

    

    

    
    
  Who Was Marie Curie?

 

    

  Marie Curie was a Polish scientist who became famous for her work on radioactivity. She is also remembered as one of the first female scientists to have a distinguished career.

   

   

  Marie was the first person (and only woman) to win two Nobel Prizes in different disciplines. Her ground-breaking research also led to a new branch of physics called atomic physics and helped to develop revolutionary new treatments for cancer.

 


    
  Marie lived at a time when women rarely had careers. This makes her achievements even more remarkable.

 

  



    

    

    
    
  Early Life

 

    

  Marie was born Maria Skłodowska in Warsaw, Poland, in 1867, the youngest of five children. Her father Władysław was a math and physics teacher, while her mother Bronisława was a headmistress at a girls' school.

   

   

  Marie was a bright child and did well at school, but she lived at a time when Poland was under Russian rule. People were not allowed to read or write in Polish, and women could not go to university.

 

    
  Marie's birth name was Maria, but her family called her Manya.

 

  



    

    

    
    
  Getting By

 

    

  Marie faced great sadness during her childhood. When her father lost his job because of his political views, the family fell on hard times. Then Marie's sister Zofia died from a disease called typhus. Two years later, her mother also died (from tuberculosis) when Marie was just 10.

   

   

  Marie left school at 15. She wanted to continue with her studies, but instead became a governess to support herself. She also taught local children to read and write in Polish, which was forbidden at the time.

 

    
  Marie made a pact with her sister Bronisława. Marie would work to pay for Bronisława's studies in Paris, if Bronisława would then support Marie's studies, too.

 

  



    

    

    
    
  Studying in Paris

 

    

  With Marie's financial help, Bronisława went to the University of Paris (known as the Sorbonne), which accepted female students. When Bronisława became a doctor (which was unusual for women of the time), she began to support Marie.

   

   

  Marie moved to Paris when she was 24 and began to study at the Sorbonne. She chose her favourite subjects, physics and mathematics, just like her father.

 

    
  Marie studied during the day but worked as a tutor at night to earn enough money to get by.

 

    
  When Maria Skłodowska moved to Paris, she began to use the French spelling of her name, Marie, which stuck for the rest of her life.

 

  



    

    

    
    
  Starting Out

 

    

  Marie gained her first degree in 1893, in physics, and began to work at an industrial laboratory run by Professor Gabriel Lippmann. Lippmann went on to win a Nobel Prize in 1908 for creating colour photographs.

   

   

  Marie's love of learning continued, however, and she kept on with her studies. With the help of a scholarship from the university, she gained a math degree just a year later.

 

    
  Marie applied for a job at a Polish university, but was denied the position because she was a woman. She would remain in France for the rest of her life.

 

  



    

    

    
    
  Raising a Family

 

    

  Marie began working at the same laboratory as another scientist, Pierre Curie. Their shared interest in science drew them closer together and they fell in love, marrying in 1895.

   

   

  Marie and Pierre's first child, Irene, was born in 1897. Their second daughter Eve arrived in 1904. Marie became a physics teacher at a girls' school and she and Pierre continued their research at night.

 

    
  Irene Curie became a scientist, like her parents. She won a Nobel Prize for Chemistry in 1935 with her husband Frédéric Joliot, for their discovery of artificial radioactivity.

 

  



    

    

    
    
  Roentgen and Becquerel

 

    

  Marie began to focus her research on the work of two scientists in particular. German physicist Wilhelm Roentgen had discovered X-rays in 1895, while the following year, French physicist Henri Becquerel had discovered similar rays given off by uranium.

 

    
  Today, X-rays are commonly used in hospitals to detect broken bones. They are also used for security at airports, for example, to check the contents of luggage.

 

    
  Roentgen won the first Nobel Prize for Physics in 1901, for discovering a type of electromagnetic radiation. He originally called these "X-rays" because he didn't know what type of radiation this was.

 

  



    

    

    
    
  The Power of Atoms

 

    

  Marie began to use the word "radioactivity" to describe elements that give off strong rays. These rays were found to pass through some solids and could cause the air to conduct electricity.

   

   

  Marie also realised that the radiation came from atoms and did not depend on the arrangement of molecules. She found that minerals containing uranium or thorium were radioactive.

 


    
  Marie's understanding of the atomic nature of radioactivity began a new branch of physics called atomic physics.

 

  



    

    

    
    
  Discovering Polonium

 

    

  Marie began to research pitchblende, a mineral containing uranium. She noticed pitchblende was more radioactive than pure uranium. Since there was no thorium present, she realized there must be another unknown radioactive element.

   

   

  Marie and Pierre began to grind, dissolve, filter and crystallise the pitchblende to isolate its compounds. In July 1898, they announced the discovery of a black powder that was 330 times more radioactive than uranium. They called this new element 'polonium', after Marie's homeland.

 

    
  Today, pitchblende is called uraninite.

 

    
  Pierre was so excited by the prospect of discovering a new radioactive element that he put his own research aside to help Marie with her findings.

 

  



    

    

    
    
  Discovering Radium

 

    

  When Marie and Pierre investigated further, they found the liquid residue from their experiments was still radioactive. They realised small quantities of another element must be present in pitchblende, even more radioactive than polonium.

   

   

  A few months later, they announced their discovering of a second radioactive element, which they called radium (the Latin for "ray").

 

    
  Pitchblende was expensive because it contained valuable uranium. To continue with her research, Marie bought waste pitchblende from a factory in Austria which had already had uranium taken from it.

 

  



    

    

    
    
  Highest Accolade

 

    

  In 1903, Marie, Pierre and Henri Becquerel were awarded the Nobel Prize for Physics for their valuable contributions to the study of radioactivity. Marie was the first woman to be honoured with the award.

   

   

  Marie and Pierre used their prize money for further scientific research and would continue to do so. Over the years, they were also given valuable donations. In 1921, for example, the United States gave Marie one gram of radium (which at the time cost $100,000). A decade later, U.S. President Hoover gave her a check for another gram of radium.

 


    
  1903 was also the year that Marie became the first European woman to gain a PhD in science.

 

  



    

    

    
    
  Tragedy Strikes

 

    

  In 1906, Pierre was tragically killed when he was run over by a carriage on a busy Parisian street. Marie was left a grieving widow and a single mother of two young children.

   

   

  Despite her grief, Marie devoted her life to continuing the work that she and Pierre had begun together. She continued with her research and teaching and took over Pierre's role as a professor of physics at the University of Paris.

 

    
  Marie was a woman of many "firsts". After Pierre's death, she became the first female teacher at the University of Paris.

 

  



    

    

    
    
  Double Winner

 

    

  Then in 1911, Marie became the first person (and only woman) to win the Nobel Prize in two disciplines. This time it was for chemistry for her research on radium and polonium and for creating a way to measure radioactivity.

   

   

  Earlier that year, Marie attended the Solvay Conference in Brussels, a gathering of 24 prominent physicists, including Albert Einstein, who became Marie's friend. Marie was the only woman invited.

 

    
  The Curie family won five Nobel Prizes: Marie for Physics (1903) and Chemistry (1911), Pierre for Physics (1903), Irene for Chemistry (1935), and son-in-law Henry Labouisse Jr. (1965) as UNICEF director accepting the Nobel Peace Prize.

 

  



    

    

    
    
  Cancer Cure

 

    

  Soon after X-rays were discovered, scientists found that radiation could kill cancer cells, ulcers and other growths.

   

   

  The University of Paris built the first Radium Institute, with one laboratory used to study radioactivity under Marie's direction and another used for research into cancer treatment. Irene Curie would later become her mother's assistant at the Institute.

 

    
  Although radiation is now known to cause long-term cell damage in high doses, targeted radiation therapy remains an important treatment for cancer today.

 

    
  Marie Curie's name is now honoured around the world in the work of cancer charities and specialist treatment centres.

 

  



    

    

    
    
  War Effort

 

    

  During World War I, Marie used radium to create X-ray machines that were stronger and more accurate than ever before. Her machines were also small enough to transport to field hospitals in trucks.

   

   

  Marie became head of the International Red Cross radiological service. She trained doctors to use the latest equipment and raised money, supplies, and vehicles to provide more machines at the front line.

 


    
  It is thought that Marie helped over one million soldiers during the war. Her X-ray machines were used to see bone fractures, bullets, and pieces of shrapnel in the soldiers' wounds.

 

    
  The X-ray machine trucks became known as "petites Curies" (little Curies). Marie drove many of the vehicles herself, and her 17-year-old daughter Irene also helped at the front line.

 

  



    

    

    
    
  Later Life

 

    

  After the war, Marie continued her work as a researcher and teacher and established the Curie Foundation to secure funding for research. Following the Paris example, she also founded the Radium Institute in Warsaw. These institutes are still major cancer research centres today.

   

   

  But in the 1920s, Marie's health began to deteriorate rapidly. For some years, she had experienced pain and fatigue. She had no idea that her daily work was harming her health.

 

    
  In 1921, Marie toured the United States, with her daughters Irene and Eve, to raise funds for radium research. They visited several U.S. cities as well as Niagara Falls and the Grand Canyon.

 

  



    

    

    
    
  Lasting Legacy

 

    

  Marie died in 1934 from leukaemia, caused by overexposure to radiation. She was 66. In 1995, she and Pierre were reburied in the Panthéon in Paris, a tomb of honour for French citizens. Marie was the first woman to be buried there.

   

   

  Marie opened up new studies in physics and chemistry and paved the way for advanced medical treatments, that have proved invaluable to this day.

 

    
  Safety measures now prevent overexposure to radiation. Radium is also rarely used. Instead, safer radioactive substances, such as cobalt, are more commonly used.

 

    
  Marie Curie's research papers are stored in lead-lined boxes at the National Library of France. This is because they are still highly radioactive and will be for at least 1,500 years!
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      '@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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