Holography – How Holography Works

There are two basic types of holograms:


( reflection holograms


( transmission holograms

(i) Reflection holograms form images by reflecting a beam of light off the surface of the hologram.  This type of hologram produces very high quality images but is very expensive to create.

(ii) Transmission holograms form images by transmitting a beam of light through the hologram.  This type of hologram is more commonly seen since they can be inexpensively mass-produced.  Embossed holograms, such as those found on credit cards, are transmission holograms with a mirrored backing.

*******

(i) Reflection Holograms

[image: image1.jpg]beam
spreader

beam
splitter

mirror

spreader
reference
beam

Photographic
plate (hologram)

object




(a) Recording Reflection Holograms

( The laser provides a highly coherent source of light.  The beam of light hits the beam splitter, which is a semi-reflecting plate that splits the beam into two: an object beam and a reference beam.  

( The object beam is widened by a beam spreader (expanding lens) and the light is reflected off the object and is projected onto the photographic plate.  

( The reference beam is also widened by a beam spreader and the light reflects off a mirror and shines on the photographic plate.

	( The reference and object beams meet at the photographic plate and create the interference pattern that records the amplitude and phase of the resultant wave.
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(b) Reconstructing Reflection Holograms

( A reconstruction beam of light is used to reconstruct the object wavefront.  The reconstruction beam is positioned at the same angle as the illuminating beam that was used during the recording phase.

	( The virtual image appears behind the hologram at the same position as the object 
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*******

(ii) Transmission Holograms
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(a) Recording Transmission Holograms

( As with reflection holograms, a laser is used to provide a highly coherent source of light.  A beam splitter and beam spreaders are also used in the recording of transmission holograms. 

( After the object beam passes through the beam spreader, the light is reflected off a mirror and onto the object.  The object beam is then reflected onto the photographic plate.  

( The reference beam is also reflected off a mirror and shines on the photographic plate.

	( The incoming object and reference beams create a resultant wave.  The amplitude and phase of the resultant wave is recorded onto the photographic plate as an interference pattern.
	[image: image5.jpg]object

Feference
©2M  photographic

plate (hologram)

Image Recording






(b) Reconstructing Transmission Holograms

(  A reconstruction beam is used to illuminate the hologram and is positioned at the same angle as the reference beam that was used during the recording phase.

(  When the reconstruction beam is placed at the right angle, three beams of light will pass through the hologram:

( An undiffracted beam (zeroth order) will pass directly through the hologram but will not produce an image.

( A second beam forms the primary (virtual) image (first order) that is diffracted at the same angle as the incoming object beam that was used during recording.

( A third beam forms the secondary (real) image (first order).  
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( As we can see in the diagram, the beams that form the images are diffracted at the same angle, (, from the undiffracted beam.  Between the image beams, the angle is twice as large, or 2(.

( If we look at the hologram at the same angle as the primary image beam (also same angle as recording object beam), we will see a virtual image of the object located behind the hologram.
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( If we look at the hologram at the same angle as the secondary image beam, we will see a real image of the object located in front of the hologram.
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