physical examples.

Practical applications:

¢ an object breaking

ice changing into water

a house cooling off in the winter
the sun emitting energy

Discuss heat engines, devices whicl
convert heat into work or mechanical en
ergy.

Emphasize the inefficiency of machine:
due to heat luss. Discuss the uses of insu
lation as well as improved designs anc
methods for recovering and using exces:
heat.

Ordinary helium $He liquefies at 4.2 K
The lowest temperature that has bee
reached is 0.7 K.
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I. TORQUE ON A CURRENT-
CARRYING LOOP

A current-carrying loop of wire experi-
ences a torque in a magnetic field.

The direction of the torque tends to
turn the loop so that the field due to
the current is parallel to the external
field. The torque is proportional to the
current in the loop.

A. Meters
1. Galvanometer

A galvanometer is a device used to
measure weak electric current.

A galvanometer has a cuil placed
in a uniform field produced by a
permanent horseshoe magnet.
This coil is free to rotate against a
spring. The degree of deflection of
the coil is directly proportional to
the current in the coil.

2. Ammeter

An ammeter is a modified galva-
nometer used to measure larger
currents. In an ammeter a shunt is
placed in parallel with the coil al-
lowing most of the current to by-
pass the coil. The resistance of the
shunt is very small compared to
the resistance of the coil. Decreas-
ing the shunt resistance increases
the maximum reading on the me-
ter.

y.  The low resistance of the shunt
makes the internal resistance of
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When a curreni-carrying loop of wire is placed
in a magnetic field, the loop will rotale.
Unifying themes: Fields, Vectors
Practical applications:

¢ electric motors
* meters

An ammeter is placed in series with the
circuit element being measured.

()
I\

Shunt

Review the force on a current-carrying
conductor.

A torque may be defined simply as a
force acting at a distance causing an ob-
ject to rotate.

The torque results from the fact that as
the current circulates in the loop it is
moving in opposite directions on either
side of the loop so the force on one side of
the loop is opposite to the force on the
other side of the loop.

Modern digital or electronic melers are
based on principles different from those
described here.

®
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the ammeter very small so that the

/ potential drop across the meter
has a negligible effect on the cir-
cuit being measured.

3. Voltmeter

A voltmeter is a modified galva-
nometer used to measure poten-
tial difference.

In a voltmeter a high resistance
wire is connected in series with
the coil.

Increasing the series resistance in-
creases the maximum reading on
the meter.

The high resistance of the series

/~  resistor makes the internal resist-
ance of the voltmeter very high so
that it draws very little current
and has a negligible effect on the
circuit being measured.

B. Motors

An electric motor is a device that
converts electrical energy into rota-
tional mechanical energy. The
torque on a current carrying-coil in a
magnetic field is the basis of the elec-
tric motor.

1. Ironcore

In a practical motor the coil is
wound on an iron core causing
the torque to become very large.
Iron is a permeable material that
will concentrate and strengthen
the magnetic field passing
through it.

2. Split-ring commutator

A split-ring commutator is used to
reverse the DC current in the ar-
mature coil after each half-
rotation so that the torque is al-
ways in the same direction.

3. Back EMF

An operating electric motor will
produce an induced EME, electro-
motive force, in the armature coil
which will oppose the applied po-
tential difference and reduce the
current in the armature.

A voltmeter is placed in parallel across
the element whose potential difference is
being measured.

)
i\

High
R

Practical applications:

* hand tools
* appliances

Ficld Pole

Brush

Commutitor
Segment

«—Amuiure

IField Pole

Unifying theme: Conservation of energy

Calculate the series resistance for volt-
meters. This will not be subject to test-

ing.

= O,

In a practical motor, there are several
coils 1o take advantage of the fact that the
torque is maximum when the plane of
the coil is parallel to the field.

A stalled motor will overheat and possi-
bly catch fire because of the lack of back
Emf.

The back Emf arises because the arma-
ture coil is rotating in an external mag-
netic field and is therefore acting as a
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I1. ELECTRON BEAMS

70

A. Thermionic emission

Thermionic emission is the ejection
of electrons from a hot surface.

As the temperature of the surface in-
creases, the rate of electron emission
increases.

B. Electron beams in an electric field

An electric field may be used to ac-
celerale electrons.

Electrons located between oppo-
sitely charged parallel plates experi-
ence a constant unbalanced force
which causes the electrons to accel-
erate toward the positive plate.

If the potential difference between
the plates increases, the acceleration
of the electrons increases.

*C. Control of electron beams

Electron beams are controlled by
electric and/or magnetic fields.

In an electric field, the beam is de-
flected parallel to the field.

In a magnetic field the beam is de-
flected by a force which is perpen-
dicular to both the beam and the
field. The force on each charge in the
beam is directly proportional to the
magnitude and velocity of the
charge and the strength of the mag-
netic field.

F = qvB

Unifying themes: Fields, Vectors

Practical applications:

¢ vacuum diode
¢ TV picture tube

Practical applications:
* television set

+++ttttt 4+

Path

An appropriate hand rule should be
used to determine the direction of deflec-
tion.

generator, whose induced potential dif-
ference must oppose the applied poten-
tial difference that provides the driving
current. This is known as Lenz's Law.

At high temperatures, the electrons on
the surface have high kinetic energies
and can “boil off”. This is analogous to
the molecules of a boiling liquid.

Thermionic emission was discovered by
Edison and was originally known as the
“Edison Effect.”

A space charge will be developed around
incandescent objects which will impede
the continued emission of electrons.

Using V = W/q and KE = tamv?, calcu-
late the final velocity of the electrons.

The force on a current-carrying conduc-
tor arises from the forces on the individ-
ual electrons in the wire.
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The magnetic force will cause the X X X X F = qvB is a centripetal force equal to
electron beam to travel in a curved i mv?/r. Using this relationship, the radius
path. X X\ X X g Z of the path or mass of the particle can be
o found.
X X} X X 2&
/ Qg
@s--X X X =8
X X X X ©m
o
X X X X q?:;: e
X X X X

1. A cathode ray tube is an evacu-
ated glass tube containing a
source of electrons at one end, a
fluorescent screen inside the sur-
face at the other end, and two
pairs of deflecting plates in be-
tween.

The uniform electric field between
the oppositely charged plates con-
trols the direction of the electron
beam.

The electron beam produces a flu-
orescent spot of light when it
strikes the screen. The brightness
of this spot is directly related to
the intensity of the electron beam
striking the screen,

D. Other charged particle beams
1. Mass spectrometer

A mass spectrometer is a device
used to determine the masses of
individual atoms.

An element in the gaseous phase
isbombarded with electrons caus-
ing one or more electrons to be re-
moved from the atoms of the ele-
ment. The resulting positive ions
are subjected to magnetic and
electric fields.

The charge to mass ratio of jons
may be determined by measuring
the radius of the circular path that
the ions travel.

If the charge on the ion is known,
then its mass can be calculated.
This is acommon method of sepa-
rating the isotopes of an element
and determining their masses.

Practical applications:

¢ television
¢ computer monitor
* oscilloscope screen

In a mass spectrometer, a device called a
“velocity selector” is used to project par-
ticles into the magnetic field and prevent
variations in the particle velocities.

Since the mass of an electron is very
small compared to that of an atom, the
mass of an jon is very nearly equal to the
mass of its atom.

To determine q/m;
From the electric field:

W=Vq= '/zmv’andv’=2—:|-

From the magnetic field:

=qvB="ondd oY
FequB r and m Br
- ¢ 2V
Substituting for v: ?nl = gnr
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2. Mass of the electron

The Millikan oil drop experiment
determined that an electric charge
is always an integral multiple of an
indivisible unit of charge called
the elementary charge. Since the
charge to mass ratio of the electron
was known, the mass of the elec-
tron could be calculated.

3. Particle accelerators

A particle accelerator is a device
used to accelerate charged parti-
cles to speeds approaching the
speed of light by subjecting the
particles to a large potential drop
or a series of repeated smaller po-
tential drops.

The charged particles bombard
nuclei to provide information
about the structure of nuclei and
subatomic particles.

11I. INDUCED VOLTAGE

A changing magnetic field can induce
a potential difference in a conductor.

*A. Magnitude and direction of an
induced potential difference

For a straight conductor, oriented
perpendicular to the field and mov-
ing perpendicular to the field and to
the conductor, the magnitude of an
induced electromotive force is di-
rectly proportional to the flux den-
sity, the length of the conductor in
the field, and the speed of the con-
ductor relative to the flux.

V = Blv

If the conductor is part of a complete
circuit, the induced potential differ-
ence produces a current in the cir-
cuit.

An induced current produces a
magnetic field whose effect opposes
the change that produced it. This is
an example of the Law of Conserva-
tion of Energy and is known as
Lenz’s Law.
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Practical applications:

Van de Graaff generator
cyclotron

synchrotron

linear accelerator

Practical applications:
* magnetic levitation

The direction of the induced potential
difference may be determined by an ap-
propriate hand rule.

Thomson determined e/m for electrons
in 1897.

Millikan performed his series of mea-
surements between 1909 and 1913.

Examples of particle accelerators includt
the Van de Graaff generator, using a sin
gle large potential drop and the cyclo
tron, synchrotron, and linear accelerato
using repeated smaller potential drops.

The basic principle for the operation o!
transformers and induction coils is elec
tromagnetic induction.

Trains in the future may use magnetit
levitation to actually move along slightly
above the track, dramatically increasing
possible speeds.
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B. Generator principle

A conducting loop rotated in a uni-
form magnetic field experiences a
continual change in the total mag-
netic flux linkage. This change in-
duces a potential across the ends of
the loop which alternates in direc-
tion and varies in magnitude be-
tween zero and a maximum.

The induced potential difference is
zero when the velocity of the wire
and the direction of the magnetic
field are parallel.

The induced potential difference is a
maximum when the velocity of the
wire and the direction of the mag-
netic field are perpendicular,

When the loop is connected to an ex-
ternal circuit to form a complete cir-
cuit, the induced potential differ-
ence causes a current in the circuit.
Since the induced potential differ-
ence is alternating, the current is an
alternating current.

An alternating current is a current
that reverses its direction with a reg-
ular frequency.

*C. Transformers

A transformer is a device used to
change the voltage of an alternating
current into a larger or smaller volt-+
age of alternating current.

A transformer consists of a primary
and a secondary coil wound on an
iron core. A continually changing
current in the primary coil produces
a continually changing magnetic
field that induces an alternating
voltage in the secondary coil.

1. Voltage relationship

The ratio of the number of turns
on the primary coil to the number
of turns on the secondary coil of a
transformer is equal to the ratio of
the voltage across the primary coil
to the voltage induced in the sec-

ondary coil.
Ex = XE
N, V.

Turning a loop of wire in a magnetic field pro-
duces an electric current,

Unifying theme: Conservation of energy
Practical applications:
® power plant

Axis

»)

Practical applications:

¢ Step-up transformers: fluorescent
light, neon light, x-ray machine

¢ Step-down transformers: electric toy
racing car, electric toy train, doorbell,
furnace thermostat

Use of generators in power plants should
be discussed, including alternative en-
ergy sources for running the generators.

The magnitude of the induced potential
difference and induced current vary si-
nusoidally with time.

The magnitude of the induced potential
difference is proportional to the compo-
nent of the velocity perpendicular to the
field and the intensity of the magnetic
field.

Set up a hand generator and vary the re-
sistance, As the resistance increases, the
generator becomes easier to turn.

Electric current used in the home is an al-
ternating current.

One of the reasons alternating current
was adopted as the standard was that the
voltage could easily be changed and line
losses reduced by transmitting electric
power at high voltage so current can be
low.

The transformer consists of a primary
coil whose changing current changes the
magnetic flux through another or sec-
ondary coil, inducing an Emf in it.

Transformers are used in a variety of elec-
trical devices.
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2. Power relationship

A transformer will transfer energy
from the primary coil to the sec-
ondary coil if the secondary coil is
connected in a complete circuit.

Power output from the secondary
coil can never exceed the power
input to the primary coil.

In a 100% efficient transformer,
the power input to the primary
coil is equal to the power output
from the secondary coil.
V.=Vl

The efficiency of the transformer
is equal to the ratio of the power
output from the secondary coil to
the power input to the primary

coil.

% efficiency = % x 100

PP
D. Induction coils

Induction coils are electric devices
used to induce time-varying poten-
tial differencesfrom DC potential dif-
ferences. The changes in current are
caused by turning the primary cur-
rent on and off with an electrome-
chanical switch or a solid state cir-
cuit.

IV. THE LASER

The laser is a device that generates
electromagnetic radiation by stimulat-
ing the emission of photons from
atoms.

Laser light is nearly coherent.

The helium-neon laser most com-
monly found in classrooms is a contin-
uous beam gas laser. High voltage in-
duces an electrical discharge within
the gas, exciting helium atoms by colli-
sions with the electrons. The helium
atoms in turn collide with neon atoms,
exciting them. The neon aloms then
emit photons in the visible red region,
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Unilying theme: Conservation of energy

q
qp
I 4P
(‘) P
AC Source <‘> (_7
q_ q_p
; D 4P
D
Primary Coil ~ Secondary Coil

Practical applications:
* ignition system in a car

Abeam of light may replace the scalpel used in
surgery.

Practical applications:

* bar-code scanning system

¢ videodisc player

* holography

PCB'’s are important for helping to dis-
tribute the heat in a transformer. Their
high heat transfer efficiency is due to
their massive, stable molecule, their high
boiling point, and their high specific
heat. Because the molecule is so stable,
environmental problems are created.

Transformers are used to convert the 220
volt power common in most of the world
to 110 volts so that travelers from the
United States may use their electric shav-
ers and other electrical appliances.

The main source of energy loss in trans-
formers is due to heat generated by eddy
currents induced in the core. Cores are
laminated to reduce eddy currents.

Most commercial transformers operate
with efficiencies close to 99%.

Induction coils are used in automobile
engines and small gasoline engines to
provide a spark for ignition of the fuel.

Laser is an acronym for light amplifica-
tion by stimulated emission of radiation.

The distance from the Earth to the Moon
was measured when a laser pulse was re-
flected back to Earth by a mirror on the
Moon'’s surface.

Safety precaution: avoid having the di-
rect beam or reflected beam of the Jaser
enter the eye.

e
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L. IMAGES

An image is formed where light rays
originating from the same point inter-
sect on a surface or appear to intersect
for an observer.

A. Real image

Real images are formed when light
rays from a common point pass
through an optical system that
causes them to converge and inter-
sect at a point.

B. Virtual image

Virtual images are formed when the
light rays from a common point pass
through, or are reflected by, an opti-
cal system that causes them to di-
verge and appear to come from a sin-
gle point.

1. IMAGES FORMED BY REFLEC-
TION

A. Images formed by a plane mirror

The image formed by a plane mirror
is virtual, erect, reversed, and the
same size as the object. The object
and image distances from the mirror
are equal.

B. Images formed by a spherical mir-
ror

The reflecting surface of a spherical
mirror is a segment of a sphere.

Rays parallel to the principal axis are
reflected by the mirror and meet at a
point called the principal focus. The
center of curvafure is twice the focal
“point.
Rays directed toward the center of
curvature of a spherical mirror strike
the mirror normal to the surface and
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Practical applications:

* camera
¢ slide and movie projectors

Practical applications:

* plane mirror

* magnifying glass
* concave lens

® convex mirror

To view the entire body of a person, a mirror
that is half the person's height is all that is
needed.

Draw ray diagrams for plane mirrors.
Practical applications:

¢ toy periscope
* kaleidoscope

You can see the World Trade Center in a pocket
mirror.

Practical applications:
* amusement park mirrors

Real images can be projected onto a
screen.

A virtual image appears to form where
an image cannot possibly exist because
rays do not actually intersect at the image
point.

Virtual images cannot be formed on a
screen.

A lab exercise that uses ray tracing to lo-
cate the image formed by a plane mirror
should be performed.

A kaleidoscope has multiple plane mir-
rors at angles to each other.

Real periscopes use prisms.

Early refracting telescopes had serious
problems with chromatic aberration.
Newton used spherical mirrors to devel-
oped a reflecting telescope to eliminate
this problem.

A spoon can be used to demonstrate im-
age formation by concave and convex
mirrors.
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are reflected normal to the surface.

*1. Concave mirrors

*

A concave mirror causes parallel
light rays to converge.

A concave mirror causes light rays
parallel to the principal axis to re-
flect and converge at the principal
focus.

Rays passing through the princi-
pal focus and incident on a con-
cave mirror are reflected parallel
to the principal axis.

Rays passing through the center of
curvature of a concave mirror
strike the mirror normal to the
surface and are reflected normal
to the surface.

The size and location of the image
can be calculated from the focal
length of the mirror and the posi-
tion and size of the object.

For a concave mirror, the focal
length is positive. Real image-
distances are positive and virtual
image-distances are negative.

2. Convex mirror

A convex mirror causes parallel
light rays to diverge.

Rays parallel to the principal axis
are reflected from a convex mirror
and appear to originate from a vir-
tual focal point on the opposite
side of the mirror. For a convex
mirror, the focal length is nega-
tive. —

If the emergent rays that have
originated from the same point on
the object are projected backward,
the point from which they appear
lo be diverging is the location of
the virtual image.

Draw ray diagrams for concave mirrors.
Practical applications:

spotlight

searchlight

headlight

reflecting telescope

shaving and makeup mirror

solar collector

Requirements include describing images
when abjects are placed beyond 2f, at 2f,
between 2f and f, at f, and less than f.

When vicwed through some side-view niir-
rors, objects are closer than they appear.

Draw ray diagrams for convex mirrors.

Practical applications:

¢ security mirror in a store

Concave mirrors are used to focus the
sun's rays in some devices used to collect
solar energy.

In ray diagrams, use solid lines for real
light rays and dashed lines for virtual
light rays.

Object

C/T

Principal
Axis

Image

This equation is an approximation de-
rived for cases where the arc length is
small compared to the radius of curva-
ture.

Some outside mirrors on cars are convex
to provide a wider field of view.

Object

;

Image

Principal Axis

When a bundle of rays which originated
at a point source passes through an opti-
cal system and is incident on the eye as a
diverging cone of rays and then focused
on the retina, the observer interprets the
rays as coming from the vertex of the di-
verging cone.
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Only virtual images, smaller than
the objects, are formed by a con-
vex mirror. Virtual image-
distances are negative.

3. Spherical aberration

Spherical aberration results when
all of the rays do not come to a fo-
cus at the principal focus,

III. IMAGES FORMED BY
REFRACTIONS

A. Converging lenses

A converging lens (convex) is a lens
that is thicker at the middle than at
the edges and converges parallel
rays of light.

1. Real and virtual images

A converging lens can form both
real and virtual images.

Rays parallel to the principal axis
and passing through a converging
lens will converge at a point
known as the principal focus.

Rays passing through the optical
center of a lens emerge travelling
parallel to their original direction.

Rays which pass through the prin-
cipal focus before entering a con-
verging lens emerge parallel to the
principal axis.

*2. Size and distance of images

The size and location of the image
can be calculated from the focal
length of the lens and the position
and size of the object.
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Quantitative requirements include appli-

cation of the relationships

1 1 1
T~I+Eand
S, _ d,

S, d;

Practical applications:
® parabolic mirror

Slides are put into a projector upside down
and backwands.

Practical applications:

camera
projector

the eye
eyeglasses
microscope
magnifying glass

Draw ray diagrams for converging
lenses.

Requirements include describing images
for objects placed beyond 2f, at 2f, be-
tween 2f and f, at f, and less than f.

Spherical aberration in a mirror results
from rays that reflect near the edges of
the mirror. Spherical aberration can be
corrected by making the mirror para-
bolic.

.

Converging lenses are used to correct for
farsightedness.

The eye can change its shape and, there-
fore, its focal length to focus on objects at
different distances.

The formation of a virtual image by a
magnifying glass should be discussed.

Develop an understanding of the size
and location of the image as the object is
brought towards a converging lens.

N Object

r ] 1
S\
hmage
Object

oF
¥ F T
- ;

Image

<le

e
e

Specific reference should be made to ap-
plicalions of several cases such as the tel-
escope, microscope, camera, projector,
magnifying glass, etc.

Magpification comparisons can be made
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1 + 1_1 by finding theratio of image size to object
d, d ¢ size.
S, _d, T | 1 1 .
ey The relatlonshlp—d: + T holds only

For a converging lens, the focal
length is positive. Real image dis-
tances are positive, and virtualim-
age distances are negative.

*B. Diverging lenses

A diverging (concave) lens is a lens
that is thinner at the middle than at
the edges and diverges parallel rays
of light.

For a real object, a diverging lens can
produce only a virtual, smaller im-
age on the same side of the lens as
the object. Rays parallel to the prin-
cipal axis leave the lens such that
they appear to have originated from
the virtual focal point on the side of
the lens from which the light was in-
cident.

For a diverging lens, the focal length
and image-distance are negative.

C. Defects in Lenses
1. Chromatic aberration

Chromatic  aberration results
when all the colors of light do not
come to a focus at the same point.

Violet light focuses closer to the,
lens than red light.

2. Spherical aberration
Spherical aberration results when

all the rays do not come to focus at
the principal focus.

Draw ray diagrams for diverging lenses.
Practical applications:
* eyeglasses

Quantitative requirements include appli-
cations of the relationships

1 S, _d,
_TandT,“’I

When infrared film is used, the focal length of
the camera lens must be adjusted.

for thin lenses.

Diverging lenses are used to correct near-
sightedness. )

Object

~<Image T
e
-y

Pl
F o~

Chromatic aberration is caused by dis-
persion. It can be corrected by using a di-
verging lens with the converging lens of a
different material to eliminate the disper-
sion.

Spherical aberration results from rays
passing through the edges of the lens.

Spherical aberration can be corrected by
using a diaphragm to cover the edges of
the lens.
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I. CONDUCTION IN SOLIDS
A solid may be classified as a conduc-
tor, an insulator, or a semiconductor

based on its ability to carry an electric
current.

A. Conduction
Conduction is measured by conduc-
tivity, the reciprocal of resistivity.
1. Conductors

Conductors are typically metallic
solids such as aluminum and cop-

per.
2. Semiconductors

Semiconductors are typically met-
alloids such as germanium and
silicon.

3. Insulators

Insulators are typically nonmetal-
lic solids such as glass and rubber.

B. Theories of solid conduction

1. Electron-sea Model

The Electron-sea Model relates
conduction to the number of va-
lence electrons which can be dis-
lodged and moved through the
crystal freely.

This model is limited in its ability
to account for the conductive
properties of semiconductors.

2. Band Model
The Band Model is more success-

ful in explaining conduction in
solids.
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Computers that used to fill a room can now be
held in a person’s lap.

Practical applications:
¢ electric wire

Practical applications:

* computer
® calculator
* pacemaker

Practical applications:
* insulation on electric wires

Resistivity is a quantitative indication of
fhe resistance of a material at a specific
temperature. For example, at room tem-
perature the resistivity of copper, a con-
ductor, is ~ 10-*Q*cm; the resistivity of
glass, an insulator, is ~ 10" Q*cm. The
higher the resistivity, the greater the re-
sistance.

Valence electrons are those occupying
the outermost principal energy level of
an atom.

Students may be familiar with the
Electron-sea Model if they have studied
chemistry.
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Close-lying electronic levels form If the class has studied chemistry, ex-
a series of energy bands which are plain how the atomic energy levels relate
separated by an energy gap. The to electronic bands.
valence band contains the elec-
trons in the outermost level. The CONI? /'{Jr\?g 10N
conduction band is occupied by
those electrons that serve as cur-
rent carriers.
A solid is classified as a conductor,
insulator, or semiconductor de- Energy Gap
pending on the size of the energy
gap and the number of electrons
that can occupy the conduction
band. VALENCE
BAND
a. Solids as conductors
Solids classified as conductors Metals with small numbers of valence
have conduction bands that clectrons (e.g., lithium) are able to have
overlap the valence bands. This their valence bands serve as conduction
results in the ability of large CONDUCTION bands.
numbers of electrons to move BAND
freely throughout the solid.
- // / :
/ // //%I (h)';/crl.lp
appreciable
[ ‘ P ';
VALENCE Sl e
. BAND
1) Effect of temperature
Conductivity decreases with in- Unifying themes: Conservation of cn- Atom kernels are positive ions which
creasing temperaturedue tothe  ergy consist of the atom devoid of the conduc-
increase in the number of colli- tion electrons.
sions between conduction elec-
trons and the atom kernels
which are part of the crystal lat-
tice. The collisions result in the
conversion of electron kinetic
energy to heat.
b. Solids as semiconductors
Solids classified as semicon- Silicon and germanium have a diamond-
ductors are characterized by like crystalline structure. For example,
small energy gaps between va- the four valence electrons of silicon at-
lence and conduction bands. oms form covalent bonds with adjacent
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1) Effect of temperature

At low temperatures, semicon-
ductors behave as insulators. At
higher temperatures, however,
electrons with increased kinetic
energy can make the transition
from the valence band to the
conduction band. In this way
the band model explains why
the conductivity of semicon-
ductors increases with increas-
ing temperature.

2) Charge carriers

The promotion of electrons into
the conduction band leaves be-
hind an electron deficiency in
the valence band. Both the con-
duction electrons (negative)
and the deficiency (positive)
can serve as charge carriers in
the semiconductors.

c. Solids as insulators

Solids classified as insulators
have their valence and conduc-
tion bands separated by a large
energy gap which serves as an
effective barrier to electrical
conduction,

CONDUCTION

CONDUCTION

BAND BAND Promoted
Conduction
Elcctrons
Small -
Encrpy
Gap
Electron
Defliciency
VALENCE VALENCE
BAND BAND
CONDUCTION
BAND
Few
— Conduction
/ Electrons
Large
Energy
Gap
VALENCE
BAND

atoms and there are no free electrons,
unless they have been freed by the addi-
tion of excitation energy (as heat or light,
for example).

Show a diagram of a three-dimensional

tetrahedral structure of the crystalline
structure for silicon.

Semiconductors which have their con-
ductivity increased by increasing the
temperature are termed intrinsic semi-
conductors.

These electron deficiences are called
holes. The holes act like + electrons.

Valence bands do not serve as conduc-
tion bands in insulators (as with certain
metals) because these bands are usually
filled, or nearly so. This situation pro-
vides for little electron mobility within
the valence band.
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C. Extrinsic Semiconductors
1. Doping
Doping is a process in which very
small amounts of another element
are added to a semiconducting

material such as silicon or germa-
nium.

The doping process either pro-
duces an excess of free electrons
or a deficiency of electrons; i.e.,
an excess of holes.

2. N-type Semiconductors

A semiconductor with an excess
of free electrons is called an N-
type semiconductor.

a. Donor materials

Materials such as antimony or
arsenic are termed “donor” ma-
terials because they provide ex-
tra electrons to the semiconduc-
tor.

b. Conduction in N-type semi-
conductors

If a putential difference is ap-
plied across an N-type semi-
conductor, the conduction elec-
trons will move in the direction
of the higher (positive) poten-
tial.

The majority charge carriers in
an N-type semiconductor are
electrons. The holes are the mi-
nority charge carriers.

3. P-type semiconductors

A semiconductor with a defi-
ciency of electrons is called a I-
type semiconductor. The absence
of an electron is called a “hole.” A
“hole” may be considered to be-
have in many respects as if it were

Measure the current through an N-type
semiconductor in a forward and reverse
direction. Compare the values for each
case.

O®0 |®
L1 OO0

O®0O

00D ||

T

O = Semiconductor Atom

@ = Donor Ion
= Conduction Electrons

Measure the current through a P-type
semiconductor in a forward and reverse
direction. Compare the values for each
case.

The doping process may involve melting
the semiconductor material and the dop-
ing element added. For example, a crystal
grown from the melt will have the dop-
ing element distributed evenly through-
out,

A more common doping technique is to
deposit the impurity on the surface of
the crystal and then heat it so that the im-
purity diffuses inward.

The ratio of doping atoms to semicon-
ductor atoms is quite small: usually on
the order of 1:10°. A rough analogy of
this ratio would be a few red ping pong
balls in a standard room filled with white
ones.

When the donor material provides its
electron, the electron is promoted close
to the conduction band leaving a positive
ion behind in the crystal lattice.

Use a piece of glass tubing and slowly
bubble air into a container of water. Note
that the observation of the freely rising
bubble is equivalent to an observation of
the water falling. This is analogous to the
motion of electron hole currents.
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a positively charged electron.

If a doping agent from Group 13
(containing only three valence
electrons) such as indium, gal-
lium, or aluminum were used,
there would be a deficiency of one
electron for each atom of the dop-
ing material, producing a P-type
semiconductor.

a. Acceptor materials

Materials such as indium, gal-
lium, or aluminum which pro-
vide “holes” to semiconductors
are termed “acceplor” malerials
because they create the hole by
accepting a bound valence elec-
tron. ‘

b. Conduction in P-type semicon-
ductors

If a potential difference is ap-
plied across a I-type semicon-
ductor, bound electrons will mi-
grate into the holes and each
hole will appear to move in the
direction of the lower (negative)
polential.

The majority charge carriersina
P-type  semiconductor are
holes. The electrons are the mi-
nority charge carriers.

II. SEMICONDUCTOR DEVICES

A. The (junction) diode

The diode is the simplest and most
fundamental semiconductor device
used in electronics. It acts as a one-
way valve letting charge flow
through it in one direction, while
blocking charge flow in the other.
1. The P-N junction
A diode is made by joining a P-
type semiconductor with an N-
type semiconductor. The interface

86

O®O |1
OO0
OO0 |®

O = Semiconductor Atom

@ = Acceptor lon

@ = Apparent direction
of Hole Movement

Practical applications:

¢ thermistors

Recognize the symbol for the diode.
Practical applications:

¢ solar cell
* LED display (calculator, digital clock)

AC may enter a diode, but only DC will leave
the diode.

When the acceptor material receives the
bound electron, a negative ion is formed
in the crystal lattice.

Electron currents and hole currents be-
have similarly as far as external circuits
are concerned. But the two modes of
conduction are, in fact, quite distinct,
and are basic to diode and transistor the-
ory.

The presence of an “arrow” in any semi-
conductor device always points from “I*”
t() IINI

P-N junctions may be produced by
changing the impurities as a single crys-
tal is grown, or they may be produced by

T LA S T T e
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between the two types of semi- diffusion. For instance, a P-type impurity
conductors is called a P-N Junc- may be deposited on the surface of an N-
tion. type material and when the material is
When the P-type and N-type P-type N-type healed, the P-type impurities can diffuse

semiconductors are joined to pro-
duce a P-N junction in the very
narrow region between the N-
type and P-type materials, free
electrons from the N-type mate-
rial drift into the P-type material
and fall into the holes there, so
that in the junction region, there
are fewer free charges of either
sign.

As a result of the electron-hole
combinations, an excess of posi-
tive charge remains in the N-type
material, and an excess of negative
charge remains in the P-type ma-
terial. These excess charged parti-
cles establish an electric field bar-
rier (potential barrier) which
prohibits further migration across
the P-N junction,

2. Diode conduction

When a potential difference is
placed across a diode, the electric
field barrier across the P-N junc-
tion may be either reinforced or
diminished depending on the po-
larity of the potential difference.
This phenomenon is known as
“biasing.”

a. Forward biasing

A diode is forward biased when
the anode of the diode is con-
nected to the positive terminal
and the cathode is connected to
the negative terminal of the
source. This connection estab-
lishes an electric field which
overcomes the barrier field and
supports the presence of cur-
rent. Current does not flow un-
til the forward bias exceeds the
barrier potential.

b. Reverse biasing

A diode is reverse biased when
the anode of the diode is con-

O = Conduction Electrons

Practical applications:

* rectification
¢ laser diode
* circuit protection

Requirements include circuit diagrams
representing forward and reverse biased
diodes and the affects of AC.

Practical applications:

* pocket calculator
* digital clock

/\nmiblgnhmlc

|+
+17'—

Practical applications:
* burglar alarm

in, forming a junction.

©9000®O]
00050®

€————Electron Migration

-

Explain the significance of diode charac-
teristics and go over, in some detail,
some of the applications of diodes.

In light emitting diodes (LED's), visible
light is emitted when an electron returns
from the conduction band to the valence
band.

P iype N type
® =4 e L
ver ; -
/f
5 €
Flchld SProduced Mlow in?
y source Circuit
|
+17—

Photodiodes use light to promote elec-
trons into the conduction band. Hence,
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nected to the negative terminal
of the source. This connection
reinforces the electric field bar-
rier across the P-N junction and
effectively prohibits the flow of
charge.

c. Current characteristics

When forward biased, the di-
ode does not obey Ohm's Law.

When reverse biased, hardly
any current is present until a
massive potential difference
(200-300 V) causes the diode to
“avalanche” (break down). The
more heavily doped, the lower
the voltage for breakdown.

B. Transistors
A transistor consists of two junction
diodes sharing a common semicon-
ductor material.
1. PNP transistor

If an N-type material is shared,
the transistor is termed PNP.

2. NPN transistor

If a P-type material is shared, the
transistor is termed NPN.
3. Parts of a transistor
a. Emitter
The emitter serves as the pri-
mary source of charge carriers

(electrons in NPN transistors
and holes in PNP transistors).

* automatic door opener
¢ Zener diode

Anode

Requirements include interpretation of
graphs of current vs. potential differ- -
ence.

1 tmA)
)
[]
[]
)
]
[
]
!
Reverse : Foward
Bias 1 Bias v .
07V (volts)
200-300 V
Avalanche
Region

PNP & NPN Transisters

Practical application:

s radio
Emitter  Base Collectlor
7,
J— p % P _—
Emitter  Base Collector

L

they can detect when a beam of light has
been broken.

P type N type

[ XXX

z

Field Produéd
by Source

]
L}

|
I+ Liweir any
current in

curcuit

Avalanche can occur in a Zener diode
with as little as 3.4V.

For example, diodes can serve as half-
wave rectifiers for AC. Rectification oc-
curs because the diode is alternately for-
ward and reverse biased due to the
presence of an alternating potentiai dif-
ference.

The term “transistor” is a contraction of
the words transfer and resistor.

Junction transistors are similar to triodes.
They are also called bipolar transistors.

The emitter is more heavily doped than
either the collector or the base.
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b. Base Symbols for transistors: Base layers are typically less than 100 nm

The base is a thin layer of semi-
conductor material common to
both diodes.

¢. Collector

The collector receives the
charge carriers from the base.

4. Transistor operation

For an NPN transistor the emitter-
base combination is forward bi-
ased; the collector base combina-
tion is reverse biased.

Approximately 98% of the elec-
trons pass from the emitter
through the base to the collector.
This is a result of the scarcity of
holes in the base due to its ex-
treme thinness. The end result is
that the collector current is only
slightly smaller than the emitter
current.

The small base current is a result
of electron-hole combinations
within the base. The withdrawal
of electrons creates new holes in
the base.

5. Amplification properties of tran-
sistors

a. Collector current

Small changes in the emitter-
base current bring about large
changes in the collector current.

b. Transistorized circuits

In transistorized circuits, a low
power signal is input (usually
as an alternating current) and

PNP NPN
Emitter Col Emi /\‘f‘ )
Base Base

Transister Symbols

R o571
lee///4(15///

1 +
A
L. Z
N\
¢ = Emitter V = Potential
b = Base Difference
¢ = Collector 1= Current

(&) Indicates
Electron Flow

e . -~ | [
7 rd
— . +
=T Veb Vbe —
Iy bc_
7,
< <

Equivalent Diagram with Symbols

thick.

The resistance of the base-collector junc-
tion is on the order of 105 ohms; the re-
sistance of the emitter-base junction is on
the order of 10 chms. These numbers
are for a common base circuit. If the cur-
rent is reversed, the resistance values will
reverse also.

Operation of a PNP transistor is essen-
tially the same as that of an NPN transis-
tor with polarities reversed and hole cur-
rents replacing electron flow. Ilustrate
NPN and PNP transistor operation using
suitable diagrams.

The transistor acts as a valve in which a
small amount of power from the emitter
battery controls a large amount of power
from the collector battery.

Transistors are used in microphone-
speaker circuits to provide sufficient out-
put power.

89



Content Outline/ Discrepancies/ Supplementa
Understandings/ Practical Applications/ pplementary .

e e Information
Concepts Activities

90

the output is an amplified re-
production of the signal.

c. Integrated circuits

An integrated circuit (1C) con-
sists of a small semi-conductor
“chip” (usually silicon) which
contains many electronic com-
ponents in one package.

IC’s have revolutionized the
electronics industry because of
the capacity of an IC to combine
versatility and miniaturization.
IC’s have increased the use of
digital circuitry in our lives.

Practical applications:

* microprocessor
s computer logic chip

Discuss the difference between analog
and digital signals, and the many uses to
which IC’s have been put.
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1. THE NUCLEUS
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The nucleus is the core of the atom and
contains most of the mass of the atom.

A. Nucleons

The particles inside the nucleus,
protons and neutrons, are called nu-
cleons.

B. Atomic number

The atomic number is the number of
protons in the nucleus. The symbol
for the atomic number is Z.

Elements differ from each other in
atomic number,

C. Mass number

The mass number is the total num-
ber of protons and neutrons in the
nucleus. The symbol for the mass
number is A.

D. Nuclear force

Nuclear force is the force which
holds the nucleons together. It is a
strong short range force.

E. Atomic mass unit

The atomic mass unit (u) is defined
as 1/12 the mass of an atom of
carbon-12.

*F. Mass-energy relationship

Mass is equivalent to energy. They
are the same thing, although we
usually use different units (kg or J)
for them. In nuclear physics, how-
ever, mass is usually given in energy
units (MeV, etc.).

Examples of nuclei are given to illustrate
concepts. Memorization of these exam-

ples is not required.

Example: %C is the symbol for carbon
with a mass number of 14 and an atomic

number of 6.

Unifying theme: Conservation of energy

A neutral atom has Z electrons as well.

Nuclear forces operate when the dis-
tance between nucleons is less than
10-"m,

Nuclear forces are the strongest forces
known; they exceed the electrostatic
force by about two orders of magnitude.

Nuclear force is a result of the strong in-
teraction.

lu = 1.66 x 10-7kg

mass,,....» = 12.0000u
mass . = 1.0073 u
mass,,.. = 1.0087 u
mass, . = 0.0005 u

In pair production, a gamma ray is anni-
hilated forming an electron and positron.
If these two particles collide, two gamma
rays are emitted. Mass-energy is con-
served in both of these reactions.
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Einstein’s mass-energy equation
states that the energy equivalent of
mass is proportional to the mass and
the speed of light squared.

E = me?

*G. Nuclear mass and binding energy

The mass of the nucleus is less than
the total mass its nucleons would
have if they were separated. The
mass defect is the difference in mass
between the total mass of the sepa-
rated nucleons and the mass of the
nucleus. The mass defect is equiva-
lent to the energy released when the
nucleons are bound.

Binding encrgy is the energy that
must be supplied to the nucleus in
order to separate it into its nucleons.

The binding energy is the energy
equivalent of the mass defect.

H. Isotopes

Different isotopes of the same ele-
ment have nuclei with the same
atomic number but a different num-
ber of neutrons.

I. Nuclides

A nuclide is a single nuclear species.
Every nucleus of a given nuclide has
the same number of protons and
neutrons, or mass number.

Different nuclides with the same

atomic number are isotopes of the
same element.

J- Methods of learning about the
atom
1. Particle accelerators

A particle accelerator is a device
used to project charged particles
at high speed into matter. Electric

Unifying theme: Conservation of energy.

Quantitative requirements include calcu-
lating the mass defect and binding en-
ergy for a nucleus, -

Example: 25U and 3
of uranium.

are both isotopes

Some particles can be accelerated to 10° mils.

Chemical reactions also change the
masses of the reactants, but the released
energies are so small that the rest mass
changes are negligible.

The equation E = mc? may be used to cal-
culate the energy equivalent of the
atomic mass unit (u):

E = 1.66 x 10%kg (3.00 x 10* m/s)?
E=149x10")

E = 1.49 x 10"]/(1.60 x 10-“}/eV)

E =931 MeV = massof 1u

My = 1.67 x 10-7kg = 1.0078 u
My = 1.67 X 10 7kg = 1.0087 u

-

The binding energy is the energy re-
leased when the nucleons are “put to-
gether” to form a nucleus.

Binding energies are usually compared
in terms of binding energy per nucleon.
The highest binding energy per nucleon
occurs for a mass number of about 60. For
elements above carbon, the binding en-
ergy per nucleon is about 8 MeV.

Most of the naturally occurring radioac-
tive isotopes have atomic numbers
greater than 81.

Other radioactive nuclides which do not
occur in nature may be produced in the
laboratory or in nuclear devices such as
bombs and nuclear reactors.

Charged projectiles include electrons,
protons, alpha particles, and deuterons,
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and magnetic fields are used to
provide the forces to accelerate
and control these charged parti-
cles at speeds approaching the
speed of light. When these
charged particles strike the nu-
cleus of an atom, they alter its sta-
bility and new particles may be
produced.

2. Detection devices

Various devices used to detect
subatomic particles are the Geiger
counter, ionization chamber, bub-
ble chamber, cloud chamber,
spark chamber, scintillation
counter, and photographic film.

3. Subatomic particles

In addition to the proton, neutron
and electron, other subatomic
particles are also observed to ex-
ist.

Itis now known that some nuclear
particles (protons, neutrons, and
hyperons), called baryons, as well
as the intermediate mass mesons,
are composed of constituent parti-
cles called quarks.

II. NUCLEAR REACTIONS

A. Natural radioactivity

Natural radioactivity is the sponta-
neous disintegration of the nuclei of
atoms which occur in nature.

Some nuclei, generally of high
atomic number, are naturally radio-
active,

In all nuclear reactions, the sum of
the charges and the sum of the mass
numbers on both sides of the equa-
tion are equal.

1. Alpha decay

Alpha decay is the spontaneous
emission of an alpha particle from
a nucleus.
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Practical applications:

* Van de Graalf generator
* cyclotron

¢ betatron

* synchrotron

* linear accelerator

Practical applications:

* neutrino
¢ positron
¢ negative proton

Onte element can become another, naturally.
Practical applications:

¢ medical diagnosis -
¢ medical treatment
¢ power plant

Memorization of nuclear equations is not
required. Recognize natural radioactive
decay when illustrated by a nuclear
equation.

Unifying themes: Conservation of en-
ergy, Conservation of charge.

Aoy

Example: %Ra — 3Rn + tHe

Discuss the construction of larger and
larger accelerators to provide charges
with higher and higher energies to detect
smaller and smaller particles.

Many of the methods of detecting high
energy particles depend on the ioniza-
tion process. When a charged particle
moves through matter, it removes elec-
trons from atoms in its path leaving a trail
of positive and negative ions.

Elementary particles have antiparticles
that have the same mass but opposite
charges. The positron is the antiparticle
of the electron, and the negative proton
is the antiparticle of the proton. Other
properties are also involved, so that, for
instance, the neutron has an antineu-
tron,

No particle with a charge smaller than
+ e has been isolated. However, quarks™
have charges of + ef3 and + 2 e/3.
Quarks cannot be isolated from the parti-
cles that they form.

Isotopes with very short half-lives and
which will be quickly eliminated from
the body are used for diagnostic injec-
tions. Technetium-99, not a naturally oc-
curring element, is used for locating
brain tumors, lodine-131is used for diag-
nosing thyroid disorders.

Radium and cobalt-60 (which is not
found in natire) are used in cancer ther-
apy-

Radiation kills bacteria, yeasts, molds,
and insect eggs in foods, permitting the
food to be stored without spoilage for a
much longer time than untreated food.
The fact that the mass numbers are the
same on both sides is not an example of
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An alpha particle is the nucleus of
a helium atom. It has a mass num-
ber of 4 and a charge of +2.

The emission of an alpha particle

decreases the mass number by

four and the atomic number by 2.
2. Beta decay (negative)

In natural radioactivity, beta decay
is the spontaneous emission of a
negative electron from a nucleus.

The emission of a negative beta
particle increases the atomic num-
ber by one but does not change
the mass number.

3. Gamma radiation

Gamma radiation consists of high
energy photons originating in nu-
clear reactions.

The emission of gamma radiation
does not change the atomic num-
ber or mass number.

Gamma radiation is emitted when
a nucleus in an excited state
changes to a more stable state.

*B. Half-life

The half-life of a radioactive element
is the time required for one-half of
the nuclei of a sample to disinte-
grate.

Each radioactive nuclide has a spe-
cific half-life.

m, *

m|=5n—

C. Conservation of mass-energy

During the process of radioactive
decay, mass-energy is conserved.

D. Artificial transmutation

Transmutation is a change from one
nuclide to another because of a gain
or loss of protons and/or neutrons
by the nucleus.

Radioactivity is an example of natu-
ral transmutation.

Artificial transmutation may be pro-
duced by bombardment of nuclei
with alpha particles, protons, neu-
trons, or other particles. Artificial

Practical application:
¢ radon gas in homes

Example: 3Th —- ZiPa + ‘e
1 1

Practical applications:

¢ carbon-14 dating
¢ dating rocks

Unifying theme: Conservation of energy

Recognize artificial transmutation when
illustrated by a nuclear equation.

Practical applications:

¢ medical diagnosis
¢ medical treatment

Example:
4N + {He — 70 + [H

mass-energy conservation, but conser-
vation of baryon number.

Discuss the environmental and health
concerns associated with radon gas in
homes.

Beta decay can also emit a positron (anti-
electron), e

An antineutrino, v, is also emitted dur-
ing negative beta decay.

Beta decay can occur because of the weak
interaction.

Gamma radiation is evidence of nuclear
energy levels.

Emission of an alpha or a beta particle
may leave the nucleus in an excited state
which may emit a gamma ray, resulting
in a lower energy level for the nucleus.

The half-life of uranium-238 is 4.5 x 1U*
years. The half-life of carbon-14 is 5730
years.

The ratio of uranium-238 to lead-206 in a
mineral can be used to determine the age
of the mineral. The ratio of carbon-14 to
other carbon isotopes in a sample can be
compared to that in the atmosphere, per-
mitting the age of the sample to be esti-
mated.

This was confirmed experimentally with
accelerated protons by Cockeroft and
Walton in 1932:

iLi + {H — {Be — {He + {He

In 1919, Rutherford bombarded nitrogen
with alpha particles from a radioactive

source and produced oxygen. This was
the first artificial transmutation.

Accelerators are used to give charged
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transmulation may also be pro-  Example: particles sufficient kinetic energy to over-
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duced when an incident high en-
ergy photon ejects a proton or a neu-
tron or causes the nucleus to
become unstable and disintegrate.

Artificial transmutation may result
in the production of a nuclide that is
radioactive.

1. Positron emission

Beta decay in artificial transmuta-
tion includes the emission of posi-
tive electrons (positrons) as well
as negative electrons from the nu-
cleus.

The emission of a positive beta
particle decreases the atomic
number by one but does not
change the mass number.

The emission of a negative beta
particle increases the atomic num-
ber by one.

2. Electron capture (K-capture)

Electron capture occurs when the
nucleus absorbs an orbital elec-
tron.

Electron capture decrcases the
atomic number by one, but does
not change the mass number.

3. The neutron

Neutrons were first discovered by
bombarding beryllium with alpha
particles.

“In nuclear reactions, neutrons are
often used as bombarding parti-
cles because they are uncharged
and are not repelled by nuclei.
When neutrons come very close
to a nucleus, the neutrons are at-
tracted to the nucleus.

F. Nuclear fission

Fission is the splitting of the nucleus
of an atom. Fission occurs primarily
as the result of the nucleus captur-
ing a neutron. Fission produces
fragments and energy and releases
two or more neutrons.

The liberation of energy is the result
of the dispersion of part of the origi-
nal concentrated mass-energy.

AL+ tHe = 3P + In
The radiocactive phosphorous then de-
cays to a stable isotope of silicon.

) .
WP = 1Si+ e

Example:

UCu — §Ni + je

Example:
iiNa — Mg + ‘e

Example:
WK + e — MAr

Example:

Be + e — 2C + n

This is an example of artificial transmuta-
tion.

Practical applications:

* nuclear power plant
* atomic bomb

Recognize a fission reaction when illus-
trated by a nuclear equation.

Example:
U+n—~F+F+{n+Q
Where F, and F, are fission fragments, ¢

come the electrostatic forces and pene-
trate the nucleus.

The first induced radioactivity occurred
in 1934 when the Joliet-Curies bom-
barded aluminum with alpha particles to
produce a radioactive isotope of phos-
phorus.

A neutrino, », is also emitted during pos-
.itive beta decay.

When the neutron to proton ratio of a nu-
clide is too low for stability, a proton may
be converted to a neutron through either
the process of positive beta decay or that
of electron capture.

The electron captured is from the very in-
nermost shells.

The neutron was identified in 1932 when
Chadwick bombarded beryllium with al-
pha particles.

It is not necessary to give neutrons high
kinetic energies in order for them to par-
ticipate in nuclear reactions. In some
cases it is advantageous to slow down the
neutrons so they spend more time near
the nucleus.

Fission is the process used by conven-
tional nuclear power plants and some
nuclear weapons. The energy is released
as thermal energy of the various frag-
ments and radiation.

A discussion of nuclear weapons may be
of interest.

Some nuclei can undergo fission as the
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Only certain elements of high
atomic number can be fissioned.

1. Nuclear Fuels

A nuclear fuel is a fissionable nu-
clide used to produce energy on a
commercial scale.

Nuclear fuel is formed into pellets
stacked in rods. The fuel rods are
then placed in the core of the reac-
tor.

2. Thermal neutrons

Thermal neutrons are neutrons
with kinetic energies nearly equal
to those of the molecules of a sub-
stance at ordinary temperatures,
about Vs eV.

Thermal neutrons with smaller ki-
netic energies are more likely to
undergo absorption by a nucleus
and are therefore more likely to
cause fission reactions.

3. Moderators

For efficient nuclear fission, it is
necessary to slow down the speed
of the neutrons. Moderators are
materials that have the ability to
slow down neutrons quickly with
little tendency to absorb them.

-

Particles of low mass, comparable
to that of the neutron, such as hy-
drogen and its isotope deuterium
(D) have been found to be effec-
tive as moderators.

The neutrons are slowed down
most effectively by a head-on col-
lision with a particle of similar
mass.

represents the average number of neu-
trons emitted per fission, and Q repre-
sents the energy.

A uranium fuel pellet (3cn’) has as much en-
ergy as a lon of coal.

Practical applications:

¢ uranium-235
* plutonium-239

Unifying theme: Conservation of energy,
Conservation of momentum

Practical applications:

* water

heavy water (D,0)
beryllium
graphite

result of excitation by a gamma ray of suf-
ficient energy.

The energy released per nucleon in the
fission of a heavy element is the differ-
ence between the average binding en-
ergy per nucleon of the original element
and the average binding energy per nu-
cleon of the fission fragments formed.

Natural uranium (99.3% uranium-238
and 0.7% uranium-235) and enriched
uranium (3 to 4 percent enrichment with
uranium-235) are commonly used as fu-
els in heavy water and light water reac-
tors, respectively.

Uranium-233, produced from neutron
capture by thorium-232, and plutonium-
239, produced from neutron capture by
uranium-238, are obtained as fuels in
breeder reactors. Breeder reactors pro-
duce more fuel than is consumed.

Fission of uranium-235 is induced by
thermal neutrons.

A macroscopic analogy of this collision
process consists of two suspended balls
of equal mass. When a moving ball
strikes a stationary ball, the moving ball
stops and the other ball moves off with
the same velocity as the original. This
can be verified by the laws of momentum
and energy conservation.

Graphite is relatively low in cost, easily
machined, and is sulfficiently strong as a
structural material. It is, however, fragile
when struck, can interact with oxygen in
the air, and suffers radiation damage at
temperatures lower than 250°C.

Normal light water cannot be used in a
reactor with natural uranium fuel, be-
cause the hydrogen would absorb too
many neutrons. Heavy water has to be
used in such reactors because deuterium
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4. Chain reaction

A chain reaction is a self-
sustaining reaction which, once
started, steadily provides the en-
ergy and neutrons necessary o
continue the reaction.

Some of the excess neutrons re-
leased in each fission are ab-
sorbed by other uranium-235 at-
oms, causing them to undergo
fission.

A critical mass is the minimum
amount of fissionable material
necessary for a chain reaction to
oceur.

. Control rods

The fission process in a reactor
can be controlled by adjusting the
number of neutrons available.

A control rod is a device used 1o
absorb neutrons in a nuclear reac-
tor.

. Coolants

Coolants are used to keep the
temperatures generated by fission
at reasonable levels within the re-
actor and to carry heat to heat ex-
changers and turbines.

7. Shielding

The internal shield protects the
walls of the reactor from radiation
damage. The external shield
serves to protect the personnel
from radiation.

. Radioactive wastes .

Fission products from nuclear re-
actors are intensely radioactive
and cannot be discarded. They
must be stored for a long time or
disposed of in special ways.

Solid and liquid wastes’ are en-
cased in special containers for per-
manent storage underground or
inisvlated areas.

Practical applications:

* boron
¢ cadmium

Practical applications:

¢ water
* heavy water

Practical applications:

. stroqlium-90
® cesium-137

does not absorb as many neutrons. Light
waler can be used in uranium-235 en-
riched reactors.

In a nuclear reactor, the chain reaction
can be controlled. In a nuclear bomb, the
chain reaction is not controlled.

If the control rods are removed, neutrons
will not be absorbed, and the reaction ac-
celerates. If the control rods are inserted
too far, there will be too few neutrons,
and the chain reaction is no longer self-
sustaining.

In some reactors the coolant also serves
as the moderator. Water, heavy water, air,
helium, carbon dioxide, molten sodium,
and molten lithium are examples of cool-
ants.

Discuss the tremendous quantities of
heat released to the atmosphere by the
cooling towers of nuclear generating sta-
tions.

Steel lining is used for internal shielding,
and high density concrete is used for ex-
ternal shielding.

The process of vitrification, solidifying
high-level wastes to prevent dissolving
and corrosion, should be discussed.

The atoms in many parts of the reactor
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Low-level radioactive wastes may
be diluted and released directly
into the environment.

Gaseous radioactive wastes are
stored for decay to safe levels and
then dispersed into the air.

a. Production of plutonium:

When uranium-238 absorbs a
neutron, the resulting reaction
produces plutonium.

Uranium-238 does not fission
with thermal neutrons.

Plutonium may be treated as
waste or be used as a fuel since it
undergoes fission.

G. Fusion reaction

Fusion is the process of combining
two light nuclei to form a heavier nu-
cleus.

When two light nuclei fuse into a
heavier nucleus, they form a more
stable nucleus having a greater bind-
ing energy per nucleon. The mass of
the heavier nucleus formed is less
than the sum of the masses of the
lighter nuclei; the difference in mass
is converted into emitted photons.
The energy released pernucleonina
fusion reaction is much greater than
the energy released per nucleon ina
fission reaction.

1. Fuels

Deuterium ((H) and tritium (J11)
may be used as fuels.

2. High energy requirement

Since each nucleus carries a posi-
tive charge, nuclei repel one an-
other electrostatically. Conse-
quently, for nuclei to interact, they
must have enough kinetic energy
to overcome repulsion.

Practical applications:

¢ radon-222
¢ krypton-85
¢ nitrogen-16

Example:
MU + dn = U - Np + fe

WNp = %iPu + fe

Electricity can be made from sca water.
Unifying theme: Conservation of energy.

Recognize a fusion reaction when illus-
trated by a nuclear equation.

Example:
o+ H—He + Q
Practical applications:

¢ solar energy
¢ hydrogen bomb
¢ future energy plants

Examples:

H+H =+ H+Q
where Q = 4.0 MeV
H+H=He+n+Q
where Q = 17.6 MeV

that are exposed to the radiation will be
subject to artificial transmutation, gener-
ating “activation products,” many of
which will also be dangerously radioac-
tive. At decommissioning, the entire
structure may have to be treated as radio-
active waste.

Discuss the environmental impact of
long-term storage of radivactive wastes.

Fuels used in conventional nuclear reac-
tors contain more uranium-238 than
uranium-235.

Due to limited supplies of uranium-235,
plutonium-239 was used in the first test-
firing of a nuclear weapon in New Mex-
ico in 1945.

For fusion reactions, the fuel must be in
plasma form, requiring extremely high
temperature and pressure.

The sun’s energy is produced in a series
of fusion reactions which result in the
conversion of the Sun’s hydrogen into
helium. Extremely high temperatures
and pressures, such as those deep in the
Sun’s interior are needed for these reac-
tions. The nuclear reaction of a hydrogen
bomb utilizes fission as a trigger to gener-
ale the lemperatures and  pressures
needed for fusion.

Heavy water (deuterium oxide) is ob-
tained by concentrating the trace quanti-
ties present in water. Tritium is made by
the nuclear reaction:

i+ tn = H + {He

Since the magnitude of repulsion in-
creases with charge, only the nuclei of

lowest possible charge can be used. Fu-
sion with ordinary hydrogen, however,
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The thermonuclear approach,
through the use of very high tem-
peratures, appears to be promis-
ing for controlled fusion.

has a very low reaction probability. Fu-
sion reactions involving deuterium, or
deuterium and tritium, are useful
sources for the release of energy. Of
these, the most likely reaction is between
deuterium and tritium.

Technical problems with nuclear fusion,
such as the requirement of extremely
high temperatures and their contain-
ment, continue to challenge nuclear sci-
entists and engineers.



Appendix A

EXAMPLES OF QUESTIONS, SKILLS, AND PRODUCTS IN A
PROBLEM-SOLVING MODEL

tion?

Analyzing Data

What useful analyses can be made of the
organized information?

* In what way does . . . compare

contrast with . . .?

What seemed to be the effect of . . .?

* Whal seemed to cause . . .?

What must have been the pattern

(sequence) of events?

* What assumptions were made?

*
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"« Interpreling data

¢ Interpolating and extrapolating

STEPS/FOCUS QUESTIONS SKILLS PRODUCTS
Planning
1. What is the problem? * Recognizing a problem 1. A statement of the problem
2. What background information do | ¢ Communicating information 2. List of facts (background information)
already have? ¢ Creating models 3. List of questions (related to later steps i
* What do [ already know about . . .? o Formulating hypotheses the process)
3. What new information do 1 need? ¢ Designing experimental 4. An experimental design
4. What procedure or experimental procedures 5. Sketch or description of the expected
design do I need to follow? (predicted) final product
¢ How can [ find what [ need to know
about. . .?
5. How will | know when | have solved
the problem?
Obtaining Data
What information is needed? * Selecting instruments * Datacharts
* What are the propertiesof . . .? * Measuring ¢ Computer printouts
e Whatkindsof . . .? * Observing * Photographs
¢ How long, wide, big . . . isit? * Recording data ¢ Schematics
* How much does it weigh?
* What coloris it?
* Howhotis. . .?
Organizing Data
In what useful way(s) can the informa- * Processing data ¢ Calculations or computations
tion be organized? ¢ Creating models ¢ Charts, tables
¢ Which ones belong to this group? ¢ Diagrams, scale drawings
* [Inwhat orderdothese . . . belong? * Graphs
* What categories are there? ¢ Groups, categories of information
* How can this be graphed? * Outline
¢ What is the result of this . . . calcula- o

Sorted objects

¢ Description of a pattern or sequence

Mathematical relationships

* Statements of cause and effect relation-

ships

Independent and dependent variables
Statements of similarities and differenct
Summary




STEPS/FOCUS QUESTIONS SKILLS PRODUCTS
Generalizing and/or
Synthesizing From Data
What can be drawn from the analyses of ¢ Evaluating hypaotheses ¢ A model or simulation
information? ¢ Creating models ¢ A new hypothesis
¢ How canl explain. . .? * Formulating hypotheses * A new prediction, problem, theory
® How canlshow I need to. . .2 ¢ Generalizing ¢ Applications to new situations
* What is the principleof . . .? ¢ Statements of principles
L]

e Ifthis continues, then what is likely to
happen?

What might happeniifl. . .?

What model shows what we know
about. . .?

What new problems does this suggest?
Howdoes. . .applyto...?

Decision Making

1. What decisions need to be made?

2. What are the aiternative choices and
the reasons for each?

3. What are the consequences of each
alternative?

4. Who will be affected by each possible
choice and in what way?

5. What values are directly related to
each choice, and how do they relate to
it?

6. Which choice is the best choice?

* Acquiring information
¢ Communicating information
» Making decisions

* Manipulating ideas

* Questioning

PLANNING

OBTAINING DATA

ORGANIZING DATA

GENLRMIZING
AND/OR SYNUIESIZING
FROM DATA

—

Statements which accept or reject
hypotheses
Written lab reports

Statement of the decision to be made
List of alternative choices, supported by
reasons

List of consequences of each alternative

. List of persons directly affected by each

choice and the way each is affected
List of values related to each choice,
supported by statements of how the
values relate

. A personal choice, supported by

defendable reasons for the choice
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Examples of Problems

1. Onthe planet “X", the standard units of measurement

are not necessarily the same as on Earth. In order to
discover the way objects behave along a hard, smooth
surface on “X”, Earth scienlists want to carry out a set
of experiments.

a. What instruments would you take from your
school’s laboratory? Justify your choice.

b. Describe how you might use this equipment to
measure the acceleration due to gravity on “X”.

¢. Local scientists claim the acceleration due to gravity
at the testing site is 0.85 whipples/ploobs?. What
questions should you ask in order to confirm this
acceleration value as determined with your Earth
instruments.

. Sound generally travels faster through solids than
through air. In school, the hallway is very noisy so the

teacher closes the door and less noise enters the class-
room. Based on what you know about waves, describe
what would cause this phenomenon to exist.

. An automobile manufacturer can design one of two

cars: one that is rigid or one that crushes except for the
passenger compartment. Based on your knowledge of
impulse and momentum, describe the pros and cons
of each design.

. Analogies:
a. Balance is to mass as ammeter is to:
1) weight 2) voltage
3) current 4) circuit

b. Vector is to scalar as displacement is to:

2) force
4) distance

1) velocity
3) acceleration




Appendix B
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SKILLS

Skill

Definition

Example - The skill is
being demonstrated if
the student is:

Applying Mathematics

Classifying

Communicating

Creating Models

Formulating Hypotheses

Generalizing

a) Using mathematical rules or formulas
to calculate quantities or determine rela-
tionships from basic measurements.

b) Estimating answers without perform-
ing precise calculations.

¢) Using dimensional analysis to derive
units and check for the validity of rela-
tionships.

Arranging or distributing objects,
events, or information representing ob-
jects or events in classes according to
some method or system.

a) Sharing information, concepts, and
attitudes through speaking and writing,
using appropriate language.

b) Acquiring information and develop-
ing concepts through active reading, Jis-
tening, and questioning.

Developing analogues of a phenomenon
or situation that are easjer to understand,
calculate, and/or visualize, but which
correlate data of the original situation
and allow testable predictions of new
measurements.

Constructing a tentative and testable pre-
diction.

Drawing conclusions from limited infor-
mation and applying them in a broader
context.

Computing the current in a resistor given
the resistance and applied potential by
using Ohm's Law.

Rounding g from 9.8 m/s?to 10 m/s?, and
comparing the orders of magnitude of
the gravitational force and the electro-
static force between the proton and the
electron in a hydrogen atom:

10- N compared to 107 N.

Showing that s = Y2a(At)? is dimension-
ally correct, but v = 2ais not.

Grouping weight and velocity as vectors
and mass and speed as scalars.

Submitting clear, concise, and under-
standable lab reports and describing an
experiment at a science fair.

Using reference sources such as the
Handbook of Chemistry and Physics and the
reference tables to locate the values for
constants needed to solve problems, and
recognizing other valuable sources such
as local industry, scientific TV shows,
and university professors.

Explaining the Bohr model of the atom or
the wave nature of light.

Stating that if a rock is dropped from the
same height and at the same time that an
identical rock is thrown horizontally,
both rocks will hit the ground at the same
time,

Summarizing experimental results such
as: “In the absence of air resistance, ob-
jects of different mass fall freely with the
same acceleration,
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Skill

Definition

Example —The skill is
being demonstrated if
the student is:

ldentifying Variables

Inferring

Interpreting Data

Identifying/Selecting
Alternatives
Manipulating Materials

Measuring

Observing

Predicting

Recording Data

Verifying
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Recognizing characteristics or factors
that are constant or change under differ-
ent conditions, and distinguishing be-
tween dependent and independent vari-
ables.

Making a conclusion based on observa-
tion, experimentation, and/or reasoning
to explain a phenomenon,

Analyzing information that has been ob-
tained and organized by determining ap-
parent patterns or relationships among
variables.

Recognizing available choices and choos-
ing a course of action based on justifiable
reasons.

Handling or treating materials and
equipment  skillfully, cffectively, and
safely.

Making quantitative observations by
comparing to a conventional (or noncon-
ventional) standard.

Becoming aware of an object or event by
using any of the senses (or exlensions of
the senses) Lo identify properties.

Making a forecast of future events or ex-
pected conditions based on information
and/or models.

Collecting facts about objects and events
which illustrate a specific situation.

Repeating measurements o check on
their accuracy, and corroborating previ-
ously obtained results.

Noting that at constant temperature for a
wire of uniform thickness, the resistance
of the wire (dependent variable) is pro-
portional to the wire's length (indepen-
dent variable).

Stating that because they have the same
acceleration, two blocks of different mass
will hit the ground in the same amount of
time when dropped from the same
height.

Nuoting the direct relationship between
the volume and absolute temperature of
agas.

LEvaluating various techniques for gener-
ating electrical energy.

Obtaining a clear image with a converg-
ing lens.

Reading a voltmeter to the proper preci-
sion and in the correct units.

Listening to sounds made by different
tuning forks to discriminate among their
pitches and comparing this to wave
forms on an oscilloscope.

Stating how far an object will fall in a
given length of time.

Noting the angles of incidence and re-
flection for light rays incident upon a
plane mirror.

Measuring the angle of refraction in a
medium for numerous angles of inci-
dence and comparing the calculated val-
ues of the index of refraction with each
uther and with a known standard and
determining percent error.
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ATTITUDES

1. Appreciating the natural world.

1.1 Appreciating the natural world, its complexity
and diversity, its lawfulness and consistency, and
its intricate detail and vastness. For example:

* Acknowledging the differences, similarities,
and interdependencies in nature.
1.2 Appreciating the natural world as an essential re-

source in fulfilling human needs, both physical
and aesthetic. For example:

¢ Conserving natural resources.
* Admiring beauty in the natural environment.

- Wanting to know about and understand the natural
world.

2.1 Wanting to know concepts, terms, techniques,
and conventions useful in understanding the nat-
ural world. For example:

* Asking about the meaning of terms.
* Trying to learn how to use measuring instru-
ments,

2.2 Wanting accurate and thorough information about
the natural world. For example:

* Asking for and looking up factual information.

2.3 Wanting explanations and interpretations of infor-
mation that clarify and lead to accurate predic-
tions. For example:

* Asking for explanations.
* Questioning explanations.

. Valuing skepticism, careful investigation, and logical
reasoning as means of increasing one’s understanding
of the natural world.

3.1 Accepting information and ideas about the natural
world as uncertain and valuing verification and
supporting reasons. For example:

* Questioning ideas presented in books or
through other media.

* Testing claims through direct observation, ex-
perimentation, and reason.

3.2 Welcoming the unknown or the ambiguous and
accepting contradictory or tentative ideas as start-
ing points for increasing one’s understanding of
the natural world. For example:

* Becoming quickly involved in trying to resolve
discrepancies in observations or between obser-
vations and explanations.

* Posing problems and puzzles.

3.3 Valuing original insights, uncertain inferences,
and flexible and unconventional thinking as
sources of potentially useful ideas. For example:

* Paying careful attention to new ideas.

* Presenting original ideas.

* Willing, for the sake of testing an argument, to
accept temporarily an assumption that one be-
lieves is false.

* Understanding and accepting alternative strate-
gies for accomplishing the same task.

3.4 Valuing careful, systematic investigation as useful
in resolving issues. For example:
* Planning investigations carefully before begin-
ning.
* Questioning the validity of experiments.
3.5 Valuing logical reasoning as a means of testing and
weighing the validity of ideas. For example:

* Pointing out flaws in the logic of arguments.
* Using logic to form and test inferences from
data.

4. Respecting others and the environment in pursuing

study of the natural world.

4.1 Valuing the use of investigative procedures that
limit the risk to one’s self, others, or the living and
nonliving environment. For example:

* Taking safety precautions during investiga-
tions.

* Not injuring plants or animals without justifi-
able reason. 4

* Not disfiguring the environment while study-
ing it.

4.2 Respecting the rights of others in using resources.
For example:

* Using no more than one’s share of common re-
sources.

4.3 Valuing the contribution of a fair share of the effort
in carrying out collaborative studies. For example:

* Doing one’s share of the work in a group pro-
ject.

* Contributing ideas in group problem solving.

* Providing assistance to others in the group
when appropriate.

4.4 Respecting the contributions of others to the solu-
tion of a problem. For example:

* Giving credit to others when using their ideas.

* Listening to the ideas of others in solving prob-
lems.



4.5 Valuing truthful reporting of methods and find- 5.3 Caring about efficiency, simplicity, and depend-

ings. For example: ability of techniques. For example:

¢ Accurately describing procedures used in gath- e Continually trying to improve techniques by in-
ering data. creasing efficiency, simplicity, or dependability.

¢ Describing honestly the results obtained from ¢ Commenting on the efficiency, simplicity, or de-
an experiment. pendability of techniques or devices.

4.6 Respecting the beliefs and values of others in pre-

senting one’s own ideas or findings. For example; 6 Valuing service to others through technology.

* Not ridiculing the ideas of others while present- 6.1 Valuing the benefits that techt.\ologica] change
ing one’s own ideas. may have on people and the environment. For ex-
* Not making remarks which show insensitivity ample:
to the beliefs and values of others. ¢ Following technological progress in a field

through reading or other media.

5. Valuing the practical and technological o Expressing ideas about potential technological

5.1 Enjoying working with living and nonliving mate- advances that might benefit people or the envi-
rials and with scientific techniques or having a ronment.
high regard for those who do. For example: * Expressing ideas on how technology can assist
¢ Choosing to work with material things. handicapped individuals in accomplishing the
* Choosing to construct or take apart mechanical same tasks as nonhandicapped peers.
devices. 6.2 Having concern for the potential adverse conse-
* Expressing interest in technological occupa- quences of technological change on present and
tions. future generations and on the environment. For
5.2 Valuing resourcefulness and innovativeness in the example:
solution of practical problems. For examples: * Questioning the value of certain technological
¢ Attempting to use materials in novel ways to changes.
solve problems. ¢ Studying and sharing the problems and dan-
¢ Complimenting others for expressing innova- gers that a particular technological change may
tive ideas. have on people and on the environment.
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are required to demonstrate competency in seven manip-
ulative skills:

1. Demonstrate safety skills involved in handling
equipment such as projectiles, chemicals, heating
elements, electrical circuits, and radioactive mate-
rials.

2. Determine the change inlength of a spring as a func-
tion of force. Graph the data.

3. Determine the period of a pendulum for a given
mass and a given length.

4. Set up a series circuit and a parallel circuit each con-
sisting of a source of potential (battery, power sup-
ply) and two resistances (light bulbs, resistors). De-
termine the current through and potential difference
across each resistance and the circuit as a whole.

!Jl

Map a magnetic field using a magnetic compass and
a permanent magnet or electromagnet.

6. Determine the path of a light ray passing from air
through another medium and back into air using a
transparent object (rectangular block, semicircular
container). Draw the ray diagram.

7. Formulate inferences about the contents of a “black
box” (a sealed system into which one cannot see) by
making external observations. Examples of “black
boxes” include:

a) Light rays entering and emerging from a box con-
taining unknown optical components. Students
identify the instruments by observing the path of
the light rays entering and leaving the box.

b) A shoe box containing objects having different
properties (i.e., magnetic, scent, etc.). Students
identify the contents through the use of appropri-
ate tools (i.e., compass, node, etc.).

“Black boxes” enable students to understand the
process of modeling more clearly, especially as it re-
lates to the development of the model of the atom.
An exciting activity is to have the students design
the “black boxes.”

The Evaluation Plan for assessing proficiency in these
seven skills consists of these two components:

1. written responses on the Regents examination, and
2. laboratory performance in the local school setting.

The seven manipulative skills are best assessed by the
teacher observing students in the local school setting. It is
the responsibility of the teacher to determine that these
skills have been demonstrated. A Physics Laboratory

Skill Evaluation form is included in Appendix B. As each
skill is satisfactorily completed, the date and the initials of
both the teacher and student are to be recorded on the
evaluation form. Satisfactory completion of all seven
skills is required prior to admittance to the Regents exami-
nation. These completed forms must be filed with the
student’s written record of laboratory work for a period of
six months after the completion of the course.

Safety Suggestions

1. Students should not handle chemicals or equip-
ment in the laboratory until they have been given
specific instructions.

2. Students should report at once any equipment in
the laboratory that appears to be unusual such as
broken, cracked, or jagged apparatus, or any reac-
tions that appear to be proceeding in an abnormal
fashion.

3. Students should report any personal injury or
damage to clothing to the teacher immediately no
matter how trivial it may appear.

4. Loose clothing and hair should be prevented from
coming in contact with any science apparatus,
chemicals, or sources of heat or flame.

5. Laboratory materials should not be transported
through hallways by unsupervised students or
during the passing of classes.

6. Students should be instructed never to taste, or in-
hale directly, unknown chemicals.

7. Students should be warned of the dangers in-
volved in the handling of hot glassware or other
equipment. Proper devices for handling these
items should be available.

8. Electrical wiring should be checked for fraying, ex-
posed wires, and loose connections.

9. Students should be familiar with the location and
use of the fire blanket, fire extinguisher, and eye
baths.

10. Students should wear safety glasses whenever
chemical or projectile labs are being performed.

11. Students should be given instructions on the
proper use of electrical equipment.

12. Appropriate, specific safety instructions should be
given which are applicable to particular experi-
ments.

Changes in the Syllabus

Corrections or changes in the syllabus that become nec-
essary will be brought to the attention of school principals
by means of supervisory letters from the Department.



total score on the examination. Part II consists of six
groups of 10 multiple-choice questions. Each group is
based on one of the optional areas, units VI through XI.
Students will choose two of the six optional areas in part
I1, which accounts for 20% of the total score. Part Ii] con-
sists of free-response questions based on the core, units |
through V, and accounts for 10% of the total score. For
information about free-response questions, see Appen-
dix D.

All students must be provided with a centimeter ruler
and a protractor for the Regents examination. Students
may use calculators for the examination provided all stu-
dents in the physics class have access to a calculator dur-
ing the examination.

Laboratory

The pragmatic approach of “learning by doing” is in-
herent in a physics course using the laboratory investiga-
tions approach. The knowledge obtained by students
from meaningful manipulation of laboratory materials
can have a profound effect upon their lives by increasing
their awareness of the environment of which they are a
part. The importance of laboratory work is highlighted by
the need to:

1. Stimulate the development of basic skills by provid-
ing experiences in recording and interpreting data
and manipulating equipment.

2. Develop safety habits which are transferable to eve-
ryday situations in and out of school.

3. Provide first-hand experiences with some of the
ways in which scientists collect, organize, and inter-
pret data under controlled conditions.

4. Provide some first-hand experiences using activities
which are associated with a variety of science-
related careers.

5. Stimulate and maintain student interest while devel-
oping and reinforcing understandings basic to the
course.

6. Foster the attitude that physics is learnable and ap-
plicable to the lives of students.

The laboratory can be defined as the place where phys-
ics students engage in the manipulation of concrete ob-
jects. Manipulative activities provide direct experiences
for the students and enable them to answer important
questions on the basis of personal observation and exper-
imentation. When planning laboratory experiences, pri-
ority should be given to field and laboratory activities
which feature manipulation. On rare occasions, there are
legitimate instances when nonmanipulative activities can
and probably should be substituted for these hands-on
activities. The less direct experiences available through
filmloops, videotapes, videodiscs, photographs, teacher
demonstrations, and microcomputer simulations can be
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reasonably substituted when the objects or energy levels
are sufficiently hazardous, the activity is excessively
costly, or the equipment is inaccessible. These situations
represent the exception, and should comprise no more
than 15% (4.5 periods) of the minimum laboratory re-
quirement of thirty 40-minute periods.

Laboratory investigations should take many forms. In
addition to exercises which simply require verification of
known constants or relationships using an established
procedure, students should also be encouraged to design
their own method for a particular investigation and to de-
termine which variables affect the results. In some cases,
teachers will find it appropriate for a laboratory experi-
ence to precede classroom discussion, while on other oc-
casions laboratory work can be used as an effective
follow-up activity. It is vital that laboratory and class work
be carefully integrated. Furthermore, teachers are en-
couraged to provide students with numerous opportuni-
ties for hands-on activities, not only during the labora-
tory, but throughout the physics course.

Regents physics has a mandated laboratory require-
ment, and successful completion of this course earns for
the students one unit of credit in a laboratory science.
Each student must be engaged in laboratory activities for
at least thirty 40-minute periods (or its equivalent of 1200
minutes) exclusive of time used in changing classes or
teachers. Satisfactory written reports of these laboratory
experiences must be prepared by the student. Standards
for satisfactory written reports must be established by the
local school district at the beginning of the school year. At
the completion of the course, these laboratory reports
must be kept in the school for six months following the
date of the examination, except in instances where a se-
nior or transferring student needs these reports for fur-
ther work,

Pursuant to Section 207 of the Education Law, Section
8.2(c) of the Rules of the Board of Regents states, “Only
those persons who have satisfactorily met the laboratory
requirements as stated in the State syllabus for a science
shall be admitted to the Regents examination in such sci-
ence.” This Rule of the Board of Regents applies to all stu-
dents whether regularly enrolled in a Regents science
class or studying independently. Yor students with severe
physical or emotional handicaps; admission to a Regents
science examination without having completed the labo-
ratory requirement will be considered on an individual
basis. Questions pertaining to this matter should be dj-
rected to the Chief of the Bureau of Science Education,
State Education Department, Albany, New York 12234.

The emphasis placed on the laboratory component of
this course requires that the teacher be able to evaluate
student competencies in the laboratory. In addition to the
skills listed above and described in Appendix B, students




Teachers are encouraged - to set their own time allot-
ments based on their teaching experience and on student
interest and achievement. Below is a suggested time
frame based on the idea that this syllabus represents a
survey course in physics in which many topics should be
given equal treatment.

Mechanics—9 weeks

Energy -3 weeks

Electricity and Magnetism —8 weeks
Wave Phenomena—7 weeks
Modern Physics—2 weeks

Each Optional Area—2 weeks

Organization of the Syllabus
The syllabus is divided into the five core units and six
optional units. The core units are:

Mechanics

Energy

Electricity and Magnetism
Wave Phenomena "
Modern Physics

The optional units are:

Motion in a Plane

Internal Energy
Electromagnetic Applications
Geometric Optics

Solid State Physics

Nuclear Energy

The syllabus is organized under three major headings in
three columns.

1. Content Outline/Understandings/Concepts

This column contains the topical outline and basic

concepts of the course and lists quantitative require-

ments. Concepts in this column are subject to testing

on parts I and 111, if core, or part II, if optional, of the
; Regents examination. The asterisk (*) used in the out-
( line denotes that quantitative treatment is required.

2. Discrepancies/Practical Applications/Activities

This column contains discrepancies in italics and prac-
tical applications and gives additional information in-
cluding Unifying Themes, special activities related to
the development of skills, and requirements for a
course based on this syllabus. Material contained in
this column is subject to testing on parts I and IlI, if
core, or part Il, if optional, of the Regents examination.

Discrepancies and practical applications do not have
to be memorized by students, but references to them
and questions about them may appear on the Regents
examination.

3. Supplementary Information

This column includes additional information and ex-
planation of the basic concepts. The material in this
column is not subject to testing.

Prerequisites

Students enrolling in the Regents physics course must
have satisfactorily completed sequential mathematics
Course I. They should have also completed or at least be
currently enrolled in sequential mathematics Course II.
Application of mathematical skills is stressed frequently
in this syllabus. Some of this material will already have
been developed in courses in mathematics and science.
Other topics, such as vectors, may not have been previ-
ously studied. Teachers are encouraged to review mathe-
matical skills and present new mathematical concepts
when introducing the associated physics material, rather
than spending the first week or two in math review. For
more information, see Appendix E, Mathematics and
Measurement.

Systems of Units

SI (International System) units are used in this sylla-
bus. The fundamental units used are the meter, kilogram,
second, ampere, and Kelvin. The fundamental units can-
dela and mole are not used in this syllabus.

Regents examination questions will be in terms of the
five fundamental units mentioned above and the appro-
priate derived units (e.g. newton, joule, volt, etc.) as de-
fined at appropriate points in the syllabus. The only ex-
ceptions to this rule are the electronvolt, which is a
widely used unit of energy, and the atomic mass unit.
While examination questions will be confined to these
units, the use of other systems (e.g. CGS and FPS) in
class and in the laboratory is encouraged.

Significant Figures and Precision in Measurement

The concept of significant figures is important for preci-
sion in measurement, but is difficult for many high school
students. It is left to the teacher to determine the depth to
which the topic is appropriate for his/her particular stu-
dents.

Students are expected to understand significant figures
in terms of the degree of precision to which a common
measuring device can be used. This is subject to testing.
See Appendix E, Measurement and Mathematics, for ex-
amples of the types of questions a student may be asked
on the Regents physics examination. Performing opera-
tions with significant figures is not subject to testing.

The Regents Physics Examination

The Regents Examination in Physics has three parts. Part
I consists of 60 multiple-choice questions based only on
the core, units I through V, and accounts for 70% of the
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