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	For a long time, humanity wondered whether light travels at a finite speed or an infinite one. The matter was settled in the 17th century, when scientists managed for the first time to produce a rough measurement of light's speed. That figure was later found to be too low by about a third, but even so it was astonishingly large.

	During the 20th century, it became apparent that, measured against the dimensions of the Universe, light actually moves very slowly.

	It is only on a human scale that light appears to arrive in no time at all. A beam sent around the equator would circle our planet seven times within a single second. The Universe, though, spans distances that dwarf anything on Earth.

	Across the solar system, the journey of light from our nearest cosmic neighbors to us is no longer a negligible instant. Light bouncing off the Moon's surface, for instance, needs over a second to reach Earth, which means we always see the Moon as it appeared more than a second earlier.

	Below are approximate travel times for light from various sources to reach us, according to where they sit relative to Earth:

	The most distant galaxies visible to us: more than 13 billion years 

	The nearest star, Alpha Centauri: 4 years 

	Our Sun: 8 minutes 

	The farthest known dwarf planet, Sedna: 0.5-6 days 

	The nearest (non-dwarf) galaxy, Andromeda: 2 million years 

	The largest and most familiar dwarf planet, Pluto: 5-7 hours  

	The farthest planet of the solar system, Neptune: 5 hours 

	The most remote stars within our own galaxy: 100,000 years 

	A comparison may help us picture the sizes and distances involved in the Universe more clearly.

	Neptune, the outermost planet in the Solar System, lies 30 times farther from the Sun than Earth does. Suppose the distance from the Sun to Neptune were shrunk to 0.5 mm, so that the diameter of Neptune's orbit became 1 mm. Then:

	the observable Universe would have a diameter of 75,000,000 km, nearly 6,000 times the true diameter of our Earth, or half the real distance between the Sun and the Earth; 

	Alpha Centauri would sit roughly 5 meters off; and 

	our galaxy, around 150 km across, would match the footprint of 16 New York Cities (arranged 4 by 4). 

	The observable Universe is roughly 500,000 times larger than our home galaxy, the Milky Way. How much larger the Universe extends beyond the observable part, however, is something no one knows for certain. Based on what we currently understand about the Universe and its past (the Big Bang, Inflation, the dynamics of cosmic expansion), the entire Universe has to be at least 250 times the size of the observable portion. That, though, is the most cautious estimate. The boldest estimates produce a number with so many zeros that writing it out would take a couple of pages.

	Whatever the true size, we can see far less than what exists, because the speed of light is comparatively low and because the Universe keeps expanding.

	Cosmic expansion is not simply galaxies moving farther apart; space itself is stretching. This pervasive stretching does not rip apart atoms, planets, stars, or galaxies, since electromagnetic attraction holds atoms together and gravitational attraction does the same for the other three. Expansion has not yet overcome these forces, but its rate is rising because of dark energy.

	Among galaxies that lie close together, gravity still beats expansion. On a greater scale, however, between galactic clusters, the larger separations mean weaker gravity, and expansion prevails. Observations show that the farther a galactic cluster lies from us (and from other clusters), the faster it recedes from us (and from other clusters).

	We know that galaxies lying beyond the cosmological horizon must be receding from us at more than the speed of light. Consequently, their light can never arrive here. That is the heart of the term cosmological horizon: a boundary past which the Universe cannot be observed, even in principle.

	So long as expansion keeps accelerating, galaxies that currently recede at less than light speed will in time cross over that threshold. Eventually, then, we will be unable to see what we can see now. Galaxy after galaxy will vanish from the view of our telescopes as each one flees faster and faster.

	Einstein's theory of relativity holds that no objects can move relative to one another faster than light, since that is the highest speed possible in our Universe. The expansion of the Universe looks like the exception that proves the rule. In relativity, this cap on the speed of everything in the Universe, light included, is an inherent feature of "space-time," the theory's merger of space and time into one entity. Yet when space itself expands, the speed limit for light (and everything else) stretches along with it.

	Peering into the past

	Because light travels at a finite speed, any glow we pick up from a distant object shows us only how that object looked, and where it stood, at the moment its light (or the light it reflected) set out. 

	Astronomers find it handy to express cosmic distances in light-years, meaning the span light covers over one year. A distance given in light-years also reveals how far back in time we are looking at that object. 

	Scientists estimate that our Universe is roughly 13.8 billion years old. The farthest object spotted so far is the galaxy GN-z11, which appears to lie 13.4 billion light-years from us. Yet that figure merely tells us that the galaxy was in that spot, looking that way, 13.4 billion years ago. Calculations show that, owing to the Universe's expansion, it now sits about 32 billion light-years away. By the same logic, in its remote present-day state, the galaxy is 13.4 billion years more advanced than the version we can see from here. What reaches us is the galaxy as it appeared across that vast stretch of time. 

	It is remarkable that each time newer telescopes probe deeper into distant regions of the Universe, they reveal an earlier era, an image carried to us across the depths of space by light. In a unique way, the history of the Universe is not wholly and permanently beyond our reach as an object of observation, unlike humanity's past or the personal history of any individual. 

	We have already gathered a great deal of knowledge about the infancy of the Universe and how it developed. Careful scientific work has produced well-supported ideas rich in detail. Still, some matters remain murky, disputed, or undiscovered. It must also be admitted that certain things we believed we understood proved to be mistaken, which is a normal part of scientific inquiry. 

	Cosmic exploration relies chiefly on watching and analyzing electromagnetic radiation arriving from objects beyond Earth, using telescopes. Larger and stronger telescopes deliver newer, sharper, and more detailed information, which lets science move forward. Fresh data helps researchers settle unanswered questions and puzzles, examine early hypotheses on various topics, and test, extend, and refine theories about the Universe's nature and behavior, as well as its past, present, and future. Our theories advance as our knowledge grows. 

	A brief history of the Universe

	Piecing together, after the fact, a series of pivotal moments in the history of our Universe is something like solving a puzzle. The task draws on what we understand about nature at every scale, from the tiniest to the grandest; on the information we hold about the Universe in its near and far present as well as in its remote past; and on a steady stream of newer, sharper observational data. All of these strands have to fit together into a single coherent picture.

	Because the Universe is expanding now, we can conclude that at some earlier time it was smaller and more tightly packed. Having more matter and energy squeezed into less space produces a higher temperature (temperature, at bottom, is a measure of how concentrated energy is within a given volume or amount of matter).

	In its earliest phase, the Universe was so compact, crowded and scorching that even atomic nuclei could not survive. The basic building blocks of matter, quarks and electrons, drifted freely in a hot plasma, since the heat energy in the Universe overpowered both the strong nuclear force and electromagnetism. When conditions are cooler, the strong nuclear force binds quarks into protons and neutrons and then draws those together into atomic nuclei. For the weaker electromagnetic force to join electrons and nuclei into whole atoms, the temperature has to fall further still.

	Quarks, obeying the strong nuclear force, joined into protons and neutrons when the Universe had reached an age of roughly 10−5 seconds.

	Most of those protons were destined to become the nuclei of hydrogen atoms in the future. Yet throughout the first 20 minutes, the entire Universe was at least as hot as the core of a star, so nuclear fusion took place everywhere. A portion of
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