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Introduction 
 

Nobel Laureate Richard Feynman, one of the most joyous practitioners of physics, described 

single photon interference as “a phenomenon which is impossible, absolutely impossible to 

explain in any classical way, and which has in it the heart of quantum mechanics.  In reality, 

it contains the only mystery.”  The italics are his.   

 

Feynman considered this phenomenon so important that two identical discussions of it are 

included in his classic “Lectures on Physics” the first is in Chapter 37 of Volume I.   The 

same words appear again as the opening paragraphs of the FIRST chapter of Volume Three. 

 

I think that as both teachers and physicists we would agree with Feynman that this 

phenomenon “appears peculiar and mysterious to everyone – both to the novice and to the 

experienced physicist.”  Its allure is irresistible. 

 

Feynman goes on to say “We cannot make the mystery go away by “explaining” how it 

works.  We will just tell you how it works. In telling you . . . we will have told you about the 

basic peculiarities of all quantum mechanics.”   As I did, I am sure that all of you have 

TOLD your students about this mystery.  TeachSpin has created the first commercial and 

affordable apparatus that lets students explore this compelling phenomenon for themselves. 

 

The apparatus, shown here in schematic, allows one photon at a time to pass through a 

double slit array.  Using a photon counter, students can monitor the evolution of the classic 

two slit interference pattern. 

 

 

 

 
Single 

Slit 

“Source” 
Double 

Slit 

Slit 

Blocker 

Micrometer 
Micrometer 

DETECTOR 

Photodiode and  

Photomultiplier 

Assembly Detector 

Slit 

Laser and 

Light Bulb Universal Counter 



Exploring TeachSpin’s Two-Slit Interference, One Photon at a Time 

Workshop Manual 
 

Two-Slit Interference, One Photon at a Time 

Topical Conference:  July 23-25, 2009  Page 2 of 5 

The Apparatus: 
 

The basic structure of the apparatus is quite simple.  It consists of a U channel a little over a meter 

in length with a light tight removable cover.  At one end we can use either a laser or a small 

bulb. The laser is mounted in front of the bulb in such a way that in can be moved out of the way 

without being removed from the apparatus.  At the far end of the channel is a removable detection 

system which contains both a photodiode and a photo multiplier. 

 

Just in front of the light source is a single slit.  With either the laser or bulb, the central maximum of 

the single slit pattern is adjusted so that it falls on a pair of slits fifty cm along the channel.  A 

moveable "slit blocker" is on the far side of the double slit.   The slit blocker is manipulated with a 

micrometer mounted on the outside of the U channel.  Using the slit blocker, we will be able to 

compare the patterns created by both slits to those created by either of the single slits.  At the far 

end of the U channel is a moveable single slit we call the detector slit.  The detector slit is also 

manipulated with a micrometer.  The detector slit can be moved across the face of either the 

photodiode or photomultiplier so students can make a quantitative graph of either light intensity 

(proportional to the photodiode output voltage) or photon counts (sent by the photomultiplier to the 

counter) as a function of position.  Listening to photon arrivals with the Cricket can be used to 

detect changes in the photon arrival rate without reading the counter! 

 

And Now to HANDS-ON 

 

Part 1:  Working with the Open Channel 
 

1. Make sure the shutter which covers the photomultiplier is in the down position so the PMT is 

covered. (Ensure that the PMT bias is turned off (by toggle switch) and down (to 0.00 on the 10-

turn dial).  Remove the light tight cover.  Lift the latches and rotate them 90° then use the knob 

at the left end to get started lifting off the lid. (If you don’t lower the shutter, you get a nasty 

buzzer and the PMT electrical system cuts out.) 
 

2.  Connect the brick-on-a-rope power supply to the AC power.  Learn how to access and turn on 

the laser source, and the light-bulb source -- use a paper card to see each source's output beam.  

Push the laser module to the far side of the channel to use the bulb.  Pull the laser module up 

against the near side of the channel, aiming down its length, to use the laser. 
 

3. Set the light toggle on laser and use the white card to follow the path of the light through the 

channel.  The laser’s manufacturer asserts that its output wavelength is 670 ± 5 nm [or 0.670 ± 

0.005 µm], and its output power is about 5 mW.  [So long as you don't allow the full beam to 

fall directly into your eye, it presents no safety hazard.]  From the laser, follow the beam until it 

reaches the entrance slit, or 'source slit', of the two-slit apparatus; this is a single slit, of height 

about 1 cm, but width of only 0.085 mm.  If your apparatus is aligned, the slit will be neatly 

straddling the laser beam.   

 Next, go to the other side of the source slit and follow the beam as it spreads out and the central 

maximum floods the double slit.  Go to the far side of the slit blocker and be sure you see two 

narrow strips indicating that the slit blocker is in the fully open position.  Continue to follow the 

light path to the detector slit. 
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4. Calibrate the micrometer readings for the location of the slit blocker.   With the white card near 

the slit blocker so that you see two narrow lines, move the slit blocker away from you and 

record the location when you see only one line.  (Be sure the blocker slit and the double slit are 

aligned so that the entire line disappears at once.)  Continue moving the slit blocker away and 

record the location for both slits blocked.  Repeat in the other direction.  You should end up 

with five locations:  Blocker on far side with both slits blocked; Only far slit open; Both slits 

open; Only near slit open Blocker on near side with both slits blocked. 

  

5. Explore the function of the detector slit.  Using the micrometer attached to the detector slit, you 

can select which part of the interference pattern will have its light sent on to the detector. 

 Move the detector slit as close as possible to the center of the two-slit pattern and record that 

location.  It won’t be exact, but will give you a ball-park of where to look for the central 

maximum. 

 

 

Part 2:  Young’s Experiment 
 

1. Close up the system, keeping the shutter in the down position.   

 In this position the 1-cm
2
 photodiode is centered at the end of the channel.  It acts just like a 

solar cell in actively generating electric current when it's illuminated.  The device is equally 

sensitive everywhere over its area, so it would record all the light in the whole interference 

pattern if it were not for the detector slit.  But with the detector slit at a fixed position, the only 

light reaching the detector is that from a selected part of the interference pattern.   

 

2. Make sure that the thin coaxial cable from the top of the shutter is connected to the INPUT BNC 

connector of the PHOTODIODE section of the detector box.  This carries the current from the 

photomultiplier to the box. 

 

3. Set your multimeter at 2 or 20 volt sensitivity and connect it to the OUTPUT BNC connector 

under PHOTODIODE.  This monitors the voltage signal derived from the photocurrent. 
 

 To determine if this reading means anything, go back to the left end of the apparatus and use the 

3-position toggle switch to turn the laser source off.  This should reduce the voltage signal 

you've been seeing, but perhaps not to zero; record the value you see, and take it to be the 'zero 

offset' of the photodiode-detector system.  You might turn off the room lights to confirm that the 

signal you see is actually an electronic offset, and not the leakage of light into your apparatus.  

The zero-offset reading will eventually need to be subtracted from all the other reading 

you make of this output voltage. 
 

4. Turn your laser source back on, and now watch the photodiode's voltage-output signal as you 

vary the setting of the detector-slit micrometer.  If all is well, you will see a systematic variation 

of the signal as you dial the micrometer; you are scanning over the interference pattern.  Record 

the voltage for locations on either side of your initial position.  The data can be turned into a 

graph of light intensity vs. location. 

 



Exploring TeachSpin’s Two-Slit Interference, One Photon at a Time 

Workshop Manual 
 

Two-Slit Interference, One Photon at a Time 

Topical Conference:  July 23-25, 2009  Page 4 of 5 

Part 3:  Verifying that the light bulb produces only one photon at a time. 
 

 (We will DEFER THIS PART to the end of the session to make sure we have time for the rest.)  

The second part of the experiment involves verifying that the light bulb can indeed be made to 

produce one photon at a time.  The technique is innovative.  Instead of using neutral density 

filters, which have problems of their own, Van Baak put a narrow band green filter in front of 

the light bulb source.  He realized that as a light bulb is turned down the light shifts strongly to 

the red end of the spectrum and the fall off in the green region is precipitous.   

 To assure themselves that, with low intensity light, the green filter does indeed produce one 

photon at a time, students remove the double slit and the detector slit then close up the system.  

They then observe the photon counts using the photon multiplier.   

 The mathematical reasoning is straight forward.  We can be sure that one photon at a time is 

striking the counter if we demand that only one photon at a time be in the space between the 

single source slit and the counter.  Photons traveling 3 x 10
8
 m/s make the roughly 1 m trip in 

6.7 x 10
-9

s.   With one photon arriving every 6.7 x 10
-9

 seconds, 3 x 10
8
 photons/sec would 

strike the photomultiplier.   

 When we do this experiment, the photomultiplier count is on the order of 10
3
 photons/sec. 

 

 

Part 4:  Single Photon Experiments 
 

1. With the light sources off, open the U channel and slide the laser out of the path of the light 

bulb. 

 

2. Check that the slit blocker has both slits open and that the detection slit is centered. 

 

3. Close up the channel by making sure that first the right and then the left end of the cover are 

fully engaged and then close the latches. 

 

3. Make sure the intensity of the light bulb is all the way down, the shutter for the photo-multiplier 

is closed, the HIGH VOLTAGE toggle is set to off, and the dial is set at 0. 

 

4. Set the discriminator at the minimum.  The workshop leader will adjust it with you.   

 

5. Use a T connector from the Universal Counter and connect one side to the Cricket and the other 

to the photomultiplier TTL output.  Set the counter for 1 second time intervals.   

 

6. Connect the multimeter to the pin jacks below the High voltage dial.  It will read 1/1000 of the 

actual photomultiplier voltage.  Set the scale to DC volts. 
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7. Set the LIGHT TOGGLE to BULB, then turn on the high voltage and begin to turn the dial until 

the multimeter reads 0.65 V, indicating 650 volts on the photomultiplier.  You will hear some 

photons which are called dark counts.  These are random events from the photomultiplier and 

should be less than 100 counts/second.  

 

8.  Open the shutter carefully – the count rate should go up.  If the counter jams, quickly close the 

shutter and ask for help.   

 

9. Now you can begin to turn the light bulb up to get a reasonable count rate.  This would be 

several thousand counts/second for a central maximum, but you cannot yet tell exactly where 

the detector is located within the diffraction pattern. 

 

10.  Scan slowly to get a sense of where you are, find the central and subsidiary maxima, and check 

the “contrast” (which is the ratio of the maximum to minimum count rate). 

 

11. Try Counter-Intuitive quantitative experiments. 

a. Find a minimum next to a central maximum.  You now have two slits open.  What will 

happen if you close a slit?  Now you have half as much light, half as many photons, right?  

You know where to set the blocker for one slit open.  Try it! 

 You can also keep going in the same direction and see how the count rate for fully blocked 

slits compares to the dark current. 

b. Go back to a two slits open and get to a central maximum.  Now close one slit.  Again we 

have half the number of photons.  What happens to the count this time? 

 

12. Now, you are ready to take data and plot your count rate vs. detector position.  This will be 

compared to the graph you made for the laser pattern. 

 

We hope you have had fun experiencing the quantum paradox for yourself.  We did a 

lot more telling that you would probably do with your students, but we only had a 

short workshop and wanted to give you a little taste of everything.  

 

Barbara and Jonathan 
  

 

Adapted from Professor David Van Baak’s Instructor/Student Manual 

     for TeachSpin’s Two-Slit Interference, One Photon at a Time 


