

    

    

    
    

  We all know that our world, as big as it looks to us, is just a tiny speck in the vast universe. Even our solar system is emptier than anything we could ever imagine, and stars and galaxies are so far apart that light, the fastest 'thing' there is takes years to travel between them. Given what we know, it may sound unreasonable to think that something could come from that void and smash straight into our planet, simply because we are too small a target when observed from a cosmic perspective. But as some scientists have rightly pointed out, given enough time, what seems impossible at first becomes possible, then probable and, in the end, inevitable. Space disasters have happened in the past, and some minor ones might even take place during our lifetime.

 


  



    

    

    
    
  IMPACT EVENTS

 

    
  What Is It?

 

    

  We talk about an impact event when there is a collision between two celestial bodies. More specifically, in the case of Earth, we use this term to describe an occurrence where a meteor strikes our planet.

  The chances of this happening are extremely small because most of the objects Earth encounters on its voyage through space and there are literally millions of them every day are the size of a pebble or smaller. They either burn up harmlessly in our atmosphere or settle on the ground in the form of microscopic dust particles. Encounters with larger objects that can actually reach the surface of our planet and cause considerable damage are far less frequent.

 


    
  A small piece of a comet or an asteroid in space is called a meteoroid. When it enters Earth's atmosphere and burns in it, it is called a meteor. If it reaches the Earth's surface, it is called a meteorite.

 

  



    

    

    
    

  What Causes It?

 

    
  Objects in space move at much greater speeds than anything on Earth. We normally express the speeds of cars, trains, and airplanes in kilometres per hour, but in the case of stars, planets, and asteroids, we must talk about kilometres per second. Our planet, for example, travels around the Sun at 30 km/s and the speeds of other objects in the solar system are of the same order of magnitude. Taking this into account, it becomes understandable that collisions at such enormous speeds can be disastrous, even when one of the objects is much smaller than the other and in case of Earth and meteorites they certainly would be, were it not for our atmosphere that offers us much

  needed protection.

 

    
  Meteoroids enter Earth's atmosphere at speeds between 10 and 70 kilometres

  per second.

 

  



    

    

    
    

  Before touching the upper layers of the Earth's atmosphere, meteoroids travel in a complete vacuum that offers no resistance to their movement. At that point, however, the situation changes and great friction occurs between the body of a meteoroid and air particles. This causes the temperature of the meteoroid to rise quickly and dramatically (up to 3,000 degrees Celsius!) and the meteoroid simply disintegrates, leaving a trail of light behind. All this happens in a matter of seconds and applies to small meteoroids. If the meteoroid is 10 to 100 metres across, it will explode in mid-air due to the strong compression forces it is subject to. Objects larger than 100 metres in diametre are generally referred to as asteroids. If asteroids come our way, they will reach the Earth's surface and collide with it, leaving a crater at the point of impact.

 


    
  Oddly enough, really small meteoroids can also reach the Earth's surface because they are light and can slow down without experiencing enough friction to burn up.

 

  



    

    

    
    

  Where Do Impact Events Occur?

 

    
  No place on Earth is more exposed to an impact event than any other. We live in a three-dimensional space, so meteoroids and asteroids can come from all directions and hit any point on our planet.

 

  



    

    

    
    
  When Do Impact Events Occur?

 

    

  Excluding so-called meteor showers that occur every year on certain dates, but do not pose a significant threat, the time of the next impact event with significant consequences is anyone's guess. So, instead of giving the exact dates, we can talk about how often these events happen. For example, scientists have calculated that Earth gets hit by a meteoroid measuring 20 metres in diameter once every 60 years. Earth is struck by an asteroid measuring 100 metres in diameter once every 5,200 years, and an asteroid measuring one kilometre in diameter once every 440,000 years.

 

    
  In addition to being harmless, meteor showers can also produce a spectacular light show! The best known among them are the Perseids, which can be observed in late July and early August each year.

 

  



    

    

    
    
  What Are the Dangers Impact Events Pose?

 

    

  In addition to large volcanic eruptions, impact events are the only other kind of natural disasters with the potential to destroy all life on Earth. However, this is extremely unlikely and would require a direct collision with an asteroid at least several kilometres in diameter. In such a scenario, those who were not killed as a consequence of the impact event itself would gradually starve to death because a huge amount of the Earth's soil would be ejected into the atmosphere, blocking the Sun's rays from reaching the surface of our planet and causing mass extinction of plants and animals. If, on the other hand, this asteroid fell into the ocean, it would cause a gigantic tsunami that would travel around the whole world before subsiding.

 


    
  Although they can be extremely dangerous, asteroid impacts are also thought to have played an important role in the early history of our planet.

 

  



    

    

    
    

  Having outlined the worst but, as explained, extremely unlikely scenario, let's look at the consequences of two relatively recent impact events. The first one is the famous Tunguska explosion, which occurred on July 30, 1908. There are different estimates of the meteoroid size (50 to 200 metres across) and the height at which it exploded (5 to 10 kilometres). Because this happened in a remote and almost uninhabited region of Russia, no one was killed on this occasion. The second event, which occurred only five years ago above the city of Chelyabinsk, also in Russia, was an explosion of a meteoroid 20 metres across that left 1,500 people injured, mostly from shattered glass.

 

    
  The Tunguska explosion was more than a thousand times stronger than the atomic bomb dropped on Hiroshima!

 

  



    

    

    
    

  Which Was the Largest Impact Event in History?

 


    
  Fortunately, all the largest impact events happened millions, and even billions, of years ago. All that is left today are craters, and we judge the magnitude of an event by the size of a crater. This line of reasoning puts the impact event that created the 300-kilometre-wide Vredefort crater in South Africa two billion years ago at the top of the list of the most destructive events of this kind.

 

  



    

    

    
    
  Can Impact Events Be Predicted?

 

    

  Because most meteoroids are too small, it is impossible to observe them early enough in order to calculate their paths and predict impact events. Of course, the situation changes when it comes to larger asteroids, which can be observed at much greater distances.

 

    
  The asteroid that created the Chicxulub crater on the Yucatan peninsula in Mexico about 65 million years ago is thought to have caused the extinction of dinosaurs.

 

  



    

    

    
    
  How to Stay Safe?

 

    

  If a meteor does not burn up in a couple of seconds, there is a chance that it may reach the lower parts of the atmosphere, where it will explode. It is advisable to get away from windows, and cover your ears to protect them from the air blast. You are not very likely to experience an impact event of significant magnitude during your lifetime, so no special preparation is needed.

 

  



    

    

    
    
  SOLAR FLARE

 

    

  What Is It?

 


    
  A solar flare is a large and sudden eruption on the Sun's surface that sends energy, charged particles and coronal mass (the matter of the Sun's superheated aura) into outer space. As a rule, these events are connected with the solar magnetic activity cycle that reaches its maximum every 11 years. The amount of energy released during a major solar flare is equal to that of many millions of atomic bombs!

 


  



    

    

    
    
  What Causes It?

 

    
  The exact cause of solar flares is still unknown, but observations have shown that they always occur along the so-called active regions on the Sun's surface. These regions (also known as 'sunspots') are characterised by a strong and rapidly-changing magnetic field. At one point, the energy of this field is released, which gives huge acceleration to the surrounding particles and causes their ejection into space.

 

    
  Although they occur on the Sun's surface, solar flares are much hotter than the Sun itself, and their temperatures are actually comparable to those at the core of our star!

 

  


    

    

    
    
  Where Do Solar Flares Occur?

 

    

  In most cases, the stream of particles that is ejected during a solar flare is wider in diameter than Earth. Consequently, the whole surface of our planet that is facing the Sun at the moment of the flare will be equally exposed to it.

 

  



    

    

    
    
  When Do Solar Flares Occur?

 

    

  Solar flares can occur at any time, but they are much more likely when the Sun is about to reach the peak of its activity. However, the above mentioned 11 year cycle is not set in stone the maximum of the current one in 2014 was the weakest in one hundred years, with a small number of sunspots and solar flares.

 


    
  Depending on their strength, all solar flares are divided into X-flares, M-flares and S-flares. X-flares are the strongest and most dangerous.

 

  



    

    

    
    
  What Are the Dangers Solar Flares Pose?

 

    

  Under normal circumstances, solar flares do not damage human bodies because Earth's magnetosphere offers good protection against all sorts of cosmic radiation. However, our technology is much more vulnerable to these events, and because we are so dependent on it, that means that a solar flare can cause many more problems today than, for example, 100 years ago.

 

    
  It is thought that a strong X-flare can cause a so-called geomagnetic storm, which would result in world-wide

  power outages. Knowing how many things run on electricity today, it's hard to imagine the chaos this would cause.

 

  



    

    

    
    
  Which Solar Flare Was the Largest in History?

 

    

  On September 1, 1859, a massive solar flare accompanied by ejection of coronal mass occurred on the Sun. When Earth was hit about 17 hours later, power grids and telegraphic systems throughout Europe and North America were so overloaded with electricity that operators got electric shocks when trying to use their equipment. Cases of telegraphic paper being set on fire were also reported. Aurora borealis, or polar light, which is normally seen only from high latitudes, could be seen from almost every point on Earth. Today, this solar flare is referred to as the Carrington Event, in honour of the astronomer who first observed it.

 


    
  A flare as strong as the one that caused the Carrington Event actually occurred on the Sun in 2012, but luckily the ejected coronal mass narrowly missed our planet.

 

  



    

    

    
    
  Can Solar Flares Be Predicted?

 

    

  We can only talk about greater probability of their occurrence, and this is again related to the cycle of solar activity. The ejected coronal mass causes the greatest damage, but it also takes longest to reach Earth, so after a flare is observed, there is some time (one to two days) to prepare for the hit.

 

  



    

    

    
    
  How to Stay Safe?

 

    

  Although even major solar flares can go unnoticed by everyone else except astronomers, it is still prudent to take some preparatory measures for such situations. Store some extra batteries, back up your valuable data, and find some alternative power and heat sources you could use in case of a prolonged power outage. And, of course, think of ways you could stay in touch with your friends and family because cell phone and internet services would be unavailable as well.
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      '100%{transform:scale(1,1);opacity:1}}' +
      '@keyframes pt-pop{0%{transform:scale(.2);opacity:0}65%{transform:scale(1.12);opacity:1}100%{transform:scale(1);opacity:1}}' +
      '@keyframes pt-unpop{0%{transform:scale(1);opacity:1}100%{transform:scale(.2);opacity:0}}' +
      '.pt-fold{position:absolute;left:0;top:0;width:100%;height:100%}' +
      '.pt-fold.pt-closing{animation:pt-out ' + T + 'ms both}' +
      '.pt-fold.pt-opening{animation:pt-in ' + T + 'ms both}' +
      '.pt-fold.pt-collapsed,.pt-fold.pt-collapsed *{visibility:hidden!important;opacity:0!important;pointer-events:none!important}' +
      '.pt-shade{position:absolute;left:0;top:0;width:100%;height:100%;pointer-events:none;' +
      'filter:drop-shadow(0 2px 3px rgba(0,0,0,.16))}' +
      '.pt-shade>.pt-panel{box-shadow:none}' +
      '.pt-panel.pt-dogear{-webkit-clip-path:polygon(0 0,100% 0,100% calc(100% - var(--pt-s)),calc(100% - var(--pt-s)) 100%,0 100%);' +
      'clip-path:polygon(0 0,100% 0,100% calc(100% - var(--pt-s)),calc(100% - var(--pt-s)) 100%,0 100%)}' +
      '.pt-flap{position:absolute;pointer-events:none;filter:drop-shadow(-1px -1px 1.5px rgba(0,0,0,.35))}' +
      '.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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