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Trajectory Estimation

TRANSMITTER
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AMPLITUDE
_

Irwin I. Shapiro

THE PREDICTION
OF
BALLISTIC MISSILE TRAJECTORIES
FROM RADAR OBSERVAT!ONS

L1 SHapiro
GRroups 312 & 45

Millstone radar, 1957

Technicq| Report No. 129

“Clutter environments”: use
Doppler Signatures Of individual MASSACHUSETTS INSTITUTE OF TE
SNCOLN LABORATORY ECH

reflections to distinguish signal LEXINGTON, MASSACHUSETTS
from noise.

27 February 1957
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Target Practice

“This recording technique appears
to be especially promising for those
experiments in which a prion
knowledge 1s lacking in several

@ respects and only a brief period is

~ available for observation.”
t Lincoln Lab director Carl Overhage to
Lt. General Roscoe Wilson (Air Force), 24 March 1959

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.

Millstone control room
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A Secret Brieting

LIGHT

GEORGE W. STROKE

TECHNICAL REPORT 340

oLOGY
HUSETTS INSTITUTE OF TECHN :
: TORY OF ELECTRON!C

MASSACHUSETTS

MASSA
RESEARCH LABORA
CAMBRIDGE,

3.3 RESULTS OF THE GENERAL THEORY OF RELATIVITY (1916)

The propagation of light is influenced by gravitation. This is one of the fundamental
results of Einstein's general theory of relativity which has been put to experimental
test and found to be valid (16).

Three important results involving light need to be singled out (4).

|

(i) The velocity of light, measured by the same magnitude c¢ independently of the
state of motion of the frame in which the measurement is being carried out, should
depend on the gravitational potential & of the field in which it is being measured,

according to the equation

- 2
c-co<1+ 2)
c

where ® = -GM/R [G is the universal constant of gravitation (6.670 X 1078 cgs units),
M, the mass of the heavenly body (grams), and R, the radius of the body (cm)].
For example, the term ‘I>/c2 is approximately 3000 times greater on the sun than

on earth, so that the measurements of ¢ are smaller by 2 parts in a million on the

sun, as compared with measurements on earth.

US Navy Polaris missile
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Simulating Flow

DeWitt arrived at Livermore in i

September 1952, was sent to the “leper
colony” while awaiting clearance, and
told to read about radiative transfer and

shockwaves.

Fission explosion
(A- bomb trigger)

Fusion fuel
(H- bomb)

M. Zimet in Thorne, Black Holes & Time Warps

S. cnangraselmar

adiatiy
Tl'tlns!-'ere

UNIVAC-1 being delivered to
Livermore, March 1953
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Teller’s Assignment

Early numerical codes had assumed spherical
symmetry (1d), but essential details of H-bomb

designs required 2d simulations.

M. Zimet in Thorne,
y Black Holes & Time Warps

Dithiculties: boundary
conditions at each time-step, Z;

moving interfaces; radiation
and shock waves exited the

lattice too quickly.

Eulerian coordinates:

fixed grid




Teller’s Assignment

Early numerical codes had assumed spherical
symmetry (1d), but essential details of H-bomb
designs required 2d simulations.

M. Zimet in Thorne,
y Black Holes & Time Warps

Fulerian coordinates: Lagrangian coordinates:
fixed grid flow with fluid elements
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designs required 2d simulations.
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Teller’s Assignment

At Livermore, DeWitt invented the first 2d
Lagrangian hydrodynamics numerical code.

A4 Humerdcal Method for Two-Oimensional lapranylan Hydrodynamics
Bryce DeWitt
Radiation lLaboratory, University of California, idvermore, California hl.ZnIm%lnfrhotne,
Black Holes & Time Warps
With the increasing availability of high speed computing machines
naving large fast-memory storage it Decomes possibvle to undertake the
numerical investigation of hydrodynamic . shocl problems in two dimensions.
ders is presented in oulline a simple scheme for setting up the difference
equations of such probleme in purely Lagranglan form.
Introduce the following notation: x, y = [agrangian coordinates,

-

Ly I = %ulerian coordinates, U, V = velocity components, P = pressure,
@

Q = artifiecial longitudinel viscous pressure™, and G = gpecific volume.

Then the bagic hydrodynamical acquatione are

U = -Ga(P + Q)/X)

Vo= <GP + '«J)/éY{,

. Y, Y=V
Livermore i !

report 4250, i = afou/ax + 2v/2,
Dec 10, 1953 A(RY) = =(y - 1)Q 6™ a@

DeWitt papers, U. Texas-Austin; n.d., ca. 1953
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Teller’s Assignment

At Livermore, DeWitt invented the first 2d
Lagrangian hydrodynamics numerical code.

A Humerical Meithod for Two-Oimensional lapranslan Hydrodynamics

Bryce LeWitt
M. Zimet in Thorne
Tadiation laboratory, University of California, idvermore, California . o7
L "' ? : Black Holes & Time Warps

#With the inereasing avallability of high speed conputing machines

naving larg
sarmdeay A The advantages of a lagrangian schems over an “ulerian one are

dera is 9
" obvious: 1) Boundary conditions are much more sasily applied.

aquations o
Introd 2) Moving interfaces as well as boundaries are automatically taken cars
L I = %ole

of s 3) Computations ars always confined to the physical region of ine

Py

Q = artificl

Then the ba terest.

Vo= 03P + ;z)/ax{,

. XU, IV
Livermore i !

report 4250, G = aau/ax + av/ey,
Dec 10, 1953 AFT) = ~(y - 1)Q 671 &

DeWitt papers, U. Texas-Austin; n.d., ca. 1953
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A Different Path

29, 304-331 (1964)

ANNALS OF PHYSICS:

ynamics

Body Problem in Geometrod

The Two-
Susax G. HaaN

Iniernational Business Machines Corporation, New York, New York

AND
RICHARD W. LixpQUIST

Adelphi U niversity, Garden City, New York

Adopted Gaussian-
normal coordinates,
with vanishing shift
vector, ' = 0. Could
only compute 50 time-
steps; lattice points
bpnched up near the
singularity.
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Adopt a nonzero shift vector, 8,
proportional to the 3-velocity of
the new coordinate lines with
respect to Eulerian gridlines.
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Figure 6. These “straw hats for a horse”—
embedding diagrams (analogies of Fig. 2) for
two colliding black holes—show the proper
distances and angles between grid lines. (a) At
the initial instant the two holes are at rest
rather close to one another. The open ends are
slightly inside of where the surface of the holes
were initially. Note that the holes are already
curving the surrounding space substantially.
(b) After the collision of the two holes, the bag
has stretched out much more. The new location
of the surface of the last black hole is some-
where on the long neck. The grid squares have
been deformed by the motion of the holes.
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rather close to one another. The open ends are
slightly inside of where the surface of the holes
were initially. Note that the holes are already
curving the surrounding space substantially.
(b) After the collision of the two holes, the bag
has stretched out much more. The new location
of the surface of the last black hole is some-
where on the long neck. The grid squares have
been deformed by the motion of the holes.
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«Of all physicists, the general |
relativist has the least social

commitment. [} Let the
relativist rejoice 1M the vory
tower where he has peace to
seek understanding of
Einstein’s theory as long as the
busy world 18 satisfied to do 1ts
jobs without him.”
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Gravity and Politics Today?
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gl Counterexamples to Relativity

The theory of relativity is a mathematical system that allows no exceptions. It is heavily promoted by liberals who like its encouragement of relativism and its tendency to
mislead people in how they view the world.["! Here is a list of 32 counterexamples: any one of them shows that the theory is incorrect.
1. The Pioneer anomaly.

Anomalies in the locations of spacecraft that have flown by Earth ("flybys").!

Increasingly precise measurements of the advance of the perihelion of Mercury show a shift greater than predicted by Relativity, well beyond the margin of error. %!
The discontinuity in momentum as velocity approaches "c" for infinitesimal mass, compared to the momentum of light.

The logical problem of a force which is applied at a right angle to the velocity of a relativistic mass - does this act on the rest mass or the relativistic mass?
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Main Page . T
' = The observed lack of curvature in overall space.*

Educational Inde
pestonalnaex The universe shortly after its creation, when quantum effects dominated and contradicted Relativity.

Debate Topics

Recent changes The action-at-a-distance of quantum entanglement. !

2.
3.
4,
5.
6.
7.
8.
9.

All pages The action-at-a-distance by Jesus, described in John 4:46-54.

Despite censorship of dissent about relativity, evidence contrary to the theory is discussed outside of liberal universities. >’
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