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		THE KING



		The king of our solar system, the largest of all the planets, and one of the most beautiful objects in the galaxy, Jupiter is the fifth planet from the Sun, and is also known as a gas giant. Jupiter is the fourth brightest object in the night sky – after the Sun, the Moon, and Venus – and can be seen from Earth with the naked eye. An observer would best spot Jupiter in the evening sky with the planet being the first shining light to come into view at dusk on the side of the sunset.
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		DISCOVERY



		Jupiter has been known to humans at least since the ancient Babylonian astronomers of the eighth or seventh centuries BCE. In addition, in the second century CE, Claudius Ptolemy, a Hellenistic astronomer constructed a geocentric model of the planets featuring Jupiter. However, the first detailed observations of the planet were made in 1610 by the famous astronomer Galileo Galilei using a small telescope, which resulted in the discovery of four large moons orbiting Jupiter.



		Jupiter is named after the king of the Roman gods. To the Greeks, it represented Zeus, the god of thunder.
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		FORMATION



		Scientists hypothesise that the solar system formed from a dense cloud of interstellar gas and dust. These pieces of rock, and dust smashed into one another, slowly forming larger and larger objects. Some of these objects grew big enough for their gravity to shape them into spheres, becoming planets, dwarf planets and large moons. Two theories exist about how Jupiter formed. Essential to the story of the planet’s birth is whether or not it has a core. One theory states that Jupiter formed early along with the Sun, collecting mostly gases and thus having no solid core. The other theory states that Jupiter does have a core, and formed later on with the other planets. Whether it has a core or not, there is no doubt that Jupiter indeed is the oldest planet in the solar system.



		Jupiter is a bit of a mini-solar system in itself, as it is so large and has many moons orbiting it.



	

		
			[image: ]
		

		
			
				
					
				
			

		

		
			[image: ]
		

		
ORBIT AND ROTATION



		Jupiter is located 778 million kilometres from the Sun, and it takes the planet a whopping 12 years to complete an orbit around the Sun. Because Jupiter spins so rapidly, a day on the planet lasts less than 10 hours, making its day the shortest out of all the planets.



		The speed of Jupiter’s spin causes the planet to take the shape of a bulgy sphere instead of a perfect circle. Because of the bulged middle, the planet is about 7% wider at the equator.
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		MASS AND SIZE



		Jupiter is so large that if we could put all the other planets together they would barely make up half of Jupiter. In fact, over one thousand Earths could fit inside the giant planet. If Jupiter had evolved into being 80 times larger than it is now, it would have become a star, and indeed could have formed its own solar system.



		It would take three weeks to travel by plane around Jupiter. Compare that to just the two days it takes to travel around Earth.
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COMPOSITION
AND STRUCTURE



		Jupiter is a gaseous planet made mostly of hydrogen and helium, like our Sun. There is no solid surface, just layers of gases that eventually turn into liquid and metal. The temperature in the clouds of Jupiter is about -145 degrees Celsius (-229 degrees Fahrenheit). As we dive deeper into the second layer of the planet, the pressure increases and squeezes the hydrogen, turning it from a hot gas into a hot liquid ocean. In the deeper layer, the liquid transforms into a metallic state. Here the temperature and pressure are so high that unimaginable things begin to happen; protons lose track of electrons, ions turn into a soup-like state, and electrically conductive fluids cover the interior of the planet. It is this ‘soup’ of liquids that cause the planet to form an enormous and very powerful magnetic field.
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THE MASSIVE MAGNET



		A planet’s magnetosphere forms as pressure within the planet interacts with the external pressure of the solar wind. The stronger the magnetic field, the larger the magnetosphere. Jupiter’s magnetic field is huge; it is the largest structure in the solar system. The strong magnetic field, accompanied by strong gravity, and combined with the rapid rotation of the planet, makes Jupiter act as a slingshot to any space objects coming near it. It literally draws the object in, spins it around, and throws it back out again into space.



		Jupiter’s magnetosphere is the largest structure in the solar system.
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		AURORAS



		As the solar wind reaches Jupiter’s magnetosphere, particles from the wind get trapped there, similar to what happens to Earth. But unlike other planets, Jupiter also gets additional particles from its volcanically active moon Io. The charged particles get drawn into Jupiter’s upper atmosphere and around its magnetic poles. The particles then interact with molecules and atoms from the planet’s atmosphere and release energy, usually in the form of visible light. This is what causes the beautiful auroras witnessed on Jupiter’s north and south poles. Jupiter’s auroras are much more powerful than Earth’s, producing over one million megawatts. The intense particle streams that cause the auroras actually produce a ‘hissing’ sound that can be heard on certain radio frequencies here on Earth.
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		ATMOSPHERE AND
CLOUD LAYERS



		When looking at Jupiter, the most striking feature we find is the colourful atmosphere of the planet. The bands are alternate between dark and light zones, stirring up the planet’s colourful composition into beautiful swirls of reds, yellows, and browns. These belts of colour are caused by very strong east-west winds coming from the planet’s upper atmosphere that travel at over 540km/h (335 mph). The light-coloured clouds are mostly made of frozen ammonia crystals, while other chemicals make up the darker clouds.



		Lightning storms in the deeper clouds of Jupiter turn methane into soot carbon, which hardens into pieces of graphite, and then as diamond as it falls deeper into the atmosphere.
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STORMS



		
Jupiter is like a huge ocean of gases. These gases make colourful storms that range from bright oranges to deep browns and come in many beautiful shapes and sizes. Scientists believe a combination of sulphur and phosphorus in the atmosphere makes the lovely colours. But we still aren’t sure why the swirls continue to change. Some believe it is Jupiter’s fast rotation that causes the planet to stir up and have different stormy vortices, while others believe the strong winds are to blame.



		
The most famous feature of Jupiter is also its largest storm, the Great Red Spot, which has been raging for over 300 years. The storm is so large that two Earths could fit inside it!
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RING SYSTEM



		Until recently people were not aware that any other planet had rings but Saturn. It turns out that indeed all of the outer planets have rings. Jupiter’s ring system is made up of three sections. The innermost rings are called a ‘halo’, and they extend from the planet’s top clouds up to the middle-ring layer. The middle-ring is called the ‘main ring’ and it is about 30 kilometres (18 miles) thick. Both the main ring and halo are composed of small, dark particles. The outermost layers of three rings are called the ‘gossamer rings’ and are so named because of their transparency. These rings are made of tiny debris from Jupiter’s moons, Amalthea, Thebe, and Adrastea.
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MOONS



		Jupiter has the most moons of any planet in the solar system. Fifty three of them are named and another 26 are awaiting their official names. Jupiter’s moons are usually named after the Roman gods’ many lovers. The four largest moons of Jupiter are Io, Europa, Ganymede, and Callisto. They were discovered by Galileo Galilei, and are known today as the ‘Galilean satellites’.
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		GANYMEDE



		Ganymede was discovered by Galileo Galilei in 1610, and it was the first time a moon was seen orbiting a planet other than Earth. Ganymede is the largest moon in our solar system. It is so large that if it orbited the Sun, instead of Jupiter, it would easily classify as a planet, being larger than Mercury. With the help of the Hubble Space Telescope, astronomers discovered that Ganymede has a very thin atmosphere made of oxygen, however it is probably too thin to support any life.
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Ganymede is the only moon known to have a magnetic field. The moon is believed to be made of rock and ice, with a core made mostly of metallic iron and iron sulphide. It is because of its metallic core that Ganymede can generate a magnetic field. In 2004, strange bumps were discovered under Ganymede’s icy surface. The lumps, which are believed to be rock formations, led scientists to hypothesise that the ice found on Ganymede is strong enough to support heavy masses.



		NASA’s Pioneer 10 mission was the first mission that explored Ganymede up close.
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		CALLISTO



		Callisto is Jupiter’s second-biggest moon and third biggest in our solar system. The moon is made up of about 60% rock and 40% ice; traces of water have also been found through recent exploration. When viewed through a telescope Callisto appears brighter than our Moon, even though it is located much farther away. This is due to the fact that Callisto’s surface is covered in a thick layer of ice which reflects sunlight better than our Moon’s surface.



		The Galileo mission revealed that Callisto may in fact have liquid water about 100 kilometres (62 miles) under its rocky surface.
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The surface of Callisto is the most heavily cratered in our solar system; it is also believed to be the oldest landscape in our solar system. Valhalla is the name of the largest impact crater on Callisto and it stretches 3,800 kilometres (2,360 miles) in diameter.



		
Although no signs of geologic activity like plate tectonics and volcanism have been observed on Callisto, the presence of water beneath the surface of the moon gives scientists hope that some life could be harboured there.
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		IO



		The Galilean moon least like the others, Io is like a large hot pizza. Io has a weak gravity and because of this, when volcanoes on its surface erupt, the sulphur lava particles ejected don’t fall to the ground easily. Instead, sulphur dioxide crystals spewing from the volcanoes burst high into the air and form umbrella-like structures which look blue in colour.
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		Unlike the other three moons, Io is covered in active volcanoes that spew hot lava and cover the moon’s surface entirely. Being the most volcanically active surface in the solar system, with volcanoes found within every 160 kilometres (100 miles), Io’s surface is constantly changing as the lava flows make different designs over the planet.
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		EUROPA



		Europa is the smallest Galilean moon. It is a beautiful frozen world of pale blue carved with thin pink cracks. It is one of the brightest moons in the solar system, being covered mostly in frozen water, which reflects light very well. Scientists believe that underneath its frozen crust lies a huge ocean, thought to be over 60 kilometres (40 miles) deep. Europa is only about one-fourth the diameter of Earth, yet its ocean could contain twice as much water as all of Earth’s oceans combined!
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With water comes the possibility of life, so naturally NASA scientists are intrigued.
The Deep Phreatic Thermal Explorer (DEPTHX) is a robotic vehicle being developed and tested here on Earth, which is planned for exploration of Europa’s ocean and to search for extra-terrestrial life.
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EXPLORATION - GALILEO MISSION



		A total of seven spacecraft have passed the planet Jupiter, while the first one to actually orbit the planet was Galileo. Launched aboard Space Shuttle Atlantis in 1989, the spacecraft reached Jupiter six years later in 1995. Although its primary mission was to study Jupiter and its moons, Galileo achieved so much more, including discovering the first asteroid moon, Dactyl, around the asteroid 243-Ida. The spacecraft even recorded the first comet collision, as comet Shoemaker–Levy 9 collided with Jupiter.
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		The Galileo spacecraft had a probe that was released to free-fall into Jupiter’s atmosphere, making the first direct measurements of the atmospheric composition, water presence, and chemical makeup.



		As it was running out of fuel, Galileo was intentionally crashed into Jupiter’s atmosphere so that there was no chance of it crashing into the moon Europa and damaging its potentially life-supporting surface.
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		EXPLORATION - JUNO MISSION



		Launched by NASA in 2011, the spacecraft Juno entered Jupiter’s orbit five years later in 2016. The mission’s goal is to study Jupiter’s cloud layers, origin and evolution. Scientists believe studying Jupiter will reveal deeper secrets about planetary systems and more specifically how our solar system developed. The primary mission of the Juno spacecraft is to search for evidence of how the planet formed, whether water is present in its deeper atmospheric layers, and exactly what its core is made up of.



		Three Lego figurines were placed aboard the Juno spacecraft. One represents the astronomer Galileo, and the other two are Juno, the goddess after whom the mission is named, and Jupiter himself.
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		Unlike all previous spacecrafts sent to the outer planets, Juno is unique in that it is only powered by solar energy, thanks to three arrays of solar panels more than 20 metres (60 feet) in length. The solar panels not only provide energy to the craft, they were designed in such a way as to also provide stability to the craft during flight. The spacecraft is appropriately named after Juno, the Roman goddess who had the ability to see through clouds. The spacecraft was initially scheduled to be destroyed within Jupiter’s atmosphere in 2018, but the mission has been extended to 2021 when it is scheduled to deorbit and crash into Jupiter.
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      '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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