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While it may appear instantaneous, light has an extraordinarily high but still finite 

velocity. This means that when you fire a beam of light at an object, it does not arrive instantly 

and if you waited for it to reflect back to you, you would be able to measure the time between 

when you first created the light and when you observed its reflection. This time however is very 

slow, because even if you are looking at a mirror a kilometer away, it only takes light a hundred-

thousandth of a second to go from you, to the mirror, and back. This is an extraordinarily short 

time, but back in the 1940’s it was large enough to measure. This became the foundation for 

radar. Technology has improved somewhat in the 70 years since then. 

Researchers at MIT developed a camera that can measure when a pulse of light has 

arrived down to 2 femtoseconds, this is such a short period that light can only move 0.6 

millimeters before the time runs out. By combining this technology with an ultrafast laser, the 

camera can measure how far a photon traveled. Their initial experiments with the camera 

involved producing extreme slow motion videos of showing how photons travel though scenes. 

Objects closer to the camera and laser were illuminated first and successive frames would 

illuminate objects farther away. While these results are impressive in that they add a depth 

component to pixels, thus creating 3d images, the team saw a further expansion for their project. 

While light needs to reflect off an object at least once to return to the camera, there is no 

constraint on how many times it reflects. When you’re looking at an object in a mirror for 

instance, light has reflected off at least 3 objects before it’s reached you. You can measure then 

apply the same measurement technique as before to create a 3d image of an object in a mirror. 



 

 A mirror and a white wall have very similar properties, except for one which makes them 

look very different. Mirrors and white walls do not produce a color, this means that every photon 

which hits the surface returns the same color. The key difference in their appearance is that while 

every photon that hits a mirror has a definite direction when it reflects, photons that hit walls are 

scattered. No information has been lost except for direction. If you replaced the mirror in the 

previous setup with a white wall, the object is still illuminated, however it will require complex 

geometry recover the information.  

If you can identify how far a photon has traveled, then you can also eliminate those that 

have traveled too little of a distance or too much. This allows selective filtering of objects too 

close or too far.  Say that you are looking at an object in a wall. Photons reflecting back to the 

camera from the wall will arrive significantly sooner than those that hit the wall-object-wall 

before returning to the camera. If you eliminate the photons from the wall all that is left are the 

ones that have reflected off the object of interest. A problem remains in that while you still have 

distances, you have lost the exact path because you have three reflections that each scatter the 

photon in random directions. 

You can fix the first scatter point with the laser by only illuminating a single pixel 

directly and the camera records the third one. The point of interest however is an unknown. The 

only key that you have is that you know the total length from the first point, to the middle, back 

to the first. The problem is that this is a hemispherical region centered between the first and last 

points. It is apparent that one measurement is insufficient for this. 

You’re also not just firing one photon, but rather a burst of several billion. This is partly 

because it is very hard to produce just a single photon, but there are advantages to producing 



many. Absorption is still a very real possibility. A white surface doesn’t truly reflect all of the 

light that it receives. If it did, a white room would be uniformly lit. Rather a small number, ~20% 

are absorbed. If you have 3 reflections, fewer than half the photons remain. Additionally, the 

random diffusion of photons when it reflects insures that only a small number will ever make it 

past all three reflections back to the camera. While this would at first glance complicate the 

problem, it allows statistical analysis. The camera knows where the laser source was aimed at, 

and it has an x,y,t position for every photon. This alone is sufficient to produce a sphere for each 

photon to represent possible collision points. 

If any two photons collide at the same point on the object, that location will display as an 

interception between two spheres, which represents a circle. However additional photons will 

create further restrictions narrowing the object down to a single point. If you repeat this process 

for every photon, you can calculate each point on the object generating an accurate 3D model. 

While the camera and laser are currently very bulky, there are no limitations on the 

optics. A fiber optic cable, such as an endoscopic probe, can be connected to the system. In these 

cases, the camera will be able to view scenes or model environments that inaccessible to even the 

probe, which would have significant medical applications. 
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