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Physics Made Not-So-Easy

Richard Feynman’s Six Not-So-Easy Pieces

Louis Nemzer

As a sequel to the adapted lectures of Richard Feynman contained in the book Six Easy Pieces, six lectures considered appropriate for advanced readers were collected to make Six Not-So-Easy Pieces. Again, using his unequalled ability to make the complex concepts of physics intelligible to readers, Feynman takes on such topics such as the fundamental symmetries in physical phenomenon, relativity, and space-time. Living up to its title, these pieces are not as easy as the first set, but Professor Feynman makes excellent use of analogies and examples to keep his audience from getting lost in the sometimes daunting world of relativistic physics.

In the first two pieces, Feynman deals with the fundamental physical principle of symmetry. He starts with Newton’s laws and shows how they are invariant under simple translation and rotation transformations. What sets this book apart from any other text on the subject is Feynman’s remarkable ability to never lose sight of the implications of the mathematical formulas. He takes great care to make sure the reader knows what exactly is meant by these transformations, and how the rules of physics are reflected in real world examples. 

He next discusses how physics uses vectors to describe these physical phenomena and reviews the relevant rules of vector manipulation. The book does an excellent job of translating Newton’s equations into a vector form without confusing the reader. This is important for understanding mechanics on a more sophisticated level and rendering these calculations to three dimensions.

In the second piece, Feynman deals directly with the question of symmetries in nature and shows why they gain so much interest from physicists. The concepts of temporal, transnational, and rotational symmetries are all discussed, as well as the effect of reflection on a system. One important example brought in the book is the “left-handed” and “right-handed” molecules found in amino acids, and the fact that all living things use only the “left-handed” molecule. The book also talks about more obscure cases, such as the possible symmetry between matter and anti-matter.

One extremely interesting section deals with defining left and right, and asks if it would be possible to define these terms by talking to someone on a telephone, since there appears to be no physical phenomenon which could be used to experimentally define these terms. Surprisingly, Feynman suggests a way, using the fact that the “parity” of beta decay controlled by the weak force in not conserved. The observed phenomenon is that the electrons created in this disintegration are deflected in a magnetic field away from the south pole. He maintains that this unusual phenomenon can be used to definitely demonstrate empirically what right and left mean.

The second half of the book deals with special and general relativity. Once again, Feynman shows his unique talent for elucidation and propensity to dispense with conventional methods. Instead of introducing the Lorentz transformation as it is usually done in Physics text as the inevitable consequence of the postulates of relativity, Feynman shows how it can be thought of as a modification of the differential form of Newton’s second law – with the only change consisted of replacing mass with the rest mass times gamma. Only then does he show that the Lorentz transformation is required by Maxwell’s equations and Einstein’s postulates. He also shows how this transformation can be thought of as a rotation in “space-time” and how relativity changes our conception of energy and momentum.

On the topic of space-time, he demonstrates how the speed of light acts as a conversion factor between space and time, and the concept of “interval,” with is invariant for all observers. He also shows what is meant by “absolute” past and future, and how to convert mass into energy.

Finally, in the sixth piece, Feynman endeavors to explain what most texts do not even attempt to cover in depth – General Relativity. This topic, which includes ideas such as curved space and non-Euclidian geometry, is the climax of the book. Feynman expertly handles this challenge by following visual metaphors that keep the reader from becoming lost in the complexity of the subject. He starts with the importance of curved space and how it can explain gravitation. He then asks readers to imagine a small bug on a large surface, so that the bug cannot imagine anything outside. If the surface is made of a metal that is heated unevenly and contracts and expands depending on temperature, any geometric shapes the bug would attempt to draw would not look correct from the perspective of an outside observer. Without even realizing it, the reader has just begun to understand non-Euclidian geometry that will be indispensable when dealing with General relativity. Feynman shows how what we experience as gravity is really the “geodesic” of curved space-time. It also follows that gravity is equivalent to uniform acceleration. 

In conclusion, Six Not-So-Easy Pieces is an excellent way for students and laypeople to improve their understanding of the fundamental principles of physics. In the course of this book, the reader will find that Richard Feynman often eschews the commonly accepted order and teaching techniques of other texts, and will undoubtedly find that this is one of its great values.

