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WM: I went from Michigan back in 1961 to California, and I was at 

Stanford for three years as a postdoc. That was the point at which 
the laser had just been invented.  

 
 I went with a guy named Art Schawlow, who was going from Bell 

Laboratories to Stanford to set up a laboratory. I was his first 
postdoc. It was a fun job. The laser was brand new, and it was right 
there, and I had a lot of fun.  

 
 Then I came here in 1964. Very shortly after I got here, I met a 

gentleman named Bill Fastie. Bill Fastie was a research professor. 
He was not regular faculty but a research professor, and he was 
very interested in space. He had built up a program to launch 
rockets carrying scientific instruments, and he was using these 
instruments to probe the upper atmosphere of the Earth. 

 
 Fastie was a very good instrument builder, and that's what he was 

famous for. He consulted for NASA in the design of instruments 
that were flown to observe [the planets]. 

 
 Anyway, Bill and I hit it off. It was about a year after I got here 

when he walks into my office, and he recruits me to launch a 
spectrometer to look at a comet that had just been sighted. In a 
couple of weeks we put together an instrument, and NASA put 
together a rocket. 

 
CY: In a couple weeks? 
 
WM: Yeah. Well, everything was spare parts, you know. 
 
CY: Okay. 
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WM: Yeah. It's because you had the parts on the shelf that you could get 

away with this. And I got a boot camp, crash course.  
 
 Well, as it turned out, the instrument failed. The instrument didn't 

really fail, but what happened was the comet was too close to the 
sun, and we had scattered light problems in it. Now, in the space 
business that's good. You learn from your failures, and you try and 
analyze them and dwell on them, and then you say, "Okay, what 
went wrong here? Why did it go wrong, and how can we fix this so 
it won't ever happen again?" That's the way you do business. 

 
 But I [was] hooked. In those days people actually came to work on 

a Friday after Thanksgiving, or at least some of us did. On 
Thanksgiving I was sitting around chatting with him. His interest 
was in the atmosphere of the Earth, and I said, "You know Bill, 
you really ought to reach out beyond. You ought to do real 
astronomy, look at the atmosphere of the planets." I was brash. I 
was just a young assistant professor, and I'd been here about a 
year. He said, "Well, you want to look at the planets?"  

 
 That was November of '65.  I just checked my records last night. In 

the spring of the following year, four or five months later, we 
launched another rocket to look at Venus and to measure the 
atmospheric properties. 

 
 Well, that one failed, too. If you get the impression that in those 

days sounding rockets often failed, the answer is yes, they did. 
Often the reason is no fault of your own, and sometimes it was 
your fault. 

 
 It was probably a good thing that in this case the star tracker that 

was supposed to lock up on Venus didn't do it. It was probably a 
good thing because when we really thought it through in terms of 
the instrument, we saw all the things we'd done wrong. 

 
[0:04:58] 
 
 And we came back. That was '66. It was '69, so it was two and a 

half years later we flew another rocket. We did Venus, Jupiter and 
a star, and that worked.1 

 
CY: Wow. 
 
                                                 
1 See http://adsabs.harvard.edu/abs/1968ApJ...153L.179O and 
http://adsabs.harvard.edu/abs/1969ApJ...155..887M. 

http://adsabs.harvard.edu/abs/1968ApJ...153L.179O
http://adsabs.harvard.edu/abs/1969ApJ...155..887M
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WM: That one worked, and we had subarcsecond pointing. We had a 
special corrector built in. It had a mechanical motion on the 
telescope mirror so that we could correct for the rocket jitter.2 

 
 Basically, what you do is you launch up, and you get up to about 

100 miles, maybe 150 miles. And then at the engine cuts off, and 
you just fly up a big arc, and then you come back down. And when 
the atmosphere gets thick enough, first the drogue chute opens to 
slow you down, and then the main chute opens. And somewhere in 
there you blow off the engine with an explosive charge so you 
don't have the weight of the engine. You just have the payload, 
because that's what you want to save. It’s not an instrument. You 
don't care about the spent rocket engine. 

 
 And then you land somewhere out in the desert – you know, this is 

White Sands, and of all things, it's run by the Navy – and a couple 
of sailors go out in their truck and they find it. Well, there's a 
beacon on it, but they know where it came down. They go drive 
around, find it, and they load it in the back of their truck and bring 
it back to you so that you can use it again. 

 
 It was very successful – we had some failures, but we also had a 

series of very successful flights. In many ways that was the start 
here at Homewood of the experimental space astronomy program. 

 
CY: Oh, really? 
 
WM: That program still goes on today. They have different people doing 

it. We have a young research professor, Steve McCandliss. He's 
not young, but younger. Professor Feldman took it on for a number 
of years, and now Steve McCandliss is doing it. 

 
 The basic scheme has always been to build new, experimental 

instruments that have never been tested before, kinds of hardware 
that have never been flown. Before you fly things in a satellite, you 
like to learn a lot about them. New kinds of detectors and so on, 
you like to learn a lot about, and this is a way to do it. So the bonus 
you get is you get to do exciting, cutting edge science because 
these new detectors are very powerful.  

 
 The benefit to NASA is that they get some mileage on new 

technology as well as training students. It's a good experience for 
graduate students, because typically in a typical space mission 
they're so long that a graduate student career is too short, and so 
they can only work on part of it, and they never get the big picture. 

                                                 
2 See http://adsabs.harvard.edu/abs/1969ApOpt...8.1821B. 

http://adsabs.harvard.edu/abs/1969ApOpt...8.1821B
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 Here, a total rocket experiment can be 12 to 24 months by the time 

you conceive until the time you launch. Then you need time to 
analyze data, but that's reasonable. You like to keep a thesis, and 
ideally a thesis should only be two or three years. Typically, you 
come into graduate school you have got to do at least a year and 
sometimes two years of intensive study, and then you have got to 
do something.  

 
 You'd like to see the student get out in less than five years. That 

doesn't always happen. Sometimes they do much better than that, 
but even a moderate space mission is measured in one or two 
decades. It's really a long time to get something done, so it doesn't 
make sense. A graduate student only sees the tail of the elephant or 
the trunk.  

 
[0:10:00] 
 
 They don't see the whole elephant. See what I mean? So it was 

very good for training graduate students. We've had a very active 
program here. I know you're interested in what I've done. 

 
CY: Yes, sir. 
 
WM: The big thing that I was involved in was something called the 

FUSE mission, the Far Ultraviolet Spectroscopic Explorer. I got 
involved after that in a series of space missions. I was on the 
Voyager team, on the Ultraviolet Spectrometer team. They call it 
"co-investigator" on these missions. 

 
 Voyager was a mission where we sent two spacecraft, and one of 

them went all the way out, I guess, beyond that, to Neptune. And 
the other one after went to Jupiter, Saturn, major planets—and the 
other one, I think after Saturn, went up out of the solar system, so 
it probed the region above the solar system. 

 
 And then I got involved in the Space Telescope Imaging 

Spectrograph, which was installed on Hubble in the mid '90s. 
Hubble was continually refreshed, and I wouldn't say this 
spectrograph did it, but by the end of its career, there was a tenfold 
increase in sensitivity. 

 
CY: Wow. 
 
WM: Yeah. It's been a tremendous thing. This ability for astronauts to 

install new instruments really paid off. It's expensive. 
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CY: Did they plan that ahead? 
 
WM: Yeah. They did. In fact, Hubble was launched from the shuttle.  
 
 To be blunt, the shuttle was a very cranky beast. It used hydrogen 

engines as its primary fuel. The problem with hydrogen is that it 
diffuses through almost anything. A very small pinhole, it'll get 
out. So leaks are a constant problem. So when people talk about 
hydrogen as a "magic fuel," think about this. [Laughter] 

 
CY: And then there's all these car crashes for hydrogen vehicles. 
 
WM: Well, how many gas stations have you been to where there's 

gasoline on the ground? 
 
CY: A little bit, like drops here and there. 
 
WM: That's what I'm talking about. That's enough. We've all had 

experience of some gasoline running out of the pump and dropping 
on our shoe, right? 

 
CY: Yeah. 
 
WM: And we can't get rid of the smell. Think of the demands on the 

technology. You're going to have hydrogen fuel issues. [Laughs] I 
didn't say you can't do it. What I'm saying is there's going to be a 
high level of safety required. The shuttle with these engines has 
had major problems because it was the first time around. The 
Deltas now—which is a major rocket used by NASA and by the 
military—the new Deltas, like the Delta IV, use hydrogen engines, 
and they're very good. It can be done, but you have got to get the 
technology in place, and you have got to get it right. 

 
[0:15:00] 
 
 I got involved about this time. It was in the '80s that I got involved 

with a group that was starting a mission called the Far Ultraviolet 
Spectroscopic Explorer, and I started working with a scientist at 
Goddard as a member of what they call a "science definition 
team." At some point he asked me to take it over, as he was 
becoming the chief scientist of the Hubble Space Telescope. 

 
 People came to me. There was going to be a proposal, and they 

said, "You have to be the principal investigator." Well, that was 
nice. My responsibility was the instrument, and NASA was going 
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to take care of everything else. And they were even going to help 
me build the instrument. 

 
 I don't want to go into the details, but it's a good story, [and] at the 

end of this story, the job was taken away from NASA and given to 
Hopkins and working with engineers that we hired from Goddard, 
including engineers that had already been working on the design. 
Goddard hires a lot of contractors, so we hired those contractors. 

 
 APL, the Applied Physics Laboratory, is a very strong space 

operation, and they were very, very helpful. They sent us a lot of 
very good people, and they took on some important tasks, 
including when we subcontracted for the spacecraft. They helped 
us with that contract. So we had a lot of help from a lot of people. 

 
 Literally, at Homewood, we put together the architecture for a 

space mission. If you go up into the Rotunda upstairs, you can see 
a model. The thing stands about 18 feet tall. I mean it's huge. It's a 
big animal. We put it in an orbit about 750 kilometers.  

 
 NASA did the launch, okay? 
 
CY: Mm-hmm. 
 
WM: But we basically did everything else. We purchased the parts.  
 
 The secret was we had a lot of people helping us. You don't do this 

in your garage. The detector was built at University of California, 
Berkeley, by a guy who was very good at this. The spectrograph 
was put together at University of Colorado in Boulder. The 
detector was installed on the spectrograph, then was shipped here. 

 
 Then we took the whole business. We were responsible for the 

telescopes and the overall structure, and we put the whole thing 
together down at the APL. They let us use a big clean room, and 
we put it together down there. Then we took it to Goddard where 
they have all the test facilities, and we spent quite a long time back 
in what was called "Shake and Bake," which is where you vibrated 
it. You just beat the crap out of it. Then you put it in a vacuum 
tank, and you heat it and you cool it, and you see if it works. We 
had problems. I'm not saying it was perfect. We fixed the 
problems, and finally we flew.  

 
 The Deltas are launched from Patrick Air Force Base, which is 

right next to Kennedy Space Center. They overlap. You can't tell 



MS.0404 Johns Hopkins University Oral History Collection  8 
 

one from the other. Different gates, but when you get inside you 
can drive between them. 

 
[0:20:00] 
 

Although you might get shot at. I don't know. But you can drive 
through. We launched that vehicle in 1999. 

 
CY:   So the instrument was housed in the nose area? 
 
WM: Yeah. Do you see the [inaudible] or shiny part there? 
 
CY: Yeah. That's what's called a fairing. 
 
WM: This 18 feet of instrument and spacecraft is up in the front. 

Underneath all of this, there's another engine.  
 
 You have three engines. You have the launch assist, which are 

strap-on engines on the outside, and they're solids. That helps you 
lift the vehicle off. Then there's the main engine, which on this 
particular version of the Delta is liquid oxygen it's got a fancy 
name, RPX, but it's refined kerosene, which is a standard rocket 
fuel. There are a couple of different versions. There's a Russian 
version. Each one developed their own, but there are impurities in 
kerosene, and you want to make sure you've got the right 
impurities. Kerosene is not a simple thing, like water. Even water 
has impurities. 

 
 And the satellite was controlled from here, right down the hall, 

about 200 feet away. And we had a very large control room and a 
crew of people. I think there were about 30 to 35 people working, 
running it, planning it.  

 
 Every year we'd put out a call for proposals, and NASA would use 

peer review to select, and they would come up with a group of 
people. Over the first three years, I actually had about a year of 
observing time to myself. I also had a science team scattered 
around a number of different universities, as well as here, to 
analyze the data that we were obtaining for the science team. Then 
we were taking care of guest investigators. 

 
 It was a pretty complicated operation. I think it was starting in '99, 

and I think it was 2007 the mission died. So we had a nice run. 
 
 But it turned out the mission was not easy to run because of 

malfunctions of the spacecraft. I won't give you the whole saga, 
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but let's just say it wasn't all cherries. There were a lot of people 
getting up in the middle of the night taking care of things. There 
were a lot of emergencies.  

 
 You can't do all these things yourself. I would be first to say that it 

was the team that counted. They just put their back into it, and they 
made it work. We'd run into one obstacle, and somebody would go 
off in a corner and they'd come back with a solution, and we'd get 
back on the air. It was a great story, a really, really fun story. 

 
 I've been a professor. I came here in '64 as a young assistant 

professor, and I retired around '08 or '09. I gave up my regular 
chair and became a research professor. 

 
CY: Oh, okay. 
 
[0:25:00]  
 
WM: And I've been a research professor for a number of years. I've 

worked on different projects. I've been involved in this business for 
a number of years, worked on a number of different programs and 
had a lot of fun. 

 
CY: What is your perspective on the STScI and the University? How it 

has evolved over time? 
 
WM: [I have] an interesting story about the STScI. I told you about 

when we were flying sounding rockets. So we had a small group of 
scientists here. It was Professor Henry, Professor Feldman, Fastie, 
and myself. 

 
 It was recommended by a National Academy committee that 

NASA have a science institute to run the Hubble Space Telescope, 
that it should not be run directly by NASA, but that, rather, there 
should be some kind of intermediary that would obviously—you  
know, that NASA had confidence in but in fact represented a 
broader community. There was just a little fear that the facility 
wouldn't be fairly shared. 

 
 In response to this, NASA put out a call for proposals, and 

Princeton was supposed to be the shoo-in. I remember sitting 
around a table at the club, the four of us, and saying, "Look. We're 
just a little small –" oh, and Davidsen was here. I'm sorry I forgot 
the late Professor Davidsen, who passed away several years ago. 
He was the young guy, but he was very, very good. 
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 We all sat there, the five of us, and we said, "Well, first of all, what 
do we have to offer? We're just a small group of people, and we do 
very specialized work: the sounding rocket work. We're doing 
astronomy." It's a little niche in the business, and it seemed 
unlikely that we would [be successful]… 

 
 Well, at that point, Davidsen was the university's representative to 

an organization called AURA, which is one of these 
nongovernment organizations, nonprofit corporations. In 
particular, AURA runs Kitt Peak National Observatory. They run 
an observatory in Chile for the National Science Foundation, and 
run the National Solar Observatory for the National Science 
Foundation – and the President, John Teem, got into a conversation 
with Art Davidsen and indicated that he wasn't completely happy 
with Princeton as the choice for AURA. 

 
CY: Why is that? 
 
WM: I'm not completely sure what was going on. I could speculate, and 

it wouldn't be fair to my friends at Princeton. I'd like to hear their 
side of the story. 

  
 For instance, Lyman Spitzer, who was considered the father of the 

space telescope, made waves, and John Bahcall, who was one of 
the most active lobbyists in the scientific community for the space 
telescope—actually, a very interesting story was going on here. As 
a political science major, you may be interested in this. There was 
this tension between the East Coast and the West Coast. 

 
CY: Really? 
 
WM: Yeah. The West Coast people have the observatories. 
 
CY: Wow. 
 
WM: They have the glass. That's why Kitt Peak National Observatory 

was created, was to let the "great unwashed" have access to glass. 
And so this was more of the same, okay?  Lyman Spitzer was a 
visionary, and he was a professor of astrophysics, and, really, he's 
a theorist, but a very interesting guy. 

 
[0:30:04] 
 
 He's a visionary, and shortly after the end of the Second World 

War, he wrote a RAND report in which he suggested that one 
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could do astronomy from space. I think he had visions of 
somebody floating around in a capsule with a telescope.  

  
 But then he got down and did the hard work, and he worked with 

NASA. At one point, Princeton did build an observatory and fly it. 
There were three in the very early days. In 1971 or 1972, the third 
in the series was launched by Princeton. Of the two previous ones, 
the first was launched by Wisconsin, and the second was a 
Goddard one. The point is he really got his hands dirty. So they 
had a heritage there, and so I don't want to rock this.  

 
 But the upshot of it was that we put in a proposal. Writing a major 

proposal like that is not a trivial exercise. It's not just all good-to-
greatest kind of stuff.  

 
 Have you got some military training? 
 
CY: No. 
 
WM: All right. Well, I did. You know what "T" time or "H" time is? 
 
CY: No, sir. 
 
WM: H hour? It's zero. 
 
CY: H hour is zero? 
 
WM: Yeah. That's when you hit the beach, okay? 
 
CY: [Laughs] Okay. 
 
WM: Or T time. All right? I basically wrote the space plan. 
 
CY: Wow. 
 
WM: Well, it wasn't that hard. I had maps of floor plans that were 

brought—was old Rowland Hall, the second one. It's now Krieger 
Hall. And I just said, "At T plus zero, you'll have these rooms. T 
plus one month you will have that, plus these rooms." That's the 
detail you have got to get, but that's what you have got to do to 
win. And on and on and on.  

 
 I mean that building across the street was put up very quickly, for 

instance. 
 
CY: Really? 
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WM: Oh, yeah. When we got the contract, I think within two years it 

was open. 
 
CY: That's incredible. 
 
WM: Yeah. Well, Davidsen was behind that. The contract came to 

AURA, who. The building was built by the university. I'll tell you 
another piece of the story, which is that Steve Muller, the president 
at that time, took $2 million off, which in those days was a lot of 
money. He was popular. Basically, he committed to half the cost of 
the building. He was in control of the university. University 
money. 

 
 But the funny part of that story is – and I was in the room when it 

happened – he stood there with his hands in his pockets and said, 
"I am prepared to offer…" There were about ten people in the 
room [inaudible].  

 
 I have a friend who was the vice provost at that time, and his 

portfolio was science. And he told me about three years ago, "You 
know, Warren, I didn't know about that when he walked into the 
room. Nobody did." 

 
CY: Wow. So it was quite the shocker? 
 
WM: This guy was a gambler. 
 
 [Laughter] 
 
WM: He knew. He just knew this was going to do something for this 

university, and he just did it. 
 
 And a tragic part of that story is that when Adam Riess received 

the Nobel Prize, nobody could go and tell Muller, "Your bet paid 
off," because he had Alzheimer's.  

 
CY: Oh, no. 
 
WM: Yeah. Isn't that a tragic story? You never know in life. You never 

know. He bet big.  
 
[0:35:01]  
 
 He actually bet big on this department, too, after that. But that's 

another story. But the point is that's the kind of person he was.  
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 At the building dedication, he [Muller] stood out, and he said, 

"You know, nowadays you fly into the airport and say, 'I want to 
go to Hopkins,' they take you to the hospital." He said, "I look 
forward to a day when you tell the cab driver, 'I want to go to 
Hopkins,' and they take you here." [Laughs]  

 
 That's what he was driving at. He was trying to balance the 

university, and he was trying to balance the Homewood campus, 
and I think it has. I think it has helped changed the campus, and I 
think it's been good for us. 

 
 So those are the positive things that you were trying to get out of 

me. I think it has been good for the university. I've told you this 
story. I'm all for it. 

 
 Are there issues and problems? Sure. But by and large, and I 

suspect they would say the same thing. Sure, there are problems, 
but by and large it's been a good relationship. 

 
CY: So you guys got the grant to build these buildings? 
 
WM: No. We charge them rent. No. It's our building. 
 
CY: Okay. 
 
WM: Our relationship to the institute is that we are the host. They call us 

up if the door doesn't work. [Laughs]  
 
CY: So the landlords, essentially, correct? 
 
WM: Yeah. That's right. And AURA has the contract with the institute. 
 
CY: Because you're the host for them, do we get special privileges in 

terms of working with the telescope? 
 
WM: No. We do not. In particular, we do not. That would violate the 

very thing the National Academy is worried about. No. There are 
scientists here, for instance, on the time allocation computer. We'll 
get asked from time to time to serve on a time allocation 
committee, and I do, but no differently than any other place. 
There's no attempt. 

 
 Do we have an advantage for being here? Probably. Yeah. I think 

the department has benefited, and I think it's done a lot for us. Just 
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look at national rankings or something like that. Sure, it's had 
positive effect.  

 
 The university had to invest money in the department to take 

advantage of it. They had to say, "Okay, we'll put appointments 
in," and things like that. But for the university that was a good deal 
because they could attract a very high level of person. You see 
how these things work? 

 
CY: Yes. 
 
WM: It's not a direct, but an indirect benefit, and that's what Muller was 

looking for. No. I think it's been a positive for Homewood. It's a 
fun story. 

 
CY: It sounds like a fun story, just hearing about how he walked in with 

his hands in his pockets. 
 
WM: He stood up, and then he put his hands in his pockets, and he just 

stood there and said, "I'm prepared." And he supplied a lot of 
Hopkins people to help in the preparation of the proposal. But it 
was an AURA proposal, and I think they had industrial partners, 
CSC, which was a computer science corporation. And they may 
have had some others. And our role was that of being a host. Aside 
from being the site, we were not singled out. 

 
[0:40:00] 
 
 Now we have had some people involved in the governance, but 

that's always been through channels. In other words, that person 
will have been our representative to the AURA board, and then 
they're asked to serve on a committee that oversees, [which is] 
typical of large organizations. So they take a committee of board 
members to oversee something. I don't think there's been any 
singling out of us in any kind of direct way. 

 
CY: I love the politics behind it almost, too. It's like there's a mind 

game. 
 
WM: Oh, there's a lot of politics. When you get into big science and big 

projects, and there's a lot of money involved – of course, we call it 
jobs – you're going to have to think about the political side of 
things. That's true. That's why Barbara Mikulski retiring is going to 
have a big effect on the future of the space program in this state. 
We don't know how it's going to play out. She was a very good 
friend to places like Goddard Space Flight Center. I think she's had 
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a vision of bringing technology into Maryland. She gets it, and she 
gets the idea that we should build a technical base. And this area, 
for instance, is very strong in some areas, like software. All the 
government operation here is doing that, too, but I'm just saying, 
she gets it. She understands it. And so Maryland, Virginia, they 
both have benefitted from this.  

 
CY: What do you believe is the most important contribution your work 

has done for the STScI and vice versa? 
 
WM: My contribution to the STScI? 
 
CY: Yeah. I think you briefly touched upon that earlier, how you 

brought a lot of astronomy programs to Hopkins. 
 
WM: I don't want to be misinterpreted. I don't feel like I brought them. 

The programs I talked about earlier, I didn't bring them here. 
 
CY: Oh, okay. 
 
WM: I was involved in them. 
 
CY: Oh, okay. Sorry. My misunderstanding. 
 
WM: No. I mean the Voyager mission was run out of the Jet Propulsion 

Laboratory in California.  
 
 The instrument P.I. I was a co-investigator with – these are very 

complicated things – was a person at a laboratory at the University 
of Arizona, in Tucson, but I was brought in because they felt they 
needed more experimentalists, hardware people on the team. I 
proposed too, and then NASA performed a shotgun marriage. They 
said, "You're just four theorists. You need an experimentalist. Take 
this guy."  

 
 Well, that was in NASA's best interest. That way, this younger and 

relatively, should I say brash, inexperienced but technically very 
good person was able to get in the team. And they had the 
advantage of me, and I had the advantage of them.  

 
 You know, similar things happened. You have got to bring 

something to the party when you get on these teams. They don't do 
it just because you're a good person. They do it because you have 
something – 

 
CY: To offer. 
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WM: – they want. Yeah, something they want  
 
 I didn't mean that. The only thing I did tell you about was the 

FUSE program, and that ended up here. And I told you about the 
sounding rocket program. That was here. These others things, like 
the Space Telescope Imaging Spectrograph, we had a little piece of 
it here, but most of it was at Goddard. The instrument was actually 
built at Ball Aerospace, in Boulder. 

 
[0:45:00]  
 
 If you haven't figured it out – I think you figured it out now – a lot 

of these things get really spread out.  
 
CY: Yeah. 
 
WM: You spend a lot of time in this business flying around in airplanes, 

traveling, because of that. But that's the way it is. That's the way it 
is. 

 
 [End of Audio] 


