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Al-Khalili
There are still notoriously few female physicists but my guest today forged her own path through the male-dominated world of research science - in the days, when it was unusual enough for women to work, let alone make a discovery in astrophysics that was worthy of a Nobel Prize.                 

Jocelyn Bell-Burnell is now a pillar of the scientific establishment, honoured by countless organisations. In 2007 she became a Dame and a year later the first ever female President of the Institute of Physics.    

It all began when as a 24-year-old PhD student Jocelyn spotted a tiny quarter-inch smudge on a graph buried within three miles of printed data from a radio telescope. Her supervisor, Tony Hewish, dismissed this bit of scruff as insignificant; but she was determined to get to the bottom of it.  And her curiosity about such an apparently tiny detail led to one of the most important discoveries in 20th century astronomy - the discovery of pulsars; those dense cores of collapsed stars. 

It's a discovery which changed the way we see the universe.  It was a major scientific breakthrough, for which her male supervisor and head of her department jointly won the Nobel Prize for Physics in 1974.  Some people call it theNo-BellNobel Prize because they feel so strongly, that you, Jocelyn Bell-Burnell, should have shared in the award.  Should you?

Bell-Burnell
I think at that time science was perceived as being done by men, senior men, maybe with a whole fleet of minions under him who did his bidding and weren't expected to think.  I believe the Nobel Prize committee didn't even know I existed.

Al-Khalili
Goodness me.  

Jocelyn Bell-Burnell welcome to The Life Scientific.  You don't sound bitter about this - were you bitter at the time?

Bell-Burnell
No I wasn't bitter at the time but then I've had so many other awards it's been amazing and it still goes on and on and on.  So it's in many ways much more fun than getting a Nobel Prize, having a great week in Stockholm and then it's all over because nobody will give you anything else because they don't feel they can match the Nobel.

Al-Khalili
But of course many people were and still are outraged on your behalf, including former secretary of the Nobel Prize committee Anders Barany.

Barany
Personally I would love to have seen her sharing in the prize with Hewish and Ryle.

MacKay
I do feel that Jocelyn did make an extremely important discovery.  I feel that she should have shared the Nobel Prize.  She's had many prizes and awards over the years but an awful lot of people really do feel that this wasn't particularly fair.

Al-Khalili
That was Cambridge Professor of Astronomy Craig MacKay there.  I mean he says it wasn't fair - it wasn't faire was it really?

Bell-Burnell
No but then the world's not fair and it's how you cope with the world's unfairnesses that count.

Al-Khalili
And of course today you're a Fellow of the Royal Society; you're Dame Jocelyn Bell-Burnell; and you've received numerous honorary degrees from all over the world, so I guess it's belated recognition that people do acknowledge the contribution?

Bell-Burnell
Oh yes, yes.

Al-Khalili
But it's not been an easy ride for you - as a woman pursuing a scientific career that began in the 1960s?

Bell-Burnell
No it's not been easy and I hope it'll be easier for younger women as our sensitivity grows.  The problem actually started when I started secondary school.  The first week of secondary school, message goes round the first year class - this afternoon, boys to such and such a room, girls to such and such a room.  We were sent to the domestic science room and the boys to the science lab.  And my parents read the riot act when they heard that.  So did the parents of one or two other girls and the next time the science class met there were three girls and all the boys.

Al-Khalili
And you haven't looked back since then.  But of course you then enter an even more male dominated world when you go to university to study physics at Glasgow.

Bell-Burnell
Yes I was the only woman doing honours physics in my year.

Al-Khalili
There's a story of you being wolf whistled and having feet stamped as you walk into the lecture theatre - that sounds horrendous.

Bell-Burnell
It was the tradition in Glasgow at the time that whenever a woman entered a lecture theatre all the blokes did that.

Al-Khalili
Goodness.

Bell-Burnell
Mmm building site.  I'm a bit annoyed with the staff - the faculty - who must have known what was going on.

Al-Khalili
From there you moved to Cambridge for your PhD, to work in radio astronomy, what made you choose that particular subject - radio astronomy?

Bell-Burnell
Well I knew I was good at physics from as soon as we started it at school and it was a question of what kind of physics I would do and I became interested in astronomy through reading my father's library books.  But the snag about conventional astronomy is you do it at night and I wasn't really very keen on that and I thought for a while - mm I'm not sure I can be an astronomer.  Then I discovered these new astronomies which had grown up post-Second World War, things like x-ray astronomy, radio astronomy.

Al-Khalili
And what was it about radio astronomy in particular that you found exciting - it must have been more than just not wanting to stay up all night?

Bell-Burnell
Radio astronomy - very new, really going places, things happening.

Al-Khalili
And I'm sure you have similar analogies but I think of this idea that when we would only look up into the sky and look at the visible parts of the spectrum, it's a bit like listening to Beethoven but only being able to hear the middle octave and radio astronomy opens up the rest of the piano scales.

Bell-Burnell
Yes that's right, huge scale indeed.

Al-Khalili
And you attended a summer school at Jodrell Bank where Britain's first radio telescope was built by Bernard Lovell in the '50s, also known as the big ear and I think a lot of people driving through Cheshire will still recognise it - it's quite an iconic landmark out in the middle of a field, a huge machine.  So perhaps you can tell us a bit more about that - your introduction to the Jodrell Bank telescope?

Bell-Burnell
Yeah I worked as a summer student one summer at Jodrell Bank, which was huge fun, and the research group I was attached to needed a computer and there was a computer in Manchester but the landline was down.  So they used the summer students basically to do long arithmetic - it fairly improved my arithmetic that summer!  The lecturers back in Glasgow were commenting on it afterwards.

Al-Khalili
But then when you graduated you started a PhD in Cambridge - why didn't you choose Jodrell Bank for your PhD?

Bell-Burnell
I had actually applied to Jodrell Bank but while I had been working there the other graduate students - they were sort of a year or two ahead of me - had warned me that they judged that they wouldn't take a woman.  Apparently, according to them, there had been a woman student one time in the past, she and a male colleague had put the dormitory to a use for which it wasn't intended, he bragged, Sir Bernard got to hear about and said:  "No women."  It's a very fair world isn't it this but - "No women".

Al-Khalili
This was it - your chance as a woman working at this brand new wonderful facility - radio telescope - was gone because of....

Bell-Burnell
I suspected that I wouldn't get to work at Jodrell Bank.  There was of course Cambridge but the standard there was phenomenally high and I reckoned I was probably going to have to go to Australia where they did a lot of radio astronomy and did it very well also.  But their academic year didn't start till the new year so I had a few months in hand.  So I applied to Cambridge just in case and to my very great surprise got in.  I think partly because I had my own money but it was a huge surprise and I did find the place quite daunting.  Have you heard of imposter syndrome?  

Al-Khalili
No.

Bell-Burnell
It's - something that afflicts people who lack confidence - women often and some men - and they find themselves in a place they didn't expect to be, somewhere prestigious, and they say "Ooh they've made a mistake admitting me here, I can't hack this, they're going to find out, they're going to throw me out, it's all their fault, it's a mistake, I shouldn't be here, I should leave before they find me out."

Al-Khalili
So there you were in Cambridge, feeling daunted in this new astronomy - radio astronomy department during the '60s and your supervisor Tony Hewish was building a radio telescope to detect quasars - short for quasi-stellar radio sources - and this is as distinct - we should be clear - distinct from the objects that you discovered - pulsars.  You spent much of your PhD it seems working out in muddy fields banging posts into the ground.

Bell-Burnell
Yeah I spent the first two years building the equipment, along with about half a dozen other people.  It was pretty heavy physical work.  My particular responsibility was connecting up cables in various ways and putting plugs on and things like that.  It was a massive telescope, it covered an area of 57 tennis courts, it was huge.  There was 120 miles of wire and cable went into it.  And yeah these 120 miles of wire and cable were kept up out of the wet grass by being strung on posts and the posts had to be sledgehammered into the ground.

Al-Khalili
By you.

Bell-Burnell
Well I was spared most of it but I did a bit and by the end of my PhD I could swing a sledge - it's not something I expected to do but I could do it.

Al-Khalili
And I imagine that once that sort of manual labour part of your PhD was over actually getting the thing up and running and starting to gather data must have been really exciting?

Bell-Burnell
Yeah and was particularly successful that phase.  We had a very careful technician working with us - Don Rolf - and it's actually thanks to Don that most unusually when we switched that radio telescope on it worked first time - they don't normally do that but ours did.

Al-Khalili
And it started producing reams of data which you had to go through and analyse.

Bell-Burnell
Yeah, there weren't computers available so the reams of data came out on strip chart - paper chart - and the configuration produced a hundred foot a day and I ran it for six months, which gave me about three miles of paper, which I had to analyse by hand.  I would go through the charts and I would log where I saw what I thought were quasars and I also saw that there were chunks of manmade interference - artificial interference.  But just occasionally, one time out of five or one time out of 10, when we looked at a particular bit of sky there was this additional signal that didn't look exactly like a quasar, didn't look exactly like low level interference, occupied about a quarter inch of the chart.

Al-Khalili
This is a quarter inch in sort of hundreds of feet - that's a tiny detail that most mere mortals presumably would have overlooked.  You found it interesting enough to follow up - why?

Bell-Burnell
Because I was being extremely thorough, conscientious, pedantic and wanting to make sure I understood how the equipment was behaving.  And this was a signal I couldn't explain so it troubled me.

Al-Khalili
And were you also maybe a little bit worried that you'd made a mistake or that something shouldn't be there, something was wrong with the telescope or ...?

Bell-Burnell
Well yes, you know one of the reasons for checking out all the signals you get is to make sure the telescope is functioning as you expect it to, so that's important.  And remember I'd been responsible for the wiring so I was anxious about crossed wires and things like that.

Al-Khalili
And you showed this little smudge to your supervisor - Tony Hewish - but he didn't share your excitement, what was his response to seeing it?

Bell-Burnell
I showed it to him after I'd seen it a few times.  The first time I just logged it with a question mark.  But after I realised it was reappearing from the same bit of sky I showed it to Tony and sort of said what do you think we do about this.  The snag is it was - the signal was all crammed into this quarter inch stretch of chart and it really was jammed together and you couldn't see what was happening.  So we decided that really what we had to do was to spread it out a bit, which means running the chart paper faster underneath the pen.  And I did that for a month and absolutely nothing showed and Tony got very cross - Oh it was a flare star and it's been and gone and done it and you've missed it - kind of thing.

Al-Khalili
Oh dear.

Bell-Burnell
And then finally it came back and I got it and it came in as this string of pulses - equally spaced pulses.

Al-Khalili
I have a photocopy of your original data here.  It's amazing, even for the untrained eye, it's clearly something that's oscillating at regular intervals and that's the key isn't it.

Bell-Burnell
Yes.  And that's what disturbed Tony because it's oscillating at one and a third seconds period, which means it's from a small object, something that is less than one and a third light seconds across.  And Tony knew this, I didn't, so when I phoned him up that afternoon and said do you know this scruff is a string of pulses one and a third seconds apart, he said:  "Well that settles it, must be manmade."

Al-Khalili
Tony dismisses it.  He said he thought it had to be a radio source originating here on earth rather than being out in space but you thought otherwise.  So what did you do to try and confirm that this was really coming from space?

Bell-Burnell
Well we started a whole lot of tests and it was a very anxious time for me.  We spent about a month doing test after test after test and finally established it wasn't a fault with the equipment, it wasn't manmade interference because it seemed to be coming from somewhere about 200 light years away - which is well out in the galaxy beyond the solar system.  So it's something stellar, not terrestrial.  Dear knows what it is because nobody had seen anything like this before.

Al-Khalili
What was so special about it?

Bell-Burnell
It was a very rapid pulse and it was a very accurate pulse.  Because it was rapid we could put a size limit on the thing - probably about 20,000 miles across.

Al-Khalili
Which is much smaller than a star?

Bell-Burnell
Yeah much, much smaller than a star - a big planet may be but much, much smaller than a star.  It was also surprisingly accurate - it kept its pulse period, it didn't get tired, it didn't flag.  And if something's going to keep pulsing very, very accurately it's got to have great reserves of energy, so it was going to be big.  So it's small and it's big. 

Al-Khalili
So what you're saying is if it's small in size and yet very heavy, we're saying therefore it must be a very dense object?

Bell-Burnell
That's what emerged ultimately, at the time we couldn't get our heads round it because these things are preposterously dense, there's nothing like them and we just couldn't envisage what was going on.

Al-Khalili
Now in hindsight we know what these objects are, the analogy is that they're so dense it's like getting all - I think it's all the people on earth squeezed into...

Bell-Burnell
Into a thimble.

Al-Khalili
...into a thimble and that's how densely...

Bell-Burnell
That's how dense it is, yeah.

Al-Khalili
Closely packed together the materialof these objects are.

Bell-Burnell
There's some very interesting physics because it's closely packed.

Al-Khalili
Absolutely.  So whether or not you won the Nobel Prize nevertheless a Nobel Prize was awarded to the discovery of pulsars.  Finding the second pulsing object in the sky - was that the moment more than any other where you felt this is it - I've found something really new?

Bell-Burnell
That was a really sweet moment because that's where you become pretty convinced you've stumbled over the tip of a new kind of distribution, a new population, whatever.  And it was a particularly difficult observation to do - getting that second one - so it was quite a technical achievement as well.

Al-Khalili
And you publish this key paper in a top journal, in Nature.

Bell-Burnell
We should pause just for the benefit of listeners.  One of my fellow students at Cambridge published a paper in Nature and his mother was terribly upset.  She thought it was the magazine of a nudist colony!  It's a prestigious scientific journal - the top one folks.

Al-Khalili
Yes publishing in Nature, there's nothing untoward about that.  I mean you found the first two pulsars...

Bell-Burnell
First four pulsars Jim.

Al-Khalili
First four pulsars - I do apologise.  How many are out there?

Bell-Burnell
Oh we're pushing 2,000 now and we're a bit limited by the present equipment because they're pretty weak.  We can see the ones in the near half of the galaxy, the far half of the galaxy is pushing it, for example.  So there's a lot more to be found.  And I follow the field with enormous interest and enthusiasm because it's still incredibly exciting with staggering results rolling in each year, it's really dynamic.

Al-Khalili
This discovery of pulsars clearly was pretty significant in terms of furthering our understanding of the universe and the cosmos, did you realise at the time - back then in the late 60s - the significance of the discovery itself?

Bell-Burnell
I don't think any of us did to be honest.  It was only over the next few years as these neutron stars, which are what pulsars actually are, were found by other astronomers in other circumstances, for instance x-ray astronomy, that we began to realise the magnitude of the discovery we'd made.

Al-Khalili
And what do they mean in terms of understanding what's out there in the universe, where do pulsars sit?

Bell-Burnell
They are the end points of the life of big massive stars.  Stars which explode catastrophically, which up till then we thought had totally wiped themselves out...

Al-Khalili
This is in a supernova?

Bell-Burnell
In a supernova.  And we now know that the core of the original star gets very compressed, very shrunk, during the explosion and that's what makes these very dense small stars.

Al-Khalili
And before your discovery presumably the assumption was that these stars just exploded into smithereens and just threw everything out into space?

Bell-Burnell
Yes, yes.  There were one or two mad astronomers around who suggested otherwise but they weren't part of the mainstream.

Al-Khalili
You proved that there was something left behind after a supernova explosion?

Bell-Burnell
Yes the explosions weren't totally catastrophic there was some solid stuff left; things that people had dreamed about and we thought were really not terribly sensible turned out to be real.

Al-Khalili
And did this contribute to understanding the more sort of exotic things that we hear about in astronomy like black holes, understanding that black holes could also therefore exist?

Bell-Burnell
They certainly made black holes much more credible because if something as dense as a pulsar can exist then quite possibly black holes could also, so yeah they brought black holes more into the picture.

Al-Khalili
Now it must have crossed maybe not your mind but some people's mind that here we have this regular signal coming to us from something that looks like a large planet far out there in space, it's nickname was LGM1 - Little Green Men 1 - to what extent did people think this may be coming from ET?

Bell-Burnell
Yes, yeah when we announced the first one the press somehow latched on to this and it resulted in a lot of interviews, a lot of press interest, yes.

Al-Khalili
But it must have been a mixed experience for you personally because on the one hand vindicating your discovery but on the other hand - is it the Daily Mail ran the headline - Girl Discovers Little Green Men?

Bell-Burnell
Oh yes and worse than that what were my vital statistics and how tall was I and you know - chest...

Al-Khalili
Good grief.

Bell-Burnell
... waist and hip measurements please and all that kind of thing.  They did not know what to do with a young female scientist, you were a young female, you were page three, you weren't a scientist.

Al-Khalili
That's incredible.

Bell-Burnell
What sticks in my mind is the difficulty I had in dealing with those, I would just love to have been really rude to them but I was a PhD student, I hadn't finished my PhD, I was dependent on senior colleagues for references and maybe even for the PhD and I wasn't in a position to offend the press because the lab needed the publicity.

Al-Khalili
Is there anything that you think you could have done or said at the time that would have made things easier for you?

Bell-Burnell
I don't think you could have.  If there had been a sort of senior woman around she might have been in a strong enough position to weigh in and say to the press look these are irrelevant questions or something like that but there wasn't.

Al-Khalili
I wonder whether it's something to do with - your colleague Craig MacKay says:  "Jocelyn does meek"?

Bell-Burnell
I think that's a misjudgement, I think people fail to recognise the grit that was needed just to be there.  To have gone through a degree in Glasgow as the only female with the treatment I had, to get myself to Cambridge, to hold my own.

Al-Khalili
So it's the opposite of being meek, it's actually having to be very strong, strong enough to cope with that sort of...

Bell-Burnell
And not for the first time in my career either, not for the last time.  Similar problems when I was trying to combine a family, career and my colleagues thought I was not serious because I was working part-time - totally failing to recognise the doggedness needed to get working at all in Britain at that time when you were a mother.

Al-Khalili
And for you now that you are established you are now making much more of a noise about the mistreatment particularly of women early in their careers.

Bell-Burnell
Yeah and a number of things, yeah, but yes.

Al-Khalili
Do you think things are different now - how far have they improved?

Bell-Burnell
They certainly have improved and there is a lot more young women in astronomy.  Curiously there are more women in astronomy than there are in physics or a higher proportion of women in astronomy than there are in physics.  And given that most of us have come through physics to get there I find that particularly interesting.

Al-Khalili
Is that to do with the subject matter itself or the working environment?

Bell-Burnell
I think it's probably working environment because I think people could get fascinated about any of the branches of physics, it's just what grabs you.  I think it's the working environment.  Perhaps it's slightly more cooperative, less competitive.  Perhaps it's more open to different ways of thinking, different approaches than the rest of physics - I'm not sure.

Al-Khalili
And is that what you would do to change the environment to make it less alienating to women to fit in...

Bell-Burnell
Yeah.

Al-Khalili
... they want to live their lives?

Bell-Burnell
Yeah.  Women of my generation who've stayed in science have done it by playing the men at their own game and I do wonder a bit what it's done to me as a woman, am I now a shemale or a weeman or as a result of 40 years of that.  I hope it's easier for younger women indeed and I think it is easier, it could perhaps be easier still but it's much, much improved, that's undoubtedly the case, yeah.

Al-Khalili
But I think now - I hope certainly - that many people do know about how important and significant your work was.  Was there a point when you started to think that you deserved some of the credit - you're struggling to bring up a young family, you're working part-time, a Nobel Prize is awarded for something that you discovered, was there a point you thought hang on a minute, hello, it was me?

Bell-Burnell
I think there were probably a lot of moments like that during the phase where I was moving around after my husband and working part-time trying to keep in the field.  It was in general a very tough time.

Al-Khalili
You'd missed out and to this day your supervisor Tony Hewish believes that he deserved the lion's share of the prize, listen to this:

Hewish
I mean my analogy really is a little bit like when you plan a ship of discovery and you go off and somebody up the mast says land ho, that's great but I mean who actually inspired it and conceived it and decided what to do and so on.  I mean there is a difference between skipper and crew.

Al-Khalili
Comments like this must make you cross surely?

Bell-Burnell
That's Tony and the way he feels, that's okay.

Al-Khalili
So the shrug of the shoulders is still the appropriate...?

Bell-Burnell
Yeah, it's not worth getting het up about.

Al-Khalili
And of course now you've been honoured by countless esteemed astronomical societies and universities, your reputation as one of the leading astronomers in the world is something that seems to have steadily grown, despite missing out on the Nobel Prize and you're a Fellow of the Royal Society so I know you're very active there.  The list is endless - you've become this public scientist, public spokesperson for science and for women in science in particular, nevertheless Craig MacKay still thinks you're not the sort of person who likes to ruffle feathers.

MacKay
She's a strong minded woman but she is not somebody to make a great deal of fuss and she's somebody who still, I think, feels to a degree embarrassed by the attention that has derived from her research.

Bell-Burnell
I don't think anybody at the Institute of Physics, where I've just ceased being president, would agree with that statement.

Al-Khalili
You have a voice now, you've come a long way.

Bell-Burnell
I think the earlier meekness judgement is a misjudgement to be honest - she is made of steel.

Al-Khalili
And always has been.

Bell-Burnell
Yeah, she wouldn't be here if she weren't, she'd have melted long ago.

Al-Khalili
Jocelyn Bell-Burnellthank you very much indeed.

