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Two Teams, Two Measures
Equaled One Lost Spacecraft |

nmwm

LOS ANGELES, Sept. 3 — Simple’  and coliage physics dll
confugion over whather measure- time," sald John Pike,
raenls were memic or 1of led to the  space policy =t thy Paderatin
Joss of & J135 million spacecraft last  American Scientlaty in Washiugtan

NASA's Jet Propalsion Laborstory flight systems at Lockheed Martin
said in a preliminary cooclusioa that . -Astanautics in Denver. Colo it
engloeers at Lockhedad Martlo Cor  can't be something that simple that
pnraﬂmwll:hhnﬂhuﬂuhem oould cold this to happen™ |

thought the infor- rrer coald have gons throtgh & mis-
mation was i the metric measare- gk’ checks and baledces.

It of sy appessangws oo thiy prge! — ADYT
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ment of newtona, ““The real issoe 18 nof that the data
- The resiting miscaloolation, vn- | Wad wroog,'! awd Edward C Slone,
detected for monthy as the crafli was  the ditector of the Jet Propulsion
1 designed, built aod lawnched, meant Laboratory In Pazadeps, Chlif,
tha crafr, the Mars CHmate Orbiter, Wwhich was in charge of the misyion
was aff course by about 0 milesas it “The real asue is hat our provess

approached Mars. ’ ; _ .

“This f9going to be the cantionary Continned on Pagé Alf
" tale that bs going to he embedded rto
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Relativity: the warping of space, time, and minds

8 Zur Frokerady mamth Oeiceifter Erpper;
ven d. Pinseodin,

Dak 4ia Eldarodyusmix Maxwells — wie deselbe gegen-
Wirly sufpefiBl su werd gt — fu jirer Arvendung saf
wneste Kivper 1o Asymnstrion faut, welolg aen FAinsmenes

bt axzakafion eires, il Belogot Man denkn 2 B ay
& dloMredyannische “'adurl«ir'nnn swhecken cisun Mag.
e e cinem Leiter, Dys beobachtbare § araon himgl
" nar Ak ven der Hotstivbevegung von Leiar und Nogaet,
wend neeh dor ablich e Aufaanung die beides Falls dib
sue cder der wsdeso dicrr K der Ivvrc,_?'n e, ireng
saader zu tronimom eind Bowege sloh pumitch des Nogne
it der Laiter, 1o entstelt 5y dur ”n-c-aluu; Jdes Megnetes
Vltrisches Feld ven geviswa Eser
#hwa, wo sith Tede dos Leiters befinday,
£ Raldt ader dor Mageet und denegt 1

Open Geometry

Steve Manly
Department of Physics and Astronomy
University of Rochester

Flat Geometry






4 mi/hr

Speed with respect to you is 4 mi/hr

4 mi/hr

2 mi/hr

Speed with respect to you is 2 + 4 = 6 mi/hr



The speed of light is greater for beam |, beam Il or beam [11?

Car moves while
passenger shines a
flashlight.

V

I >

Experiment says the speed of light is the

same in all directions!!



WaVES

Photo credit: Andrew Davidhazy



http://www.rit.edu/~andpph/

Michelson-Morley experiment

1881 — A.A. Michelson in Berlin
1887 - A.A. Michelson and E.W. Morley in US (Case Western)

1907 Nobel Prize in physics

Michelson-Morley
Experiment




Weird, huh? What does it mean for the real world?

Enter our man Einstein!




Instead of trying to “save the current paradigm”, Einstein
bowed before the experiment.

What if it is true??

Two postulates:

1) Michelson-Morley is correct. Speed of light is the
same in all inertial reference frames

2) Physics is thie same in all ine§ial reference frames

Point of view of observer
Moving at constant speed



Einstein thought experiment:
Consider a beam of light that is emitted from the floor of a train

that bounces off a mirror on the ceiling and returns to the point on
the floor where It was emitted.



Fact: Light is emitted and detected at point A.

This fact must be true no matter who makes the
measurement!!!1




Sam 1s on the train

Velocity of light =c
¢ = distance/time
c =2H/T,

Sam

T,m = 2H/c




Sally watches the train pass and makes the same measurement.

Light is emitted
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Sally is standing still, so it takes two clocks.

Light is emitted Light returns



Sam Sally

Sally sees the light traveling further. If light travels at a
constant speed, the same “event” must seem to take longer
to Sally than Sam!

Time is relative ... not absolute!!



From Sally’s point of view

_ Path light
Path light takes from
ta[(es Y mirror to
mirror

detector

Distance train travels
while light is traveling

= VT,

ally

Makes use of Pythagorian theorem




From Sally’s point of view

c = distance/time = 2D/T,

ally

T, = 2D/c

sally




Sam (on train) Sally (on ground)

2H/T ., =¢C c = 2DI/T,

D

ally

1
C= T \/HZ +(§VTsally)2

2
2H 2
= \/H ; +(£ VTsallyj
Tsam Tsally 2

2 2 2 2
2H 2H 2 1
= + Py VTsaIIy
Tsam Tsally Tsally 2

sally




2 2
( 2H ] 2H )
— | =|— | +V
Tsam Tsally
[ 1 T 1YV
= +
Tsam Tsally (2 H )2

Recall 2H/T.

Sam

=C or 2H=cT,

Sam

21 2
2_CTsam 2

T2
Tsally

C

2 2
[ 1 j 1 V2
Tsam Tsally (CTsam)

+V —_

sally —

Sam




Sam (on train) Sally (on ground)

2H/T ., =¢C c = 2DI/T,

I

C =

ally

1
H? +(EVTg)°
Tsally\/ 2 i

A bit of algebra.

This number is >1.

It becomes larger as

sally = Vv approaches c.




Think about it!

Sam and Sally measure the time interval for the same event.

The ONLY difference between Sam and Sally is
that one is moving with respect to the other.

Yet, Ty > Taam

sally

The same event takes a different amount of
time depending on your “reference frame™!!

Time 1s not absolute! It is relative!



Can this be true??

Experiment says YES!




Can this be true??

Experiment says YES!




Less time elapsed on the clocks carried on the airplane
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V=0.98c

> |
¥ o Lifetime=70 years
| e on spaceship
te.mm B /TE)? ’tf’i’“mﬁ‘*‘(‘
5 Earth at rest
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et WEO) ¥ How long does person
- appear to live to

T = (S) (20 goecs) astronomers on earth?

beutpf = 350 Yyews !



