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THE SPEED OF LIGHT 
 

Introduction 
 

According to Einstein’s Principle of Relativity the speed of light in a vacuum has the same value, c = 3.00 x 108 
m/s, in all inertial reference frames, regardless of the velocity of the observer or the velocity of the source 
emitting the light.   Prior to Einstein’s special theory of relativity there had been a great deal of time and effort 
invested in measuring changes in the speed of light to confirm the ‘ether theory’.  Although the Michelson- 
Morley Experiment proved that there was no ‘ether’, the result had far reaching consequences; it indirectly 
confirmed Einstein’s Principle of Relativity.   
 
In this experiment light is timed as it travels over a known distance.  A light beam is initially reflected from a 
rotating mirror to a fixed mirror, where it reflects back to the rotating mirror.  When the light beam returns to the 
rotating mirror, this mirror will be in a slightly different orientation.  As a result the returning beam will reflect 
from this mirror along a slightly different line that the initial beam of light had.  Measurement of the angle 
between these two beams of light is used to time the trip back and forth and thus obtain a numerical value for the 
speed of light. 
 
Equipment (see following page) 

 
•    high speed rotating mirror   •  optics bench couplers 
• fixed mirror                 •   1 lens (48 mm FL) 
• measuring microscope   •   1 lens (252 mm FL) 
• 0.5 mW He-Ne laser   •   2 calibrated polarizers 
• one-meter optics bench   •   3 component holders 
• laser alignment bench   •   2 alignment jigs 
• tape measure 
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Theory 
 
 
The light beam from a laser is focused by lens L1 to form a point image at h.  The beam then 
passes through a beam splitter, another lens L2, and travels to a rotating mirror MR.  After 
reflecting from the rotating mirror the beam travels to a fixed mirror MF.  Lens L2 is adjusted so 
that a point image is formed at the fixed mirror MF. After reflecting from the fixed mirror, the 
beams returns to the rotating mirror.  It then reflects from the rotating mirror, passes through lens 
L2, and reflects from the beam splitter to form a final point image at h’.  This final image is 
observed with a microscope.  See figure 1. 
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Figure 2 below shows the path of the beam of light, from the laser to MF, when MR is at an angle 
θ to the vertical.  In this case, the angle of incidence of the light path as it strikes MR is also θ and, 
since the angle of incidence equals the angle of reflection, the angle between the incident and 
reflected ray is just 2θ.  As shown in the figure, the beam of light strikes MR at the point labeled 
S.  
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Figure 2 

 

Figure 3 shows the path of the beam of light if it leaves the laser at a slightly later time, when MR 
is at an angle θ1 = θ + ∆θ.  The angle of incidence is now equal to  θ1 = θ + ∆θ, so that the angle 
between the incident and reflected rays is 2θ1 = 2(θ + ∆θ).  This time we label the point where the 
pulse strikes MF as S1.   
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Figure 3 
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If the distance between MF and MR is D, then the distance between S and S1 can be calculated:  

∆S = S1 - S = D(2θ1 - 2θ)  

∆S = D[2(θ + ∆θ) - 2θ] = 2D∆θ  (1) 
 
 
From Figure 4 below we see that the image displacement ∆h is the object for lens L2 while ∆S at 
the fixed mirror MF is the image for lens L2.  
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Figure 4 
 

From the thin lens equation we have: 
 
 
 
    ∆h = ∆h’ = (-i/o)∆S   (2) 
 
 
  
Here i and o are the distances of the lens from the image and object, respectively, and the minus 
sign corresponds to the inversion of the image.  Note, that since the distance from the beam 
splitter to s and s’ of figure are the same, then the beam splitter forms a similar image of the same 
height (∆h = ∆h’). Since we are not concerned if the image is inverted or not, then the image 
displacement (∆h’) is given by: 
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The angle ∆θ depends on the rotational speed of MR and on the time it takes the light pulse to 
travel back and forth between MR and MF.  The relationship is: 
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Substituting Eq. (4) into Eq. (3) gives:  
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Eq. (5) can now be rearranged to provide our final equation for the speed of light: 
 
 

    
')(

4 2

hBD
ADc
∆+

=
ω   (6) 

 
 
Procedure 
 
1. Setup the apparatus and align the system as described in the handout ‘Setup and Alignment’. 
 
2. Before turning on the motor, be sure the lock-screw for the rotating mirror is completely 

loosened, so the mirror rotates freely by hand.  Never run the motor with MAX REV/SEC 
button pushed for more than one minute at a time, and always allow about one minute 
between runs for the motor to cool off. 

 
3. With the apparatus aligned and the beam image in sharp focus, set the direction switch in the 

rotating mirror power supply to CW, and turn on the motor.  If the image is not in sharp focus, 
or if it disappears, adjust the microscope.  You should also turn L2 slightly askew (about 1 - 
2o) to improve the image.  To get the best image you may need to adjust the microscope and 
L2 several times. 

 
4. Let the motor warm up at about 600 rev/s for at least 3 minutes. 
 
5. Slowly increase the speed of rotation and notice how the image deflection increases. 
 
6. Use the ADJUST knob to bring the rotational speed up to about 1000 rev/s.  Then push the 

MAX REV/SEC button and hold it down.  When the rotation speed stabilizes, rotate the 
micrometer knob on the microscope to align the center of the beam image with the cross hair 
in the microscope that is perpendicular to the direction of deflection. 

 
7. Record the rotational speed, turn off the motor, and record the micrometer reading. 



 6

 
8. Reverse the direction of the mirror rotation by switching the direction switch on the power 

supply to CCW.  Allow the mirror to come to a complete stop before reversing the direction.  
Then repeat your measurement as in step 3. 

 
9. When adjusted to fit the parameters just measured, the equation for the speed of light 

becomes: 
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Note: To measure A, measure the distance between L1 and L2, then subtract the focal       
     length of L1, 48 mm. 

 
 
Analysis 
 
1. Show a step-by-step derivation of equation (7). 
 
2. Take 2 measurement for the speed of light using the procedure described above. 
 
3. Calculate the % error for each measurement. 
 
4. Comment on any systematic or random errors involved in the experiment. 
 
  
 
References: 
1.  PASCO scientific, Instruction Manual and Experiment Guide, 1989 
 
 
 
 
SEE SETUP AND ALIGNMENT FOR THE APPARATUS ON   
THE FOLLOWING PAGE 
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