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Dinner at International House in Berkeley, circa 1939.
Seated from left to right: Emilio Segre, J. Robert Oppenheimer, and
Chien-Shiung Wu. (Lawrence Berkeley Laboratory)
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Wolfgang Pauli at the International Congress in Rehovoth,1957
From left to right : ?, ?, R Peierls, ?, G Racah, Wolfgang Pauli, Dr Wu and C J Banner?

Scanned at the American
Institute of Physics

Dr. Wu attending an international conference on High Energy and
Nuclear Structure in Rehovoth, Israel.1967(19577?)







C.S. Wu T.D. Lee C. N. Yang

Award Ceremony Speech

Presentation Speech by Professor O.B. Klein, member of the
Nobel Committee for Physics

Your Majesties, Your Royal Highnesses, Ladies and Gentlemen.

The Nobel Prize in Physics to Professor Tsung Dao Lee and Professor Chen Ning
Yang for this year is concerned with some of the fundamental physical principles,
the so-called parity laws - in the first place the symmetry of Nature with
respect to right and left - in their application to elementary particles and
their reactions.

The first of these experiments was carried out by the Chinese physicist, Mrs. C.S.
Wu and her collaborators. Very schematically it consisted in the following ...........




commentary

Parity and chlvalry i nuclear physncs

were

| of Columbia Ummulym New 'ﬁwl: held a
t press conference, and the following day
headlines on the front page of The New York
Times declared “Basic concept in physics

tep P . Conser ;
:;I;n nuclear theory challenged by scientists
at Columbia and Princeton Institute” It was
unusual in those days for sclentific results,
however impartant, to be announced first at
a press conference rather than at a scientific
micetingor ina professional journal. Thesci-
entific paper appeared a month later on 15
February 1957 in Physical Review, and this
forticth anniversary of publication provides
a good opportunity to look at those contro-
versial events.

The great excitement was triggered by
results from an experiment suggested the
previous summer by theorists T. D. Lee and
€. M.Yang to test the conservation of parity
in weak interactions. Lee, from Columbia
University, and Yang, from the Institute for
Addvanced Stedy in Princeton, had been con-
sidering one of the most puzaling effects of
| the time, the so-called ‘0" pazadox. Dand t
| are two short-lived *strange’ subatomic par-
1 ticles, 3o called because although they are
| made readily in particle collisions through
§ strong interactions, they decay only on the
[ woger timescales typical of weak interac-
tioas. The additional puzzle was that they
lrave exactly the same mass, but can decay to

under parity. The key would be to measure
something that changes, such as momen-
tum, refative to something that does not,
such as direction ofspin.

In June 1956, Lee and Yang a

Forty ¥ ﬂnwwtl 1 by the P
y ¥ But th Yor by \ » o .'
—_ Kurtl Chrl | evidence from nuclear beta- ﬂ'p:nmnla'lly lhll the B paru(!n emitied
Nicholas and tine Sutton decay, they realized that no had riente aucled
O 15 January 1957, the ph dan effect that would change hands  emitted asymetrically with regard

he
direction of the magnetic field.” But he also
pointed out that experimentalisis were dis-
couraged by the theorists from wasting their
time on experiments that were bound 1o

paper to Physical Review in which they sug-
gested ways of testing for parity conserva-
ion'. One idea was to measure the dlectron
emission in B-dm &om ork:nled nuchei 1o

On 12 January 1957 the paper was ready
10 be sent to Plysionl Review. In those days it
was usual to list authors in alphabetical
order, unless one was the leader of the team

lngl‘nldwmwd.w

or the But, § in this instance, il
Y ld b by for the ‘A" and the:
H auth i dersthepro.

The NBS test
In the United States, the National Bureau
of Standards (NBS) was one of only twe
places where nuclear orientation work, by
Ambler, Hudson and Temmer, was being
done. C. 5. Wu, a colleague of Lee'sat Colum-
bia University and an authority on -decay,
approached Ambler, who three years carlier
had polarized y-decaying cobalt-60 (“Co)
nuclei in his thesis work at the Clarendon
Laboratory in Oxford. As a result it was
decided late in July that the parity experi-
ment would be canied out at NDS by
Anibler, Hudson, Hayward (an experimen-
tal nuclear physicist), Hoppes (his research
assistant), all From the NBS, and W,
Although the techuique of y-ray nuclear
arientation experiments at millikelvin tem-
peratures was well established by 1956,

posal would have had to come from the "V
author. When this did not happen. the
chivalrous suggestion was made that as Wu
was the only woman she might sign first,
(One wonders whether 4C years on sia
suggestion would be regarded as an cariy
exampie of aflirmative action or a sexis
remark!) Soth-authorsof the paper deserib-
ing the MBS parity violation experiment
were listed =5 Wi, Columbia University, amd
undermeath, ona separate line, Arthier, Hay.
ward, Hoppesand Hudson, NBS'.

“This gave the inipression that Wa was the
principal author, and as a resalt the e<her,
ment was and is often referred to ac 1
experiment”. This attribution was & e
by Garwin et al, whose paper on parity vioks
tion in myeson decay followed the pape by Wa
et al”, They thaiked Wu for “reponts of les
results of the *Ca experiments’, rathgr than

Wi

s cited

tively), implying that they could not be the
same particle, unless parity could somehow
change in the weak decays. However, physi-
cists believed that parity s conserved (stays

than in the y-ray experiments. Thus it
was not until December 1956 that the
Torward-backward asymmetry vI the B-

states nfdifferent ‘parity’ B-decay exy P ial dliffi- ‘When in 1978 Wia wa
Farity refers to a complete inversion in  culijes. B fth gabsorptionof - ud\eﬁwﬁnﬂummmo{d‘ prestigicu
space, which has the effect, for example, of  rays, the scintillation d, dtobeinsidk Woﬂ’mr. u_‘.m NBS ex
tuzning a right-handed corkscrew into a left- Ihu:muuund the light puhu itted  as™her ke
hand one. Asymm that hls nglu—lcl’! sym- a room temy The wmuldimmnhm state for the
Y g the parity op Fv( he B-activity had to be
i lissaidtoh it mllﬂ-umoulnluﬂnflll:
# handed system, lud\ asa mrluclw. does  single-crystal cooling substance. To prevent
gative pa y. The  this exposed llnr from warming above the
and 7 decayed f particl PP of the bulk of the crystal, the  experiment proposed by Lee and Yang, this
sile parity d th ions respec-  thermal insulation had to be much better  confirming their lypothesis that pasity snot

conserved in f-decay. In writing this article,
we relied on published papers, unpublivied
or personal information and samen it

emission, on reversing the polarizing feld,

shaky i fone of usgN. K.J. we
are ;rlk[lll 1o Ralph Hudson for pu

Wichlis ks 16 amul Christ e Sietors e e
Physics Deparsiment of the University of Oxfnk

thesame) inall basic physical processes, mﬁnl oburvrd ﬂurusunfwdmnbmg
ime many peo-

L"hhl'll,‘pﬂlﬂﬂl ple thought that there was no more 1o the

In 1956, as more l expl Ihan for Wu o \um up at NBS

fur“- 01 puzzh LLecand  and receive fr

s Al id iously ..L altern um nitrate Cﬂ'llll. dopd Wllls

discover whether there were other weak

interactions in waich parity was not con-
served. After working through a great deal of

HATUR vOL 33| 1) FERRUARY 197

Indeed, '_in his Rlll]l:l U !mmumi
Tecture in 1958, P M. 5. Blackett said "It
ook Wu and colleagues 48 hours 1o show

RN UK

1 Lo 1L A Torng . Py, e, 194, 1347051

B Bk M5, Frc R S 231, 0011989

X W 5, Armbler, .yt B V. Heppes. 18 41
bl B Py e 13, 1L

& Carin B L e, L M B Wik, b By B 4L
MR
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correspondence

177544108

Nefure

Juicitig 6 papers fc the subhead “Forty years ago, the world of
the United Kingdom, and 7 for each physics was stunned by the di thea
Value for money prodced i the United Sates I we include e Seniihel
Sir— St ae currenlyjudgsdbythe_ aivet 2430 P e ok el sl utihe
o Sy oty for the 1 South African propetly attributed ™ fih
mguu criteria, anﬁ :R.:mw lecturers receive $14,000 a year {less than e =l state]
of world science™ finds that the quaster of salaries on uifer in the United Mth‘i?{&nnd me.mnmu" Ll
econamicully developed nations fare well, Smuajlldsnlbyduu!’ Standards| parity viclation experiment was
whether the resul in terms Ilhou!dhkﬂnmu.ul nm]hbmlmlumdfmllnw!ncﬁnminr
of citations per person Jative cf that fundi
index. In toda mm cli vest
n y's ic m-nr lu l;P:lI_lﬂdSll_mlh_uuld ; m‘Snwthl i knwkdgendwmhclaarr:;« an
"balv:luhmmey armz i pIRg Lecan nlg.ﬂun
ﬂulml illis g Such mmﬂmd e dmy parityis
st iy
Wie have
rjusuummmr L of mmmm’:\fﬂ
wvaluse for money s iated I wrole in 1957, “[wle are also indebted 1o
with university institutions. Johannesburg, Sourk Africa Profe
- Several of my South African colleagues L O gl llﬁlﬂ&%fymhn
¥ institti =gy =y s . t whick played ial
have provided me with their sverage costs 1 by k. Sy, b9 130 the Columbia discussions immediately
per publication. These range from $500 to 4 Mﬁdﬁﬂ experiment’
52400, Theaveage s $2400 Thisis nota g gt
veryt i« figure because chemicals ase l!lll!ﬂﬂl‘lhﬂ.ﬂunqm Ca-60
e fi s i du; ::d d :ldsmw Ofpanty resilts. Our own experiment, 8
ane subject to import duty and 14% ation Hmmt 'Ohtmlbmo(ﬂnﬁilnnnl
durlddedllx.Soﬂm)ulnwlfwmh exm conserval
& ablication is $1,520. i ﬂa'!"[m’:nd‘h".#
xmmlbrumth:yorlhm Fihe i - L
¥ ihlicaiions? These colle s bk i
ilﬂl‘lll.'{l;ii Tiis suggests that weare mmw.“w:w‘ = “Img;lufmmm
e L
| Tues n)-mnmh;ﬂllnunmlndoull.dkr ﬂmmudnnlhnldld%l)emlm
| was wristen that day. H; 13 March 1957.)
wﬂfmmh.wwuﬁmmuha' Whm'mpmwl ary
DrE. nuﬁlﬂformmdhk ; i ‘..... v wvmq- "
b i
: :wmnduphmewh-mbe'har‘ Bk ik iculows exp
< e 1978 Wolf Prize to W, citing the 3 b ntal chiecks 7t
d the spin of Co-60 and, an 4 whaduabmd?mw!]mmn
'mk'lpﬂufnrukﬂm.d\iﬁuull June, Wu aledAmHuhMun\dﬂhﬂ' odcbmﬂugmlmh
e o the L bel . Sei« *in thoee daysit
umnpmmu'hlmwhmu Ambler accepted with enthugiasm, and l to ' Iphal |
wark'”: mmnnnmmum&&r order, unless or he beader of ik
\\'\ldlrd in New York on ismm-q * or the orig e It would not b
1997. Ata memorial service on 22 February, dnuupuhmuulelhm wmahu@n‘mrn[dﬁ
every speaker gave credit for the Co-60 g 5u_
experiment both to W and to the NBS at milli-Kelvi s f Ammibler, Hayward,
’ team. For instance, C. N. \’mau&'bn wm«wwmm wam»-ﬁlnmuu
P he MBS g and had studied bac full exedit,
didi coe of the most ing from the cerfum magnesium L Garwin )
< “jand TD Le: rmym.p.h..‘d nitrate (CMN) crystal sourée bucking.h o || ol Universit
e eolleag Wil two Co- enis, one  New York, New York 10027, USA
pricipi i ""-""" vith the B-emitting th layer . LeonM.Lederman
1n 1773, Wu h few mi {Co-60,the  lllinais nstiture of Technolegy,
mazvellovsly informative and warm Mlmwhh&-mlhmghﬂ!wtrﬁlkt : Tlliols 60676, LUSA
discussion of the Co-6 iment', lim dies of y anlsotropy fre T
P lonb i dacivad rocdat Bt the B - i . e Horpes, 0 s,
- CRE R v b Fasioy s, L Py s 180, B4ED 19371
F 4 repudly jor ¢ . G K. e ik, A i, e
]Idﬁlm.llﬁlh:NlSlHluw_ed CMN i
Jr lhn:mmdmﬂalheulgh\n[ shell 1o shield the surface. By
the Co 60 par spring the el
1956 whea T.D. Lee described toberthe

possbillty that the

lnn.mgcmlld bedue ladwwllnn of .
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Dale Hoppes

but I will supply as much in formation as I can. First, Ray
Sincerely,

9

RIS IHE-EURESY ( 1940542

although his widow persists. I am told that Dr. Hudson has poor short-term

bject: Re: From Chiang Tsai Chien

Dear Mr. chiangtc:
I hope someone else from NIST has written to you describing the situation here. I am fighting infections and

memory, but I don't know if he can communicate. Dr Ambler is apparently in good mental health, although
he lives in one of the coastal islands off the Carolinas. I think Dr Schooley has alerted him to your project.

The grounds of the old NBS have long been the home of a District of Columbia University. I do not know
the condition of the actual site, but it was recently dedicated a historical physical site, I was not able to attend

and don't know if the building has been diverted to a new use. A reconstruction of a portion of the actual

cryogenic apparatus was made at the NIST Gaithersburg site, where you may have seen it in 1989.
rather fond of Dr. Wu during the time she worked with us and would like to see her properly honoured

I am sorry that I can not be more helpful; perhaps you will find a younger reception at Columbia. | grew

would not be able to speak with you on camera

Hayward died several years ago,

From: dalehoppes@comcast.net [mailto:dalehoppes@comcast.net]

Sent: Thursday, April 12,2012 3:57 AM

To: chiangtc@k-review.com.tw

Su

L]

Although the Chinese biography of Wu was published in 1996 ,the English edition was not done due many reasons.I know the World Scientific publisher in Singapore will publish the

English edition of my book this year,I will more than happy to sent a copy to you when it was published.
I always remembered the warmly reception Dr.Hayward gave to me when I met him in that spring day 22 years ago,I don’t know if you still contact with him and how is he?

I met and talked with Dr. E. Ambler on 8th December 1989 and also with Dr. R W. Hayward on 22th March and Dr. R. P. Hudson on 23th March 1990..
With best regards!

I remembered I didn’t meet with you when I was writing the biography of Madame Chien Shiung Wu.That was in 1989 -1990 which was 23 years ago.
Time passed fast and this year is the centennial anniversary of Madame Wu’s birth and I was directed a project to make a documentary film for her.
We planned come to Washington DC on end of June or early July, I hope we can have an interview with you for our documentary film during that time.

9/2012 02:22 PM, chiangtc@k-review.com.tw wrote:

Dear Dr. Hoppes:
Chiang Tsai Chien

Sincerely,

...............
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Credit where credit's due?

It is often said that physicist Chien-Shiung Wu, who was born 100 years ago, should have
received a share in the 1957 Nobel Prize for Physics but missed out as a result of gender
discrimination. Magdolna Hargittai investigates the truth of the matter

Sep 13, 2012

\ | /

I often lecture on famous female scientists and if I do not mention Chien-Shiung Wu,someone almost invariably
asks why. This shows how well known she is among scientists.Not only is Wu highly respected — she is known
to some as the "First Lady of Physics" or the"Chinese Marie Curie" — but there is a general opinion that it was an
injustice that she did not receive the Nobel Prize for Physics together with Tsung-Dao Lee and Chen Ning Yang
in 1957 for her part in the experiment that proved that parity is violated in the weak force. But was this really an
example of gender discrimination? To find out, I decided to look into this question and weigh up the evidence.

Born in China in 1912, Wu's father was himself an advocate of gender equality, founding one
of the first schools in China that admitted girls, and he instilled the value of education in his
daughter. In 1934 Wu received her bachelor's degree in physics, graduating at the top of her
class from the National Central University in Nanjing. She then did a few years of research
but, unsatisfied with the opportunities for physicists in China at that time, moved to the US
where she completed a PhD at the University of California at Berkeley in 1940, and then took
up a brief research position. In 1942 she married Luke Chia-Liu Yuan, who was the grandson
of the first president of the Republic of China.




left-right symmetry. So, why did she choose to do this difficult
experiment? I had answered this question in an eulogy dated April 1997
(figure 1) after her death which translates as
“The research works of Ms. C.S. Wu were well known for their
precision and accuracy. But her great success was due to
another more fundamental reason: In 1956 pecple did not
want to do experiments to test parity conservation. Why was
she willing to do such a difficult experiment: Because she
had the penetrating perception that even if parity conservation
is not overthrown, this fundamental law of nature must be

tested. Herein resides her greatness.”
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Now about the label “the Wu experiment™: In the first half of 1957 the

three most important big conferences in physics naturally were all

dominated by the new subject of parity nonconservation. Record shows

the list of invited speakers at these three conferences as follows:

1) 1957 APS NY Meeting (Jan. 30 to Feb. 2): Wu, Lederman, Telegdi,
Yang.

2) VII-th Annual Rochester Conference (April 15-19): Lee, Frauenfelder,
M. Goldhaber, Wu. Barkas, Pless, Skinner, Lederman, Wright, Kaplon,
Goebel, Werle.

3) 1957 APS Washington Meeting (April 25-27): Lee, Wu, Garwin,
Telegdi, Crowe.

Wu spoke for the experiment at all three conferences, showing that she

was the accepted leader of that experiment, accepted by her

collaborators, and accepted by the community of physicists. Hence the

name “the Wu experiment”.




( Conservation of Vector Current)

N S
(Double B—decay)
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The Experiments have always been Designed
with Great Elegance and,by Virtue of their
Elegance,a high Esthetic Quality.

Polykarp Kusch
(1955 Nobel Laureat)
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Dr. Chien-Shiung Wu
R o i

1912 — 1997
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| CS Wu: First Lady of physics research

firstiden
of writing aphy occurred 1o me
During this period, [ have talked o many
Chien-Shiung Wu: some
knew her a little, most had only vague
understandings; some asked me why [ should
writca k hy of Wu, and some even
asked who Wu was!

In 1956, Wu was the first to perform a
rather difficult and precise experiment,
and confirmed the hypothesis [
violation] proposed by CN Yan
T'D Lee. Yang and Lee became the first two
Chinese Nobel laureates. Although Wu did

1t has been many years since th

hisk

people abo

not share the prize - to the surprise of many

shie was acknowledged as one of the most
distinguished experimental physicists in the
world.

Wu went to the US in 1936. By the time she
arned a Ph in 1940, her achievements and
Iy received the
y professors
a, Berkeley,
rican scieatists Robert
nest Lawrence. As
»d as a non-citizen
of the US to participate in the top-secret
“Manhattan Project”, working on atomic
bombs, and made critical contributions to

insights in research had alre

t the University of Cali
such as the great An
Oppenheimer and E

scause of her significant achievements
and her profound influences in physics, Wu
was often called “the Chinese
Curie” First Lady of Physics Research”
and the “Queen of Nuclear Res
1975, she broke the white-male-president
tradition and became the first female
preside merican Physics Soc
Wu visited Taiwan on the invitat
Academia Sinicain 1983
18 years. I met her for the firs
uscience reporter for the Reading Times,
which served as the beginning of the
adventure of writing her bic
had retired from Columbia
1980 after 36 years. As professor emeritus,

time as

Chie
Pauli in

Ar

her major research activities slowed down
Wl time

planni J: 3
from CN Yang, who mentioned th:
disting stsuch as Wu d
to have a g phy. | discussed this
proposal with Wu two years later. Always
matter-of-fact, modest and never s
fame, she declined. Only after many
and written persuasions, and th
put forward by Luke Yuan [herk

CTVES

achievements, was she finally convinced
With the inspiration of Y
importance of using an obje
writing this book. Asaresult, 1d
only on her own account but w
her colleagues, students, friends, relatives
and even competitors, and make
many documents and literature. This turmed
out 1o be a time-consuming underta
| started the official interviews w
MNew York in September of 1989.7
unexpectedly rough. [had ir
i¢ setting, with Wu vividly recoun
With the tape
my pen moving, the
ting slowly. But this almost never
ens of interviews in more

ng. I realized the

recorder

n would

be s

happened in the b

than a year!

1 never wrote a diary. While
leheartedly immersed in her scientific
ments in she never
considered recording this process for

past ye
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Figure 3.3 The three kinds of rays:
ct, B, and ¥. They are distinguished by
their trajectories in a magnetic field at
right angles to the direction of motion.
The @ rays (helium nuclei) are
positively charged; B rays (electrons)
are much lighter and negatively
charged; v rays, analogous ro x-rays,

o]

are quanta of electromagnetic radiation

(photons). As they are neutral, they are
not deflected by the magnertic field.
Rutherford was responsible for the
nomenclature. [From Marie Curie,
'besis (Paris: Gauthier-Villars, 1904).]

B9l AREMNERMEEFNIRES

Rutherfords# R #8854 Z I F iR 1245 1% 25

Figure 6.1 Rutherford and Royds'
apparatus for demonstrating the nature of
alpha particles. The needle A contains
radon whose alpha particles emerge from
the glass and fill the tube T with helium at

i

L}

1 L)

! 0 :

=¥ U low pressure. The helium, pushed by the
{’ ‘,"—; W mercury in the discharge tube V, shows the
rrrind TS characteristic emission spectrum. [From

Philosophical Magazine 17, 281 (1909).]
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Z—%I1 : Galileo Galilei, Robert Hooke, Isaac Newton, Christiaan Huygens,
Daniel Bernoulli, Joseph-Louis Lagrange, Charles-Augustin de Coulomb,
Alessandro Volta, James Prescott Joule, Thomas Young, Augustin-Jean
Fresnel, Nicolas Léonard Sadi Carnot, Michael Faraday, Rudolf Julius
Emanuel Clausius.

2 %1 : James Clerk Maxwell, Ludwig Eduard Boltzmann, William Rowan

Hamilton, William Thomson (Lord Kelvin), Hendrik Antoon Lorentz, John
William Strutt (Lord Rayleigh), Max Planck, Josiah Willard Gibbs, Albert

Einstein, Ernest Rutherford, Heike Kamerlingh Onnes, Niels Bohr, Louis
de Broglie, Max Born, Werner Heisenberg.

28 =%1] : Erwin Schrodinger, Wolfgang Pauli, Paul Dirac, Enrico Fermi,

%) 117518 (Hideki Yukawa), Lev Landau, A7k ¥z—E]
(Sin-ltiroTomonaga), Julian Schwinger, Richard Feynman, John
Bardeen, 15z (Chen Ning Yang), ZEF#E (Tsung Dao Lee), = fd
J (Chien Shiung Wu), Murray Gell-Mann, Steven Weinberg.
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