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Introduction

Mechanics is the first topic to be studied in most, if not all, high-school physics courses. Also, many students think that it is the easiest to understand. Indeed, historically it was the first branch of physics to be made vigorous three centuries ago, in the Principia published by Newton, who got rid of the false notions of Aristotle and planted physics as the first tree in the garden of sciences.
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About Mechanics

What, then, is mechanics exactly? Has it become such a time-honored subject that nothing new can really come out of it, and after teaching its basis to students we may just put it aside?

The second question depends on the answer to the first, so to begin with we’ll clarify what mechanics studies. It may be interested to note that I have asked this question before university undergraduates in Cambridge, Okazaki (Japan) and Hong Kong. Some could give satisfactory replies in the former two places so far. What about you?

My answer is as follow. In mechanics we examine certain kinds of motion of objects. The object may be an electron, a piece of rock, water in a river, an athlete, … anything. However, only some, but not all, types of motion executed by an object fall within the scope of mechanics, namely, those involving explicitly only the mass of the object and no other properties of the object.

Mechanics: Big and Small

Let me elaborate. An object may have many properties (“attribute”), e.g., electrical charge, but in mechanics we do not concern ourselves with equations of motion that contain charges as parameters. In fact, they form the subject matter for electrodynamics, another branch of physics.  We do study the oscillation of an object attached to an elastic spring, although the elastic force is electrical in nature, being the sum total expression of the chemical bonds among molecules in the spring. However, the charges of the molecules need not, and cannot, be explicitly taken into account in Hooke’s Law.

Other examples of attributes excluded from mechanics are the “colours” of certain elementary particles (studied in “chromodynamics,” or the mechanics for nuclear and high energy physics), and the ”free will” of an athlete (studied in psychology).

Thus mechanics has a narrow theme. But its realm is gigantic. Exclusion of electromagnetic forces appears to be a severe restriction, because these forces are often so much stronger than say friction or viscosity under comparable circumstances. However, precisely because of this strength of electromagnetic interaction, an object is usually neutral in electrical charges and the effects of its positive and its negative charges almost cancel out, as is the case of a solid body sliding over a solid surface, where the residue of the sum of electrical forces among the molecules of the two solids is called friction. In fact, mechanics is applicable to many common situations. It suffices for grand occasions too!

Quantum Mechanics

Having defined mechanics, we now examine what new twigs have sprouted from such an old branch. In the early part of the 20th Century, Schrödinger, Heisenberg, Dirac and others helped to develop quantum mechanics, which explains the world of small objects more accurately than Newtonian (“classical”) mechanics. At about the same time, Einstein almost single-handedly worked out General Relativity, which is a theory of gravity, in which the gravitational mass of an object is strictly proportional to its inertial mass (in this way mechanics studies motions that really involve no independent attribute of the object!)
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With the extension to relativity, mechanics fulfils its grandest scope, which is to describe the large-scale structure of the universe, with the exception of the first few minutes in the beginning of the universe.  I would encourage some of the more motivated students to learn a little bit of General Relativity. The investment will be so tiny compared to what you will then be able to comprehend. The whole universe!

Chaos

Back on Earth, significant progress continues in the subject of mechanics. One of the most notable advances in recent years pertains to chaotic dynamical systems, which became recognized as such in the 1970’s and remain under intense study today. Before closing our survey on what lies beyond high-school mechanics, therefore, we shall take a look at chaos.

Of course, we have just proclaimed the greatness of mechanics.  Indeed, in as early a time as in the beginning, Newton himself was able to calculate how the Earth’s rotational axis precessed (as slowly as 0.7o per century) due to the non-spherical shape of the Earth (which is bigger at its equator than at its poles, but only by 0.3%).  He obtained a fairly accurate answer for the rate of precession, which process refers to the slow circular motion of the rotational axis itself.  Today, too, we can send a spacecraft off to visit other planets in succession over a period of many years, without significant deviations from the calculated trajectory and with only minor orbital adjustments en-route. In these types of problems in mechanic, once the positions and velocities of all the relevant objects (Earth, Moon, Sun etc.) are known at one time, we can determine their values at any other time. The solar system is a “deterministic” mechanical system.

However, can the Hong Kong Observatory predict to the same accuracy how strongly will the wind blow and in what direction, after a time as short as an hour? No, at least not with mechanics! The reason is that no one knows the positions and velocities of all the relevant objects at even one time, because these objects, namely the molecules in the air around Hong Kong, are exceedingly large in number. The atmosphere is a “statistical” mechanical system. We may calculate its properties only statistically, not because the air molecules follow some new laws of mechanics, but because there are far too many of them.

Consider, lastly, a simple coin dropped vertically onto a flat surface. Can you predict which side faces up afterwards? The coin is simple in the sense that it is rigid and ideally symmetrical in shape and constitution, but after its fall one side is up and the other down, so what force breaks the symmetry of the situation as it hits the surface?

The state of a rigid body may be described by merely the positions and velocities of any three points, therefore the randomness of the outcome cannot be blamed on any statistical nature of the drop. On the other hand, the outcome does depend extremely sensitively on the initial conditions: a tiny tilt in one direction or another just before impact will cause the coin to flip over! In this case, a tiny deviation in the trajectory of the moving body will lead to a disproportionally large divergence within a short time, and this is the defining characteristic of a “chaotic” dynamical system.

Chaos is one reason why a system does not exhibit the high degree of symmetry that the underlying principles of organization possess. This is why there are so many interesting patterns in the real world, despite the “simplicity” of the laws of physics, chemistry, biology, … maybe even sociology.

[About the author: T.B. Tang was taught engineering in what is now the Hong Kong Polytechnic University, then learnt physics in Cambridge University, and now works in the Physics Department of Hong Kong Baptist University.  His “hobbies” include astronomy, Greek mythology, Marxist existentialism, Dream of the Red Chamber and Thomas Hardy, and histories of Qing and WW2.]

Keywords:

Mechanics, Quantum mechanics, chaos, electrodynamics, Hooke’s Law, psychology, viscosity, General Relativity, 

Related Topics in the Syllabus:

Mechanics, history of mechanics

Extensions (from the syllabus):

Bring out the following ideas: Classical mechanics is a well developed branch of physics. Owing to Esintein’s breakthrough, a new page of classical mechanics is turned and quantum mechanics branch is launched. Besides, choas situation is recently considered and being interested by scientists with its wide applications. On a whole, although physics is a fundamental and well-established science, it still undergoes revolution.

Warm-up discussion:

· Ask students to form groups, discuss what is mechanics before and after reading the passage and see if there is any difference.

· State the Newton’s laws and daily applications of each.

· Why is one hydrogen atom identical to another hydrogen atom?

Points for further discussion:

· In chaos, an interesting example is the butterfly effect. Try to find out more about it.
· Nanotechnology is a new terminology or branch of sicience. Recently, Hong Kong (CityU) scientistics sucessfully made a clean nano structure. Discuss what is nanoscience and nanotechnology. What is the importance and interest of this new material?

· The concept of probability is widely used in the quantum physics which is very different from classical mechanics. Teachers may try to introduce the basic idea of uncertainity principle and properties of a nucleus.
· Do you think a once important scientific discovery can become unimportant as time goes on and vanishes from human culture? Give examples to support your claim.
Activities:

· Mind map writing of Physics branches

Besides mechanics, there are some other branches of physics (some were talked in this passage). Students are formed into different groups. Name the branches as a skeleton and relate them in details by using a mind map or concept map.

· Investigation of scientists 

In this passage, there are some scientists mentioned. By using the internet searching or books reviewing, different groups of students are required to report (introduce) one of their favourable scientist, like their background, efforts and acheievements they’ve made in physics development or impacted to society…etc. 

Related web sites:

· Newton’s life
This site provides many information about Isaac Newton.
http://www.newton.cam.ac.uk/newtlife.html 

· Visual Quantum Mechanics
This site integrates interactive computer programs and digital multimedia that introduces quantum physics to high school and college students who do not have a background in modern physics or higher level math.
http://phys.educ.ksu.edu/ 

· Why Classical Mechanics Cannot Naturally Accommodate Consciousness but Quantum Mechanics Can 
Classical mechanics is not constitutionally suited to accommodate consciousness, whereas quantum mechanics is.
http://psyche.cs.monash.edu.au/v2/psyche-2-05-stapp.html 

· What is Chaos---An Interactive Online Course for Everyone
This site contains 5 on-line courses which introduce the basics of “chaos”.
http://order.ph.utexas.edu/chaos/ 

· 量子力學的起源 (Chinese version only)
This site gives a brief history of quantum mechanics.
http://lib.cnsh.mlc.edu.tw/science/content/1999/00110359/0007.htm 

· Physics World---What is chaos?
This site gives a brief introduction on chaos and some daily examples of chaos.
http://www.hk-phy.org/articles/chaos/chaos_e.html 

· Physics World---Chaos in biology
This site gives a brief introduction on chaos and why chaos is a hot topic in Biology.
http://www.hk-phy.org/articles/biochaos/biochaos.html 

Additional information for teachers:
Following are some web sites that discuss the butterfly effect: 
· 近代物理與新認識論 - 混沌
http://life.fhl.net/exchange/epistemology/page6.htm 

· 氣候及其變遷
http://www.atm.ncu.edu.tw/chinese/%E5%9C%B0%E7%90%83%E7%B3%BB%E7%B5%B1%E7%A7%91%E5%AD%B8%E6%A6%82%E8%AB%96%E6%95%99%E6%9D%90/%E5%9C%B0%E7%90%83%E7%B3%BB%E7%B5%B1%E7%A7%91%E5%AD%B8%E6%A6%82%E8%AB%96/climate/%E8%9D%B4%E8%9D%B62.htm 










