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SIMON WINCHESTER: Well, good evening everybody. I’m Simon Winchester, and I’m here to perform an extremely pleasing duty in introducing the events of this evening. But first of all I want to say that the Ford Foundation has been enormously generous in supporting New York Public Library LIVE and we must thank them, as well indeed we must thank Celeste Bartos and Mahnaz and Adam Bartos for their generosity in supporting this series. (applause) Thank you. Now I have been allowed seven minutes, and I’m going to try to keep to that, to tell you two rather brief stories. One why telescopes are important to me and one of a rather extraordinary coincidence, which you’ll hear about in a moment. 

I live mainly on a farm, a small, ancient farm in the Berkshires in a very remote village called Sandisfield, and the house is high on a hill, and it’s extremely isolated and I bought it in 2001, and I have a telescope, not a particularly big telescope, but I use it from time to time, and about six months after buying the house I knew that Saturn was in the sky, and so I wheeled out the telescope on a bitterly cold snowy night in January 2001 or 2002 and spent from about ten p.m. till about three a.m. looking at Saturn. For the first time you ever see the rings you are amazed and it is wonderful and it is hypnotic, and I went to bed at about three in the morning. 
But the important thing about that night was that there is in this village of Sandisfield, there is absolutely no light pollution at all. There’s a tiny glow in the southeast from a little village in Connecticut called Winsted, and apart from there was no moon on this night and the stars were like diamonds on velvet, it was just beautiful, so I had the most wonderful time observing and went to bed a content man. 
And the following morning the elderly couple that had sold me the house came by almost at random to say, “So how do you like the house that we sold you?” And I said, “Well, I love this house and not least because I discovered that the sky at night is absolutely black here, there’s no light pollution whatsoever, so it is a wonderful place for an astronomer, or an amateur astronomer, like I am.” And Mrs. Valerie Smith, her name was, said, “Well, perhaps we should have told the Realtor what we’re about to tell you know because we might have managed to get some more money out of you. You probably don’t know that in 1902 this house was owned by the Reverend Edmund Sears, who in this house composed the hymn ‘It Came Upon a Midnight Clear,’” and I just thought that was so poetically beautiful and I have loved my telescope ever since. 
So fast-forward from that moment to autumn it think it must have been middle of October or early November last year and I was traveling on Amtrak, on one of the Acelas from Washington back here to New York, and I was sitting at one of those tabley things, writing a piece—I was facing the direction of travel and actually typing a piece for the New York Times, op-ed page piece, so I was deep in my computer. We stop at Baltimore and a man gets on and sits opposite me, on the other side of the table, and the train leaves and he starts talking loudly but not annoyingly into his cell phone about telescopes. And because I have this affection for telescopes I immediately start listening to him, and he starts using words which I’m sort of vaguely familiar with but only vaguely, Hubble, Gemini, the Webb Telescope, I’m thinking, “who is this chap?” It’s very intriguing, and then he gives the game away slightly by saying in a rather imperious voice, “Tell them Matt says he must do such and such a thing.” 

So here am I with my computer and what do I do, Amtrak of course one of the very few good things about Amtrak is you get free Internet, so I go to Google and I put in the words, “Gemini, Hubble, Webb, Matt,” (laughter) and immediately this picture comes up of the man sitting opposite me, Matt Mountain, and I don’t want to interrupt him, but what I do is I find on my telephone, this particular telephone I have here in my hand a photograph of myself on the top of Mauna Kea, in Hawaii, taken about a year previously standing outside the eight-meter telescope, which is one of Matt’s telescopes, here it is you won’t be able to see it really, but if you can see there are two sort of bald-looking things. (laughter) The thing on the left is the telescope, the thing on the right is me, and I just point it at him and he looks at it and he says, “My God, because that’s one of my telescopes.” And I said, “And you’re Matt Mountain,” and he said, “How do you know that?” I said, “Well, everybody knows, I mean, you’re the go-to guy for telescopes,” (laughter) and I knew that he was head of the what’s it called AURA, the American universities’ organization for research into astronomy. 
I mean he is the go-to guy, organized the fixing of the Hubble when it went out of focus and important role he plays with the Webb Telescope, which is this amazing new thing which is going to be thrown into the sky in 2018, I think, and because I’m writing a book about precision, I was very interested in everything he had to tell me about the polishing of the mirrors, the beryllium mirrors which are being assembled as we speak in Colorado and it was just one of these endlessly fascinating conversations where two people are linked by a common interest and Wilmington sped past at great speed, and we finally got into the suburbs of Philadelphia, and I said, “This is one of the most interesting and stimulating conversations I’ve ever had.” And he said, “Well, if you think I’m interesting wait until you see the person that’s going to get on in Philadelphia, (laughter) and he’s called Nat.” 

So the train slows, stops at Thirtieth Street, Philadelphia, the only stop in Philadelphia, and this chap gets on who looks around and says, “Oh, Matt!” And “Oh, Nat, hello, and I’d like to introduce you to Simon Winchester,” and he says, “Nathaniel Kahn,” and I said, “Wait a minute, you’re Nathaniel Kahn of My Architect, the movie.” And he said, “Yes,” and I said, “Well, one of the most touching, moving films I’ve seen in years, we must, my wife and I must have seen it three times.” I was particularly enamored of it because I used to live in India for a long time and the government buildings in Bangladesh were designed by Nathaniel Kahn’s father, this eccentric polyamory chap, (laughter) Louis Kahn, who also most recently, the most recent design we as New Yorkers know is the Four Freedoms Park at the southern tip of Roosevelt Island. 
So the film was magnificent, Nathaniel Kahn was amazingly interesting, just as Matt had said, and the two of them were together on the train because they were going up to the Discovery Channel to talk about some of the details of the film about telescopes which Nat was making with Matt. Matt and Nat is very confusing. This is the Matt and Nat Show. We then got off. Setsuko, my wife, who is sitting in the front row there, was waiting for me, we all met outside the platform entrance, oddly enough not far from where Louis Kahn had been found dead, as you probably all know, years ago in the men’s room at Penn Station. So there was an amazing sort of series of coincidences and synchronicities. It was quite wonderful. 
And then—this is absolutely irrelevant, then Nat said something utterly bizarre to me about a screenplay he’s writing which is a capstone to this extraordinary thing. Maybe he’ll talk about it later, but it’s not at all relevant to telescopes. But anyway this was my experience on Amtrak, one of the only good experiences I’ve ever had on Amtrak. (laughter) And in a moment we’re going to introduce you to Matt and Nat and under of course the genial supervision of our dear friend Paul Holdengräber. 
But first of all we’re going to show you a small clip of the film on telescopes that Nat made. So Amtrak introduced them to me, I’m going to introduce them to you. And please sit back and for a few minutes watch the film and then Paul, Matt, and Nat will start talking. Thank you very much indeed. 
(applause)

(clip from Telescope plays)
(applause)

PAUL HOLDENGRÄBER: What Simon left out of the story was that he was on that Amtrak train coming to New York to talk at an event here LIVE from the New York Public Library about the Pacific. So just speak about serendipity.

NATHANIEL KAHN: All roads lead to Paul. They do, it’s true! (laughter) They do in many ways.

PAUL HOLDENGRÄBER: That’s one way of saying it. I wouldn’t have made that connection but, you know, you’re right.
NATHANIEL KAHN: Yeah, I know that’s true.

PAUL HOLDENGRÄBER: No, it’s a real pleasure to have you both here, and Nathaniel I’ve known for two decades, nearly two decades, and I’m just extremely, extremely pleased that you’re here, and Matt, extremely pleased that you’re here and I was very pleased also to take you to the rare book collection and for you to see some of the items we have here at the library, and I was wondering which one of those items spoke to you.
NATHANIEL KAHN: It was incredible to see—Well, first of all, Simon thank you for that marvelous introduction. I haven’t been called Nat since I worked on a construction crew, and it was years ago, but I like the name in your way of saying it, so I’m Nat tonight, that’s good. I like that. No, what a marvelous introduction, thank you. Yes, exactly. 

MATT MOUNTAIN: We’ll come back to that idea. 

NATHANIEL KAHN: We will. We will. No, we just saw behind the scenes a little bit in the library recently just this evening some of the rare books that you have, and it’s the most marvelous collection of rare books, one of them in the world, but to see these books which we represent in the film a little bit but to see a copy actually of Copernicus, which I’d never seen before.

MATT MOUNTAIN: I’ve never seen either, actually.

NATHANIEL KAHN: You’ve never seen it either.

MATT MOUNTAIN: No, in the original form. I’ve seen pictures.

PAUL HOLDENGRÄBER: And is it, there’s a difference you feel?
MATT MOUNTAIN: Yes, this is the book that was so revolutionary, he had to publish it after—apologies for my voice, I woke up this morning with no voice, so Nathaniel’s going to do most of the talking, which he usually does anyway.

NATHANIEL KAHN: I’m Nat. Yeah, Nat. No, but you hadn’t seen that before.

MATT MOUNTAIN: I’d not seen that before, it was incredible and then, you know, I think even just seeing the sunspots, which again you have to realize that if you tried to do that, just to understand that even the sun wasn’t perfect, it was flawed by these spots, which we now know are magnetic activity and pretty crucial to our own survival. You know, I thought I was coming to a public library, not to see such amazing books as those. What an incredible collection. I feel very honored and privileged to see them.

PAUL HOLDENGRÄBER: The idea is to anchor the experience of you, of us talking here to see that we have stuff, we have—

MATT MOUNTAIN: You do have stuff.

PAUL HOLDENGRÄBER: We really do have stuff, fifty-two million items, and you should see some of them, and I felt that I should bring this up particularly because of the clip we just saw.
NATHANIEL KAHN: Yes, one of the things we really, really wanted to represent in the film, and I should say that I’m very grateful to and actually two of our colleagues from Discovery who we were going to meet that night to finish the story, both John Hoffman and Ali Moss are here tonight, who were the ones who commissioned us to make this film, and we are very, very grateful to you—they are out there somewhere.
MATT MOUNTAIN: Commissioned you.

NATHANIEL KAHN: But one of the things that we talked about very early on with them was the desire to really represent this remarkable moment. We take it for granted that the Earth is moving around the sun, which it is, in case anybody doesn’t believe it, it really really is, but it does not feel like that, even today, it doesn’t feel like we are in motion, and nothing looks you know if you look out at night, it appears the stars are going around us, we still say it’s sunrise or moonrise or sunset or moonset, it’s because that’s the way it feels, it feels like we’re in the center of everything.

PAUL HOLDENGRÄBER: But also you said to me yesterday that when we talk to each other we’re not quite present at that moment.

NATHANIEL KAHN: That’s another thing, we’ll get there, though, that’s the time problem.

MATT MOUNTAIN: It must be your problem.

NATHANIEL KAHN: No, it must be, must be, but these things are in a way, they’re commonplace, yet we take them for granted in a way that we shouldn’t and we wanted very much in this film to take us back in time to put in context this incredible telescope that’s being built now, but to give you a sense that only four hundred years ago, we did not know, we had no proof, we might have thought that the Earth maybe was moving, it would be a better explanation, but we had no proof.

MATT MOUNTAIN: It’s actually more important than that. It’s the fact that Copernicus had this idea and he wrote it down but nobody knew whether it was right and then with a telescope, a handheld device about this size, you lift it to the sky and you realize, “My God, he’s right.” There’s no turning back from that moment, you can’t undo that discovery. Now anybody can take a telescope and see the same things, and that’s what telescopes have done, it makes irreversible changes in a worldview, and that’s what is so—you can’t walk back from the discoveries we’re making, because everybody can now participate and see.

PAUL HOLDENGRÄBER: So that is biting in the apple.

MATT MOUNTAIN: That’s the biting of the apple. Once you’ve bitten the apple you can’t unbite it.

(laughter)

PAUL HOLDENGRÄBER: It changed our universe forever and we’re no longer the center.
NATHANIEL KAHN: I think in a lot of ways—
MATT MOUNTAIN: It gets worse.

NATHANIEL KAHN: It gets worse and you’ll show us how it gets worse, but for a moment think about that. I think we live in a world today where people are even perhaps some of these big geopolitical forces that are happening. There are groups of people that are very, very unhappy about us not being in the center of everything and I think that we are still living in the Copernican Revolution. We are still struggling with the idea that we’re not at the center of the universe, it’s very, very difficult for us to get with that.

MATT MOUNTAIN: And it gets worse.

NATHANIEL KAHN: And it gets worse, and Matt can show us how it gets worse.

PAUL HOLDENGRÄBER: Matt will show us but before I put Matt in control, I see him touching this little object which will change everything in our conversation. That time problem.
NATHANIEL KAHN: The time problem.

PAUL HOLDENGRÄBER: Yeah, that you spoke about yesterday. I want to—when I’m speaking.

NATHANIEL KAHN: Sure. This is also things that you all probably know but maybe it’s worth to frame this whole conversation thinking about that we should take nothing for granted, right, we should do the observation, we should not—we should really stop to think what is actually happening when I’m looking at you and you’re looking at me. We are about three feet apart. I’m not seeing you the way you actually are.

PAUL HOLDENGRÄBER: That’s good.

NATHANIEL KAHN: That’s good. (laughter) I’m seeing you when you’re three nanoseconds younger.

PAUL HOLDENGRÄBER: That’s good.

NATHANIEL KAHN: That’s good, too. It adds up over time and if you go really fast you get, things really change, but just the idea that you all sitting there, you’re seeing various things, you look at each other, it seems like we’re all in the same room, and in fact we are, but we’re not really seeing each other at the same time. If you look at the moon it’s about the way it was two seconds in the past, when the sun rises, it’s the way it was eight minutes ago. If the sun disappeared we wouldn’t know for eight minutes. These are very, very important things. You start to look at stars, you’re talking about hundreds of years, thousands of years. You look at the Andromeda Nebula, which is the farthest thing we can see with our naked eye, you can see it on a dark night. Simon, I know you’ve seen it. That’s two, that’s almost three million light-years away, so we’re seeing that thing the way it was three million years ago. Think about that for a moment.

PAUL HOLDENGRÄBER: It’s amazing when you say that, because when you say, “think about that,” part of what is so extraordinary about Telescope is it puts you in that situation of thinking about that, and it is huge to think about that.
NATHANIEL KAHN: I think that’s what we really wanted to do with the film, was really just and this was what was such a wonderful opportunity, just to bring it all together, just to put it in a room, in a place, and a film is kind of a room, isn’t it? You bring in the things that you really love and you rearrange them in various ways and you throw certain of them out and you bring other ones in and eventually you have a room that feels about right. You wish it could be maybe a little longer, a little bigger, but then they tell you it has to be smaller, and you know, you work on it and then eventually you say, “well, this is what we’ve got,” and then you experience and it unfolds through time as you move through a room or move through a space and a film is sort of like that, so we wanted to make a room that would contain these wonderful ideas.

PAUL HOLDENGRÄBER: Wonderful ideas, lots of information, incredible amount of facts.

NATHANIEL KAHN: A lot of information, it’s true, a lot of facts.

PAUL HOLDENGRÄBER: And I understand that you like facts.

MATT MOUNTAIN: I don’t like facts, you do, you kept asking me facts. I never remember them.

NATHANIEL KAHN: It’s true, yeah, maybe I do like facts.
MATT MOUNTAIN: He kept holding up pieces of paper and saying, “Remember, it’s Jupiter.”

PAUL HOLDENGRÄBER: What was your role, Matt, in developing the James Webb Telescope?

MATT MOUNTAIN: Many, many moons ago when we were building telescopes on the ground, NASA asked us for advice about what they should do in space, and I was part of that originally and then they asked me to be something called the telescope scientist. If any of you know about the Hubble the Hubble went up, it didn’t work, and so they decided to appoint somebody called Telescope Scientist to make sure the James Webb will work. That’s my job, so if it doesn’t work, I’m the one sitting in front of Congress explaining why it’s not working.

PAUL HOLDENGRÄBER: And a lot of things can go wrong.

MATT MOUNTAIN: An awful lot of things. Not many of them I have any control over, either, so, you know, it’s an interesting task, but it was a great privilege to be asked to be part of this, and I’ve been with the project now since 2002, so it’s been great fun.
PAUL HOLDENGRÄBER: And the change between Hubble—

NATHANIEL KAHN: And Webb—well, we talk about that a lot in the film, and the film has a lot about the James Webb Space Telescope.

MATT MOUNTAIN: A hundred times more sensitive than the Hubble. You’ll see a hundred times deeper.

PAUL HOLDENGRÄBER: And what we will we see that we have not seen?

MATT MOUNTAIN: There’s a whole period of the universe that we have no idea where it is. It’s called the Dark Ages. We’re not very imaginative in astronomy, we use dark when we don’t know. And so there’s this period—we know there was the Big Bang 13.8 billion years ago when this beautiful uniform whole universe split up, when there was only hydrogen, helium, around, and then something happened and all these beautiful galaxies formed, and that period of something happened is called the Dark Ages because even with the Hubble we can’t see into it, so we’ll see the very first galaxies that were ever formed. And then we realized we could see the very first stars as they formed in clouds. We may even see planets that have liquid water. And these were all things we only imagined that we could do as we started putting the Webb together. As we started building the Webb, we didn’t even know planets existed anywhere else except in our solar system. Today we know there are thousands of planets out there, in fact every star has a planet.

PAUL HOLDENGRÄBER: It’s millions, nearly, no?

MATT MOUNTAIN: Well, in our own galaxy there’s a hundred billion stars and at least every one of them has a planet. So look up at the night sky.

PAUL HOLDENGRÄBER: I know, I know. This is why we have to start thinking about that.

NATHANIEL KAHN: And we’ll come to that.

PAUL HOLDENGRÄBER: We’ll come to it, of course we’ll come to it, but mamma mia.
(laughter)
MATT MOUNTAIN: Ten years ago we couldn’t say that.
NATHANIEL KAHN: Ten years ago we couldn’t say—

MATT MOUNTAIN: That there was even a planet.

NATHANIEL KAHN: So I mean all remember growing up, these were these things that we all grew up with that there were nine planets, right?

MATT MOUNTAIN: Eight.

NATHANIEL KAHN: Now there are eight because Pluto got demoted.

MATT MOUNTAIN: By us.

NATHANIEL KAHN: Which is very sad. By you. And people are still really upset about that.

PAUL HOLDENGRÄBER: Did you—

MATT MOUNTAIN: I was running the Hubble when it got demoted.

PAUL HOLDENGRÄBER: I see.

NATHANIEL KAHN: And to those who don’t like that demotion. But just the idea that when we all grew up we knew of nine planets, one of them being the Earth.

MATT MOUNTAIN: Eight.

NATHANIEL KAHN: Eight, right, eight.

PAUL HOLDENGRÄBER: You like facts, too.

MATT MOUNTAIN: No. I like truth.

NATHANIEL KAHN: But now all that’s changed, and we’ll come to that sort of later, we get to it, but this is very much in our time, this was the last ten years.

MATT MOUNTAIN: Right.

PAUL HOLDENGRÄBER: So a lot of things can go wrong, and one of the moments in the film that I adore is I can’t remember which one of those scientists says that what worries him the most is that a problem could have been fixed on earth and if it could have been fixed and it’s up in space it’s really tragic for him. And so the question which nearly could form a whole series at the library, which is what keeps you up at night? Because these scientists are kept up at night by problems and passions, one of them being I could have launched this telescope that could have worked had I—

NATHANIEL KAHN: thought of something. And part of thinking about this. And Simon, you’re working on a book that involves these things, are we allowed to say that, the thing you’re working on?
SIMON WINCHESTER: Yes, but this is about you.

NATHANIEL KAHN: No, no no, but it’s important because this idea of precision and the idea of things being precise. The Hubble Space Telescope of course is an enormously precise instrument, but it was flawed. A mistake was made.
MATT MOUNTAIN: Precisely made.
(laughter)

NATHANIEL KAHN: Right, precisely made. But the precision was—the error was much less than the size of a human hair at the edge of the mirror. And the thing didn’t work at all.

PAUL HOLDENGRÄBER: We’ve seen the images came in.

NATHANIEL KAHN: But the Hubble is only three hundred miles over our heads, so just to give you a sense of this new telescope that is being built. Because we don’t talk about it much, we don’t have time to show you those clips. The James Webb Space Telescope will be, yes, a hundred times more powerful than Hubble, but there are other things about it that make it quite remarkable. One of the most remarkable things of it is it’s bigger than can fit in a rocket. So it has to fold up, it’s really an origami telescope.

PAUL HOLDENGRÄBER: I love that.

NATHANIEL KAHN: Yeah, it folds up, which is quite remarkable. So talk about precision. This thing has to fold up perfectly and then it has to unfold perfectly, and the difference with Webb, of course, is that with between Hubble, Hubble is one mirror, it looks like basically a ground-based telescope, only in space, but Hubble has eighteen mirrors, all of which have to work together, fold up, unfold, work together to create a single image, and also unlike Hubble, Hubble is 250 miles over our head, the James Webb Space Telescope, because it is also an infrared telescope, it has to be very cold, has to be much further away from the Earth, it’s going to be a million miles away. 
So it is way further than humans—the farthest mankind has ever been is the backside of the moon, Apollo 13 on their emergency return, 250,000 miles away, that’s the furthest human beings have ever been in the history of our species. This is four times further than the moon out there, we can’t fix it, so unlike the Hubble, the marvelous story of the astronauts riding with the white hats to fix it, we can’t do that with Webb, so it has to be perfect, so this man who is worried in the middle of the night, the chief engineer—
PAUL HOLDENGRÄBER: You can feel it.

NATHANIEL KAHN: You can feel it, he’s anxious, because you really, really can’t. If you eff it up, it’s over, it doesn’t work. And we have all paid for it. This is taxpayer dollars. Failure is not an option.

MATT MOUNTAIN: Again, we’re trying to push to very high performance, you have to take risks to do that, this is the risk we’re undertaking to go so deep that we haven’t seen before to use technologies that we’ve never used before is part of what we do. When you built the first ships that went across the ocean, nobody really knew that they’d make it to America, but you went, and this is part of that spirit, we’re making this telescope as perfect as we can, we’re testing it, we’re putting stuff in it that we think will compensate for things we didn’t think about, but you don’t make progress unless you push to the limit, and that’s the marvelous thing about this whole team and the way NASA does these things is that in this part of NASA Space we are really pushing the envelope of the possible and that’s what’s so exciting, because if we get it right, we’ll see a universe we’ve never imagined.
PAUL HOLDENGRÄBER: Pushing the envelope of the possible. Nathaniel, good, huh? You must have met some incredible characters.

NATHANIEL KAHN: Sure, this guy here.

PAUL HOLDENGRÄBER: Say something. Make him blush a bit, say something about Matt.

MATT MOUNTAIN: No, you should talk about the other characters, not me.

NATHANIEL KAHN: But this is filmmaking and we should look at some images.

PAUL HOLDENGRÄBER: Yeah, yeah, but right after this we’ll look at some images, but—

NATHANIEL KAHN: Sure, as a filmmaker, what one dreams of is great characters, I mean, whether you make feature films or you make documentary films it makes no difference.
PAUL HOLDENGRÄBER: It doesn’t matter.

NATHANIEL KAHN: Films are films and I almost, I really resent sort of the definitions between them, but luckily I think the definitions are breaking down, which is good. A movie’s just a movie. Is it entertaining, does it take you from place to place, does it tell a story on a screen? That’s a movie. What makes a great movie is great characters. And one of the things I think documentaries have given us over the past few years, which is so marvelous is characters that do things that are unpredictable, that surprise us with emotional things that suddenly come out of nowhere, and in making this film the reason I knew I was on to something great is one scientist after another who I met, there’s a marvelous innocence to you scientists in a way. The enthusiasm is the enthusiasm of a child, of a young person, they’re doing—This is not a job for them, this a great passion, but they’re also weird, they’re strange people, in a good way. 
MATT MOUNTAIN: So are filmmakers, by the way.

NATHANIEL KAHN: So another person who’s here tonight is my marvelous friend and collaborator Bob Richman, who’s my cinematographer, we worked together on My Architect and on this film and Bob and I have sort of a secret language together and I stand very close to the camera when I’m interviewing somebody and he’s filming, and he has one eye on the eyepiece and the other eye is kind of roaming around in a somewhat disturbing way at times and you never know what he’s looking at, and, you know, occasionally the eye will go to me and I’ve learned to read that eye and that eye usually, well it says many different things, like, “You idiot, why did you just ask that, or why don’t you just shut up?” But many times it says also, “We’re on to something. This person’s great, what they just did is beautiful, what they just did is human, what they just did you could never predict.” 
And that’s something that the language between a director and a cinematographer working together it’s this beautiful thing where you feel like you’re a witness to humanity just coming right at you, and this happened many, many times in this film, and in surprising ways. When scientists weren’t talking only about science but talking about themselves and why they do things and even just sometimes a marvelously unguarded moment of a little laugh or a smile or most wonderfully sometimes a silence, when you ask a question and someone would just greet you with this silence which meant they didn’t know, so that eye of Bob’s would look at me and we’d know we had something wonderful and this happened a great deal in this film, and I will say that this has been a joy to work on because I think we need to see scientists much, much more for the people that they are, not just for the facts, not just for the information.

PAUL HOLDENGRÄBER: And there’s a whole other film to do in a way about these scientists and their stories.

NATHANIEL KAHN: Oh, absolutely. That’s right, and that’s much longer, and this is one of the challenges quite frankly of working in television is that there are limitations and many times we would like to play things longer and I speak for the people who run the networks, too. They like the longer things, too, and we are sometimes stuck with cutting things short. So, you know, there are always challenges.
PAUL HOLDENGRÄBER: Because that extraordinary woman Sarah is just amazing.

NATHANIEL KAHN: She is indeed.

PAUL HOLDENGRÄBER: And you feel there’s a passion in her life that comes forward. And there are things that the movie doesn’t say but are there latent.

NATHANIEL KAHN: There will be a longer version, too.

PAUL HOLDENGRÄBER: There will be?

NATHANIEL KAHN: Too, as well. At any rate, not to, a digression about filmmaking. 

PAUL HOLDENGRÄBER: And Matt, when I asked you who is Matt?

NATHANIEL KAHN: Well, Matt’s sort of the godfather, yes.

PAUL HOLDENGRÄBER: Yeah, you said he’s a godfather, but you didn’t end with godfather, because that would be the name of another movie, but you said he’s a godfather of the telescope in some way.

NATHANIEL KAHN: Yes, I sort of feel that.

MATT MOUNTAIN: You did?

NATHANIEL KAHN: I did, I’m sorry. 

PAUL HOLDENGRÄBER: That’s what you said.

NATHANIEL KAHN: I did. No, the godfather of telescopes in the sense that many people come to you with questions and with—
MATT MOUNTAIN: I’ve just been around a while.

NATHANIEL KAHN: And now your voice is sounding very Godfather-ish.
MATT MOUNTAIN: I sound even more—
PAUL HOLDENGRÄBER: And the two of you met—

MATT MOUNTAIN: Oh, that was a story.

NATHANIEL KAHN: Well, we met because I used to make telescopes.

MATT MOUNTAIN: Yeah, that was what it was called, right, that thing with a pipe.

NATHANIEL KAHN: I had made a telescope that Matt saw. 

PAUL HOLDENGRÄBER: As a very young boy.

MATT MOUNTAIN: A friend of ours introduced me and said look at this telescope, and it was made of pipes, and they’d been welded, and I thought it was pretty cool, I noticed it had a really cool use of the threads, and I thought, that’s pretty smart, who is this? He said, “Oh, it’s Nathaniel’s.” And I said, “Who’s Nathaniel?” “Nathaniel Kahn,” and I said, “Who’s Nathaniel Kahn?” And that’s how we got to meet.

NATHANIEL KAHN: So we met, and you also told me the optics were crap, but that’s quite all right. They were.

MATT MOUNTAIN: I don’t remember.

PAUL HOLDENGRÄBER: Images now.

MATT MOUNTAIN: Images.

PAUL HOLDENGRÄBER: Images that you’ve prepared.

MATT MOUNTAIN: With Nathaniel.

PAUL HOLDENGRÄBER: With Nathaniel.

NATHANIEL KAHN: Well, I can tee it up a little bit just in the sense—
PAUL HOLDENGRÄBER: Absolutely.
MATT MOUNTAIN: No, don’t tee it up.

NATHANIEL KAHN: Just in the sense that we’ve sort of you taken you to the point with the little clip that we showed you with the sense that Galileo, by seeing the moons of Jupiter, that’s an image that changed the world, it really did, the idea that he’s looking at Jupiter and suddenly those little pinpricks of light that he thought were stars are moons that are going around Jupiter, that means that Earth is not the center of everything. Here is an example right in front of us through this telescope that something else is the center of another system entirely and it began this sort of long, slow slide which Matt told me about in a sense putting us further and further and further away from the center of things.

PAUL HOLDENGRÄBER: And smaller and smaller and smaller.

NATHANIEL KAHN: Demoting us.

PAUL HOLDENGRÄBER: I mean, not just Pluto but we feel smaller and smaller and smaller and smaller.

NATHANIEL KAHN: Right.

MATT MOUNTAIN: I put it “more humble.” Humbler and humbler.

PAUL HOLDENGRÄBER: I must say, when I showed this movie to both of my sons, my youngest son, aged ten, felt tiny, he felt that this seeing Telescope made him feel so small.

MATT MOUNTAIN: Hopefully he will come back from that point.

PAUL HOLDENGRÄBER: Yeah, one does come back. One first has to get there and then.

MATT MOUNTAIN: You do.

PAUL HOLDENGRÄBER: So we’re going to take this journey—

MATT MOUNTAIN: A quick journey.

PAUL HOLDENGRÄBER: A quick journey through images you think that are particularly poignant and that will in some way tell us a story about this journey.
NATHANIEL KAHN: Of becoming smaller and smaller and less and less important, less and less in the center of things.

PAUL HOLDENGRÄBER: That’s one of the things.

MATT MOUNTAIN: Less relevant to the universe.

NATHANIEL KAHN: Less relevant, right.

MATT MOUNTAIN: So we’re going to start with this picture, which is the Hubble Space Telescope. If my voice backs up you’ll have to begin. It’s the size of a school bus, it’s traveling at seventeen thousand miles an hour above our heads. It’s the most precise telescope built at the time, and it’s with this telescope, after about four hundred years after Galileo, that we’ve learned so much about the universe, and as I’ll lead you, we’ve discovered how little we know. 
And so a telescope, what it does, is take pictures like this. This is an actual image. It’s not a computer animation. If you had eyes the size of the Hubble and you could keep them open in a vacuum for a week, this is what you would see. These are digital images. This is a galaxy. This galaxy is 60 million light-years away, so when the light left this galaxy, dinosaurs were roaming here.

And the point about this is in the before, way back, when they first built telescopes, they saw these fuzzy nebulae in the sky and didn’t know what they were, and Hubble, Edwin Hubble used a big telescope on the ground and discovered that this wasn’t inside our galaxy, in fact, was in another galaxy and so the whole universe is made up galaxies and we can take pictures of different galaxies, and here’s a whole range of these pictures taken with the Hubble Space Telescope, and this last one just coming in now, and here’s two galaxies colliding in the early part of the universe, and in this galaxy, each galaxy has roughly a hundred billion stars in it.

So you ask how many galaxies are there? And so you can do things with these telescopes, you can just decide to go look, so at one point, the second director of the space telescope, not me, decided to look at a point in the sky, a completely blank piece of sky no bigger than a drinking straw, so you hold up and look at a single point in the sky and he just pointed the Hubble at it for ten days. People thought he was crazy, that they would see nothing, and this is what they saw. There are only three stars in this picture, every point of light here is another galaxy, there are in fact ten thousand galaxies in this single point in the sky no bigger than a drinking straw.

And as you go across the whole sky you realize there are a hundred billion galaxies in our universe that we can see with the Hubble, so we’re only one of a hundred billion galaxies already. So, us. We are no longer the center of our solar system, our sun isn’t particularly special. It’s one of a hundred billion other suns in our galaxy and our galaxy is only one in a hundred billion other galaxies in the universe. That’s already pretty bad from a perspective of importance. It gets worse. 
(laughter)
Because as you stare into this picture and you’re looking back twelve billion years in cosmic history as you go back and look at this image, some of the faintest galaxies here, their light started traveling twelve billion years ago, they’re the orange and red dots you see. We realized that why these galaxies are arranged the way they do is because there’s a whole superstructure underneath this of stuff called dark matter. It’s matter that we see by the way it distorts light and by the way it bends galaxies, and the light you see in this picture is only 20 percent of the actual matter in the universe, so the stuff, this is just the crest of the waves of the entire superstructure of the universe. 
Underneath this picture is a whole substructure of dark matter that forms these galaxies and everything else, and this is just showing you the crest of the waves, that’s all we are, so the stuff we are made of isn’t even very important from the universe’s perspective, because most of the matter is not the stuff we’re made of, it’s made of this stuff called dark matter, which we have no idea what it is. We haven’t found it in accelerators yet, we haven’t found it in experiments, we can seen its effects, so we know it’s there. And then it gets worse. Because as a group of young astronomers were trying to work out, looking at images like this, how much dark matter is there in the whole universe? Is the universe expanding and slowing down or is it expanding and coming down? And they studied some very faint galaxies in here to work out how big the universe was and how much matter there was, and they discovered to their horror the universe is actually accelerating away, it’s being pushed apart by an unseen force called dark energy.

And so by looking at this universe, we discovered we are not very important from a matter perspective, we’re only 20 percent of the matter, but the dominant energy in the universe is this dark energy, 74 percent of the universe is made of this stuff and so we’re left today looking at this picture, at the discoveries of the Hubble Space Telescope and other things realizing that we may have to be a little more humble, because here’s the constituents of the universe, we’re hidden in this 4 percent, the only part of the universe we understand is the 4 percent, we have no idea what dark matter is, we have no idea what dark energy is, and these two forces completely control the evolution, growth, and future of the universe, and we are just along for the ride. We are completely unimportant from the perspective of the universe. The universe is totally indifferent to our existence. Was that deep enough? Are we far enough down the rabbit hole?
NATHANIEL KAHN: It’s mind-boggling.

MATT MOUNTAIN: And this is from observation. This isn’t theory, this is observational fact, it’s as profound as Galileo lifting his telescope up and seeing the rotation of the moons around Jupiter. This is just what we see.

NATHANIEL KAHN: And is it true that—

MATT MOUNTAIN: Or not seeing in this case.

NATHANIEL KAHN: Is it possible that we will never understand what dark energy actually is?

MATT MOUNTAIN: Lots of people say things like that, and it’s a bit like the ancients saying, well, the Earth is flat, or the Earth is the center of the universe. Nothing, I will never say it’s never going to be possible. We will find out ultimately. But right now, we haven’t. Here we are in 2016, we have no idea what most of this diagram is. We are completely ignorant about the state of the universe. And we started in this euphoric state when we launched the Hubble that we’d understand everything and as a result of that journey we’ve discovered that we barely understand the 4 percent of what we see. We are facing the abyss of the unknown because of telescopes like the Hubble.

NATHANIEL KAHN: So when your son says that a film like Telescope makes him feel small, he’s only really feeling 4 percent of how small he should feel.
(laughter)
PAUL HOLDENGRÄBER: I knew that I could come to you for comfort. (laughter) No, but it’s true.

NATHANIEL KAHN: Yeah, it’s true. It’s true. What a wonderful thing to be able to say. It’s true. It’s true.

MATT MOUNTAIN: The observations at least tell us this is the picture we have. And we don’t understand the picture.

PAUL HOLDENGRÄBER: And you know it was interesting that you used the word “euphoria” because there’s a historian who I think is one of the very greatest living historian today, studies mainly the Renaissance but not only, and he says that when he starts a project, research, he starts, his name is Carlo Ginzburg, he’s the son of one of the great Italian writers named Natalia Ginzburg. He says that when he starts a project, he starts as a euphoria of ignorance. That’s where—that’s his starting point.

NATHANIEL KAHN: This is difficult for some people though, right? I think in a way this a little bit relates as a filmmaker to the euphoria of ignorance when you start out especially in a documentary project, because you really don’t know what you’re going to find, and there’s something wonderfully exciting about that, and I suppose in that sense it is a little bit the way science is going these days because I think you were telling me that science used to—the dominant model was, you know, this sort of—the model of you come up with a theory and you figure it out, mathematically you figure it out and you go find it, you go prove it, is it true, is it not?
MATT MOUNTAIN: Exactly, right.

NATHANIEL KAHN: And now there sort of is a shift, it doesn’t mean there wasn’t experimental science, but the sort dominant force certainly of physics and astronomy was let’s come up with a theory and let’s go test it. 

MATT MOUNTAIN: Okay, there was this famous book from more than a decade ago called The End of Science that predicted we’d find everything, and we’d understand it all and then we scientists would have to move on. Well, like any theory, it doesn’t appear to have been correct.

PAUL HOLDENGRÄBER: Not from that graph.

MATT MOUNTAIN: We have discovered, I mean, when Adam Riess, who’s a Nobel Laureate, who works in our place discovered this, we said, “Adam, who ordered that? We don’t want it. We don’t understand it at all, and it’s much bigger than we thought,” and so yes.

NATHANIEL KAHN: It’s going off the script. Right? I mean, It’s into the unknown.

MATT MOUNTAIN: We have no idea what physics is driving us.

NATHANIEL KAHN: Right. Which can be terribly scary or really exciting and it certainly—

PAUL HOLDENGRÄBER: Well, it’s a mixture, right?

NATHANIEL KAHN: Well, it is, sure.

PAUL HOLDENGRÄBER: You used the word humbling, it brings us back to the humus, the Earth, right, the humility, the humidity of the Earth, all of that, makes us feel—

NATHANIEL KAHN: That’s interesting. So I mean would you say that one of the things that Hubble has taught us is humility? Is that something—
MATT MOUNTAIN: Yes.

PAUL HOLDENGRÄBER: Really?

MATT MOUNTAIN: I mean, it’s not a quote from me but the cosmologist Joseph Silk said the greatest gift of modern physics today is a sense of profound humility when confronted with the great unknowns and that’s it. You know, we started this journey thinking we were the center of everything and now we appear to be less, in fact, unfortunately, it’s even less than this 4 percent, because half of this 4 percent is in the intergalactic medium. So.

PAUL HOLDENGRÄBER: It’s getting worse.

MATT MOUNTAIN: It’s getting worse. But it’s just a good point to be, it’s a very useful place for a species to be at, because it sets the stage for the next part of the journey.

PAUL HOLDENGRÄBER: I told you that I would be quoting at least one line from Pascal, and I have to. 

MATT MOUNTAIN: Right.

PAUL HOLDENGRÄBER: So here it is, very short, it has that advantage. Pascal said, “The eternal silence of these infinite spaces frighten me.” I’m wondering how you react to that.

MATT MOUNTAIN: And he had no idea how infinite and how large the spaces really were.

PAUL HOLDENGRÄBER: If not he would have been even more terrified.

NATHANIEL KAHN: It’s such an interesting quote. I didn’t know it, but it’s suddenly resonated, suddenly reminded me of a Robert Frost poem that I love and I don’t know that I can remember the line exactly, but it was a poem called “Desert Places,” and I mean and Frost would have been writing right around the time when certainly when people were understanding that there were many galaxies and that we were just one of many island universes. Let me see if I can remember it, he says, “they cannot scare me with their empty spaces between stars, on stars, where no human race is, I have it in me much nearer home to scare myself with my own desert places.” 
I don’t know where that came from, somewhere deep, somewhere deep. These things do make you think about oneself and the spaces inside yourself that are unknowable and unknown. And how little we really know about the self in spite of all the marvelous psychoanalysts in this great city. We know so little.
(laughter)
PAUL HOLDENGRÄBER: I don’t know if we’ll go down that road, but we could.
(laughter)
NATHANIEL KAHN: We know so little about ourselves and we have so little time to figure it out, you know.

MATT MOUNTAIN: We do.

PAUL HOLDENGRÄBER: And psychoanalysts may or may not help us. We’ll leave that as an unknown. 

NATHANIEL KAHN: We’ll discuss that after dinner.

PAUL HOLDENGRÄBER: After dinner, okay. My other son, my older son, said that after seeing both Telescope and My Architect he would never look at space in the same way again.

NATHANIEL KAHN: Well, that’s gosh, I think I have my epitaph, that’s marvelous. That’s great. That’s a great compliment, that’s marvelous.

PAUL HOLDENGRÄBER: Partly because I think there’s a recognition of what you were saying about the scientists. They’re childlike, there’s this kind of appetite.

NATHANIEL KAHN: But it’s interesting he said space.

PAUL HOLDENGRÄBER: Space.

NATHANIEL KAHN: Space specifically.

PAUL HOLDENGRÄBER: Architecture and then the firmament. And the firmament is in question now. It is in question. And in that one might say that religion is also in question and I’m wondering, you know, are most of your colleagues atheists?

MATT MOUNTAIN: I’m just thinking how to answer that question rather than “should I answer that question?” It’s not something that scientists really sit around and talk about. You know, it’s a personal experience.

NATHANIEL KAHN: Hold this a little closer, Matt, to you.

MATT MOUNTAIN: It’s a personal experience, I think. When you look at the universe the way we look at the universe, or are forced to look at the universe, that’s what we see, we observe. You know, a religion is an experience, that’s not—the two worlds don’t connect quite the way people like it to connect because science has spent an awful lot of time undoing ancient wisdoms just through observation and then repeating it, allowing other people to repeat it, and where that places you I think is a personal decision.

NATHANIEL KAHN: Where that places you is a personal decision. But you do have. I mean there are colleagues who do consider themselves religious. Some. No, I think it’s a profound. It’s a profound area. I mean, I think you’re very comfortable with the idea that the universe is indifferent.

MATT MOUNTAIN: I am, yes. It is totally indifferent. I know you’re not very comfortable and I just say get over it, get over it.

NATHANIEL KAHN: Get over it, you’ve said, yeah.

PAUL HOLDENGRÄBER: Get over it is an interesting comment because—

NATHANIEL KAHN: No, he’s very helpful to me.
(laughter)
PAUL HOLDENGRÄBER: He’s helpful to you, but Nathaniel, let’s talk.

NATHANIEL KAHN: Sure.

PAUL HOLDENGRÄBER: Let’s talk. And you’re not able to get over it.
NATHANIEL KAHN: Not fully, no.

PAUL HOLDENGRÄBER: Because you don’t want to give up something.

NATHANIEL KAHN: No, I don’t believe there’s a divine being dispensing justice, you know, there’s too many terrible things that happen in the world that make no sense whatsoever to think that things happen for a reason, or that kind of thing, I’m very disturbed by that idea, but I’m not fully able to let go of the sense that—oh I don’t know, I guess, of the specialness of human beings. It’s difficult for me. Four percent, I know, right there in front of me. I’ll take the 4 percent. It’s hard to—

PAUL HOLDENGRÄBER: And you give me 5 percent.

NATHANIEL KAHN: I don’t know, I suppose it’s as a child I had certain experiences that I can’t quite explain but that I treasure. I treasure these experiences that make me feel—

MATT MOUNTAIN: What’s that got to do with the universe?

NATHANIEL KAHN: Well, really, nothing at all.

MATT MOUNTAIN: Exactly.

NATHANIEL KAHN: But I’m a creature of the universe and I suppose it’s the idea that—

MATT MOUNTAIN: You’re a conscious being in the universe. That’s fine. 

NATHANIEL KAHN: That’s fair. That’s fair. That’s true.

MATT MOUNTAIN: Get over it. 

NATHANIEL KAHN: Get over it.
(laughter)
PAUL HOLDENGRÄBER: Push a little bit more.

NATHANIEL KAHN: Well, I wish I had the language for it. I don’t. It’s a feeling, it’s a feeling. One has a feeling and to call it spirituality seems like too reductivist but I have the feeling that there are things going on, even though there’s 96 percent stuff that is going on that I don’t understand, that we can’t understand. I understand that part, but I have the feeling that there are things that happen, forces that happen, beyond just meeting people on Amtrak, which I can understand might be coincidental.
MATT MOUNTAIN: That was pretty remarkable, right?
NATHANIEL KAHN: Remarkable, yes, but, oh, I don’t know—just—
PAUL HOLDENGRÄBER: And feeling, we can move from feeling to the notion of meaning. 

NATHANIEL KAHN: I think one wants to. I ascribe meaning to certain things that happen.

PAUL HOLDENGRÄBER: And you wouldn’t, Matt.

MATT MOUNTAIN: If people wish to say this has meaning, I have no problem with that at all. What does meaning mean? Two people meet, they talk, they have an experience, that has value. What’s wrong with that?
NATHANIEL KAHN: Nothing’s wrong. I think that’s marvelous.

MATT MOUNTAIN: That’s meaning.

NATHANIEL KAHN: No, you’re right. It’s a good point. I mean, I studied philosophy in college and then I had a crisis because it wasn’t able to explain anything.

MATT MOUNTAIN: Try being an astrophysicist.

NATHANIEL KAHN: Right! Right.

PAUL HOLDENGRÄBER: You know there is this wonderful line of Camus that I love where he says, “One has to love life before loving its meaning, for when the love of life has left us, no meaning can any longer console us.”

NATHANIEL KAHN: That’s good. I think that’s good. 

MATT MOUNTAIN: You didn’t know you were coming up here to be psychoanalyzed, right?

NATHANIEL KAHN: No, no, no, I’m perfectly willing to be in the center here with a pin through me. No, it’s—I love science but I also feel.

PAUL HOLDENGRÄBER: It’s not enough.

NATHANIEL KAHN: Well, right, it doesn’t feel like it’s everything. And it doesn’t mean, and yes, I feel like art is necessary, too, but that’s all part of being a human being.

MATT MOUNTAIN: Right.

NATHANIEL KAHN: But the idea that everything is explainable. That everything by nature is explainable. Well, okay.

PAUL HOLDENGRÄBER: So very little is explainable.

MATT MOUNTAIN: Correct.

NATHANIEL KAHN: And we still in spite of all these discoveries we still have absolutely no idea what a thought is. I don’t think there’s a neuroscientist out there who could tell you we really understand what a thought is.

MATT MOUNTAIN: I’m no neuroscientist, so I have no idea.

NATHANIEL KAHN: Well, anyway, but—

PAUL HOLDENGRÄBER: What would your father have made of all of this and telescopes and this search for meaning, a hundred times stronger, this is James Webb Telescope.
NATHANIEL KAHN: I think he would have said “get over it,” as well to me, probably, no doubt.

PAUL HOLDENGRÄBER: Would he?

NATHANIEL KAHN: The telescope. Okay, I’ll tell you a little story. It’s funny you mentioned this. He was quite proud of this story, actually, because he was asked to become a consultant for General Electric about what space stations would look like in the future.

PAUL HOLDENGRÄBER: I heard that.

NATHANIEL KAHN: And he went to General Electric, and I don’t think GE does this kind of stuff anymore, maybe they do, I don’t know. At any rate, he remembered very fondly going to this wonderful boardroom and they had these beautiful renderings on the wall of what space stations would look like in the future, and they said, “Mr. Kahn, this is how space stations are going to look, we’d like your advice as an architect, you know, how we might make modifications.” And he said, “I told them, ‘The space stations will not look like that.’” (laughter) And all of them drew their chairs closer and they said, “Well, what do you mean? What will they look like?” And he said, “Well, they will not look like that.” And they said, “Why won’t they look like that?” To which he said, “Well, if they looked like that, we would have built them already.” And it’s actually quite marvelous.

MATT MOUNTAIN: Absolutely.

NATHANIEL KAHN: It’s actually quite marvelous and I think if you look at the telescopes that we proposed years ago they don’t look like James Webb. So it is kind of wonderful, it makes you want to stay around for a while because all the dreams that we have and the things we think we’re going to find and the discoveries we think we’re going to make, we’ll find something totally different, right, isn’t that part of? Doesn’t that make you crazy, that doesn’t frustrate you? It’s okay?

MATT MOUNTAIN: Isn’t that the job? To find out, to explore?
PAUL HOLDENGRÄBER: And also your job is to create things that you won’t see finished, yourself.

MATT MOUNTAIN: Yeah, sometimes, or certainly you don’t know what you will find when you first built the Hubble, you know, what you do what you ever did, many, many, many years ago, back in the eighties, you write down the things you’re going to discover as a way to get money out of the federal government, and if you look now at the top ten things that Hubble is famous for, maybe two of those things are on that list. And it’ll be same with the James Webb. We’re putting this incredibly powerful thing up there and we really don’t know what we’re going to find. We tell people we think we’re going to find this, we may find an answer to dark energy, I have no idea, we may find the solution to dark matter, we may find life around other stars, but those weren’t things we thought we could do when we first started the Webb.

PAUL HOLDENGRÄBER: And what is so exciting also and the parallel to your father’s work is it was made by incredible teams, and a lot of the work he did, a lot of the work he did, one of the most famous buildings he did he never saw the end result.

NATHANIEL KAHN: He never saw finished. No, it’s true. I think that it’s true about architecture, it’s true about science, it’s true about filmmaking.
MATT MOUNTAIN: We made that comparison when he was filming in Hawaii. Comparing what it is to create a film to building a telescope, you need these teams, you’re not exactly sure how it’s all going to work out. 

NATHANIEL KAHN: That’s true. That’s true.

MATT MOUNTAIN: And it’s a big team of people, smart, difficult people you’re trying to get to work together.

PAUL HOLDENGRÄBER: Nathaniel, do you want to—I wanted to show a small clip of My Architect.

NATHANIEL KAHN: Really? You want to go back in time? Okay.

PAUL HOLDENGRÄBER: I do, I do. I want to show that moment.

NATHANIEL KAHN: Surprise me.

PAUL HOLDENGRÄBER: It’s a beautiful moment, and your father never saw the end of it.

NATHANIEL KAHN: It’s true, he never saw—you’re talking about Bangladesh?

PAUL HOLDENGRÄBER: I am.

NATHANIEL KAHN: Is that the clip, you’d like to show something from that? No, he never saw the building finished. It took twenty-three years to build. Kind of like a great telescope, yeah. And actually the building, the particular building, I have now discovered a series of letters which my mother has kept quietly in a box, in, sort of hidden away, and she’s opened them recently. One of the letters actually is my father’s first impression of going to Bangladesh and seeing the site for the building. And he writes her, saying, “I don’t know what to do. There’s nothing here. I have no ideas. This is a disaster. This is a terrible site. Should I take this job? It—it, you know, it could ruin me.” 
And then the next day comes another letter. “I have an idea. I have an idea. I thought I could make a building. There’s nothing on the site, so I have to make a context, I’m going to dig a hole and fill it with water and put a mound in the middle and build the building here and put a mosque next to it, and they liked the idea. But still I’m anxious because if I sign this contract it could ruin me.” And then he says, and this is the trap for every artist, every filmmaker, and surely every writer, every scientist. “But I can see the building rising before me like a dream, and can I say no to the dream?” And then you have the building.

PAUL HOLDENGRÄBER: Let’s go.

(Clip from My Architect plays.)
(applause)

NATHANIEL KAHN: I haven’t seen that in a while. Bob Richman, who’s here tonight, who filmed this with me, reminded me that it was actually our very first shoot that we did together, which, for those of you have seen the film begins with microfilm of looking for my father’s obituary, Bob and I were in this library, we filmed it here, so there’s this marvelous circle that comes back in this space. No, this space.

PAUL HOLDENGRÄBER: Looking up and it looks like you are looking up at the stars.

NATHANIEL KAHN: No, there is certainly something there, but there’s also there’s this human endeavor. I think of this telescope that I have been watching people build, and it felt very much like watching people build a great building, build a cathedral. These telescopes really are our cathedrals, aren’t they?

MATT MOUNTAIN: They are.

NATHANIEL KAHN: I mean, they are certainly what we now—They are motivated by the same desire that motivated the great cathedrals, to somehow understand or connect with our place in the universe even if it’s only 4 percent that we can understand, but it’s motivated by—it’s driven by the same great human desire that does reach beyond one’s own individual life.

PAUL HOLDENGRÄBER: And this is where we’re building things up again, you know, from the place where you left us, which was not particularly pleasant, to a place where this endeavor is worthwhile, and it’s worthwhile, this incredible effort of twenty-five years of building this.

NATHANIEL KAHN: I hadn’t thought of that but this is sort of what’s happened in astronomy, isn’t it?

MATT MOUNTAIN: Correct.

NATHANIEL KAHN: So maybe—may I just say this—something about the film and then you say. This is quite wonderful actually, it comes back to what we were saying before which is that honestly when we were making this film, we did not have an end to My Architect, didn’t have an end and I was really quite desperate, we’d been to all the various buildings and you know talked to wonderful people but the question is how is this film, how can I conclude it? And the man you see in this scene actually came up to me a party. We were there at a party and everybody in India, in Bangladesh, everybody is so polite and they all wanted me to have a wonderful time and I was, but I was also kind of desperate because I thought I’m not getting something that has meat to it, in terms of—the building, yes, but not the people, and the guy comes up to me at a party and starts in the same way he did in this scene and he said, “I think what you’re doing is terrible. Ten minutes for this building.” I said, okay, hang on to that, that’s wonderful, show up tomorrow at this building, and I want to talk to you, I don’t need to talk to anybody else,” and he delivered that, what you just saw, just came out of him, but it was a total surprise, and it only happened because we’d been willing to go to the very bottom in a sense and me admitting to myself and to my crew and in my heart, saying, “I don’t know where to go with this. I’ve sort of—I’ve come to a dead end. I have good stuff but now what?” And suddenly out of those ashes came that scene and came you know, the guy he delivered in a big way, but it was a surprise, I hadn’t thought of that before. Is that what’s happened in astronomy to some degree?
MATT MOUNTAIN: I think we’re at that turning point.

NATHANIEL KAHN: Lift it up just a little bit and then you can hear it much better.

PAUL HOLDENGRÄBER: I hear you very well.

MATT MOUNTAIN: Okay, good.

NATHANIEL KAHN: That’s good, that’s perfect.

MATT MOUNTAIN: Okay, so we’re at this amazing turning point that will take us out of this abyss because we’ve learned something incredible in the last ten, twenty years, and do you want to go that part of the story?
NATHANIEL KAHN: Yeah, that would be great.

PAUL HOLDENGRÄBER: Yeah, do.

MATT MOUNTAIN: So here’s a very famous picture. Christmas Eve, 1968, Apollo 8, looking back at the earthrise. The loneliest planet in the universe from our perspective, four and a half billion years of solitude. This is the only living planet we know of, our home, and you see it completely isolated in space, but, remarkably, as we started looking out at the stars over the last ten, twenty years we began to notice things. Some of the stars wobbled. We go, “Why are they wobbling?” And then we realized, “Oh, they must have planets going around them and as they go around, they wobble.” As we look deeper and deeper telescopes like the Hubble, we’ve been thinking for centuries, here’s Epicurus, there must be other worlds out there, are we really so alone? Three hundred BC.
PAUL HOLDENGRÄBER: Can everybody read?

MATT MOUNTAIN: There are infinite worlds both like and unlike this world of ours. We must believe that on all worlds there are living creatures and other planets and other things you see in this world. Well, actually, we don’t know the answer to this question, but for the first time in human history, we’re on the verge of answering that question. And that’s what modern astronomy has brought us to. Because the Hubble has seen things like this, this is a star, a very young star, just formed, and if you zoomed in you would have seen a planet going around it. Now it’s a big Jupiter, it’s from a very young system, but four hundred years after Galileo saw moons around Jupiter, we are beginning to see planets going around other stars in our galaxy. 
And it gets even more hopeful, because when we looked and surveyed our Milky Way, we put up a telescope called Kepler, it observed a point in the sky and is still observing today and it has established that in our Milky Way of a hundred billion stars there is at least a hundred billion planets going around those stars. Ten years ago we didn’t know that, so when you go out at night, and you look up at the sky, you can do what no one has ever been able to do in human history, you can actually say every star you see probably has a planet around it. It’s not a supposition, it’s not a philosophy, it’s not a guess, it’s an observation, and nobody who has walked this earth has ever been able to say that before, so you can go back to this picture, this picture of profound depression from your perspective, right? In this picture of ten thousand galaxies and when you ask how many pinpricks across the sky it would take to fill the sky and you do the math and you find out there are least a hundred billion galaxies out there and in each one of those galaxies there’s a hundred billion stars, that tells us, there’s a lot of planets out there, in scientific terms 10 to the 22. And so the question is.

PAUL HOLDENGRÄBER: I like the “at least.”
MATT MOUNTAIN: Yes, at least.

PAUL HOLDENGRÄBER: That’s my favorite part.

MATT MOUNTAIN: Because there are probably multiple planets around each one of those stars, like there are in our solar system, and today we know this. And so the question becomes, “Are we alone in the universe?” We need to go look and find out after building the tools that will enable us. It may not be the James Webb. The James Webb will tell us maybe there’s liquid water, which is the first step to life, but we may get very lucky, but we’re on a journey for the first time in human history to find Earth 2.0, another home.

PAUL HOLDENGRÄBER: Which we might need.

MATT MOUNTAIN: Which we might need. Because of this picture. It’s not all up, it’s a bit of down before the up. This is a picture of a star like our sun taken with Hubble Space Telescope, unfortunately it’s in four billion years’ time, our star, our sun will run out of energy, hydrogen, and get really hot as gravity takes over, and blow off the outer layers and incinerate everything within four to five light-years there. Our solar system is right in the middle there in four billion years’ time, so we do actually have to find another home if as a species we want to survive.

PAUL HOLDENGRÄBER: And if we last that long, given the problems we have here.

MATT MOUNTAIN: But that’s the positive part of this. Why won’t we last that long? We’ve done remarkably well. We’ve discovered the universe is incredibly complex. We’ve discovered that there’s places to go and we’re a very ingenious species. Maybe we can find a way off. Now, it is interesting. Two years ago we were looking at the remnants of one of these systems, it’s called, what’s left behind it’s I think called a white dwarf, and we saw a spike of silicon, and you thought, what’s that, this is supposed to be pure hydrogen, and everything’s blown off. What we realized there was a remnant of an old planetary system that had been left behind after the star had blown up and it was basically collapsing into the star. The question you ask is, “I wonder how many civilizations were wiped out in that explosion because they decided not to move or couldn’t move?” But we have the opportunity as a species to look for another home.

PAUL HOLDENGRÄBER: To travel.

MATT MOUNTAIN: To travel and maybe explore again, and that’s where we are today in modern astrophysics.

PAUL HOLDENGRÄBER: And I think without intermission here we should look at that other passage from Telescope if we can bring down the lights.

(Clip from Telescope plays)
PAUL HOLDENGRÄBER: Before wrapping up you wanted to say something in particular about this. 

NATHANIEL KAHN: That’s the end of the film, it’s always hard to show the end of a film, but it does, even watching it now and being with you here tonight. It does make me think that I think it’s true what we sort of got to at the end of this, is that we do have this incredible opportunity to be unified by this realization that we’re just one planet of many planets that are out there and we do have to work together if we’re going to persist long-term as a species. And I don’t know, I guess I was filled with hope meeting the scientists in this project, and knowing some of the telescopes that also you’re planning for the future and the things that we can do.

PAUL HOLDENGRÄBER: Beyond Webb.
MATT MOUTAIN: Beyond James Webb.
NATHANIEL KAHN: Beyond Webb. The question is, “Do we have the will?” It really is, the wonderful thing is the question becomes very clear. Do we as a people in this country, in the world, as a culture, as a civilization, as a planetary society, do we have the will to survive? And we have the means. Maybe not fully, but we’re getting there.

MATT MOUNTAIN: We have the map.

NATHANIEL KAHN: And we have the map. We’re making the map to where we might someday go, I don’t know, I was filled with hope that somehow this might unify us. It might be the thing even that we need now, with all of the struggles and all of the divisions we have in the world, that this is something we all face together.

PAUL HOLDENGRÄBER: And you’re talking about struggles on a societal level, on a political level. 

NATHANIEL KAHN: Sure. No, and I think some of the struggles that are happening, even some of the terrible sort of groups that wish to destroy other groups that part of it is, you know, we can’t just get with this feeling that we’re not the center of everything, you know, there’s as you once said, there’s another village, and oh gee, there really is, and there are other people, and there’s another continent and that kind of goes on until you get to the end of the Earth but then you say, wow, but there’s this big universe out there and we can go elsewhere and we have to go elsewhere. I don’t know. I have the feeling, we’ve only had four hundred years to have that begin to penetrate our consciousness, that’s not very long. If we could just hang on long enough I think maybe we can get behind this, you know.

PAUL HOLDENGRÄBER: As we close. You know that for the last seven or eight years I’ve asked my guests to give me a biography of themselves in seven words, seven words that will or won’t define them, a haiku of sorts or as I often say if you’re very modern a tweet. And your seven words, Nathaniel, were “Hoping for a revelation in Act 2.” I wonder how you understand that.

MATT MOUNTAIN: It sounded like a suicide note to me, you know. (laughter) Where are you heading with this film, Nathaniel? You know. But I think that’s not what you meant.

PAUL HOLDENGRÄBER: Well, what did you mean—

NATHANIEL KAHN: I’m interested—well, no, that’s a good.

PAUL HOLDENGRÄBER: You’re interested in that reading. 

NATHANIEL KAHN: No, it isn’t what I meant, but I do understand how you might get that out of it.

MATT MOUNTAIN: That’s good to know. Good to know.

NATHANIEL KAHN: No, I think, I think, I’ve come to a point in my life, the middle of my life, and I think I’d like the second part of my life to be different from the first part, I don’t want it to just be like the first part only less, that seems bad. And I do think we all struggle with the idea that you know, what happens in Act 2. So when I say hoping for a revelation, I think it’s really most of all, it’s hoping to be able to do more good work and spend less time fund-raising, doing more work. I’d like to do more work. I think maybe the revelation is nothing short of just being more efficient, something like that.
PAUL HOLDENGRÄBER: But also revelation in the context of what we’ve been discussing tonight is very important.

NATHANIEL KAHN: Yes, it feels like we’re coming into an exciting age right now. I hope that I have enough time left to see it.

PAUL HOLDENGRÄBER: To see it.

NATHANIEL KAHN: Because I really would like to see it and be part of it.

PAUL HOLDENGRÄBER: Because you have the appetite for it.

NATHANIEL KAHN: Yes, I have the appetite for it. I want to see it. I want to be around long enough to see the things that you’re building and the things we might find and the discoveries that might happen and, hey, the films that might get made. I don’t know. I feel like we’re also in a point in filmmaking where narrative forms are breaking down and certain things aren’t working anymore.

PAUL HOLDENGRÄBER: You mentioned that.

NATHANIEL KAHN: Well, the three-act structure for one doesn’t really work anymore and I’m so excited to be part of the documentary community because I feel that documentaries are pushing the way we perceive stories and what we expect from a story that the same old same old isn’t enough anymore. So anyway, hoping for revelation in Act 2.

PAUL HOLDENGRÄBER: Do you remember your seven words?

MATT MOUNTAIN: Not exactly.

PAUL HOLDENGRÄBER: Okay, your seven words are: “Our universe’s indifference leaves me curiously hopeful.” How do you understand that?

NATHANIEL KAHN: I want to hear. I want to—I understand.

MATT MOUNTAIN: That’s not fair.

NATHANIEL KAHN: I get it, no, no, no, I get it.

PAUL HOLDENGRÄBER: It’s not a suicide note.

NATHANIEL KAHN: And knowing you it makes sense. The one word that really fascinates me there is curiously. I want to know why curiously and I know you’re very precise. What is it that’s curious about that to you?

MATT MOUNTAIN: I don’t know whether we’re going to solve all the problems, but I’m hopeful that we will. I’ve seen such incredible abilities of the human race, you know, to do things, small things like building telescopes or solving big problems or watching the decline of violence over the centuries. You know it’s that thing, that Churchill thing, we said about Americans, you know, having tried everything they finally get to the right answer, we seem to do the same thing, and I’m really hopeful that we know the ticking of the astrophysics clock is there. There is nothing we can do about it. The universe doesn’t care one jot whether we care or not. Our sun will annihilate itself, there’s nothing we can do about that. Galaxies will collide, the universe will move on. 
But us sitting on this little planet, we’ve done remarkable things. You know, we worry about the state of the world, that wonderful book by Pinker, The Devil, we see violence decreasing, we solve incredible problems, we’re just an ingenious species. I’m hopeful that the things that we see will be around to move before the sun wipes us out and we won’t be part of that remnant that we found with Hubble. Or like the dinosaurs. The dinosaurs hung around for 120 years, billion years, and nothing happened and then an asteroid came and wiped them all out. I don’t think that’s going to be us.
PAUL HOLDENGRÄBER: On that note.

NATHANIEL KAHN: Wonderful.

PAUL HOLDENGRÄBER: On that note, Simon, thank you so much for coming and doing this marvelous introduction, I think I asked you to do it a couple of days ago, and you were on a different continent, thank you so much, it’s very, very meaningful also given the serendipity of this occasion. Thank you to the Discovery Channel for their support and Nathaniel and Matt, thank you so very, very much. It’s been quite a journey. Thank you.

NATHANIEL KAHN: Thank you, Paul.

MATT MOUNTAIN: Paul, you’re very welcome.

(applause)

PAUL HOLDENGRÄBER: Now, we don’t we often don’t have a Q and A, partly because I feel people want to leave, because they have dinner plans and other plans and feel at this point you know, “what’s the point?” but both Matt and Nathaniel were looking forward to three very good questions, so we’re going to put up the lights, put a mic up here and if three courageous, intelligent, articulate people could come up and ask three very good questions, each very short and poignant, that would be marvelous. That’s the first question.

Q: I hope I can meet your requirements for the question but the question I have is whenever I hear the NASA people talking about, “We cannot repair the James Webb telescope,” I thought that that was such an incredibly limiting statement, it’s only four times farther than the moon, why don’t we just pack extra lunches in an Apollo spacecraft and go service it if we need to?

MATT MOUNTAIN: So NASA right now has no ability to even get to the moon, and the problem is we’re in a space station and we’re protected by the Earth’s magnetic field. We don’t know how to solve the problem to take human beings beyond the moon without killing them on the way there. We don’t even have that technology, we don’t know how to build life-support systems that won’t break down on the way to the James Webb. Now we might build some robots that could maybe tug that spacecraft back, but, you know, we have made no preparations for that just because we don’t have that infrastructure in place. On the other hand, you know, we’re working very hard to make sure we don’t screw up. The mirrors can all be adjusted, several motors. But sometimes you’ve just got to do things and see what happens.

Q: Hi. Will the Webb Telescope be able to see back further or before the cosmic microwave radiation background?
MATT MOUNTAIN: No, so we can never see beyond that point using electromagnetic radiation, because that is what’s called the first scattering surface, where the Big Bang occurred. That is that imprint. What we don’t know how is how that imprint turned into the galaxies we see today, and so the Webb will see that part of the Dark Ages that we can no longer see. But we have no way at the moment to look beyond that. The only hint that there might be a way is this recent discovery of gravitational waves. That might be our tool to look beyond that.
Q: Thank you for the presentation. The Earth was—didn’t have an oxygen atmosphere and oxygen is definitely a sign of life. Would that be one of the characteristics you’re looking for?
MATT MOUNTAIN: Yes, so life created our oxygen in the atmosphere, actually. But you could ask geologists, and they would tell you there is ways just to create oxygen, so oxygen on itself isn’t enough. You would have to find oxygen, methane, carbon dioxide. The whole idea is if you put these gases in a bottle and shook them, they wouldn’t look like that, they’d react and everything. What you’re looking at are gases that shouldn’t coexist together without something creating methane—cows—or oxygen—plants. The fact that these gases are out of equilibrium, as we call it, that’s the sign of life. Life changes the planet it’s on in a way that chemistry can’t or geology can’t.

NATHANIEL KAHN: And to think about this, too, just think about the will that we need to do this, because I think right now NASA is about .4 percent is it of our national, of our budget?

MATT MOUNTAIN: Right.

NATHANIEL KAHN: About .4 percent we spend on NASA and at that the time of the Apollo it was 4 percent. So there’s a big difference there, and I think that part of what is very exciting is that telescopes like the Webb are really the gateways to much larger instruments which you are already, which are already being thought about. Those are the ones that we really need to answer that question of are we alone in the universe. And we can do it.

PAUL HOLDENGRÄBER: And yet they aren’t part of the political discourse now.

NATHANIEL KAHN: Hopefully they will be. Right? But I think that’s partly up to all of us.

MATT MOUNTAIN: Why do—movies like this gets this discourse into the public domain. We’re not going to do things like this unless the public wants us to do it.

NATHANIEL KAHN: So we need to want it as a species. We need to want to know the answer to that great question. Are we alone in the universe?

MATT MOUNTAIN: And realize that the answer is just there. For the first time in human history, it’s just there. We’ve never been at this point in our entire history.

PAUL HOLDENGRÄBER: It’s exciting. Thank you.
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