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[00:00:05.92] DAVID FINKELSTEIN: Your Holiness, it has been a very wonderful week for all of us. Today we begin our last day. Today, we will take up, again to begin with, the topic of astrophysics with Piet Hut. Piet Hut was trained in Holland. He received his PhD in Amsterdam. He's Dutch, and then has come to the United States, where he is now an astrophysicist at the Princeton Institute for Advanced Study, a very prestigious organization. 

[00:00:41.88] He is a great scientist, and in particular in the area of theoretical astrophysics and the calculations associated with the movements of the stars and the galaxies. But Piet Hut also brings a very unusual combination. And so when we formed this Mind & Life dialogue, it was my opinion that he would be able to bring to Your Holiness not only some of the most advanced knowledge concerning astrophysics, but he has also been a deep student of Western philosophy and also of Buddhist philosophy. 

[00:01:21.62] And so on this last day, while we will begin with astrophysics, we will also take the time to reflect together on the relationship between science, physics in particular, and philosophy and religion. What is the relationship between these, their modes of inquiry and so forth? So this will be our subject for today. I also wanted to mention, as you noticed, George Greenstein is not able to be here this morning because of illness, but we will do the best we can to make up for his absence. I think that is all that needs to be said by way of introduction. So I'll turn the meeting over to. 

[00:02:08.84] DALAI LAMA: [SPEAKING TIBETAN] 

[00:02:15.52] TRANSLATOR: Has he had any medical-- excuse me. Does he need or has he had any kind of medical treatment? 

[00:02:21.40] DAVID FINKELSTEIN: Barbara is with him. It says he's all right, but I don't know for a fact what kind of medical treatment they receiving at all. 

[00:02:28.70] TRANSLATOR: Do you think it's anything more than a cold, a bad cold? 

[00:02:32.24] DAVID FINKELSTEIN: Flu, I think. 

[00:02:33.56] ANTON ZEILINGER: She thought that he will be-- there's a good chance that he will be able to come in the afternoon again. 

[00:02:39.72] DALAI LAMA: OK. 

[00:02:40.04] DAVID FINKELSTEIN: Yeah. 

[00:02:41.16] DALAI LAMA: Good. 

[00:02:46.36] PIET HUT: Thank you, sir. I am delighted to be here today and this whole week. And when I came here, I was very happy already in the flight from New York to Delhi, because an hour after we took off on our way to India, I saw somebody reading a newspaper with the picture on the newspaper being my job with all the things I studied. This is a picture of two colliding galaxies. 

[00:03:18.37] And this is a real picture of real colliding galaxies of the type which I'm going to show you in my imagined galaxies, my computer simulations. So it is nice to have the real thing here with us. This is the New York Times of last week, Wednesday. And what you see in this picture, this is a photograph taken with a normal telescope. So you see a very complicated pattern of light and two tails of light going out in both directions. 

[00:04:00.99] So what we see now these are two different galaxies, and they made a traffic accident. They collided with each other. And because of the high speed of the collision, some of the stars were pulled off in these tails. We did not know that these were collisions until maybe 30 years ago. Before that, people thought these are maybe strange galaxies. 

[00:04:33.39] Maybe they are born that way. But 30 years ago, computers were fast enough that we could make simulations, computer models to simulate the history of the collision. 

[00:04:47.49] TRANSLATOR: [SPEAKING TIBETAN] 

[00:04:52.27] PIET HUT: And what you see here is a picture with the Hubble Space Telescope from outer space. And because there is no air, you can take much better pictures. So this picture here is the same as this here. 

[00:05:09.25] DALAI LAMA: Yes. 

[00:05:10.33] PIET HUT: And you see, not only is there a collision, but during the collision, the gas clouds in the galaxies collide. And because of the high pressure, new stars are born. So you see many white pieces of light. And each piece of light here is a new star or a group of new stars which are born. So from the ground you cannot see that. But from space, it is a very beautiful image. 

[00:05:42.61] DALAI LAMA: [SPEAKING TIBETAN] 

[00:05:57.47] TRANSLATOR: Are there any indications here whether some of the substance within these galaxies, namely the stars, are actually colliding with each other in a physical sense, or it's simply more of an interpenetration without actual collision? 

[00:06:10.05] PIET HUT: Yeah. The stars, they don't hit. The stars are very small compared to the enormous space in between. 

[00:06:17.29] DALAI LAMA: Yes. 

[00:06:17.71] PIET HUT: So two galaxies with stars, they can still go through each other. They still distort because they feel the gravity. But in between the stars, there are big gas clouds. And the clouds collide because-- 

[00:06:31.33] DALAI LAMA: [SPEAKING TIBETAN] 

[00:06:34.35] TRANSLATOR: What happens to them-- 

[00:06:35.13] DALAI LAMA: [SPEAKING TIBETAN] 

[00:06:36.79] TRANSLATOR: What happens to the direction of-- 

[00:06:41.75] DALAI LAMA: An indication so far-- 

[00:06:43.11] PIET HUT: Of the motion? 

[00:06:43.87] DALAI LAMA: --how this comes this way, this comes this way. 

[00:06:45.97] PIET HUT: Yes. 

[00:06:46.19] DALAI LAMA: So after you say join, then-- 

[00:06:49.83] PIET HUT: You can determine-- 

[00:06:50.66] DALAI LAMA: --is it going to stop? 

[00:06:51.20] PIET HUT: We can determine the direction by doing many computer simulations to see which fit. 

[00:06:58.39] DALAI LAMA: [SPEAKING TIBETAN] 

[00:07:01.92] TRANSLATOR: His Holiness's point is there any indication that one will pull the other in that direction? 

[00:07:09.60] PIET HUT: If they go at high speed, they go through each other. They are a little bit slowed down, but they keep moving. 

[00:07:17.00] DALAI LAMA: [SPEAKING TIBETAN] 

[00:07:51.74] TRANSLATOR: So now when you do have-- 

[00:07:52.58] DALAI LAMA: [SPEAKING TIBETAN] 

[00:08:04.34] TRANSLATOR: And so His Holiness is wondering about the collision of the gas clouds. 

[00:08:07.68] PIET HUT: Yes. 

[00:08:08.14] TRANSLATOR: And as a result, one of the indications of the collision of gas clouds or one of the effects of that is the formation of new stars His Holiness is wondering, when you have this formation of new stars, whether it ever happens that these new stellar formations actually start winding up with their own autonomous organization as their own little galaxy, or whether they're always taking in the caboose of one or the other. 

[00:08:29.46] DALAI LAMA: [SPEAKING TIBETAN] 

[00:08:31.52] 

[00:08:32.26] PIET HUT: That is a very good question, and both can happen. Both can happen. If you look carefully, then you see that in these arms there are some bright spots where new stars are born, and they will form small galaxies, giant galaxies, which will go away from the main galaxy. But at high speed, they go through each other. At slow speed, they just stick. At intermediate speed, they don't go through, but then they fall back and then they become one galaxy. 

[00:09:04.58] That is the most-- that is what happens most often. If you would like to see whether they go through or whether they stick, you have to wait a few hundred billion years. 

[00:09:16.98] [LAUGHTER] 

[00:09:18.80] And if you are patient, you can wait a few hundred million years. But most of us are not so patient. So we ask the computer what will happen. And I will show you a simulation, not of this particular one, but a general simulation as an example. 

[00:09:40.51] DALAI LAMA: [SPEAKING TIBETAN] 

[00:09:45.04] PIET HUT: So as I was saying that from the Buddhist point of view, in the meantime, the chances are that individuals can get enlightened. 

[00:09:53.36] [LAUGHTER] 

[00:09:58.66] And then the person will be able to tell the whole story and what happens to them. So there is a competition between science and enlightenment. So these are two galaxies and it's time 0. This is time in units of 100 million years. This goes 0, 1, 2 from 0 to 100 to 200 million years. So both of these galaxies, the blue and white, indicate the stars. And the red is dark matter. The red light here is material, but invisible material. But we know it is there because we can feel the gravitational pull. 

[00:10:51.84] TRANSLATOR: [SPEAKING TIBETAN] 

[00:10:53.64] PIET HUT: We talked about it yesterday. So if you look with a telescope, you see only the blue galaxies. They are like pancakes. This Galaxy is a pancake in this direction, this galaxy in this direction. And they-- 

[00:11:05.48] TRANSLATOR: [SPEAKING TIBETAN] 

[00:11:10.15] [LAUGHTER] 

[00:11:11.64] And they just meet each other. So let us see what happens. 

[00:11:29.00] [LAUGHTER] 

[00:11:32.72] PIET HUT: So you see, the trails were similar to these fields. 

[00:11:35.92] TRANSLATOR: Now, with one second equal to 100 million years? 

[00:11:39.08] PIET HUT: Now it is four-- the whole thing is 400 million years. 

[00:11:43.28] TRANSLATOR: [SPEAKING TIBETAN] 

[00:11:56.17] PIET HUT: So I will-- 

[00:11:57.03] DALAI LAMA: [SPEAKING TIBETAN] 

[00:12:00.73] PIET HUT: I will repeat again. 

[00:12:13.45] DALAI LAMA: [SPEAKING TIBETAN] 

[00:12:14.85] TRANSLATOR: [SPEAKING TIBETAN] 

[00:12:19.89] This is mathematically calculated? 

[00:12:21.59] PIET HUT: This is mathematically calculated, yeah. 

[00:12:23.29] TRANSLATOR: It's much more than sheer speculation? 

[00:12:25.01] PIET HUT: Oh, yeah. What we do is that for every step-- and I can show you the individual steps. This is the beginning. This is one step of 3 million years, 6 million years. For each step, we calculated the gravitational force from each point to each other point. So we have more than 10,000 points. 

[00:12:55.97] TRANSLATOR: [SPEAKING TIBETAN] 

[00:12:59.75] PIET HUT: So at each time step, we should calculate 10,000 times 10,000 is 100 million forces. Actually, we cheat. We don't calculate all the forces. But for this star here, we add many forces together and we compute in one step. We do not do all the details because you do not have to get it absolutely correct. You just put in what you know to calculate the basic forces. But the mathematical equations are 100% accurate. Only the initial position we don't know. That is the only question. 

[00:13:43.25] So many different positions until we get something which looks like what we see. It would be like if you go into a forest or into one day and you have to know how trees grow. You count the tree rings and you think how trees grow, but you only have one day to look at the forest. You only have one day in the cosmos, in the universe, very short lifetime to analyze. 

[00:14:09.17] DALAI LAMA: [SPEAKING TIBETAN] 

[00:14:10.51] 

[00:14:11.91] TRANSLATOR: [SPEAKING TIBETAN] 

[00:14:42.74] DALAI LAMA: [CHUCKLES] 

[00:14:45.07] TRANSLATOR: His Holiness is asking a very interesting question. And that is when you set this up, he was asking now in terms of Buddhist epistemology, is that a genuine inference? Now, an inference is real knowledge. That is, the syllogism or the reasoning behind it is just locked in. It's really solid. You can be very, very confident to an extremely high degree of probability that it's true. Is it that or is this an informed guess, an informed guess? And I first said, well, it probably fits into the category of inference, not absolutely, but it's an awfully good approximation. Or else, it's an extremely good guess. And then it's on its left. Guess in terms of a conviction, but it's a very good conviction. 

[00:15:23.97] PIET HUT: I would say it is a good approximation. As an approximation, it is fairly secure, but it is not secure for all the details. There the small aspects of gas clouds or magnetic fields or other things which we do not know. 

[00:15:43.86] TRANSLATOR: [SPEAKING TIBETAN] 

[00:15:46.41] SPEAKER: Piet, [INAUDIBLE] and from two you get one? 

[00:15:50.36] PIET HUT: Yeah. 

[00:15:51.40] SPEAKER: That's the general trend, or-- 

[00:15:53.72] PIET HUT: Well, sometimes you get one. But in the tails, in these tails, you can get small new galaxies. But they are very small compared to the old one. More like Star clusters. Generally, from two you get one. But this is two galaxies. In the whole universe are many galaxies. So let us look what happens if you have a whole group of galaxies. That is more interesting. But now here is a group of galaxies. You see three galaxies and many smaller galaxies. 

[00:16:27.88] DALAI LAMA: [SPEAKING TIBETAN] 

[00:16:30.00] TRANSLATOR: Are they really smaller or are they simply farther away? 

[00:16:31.82] PIET HUT: They are smaller. They are really smaller. 

[00:16:33.13] DALAI LAMA: I see. 

[00:16:33.84] PIET HUT: In this simulation-- 

[00:16:36.04] DALAI LAMA: But same distance? 

[00:16:37.50] PIET HUT: Same distance. 

[00:16:38.22] DALAI LAMA: Yes. 

[00:16:38.60] TRANSLATOR: [SPEAKING TIBETAN] 

[00:16:40.98] SPEAKER: Is the collision based on gravitational attraction of the galaxies or the motion [INAUDIBLE] 

[00:16:49.58] PIET HUT: So it's a whole group of galaxies. All come from the Big Bang. But there's a group. They first expanded, but then they fell back and they found one group. And as a group, they do not expand anymore. They stay together. So the Earth goes around the sun, and the Earth has a speed. And the Earth wants to fly away. But the sun is pulling. So the Earth always falls to the sun, and therefore, goes in a nice circular orbit. 

[00:17:19.06] Then all these galaxies all pull each other. So they all want to move out, but they all are pulled back in a rather chaotic, random way. And you will see what happens when we do the simulation. 

[00:17:50.95] DALAI LAMA: [SPEAKING TIBETAN] 

[00:17:52.98] TRANSLATOR: [SPEAKING TIBETAN] 

[00:18:01.16] PIET HUT: The people from [INAUDIBLE] can make music as background. 

[00:18:04.22] [LAUGHTER] 

[00:18:06.92] TRANSLATOR: [SPEAKING TIBETAN] 

[00:18:13.11] SPEAKER: What's the time frame there, Piet? 

[00:18:15.08] PIET HUT: This is a little bit longer because one galaxy collision is a few hundred million years. So this is probably a few billion years. A large fraction of the history of the universe. 

[00:18:28.00] TRANSLATOR: Is this a totally imagined or actually based upon some actual possible? 

[00:18:33.54] PIET HUT: The initial conditions are imagined, these random bits. The calculations are very precise. 

[00:18:40.48] TRANSLATOR: But similar initial configurations actually occur? 

[00:18:43.68] PIET HUT: Oh, yeah, very similar, yeah. 

[00:18:45.22] TRANSLATOR: So it is not completely-- 

[00:18:46.72] PIET HUT: Oh, no. It's within the class of what we normally have. 

[00:18:51.00] 

[00:18:51.80] TRANSLATOR: How should this be changed by the magnetic fields? 

[00:18:54.08] PIET HUT: There is very little because they are much on the scale of Galaxy, much less strong than gravity. Gravity is additive. 

[00:19:06.78] And I have a third simulation. I ran from two galaxies to a whole group of galaxies. But now I will take a larger part of the universe. And that is such a large part of the universe that is expanding. 

[00:19:22.62] So to show this-- 

[00:19:24.42] DALAI LAMA: [SPEAKING TIBETAN] 

[00:19:45.85] TRANSLATOR: There was a discussion yesterday of the afterglows? Are these events taking place within that band of the afterglow? 

[00:19:53.24] PIET HUT: The afterglow is everywhere on the background, very far away. These are like birds flying in front of the sky. The sky is everywhere. But mid farther, the lights-- 

[00:20:07.88] DALAI LAMA: [SPEAKING TIBETAN] 

[00:20:25.73] TRANSLATOR: As a metaphor, as a model that we should imagine the expanding universe as a globe with the afterglow be on the periphery of the globe and these galactic events, collisions, and so forth be inside the globe? 

[00:20:37.07] PIET HUT: No, the afterglow is everywhere. It travels everywhere through the globe. It is radio radiation. 

[00:20:44.07] TRANSLATOR: [SPEAKING TIBETAN] 

[00:20:45.21] But you said it was more outside? 

[00:20:46.27] DALAI LAMA: [SPEAKING TIBETAN] 

[00:20:50.64] PIET HUT: Too far away for everybody. The sky looks far away. But the light of the sky is like-- the sky looks far away, but the light from the sky if it travels to our eyes, the light is nearby. But it comes from far away. So in the globe, in the past, the whole universe was glowing. And after it stopped glowing, the light keeps going. 

[00:21:15.63] DALAI LAMA: [SPEAKING TIBETAN] 

[00:21:24.20] TRANSLATOR: Look at this person, and I have questions after. 

[00:21:26.11] PIET HUT: OK. 

[00:21:26.55] TRANSLATOR: That's what Lama said. 

[00:21:28.86] PIET HUT: So do we make a model of, if the whole universe is like a globe, you take one little piece. And we should make it larger and larger. But I cannot make it larger than the screen. So if I start very small, you cannot see it. So I do not make it larger, but I keep the size the same. But you must imagine that it is expanding. So I took out the expansion. This camera is zooming down. Now the universe is expanding. 

[00:22:07.75] TRANSLATOR: Explain again what we're seeing. 

[00:22:09.51] PIET HUT: Yeah. What you see is that the original gas in the universe makes small galaxies and gas clouds. And those galaxies and gas clouds fall together to form groups of galaxies. And that is how a structure in the universe is made. Each point of light is not one star, but many, many, many stars since now we have a large piece of the universe. 

[00:22:35.41] TRANSLATOR: This is a Galaxy cluster? 

[00:22:37.09] PIET HUT: This is several Galaxy clusters, yeah. 

[00:22:39.73] DALAI LAMA: [SPEAKING TIBETAN] 

[00:22:43.57] TRANSLATOR: Is there a kind of an ordinary or an average number of galaxies? 

[00:22:47.55] PIET HUT: Oh, this is a very, very normal. 

[00:22:49.43] TRANSLATOR: No, it's kind of an ordinary kind of a median, a number of galaxies within a standard, so-called Galaxy cluster? 

[00:22:56.69] PIET HUT: They come in all sizes. Our local group of galaxies has two big galaxies, ours and another one, and about 10 or 15 smaller galaxies. 

[00:23:07.75] DALAI LAMA: [SPEAKING TIBETAN] 

[00:23:08.45] PIET HUT: Yeah, a small group. But nearby is a much bigger group. And we are part of an next hierarchy, a meta group, a larger group of thousands of galaxies. 

[00:23:21.47] DALAI LAMA: Image. Yeah. Yeah the auction. 

[00:23:46.71] TRANSLATOR: What time frame exactly? 

[00:23:49.13] PIET HUT: This is also a few billion years. 

[00:23:52.86] [LAUGHTER] 

[00:23:54.28] PIET HUT: Later 5, 1, 2, 17, 5 and 10. 

[00:24:02.83] DALAI LAMA: Thank you. Thank you, Piet. Very good. 

[00:24:05.09] [APPLAUSE] 

[00:24:08.88] AUDIENCE: Thank you. 

[00:24:11.71] DALAI LAMA: [SPEAKING TIBETAN] 

[00:24:26.41] thumbs was just citing from a poetic text which says that if-- 

[00:24:31.21] DALAI LAMA: [SPEAKING TIBETAN] 

[00:24:32.44] TRANSLATOR: "Nagarjuna." This is a poetic expression saying that if Earth, mountains and-- 

[00:24:41.53] DALAI LAMA: Oceans. 

[00:24:42.39] TRANSLATOR: Ocean and-- 

[00:24:43.45] DALAI LAMA: Stars. 

[00:24:44.55] TRANSLATOR: Stars, and all of them eventually become a mere dust, what is there left for us, a weak, mortal-- 

[00:24:56.81] DALAI LAMA: [SPEAKING TIBETAN] 

[00:24:59.27] TRANSLATOR: What kind of immortality can we as weak mortals expect? Well, you can start with the galaxies, is all. So, yeah, 

[00:25:07.62] DALAI LAMA: [SPEAKING TIBETAN] 

[00:25:13.89] TRANSLATOR: His Holiness was saying, that the astrophysicist should make this point, especially to the politicians and those people who are-- 

[00:25:23.98] [LAUGHTER] 

[00:25:25.37] DALAI LAMA: Ideology, religion, quarreling. Killing one another. For what purpose? 

[00:25:31.36] PIET HUT: Yes. Maybe if he can get radio signals to all the planets. And maybe if the astronomers talk to each other as ambassadors, maybe we will have a better world, better human race relations. But we have to wait a bit. 

[00:25:49.82] Actually, I very much enjoy playing with these simulations because as a child, I had a model railroad, electric trains, and I enjoyed playing with trains. And then when I grew up, also my toys grew up and now I play this Galaxy. 

[00:26:08.80] [LAUGHTER] 

[00:26:10.50] TRANSLATOR: What's the next step then? 

[00:26:12.52] [LAUGHTER] 

[00:26:17.52] PIET HUT: Maybe now I have to play with world systems. World Series, perhaps. So the nice thing is, even I get paid to play. 

[00:26:30.90] [LAUGHTER] 

[00:26:33.40] While I'm being paid to play with galaxies, I also do some other things at the side. 

[00:26:38.86] TRANSLATOR: [SPEAKING TIBETAN] 

[00:26:40.83] 

[00:26:43.65] PIET HUT: One of the other things is that I am very interested in the whole question of worldviews, not only the physical world, but the view of the world as a whole, where human beings and sense of beauty and meaning, as well as physical reality. Please, please. So if you can show the first. 

[00:27:10.60] Yes. So if you have a dialogue between science and religion, I'm saying in general between science and religion. Many people talk about building a bridge. And you said recently that "Nagarjuna" says that many metaphors only partly correct. I think the bridge metaphor is partly correct. 

[00:27:36.66] For me, I do not like it so much. I think if we go in the Canyon to the ground, then at the roots of science and at the roots of Buddhism, the knowledge comes from. If we try to compare that in this more unknown area where it's more difficult to talk about the question mark, I think that is the real meeting point. 

[00:28:05.58] So in America, you need slogans. Americans have very short attention. So in America I say roots, not fruits. That means the process, not the results, not the fruits of science and Buddhism. It is very interesting to talk about Big Bang and talk about Buddhist equivalence, or Christian equivalent of origin of the world. And I am really interested in that. 

[00:28:33.36] But even more interesting is the process of knowledge, of wisdom, and of compassion. Maybe also in science we can talk about that later. The process of knowledge formation. So if I can get the next. 

[00:28:54.88] If we want to go to the roots of science and religion, of course, as a scientist, I have to start with the science side. So I would like to spend some time to show you my view of the roots of science. And if I start with the roots, I first have to look at the structure, the structure of different forms of science, and then to see what is the relation and what is the process, how do they grow. 

[00:29:28.73] So sometimes people talk about the house of science or the structure of science. And the idea of a house is that on the first floor you have mathematics. And physics is based on mathematics, and biology uses physics. And so you have different floors like in a house. 

[00:29:51.65] And mathematics itself is based on a particular logic which is used in mathematics. I have made a logic smaller because there are a limited number of logic rules from which a large body of mathematics and physics comes up. As a result, it looks more like a stupa than a house. It's environment. Maybe that's OK. 

[00:30:19.03] If you look at biology, for example, in biology, more and more people analyze living cells and living animals and plants in terms of DNA, the molecular structure. So the tendency is to explain life by going to molecules and atoms. So to explain this level in terms of the lower level of physics or chemistry between. 

[00:30:49.95] Similarly, if people study the brain, in psychology, they try to study the brain looking at a biological structure at the nerve cells and how neural signals are transferred. So there is a tendency to reduce to do reductionism from psychology down to biology, down to physics, down to mathematics, down to logic. 

[00:31:17.85] And the way people talk about science, very often, both scientists and people outside science, is that they start with principles. There are scientific principles-- objectivity, repeatability, consensus between scientists, and number of principles, which then lead to logical laws, mathematical laws, and then everything else is built or rest on top of that. 

[00:31:48.61] And the outcome of biology and psychology is, for example, knowledge of the body, knowledge of the brain, and in more and more knowledge about experience, how human experience arises from the brain, from the embodied being, starting with the simple elements. This seems to be the structure of science and the process of science. 

[00:32:17.71] But I think that this picture is misleading. It is too simple. It is a simple way to show what science is doing as an ideal. But in practice-- if I can get the next picture-- in practice, what happens is that when people are working in physics, for example, it is true that at any given time logic determines how to do mathematics, mathematical physics, that is, there's relationships. There are these relationships between the levels. 

[00:32:55.47] But new discoveries in physics sometimes force us to modify the principles to change the first principles, to establish new principles, to explain what is happening. An example of modified principles comes from quantum mechanics. If I have two-- 

[00:33:16.13] DALAI LAMA: [SPEAKING TIBETAN] 

[00:33:27.17] TRANSLATOR: His Holiness is looking for parallels in Buddhism and whether in Buddhism, it's really more like something comparable to physics comes first and the formulation of logic comes later, because historically that's what it looks like. Buddhist logic was formulated in the fifth century by Dignaga, and then reformulated in the seventh century by Dharmakirti. And you have a Buddhism before that. 

[00:33:46.99] But an interesting point is, what's the basis of logic? And that is when you have a law of excluded middle and so forth. Well, what's that based on? Well, that's based on the kind of experience. And as we're looking around, we're seeing how things happen and on the basis of experience, then we make then we start formulating logic. But the logic wasn't done in a vacuum. It was done-- It was an embodied logic to start with, from which we draw out from experience logic. And then the logic comes around and defines and clarifies further experience. 

[00:34:14.96] PIET HUT: It's very similar in physics. Since this is the picture of physics as it is now. 

[00:34:24.46] DALAI LAMA: [SPEAKING TIBETAN] 

[00:35:06.48] TRANSLATOR: The point here is that there is a slight disagreement. I was trying to argue that much of the logical principles really have to do with the way human thought functions. And I suggest principles of identity, principles of contradiction, principles of law of the excluded middle, simply the tools with which thought operates, these are just fundamental assumptions without which you just can't make sense. And His Holiness is taking the other position, saying that these are principles abstracted from the physical. 

[00:35:41.80] DAVID FINKELSTEIN: A priori and a posteriori, you've heard those terms before. 

[00:35:45.06] PIET HUT: Yes. 

[00:35:45.24] TRANSLATOR: And His Holiness was arguing, for example, like this, the quantum phenomena, the superposition seems to suggest that there is a need to modify the Buddhist logical position. That law of the excluded middle applies to all instances. 

[00:36:04.88] DAVID FINKELSTEIN: If your logic really isn't coming simply from a priori stance, disengage from nature, but if it's really based upon nature, then you have to modify your logic as new information comes in, which means Buddhism then must modify its logical principles based upon the new empirical evidence coming in. So if you take an a posteriori stance, this would naturally follow. 

[00:36:23.25] PIET HUT: Yeah, I think physics has to change much more than Buddhism. Whether Buddhism has to change would be, we can talk in the afternoon about that because I know David has very interesting ideas about quantum logic and the need to change the logic. So let us keep that for the afternoon. It's very exciting topic. But what you just said about how Buddhism got started, it is very nice, since that reminds me that this building only started as a building, even the first three levels, only 300 years ago with Newton. 

[00:37:06.44] 400 years ago in Europe, people started to build the building and they had the logic and the mathematics from the Greeks that was already there. That was very old, 2000 years or more, Aristotelian logic, Euclidean geometry. And then new physics was discovered by Galileo and Kepler. 

[00:37:33.20] And it was clear that to understand the new physics, the motion of the planets, we needed to modify the mathematics and the logic since the Greeks were only talking about things which did not move, static things. And to describe motion, if you have a complicated orbit, Newton invented a new mathematics for very small intervals, infinitely small intervals in principle. And he made a new mathematics to work with infinitely many, infinitely small pieces to be able to describe arbitrary shapes. 

[00:38:19.65] The Greeks never did that, but it was needed for physics. So that was actually the first-- I used quantum mechanics, but when you talked about at the beginning of Buddhism, I thought about the beginning of physics. That was an earlier example. Newton was the first modification of principles from physics back to mathematics. 

[00:38:42.09] But then people thought after Newton, now we really understand this. Now there is no need for change. This is dogma. This is real physic. That seemed to be completed building. 

[00:38:57.81] TRANSLATOR: You're talking before the quantum physics. 

[00:39:00.71] PIET HUT: Before quantum physics. So maybe, maybe like, [INAUDIBLE], I don't know. 

[00:39:07.15] TRANSLATOR: [SPEAKING TIBETAN] 

[00:39:07.97] [CHUCKLING] 

[00:39:10.37] PIET HUT: This was classical framework. And of course, it is still correct to a high degree. But if you do very precise experiments, you have to modify it. So it is still very useful, but not the most accurate. So in quantum mechanics, for example, these two radioactive atoms, one will decay at another time than the other. You cannot repeat exactly. 

[00:39:39.83] And 300 years ago, the most important thing in physics is you have to repeat. If you do something, I have to do the same. Otherwise, we do not believe you. 

[00:39:49.31] DALAI LAMA: [SPEAKING TIBETAN] 

[00:39:50.63] TRANSLATOR: [SPEAKING TIBETAN] 

[00:39:51.65] DALAI LAMA: Oh. 

[00:39:52.39] PIET HUT: If you are subjective, then everything is different. But objective has to be the same for everybody. That was really a dogma, really a building block cornerstone. So. 

[00:40:03.45] DALAI LAMA: [SPEAKING TIBETAN] 

[00:40:05.86] TRANSLATOR: [SPEAKING TIBETAN] 

[00:40:08.15] PIET HUT: So the strange thing about the building of science is that you can change the ground floor, the basement, or the ground floor while you keep the rest of the structure there. So science is like a floating house or floating stupa in this picture. You can change one layer and the rest will stay there. So when people tell you that psychology has to be based on biology, biology has to be based on physics, then you should not believe them. 

[00:40:45.17] Because if they really were based, then if you modify the principles, everything would collapse. But that does not happen. Biology has its own understanding. Even if you change physics, this will continue. And just like physics has brought new mathematics, I expect that biology will bring new physics. 

[00:41:08.55] There is no reason not to believe that this will not continue, that from biology or from psychology, if we understand more, we have to go back and make the foundation richer. 

[00:41:22.47] TRANSLATOR: Here you're talking about empirical psychology. 

[00:41:25.27] PIET HUT: Empirical, yes. Empirical and then from empirical, theoretical deductions and theory and experiment always go together. Theory alone is dogma. Experiment alone, you do not even know how to describe if you don't have a language theory to talk. 

[00:41:48.39] So as other examples of modifying principles, the general tendency, the direction to modify principles is not arbitrary. There is a consistent pattern. It always moves in the same direction, namely from absolute to relative. If we learn something new, we first think, ah, this is really the truth. I have found the truth. 

[00:42:19.69] And then we learn more. And then we think, maybe it is not absolute. Maybe there is another side. And we don't have to throw it away, but we place it in a larger context. So in physics too, and in science you move always from absolute to relative. And often these theories are called relativity theory like Einstein's relativity theory. 

[00:42:48.17] But calling a theory relativity theory is a negative way of saying it. The more positive way is to say it is a transformation theory. One of the simplest relativity theories is a kitchen relativity, where you can transform water into ice. You can freeze water or melt ice. 

[00:43:13.30] And if you grow up in a warm country, not Tibet, but in a tropical island, you don't know ice. You only know water, and water is absolute. You never see anything else. But then someday, you go somewhere else, or you get a refrigerator and you can transform. And then you see water is relative, ice is relative. 

[00:43:36.78] But the material, it seems to be absolute since you can go one direction or the other. But it's the same material with different appearance, different form. So the relativity of water and ice gives you more freedom. It gives you a freedom to make a transformation. You can do more things than you did before, than you could before. 

[00:44:01.52] And similarly-- Anton, maybe you can raise a little bit. Maybe a little bit higher. Similarly, Einstein's relativity showed us that space and time are not absolute, but you can transform them. 

[00:44:24.92] DALAI LAMA: [SPEAKING TIBETAN] 

[00:44:37.88] TRANSLATOR: [SPEAKING TIBETAN] 

[00:44:38.72] DALAI LAMA: [SPEAKING TIBETAN] 

[00:44:40.56] TRANSLATOR: In the preceding case of ice and water, you simply have different manifestations of forms of the same substance. But is it really so closely analogous when you speak of time and space? I mean, does time actually transform into space? Does space actually transform into time in a closely analogous way to water and ice? Is that really close? 

[00:44:58.34] PIET HUT: It is close in this sense-- I'm very glad you asked. It is close in the sense that normally if we had space, space for you, if I move for me, is space, and a little bit of time. And time for me will be for you, mostly time, but a little bit of space is mixed in. There is some mixture between space and time. If you really-- 

[00:45:23.02] DALAI LAMA: [SPEAKING TIBETAN] 

[00:45:25.06] TRANSLATOR: Can you repeat that again? It's hard to grasp. 

[00:45:27.92] DALAI LAMA: [SPEAKING TIBETAN] 

[00:45:29.33] TRANSLATOR: [SPEAKING TIBETAN] 

[00:45:30.83] PIET HUT: Normally. If I-- ah. If I have-- Here I have height. And here I have length. So now the length is very, very long. It's very large. The height is very small. Now the height is very high and the length is very small. 

[00:45:55.32] But if I only change it a little bit, then the height stays the same, the length stays the same, but the height becomes a little bit larger. So normally space and time change only a little bit. If I change the time a little bit, space does not change much. But if I move it further, if I change, if I go at a higher speed so that-- 

[00:46:23.39] ARTHUR ZAJONC: Can I help for a second? Now you imagine that one of the directions is time. 

[00:46:27.29] PIET HUT: Yeah. 

[00:46:27.94] ARTHUR ZAJONC: You should say that. 

[00:46:28.93] PIET HUT: I should say that, yeah. If this is time and this is space, then time and space can transform inside into each other, just like length and height can transform. If I rotate, I can change length and I can change lengths and height, but the distance is always the same. The length becomes smaller, the height becomes larger, but the distance is the same. 

[00:46:58.11] TRANSLATOR: I think His Holiness's point here is it looks like there's simply two corollary changes taking place. Whereas the stuff of the water actually turns into the stuff of the ice and vice versa. And this looks like there's simply two corresponding changes. This changes, therefore this changes, but not actually a transmutation of a body of space into a unit of time, a unit of time into a body of space. That doesn't really happen, does it? 

[00:47:19.51] 

[00:47:20.26] PIET HUT: Actually-- 

[00:47:21.01] DALAI LAMA: [SPEAKING TIBETAN] 

[00:47:22.61] 

[00:47:22.73] PIET HUT: You can make a complete transmutation from space to time. You can do that, but only inside the black hole. 

[00:47:29.05] DALAI LAMA: [SPEAKING TIBETAN] 

[00:47:32.87] PIET HUT: You agree, yeah? 

[00:47:34.37] [LAUGHTER] 

[00:47:40.49] GEORGE GREENSTEIN: Time and space are very different. There is no symmetry at all between time and space. You were perfectly right when you said that space enters into time, but it doesn't become time. And time enters into space, but doesn't become space. It's as if you could go from a pitcher of water to a pitcher of water with a little bit of ice in it, but you can't go all the way. 

[00:48:01.70] There is an example of the railroad trip. If I come back in the railroad trip for one person, I moved in space and time for another person. I moved only in time. So we have a transformation of time into time and a little space, but never time into space. 

[00:48:25.57] PIET HUT: What can transform completely is mass and energy. You can have mass completely transformed to energy and energy completely transformed into [INAUDIBLE] material. And an atomic bomb and atomic reactor, nuclear reactor is an example. 

[00:48:43.31] And that follows from the space time transformation. If you have the mathematical theory, the physical mathematical form of Einstein's relativity, you see that space and time transform, at least for some part, and that mass and energy transform like water and ice in a similar way. 

[00:49:05.41] DALAI LAMA: 

[00:49:18.61] TRANSLATOR: Energy. 

[00:49:19.61] DALAI LAMA: [SPEAKING TIBETAN] 

[00:49:20.45] TRANSLATOR: [SPEAKING TIBETAN] 

[00:49:27.61] TRANSLATOR: His Holiness just wants to clarify. Perhaps you could give an example. We have a lot of illustrations, even in the macro world of mass turning into energy. It happens in the fireplace. But can you give an-- is it true, is it true [INAUDIBLE] in a totally comparable fashion that energy transforms into mass? 

[00:49:45.15] DALAI LAMA: [SPEAKING TIBETAN] 

[00:49:46.47] TRANSLATOR: Yeah. Transforms into-- 

[00:49:48.03] DALAI LAMA: Transform. 

[00:49:48.75] TRANSLATOR: Energy transforms into mass and I think I know the answer, but can you give an instance of that? 

[00:49:54.37] PIET HUT: I get the friendly helper here. This is an-- 

[00:49:59.61] DALAI LAMA: [SPEAKING TIBETAN] 

[00:50:02.21] PIET HUT: --picture of [INAUDIBLE] mechanical processes. Here is a photon coming in, one photon and two material particles are made, an electron and an anti-electron. So this is seen that material is produced from energy, from pure energy, from a photon. 

[00:50:21.03] TRANSLATOR: [SPEAKING TIBETAN] 

[00:50:34.27] TRANSLATOR: This is only the microscopic level? 

[00:50:37.27] PIET HUT: This happens-- this has happened with the whole world after the Big Bang. After the Big Bang, everything was energy, was radiation. And then when it got colder, the radiation condensed into matter and you could say. It's like steam making droplets. Energy was making droplets of matter. 

[00:51:01.85] TRANSLATOR: But it's not happening day-to-day, on a day-to-day event in the world. 

[00:51:17.89] DAVID FINKELSTEIN: When a plant absorbs solar energy, it gets a little bit heavier. 

[00:51:21.51] PIET HUT: Yeah. 

[00:51:21.81] TRANSLATOR: [SPEAKING TIBETAN] 

[00:51:41.38] DALAI LAMA: [SPEAKING TIBETAN] 

[00:51:45.82] TRANSLATOR: [SPEAKING TIBETAN] 

[00:51:58.24] ARTHUR ZAJONC: You have tea? 

[00:51:59.95] [LAUGHTER] 

[00:52:01.89] TRANSLATOR: [SPEAKING TIBETAN] 

[00:52:04.54] ARTHUR ZAJONC: Would you like to continue this flow, or do you want to take a break? 

[00:52:07.12] TRANSLATOR: [SPEAKING TIBETAN] 

[00:52:11.30] DALAI LAMA: I leave to the majority. 

[00:52:13.46] ARTHUR ZAJONC: Should we take a break. 

[00:52:14.66] TRANSLATOR: Yes. 

[00:52:14.98] ARTHUR ZAJONC: And then we can-- let's take a break. And you can continue some of this just in the tea break. But let's take-- 

[00:52:21.70] TRANSLATOR: [SPEAKING TIBETAN] 

[00:52:30.02] DALAI LAMA: [SPEAKING TIBETAN] 

[00:52:59.84] TRANSLATOR: His Holiness was wondering how you can have energy without some kind of a material that has the energy, that has energy all by itself. How can that be? 

[00:53:10.12] DALAI LAMA: [SPEAKING TIBETAN] 

[00:53:11.48] TRANSLATOR: The whole issue too, just for clarification is when a photon, a photon, has no rest mass, but when it's in motion, it does have mass. 

[00:53:19.68] DALAI LAMA: [SPEAKING TIBETAN] 

[00:53:22.53] PIET HUT: The problem is-- 

[00:53:24.60] [INTERPOSING VOICES] 

[00:53:32.38] PIET HUT: So the modern way of saying, I would say a photon is a form of matter. But 100 years ago, people said light is pure energy and this is pure matter. So before the relativity theory, there was a duality distinction between matter and energy. 

[00:53:56.10] But now that we know that, they are similar things. 

[00:54:01.10] [SPEAKING TIBETAN] 

[00:54:05.77] TRANSLATOR: His Holiness said in the case of light, it has a source. So what he's having a hard time grappling with this notion of [INAUDIBLE]. Django? Just an energy just standing all by itself. There's no such thing? 

[00:54:19.64] DAVID FINKELSTEIN: No such thing. 

[00:54:20.51] PIET HUT: There is no such thing. 

[00:54:22.32] [INAUDIBLE] 

[00:54:23.82] TRANSLATOR: So how do you have a Big Bang? 

[00:54:25.08] PIET HUT: There's always particles. 

[00:54:26.00] TRANSLATOR: How do you have the Bi Bang, then? 

[00:54:27.48] PIET HUT: Oh, the Big Bang, Most, of the energy is particles. 

[00:54:30.70] DALAI LAMA: [SPEAKING TIBETAN] 

[00:54:32.96] ANTON ZEILINGER: Energy is always a property of something else. 

[00:54:37.32] TRANSLATOR: That was just what His Holiness already thought. 

[00:54:41.66] ANTON ZEILINGER: Like mass is always a property of something else. 

[00:54:46.36] DALAI LAMA: [SPEAKING TIBETAN] 

[00:54:50.76] TRANSLATOR: Then how can you-- 

[00:54:51.58] DALAI LAMA: [SPEAKING TIBETAN] 

[00:54:53.68] TRANSLATOR: If there's no such thing as energy standing all by itself, how does it transform into mass? 

[00:54:58.00] DALAI LAMA: [SPEAKING TIBETAN] 

[00:55:58.96] TRANSLATOR: His Holiness is trying to understand what it means to say that energy transforms into mass. 

[00:56:08.81] ANTON ZEILINGER: I think you have to say it correctly. His Holiness is finding logical errors in the ordinary way of speaking. It's always simply a transformation of one form of energy into another. It's simply a transformation of one form of mass into another. It's just a very old fashioned way of thinking that mass is turning into energy. Turning mass into energy is like turning pounds into ounces. It's the same stuff. 

[00:56:34.39] TRANSLATOR: [SPEAKING TIBETAN] 

[00:56:35.81] 

[00:56:46.93] ANTON ZEILINGER: There's energy in this cup, but it's bound into the nucleus. 

[00:56:52.27] DAVID FINKELSTEIN: There's a very common way of phrasing in Tibetan that two things are of the same nature. That is, it's not two different substances, and they're not the same thing, but they are of the same nature. And you say that wherever energy is present, there is mass of the same nature as that energy. Wherever there is energy present, there is mass of the same nature as that energy. 

[00:57:09.52] ANTON ZEILINGER: They're exactly the same thing. [INAUDIBLE] 

[00:57:12.90] PIET HUT: I would disagree with that. 

[00:57:14.77] ANTON ZEILINGER: Was that phrasing-- 

[00:57:15.99] [INTERPOSING VOICES] 

[00:57:18.75] ARTHUR ZAJONC: What do I mean by mass? 

[00:57:20.25] ANTON ZEILINGER: You can measure both mass and energy with exactly the same instruments. That's the discovery of Einstein. 

[00:57:24.95] PIET HUT: You're right. You can 

[00:57:25.89] ANTON ZEILINGER: You can weigh energy. 

[00:57:26.72] PIET HUT: You can weigh energy. That's important. 

[00:57:28.16] ANTON ZEILINGER: You can measure mass with a thermometer, with a calorimeter. They have the same stuff, but it's not even a transformation, just a liberation, a transformation, a change in form. It's the same stuff. 

[00:57:40.83] TRANSLATOR: [SPEAKING TIBETAN] 

[00:57:43.13] ANTON ZEILINGER: Matter is not the same as mass. Radiation is not the same as energy. Radiation is not the same thing as energy. 

[00:57:55.13] TRANSLATOR: But it is an energy. 

[00:57:56.65] ANTON ZEILINGER: It has energy. Radiation is a cloud of light particles. It has energy. It has color. Energy is one property of it. 

[00:58:05.33] TRANSLATOR: [SPEAKING TIBETAN] 

[00:58:09.25] PIET HUT: What is important is-- the confusion is because we started with one understanding many years ago, and we used the words for that understanding. And now we have newer understanding, but we still use the old words. 

[00:58:22.95] ANTON ZEILINGER: And you are seeing the inconsistency. 

[00:58:26.01] TRANSLATOR: Very clearly. 

[00:58:27.45] DALAI LAMA: GEORGE GREENSTEIN: 

[00:58:31.62] PIET HUT: So, then the reason for the confusion is that if you try to stop a particle, if a particle moves, it has energy of motion. And if you say how much material is there, how, much matter, you stop it, and then you look at it carefully. See how much matter that is. 

[00:58:56.23] If I want to know how much material is here, if somebody throws it, it is hard to know what it is. So I want to stop and look at it carefully. Then I can see so much material by weighing or by analysis, by counting atoms. The problem is, if you stop light, it disappears. You cannot stop light. 

[00:59:19.55] So if I move this, some of the energy is motion. Some of the energy is mass, which I could, in principle explode in a nuclear explosion. There is very, very much energy hid there, locked up in the material. But there is some energy in the motion. 

[00:59:38.37] But in a photon, all the energy is in the motion. There is no energy locked up. So a photon is manifest energy. This is a hidden energy. [INAUDIBLE] 

[00:59:52.29] TRANSLATOR: Would you say both mass and energy are properties rather than-- 

[00:59:57.49] PIET HUT: Mass and energy properties of material objects. 

[01:00:04.13] So, Einstein's theory is called relativity theory, but it is really a transformation theory. You can say those are the same. And quantum theory is generally not called relativity. I learned that from David to call quantum theory quantum relativity. And I think it is a very nice word since it shows how similar these two important theories are. 

[01:00:33.50] Also, in quantum theory, quantum relativity, you can have a transformation between actual existence and potential existence. In a two slit experiment, you don't know if the electron actually goes through or suggest the possibility. Changing the possibility changes the actual outcome. Changing the possibility of the intermediate state influencing the actuality, that's a very new phenomenon. In classical physics, these are separate. 

[01:01:06.50] So maybe in the afternoon we can talk more about superposition principle. But in general what is interesting is that progress in science is always an absolute relative. And in a way you can say it from being to becoming. 

[01:01:22.94] So water is not fixed. Water is not fixed, but it is free to transform into ice. Mass is not fixed. It is free to transform into energy. And similarly, something is not really there or not there. There is more freedom. 

[01:01:39.64] It's not just being something. It can become something else. And often you don't quite know exactly how to assign simple being. Can I get the next? 

[01:01:52.72] DALAI LAMA: [SPEAKING TIBETAN] 

[01:02:00.85] TRANSLATOR: When you have a very-- Piet, when you have an extremely-- a tiny phenomenon with very tiny phenomenon, or subtle phenomena, a very subtle phenomenon, it doesn't itself transform into a gross macro phenomenon. Rather, it's a configuration or an assembly of a large number of micro phenomena, a tiny minute phenomena or subtle phenomena that become the macro phenomenon. Isn't that right? 

[01:02:24.48] PIET HUT: The collective aggregate of many small sort of normal become a 

[01:02:29.30] TRANSLATOR: Yeah. Yeah. 

[01:02:31.18] DALAI LAMA: [SPEAKING TIBETAN] 

[01:02:35.06] TRANSLATOR: So the subtle remains subtle. It doesn't become gross. 

[01:02:37.34] PIET HUT: Certainly remains subtle and there are many small fluctuations. It is all changing. It looks like there is one being. But if you look very closely, it is all-- 

[01:02:45.74] DALAI LAMA: [SPEAKING TIBETAN] 

[01:02:51.86] DAVID FINKELSTEIN: [SPEAKING TIBETAN] 

[01:03:01.18] TRANSLATOR: So wouldn't you, just for the sake of argument, couldn't one argue that at least at the particle level, these particles can be posited as having been-- 

[01:03:13.58] DAVID FINKELSTEIN: Fixed. 

[01:03:14.86] TRANSLATOR: --having really sustained continuous existence. 

[01:03:17.17] PIET HUT: No, because it's a particle. Any particle, if it goes to two openings, then Anton shows us that it is not there and it is not the-- 

[01:03:31.24] TRANSLATOR: And that's true-- that's true for quarks? It's only-- that's true for quarks as well? 

[01:03:37.08] GEORGE GREENSTEIN: Could I differ on this point? I am in the room and I am sitting either on the floor or on the chair. In ordinary logic, this means I am in the room and sitting on the floor. Or I am in the room and sitting on the chair. That's called the law of distribution. 

[01:03:57.20] An electron goes or photon goes through this pinhole. It goes through either this slit or this slit. That's a true statement. An electron goes through this pinhole and it goes through that slit. False. 

[01:04:10.80] An electron goes through this pinhole and it goes through that slit. False. So distribution breaks down in the microscopic world. But it happens, you can still say, definitely the electron goes through this slit or this slit. It goes through here and here and here. 

[01:04:29.42] There's no reason to give up the continued existence. If you remember to reason about it, using quantum logic instead of classical logic, instead of learning a new logic, Bohr said, give up logic in the microcosm. That means give up continued existence. That's safest. That way you draw no false conclusions, but also that way you draw no true conclusions either. It's more powerful to fix the logic. 

[01:04:55.02] For Neumann, the mathematician, von Neumann, did that. And I think in quantum logic ordinarily, and then I can say the electron exists continuously. It's just people clutching the old logic who have to give everything up in the microscopic world. 

[01:05:11.52] PIET HUT: But [INAUDIBLE] in the tea break, we talked about matter and energy had an old meaning, and now we have to use the old words in different meaning. And if I say existence, then I mean the old fashioned existence. And I know that David does not believe in old fashioned existence. 

[01:05:31.83] But when David says existence, he means actuality, not reality. He means actions, processes, not things. The process of being an electron, the electron is electroning all the time. It is a verb, not a noun. We live in a world of verbs, of interactions. So actually, David and I agree. But sometimes we speak in old dialects and we remind each other of the new dialect. 

[01:06:03.47] GEORGE GREENSTEIN: There's one point and that is one point has to be said. If you use the word or it's a different word, then you would use in everyday language. 

[01:06:14.22] ANTON ZEILINGER: Well, it's a more embracing word. 

[01:06:15.51] GEORGE GREENSTEIN: And therefore I don't use it. But I will bring something in which it has only been invented for that purpose. 

[01:06:24.75] ANTON ZEILINGER: From the new plateau, you see all the old. So why shouldn't I use the word or, it agrees with the old one completely wherever the old one works. 

[01:06:32.20] PIET HUT: This is the language for the afternoon. 

[01:06:33.73] [INTERPOSING VOICES] 

[01:06:36.13] GEORGE GREENSTEIN: Don't know yet where the new plateau is. That is my point. 

[01:06:39.90] ANTON ZEILINGER: He knows that we don't know where. 

[01:06:43.81] PIET HUT: He has had a glimpse. 

[01:06:46.69] GEORGE GREENSTEIN: I think that could very well be. 

[01:06:49.81] PIET HUT: In this picture. Here we see that something else which has been left out. I told you that normally scientists cheat. They only tell you kind of the story. Normally, scientists tell you everything is a nice building. There are these relations on top of each other. They do not tell you that sometimes they rebuild the foundation in the middle. That is one way. It's one thing you do not hear very often. 

[01:07:22.83] The second thing you do not hear very often is that there is not only a modification of the ground floor, there is a modification of something much more fundamental, a filter, the filter which separates a real experience, everyday experience, as well as a type of experience from the construction of science. And for me, this is extremely important and almost always left out of academic discussions. This what people talk about in university and hardly ever do they talk about experience and discernment. But there are three things experience, filter, and science. So. 

[01:08:12.31] TRANSLATOR: What do you mean exactly? Which aspects of general experience we will filter out and say, this is scientific, we will look at this. Is that right? 

[01:08:18.36] PIET HUT: Yeah it is like the primary and secondary qualities. Originally, 300 years ago, people say the length is physics, but the touch and the color, that is subjective. Human being can touch. Human being can feel, can see the color. But in physics we only talk about mass, length, time. 

[01:08:39.13] So a few hundred years ago, only mass could go through in length, but not color. Color was not interesting for physicists. But now we have modified the filter, and now we can use quantum mechanics to compute the color of materials because now we know much more. So our filter is getting larger. 

[01:09:03.21] TRANSLATOR: Can you explain how quantum mechanics is now modifying the filter? 

[01:09:07.92] PIET HUT: That is maybe confusing that I said [INAUDIBLE]. Detailed understanding of material properties, which happens-- you happen to have to do that in quantum mechanics because you need that. But more detailed understanding of the details of matter now allows us to talk about color. And the fact that it's quantum mechanics that is irrelevant. Every new generation-- 

[01:09:31.04] [INTERPOSING VOICES] 

[01:09:32.38] TRANSLATOR: [SPEAKING TIBETAN] 

[01:09:42.50] TRANSLATOR: But I think there's a point here that's not getting through. And that is still even in quantum mechanics, when you speak of color, you're talking about photons and stuff out there. 

[01:09:49.32] PIET HUT: And experience. 

[01:09:52.34] TRANSLATOR: As Arthur pointed out with Goethe, you're still leaving out what we actually experience as color and so and sound and so forth. 

[01:09:59.54] PIET HUT: Subjective experience is like this. Subjective experience does not go through. Beauty and responsibility, and meaning also does not go through, at least not at the moment. 

[01:10:15.24] TRANSLATOR: Does mind to go through? 

[01:10:17.88] PIET HUT: Not, well-- not not as subjective experience. See, the problem is, scientists talk about experience. From psychology and biology, about the body and the brain, they talk about experience. But this experience comes from the real experience. And you leave out very much. 

[01:10:41.08] And then you make an abstract picture with mathematics and physics. Then you build up to biology and then you reconstruct experience. But there is no reason to believe that it works completely. It is only an approximation. So if a neuroscientist tells you that he knows this or that about experience, or if somebody in biology tells you about evolution and he knows about human brain from evolution, then specific things he sees can be right. He has a lot of detailed knowledge, but there is no reason to believe that he has the complete picture. 

[01:11:27.42] Probably he does not, because this has left out and the structure is constantly changing. So if the principles are changing, the principles are being modified, and if the filter is being modified, then from the real experience in reality to our understanding of experience, it is continuously changing and hopefully improving, getting more accurate. 

[01:11:57.02] TRANSLATOR: Am I right in thinking that experience on the top of the pyramid is the understanding of experience, scientific understanding of experience? 

[01:12:04.14] PIET HUT: Yeah, a the moment, the objective description of subjective experience. And this is experienced as it is. 

[01:12:13.48] TRANSLATOR: As it arises 

[01:12:15.46] PIET HUT: Before analyzing in objective and subjective before subject, object split. Can I get the next step? So my view of science, if I were to say in a few words what I think is most interesting about science, I would say it is the notion of freedom from identification. 

[01:12:44.44] [NON-ENGLISH] 

[01:12:55.20] [LAUGHTER] 

[01:13:01.95] So what I mean is that. Is that. In this century, we have seen that the old picture of a world of objects which we see around us really has to be replaced to a play of actions. Instead of a world of objects, we have an interplay of interactions. Every phenomenon is an interaction. Even not only a single object here, but a single photon, we only know through its interactions. 

[01:13:37.62] And everything we know about the photon is given as a play of actions, and in the play a photon can sometimes play as if it is more like a wave, or more like a particle, depending on which question we ask. But we cannot identify, say an electron is a wave or is a particle. It is more fluid. There are more possibilities. 

[01:14:05.47] So, if we can use our understanding of the different roles, but we have to see that the roles are only roles and not definitive, not absolute. And therefore, at least in physics, we can see that we really need to give up identification. 

[01:14:28.13] DALAI LAMA: [SPEAKING TIBETAN] 

[01:14:29.27] TRANSLATOR: Give up identification. The thingness, by identification, are you talking about thingness, the notion of thingness? 

[01:14:36.71] PIET HUT: Yeah, identification is the only fixed thing. This is one example, but any property. It's like the elephant. You cannot identify it with a leg or with a tail or anything for that matter. 

[01:14:53.31] TRANSLATOR: [SPEAKING TIBETAN] 

[01:15:10.43] PIET HUT: So, the changes from objects to actions or from objects to phenomena, or you can say from S to S, something is an electron is not a piece of absolute substance, but an electron can show up as a particle, as a wave, it can play a certain role. So one way of saying it very, very briefly is to say nothing yet there, or while not existing it appears. [NON-ENGLISH PHRASE] 

[01:15:48.45] I really like that expression. So, I think that this truth has been discovered on a very fundamental level much earlier in your tradition than in the scientific tradition. And I do not think it is a coincidence. I think it tells something about the fundamental structure of reality and on the level of the roots, not the fruits. 

[01:16:20.97] DALAI LAMA: [SPEAKING TIBETAN] 

[01:16:34.41] TRANSLATOR: His Holiness was saying that that of course, can't be a pure coincidence because both scientific analysis, the physicists physics analysis, and the Buddhist analysis on the nature of emptiness are, in final analysis, more or less the same thing. But on the basis of taking physical objects as the focus of analysis. 

[01:17:01.17] PIET HUT: In principle, it could be a coincidence, but if it would be a coincidence. That would mean that there are different parts of reality, the physical world and the mental world, if they would be absolutely different, it will be no transformation, then it could be a coincidence. But I think there too, we need to look at relativity and transformation. And if they are connected, then I do not think it is a coincidence. 

[01:17:36.33] As an example, we talked yesterday about Big Bang in physics and space particles. In Buddhism, in [INAUDIBLE] chakra. And it is very interesting to compare those two. And some of it will be similar. Some of it may be different. Because these results are determined in part by the method of investigation. 

[01:18:06.70] But I think the logic is so fundamental. If you really understand more and more the logic, I think at some level the soil, the ground, the logic has to be similar. If it is not the same, we have to go deeper to find the connection. Somewhere, the canyon must have a bottom to connect. 

[01:18:30.90] If I can get [INAUDIBLE]. This is my best transparency. 

[01:18:37.58] TRANSLATOR: I was informing His Holiness that at first glance, we see quite a lot of difference between Buddhist logic and Western logic. Mainly because especially in the criteria of valid argument, valid logical argument, from a Buddhist point of view, the Western point of view. Because in the Western context, logic has only to do with forms rather than the content. And it is in some sense completely divorced of epistemology. 

[01:19:14.84] Whereas in Buddhism, when we talk about validity of a logical argument, the epistemological dimension is brought in. So unless in a tautological argument cannot be valid argument, which may be valid in the Western context. But still underlying logical principles would be the same, principles of non-contradiction and principles of identity difference. 

[01:19:45.60] DALAI LAMA: [SPEAKING TIBETAN] 

[01:20:51.60] TRANSLATOR: His Holiness was wondering-- 

[01:20:54.04] DALAI LAMA: [SPEAKING TIBETAN] 

[01:21:01.12] TRANSLATOR: His Holiness is trying to understand why, as a system of logic, that Western logic and Buddhist logic seems to have developed in slightly different ways. And also another question which he would like to-- I mean, he's wondering, is that whether Western logic, if we are right in thinking, is developed on the basis of analysis of the physical world, and can it be applied equally to the phenomena, manifest phenomena, physical phenomena, physical phenomena, whether it can be applied also to the mental realm and the abstract composite entities that we spoke about yesterday. 

[01:21:44.48] Because the Buddhist logic is developed in such a way that it can be applied not only to the physical world, but also equally to the mental world and the abstract or composite entities. 

[01:21:56.82] DALAI LAMA: [SPEAKING TIBETAN] 

[01:22:00.22] TRANSLATOR: And also, he's wondering why they developed in two different ways. 

[01:22:07.10] DALAI LAMA: [SPEAKING TIBETAN] 

[01:22:15.08] [LAUGHTER] 

[01:22:16.38] DALAI LAMA: What is your explanation? Just waiting. 

[01:22:20.22] [LAUGHTER] 

[01:22:22.06] [INTERPOSING VOICES] 

[01:22:27.42] TRANSLATOR: We can discuss this question. 

[01:22:29.28] PIET HUT: Yeah. OK. So I described in the previous slide my view of present science. Already we have found a high degree of freedom from identification, I would say. Now the question is where are we going to in the future science, so the only thing I can see is that we are moving from a science of objectivity to a science of subjectivity and objectivity, both, that the next relativity theory or the next transformation theory will include relativity between the object and the subject, between the physical and the mental. 

[01:23:13.51] DALAI LAMA: [SPEAKING TIBETAN] 

[01:23:21.99] TRANSLATOR: It's getting more encompassing and better. 

[01:23:24.43] PIET HUT: Yeah. 

[01:23:25.35] DALAI LAMA: [SPEAKING TIBETAN] 

[01:23:33.55] TRANSLATOR: His Holiness says that for a long time he felt that his intuition has been that up until now, the domain of-- 

[01:23:43.21] DALAI LAMA: [SPEAKING TIBETAN] 

[01:23:55.37] TRANSLATOR: And his feeling has been that up until now, the domain of science seemed to be rather confined, and it is only the physical world. But he feels that the domain of science, and particularly the object of scientific analysis, has been something that is quantifiable, something that can be measured, and so on, 

[01:24:19.01] PIET HUT: Focusing only on that which can be quantified. 

[01:24:21.87] TRANSLATOR: Quantified, yeah. And he feels that gradually science will have to expand its horizon so that it will be able to bring into its domain of analysis also phenomena which may not be subject to quantification and the measurement like a physical object. 

[01:24:41.61] DALAI LAMA: [SPEAKING TIBETAN] 

[01:24:45.87] TRANSLATOR: So he feels that by seeing this chart that you may be sharing the same opinion, or at least wish. 

[01:24:54.67] DALAI LAMA: It would be very nice. 

[01:24:55.77] PIET HUT: Yeah, I have the feeling I am climbing down from the science path into the canyon. Is that a good word? Into the canyon. And the deeper I go, the more I can see the other side and I cannot jump yet. I am a little bit too scared to make such a big jump. But I can see that the other side, that [SPEAKING TIBETAN], the notion of the outer and inner space and the sameness of the outer and the inner space that we are not-- 

[01:25:33.09] TRANSLATOR: [SPEAKING TIBETAN] 

[01:25:39.63] PIET HUT: And yet for me, seems like this is in the language from the other side, something very similar to in the language of science, what I expect to happen in the next 100 years or so. And in search of a wider view or a wider space, a wider view always means a wider stage, a wider context, a wider space to allow relativity of outer and inner. At the site of science, we have to look at that. But it will be very nice to look at the site of Buddhism and to see whether we can get some help, some direction. 

[01:26:21.17] In the beginning, it was very difficult to help each other. It was too far away. But now we are getting closer and I think it is more and more possible to learn from each other on the level of the underlying logic, ideas, processes. 

[01:26:43.25] DALAI LAMA: Thank you. Thank you. 

[01:26:47.39] ANTON ZEILINGER: Could I ask you to amplify one of the points that you raised just by way of extending your presentation just a little bit. We still have a few minutes. We want to keep it there. I'm wondering if you could go back to the one which had the play of actions one or two back. 

[01:27:08.47] And you talked about the non-existence or the freedom from identification, from a world of objects, of thingness or even redness being identified with and reified, so that through this principle of increasing relativity, we free ourselves from that tendency for reification and identification. Now, you then have a play of actions. 

[01:27:39.79] One of the dangers here to me, or is that it becomes whimsy in the language that you talked about, but it is a mere play of appearance or action, as opposed to something which has still a content or meaning. And I know I'm thinking in analogy to relativity theory, there are still invariants, space, time. Space, and time independently are, as it were literally. But it's not the case that we have just playful appearance. 

[01:28:12.02] There still is a deep structure. The structure is at another level. I wonder if you could say something about this middle ground between objectification and complete selectivism. 

[01:28:26.08] DALAI LAMA: [SPEAKING TIBETAN] 

[01:29:21.40] TRANSLATOR: His Holiness feels that there is a concept in Madhyamaka Prasangikas view School about notion of positing a form of knowledge which can also have an aspect of illusion in it. 

[01:29:41.92] DAVID FINKELSTEIN: If I may just rephrase that, I want you to continue, please. That is being able to still establish valid cognition, even though appearances have an illusory quality or aspect to them. In other words, in other words, yeah just that. 

[01:29:53.18] TRANSLATOR: And so we can see within the Buddhist epistemological sort of discourse, there are two basically two divergent opinions. One is the epistemologists who maintain that anything that is a form of valid knowledge must be valid in relation to all aspects of the object. So there is a belief in some kind of intrinsic being to the object of perception. 

[01:30:23.46] DAVID FINKELSTEIN: In other words, you've got a [INAUDIBLE] stuff. Yeah this is and this is a classic correspondence theory. You've got a real world out here. You have a valid cognition here. They correspond. It's real. So there's the classical form. And you find that in certain schools of Buddhist philosophy. 

[01:30:36.06] And then there 

[01:30:36.52] TRANSLATOR: Is the mathematical Madhyamaka Prasangikas view, which argues that there is no need to assert a true being to the object, and also there is no need to assert that the knowledge is valid in relation to such a true being. So one can talk about an illusory knowledge. So from the point of view of the first epistemologist, when we say it's a question of interplay, or if it is appearances, then immediately they will think about hallucinations. 

[01:31:11.08] They will think about just pure illusion. Whereas from-- once we are able to accept the notion of valid cognitions that may have illusory appearances, then when we talk about appearances and mere play, then there is no danger to immediately fall into this. 

[01:31:32.22] PIET HUT: May I get the previous transparency? But you gave a very nice example. Maybe the first day about looking at the flower. That if you believe the flower is really there and substance, there is one way you can appreciate it. But if you realize the flower is not substantial, then in a way we are even more free to appreciate the flowerness of the flower without having this identification fixedness. 

[01:32:05.51] So I think there is a similar aspect to freedom of identification, not having to grasp, but just appreciating the phenomenon and the structure in the phenomena. Since if we change the rules of the game, if physics changes the rules of the game, it can change the principles and it can change the filter. But physics does not have the power to change the experience before subject-object analysis. That is insofar as you want to talk about reality, that is most real. That is most given. 

[01:32:43.53] There is a story of a mathematician in America who told his students, do you really believe that if we change logic, if we change set theory, is that a concept? If tomorrow somebody discovers that set theory is not consistent, set theory is used in mathematics, is used in physics, is used to build a bridge. So he tells his students, do you see the bridge over there? If somebody shows it, set theory is inconsistent. Do you think the bridge will fall down? 

[01:33:24.69] DALAI LAMA: [SPEAKING TIBETAN] 

[01:33:39.09] DAVID FINKELSTEIN: So whatever kind of transmutation, physics and other sciences may go through, however they may redefine themselves and so forth, reality is staying as it is. 

[01:33:48.95] PIET HUT: Anton just whispered in my ear, he asked me whether experience is how do you say, dependent on the observer? 

[01:33:59.35] ANTON ZEILINGER: Is there an experiencer in order to have experience? 

[01:34:02.41] PIET HUT: And my answer-- 

[01:34:03.11] ANTON ZEILINGER: In this green area down here, not the top one, but the green one. 

[01:34:05.81] PIET HUT: My answer is that within the field of experience, there is the appearance of an observer and the appearance of the observed. In this part here, we have an observer who has experience. With here we have experience that has an observer. 

[01:34:26.23] DALAI LAMA: [SPEAKING TIBETAN] 

[01:34:56.65] DAVID FINKELSTEIN: The way the translation is going is the green on the bottom is-- 

[01:34:59.71] DALAI LAMA: [SPEAKING TIBETAN] 

[01:35:12.37] DAVID FINKELSTEIN: I don't think that's what he means. 

[01:35:14.25] DALAI LAMA: [SPEAKING TIBETAN] 

[01:35:39.67] DAVID FINKELSTEIN: Is this a valid interpretation? This is straight from His Holiness. That is down on the bottom. Is that basically [INAUDIBLE]. 

[01:35:45.95] DALAI LAMA: [SPEAKING TIBETAN] 

[01:36:02.67] DAVID FINKELSTEIN: There are two terms being used here, [TIBETAN] means perceptual or direct experience. And [TIBETAN] mean just the natural, the inborn, the spontaneous, what you're born with. [TIBETAN] means literally you're born with it. And so is that a good characterization at the bottom, this big, gooey mass of just raw experience that we're just bringing to the science? And then we have all these levels of science. 

[01:36:23.87] And now two other terms come up. [TIBETAN] means something structured, something, fabricated, something-- 

[01:36:29.62] DALAI LAMA: [SPEAKING TIBETAN] It's a structure. It's a conceptual structuring, which doesn't mean it's fallacious. It just means it's a conceptual structuring. And that the type of experience up there, rather than being this inborn experience, is rather this more fabricated or constructed experience. 

[01:36:52.50] The first one is more perceptual, that is on the bottom perceptual and experiential. The final one is more conceptual. That is, the final experience is one that is derived as a result of a great deal of highly theoretical investigation, a lot of concepts involved, from which emerges a domain of experience that would not have occurred without all of that conceptualization. Whereas the first one is a realm of experience that happens without all that research, investigation and conceptualization. Is that a good characterization? 

[01:37:21.31] PIET HUT: I think that is a very good characterization. And I think, if you put it that way, I have to add something to the picture. Looking from science, I say there is a filter, there is something extra. But at this site, there is also much more than just one blob. There is the filter of experience going into science, but there are other filters in our educational system, in our childhood, in our culture, in the way our innate experience is molded into a shape. 

[01:38:03.02] For example, that we believe in subject-object polarization, somehow, deep down is presumably before a subject-object split, and then at some point, we believe in subject-objects, then we filter and then we do science. So I think my answer to Arthur is that deep down there it is nonduality the subject, the observer is part of the totality of experience of as is. 

[01:38:38.28] TRANSLATOR: Usually, not [INAUDIBLE]. 

[01:38:41.10] DALAI LAMA: [SPEAKING TIBETAN] 

[01:39:31.16] DAVID FINKELSTEIN: Are you suggesting something like this? I think you're not actually. 

[01:39:34.63] DALAI LAMA: [SPEAKING TIBETAN] 

[01:39:38.06] DAVID FINKELSTEIN: Are you suggesting something like this? The green out on the bottom is really pretty messy and diverse. No, no. Just let me-- I need you to translate that. The stuff down there is pretty messy. That is, there are valid cognitions. There are invalid cognitions. It's helter skelter, all mishmash of all different kinds of gradations of cognition, some very valid, some totally screwball, screwy. 

[01:40:00.46] And then you go through all of this training, research, research, research until finally, you have this experience up on the top. And this, by means of research, brings you to valid cognition. Are you suggesting that/ I don't think you are. But that's His Holiness's comment, his probing. Which would be-- any comment this is more translation. 

[01:40:22.03] This, in fact, is what is sought in Buddhist training meditative training. You start out with a lot of confusion and false views, false assumptions and so forth, but you go through the discipline and as a result of the discipline and you meet up with valid cognition. That is the idea. And he's wondering whether you're suggesting something comparable here. 

[01:40:36.39] PIET HUT: From the point of view of science. This is very confused. Science cannot say anything about the green experience. 

[01:40:45.63] DALAI LAMA: [SPEAKING TIBETAN] 

[01:40:56.79] DAVID FINKELSTEIN: Science is green. 

[01:40:58.03] PIET HUT: So science is making progress. But the structure of the original experience, science has not reached yet. But science can look at Buddhism, what Buddhism has to say about this experience. But not only can science look across to Buddhism, science also can continue itself. And if I can get to the green picture again. You have the green picture? 

[01:41:32.49] Then I think science can get inspiration from Buddhism, but also internally in science itself, it can keep modifying the principles, keep modifying the filter. And I think more and more, we can explore valid cognitions from this area and bring it into a wider scientific framework. With the wider scientific framework, they look very different than the present one. Present physics look very different from 100 years ago and hundreds years later, again, I would guess it looks very different. And hopefully the filter will become larger and we can say more about this area. 

[01:42:15.29] DAVID FINKELSTEIN: Thank you. 

[01:42:15.91] ANTON ZEILINGER: Thank you. 

[01:42:16.49] GEORGE GREENSTEIN: Thank you, Piet. 

