
CY A- 
350-410 SR 

OR 492069 
r'T --r4 

United State ~ 4 0  54 r I 4,206,970 
> ( 4 \ u i  Kahlbaum, Jr, I Jun. 10,1980 

[54] CHROMATICALLY CORRECIlED VIRTUAL [56] References Cited 
US. PATENT DOCUMENTS 

IMAGE VISUAL DISPLAY 

2,731,884 1/1956 Brendd .................. 
2,900,871 8/1959 Baker 

[75] Inventor: Williaa~ M. Knhlbrum, Jr., Hayes, ..................... Va. 
Primary Examiner-Conrad J. Clark 
Attorney, Agent, or Firm-Wallace J. Nelson; John R. 
Manning; Howard J. 

[571 

[73] Assignee: The United Stattr of America PB 
represented by the Administrator of 
the National Aeronauticm and Space 
Adminirtration, Washington, D.C. 

[21] Appl. NO.: 953,389 

[22] Filed: Oct. 23,1978 

[51] Int. c l . 2  ......................... G02B 13/16; G02B 9/16 
[52] U.S. CI. ................................. 350/175 E; 350/226 
[5S] Field of Sea& ............................ 350/175 E, 226 3 Claims, 1 Drawing Figure 

https://ntrs.nasa.gov/search.jsp?R=19800018686 2020-03-21T02:57:25+00:00Zbrought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/10346194?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




1 
4,206,970 

CHROMATICALLY CORREfXED VIRTUAL 
IMAGE VISUAL DISPLAY 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

ORIGIN OF THE INVENTION 

ees of the United States Government and may be manu- 
factured and used by or for the Government for govern- 
mental purposes without the payment of any royalties 
thereon or therefor. 

BACKGROUND OF THE INVENTION 

image viewing system to provide a realistic visual pre- 
sentation to the pilot operating the flight simulator. 
Such a system basically consists of a series of lenses or 
a series of mirrors located between the observer and an ' 
image source, such as a closed circuit television moni- Pm 
tor. The virtual image system should magnify the image 2o sive. 
and cause the image to appear to be at a large distance 
away from the observer, preferably at infinity. Magnifi- 
cation of the imagz and projecting the image to a large 
distance causes less eye strain than direct viewing of a 
television monitor for the same visual field angle. 

DESCRIPTION OF THE PRIOR ART 

The invention herein wm m& by employ- 

Modern flight simulators require use of a virtual 

system, as in the Present invention, an 
system, is that light rays leave lens 10 
Paths and are focused to a real image 
observer 15. Whereas a photographic system forms a 

25 real image in that the lens causes the light rays to con- 
verge to a point located in a plane that contains photo- 
graphic fdm. Thus, light rays leaving a point on televi- Other methods have been with varying 

simulators. One such system is a non-in-line type of 
system which consists of a spherical mirror and a beam 
splitter placed between the television monitor and the 
observer. Although the non-in-line system has good 
optical characteristics, it is heavier and larger than 
other types of systems and generally is more expensive. 

Another system consists of two in-line plan0 convex 
lenses placed between the observer and the television 
monitor. A problem with two element systems is the 
magnitude of the distortion and lateral chromatic aber- 
ration. Lateral aberration refers to the formation of 
color images of different sizes, since magnification de- 
pends on color. 

It is therefore an object of the present invention to 
provide an in-line, large diameter, optical display sys- 
tem which is lighter in weight and less expensive than 45 
prior art, non-in-line, systems. 

An additional object of the present invention is to 
provide an in-line, optical display system with limited 
lateral chromatic aberration. 

amounts of success to provide a visual display for flight 

rays traveling in 
eyes are focused 

In the dra- 

50 SUMMARY OF THE INVENTION 
According to the present invention, the foregoing 

and other objects are attained by providing an in-line, 
three element, large diameter optical display lens. The 
lens is made up of a front convexconvex element, a 55 
central convex-concave element, and a rear convex- 

r convex element. In the preferred embodiment the first 
and third elements are made of acrylic plastic and the 
second element is made of polystyrene. 

BRIEF DESCRIPTION OF THE DRAWING 60 ' 

where S3 is the difference between surface 
front surface of the television monitor tube 14. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 
1. A three element, in-line, large diameter, optical 

lens with a focal length of 61 cm, comprising a front 
convex-convex element, a central convexconcave ele- 
ment, and a rear convex-convex element, said lens being 
constructed according to the technical description be- 
low, wherein R1, Rz, R3, & , and R6 are radii of 
curvature of the surfaces: 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily apparent by reference to the following detailed 
description when considered in connection with the 65 
accompanying drawing wherein the single FIGURE is 
a diagrammatic cross-section of a lens according to the 
present invention. 
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-continued T3= 16.247 
Element Radius (cm) 

R4 = -58.93 S3=38.60 

where S3 is the difference between surface R 6  to the 

3. A three element lens Bs in claim whqrein the 
indices of refraction, N, at 5200 Angstroms (A) are as 

front surface of the television monitor. 2. A three element lens as in claim 1 wherein the axial 
separation, given as Ti for thickness and SI for air spac- 
ing, is as follows: 

Axial Separation (cm) 10 follows: 

Element N TI =9.445 

SI =4.156 1 1  1.4936 12 1.5992 
T2=3.810 15 13 1.4936 

s2=2.666 * * * * I  


