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Outline

* Recap of last year's workshop
* Is c redlly constant?

- Neutrinos that break the rules

* The Moons of Jupiter on a spreadsheet
+ Mirrors, Prisms, Lasers and Bricks

- Tea break?

» Doing a measurement



Why Is the speed of light
Important astronomically?

+ Key to understanding how what we
observe relates to what is actually
happening and when

* Led Einstein to his theories of Special
and General Relativity which are
fundamental to understanding the
cosmos



Ole Rgmer (~1670)

» Used the orbiting of Jupiter's moon Io (moving into
or out of Jupiter's shadow) as a ticking clock

* Having determined the orbital period of Io (the
‘clock tick') he arqued the ticks would be seen later
when Jupiter was further from the Earth

Speed of light =
)

Earth orbit diameter
Maximum tick delay




Fizeau's toothed wheel

1847 - Armand Fizeau measured the speed of light
terrestrially

Spinning toothed wheel passes pulses of light to a
distant mirror

+ Reflected pulses are blocked upon return if the wheel
is spun fast enough
A

;./——l:] Reflecting

Source of light ; : plane mirror
» Semitransparent

Wigs mirror

Observer Rotating
toothed wheel



Foucault's rotating mirror

* Originally suggested by Wheatstone in 1834

- Foucault made his measurement in 1860

* Improved by Newcomb (1882) who
intfroduced a multi-faceted mirror

» Further refined by Michelson (1879, 1882,
1929)

- Measurement in vacuo - Pearson and Pease

(1931)



Michelson's notebook
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Methods | tried last year

- Microwave
- Pulsed Laser
* Rotating Mirror



Microwave

» Standing wave in microwave oven
produces 2 hot spots per wavelength A

* Frequency f of microwave
oven is 2450MHz

230V ~ 50 Hz MAX. 1150W

230V : 750W
2450MHz 240V : 800W

PMMERCIAL USE
CROWAVE ENERGY. DO NOT RE

c=f xA
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hot spot

detectors




Pulsed Laser

- Laser diode switched on/off at ~100kHz

» Rising edges of light pulses detected by
photodiodes and displayed on oscilloscope

* Delay (T) in rising edge observed when
long path (P) in place using mirrors

+c=P/T
» 30 metre round trip — delay of 100nS



Pulsed Laser, Beam Splitter,
Reference Photodiode




Rotating Mirror Method

Laser

I

Mirror

4"’Fﬁxed

Mirror



Rotating Mirror




Rotating mirror (~130 rev/s)




| aser and screen




Calculations aser

Rotating

) Screen
Mirror

Time of flight T = 2M/c

Mirror rotation (in radians) R = 2TTIST
Beam deflection (in radians) = 2R / Fixed
Beam deflection on screen D = 2RL Mirror

Putting it all fogether: ¢ = 8TTMLS/D m/s

For initial experiment, expected D to be approx:

D = 871x14x14x130 ~ 2.1mm
299792458




New this yeatr...

» Is c redlly constant?

* Neutrinos that break the rules

* The Moons of Jupiter on a spreadsheet
+ Mirrors, Prisms, Lasers and Bricks

- Tea break?

» Doing a measurement



Is ¢ really constant??

* Light does slow down when passing
through matter (Refractive Index)

* If ¢ changed over time, other physical

constants must also change

- e.g. permittivity and permeability of free
space - hence charge on an electron,
Planck's constant, fine structure constant...

- hence ratios of spectral lines of distant
quasars would have changed - they haven't



Cern test ‘breaks speed of light’

iIme taken by neutrinos ted time distance travelled through rock
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Eclipses of Jupiter's moon |lo
(Rgmer's method)

» Eclipse timing predictions for 2011
downloaded from the Internet

+ Spreadsheet used to extract deviations
of timing from regular "clock tick’

o




Observing project

Record timings of eclipses of To over a period of up fo a
year

Exact timing of an eclipse difficult as each event (start or
end of an eclipse) takes 210 seconds to complete

Eclipse 'starts’ are observable for only ~6 months, then
eclipse ‘ends’ for ~6 months

The full calculations could be quite complex if allowing for:
- Ellipticity of Earth's orbit
- Ellipticity of Jupiter's orbit
- Tilt of Io's orbit
- Orbital resonances of Jupiter's moons



New equipment built or
acquired this year...

- Lasers with variable focus

» Faster and larger rotating mirror
* Mirror rotation speed measurement

- Corner Cube Reflector

» Modified optical path layout



Focussing a red laser

- Saw off the front of a laser pointer/module

- Remove mini lens
- Mount laser at focus of a camera or similar lens

with adjustable focus
» Tinker with alignment to get even illumination

+ Wide beam (1 to 3 cm) that will focus down to a
point at a given distance



Camera lens with
5mW Red laser




Lens in DIY focuser with
5mW Red laser




5mW Green laser pointer
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Rotating mirror with motor
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Rotating mirror assembly




Rotating mirror — business end




Rotation speed measurement —
photodiode and frequency counter
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Corner Cube reflector




Corner Cube reflector




Corner cube Plane mirror



Calculations

Laser

(2R)

D

Rotating

) Screen
Mirror
Time of flight T = 2M/c
Mirror rotation (in radians) R = 2TTIST
Beam deflection (in radians) = 2R A Corner
Beam deflection on screen D = 2RL Cube
Reflector

Putting it all fogether: ¢ = 8TTMLS/D m/s
or D = 8TTIMLS/c m

For current experiment, expected D to be approx:

D = 87T1x14x14x400 ~ 6.6mm
299792458
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