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Workshop Summary: Speed of light using a pulsed diode laser 
Timothy Roach               Physics Dept., College of the Holy Cross, Worcester, Mass. 

Overview 
In Session 1 of our sophomore lab course, students use an oscilloscope to look at propagation 
of electric pulses in coaxial cable and to observe reflection from open or shorted ends. From 
measurement of cable lengths and pulse time delays (with associated uncertainties) they 
determine the pulse propagation speed.  This serves as a scaffold for Session 2 when electric 
pulses are used to turn on a laser diode.  Student find that due to the diode non-linearity, the 
optical pulse can be much shorter than the electrical pulse.  From the measurements of optical 
pulse travel distance & time they obtain the speed of light, but much important learning comes 
via associated topics, including: removing unknown systematics by subtraction of two 
measurements; propagation of uncertainty;  probability distributions and statistics of repeated 
measurements (the value of averaging); and improvement in fractional precision as longer 
distances are used. The full handout used in our lab will be posted online. 

Workshop Outline 
• Introductions   
• Overview of lab concept, summary of key points, possible learning goals 
• Go over laser-mirror-detector system 
• SAFETY (keep laser path under control; keep head high; look out for each other) 
• Powering the laser & detecting the light pulse  
• Measuring the drive-pulse to detected-pulse time 
• Discussion: can we determine speed of light from these measurements alone? 
• Measure a 2nd point & calculate speed 
• Discussion: How precise is this?  
• distribution of NIST cards 
• Questions / other topics 
 
Equipment Used 
 20MHz Sig. Generator (Rigol DG1022A1) 
 100MHz Oscilloscope (Tektronix 

TDS2012B)  
 Diode Laser module (∼$2502) 
 mount for DL module (KM100P $75) 
 photodetector(PDA10A3 ∼$3004, plus 

f=25mm lens) 
 baseplate (MB8 or can easily make one) 

                                                           
1 Equipment models are examples; other similar 
devices will likely work equally well.  
2 See table at end for full parts list 
3 Part numbers without mfr are all from Thorlabs. 

 mirror & tilt mount [KM100 ∼$100] 
 3 post supports & bases (∼$20 each) 
 3 BNC cables  
 cardboard pieces to aid with alignment 
 NIST wallet cards  
 measuring tape 
 

4 Non-amplified, biased photodetector is about ½ 
the cost but signal will be only about 20mV 
compared to ~4V for amplified detector. 
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Experimental Approach 
A pulse of light from a laser travels to a mirror and returns.  You can determine the speed of 
light from how the time of the return pulse depends upon the distance traveled.  You will use 
different distances 0 1( , , ...)L L  and obtain return times 0 1( , , ...)t t , where 0L  and 0t  are the 
reference points.  From these you can calculate speed values, 

   /i i iv X T= ,        (1a) 
   where  02( )i iX L L= −      (1b) 
   and  0( )i iT t t= − .    (1c) 

 
Measurements & Calculations 
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Full Parts List for Laser, Detector, and Mirror 
 

 P/N* Description rough 
price 

comments 

Laser Assembly     
 L650P007 laser diode  $    13  Type A pinout. Used to use DL3147-060 (obsolete) 

but this model seems fine 
 S7060R socket  $       6   
 LT240P-B collimation lens / tube  $  162   
 AD15F 15mm adapter  $    31   
 SM1M20 2" long tube  $    16   
 SM1CP2M end cap  $    18   
 SM1RC tube holder  $    24   
 KM100PM tilt mount for laser  $    75   
 BA1S small base  $       5   
 PH2 2" post holder  $       8   
 TR2 2" post   $       5   
  BNC isol jack  example:  # 5227726-3 by TE Connectivity 
  50 ohm resistor   
     

Detector     
 PDA10A2 amplified photodetector  $  310  I used PDA10A (obsolete) but expect this 

replacement should be fine.  
 LA1951-A f=1" lens  $    35  cheaper if get it uncoated 
 SM1L10 1" long tube  $    14  holds the lens  
 PH2 2" post holder  $       8   
 TR2 2" post   $       5   
 BA2 base  $       7   
     

Mirror     
 KM100-E02 mirror & tilt mount  $  106  could save ~$30 with metal mirror 
 PH3 2" post holder  $       8   
 TR3 3" post   $       5   
 BA2 base  $       7   
     

Baseplate MB8 8"x8" breadboard  $    75  stability: put 3 thin rubber pads underneath 

  total  $ 943  per station 
useful tools     

 SPW301 spanner wrench  $    14  for installing laser diode 
 SPW302 spanner wrench  $    15  adjusting collimation lens 
 SPW602 spanner wrench  $    27  installing f=1" lens 

 

*All part numbers above are from Thorlabs, unless otherwise noted.  Similar quality parts can be 
obtained from other manufacturers. 
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Photos 
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Overview 

A pulse of light from a laser travels to a mirror and returns.  You can determine the speed of light 

from how the time of the return pulse depends upon the distance traveled.  You will use different 

distances 
0 1

( , , ...)L L  and obtain return times 0 1
( , , ...)t t , where 0

L  and 0
t  are the reference points.  

From these you can calculate speed values, 
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Procedure 

Part I: Electrical pulses to power the laser 

Get your notebook ready for the lab:  write a title, date, partner name(s), etc.   

(1) Adjust the signal generator to match a 50Ω load (instead of  "High Z"): Utility→CH1→High Z→  

change "High Z" to "50Ω"→Utility .  Set up the signal generator to output pulses of 1µs period 

and 20ns wide, with Hi level 2V and Low level 0V.   

Use the oscilloscope, with a 50Ω termination, to view the signal on CH1 and set it so it triggers 

stably.  

What pulse height do you actually obtain with these settings? 

 

(2) Now you are ready to supply power to the laser.  Be sure there is an index card block in front 

of the laser.  Remove the 50Ω terminator and add a new cable to send the voltage pulse signal 

to the laser.  Note: the laser module has a built-in 50Ω termination.  

Also connect the PhotoDetector as shown (Fig. 2b).      

What actual pulse height is obtained now? 

 

(3) Have the instructor show you how to use the Signal Generator adjustment knob.  Use this to 

slowly and gradually increase the Hi level of the voltage pulse, just until you can see a red spot 

of light on the index card.  Have the instructor check your light beam. 

 

WARNING:  Avoid viewing the direct or reflected laser beam.  Also be careful of 
others working in the same room. 

  

Fig. 2a Signal Generator 
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Part II: Pulses of Light  
(1) Check that no one is in the path of the laser beam, and loudly warn those nearby that you are 

going to send the laser beam across the room. 

(2) Use the beam block card to follow the path of the beam all the way to the far wall.  We want 

to have the beam roughly parallel to the side wall and also perfectly horizontal.  Achieve this 

using the rotation and tilt adjustments on the laser mount.   

Use a tape measure to check that the beam height is same at both ends of the room. 

(3) Place the portable mirror at least a meter away, as shown in Fig. 3.  Check that the laser hits 

the mirror at center; if not, adjust the mirror height.   

Stick a length of colored tape onto the table, and set the mirror base pushed up against the 

tape, so it serves as a position reference.  

(4) Turn on the photodetector (PD).  Adjust the mirror so that the reflected laser beam goes into 

the detector lens (see Fig. 3), and optimize so that you get as large as possible a signal from the 

detector. 

 

(5) Have the instructor check your signals and, if necessary, adjust to optimize the system.   

Once it is optimized, sketch the shape of both the laser drive pulse (CH1) and the PD signal 

pulse (CH2).   

Note the actual pulse amplitudes and widths (FWHM). 

(6) You can see that the distance L  is not exactly the same as the return path traveled by light, 

since it goes along the hypotenuse of a triangle.  However, our simple physics model (Eq. 1) 

assumes the return distance equals L .  Use your values for L  and the laser-to- photodiode 

separation distance to calculate the length of the hypotenuse.  Put this in your lab notebook, 

and make a sketch to accompany your calculation.   

What is the difference between the hypotenuse and L ?  Express this both in cm and in %.   

 

---------------------   CLASS DISCUSSION    ----------------- 
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Part III:  Data Taking 

(1) Set Cursor 1 on the peak of the voltage pulse to laser, and Cursor 2 on the peak of the 

photodetector pulse. [10ns/div  is a good scale.]   Record the time between the peaks as 0t . 

(2) Move the cursors away from the pulse peaks.  Remove the portable mirror.   Have your partner 

replace the mirror, adjust as needed, reposition the cursors onto the peaks and record the 

time.   The two 0t  measurements should be very similar, if not identical.   

Estimate the uncertainty in the measurements and state why you chose that value.   

(3) Measure the distance L  , as measured from the edge of the optics baseplate, to the edge of 

the tape (the edge that serves as reference for the mirror base).  See Fig. 1.  Record the 

distance as 0
L , and make an estimate of the uncertainty.  DO NOT REMOVE THE TAPE. 

(4) Move the portable mirror farther away, but on the same table, as far as it can go. Use a new 

piece of tape to mark the new mirror position 1. Adjust the mirror to get the largest signal.  

Measure the time of the pulse, 1
t  and mirror position, 1

L .  Include uncertainty estimates. 

Calculate the speed, using Eq. 1 and your data.  Do you get a reasonable value? 
Check this with the instructor.  

Be very careful of the laser beams from other groups! 

(5) Repeat the previous step for at least 4 other distances, moving the mirror to other tables in the 

room, as indicated by the instructor.  Use new pieces of tape to mark new positions 2, 3, etc..  

Record the distances, times, and uncertainties for each case.  [If you change time scales, note 

this, and adjust your uncertainty estimate, if needed. ]  

(6) Finally, move the mirror back to the original location and repeat and record your 

measurements of 
0

t  and 0
L .  They should be nearly the same as before, within your estimate 

of uncertainty. 

--------------------------------------------------------------------------------------------------------------- 

 

Quick check of your data set 

Enter your distances 
0 1

( , , ...)L L  and times 0 1
( , , ...)t t  into Excel.  Make an simple XY scatter plot 

and make sure the points form a very straight line (time should change proportionally to distance).  

Check this with the instructor. 

If any points are not consistent with the others, you should probably re-measure them.  
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Part IV: Analysis 

You will use the different distances and times to determine the speed of light propagation, with 0
L  

and 0
t  as the reference points, as laid out in Eqs. 1a-1c.   

 Be sure you have all your length and time measurements, as well as an estimate of the 

uncertainty for each of these 
0 1

( , , ...)
L L

  and 
0 1

( , , ...)t t  . [Note: the uncertainties might 

be all the same size, or they could vary.] 

 Enter the above data into an Excel spreadsheet, in columns, and label the columns. 

 Discuss with your partner, and decide on, a method to calculate the uncertainties X
  and 

T
  in the distance traveled by light ( X ) and in the time (T ).  Don’t forget the inherent 

'scope time uncertainty from the manufacturer specifications.  Have the instructor check 
this, and record your method and formulas in your notebook.  

 Use Excel to calculate the values for X  and T  (all referenced to 0
L  and 0

t ), along with their 

uncertainties.    

 Finally, decide on a method to calculate the uncertainty in the speed /v X T  and write 
down the formulas you will use. 

 Carry out these calculations in Excel. You should have several values of speed, each with an 
uncertainty.  

 Show your results to the instructor. 

 Print out your table of results and tape into your notebook. 

 

Rev. Jan 2018/TMR 
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