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Beyond the HorizonBeyond the Horizon: GN-z11, 
the Expanding Universe, and the Limits of What 
We Can Ever See 
An original essay for advanced SAT Verbal preparation 

In 2016, astronomers using the Hubble Space Telescope confirmed the detection of a 
galaxy so distant that the light reaching our instruments had been traveling for 
approximately 13.4 billion years — light that departed its source when the universe itself 
was barely four hundred million years old, a mere infant by cosmological reckoning. The 
galaxy, designated GN-z11, holds the distinction of being among the most remote objects 
ever observed by humanity. Yet the number that most arrests the imagination is not its 
age but its velocity: GN-z11 is receding from us at roughly twelve times the speed of light. 
For anyone raised on the foundational principle that nothing in the universe can travel 
faster than light, this figure seems not merely surprising but flatly impossible — a 
contradiction of the most basic rules of physics. The resolution of that apparent 
contradiction opens a window onto one of the deepest and most beautiful ideas in modern 
cosmology: the distinction between motion through space and the expansion of space 
itself, and the profound observational limit that expansion imposes on everything we can 
ever hope to know about the universe we inhabit. 

The redshift as cosmic odometer 

To understand how astronomers determine that GN-z11 is receding at superluminal 
speed, one must first understand cosmological redshift — a phenomenon that is 
superficially similar to the Doppler effect familiar from everyday experience but is, in its 
underlying mechanism, something quite different. When a fire truck races away from a 
stationary listener, the sound waves it emits are stretched out by the truck's motion, 
arriving at lower frequency and therefore lower pitch. An analogous effect operates with 
light: a source moving away from an observer emits light whose waves are stretched 
toward the red end of the electromagnetic spectrum, a shift detectable through 
spectroscopic analysis. This is the classical Doppler redshift, and it does indeed encode 
information about an object's velocity through space. 

Cosmological redshift, however, arises not from an object's motion through space but 
from something far more radical: the stretching of space itself during the time the light is 
in transit. When light departs GN-z11, it has a certain wavelength determined by the 
atomic processes that produced it — the characteristic fingerprint of hydrogen emission, 
for instance, occurring at precisely known frequencies. As that light travels toward us 
across thirteen billion years, the fabric of space through which it moves is itself expanding. 
The light wave is embedded in that fabric, and as the fabric stretches, so does the wave. 
By the time the light arrives at our telescopes, its wavelength has been stretched to roughly 
twelve times its original value — a redshift astronomers notate as z = 10.957, meaning the 
universe has expanded by a factor of approximately eleven since the light was emitted. It 
is this stretching of the light's wavelength, not any conventional Doppler motion, that the 
term cosmological redshift properly denotes. And it carries encoded within it a precise 
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record of how much the universe has expanded since the moment of emission — making 
it, in effect, a cosmic odometer. 

Two kinds of speed: a crucial distinction 

The claim that GN-z11 is receding at twelve times the speed of light only becomes 
intelligible — and non-paradoxical — once one grasps the distinction between two 
fundamentally different kinds of relative motion. Einstein's special theory of relativity 
imposes an absolute speed limit on objects moving through space: no object with mass 
can be accelerated to the speed of light, and no signal or physical influence can propagate 
faster than light through space. This limit is inviolable and has been confirmed by every 
experiment ever devised to test it. It applies to rockets, particles, and information — to 
anything that moves through the medium of space. 

But the expansion of the universe is not the motion of objects through space. It is the 
expansion of space itself — the stretching of the metric, the very fabric of distance, 
simultaneously everywhere. Galaxies like GN-z11 are not racing through space away from 
us in the manner of a receding rocket. They are, for the most part, relatively stationary 
within their local neighborhoods of space. It is the intervening space between us and them 
that is growing, and it is growing at every point simultaneously. An analogy, imperfect as 
all analogies in cosmology must be, is the surface of an inflating balloon on which two 
dots have been drawn. Neither dot moves across the balloon's surface, yet the distance 
between them increases as the balloon inflates. An ant walking along the balloon's surface 
is constrained by the speed at which it can traverse the rubber — but the rubber itself can 
stretch at any rate without violating any rule governing the ant's locomotion. 

There is no law of physics that limits the rate at which space itself can expand. Einstein's 
speed limit governs motion through space, not the expansion of space as a geometric 
quantity. Consequently, galaxies sufficiently far away from us — beyond what 
cosmologists call the Hubble radius — recede faster than light not because they are 
moving superluminally through space but because the volume of space between us and 
them is increasing superluminally. GN-z11's recession speed of roughly twelve times the 
speed of light is simply the product of an enormous distance multiplied by the current 
rate of cosmic expansion. It violates no physical law and implies no paradox, provided 
one maintains the crucial distinction between the two kinds of speed involved. 

The Hubble constant and the geometry of expansion 

The quantitative framework for understanding cosmic expansion was first articulated in 
1929 by the American astronomer Edwin Hubble, who observed that distant galaxies are 
receding from us at speeds proportional to their distances — a relationship now known as 
Hubble's Law. The constant of proportionality in that relationship, denoted H₀ and called 
the Hubble constant, expresses the rate at which the universe is currently expanding. Its 
value — subject to ongoing measurement and some scientific controversy — is 
approximately 70 kilometers per second per megaparsec, meaning that for every 
megaparsec of distance between us and a receding galaxy (one megaparsec being roughly 
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3.26 million light-years), the galaxy's recession speed increases by about 70 kilometers 
per second. 

The implications of this relationship are elegant and far-reaching. At sufficiently large 
distances, recession speeds calculated from Hubble's Law will exceed the speed of light — 
not as a violation of relativity but as an inevitable geometric consequence of expansion 
accumulating across vast distances. The specific distance at which recession speed equals 
the speed of light is called the Hubble radius, currently estimated at roughly 14 billion 
light-years. Beyond that radius, objects are receding faster than light. The Hubble 
constant is not merely a number describing the universe's current behavior; it is the key 
parameter that determines the geometry of what can and cannot be known. 

It is worth noting that the Hubble constant is itself the subject of a significant ongoing 
scientific dispute. Two independent methods of measuring it — one based on observations 
of the early universe's microwave background radiation, and another based on 
observations of nearby standard candles such as Cepheid variable stars and Type Ia 
supernovae — yield values that disagree by more than the measurements' respective 
margins of error. This discrepancy, known as the Hubble tension, remains one of the most 
actively investigated problems in contemporary cosmology. Its resolution may require 
new physics beyond the current standard model, and it is a vivid reminder that even the 
most foundational quantities in science remain subject to revision and refinement. 

The observable universe and its horizon 

The concept of an observable universe follows directly from the combination of a finite 
cosmic age, a finite speed of light, and an expanding spatial geometry. Because the 
universe is approximately 13.8 billion years old, light has had only 13.8 billion years to 
travel. One might therefore suppose that the observable universe extends 13.8 billion 
light-years in every direction. But this intuition neglects the expansion of space that has 
occurred during the light's journey. The regions of space from which the oldest light is 
now arriving have been receding from us throughout the entire transit of that light, and 
they are currently located much farther away than their original emission points. When 
this expansion is properly accounted for, the observable universe turns out to have a 
radius of approximately 46 billion light-years — giving a total diameter of roughly 93 
billion light-years — despite the universe being only 13.8 billion years old. This is not a 
contradiction but a direct consequence of expanding space carrying matter outward faster 
than light during portions of cosmic history. 

The boundary of the observable universe is called the cosmological horizon, or more 
precisely the particle horizon — the surface beyond which no light or information of any 
kind has had time to reach us since the Big Bang. It is a horizon not in the sense of a 
physical boundary or a wall in space but in the epistemological sense of a limit on 
knowledge: beyond it, the universe may continue indefinitely, but we can have no 
observational access to it and therefore no empirical knowledge of what it contains. 

There is a further subtlety that deepens this epistemic boundary. Because the expansion 
of the universe is accelerating — a discovery made in 1998 that earned the 2011 Nobel 
Prize in Physics and is attributed to the mysterious entity called dark energy — the 
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observable universe is not static but shrinking in a functional sense. Galaxies that are 
currently visible to us, but are sufficiently far away, will in the future recede beyond our 
event horizon: a boundary defined not by the light we can receive now but by the light we 
will ever be able to receive in all of future time. In the very long run — on timescales of 
trillions of years — the night sky as seen from Earth would contain only the stars of our 
own Local Group of galaxies, all others having vanished beyond the event horizon. The 
universe would appear, to any observer then present, as a small, isolated island of matter 
surrounded by an infinite, empty dark. 

GN-z11 as a window and a warning 

Returning to GN-z11 with this framework in place, the galaxy can be appreciated not 
merely as a record-holder in a catalog of cosmic distances but as a conceptual landmark 
— a point at which the ordinary intuitions we bring to space and motion break down 
entirely and must be replaced with something more subtle and more strange. The light 
we receive from GN-z11 today is a 13.4-billion-year-old message from a universe radically 
different from the one we inhabit: hotter, denser, populated by the very first generations 
of stars whose nuclear furnaces forged the heavy elements from which planets and, 
eventually, living beings would be constructed. GN-z11 itself, as it exists today, is 
unreachable and unobservable — its current state lies beyond our event horizon, 
permanently hidden from us by the acceleration of cosmic expansion. We see it only as it 
was, not as it is. 

This temporal displacement — the fact that observing distant objects means observing the 
past, and that the most distant objects are the most ancient — is one of cosmology's most 
philosophically arresting features. A telescope is, among other things, a time machine, 
and the observable universe is simultaneously a spatial map and a historical archive. Its 
outer boundary is not a place one could travel to but a moment one cannot go back to: the 
earliest epoch from which light has had time to reach us. Beyond GN-z11, closer still to 
the Big Bang, lies the cosmic microwave background — the afterglow of the early 
universe's hot plasma phase, the most ancient light of all — and beyond that, a period 
before light could travel freely at all, forever opaque to electromagnetic observation. The 
horizon of the observable universe is, in the most literal sense, the edge of history itself. 

What GN-z11 ultimately teaches is that the universe is under no obligation to conform to 
human intuition. Speed can exceed the speed of light without violating Einstein. A 
universe 13.8 billion years old can have an observable radius of 46 billion light-years 
without contradiction. A galaxy can be simultaneously visible to us and permanently 
beyond our reach. These are not paradoxes to be resolved by cleverer thinking; they are 
features of a cosmos whose geometry, history, and ultimate extent are stranger and 
grander than any framework our unaided minds would naturally construct. The practice 
of cosmology is, at its core, the disciplined cultivation of a more adequate imagination — 
one capable of holding, without flinching, the full strangeness of the universe we actually 
inhabit. 
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