Joy in scientific perspective

Physicists get satisfaction in finding answers
for why things happen.

In evaluating the benefits of being a scientist, the obvious rewards ‑ salary increases, prizes, admiration of colleagues, recognition often overshadow the true payoffs for practitioners. For most physicists, the joy comes from simply doing the work, from developing in​sight into the processes of na​ture, from sensing something fundamental about exist​ence.

Albert Einstein expressed a key source of that joy when he wrote, “it is a fact that the totality of sense experiences is so constituted as to permit putting them in order by thinking, a fact which can only leave us astonished ... the eternally incomprehensible thing about the world is its comprehensibility.” Apprehending, however dimly, that there is order in materiality is central to the “existential delight” of being a physicist.
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Joy can be inspired by the mundane as well as the sublime. For example, a Feb. 11 front page picture in this newspaper aroused my physicist's instincts. The subject was the collapsing chimney of the Collinwood Rail Yard powerhouse captured by Plain Dealer photographer Chuck Crow.

The picture showed that the falling smokestack was essentially intact up to a point roughly two‑thirds of its length from the ground, where it broke in a shower of dislodged bricks. The topmost portion of the chimney is clearly disintegrating and seems to be out of line with the lower portion, as if it is being left behind.

This photo triggered an old memory from my early days as a physics student. I recalled that the chimney was breaking near the top because the acceleration at that point was exceeding that of a freely falling object. (Which is “g,” or 32 feet per second of speed gained in every second of falling.) Because the mortar bonding the bricks was not strong enough to holding them together as the tilt of the chimney increased, they began to fall as free bodies, not parts of a solid object.

Physicists always start problem by seeking a simple model that can be solved with straightforward mathematics. In this case, I treated the chimney a solid rod, pivoted at its base. This produced an equation expressed the acceleration a point along its length in terms of quantities I could estimate from the picture, including the angle between the vertical and the intact, lower portion of the  chimney.

Because the photographer was not positioned, at right angles to the plane defined by the falling chimney, the angle seen in the photo was less than the actual angle I needed in my equation. There was not enough visual data to make a definitive measurement, but I guessed the real value was around 60 degrees.
When I plugged in the numbers I had extracted from the picture, my estimate gave the acceleration of the top of the chimney as about 1.3 g and 0.9 g at the break, believable for the data I was using and the assumptions I had made.

This analysis depended on Isaac Newton's second law of motion which relates the accelera​tion of an object to its mass and the force acting on it. This law is stated for a small body, technically a "point mass," but for a solid object like a rod rotating around an axis it can be formulated to treat the motion of the composite body in relatively sim​ple terms.    

The resulting description applies only until the chimney begins to disintegrate into individual bricks, but it provides a means to understand the rather remarkable appearance of the falling chimney in Crow's photo. In addition, it assures us that the observed behavior is no fluke. Provided that a chimney is tall compared to the size of a single brick, we can conclude quite confidently that any brick chimney similarly toppled will begin to come apart about one‑third of its length from the top. And, it leads us to wonder if a collapsing brick wall might act in a similar fashion.

After such a simplified analysis, a person might want to try to mathematically predict the exact point at which the chimney broke. However, that would require knowledge of the strength of the mortar between the bricks, how the mortar joints respond to the shearing forces exerted and other details of the chimney's structure.

These considerations illustrate one way physicists combine ​observational data and mathematical analysis to understand natural phenomena. Often the event under investigation is too complicated for exact predictions from theory, but partial or approximate treatments can often provide a basis for, understanding. Given that the analyst can then decide whether the situation deserves more effort.

In the preceding description, it is easy to lose track of the intense, inner satisfaction that comes from grasping the essentials of a complex happening such as that captured by Crow's photograph. But whether it is a falling chimney or an exploding star, seeking even a hint of Understanding is the principle motivation of a scientist. 
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