
    

    

    
    
  Alexandria, the Centre of Science and Philosophy

 

    

  The city of Alexandria was the greatest centre of learning in the ancient Mediterranean world. It was home to the Great Library which, for hundreds of years, was thought to be the largest library in the world. Rumour has it there was a copy of every book ever written, shelved somewhere in the massive building. Scholars, philosophers, and mathematicians all converged on the city to benefit from its library, and they created a culture of learning that survived even after the library burned down. Over the centuries, conquerors came and went, but this city on the African coast endured as a centre of curiosity.

 


  



    

    

    
    
  The First Astrophysicist

 

    

  Around the year 400 CE, one of those scholars emerged as the most learned of all. Her name was Hypatia, and she excelled in mathematics, philosophy, and public speaking. She was a renowned teacher, capable of explaining the most complex concepts in simple language. But she was most famous for her expertise in the movements of the stars and planets – what we would now call astrophysics.

 

  



    

    

    
    

  She developed a sophisticated mathematical description of the best science available to her. At that time, no one knew that the Earth revolved around the Sun instead of the other way around, so Hypatia's science wasn't accurate by modern standards. But it was still ahead of her time.

 


    
  Hypatia was once thought to be the inventor of the astrolabe, a device used to make astronomical calculations in the ancient world. We now know she didn't invent it, but she did build her own version.

 

  



    

    

    
    
  Hypatia's Legacy

 

    

  Hypatia proved that women could excel in physics and maths as long as they were given educational opportunities – which, lucky for us, Hypatia's father had given her, which was not the case with most women in history.

 

    

  We should remember Hypatia's success in astrophysics as an example of what women can do when they are not shut out of the world of science and knowledge. But we should also remember her courage. In the face of discrimination, she stood up to the powerful men of ancient Alexandria and challenged their views with evidence and logic.

 

  



    

    

    
    
  Émilie Du Châtelet: On the Shoulders of Giants

 

    

  Isaac Newton, the most famous of all physicists, said that he achieved his insights "by standing on the shoulders of giants." And in turn he became another giant on whose shoulders future generations would stand. But only if they could read his work!

 

  



    

    

    
    

  Newton was an Englishman writing in Latin, and when it came time to translate his work into French, there was no one better suited than Émilie Du Châtelet. She was a brilliant philosopher and mathematician who had published a popular book called Lessons in Physics in 1740 when she was only 34 years old! No one could understand Newton and convey his theories and laws to a foreign audience better than her.

 

  



    

    

    
    

  Du Châtelet is best known for her translation of Newton's work, but she was more than just a translator of other people's ideas. Her translation also included critical commentary that made Newton's ideas clearer to the reader.

   

  She also exposed the flaws and limitations of the theories she was translating. For example, she understood that Newton's theory of energy was too narrow. Newton had focused on kinetic energy, or the energy of moving objects. But Du Châtelet understood that objects can also have other forms of energy, such as potential energy. Newton was aware of potential energy, but Du Châtelet was the first to recognise its full importance.

 

  



    

    

    
    
  Du Châtelet and Voltaire

 

    

  Du Châtelet was admired among other intellectuals, as well. At the time, the most famous intellectual in France was Voltaire, a writer and philosopher and one of the leading figures of the Enlightenment. He and Du Châtelet had been playmates and grew to appreciate each other enormously in adulthood. They became close friends, and Voltaire even gave her a place to live during her studies.

   

  While living with Voltaire, Du Châtelet wrote an essay on the inner workings of fire, a deceptively tricky problem involving both chemistry and physics. When that paper was published by the Paris Academy, it became the first such publication ever authored by a woman.

 


  



    

    

    
    

  Like many women scientists, then and now, Du Châtelet had to balance the demands of her scientific career against the rigors of raising a family. Despite being a wealthy woman with plenty of servants to help her, when she became pregnant and gave birth, she took care of her own children, while pursuing a successful scientific career. Every time she became pregnant, she had to take a break from her career, then get started again once the child was born.

   

  Tragically, Du Châtelet died giving birth to her fourth child. She was only 42.

 

  



    

    

    
    
  Marie Curie: Radiation and the Rise of Modern Physics

 

    

  Every schoolchild knows one name – one female scientist whose fame outshines all the others. In some textbooks, Marie Curie takes the spotlight away from other equally-deserving women, but no one doubts that her fame is justified. The first woman to win a Nobel Prize, the first person of any gender to win it twice, and a pioneer of atomic physics, she developed the ideas that would dominate the science and technology of the twentieth century.

 


  



    

    

    
    
  Marie Curie is a French name, and many people assume that Curie was French. However, she was born in Poland as Maria Salomea Skłodowska and always wore her Polish identity proudly.

 

  


    

    

    
    

  Before Marie Curie, the concept of radioactivity didn't exist. Then in 1895, the young Curie heard about X-rays. It was a brand-new discovery at the time, and no one really understood what X-rays were or how they worked. A few scientists had discovered that certain substances gave off mysterious rays of energy without any apparent source – like a light bulb that glows even when it's not plugged in. Some of these rays can pass right through flesh and bone, producing X-ray images like the ones we see in hospitals. Curie was determined to find out what caused X-rays.

 

  



    

    

    
    
  The Radiation Hypothesis

 

    

  Curie had a radical idea. While other scientists assumed that X-rays came from a chemical reaction, she hypothesised that they might be coming from the atoms themselves. In other words, most scientists believed that X-rays were emitted when different types of molecules interacted. Curie thought a single 'radioactive atom', not interacting with anything else, would still produce radiation.

   

  To prove it, she had to come up with new ways of isolating radioactive elements. If the element emitted rays in its pure form, then it couldn't be reacting with any other elements, so Curie's theory of radioactivity must be correct.

 

  



    

    

    
    
  The Nobel Prize(s)

 

    

  Curie spent years doing patient, meticulously careful research. Over time, she built up a strong body of evidence to support her hypothesis.

 

    

  The discovery of radiation revolutionised the research in physics and chemistry. It was a scientific breakthrough that would lead to new forms of energy, new treatments for cancer, and unfortunately a terrible new weapon.

 

  



    

    

    
    

  In 1903, Marie Curie was awarded a Nobel Prize in Physics for her work on radiation. The Nobel Committee originally offered the prize to two men: Curie's husband, Pierre Curie, who had been a major collaborator in her experiments, and Henri Becquerel, whose work influenced the Curies. They left Marie out!

 

  



    

    

    
    

  Pierre protested to the committee, arguing that the radiation hypothesis was Marie's idea in the first place. The committee agreed to offer her a prize as well, and she became the first woman Nobel laureate. Eight years later, she won the Nobel Prize in Chemistry becoming the first person ever to win the Prize in two different categories.

 

    
  Not only did Marie Curie win two Nobel Prizes – her daughter, Irene, won the prize in her own right for the invention of artificial radioactivity.

 

  



    

    

    
    
  Chien-Shiung Wu: The First Lady of Physics

 

    

  Marie Curie wasn't the only woman to do pioneering work in atomic physics. Her career paved the way for Chien-Shiung Wu, a Chinese-American physicist who became known as 'The First Lady of Physics'.

 

    

  Wu was born in a small town in eastern China, where she excelled in a highly competitive school. As a young woman, she decided to move to America by herself so that she could study physics in the best laboratories. She was interested in nuclear physics, and American laboratories were doing the world's most advanced work in that area.

 

  



    

    

    
    

  At first, Wu planned to attend the University of Michigan, where one of her mentors had gotten a PhD. But after arriving in America, she heard stories about discrimination against women on that campus, and she decided to change her plans. She would attend the University of California at Berkeley instead, working at the famous Radiation Laboratory up in the hills. The Radiation Lab had some of the most advanced equipment in the world for research in physics.

 

    
  The Radiation Lab, now known as the Lawrence Berkeley National Laboratory, is still one of the leading physics laboratories in America, and over time its researchers have won 12 Nobel Prizes!

 

  



    

    

    
    
  The Physicists Go to War

 

    

  During World War II, Wu joined the Manhattan Project, an elite team of scientists whose goal was to weaponize atomic physics. She developed a new technique for purifying Uranium-235, the rare isotope that gave the bomb its power.

 

    

  All the scientists on the Manhattan Project struggled with the ethics of what they had built. But Wu may have had a personal stake in the project as she came from China, a country that had suffered greatly under Japanese occupation. We can't know for sure, but she may have felt that the bomb was a necessary evil to end the war and save China from the Japanese.

 

  



    

    

    
    
  The Wu Experiment

 

    

  After the war, Wu performed an experiment that challenged decades of established opinions in physics. Physicists had always assumed that 'right' and 'left' were arbitrary categories without any meaning in physics. If you could somehow flip the whole universe in a big cosmic mirror, the mirror-image universe would carry on just as it does now. This was called conservation of parity.

   

  In the 1950s, a couple of physicists hypothesised that conservation of parity might actually be wrong, at least for a few physical reactions. But they had no idea how to test it. Wu came up with the experiment that would prove them right.

 

    
  Wu's collaborators got a Nobel Prize for disproving conservation of parity, but she was left out of the prize even though she had designed the experiment!

 

  



    

    

    
    
  Dynamic Forces

 

    

  Hypatia, Du Châtelet, the Curie women, and Wu were born at different times on different continents, but they all have something in common: persistence. Each, in one way or another, faced discrimination as a woman challenging the work of men or significantly contributing to it. And each eventually won out by patiently assembling the evidence, responding logically to other scientists' critiques, and pursuing their questions with determination.

 

    

  Women in science have never gotten the same recognition as their male colleagues. But with each generation, in spite of the hurdles, women are becoming more powerful and more equal thanks to their perseverance and determination.
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      '.pt-hit,.pt-tab{position:absolute;z-index:6;padding:0;margin:0;cursor:pointer;-webkit-tap-highlight-color:transparent;' +
      'touch-action:manipulation;background:none;border:0}' +
      '.pt-hit{width:' + HIT + 'px;height:' + HIT + 'px}' +
      '.pt-tab{width:' + TW + 'px;height:' + TH + 'px;box-sizing:border-box;border-radius:14px;background:var(--pt-fill);' +
      'border:2.5px solid var(--pt-edge);display:flex;align-items:center;justify-content:center;gap:4px;visibility:hidden;' +
      'box-shadow:0 2px 6px rgba(0,0,0,.3)}' +
      '.pt-tab::before{content:"";position:absolute;left:10px;bottom:-9px;width:12px;height:12px;background:var(--pt-fill);' +
      'border-right:2.5px solid var(--pt-edge);border-bottom:2.5px solid var(--pt-edge);border-bottom-right-radius:3px;' +
      'transform:rotate(45deg) skew(8deg,8deg)}' +
      '.pt-tab i{display:block;width:6px;height:6px;border-radius:50%;background:var(--pt-edge);pointer-events:none}' +
      '@keyframes pt-dot{0%,60%,100%{transform:translateY(0)}30%{transform:translateY(-4px)}}' +
      '.pt-tab.pt-on i{animation:pt-dot 1.2s ease-in-out infinite}' +
      '.pt-tab.pt-on i:nth-child(2){animation-delay:.15s}.pt-tab.pt-on i:nth-child(3){animation-delay:.3s}' +
      '.pt-tab::after{content:"";position:absolute;inset:-12px}' +
      '.pt-tab.pt-on{visibility:visible;animation:pt-pop 320ms cubic-bezier(.3,.7,.4,1) both}' +
      '.pt-tab.pt-off{visibility:visible;animation:pt-unpop 140ms ease-in both}' +
      '@media (prefers-reduced-motion: reduce){.pt-tab.pt-on i{animation:none}}' +
      '.pt-hit:focus-visible,.pt-tab:focus-visible{outline:3px solid #fcc128;outline-offset:2px}';
    (document.head || document.documentElement).appendChild(st);
  }
  function guard(e) {  // taps on our controls must not turn the page or reach the picture's word areas
    ['mousedown', 'mouseup', 'pointerdown', 'pointerup', 'touchstart', 'touchend'].forEach(function (t) {
      e.addEventListener(t, function (ev) { ev.stopPropagation(); }, false);
    });
  }
  function control(cls, label) {
    var b = el('button', cls);
    b.setAttribute('type', 'button');
    b.setAttribute('aria-label', label);
    guard(b);
    return b;
  }
  function after(e, cls, fn) {  // run fn when e's animation ends (or after T ms if animations are off)
    var done = false;
    function end() { if (done) return; done = true; e.classList.remove(cls); fn && fn(); }
    e.addEventListener('animationend', end, { once: true });
    setTimeout(end, T + 120);
  }
  function colours(panel) {  // the panel's colour, opaque, and a contrasting edge (a see-through panel: white)
    var m = (getComputedStyle(panel).backgroundColor.match(/[\d.]+/g) || [255, 255, 255]).map(Number);
    if (m[3] === 0) m = [255, 255, 255];
    var fill = 'rgb(' + m[0] + ',' + m[1] + ',' + m[2] + ')';
    var dark = 0.2126 * m[0] + 0.7152 * m[1] + 0.0722 * m[2] < 140;
    return { fill: fill, edge: dark ? '#f2f2f2' : '#5b6470' };
  }
  function wrap(box) {
    var fold = el('div', 'pt-fold');
    while (box.firstChild) fold.appendChild(box.firstChild);
    box.appendChild(fold);
    return fold;
  }
  function setup(box, panel) {
    // blocks sharing this panel (merged: stacked close together) fold with it, towards the same point
    var sid = panel.getAttribute('data-pt-sid'), more = [], at = [];
    var marks = sid ? document.querySelectorAll('.pt-member[data-pt-lead="' + sid + '"]') : [];
    for (var j = 0; j < marks.length; j++) at.push(marks[j].parentNode.getBoundingClientRect());
    var lead = box.getBoundingClientRect();
    for (j = 0; j < marks.length; j++) more.push(wrap(marks[j].parentNode));
    var fold = wrap(box);
    var extra = [];  // a merged group's other panels: one shadow around the whole shape
    for (var e = panel.parentNode.firstChild; e; e = e.nextSibling)
      if (e.nodeType === 1 && e.classList.contains('pt-extra')) extra.push(e);
    if (!panel.classList.contains('drawn')) {  // the shadow moves onto a layer so the cut corner keeps it
      var shade = el('div', 'pt-shade');
      panel.parentNode.insertBefore(shade, extra[0] || panel);
      for (j = 0; j < extra.length; j++) shade.appendChild(extra[j]);
      shade.appendChild(panel);
    }
    var L = panel.offsetLeft, Tp = panel.offsetTop, W = panel.offsetWidth, H = panel.offsetHeight;
    var S = Math.round(Math.min(13, H / 4));  // small: inside the padding, never over the text
    function paint() {
      var c = colours(panel);
      box.style.setProperty('--pt-fill', c.fill);
      box.style.setProperty('--pt-edge', c.edge);
    }
    paint();
    document.addEventListener('pt-theme', paint);  // the reader picked another text background (switch menu)
    panel.style.setProperty('--pt-s', S + 'px');
    panel.classList.add('pt-dogear');
    fold.style.transformOrigin = (L + W / 2) + 'px ' + (Tp + H / 2) + 'px';
    for (j = 0; j < more.length; j++)
      more[j].style.transformOrigin = (lead.left - at[j].left + L + W / 2) + 'px ' + (lead.top - at[j].top + Tp + H / 2) + 'px';
    var folds = [fold].concat(more);
    function each(fn) { for (var q = 0; q < folds.length; q++) fn(folds[q]); }
    var flap = el('span', 'pt-flap');  // the folded-over corner: paper underside, a little darker
    flap.setAttribute('aria-hidden', 'true');
    flap.style.width = flap.style.height = S + 'px';
    flap.style.left = (L + W - S) + 'px';
    flap.style.top = (Tp + H - S) + 'px';
    flap.style.background = 'linear-gradient(to bottom right, rgba(255,255,255,.95) 0%, var(--pt-fill) 30%, ' +
      'color-mix(in srgb, var(--pt-fill) 82%, #6b5a45) 49.5%, transparent 50%)';
    panel.parentNode.insertBefore(flap, panel.nextSibling);
    var hit = control('pt-hit', 'Hide text');
    var tab = control('pt-tab', 'Show text');
    for (var k = 0; k < 3; k++) tab.appendChild(el('i'));
    hit.style.left = (L + W - S / 2 - HIT / 2) + 'px';
    hit.style.top = (Tp + H - S / 2 - HIT / 2) + 'px';
    tab.style.left = (L + W / 2 - TW / 2) + 'px';
    tab.style.top = (Tp + H / 2 - TH / 2) + 'px';
    box.appendChild(hit);
    box.appendChild(tab);
    var busy = false;
    function collapse() {
      if (busy || fold.classList.contains('pt-collapsed')) return;
      busy = true;
      hit.style.visibility = 'hidden';
      each(function (f) { f.classList.add('pt-closing'); });
      setTimeout(function () { tab.classList.add('pt-on'); }, T * 0.7);
      each(function (f) { after(f, 'pt-closing', function () { f.classList.add('pt-collapsed'); }); });
      setTimeout(function () { busy = false; }, T + 130);
    }
    function expand() {
      if (busy || !fold.classList.contains('pt-collapsed')) return;
      busy = true;
      tab.classList.remove('pt-on');
      tab.classList.add('pt-off');
      setTimeout(function () { tab.classList.remove('pt-off'); }, 160);
      each(function (f) { f.classList.remove('pt-collapsed'); f.classList.add('pt-opening'); after(f, 'pt-opening'); });
      setTimeout(function () { busy = false; hit.style.visibility = ''; }, T + 130);
    }
    hit.addEventListener('click', function (ev) { ev.preventDefault(); ev.stopPropagation(); collapse(); });
    tab.addEventListener('click', function (ev) { ev.preventDefault(); ev.stopPropagation(); expand(); });
    // read-aloud: a box collapsed before the reading reached it opens when its first word is read;
    // a box the reader closes while it is being read stays closed (they chose to look at the picture)
    var reading = false, keepClosed = false;
    hit.addEventListener('click', function () { if (reading) keepClosed = true; });
    tab.addEventListener('click', function () { keepClosed = false; });
    if (window.MutationObserver) {
      var mo = new MutationObserver(function () {
        var now = false;
        each(function (f) { if (f.getElementsByClassName(ACTIVE).length) now = true; });
        if (now && !reading && !keepClosed && fold.classList.contains('pt-collapsed')) expand();
        if (!now && reading) keepClosed = false;
        reading = now;
      });
      each(function (f) { mo.observe(f, { subtree: true, attributes: true, attributeFilter: ['class'] }); });
    }
  }
  function run() {
    var panels = document.querySelectorAll('.pt-panel:not(.pt-extra)');
    if (!panels.length || document.querySelector('.pt-hit')) return;
    css();
    for (var i = 0; i < panels.length; i++) setup(panels[i].parentNode, panels[i]);
  }
  if (document.readyState === 'loading') document.addEventListener('DOMContentLoaded', run); else run();
})();
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