Chien Shiung Wu (nuclear physicist)
(May 31, 1912-Feburary 16, 1997)

Chien-Shiung Wu was known as the “Queen of Physics”, “First Lady of Physics
Research” and the “Chinese Madam Curie”. She is famous for her expertise in beta
decay and the “Wu Experiment”. She worked for the Manhattan Project at
Columbia University where she helped develop the process for separating uranium
into uranium-235 and uranium-238 isotopes by gaseous diffusion and was the first
female professor of physics at Princeton University. A pioneer in nuclear physics,
she is also known to be a strong advocate for women in science.

Her science journey began when Chien-Shiung Wu was born in Liuhe, Taicang in
Jiangsu province, China. Liuhe is located north of Shanghai, about an hour’s drive
from Shanghai and along the Yangtze River. It is the commerce center of Taicang
County. She is the second child of Wu Zhong-Yi and Fan-Fu-Hua. The family
tradition was that the children of this generation have Chien as the first character in
their name, followed by the characters in the phrase Ying-Shiung-Hao-Jie which
means “heroes and outstanding figures”. So, her older brother is named Chien-
Ying, and her younger brother is Chien-Hao.

Even before she was born, her father Wu Zong -Yi had quit his job as an engineer
and opened a school for girls called Ming De School. He was the principal, and



his wife Fan-Fu-Hua was the teacher. He and
his wife believed strongly in educating girls,

W” 4 teaching them how to read, write, and count.
L '; =T z= Chien-Shiung received her primary education at
; « Ming De School. Her father would read
paragraphs from scientific journals instead of
children’s stories to her. In 1923, she moved 50

. . = | miles away from home to attend Suzhou’s
Women S Norrnal School ThlS was a boarding school with classes for teacher
training as well as for regular high school. She found that she liked science
subjects and slowly became passionate about them. In 1929, she finished at the top
of her class and was admitted to the National Central University in Nanjing, China.
Because she was studying at a teacher-training school, she was required to teach
for one year. She taught for one year at a public school in Shanghai where she met
her former professor, the philosopher Hu-Shih who became like a second father to
her. At National Central University, she wanted to enroll in the school’s physics
program, but she was too far behind in math and science. She spent the summer
studying advanced math, chemistry, and physics. She spent late nights studying
and running experiments. In 1934, she graduated with top honors. She then worked
as a teaching assistant at Zhejiang University in Hangzhou. Then she became a
researcher at the National Academy of Sciences in Shanghai.

Chein-Shiung wanted to go to graduate school in physics but there were no
advanced schools in physics in China at that time. Her professor Gu-Jing Wei
encouraged her to study abroad. Dr. Wei had finished her PhD in Physics at the
University of Michigan. So, in 1936, with financial help from her uncle, Chien-
Shung boarded a ship for America, to go to graduate school in physics at the
University of Michigan. She travelled with her classmate Dong Ruo-Fen, who was
going to graduate school in chemistry at the same university. Their first stop when
they arrived in America was San Francisco. Chien-Shiung visited her classmate
Lin whose husband Guo was a professor at the University of California at Berkeley
(UC Berkeley). She had planned to be in San Francisco for one week, but then a
Chinese graduate student in Physics, Luke Yuan, gave her a tour. She changed her
mind and decided to stay and enroll at UC Berkeley. She had heard about
discriminatory practices at the University of Michigan. The new student center at



the University of Michigan did not allow females to use the front entrance, even
though many of the building’s donors were women. Her traveling companion Dong
Ruo-Fen was resentful at this sudden change of heart but continued on to
Michigan.

One of the reasons she decided to enroll at UC
Berkeley was the Radiation Laboratory run by Dr.
Ernest Lawrence. The Laboratory had a 37-inch
cyclotron, the first such instrument in the world: it
could accelerate charged particles to bombard and
break up different nuclei. She found the physics
department at UC Berkeley irresistible!

Accompanied by Luke Yuan, she went to see the
chairman of the physics department, Dr. Raymond
T. Birge. Dr. Birge realized how exceptional and
talented this student was, and he accepted her even

though the academic year had already started.

Chien-Shiung’s professors and mentors at UC Berkeley were as exceptional and
talented as she was. One of her professors was Dr. J. Robert Oppenheimer, a
brilliant theoretical physicist of the Manhattan Project fame. Her official advisor
was Dr. Ernest Lawrence, Nobel Prize winner for Physics in 1939; while her actual
advisor was Dr. Emilio Segre, who won the Nobel Prize in Physics in 1959. The
panel for the defense of her doctoral dissertation included Dr. Glenn Seaborg,
Nobel Prize winner in Chemistry in 1951 and Dr. J. Robert Oppenheimer. She
received her PhD in Physics in 1940. Her thesis focused on beta decay and the
production of radioactive isotopes of Xenon - produced by the nuclear fission of
uranium. One of her professors commented that this thesis was miles ahead of the
average thesis. It was published in the Physical Review and had a major impact.
She remained in Berkeley for two more years as a post-doc.



Chien-Shung was beautiful, talented, and hard working. She had plenty of
admirers. Her suitors included Dr. Robert Wilson,
the Founding Director of Fermilab and Dr. Stanley
Frankel, a famous physicist and computer scientist.
Dr. Frankel, her first boyfriend, was a brilliant,
young, Jewish theoretical physics post-doc working
for Dr. J. Robert Oppenheimer. He would later work
for Dr. Oppenheimer on the Manhattan Project at
Los Alamos. This work made him interested in early
computers. After the war, he learned about the
ENIAC computer and became one of the country’s
foremost experts on computation during the 1950s
and 1960s. Chien-Shiung said that Stanley was the
smartest student she had ever met! Their young love
didn’t last long and soon Chien-Shung left for the California Institute of
Technology (Caltech) in Pasadena to follow her other suitor, Dr. Luke Yuan. Dr.
Yuan was the grandson of Yuan Shih-kai, a cabinet member in the Qing Dynasty,
and later a powerful figure in the early days of the Republic of China. He moved to
Caltech in 1937 when he did not get the scholarship money he was expecting from
UC Berkeley. He and Chien-Shiung got married in Pasadena on May 30, 1942.

After the honeymoon, Luke started working at RCA near
Princeton University in New Jersey and Chien-Shiung
worked as a physics professor at Smith College in
Massachusetts. While she liked her work at UC Berkeley,
they could not offer her a teaching position. The reason
was that there was no female professor in physics in the top
twenty research universities in the United States. While

e Smith College is not a research university, it was and is a
very prestigious private women’s college.

While she enjoyed teaching physics to women, she missed doing research. When

Princeton University offered her a job as the first female professor in physics, she
happily accepted it and was happy that now she could be at the same university as
her husband. Luke had also joined Princeton University as a research associate.



They had a happy marriage in Princeton, and
Y\ their son Vincent was born in Princeton in
1947.

i When Columbia University started a Division

of War Research, Ernest Lawrence

, recommended that Chien-Shiung go for an
I S interview. So in March 1944 she returned to

full-time experimental research, as a Senior Scientist at Columbia University. She

lived in a dormitory near the medical school and returned to Princeton on

weekends. At Columbia, she joined the wartime Manhattan Project in nuclear
fission research, focusing on the development of gamma-ray detection. When the
war ended in 1945, she stayed behind at Columbia University.

In 1934, Dr. Enrico Fermi, who was a professor of theoretical physics at the
University of Rome, presented a new theory about beta decay. He assumed the
existence of neutrinos which Linus Pauling had suggested to preserve the principle
of conservation of energy. Fermi treated the ejection of electrons and neutrinos
from a nucleus by a method similar to the radiation theory of photon emission from
atoms. Many famous physicists, including Fermi tried to experimentally confirm
Fermi’s theory but were unsuccessful. Only Chien-Shiung Wu and her collaborator
R. Albert managed to do it. In 1949, Chien-Shiung devised a very simple but clever
technique to test Fermi’s theory, although the simple idea was hard to execute. Her
experimental result was in perfect agreement with Fermi’s theory. Many people
believed that she should have won the Nobel Prize for this work, but she did not
receive it!

Chien-Shiung continued working on beta decay and

discovered several new beta ray spectra. In 1956 when //' B-
two physicists approached her and asked her to - /'/

investigate the concept of symmetry, Chien-Shiung did
not hesitate to help them. She knew the theoretical
physicist Tsung-Dao Lee personally! Lee and another
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theoretical physicist, Chen Ning Yang, questioned a
hypothetical law of elementary particle physics, “the
law of conservation of parity”. If the law were true, then all interactions between



particles would be identical to interactions of the particles’ mirror images. Their
research showed that parity was conserved for electromagnetic interactions and
strong interactions. They expected the same thing would happen with weak
interactions, but it has not been tested. Chien-Shiung Wu was planning to go to
China to visit her parents for the first time since she arrived in America in 1936.
But now she cancelled her trip and did the experiment instead. Her husband Luke
Yuan went on the journey without her. Her experiment proved that parity is not
conserved under weak nuclear interactions. This became known as the Wu
Experiment. It showed that the weak nuclear force violates parity conservation,
meaning that it distinguishes between left and right. This groundbreaking
discovery, crucial for understanding beta decay, showed that the mirror image of a
weak interaction process is not physically equivalent
to the original. Lee and Yang were awarded the
Nobel Prize for Physics in 1957 while Chien-Shiung
Wu was not. They tried to nominate her for future
Nobel Prizes and thanked her in their acceptance
speeches but alas, Chien-Shiung lost again on the
Nobel prize!

In their 1958 paper, physicists Richard Feynman and
Murray Gell-Mann proposed a theory which stated that the weak interaction, one
of the four fundamental forces in nature, conserves a specific type of current called
the vector current. They asked Chien-Shiung to verify it. Chien-Shiung, along with
: : her colleagues, Y.K. Lee and L.W. Mo
used proton beams from the Van de Graaf
accelerator at Columbia University to
bombard a boron target.
Then they used a spectrometer to analyze
the particles produced in the reaction. The
results supported the theory of Feynman
and Gell-Mann which showed that the
vector current was indeed conserved in
beta decay. This was a significant step in
understanding the fundamental forces of
nature and led to further developments in particle physics. Richard Feynman won




the Nobel Prize in Physics in 1965 while Murray Gell-Man won the Nobel Prize
for Physics in 1968. Again, no Nobel Prize for Chien-Shiung! She was nominated
at least seven times before 1966, when the Nobel committee announced they would
conceal their list of nominees to avoid further public controversy. There have been
227 Nobel laureates in physics since the Nobel Prize was first awarded in 1901,
222 men and 5 women have won the prize. In 1978, Chien-Shiung became the first
person to win the Wolf Prize in Physics. One of its criteria considered those who
were thought deserving of winning a Nobel Prize without receiving one. The Wolf
Prize is an international award granted in Israel that has been presented most years
since 1978 to living scientists and artists for "achievements in the interest of
mankind and friendly relations among people ... irrespective of nationality, race,
color, religion, sex, or political views". Her acceptance speech was full of humility
and grace as she reminded everyone that her achievements were part of a larger
journey towards equality in science.

During the late 20" century, Chien-Shiung continued to be the top experimental
scientist in the world. Many scientists continued to ask for her guidance in proving
certain hypotheses. Her work was recognized nationally and internationally. In
1975, she became the first female to be honored with the National Medal of
Science in Physics, which is the highest presidential honor for American scientists.

In later life, she became more outspoken. She protested the imprisonment in
Taiwan of the in-laws of physicist Kerson Huang in 1959 and the journalist Lei
Chen in 1960. In 1964, she spoke out against gender discrimination at an MIT
symposium. Her famous quote “I wonder whether the tiny atoms and nuclei, or the
mathematical symbols, or the DNA molecules have any preference for either
masculine or feminine treatment" resonated with the audience. Chien-Shiung
would become a strong advocate for women in science! Chien-Shiung also
continued to be an advocate for human rights issues as she protested the crackdown
in China that followed the Tiananmen Square Massacre of 1989.

She was finally able to visit Taiwan on February 1962 to attend the Fifth Congress
of Academia Sinica. Her parents were deceased by then. In later years she would
visit the People’s Republic of China.



She retired in 1981 as professor emerita of Columbia University. She died of a
stroke on February 16, 1997, in New York. Her ashes were buried in front of the
Ming De School where she studied as a child.

Luke Yuan died on February 11, 2003, in Beijing. His ashes were also buried in the
front of Ming De School.

HER LEGACY

Chien-Shiung Wu would be remembered as one of the most famous experimental
physicists in the world. Her name would always be associated with the Wu
experiment on parity.

She will be remembered for her expertise in beta decay.

She will be remembered for her strong advocacy for women in science and for
human rights.

In 1958, she was the first woman to receive an honorary doctorate from Princeton
University. The citation called her “the top woman experimental physicist in the
world.”

In 1975, she was the first female to be honored with the National Medal of Science
in Physics.

In 1975, she became the first female president of the American Physical Society
(APS)

In 1978, she was the first person to win the Wolf Prize in Physics.

In 1997, Ming De School held a memorial ceremony at Wu's cemetery located in
the school campus. The 1,300 sq m cemetery was designed as a rounded viewing
stand surrounded by flowers and trees and was built by Southeast University in
collaboration with the famous architect I.M. Pei (a friend from her Princeton
years). An educational activity titled "Promoting the Scientific Spirit of Chien-



Shiung and Be a Person of Moral Integrity" was launched among primary and
middle school students across the city. The granddaughter of Chien-Shiung Wu,
Jada Wu Hanjie, was in attendance, as she habitually visited the school every
month. The ceremony was sponsored by the Taicang municipal government.

8 Chien-Shiung Wu

st ¢  In 2021, Chien-Shiung became the 8" physicist to be honored with a
United States Postal Service stamp. The stamp had her portrait
designed by Ethel Kessler with art from Kam Mak.

Southeast University, one of the successors of National Central
University, opened a college named in her honor. Wu was

previously honored as an honorary professor in the university in
1990.

In 2004, the Taicang Normal School of Jiangsu Province was renamed into the
“Suzhou Chien-Shiung Institute of Technology” in her honor.

In 2004, she became the first female nuclear and particle physicist to be honored
with a street name at CERN, the European Organization for Nuclear Research,
called Route Wu and the second woman given the honor after Marie Curie.

Videos about Chien-Shiung Wu:

https://www.youtube.com/watch?v=_w460aK4AVw

https://www.youtube.com/watch?v=2ZMQW SRNxic

https://www.youtube.com/watch?v=M3voblarxDA

https://www.youtube.com/watch?v=uBegqlitUIAg



https://www.youtube.com/watch?v=_w46oaK4AVw
https://www.youtube.com/watch?v=2ZMQWSRNxic
https://www.youtube.com/watch?v=M3vobIarxDA
https://www.youtube.com/watch?v=uBgqIitUIAg

HER SCIENCE JOURNEY

1912 - Chien-Shiung Wu was born in Liuhe, Taicang in Jiangsu province, China.
1918 - Started school at Mingde Middle School

1923 - Attended Suzhou’s Women’s Normal School

1929 - Admitted to the National Central University in Nanjing, China

1934 - Graduated from National Central University and became a teaching
assistant at Zhejiang University in Hangzhou

1936 - Moved to the United States and enrolled in graduate school in physics at
UC Berkeley

1940 - Received her PhD in Physics from UC Berkeley

1942 - Married Luke Yuan in Pasadena, started teaching at Smith College in
Massachusetts

1943 - Became first female professor in physics at Princeton University

1944 - Moved to Columbia University to work in the Manhattan Project

1949 - Performed the Wu experiment to prove Fermi’s theory of beta decay
1956 - Did the experiment prove that parity does not exist for weak interaction
1958 - Proved that vector current was indeed conserved in beta decay

1962 - Attended the Fifth Congress of Academia Sinica in Taiwan

1975 - Became the first female to be honored with the National Medal of Science
in Physics, which is the highest presidential honor for American scientists

- First female president of the American Physical Society
1978 - First person to win the Wolf Prize in Physics

1981 - Retired as professor emerita of Columbia University

1990 - The Taicang Normal School of Jiangsu Province was renamed into the
“Suzhou Chien-Shiung Institute of Technology” in her honor.
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1997 - Died of a stroke in New York and Ming De School held a memorial
ceremony at Wu's cemetery located in the school campus

2003 - Husband Luke Yuan died in Beijing

2004 - the Taicang Normal School of Jiangsu Province was renamed into the
“Suzhou Chien-Shiung Institute of Technology” in her honor.

- Became the first female nuclear and particle physicist to be honored with a
street name at CERN, the European Organization for Nuclear Research
called Route Wu and the second woman given the honor after Marie Curie.

2021 - Became the 8" physicist to be honored with a United States Postal Service
postage stamp
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The photos and some of the information came from these websites:

https://en.wikipedia.org/wiki/Chien-Shiung  Wu

https://www.npr.org/2022/03/09/1085434443/a-physics-legend-part-two-chien-shiung-wus-

granddaughter-reflects

https://en.wikipedia.org/wiki/J. Robert Oppenheimer

https://en.wikipedia.org/wiki/Wolf Prize

https://en.wikipedia.org/wiki/Luke Chia-Liu_Yuan

https://en.wikipedia.org/wiki/Ernest Lawrence

https://en.wikipedia.org/wiki/Stan_Frankel

https://unsplash.com/s/photos/princeton-university

https://en.wikipedia.org/wiki/Beta decay
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