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Trajectory Estimation 

Millstone radar, 1957


Irwin I. Shapiro


  “Clutter environments”: use 
Doppler signatures of individual 
reflections to distinguish signal 
from noise.  
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    “This recording technique appears 
to be especially promising for those 
experiments in which a priori 
knowledge is lacking in several 
respects and only a brief  period is 
available for observation.”


     Lincoln Lab director Carl Overhage to 

Lt. General Roscoe Wilson (Air Force), 24 March 1959
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Millstone control room


Test of  equipment and design:

     use magnetic tape for data recording;

     use certain types of  digital code for real-
time data processing;

     “Planetary Ephemeris Program”: use 
radar inputs to estimate future position of  
objects in the sky; builds on statistical 
procedure for BMEWS. 
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research in gravitational theory, and also 
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immediate practical application of  its results, I 
was, until recently, strongly resolved to 
discontinue further work along these lines and 
to turn my attention elsewhere.” 


DeWitt to Raymond Birge, 11 November 1951
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   DeWitt arrived at Livermore in 
September 1952, was sent to the “leper 
colony” while awaiting clearance, and 
told to read about radiative transfer and 
shockwaves.


M. Zimet in Thorne, Black Holes & Time Warps
 UNIVAC-1 being delivered to 
Livermore, March 1953
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conditions at each time-step, t; 
moving interfaces; radiation 
and shock waves exited the 
lattice too quickly.
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Teller’s Assignment 
   At Livermore, DeWitt invented the first 2d 
Lagrangian hydrodynamics numerical code.


M. Zimet in Thorne, 
Black Holes & Time Warps


DeWitt papers, U. Texas-Austin, n.d., ca. 1953


   “One evening, breaking the rules of the lab, I 
decided to work on the problem at home, actually 
writing things down on paper. I took the 
hydrodynamic equations in two dimensions and 
differenced them.”  

DeWitt at 1982 celebration for Jim Wilson 
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   First requests filed in 
June 2006… Still 
waiting for a 1954 
(classified) report, 
“Difference Equations 
for Tony.” 

   “I was told that I had to have a program 
coded and run before a certain date in June 
[1954]. There was going to be a test shot and 
the lab wanted some numbers. Well, it’s one 
thing to have these simple-looking equations, 
and another to apply them. I had to sit down 
and think about things that had never 
occurred to me before.”  
   He worked closely with a programmer, who 
taught him how to improve the data input; and 
DeWitt also learned tricks like inserting “artificial 
viscosity” to improve numerical stability.  

DeWitt at a 1982 celebration for Jim Wilson 
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Transition (Back) to Gravity 

Progress Report, 1956

   “Bryce DeWitt pointed out some difficulties 
encountered in high-speed computational techniques. 
[…] ‘Any non-linear hydrodynamic calculations are 
always done in so-called Lagrangian coordinates, so 
that the mesh points move with the material instead of 
being fixed in space. [When applying to gravitational 
radiation], you don’t want the radiation to move 
quickly out of the range of your computer.’” 



A Different Path 

   Adopted Gaussian-
normal coordinates, 
with vanishing shift 
vector, β i = 0. Could 
only compute 50 time-
steps; lattice points 
bunched up near the 
singularity.
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   “On sufficient advance notice, a large quantity of  
beer, food, scissors, scotch tape, and graduate students 
are assembled. The graduate students cut the squares 
out and tape them into strips. Other students then 
weave the strips together, basket fashion, into a final 
embedding diagram. [...] (Incidentally, the DeWitt 
technique for constructing embedding diagrams lends 
some credence to the complaint that graduate school 
these days is only so much advanced basketweaving.)”
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   “Of  all physicists, the general 

relativist has the least social 

commitment. […] Let the 

relativist rejoice in the ivory 

tower where he has peace to 

seek understanding of  

Einstein’s theory as long as the 

busy world is satisfied to do its 

jobs without him.”


      J. L. Synge, Relativity: The General 

Theory (1960)  
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