) Mq) PASLYS

/WLNQ NMQV\ (f—a;\msw@—

MILLER: Yun, I

have never spoken with
Father Joe  , Chinese woman cos-
Ted Miller:  mologist before. 1
WANG: Itis my plea-
Rector, , sure to talk with you.
St. John's MILLER: Do you
Episcopal find that a lot of people
Church don't even know what
cosmology is?

WANG: Itis true. Itis really a shame.

MILLER: What motivates you to be acos-
mologist?

WANG: It started when I was a teen-ager.
1 always wanted to understand the universe.

As soon as 1 found out that cosmology is the -

science about the universe, I justwent for it.
Does that answer your question? -
MILLER: Yes, I think most children worr
der about how the universe in terms of, “Tt
looks so big out there,” with the stars and

all. Some . ask, “Where does it all come.

from?” Others ask, “What is it made of?”
Others ask;, “What does it have to do with

' mé? Some people say, “Can I ever go there,

. outthere?” What did you ask?

WANG: Well, the science of cosmology -
_ answers all of those questions, except for

the last two. Some astronomers are inter-
ested in the last two questions, because they

~ are trying to-search for life on extraterres-
" trial planets. The questions that I ask in

doing cosmological research are, “What is
the most important and exciting research
that I can contribute right now that will fur-

. ther our understanding of the universe?”

 MILLER: What really motivates you in

- cosmological research right now?

' WANG: One project is to try to under-
stand the pattern that is behind the distrib-
ution of the galaxies in the universe. All the

. galaxies that we see come from really tiny,
* primordial seeds of concentrations of mat-

ter, you know, when the universe was very,
very young. So, by observing the galaxies
and studying the pattern of how they are laid
out today, we can try to infer how the pri-
mordial seeds were distributed. That, then,
can also be related to particle physics theo-

ries about the very early universe, say, when

the universe was 1034 seconds old. What
happened then? All these things are con-
nected. The other project that I work on is
to see what other means are ultimately the
best ways of using cosmological standard
candles to study the fundamental properties
and the fate of the universe.

MILLER: What's a cosmological candle?

WANG: A standard candle is a candle
that you know exactly how bright itis. Cos-
mological standard candle is something that

_ isout there. Actually, the best candidate for

a cosmological standard candle isa Type 1A
supernova. You have probably heard of
them because some people in our depart-
ment are world<lass experts on that —
David Branch and Eddie Baron.

MILLER: 1 remember studying candle
light. A lumen — wasn't a Jumen a candie-
light power of one candle?

‘WANG: I am not sure because here, actu-
ally, the unit of brightness that we use is
actually the brightness of the sun.

~MHLER: So, it is interesting to me that

“we gefrom candlelight, one sense of candle

power, as in horsepower . ...
" WANG:. . .tomany orders of magnitude

! brighter than the sun. They are basically the
. ‘explosive death of a star that has just the

right mass. So, when it dies, it explodes.
After the explosion occurs, nothing is left

behind. We have seen hundreds of these. -

They all have almost exactly the same
brightnessat peak. Now, you see what Tam
getting at, right? So, if we know what to
expect in terms of brightness, then if we
observe them and measure how bright they
are, we can infer where they are placed,
because their apparent brightness goes
down as 1/distance=. Suppose, we observe
hundreds of thousands of this Type 1A
supemovae over the universe. They have
different distances in different parts of the
sky. Then, we can infer where they are
placed in terms of distance, right? Then we
can have sort of a three-dimensional picture
of where they are. When we observe a
supermnova, we can algo measure its redshift
— how much its light has been shifted to
the red, which is-actually part of the conse-

quence of the expansion of the universe. -

When the universe expandsit is sort of like
the raisin bread rises. Itis the fabric of space
time that has been stretched. So, the lightis
also stretched with it. If you stretch the wave
length, it gets redder, because red light has
longer wavelengths than blue fight.
MILLER: And therefore you can tell?
WANG: Yes. So, now, we get to the spec-
trum of a supernova and we know what its
spectrum is supposed to look like. So, by
seeing how redshifted, how much shified to
the redward compared to a local supernova
that is nearby, we can tell by how many
times the wavelengths of the light from the
supernova has been stretched. That tells us,
basically, how big the universe was when
the light left the supernova. Light fravels at
constant speed, right? You know that the

_speed of light is the absolute optimum of

anything that can travel in nature. The uni-
verse started out small, right? When it

expands, it gets bigger and bigger. So,if the.

supernova is very far away from us, then it
will take light a very long time to reach us,
right? If we see-a supernova today, we are
actually not seeing its image today. We are
seeing what it locked like, say, 10 billion
years ago. So, back then, the universe was
alot smaller. To go from a universe that was
back then alot smaller to the size of the uni-
verse today, then the universe would have
to have expanded by huge factors. Well, that
factor is reflected in the redshifted spectrum

of the supernova. So, we really can tell.

Today, in cosmology we have several dif-
ferent independent observational tests
which tell us that the age of the universe is
about 15 billion years.

MILLER: So, Dr. Wang, in a way, as alit
le girl, you looked at the universe and one
of the questions you asked may have been,
“Where does it come from?” and “How big
is it?” :

WANG: Yes. :

MILLER: How in this world on Earth,
can you measure how big that world is out
there? Do yoi1 have a big ruler?

WANG: Yes.

MILLER: What is the ruler?

.WANG: There are several rulers. One
ruler is the distance that sound could have
traveled since the Big Bang to when the uni-
verse first became transparent.

MILLER: What makes us think that
there was a Big Bang?

WANG: Well, because today everywhere
in the sky we see this very, very cold back-
ground radiation. That is what has been
referred to as the afterglow of the Big Bang.

- But, if you trace that back how it was dis-

tributed, how the temperature varies very,
very slightly, like 1 part in 100,000, then
everything points back to a Big Bang hav-
ing occurred. ’

MILLER: So, in a sense, the cosmologist
says everything is coming from some-
where, some original point?

WANG: Actually, no, because the Big
Bang actually happened everywhere at
once. So, in cosmology, there was no uni-
verse until the Big Bang.

MILLER: Was there a first step? Some
people move offto the religious answer and
say God took the first step and the cosmos
began. I know the cosmologist does not
immediately pause at an external source for
the beginning, but rather, as [ understand
it, looks at what they observe about the uni-
VErse Now.

WANG: Right and how far back in time
we can infer.

" MILLER: So, that isthe critical inference?.

WANG: Right, exactly. I think that is
what science is all about — inferring from
observational evidence.

MILLER: Aside from what sometimes
is an easy religious dnswer as in, “God
caused it,” the cosmologist-scientist says,

“1 et’s see what we can tell from observa-

tion.”

WANG: Yes. What cosmologists do'is
really to go observe with as big of telescopes
as we can lay our hands on and see whatare
the clues for the fundamental principles of
why things are the way they are and keep
on gathering more data and keep on infer-
ring further and further backiin time to how
the universe started. But, we cannot answer
the question of what caused the Big Bang.
From the evidence we have, we can go back
to say a time that is 10-34 seconds, asI men-
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we can try togo back to

a time that is even closer to time(T) = zero.-
We can go back to 1043 seconds, We can
not go beyond that because at 1043 sec-
onds, even space time, was not well defined
because quantum physics would become
very important. So, space time itself would
be fluctuating. So, that is why I say that
empirically in cosmology we can never
answer, “Why was there a T'=0, zero time?”
“Who started the clock going?” Some cos-,
mologists attempt to address that as well.
Ttis sort of interesting. They suggest that
thé universe is infinite. So, here, in.
different local regions, you can have differ-
ent things going on. So, suppose thatina
region where you have alotof mass, things’
are going to, you know, get even denser and
denser, because gravity makes mass pull
into itself, because gravity is attractive; so if
it gets dense enough, you know, extreme-
ly, extremely dense then you are going to
have a Big Bang there. .

MILLER: Another bang?

WANG: Exactly. You can have multiple
bangs. Thatis a fascinating idea that a Russ-
ian cosmologist, Andrei Linde of Stanford,
proposed. There he was attempting to go

“beyond what scientific evidence supports.

MILLER: Do you ever wonder; Yun, sim
ple questions like-why it is so big?

WANG: First of all, it is so big because it
is so old. The universe expands, so if it is
15 billion years old, it is really, really big. I

" don’t think I can ever answer the quéstion,

“Is there a purpose behind the universe?”.
That may be more in the domain of some-,
thing other than science.

MILLER: Is truth’s trueness relative to-

the discoverer’s experience of it?

WANG: I hope not, so the truth that we;
are believing would have to transcend.
beyond the particular discoverer’s bias. That
is why I was drawn into science, because:
in science someone can claim to have made! -
a discovery and they can claim all sorts of
things. But, it is never accepted as fact or.
truth until it has been verified by many oth-
er independent scientists.

MILLER: As a person who grew up for:
21 years in mainland China, and now has;
been an American citizen for a year or two,’
but haslived in this country since 1985, you
bridge many cultures. You are a woman sci-
entist. You transcend the earth to the heav-

€ens, : :

WANG: I hope to. I try. The way I seeit’
is that politicsis sort of intimately related to’
the complexity of human nature. That is;
why it is so messy at times. It is unpre-
dictable. Science is sort of transcendent of
human nature. Humans are mere mortals
trying to pursue some truth that is beyond;
our everyday existence, beyond everyday-

e, ;
MILLER: And then thete is the differ-
ence between women scientists and men,!
especially if they come from China and then.
‘continue to grow on this side of the ocean. |
"WANG: I think the difference has been'
used and exploited in different ways in dif-
ferent cultures. The physical differences,
between men and women have sometimes
been extrapolated to mental differences,
which have been used to discourage;

‘women from becoming professional scien-

tists, which is really‘a shame, because I don't:
think there is any difference to mental capa-
bilities between men and women.
MILLER: Some of that is religious in ori-
gin and some of that is political. :
WANG: Yes.
MILLER: And some of that is experien-
tial or social. : . :
WANG: Right. But, if you keep on dis-
couraging women from entering profes-
sions where their mental capabilities will be,
challenged and displayed, then you keep oni
pushing women into professions which you.
do not consider to be very brainy. You sort.
of perpetuate this stereotype of women not
being brainy. .
MILLER: So, it comes back to experi-

ence?
WANG: Exactly. Exactly.




