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John Wheeler Saw the Tear in Reality

Until his dying days, the giant of 20th-century physics obsessed over the underpinnings of
space and time, and how we can all share the same version of them.
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When Johnny Wheeler was 4 years old, splashing in the bathtub in Youngstown, Ohio, he
looked up at his mother and asked, “What happens when you get to the end of things?” The
guestion would haunt him for the rest of his life. What happens when you get to the bottom



of space? What happens when you get to the edge of time? It would lead him to suggest
that space-time can’t be the true fabric of the universe. It would compel him, even in his final
days, to search for some deeper reality beneath space-time and to wonder whether,
somehow, that reality loops back to us.

John Archibald Wheeler was a physicist’s physicist. He never won a Nobel Prize, never
became a household name, but to those in the know, he was a legend. He broke ground in
many areas of physics: particle, nuclear, gravitational, quantum. He studied under Niels
Bohr, walked and talked with Albert Einstein. He was ambitious, to put it mildly, but it was
never for personal gain. Wheeler wanted to solve the mysteries of the universe so that he
could give answers back to his community. He had a motto: “Nobody can be anybody
without somebodies around.” He spread his insights widely, letting his students shine.
Richard Feynman, Hugh Everett, Jacob Bekenstein, Kip Thorne — they, among others,
became luminaries in his glow. When a Princeton University donor offered to dedicate a
physics building in his honor, Wheeler declined, saying the building shouldn’t be “focused on
one person. Physics isn’'t done that way.”

Throughout his career, which spanned much of the 20th century, Wheeler kept detailed
journals — large, hardbound notebooks bursting with every insight, hunch, dead end and
breakthrough. Those journals, now held at the American Philosophical Society in
Philadelphia, reveal something remarkable: It was exactly Wheeler’s desire to put
community first that shaped his struggle to understand the origin of space-time.
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Wheeler’s preoccupation with space-time began in the 1950s. General relativity —
Einstein’s theory that matter and energy warp space-time and that this warping is gravity —
had fallen into the backwaters of physics, outshined by progress in quantum mechanics. But
in 1952, Wheeler had an idea: What if what we call “matter” is really just space-time? After
all, he thought, gravity is a kind of energy, but gravity acts on energy, which means gravity
acts on itself. He imagined waves of gravity folding themselves into compact spheres that
would look like elementary particles from the outside, while on the inside they’'d be made of
nothing but empty space, “mass without mass.” He called them “geons(opens a new tab).”
They would whittle down the ingredients of the universe to just one.

Particles also have charge. Could that, too, be reduced to geometry? Wheeler imagined a
highly warped and twisted space-time, “multiply connected,” with holes and handles
wrapping in and around themselves. Electric field lines woven through this gnarled
landscape could disappear into one hole, burrow through space-time, then reemerge from



another. Where they disappeared, it would look like there was a negatively charged patrticle,
and where they reappeared, a positive one. In truth, there would be neither, just electric field
lines endlessly looping back on themselves, creating “charge without charge.”
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No one had ever used general relativity in this way, bending and contorting space-time until
the rest of physics poured right out, rendering the universe full of strange twists and tunnels
so new they didn’'t have names. Wheeler gave them one: wormholes. That's what he was
best at —naming things, yes, but also taking preexisting theories and pushing them to their
limits to see where they break. What happens when you get to the end of things?
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Black and white photo of a smiling young man in a suit sitting in a chair.

John Wheeler at age 23 in Copenhagen, Denmark, where he spent a year studying with
Niels Bohr.

Emilio Segré Visual Archives, Wheeler Collection

Everything in the universe made of space-time: Wheeler was captivated by the simplicity of
the idea. But why should space-time have such wild terrain, and only at the scale of
elementary particles? He guessed that quantum fluctuations of space-time could transform
a tranquil geometry into a mangled maze, which Wheeler called “quantum foam.” It seemed
to be just what was needed for geons to exist.
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It then occurred to Wheeler that at scales smaller still — the infamous Planck length, on the
order of 10-33 centimeters — quantum uncertainty could destroy space-time altogether.



Localized points like “here” and “there” would be rendered meaningless. He wanted to build
everything in the universe out of space-time, but it wasn't clear if space-time would survive.

divider

In 1960, Wheeler hit upon an unsettling fact: Wormholes are unstable. The tunnels would
form and instantly collapse in on themselves, their walls caving in until they vanish in a point
of infinite density and curvature, creating a fatal kink in reality known as a singularity.
Physicists had encountered singularities before but only as errors in their equations. There
were hints that stars, when they burn out and gravitationally collapse, could harbor
singularities in their bellies, but no one quite believed it, or if they did, they figured they’d be
rare. Now Wheeler saw(opens a new tab) that, thanks to quantum fluctuations, reality was
riddled with them. The fabric of space-time, at its smallest scales, was loosely woven,
chewed by moths, too flimsy to bear the weight of the world.
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Black and white photo of three men walking and talking.
From left: Albert Einstein, Hideki Yukawa and John Wheeler in Princeton, New Jersey, in
1954.

Joseph Krumgold; courtesy of Johns Hopkins University

Yet here is the universe. It must be made of something. If space-time vanishes in the blink
of a singularity, then something lays beyond or beneath. “More and more insistently at this
point an issue clamored for attention,” Wheeler wrote. “Collapse to what?”

He decided to take a closer look at those burnt-out stars, buckled under their own weight
with singularities in their darkness like pinholes in the world. Everyone kept referring to them
as “completely collapsed objects,” but in 1967, at a talk at the NASA Institute for Space
Studies in New York, Wheeler gave them a name that stuck: black holes. Once christened,
black holes were taken seriously, both as objects that exist in reality and as places where
reality ends.

Wheeler's relativity, covered in calculations and notes
Pages of Wheeler’s journal from 1964.

American Philosophical Society

For the community, Wheeler’s work sparked a massive revival in general relativity. His
textbook Gravitation, co-authored with his students Kip Thorne and Charles Misner, remains
the bible of the field. For Wheeler, the work raised more questions than it answered. “Space
and time themselves are transcended as categories, and the framework would seem to
collapse for everything one has ever called a law, not least the concept of geometry itself,”
he wrote. Beneath space-time, there had to be something else, some “pregeometry.” What
happens when you get to the end of things? He was determined to find out.
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In June 1973, he gathered up all of his general relativity books and papers — decades of
work on space-time physics — and packed them away. Then he opened his journal to a
fresh, blank page and wrote with resolve, “Starting a new hunt.”

divider

Where to begin? With what? Those holes in space-time seemed to swallow everything. “No
wonder | do not sleep well,” Wheeler scrawled in his journal. “The old simple universe fades,
all is now in disarray.”

Could pregeometry be made of “grains” of space-time, he asked? No, that would assume
too much structure.

John Wheeler With Students At Blackboard
Wheeler (left) and his students worked at a blackboard in Princeton in 1970.

Robert P. Matthews; courtesy of Johns Hopkins University

He had a better idea: Perhaps it was made of information — 1s and 0s, yeses and nos,
binary choices. “The dimension-free character of the bit at last frees us from the dimension-
tyrannized land of ... everyday physics of particles, fields, of space-time,” he wrote. But the
guestion keeping him up at night was, whose information?
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It dawned on Wheeler(opens a new tab) that when space and time went, taking the rest of
physics with them, there was something left. “With law going and chaos arriving, one
principle remains,” Wheeler wrote. “The quantum principle.” Quantum mechanics, he wrote,
“destroys the concept of the world as ‘sitting out there,” with the observer safely separated
from it by a 20 centimeter slab of plate glass. Even to observe so miniscule an object as an
electron, he must shatter the glass. He must reach in. ... The universe will never afterwards
be the same. To describe what has happened, one has to cross out that old word ‘observer’
and put in its place the new word ‘participator.’ In some strange sense the universe is a
participatory universe.”

It was officially the wildest idea he’'d had yet. A universe made not of matter, not of space-
time, not of stuff at all, but of our choices. It wasn’t what he’d hoped to find; the physics had
led him there. He’d pried up space-time, peered beneath, and found himself staring, to his
bewilderment, at a mirror. “One finds himself in desperation asking if the structure, rather
than terminating in some smallest object or in some most basic field, or going on and on,
does not lead back in the end to the observer.”
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In 1977, Wheeler gave a talk emphasizing that “no elementary phenomenon is a
phenomenon until it is an observed phenomenon.” Afterward, the physicist Paul Dirac
asked, “The formation of the solar system is a phenomenon. Is it only a phenomenon when
it is observed?” Wheeler responded: “Yes.”
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[FEX]
He had been thinking about the double-slit experiment, the infamously brain-melting proof
that our commonsense expectations about the workings of the world can’t hold. Particles
such as photons are sent through a screen with two slits before hitting a photographic plate
on the other side. When both slits are open, the photons one by one build up an interference
pattern on the plate, as if each photon had gone through both slits, wavelike, interfering with
itself. But if we measure which slit a photon passes through, that interference pattern
disappears. What we choose to measure matters.

Pullquote that reads "The old simple universe fades, all is now in disarray."
Wheeler wanted to show something more: that it matters even when the thing we’re



measuring already happened. What if we delay the choice(opens a new tab) to measure
“which slit” until after the photon has passed through the screen? he asked. Could our
measurement determine after the fact whether the photon went through one slit or two?

“I have got myself out on deep waters, in wanting to make something of ‘present choice

influencing past action,” Wheeler wrote in his journal.

In 1979, he described a doable version of the delayed-choice experiment in a lecture at the
University of Maryland, and an experimentalist in attendance decided to carry it out. It took
five years to get the experiment off the ground, but it worked. By choosing what to measure
in the present, we participate in the creation of the past.
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In the laboratory version, the choice is delayed by a mere fraction of a second, but in
principle, there’s no limit to scaling it up. The photon might have been produced by a distant
guasar and the role of the double-slit screen played by a galaxy whose gravitational field will
deflect the photon leftward or rightward with equal probability. Does the photon travel both
paths at once, creating an interference pattern on the photographic plate waiting here on
Earth? Or does it travel only one path? It depends on if an Earth-based astronomer — here,
now — decides to measure whether the photon took one path or two, despite the journey
happening billions of years ago.

pullgquote that reads "Each of us a private universe? Preposterous! Each of us see the same
universe? Also preposterous!”

Only the journey didn’t happen — that was Wheeler’s point. Delayed choice did not involve
any backwards causation. It's not as if the past was already chugging along under its own
steam until an observer came along, reached back, and changed it. No, Wheeler said:
There’s no chugging, no change. “It is not a paradox that we choose what shall have
happened after ‘it has already happened,” he wrote, because “it has not really happened. It
is not a phenomenon until it is an observed phenomenon.”
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The past is not really the past. Time is not really time. Wheeler had found his pregeometry.
We weave the fabric of the universe, he said, out of “billions upon billions of acts of
observer-participancy(opens a new tab).”

divider

Wheeler’s search for pregeometry spun off bounties of fruitful research. From the original
delayed choice came a string of new experiments. From his idea that physical properties
emerge as answers to participants’ yes-or-no questions — which, in the 1980s, he summed
up in the slogan “It from Bit(opens a new tab)” — came the field of quantum information
science and such technologies as quantum computing and quantum teleportation. From his
work on black holes and his insistence that space-time, too, emerges from bits, came
insights into black hole entropy and the holographic principle in quantum gravity.



But alone, Wheeler was left agonizing over how to derive space-time from observer-
participancy.

An old man on a porch
John Wheeler in Maine in the summer of 1985.

John Foraste; courtesy of Johns Hopkins University

He had come so far, discovering that space-time emerges from something deeper.
Measurement by measurement, observers participate in the creation of their shared space-
time. Or that was the idea. The trouble was that nothing in quantum mechanics enforces
agreement among observers. If | measure a photon to be at some position, creating one
stitch in the fabric of space-time in the process, that doesn’t ensure that the photon is in the
same position for you. (Insisting that the outcome of my measurement does predetermine
the outcome of yours would turn the photon’s position into a “hidden variable” of the type
that experiments have already ruled out.) A stitch for one is not guaranteed to be a stitch for
all.

“Observers independently participating ... like 10,000 tinsmiths hammering away
independently at 10,000 separate tasks,” he wrote in his journal. Why don’t they create
10,000 separate space-times? “What troubles me more than anything else is how different
observers combine their impressions to build up what we call reality.”

Pullguote that reads: "What troubles me more than anything else is how different observers
combine their impressions to build up what we call reality."

At first, Wheeler thought that observer-participancy involved consciousness. After all, tables
and chairs don’t make choices about what to measure; conscious observers do. But that
was of no help. He saw no way to link the private experiences of individual minds into a
single, shared reality.
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“On few issues in my life have | ever been more at sea than | am now on the relative weight
of the individual and the collectivity in giving ‘meaning’ to existence,” he wrote. He remained
at sea a few years later: “Consciousness’ seems to appertain to the individual. For my
money the relevant concept should be a community property.” But what? In a participatory
universe, one observer can ask a question and get an answer in response, and another
observer can come along — tomorrow, next week, a billion years from now — and ask a
different, incompatible question and get a different, incompatible answer. The universe can
be shaped and reshaped in 10,000 ways by 10,000 tinsmiths, and nothing in the quantum
formalism guarantees that they’ll ever agree.

lllustration of a man’s face covered with shadows against a background of wormhole and
black hole drawings.

Wheeler was distraught. For years, for pages, he obsessed. “I am not proud. | will confess
all errors. | will try anything to crack the mystery.” After all, he wrote, “l owe it to the
community to give my very best.” Any reality in which a thought, perception, or
measurement outcome was someone’s private property was not a reality he could live in. At
the same time, he couldn’t go back on a participatory universe. He couldn’t go back on
pregeometry. “Is there any point partway between all and none on this issue?” he wondered.
“Each of us a private universe? Preposterous! Each of us see the same universe? Also
preposterous!”
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So he was stuck. And he was running out of time.

“If we are the ones who ‘build’ the spacetime, how come we don’t get [as many]
spacetimels] as people,” he wrote on November 8, 2005. “How come just one? Pursue
further that one.” He was 94.

The journal entries grew sparse.
What happens when you get to the end of things?

The last entry Wheeler ever wrote was in 2006, age 95, nearing death, his life now
bookended by questions. It consisted of a single sentence, left behind for the community:
“Hope produces space and time?”

++d

(##332]
MERMNHENEZED. X—ERNXFIREEL, EEFLERE (sparse), BIEEAM BT



REARS. e T —UMFERRESHNRENZ], KRATESHBIERETHTERS
GREER S

“So he was stuck. And he was running out of time.” XA a7 # 7 ZiERMEH K. EH
WHRET, BEEEME, HEREAT. 1945 SR, MARRMINIES, BXIZRHETH
MR —ERER: NRFENBRBENTHA, ATAEINEINAZRAF—NHT,
MmBERERIE—1? " XN, HEME E—EBBNERFENERE MR, WNRFENIMER
THENE IS I, BFEMMZE—NELTH N EENENER, 870 R (NRE)
HEBSIMUMERLE (B9T), AIHLEE, HIMMUAERER— RS BE—RAE
ZANTELY, HEER—THNT. XENMTA?

fEE B AN=E, MEVEICHEHRE LD, XRIEEMBRENEELEZTHFER. XETXEHE
ANT—MRETFEAIRIE): “What happens when you get to the end of things?” (&R
FAMNRKE, SREMFA? ) XBERIEEHEGFHRL, LRiEtEBERENBERA,

RlE, BMNBITHRAXMANKE—THIE, LE&EENEEE™, E195%, T
IRFET2ZFR, BT T — M EYIEFE. EREIFFINHAHFENDF: “Hope produces space
and time?” (REF=EBR=T? )

FF], HANZMAEEXAIE? XEEFZ— A UBARTESHEFRE 7, XERK
MBI, THEREEN. AtARHRE (Hope) ? FE, B—MEHMERK. &8
BEMHNEGFEIR. ERR—TARNREMF, MEFUK—M 8. — P XBEREER.
WiF, BEMEEEN, BTERTE N MEFER—N—HEFENEMNE, SF=
PERMERMAR. HER. BRXRNEAFRRIR? BRERAIANIFIE ATSHEREHE FH
“BEE—TRE. 4i— BNERNFHEEFE, FIUN=FREImEE?

fRBLEER, MEE T T —TEIS, XNES, TERMEE T I—E: NERNTR
REMRRER, HFENOFRIERR. JIFETLERIZNRE, MExEEI%E, B
47 BAFE Ao

[FX]
Spacetime promo button
The Quanta Newsletter
Get highlights of the most important news delivered to your email inbox

Email

Email address

Subscribe

Recent newsletters(opens a new tab)



Also in Physics

Physicists Take the Imaginary Numbers Out of Quantum Mechanics

An illustration in which a painter is rolling red paint over the “i” in the Schrédinger equation.
guantum physics

Physicists Take the Imaginary Numbers Out of Quantum Mechanics

By

Daniel Garisto

November 7, 2025

29

Carlo Rovelli’'s Radical Perspective on Reality
A man with glasses looking into the distance
Q&A

Carlo Rovelli’'s Radical Perspective on Reality
By

Zack Savitsky

October 29, 2025

27

How Soon Will the Seas Rise?

earth science

How Soon Will the Seas Rise?
By

Evan Howell

October 20, 2025

-

(f#332]

GFTEFN], BAINRSETET X TFREEHBENERAORNE D, MAEXRBNERAKLT

7o AREBFINXHD, HELBXRBXEMERNME—ARAIER®S (Quanta Magazine)
(BFHAT) XEMNTLERESRE—MTETR. BAIRENEBESEm Shd, X
SEEMMIE BT —EFBHES.

B4, &EF“The Quanta NewsletterMITiH#&H, XEHIFEN], FININAZFIERZAR,

EMARZEEEN—ZD. BRENFIEXE, MBEXTEHNXE, BXLEHEEKS]IE

&, BiudirnA. BIRER(], MEAMMMNELKREENHMIENAN, ELEREWIH
R, WIERE. WARIEREIBE,



FHBHRZ Also in Physics” (¥ EBEFHMXE) XM=H, XEJILHN=RKXERR, Mk
TR HAVIES:, BN T ASHRERNRAETRRERERIRA. &AL,

R, "MEERBEBMEFNEPBER . XITEXRIFEZTL, BEFERNEEE: BME
REEFNEFXFEZFEAANIEL, SBFEM (LB ERAERAELRT) HATER
M. BRIFREHIEF—NAE, XEEATRRECHREESFE,

BR, “FAZHABEHIER . & THFAZERN—ITNRIEIEYEFR, XRX
SR EIFEAN], GE#H—F, SKRATBBRERHD X T IUE" (Reality) ZASFBY E#H"
Mo MEFAFAVIER], XIHFHEARBIFIE, MKEFLE.

FZR, "BTERUZSREE LHA? " XRXEERNVAEMNRHRIVEICYIENEE T
2 BRI SERE—t BB FNRURLE W, XBRTRFRNMEE: —HHE, ERek
MY FEHIFEFD, RENTEHNER;, Z5—HH, AR NFRAKEIGRISEREEFRG
RETAEMESR,

FRUL, XERE—MRRATEXEIEX, BEG—ITEQ, iLI(NEZEHE TR

S, [EEEFT—ARRER(USMHARNS ANSERERTE, BEHNAE, mEaXFE—AnN
FETEN. T8, RFN], AXRiF. SRENEB—EIMHXMXE, KELE, MFR
T TMENEEARE—TIEKHME. TTHNEESE. BI5REK, FAMRIMIINER
S, BEEFAR, MERXEERNERNIA, BREE—TNTRAIR el B HEE"
MZOMMEN. XM TFEFHAANKRTE. FEAEFFMIMEE SRR, B—EFEE
BHEERFTR . IBMNEIER—1F, MXEBRUFANXFH, EREEERNRRS.

[FX]
Comment on this article
Quanta Magazine moderates comments to facilitate an informed, substantive, civil
conversation. Abusive, profane, self-promotional, misleading, incoherent or off-topic
comments will be rejected. Moderators are staffed during regular business hours (New York
time) and can only accept comments written in English.

Show comments

An astronaut floats in front of a black hole, which is sucking various shapes and objects into
it.

Next article

The Unraveling of Space-Time

About Quanta

Archive

Contact Us



Terms & Conditions

Privacy Policy

Al Editorial Policy

All Rights Reserved © 2025

An editorially independent publication supported by the Simons Foundation.
Simons Foundation

(#3%)
FEE! RIVRPBEIALER S, CRANE, DE—RBE, LBRIRA— BREH
FI BB, B VETLUBREBNAS =5 RIER.

F—ER XA, MBIt EREK, {RI1E, “Quanta Magazine” ((BF
ZE)) BBirE“facilitate an informed, substantive, civil conversation”—{E#—178
ERE. BXHENA. XHHMiIE, XMBZNTENEAREE LB ETAFRE?
REBMZBEFERNVEREBNAE, TIEXFERATEECNFL, TEXHENREE
ABK i, B (BFRS) FARRNEFEGE, SERNEMIRMNZRMNBENMHE, ©
BAfiE4EE. X, BERMEH. RS, EXECAHABRA'NITL. XRERTFRNBNHE
B, BRI, BHEeNBNENT EEBEHEH, MARATWRMG. XEEEIN
B—MEARFE EEFEL. BEEW. XBRXR. EHFFEI], — M ENENITISHEK,
FEANREIFHRE,

FE_HAENEBHNETR IBEXKEFBEA: “An astronaut floats in front of a black
hole, which is sucking various shapes and objects into it.” (—IF A1 G EFZ1ERFqI,
RFAERSMHRERNMERAER,) URT—REXENIRE: “The Unraveling of Space-
Time” (RRYRH) . XEEHIE, TR T ERNKE|H. FMR. BFE. HE—XLEH
EYEREEPRANA. REINEENEE. MIIESHPYERLEITHFWAE, TsEBITHR
T EZARRENAENIE, MENE"B—1M—HEE, M “Unraveling” (BBF. FE) X1
W, BIMERERITYNSNIEEEAIGETHROE, M. ERBEXNELIETR
Wo IR MUNRER, BEBR—MNEZEA BEIERNMEERNFTHESMINE, HE
EERFEC, W5 |MIIERRFERRZIBEM,

F=27D, LERRXEN—FD, BFargn ™, EXENRE, RiIEATRIIERE
BEMIE: “An editorially independent publication supported by the Simons Foundation.” (—
THAZRMEERZRN. FEMIZINEERY.) XAIEEERXMEAREENAR. 7
SHEERE—NMEEFEL, NTZHFEMBEIFERR, XEKE (EFHE) HEEX
BAEEW &, ENBERAEATES~m, MENTERBFAIR, “wERINERE,
BAEETRHE, BEFRTIATSHNAEKRERNS. #ENRENICETURZEEAHN
o, B, PIMIRERFHRE, XMBE—NER, ENSFRERIR, BEENFIR



AR FEFTEG S, RERNEENT, X—R, BRI —MEESEAIRFR
FERE WV ERERERNHER"

FREL, RZE], BIERXEREMEHRNXT, HNFRTHA? BIIMITHET (EFR
S) XNEE, BEENE, HFI 7T HHERIRNS A EaEdoii—MEEF
SHNEENN. ABTERHFANERSRRNRBEER, RAGCEHNEMNTEE. XXNT
fRMIRKEBEEEHMELEE, EXEE,



