
Spaghettification

In astrophysics, spaghettification (sometimes referred to as the noodle 
effect) is the vertical stretching and horizontal compression of objects into 
long thin shapes (rather like spaghetti) in a very strong, non-homogeneous 
gravitational field. It is caused by extreme tidal forces. In the most extreme 
cases, near a black hole, the stretching and compression are so powerful 
that no object can resist it. Within a small region, the horizontal 
compression balances the vertical stretching so that a small object being 
spaghettified experiences no net change in volume.

Stephen Hawking described the flight of a fictional astronaut who, passing 
within a black hole's event horizon, is "stretched like spaghetti" by the 
gravitational gradient (difference in gravitational force) from head to toe. 
The reason this happens would be that the gravitational force exerted by 
the singularity would be much stronger at one end of the body than the 
other. If one were to fall into a black hole feet first, the gravity at their feet 
would be much stronger than at their head, causing the person to be 
vertically stretched. Along with that, the right side of the body will be 
pulled to the left, and the left side of the body will be pulled to the right, 
horizontally compressing the person. 

(from Wikipedia, https://en.wikipedia.org/wiki/Spaghettification)
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This animation illustrates what happens when an unlucky star strays too close to a monster black hole. 
Gravitational forces create intense tides that break the star apart into a stream of gas. The trailing part 
of the stream escapes the system, while the leading part swings back around, surrounding the black hole 
with a disk of debris. This cataclysmic phenomenon is called a tidal disruption event. Credit: NASA’s 
Goddard Space Flight Center/Chris Smith (USRA/GESTAR) (from https://science.nasa.gov/resource/tidal-
disruption-event/ )
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Eddington luminosity

(simplified calculation from a note by Ilya Mandel)

• Spherically symmetric accretion and spherically symmetric radiative energy outflow

• Hydrostatic equilibrium of thin spherical shells (gravitational pull = radiation pressure force)

mass of gas shell luminosity (W m-2) opacity of the 
whole shell (m2kg-1)

fraction of photons 
interacting with the 
shell

radiative momentum 
per unit time

3



Eddington luminosity

(simplified calculation from a note by Ilya Mandel)

• Spherically symmetric accretion and spherically symmetric radiative energy outflow

• Hydrostatic equilibrium of thin spherical shells (gravitational pull = radiation pressure force)

Solving for the luminosity  L  we find 
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A year in the life of a TDE. We show snapshots of column 

density in the simulation of a 1 solar mass star on a parabolic 
orbit with β = 1, disrupted by a 106 solar masses black hole, 
using 4 × 106 SPH particles in the Schwarzschild metric. 

The main panel shows the large-scale outfows after 365 days 

projected in the x–y plane with log scale. Inset panels show 
the stream evolution on small scales (100 × 100 au), showing 
snapshots of column density projected in the x–y plane on a 

linear scale from 0 to 1500 g cm−2 (colors are allowed to 
saturate). The animation runs from 0 to 366 days. The real-

time duration is 160 s.
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This is a video animation of a tidal disruption event (TDE), an intense flash of radiation caused by a 
supermassive black hole eating a star. The video begins by zooming into a galaxy located 600 million light-
years away. We fly into the galaxy’s starry population. Up ahead is a one million solar mass black hole. The 
black hole is only slightly visible due to the way it distorts light from background stars, through a 
phenomenon called gravitational lensing. A wayward star is swept up in the black hole’s intense 
gravitational pull and is stretched like taffy as it falls toward the black hole. There is an incredible burst of 
radiation. Seen from afar, the TDE momentarily outshines the entire galaxy as a brilliant pinpoint of light. 
(from https://science.nasa.gov/asset/hubble/black-hole-tidal-disruption-event/ )
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An illustration of a black hole star — a 
potentially new class of cosmic object 
with a feeding black hole at its center, and 
a dense cocoon of turbulent gas 
surrounding it like a star. (Image credit: 
MPIA/HdA/T. Müller/A. de Graaff)
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