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INTRODUCTION:

The method used in this experiment to determine the speed
of light through the air in our lab was'first developed around
1850 by Foucault, and then modified by Micﬁelson in 1878. To
determine the speed of light, c, one simply times a pulse of light

as it travels over a distance, x; c=x/t.

APPARATQS:

A lagser beam of red light passes through a beam splltter
onto a rotating mirrore. Tﬁen through a lens, to help focus the
beam, to a plane reflecting mirror set up perpendicular to the
path of the beame The beam should be reflected back along the
path it came, and be deflected by the beam splitter onto a
glass scale where a change in position of the beam can be measured
through a small telescope mounted on a smaller scalee

see flgure 1 next page

The distance, x, 1s defined as twice the dlstance between
the rotating mirror and the plane reflecting mirror; 2D. The
time, t, 1s determined by the frequencﬁ“bf the rotating mirror
and the distance, s, assoclated with the angle, ¢e¢ AS the rotat-
ing mirror moves through angle ¢, the pulse of light returning
from the plane reflecting mirrof 1s reflected an angle 2¢, by
the rotating mirror?”With the mirror rotating at an angular vel-
ocity w=27f=¢/t , through angle &, in time %, which produces the

defected distance,s=2¢r, where r=rtroe Bringing all the above

2
quanties together,; one obtains the following derivation of the

speed of lighte

§‘Snell‘& law of reflection
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DERIVATION:

x=2D
w=¢/t
t=g/u=¢/21f
s=2¢r
g=s/2r
Y=g /bt
c=x/t=2Df47r /5

However, since the mirror ig sillvered on both sldes ,

o = L .
T com%icounter so that:

c=4mrDf/s.



FROCEDURE $

Setting up the apparatus can be done easlly by setting
things up as shown 1n flgure 1, and then find out where the lens
focuges thé beam the best, and line up the beams between the two
mirrors.-so that they colncide with each other. Once this 1s done
there should appear a small red dot on the glass scalee. (Note
that the glass scale is not used in making measurements.) The
telescope 1s placed so that the red dot 1s in the center of the
field of view, and the reading off thé,telescope mounting's scale
1s recorded as the zero point; s-O. The mirror is then started
rotating at a frequency, f, and as the frequency 1is changed, =
1s changed. ‘A whele range of frequencles are gone through, up
to certian limitations of the equip~meht. Data 1is recorded up
and back down the whole r ange, and the frequencies are plotted
against the distance se The measurements of D and r must also
be made; a tape measure may be used for that purpose.

‘ RESULTS ¢

The results of this experiment can Ee geen from the error

. analysise The speed of light, ¢, was found to be approximatly,
3X1010 cm/sec. The largest error involved came from taking
readings off the telescope mounting's scale’. Althoush thesme
readings were teking using a magnlfying glass, thej'were still a
bit shaky. So even though the scale went down to 0001 cm, 1t
could not be read that . accurately because of dents in the
scale, and missing pgrid lines. There also seemed to be less error
assoclated with higher frequencies, by = factor of about 2. This
was simply because the realitive errors in s and f ge£ sme: ller

as their respective quantitlies get larger. TFor example:
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DATA $

S' 1s the distance reading on the teleacopds scale.
reading was the hardest readlng to obtain because of the
size of the scale; which .was so small that a small

magnifying glass was used in order to obtain readings

thaet were accurate to .005 cme

?Oaging gtfcm.) S(ems) f£(1/sec.
11 0773 0 0

| 2 10.677 2056 200
p) 10.645 .088 315

4 10.626 «107 406

5- 10,605 .128 499

6 10.587 __ .148 558

7 10.568 « 165 623%

8 10.555 178 681

9 10.536 2197 760
10 10.515 .218 834
11 10.505 .228 879
12 10.522 +B11 829 -
13 10.530 203 792
14 10,540 193 747
15 10.557 176 702
16 106573 . 0160 614
17 10595 «138 558
18  10.606 129 486
19 10.64% . 092 357
20 10.669 . 066 231
21 10.733 0 0"




SAMPLE CAILCULATIONS:

The distance,D, was measured to be 1400+15 cm. The distance
r, was measured to be 450«5cm.
Sample calculatlons and error analysis are done for reading

numbers 4 and 1l.

C=4Trpf/s = 47[/400)(%0}_5 = 79568/3. 48 &
N~

\\K
hy "”6 20032999 x /p?°
4 L= k' <57 - 3799 X767" CPfse e

/0
i o= kB2 05250077 Pfpec

ERROR ANALYSIS:

The efrors Involved in thls experiment are:
ftaf, Af =2 sec'  S24S; p5=,005em
Dra0; AD= IS cm rioer; N = Laem

AT [ afyz ,4 £
e[V () + (R ™
ﬁ" AcC ‘ aoi (” 7/2
”c—’[/m) /oz (’W)# e y,
;L()OOM t,c02/8 L0004l 7‘-,000/23/]
= 4% = C_:(S’,GO.:L:.!S‘)/(MM M/se ¢

. A 0:’)
A V[(,Z?H) L ey .zn (ood/’/% ooo/)»/)]

= 2687 =D €= (g,o» *,08)X 10" C"fec
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