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Abstract

This review highlights a few of the great women mathematicians throughout history, from the stone age to the twentieth century. It details particular female mathematicians from each era and highlights the stages of their fight for education and recognition. There have been some very brave female mathematicians throughout history who have generally gone unnoticed, they deserve a lot more recognition for their motivation and stamina to succeed and overcome the obstacles that are laid out for them by the male academia. Let alone the great accomplishments that they achieved along the way. This review will reflect on the treatment they received from their male counterparts and their growing status throughout the generations. To then compare how over the centuries there treatment has really not been that different, and how still in the twentieth century women are struggling to fight the prejudices that have been bestowed upon them from the start of mathematics. What can be done to correct this? Unfortunately not all of the women who have contributed to mathematics can be discussed here, but it must be acknowledged that there are a great many of them who have contributed highly to our advance development of mathematics and science today. The women that have been researched are limited to those that have utilised their mathematical knowledge to develop aspects of pure and applied mathematics. There are many other women who have used their accrued mathematical ability to benefit other areas of applied science, especially astronomy and physics.

CHAPTER 1

Introduction
“ Female – Of the sex that bears offspring” [57]

At no point within this definition does it mention that a female intellect is inferior to that of a male. Unfortunately this is what has been strongly portrayed for the majority of mathematical history, by influential males of academia.

Males and females are supposed to be equals, but throughout history females have been treated as if they are far from equal on the intellectual scale. They have been squashed, deterred and legally stopped from engaging in the mathematical activities of males.

This prejudice against females seems to stem initially from the Pythagoreans in approximately 600 BC. They believed numbers possessed non-quantitative properties i.e. they had ethical and moral characteristics that would provide an insight into human behaviour [1]. They believed odd numbers were good and even ones were evil, a concept of dualism. Unfortunately for females the number two was associated with their sex, and correspondingly the number three was regarded as a male number. This then associated females with evilness as they were represented by an even number, and males as good. This developed to higher/better qualities being assigned to males and lower qualities being assigned to females. This dualism was then extended to heaven and earth, a theory adopted from Greek mythical cosmology, which was honoured before the eighth century BC. It was believed that the number two (the female number) also represented all matter, i.e. the earth. Whereas the number one (a male number) represented the immaterial divine, i.e. the heavens.

To make matters worse the Pythagoreans believed that all numbers belonged to the Divine realm, which was associated with maleness. This then enhanced a deep rooted feeling that the nature and practice of mathematics was in the male realm i.e. when studying mathematics it was the ‘male’ part of the intellect that was being utilised (the psyche). Consequently the female part (the body matter) was to be disengaged. In conclusion, they deciphered male minds were more naturally suited to practising such studies. At this point Pythagoreans did not mean to suggest that only males could practice mathematics, but it is interesting to note that it was females who were eventually denied access to it [1]. It could be suggested that the Pythagoreans original influence started the bias against females that affected women’s mathematical education for centuries.

Obviously the Pythagoreans cannot be blamed solely for the male dominated academia that developed. Another large factor appeared to be religion. This occurred in the high middle ages (1100 – 1400). The role of the church was enhanced with the birth of Christianity, but as a result women’s education was stunted.

Initially in the early middle ages double monasteries and nunneries meant that women were co-educated along with males. Unfortunately the late eighth century (what is referred to as ‘the dark ages’ for women’s education) saw the reform of Priesthood’s, and a better clergy was indicative of better-educated priests. Mathematics was the divine wisdom and classed as God’s ‘other book’, i.e. nature. Therefore it was important to educate Priest’s on this subject.

Under such reforming monasteries and cathedrals were set up to train and develop the Priests. Obviously women did not have access to these schools, as they were not to become priests. This meant that they were increasingly confined to their convents and their quality of education declined whilst males increased. This alienation was highlighted by the reintroduction of Latin as the official language of clerical learning. Women did not have access to Latin teachings so any education they did receive declined as it was all taught or written in Latin, limiting their opportunities somewhat!

Another aspect of religion in this period that disadvantaged women was the introduction of chastity within the clergy. This enforcement meant that any Priests that were married or/and with children had to hand over their property to the church and in some cases were even jailed. This put women in a bad position as it perceived them as the guilty party, and generated a feeling of hatred from Priests that had either been persecuted or carried the threat of persecution if they got involved with them. This influenced general male attitudes towards women, once again reflecting the fact that women were evil and hence should be segregated. One of the best methods of segregating them was denying them the power and status of knowledge. Therefore the late middle ages began the elitist viewpoint that religion and education should be male only. This shadowed many years to come.

Once such an attitude towards women was set within academia the male members appeared to do everything possible to segregate their female counterparts. This was achieved by proving that women were inferior to men and therefore should not be included in any form of education or power.

During the late sixteenth and early seventeenth century’s scores of new religious sects developed, these occurred after the development of Renaissance magi where magic was introduced through nature to complement the divine wisdom and scriptures. These new sects preached equal religious rights for both sexes to interpret the word of God and in some cases women even became preachers. This activity caused much upset in Catholics/Protestants, and in England in 1543 an act of Parliament was passed to restrict women from reading the Bible. Only aristocratic women were allowed to read the sacred text in private, merchant class only could read it in the company of men, and lower class were prohibited to read it at all, or to do any sort of private reading. In some countries women were barred from even talking about the scriptures [1].

Coupled with the current intense hatred of magic (all documentation of it being prohibited in 1563), and the new female status in certain religious sects, the Catholics and Protestants took even further action to reform the situation. A lot of women practising/preaching religions were associated with witchcraft (witchcraft was prohibited, the penalty for practising it was execution), as a result it is estimated that approximately a million female ‘witches’ were executed. It is interesting to note that the majority of ‘witches’ were females not male (they could be either sex)! It has been suggested that any lower class women who were outspoken, behaved strangely or challenged males were automatically charged with conducting witchcraft, not the normal actions you would associate with a witch!

Therefore the church quickly squashed this short period of women’s equal status, if females demonstrated an intelligence/opinion, they were brutally killed. But why did males escape such a law when they also demonstrated such traits? Although it was not just the church that had such a poor opinion of females, the general attitude towards women was awful at this time. As a prime example in 1788 a professor at the University of Göttingen wrote a four volume history that he hoped would save Europe from the ‘calamity of pedantic women’ which speaks volumes, literally![1]

Much later on science also played its part in the demise of women. Scientific experiments were actually conducted to prove the theory that women were intellectually inferior to men. The complementarians, who believed highly valued qualities were associated with men, and low valued qualities were associated with women – although the two sexes were equal (!) – conducted these experiments. Scientists measured both sexes skulls and found that female skulls were smaller in proportion to their bodies than men’s. Therefore they concluded just from skull size that men had dominance in this field. It was discovered in the nineteenth century that these findings were incorrect, and women’s skulls were actually larger in proportion to their bodies than men’s. After questioning, scientists did not conclude therefore that women were more intelligent, but conveniently changed their opinion to suit the result they wanted. It was finally concluded that the larger head implied incomplete growth, they were compared to children who had not completed their growth and therefore their heads proportionally larger than their bodies, i.e. women had the intelligence of a child [1]. Once again the males intellect was conceded as greater.

Therefore even with scientific proof women were still not allowed to have equal or greater intelligence than males. It must be noted that the scientists conducting these experiments would have probably been male as females were not allowed into such a field of work, maybe a female scientist would have discovered a different conclusion!

Even as late as 1905 Lise Meitner, who was a great physicist was not allowed to carry out her research in the laboratories at Emil Fischer’s Chemical Institute, due to a male only rule. Meitner had to do her work out of sight in the basement, if she wanted to listen to any lectures being taught she would have to hide under the tiers of seats in the lecture theatre. Therefore to carry out her work and highly contribute to the field of science she had to be degraded and hidden. It was only sheer determination and the love of science on her behalf that kept her going, as it definitely was not any sort of respect or encouragement from her mentors. Her education and development was left to her own motivation [1]. Therefore not only did females have to be successful in their research, as successful as males, they had to have the extra stamina and fortitude to cope with the male prejudices against them. It is a miracle that they have managed to discover such profound mathematical theories and discoveries when they were denied any sort of education.

This awful ill treatment was even noticed by some male counterparts of academia. The great mathematician Gauss once wrote a letter to Sophie Germain (another outstanding female mathematician) expressing his remorse on the treatment of female mathematicians/scientists. In his letter he wrote – 

“But when a person of the sex, which according to our customs and prejudices, must encounter infinitely more difficulties than men to familiarise herself with these thorny researches, succeeds nevertheless in surmounting these obstacles and penetrating the most obscure parts of them, then without doubt she must have the noblest courage, quite extraordinary talent and a superior genius” [3]

As demonstrated here, females were not favoured in academia, increasingly they were ignored and hated. Even with such disadvantages they still managed to achieve great accomplishments. Although this sometimes was still not enough, as even when they did play a vital role in discoveries some history documentation’s do not accredit them with it because they are women. Therefore a lot of achievements weren’t, and still aren’t, widely advertised, once again keeping great females hidden. Generally if they were mentioned it was because they were linked by partner or marriage to a male mathematician being documented, not because of their individual achievements. 

This review now commences to highlight five great pure and applied female mathematicians who span mathematical history. They demonstrate the obstacles and prejudices that all females, past and present, have had to encounter when entering primarily male dominated academia. These ladies are Hypatia of Alexandria, Maria Gaetana Agnesi, Sonya Kovalevskaya, Emmy Noether and Olga Taussky Todd.

CHAPTER 2

Hypatia of Alexandria – Early Greek Mathematics

The early history of mathematics (up to 2500 BC) can only be guessed at by researchers. A mixture of mythology, legend, fable and unavailability of scripts makes it hard to represent this period.

There is believed to have been several number systems in place by the late Stone Age and by 3000 BC stone buildings and sailing ships had emerged. Archaeologists discovered ancient writings on tablets and old calendars used by the Babylons as early as 4700 BC. The Egyptians had a calendar in 4241 BC and mathematical texts in 1650 BC. Other artefacts such as mathematical games for the family have also been discovered [2]. These activities all acquire a certain competence in mathematics therefore the subject was obviously being utilised at an early stage. It is unsure if women were participants in the advancement of it, but the family games may suggest more strongly inclusion in such events. Under Babylonian law women did have a reasonable status within the community, they had rights to financial support, business activities, and property ownership. Women were allowed to be judges, elders, witnesses and secretaries. There was also a religious Babylonian group consisting entirely of women. Subsequently Egypt also allowed women to inherit property and trade. A few women even became rulers i.e. Queen Nitocris, Hatshepsut and Tawosret. Although most Egyptian women did not learn to read or write and were not allowed to participate in Civil Government.

No female names associated with mathematics during this period have been discovered, but it is likely that women did have access to the available knowledge, although mostly they were considered as supplementary to males.

One of the main legendary icons of early history was Pythagoras, his followers regarded him as semi-divine, as he was supposed to have conversed with demons, and performed miracles. Our knowledge of Pythagoras is built upon reference to him from ancient sources. Pythagoras believed ‘all is number’ i.e. the Universe could be explained by the properties and relationships of number. He was born in 569 BC and travelled to Egypt and Babylon to learn of other religions and teachings. Eventually he established his own school in Southern Italy to share his knowledge and enable his followers to dedicate their lives to studying the numbers of the divine and religion in 539 BC. [1] [2]

The members of this community were either Akousmatics or Mathematikoi. The Akousmatics lived outside of the community and visited for guidance and teachings, whereas the Mathematikoi lived inside the community and completely dedicated their lives to the ‘Pythagorean Life’. It was only the Mathematikoi that studied such teachings as mathematics - the school is said to have created the science of mathematics. [1]

Pythagoras was classed as a ‘feminist philosopher’, he was keen to teach anyone that was interested, and therefore he was in favour of having women in the order even though it was referred to as a ‘brotherhood’. The understanding of mathematics was connected to such subjects as music, harmonies, dancing, songs and other pleasures. Women shared these activities with men and therefore it was believed that they should also share the mathematical connection within them. This equality of learning came at an opportune moment as there had been enhanced feminine intellect in Greece in the ascending centuries before the Pythagorean School. It has been indicated that there were at least twenty-eight female Pythagoreans in the school, it is also suggested that these women were allowed to become Mathematikoi. One woman who we are aware of is Theano, Pythagoras’ wife. She was a student of Pythagoras, becoming an active member and teacher within the school. She wrote treatises on mathematics, physics, medicine and child psychology. She is famous for her treatise introducing the principle of the ‘Golden Mean’ which was a major contribution to the evolution of social philosophy. Pythagoras and Theano’s children were a part of the community, and it is believed that at least two daughters helped to spread the school’s ethos. Theano and two of their daughters (three females!) carried on Pythagoras’s role at the school after his death. [1] [2]

Other Pythagorean women have also come to our attention in the later communities of fifth century BC, the schools spread over Greece and Egypt by teachers of both sexes for over one hundred years. Greek social thought was focused on the Pythagorean philosophy, so women’s contributions and influence were essential. Such women were Phintys, Melissa and Tymicha.

Therefore women did have roles in the Pythagorean communities, the gender inferiority argument began equal. Although at the start it was only Pythagoras’ views on women that allowed them to be involved. A lot of Pythagoras’s male associates in the early community were opposed to sharing their knowledge and school with women. Although the extent of their secrecy regulations meant that they did not want to share their knowledge with anyone!

The ancient mentor Plato was highly influenced by Pythagorean philosophy in the Hellenic age. He also believed females should be educated. He had a deep appreciation for their intelligence and therefore welcomed them into his academy. He taught both sexes in the disciplines of music, mathematics, literature, astronomy etc. Once again, like Pythagoras he believed both sexes experienced such pursuits and so should be taught in such subjects. Even though females were forbidden to attend public meetings by law, they flocked to his appealing and welcoming academy where they could be educated. Some of the most important mathematical work was achieved in the fourth century BC in Plato’s academy.

Plato, along with Socrates represented many women teachers, including Diotama, Perictione and Aspasia. Aspasia was an active and keen advocate of women’s education. She convinced the ruler Pericles that women should not be denied opportunities to increase their intellect. Socrates also named her as one of his teachers and she strongly influenced both his and Plato’s ideas. She also wrote many of Pericles’ speeches which emphasised women’s potential. Plato and Socrates also supported this in their extensive writings on social values. Unfortunately such opinions were obscure in this period - many of their contemporaries had a very different view. Most women were kept in seclusion and did not participate in such education. This secured Aspasia as one of the most well known women of her time and one of the most remarkable women Greece ever produced.

Following Pythagoras a Greek philosopher, Aristotle, had a major effect on women’s education. Unfortunately he became an opposing force to Pythagoras’s views, he rejected the idea of explaining the world through rational means and mathematics. He believed mathematics did not have the power to explain the true nature of things, it did not answer his (and commonly derived) questions, whereas his approach did. He believed everything in the World strove towards an ideal appropriate to it’s inherent nature [1]. Consequently the Greek’s began to reject mathematical science and supported Aristotle’s more obvious (although maybe not correct) explanation. Unfortunately Aristotle built a large following, initially from the Greeks, then the Medievals – he dominated European science up to the seventeenth century. Aristotle’s views also complemented the rise of Christianity, unlike Pythagoras’, this increased his support immensely.

This was unproductive to the cause of women’s equal education, as Aristotle believed women were mentally defective and less than fully human. As with many influential leaders his opinions were followed as strongly as his theories. This deterred many females in their search for education.

Due to Plato’s and Pythagoras’ schools women were able to pursue academic careers. Many women did just this but there is little information available concerning them. The first woman in mathematics there is considerable knowledge of is Hypatia of Alexandria. Unfortunately a lot of the information that is available derives from speculation and fictional, not historical, sources. There is only a small amount of true primary material. These sources were originally written in Patristic Greek, and the translation to English was not an easy feat, but hopefully an accurate on. There have been many books that romanticise the story of Hypatia. [7]

Hypatia was born approximately in 370 AD in Alexandria, Egypt. By this point Aristotelian hatred of women was widespread, so she had to rely on alternative means for her education. Fortunately her father, Theon of Alexandria, was a distinguished professor of mathematics at the University of Alexandria. He believed that his daughter should become a ‘perfect human being’, i.e. she would be wise, learned, virtuous and beautiful, which she was. From an early age she was developed in a stimulating family life of learning, questioning and exploration. Theon became Hypatia’s teacher – and an excellent one at that! He taught her mathematics, science and religion.

Most of Hypatia’s early life was surrounded by education. Theon became the director of the University of Alexandria, so she spent a lot of her time there, especially in the institute named the ‘museum’. The University was classed as the greatest seat of learning in the World, many scholars world-wide would visit it to exchange ideas and develop existing knowledge. This meant Hypatia was surrounded by the best learning facilities to enhance her already acquired intelligence.

For Theon to develop the ‘perfect’ human being he had to subject Hypatia to an emotional, intellectual and physical daily regime. Physically she was taught many sports such as rowing, horse riding, climbing and callisthenics, to ensure that her health would match the fitness of her mind. On an intellectual level she was taught about the differing religions that were currently being pursued, about the arts, literature, science, philosophy, and most importantly mathematics. (Theon’s love and enthusiasm for mathematics encouraged Hypatia to also have such a passion for it). Emotionally he taught her how to distinguish between knowledge that would aid or degenerate her beliefs, to be open-minded to all new aspects of religion, to think for herself, to have the ability to impress others by her personal presence (an art the Romans called Rhetor or Orator), and to utilise the power of words and hypnotic suggestion. He even trained her to speak in tones of a more gentle persuasion, which would be more pleasing and welcoming for the listener. These powerful tools of the mind were not taught without warning though, Theon was aware that even though wise, she was still only young and impressionable and such tools should only be utilised for the correct reasons.

Theon therefore gave Hypatia a wonderful and plentiful fund of knowledge, which took his lifetime to obtain, and which she was to base her adulthood on. Hypatia was then able to nurture the growth of this wisdom further, which is what she did. She grew up to become a sensitive, talented and great teacher.

Hypatia established her first teaching role after returning from a period of travel and study at the Athens school conducted by Plutarch the Younger and his daughter Asclepigenia. She became famed for her abilities in mathematics at the school and on her return to Alexandria she was asked to teach mathematics and philosophy at the University. [2]

Her home became a centre of learning for even the most challenging of students and scholars. Astoundingly it was given the same prestigious status of an ‘intellectual centre’ as the library and museum was. During her teaching career she lectured on the techniques Diophantus had developed in the ‘Arithmetica’ of Diophantus. Her passion for mathematics was reflected in her lectures creating a genuinity that resulted in students world-wide flocking to hear them. Eventually she taught from the chair that had seen the great scholars Ammonius and Hierocles teach. [2]

During her childhood mathematics was taught for calculating such things as the whereabouts of a given soul born under a certain planet at a given time. Mathematics was considered just a bridge between the science of astronomy/astrology and religion. Hypatia helped to develop the importance of mathematics by producing several treatises and teaching the next generation of its individual power and relevance.

As was the fashion at the time most of her treatises were commentaries on earlier mathematical giants’ works. Unfortunately a lot of Hypatia’s work has been lost or destroyed so it is hard to decipher what part she actually played in a lot of the works accredited to her. During the fifteenth century a fraction of her treatises concerning the ‘Astronomical Canon of Diophantus’ was found in the Vatican library, but her other works were destroyed due to the destruction of the library in Alexandria. Translations of the available Greek texts that detail Hypatia’s input are also misleading – some translations question her actual involvement. This has concluded in numerous discussions about the extent of her achievements.

Hypatia allegedly wrote a commentary on Diophantus’s ‘Arithmetic’. This text detailed Diophantine algebra, which tackled first-degree and quadratic equations. Hypatia is thought to have included alternative solutions and constructed new problems to challenge her more astute pupils. Some sources believe these additions were done by Diophantus in the original text and were already there. The translation of the Greek text references Hypatia to some of the contributions, although more recently the Arabic text has been found and a translation of this makes it clear that any work done by Hypatia is found in the Arabic version only. It only credits her with the detailed checking that is necessary for the solutions to be declared valid. [7]

Hypatia is also believed to have made a commentary on the ‘Conics of Apollonius’. This material was not developed any further until the first half of the seventeenth century, and so it is assumed that Hypatia’s writings would have been an important resource when conic sections were studied so much later in the history of mathematics. In fact most of her mathematical work was never progressed until the time when Descartes, Newton and Leibniz advanced it centuries later. Therefore it seems that her teachings influenced many mathematicians for many centuries – a great accomplishment! In addition to ‘Conics of Apollonius’ she is also believed to have written commentaries on the ‘Almagest’ (an astronomical canon at Ptolemy’s containing his observations of the stars).

In what would appear to be a rather obvious fusion of knowledge Hypatia co-authored treatises with her father, Theon, on the mathematical giants Euclid, and Ptolemy. Once again the issue of her input into the latter treatise is debatable. This stems from a sentence at the start of book III of Theon’s commentary. Some sources believe this sentence attributes authorship to Hypatia, indicating even that she developed an improved technique for long division, but others say that Theon just attributed the assistance he received in the preparation for the commentary to Hypatia.

A great source of information about Hypatia and her achievements comes from letters written by her most famed pupil, Synesius of Cyrene who later became the influential Bishop of Ptolemais. Hypatia was his only teacher and he respected and worshipped her intelligence and wisdom. The most enlightening letters are between Hypatia herself and Synesius. Synesius would write to her for scientific advice, as she was greatly interested in practical technology and mechanics, which complemented her mathematical mind. A letter of particular interest is the one where Synesius wrote to Hypatia to ask for help with the invention of the astrolabe – a scientific instrument designed for studying astronomy (it calculated time and measured the positions of the sun, stars and planets). Some sources believe Hypatia invented this instrument, but others believe she only helped in its design. She is also believed to have invented another such instrument called the ‘planesphere’ which was used for the same purpose. During Synesius’s final illness he wrote to Hypatia to request a ‘hydroscope’ (or aerometer). Hypatia fulfilled this request and designed the apparatus that would distil and measure the level of water, and determine the gravity of liquids, (it was later called a hydrometer). It is thought that Synesius as a sick man may have used this instrument to brew or distil alcohol-based medicines, or else to use it as a urinometer. Such an adaptable instrument! [7] [2]

Hypatia never married – although there is a lot of speculation that she did. She had many proposals by prestigious men but she declined them in favour of her commitment to her work. It is thought though, that she just did not find a male that would equal or challenge her intelligence, her stimulus was her work. Although she was linked to many love affairs though.

Hypatia’s reputation was immense, even her contemporaries could not fault her. Socrates, Nicephorus and Philostorgius wrote glowing accounts of her genius, teachings, ability, and personality. She was not only great as a mathematician but also as a philosopher. It is said that letters just addressed to ‘the muse’ or ‘the philosopher’ would be delivered straight to her proving the status and power she held. [2]

By the fourth century AD Alexandria was the remaining centre of Greek mathematics and science. It also supported the revival in the late Roman Empire of the Pythagorean thinking. Intellectuals supporting this movement were known as Neoplatonists, Hypatia was one of these intellectuals. This viewpoint directly rivalled the rising faith of Christianity, Pythagoras was even suggested as an alternative to Christ. Therefore this drew a distinct boundary between Neoplatonism and Christianism. This fateful situation was heightened by the appointment of a fanatical Christian, Cyril, in 412 AD to patriarch of Alexandria. Cyril quickly put in place a systematic program to oppress both the Jews and Neoplatonists, to enable Christianity to be all-powerful. This began the cruel demise of Hypatia. Unfortunately as a high profile member of Neoplatonism she was already at risk, but to add to her misfortune she was also great friends with the Prefect of Egypt who was the only opposing force against Cyril. Hypatia would not convert to Christianity so Cyril set about making an example of her, as a strong Neoplatonist, friend of the enemy, great philosopher, and a woman, she was threatening to Cyril and Christianity, and a hatred of her was easily provoked. Hypatia’s demise was a direct result of Cyril’s anger and jealousy, he wished to expel all Jews from the city and Hypatia’s ally the Prefect of Egypt prevented this, so Cyril had him assassinated, then he turned to Hypatia [8]. He believed that during such a time of political unrest the sacrifice of a virgin would serve him well [2]. In 415 AD, under Cyril’s direction, a mob of Christian fanatics set upon Hypatia whilst she was on her way to the University. They pulled her out of her chariot, stripped her naked, and dragged her into a nearby church where they inhumanely butchered her with broken glass, scraping her flesh from her bones, chopping her up, then after parading her remains through the streets, burned her.

No justice prevailed from this ghastly crime. The investigation into her death was repeatedly postponed for lack of witnesses. It was finally abandoned when Cyril claimed that Hypatia was fit and well in Athens and nothing of the sort had happened. The successor of the Prefect of Egypt was forced to comply with Cyril and a great injustice was done.

Cyril was not content with killing people that stood in his way, he wanted to kill the culture of Judaism and Neoplatonism. He destroyed their sacred temple the Serapeum, and the famous library of Alexandria. This sole action may have delayed the development of mathematics, as it is believed that the library contained a million works in many languages, and it was also used as a research centre. Here scientists had managed, with great accuracy, to measure the circumference of the planet and had proposed the heliocentric nature of the solar system sixteen hundred years before Copernicus even did! [8] If such information had been more readily available, the history of mathematics could have been a very different story. The destruction of these records also erases any information on female mathematicians that may have been involved with the Library’s research, there may have been more women like Hypatia that we will never know about. Any books that did survive were burned as fuel a couple of centuries later.

Hypatia’s death is said to mark the beginning of a barren period referred to as the ‘Dark Ages’, Neoplatonism could not survive and an end was drawn to the great period of ancient science. It is interesting to note that the era of Greek mathematical science began with the birth of a man, but finished with the death of a woman.

Hypatia was part of an era when women were able to make a place for themselves in the public domain, they were respected as teachers and philosophers, and it seems that they were equals. Unfortunately this did not last, one of the greatest female philosophers and mathematicians was abruptly murdered because she had an opinion on her religion, Cyril – as a male and apparently a misogynist – was jealous of her stature, wealth, power and popularity, she was a threat, so he eradicated her. The demise of Neoplatonism resulted in Cyril initiating the demise of women’s equal rights and education in Greece.

Hypatia was not even included in Raphael’s painting ‘School of Athens’. It is unknown why she was not included, but it still remains that once again she was eradicated from the Athens academia like Cyril had disposed of her from Alexandria. This pattern of events appears to be reflected in the careers of many future females in academia. The question must be raised, is it just a coincidence, or is there more to it?

CHAPTER 3

Maria Gaetana Agnesi – The Middle Ages/Renaissance Mathematics

For 1500 years Hypatia was considered the only woman scientist in history. Her death was followed by a general decline in women’s education until 1453 when the Turks took Constantinople.

Christianity engulfed most of Europe which, as Hypatia found, frowned upon education for females, even the most basic skills such as reading and writing were sometimes forbidden. It was claimed such skills would provoke temptation and sin within females. Small intellectual centres did develop in Italy, Gaul, Britain, Ireland and Germany, but even these enlightened centres disapproved of higher education for women to some extent. It was only the start of the Renaissance that changed this viewpoint.

The only way females could access education was in monasteries and nunneries, so once again religion played a dominant part in the access to mathematics. Knowledge was guarded by great secrecy in such institutes, there was no way it could be accessed outside of the religion. Therefore to study mathematics and other such topics you had to subscribe to Christianity, quite a commitment!

Among the nuns educated at this time there were two in particular that displayed skills in mathematics. These were Hroswitha, a tenth century nun from the Benedictine Abbey in Saxony, and Saint Hildegard, Abbess of Bingen on the Rhine in the twelfth century. Hroswitha’s writings have become important references to the monastic mathematics of this era. She demonstrated knowledge of Greek/Boethian arithmetic, and the use of perfect numbers. Hildegard wrote many treatises on science, and she was granted recognition of these and her mathematical capabilities. She was supposed to have foreseen Copernicus by centuries when she claimed that the sun was the centre of the heavens. [1] [2]

Both nuns would not take credit for their own writings instead claiming the works came directly from God. Hroswitha would humbly apologise for her texts making excuses for their ‘clownishness’. This demonstrates how ridiculed and unimportant women felt in this era. They could not speak with authority, but had to justify their thoughts by the authority of God. It is believed many medieval women adopted this tactic.

As mentioned in chapter one, the clergy had chastity enforced among them at this point. This meant any priests that were/or had been involved with women were de-robed, imprisoned, sometimes even killed, and their land was taken by noblemen. As the first universities (Bologna 1190, Paris 1200, and Oxford 1210) were solely training institutes for clergy, it was decided that academics teaching within these should also be celibate. This caused a great hatred of women from the clergy and academia. The archdeacon of Oxford, Walter Map, wrote a very popular anti-matrimonial treatise that highlighted the extreme negative attitude towards females. The treatise was in the form of a letter to a friend trying to persuade him not to marry, in it he wrote – 

“Women, journey by widely different ways, but whatever windings they may wander, and through however many trackless regions they may travel, there is only one outlet, one goal of all their trails, one crown and common ground of all their differences – wickedness.” [20]

This enforcement of chastity on academia also meant that no daughters transpired, and professors could not share their knowledge and nurture potential women academics like Hypatia of Alexandria. Even this access to education was cut off.

Universities were the only training places for mathematics, so many women were excluded for centuries in the development of it.

After the fall of Constantinople in 1453 many great scholars flocked to the Italian Peninsula. Their ideas and knowledge began the Renaissance. At this point Italian women began a revolt against the male dominance in academia. The universities accepted them and gladly awarded them doctorates, professorships, and even teaching roles. As a result men never ridiculed them, they would only respect them for their motivation to advance their already obtained knowledge. Any man that did express an opinion against their achievements/activities would ensue a backlash of women writers defending their capabilities [2]. Italian women had opinions and certain attitudes, and they weren’t afraid to openly air them!

In Italy women were treated completely as equals – a far cry from the recent years and the rest of the World. The status of women in the rest of Europe did eventually change, but unfortunately it took a lot longer. France and Germany saw a revival of anti-feminism that was indicative of the ancient Greeks and Romans. In England the standard education system for both sexes were adapted to a male only policy by Henry VII and Elizabeth I did not do much to advance this. Therefore women were left without any standard education for a long time.

In the early seventeenth century certain revelations looked to aid the case for women’s equality. For instance the famous mathematician Descartes set upon a mission to prove Aristotle incorrect, i.e. mathematics was the key to unlocking the secrets of nature. His thorough approach proved him much recognition, and his theory that mind and matter were completely separate was a great feat in the argument for women’s equality. If mind and matter were distinct then this challenged the Aristotelian view that women were mentally inferior because their bodies were less perfect than men’s, i.e. nothing about the female body could influence how great their minds were – that was a separate entity. Although Descartes supported several independent women he never declared that his theory defended the female intelligence [1]. Many philosophers demonstrated enlightenment towards women, but none of them, like Descartes, would commit to an opinion on the subject of equality. Cleverly keeping a very neutral position on such a hot political topic, although all the same it did question the stale viewpoints of Aristotelians. One man that did commit himself was François Poullain de la Barre. After being taught women were ‘monsters’ he embraced Cartesianism and furthered Descartes’ theory to the social domain, and declared that the brain was sexless and therefore women were very capable of academics. Unfortunately Cartesianism did not prove popular, as such opinions were rare in male academia.

During the second half of the seventeenth century Newton discovered the Universal Law of Gravity – the force that radiates out from every massive body and draws things toward it. He related this to how the moon is held in orbit around the Earth, and consequently it explained the orbits of the planets around the Sun. This equation was one of the most powerful equations in the history of science, uniting heaven and earth, and providing a secure mathematical grounding for heliocentrism. Newton then went on to discover the three laws of motion, which describe the action of all material bodies, not just celestial ones. Newton was a strong follower of the Anglican Church and he wanted his theory to be compatible with it, but also to reinforce it. He believed his discoveries would fill the bleak philosophies of Descartes, whose theorems were seen by the Public as a recipe for atheism (this was not the original intention!). To publicise his natural philosophy he looked to the clergy to help him, his text called the ‘Principia’ became an argument for God. This strong link between Newtonianism and religion helped to promote a ‘priestly’ view of the scientist – returning the social attitude that mathematical science is a sacred activity and therefore should be male only. Newtonianism was even associated with gender to enhance the male status, it was believed men could be thought of as planets fixed in their orbits, then women would be viewed as moons ‘naturally’ compelled to stay in orbit around their men [1]. Therefore what Descartes did to enhance the intellectual status of women, Newton did the opposite!

Although Newtonianism left a bleak outlook for women wanting to enter academia, during the Renaissance period some women did manage to access such education and went on to achieve great accomplishments. Such ladies were Tarquina Molza, Maria Angela Ardinghelli of Naples, Clelia Borromeo of Genoa, Elena Cornaro Piscopia, Laura Bassi and Diamente Medaglia. One of the most remarkable ladies came from the intellectual centre of Italy where, as mentioned earlier in this chapter, women’s intellectual status was equal in comparison to their male counterparts. This lady was Maria Gaetana Agnesi, she is classed as one of the most extraordinary women scholars of all time.

Maria was born in Milan on 16 May 1718, she was the eldest of twenty-one children! Her father, Don Pietro Agnesi, had three wives and came from a wealthy family. Some sources say that he was a professor of mathematics at the University of Bologna [2], but other sources declare that the family made their money from silk, and Pietro was not a professor at all [59].

Maria was recognised as a child prodigy from an early age by Pietro and her mother Anna Brivia. They employed the best tutors available (young men of learning from the church) to teach her. She spoke French by the age of five, and Latin, Greek, Hebrew and other modern languages by the age of nine. At this tender age she also translated and delivered a discourse in Latin defending the higher education of women to a group of academics who were invited to the family home. Some sources claim that Maria actually composed this text [15], but it is believed by others that the article was written by one of her tutors in Italian and Maria just translated and presented it [59]. This topic did have an impact on her though, and it became an important feature of her later life.

During her teenage years Maria continued her education, specifically mathematics, where she mastered the current day theories of Newton, Leibniz, Fermat, Descartes, Euler and the Bernoulli brothers. She also taught her younger brothers, and contributed to her father’s intellectual gatherings where scholars would visit the house to discuss current views/opinions. In 1738 she published a series of essays on philosophy and natural science called ‘Propositiones Philosophicae’. It contained one hundred and ninety-one philosophical theses, which Maria had, and would continue to, dispute with the specially invited guests visiting her father. Indeed this sounds a strange situation, with Pietro showing off his daughter like a circus act, but it was quite common in this era. Monsieur Charles De Brosses, the president of the parliament of Burgundy, attended one of these meetings with his nephew. Apparently at this particular meeting there were approximately thirty people from several different nations of Europe, seated in a circle, questioning Maria. De Brosses said of Maria’s abilities – 

“ She is much attached to the philosophy of Newton, and it is marvellous to see a person of her age so conversant with such abstract subjects. Yet however much I was amazed at her learning, I was perhaps more amazed to hear her speak Latin with such purity, ease and accuracy…” [17]

Although Pietro was understandably proud of his daughter’s performance at such gatherings, Maria did not enjoy participating in these. She was naturally shy, and although always obedient to her father’s wishes, she did ask to be excused from these duties when she was twenty years of age. Then she proposed an even bigger request, she wanted to enter a convent and become a nun, so that she may continue her study in seclusion and continue her work with the poor. Her father was horrified that his dearest daughter would want to leave him, and he denied the request. Maria stayed at home on three conditions, the first was that she could attend church whenever she wished, the second was that she could dress simply and humbly, and the third was that she would not be forced to attend leisure pursuits such as balls, theatre visits etc.

After her mother’s death Maria concentrated her efforts on studying religious books, learning mathematics, and caring for her younger brothers and sisters. She wrote a commentary on de L’Hôpital’s ‘Traite analytique des section coniques’ but it was never published. To advance her mathematical learning she was fortunate enough to meet Ramiro Rampinelli, a monk, mathematician and a professor at Rome and Bologna. He helped her study Reyneau’s calculus text ‘Analyse démontrée’. After encouragement from Rampinelli she began to write her own book on differential and integral calculus, initially as a teaching text for her siblings, but it grew to a more serious large two-volume text that took ten years to create. The book was written in Italian and called ‘Analytical Institutions’ (or ‘Istituzioni analitiche ad uso della gioventù italiana’). She controlled and monitored every process of its production, with her father’s wealth she even paid for it to be privately printed in her home so she could observe every step. In 1745 she wrote to Rampinelli’s teacher, Riccati, for the final draft to be checked and suggestions to be made. Riccati also got his two sons to check it and he sent Maria some of his earlier work on integration to be included in the book. Maria sent the book in parts to Riccati, who took a while to respond, resulting in the extreme delay in it’s production. In 1748 the first volume was published, and then the following year the second volume was also published.

During the books production it came to light that Maria was a somnambulist. On several occasions after working all day on a difficult problem that she was unable to solve, she would go to sleep to then arise in a somnambulist state, make a light, go to her study, and solve the problem. When she awoke in the morning she was surprised to find the solution carefully worked out on the paper. This demonstrated her extreme natural talent for mathematics.

The final production of her book brought her much credit and acclaim. It was documented as one of the most important mathematical publications produced by a woman up until that time. It was the first comprehensive textbook on calculus since L’Hôpital’s book, and it was also one of the first and most complete works on finite and infinitesimal analysis. The book was not superseded until Euler produced his great texts later on in the century. The volumes were also translated into French and English and were widely used as textbooks.

The success of Maria’s book was due to her acquired knowledge of languages. With them she was able to collate various works from different sources and by different mathematicians, translate them, and allow the reader to learn of all developments and methods in just one book.

The first section of the book discusses the analysis of finite quantities, construction of loci, conic sections, and basic maxima, minima, tangent and inflection problems. The second section discusses ‘infinitely small quantities’. The third section discusses integral calculus and recent developments of it at that time, covering rules for integration, and power series. The fourth section discusses ‘inverse method of tangents’ and basic differential equations. This latter section of the book has become the most famous part. Maria discusses here a verses sine curve originally studied by Fermat and Guido Grandi.

The plane cubic curve has the cartesian equation xy² = a²(a–x). An approximate outline of it’s derivation is – 

“Agnesi begins with the geometrical principle that if the abscissa of corresponding points on a curve is equal to that of a given semicircle, then the square of the abscissa is to the square of the radius of the semicircle in the same ratio as that in which the abscissa would divide the diameter of the semicircle.” [2]

This curve was known as ‘versiera’, derived from the Latin word vertere, which means ‘to turn’, but it is also an abbreviation for the Italian word avversiera which means ‘wife of the devil’ i.e. a witch. In 1801 Maria’s book was translated into English by John Colson, the professor of mathematics at Cambridge. Colson translated versiera as ‘witch’. The curve then came to be known as the ‘witch of Agnesi’, and subsequently this title is now associated with Maria whenever she is documented, whether the curve is mentioned or not!

Her book was received with much praise, the French academy of sciences assessed the book, and a deputy wrote to Maria commenting – 

“ I do not know of any work of this kind that is clearer, more methodical or more comprehensive… There is none in mathematical sciences. I admire particularly the art with which you bring under uniform methods the diverse conclusions scattered among the works of geometers and reached by methods entirely different.” [21]

Even with such an excellent review she was still not allowed to become a member of the academy, due to a strict male only policy. (It is interesting to note though that the academy was actually founded in a woman’s salon – Madame de Rambouillet.) Maria was allowed to become a member of the Bologna academy of sciences though, as at this time Italians were more liberal about women’s equal rights. Pope Benedict XIV also wrote to her expressing how her work would be of great benefit to Italy and the academy, he had studied mathematics at a younger age and he recognised the exceptional ability of Maria. This recognition was the most rewarding for Maria, being such a religious follower. Initially the Pope assigned her the position of honorary lecturer at the University of Bologna, but soon after he approached her again, along with three professors from the academy to invite her to accept the chair of mathematics at the University of Bologna. There is much discussion as to whether or not Maria accepted this invitation. On the 5th October 1750 she was granted her diploma from the University, and was added to the faculty roll until 1795 (45 years!). Some sources say that she occupied the chair of mathematics and natural philosophy at Bologna from 1750 to 1752 when her father died, she then returned to a quieter life of study and religious solitude. Other sources say she only occupied the chair to fill in for her father during his last illness (that is if her father was a professor at the University, as mentioned earlier in the chapter there is also some debate about this issue). Other sources say she avoided the invitation altogether, never went to Bologna, and devoted herself to a holy and retired life. [59] [2]

Maria also received recognition from the Empress Maria Theresa, as she had dedicated the book to her. The Empress showed her appreciation by sending Maria a lovely diamond ring and a small crystal casket set with diamonds and precious stones.

One of Maria’s brothers friends, Frisi, said that during visits to the Agnesi family home at this time he noticed that Maria chose to inhabit rooms of the house that were secluded from the rest of the family. This isolation enabled her to help old women who were ill. She still had to comply with severe constraints made by her father though, which she obediently did. This indicated the type of life Maria longed for.

After her father’s death in 1752 she was finally allowed to fulfil her own aspirations, and she devoted the rest of her life to charitable projects with the sick and poor, at the hospital of Maggiore and her parish, San Nazaro. Like many religious figures she never married – for one reason such time consuming activities would not allow it!

In 1762 she was asked by the University of Turin to comment on the young Lagrange’s articles on calculus of variations but she denied the request, claiming she was not interested in such pursuits anymore. Her life was dominated with caring for other people. Initially she turned her house into a shelter for the helpless, aged, sick and poor, she even gave up her own room for neglected women if there was no space elsewhere. It is believed that she even economised on her dresses, meals and beloved books to help her patients. She even sold the imperial gifts she received in recognition of her academic work.

In 1771 the archbishop asked Maria to become the director of ‘Pio Istituto Trivulzio’ – a newly opened home for the ill and infirm. She gladly accepted this position whilst still maintaining the shelter at her home. In 1783, when the maintenance of both of these facilities became too much she moved into the Institute. Endeavouring not to deny the patients of anything she insisted on paying rent – although she was an elderly lady herself!

The records maintained by the Institute described her as -

“an angel of consolation to the sick and dying women until her death at the age of eighty-one years on January 9, 1799.” [22]

Maria was therefore highly honoured not only for her exceptional achievements in mathematics but also for her extreme charitable works. Even her grave situated outside the Roman gate of the city walls, is shared with fifteen old people of the Luogo Pio. There is no monument to mark the burial place of such a selfless lady, but Maria will never be forgotten. On the one-hundredth anniversary of her death, streets in Milan, Monza and Masciago were given her name. A school in Milan is also dedicated to her, with scholarships for poor girls donated in her honour. On the outside of the Luogo Pio a cornerstone dedicated to her bears the inscription ‘erudite in mathematics glory of Italy and of her century’.

Considering Maria’s life of selfless service and devotion to God, the irony is laughable that her academic achievements link her name to a curve called the ‘Witch of Agnesi’, nothing could be more further from the truth!

CHAPTER 4

Sonya Kovalevskaya – The French Revolution and 18/19th Century     Mathematics

In France in the late seventeenth century a society of salons was constructed, these were social societies for male intellectuals. Unusually, they also became an arena where women could access academia. Within the salons, social, political and cultural issues were discussed, of which mathematical science was a key topic. They became testing grounds for potential members of the Académie Française. Interestingly women ran these salons, hence they provided an excellent opportunity for females to gain insight into such topics. The famous sallonnières included Madame de Lambert and Madame de Tencin. It has been suggested that if a scientist wanted to gain entry to the academy they had to first pass through the salon of Madame de Lambert. In an unexpected switch of roles these women were central and powerful figures, and could make or break a male career! Consequently budding male scientists had to present their work in an accessible and non-specialist way so that they could convince the salon women and the general public. This meant literature was readily available for educating women in the new sciences, which was something that had been denied for centuries. Bernard de Fontenelle and Francesco Algarotti both penned books that were targeted at a female audience, including the title ‘Newtonianism for Ladies’. Although such advances in women’s access to education had been made, the academy was still strictly male only, it was thought of as beyond the grasp of the feminine intellect. Therefore the female status was still classed as inferior to the males.

This enlightenment for women in France did not last long, in the middle of the eighteenth century the salon scene was increasingly attacked, especially by Jean-Jacques Rousseau. He believed the company of women lowered the level of discourse between men, as their presence forced men to be more attentive towards them, whilst if the salons were male only a more serious discourse could commence. He also believed that women lacked the strength of body and therefore the strength of mind to participate in science, unlike males (a reflection of Aristotle’s opinion). Rousseau also attacked the poetic style of scientific writing – linking it to feminism. Many males supported this style of writing, especially Denis Diderot who once said – 

“Women, accustom us to discuss with charm and clearness the driest and thorniest subjects”. [1]

Unfortunately opinions such as Rousseau’s meant that the poetic style was eventually eliminated from academic writings, and it became even more abstract, mathematical and technical – a more masculine style (?). This disadvantaged women greatly who had no access to higher education and self teaching was impossible with such complicated texts. Once again, women were segregated from academia, much like they were in the dark ages when education was only taught in Latin, a language which women had no knowledge of. In the wake of the French Revolution the salons disappeared entirely, along with the opportunities for French women.

During this period the general attitude towards French women was poor, this was emphasised/reflected through bad publicity, which came from books and plays. J. Molière wrote two destroying plays ‘Les Précieuses ridicules’ and ‘Les Femmes savantes’, and N.Boileau wrote the work titled ‘Contre les Femmes’. All of these ridiculed women, especially learned women. In his defence Molière claimed that his works were not aimed at the genuinely educated woman, but ridiculed instead the woman that perceived herself as intelligent. The content supported the Aristotelian/Rousseau viewpoint, so as a result it did heighten already prejudice views on their inferior intelligence. With the current climate, and such social awareness concerning the education of women, a lot of learned women would actually hide their education as it was classed as socially unacceptable.

Along with Rousseau, Molière and Boileau, popular males such as Voltaire and Baron Montequieu agreed that women should only deal with practical and domestic matters as abstract thinking such as mathematics were beyond their capabilities. They all were against education for women, whether it be for the daughters of noblemen or the lower class, but interestingly they all chose highly intelligent women as their companions. In Voltaire’s case Émilie de Breteuil’s intelligence was a valued substitute when his was lacking during the production of his book. Quite a turnaround from dismissing the intelligence of women!

Émilie de Breteuil (Marquis du Châtelet) was another extraordinary female mathematician, whose work did not get the recognition it deserved due to male interception. Émilie was fascinated by Newtonian philosophy and in addition to aiding Voltaire with the mathematical expertise he lacked, she wrote her own book on Newtonian physics. Unfortunately before the book was completed her male tutor discovered parts of it and was horrified to think he would be considered as just a lady’s tutor, so to save his pride he began a rumour that he actually wrote the upcoming book. Considering the general attitude at the time, male academia were only too keen to believe this story. Therefore Émilie had to anonymously publish the book. Still undeterred, Émilie translated into French and produced a commentary on Newton’s work the ‘Principia’, she included explanatory work within this to aid her readers. This introduced France to Newtonianism and it still remains the only translation. Unfortunately before it was published Émilie died due to a complicated childbirth, once again she could not enjoy her achievements [1]. Her only chance to achieve any academic respect in her lifetime was spoilt by the pride of a man and the social views on gender equality in France at that time.

The close of the eighteenth century saw a few lady mathematicians like Émilie striving to be recognised for their achievements. In Germany Caroline Herschel became a great astronomer, with no formal mathematical training she accomplished numerous calculations to aid her catalogue keeping. She was the first woman to detect a comet, and along with Mary Somerville became one of the first women in England to be honoured by the Royal Astronomical Society for her achievements. [2]

Mary Somerville also taught herself mathematics, her parents were so distressed at this activity that they confiscated her candles so she could not study her brother’s textbooks, in retaliation Mary would just memorise the problems and work on them in her head! Her contribution to Science reflected Émilie’s – she translated Laplace’s monumental book on celestial mechanics from French to English, including additional explanatory notes and calculations. Her book became the standard textbook for Cambridge University students. She was never allowed to enter the said University though (as it was strictly male only), as a compromise a bust of her was displayed in its Grand Hall. [1] [2]

Another French lady, Sophie Germain was also determined to tackle the male prejudices of this period. Once again she taught herself mathematics from her father’s library, which her family became very opposed to, confiscating from her bedroom clothing, light and heat in an attempt to stop her studying. Her family eventually relented, and after much study she began to correspond with the great mathematicians of that era – Gauss and Lagrange, but continuously signing her letters under the male name M.le Blanc, to give her opinions a fair (!) chance. Sophie became interested in the mathematical laws of elastic surfaces, and after much study she produced a treatise on it that provided her with great acclaim. This included winning the Grand Prix of the French academy of sciences, and being invited to attend sessions at the ‘Institut’ (the highest honour given to a woman by this famous body). When the Eiffel tower was erected knowledge of elasticity of materials was an important factor, and seventy-two names were inscribed on the tower in honour of their contribution to the advancement of this topic. Sophie’s name was not included although her contribution was vast, maybe because she was a woman? [1] [2]

All of these ladies appear to follow the same pattern, they were all denied an education in mathematics, they were all stopped from individually studying it, and after admirable determination and hard work against such prejudices they accomplished great things with little recognition. In the majority of these cases the females were thwarted by either male or social views supporting male-only academia.

There was some enlightenment to the cause of women’s education – in the early nineteenth century the first female colleges were opened in America. These colleges took science and mathematics seriously, unlike the college’s before the civil war that opened to teach women to be missionaries and teachers. Unfortunately after actually receiving the education employment was scarce, it was only the female colleges that would employ female teachers, and jobs in industry were not even open to female candidates. Therefore another huge obstacle had to be overcome before any true enlightenment for women’s equal status could be demonstrated.

The nineteenth century did see the mathematical genius of another great woman though. Her name was Sonya Corvin-Krukovsky Kovalevskaya. Although her first name is sometimes documented as Sonja, Sophie, Sof’ya or Sofia, and her surname has been spelt Kovalevsky, Kowalewski, Kovalevski or Kryakovskaya. She was born in Moscow, Russia on 15 January 1850.

Her father, Vasilii Kovalevsky was a general in the Russian army, which was reflected in her disciplined family life. His displeasure could throw the entire household into sheer terror. Her mother, Elizaveta Schubert was an excellent pianist and socialite who took a keen interest in the arts. The family was classed as minor gentry and Sonya lived in plush surroundings. She had an older sister Anya, and a younger brother (the only male heir) Fedya. As the middle child she felt that her parents neglected her in favour of her siblings. This inferiority complex shadowed most of her life, and as a result she grew to become fairly nervous and withdrawn. She was prone to giving extravagant affection and had an astonishing jealousy. The attention and devotion she often required from her friends was sometimes beyond the capabilities of even her loved ones. [31] [2]

Both her mother and father dismissed the responsibility of bringing up their own children, a nanny was employed to do this. In 1858 Sonya’s father retired from the army and to his horror found that his two daughters were very ignorant, so he hired an English governess, Margaret Smith, to replace the nanny. The strict governess saw it as her duty to turn Sonya into a young lady. This, along with her insecurities that she had already developed, resulted in a reasonably unhappy childhood for Sonya.

If you look at Sonya’s family tree it might be obvious that she was destined for mathematics, as her grandfather, Feodor Feodorovitch Schubert, was a fine mathematician, and her great-grandfather had even more recognition as a mathematician as well as an astronomer.

After Sonya’s father retired from the army, when Sonya was about six years old, the family moved to their prosperous estate at Palibino, which was in a remote part of Russia. Her initial interest in mathematics came strangely from the wallpaper in her bedroom at Palibino. Apparently not enough wallpaper had been sent from St.Petersburg to decorate the house, and whilst awaiting the arrival of new supplies, old lecture notes from a course her father had attended were used instead. This course was actually differential and integral calculus taught by the great mathematician Ostrogradlskii. These notes fascinated Sonya at only eight years of age she would spend many hours trying to decipher phrases and the order in which the notes should have gone. Although the notes were fairly incomprehensible the formulas and text stayed engraved in her mind until she encountered them again later on in her education.

Sonya also got a lot of her mathematical inspiration from her Uncles. Pytor Vasilievich Krukovsky (her father’s brother) had a great respect for mathematics, and he discussed with Sonya topics such as the quadrature of the circle, asymptotes of a curve etc. Obviously she could not fully understand all of these concepts but it sparked her interest. Her mother’s brother was also well educated and discussed with Sonya the intricacies of infusoria and algae.

Her father hired a Polish tutor, Joseph Malevich, and Sonya’s education began. It was at this point that Sonya is quoted as saying – 

“I began to feel an attraction for my mathematics so intense that I started to neglect my other studies”. [30]

She was a very bright, committed student and after a few years of lessons she began to show her deeper understanding and talent for mathematics, this is demonstrated by a particular comment made by Malevich – 

“But when our study of geometry reached the ratio of the circumference of a circle to its diameter…My pupil, when explaining this topic in the next lesson, astonished me by arriving at the same result in a completely different way by using her own reasoning.” [31]

When Sonya was fourteen Margaret Smith (the governess) resigned her position after numerous attempts to shield both the strong-minded Sonya and Anya from ‘too much’ education. Sonya’s father also tried to put a stop to Sonya’s mathematics lessons, but defiantly Sonya borrowed a copy of Bourdeu’s ‘Algebra’ which she would read at night in secret to continue her studies in mathematics.

During this time Sonya’s neighbour, who was the physicist N.P.Tyrtov brought her a copy of his physics textbook. She eagerly read it, but as she had not been taught trigonometry she had to decipher by herself what the sine function was. She guessed that the sine of an angle is proportional to the chord in a circle subtended by a central angle. In fact it is proportional to the chord subtended by an inscribed angle, but for small angles the difference is negligible. Tyrtov was amazed initially that the young girl was even reading the book, but to be able to derive so accurately the sine function, like it had been derived historically, was astonishing. Tyrtov then portrayed to Sonya’s father the extreme capabilities of his daughter and how she needed a more advanced tutor. Therefore her father allowed her to attend a Naval school in St.Petersburg under the tuition of Alexander Nikolaevitch Strannolyubskii, an excellent teacher. During her first lesson of differential calculus from Strannolyubskii he was amazed at her easy grasp of the terms and derivatives, just as if she had known them before, but this was nearer to the truth than he had imagined as Sonya expressed that – 

“…in truth the fact was that at the moment when he began to explain to me these conceptions, I immediately and vividly remembered that all this had stood on the pages of Ostrogradsky [on her bedroom walls in Palibino], so memorable to me, and the conception of space seemed to have been familiar to me for a long time.” [32]

Sonya was also gifted in her literary talents as well as mathematics, this side of her education was encouraged by the influence of her older sister who was primarily interested in literature, not science like Sonya. Anya wrote short stories, and at twenty years of age had one published by Dostoevsky in his journal ‘Epoch’. Anya was also passionate about radical causes, which she expressed to Sonya. Dostoevsky introduced both sisters to an elite circle of European intellectuals in Moscow. Consequently during the Polish uprising of 1863 both sisters sided with the Polish rebels. To add to Sonya’s political fervour she grew very fond of a Polish rebel named Bujnicki who fled the country, increasing her interest in the current situation. Such political awareness was very unusual for middle-class girls as, along with education, it was actively discouraged. Sonya felt a great sense of guilt for not contributing more actively to the cause and this guilt became the motivation for a lot of her poetry and playwriting later on in life.

After completing her secondary education in St.Petersburg Sonya wished to continue her education, but she came across many obstacles. Her first obstacle was her father, he was reluctant to let Sonya study mathematics with Strannolyubskii, so he was even more reluctant to allow her to follow this uncommon pursuit to university and then onto a serious career. Sonya received stern lectures from her father concerning such improper behaviour from young girls. Her second obstacle was that Russian universities were closed to women. Her final obstacle being that even though the nearby Swiss universities permitted women to enrol, females were not allowed to travel alone, they had to be escorted by their father or husband (women became just an amendment to their male’s passport). Therefore unless they were married, or had an understanding father, they were not able to actually get to the university.

This last obstacle was common to many young Russian girls, but it was the only one that they had a chance of overcoming. They did this by entering into a ‘fictitious marriage’ – this involved finding a politically conscious man that was willing to rebel against the conventions of society, but also a gentleman that would treat his lady with respect and keep the marriage of convenience purely platonic. This solution meant that fathers had no authority over their daughters, and they were free to travel with their husband to seek out education. They could also escort sisters and girlfriends with complete respectability. Although this solution provided a loophole for Russian young ladies wanting to further their education, it was a rather drastic measure!

Therefore Sonya and Anya (who also wanted to travel to seek education) set about finding a man that either one could marry, so they could then escort the other sister and numerous girlfriends abroad. Finding a man was not a problem, it was convincing their father to agree to the arrangement that was the tricky part. Sonya’s first candidate was rejected outright by her father, so with her second candidate she was more careful. Vladimir Kovalevsky was a student of parentology (examining theories and research relating to parenting and parenthood across the lifespan) at the University of Moscow. At the time he was corresponding with Darwin concerning the Russian translation of the second volume of Darwin’s work on domesticated animals. Sonya helped Vladimir to edit this translation. Vladimir was very impressed with Sonya’s talents in literacy, languages and mathematics, and her remarkable beauty aided the situation somewhat! The pair were both nihilists – people who thought the current state of society was hopeless and wanted to start again on a foundation of science and humanitarian values. As a result Vladimir was very agreeable to the proposal. To get Sonya’s father to agree, it is alleged that Sonya visited Vladimir at his home and promptly stayed there until her father agreed to the marriage, knowing full well that the reputation of the family was at stake if he didn’t comply with her wishes! Subsequently Sonya and Vladimir were married in September 1868.

Initially the couple lived in St.Petersburg, where they both attended lectures on anatomy and physiology. Entering the lectures with her husband meant that Sonya avoided any unwanted attention, (although it was legal for her to attend these lectures it obviously wasn’t yet socially acceptable). Sonya missed out on a great opportunity at this point. The great mathematician Pafnutii L’vovich Chebyshev held weekly ‘open’ lectures at the university, which presented the opportunity for any one to consult with him on mathematical problems. Unfortunately, as mentioned before, the universities were not open to females so Sonya could not attend these lectures and demonstrate her talent, if she could have attended she most definitely would have become his student. Although Sonya did make her acquaintance with Chebyshev it went no further.

Sonya was keen to move to Europe to begin her higher education so in April 1869 the couple went to Vienna. Unfortunately the cost of living was high and they could not find a mathematician for Sonya to work with, so they moved again in May 1869 to Heidelberg, Germany.

Although the local university at Heidelberg did not strictly accept female admissions, they left it up to the individual lecturers to decide if they would allow women to attend their lectures. Fortunately Sonya’s reputation was already strong enough to prompt the Professor’s to welcome her into their lectures. Therefore she was able to study with famed professors such as Helmholtz, Kirchhoff, Bunsen, Leo Königsberger and Emil Du Bois-Reymond.

Right from the beginning Sonya’s lecturers were very impressed with her abilities and demeanour, the memoirs of a fellow student state she – 

“immediately attracted the attention of her teachers with her uncommon mathematical ability. Professor Königsberger, the eminent chemist Kirchhoff…and all of the other professors were ecstatic over their gifted student and spoke about her as an extraordinary phenomenon.” [30]

A particular incident with Bunsen did spoil his attitude towards her though. Bunsen – a chemist, was very proud to have a male-only laboratory, but one of Sonya’s fellow Russian female students desperately wanted to study chemistry with him, and after being turned down by Bunsen she turned to Sonya for help. It is believed that Sonya utilised her persuasive powers so successfully on the Professor that he actually agreed to the request, and only after she had left did he realise how manipulated he had been. This was an embittering experience for Bunsen as he was an established woman hater, especially Russian women, so to be outwitted by a Russian woman and consequently having to permit one into his precious male laboratory was disastrous. From then on Bunsen branded Sonya as a ‘dangerous woman’, even portraying this a few years later to what would be her future tutor, adding “And now that woman has made me eat my own words” [26] – a very bitter man!

Although Sonya was seemingly confident she still had a natural shyness that never faltered however much attention she got. Her insecurities from her childhood still haunted her. This quality was most appealing to the Germans though, and eventually her nature and incredible capabilities meant that local people would even point her out in the street!

After two years of study at Heidelberg Sonya realised that she would never be able to obtain a degree, she would need the support of more influential people to achieve that. Whilst at Heidelberg she studied under Leo Königsberger, who was the former student of Karl.T.Weierstrass. Königsberger rated Weierstrass highly, he introduced Sonya to his teachings on elliptic functions, and as a result Sonya also contracted Königsberger’s enthusiasm for Weierstrass.

Weierstrass was famously known as the ‘father of mathematical analysis’, he had a good reputation and great influence on the European scholars of that time, so Sonya couldn’t have picked a better mentor. Therefore in 1870 she set off for the University of Berlin where he lectured.

Once again Sonya was not allowed to enrol at the university because she was a woman, despite having impressive references from her previous university. Not to be deterred she appealed to Weierstrass himself. Fortunately current World events were to her advantage, in August of that year the Franco-Prussian War began and the attendance rates for Weierstrass’ lectures had dwindled from 50 students the year before to only 20 students. Considering this, the fact that Sonya came with good references from his associates at Heidelberg, and that Weierstrass was always grateful to his teacher (Christoph Gudermann) for the chance he gave him, he agreed to see her. Sonya was in awe of the famous mathematician but she appeared very eager and determined with her mathematics, and Weierstrass was a sympathetic and understanding man, especially to the ambitions of the young, so he gave her a set of problems that he had designed for his more advanced pupils. Sonya was well prepared for such a task and she easily solved the questions. Weierstrass was amazed at the speed, clarity and originality of the solutions that she had produced, so he wrote to Königsberger to enquire about her abilities and personal qualities. Obviously Königsberger reassured him that Sonya had the traits of a great mathematician.

In some sources it’s suggested that during this first meeting it was Sonya’s feminine charm that won Weierstrass’ attention not her abilities. Most sources refute this declaration though, claiming prejudices on behalf of the male authors who may have believed a female mathematician couldn’t gain the role entirely as a result of her intelligence but instead by her beauty? Unfortunately Sonya was supposed to be very attractive and obviously young, and Weierstrass was thirty-five years her senior and a renowned bachelor, therefore accusations could be viable, but it must be remembered that Sonya was a married woman!

Weierstrass went to the university to request that Sonya could attend his lectures, but after a second rejection for Sonya, Weierstrass committed himself to giving her private lessons instead. Therefore for the next four years he let her have lecture notes, showed her unpublished works, and taught her the latest scientific developments and theories. This relationship actually continued until Sonya’s death, up to one hundred and fifty letters have been found from Weierstrass to her, (Weierstrass burnt all of her letters upon hearing of her death). The correspondence between Weierstrass and Sonya does indicate that they were great friends, which is evident in their continued communication. It has been commented that Weierstrass particularly had a deep affection for Sonya. Sonya once said when reflecting on this period – 

“These studies had the deepest possible influence on my entire career in mathematics. They determined finally and irrevocably the direction I was to follow in my later scientific work: all my work has been done precisely in the spirit of Weierstrass”. [33]

In 1872 (during her period of tutelage) Sonya’s life got somewhat erratic. It is believed she would invite fellow Russian females to stay in her and Vladimir’s small apartment, supporting them all on the minimal allowance she received from her father. This and the exhaustion of a heavy work load meant quarrels were rife between her and Vladimir. Sonya became so miserable as a result of this that she made a full explanation to Weierstrass about the situation of her marriage and background (this arrangement was something she had not explained to him at the beginning which she always regretted). After Weierstrass realised the full extent of the situation he proposed that Sonya should write a dissertation, and admit it to the more liberal University of Göttingen. Therefore over the next year and a half Sonya, with guidance from Weierstrass, composed several works, three of which became potential dissertations.

Her chosen doctoral dissertation was the paper entitled ‘Theory of Partial Differential Equations’. This detailed a general system of first order differential equations in any number of variables. It was an extension to Weierstrass’ paper on an analogous structure for total equations. Her paper was even published in Crelle’s journal, which was a great honour for an unknown mathematician. The other two papers were concerned with abelian integrals and Saturn’s rings. The former of these papers was entitled ‘On the Reduction of a Definite Class of Abelian Integrals of the Third Range’. This dealt with the reduction of abelian integrals to simpler elliptic integrals, consisting of a skilled series of manipulations that demonstrated her complete command of Weierstrass’ theory of abelian integrals. The latter of these two papers was entitled ‘Supplementary Research and Observations on Laplace’s Research on the Form of the Saturn Ring’. Another one of her works was ‘On the Property of a System of Equations’.

Her dissertation granted her a doctorate of Philosophy from the University of Göttingen in 1874. She was awarded exemption from the usual aural examination, as Weierstrass believed that her nerves and poor German would disable her from demonstrating her true genius. (This was authorised by the university as her outstanding dissertation and glowing references from fellow scientists confirmed her ability without examination). With such an achievement it is claimed that Sonya was the first woman outside of Renaissance Italy to receive a doctorate in such a field.

After such severe studying, homesickness and in search of employment, Sonya and Vladimir returned to Russia in the autumn of 1874. Unfortunately both Sonya and Weierstrass’ attempts at finding employment worthy of her talents were in vein, leaving Weierstrass shocked at the misogynist viewpoints of academics. Sonya was most annoyed to discover that the best job she could find was teaching arithmetic to elementary classes of schoolgirls, her response to this was – 

“I was unfortunately weak in the multiplication table”. [30]

As often seen with women in the nineteenth century, obstacles were rife in a woman’s career path, each one being tougher than the next – after accomplishing a doctorate against all odds it was even tougher for Sonya to find a job.

Vladimir was just as unsuccessful at finding employment, he could have found a position teaching, but after criticising the work of one of his examiners whilst sitting the exam for his teaching certificate, his career in such a role was cut short! [31]

Sonya easily fell into the role of her mother – a society wife. As there was no call for her mathematical abilities she returned to her other talents, such as literature, writing articles, poetry, theatrical criticisms and even a small novel entitled ‘The Privat-Docent’. Much of her work was based on her continual struggle – the equal rights of women.

Soon after Sonya’s return to Russia her father died leaving her a small legacy. She and Vladimir re-invested this into real estate hoping to become wealthy as a result, unfortunately it was not as simple as they had hoped and ultimately they became bankrupt.

Concurrently Sonya and Vladimir became close and decided to consummate their fictitious marriage, which in 1878 produced their only daughter, Sonya Vladimirovna Kovalevskaya, or as they affectionately called her ‘Fufa’.

The social views of academia were still very influential and even a woman as liberated, educated and intelligent as Sonya still believed that women did not have the same strength to engage in education as men did. (Reflecting Rousseau’s and Aristotle’s theory that women did not have the strength of body, therefore neither the strength of mind to participate in academia.) In the nineteenth century it was believed that women could not possibly withstand the rigors of University life, and Sonya – who had had such a life, once made the passing comment to her friend –

“Thank heaven I did not completely waste my strength studying mathematics; now at least my little girl will inherit some intellectual ability”. [31]

Fufa’s first year was not a successful one for Sonya, as well as the bankruptcy her mother died in February 1879. This put a lot of strain on her marriage and the quarrelling began again. These events did make Sonya reassess her life though, and after only one letter to Weierstrass in three years (often referred to as ‘the wilderness years’) to notify him of her father’s death she initiated their correspondence again. She had become impatient with the social whirl of St.Petersburg and was keen to get back to her true origins - mathematics.

Weierstrass was obviously concerned for Sonya after hearing of her father’s death, and he forwarded his condolences. For two years he never heard from Sonya and he grew worried that she had never received the letter, so he wrote to her in 1878 enquiring about this and the rumour that she had ‘gone social’, begging her to deny it. He still heard nothing, even though he had told her he was in bad health. When Sonya eventually did answer his letter begging for his advice, Weierstrass ungrudgingly encouraged her even after such neglect on Sonya’s behalf. 

In 1879 Sonya attended a scientific conference at St.Petersburg, she gave a talk on her unpublished paper concerning abelian integrals which she had produced potentially for her dissertation before her wilderness years. (This paper was later published in 1880, and was highly accredited by the great French mathematician Henri Poincaré). At this conference Sonya was re-introduced to another of Weierstrass’ students, a Swedish mathematician Gösta Mittag-Leffler who was at the University of Helsinki. They had already become acquainted in February 1876. Mittag-Leffler was already aware of her reputation as a theoretical mathematician despite her absence, he describes her in one of his diary entries –

“As a scholar she is distinguished by a rare clarity and a precision of expression, as well as an extraordinary quick perception. It is also easy to see the degree of profundity to which she has pursued her studies, and I understand perfectly why Weierstrass regards her as the most talented of his students.” [31]

Meanwhile Sonya had been guided by Weierstrass to apply a mathematical technique he had developed to solve a problem in mathematical physics concerning the refraction of light in a crystalline medium. Working conditions were tough for Sonya though, her marriage was strained, she was poor and in debt after taking a 65,000 rubles loan, and she had a baby daughter to care for.

In 1880 Sonya returned to Berlin to consult with Weierstrass on the problem he had set her. She left Fufa in Russia with her Godmother, Yuliya Lermontova. Two months later she returned to Russia to collect Fufa, then in 1881 she went back to Berlin with both Fufa and a nanny (even considering her poverty) so that she would be free of the responsibility of childcare.

During this time Vladimir decided to try and earn some money again by entering into business with unscrupulous partners who set him up in an illegal stock scandal, so along with bankruptcy he also faced prosecution.

Sonya continued her friendship with Mittag-Leffler who had developed a great respect for her. He tried in vein to secure a position for Sonya at the University of Helsinki. Unfortunately World events disadvantaged her at this time as the assassination of the liberal Tsar Alexander II in March 1881 provoked a crackdown on radicals. Sonya, as mentioned earlier, was a nihilist (a radical) and also an unescorted married woman, as a result the University declined her a position. Eventually Mittag-Leffler was forced to leave the University as well, he became resented as he was a Swede among Fins. He returned to Sweden to become a founder of the more liberal institution, which was to become the University of Stockholm.

In the autumn of 1881 Sonya moved to Paris. The following year she sent Fufa and her nanny back to Russia, whilst she carried on her work with Weierstrass’ problem. In the spring of 1883 events took a turn for the worse, on 27th April Vladimir faced prosecution over the stock scandal and he drank a whole bottle of chloroform which killed him. He left a note for Sonya asking for her forgiveness concerning the emotional and financial mess that he had made of their lives, and protesting his innocence.  Sonya was devastated by this news, she felt awful for not remaining in Russia with him. Her grief was tremendous and she shut herself in her room refusing to eat, drink or receive medical help. After four days she lost consciousness and her doctor force-fed her liquid food. On the sixth day she woke, sat up in bed, and without saying a word began to trace symbols on the blanket. She then asked for pencil and paper, and furiously covered the page with mathematical formulae. Sonya never fully recovered from this, her grief seemed to age her. [2] [31]

In September 1883 Sonya attended the scientific congress in Odessa. Here she gave the results of her research on the refraction of light in a crystalline medium. The paper was received well although many years later the Italian mathematician Vito Volterra discovered an error that had not been noted by either Sonya or Weierstrass. Weierstrass had the excuse of being ‘brain-weary’, with all of his official duties and responsibilities at seventy years old he was getting tired. Sonya’s mishap though reflected her sustained leave from mathematics.

Although Vladimir’s death was a dreadful event, it was a breakthrough for Sonya’s career. Callous as it was, the widow status gave Sonya a greater independence than if she were married or single. In Europe in the nineteenth century widowhood was very respectable, and opportunities that were before closed to her began to open up.

With Mittag-Leffler’s assistance Sonya managed to secure a teaching position at the liberal University of Stockholm where Mittag-Leffler had become a professor of mathematics. He was eager that the new institution be the first to attract a woman lecturer. Initially, Mittag-Leffler advertised the lectures as a one-off chance to hear the words of a distinguished woman scholar, just in case the lectures were not successful and compromised further women’s careers. Fortunately though her lectures on partial differential equations were received well and she continued to lecture after this initial one-off period.

Sonya lectured in German, although she could not be as expressive as she wished to be she was still very popular with her students. This was demonstrated at the end of her first semester when her pupils delivered a warm speech expressing their praise for her efforts, along with a framed photograph of the class. She was definitely a success as a teacher. She boasted course titles that included subjects such as, the theory of derived partial equations, the theory of abelian functions according to Weierstrass, curves defined by differential equations according to Poincaré, the theory of elliptic functions, application of analysis to the theory of whole numbers and so on. Therefore her capabilities as a mathematician were vast!

Sonya also took on the task of liasing with the mathematicians of Paris and Berlin, and took part in the organisation of international conferences.

Sonya re-established her literary talents by collaborating with Mittag-Leffler as an editor of ‘Acta Mathematica’, a new journal. She also became great friends with his sister Anna Carlotta who was a writer, and collaborated with her on many plays and poetry. Even in this field she received ill treatment from males in the literary society. The famous playwright and misogynist August Strindberg was most annoyed at her presence, and wrote an article portraying this, Sonya’s response to this was – 

“ I have received an article by Strindberg in which he proves as clearly as two times two equals four how monstrous a phenomenon is a woman professor of mathematics, how pernicious, useless, and unpleasant. I think he is essentially correct; the only thing I object to is his assertion that there are many male mathematicians in Sweden who are better than I and that I have been invited here only out of a sense of chivalry.” [31]

During 1886 Sonya’s sister, Anya, became gravely ill. Sonya went to Russia to be with her and once again the difficulties of penetrating a male-only society presented themselves. Mittag-Leffler wrote to her denying leave of absence for personal reasons, in his letter he stated –

“A man may not request, and would never be granted, leave to care for a sick wife, child or other relative.” [31]

He went on to say that if she took leave to look after her sister it would cause a riot re-igniting the issues of employing women. Male professors therefore appeared to be able to depend on female relatives to look after family sicknesses, an option Sonya did not have.

Another disadvantage Sonya had to deal with was salary. It is believed that she was paid far less than her male colleagues in the same position. It was only after much arguing from Sonya and effort from Mittag-Leffler that her wages were as generous as they were. In 1888 Mittag-Leffler had to volunteer 1000 kroner out of his own pocket to substitute her wages to 6000 kroner for the year.

It took five years of lecturing for the University of Stockholm to realise her importance and consequently she finally secured a tenured appointment.

In1886 Sonya made a mathematical discovery, which she planned to submit to a competition at the Paris Academy in 1888. The topic for the competition was significant contributions to the problem of the study of a rigid body. She discussed her project with several French mathematicians, one being Charles Hermite who arranged competitions to obtain recognition for his protégés. Members of the committee who chose the topic for the competition also discussed the project with Sonya and expressed that she had a good chance of winning.

The rules of the competition dictated that each entry had to be submitted anonymously, the author’s name was sealed into an envelope bearing the same motto as that inscribed on the paper, and the envelope would not be opened until the winning paper was declared. This meant that any prejudices against women would be eradicated, the works were sexless.

On Christmas Eve in 1888, Sonya’s paper ‘On the Problem of the Rotation of a Solid Body about a Fixed Point’ won the competition, and Sonya was presented with the famous ‘Prix Bordin’ from the French Academy of Sciences. This was the high point of her career and Weierstrass was overjoyed that finally her pure genius had been recognised.

Sonya’s entry was regarded as so exceptional that the value of the prize money was increased from 3000 francs to 5000 francs. The motto that she chose for her paper was ‘Say what you know, do what you must, come what may.’

It was believed Sonya’s paper rendered an extraordinary service to mathematical physics. Prior to this there had only been solutions to the motion of a rigid body about a fixed point for the two cases where the body is symmetric. Whereas Sonya’s paper developed the theory for an unsymmetrical body where the centre of its mass is not on an axis in the body. It has been stated that it was not even understood at the time why her methods worked, this was because she used complex analysis – a branch of mathematics that was still in its infancy. An impressive feat!

The competition was the certification necessary for the University of Stockholm to offer Sonya the coveted professorship in June 1889, and she became the first woman since the physicist Laura Bassi and Maria Gaetana Agnesi to hold a chair at a European university.

The Swedish Academy of Sciences awarded Sonya with an extra 1500 kroner for two more works based on her original prize-winning paper.

Finally in December 1889 Sonya got the recognition that she had been striving for. Although the Tsaris and government had repeatedly refused her a university position in Russia, the rules of the Imperial Academy were changed specifically for Sonya to allow the election of women. Sonya therefore became the first woman Corresponding Member of the Russian Academy of Sciences. Although still no teaching position in Russia was offered.

It is amazing that during this period she managed to achieve so much, as well as worrying about the ill-health of her sister, childcare, and her teaching position, she also had another distraction. She had fallen in love. Maksim Kovalevsky was visiting Stockholm in 1885 to deliver a series of lectures and it is believed that their mail got mixed up as they both had the same surname. He was a radical sociologist and legal scholar, but more importantly to Sonya he was understanding, kind, caring, and compromising on Sonya’s behalf. They both seemed to be devoted to one another, but practicalities of time and location meant it was hard to see one another. Sonya would not give up her work for the competition as in her mind it proved to academia that women were incompetent, but as a result her personal life suffered. In addition to this Sonya kept demanding unreasonable shows of affection and love from Maksim (as mentioned earlier in this chapter a trait of her personality that stemmed from her childhood insecurities), eventually he could not fulfil these demands, which caused a strain on their relationship. Maksim’s work relocated him from Stockholm to France, and he wanted Sonya to go with him. Sonya could not give up her hard-earned positions and flatly rejected his offer. Sonya fell into one of her depressions and turned to her writing for comfort, and it was whilst she was visiting him in France for the summer of 1889 that she completed her novel ‘The Rayevsky Sisters’ – her recollections of childhood.

Once published the novel received generous praise from literary critics who declared that it “equalled the best writers of Russian literature in style and content” [3]. It was translated into many languages. Sonya also published novels entitled ‘Vera Vorontzoff’ which reflected on life in Russia, and ‘Nihilist Girl’.

Sonya and Maksim parted company in 1890 after a holiday in Genoa. On the return journey to Stockholm Sonya took a different route to avoid Denmark which had an epidemic of smallpox. As a result of worry and upset she had not thought through her alternative journey and consequently she found herself caught in the middle of the night at a cold, deserted station where she had no Danish money to tip the porter to carry her luggage. Struggling to carry her own luggage, freezing and wet, her already run down body was susceptible to influenza, which was also epidemic at the time. When she finally reached Stockholm she was feverish and ill, and on 10 February 1891 she died. [31] [60]

Some sources state that she was not returning from a holiday with Maksim but was returning from one of her many trips to Moscow to visit her dying sister, Anya, and Fufa who was also still in Russia [2]. This contradicts further sources that record Anya’s death in 1887 [31].

Sonya’s death was a dreadful shock to her family and friends, especially to Weierstrass who was devastated – he burnt all of their correspondence. Sonya’s papers were left in disarray, an utter confusion. Therefore considerable scientific correspondence was lost. Her life and career was cut short at just forty-one years of age. She had talked with friends about a move to France (maybe to follow Maksim) and new projects, so much potential was lost. The mathematical world also mourned the loss.

Sonya was buried in Stockholm at the Norra Begravningsplats.

During Sonya’s career she published ten papers in mathematics and mathematical physics, and several literary works. Many of these papers contained ground-breaking theories or were reference for future discoveries. Her last published work was a short article in which she gave a new, simpler proof of Bruns’ theorem on a property of the potential function of a homogenous body.

Her prize-winning paper on partial differential equations produced results that are still of importance today for finding solutions to differential equations with initial conditions. This is known as the Cauchy problem. Therefore Sonya must also be given recognition for the resulting Cauchy-Kovalevskaya theorem. This concerns second order linear partial differential equations in one dependent and ‘n’ independent variables. Sonya’s theorem helped to establish rigorously the first existence theorem associated with the problem. The Cauchy-Kovalevskaya theorem is the foundation of most graduate courses in partial differential equations.

Even after her death Sonya was subject to experiments to demonstrate if the female intelligence was inferior to the males. Her brain was preserved, and four years later it was weighed and compared to the weight of Hermann von Helmholtz’s brain. It was concluded that, after considering body weight, Sonya’s brain tissue was greater than Helmholtz’s i.e. a woman’s intelligence/brain tissue was greater than a man’s. Once again scientists failed to show that a male brain was superior to a females.

In 1951 and 1996 Russia issued commemorative stamps to honour Sonya. Russia has been one of the most generous countries for representing mathematicians on postage stamps, so it is even more of an accomplishment that Sonya is the only woman in her field to have such an honour.

Sonya was not just content to utilise her abilities to translate the works of others – she had an extraordinary talent for mathematical research and she derived numerous new discoveries that altered the mathematical world. She had a fantastic ability to change the dauntingly complex into clearly simple. The President of the Academy of Sciences, which awarded Sonya the Prix Bordin, once said about her – 

“Our co-members have found that her work bears witness not only to profound and

broad knowledge, but to a mind of great inventiveness.” [33]

CHAPTER 5

Emmy Amalie Noether – 20th Century Mathematics

Sonya Kovalevskaya had many self-doubts and insecurities, but nine years before her death another great female mathematician was born who lacked these traits to distract her from her goals, but unfortunately had very different obstacles that were out of her power to control.

In 1882 Emmy Amalie Noether was born in the university town of Erlangen, Germany. Her father, Max Noether, was a professor at the University of Erlangen. He was already a famed mathematician, aiding the development of the theory of algebraic functions, so it is not a surprise that Emmy was also very gifted in mathematics. Her mother, Ida Kaufmann came from a wealthy cologne family. Her parents were both Jewish, and therefore so was Emmy.

From 1889 to 1897 Emmy attended the Höhere Töchter Schule in Erlangen. She studied such subjects as arithmetic, languages and music (learning how to play the piano). Typically she mastered the tasks every young girl should – cleaning, cooking, shopping etc. She loved to dance, and when she got older she went to dances with the university boys, flirting and socialising. None of the Noether family considered that a young girl would need any further education than finishing school after completing the basic elementary education. Emmy’s upbringing – although sounding pretty standard – had a very different quality, which meant Emmy was not satisfied with just attending finishing school.

Max Noether was a strong influence on his young children. Naturally he would have colleagues and associates visit the house for social gatherings, and obviously mathematics would be a strong talking point. Emmy would attend his colleague’s children’s parties – something she looked forward to. Therefore the university and mathematical talk was a common focus of her home life. This was an unusual aspect in comparison to the average household, but both Emmy and her brother Fritz took advantage of this and followed in their father’s footsteps.

Typically Emmy went to finishing school, but after this she took charge of her education. She went on to spend three years in a teaching training programme – one of the only available options for girls for further education. By eighteen years of age she was a certified teacher of English and French in Bavarian girls schools.

Emmy was still not satisfied and wanted to take her education even further, she wanted to study mathematics at university. This was a difficult route to take for any woman in Germany in 1900, even in the more liberal country of America only nine women had received doctorates. Emmy was fortunate that one of the three ‘free’ universities of Germany was located in her hometown of Erlangen (a ‘free’ university was one independent of religion).

The University of Erlangen did not allow females to undertake degrees officially, but after appealing to sympathetic lecturers she was allowed to sit in on their classes as an unofficial student (or ‘auditor’). Emmy was lucky to have such supportive teachers as many lecturers were still very opposed to women students in Germany. (Although it must have helped that her father worked at the university!) She continued to be an auditor for two years, then in 1903 it is believed she took the entrance exam in Nürnberg and went to study at the University of Göttingen. From 1903 to 1904 she attended lectures by Blumenthal, Hilbert, Klein and Minkowski.

Finally in 1904, after five years of being an auditor Emmy was officially allowed to enrol at Erlangen. She became half of the entire female population of the one thousand pupils! [34] She was tutored by Paul Gordon, who was described by Hilbert as ‘King of the invariants’. She produced her doctorate dissertation working under Gordon, entitled ‘On Complete Systems of Invariants for Tertiary Biquadratic Forms’. Gordon took a more constructive approach/methods to Hilbert’s 1888 basis theorem which gave an existence result for finiteness of invariants in ‘n’ variables. Emmy’s dissertation followed this constructive approach of Gordon’s and listed systems of three hundred and thirty-one covariant forms. She was awarded the highest honours for this piece of work, and later it was even described as ‘an awe-inspiring piece of work’ by Hermann Weyl the famous mathematician and relativist who was a colleague and friend of Emmys. Although later on Emmy dismissed the accomplishment of her work, commenting that it was just a ‘jungle of formulas’. [2] [41]

Emmy always had a lot of respect for Gordon, according to Weyl she had a photograph of him in her study for many years. [2]

After being granted a doctorate the normal progression for a male would be to acquire an academic post in research/training, but this option was not open to Emmy as such professional opportunities were very scarce. Therefore Emmy stayed in Erlangen helping her father. She would take his lectures when he was ill, supervise doctoral students and give talks etc. all without any acknowledgement or pay (as only men could be employed). She did continue her own research though, initially with Gordon, then after his retirement in 1911 with his predecessor Ernst Fischer. Emmy began to move away from Gordon’s formalist approach, and in doing so she began to demonstrate her exceptional talent for conceptual axiomatic thinking. Her studies focussed primarily on finite rationals and integral bases. Another algebraist Erhard Schmidt also tutored her during this time. She published many papers detailing her results in this research, which are now considered classics in their field. [2] [41]

Emmy’s reputation grew as her papers were published, as a result she was elected to the Circolo Matematico di Palermo in 1908. In 1909 she became a member of the Deutsche Mathematiker Vereinigung, and was invited to address the annual meeting of the Society in Salzburg. During 1913 she lectured in Vienna.

As her father’s health deteriorated over the years she took on more of his lectures and responsibilities. Still no recognition was granted from the university, even though her reputation was beginning to exceed her.

In 1915 Emmy’s father retired, and rather sadly her mother died. These tremendous changes in her home life made her more welcoming to an offer made by David Hilbert and Felix Klein. Hilbert is considered as one of the greatest mathematicians, he and Klein were fully immersed at the time aiding Einstein to try and decipher a relativistic theory of gravity. Emmy came to the attention of Hilbert in 1914 as she had the exact area of expertise on invariants that they were looking for to aid research. Hilbert and Klein invited Emmy to return to the University of Göttingen to join their team. Göttingen was allegedly the centre of the World for mathematical and physics research at that time.

On one of Emmy’s visits to the university Hilbert persuaded her to stay and in 1915 she moved there permanently, joining one of the most creative circles of research in post-war Göttingen. Over the next few years she helped develop elegant mathematical formulations for a number of important concepts in general relativity. Weyl also commented on this work –

“..for two of the most significant sides of the theory of relativity, she gave at that time the genuine and universal mathematical formulation.” [39]

It was at Göttingen that she also became interested in establishing, on an axiomatic basis, a completely general theory of ideals.

Even though Emmy’s contribution was vast she was still not offered an official academic position. Both Hilbert and Klein thought this treatment was appalling and began to fight her case for her! (Klein was actually a strong force behind Göttingen’s decision to grant doctorates to several women in the 1890’s, so he was already accustomed to backing such causes!) Hilbert went to the philosophical faculty (which included philosophers, philologists, historians, natural scientists and mathematicians) to argue Emmy’s case requesting that she was appointed the position of ‘Privatdozent’ (a junior position), but unfortunately most professors agreed that a woman’s place was in the home raising her children. A non-mathematical member of the faculty argued – 

“How can it be allowed that a woman become a Privatdozent? Having become a Privatdozent, she can then become a professor and a member of the University Senate…What will our soldiers think when they return to the university and find that they are expected to learn at the feet of a woman?” [40]

This statement annoyed Hilbert, and he angrily retaliated (which probably did more harm than good) by saying – 

“Meine Herren, I do not see that the sex of the candidate is an argument against her admission as a Privatdozent. After all, the Senate is not a bathhouse.” [40]

Unfortunately the narrow-minded members of the faculty got their way and Emmy continued to have no official position and no pay, surviving only on a small trust fund set up for her by her mother’s brothers.

To allow Emmy to lecture she would advertise her courses under Hilbert’s name, for example one of the courses she taught in 1916 was advertised in the university’s catalogue as ‘Mathematical Physics Seminar: Professor Hilbert, with the assistance of Dr. E. Noether, Mondays from 4-6, no tuition.’ [41]

The first piece of work that she produced at Göttingen in 1915 is referred to by physicists as ‘Noether’s Theorem’. This theorem relates physical laws of conservation (such as conservation of energy and momentum) to the mathematical property of symmetries. It was of great importance, as demonstrated here – 

“Before Noether’s Theorem the principle of conservation of energy was shrouded in mystery…Noether’s simple and profound mathematical formulation did much to demystify physics.” [38]

Her theorem became of central importance to physicists who were searching for a unified theory of forces and particles – a single theory to unite relativity and quantum mechanics into an all-encompassing package.

It was the intervention of World events that provided a small breakthrough for Emmy’s career. After World War I ended the status of women improved a little, with the declaration of the German Republic the social climate of Germany changed. (Although Emmy was not concerned with social or political events of the day, the German revolution did confirm Emmy’s status as a pacifist, an attitude that she felt for the rest of her life). This meant that in 1922 Emmy was officially granted the position of ‘Unofficial Associate Professor’, but she still received no pay. It was only when she was honoured with a ‘Lehrauftrag’ in algebra that she received a very small salary for the first time in her life.

Göttingen became a very popular place to study in the 1920’s – it was the place to be for a budding mathematician. Therefore Emmy enjoyed teaching numerous eager pupils from all over the World. Her lectures were less formal than what was tradition, but she was thought of as an innovative, stimulating, effective and original teacher. Her relationship with her students was legendary, Norbert Wiener once described this relationship as like a swarm of ducklings flocking around a kind, motherly hen. Her most famed students were a group called the ‘Noether Boys’ they were from all over the World, including Germany, Russia, Holland, Israel, China and Japan. Emmy looked upon this group like a family, and any insults made about them she would take far more seriously than she would insults to herself.

Emmy’s students also used to pick up on her informal dress code when she taught, imitating it sometimes, for example, by just wearing shirtsleeves! This was unheard of  in comparison to their usual mode of dress for lectures. This was branded the ‘Noether-guard uniform’. Emmy did not care for her clothing or appearance, like her lectures, she cared about substance not form. Unfortunately that meant she sometimes did look quite messy, she has been documented as looking like a washerwoman! 

Emmy was particularly close to a Czechoslovakian student named Olga Taussky Todd. Olga described a particular lunchtime that completely summed up Emmy’s persona – 

“When lunch came I sat down next to Emmy, to her left. She was very busy discussing mathematics with the man on her right and several people across the table. She was having a very good time. She ate her lunch, but gesticulated violently when eating. This kept her left hand busy too, for she spilled her food constantly and wiped it off from her dress, completely unperturbed.” [34]

Emmy ignored all the feminine conventions of the day. She was overweight, enthusiastic, opinionated, messy, unfashionable and comfortable, but she was also loving, utterly unselfish, and friendly. This was hard for the conservative professors of the university to deal with, they didn’t know how to cope with a woman that was completely the opposite to what they perceived as ‘female’. Unfortunately due to this non-conformist attitude she was often the butt of jokes. It is interesting to note though that the male equivalent of Emmy, i.e. Einstein, was respected for such traits, and never was humiliated in such a way.

Emmy tried to avoid teaching undergraduate classes, as they could not keep up with the speed of her thought, and even speedier talk! Her audience needed to be concentrating fully and at all times to keep up with her. It is believed that a lot of today’s algebra originates from these lectures – since a lot of her students would pick up ideas and concepts from these and then write them down clearly and painstakingly so that people who could not keep up with Emmy could understand them. Her stimulus and imagination was thought to spark creativity in others. A Dutch student of hers, Bartel Van der Waerden, wrote many classic texts originating from her ideas in the lectures she gave. When he left Göttingen he produced a two-volume book entitled ‘Modern Algebra’, it is believed that the majority of the second volume consists of Emmy’s work. [2] [34]

Emmy produced most of her best work in the 1920’s, this was when her true genius was recognised. Her first piece, and the turning point of her work, was a paper she co-authored on differential operators. This demonstrated her strong interest in the conceptual axiomatic approach. It established Emmy as a force in altering the face of algebra.

She became part of the development of abstract algebra, where instead of studying the results of algebraic operations and solving equations which had been done in the past, they studied the properties of the algebraic operations, such as commutativity, associativitiy, and distributivity. They wanted to investigate what happened if one of these properties was not assumed. They also generalised the number system to other systems of fields, rings, groups, near rings etc.

A ‘ring’ is an abstract structure in which the objects are subject to two operations e.g. addition and multiplication, and satisfy a number of rules. The rules require the existence of certain laws, e.g. the associative law, which must be satisfied by these operations. The ring must include a zero element. An ‘ideal’ of a ring is a subset of the ring (so it’s a ring itself). A ‘chain’ is a relationship in which ideals are linked by the subset relation.

Emmy developed her father’s residual theorem so that it fitted into her general theorem of ideals in arbitrary rings. This furthered the axiomatic and integrative tendencies of abstract algebras.

In 1927 she began work collaborating with Helmut Hasse and Richard Brauer. They produced papers on non-commutative algebras, hypercomplex quantities and the theory of class fields, norm rests, and the principal genus theorem. One of their joint papers proving that every simple algebra over an ordinary algebraic number field is cyclic, was called a classic of it’s kind. Hasse also published a paper on the theory of cyclic algebras, this paper demonstrated Emmy’s theory of cross products.

Emmy also conducted lectures in Moscow and Frankfurt, which heightened her recognition in the European Centres of learning.

In addition to Emmy’s usual responsibilities she also helped to edit the international mathematics journal. Which incidentally she never got credited for, her name was missing from the masthead of it.

Thankfully, there were some recognitions of Emmy’s accomplishments. She was invited to address the International Mathematical Congress twice, once at Bologna in 1928, and once at Zurich in 1932. In the same year she also jointly received the Alfred-Teubner Memorial Prize for the Advancement of Mathematical Knowledge with Artin.

Emmy had established herself as a central figure in the research and teaching bodies of Göttingen. She was wedded to her work, and led a quiet life outside of it, spending even her leisure hours discussing mathematics! This happy existence all changed in 1933 when World events once again completely shook her career. The Nazi’s came to power and all Jews were denied to partake in any academic activity. Therefore she lost both her pain-stakingly-earned position and salary at the university. Her reputation as a great mathematician did not even slightly overshadow the fact that she was a Jew, a woman and a liberal. Even if she hadn’t been a Jew, the fact that she was a woman meant she would have been dismissed from her university post in 1934 anyway. She couldn’t win either way! Weyl wrote of Emmy during this period – 

“…her courage, her frankness, her unconcern about her own fate, her conciliatory spirit  - was in the midst of all hatred and meaness, despair and sorrow surrounding us, a moral solace.” [38]

Emmy and her brother, Fritz, were two of the lucky intellectuals that managed to leave Germany. Fritz managed to get a position in Siberia at the Research Institute for Mathematics and Mechanics in Tomsk, and Emmy accepted a visiting professorship at the women’s college Bryn Mawr in Pennsylvania, America. Emmy’s arrival caused much excitement in the American mathematical fraternity. She also gave weekly lectures at the Institute for Advanced Study in Princeton, New Jersey. Einstein and Weyl were also transferred to Princeton. Emmy found that the respect, recognition, and friendship that she had lacked at Göttingen were heartily bestowed on her at Bryn Mawr and Princeton. She enjoyed a pleasant work life in America, doing what she loved without a struggle. Her English was useable, and she found it fun discovering such a new culture. Although happy, Emmy would sometimes demonstrate signs of anguish, concerning the situation in Germany, and her health. As a result she would expose bouts of anger towards her closest friends – for which she would humbly apologise for later. Unfortunately after only a year and a half of what seemed an idyllic life for Emmy she died very suddenly on 4th April 1935 after a routine operation to remove an ovarian cyst resulted in complications.

Obviously Emmy’s death was a great shock to her family, friends and colleagues, her studious courage in times of such little hope had not prepared them for such an event. At fifty-three years of age she was at her prime, such a late development in a mathematicians creative talent is rare, but Emmy was a ‘slow-burner’ and as Weyl recalled in her obituary she was still at the peak of 

“…the native productive power of her mathematical genius”. [35]

The World not only lost a great mathematician, but as Weyl also said ‘a great woman’.

Although Emmy’s life was short she accomplished a great deal. Her name officially appears on 37 publications, but should probably appear on numerous others as her concept of algebra has roots in many students and colleagues’ works. Noether’s theorem led to formulations for several concepts of Einstein’s general theory of relativity. Emmy’s surname is used to designate many concepts specific to abstract algebra, for example, a ring is called Noetherian if each ideal has a finite basis, a group is called Noetherian if each subgroup can be generated by a finite basis. Mathematicians also speak of Noetherian equations, modules, factor systems etc. She was one of the founders of the practice of abstract algebra, which can now be found in every school in America as the ‘New Math’ in a diluted format. So why was it that the Royal Göttingen Academy of Science denied her membership? And why for the eighteen years that she devoted her life to the University of Göttingen was she never granted a proper professorship or a proper wage, never receiving benefits or a pension? She had to endeavour a life of financial hardship, just because she chose an unorthodox career as a woman.

Even her fellow great mathematicians thought of her with great respect and admiration, Einstein said of her – 

“In the judgement of the most competent living mathematicians, Fraulein Noether was the most significant creative mathematical genius thus far produced since the higher education of women began. In the realm of algebra in which the most gifted mathematicians have been busy for centuries, she discovered methods which have proved of enormous importance in the development of the present day younger generation of mathematicians.” [43]

Emmy Noether was a World-class mathematician working at the highest level of mathematics and in the most abstract and ‘coldest’ parts of it. Although she remained, as once described by Weyl as – 

“…warm like a loaf of bread…There irradiated from her broad, comforting, vital warmth.” [39]

Which is a definite contrast to some other great mathematicians working in such a field. She possessed the unusual talent to be able to visualise remote, extremely complex connections without resorting to examples. She also had the fantastic gift of then being able to convey these amazingly complex concepts to others so they were able to understand them fully.

Erlangen, her place of birth, has done much to commemorate Emmy’s life, in 1958 a conference was held at the university to commemorate the fiftieth anniversary of Emmy’s well-earned doctorate being granted. Then in 1982, to commemorate the one-hundredth anniversary of Emmy’s birth the Emmy Noether Gymnasium was opened – a co-educational school emphasising mathematics, natural sciences and language.

More recently in 1992 the Emmy Noether Institute for Mathematical Research was opened in Bar Ilan University in Tel Aviv, Israel. Also the Australian Mathematics Trust commemorated Emmy on their 1999 T-shirt, which lists each of the eight chains which commence with 18Z.
CHAPTER 6

Olga Taussky Todd

Olga Taussky Todd, a student of Emmy Noether’s (as mentioned in chapter five), also developed into a great female mathematician. Considering Olga was only a generation in front of Emmy, she did not come across as many obstacles as Emmy did for being a woman.

Olga was born on 30th August 1906 in Olmutz in the Austro-Hungarian Empire, which is now Olomouc in the Czech Republic. Olga was the middle child of three girls, with three years separating each of them. The oldest was Heta, and the youngest Ilona. Her father, Julius David Taussky, was an industrial chemist, who also occasionally wrote newspaper articles. Olga once described her father – 

“My father was a very interesting man, very active, very creative…”. [50]

He wished for his daughters to have a good education, and to specialise in the arts. Unfortunately he was to be disappointed, all three of his daughters went into the fields of mathematics and science! Olga’s mother, Ida Pollach, was also very supportive of her daughter’s education’s (although she was never formally educated herself).

When Olga was three years old the family moved to Vienna. She attended primary school there, where she enjoyed essay writing, poetry and music. She also received music lessons to learn to play the piano. At this age Olga looked like she may have fulfilled her father’s aspirations for her.

World War I began in 1914, food shortages in Vienna were extremely harsh and the family was nearly starved. As a result they moved to Linz in Austria where her father had secured a job, food was still scarce, but they were much better off than they were in Vienna. Her father was appointed the position of director at a vinegar factory, a substance that he knew much about after co-authoring a text on it with his father in 1903.

When Olga was fourteen she enrolled at the local high school (mittelschule). She stayed there for a year and then was able to enrol at the gymnasium, the only school girls could attend. She continued to write poetry about events that affected her life, and compose music. She especially liked the Latin that she learnt at the Gymnasium - it fascinated her. Suddenly her interests changed though, and she noted later – 

“While I tried to read any books that came my way, the realisation that the greatest wisdom was not to be gained by reading books struck me suddenly. I felt that scientific experiments provided almost unlimited insight…Mathematics, too, came to me at that time as an experimental subject…Gradually it became clear to me that [mathematics] was my subject.” [50]

Unfortunately her beloved Latin was taught instead of mathematics and science at the Gymnasium. Her only access to such material came from a lecture series put on by the local high school. There was no local university so the teachers of the high school, who had doctorates and continued their research, would host these lectures to share their results with the general public.

Olga’s father recognised her mathematical talent and gave her problems to solve concerning the vinegar factory, for example the proportion of water necessary to achieve specific pH levels in the vinegar. She also developed a chronological ordering system for her father’s magazines, which was similar to systems included in computer programming. [46]

Olga was asked to tutor her father’s boss’s daughter, which she did, but her father would not accept any money for this service, therefore the mother of the girl gave Olga expensive books instead. Olga continued tutoring more and more pupils. Although her father still would not allow payment - he would have been embarrassed if one of his daughters was earning money. [46] [50]

In her last year of school she had to do a creative research project, it could be on any topic they wished. Olga chose to do hers on Pascal pyramids of all dimensions, instead of the Pascal triangle, and other aspects connected with binomial coefficients. It was entitled ‘From the binomial to the polynomial theorem’. This was quite an impressive title for a school project, but was also quite an unusual topic for a girl at the time.

When World War I ended in 1918 the Taussky family became citizens of Czechoslovakia, but the country was in poverty.

Before the war career options for girls were limited to teaching in girl’s schools, secretaries, shop assistants, domestic service, nurses, dress makers etc. The social climate changed with the war and nurses began to receive an education. Female students felt pressure to eradicate all female conventions though, such as appearance – hairdos and cosmetics were frowned upon.

Olga decided that after all her hours of tutoring, teaching would be the best career for her. Before she could start such a career though she had to help with unavoidable family problems. In her last year of school her father had died, leaving the family with no income. To help with finances Olga increased her tutoring (this time charging for her services!) and took on work at the vinegar factory. Consequently though her career was not progressing, and it was only when she had a particular conversation that her career got kick started. She was talking to an elderly lady that was expressing how she would have liked to have gone into mathematics, Olga realised this could be her telling the exact same thing to another young girl fifty years on, so she decided to do something about it and enrol at university.

There was an immense pressure from her family to study chemistry – to follow in her father’s footsteps. Therefore she applied to the University of Vienna to study a mathematics and chemistry degree. Her older sister, Heta, qualified as an industrial chemist at this point and took over her father’s work, so the pressure to study chemistry was not so intense for Olga and she dropped the chemistry part of her degree to just study purely mathematics. (Heta actually pioneered the exploitation of the Jojoba plant, which has been utilised in the production of medicine and food. The unique oil contained within the plant has also aided the development of cosmetics).

In 1925 Olga enrolled at the University of Vienna. Lecturers such as Furtwängler, Hahn, Wirtinger, Menger, Helly and others taught her. Experiencing mathematics such as finite group theory, algebraic functions, and topology and abstract algebra. Philip Furtwängler was a number theoretician from Germany, he was the most famous of her lecturers, but most probably the one with the worst health – he was only able to walk when aided and he had to have a student write the notes for him when he lectured. In her final year Furtwängler became Olga’s thesis supervisor, she had enjoyed his past lectures on number theory and algebraic number theory so she requested that she could write her thesis on such a topic. Furtwängler agreed and specified that she should focus on class field theory.

Doing her thesis on such a topic consequently helped her career as few people worked in this field giving her an advantage. She found it hard work though, and very lonesome, she had no colleagues due to the newness of the topic, and she hardly ever saw her supervisor, as he was always ill, he didn’t even direct her towards a specific problem for quite a while. She finally based her research on algebraic number fields.

Olga went to Zurich for her last semester where she conducted weekly lectures at the colloquium. She finally received her doctorate in Vienna in 1930. Her thesis was published in Crelle’s journal in 1932.

After receiving her doctorate she continued to tutor to earn some money, but she also continued her research (unpaid), extending her thesis in the topic of class field theory. She attended two meetings held by the German Mathematical Society to lecture on the results she had found from her research. At one of these meetings she met A.Scholz and began collaborating with him on group theory. This resulted in Olga and Scholz solving the class field tower problem. She also came across a lot of criticism for her work, which ultimately was criticism for Furtwängler’s work, as this was what her research was based on. [46] [50]

An excellent opportunity for Olga arose from these meetings. After being introduced and recommended (by Hahn) to Courant who was looking for a candidate to work with Wilhelm Magnus and Helmut Ulm editing the first volume of Hilbert’s complete works on number theory, she was offered the position. With Olga’s experience in this field she was the perfect person for the job. Therefore in 1931 she was appointed as assistant at the University of Göttingen.

In addition to her role as editor at the university she also assisted Courant in his differential equations course (although she had no formal training on this topic). She also edited Emil Aritn’s 1932 lecture notes in class field theory and principal ideal theorem and translated it into a statement on finite non-abelian groups. Whilst at Göttingen she also crossed paths with Emmy Noether (as mentioned in chapter five), Olga assisted Emmy with her lectures on class field theory also and in return Emmy introduced Olga to the notion of algebraic systems. They became good friends.

Maybe as women mathematicians they had a common ground that they could both relate to. Olga definitely showed her loyalty to Emmy when a top man in the mathematics department degraded and criticised Emmy, Olga went straight up to him and declared that his behaviour offended her, he then apologised to the whole department. Therefore even though Olga did not have as many obstacles as Emmy did because she was a woman, the obstacles were still present, but Olga demonstrated that maybe female academics were beginning to find their feet – and their voice! – in what had been such alienating surroundings.

Before the new academic year began in 1932 Courant wrote to Olga warning her of unrest at the university due to the deteriorating political situation in Germany at that time. He advised her not to return to the university (being Jewish the Nazi’s would have eventually segregated her). She readily took this kind advice and returned to Vienna to begin tutoring again, she also acquired a small fixed appointment in the mathematics department there. Olga continued her work with Scholz, but for her own research she started to investigate topological algebra, where an algebraic and geometric point of view is studied simultaneously.

Whilst at Vienna Olga worked with the professors, Hahn, Menger and Furtwängler. They exposed her to topics such as functional analysis, abstract spaces on which a Euclidean-type distance is introduced, and the sum of squares.

Olga applied for a science fellowship to Girton College in Cambridge, England, but before it had been processed she received an invite to attend an appointment at Bryn Mawr College in Pennsylvania, America, so she accepted this position.

In 1934 Olga began her journey to Pennsylvania. She amazingly learnt the English language on her trip across the continent. She entered Bryn Mawr as a graduate student on fellowship. Here she met up again with Emmy Noether who also had been exiled from Göttingen. Olga did not enjoy her stay at Bryn Mawr, she was forced to live in a dormitory, and the university system was very different from the European universities she was used to. She was able to travel with Emmy to the Institute for Advanced Studies in Princeton though, where she got to meet Einstein.

Olga only spent a year at Bryn Mawr before she accepted a research fellowship (the one she originally applied for) from Girton College. Here she was given the title of a ‘fellow’ (or a ‘don’). This title enabled her to pursue more activities in academia.

The actual job interview Olga attended for the position was amusing as she was asked about her jointly written papers. More specifically she was tactfully asked if she was the senior or junior author. Could they not believe that a woman might have equal input into a published paper? On another job interview she was asked why she had only collaborated with men, she retaliated by saying that that was why she was applying for a position in a women’s college! Obviously the gender issue was beginning to become a hot topic in academia!

Olga experienced at Girton College quite opposing views on women, but ridiculously from another woman! The female head of the college insisted that students should not work under Olga when constructing their dissertation, as she believed it would be damaging to their career if they had had a woman supervisor!

Olga felt lonely at Girton College, as once again no one was involved in her field of research. Therefore in 1937 Hardy helped her to obtain a teaching position at Westfield College of the London University, a women’s college. She had to teach nine courses that were out of her field.

At this point she met her husband-to-be John (Jack) Todd on intercollegiate seminars where she lectured. Apparently Jack approached Olga for her help on a technical mathematics question, which initially she could not solve! Jack taught analysis at one of the other London colleges, he was a northern Irish Presbyterian. His scientific background as well as his personal background was also very different to Olga’s, he was trained in classical analysis. Not deterred by the differences they married on 29 September 1938, and had an extraordinarily fruitful marriage for over fifty-seven years. They even found many mathematical topics that they could both have an interest in (considering the diversity of their fields), for example the Hilbert matrix. They collaborated on merely a few joint papers, but they discussed everything and influenced each other greatly. Olga said some fifty years later – 

“My life and my career would have been so different if my Irishman had not come along.” [50]

During World War II it is claimed that Olga and Jack had to move eighteen times due to bombing in London. They moved between Belfast, where they stayed to be with Jack’s mother, and Oxford, where Westfield College had been transferred. During this period Olga wrote quite a few papers, some being on group theory. These papers discussed particular groups where every subnormal subgroup is normal, she proved as a result, along with other things, that a group with cyclic Sylow subgroups satisfied this property. She also wrote several papers on matrices of finite order – she eventually made important contributions to matrix theory, even though it was originally not in her field of work. She jointly wrote with her husband on this topic in 1940, they produced a paper entitled ‘Matrices with finite period’ and in 1941 another paper on ‘Matrices of finite period’. Olga also supervised thesis work, during 1942 and 1943 she supervised Hanna Neumann’s thesis on combinatorial group theory.

Between 1943 and 1946 Olga was given leave of absence from Westfield College to help with the war effort. She and Jack both began work on aerodynamics at the National Physical Laboratory at Teddington, in conjunction with the Ministry of Aircraft Production. Olga worked with a group investigating an aerodynamic phenomenon called ‘flutter’.

Flutter is caused when in flight, interactions between aerodynamic forces and a flexing airframe induce vibrations. When an aircraft flies at a speed greater than a certain threshold, those self-excited vibrations become unstable, leading to flutter. Therefore when designing an aircraft, it’s crucial to know the flutter speed before the aircraft is built and flown. To estimate the speed approximate solutions of certain differential equations must be found. The best way to achieve this was to determine the eigenvalues of a square matrix containing these equations. Although at the time several methods of determining the eigenvalues were available, they were all quite tricky and time consuming. Usually numerous young women were contracted in to operate hand-cranked calculating machines.

Olga, after research, provided a method that considerably reduced the excessive calculations and computational workload. She utilised the Gershgorin circle theorem to narrow down the possible range of solutions eliminating the time consuming methods that were necessary to compute the exact solutions, i.e. the results that Olga produced were enough to estimate the speed of the flutter, without all the work! Olga remembered Gershgorin circle theorem from her student days, although she didn’t do numerical mathematics at university she came across it as a lemma in the algebraic number theory she learnt from Furtwängler.

In conjunction with her discovery Olga published several papers. In 1944 she published ‘A note on skew-symmetric matrices’ and in 1945 she published ‘On some boundary value problems in the theory of the non-uniform supersonic motion of an aerofoil’.

Mathematically, Olga’s time at the National Physical Laboratory was very beneficial for her. She once commented – 

“The duties in my aerodynamics job were very heavy…For the first time I realised the beauty of research on differential equations – something that my former boss, Professor Courant, had not been able to instil in me. Secondly I learned a lot of matrix theory.” [50]

In 1946 Olga served on the council of the London Mathematical Society for a year.

In 1947 Olga and Jack moved to America with the intention of staying for just a year. After a short stay at the Institute for Advanced Study at Princeton working on Von Neumann’s computer project, they both obtained positions at the National Bureau of Standards’. Many leading mathematicians of the time either worked here or kept in touch with the activities of the institute. Olga lectured at numerous universities on matrix theory and boundary-value problems for a hyperbolic differential equation. She then did a lecture tour in Los Angeles, and eventually settled in California where a new research building had been constructed.

Olga and Jack returned to London for a short period where she conducted research on bounds for eigenvalues of finite matrix, integral matrices, and eigenvalues of sums and products of finite matrix. Following this they returned on request to America, to Washington and the National Bureau of Standards. Here Olga became a mathematical consultant, gaining responsibilities such as monitoring visiting professors and post doctorates, and dealing with any correspondence received. Meanwhile she also carried out research on the L-property (the concept of a special set of matrix pencils) with Motzkin, and highlighted ideas from the ‘Lyapunov functions’ that led to the creation of a general inertia theory.

In 1951 Olga led a conference on ‘Simultaneous Linear Equations and the Determination of Eigenvalues’. This was the first conference of its kind on numerical aspects of matrix theory.

During this time Olga continued to write papers on matrix theory, group theory, algebraic number theory and numerical analysis. Matrix theory became a major contributor to the computer revolution at this time. Therefore she was particularly credited for such work, once being described as a – 

“…computer pioneer…who provided significant contributions to solutions of problems associated with applications of computers.” [50]

In 1955 Olga and Jack took a year out from the Bureau to work at the Courant Institute in New York. She lectured on matrix theory, and Jack lectured on numerical analysis.

When Olga returned to the Bureau she lectured on a course detailing bounds for eigenvalues. She also wrote three chapters of a book entitled the ‘Handbook of Physics’. These chapters covered algebra, operator theory and differential equations. Jack also became editor of a book entitled a ‘Survey of Numerical Analysis’, the book contained Olga’s lecture notes.

After her break from the Bureau Olga realised that her position there was not quite ideal, although stimulating and enjoyable, she missed teaching. Olga always loved lecturing her students, she undeniably brought out the best in them, even her postdoctoral fellows found her enthusiasm for work contagious when she was teaching. It was what she enjoyed most.

Therefore in 1957 when Olga and Jack were offered teaching/research positions at Caltech – the California Institute of Technology, they eagerly accepted and left the Bureau. The offer they received was actually that Jack would become the Professor and Olga would be the research associate. This offer to husband and wife was common at the time, unfortunately the male still had to have the dominant status over the female. Olga was not too fussed about such a stigma attached to the job, as after assessment both their offices were the same size and adjacent to one another, and Olga was permitted to conduct lectures and supervise theses, which was all she cared for, so they accepted.

Although the situation did become problematic in 1969 when a young Assistant Professor of English was advertised by the media as being the first woman faculty member at Caltech. This angered Olga, as she was supposed to be on the faculty already, but obviously due to office politics concerning her title the media or Caltech had dismissed her. Therefore she went straight to the powers at be and demanded a resolution to such an infuriating situation. From 1971 Olga was granted the title of Professor.

When first starting at Caltech Olga was concerned about the time she had spent absent from teaching, but she soon realised that her students would draw the mathematics out of her, whether she proffered it or not! As the years passed increased numbers of thesis students realised that Olga was a superb supervisor, encouraging, cajoling, and supportive, as a result her popularity increased and students flocked to her – her reputation as a fine teacher was spreading!

During her time at Caltech Olga studied topological algebra. From this developed her research on Sum of Squares, where unusual links between number theory, geometry, topology, partial differential equations, Galois theory and algebras are observed – subjects that spanned her field of knowledge. This research resulted in her paper on ‘Sum of Squares’ winning the Ford Prize from the Mathematical Association of America in 1971.

In 1972 Olga was elected to the council of the American Mathematical Society (AMS) where she served till 1978. During this time she became editor of their AMS bulletin and was elected to vice-president between 1986 and 1987.

In 1977 Olga retired becoming a Professor Emeritus. In honour of her career the ‘Journal of Linear Algebra and Applications’ (for which she was an editor) and the ‘Journal of Linear and Multilinear Algebra’ published issues dedicated to her. Also, the ‘Journal of Number Theory’ published a book, ‘Algebra and Number Theory’ in which they included an autobiographical sketch and technical survey of her work. Although retired, Olga continued with her mathematical research, believing that she just had more time to devote to the correspondence that she received and wrote to colleagues all over the World.

During the last couple of decades of Olga’s life she began to get the recognition she deserved. In 1963 she won the ‘Woman of the Year Award’ from the LA times. In 1965 she received a Fulbright professorship to the University of Vienna. In 1975 she was elected to the Austrian Academy of Sciences. In 1978 the Austrian government, her native home honoured her with their highest award, ‘The Cross of Honour in Science and Arts, First Class’. In 1980 she received an honorary doctorate from the University of Vienna. In 1985 she was elected to the Bavarian Academy of Sciences, and in 1988 she was awarded an honorary doctorate from the University of Southern California.

One of Olga’s last papers, published in 1988, was entitled ‘How I Became a Torch Bearer for Matrix Theory’. It details her development, love for, and devotion to matrix theory. The title of her paper sums it up really. Olga popularised the Gershgorin circle theorem, strengthening the method, and initiating the mathematical research of its finer details. Her papers have cast an influence over the research of hundreds of people over the decades since. The standing ovation Olga received after addressing the second Raleigh Conference in 1982, concerning linear algebra applications through real and complex matrix theory demonstrated her excellence in the subject. As a result of Olga’s work matrix theory became more than just a part of a scientist’s toolkit, but in itself became an important field of mathematical research.

In 1992 colleagues, family and friends created the Olga Taussky-John Todd Lecture Program of the International Linear Algebra Society (ILAS), to honour the contributions made by Olga and Jack to the field of Linear Algebra. This programme endeavours to maintain that every three to four years a junior mathematician in linear algebra is invited to address a one-hour meeting endorsed by ILAS. The first of these lectures was in 1993 and Helene Shapiro – a former student of Olga’s, delivered the lecture at the Pure and Applied Linear Algebra Conference in Pensacola, Florida.

On 7th October 1995 Olga Taussky Todd died in Pasadena, California. During her lifetime she had produced approximately three hundred papers, she was a great mathematician. There was much more to her than this though, she was an inspiring teacher, colleague and friend who was warm and supportive.

Olga especially encouraged women mathematicians, as she was always disappointed by the fact that she never had many females to work with. At a particular AMS meeting in 1962 Marjorie Senechal had to dictate one of her papers for the first time, her recollection of the experience brings fond memories of Olga who made the whole event a lot more bearable. Olga came up to Marjorie smiling and introducing herself, saying, “It’s so nice to have another woman here! Welcome to mathematics!” [49]

In 1981 Olga conducted a ‘Noether Lecture’ for the Association of Women in Mathematics, this commemorated another great woman mathematician, but was special for Olga as Emmy Noether was also a great friend and colleague of hers. The lecture was later published in full in a paper entitled ‘The Many Aspects of Pythagorean Triangles’.

In 1999 a conference was held to honour Olga’s achievements as a woman, it was entitled the ‘Olga Taussky Todd Celebration of Careers in Mathematics for Women’. The Mathematical Sciences Research Institute (MSRI) in Berkeley, California hosted it. It detailed the research of outstanding women in mathematics. It also highlighted various issues of concern of women entering the mathematical research community, something that obviously would have been very important to Olga.

CHAPTER 7

Conclusion

The path of great female mathematicians has led the way for future women wanting to enter mathematics, sometimes giving them opportunities that they wouldn’t have normally had. This can be seen with Maria Pastori, she attended the Maria Agnesi School. The Pastori family were not wealthy like the Agnesi’s, her early education was down to her own motivation and study. The Maria Agnesi school gave her the opportunity to learn the relevant subjects and therefore to nurture her career. Pastori went on to become the professor at the Istituto Matematico of the University of Milan. She studied in the field of tensor analysis and relativity. Tensor analysis was essential for the pure mathematical investigation of generalised spaces during the nineteenth and twentieth century when algebraic and differential geometry greatly developed. Pastori’s work helped to develop the tools necessary for such investigations. Pastori has been called a twentieth-century disciple of Agnesi, if Agnesi had not been such a prominent female maybe Pastori wouldn’t have received the education she needed and wouldn’t have shone quite as brightly as she did!

Sonya Kovalevskaya’s successor was Maria Cibrario. Her work helped to achieve the classification of linear partial differential equations of the second order of mixed type. She has also done research into non-linear hyperbolic equations and systems of such equations, and solved the Goursat problem for the hyperbolic non-linear equation of the second order. Sonya’s work would have been crucial background knowledge, what would have happened if Sonya had tumbled at the first hurdle and not continued her career against the odds and managed to make such advances in the topic? Maria Cibrario filled the chairs of mathematical analysis at both the Universities at Modena and Pavia.

Another twentieth century great woman mathematician was Jacqueline Lelong-Ferraud. Like Emilie du Châtelet, Jacqueline was among the first women to sit the examination for entry into the famous Paris Ecole Normale Supérieure. She was a professor of mathematics at the University of Paris. Her research topics included the behaviour of conformal transformations and representations, Riemann manifolds and harmonic forms and potential theory. Jacqueline also originated the concept of preholomorphic functions, consequently utilising them to produce new methodology for proofs.

Paulette Liberman was prolific in the field of algebraic topology, working on differentiable fiber spaces, and almost complex manifolds and their generalisations at the Charles Ehresmann’s research school. Like Emmy and Olga, World War II also disrupted Paulette’s work. She became a professor at the University of Rennes.

Sophie Picard occupied the chair of higher geometry and probability theory at the University of Neuchâtel. Current day students of probability and statistics would encounter her name when studying group theory, function theory, the theory of relations etc. 

There have been numerous other twentieth century female mathematicians such as Emma Lermer who researched special cases of Fermats last theorem, Julia Robinson who contributed to Hilbert’s tenth problem, Elizabeth Scott, Grace Hopper and Dorothy Maharam Stone are all notable names of the current mathematical world.

Female mathematicians do appear to be more numerous in the later centuries, but is it because their access to academia has been easier, or is it just because more women are ready to take up the challenge? Looking at the women studied here there does seem to be a pattern.

Hypatia of Alexandria had access to education as a result of her father’s encouragement. She had a prolific career until a misogynist male Christian leader brought her and her career to a sticky end.

Maria Gaetana Agnesi again only received an education because her father encouraged it, he was proud to have such an intelligent daughter.  She produced a two-volume book that had widespread popularity. Even with such an achievement the French academy of sciences would not allow her to become a member of the institute as it prohibited females. Maria dedicated her time to her only love - caring, her career was not as driven as some. Consequently she did not even attempt a position in academia.

Sonya Kovalevskaya had to fight for her education, employment, recognition and pay during the whole of her career. Her main obstacle was male prejudices against women. She was forced into a loveless marriage so that she could pursue higher education, but then was not permitted to enrol in any universities because she was a woman. Finally after much hard work, against all odds, she managed to attain her doctorate, to then discover that absolutely no employment was available to women in academia. When she eventually did secure an unofficial academic position years later, she got paid very little, much less than her male counter-parts. She won the famous ‘Prix Bordin’ prize from the French Academy of Sciences and produced many papers that developed the mathematical world. After many years of hard work she was finally recognised for her talent and was granted membership at the Imperial Academy. She was the first woman at the Russian Academy of Sciences but still no teaching/academic position was offered in Russia. Sonya was apparently a very beautiful lady, unfortunately this disadvantaged her in her professional career, and even in historical documentation of her life, people believed she used her beauty and persuasive powers to her advantage to get what she wanted. Could researchers not recognise that in most cases it was her intelligence that got her over such obstacles, as her achievements demonstrated that she was obviously gifted?

Emmy Noether was influenced and encouraged by her father to develop her intelligence. After her basic education she was lucky enough to be able to sit-in on lectures given at the University of Erlangen, but was not an official student. She had to wait five years before she could gain this title and be granted a doctorate. Once again it was hard to obtain employment, so taking on her father’s duties at the university was the closest she got to an academic post after graduation. Although her reputation was growing following the fine research she partook in, she received no recognition or pay from the university. On request she then went to work with Einstein, Hilbert and Klein aiding with breakthrough mathematics on the relativistic theory of gravity at the University of Göttingen, still with no pay or official position, having to lecture under the name of a male professor. Seven years later she was finally given the pathetic title ‘Unofficial Associate Professor’, but for the eighteen years she worked there she received no pay or benefits. Only after a World war and migration to America did she get at least a little of the respect she deserved (her title became ‘Visiting Professor’). Emmy’s accomplishments in algebra were vast, she published many papers, and has left a great mark on the development of mathematics.

Olga Taussky Todd also was encouraged by her father and family to seek further education. At this point in history females began enrolling officially at more liberal universities. Olga earned her doctorate in mathematics and was actually appointed an official position of ‘assistant’ at the University of Göttingen where she was helping to edit Hilbert’s works on number theory. She then went on to secure a position at Bryn Mawr College in America, where she had to be classed once again as a graduate student. She then moved to Girton College where she became a fellow but was not allowed to supervise theses, as she was a woman. During the war effort she accomplished great achievements on the subject of ‘flutter’. Then at the National Bureau of Standards she was given the appointment of mathematical consultant. She went on to secure a teaching/research position at Caltech, where only her husband could be appointed professor, and as his wife she had to be the research associate, this was as late as 1957! Then finally in 1971 she was granted the title of Professor. From only the 1960’s Olga began to be accepted into the prestigious academies and institutes. 

As is demonstrated here, women throughout mathematical history have had a tough time being taken seriously and respected for their equally ambitious and prolific works in mathematics. They have had to work twice as hard as their male counterparts to receive any recognition just because of their sex. As once proclaimed about the acknowledgement (or lack of it) for such women:

“…for if Ginger Rogers had to do everything Fred Astaire did but backwards and in high heels, these women had to do everything their male colleagues did but they may as well have been doing it backwards, in high heels, blindfolded and up a steep slope…” [1]

Although women found it hard to break into academic careers due to male prejudices, it must be noted that if it weren’t for a minority of liberal men (mainly fathers) that were sympathetic to their cause they may not have even achieved what they have. For example if Hypatia, Maria, Emmy and Olga did not have such encouraging fathers that were in the position to aid their education and encourage them they may not have achieved so much. Although Sonya’s father was dubious, if it was not for Vladimir being socially aware of the problem and willing to commit to a fictitious marriage she would never have had a chance of continuing her education. Also if Weierstrass had not been kind enough to teach her separately, as she could not enter the universities she may not have earned her doctorate. Emmy also may have never begun her career, or achieved so much if Hilbert and Klein had not recognised her talent beyond her sex. Although unsuccessful, Hilbert and Klein also actively demonstrated for Emmy, for her to be recognised and rewarded with at least a title and maybe a salary for all her hard work. 

Therefore in comparison of these five ladies (Hypatia, Maria, Sonya, Emmy and Olga) it does seem that as the centuries have passed things have been getting slightly easier for women in academia. At least by the twentieth century women were beginning to be officially accepted into the more liberal universities, and were being more readily employed, although they still weren’t receiving the same status or recognition as their male counterparts were. The publishers of ‘American Men of Science’ changed the title of their book to ‘American Men and Women of Science’ to highlight such a change of social views towards female scientists in this century. This was also reflected in their listings – in 1921 only forty-two women mathematicians were noted, but by 1938 one hundred and fifty-one women mathematicians were noted. Quite a vast increase (approximately a three hundred and sixty percent increase) over only seventeen years.

Acceptance into education has dramatically improved, in 1991 women earned forty seven percent of the mathematics and statistics bachelor degrees granted in America. Which demonstrates that at undergraduate level the number of males and females appears reasonably even, implying that female students are equally likely to get places in the universities and succeed as the male students. The equality all women mathematicians have been striving for. When looking at postgraduate education the statistics slightly change, only 19% of those earning Ph.D’s in mathematics were women. Which is a dramatic decrease compared to degree level. Comparing this with social sciences where women hold forty-seven percent of the Ph.D’s, it demonstrates the lack of popularity for mathematics, but why? Maybe the education system is not thoroughly as equal as it should be. Even though the universities may not be prejudice towards the sex of a candidate it takes time to eradicate beliefs such as female intelligence inferiority in the current generations of women and men, especially in the more classically academic subjects such as mathematics. They may still be affected psychologically by the prejudices of the past. [1]

Even though the number of women in mathematics is increasing, the number of men is also increasing at a faster rate, therefore the proportion of women mathematicians is actually supposed to be declining compared to men. This is supported by the fact that the proportion of women being employed in academic positions is much smaller than the proportion receiving higher education in it. Salary comparisons between males and females also support this theory that the position of women in mathematics has been actually declining since the early part of the twentieth century. [2]

A difference between men and women mentally was highlighted from a very early stage in mathematical history, embedding an idea of inequality into social culture. As mentioned in chapter one Pythagoras, although it is believed not intentionally, began such thoughts by emphasising females association with all that is earthly and material, and males with all that is heavenly and intellectual. This then led to intelligence being linked to the divine, and therefore to males. Eventually only male priests could participate in any learning. This was emphasised by Aristotle who declared women’s bodies were inferior to males and therefore their minds were also inferior. Hence males were the only ones who could transcend to the divine and possess such intelligence. In comparison the material, the physical, the personal and the domestic would always ground women. As a result women were classed as inferior to men for many centuries. Therefore it is not surprising that women became more closely linked to the ‘earthly’ life sciences, and males to the more ‘heavenly’ mathematics and mathematically based sciences when women were introduced to education. Which explains maybe why the Ph.D’s for social sciences are approximately equal between the sexes.

From a young age girls are trained to become more acquainted with the ‘material’ or domestic matters of life, unlike boys. It must be noted that if women had not been trained in such domestic matters, enabling them to support their husbands, a lot of great male mathematicians would not have been able to dedicate quite as much time to their studies and maybe not have been quite as successful. For example, Einstein’s second wife, Elsa, cooked, cleaned etc. so that he only had to care for his work. Where would he have been without her? Most probably suffering from malnutrition and unable to do work through hunger! When great male mathematicians achieve great things, they receive sole recognition, their wives who have supplied domestic bliss enabling them to fully concentrate and produce results are dismissed. But where do female mathematicians find their domestic help, so they can concentrate on their work? The majority of the time they don’t, once again they are at a disadvantage.

Therefore it is not surprising that females feel they have to shed their ‘womanliness’ to be considered seriously in the ‘heavenly’ world of male intelligence. For example the current social perceptions of a ‘bimbo’ or ‘airhead’ is a woman whose appearance is envied and admired, but is lacking in intelligence. This stereotype of linking well-groomed females with little grey matter can suggest to women that appearance may inhibit fair judgement of their intelligence. It seems unfair and unnecessary that women must rid themselves of all female conventions so that their intelligence may be taken seriously.

As mentioned earlier in chapter one and four, brains and skulls have actually been measured in the past (including Sonya Kovalevskaya’s brain) to determine the largest/most dominant brain between the two sexes. More recently the male and female brains have been studied by psychologist Doreen Kimura to determine if either one are more naturally substantial in any one domain. It has been concluded that intelligence levels are the same, but it has been suggested that women’s brains are more naturally accustomed to linguistic skills, and men’s are more naturally accustomed to mathematical skills. Studies have been done to specifically research mathematical abilities in both males and females. Unlike with skull size experiments in the past the researchers of these studies are of both sexes, so hopefully no prejudices would be seen in the results. The studies demonstrate that males perform better in the mathematical reasoning tests and the tests requiring analysis of spatial relationships, consequently males are better equipped for conducting mathematics. In comparison women are better at perceptual and verbal skills [1] [53]. These studies suggest that mathematics does naturally fall into the male domain. Maybe Pythagoras’ belief that male minds were more suited to practising mathematics was actually very accurate all those centuries earlier, when the number one dictated it!

Anne Fausto-Sterling, professor of biology and medicine at Brown University has analysed the results of these studies and she believes it’s not quite so black and white though. She suggests that the results are not wrong, but that the statistical methods used were often open to interpretation, and so do not stand up under rigorous scrutiny. As if one wants to find a difference between two groups of people, and one tries enough methods of comparisons, then a difference can usually be found. The results that were genuinely different between the sexes were only negligibly different with just a few percentage points in it. Therefore Fausto-Sterling concludes (along with a number of other researchers looking into this topic) that so far there is no evidence of a difference between male and female brains. She suggests the negligible difference that sometimes was seen, could be due to socialisation differences rather than biological differences. She believes that the mathematical sphere of a girl’s brain is sometimes not always developed to its potential, unlike boys. For example, stereotypically boys are more likely to play with lego when young, which aids the development of spatial relationships. The majority of the time they are also exposed to such activities as woodwork, metalwork, baseball and basketball while they are growing, all of these activities help with mathematical development. In contrast, girls activities typically do not provide such informal mathematical training (you cannot learn spatial relationships from a dolls tea party!). Maybe Pythagoras wasn’t right after all. [1] [54]

One differing aspect between males and females though can be their perspective. It has been noted that women tend to ask different kinds of questions to men. This phenomenon has been noted in the biological sciences since the 1970’s, the increased introduction of women’s perspectives has proved to be a catalyst for the introduction of new methods and new viewpoints. Women in all communities and relationships naturally provide a balancing influence to the male’s persona. Therefore the increased presence of female mathematicians would hopefully bring a fresh insight into the current and future research fields, should male mathematicians not welcome this?

Unfortunately the perspective that very academic subjects, like mathematics, lie within the male domain is heightened by social and cultural views at all levels of one’s life.

During a child’s education such a viewpoint can be prominently placed, while they are naïve to the gender inequalities. A study of American schools was done by Myra and David Sadker, which highlighted this failure within the system. They found that teachers tended to encourage boys over girls, giving boys more attention and time, in mathematics and sciences classes especially, independent of the sex of the teacher (this was also found in Australian and European studies).  This was demonstrated as boys questions were answered more readily, they were given longer to speak and they received more feedback concerning their answers. For example, in a particular elementary school a teacher ordered a group of girls away from the mathematics department to allow the boys to get on with their work! [1] [55] This problem was also highlighted in a popular ladies magazine survey in 1992. Seventy-four percent of the respondents claimed that at school the boys received more attention in preference to girls, or a teacher demonstrated favouritism towards males. The survey also demonstrated that the most inequality occurred in mathematics lessons!

Although the Sadker’s research did demonstrate that sometimes it wasn’t always the teachers fault that the girls were not successful in maths and science, a lot of the time it was actually the girl’s prejudices against such subjects that decreased their interest in them. It has been demonstrated that when girls reach puberty they increasingly believe that being intelligent in such subjects, i.e. being a ‘swot’, is not very socially acceptable and unfeminine. Hence they hide their intelligence, and as a result do badly. Once again this raises the issue that mathematics is perceived as a very masculine subject.

This inhibiting social viewpoint is reflected in the results of a survey done in 1990 by the United States government funded National Assessment of Education Progress (NAEP). The survey recorded and compared the exam results of nine, thirteen and seventeen year old students. At nine years of age the mean score for maths out of five hundred, for girls was 230.2, and for boys was 229.1. Therefore initially the difference between the scores was negligible, i.e. their abilities were very similar. This was also true at thirteen years of age. When they reached seventeen years of age though (the onset of puberty and need for social acceptance) the girls began to fall behind the boys by one percent. This change is highlighted in the NAEP maths assessment taken by students at the end of their secondary education, far fewer girls rated in the top percentile bracket. Also fewer girls took up the opportunity to enrol in advanced courses in mathematics. Even in the Scholastic Assessment Test (SAT), that is necessary for entry to college, the males scored approximately fifty more points in the mathematics section than the girls. Therefore from seventeen onwards the boys appear to do better in mathematics. Although (as noted earlier in this chapter) the amount of women earning mathematics and statistics degrees in America was equal to men, demonstrating that girls are just as capable in the subject at advanced levels. Looking at Ph.D’s in mathematics once again the boys dominate the girls. Therefore the girls are just as capable as the boys are obviously, but maybe social/cultural views or lack of proper development may hinder their achievements in mathematics.

These ideals of what is socially acceptable for young girls are not only enforced by friends or school but can also be found in the media. It is interesting to note that in films, on television, in music videos, and comic books, all of the scientific/mathematical ‘brains’ are male. Even as recently as 1997 a film was released entitled ‘Good Will Hunting’, which documented a mathematical boy genius. There have been numerous films like this, but there appears to be none documenting female geniuses. This type of stereotyping highly influences the younger generation, especially as television, films etc. play an important role in their relaxation.

Even later on in life during employment female’s can still be hindered by male domination, especially in mathematical/scientific roles. Men’s social clubs play a major role in the dismissal of women, this is where work is discussed, networking is done, and deals are made, all without the presence of females. In some countries, such as Japan, it is not socially acceptable for women to attend dinner with their male colleagues, and such informal situations are precisely the place where new ideas are discussed, Japanese women miss out on these.

A study was conducted to see if employers were bias towards male candidates. Two identical CV’s were dispatched to universities to make a recommendation for an associate professorship position, the only difference being one was under the name Joan, and the other John. The majority of the universities recommended that John should have the associate professorship and Joan should have the assistant professorship which smacks of the situation Olga Taussky Todd found herself in when applying to Caltech with her husband Jack. She was only allowed to undertake the position of associate researcher whilst her husband got the title of professor.

Unfortunately such prejudices can still be reflected in the salary of women employees. In 1969 the Women’s Bureau of the Labour Department compiled statistics that stated the annual salary for female full-time civilian scientists was $9,400, but males in the corresponding role received $13,000. Considering this was approximately only three decades ago it is quite startling.

Therefore as demonstrated here equality does not seem to be achieved as yet, and more readily mathematical literacy is needed in other disciplines consequently a lack of basic knowledge blocks numerous paths in education. Hence mathematics has become an important part of any career. To improve this situation more women need to be encouraged into the field of mathematics. It is not just as simple as changing women’s attitudes so that they show an interest in this field, the whole culture of mathematics must be reassessed to be more welcoming to them i.e. it is not just a masculine subject. The best way to tackle this situation is to start with the younger females, so that the next generation is already established in their interest. Therefore the education system must be looked at. Teachers must be trained to be aware of such bias against girls, be able to allocate equal time with both sexes, and maybe to develop different methods of learning that appeals to girls, for example group activities (girls have been shown to adapt to these more readily). Young girls also need to be exposed to more female role models, such as teachers and mathematical/scientific brains in the media. Even just the addition of feminine content in textbook problems – as a lack of it has proved to have a negative effect also. (In Sweden and Denmark they have actually done this already). In higher education, course scheduling, fellowships, assistantships, loans etc. must all be improved so that they are more acceptable to females. As it has been demonstrated that the low admission of females maybe due to such practices and polices being ideally designed for male students and teachers only.

An important factor to keeping and welcoming women into the profession of mathematics is knowing what is currently wrong, and what needs to be improved within academia. The roles of women’s associations are essential in this task. In the 1970’s the ‘Association for Women in Mathematics’ was set up with such a purpose. They publicise the roles of successful women mathematicians giving younger females mentors to associate with as well as dealing with any problems. They also provide communication to other women in the same position.

Therefore the current position of females in the mathematical world seems to be improving, but there is much still to do and maintain. Funnily enough this struggle parallels the one that women face trying to break into the clergy. As women are beginning to become ministers in many of the denominations of the Christian Church, they are also beginning to become leaders in all the denominations of mathematics. As demonstrated in chapter one, this parallel between religion and mathematics is not fluke, there is a deep connection dating right back to Pythagoras. The cultural academic male Christian priesthood is gradually changing.

The nuclear physicist, Fay Ajzenberg-Selove, once said:

“I will believe that discrimination against women has stopped when I observe that second-rate women are given tenure” [1]

As unfortunately the majority of the time it is still only the first-rate women mathematicians that achieve the positions and success in the discipline. 

Equality will hopefully one day be achieved in mathematics, enough great women mathematicians have invested time, motivation, financial hardship and social in-acceptance to the cause, hopefully their efforts will be repaid.
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