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Unless you have been hiding under a rock for the last year, most probably you’ve heard that there are 
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Most of us are familiar with Linear Polarization.  But what is Circular Polarization?
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Source: http://micro.magnet.fsu.edu/optics/lightandcolor/polarization.html 
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Light from each side of the projector is polarized in two different perpendicular orienta-
tions.  The polarized light is reflected from a “silver” screen (so it retains polarization).  
The audience wears polarizing glasses with the same orientation as the filters in the pro-
jector.  The R image passes through the polarizer on the R eye (parallel) and blocked by 
the polarizers on the L eye (crossed).  The end result is the R eye only sees the R image 
and the L eye only sees the L image. 
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Circular polarization is created in two steps: 
1) Light is polarized (linearly) 
2) Then it is made to rotate 

 
Linearly polarized light is characterized by the direction of polarization, which can be any-
where on a plane.  Circularly polarized light is characterized by only one of two states:  

 

Right or Left  
 
Light that is Right circularly polarized can go through a right circular polarizer but will be 
stopped by a left circular polarizer. 

Image source: Wikipedia 
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The classical sinusoidal plane wave solution of the electromagnetic wave equation for the electric and magnetic fields is 

,  

where k is the wavenumber,  is the angular frequency of the wave, and c is the speed of light. 

Here  is the amplitude of the field and  is the Jones vector in the x-y plane. 

If � y is rotated by �  / 2 radians with respect to � x and the x amplitude equals the y amplitude the wave is circularly polarized. The 
Jones vector is 

 

where the plus sign indicates left circular polarization and the minus sign indicates right circular polarization. In the case of circular 
polarization, the electric field vector of constant magnitude rotates in the x-y plane. 

If basis vectors are defined such that  and  

then the polarization state can be written in the "R-L basis" as   

where 

  

(source: Wikipedia) 
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Real-D uses a liquid crystal modulating sheet that circularly 
polarizes the light, flipping the sense of polarization 144 
times a second.   

One image (say right) is polarized 
Right, the other Left. 
 
The right eye then wears a Right po-
larizer and the left eye a Left polar-
izer so each eye sees the corre-
sponding image. 
 
 

One advantage of Circular 
polarization is that it is in-
dependent of orientation  
so it is maintained even if 
the viewer tilts his/her 
head. 
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New breed of screens working with cross-polarized light (Zalman, Acer, etc) 
· Each Row of pixels is polarized. Polarization alternates from row to row. 
· Under SPM row interlaced mode, the stereo pair is presented row by row (1st row R 

image, 2nd row L image, 3rd row R image, etc). 
With circular polarized glasses on, each eye sees the corresponding image. 

· As a result, the vertical resolution is cut into half. 
· Also, head position is limited vertically or ghosting occurs. 

Image source: Zalman corp. 
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Experiment:  Hold a pair of linearly polarized glasses in front of an LCD computer 
screen.  Rotate them until one side gets dark.  Because the polarization direction of 
these glasses is known (45 degrees), you can tell the orientation of the screen. 

 
Conclusion: Light from screen is polarized at 45 degrees 
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Using the LCD screen 

Note: Eye side must face screen! 

Conclusion: The Linear Polarizers of the Circular Glasses 
(Real D) are vertical or horizontal (not at 45 degrees)  
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Conclusion:  
Each System uses a different linear Polarization Or ientation : 

Real D: 0/90 deg 
Zalman: +45 deg 

Acer: -45 deg 

Real D 

Zalman 

Acer 3D 
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What exactly is the role of Linear Polarization? 

 
From our model for circular polarization, it appears that the linear polarization is 
the first step for creating the circularly polarized light and it should not have any 
effect. In practice, it is found that ghosting is slightly increased if not using the 
“Optimum” glasses.  Most people will not notice it and a lot of people are using the 
“free” Real-D glasses with Zalman and Acer screens and are happy!  
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If you notice that the corners of the image are depolarized, there is 
a possibility that the screen is not properly aligned. 
 
Here is a test to see how well aligned the screen is: 
1) Create an image all black and one all white 
2) Enter them in SPM as a stereo pair 
3) Switch to interlaced mode 
4) Increase size for image to occupy the entire screen 
5) Wear glasses and observe the image 
6) The eye that sees the black image should see a uniform gray 
7) If there is no position of the head giving uniform gray then the 

screen is not well aligned 
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Top-Zalman:  Not uniform.  No position of 
the head will give uniform gray.  Edges are 
depolarized.  Alignment is not the best. 
 
Left-Acer:  Uniform.  Alignment is good. 
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Passive Screens:  Use Polarization  
 
(+) Simple and tried technology 
(+) Most comfortable to the eyes 
(+) Inexpensive glasses, no batteries 
(+) No interference 
(+) Watch YouTube videos by selecting Interlaced option 
(-) Vertical resolution cut in half in most screens 
(-) More critical head position 
(-) Prone to ghosting 
 

Active Screens:  Use Shutter Glasses  
 
(+) Less Ghosting 
(-) Expensive Glasses, need energy 
(-) Some people notice flickering even at 120Hz 
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Dolby 3d 

 

 Dolby Laboratories, a major player in theater sound systems, has entered the 
3d scene. Their system is based on narrow band interference filter technology li-
censed from the German firm Infitec. One advantage for exhibitors is the fact that 
Dolby 3d doesn't require an expensive metallic surfaced screen. Ordinary white 
screens are fine. The glasses are passive and lightweight, but expensive, so they are 
cleaned and recycled for repeated use. 
 The Dolby system cleverly exploits quirks of human vision. Our eyes have 
three broadband color-sensitive receptors; their sensitivity peaked in red, green and 
blue. If green receptors are stimulated by narrow-band green, the specific wave-
length of that green color doesn't matter much—the receptor responds much the 
same for any narrow band of green light. So it is possible to see full color with light 
from only three narrow bands of light, even if those bands are at slightly different 
wavelengths, and mutually exclusive, as shown in the figure. 
 A spinning filter wheel intercepts the light from the lamp before it reaches the 
DLP chips. The wheel has two interference filters, passing primary colors as shown 
in the figure. This wheel is synchronized with the movie frames, so that movie con-
tent intended for the left eye has come through one filter, and light intended for the 
right eye has come through the other filter. No other filtration in the projection booth 
is required. The passive glasses worn by the audience have interference filters that 
ensure that each eye sees only its appropriate image. 
 The filters transmit narrow bands of red, green, and blue for the left eye, and 
slightly different bands of red, green, and blue for the right eye. A discerning eye 
might notice a very slight difference in color between the two images, but the brain 
doesn't care, easily integrating the two into natural color.  Tilting of the head causes 
no problems. The color filtration is entirely at the light source, so it doesn't compro-
mise image quality. But the narrow band transmission filters lose 70% of the lamp's 
light at the source. All of the 3d systems are very wasteful of light, with only a small 
fraction of the light reaching the eyes of the audience. . 
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In standard (LP) stereo projection occasionally an inexperienced stereo 
photographer will project a “pseudo” stereo slide, i.e. one where the right 
and left images are unintentionally reversed.   
 
The audience is then told to “turn the glasses upside down” to see the 
correct depth.  It is easy to see that turning the glasses upside down 
changes the direction of polarization by 90 degrees on each eyepiece, so 
the filtering effect of the glasses is now reversed. 
 

Question:  Will the same “trick” work for CP projection?  In other words, if you 
turn the glasses upside down during a Real-D movie, will the sense of depth re-
verse? 
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The answer is “yes”, but for a different reason 
 
By turning the glasses upside down, you bring the right lens to the left eye 
and the left lens to the right eye.  In CP, each lens will allow light rotating 
in one direction to pass through and will stop the light rotating in the op-
posite direction.  By switching lenses, depth will reverse.  So, this depth 
reversal has nothing to do with the orientation of the glasses (unlike LP, 
CP is not affected by rotating the glasses) but is due to the fact that the left 
eyepiece is brought to the right eye and vice versa. 
 
When you turn the glasses upside down, keep the earpieces toward the 
ears.  If you turn them towards the screen, polarization (unlike LP) will 
fall apart.   
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In LP the direction of polarization is maintained so the right eye will see 
through the right lens but will not see through the left lens.   
 
In CP the rotation of polarization is reversed so the right eye will not 
see through the right lens but it will see through the left lens. 
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Those who have tried this report more ghosting with circular polarization vs. linear 
 

Why is this so? 
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Three potential sources 
for ghosting: 
 
1. Projector filters 

2. Viewing glasses 

3. Screen 
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· Polarization diminishes with age and heat 

· Polarizers can be checked by crossing them and noticing the extinction 

· Polarization is never perfect.  There is always a little bit of ghosting 
(“crosstalking”) 
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Potential problem: secondary reflections 
which have reverse circular polarization 
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When a coin, mirror, or other reflective object is covered with a CP 
filter, it turns dark, as you can see in this picture.  Why? 
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· Linear Polarization—Slit, Directional 

· Circular Polarization—Screw, R, L, independent of d irection 

· Upon reflection, linearly polarized light remains u nchanged, cir-
cularly polarized light switches rotation 

· Circular Polarization glasses have two sides: 1) Re gular Polarizer 
(facing eyes), 2) Retardation side, facing screen 

· To reverse depth, turn glasses upside down (works f or both) 

· LCD Computer screen emits polarized light (at 45 de grees) 

· 3D polarized screens use circular polarization.  Th e orientation of 
the linear polarizer is not standardized.  Test you r screen! 

· 3D Movies are a source of “free” circular polarizer s.   A source of 
extra glasses for 3D screens or fun experimentation . 

· You can easily convert your projector from linear t o circular po-
larization but the screen might be a problem 

 
 


