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WESLEY C. SALMON

AN ENCOUNTER WITH DAVID HUME

A Day in the Life of a Hypothetical Student
In the Physics l a lecture hall, Professor Salvia1 has had a bowling ball suspended from a high ceiling by a long rope so that it can swing back and forth like a pendulum. Standing well over to one side of the room, he holds the bowling ball at the tip of his nose. He releases it (taking great care not to give it a push). It swings through a wide arc, gaining considerable speed as it passes through the low portion of its swing beneath the point of suspension from the ceiling. It continues to the other side of the room, where it reaches the end of its path, and then returns. The professor stands motionless as the bowling ball moves faster and faster back toward his nose. As it passes through the midpoint of the return arc, it is again traveling very rapidly, but it begins to slow down, and it stops just at the tip of his nose. Some of the students think he is cool. "This demonstration," he says, "illustrates the faith that the physicist has in nature's regularity."
Imagine that you have witnessed this demonstration just after your philosophy class, where the subject of discussion was Hume's Enquiry Concerning Human Understanding. You raise your hand. "How did you know that the bowling ball would stop where it did, just short of bashing your nose into your face?" you ask.

"This is a standard demonstration," he replies; "I do it every year in this class, and it has often been used by many other physics teachers." In an attempt to inject a little humor, he adds, "If I had had any doubt about its working, I'd have had the teaching assistant do it."

"Are you saying, then, that you trusted the experiment to work this time simply because it has been tried so many times in the past, and has never failed?" You recall Hume's discussion of the collisions of billiard balls. In the first instance, according to Hume, before you have any experience with material objects colliding with one another, you would not know what to expect when you see a moving billiard ball approaching a stationary one, but after a good deal of experience you confidently expect some motion to be transferred to the stationary ball as a result of the collision. As your experience accumulates, you learn to predict the exact manner in which the second ball will move after being struck by the first. But you cannot really accept that answer, and neither, you feel sure, will your physics professor. Without waiting for an answer, you follow up your first question with another.

"I have this friend," you continue, "who drives like a maniac. It scares me to ride with him, but he always tells me not to worry—he has never had an accident, or even a traffic ticket. Should I conclude—assuming he is telling the truth (just as I assume you are telling me the truth about this demonstration)—that it is as safe for me to ride with him as it is for you to perform the bowling ball trick?"

"It's not the same thing at all," another student chimes in; "you can prove, mathematically, that the pendulum will not swing back beyond its original starting point, but you certainly can't prove mathematically that your friend won't have a wreck. In a way it's just the opposite; you can prove that he is likely to have an accident if he keeps on driving like that."

"What you say is partly right," says Professor Salvia to the second student, "but it isn't only a matter of mathematics. We have to rely upon the laws of physics as well. With the pendulum we were depending mainly upon the law of conservation of energy, one of the most fundamental laws of nature. As the pendulum goes through its swing, potential energy is transformed into kinetic energy, which is transformed back into potential energy, and so forth. As long as the total amount of energy remains unchanged, my nose is safe."

Since you have not yet studied the concept of energy, you do not worry too much about the details of the explanation. You are satisfied that you will understand why the pendulum behaves as it does when you have learned more about the concepts and laws that were mentioned. But you do remember something Hume wrote. There are two kinds of reasoning: reasoning concerning relations of ideas, and reasoning concerning matters of fact and existence. Mathe​matical reasoning falls into the former category (relations of ideas) and consequently, by itself, cannot provide any information about matters of fact. The pendulum and the professor's nose are, however, matters of fact, so we need something in addition to mathematics to get the information we want concerning that situation. Professor Salvia has told us what it is—we need the laws of nature as well.

Since physics is your last class in the morning, you head for the cafeteria when it is over to get a sandwich and coffee. The philosophy class is still bugging you. What was it Hume said about bread? That we do not know the "secret power" by which it nourishes us? Now we do, of course; we understand metabolism, the mechanism by which the body converts food into energy. Hume (living in the eighteenth century) did not understand about power and energy, as he said repeatedly. He did not know why bread is suitable food for humans, but not for tigers and lions. In biology class, you recall, you studied herbivorous, carnivorous, and omniverous species. Biologists must now understand why some species can metabolize vegetables and | others cannot. Modern physics, chemistry, and biology can provide a complete explanation of ' the various forms of energy, the ways they can be converted from one form to another, and the ways in which they can be utilized by a living organism.

Taking a sip of the hot coffee, you recall some other things Hume said—for example, remarks about the "connection" between heat and flame. We now know that heat is really a form of energy; that temperature is a measure of the average kinetic energy of the molecules. Now, it seems, we know a great deal about the "secret powers," "energy," etc., that so perplexed Hume. Modern physics knows that ordinary objects are composed of molecules, which are in turn composed of atoms, which are themselves made up of sub-atomic particles. Modern science can tell us what holds atoms and molecules together, and why the things that j consist of them have the properties they do. What was it that Hume said about a piece of ice and a crystal (e.g., a diamond)? That we do not know why one is caused by cold and the other by heat? I'll just bet, you think, that Salvia could answer that one without a bit of trouble. Why, you wonder, do they make us read these old philosophers who are now so out of date? Hume was, no doubt, a very profound thinker in his day, but why do we have to study him now, when we know the answers to all of those questions? If I were majoring in history that might be one thing, but that doesn't happen to be my field of interest. Oh, I suppose they'd say that getting an education means that you have to learn something about the "great minds of the past," but why doesn't the philosophy professor come right out and tell us the answers to these questions? It's silly to pretend that they are still great mysteries.

After lunch, let's imagine, you go to a class in contemporary social and political problems, a class you particularly like because of the lively discussions. A lot of time is spent talking about such topics as population growth, ecology and the environment, energy demands and uses, food production, and pollution. You discuss population trends, the extrapolation of such trends, and the prediction that by the year 2000 A.D., world population will reach 7 billion. You consider the various causes and possible effects of increasing concentrations of carbon dioxide in the atmosphere. You discuss solutions to various of these problems in terms of strict governmental controls, economic sanctions and incentives, and voluntary compliance on the part of enlightened and concerned citizens.
"If people run true to form," you interject, "if they behave as they always have, you can be sure that you won't make much progress relying on the good will and good sense of the populace at large."

"What is needed is more awareness and education," another student remarks, "for people can change if they see the need. During World War II people willingly sacrificed in order to support the war effort. They will do the same again, if they see that the emergency is really serious. That's why we need to provide more education and make stronger appeals to their humanitarian concerns."

"What humanitarian concerns?" asks still another student with evident cynicism.

"People will change," says another. "I have been reading that we are entering a new era, the Age of Aquarius, when man's finer, gentler, more considerate nature will be manifest."

"Well, I don't know about all of this astrology," another remarks in earnest tones, "but I do not believe that God will not let His world perish if we mend our ways and trust in Him. I have complete faith in His goodness."

You find this statement curiously reminiscent of Professor Salvia's earlier mention of his faith in the regularity of nature.

That night, after dinner, you read an English assignment. By the time you finish it, your throat feels a little scratchy, and you notice that you have a few sniffles. You decide to begin taking large doses of vitamin C; you have read that there is quite some controversy as to whether this helps to ward off colds, but that there is no harm in taking this vitamin in large quantities. Before going to the drug store to buy some vitamin C, you write home to request some additional funds; you mail your letter in the box by the pharmacy. You return with the vitamin C, take a few of the pills, and turn in for the night—confident that the sun will rise tomorrow morning, and hoping that you won't feel as miserable as you usually do when you catch a cold. David Hume is the farthest thing from your mind.

HUME REVISITED

The next morning, you wake up feeling fine. The sun is shining brightly, and you have no sign of a cold. You are not sure whether the vitamin C cured your cold, or whether it was the good night's sleep, or whether it wasn't going to develop into a real cold regardless. Perhaps, even, it was the placebo effect; in psychology you learned that people can often be cured by totally inert drugs (e.g., sugar pills) if they believe in them. You don't really know what caused your prompt recovery, but frankly, you don't really care. If it was the placebo effect that is fine with you; you just hope it will work as well the next time.

You think about what you will do today. It is Thursday, so you have a philosophy discussion section in the morning and a physics lab in the afternoon. Thursday, you say to yourself, has got to be the lousiest day of the week. The philosophy section is a bore, and the physics lab is a drag. If only it were Saturday, when you have no classes! For a brief moment you consider taking off. Then you remember the letter you wrote last night, think about your budget and your grades, and resign yourself to the prescribed activities for the day.

The leader of the discussion section starts off with the question, "What was the main problem—I mean the really basic problem—bothering Hume in the Enquiry'?” You feel like saying, "Lack of adequate scientific knowledge" (or words to that effect), but restrain yourself. No use antagonizing the guy who will decide what grade to give you. Someone says that he seemed to worry quite a lot about causes and effects, to which the discussion leader (as usual) responds, "But why?” Again, you stifle an impulse to say, "Because he didn't know too much about them."

After much folderol, the leader finally elicits the answer, "Because he wanted to know how we can find out about things we don't actually see (or hear, smell, touch, taste, etc.)."

"In other words," the leader paraphrases, "to examine the basis for making inferences from what we observe to what we cannot (at the moment) observe. Will someone," he continues, "give me an example of something you believe in which you are not now observing?"

You think of the letter you dropped into the box last night, of your home and parents, and of the money you hope to receive. You do not see the letter now, but you are confident it is somewhere in the mails; you do not see your parents now, but you firmly believe they are back home where you left them; you do not yet see the money you hope to get, but you expect to see it before too long. The leader is pleased when you give those examples. "And what do causes and effects have to do with all of this?" he asks, trying to draw you out a little more. Still thinking of your grade, you cooperate. "I believe the letter is somewhere in the mails because I wrote it and dropped it in the box. I believe my parents are at home because they are always calling me up to tell me what to do. And I believe that the money will come as an effect of my eloquent appeal." The leader is really happy with that; you can tell you have an A for today's session.

"But," he goes on, "do you see how this leads us immediately into Hume's next question? If cause-effect relations are the whole basis for our knowledge of things and events we do not observe, how do we know whether one event causes another, or whether they just happen together as a matter of coincidence?" Your mind is really clicking now.

"I felt a cold coming on last night, and I took a massive dose of vitamin C," you report. "This morning I feel great, but I honestly don't know whether the vitamin C actually cured it."

"Well, how could we go about trying to find out," retorts the discussion leader.

"By trying it again when I have the first symptoms of a cold," you answer, "and by trying it on other people as well." At that point the bell rings, and you leave class wondering whether the vitamin C really did cure your incipient cold.

You keep busy until lunch, doing one thing and another, but sitting down and eating, you find yourself thinking again about the common cold and its cure. It seems to be a well-known fact that the cold is caused by one or more viruses, and the human organism seems to have ways of combatting virus infections. Perhaps the massive dose of vitamin C triggers the body's defenses, in some way or other, or perhaps it provides some kind of antidote to the toxic effects of the virus. You don't know much about all of this, but you can't help speculating that science has had a good deal of success in finding causes and cures of various diseases. If continued research reveals the physiological and chemical processes in the cold's infection and in the body's response, then surely it would be possible to find out whether the vitamin C really has any effect upon the common cold or not. It seems that we could ascertain whether a causal relation exists in this instance if only we could discover the relevant laws of biology and chemistry.

At this point in your musings, your notice that it is time to get over to the physics lab. You remember that yesterday morning you were convinced that predicting the outcome of an experiment is possible if you know which physical laws apply. That certainly was the outcome of the discussion in the physics class. Now, it seems, the question about the curative power of vitamin C hinges on exactly the same thing—the laws of nature. As you hurry to the lab it occurs to you that predicting the outcome of an experiment, before it is performed, is a first-class example of what you were discussing in philosophy—making inferences from the observed to the unobserved. We observe the set-up for the experiment (or demonstration) before it is performed, and we predict the outcome before we observe it. Salvia certainly was confident about the prediction he made. Also, recalling one of Hume's examples, you were at least as confident, when you went to bed last night, that the sun would rise this morning. But Hume seemed to be saying that the basis for this confidence was the fact that the sun has been observed to rise every morning since the dawn of history. "That's wrong," you say to yourself as you reach the physics lab. "My confidence in the rising of the sun is based upon the laws of astronomy. So here we are back at the laws again."

Inside the lab you notice a familiar gadget; it consists of a frame from which five steel balls are suspended so that they hang in a straight line, each one touching its neighbors. Your little brother got a toy like this, in a somewhat smaller size, for his birthday a couple of years ago. You casually raise one of the end balls, and let it swing back. It strikes the nearest of the four balls left hanging, and the ball at the other end swings out (the three balls in the middle keeping their place). The ball at the far end swings back again, striking its neighbor, and then the ball on the near end swings out, almost to the point from which you let it swing originally. The process goes on for a while, with the two end balls alternately swinging out and back. It has a pleasant rhythm. (See Figure 2.)

While you are enjoying the familiar toy, the lab instructor. Dr. Sagro2, comes over to you. "Do you know why just the ball on the far end moves—instead of, say, two on the far end, or all four of the remaining ones—when the ball on this end strikes?"

"Not exactly, but I suppose it has something to do with conservation of energy," you reply, recalling what Salvia said yesterday in answer to the question about the bowling ball.

"That's right," says Dr. Sagro, "but it also depends upon conservation of momentum." Before you have a chance to say anything she continues, "Let me ask you another question.
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Figure 2. The Energy-Momentum Toy. When two balls at the right collide with the remaining three, two balls swing away from the left side. What happens when three on the right collide with the remaining two?
“What would happen if you raised two balls at this end, and let them swing together toward the remaining three?"

"I think two balls will swing away at the other end," you reply, remembering the way your brother's toy worked.

"Why don't you test it to find out if you are right?" says the instructor. You do, and you find that the result is as you had predicted. Without saying anything about it, you assume that this, too, can be explained by means of the laws of conservation of energy and momentum.

Dr. Sagro poses another question. "What will happen," she asks, "if you start by swinging three balls from this end?" Since there are only two remaining balls you don't know what to say, so you confess ignorance. She suggests you try it, in order to find out what will happen. When you do, you see that three balls swing to the other side, and three swing back again; the middle ball swings back and forth, acting as the third ball in each group. This was a case in which you didn't know what to expect as a result until you tried the experiment.3 This was like some of Hume's examples; not until you have actually had the experience do you know what result to expect. But there is also something different. Hume said that you must try the experiment many times in order to know what to expect; nevertheless, after just one trial you are sure what will happen whenever the experiment is repeated. This makes it rather different from the problem of whether vitamin C cured your cold. In that case, it seemed necessary to try the experiment over and over again, preferably with a number of different people. Reflecting upon this difference, you ask the lab instructor a crucial question, "If you knew the laws of conservation of momentum and energy, but had never seen the experiment with the three balls performed, would you have been able to predict the outcome?"

"Yes," she says simply.

"Well," you murmur inaudibly, "it seems as if the whole answer to Hume's problem regarding inferences about things we do not immediately observe, including predictions of future occurrences, rests squarely upon the laws of nature."

KNOWING THE LAWS

Given that the laws are so fundamental, you decide to find out more about them. The laws of conservation of energy and momentum are close at hand, so to speak, so you decide to start there. "O.K.," you say to the lab instructor, "what are these laws of nature, which enable you to predict so confidently how experiments will turn out before they are performed? I'd like to learn something about them."

"Fine," she says, delighted with your desire to learn; "let's start with conservation of energy, and we can demonstrate it quite easily."4
Your laboratory contains a standard piece of equipment—an air track—on which little cars move back and forth. The track is made of metal with many tiny holes through which air is blown. The cars thus ride on a thin cushion of air; they move back and forth almost without friction. Some of the cars are equipped with spring bumpers, so that they will bounce off of one another upon impact, while others have coupling devices which lock them together upon contact. 
Dr. Sagro begins by explaining what is meant by the momentum of a body—namely, its mass multiplied by its velocity.5 "To speak somewhat quaintly," she says, "the mass is just a measure of the quantity of matter in the body.6 Since, in all of the experiments we are going to do, it is safe to say that the mass of each body remains unchanged, we need not say more about it. You can see that each car comes with its mass labeled; this one, for instance, has a mass of 200 grams, while this one has a mass of 400 grams. We have a number of different cars with quite a variety of different masses. The velocity," she continues, "is what we ordinarily mean by 'speed' along with the direction of travel. On the air track there are only two possible directions, left to right and right to left. Let us simply agree that motion from left to right has a positive velocity, while motion from right to left has a negative velocity. Mass, of course, is always a positive quantity. Thus, momentum, which is mass times velocity, may be positive, negative, or zero. When we add the momenta of various bodies together, we must always be careful of the sign (plus or minus)."

With these preliminaries, you begin to perform a variety of experiments. She has various types of fancy equipment for measuring velocities, which she shows you how to use, and she also helps you to make measurements. You find that it is fun pushing cars back and forth on the track, crashing them into one another, and measuring their velocities before and after collisions. You try it with a variety of cars of different masses and with differing velocities. You try it with the ones that bounce apart after impact and with those that stick together. You always find that the total momentum (the sum of the momenta for the two cars) before any collision is j equal to the total momentum after the collision, even though the momenta of the individual cars may change markedly as a result of the collision. This, Dr. Sagro explains, is what the law of conservation of momentum demands: when two bodies (such as the cars) interact with one another (as in a collision) the total momentum of the system consisting of those two bodies is the same before and after the interaction.

You ask her whether this law applies only to collisions; she replies immediately that it applies to all kinds of interactions. "Let's see how it works for a simple type of 'explosion,'" she suggests. She helps you tie together two cars, holding a compressed spring between them. You burn the string which holds them together and they fly apart. You measure the velocities and compute the momenta of each of the cars after the "explosion." It turns out that the momentum of the one car is always equal in amount but opposite in direction to that of the other. This is true whether the cars are of equal or unequal masses and whether the tension on the spring that drives them apart is great or small. "This is just what the law of conservation of momentum tells us to expect," she explains; "the momentum of each car is zero before the 'explosion' because they are not moving (each has velocity equal to zero), and so the two momenta after the 'explosion' (one positive and one negative) must add up to zero. That is what has happened every time.

"There are many other applications of the law of conservation of momentum," she con​tinues. "When a rifle recoils upon being fired, when a jet engine propels an airplane, when a rocket engine lifts an artificial satellite into orbit, or when you step out of an untethered rowboat and are surprised to feel it moving out from under you—these are all cases of conservation of momentum."

"Is this law ever violated?" you ask.

"No," she answers, "there are no known exceptions to it." You leave the lab with the feeling that you know at least one fundamental law, and that you have seen it proved experimentally right before your eyes. You can't wait to tell your philosophy professor about it.

When you go to your philosophy class the next morning, the topic is still Hume's Enquiry Concerning Human Understanding and the problem of how we can have knowledge of things we do not observe. As the lecture begins, Professor Philo7 is saying, "As we saw during the last lecture, Hume maintains that our knowledge of what we do not observe is based entirely upon cause and effect relations, but that raises the question of how we can gain knowledge of these relations. Hume maintained that this knowledge can result only from repeated observation of one type of event (a cause) to see whether it is always followed by an event of another kind (its effect). Hume therefore analyzed the notion of causality in terms of constant conjunction of events. Consider for a moment Hume's favorite example, the colliding billiard balls. . . ."

You raise your hand. "It seems to me that Hume was wrong about this," you begin, and then you relate briefly yesterday's experiences in the physics lab. "If you know the relevant laws of nature," you conclude, "you can predict the outcomes of future experiments on the basis of a single trial, or perhaps even without benefit of any trials at all."

"But how," asks Professor Philo, "can we establish knowledge of the laws of nature?"

You had a hunch she might ask some such question, and you are ready with your reply, "We proved it experimentally."

"Well," says Professor Philo, "I'm not a physicist, so perhaps you had better explain in a little more detail just what the experimental proof consists of. You mentioned something about an explosion—how did that go?"

You explain carefully how the air track works, how the two cars were joined together with a spring under tension in between, and how they moved apart when the string was burned. "In every case," you conclude, "the momentum of the two cars was equal in amount and opposite in direction, just as the law of conservation of momentum says it should be."

"Now let me see if I understand your line of reasoning," says the professor in a tone that is altogether too calm to suit you. "If the law of conservation of momentum is correct, then the two cars will part in the manner you described. The cars did move apart in just that way. Therefore, the law of conservation of momentum is correct. Is that your argument?"

"I guess so," you reply a bit hesitantly, because it looks as if she is trying to trap you.

"Do you think that kind of argument is valid?" she responds.

"What do you mean?" you ask, beginning to feel a little confused.

"Well," she says, "isn't that rather like the following argument: If this defendant is guilty, he will refuse to testily at his own trial; he does refuse to testify; therefore, he is guilty. Would any judge allow that argument in a court of law?"

"Of course not," you reply, "but it isn't the same thing at all. We tested the law of conservation of momentum many times in many different ways, and in every case we got the expected result (allowing for the usual small inaccuracies in the measurements)."

"If I remember what you said," Professor Philo goes on, "in one of your experiments you had one car with a mass of 200 grams and another with a mass of 400 grams, and in that case the lighter car recoiled with twice the speed of the more massive one. How many times did you repeat this particular experiment?"

"Once or twice, as nearly as I can recall."

"Yet, you seem to believe that the result would be the same, no matter how many times the experiment was repeated—is that correct?"

"I suppose so," you reply somewhat uncomfortably.

"And with how many different masses and how many different recoil velocities did you try it? Do you believe it would work the same way if the masses were thousands or billions of kilograms instead of a few grams? And do you suppose that it would work the same way if the velocities were very great—somewhere near the speed of light?"

Since you have heard that strange things happen when speeds approach that of light, your hesitancy increases, but you reply tentatively, "Well, the lab instructor told me that there are no exceptions to the law."

"Did she say that," asks Philo, "or did she say no known exceptions?"

"I guess that was it," you reply lamely, feeling quite crushed.

Professor Philo endeavors to summarize the discussion. "What is considered experimental 'proof of a law of nature' is actually a process of testing some of its logical consequences. That is, you ask what would have to happen if your hypothesis is true, and then you perform an experiment to see if it turns out that way in fact. Since any law of nature is a generalization,8 it has an unlimited number of consequences. We can never hope to test them all. In particular, any useful law of nature will have consequences that pertain to the future; they enable us to make predictions. We can never test these consequences until it is too late to use them for the purpose of prediction. To suppose that testing some of the consequences of a law constitutes a conclusive proof of the law would clearly be an outright logical fallacy." The bell rings and you leave the class, convinced that she has merely been quibbling.

During your physics class you brood about the previous discussion in the philosophy class, without paying very close attention to the lecture. Similar thoughts keep nagging at you during lunch. The objections brought up by Professor Philo seem to be well founded, you conclude, but you wonder how they can be reconciled with the apparent reliability and certainty of scientific knowledge. In desperation, you decide to talk it over with Professor Salvia during his office hour this very afternoon. When you arrive, you don't know exactly where to begin, so you decide to go back to the pendulum demonstration, which was the thing that got you started on this whole mess. "When you performed that demonstration," you ask, "were you absolutely, certain how it would turn out? Has it never failed?" '

"Well, to be perfectly honest," he says, "it has been known to fail. Once when a friend of mine was doing it in front of a large auditorium, the suspension in the ceiling broke and the ball landed right on his foot. He was in a cast for months!"

"But that's no fault of the law of conservation of energy is it?" you ask. "The breaking of the suspension didn't mean that conservation of energy is false, did it?"

"Of course not," he answers, "we still believe firmly in conservation of energy."

"But are you certain of the law of conservation of energy, or any other law of nature?" you ask, and before he has a chance to answer, you tell him about the discussion in the philosophy class this morning.

"So that's what's bothering you," he says, after hearing the whole story. "Professor Philo has an important point. No matter how thoroughly we have tested a scientific law—better, let's say 'hypothesis'—there is always the possibility that new evidence will show up to prove it false. For instance, around the close of the nineteenth century, many physicists seemed virtually certain that Newtonian mechanics was absolutely correct. A wide variety of its consequences had been tested under many different circumstances, and Newton's laws stood up extremely well. But early in the twentieth century it became clear that what we now call 'classical physics' would have to undergo major revisions, and a profound scientific revolution ensued. Modern physics, which includes quantum mechanics and relativity theory, was the result. We can never be sure that any hypothesis we currently accept as correct will not have to be abandoned or modified at some time in the future as a result of new evidence."

"What about the law of conservation of momentum?" you ask, recalling yesterday's experi​ence in the lab. "The lab instructor said it has no known exceptions."

"That is correct," says Salvia, "and it is a rather interesting case. Conservation of momen​tum is a consequence of Newton's laws of motion; therefore, any consequence of conservation of momentum is a consequence of Newton's laws. But we now regard Newton's laws as not strictly true—they break down, for example, with objects traveling close to the speed of light—but conservation of momentum holds even in these cases. So we have a good example of a case where we believe a lot of consequences, but we do not believe in the laws (Newton's) from which the consequences follow."

It occurs to you that this is a rather important set of supposed laws; perhaps the philosophy professor was not merely quibbling when she said that it was not valid to conclude that a hypothesis is true just because we know many of its consequences to be true.

"Since you cannot be certain of any so-called law of nature," you ask, "why do you believe in them so firmly?"

"Because," answers Salvia, "we consider them very well confirmed. We accept well-confirmed hypotheses, knowing that we may later have to change our minds in the light of new evidence. Science can no longer claim infallible truth."

"Does that mean that scientific results are highly probable, but not absolutely certain?" you ask trying to be sure you have understood what he has said.

"Yes, you could put it that way," he agrees.

You leave with the feeling that you have a pretty good comprehension of the situation. As a result of your study of physics and philosophy you now understand why science cannot claim infallibility for its findings, but must be content with results that are well confirmed. With that, you take off for the weekend. (And what you do with your weekend is your own business.)

HUME'S BOMBSHELL

A little tired, but basically in a cheerful mood, you arrive at your philosophy class on Monday morning. You meet the professor a few minutes before class outside the room, and you tell her very briefly of your conversation with the physics professor. You explain that you now understand why it is that scientific laws can never be considered completely certain, but only as well-confirmed hypotheses. With her help, and with that of Professor Salvia, you now under​stand what Hume was driving at—and you see, moreover, that Hume was right. She smiles, and you both go into the classroom, where she begins her lecture.

"Last Friday, as you may recall, we had quite a lively discussion about the status of scientific laws—the law of conservation of momentum, in particular. We saw that such laws cannot be proved conclusively by any amount of experimental evidence. This is a point with which, I am happy to report, many (if not most) contemporary scientists agree. They realize that the most they can reasonably claim for their hypotheses is strong confirmation. Looking at the matter this way, one could conclude that it is wise to believe in scientific predictions, for if they are not certain to be true, they are a good bet. To believe in scientific results is to bet with the best available odds.

"However," she continues, "while this view may be correct as far as it goes, Hume was making a much more fundamental, and I should add, much more devastating point. Hume was challenging not merely our right to claim that scientific predictions will always be right, but also our right to claim that they will usually, or often, or indeed ever, be correct. Take careful note of what he says in section IV:

Let the course of things be allowed hitherto ever so regular; that alone, without some new argument or inference, proves not that, for the future, it will continue so. In vain do you pretend to have learned the nature of bodies from your past experience Their secret nature, and consequently all their effects and influence, may change, without any change in their sensible qualities This happens sometimes, and with regard to some objects. Why may it not happen always and with regard to all objects? What logic, what process of argument secures you against this supposition?

“He is saying, as I hope you understood from your reading, that no matter how reliably a law seems to have held in the past, there is no logical reason why it must do so in the future at all. It is therefore possible that every scientific prediction, based on any law or laws whatever, may turn out to be false from this moment on. The stationary billiard ball that is struck by a moving one may remain motionless where it is—while the moving ball may bounce straight back in the direction from whence it came, or it may go straight up in the air, or it might vanish in a puff of smoke. Any of these possibilities can be imagined; none of them involves any logical contradic​tion. This is the force of Hume's skeptical arguments. The conclusion seems to be that we have no reason to believe in scientific predictions—no more reason than to believe on the basis of astrology, crystal gazing, or sheer blind guessing."

You can hardly believe your ears; what is she saying? You raise your hand, and when you are recognized, you can hardly keep your intense irritation from showing as you assert, "But certainly we can say that scientific predictions are more probable than those based, for example, upon astrology." As you speak, you are reminded of the remark in contemporary problems last Wednesday concerning the coming of the Age of Aquarius. Science has got to be better than that! As these thoughts cross your mind. Professor Philo is saying, ". . . but that depends upon what you mean by 'probable,' doesn't it?"

The physics lecture today is on Newton's law of gravitation, and the professor is explaining that every bit of matter in the universe is attracted to every other by a force proportional to the masses and inversely proportional to the square of the distance between them. He goes on to explain how Kepler's laws of planetary motion and Galileo's law of falling bodies are (when suitably corrected) consequences of Newton's laws. You listen carefully, but you recognize this as another law that enables scientists to make impressive predictions. Indeed, Salvia is now telling how Newton's laws were used to explain the tides on the oceans and to predict the existence of two planets, Neptune and Pluto, which had not been known before. At the same time, you are wondering whether there is anything in what Hume seemed to be saying about such laws. Is it possible that suddenly, at the very next moment, matter would cease to have gravitational attraction, so that the whole solar system would go flying apart? It's a pretty chilling thought.

At lunch you are thinking about this question, and you glance back at some of the readings that were assigned from Hume's Enquiry. You notice again Hume's many references to secret powers and forces. Well, gravitation is surely a force, though there has not been any great secret about it since Newton's time. It is the "power" which keeps the solar system together. You remember reading somewhere that, according to Hume, you cannot know that it is safer to leave a building by way of the halls, stairways, and doors than it would be to step out of the third-story window. Well, Newton's law makes it clear why you don't want to step out of the third-story window, but what assurance have you that the building will continue to stand, rather than crashing down around your ears before you can get out? The engineers who design and build towers and bridges have a great deal of knowledge of the "secret powers" of their materials, so they must know a great deal more than Hume did about the hidden properties of things.

At this very moment, a lucky coincidence occurs—you see Dr. Sagro, your physics lab instructor, entering the cafeteria. You wave to her, and she sits down with you, putting her coffee cup on the table. You begin to ask her some questions about structural materials, and she responds by inquiring whether you would be satisfied if she could explain how the table supports the cup of coffee. You recognize it as just the kind of question you have in mind, and urge her to proceed.

"Certain materials, such as the metal in this table," she begins, "have a rather rigid crystalline structure, and for this reason they stick together and maintain their shape unless subjected to large forces. These crystals consist of very regular (and very beautiful) arrays of atoms, and they are held together by forces, essentially electrostatic in origin, among the charged particles that make up the atoms. Have you studied Coulomb's law of electrostatic forces?"

"No," you reply, "we are just doing Newton's law of gravitation. I think Salvia said electricity and magnetism would come up next semester."

"Well," she says, "these electrostatic forces are a lot like gravitational forces (they vary inversely with the square of the distance), but there are a couple of very important differences. First, as you know, there are two types of charges, positive and negative. The proton in the nucleus of the atom carries a positive charge, and the electrons that circulate about the nuclei have a negative charge. Two particles with opposite signs (such as a proton and an electron) attract one another, while two particles with like signs (e.g., two electrons or two protons) repel each other. This is different from gravity, because all matter attracts all other matter; there is no such thing as gravitational repulsion. The second main difference is that the electrostatic force is fantastically stronger than the gravitational force—roughly a billion billion billion billion times more powerful—but we don't usually notice it because most objects we deal with in everyday life are electrically neutral, containing equal amounts of positive and negative electric charge, or very nearly so. If you could somehow strip all of the electrons away from an apple, and all of the protons away from the earth, the force of attraction between the apple and the earth would be unbelievable.

"It is these extremely strong attractive and repulsive forces among the electrons and protons in the metal that maintain a stable and rigid form. That's why the table doesn't collapse. And the reason the coffee cup stays on top of the table, without penetrating its surface or slipping through, is that the electrons in the surface of the cup strongly repel those in the surface of the table. Actually, there is also a quantum mechanical force that prevents the weight of the cup from noticeably compressing the table, but we needn't go into that, because the effect is mostly due to the electrostatic forces."

Pleased with this very clear explanation, you thank her, but follow it up with another question. "Is there any logical reason why it has to be that way—why opposite charges attract and like charges repel? Can you prove that it is impossible for like charges to attract and unlike charges to repel? What would happen if that were suddenly to become the law?"

"It would certainly result in utter catastrophe," she replies, "with all of the atomic nuclei bunching up together in one place and all of the electrons rushing away from them to congregate elsewhere. But to answer your question, no, there is no logical proof that it couldn't be that way. In our physical world we find that there are, in fact, two types of charges, and they obey the Coulomb law rather than the one you just formulated."

"Can you prove that the world will not switch from the one law to the other, say, tomorrow?" you ask.

"No, frankly, I can't," she answers, "but I, and all other physicists assume—call it an article of faith if you like—that it won't happen."

There's that word "faith" again, you muse as you leave the cafeteria.

The more you think about it, the more clearly you see that the physicists have not shown you how to get around the basic problem Hume raised; rather, they have really reinforced it. Maybe this problem is tougher than I thought, you say to yourself, and you head for Professor Philo's office to talk further about it. 

"I was thinking about all these 'secret powers' Hume talks about," you begin, "and so I asked my physics instructor about them. She explained, as an example, how a table supports a coffee cup, but she did it on the basis of laws of nature—Coulomb's law of electrostatics was one of them. This law is very well confirmed, I suppose, but she admitted that it is quite possible to imagine that this law would fail tomorrow, and—if you'll pardon the expression—all hell would break loose. Now, my question is, how can we find out about these secret powers that Hume keeps saying we need to know? How can we discover the real underlying causes of what happens?"

"I think you are really beginning to get the point Hume was driving at," she replies, "namely, that there is no way, even in principle, of finding any hidden causes or secret powers. You can, of course, find regularities in nature—such as conservation of energy, conservation of momentum, universal gravitation, and electrostatic attraction and repulsion—but these can only be known to have held up to the present. There is no further kind of hidden connection or causal relation that can be discovered by more careful observation or examination with some kind of super-microscope. Of course, we do discover regularities, and we explain them. For instance, Kepler's laws of planetary motion are regularities that are explained by Newton's laws of motion and gravitation, but these do not reveal any secret powers. They simply provide more general regularities to cover the more restricted ones. 

"In his discussion of 'the idea of necessary connection,' Hume tries to bring out precisely this point. We can observe, as you were saying in class the other day, that recoil experiments always yield a particular type of result—namely, momentum is conserved. We have observed this many times. And now we expect, on future trials, that the same thing will happen. But we do not observe, nor can we discover in any way, an additional factor which constitutes a necessary connection between the 'explosion' and the subsequent motion of the cars. This seems to be what Hume had in mind when he wrote:

These ultimate springs and principles are totally shut up from human curiosity and enquiry. Elasticity, gravity, cohesion of parts, communication of motion by impulse; these are probably the ultimate causes and principles which we ever discover in nature; and we may esteem ourselves sufficiently happy, if, by accurate inquiry and reasoning, we can trace up the particular phenomena to, or near to, these general principles.

“Hume is acknowledging that we can discover general regularities in nature, but he is denying that an additional 'connection' can be found. And Hume was dedicated to the maxim, as are modern scientists, that we have no business talking about things it is impossible in principle for us to know anything about.

"When he asks why we do, in fact, expect so confidently that the future experiments will have outcomes similar to those of the past trials, Hume finds that it is nothing other than a matter of psychological conditioning. When we see one type of cause repeatedly followed by a particular type of effect, we come to expect that the same type of effect will follow the next time we come across that kind of cause. But this is not a matter of logical reasoning. Have you heard of Pavlov's conditioning experiments with dogs?" You nod. "When the bell rings the dog starts to salivate. He is not reasoning that, since the sounding of the bell has, in the past, been associated with the bringing of food, therefore, on this occasion the food will (at least probably) appear soon after the bell rings. According to Hume's analysis, what is called 'scientific reasoning' is no more rational or logical than your watering at the mouth when you are hungry and hear the dinner bell. It is something you cannot help doing, Hume says, but that does not mean that it has any logical foundation."

"That brings up a question I've wanted to ask," you say. "Hume seems to think that people necessarily reason in that way—inductive reasoning, I think it is called—but I've noticed that lots of people don't seem to. For instance, many people (including a student in my current problems course) believe in things like astrology; they believe that the configuration of the planets has a bearing on human events, when experience shows that it often doesn't work that way." The professor nods in agreement. You continue, "So if there is no logical justification for believing in scientific predictions, why isn't it just as reasonable to believe in astrological predictions?"

"That" replies the prof, "is a very profound and difficult question. I doubt that any philosopher has a completely satisfactory answer to it."
1 Professor Salvia is a descendent of Salviati, the protagonist in Galileo’s dialogues. The name was shortened after the family moved to America.
2 Dr. Sagro is married to a descendent of Sagredo, another character in Galileo’s dialogues.
3 If you really did know, please accept the author’s apologies.
4 Please note that ‘demonstrate’ is ambiguous. In mathematics, it means “prove”; in physics it means “exemplify.” Hume uses the term only in the mathematical sense.
5 Hume, using the terminology of his day, refers to it as the “moment” of the moving body.
6 This is Newton’s definition; it is somewhat out of date, but adequate in the present context.
7 She is a direct descendent of Philo, the protagonist in Hume’s “Dialogues Concerning Natural Religion.”
