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diameter, and minimum divergence. 

Red = .6328 u He-We 15 watts 1. 2nun dian1eter berun 
.. 7 mrad divergence rnanufac tured by Seimens 

Green = _ .-514 u Argon 10 watts 1.4mm diameter beam 
1 mrad divergence manufactured by Carson Laboratories 

Blue = .488 u Argon 10 watts �1�~�~� diameter beam 
1 mrad divergence manufactured by Carson Laboratories 

The tristimulus coordinates of the 3 laser lines are as follows: 

Wavelength X y z 
632.8 .0476 .1925 .5558 
514.5 .0271 .5977 .1163 
488.0 .5922 .2410 0 

From these we can calculate the tristimulus values utilizing the 

relation that: 

X =Joo �x�~�P�n�d�n� . 0 

The tristimu1us values will therefore be: 

X= .0476 p B +.0271 p B +.5922 p 
y = .1925 p B +.5977 p G +.2410 p 

z = .5558 p B +.1163 p G + 0 p 

\vhere: p B = Blue radiance 
p G = Green radiance 
p R = Red radiance 

R 

R 

R 

The chromaticity coordinates for a 6800 K source (average day-

light) are: 

X = .310 
y = .316 



Thus: 
.047 Pl\B +. .0271 P?\G + .5922 P?\R 

. 310 = ·-------------------
. 7959 P 7\B + .. 7411 Pi' G +.8332 P?t R 

- .1925 P 7\ B + • 5977 P 7\ G + . 2410 P ?\ R 
.316 = ---------------

.7959 P'?\B + .7411 P~G + .8332 P'?\R 

If we let P R = 1, simplifying the above equation, we get: 

P ~ B = -1.018 

PnB = 6.1610 

Sin~lifying and substituting: 

P" G + 1.6775 

PI\ G - • 2915 

Pi'\ B = 1. 398 5 

P n G = . 2743 

Therefore the required proportiorts to be mixed are: 

1.00 =Red 

.274 = Green 
1.3985 = Blue 

The total luminous flux emitted by these wavelengths in com-
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bination can be calculated using ti1e tristimulus coordinate and K max = 

680 Lwnens/watt for: 

.6328 

.5145 

.488 

The luminous output is 

Red: (.2410) ( 

Green: (.5977) ( 

Blue: (.1925) ( 

then: 

15 ) 

10 ) 

10 ) 

-y = .2410 

y = .5977 
-y = .1925 

( 680 ) = 2460.00 

( 680 ) = 4060.00 

( 680 ) = 1310.00 

7830.00 lumens 
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In candles this would correspond to a point source of: 

. '7830 
Zw = 1240 Candles 

In a regular point source the actual power in the forward 

direction is only a por'tion of the total output in candlepower. In the 

laser systen1, the output power is in the fon.vard direction and 

practically all useable. In a ~egular point source, even with reflective 

optics the backscatter light is not fully useable because it 1nust be 

focused back to the center of the bulb where the bulb itself disperses 

it. 

Since the Oshram source presently being used erni ts 2200 llUilens, 

the 7830 ltunens potential using existing lasers is sufficiently po1ver-

ful to be used as a source. The question of ·whether the laser beam 

diameters can be optically reduced to a size competitive with the 

Oshram source remains a problem for further investigation. 



. .. 

VI I • SUMMARY 

The poin~~ight source system was analyzed for position, velocity, 

acceleration, and size distortion. TI1ese were calculated and graphed. 

To eliminate all distortions except position distortion, a screen sur

face was designed and graphed. To elTiminate position distortion a 

refracting plate and lens correction technique was considered. 

The refracting plate was found to provide too little refraction 

to reduce the error suff1ciently while maintaining a minimum thickness. 

The lens was found to be capable of eli~ating the distortions 

c~npletely, however for projection near the horizon its size becomes 

excessive and beyond the state-of-tile-art for lens mru1ufacturers. It 

was concluded therefore that a constant position distortion had to be 

accepted. Tl1e position distortion, however, can be maintained at a 

constant value with the screen design given, which also eliminates the 

velocity, acceleration, and size distortions. 

In order to provide an image closer to the horizon, the required 

transparency curvature for projection up to 3° from the horizon as 

calculated. The error was calculated and plotted for the curved 

transparency. 

The system parameters affecting resolution and definition were 

discussed indicating the importance of a small light source -and the 

effects of the system geometry. 
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Calculations for mix~g three laser colors to provide a point 

light source were made to indicate the light levels that could be 

provided with lasers. The light output available prior to any optical 

reduction system was found to be over three times of that available 

fron1 the Oshram lamp. This, although indicating existing lasers can 

provide power levels sufficient for t1ses as a point source projection 

system for further investigation the projection system resolution and 

definition problems which are present because of laser beam diameters 

and divergences. 
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