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10–12 minutes. In extreme cases, pain can occur due to glare experienced when moving 
from very dark spaces to bright daylit exteriors (Steffy 2002). The rods need 30 minutes or 
more for total adaptation to the conditions of almost full darkness, emphasising that dark 
adaptation is rapid within the first few seconds. 

Accommodation

It is not well known that most of the refraction of incident light rays (about 70%) occurs 
at the cornea (including the effect of the thin film of tears on it). The cornea has a shape 
of a converging lens and a refractive index of 1.38. Practically, both the cornea and lens 
(the cornea-lens system) are responsible for the production of the image of an observed 
object on the retina. The focal length of the cornea-lens system approximately equals 
18 mm. Deviations from this value, amounting up to ±1 mm, are caused by the contraction 
(or relaxation) of the ciliary muscle, which results in an increase (or decrease) of the lens 
curvature. (IESNA 2000; Goldstein 2014)

The lens equation provides the well-known relationship between the object distance (Do), the 
image distance (Di) and the focal length (f) of the eye optical system:

       (2.1)

It shows that the adjustment of the focal length enables the same image distance (the 
constant position of the image on the retina) for various object distances.

The ability of the eye to adjust its focal length (to refocus), appropriately focusing images 
of objects which are both close and distant, is called accommodation. However, full 
accommodation is only possible if the object distance is longer than approximately 20 cm, 
representing the minimum distance of clear vision of a normal eye. (Dimic and Virag 1972)

The accommodation ability weakens with age, which is why many persons from their 
forties on cannot clearly see objects at usual short distances (for example, reading a book). 
Spectacles serve to change the effective focal length in such cases, restoring sharp images. 
(Philips Lighting 1993)

Depth perception

The brain estimates the size and distance of an object by means of the size and shape of its 
slightly different images created on the retinal surfaces of both eyes. It is believed that both 
images are two-dimensional, as well as that their slight differences (caused due to the eyes’ 
different position on the head) provide sufficient information to the brain to calculate depth in 
the scene (the so-called depth perception). The ability to evaluate depth, which represents a 
precious property of normal binocular vision, is also known as stereopsis (three-dimensional 
sight) (Blake and Seculer 2006).
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The fact that depth perception also exists when a scene is viewed with only one eye is more 
difficult to explain. The only explanation which seems to make sense is that our present 
knowledge and past experience of the luminous environment are engaged in the process of 
perception. 

The linear perspective should also be mentioned. It is well known that we gain an impression 
that parallel lines converge toward a single distant point, which is based on the fact that the 
viewing angle decreases when the object distance from the observer increases (for example, 
the nearly parallel river banks produce an impression of getting closer to each other as the 
distance increases). Note that Renaissance artists were the first to apply this phenomenon 
on a two-dimensional canvas.

General condition of the eye (IESNA 2000)

When designing interior lighting, it is generally assumed that the users have normal visual 
capabilities. Unfortunately, this is not true for many people, because there are numerous and 
widely spread eye abnormalities. The most frequent are:

 – myopia (short-sightedness) and hyperopia (far-sightedness) – in the former case, the 
lens convergence is too strong, so that the image of a distant object is formed in front 
of the retina; in the latter case, the opposite is true: the convergence of the lens is weak, 
causing the image of a distant object to fall behind the retina,

 – chromatic aberration – since refractive abilities of the eye are not equal for all 
wavelengths, a blurred image can be obtained on the retina (this phenomenon does not 
occur when using monochromatic light sources, which are therefore characterised by 
excellent visual acuity),

 – spherical aberration – peripheral rays are focused in front of the retina,
 – astigmatism – a distorted image is formed on the retina due to different focus lengths 

in various planes containing the eye optical axis, and
 – cataract – the lens slowly clouds over, which causes scattering of incident light, resulting 

in a blurred image and significantly increased sensitivity to glare.

Transmission abilities of the cornea, anterior chamber, lens and posterior chamber are 
practically independent of the light wavelengths. A high percentage (70–85%) of the incident 
light reaches the retina of the eye of a young person. These transmission abilities gradually 
decay as the person gets older. This is true for all wavelengths, and particularly for the short 
ones (the blue colour band).

Although it is practically impossible to take all of the aforementioned eye defects into account 
when designing general lighting schemes, the following can be recommended: if the average 
age of the room users is high, every effort should be made to increase the illuminance level 
for one step and minimise glare as effectively as possible (in many cases glare causes more 
trouble to the elderly than insufficient light). (Pritchard 1999)
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Visual perfomance (capabilities of the visual system)
In order to see an object, it has to be of a size which can be perceived from the considered 
distance. In addition, either a sufficient luminance contrast or colour contrast should exist. 
In order to evaluate the fulfillment of these conditions (except the one related to colour 
difference), visual actuity, luminance contrast and luminance contrast sensitivity have been 
defined.

Visual acuity (sharpness of vision)

An object is seen sharply if the eye is capable to distinguish its very close lines. The measure 
of visual acuity is the reciprocal of the minimum angle (expressed in minutes of arc) formed 
by the eye and two closest lines which the eye can distinguish (in Fig. 2.2 this angle is 
designated with θmin) (Philips Lighting 1993). According to Fig. 2.2,

    (2.2)

(smax is the maximum distance of the observer from the so-called Landolt broken ring at 
which the lines of the gap (at distance d) are just distinguished as being separate).

Visual accuity is determined under the condition that the considered neighbouring lines are 
resolved on 50% of the occasions the target is presented (Boyce 2014).

Visual acuity increases with the illuminance level. However, at levels exceeding 100 lx it has 
approximately the constant value of 1, which is therefore considered the visual acuity of a 
normal eye (the corresponding minimum angle equals 1 minute) (Dimic and Virag 1972). 
Note that visual acuity increases when light spectrum becomes narrower (for example, 
visual acuity is significantly higher when low-pressure sodium lamps, emitting almost 
monochromatic light, are used than when metal-halide lamps are applied).

Visual acuity is maximal for the images formed in the fovea, decreasing with the increase of 
the angle between the object direction and the eye axis.

It was noticed that some African tribe natives were able to spot animals on significantly 
more distant locations than civilised persons could. However, well organized tests showed 
that they did not possess better sight (higher visual acuity) than the representatives of the 
civilised population. An explanation of their improved ability to spot distant animals possibly 
lies in the fact that, living in nature and being constantly endangered by wild animals, they 
have become trained to spot them at distances where other people cannot. (Le Grand 1957) 
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This confirms that the final (psychological) phase of the process of vision is very important 
in our visual experience of the world.

Luminance contrast and luminance contrast sensitivity 

An object can be recognised if there is a difference in brightness between the object and its 
immediate background (if this is not the case, a colour difference is needed). Recognition is 
easier when the brightness difference is large enough. Thus, black letters are more readable 
when printed on a white than on a blue paper. 

As a subjective sensation, brightness depends on numerous factors (see subsection 2.5). 
The most important are: luminance of the object, state of the eyes, observer’s experience 
and mood, as well as luminance conditions of the surroundings (Steffy 2002). Nevertheless, 
brightness contrast is practically expressed through luminance contrast. For a uniformly lit 
object seen against a uniformly illuminated background, luminance contrast, which can be 
either positive or negative, is defined by the following relation:

       (2.3)

where Lo is the luminance of the object, and Lb of its immediate background.

Let us note that in case of a small object and perfect diffuse reflection characterising both 
the object and its background the following equation can be derived from equation 2.3 
(starting from equation 1.31 and taking into account that practically identical illuminances 
exist on the small object and its immediate background):

       (2.4)

where ρo and ρb are the reflectances of the object and its background, respectively (Pritchard 
1999).

Shadows, representing examples of strong contrasts, are formed by an opaque object 
intercepting light beams from particular directions. In industrial lighting large pieces of 
machinery might cause shadows which are cast around, reducing illuminance and, especially, 
illuminance uniformity over large areas. (IESNA 2000)

Although shadows (particularly the strong ones) do not always provoke pleasant 
impressions, they are precious in the process of revealing the 3D form and structure of an 
object. Therefore, in interior lighting balance is needed between direct lighting, which can 
produce strong shadows, and indirect lighting, which reduces the negative effects. Also, 
unpleasant shadows can be produced when emphasising important details on the building 
facade. This type of visual discomfort can be decreased by applying additional floodlighting 
to the facade, which, reducing strong contrasts, improves the overall facade appearance.

Luminance contrast sensitivity has also been introduced. It is defined as:

       (2.5)
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