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Introduction

I want to share with you some ideas I have- mostly drawn from others- about how we might improve the schooling we provide our children at the primary and secondary levels of education that we often label K-12.

Our goal is a common one that applies to many endeavors: provide better services at lower costs. How do we provide better schools at lower cost?

I will try to make the case that the primary ingredients for success are:

· For-profit school systems

· Franchised systems

· Self-paced instruction

· Automated instruction

With these “tools” I believe that effective instructional methodologies can be employed to provide a better school experience for the average child than is currently provided in contemporary public or private schools. The new schools we have in mind are called Stellar Schools.

I now want to give you some perspective on what motivates these ideas. 

Some Background Information

The primary motivating factor is the recognition that this K-12 “sector” of our economy is in acute need of improvement. My interest in this field stems from many of my life experiences that suggested better ways to educate students.

Before presenting more details about Stellar Schools, I thought I’d provide a little background information about pupil performance, about myself, about some relevant history, about what resources are available, and about the marketplace for this industry 

About K-12 Student Performance

Various assessments of K-12 students’ performance show significant differences among school types. In terms of percentile results from normed tests given to 8th graders nationwide, it was found that public schools were sub-par at the 47th percentile. Non-profit private schools were better at the 72nd percentile but still inferior to home-schooled children who came in at the 81st percentile. For-profit private schools, though very small in number, are on top with their pupils scoring in the low 90’s.

The standard rejoinder of many public educators to such performance data is that these numbers are meaningless (or are not as significant as they appear) because there are socio-economic factors outside the control of educators that account for some or all of these differences. We agree that some of the differences are attributable to such factors. But it is also true- as seen in other studies- when the statistics are controlled for the socio-economic factors that these results are still qualitatively correct. We also know from the success of specific schools that socio- economic factors can be overcome if a school is structured and operated appropriately.

These test results suggest a need for better public and non-profit private schools. Additionally many adults are not K-12 proficient and could benefit from appropriate remedial instruction. Stellar Schools are intended to address these needs.

Finally, if private education could be made less expensive, economic analysis seems to suggest that an increased demand for it would ensue. In fact the price elasticity of private school tuition has been estimated to be -.48 (meaning that a 10% reduction in tuition would result in a 4.8% increase in enrollment). Because of this we intend that Stellar Schools will cost less to attend while at the same time providing a superior educational product. Before telling you how we can “square that circle,” I want to share with you some of my relevant experiences.

Relevance of my background

Turning to my own background you might wonder how this former research physicist ended up as an educational entrepreneur? It does have its links to my earlier physics career and more recently to my work in the financial industry

Of particular impact was the high school physics course I took back in 1957- 58. Our course came over the television thanks to Professor Harvey White of U.C. Berkeley and through the PBS facilities. The course was an early example of using distance education to provide a very high quality course.

The presentations were rehearsed, easy to follow, and nearly flawless. Few high school teachers of that era (or this) could hope to match the quality of Professor White’s instruction. Many of us were inspired to study physics further. I was.

Not only did that experience tell me that distance education could improve the quality of instruction, but it also suggested that there was the potential to dramatically reduce labor costs. How so?

Well the class period was 40 minutes and the television presentation was 30 minutes, leaving 10 minutes for the local high school teacher to do Q&A. This teacher could have covered four such classes within 40 minutes had the television programs been appropriately staggered in time. This suggests that the local school’s labor costs could have been cut by 75%.

Of course, Professor White had to be paid, but his services had an enormous economy of scale given the large size of the student television audience. 

These are key observations and they fit with our goal of doing more with less. And mind you, this was in 1957!

The relevance of those experiences with the distance education of nearly a half-century ago carries over to today’s Web-based systems in which video presentations and other instructional material can be viewed on demand.

During my subsequent career as a physics graduate student, I did take one year off- actually nearby in Oakland- to teach high school physics and mathematics. From that experience I acquired a love of teaching and some perspective on how children learn.

Decades passed and I took early retirement from my physics research career and eventually worked in the financial industry as a financial planner. As such I became interested in the options families had in financing their children’s’ educations. Should they save up for college or should they save for their children’s K-12 private education. That led me to survey the quality of K-12 education in the surrounding communities. 

I think that perhaps of most relevance to the thought process that led to Stellar Schools was the resulting informal SAT survey I did in 2002. What I found was that, in community after community, there were similar patterns in these test results: private high school students are almost always better than their public counterparts but not by much. One inference to draw is that many of the ills of public schools have found their way into private schools as well. It suggested that private schools need to be reformed and that is a private sector challenge!

I also recently took a financial analysis course from the DeVry institute (a for-profit post-secondary institution) that provided the students with many computer tools as well as a novel concept of what defines the curriculum.

These combined experiences, along with others not mentioned, have given me a perspective from which the concept of Stellar Schools evolved.

Some relevant history

From an historical point of view, many different educational practices have been around for a long time- as shown here:

· Home schooling has prehistoric origins.

· Lancasterian self-paced schools arose in the late 1790’s

· Age based classes were introduced in Prussia around 1810.

· Distance education by mail is very old.

· Distance education by television is old.

· Using computers in education is not new.

Of particular interest on this list, because it was a new revelation to me, was the concept of Lancasterian education. In schools using that approach one instructor with the help of perhaps a score or more of student instructors could manage and educate a school of approximately 200 pupils! This high ratio, of course, suggests low labor costs (given that the student instructors received little more compensation than tuition reductions). From a pedagogical viewpoint the Lancasterian schools did not have age-based class grouping but simply moved pupils from one course to the next as soon as they would master each subject. Thus Lancasterian schools were effectively self-paced. For reasons not entirely clear, Lancasterian schools fell out of fashion when age based classes became “state of the art” in the first half of the 19th century. Age based classes apparently were part of the structure of the newly developed public schools that were first introduced in Prussia in the early 1800’s.

Vestiges of the Lancasterian model persist and/or get reinvented from time to time. This happens particularly when educators try to devise instructional methods for self-paced learning. There is a K-12 school, the Golden Gate Apple School of Kensington, California, that uses self-pacing throughout its curriculum. It makes regular use of student instructors/tutors. Many of those “reinventing” the Lancasterian concept remain unaware of its historical origins. 

Available resources

Many of the tools, methods and technologies that can be exploited in the K-12 environment are not new. The traditional media for content include textbooks, workbooks, and audio-visual resources.

Many contemporary resources include computer/Web-based courseware, interlinked digitized text, asynchronous content (electronic based lectures, drills, tests), FAQ, and remote help desks.

Additionally, within the Stellar Schools we envision an automated tutoring system as well as an automated mentor. Specifications for these are yet to be defined. 

The marketplace for Stellar Schools

We believe that Stellar Schools can offer its services to the entire K-12 marketplace. Generally, this marketplace is subdivided into the sectors serving children and those serving adults.

Within the primary and secondary schools serving children ages 5 through 18 the marketplace consists of the following three sub sectors:

· Private schools are 11% of the K-12 marketplace.

· Homeschooling is 4% of the K-12 marketplace

· All kinds of public schools complete the remaining 85%

Beyond the schooling for children there is also the adult marketplace wherein K-12 instructional services are given under the labels:

· Remedial education

· Adult basic education

Stellar Schools can provide services to all of these sub-markets.

This now sets the stage for laying out the characteristics of a new kind of school. We turn to that next.

Characterizing Stellar Schools

Some of the foregoing considerations and experiences influenced the design of Stellar Schools. Now we list some of the key characteristics that we propose for Stellar Schools. They:

· Are for-profit (at least for the franchisor)

· Are franchised

· Utilize Web-based/computer based automation

· Use self-paced instructional methodologies

· Utilize student instructors

· Cover the K-12 curriculum in about 10 years 

· Teach a rigorous curriculum

Several of these “design” elements need further justification. Those we shall take up later.

In terms of their organizational structure, we envision for Stellar Schools the following functional attributes: 

· They serve physical schools

· They serve home schools

· They are managed largely from a central service Hub

· The franchisor runs the Hub

· The franchisees run the local schools

· Homeschoolers are served by the Hub

· The franchisor controls the system

· The franchisor is the integrator of outsourced content and services

The following diagram shows schematically how we envisage the structure of the Stellar Schools franchising network.
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Problems and Alternatives in  K-12 Education

So you may ask what is so wrong with K-12 education that something so revolutionary as Stellar Schools should replace it? Or at least supplement it? Each sub-sector of K-12 education has its problems. Why seek alternatives? We have evidence to suggest that:

· Public schools are often critically flawed

· Private non-profit schools are significantly flawed

· Even for-profit schools have their flaws.

· Homeschooling though effective is extremely inefficient.

From a great deal of experience now accumulated over several decades, the technology of distance education offers us at least one way to reduce costs while concomitantly increasing quality.

We also know from a business organizational point of view that a franchising network may be able to provide both the economies of scale as well as the flexibility needed in each local school.

Now in more detail we address the problems within the aforesaid sectors.

Problems in public education

Surely public education has its problems. Some of them, perhaps the most important ones, include:

· Little customer control

· Few financial incentives to excel

· Too much reliance on unverified educational theories

· Union interference with best methodologies

· Political interference with best methodologies

Problems among non-profit private schools

Non-profit private schools have fewer educational problems but still have only limited financial incentives. Thus there is little incentive to excel beyond financial breakeven and there is no real incentive to expand.

For-profit schools have problems too

For-profit schools have fewer educational problems than either of the foregoing types. Their biggest problem is the unfair competition they face from their non-profit and public competitors that are so heavily subsidized. 

Additionally, when for-profit operators try to expand their wholly owned systems they run up against two problems:

· They have difficulty raising capital for the expansions

· They tend to provide a “one-size fits all” service that’s incompatible with local customer needs.

As we alluded above, franchising addresses both of these issues. It suggests a way to use a for-profit enterprise to provide the desired educational instructional services.

Pros and cons of homeschooling

Lastly, we consider homeschooling. It has been quite successful but has very high opportunity costs. Nevertheless it has spawned many products, services, and methodologies that may be integrated into physical schools. Much about homeschooling is positive as evidenced by the facts that:

· Children typically learn faster and better

· Children can self-pace their learning

· Children receive individual attention

· Opportunity costs are very high/prohibitive

· Homeschooling products and services have dual uses

· These can be used in physical schools

· Stellar Schools can evolve from such product and service providers

The advantages of the distance education alternative

Much evidence exists as to the value of distance education (beyond my own experience from 1957)- particularly at the post-secondary level. At the college level there is considerable positive experience with distance education. Among the advantages seen it is reported that:

· Students learn faster and better

· Instructional quality is up

· Instructional costs are down

· Many institutions show profitability or cost-savings

Distance education is also used in the K-12 educational sector but is not as well developed as for the post-secondary level. However, in that sector distance education is:

· Commonly used in homeschooling

· Used as an adjunct in some physical schools

· Providing higher quality instruction

· Not being exploited much for its cost savings possibilities

The advantages of the franchising alternative

There are two key reasons to consider the franchising alternative: 

· It provides a better way to raise investment capital. It is well to remember that Edison Schools failed to raise sufficient capital to start their business as a wholly owned network. 

· Perhaps more important than that, it can accommodate a certain level of autonomy at the school site level to avoid the problems of trying to impose a “one-size-fits-all” regimen on the various franchisee schools.

Franchising allows an artful combination in which the franchisor run Hub does what it does best complemented by the franchisees doing what they do best. It allows an optimal balance of franchisor control and franchisee freedom. 

More Details of Stellar Schools

Many but not all of the details of the design of Stellar Schools have been sketched out. Of those, we will here provide some further information regarding the curricula and the franchisors Hub services.

The curriculum

Our concept of the curriculum is “borrowed” from the financial industry. In the preparation for the CFA designation (Chartered Financial Analyst) students are given many hundreds of “Learning Outcome Statements” (LOS) to master. All examination questions are based on these LOS.

Stellar Schools takes this concept perhaps one step further by defining the curriculum for any course to be the universe of examination questions and their answers pertinent to that course. Actual tests use a randomly chosen subset of these questions. Care is taken that each sub-topic is included.

Instruction then is based on “teaching to the test” but only in the sense that it is based on the entire gamut of the curriculum and its associated universe of examination questions. We intend that to pass a Stellar School course, students will be required to achieve a score of 95% or better.

When we say “teaching to the test” we know how many educators ridicule this concept. But we use this label in its best sense: we teach to the entire universe of questions and never to just those known to be on the next test. Teaching to a specific test, is of course, fraudulent and should be condemned. 

To show you how this would apply to an advanced high school physics course, say an AP course, the next figure shows a small portion of the curriculum’s database of examination questions. You’ll note that this little segment deals with the physics of harmonic motion. The columns containing the questions and answers constitute the curriculum.
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AP Physics Course Curriculum Definition:

Giancoli 

Chapter

Knowledge 

Fact 

Number

Concept Name

Description

Question

Correct Answer

14

378

Newton's 2nd law for 

damped harmonic motion

m*d2x/dt2 + b*dx/dt + k*x 

= 0

What is Newton's 2nd law 

for damped harmonic 

motion?

m*d2x/dt2 + b*dx/dt + k*x 

= 0

14

379

Trial solution for equation 

of damped harmonic 

motion.

x = A*(exp(-alpha*t))* 

cos(omega'*t + phi)

What is a trial solution for 

equation of damped 

harmonic motion?

x = A*(exp(-alpha*t))* 

cos(omega'*t + phi)

14

380

Solution coefficients for 

equation of damped 

harmonic motion.

alpha = b/(2*m) ;                                     

omega' = sqrt(k/m - 

b**2/(4*m**2)) 

What are the solution 

coefficients for equation of 

damped harmonic 

motion?

alpha = b/(2*m) ;                                     

omega' = sqrt(k/m - 

b**2/(4*m**2))

14

381

Frequency of damped 

harmonic mation

f = (1/(2*pi))*sqrt(k/m - 

b**2/(4*m**2))

What is the frequency of 

damped harmonic 

motion?

f = (1/(2*pi))*sqrt(k/m - 

b**2/(4*m**2))

14

382

E folding time for damped 

harmonic motion

tL = 2*m/b

What is the E folding time 

for damped harmonic 

motion?

tL = 2*m/b

14

383

Critical damping

b**2 = 4*m*k yields f = 

sqrt(0) = 0

Given two of the variables 

find the 3rd.

Solve: b**2 = 4*m*k 

14

384

Over damped

b**2 > 4*m*k yields f 

imaginary

Characterize f for over 

damping.

f is imaginary and motion 

is strongly damped 

without oscillations.

14

385

Under damped

b**2 < 4*m*k yields f real

Characterize f for under 

damping.

f is real and motion is 

damped with oscillations.

14

386

Newton's 2nd law for 

equation of damped and 

forced harmonic motion.

m*d2x/dt2 + b*dx/dt + k*x 

= Fnot*cos(omegaf*t)

What is Newton's 2nd law 

for equation of damped 

and forced harmonic 

motion?

m*d2x/dt2 + b*dx/dt + k*x 

= Fnot*cos(omegaf*t)


I’m still at work developing the curriculum for this course and expect that the “universe” will contain well over 1,000 items. The course is based on the textbook by Giancoli. It is the same text undergraduates use at Harvard.

Hub based services

Some further details about Stellar Schools concern the specific services provided by the franchisor’s central service Hub. We next list many of the instructional support services that we plan to provide. They include: 

· Asynchronous lectures (Web, DVD, CD)

· Synchronous lectures (2-way video, Web, TV)

· Book distribution (Hardcopy, CD, DVD, Web)

· School supply distribution (Laptops, handouts, pencils, etc.)

· Grading of paper exercises (scanned and transmitted to Hub)

· Grading computer exercises (Web based)

· Administering subject and assessment tests

· Training and dispatching in-person lecturers

· Provision of laboratory experiments via remote robotics

· Library services (Content on Web, DVD, CD, etc.)

Of particular note among the instructional services, you’ll see that we intend to provide students with school supplies including a laptop computer. 

To provide the services just listed the Hub will provide many support functions including:

· Communications and Web server facility

· Repackaging and integration of outsourced products and services

· Warehouse and distribution facility

· Testing and grading service

· Auditing service

· Curriculum development and management

· Teacher and staff training

· Marketing and publicity services

· School site development services

· Financial services

· Campus administrative services

The foregoing list of support services includes the departments providing the instructional services as well as several others required to run the franchisor’s central service Hub.

Why These Characteristics?

Some of the motivation for structuring Stellar Schools in the way we do has already been mentioned. But for completeness let’s go back and justify why Stellar Schools are designed the way they are. Six of the system characteristics that need further explanation are:

· For-profit

· Franchised

· Automated instruction

· Self-paced learning

· K-12 in the 10 years K-9 (KP)

· Rigorous curricula

For-profit?

The term “for-profit” is regarded as a dirty word among some educators. But we believe that the evidence suggests that for-profit schools can and often do deliver a superior educational “product” as compared to non-profit schools. Several reasons for this are:

· Fear of insolvency motivates both for-profit and non-profit enterprises

· The profit motive is absent in non-profits

· The profit motive encourages more efficient operations and business expansion

· The profit motive encourages better products and services

Thus, the for-profit enterprise (read school) is likely superior to the non-profit alternative. 

Franchised?

Given that the Stellar School system will be a for-profit business how can we best organize that system to serve the interests of the company and its customers? We argue that a franchising network is optimum for the following reasons: 

· Advantages of franchisor’s economies of scale and automated services

· Advantage of central control

· Advantage of local flexibility

· Advantage of more investment capital

· Advantages extend to non-profit franchisee schools

Franchising also allows the franchisor to protect its reputation by robustly controlling the franchisee services in those areas where maintaining standards and uniformity are crucial.

Automated?

To be able to provide “more for less,” automation is a key ingredient here (as it is in other industries). By freeing up human instructors’ time it allows for both a higher ratio of students to teachers and at the same time allows more one-on-one contact between teachers and students. In such a combination lies lower labor costs and better instructional services. 

The automated instruction we foresee is a highly developed form of distance education in which Web based content, drills, tools, and testing is provided asynchronously from the remote Hub location. The required technologies have somewhat large fixed costs but very small variable costs. Thus in a large system great cost savings result. That, in turn, enables an operation in which the twin goals of high quality instruction and profitability are simultaneously attainable.

Considerable evidence in the post-secondary educational sector suggests that such automated services do indeed provide the claimed benefits.

For example, at Virginia Tech they provide their undergraduate mathematics curriculum through an automated “Math Emporium” wherein students receive their mathematics instruction at their computer terminals asynchronously from a local computer network server. It has been found that these students are more proficient than was the case under the earlier more familiar classroom format. And the costs of operating the undergraduate mathematics program are down as well.

Some forms of automation help the student be more efficient. For example, drills and exercises can be electronically linked to digitized versions of the texts allowing students to rapidly zero in on their questions and get feedback on mistakes.

Our plan to automate some of the student feedback through the Cyber tutor will not only help students with rapid feedback, it will also free up human instructor time to concentrate their assistance to students most needing one-on-one personal attention.

Self-paced?

From a pedagogical point of view, self-pacing is a key ingredient helpful in improving a student’s progress in school. Not only is the pupil’s progress potentially accelerated, it also provides a learning environment that is psychologically more pleasant for the student. Some of the benefits of self-pacing include:

· Relief of fast-learner boredom

· Relief of slow-learner frustration

· Focusing teacher-student interactions where most needed

· Facilitation of early completion of the K-12 curriculum

· Allowing slow students more study time

Thus the flexibility inherent in self-paced instruction better meets the needs of all students as compared to the conventional classroom “one-size-fits-all” model.

Completing K-12 in ten years?

Schools that use self-pacing generally find students completing their K-12 studies sooner than is the case for students in conventional schools. Also, home-schooled children are typically self-paced and likewise tend to complete their studies earlier.

When a child has finished the K-12 curriculum at age 14 (instead of 17) one might think he or she is too young to go away to college. We intend to offer many Advanced Placement (AP) courses such that students could spend an additional one or two years in the Stellar School taking these college level courses. When they go off to college at age 15 or 16 they will get credit for their AP courses and be put in the position of perhaps needing only two or three years of further college instruction to receive their undergraduate degrees.

The end result of early completion of a young person’s education is two-fold. It relieves their parents of one to three years’ tuition. And it allows the young person to start their productive years sooner providing them a financial head start compared to their peers.

Rigorous curriculum?

Contemporary public and private school curricula suffer from the “dumbing down” phenomena seen over the past several decades. We intend to “beef up” the Stellar School curriculum. We believe that the future well-being of students in aided by high curricular standards. We believe that the curricula should put more emphasis on Western culture. We look favorably on the classical approach in which children learn Latin and Greek- sometimes within the so-called Trivium format. Another widely distributed private school curriculum of interest to us is the one published by the Hillsdale Academy.

Conclusions and Summary

Stellar Schools, it should be evident, only exist on the “drawing board” and will require some significant period of development before they can be franchised.

In what has been presented here, the goal has been to make plausible the Stellar Schools approach to improving K-12 education. We have looked at the Stellar Schools concept from several viewpoints such as:

· From that of economics

· From that of instructional methodology

· From that of instructional technology

· From that of optimal business organizations

From economics

We found that the profit motive helps improve instructional services while lowering costs. Thus we believe optimal schools will be operated by for-profit enterprises. Stellar Schools will lower costs through the use of automation, economies of scale and through the utilization of student instructors. They will improve the quality of instruction through a more rigorous curriculum delivered by a robust system of instructional courseware combined with teachers focused on providing individual help. However, the current environment for the for-profit schools is somewhat discouraged given the large subsidies given their competitors in the non-profit and public school arenas.

Given our expectation that tuition costs can be lowered significantly we project an expansion of the for-profit education sector. Using the estimate that the price elasticity of private education is -.48 we project a 4.8% increase in effective demand for every 10% reduction in tuition charges.

From instructional methodology

We also indicated that Stellar Schools will stress a self-pacing format. We noted that self-pacing allows children to progress at their own individual rates. The combination of cyber tutors and student tutors will provide ample individual attention to students requiring it. An added benefit is that student tutors will have their knowledge reinforced by the necessity of instructing others. And the use of student tutors is critical in keeping labor costs low.

From instructional technology

To achieve the goal of low costs we also rely on the automation as provided by the forms of education technology to be used. We recall that automation:

· Allows the provision of better instruction

· Facilitates self-pacing

· Helps reduce labor costs

· Frees up human resources to allow more individual attention

Considerable evidence supports each of these points.

From the business perspective

Stellar Schools are also attractive from the point of view of business and law. Some of those advantages include:

· Economies of scale increase profitability

· Chains generally have economies of scale

· Franchised networks can grow faster than other chains

· Franchising allows needed flexibility at local sites

· Franchising allows non-profit franchisees

This last point should encourage Catholic parochial schools to become franchisees.

Who benefits from Stellar Schools?

There are many beneficiaries of Stellar Schools. Some of them are:

· Franchisor

· Franchisees

· Students

· Parents

· Employers (indirectly)

· Society (indirectly)

· Independent suppliers

Status and future directions

The Stellar Schools project could be characterized as a research project that is now reaching the point where a prototypical school needs to be established. To date the development of Stellar Schools has been largely a research effort.

A business plan has been developed but it has not been attractive to investors and other principals. We have been told that the projection of profitability being delayed until the ninth year is quite discouraging to investors. Because of that we are considering developing the prototypical schools first within the non-profit arena where we can seek grant funding to develop the concepts. Once a viable school is in operation, we can then transition to a for-profit operation. At that stage we would develop a business plan that would more likely attract the needed investment capital.

Despite the years of development required, we believe that the prospects for Stellar Schools are good. Some of the reasons for claiming that are:

· Stellar Schools can fill an important market niche

· These schools are designed to be profitable

· Cost should come down and quality should go up

· Financial risks are lower for this non-cyclical industry

· Essential features of Stellar Schools are already proven elsewhere

· There are many promising variations

· Marginally solvent schools can be rescued

· Marginally solvent schools could be beta-test sites

· Vouchers (etc.) are not necessary for success

· However, they would help accelerate the process

Stellar Schools are based on proven technologies, methodologies, and business structures. What is new is the combination of them being put to work in the establishment of a new kind of school. We cannot prove that Stellar Schools will succeed. However we hope we have made their success seem plausible.

To reach our goal we must embark on the development of a school or small network of schools that will test these ideas. We do not have detailed plans for doing this. Instead we are seeking financial support before we can begin the effort. We are confident that with adequate funding we will be able to develop Stellar Schools. 

In the longer run, after the successful growth of Stellar Schools and others like it, competitive pressures on the more traditional private schools will encourage them to introduce similar measures and in the process launch a wave of school reforms that will not only improve private schools but will also likely spur public schools into reforming themselves.
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AP Physics Course Curriculum Definition:







Giancoli 


Chapter


Knowledge 


Fact 


Number


Concept Name


Description


Question


Correct Answer


14


378


Newton's 2nd law for 


damped harmonic motion


m*d2x/dt2 + b*dx/dt + k*x 


= 0


What is Newton's 2nd law 


for damped harmonic 


motion?


m*d2x/dt2 + b*dx/dt + k*x 


= 0


14


379


Trial solution for equation 


of damped harmonic 


motion.


x = A*(exp(-alpha*t))* 


cos(omega'*t + phi)


What is a trial solution for 


equation of damped 


harmonic motion?


x = A*(exp(-alpha*t))* 


cos(omega'*t + phi)


14


380


Solution coefficients for 


equation of damped 


harmonic motion.


alpha = b/(2*m) ;                                     


omega' = sqrt(k/m - 


b**2/(4*m**2)) 


What are the solution 


coefficients for equation of 


damped harmonic 


motion?


alpha = b/(2*m) ;                                     


omega' = sqrt(k/m - 


b**2/(4*m**2))


14


381


Frequency of damped 


harmonic mation


f = (1/(2*pi))*sqrt(k/m - 


b**2/(4*m**2))


What is the frequency of 


damped harmonic 


motion?


f = (1/(2*pi))*sqrt(k/m - 


b**2/(4*m**2))


14


382


E folding time for damped 


harmonic motion


tL = 2*m/b


What is the E folding time 


for damped harmonic 


motion?


tL = 2*m/b


14
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Critical damping


b**2 = 4*m*k yields f = 


sqrt(0) = 0


Given two of the variables 


find the 3rd.


Solve: b**2 = 4*m*k 


14
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Over damped


b**2 > 4*m*k yields f 


imaginary


Characterize f for over 


damping.


f is imaginary and motion 


is strongly damped 


without oscillations.
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Under damped


b**2 < 4*m*k yields f real


Characterize f for under 


damping.


f is real and motion is 


damped with oscillations.


14
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Newton's 2nd law for 


equation of damped and 


forced harmonic motion.


m*d2x/dt2 + b*dx/dt + k*x 


= Fnot*cos(omegaf*t)


What is Newton's 2nd law 


for equation of damped 


and forced harmonic 


motion?


m*d2x/dt2 + b*dx/dt + k*x 


= Fnot*cos(omegaf*t)





