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 1 Private lessons I attended Princeton University 
and graduated in the Class of 1962. I had the good fortune 
to write my May 1961 Junior research paper “Determina-
tion of the Curvature Tensor” under the guidance of Pro-
fessor John Archibald Wheeler (July 9, 1911 – April 13, 
2008) who we see in Fig. 1 as he appeared only six years 
later. I had been studying tensor calculus [1] and trying to 
read J. L. Synge’s book on general relativity [2]. I suppose 
I knocked on Wheeler’s office door, with little appreciation 
that I was treading on holy ground as described by Daniel 
Holz [3], and told of my interest. He suggested some 
things for me to read and wrote a few references on the 
back of a 9x12 inch manila envelope, shown in Fig. 2. By a 
series of miraculous mishaps I preserved this and several 
other Wheeler note sheets as well as his letter critiquing 
my paper.  
 The fondly preserved scraps of paper are not valuable 
scientifically, but are presented here to illustrate the teach-
ing lavished on one of his many students and something 
about the character and philosophy of the teacher. Little 
did I realize at the time that Wheeler had started thinking 
about gravity seriously not too many years before and he 
was on the lookout for original contributions to result from 
his interactions even with undergraduate students.  
 I remember that Wheeler’s office was very large and 
located on the second floor of the Palmer Physical Labora-
tory (see Fig. 3) at the end of the west hallway with several 
big windows facing towards the Geology building, Guyot 

Hall, upon whose roof Prof. Robert H. Dicke would later 
mount his microwave apparatus for detecting the Big Bang 
[4] and his telescope for measuring the oblateness of the 
sun as a test of the Brans-Dicke scalar-tensor gravity the-
ory [5]. A few doors away were the offices of Prof. Oakes-
Ames, who helped me when Wheeler was away, and 
Wheeler’s PhD student Prof. Charles W. Misner who ad-
vised me for part of my senior thesis. Going halfway back 
down the hall on the left, there was a curious connecting 
passage to the Fine Mathematical Library where one’s the-
sis would someday hopefully be entombed.  
 Wheeler’s lesson of the first day evidently continued 
on the lined paper of Fig. 4 where we see the Stern-
Gerlach figure repeated from the notes on the back of the 
manila envelope. Wheeler is explaining to me his ideas 
about spherical and torroidal geons, objects composed only 
of intense electromagnetic radiation held together by its 
own gravitational field. We see Wheeler’s nice pictures of 
the two types of geons and an alcohol molecule illustrating 
perhaps a lack of symmetry. The reverse side of the sheet, 
Fig. 5, suggests that I might read something by Osborne 
entitled “Creative Imagination”. Maybe I should look it up. 
Another suggested paper that I did just now look up, by 
Plebanski [6], provides a rigorous calculation of the scat-
tering of light by gravitational fields. 
 On a second occasion Wheeler is wondering in Fig. 6 if 
the structure of particles depends on the curvature of space 
and whether  a  non-Einsteinian contribution to the metric  
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Figure 1 Professor John A. Wheeler at Princeton University in 

1967 (from The New York Times [26]). 

 
would be compatible with experiment. In Figs. 7 and 8 
Wheeler provides references on measurements that might 
be possible for exploring gravity and makes an appoint-
ment for me to talk with Prof. Robert H. Dicke since I am 
apparently interested in experiments more than theory. On 
the third sheet Wheeler is inviting me to consider if you 
could modify the geodesic equation of motion by adding a 
4-vector term depending on the particle size and the local 
curvature of space. The first two sheets are written ink and 
are likely written on the same day and maybe the third is 
too, although it is in pencil, because the left margins are of  
 

 
Figure 2 Lesson 1. Some things for a beginning student to read 

dated to about January 1961, assuming I started working on my 

Junior paper at the beginning of the spring term. The writing is on 

the back of a manila envelope with the glued seam running down 

the middle. I later cut out the useful portion and saved it in a 

binder, losing in the process the part with a potentially interesting 

address and postmark. 

 

Figure 3 The entrance to Palmer Physical Laboratory, showing 

statues of Benjamin Franklin (left) and Joseph Henry (right), as 

seen on July 25, 2008. Just beyond the heavy wooden doors of 

the entrance there used to be a table on the right where one had to 

sign in with a military (Air Force?) representative to access the 

building after normal working hours. 

 

identical widths, and are slightly less than the margins of 

the sheet of Fig. 4 which probably came from a different 

notepad. 

 

 

Figure 4 Lesson 1 continues on a sheet of lined paper. 
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Figure 5 Lesson 1 on the back of the sheet: Two more refer-

ences for the difficult student to read. 

 

 I remember once going to Wheeler’s office and asking 
if there might be some stellar or galactic process that 
would make a geon. I thought geons were incredibly won-
derful, being massive things made only of mass less light 
and gravity. He replied approximately, “You mean like 
bubbles popping out of oatmeal while it is simmering on 
the stove?” Tired of sitting in his office, Wheeler invited 
me for a walk in the hallway, he dressed in his suit and 
vest, I in my shabby student clothing. He walked with his 
hands clasped behind his back gazing at the floor ahead 
while he spoke of metric tensors and variational calcula-
tions of geon structures. 
 The remarkable thing about these private lessons is that 
Wheeler squandered so much of his valuable time on a 
student with bad grades. He sprinkled bait in front of me, 
hoping that I would pick up the ball and run with it. I did 
not realize that some very nice variational geon calculation 
reprints that he handed me were in fact done by a Wheeler 
undergraduate student Frederick Ernst for his 1955 senior 
thesis [7, 8], else I might have been more confident. Fi-
nally he suggested that it might be interesting to know 
what would be the minimal number of distance measure-
ments that would in principle exhibit the curvature of 
space-time by forming a mutually inconsistent 4-D poly-
hedron when drawn in Minkowski space. In n-dimensional 
space,  you  need  to know all  the intervals  between n+2   

 

Figure 6 Lesson 2 – metrics and metric perturbations. 

 
points to get a contradiction with Euclidian geometry. The 
number of intervals required is thus 1

2
( 2)( 1)+ +n n  which 

means a measurement of the 15 intervals between 6 appro-
priately chosen space-time events should be sufficient - see 
[2] page 408 for Synge’s “five point curvature detector”. I 
worked something out and produced the amateurish Junior 
Paper alluded to above. Wheeler wrote several notes on the 
manuscript, corrected my eight misspellings of the word 
geodesic, and sent his comments to me in a letter dated 
May 29, 1961 [Fig. 9]. He was amazingly enthusiastic and 
invited me to visit him in the summer to turn my ramblings 
into a publishable paper. Prof. Oaks Ames also wrote that I 
should be sure to follow up on the letter by seeing Wheeler, 
but sadly I passed up this golden opportunity to continue 
working with a genius. Instead I chose to try to become a 
musician by taking ten piano lessons that summer from 
Mlle. Nadia Boulanger, teacher of Gershwin and Copeland, 
who obviously was a teacher whose great compassion, en-
thusiasm, patience and optimism in the face of my lack of 
talent was formed in the same mold as Wheeler’s. It is only 
now that I read the letter carefully that I notice he said “I 
do hope we can talk about this more in the fall.”  
 
 2 Two anecdotes It is possible that Prof. Wheeler 
saw some innate abilities in this student, but it is more 
likely that he saw possibilities for valuable new viewpoints 
in every person he encountered. He gave a talk at a “Spe- 
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Figure 7 Lesson 2, continued. Instructions to meet with Prof. 

Dicke. It is obvious which drawings and writing are not Whee-

ler’s. 

 
cial Session to Celebrate the Hundredth Anniversary of Dr. 
Albert Einstein’s Birth” at the American Physical Society 
Spring Meeting in Washington, DC on April 25, 1979. 
Having spoken for a half hour on the mysteries of quantum 
mechanics [9], he asked if there were any questions. 
Someone, who may have been an amateur scientist that 
came to see a famous person speak, asked him what I 
thought was a dumb question - something like “How do 
you know whether an object is a particle or a wave?” 
Wheeler responded “That’s a very good question,” and 
used the query as an opportunity to further clarify the main 
points of his talk. (The fact that Wheeler did not say this 
just to be polite is evident from his definite interest in the 
delayed choice experiment discussed in the next section.) 
This philosophy is illustrated in an anecdote that Wheeler 
included in one of his three semi-popular lectures on the 
meaning of time given at New York University in about 
1980. At some point during World War II there was a ship, 
perhaps a destroyer, that had run aground as the tide was 
falling in a bay or estuary in enemy territory. Suddenly the 
lookout at the mast head reports that there is a loose mine 
in the distance that is slowly floating toward them with the 
current, the flow of which is making the ship more immov-
able with each passing minute. It appears that the mine is 
destined to collide with the ship. The captain confers with  

 

Figure 8 Lesson 2, continued – is it possible to modify the equa-

tion of a geodesic? 

 

his mates but no one has any useful plan for saving the 
ship. In desperation the captain calls all hands on deck. 
“Men”, he says, “we are in a very dangerous situation with 
an approaching mine and no ability to maneuver the ship. I 
need a suggestion, and I don’t care how stupid it may 
sound, nobody is to laugh at anything that is offered.” Af-
ter an awkward period of silence a lowly seaman says 
“Captain, we should all go over to the rail and blow on the 
mine to push it away.” There is a stir in the rows of sailors 
as they suppress their mirth. Then another sailor says “Sir, 
we probably can’t blow hard enough to deflect the mine, 
but maybe we could use the deck hose.” And so the ship 
was saved. To Wheeler there were no stupid questions, 
only opportunities for further clarifications and deeper in-
sights. Aside from seeming to be a scalar to a Newtonian 
observer and the fourth component of a gravitationally mu-
table vector to the Einsteinian, time is an enigma that in-
vites any suggestion for explaining why we perceive the 
world as becoming instead of being.  
 These two occasions were the only times I saw 
Wheeler after I left Princeton, but his influence has been 
constantly present to partially reform a poor student into 
being more respectful of others, and his brief interest in the 
matter-antimatter entities he dubbed “Polyelectrons” [10] 
has been an encouragement in the quest to produce them 
[11-13]. Furthermore, like many other physicists, I like to  
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Figure 9 Wheeler’s comments on the Junior Paper with a kind 

invitation to visit him during the summer! Written in pencil on 

‘corrasable bond’ typewriter paper. 

 
ponder the foundations of quantum mechanics and gravita-
tion that Wheeler is famous for investigating, albeit that 
my efforts have been mostly fruitless. One instance that is 
a direct result of my association with Wheeler is the sug-
gestion that one might see Zwicky’s dark matter by the dis-
tortions it would cause in images of distant galaxies [14]. 
 
 3 Delayed choice Because of its great significance 
for understanding quantum mechanics, I will end by men-
tioning briefly Wheeler’s famous delayed choice double 
slit gedanken experiment. After about 100 years of quan-
tum mechanics, the question of whether a wave function is 
just a device for calculating probabilities has now been set-
tled definitively by the laboratory realization of Wheeler’s 
delayed choice double slit experiment [15] carried out by 
Vincent Jacques and coworkers [16]. Now one is forced to 
say that a particle and its probability amplitude distribution 
or wave function are the same thing – there is no reality 
beyond the wavefunction and the wavefunction has an in-
dependent existence, just like a light wave, no matter what 
you plan for it in the future or how you try to visualize its 
inner mechanism. It has none!  
 The Jacques et al. Wheeler experiment is really the 
Michelson-Morley experiment of quantum mechanics. The 
apparently simple set up [see Fig. 10] is a Mach-Zender- 

 

Figure 10 The apparently simple set up of a Mach-Zender-

Michelson interferometer. 

 
Michelson interferometer with a beam splitter at the output 
that can be switched electronically from being perfectly 
transparent to being half silvered so that half the amplitude 
of an incoming wave goes straight through and half is re-
flected. A person, like the old me, who views the wave-
function as merely a calculational device and thinks that a 
particle is a little localized object would think that if the 
output beamsplitter is set to the transparent state, then the 
photon must necessarily be on path 2 if it is going to be de-
tected by detector 2, and on path 1 if it is going to be de-
tected by detector 1. On the other hand, if the beamsplitter 
is set to half silvered, so that the light in the two legs of the  
 

 

Figure 11 A follow up letter from Wheeler of March 11, 1964. 

The paper referred to is by Sidney Liebes, Jr. [27]. 



2258 Allen P. Mills, Jr.: John A. Wheeler’s lessons to an undergraduate student 

 

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim  www.pss-c.com 

p
h

ys
ic

ap s sst
at

u
s

so
lid

i c

interferometer are allowed to interfere, then the photon 

must somehow be in both legs at once. 
 The whole point of the experiment is the delayed 
choice: the beam-splitter’s state is decided with an unpre-
dictable random event while the photon is in transit 
through the interferometer before reaching the output 
beam-splitter. Now you can’t say that the photon somehow 
knows about what is going to be done to it, so it adjusts it-
self accordingly before getting into the interferometer. NO! 
Just as the electric and magnetic fields are found to be not 
simply calculational devices (Faraday’s lines of force) for 
finding the forces on a charge but are revealed as inde-
pendent entities as soon as there is a finite velocity of 
propagation for changes in the fields associated with a mo-
ving charge; so the wave function obviously has an inde-
pendent existence once we are convinced by the evidenced 
of the Wheeler-Jacques et al. experiment. 
 Another wonderful experiment has recently done a 
much better job than was possible before of also eliminat-
ing the idea of hidden variables that control the spooky be-
havior of quantum mechanics [17]. 
 
 4 Conclusion I conclude with a story that illustrates 
what Wheeler could make of a beginning student’s work. 
In an e-mail dated Jan 17, 1997, Ken Ford [18] wrote:  
 

Dr. Mills, 

In connection with John Wheeler's autobiography, I 
am trying to understand the essence of your 1962 
Princeton senior thesis (without actually reading it ca-
refully--which even then might not help!). It is John's 
recollection that your work clarified for him a point 
about light escaping from a singularity. He had at first 
thought a light beam going vertically upward could 
always escape gravity, no matter how great the mass 
or how close the light started to the center of mass, a 
point of view that he soon realized was not correct, 
since a singularity (or sufficiently concentrated mass) 
can trap a vertical light beam as surely as it can trap 
one with a non-zero impact parameter. Was it your 
thesis that showed that a singularity (or, then, a highly 
concentrated mass) could trap light beams with any 
impact parameter? You focused on the apparent size 
of mass concentrations, but perhaps coming out of this 
focus on apparent size was the result that zero-impact-
parameter light is not immune from being trapped. 

Please let me know (to the extent that you now re-
member or can reconstruct those old arguments) so 
that we will know whether to give you credit for this 
insight helping John to correct his initial misconcep-
tion. 

Many thanks. 

Ken Ford 

 Having looked at the thesis again [19], I can certainly 
say [20,21] that I thought in 1962 that a radially directed 
light ray should be able to escape from close to the center 
of any spherically symmetric gravitational field including 
inside of what would now be called a black hole. So if any-
thing I might get credit for his initial misconception! Ap-
parently Wheeler looked at my senior thesis [22] (which is 
a little bit remarkable because Prof. C. W. Misner was my 
principle advisor during the senior year Spring term of 
1962, Wheeler then being in Japan I think) and he may 
have realized that it was incorrect and perhaps my error 
was his inspiration. I still cannot see how a photon could 
turn around on itself without becoming a static field distri-
bution at some point in its trajectory! 
 I did eventually follow up on my senior thesis work 
with a note to Wheeler in which I suggested that viewing 
distant objects through a maze of gravitational lenses 
might make it impossible to know their positions with cer-
tainty. I do not have a copy of my note, but it probably 
contained thoughts similar to those expressed in an abstract 
for the Spring 1963 meeting of the APS New England Sec-
tion [23]. Amazingly, five months later Wheeler kindly re-
plied to my letter (see Fig. 11), suggesting I look up a pa-
per by my undergraduate Electricity and Magnetism 
teacher Sid Liebes [27]. I did no more about this topic until 
I asked Dirk Muehlner about the problem; he showed me 
that our expanding universe is far from optically dense, at 
least considering only the effects of gravitational lensing 
[24] not including the effects  of dark matter. Just recently 
the topic of the thesis has become relevant with the an-
nouncement that an emission feature from the presumed 
black hole in the center of our galaxy has been found to 
have an angular extent of about 37 (+16, -10) micro arc 
seconds [25], just about the expected apparent diameter of 
27 5.2≈  times the Schwarzschild radius or 52 micro arc 

seconds. 
 I have shared with you a few hoarded scraps of paper 
containing hand writing that evokes admiration and love 
even in those who only knew Wheeler a little. The experi-
ences of one incidental student can be extrapolated respec-
tively by factors of one hundred and ten thousand to give 
the reader an estimate of the value of the gifts Wheeler has 
freely given to his many associates and of the powerful in-
fluence his thinking has had on countless scientists the 
world over. 
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