Holography – An Introduction

Topics to be covered:

( Introduction

( Timeline

( How Holography Works

( Principles of Interference

( Applications of Holography

The term “hologram” was first used by the British scientist Dennis Gabor in 1947.


( “holos” means “whole or entirely”


( “gram” means “message or recording”

Holography is the process and technique used to create holograms.

*******

Let’s compare conventional photography with holography.

( Conventional photography creates a two-dimensional replication of a three-dimensional scene.  Therefore, a photograph lacks the perception of depth and parallax that we see in the real-life scene.  

On the contrary, holograms keep a record of both perception and depth.  To the observer, a hologram produces the sensation of actually seeing the object in three-dimensions.

( Ordinary photographic film is only sensitive to radiant energy.  Thus, photographs only record the intensity of light, which is related to the amplitude of the light:

Intensity = Amplitude​2
In contrast, holograms can effectively “freeze” and preserve the wavefront of light that carries all the information, both amplitude and phase, contained in the scene.  As suggested by its etymology, a hologram includes the “whole message.”

( In conventional photography, a lens is used to focus the scene onto a film.  Recall that the light originating from a single point of the scene is focused by the lens onto a single conjugate point in the image on the film.  Thus, there is a one-to-one relationship that exists between each object and image point.  

Holograms do not use a lens to focus the image.  Each point of the hologram receives light from every point in the scene and there is no one-to-one relationship.

Therefore, one property of holograms is that each section of the hologram contains all the information needed to reconstruct the scene.  That is, if a hologram is cut into squares and one of the squares is properly illuminated, that square will still form the whole image. 

*******

So far, we have compared conventional photography and holography.  Let’s investigate stereoscopic images and motion pictures.

( Humans have stereoscopic vision.  Our eyes are located approximately 5 cm apart and each eye sees the world with a slightly different point of view.  This is called parallax.  Our brain combines the two views and thus we see depth.  

( We can fool ourselves into seeing photographs in three-dimensions.  Two photographs of the same object are taken from different positions.  Using a stereoscopic viewer, each eye is presented with one of the images, which are combined by our brain to see the object in three-dimensions. 

( When viewing 3-D motion pictures, we wear 3-D glasses that function to feed different images to your eyes.  There are two different types of 3-D glasses:


( polarized glasses

( red/blue (or red/green) glasses

(i) Polarized glasses are used at most movie theatres that show 3-D movies because they allow for colour viewing.  Two projectors project two different views, each with a different polarization.  Each lens has a different polarization, which allows each eye to see only one set of images.  

(ii) Red/blue (or red/green) glasses have one red and one blue (or green) lens.  Two sets of images are displayed on the screen, one in red and one in blue.  The red images blend in with the red filters and thus only the blue image will enter that eye, and vice versa.  One problem of this system is that colour viewing is not quite possible because colour is used to separate the images.

( The problem of stereoscopic images is that when we change locations, we still see the object from that same point of view, even though the viewpoint should be changing as we move.  

On the contrary, when viewing holograms, we do not encounter this problem.  That is, when viewing a hologram from the left side, it would appear that we are seeing a three-dimensional object from that point of view.  If we move and view the hologram from the right side, the point of view will also change.

*******

Summary:

( Conventional photographs lack both depth and parallax

( Stereoscopic images and motion pictures show depth but lack parallax

( Holograms demonstrate both depth and parallax
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