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How Does Time Work Differently Near Stars And
Black Holes?
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I. INTRODUCTION

Have you ever wondered if time always ticks the
same for everyone, everywhere? Most people imagine time as
a constant, like a steady, invisible river—flowing uniformly
across the universe. But near stars and black holes, that river
doesn't just flow—it bends, stretches, and slows down in
fascinating ways. Let's explore how and why time behaves
differently in these extreme places, based on what science
currently understands.

Time is not a standalone phenomenon—it is deeply
connected to space. According to Albert Einstein's General
Theory of Relativity, space and time are interwoven into a
single entity: spacetime. This fabric of spacetime is distorted
by the presence of mass and energy. Massive objects like stars
and black holes don't just exist within spacetime—they warp
it. This curvature affects the paths that objects take and how
time is experienced near them.

A helpful way to visualize this is by imagining
spacetime as a stretched rubber sheet. When undisturbed, the
sheet is flat. But place a heavy ball on it—Ilike a star—and the
sheet curves. Roll a marble nearby, and it spirals inward, not
because it is pulled directly, but because the surface itself is
curved. Similarly, massive objects cause planets to orbit and
light to bend all due to this curvature of space time. (the image
below will help you understand better)

What's even more intriguing is how this curvature
impacts time. The closer you are to a massive object, the
stronger the gravitational field, and the slower time flows
relative to a point farther away. This phenomenon, known as
gravitational time dilation, has been verified through various
experiments and is now an essential aspect of modern physics.

Consider this example: one spaceship orbits close to
a black hole, while another stays far away. For the person near
the black hole, time passes more slowly compared to the
person farther away. When the two reunite, the one who
stayed near the black hole will have aged less. This is not
speculation—it's a confirmed prediction of general relativity.
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On Earth, gravity is much weaker, but the effect still
exists. Your feet are slightly closer to Earth's center than your
head, so they experience slightly stronger gravity. As a result,
time passes minutely slower at your feet than at your head.
Though imperceptible to us, this difference has been measured
with highly sensitive atomic clocks.

Another powerful example is the Global Positioning
System (GPS). Satellites orbit Earth at high altitudes where
gravity is weaker. Because of this, time on the satellites runs a
bit faster than on the surface. Additionally, their high velocity
slightly slows their time due to special relativity. Engineers
must correct for both these effects to maintain GPS accuracy.
Without accounting for these relativistic adjustments, GPS
systems would quickly drift out of sync.

Light, too, is affected by gravity. When light escapes
from a strong gravitational field, like that of a star, it loses
energy, causing its frequency to decrease and its wavelength
to increase—a phenomenon called gravitational redshift. This
isn't because the light slows down, but because it loses energy
while climbing out of the gravitational well. The redshift is a
direct consequence of how gravity influences the passage of
time.

All of this stems from how mass and energy warp
spacetime. The stronger the gravitational field, the more
significant the distortion, and the greater the effect on time.
These insights are not speculative—they're confirmed, through
observation and experiment and form the basis of many
modern technologies and astrophysical predictions.

So, the next time you gaze up at the night sky,
remember that time isn't flowing equally everywhere. Near
stars and black holes, time stretches and twists. Thanks to
Einstein's General Relativity, we now understand that time is
not a constant tick—it's a dynamic feature of the universe,
sculpted by gravity itself.
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