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PURKINJE SHIFT

Primary Disciplinary Field(s): Sensory Psychology, Vision Science, Physiology, Optics

1. Core Definition

The Purkinje shift is a fundamental psycho-physical phenomenon describing the change in the

maximum spectral sensitivity of the human eye as the level of illumination decreases from photopic

(daylight) conditions to scotopic (twilight or low-light) conditions. This transition results in a

noticeable shift in perceived color brightness, where colors towards the blue end of the spectrum

appear relatively brighter, and colors towards the red end appear relatively darker, compared to

their appearance under high illumination. The perceived hue itself does not necessarily change

entirely, but the apparent luminosity or intensity of different colors is drastically altered.

At high illumination, the human eye's maximum sensitivity peaks around 555 nanometers (nm),

corresponding to the yellow-green region of the visible spectrum. This visual state is governed

primarily by the cone photoreceptors, enabling high acuity and color differentiation. As light levels

drop into the mesopic and then scotopic range, the visual system switches dominance to the rod

photoreceptors. Consequently, the peak spectral sensitivity shifts dramatically toward shorter

wavelengths, settling around 507 nm, which corresponds to the blue-green area. This functional

reorganization of the visual system is the direct cause of the Purkinje shift, explaining why a bright

red object, such as a rose, may appear vividly luminous in daylight but becomes almost black or

charcoal gray in deep twilight, while blue or green objects retain comparative visibility.

This phenomenon provides a clear demonstration of the difference between how the human visual

system processes light energy under conditions of abundant light (where color detail is prioritized)

versus scarce light (where detection and sensitivity are prioritized). It underscores that luminosity is

not solely an objective property of the light source but is profoundly influenced by the physiological

state and spectral sensitivity curve of the observer's retina, which dynamically adjusts based on the

ambient light environment.

2. Etymology and Historical Development

The concept is named after the Bohemian physiologist Jan Evangelista Purkyn? (1787-1869),

who first documented and described this effect empirically. Purkyn?, a pioneer in experimental

physiology and histology, published his observations in 1825 in his work, Neue Beiträge zur

Kenntniss des Sehens in subjectiver Hinsicht (New Contributions to the Knowledge of Vision in a

Subjective Respect). Purkyn? himself noted that, as evening descended, objects colored red or

orange faded rapidly and lost their perceived luminosity, while blue and green objects maintained

their brightness for a significantly longer period.

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=43120
https://scales.arabpsychology.com
https://scales.arabpsychology.com


PURKINJE SHIFT 3

PSYCHOLOGICAL SCALES scales.arabpsychology.com

Although Purkyn? provided the initial descriptive framework, the underlying physiological

mechanism remained unknown until later discoveries clarified the dual nature of retinal

photoreceptors--the rods and cones. The understanding that the retina housed two distinct types of

photoreceptor cells, each containing unique photopigments and operating optimally under different

illumination ranges, provided the necessary foundation for explaining the shift. The subsequent

development of reliable spectrophotometric techniques allowed researchers to precisely map the

spectral sensitivity curves of the rods and cones, confirming Purkyn?'s qualitative observations

through quantitative data showing the approximately 50 nm shift in peak sensitivity.

The formalization of the Purkinje shift became integral to the development of modern colorimetry

and photometry. Standardized definitions of luminosity and brightness, essential for fields ranging

from manufacturing to lighting engineering, had to account for the differential response of the eye

across various illumination levels. The shift thus moved from a subjective curiosity to a central,

measurable phenomenon in the scientific study of light and vision, solidifying Purkyn?'s place in

the history of visual science.

3. Physiological Basis

The Purkinje shift is a direct physiological consequence of the duplex theory of vision, which

posits that human sight relies on two distinct classes of photoreceptor cells in the retina: rods and

cones. These cells employ different photopigments and operate optimally under different light

intensities, a transition process known as dark adaptation.

The cone cells are responsible for photopic vision, operating effectively in high light levels

(daylight). Cones are concentrated primarily in the fovea, allow for high spatial acuity, and,

crucially, contain three different types of photopigments (sensitive to short, medium, and long

wavelengths), enabling color vision. The pooled sensitivity curve of these three cone types yields a

peak responsiveness at 555 nm (yellow-green). The cone system, while excellent for detail and

color, quickly loses effectiveness as light intensity drops.

Conversely, the rod cells are responsible for scotopic vision, dominating perception in extremely

low light (twilight or night). Rods are far more numerous than cones, distributed mainly in the

peripheral retina, and contain only one type of photopigment, rhodopsin. Rhodopsin is highly

sensitive to light but cannot distinguish between different wavelengths, rendering scotopic vision

monochromatic (colorless). The spectral sensitivity curve for rhodopsin peaks at 507 nm (blue-

green). As light levels fall, the rods become the primary source of visual input, taking over from the

cones. This inherent difference in the peak spectral sensitivity between the cone system (555 nm)

and the rod system (507 nm) is the physical mechanism underlying the Purkinje shift.
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4. Key Characteristics and Contrastive Effects

Wavelength Shift: The primary characteristic is the measurable displacement of the peak

luminance sensitivity from 555 nm (photopic) to 507 nm (scotopic). This shift covers approximately

48 nanometers toward the shorter, or blue, end of the visible spectrum.

Relative Luminosity Reversal: The shift causes relative changes in the apparent brightness of

colors. Red objects (long wavelengths) lose perceived luminosity rapidly during the transition, while

blue or green objects (shorter wavelengths) retain their perceived brightness more effectively, often

appearing disproportionately luminous compared to their photopic state.

Mesopic Transition: The shift does not happen instantaneously but occurs across the mesopic

range, the intermediate light levels between bright daylight and deep twilight. In this range, both

rods and cones are partially active, leading to complex visual phenomena where color

discrimination is hampered, yet complete monochromatic vision has not been achieved.

Impact on Sensation vs. Perception: It is crucial to note that the physical intensity of the light

emitted by an object does not change; only the physiological response of the eye changes. The

Purkinje shift is therefore a change in perceived brightness, highlighting the subjective nature of

luminosity.

5. Significance and Impact

The Purkinje shift holds substantial significance across multiple disciplines, particularly those

dealing with human-environment interaction and the design of visual systems. In ecology and

biology, understanding the shift is vital for studying the vision of nocturnal or crepuscular animals,

though their precise rod/cone ratios and rhodopsin variants may differ from humans. It explains

why natural elements that need to remain visible in twilight, such as certain flowers or

bioluminescent organisms, often exhibit blue or green coloration.

In applied sciences, the concept is critical in lighting design and ergonomics. For instance, when

designing instrument panels or safety indicators for low-light environments (e.g., aircraft cockpits,

submarine control rooms, or astronomical observatories), engineers must account for the shift.

Historically, red light was often used in these settings because red light supposedly does not

"bleach" the rhodopsin in the rods as quickly as white or blue light, thus preserving dark

adaptation. However, because rods are least sensitive to red light (due to the Purkinje shift), red

targets are exceptionally difficult to see, potentially compromising safety. Modern design often

favors low-intensity blue-green or amber lighting, which is perceived more effectively by the

scotopic system while still minimizing glare.

Furthermore, in photography and cinematography, understanding the shift aids in accurately

reproducing nighttime or twilight scenes. Photographers must compensate for the perceived loss of

red saturation and the enhanced perception of blue tones when processing images taken under
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low light to match the subjective human visual experience. The shift demonstrates that chromatic

fidelity preservation is dependent not just on color balance but on the total ambient luminance

level.

6. Applications and Examples

One of the most common applications of the Purkinje shift is found in the design of traffic lights and

signal systems. While all three colors--red, yellow, and green--must be highly luminous for daytime

visibility (photopic system), the green signal is inherently more effective under twilight conditions

because its wavelength is closer to the rod sensitivity peak (507 nm) than the red signal (around

650 nm). This physiological advantage contributes to signal visibility during dusk and dawn.

In military and naval operations, the Purkinje shift dictates how camouflage and lighting are

utilized. Uniform colors that blend well in daylight (e.g., browns and olives) may become highly

visible under scotopic conditions if they contain pigments poorly correlated with the 507 nm

sensitivity curve. Conversely, specific shades of blue and green, which might appear dark in the

day, retain better relative visibility at night. Moreover, the shift has direct implications for pilots and

drivers, as the ability to accurately gauge the brightness of warning lights or dashboard indicators

changes drastically as they enter tunnels or fly from day into night.

A classic, everyday example illustrating the shift involves observing flowers in a garden at different

times. A brilliant red flower and a deep blue flower may appear equally bright at midday. However,

as the sun sets and the light intensity drops below the photopic threshold, the blue flower will

appear dramatically brighter relative to the red flower, which will quickly fade to blackness,

confirming the shift of peak sensitivity toward the shorter, blue-green wavelengths.

7. Further Reading

Purkinje Effect (Wikipedia)

Scotopic Vision and Rod Photoreceptors

Photopic Vision and Cone Photoreceptors
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