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Pioneers in Diversity

 The Bakerian Lecture, delivered 
annually at the Royal Society, United 
Kingdom, has showcased some of the 
greatest minds and most important 
work in the physical sciences for 
nearly two and a half centuries. In 
1923, the Royal Society recognized 
two researchers by the names of 
G.I. Taylor and C.F. Elam with this 
honor, inviting them to discuss their 
groundbreaking work on crystal 
plasticity, followed by dinner at the 
Royal Society Dining Club.
 There was only one problem. The 
dining club was not open to women, 
and the Royal Society hadn’t realized 
that the “C.” in Elam’s name stood for 
Constance. 
 It was an awkward moment for both 
parties when they realized the mistake, 
but Elam took action, graciously 
declining the invitation to dine. 

 “I am sorry to have given you so 
much trouble,” she wrote. “But it is 
my misfortune rather than my fault 
that I do not happen to be a man. I felt 
very much honoured on receiving your 
invitation although I realised that it had 
been sent under a misunderstanding.”1

 The Royal Society, in return, sent 
Elam a box of good chocolates by way 
of apology for the mistake.
 Elam was in her late 20s at the time 

and her words are those of a woman 
who had been studying and working in 

decade.

A Little-Known Pioneer

 Constance Fligg Elam, who married 
George Tipper in 1928, was born 
February 6, 1894, and distinguished 
herself early on by becoming one of 

Science Tripos (the framework within 
which most of the sciences are taught 
at the University of Cambridge) at 

and then at the Royal School of Mines 
(part of the Imperial College London), 
where she was a research student 
working with Henry Cort Harold 
Carpenter on crystal growth and 
recrystallization in metals.
 This early research with Carpenter 
turned out to be foundational work in 

observe that grain coarsening was a 
thermally activated process caused 
by grain boundary motion rather than 

assistant professor of Materials Science 
and Engineering at Alfred University 
and a member of the TMS Diversity 
Committee. “This is a very important 
conclusion, leading to our modern 
interpretations of microstructure 
evolution.” 
 Their work is described in the 
1920 paper, “Crystal Growth and 
Recrystallization in Metals.”2   
 Tipper next went on to work with 
G.I. Taylor at Cambridge, where 
they did the seminal work on crystal 
plasticity that earned them invitations 

Figure 1. The ship that 
made Constance Tipper 

famous: This image shows 
the rudder and propeller of 
an EC-2 Liberty Ship prior 

to launching at a West 
Coast shipyard.
Image source: 
U.S. Maritime 

Commission, 2537. 
Accessed from 
the U.S. Library 

of Congress 
Prints and 

Photographs 
Division.

This profi le of Constance Tipper and her seminal work on the Liberty Ships 
(Figure 1) is the most recent installment in a series of occasional JOM 
articles highlighting individual contributions to a more diverse minerals, 
metals, and materials science and engineering community. The series is 
an ongoing project of the TMS Diversity Committee as an effort to raise 
awareness of diversity topics within the fi eld, while also celebrating the 
accomplishments of those who have made inroads on these issues. 

JOM, Vol. 67, No. 12, 2015

DOI: 10.1007/s11837-015-1697-9
Ó 2015 The Minerals, Metals & Materials Society

2774



Constance Tipper Cracks the Case of the Liberty Ships 2775

recognition in the department. She 

Faculty of Engineering and also took 
leadership of the department’s Heat 
Treatment Laboratory.
 This was the position Tipper held 
when J.F. Baker stepped in to lead the 
University of Cambridge Engineering 
Department in 1943, bringing with 

hindering U.S. and British war efforts.

The Liberty Ship Problem

 The United States was mass-

known as the “Liberty Ships,” (Figure 
2) to carry vital supplies to British 
armies, but the ships were failing 
catastrophically. In the cold ocean 

of the ships literally broke in half 
after developing cracks that instantly 
traveled the whole way around the ship.  
 Baker had been tasked with the 
urgent problem of investigating the 
cause of the fractures in these large 
cargo ships. Because many of the 
ships had been welded, rather than 
riveted, Baker had been focusing his 
investigation on the stresses due to 
welding. 
 “This work went far enough for me 
to realize that this could 
not be the primary cause 
of the trouble,” wrote 
Baker in a letter to A.B. 

College in 1962.4 “Mrs. 
Tipper, who had joined 
the team, then made 
the suggestion that the 
fault did not lie with 
the welding but with 
the state of the steel. 
She demonstrated that 
the material used in 
the American ships 
was notch brittle at 
temperatures above 
the freezing point and 
so under quite normal 
conditions at sea would 
behave more like cast iron 
than ductile mild steel.”
 In the course of the 

investigation of the Liberty Ships, 
Tipper developed a test that became 
the standard method for determining 
brittleness in steel—now commonly 
known as the “Tipper test.” This test 
helps to predict whether a type of steel 
is more likely to behave in a ductile or 
brittle manner at service temperatures.
 “Her contribution undoubtedly 

that was done here and in the USA 
on ship construction and ship steels,” 
wrote Baker. 
 Despite the important achievements 
of her early career, Tipper is now 
best remembered as the metallurgist 
who solved the mystery of the 

contribution both to the war effort and 

Distinguished Yet 
Unpretentious

 In 1949, Tipper was named a 
Reader at Cambridge University, 
and until her retirement in 1960, she 

in the Engineering Department at 
Cambridge. 
 Kenneth L. Johnson, who 
worked with Tipper at Cambridge, 
remembered her as a good colleague, 
but noted in his correspondence 

Figure 2. A Liberty Ship carrying supplies destined for 
Russia docked at a port in the Middle East. Nick Parrino, 

photographer. Accessed from the U.S. Library of Congress 
Prints and Photographs Division.

Constance Tipper
Best Known For: 

Determining why the mass-produced Liberty 
Ships were breaking in half during World 

War II
Her Name Lives On: 

In the “Tipper test” used to determine the 
brittleness of steel

Professional Obstacles: 
Worked in the Cambridge Engineering 

was once uninvited to dinner at the Royal 
Society Dining Club because of her gender, 

despite being the featured speaker
Other Notable Achievements: 

published seminal work on crystal growth 

than a century 
Hobbies Included: 

Photo credit: Institution of 
Engineering and Technology (IET) 
Archives. Originally published in 

The Woman Engineer, 1957.

to deliver the Bakerian lecture.
  “Taylor became famous from this 

associated with crystal plasticity—but 
hers isn’t.” 
 Tipper continued her work in the 

The 
Deformation of Crystals.3 It went on 
to become one of the most commonly 
referenced books on the subject at the 
time. 
 Tipper and her husband made their 
home in Cambridge, and she continued 
conducting research at the university, 

the Engineering Department. It wasn’t 
until 1939, when some of her male 
colleagues vacated their positions to 
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Figure 3. Planting of a tree in honor of Constance Tipper’s 
100th birthday in Newnham College gardens. Photo courtesy 
of Cambridge News.

that all of their interactions were 
professional, not social. 
 Her expertise, however, was well 
respected by her peers. Johnson 
recalled discussing Tipper’s work on 
the Liberty Ships with Alan Cottrell, 

missing out by not having a good 

fracture mechanics. 
 Cottrell reportedly replied, “I’d 
rather travel in a ship designed by 
Constance Tipper using measured 
transition temperatures than in 
anything designed using fracture 
mechanics.” 
 The British newspaper, The 
Independent, described Tipper as 
“distinguished yet unpretentious” 
in her obituary, a phrase that 
appropriately described her in her 
retirement years.
 In 1960, Tipper, whose husband 
had died in 1947, retired to the village 
of Langwathby, England, with her 
brother, where she could indulge her 

organ at her church. 
 Anyone who met her during these 
years might have been surprised to 
learn that she was an accomplished 

had done so in a place and time when 
women were not usually contributors.
 One of her young neighbors, Stanley 
Monkhouse, certainly wouldn’t have 

guessed it. He got to know Tipper 
in his teenage years, when he began 
playing the organ at Langwathby 
church, which they both attended. 
Tipper encouraged his interest in 
music, according to Monkhouse, and 
later encouraged him to apply for a 
place at Cambridge.
    “In my adolescent naivety and 
arrogance, it had never occurred to 
me that anyone who lived in this 
remote village could have had a 
glorious academic past,” Monkhouse 
commented. “I was taken by surprise 
when she turned up at my senior 
school to give a careers talk about 
women in science. I began to suspect 
that there was more to Mrs. Tipper 
than I had previously imagined.”

Lasting Recognition  

 Throughout her career, Tipper’s 
achievements were not always formally 
or fully recognized—from her lack of 

the rescinded dinner invitation from 
the Royal Society. In 1994, however, 
a lasting recognition of Tipper’s 

contributions to 
the university—a 
sweet chestnut 
tree—was 
planted on 
the grounds 

College in honor 
of Tipper’s 100th 
birthday 
(Figure 3).
    By this time, 
according to 
colleagues, 
Tipper had 
lost her short-
term memory 
but could still 

remember her time at Cambridge 
fondly.
 “It was a particularly well-chosen 
memento as Dr. Tipper has always 
had a great interest in matters rural 
and horticultural,” wrote her attorney, 

College. “Indeed, it was only when 
she was well into her eighties that she 
could be persuaded not to climb up 
into her apple trees at pruning time.”

age of 101. She is now remembered 
not only for the important work she 
accomplished, but also for the attitude 
that helped her achieve so much in her 
career.
 In the words of her colleague, Baker: 
“Her vigour in prosecuting her work 
in an extremely male preserve will 
always be remembered and admired by 
those who came into contact 
with her.”
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Additional Reading
The story of the Liberty Ships, and Tipper’s contributions to their 
investigation, is told more completely in the Journal section of the December 
2015 issue of JOM. Turn to “Revisiting (some of) the Lasting Impacts of the 
Liberty Ships via a Metallurgical Analysis of Rivets from the SS John W. 
Brown,” by M.D. Harris et al. in JOM, 67:12.
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