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OPTICAL ENGINEERING ROTE #43:
COMPARISON OF SPEED OF LIGHT KITS

The kits available from Arbor Scientificl, CENCOZ, Metrologic3
and PASCO? either use the rotating mirror techmnology of the
nineteenth century experiments of Foucault® and Michelson, or the
more contemporary method of looking for the time delay in arrival
between two laser beams that started simultaneously but with one
taking the long road whilst the other takes a shorter path.

In 1638 Galileo reported on experiments trying to find the speed
of light by signalling with lanterns across great distances, but
came to no numerical result, He had hoped to determine whether
or not the speed of light was infinite, but only realized that
the measurement was impoggible with the instrumentation available
then.

Olaf Roemer, a Danish astronomer, calculated that the speed of
light was about 214,000 km/sec, using purely astronomical
observations in 1676. He measured the discrepancy in time
between actual and predicted eclipses of one of Jupiter’'s moons
{which Galileo had discovered 60 years earlier,)} with the Earth
nearer and farther from the giant planet by the diameter of our
orbit. Although only 2/3 of the speed we know nowadays, he )
proved that light did have a finite speed.

Earth in
November

Earth
in May

Rémer’s discovery
{Adapted from Henry Crew, General Physics, 3rd ed., rev., New York:
Macmillan, 1916, p. 521)

Observations of the eclipse of Jupiter’s satellite o, at six-month intervals,
gave the data needed to determine the speed of light across the diameter
of the earth’s orbit.
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It wasn't until the nineteenth century that devices were built
expressly to measure the gpeed of light. The first was that of
Armand Hippolyte Fizeau's” 1849 device, as illustrated below.
Light from the gource A passes through a gap in the toothed
wheel, is collimated by a lens to travel a long distance without
spreading out too wide, is focussed by a similar lens onto a
mirror, which retroreflects the light back to the sending unit.
If the timing is right, the returned beam can slip through the
next 8lit in the toothed wheel, otherwise it will be blocked by a
tooth. (Some returning light is reflected back tc the light
source by the semitransparent mirror mj;, but the rest is passed
through, to the observing eyepiece or ocular at O4.}

Fig. 12. The scheme of Fizeau's experiment, A is the
source of light, m, is a semitransparent mirror, m, is
a flat mirror, « is a toothed wheel, 0,-O4 arc objectives,
and O, is the ocular.

Fizeau cranked up the speed of the gear until he saw the first
darkening of the light in the eyepiece. This meant that light
went and came back in the time it took for the toothed wheel to
move one half the angular dimension of a tooth. pyeasuring the
path length and the rate of rotation of the mechanism, he
calculated the speed of light to be 314,000 km/sec, not too far
off for clockwork-powered mechanisms, and much better than
astronomical observations, using disances which in themselves may
not have been too accurate.

Greater accuracy was afforded in 1862 by Leon Foucault, with a
rotating mirror device. There was no possibility of subjective
error in determining when the return beam was truly darkened; all
that needed to be measured was the difference in position of the
returned beam with the mirror spinning or at rest, as the Speed
of Light Apparatus from PASCO asserts. (The following two
pages.) Notice that they use a micrometer in the Measuring
Microscope for accuracy. Foucault used sunlight for his
experiment, but nowadays the experiment wouldn't be gexy without
a laser.
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- SPEED OF LIGHT

FUNDAMENTAL CONSTANTS

WP4.2:\OENOTE. 043

~Speed ot Light Apparatus

* Classic Foucault Method
e 1- 15 Meter Path Length

 Tabletop or Hallway Experiment

The speed of light in free space is an intriguing
and very important fundamental constant. One
of Albert Einstein’s most perplexing postulates
is that the speed of light is independent of the
relative speeds of the light source and the
observer. Furthermore, as he presented in his
Special Theory of Relativity, objects moving
near the speed of light follow a set of physical
laws radically different not only from Newton’s
Laws but from the basic assumptions of human
intuition. Throughout history, most of those
who speculated about the speed of light sup-
posed it to be infinite. In 1667 Galileo suggested
and carried out an experiment to calculate the
speed of light. Although his method failed,
others were inspired to make the measurement,
and in 1862 Foucault succeeded in measuring
the speed of light quite accurately.

This Speed of Light Apparatus reproduces
Foucault’s measurement, but with some signifi-
cant improvements such as a laser light source
and a high-speed, servo-stabilized, rotating
mirror with a digital readout of angular velocity.

How It Works

The method is basically the same as that used

by Foucault in 1862.

1. The first observation is made when the
rotating mirror (RM) is not rotating—
Light from a He-Ne laser is focused to a
point at S by lens L1. Lens L2 is positioned
so that the image of S is reflected from the
rotating mirror (RM) and focused onto the
fixed mirror (FM). The fixed mirror reflects
the image back onto the rotating mirror,
which in turn reflects the light back through
the lenses, to reform the point image at S.
However, the light also passes through a
beam splitter (BS), which forms a mirror
image at S', where it can be observed with
the microscope.

J2:X-{ede" 500-772-8700

Complete Speed of Light Apparatus
Basic Speed of Light Apparatus

0§-9261
0§-9262

2. The second observation is made when the
rotating mirror is rotating— Since it takes a
finite amount of time for the light to traverse

the distance D, between the fixed and rotating

mirrors, the rotating mirror is in a slightly
different position when the light returns
after reflecting off the fixed mirror. This
produces a displacement in the position of S/,
which can be measured with the microscope.

The angular velocity can be continously
varied from 100 to 1,000 rev/sec. A push-
button switch brings the mirror to maxi-
mum speed at approximately 1,500 rev/sec.
Since the direction of rotation is reversible,
the effective speed is 3,000 rev/sec, producing
a significantly large AS".

3. The displacement— of S' between the first
and second observations (AS') is propor-
tional to the transit time of the light over
the distance D, and to the angular velocity
of the rotating mirror. With a very straight
forward calculation, the speed of light (c)
can be calculated:

4AD' ®
(D+B)AS'

@ = Rotational speed of the rotating mirror.
A, D, and B are noted in the diagram below.

*3,195
*2,444
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Fixed Mirror

Rotating
Mirror

The optimum distance for performing
the experiment is 10 to 15 meters between
the two mirrors. Over this range, accuracy
within 5% is readily obtainable. However, if
space is a problem, the space between the
mirrors can be reduced to as little as 1 meter
and a proportional reduction in accuracy
will result. Either way, your students will be
measuring one of the most fundamental

constants in physics.
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The 0S-9261 Complete Speed of Light
Apparatus includes everything you need to
measure the speed of light using Foucault’s
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Selecting a System

The PASCO Speed of Light Apparatus is available in two systems. One is
complete and ready to operate. The other requires certain PASCO optics
components which you may already have.

The OS-9263A High Speed Rotating Mirror.

| 059261
| Complete

e TO ORDER:

Complete Speed of Light Apparatus

T e 0§-9261 *3,195.00
Measuring microscope with beam splitter and
cross-hair micrometer : Basic Speed of Light Apparatus
X-Y alignable fixed mirror v A 08-9262 *2,444.00
Optics components from PASCO’s Advanced : ;\dditinnal Equipment Nc_eded:
Optics Systems Optics Bench O? 9103 Pg. 146 *133.00
- Laser Alignment Bench ~ 0S-9172 Pg. 146  *89.00
- 08-9103 Optics Bench v 05mW He-NeLaser ~ 0$-9171 Pg 146 ‘41500
- 08-9172 Laser A]ignmcm Bench A Lens, 48 mm EL. 059133 Pg.147 ‘2200
TR W He-Ne Lz : Lens, 252 mm EL. 05-9135 Pg.147  *22.00
Wbt disobico .. s b Calibrated Polarizers ~ 0S-9109 Pg. 147  *17.00
- 05-9133 Lens (48 mm EL.) v (2 needed)
¥ 4 3 Component Carriers 05-9107 Pg.147  *18.00
- 0§-9135 Lens (252 mm ELL.) \ (2 needed)
- 08-9109 Calibrated Polarizers (2) V | High Speed Rotating Mirror
- 05-9107 Component Carriers (3) v | 08-9263A $1,292.00
Note: Those with a flare for do-it-yourself experiments may prefer the O5-9263A High Speed Rotating Additional Equipment Needed:

Mirror, which includes just the high speed rotating mirror with a built-in power supply and a digital See Note under Selecting a System chart.

revolution/sec readout. With this system, all other components must be supplied by the user. shiiisbbss

4 800-772-8700 N:\-{ef0°
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The Master of Light, Albert Michelson, also used a rotating
mirror to find the speed of light in 1879. With his usual
persnicketiness in measurement, he found that light was travellng
at 299,910 +- 50 km/sec, which is within 3% of what we know it to

be nowadays.

N\
.y Light source
// \\ Light sent into

2 apparatus in this
\ direction

e R

Octagonal 4 ™,
mirror

To distant plane
mirror, 22 miles ———

{44 miles round trip)

>

ocxon of rotay;
o oy,

Telescope

3; Michelson’'s eye

When the octagonal mirror is at rest, the telescope is aligned to
view the light source, although in the same room, via another
mirror placed 22 miles away. Once the mirror is spinning, no
light is seem through the telescope, since the light returning
from the distant mirror hits a facet of the octagon and upon
reflection will probably miss the entrance pupil of the
telescope, unless the rate of rotation is such that the return
beam impinges upon a face of the spinning mirror at just the
right time so that it is reflected into the telescope's
objective. If the rate of revolution is known along with the
distance travelled, the speed of light can be determined.

The other, more contemporary Speed of Light Kits use no moving
mechanical parts. The trick is to use a modulated light source.
An electronic circuit varies the output power of a laser or LED
at a fixed high frequency, like around 1 MHz for the Metrologic
laser or 60MHz for the LED in the CENCO set. (By going with a
higher frequency, the beam path length can be shorter.) An
oscilloscope trace of what a photocell sees in the path of one of
these beams would show the sine-wave shape of the modulation of

the intensity of the laser.

SPEED OF LIGHT KITS 6
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Some of the kits rely ' - il Sy G,

on large path length 4ﬂm%?E
differences in air, i

Speed

which may not be of Light

practical in some Apparatus
claggroom sSituations. By replacing
Using a coiled fiber il
optic can make the rotating mirrars
demonstration more with electimnic and
compact, although what bwer optic technol-
iz found is the speead ogy. this apparaies
of light as measured in (measures the speed
the glass of the fiber. NLﬂKHEHiphy
Note that LED's are 'L:r hudger InBteafl of filling 2 lase clasatilh
t;i&gn :Eﬂ :E:dh:':iuias = Wi -'-'~I'*.'1“== ve cquipment, you can conduct this measure-

i - nent with the 20 meter fiber optics coil and apparatus silling on vour desk.
Scientific and C 0 Mulse signals generated by a protected, slim circuit board are mondiored

unitsa. direcily on one channel of a dual-track oscilloscops. The light then travels the
Iength of the cable, where it is attached to 4 special moceiver, The second
channed of the oscilloscope recornds the results from this receiver and displays
the two signals with their phase difference. ¥ou then calculate the speed of
Hght from the length of the cable and 1he phase difference. Flease note that
users must supply the dual-track oscilloscope.

Included in the guidebook which accompanies the apparaius ane instructions,
as well as a history of the study of the speed of light, detailing past investig;
linnz which were poszsible only when using huge rooms, mirmors, Lasers, ang
other costly, difficull squipment.

P2-550d0 5175 = — E -

Speed of Light Apparatus

Electrondcs and fiber opfics rake the place of ratATirg mirrars, giving you an
ECONDMIC and simpie [o use apparatus. | MHz pulses are gersrated and Apnlie
sTTHAEnecLishy 1o one channel of an cacilloscope and an eleciro-optic transHmes
The light pikses produced ravel down a 20m length af fiber aptic cable, and
are registersd by acspecial receheer, The second channel of e asc lloecope
reconds the results nom this receiver, displ niry the bano skgnals with the phase
delay produced by the Z0m light path.

The pufsed signal are gonerared by @ dim cirouit board, 15 x 11cm, Two fiber
optcs cables are included: a 15cm reference cabile, and a 20m 185t cable. The
fibers end in “sweet spot” connectors for eficient cou plineg weith thee Circuit board
All circuit board Inputs and cutputs are an 2mm jacks. You'll need 10 supply a 9v
powwer supply, and & duakrace 20MHz oscillcscope. Complete Insoroctions anc
pronicled for this apparams

IZ007-010L1 $250.00
Tou MNood 1a Suppl;l:

AN CROlpsoope, such a5 ol 30440 20MHT Dual Trace CRoilasooge

32007 313830 1 2 VALY, Poas B Supply 1295 00
AZGE4-TL  fed S0cm Tew Lo, Zmm Banana Fiug $B.20
F2954-2U  Back &00m Tew Lead, Imm Bavans Fag $8.20
F2QEEIU  [sruns Plug Reducer, dewvn o fmm £4.70

32%55-ZU Earara Fiug Enlarger, 2mm o men i4.70

= _ — == =ot —_— e C L —_— -

SFRRD OF Ll 'J:l'.I.E EIT&




WP4.3:\ORNOTE . 043

COLLECTT THEM ALL!

Speed of Light Kit/Laser Video Kit

Speed of Light/
Laser Video Kit
Crder & 45-720

Shipping weight: 5 bs.

Speed of Light
Instruction Booklet
Crder & 45-721
Shipping weight: 1

Wil il5 edectronic controd box, photodetec
tors and optical accessonies, tho Speed of
ighl LabvLasar Video Kit:

If you have a modulable” light source, you can then encode sound
or aven video onto the beam of light.

» Hisaives ligh
from & cistan:
auclic-modu
lated |lazar

OSIBCIS

L

Fietd
s L Pt

SprOdLGeS
WOIGE COmmu
mications or
T
w [HEsCaives lighl
frarm a distant

WVICIB - M-

aled laser
detects
ampifies and
furnishes an ouclput for a video manitor to
reproduce pictures

= Produces a 1 MHz signal to modudate a

asar, then spiits, reflects, ocuses, detects
and armplifies tha waveforms 1o prodiscs
outputs wor 3 dual channe cecilloscopa.
(This makes it possible for shudents to
messire the specd of Bghl, with an accu-
racy al & few parcant, in the apace of an
Eversge classmam over & 20 meder path

Tha Speed of Light/Lazer Video Kit contans

gh impedance microphone
am splitter

« front surfacs mirrar

= S0 MEgnelic oolcs mounls

* large steel plate to hold oplics mounts

= oot Surlace: mirrce

= ghacironic control box containing: 1 MHz
oRclaon, dual chanm
photodatecior amplifier, loud spaaker,
and lab=iad inpudt and output lerminals

® e Qo] Ballery

« Speed of Light imsfnsction Dookie

Mate: Not inciudsad but requirag for apena-

N arg 4 mocuais

O CEArTErE
-y d e LY . - N R — —| b -
and moanitor, and g dual channal oacila-

SCONIE.

in the aanly part of 1904, this product wil
b repdacnd by an imoroved varsion. The
rieny wunit uil enhance apead of Mqhit mes
SLrEMoes, orowide beller awdio fansmis-
=, and ransmit axcelent colar wiokao

SAIras,

a CALL TOLL-FREE: 1-800-436-3876 « FAX: 609-228-6673

This dual-purpose makes

the most sense to penny-pinching administrators when ordering.

Books most helpful in the preparation of this article:
The Master of Light; a Biography of Albert A. Michelsom, Dorothy

Michalson Livingston,

PE. 453-680.

Charlas Sceribner's Sons,

New York, 1973,

The Greatest Speed, 5. R. Filonovich, Mir Publishers, Moscow,

1986.

*Able to be modulated.
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1. Arbor Scientific, P.O. Box 2750, Ann Arbor, MI 48106-2750,
800-367-6695.

2 .CENtral Scientific COmpany, 3300 CENCO Parkway, Franklin Park,
IL 60131, 800-262-3626, http://www.cenconet.com.

3. Metrologic, P.O.Box 307, Bellmawr, NJ 08099-0307, 800-436-
3876.

4. PASCO scientific, P.O. Box 619011, 10101 Foothills Blvd.,
Roseville, CA 95678-9011, 916-786-3800, sales@pasco.com
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