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Troland (Td)

Primary Disciplinary Field(s): Vision Science, Physiological Optics, Optometry, Psychophysics

1. Core Definition and Formulation

The Troland (symbol Td) is the fundamental unit of retinal illuminance, specifically designed to

quantify the flux of light reaching the photoreceptors of the human eye. Unlike standard

photometric units such as the lux or lumen, which measure light energy incident upon an external

surface, the Troland is a physiological unit that accounts for the light energy entering the eye

through the pupil aperture. The precise definition stipulates that the illumination provided to the

retina is one Troland when a light source of uniform luminance measuring 1 candela per square

meter ($cd/m^2$) is viewed through an entrance pupil having an area of 1 square millimeter

($mm^2$).

The necessity of the Troland arises from the variable nature of the human visual system. Retinal

illuminance is a function not only of the external stimulus brightness but also of the diameter of the

observer's pupil, which constantly adjusts based on ambient light levels and physiological state. To

ensure repeatable and standardized experiments in vision science and psychophysics,

researchers must normalize the light energy reaching the retina across different viewing conditions

and subjects. The Troland provides this necessary standardization, establishing a direct

relationship between the objective luminance of the stimulus and the effective subjective stimulus

perceived by the retina.

Mathematically, the relationship is expressed as: $R = L times A$, where $R$ is the retinal

illuminance measured in Trolands, $L$ is the luminance of the viewed source in $cd/m^2$ (or

sometimes specified as $nit$), and $A$ is the area of the entrance pupil in $mm^2$. This

calculation assumes that the pupil is fully illuminated by the viewed field and that the observer is

fixating centrally. The direct proportionality between luminance and pupil area means that doubling

the luminance while keeping the pupil constant, or doubling the pupil area while keeping the

luminance constant, results in a doubling of the retinal illuminance in Trolands. This simple linear

model is the cornerstone of quantitative physiological optics when addressing the input stage of the

visual process.

2. Etymology and Historical Context

The unit is named in honor of the American physicist and psychologist, Leonard Thompson

Troland (1889-1932). Troland was a highly influential figure in the early 20th century, contributing

significantly to physiological optics, psychophysics, and color vision research. He recognized the

critical limitations of applying objective photometric measurements (like foot-candles) directly to the
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study of visual perception. Troland argued that for experimental results to be comparable across

different subjects and different testing environments, the actual amount of light entering the eye

and stimulating the neural apparatus must be precisely quantified.

While the concept of standardizing retinal input had been discussed previously, Troland formalized

the definition and advocated for its universal adoption in his seminal works, particularly those

dealing with the relationship between light intensity and the subjective perception of brightness. His

formalization provided the necessary tool for rigorous quantitative psychophysical experimentation.

The official adoption of the Troland unit cemented the shift in vision research from purely external

light measurement toward a systems approach that integrated the physiological characteristics of

the eye--specifically the pupillary response--into the measurement framework. This historical

development marked a critical moment where vision science began systematically separating the

physical stimulus from the physiological response.

3. Distinction from Standard Photometry

Understanding the Troland requires a clear distinction between standard photometric units that

characterize light sources or general illumination and those that characterize retinal stimulation.

Standard illumination units, such as the lux (lumens per square meter), measure the density of

luminous flux incident upon a surface. These units are entirely independent of the observer.

Luminance, measured in $cd/m^2$, describes the intensity of light emitted or reflected from a

surface in a specific direction. While luminance is the objective input for the Troland calculation, it

does not account for the filtering effect of the eye itself.

The uniqueness of the Troland lies precisely in its incorporation of the pupil area. The pupil acts as

the aperture stop of the optical system of the eye, controlling the amount of light that reaches the

retina. A high-luminance stimulus viewed by an eye with a constricted pupil may result in the same

retinal illuminance (Trolands) as a lower-luminance stimulus viewed by an eye with a widely dilated

pupil. Therefore, the Troland is indispensable when the goal is to standardize the light flux at the

plane of the photoreceptors, ensuring that differences in visual perception observed across trials or

subjects are attributable to neural processing rather than variations in the physical light input to the

visual system's primary sensor.

4. Calculation and Practical Application

The practical application of the Troland necessitates accurate measurement of the observer's pupil

area, which is typically determined using specialized instrumentation such as infrared

pupillometers. In a typical psychophysical experiment, the subject views a stimulus of known

luminance (L). Simultaneously, the pupillometer measures the diameter of the entrance pupil,

allowing the calculation of the area ($A = pi times (D/2)^2$, where D is the diameter). This area

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=52833
https://scales.arabpsychology.com
https://scales.arabpsychology.com


TROLAND 4

PSYCHOLOGICAL SCALES scales.arabpsychology.com

measurement is then multiplied by the stimulus luminance to yield the retinal illuminance in

Trolands.

In clinical optometry, the Troland concept is crucial for understanding thresholds, dark adaptation

curves, and the effects of ocular media opacities, such as cataracts. For instance, a cataract

reduces the effective luminance reaching the retina. By calculating the Trolands delivered to a

healthy eye versus an affected eye viewing the same stimulus, researchers can quantify the

degree of light attenuation caused by the pathology. Furthermore, optometrists and vision

scientists often rely on standardized stimulus conditions specified in Trolands when evaluating

visual function tests, ensuring that the visual input is consistent regardless of naturally occurring

individual variations in pupillary response.

5. Key Characteristics

Physiological Specificity: The Troland is inherently linked to the specific physiological state of

the observer, accounting for the dynamic aperture of the pupil, which is influenced by factors such

as age, arousal, and cognitive load.

Linear Input Measurement: It provides a linear measure of the light flux focused onto the retina,

simplifying the analysis of light intensity effects on fundamental visual responses, such as contrast

sensitivity and increment thresholds.

Basis for Psychophysics: The unit is fundamental in psychophysics, allowing for the creation of

standardized stimulus fields for studying phenomena like the Weber-Fechner Law and the

measurement of absolute thresholds for vision.

Adaptability: While most commonly associated with photopic (daylight) vision, the concept is also

adapted for scotopic (low-light) conditions, resulting in the scotopic Troland, which weights the

luminance calculation according to the spectral sensitivity of the rod photoreceptors.

6. Limitations and the Stiles-Crawford Effect

While the Troland is a powerful tool for standardization, its simplest form suffers from a crucial

limitation: it assumes that light rays entering through any part of the pupil are equally effective in

stimulating the photoreceptors. This assumption is fundamentally contradicted by the Stiles-

Crawford Effect (SCE).

The SCE, or the directional sensitivity of the retina, posits that light entering the eye obliquely

(through the edges of the pupil) is less visually effective than light entering axially (through the

center of the pupil). This occurs because the photoreceptors, particularly the cones, act as highly

directional waveguides; they are most sensitive to light rays that travel parallel to their longitudinal

axis. Consequently, for a large pupil, the geometric area calculation used in the simple Troland

formula ($R = L times A$) overestimates the actual effective retinal illuminance.
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To address this discrepancy, vision scientists employ the concept of the effective Troland, which

incorporates a weighting function--the Stiles-Crawford apodization function--into the calculation.

This weighted integral accounts for the reduced effectiveness of peripheral light rays, yielding a

physiologically more accurate measure of the light flux that genuinely contributes to visual

sensation. The geometrical Troland (the simple $L times A$ calculation) remains a useful

approximation for small pupils or when the directional sensitivity of the retina is not a primary

factor, but the effective Troland is required for high-precision studies, particularly those involving

large pupils or artificial pupils used to manipulate retinal illumination geometry.

7. Significance in Vision Research

The use of the Troland unit is foundational across numerous domains of modern vision research.

In studies of adaptation, the Troland allows researchers to precisely track how the sensitivity of the

visual system changes as a function of the input light level, generating critical data for

understanding dark adaptation curves and bleaching of visual pigments. In color science and

colorimetry, standardizing retinal illuminance in Trolands ensures that observed color matches or

threshold differences are due to spectral processing rather than overall intensity variations.

Furthermore, the Troland is essential for investigating spatial and temporal visual processing. For

example, studies on critical flicker fusion frequency (CFF)--the rate at which a flickering light

appears steady--are heavily dependent on retinal illuminance. By specifying CFF relative to a

precise Troland value, researchers can reliably compare results across different laboratories

globally. In essence, the Troland serves as the rigorous, quantified link between the objective

physics of light stimulus and the subjective, physiological reality of visual perception, ensuring that

the input side of the visual processing pipeline is consistently controlled and accurately reported.
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