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Ocular-Focus Stimulator* 
HEWITT D . CRANE AND TOM N . CORNSWEET 

Stanford Research Institute, Menlo Park, California 94025 
(Received 30 October 1969) 

INDEX HEADINGS: Vision; Optical systems. 

The simple instrument described in this letter performs the follow
ing function. When it is pointed at any object, test pattern, or 
other form of visual display, the optical distance between the 
observer and the object can be changed at will while the brightness 
and visual angle of the object are invariant. Further, the observer 
sees the object through a pupil of any desired shape and 
transmittance. 

The device is a modification of the simple optical system some
times referred to as a Badal optometer, shown in Fig. 1. The 
observer's eye is placed in the focal plane of a lens, and the visual 
target is placed on the other side of the lens. This simple arrange
ment has three useful properties. First, axial movement of the 
target changes the optical distance between the eye and the target 
without changing the visual angle subtended by the target.1 That 
is, if the target is initially in focus on the observer's retina and is 
then shifted axially, it will appear blurred at first; but if the 
observer refocuses the target by changing the refractive power of 
his eye appropriately, the retinal image will then be exactly the 
same size as it was initially (neglecting certain second-order effects, 
such as changes of aberration and the very slight change of the 
location of the nodal point of the eye that accompanies changes of 
ocular focus). Second, the retinal irradiance is also invariant with 
target distance, if the size of the pupil remains unchanged.2 Third, 
the refractive change required to refocus the target, when measured 
in diopters, is a linear function of the axial movement of the target.3 

The simple Badal optometer is limited in usefulness in two 
important ways. First, the visual target must be movable, which 
may be a serious disadvantage if, for example, a cathode-ray-tube 
display is to be used as the stimulus. Second, the observer sees the 
target through his natural pupil, and since the pupil itself strongly 
affects the nature of defocused retinal images as well as their 
brightness, it is often desirable to be able to control the shape of 
the pupil. Although this can be done by placing an aperture 
directly in front of the eye, such a pupil, because it cannot be in 
the plane of the natural pupil, can cause vignetting. 

The optical system represented in Fig. 2 effectively overcomes 
these basic limitations. Light from the target passes through an 
aperture that serves as the artificial pupil and then through a lens, 
L1, which is at its focal distance from the artificial pupil. The light 
is then reflected from four surfaces, R1, R2, R3, and R4, and through 
lens L2, which is at its focal distance from the natural pupil of the 
viewer's eye. Thus, an image of the artificial pupil is formed in the 
plane of the natural pupil of the eye. The viewer sees the target 
through this pupil. The pupil may be made any shape and size. 

Lens L1 forms a real image of the target in the optical path to 
the left of L1. If that image were in the focal plane of lens L2, then 
the target would appear to the eye to be at infinity. In that case, if 
the eye were accommodated to infinity, the target would be in 
sharp focus on the retina. If the image were formed closer to lens 

FIG. 2. Diagram of the optical-focus stimulator. DS is the display screen 
and AP, the artificial-pupil plane. When the mirrors R2 and R3 are moved 
together in a direction orthogonal to the optic axis, the optical distance of 
the display screen changes, but without change of irradiance or angular 
size of the image on the retina. 

L2, the eye would have to accommodate to a distance nearer than 
infinity in order to bring it into sharp focus. 

Reflectors R2 and R3 are mounted on a slider that can be moved 
back and forth in the direction of the arrow—i.e., transverse to the 
main optic axis. The effect of such movement is to change the 
distance between the real image of the target and lens L2. (The 
distance between this image and lens L1 is fixed.) For example, if 
reflectors R2 and R3 are driven closer to R1 and R4, the image of 
the target approaches closer to lens L2, and the viewer must exert 
increased refractive strength in order to maintain the target in 
focus on his retina. Because the artificial pupil is in the focal plane 
of lens L1, rays originating in the plane of the artificial pupil are 
collimated in the path between L1 and L2; the image of the artificial 
pupil at the eye plane is therefore completely unaffected by move
ment of R2 and R3.4 

The particular embodiment of the device that we are using 
employs a fast servo system to drive the reflectors R2 and R3 in 
accordance with any arbitrary electrical signal. When the reflectors 
are driven by an Esterline-Angus speed servo kit, the target can be 
moved through its full range (from +10 to —10 diopters) in about 
0.1 sec. 

* This device was developed under Contract NAS2-S097, between NASA 
Ames Research Center and Stanford Research Institute. 1 A proof can be found in A. C. Hardy and F. H. Perrin, The Principles of 
Optics (McGraw-Hill Book Co., New Yorlc, 1932) (in their discussion of 
telecentric optical systems), pp. 74-75. 2 Because the eye is in the focal plane of the lens, extreme rays A' and A" 
in Fig. 1 are parallel and so are B' and B". Therefore, exactly the same cone 
of light enters the pupil A-B from each point, P, of the object, independent 
of d. This, together with invariant magnification, means that the image 
irradiance must also be invariant. 

' A derivation is presented by G. Westheimer, Vision Res. 6, 669 (1966). 4 When the system is being aligned, care must be taken to ensure that the 
artifical pupil and the observer's pupil lie precisely on. the optical axis of the 
instrument. Otherwise, axial displacement of the target will produce some 
lateral movement of the retinal image. Furthermore, if the eye is not 
precisely in the focal plane of lens L2, axial displacement of the target will 
cause some change of size of the retinal image. 

FIG. 1. Basic scheme for changing the optical distance of a target T. 
With the eye in the focal plane of the lens, the light intercepted from any 
point P of the target is independent of distance d. The image of point P 
lies along the backward projection of the central ray through P (shown 
dashed), so that the angular size of the target is also invariant with d. 




