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There is a peculiar kind of beauty in the universe: it does not merely shine, 
it distorts. A star does not only glow; it can bend the path of another star’s 
light. A galaxy does not merely sit in space; it can become a lens. In that 
sense, the cosmos behaves less like a static stage and more like an 
instrument — one whose strings are spacetime itself. Einstein’s great 
insight was to see gravity not as a force pulling at objects from afar, but as 
geometry. Matter tells spacetime how to curve, and spacetime tells matter 
— and light — how to move.¹ 
 
The governing statement of that idea is Einstein’s field equation: 
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It looks compact, almost 
innocent. Yet inside it live black 
holes, gravitational waves, 
planetary motion, and the 
bending of starlight. The 
left-hand side describes 
geometry; the right-hand side 
describes energy and 
momentum. The equation is not 
merely about gravity. It is about 
the grammar of the universe. 
 
 
 
If we zoom into one of Einstein’s 
most elegant predictions, the mathematics becomes even more poetic: 
light passing near a mass is deflected by an angle 
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Illustration of spacetime curvature predicted by General 
Relativity. 

https://en.wikipedia.org/wiki/Einstein_field_equations


 

where  is the mass of the lens,  is the impact parameter,  is the 𝑀 𝑏 𝐺
gravitational constant, and  is the speed of light. This result is deceptively 𝑐
simple. The deflection increases with mass, decreases with distance of 
closest approach, and in the weak-field regime it reveals that even light — 
the fastest thing we know — must obey geometry. 
 
What is thrilling is that this is not just a theoretical curiosity. When the 
source, lens, and observer line up nearly perfectly, the deflection becomes 
symmetric. Then a single background source can appear as a ring: the 
Einstein ring.3 The lens equation captures this geometry in a single line: 
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Here  is the true angular position of the source,  is the observed angle, β θ
 is the distance between lens and source, and  is the distance from 𝐷
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observer to source. In perfect alignment, , and the image forms a ring β = 0
of angular radius , the Einstein radius: θ
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This is one of the most beautiful moments in astrophysics: geometry 
becomes measurement. If we measure , then the lens mass can be θ

𝐸

inferred from 
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That is not just an equation. 
It is a weighing machine for 
invisible matter. A ring of light 
across the sky can tell us the 
mass of a foreground galaxy, 
a star, or even the dark 
matter halo wrapped around 
it. The universe writes its 
secrets in circles. 
 
The deeper I follow this trail, 
the more it feels like the sky is 

solving a differential equation in front of us. In general relativity, light does 

 
Einstein ring formed by gravitational lensing of a distant galaxy. 

https://en.wikipedia.org/wiki/Einstein_ring
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not travel in straight lines; it follows null geodesics, paths determined by 
spacetime curvature. In symbolic form, a geodesic satisfies 
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where  are the Christoffel symbols and  is an affine parameter. This Γ
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equation says that light is not “pulled” sideways by gravity in the Newtonian 
sense. Rather, the path itself is curved by the geometry through which it 
moves. That is why a lens is not really a piece of glass in space; it is space 
itself becoming optical. 
 
And yet the cosmos does not stop at bending light. It also stretches it. On 
the largest scales, the universe expands, and distant galaxies recede from 
us according to Hubble’s law: 
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where  is recession speed,  is 𝑣 𝑑
distance, and  is the Hubble 𝐻

0

constant. The light from those 
galaxies is shifted toward the red, 
with redshift 
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or equivalently 
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This is the mathematics of an 
expanding universe: as space 
grows, wavelength grows with it. A 
galaxy does not need to move 
through space for its light to 
redden; the fabric between us and 
it can simply stretch. In a sense, 
the universe is writing a 
slow-motion theorem across the 
sky. 
 
 
There is a remarkable elegance in how these ideas connect. The field 
equation explains curvature. Curvature bends light. Bent light produces 
rings. Rings reveal mass. Expansion stretches wavelengths. Wavelengths 

 
Hubble Ultra Deep Field showing thousands of distant 

galaxies. 
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reveal distance. So the same mathematical language that predicts the 
orbit of a planet also helps us estimate the mass of a galaxy or read the 
age of the universe from its light. The scale changes; the grammar does 
not. 
 
That, to me, is the quiet triumph of mathematics in astronomy. It does not 
merely describe what we see. It tells us what cannot be seen directly. Dark 
matter, for example, often announces itself through lensing, not 
luminosity.7 We do not observe it by its glow, but by the geometry it 
imposes. In that way, mathematics becomes a detective’s art: a method for 
inferring the hidden from the visible. 
 
And perhaps that is why Einstein rings feel so magical. They are not just 
beautiful astronomical objects. They are signatures of an underlying order 
— a sign that the cosmos is intelligible, but not transparent; precise, but 
never simple. A ring of light may seem like a finished shape, yet in the 
language of the universe, it is also a question. 
 
Maybe that is the real lesson. When we look at the sky through 
mathematics, we do not erase wonder. We sharpen it. Every equation 
becomes a doorway, and every doorway opens onto a deeper mystery. 
 
The universe, after all, does not merely have structure. 
 
It has syntax. 
 
And somewhere beyond the last ring of light, the sentence is still unfolding. 

 

https://en.wikipedia.org/wiki/Dark_matter
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