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Primary Disciplinary Field(s): Geometry, Visual Perception, Cognitive Psychology, Art

(specifically M. C. Escher's work).

1. Core Definition: The Impossible Tribar

The Penrose Triangle is a quintessential example of an impossible figure, also known as an

undecidable figure, which is a two-dimensional representation that is instantly and compellingly

interpreted by the human visual system as a three-dimensional object, yet cannot exist in three-

dimensional Euclidean space. It consists of three straight bars of square cross-section that appear

to be joined at right angles to form a closed, triangular loop. The illusion arises because the

drawing locally provides cues suggesting coherence, but globally, these cues contradict one

another, leading to a visual paradox that the brain cannot fully resolve.

While commonly referred to as the Penrose Triangle, the shape is geometrically more accurately

termed a tribar. Standard Euclidean geometry dictates that the interior angles of any true triangle

must sum to 180 degrees. Furthermore, if the depicted object were truly three-dimensional, any

path traced along its edges that returns to the starting point must be level in aggregate depth;

however, following the Penrose Triangle appears to necessitate a continuous ascent or descent, a

fundamental impossibility within a fixed, finite structure. The paradoxical nature of the figure hinges

on the viewer's involuntary commitment to interpret the image as a coherent, solid object.

The core mechanism of the illusion lies in the exploitation of depth cues. When viewing the figure,

the eye follows one bar to the next, interpreting the joints (where the bars meet) as standard right

angles, consistent with the corners of a solid object. However, the third joint forces a connection

between the highest and lowest points, violating the depth established by the preceding two joints.

This perceptual error demonstrates the visual system's powerful tendency to rely on simple,

localized interpretations of perspective, even when they lead to global absurdity.

2. Historical Development and Attribution

Although the figure is universally associated with the name Penrose, its origin precedes their

formal publication. The earliest known drawing of the impossible tribar was created in 1934 by the

Swedish artist and pioneer of impossible art, Oscar Reutersvärd, who drew it using a series of

cubes. Reutersvärd's version, however, was generally overlooked by the scientific community until

much later, remaining primarily within the domain of art.

The figure was formally and scientifically introduced to the academic world in 1958 by British

mathematician and physicist, Roger Penrose, and his father, geneticist Lionel Penrose, in their

seminal article, "Impossible Objects: A Special Type of Visual Illusion," published in the *British
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Journal of Psychology*. The Penroses presented the triangle as the simplest representation of an

impossible three-dimensional structure. Their diagram showed the figure as solid blocks, giving it

the immediate, powerful visual weight that contributed significantly to its later fame and influence.

Roger Penrose later credited M. C. Escher's earlier work, particularly the impossible cuboid, as

inspiring their investigation into these forms.

The international fame and popularization of the Penrose Triangle were solidified by the renowned

Dutch graphic artist M. C. Escher. After seeing the Penroses' article, Escher integrated the

concept into his iconic lithographs, most notably in *Waterfall* (1961) and *Ascending and

Descending* (1960, which utilizes the Penrose staircase, a related impossible figure). Escher's

meticulous translation of mathematical paradoxes into breathtaking, detailed artistic scenes made

the impossible triangle a universally recognizable symbol of paradox and visual trickery, cementing

its status far beyond academic geometry.

3. Principles of Impossibility: Euclidean Constraints

The impossibility of the Penrose Triangle rests fundamentally on its defiance of Euclidean vector

closure when attempting to assign consistent spatial coordinates to its vertices. In three-

dimensional space, if one traverses a closed loop, the sum of all vector displacements must equal

zero. When examining the Penrose Triangle, if we assign an arbitrary height to the starting point,

the illusion requires that we move up along the first bar, up along the second bar, and then,

paradoxically, down along the third bar to meet the initial starting point while simultaneously

appearing to continue the ascent in the two-dimensional projection.

Mathematically, any three-dimensional object must satisfy the condition that if two lines appear to

intersect, they must either be coplanar or the intersection must be physically consistent with the

objects' surfaces. In the Penrose Triangle, the lines that appear to meet at the vertices are drawn

to suggest they are equidistant from the viewer, yet the overall structure demands that one vertex

must be significantly closer than the other two, and vice versa, depending on which path the viewer

follows. This inconsistency, forced by the single point of perspective in the drawing, highlights the

difference between local visibility (which appears sound) and global structural integrity (which is

violated).

The contradiction is also related to the projection theorem. When projecting a 3D object onto a 2D

plane, certain depth information is inherently lost. The Penrose Triangle exploits this loss by

aligning edges in the 2D plane that are distant from each other in the conceptual 3D space, thus

generating accidental alignments. The viewer's cognitive system automatically attempts to

reconstruct the missing depth information based on learned conventions (like parallel lines

receding to a vanishing point), but the drawing intentionally uses these conventions in a self-

contradictory manner. The impossibility is thus not a defect in the drawing, but a profound
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demonstration of the human brain's commitment to constructing a coherent spatial reality from

ambiguous input.

4. Psychological and Perceptual Implications

From a psychological standpoint, the Penrose Triangle serves as a powerful instrument for

studying visual perception and the limitations of perceptual constancy. The brain usually

processes visual stimuli rapidly and automatically, filtering out minor inconsistencies to maintain a

stable view of the world. The impossible triangle bypasses these filters, creating a lasting cognitive

conflict known as cognitive dissonance in the visual field.

Researchers in cognitive psychology often use impossible figures to investigate how the visual

system employs Gestalt principles. Specifically, the principles of continuity and closure compel the

viewer to see the three separate bars as a unified, continuous object, forcing the perception of a

closed, bounded figure. The brain prioritizes this closure over the geometric requirements for three-

dimensional reality, leading to the sustained illusion of impossibility.

Furthermore, the experience of viewing the Penrose Triangle often involves perceptual

oscillation. The observer's attention constantly shifts, attempting to resolve the figure by focusing

on individual parts (which are possible) before integrating them into the impossible whole. This

oscillation demonstrates the brain's continuous effort to fit the visual input into known spatial

models. The figure highlights that human perception is not a passive recording of reality but an

active, constructive process heavily reliant on expectations and inferences drawn from limited two-

dimensional data.

5. Representations in Art and Culture

M. C. Escher remains the figure most responsible for translating the austere mathematical concept

into vibrant visual art. In *Waterfall*, the Penrose Triangle dictates the flow of water, appearing to

create a perpetual motion machine where water falls from the top of the structure, yet somehow

returns to the top of the waterfall, defying gravity and thermodynamics. This artistic manipulation

showcases how impossible geometry can be used to challenge fundamental physical laws within a

fictional artistic space.

Beyond Escher, the impossible figure has inspired sculptors and architects who create physical

installations that utilize **forced perspective** to recreate the illusion. These sculptures are not

impossible in reality; they are complex arrangements of beams and surfaces that only align to form

the recognizable closed triangle when viewed from one specific, predetermined vantage point.

Viewing the sculpture from any other angle instantly breaks the illusion, revealing the true, spatially

consistent but visually incoherent arrangement of its components. These real-world

representations emphasize the critical role of the observer's viewpoint in generating the paradox.
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Culturally, the Penrose Triangle has become a widespread symbol. It is frequently employed in

corporate logos, film, and video games to signify complexity, paradox, endless looping, or non-

Euclidean environments. Its immediate visual recognition makes it a powerful metaphor for

scenarios that are logically sound in parts but contradictory as a whole--a visual shorthand for

philosophical or intellectual dilemmas.

6. Mathematical Generalizations: The Penrose N-gon

The principle embodied by the Penrose Triangle is generalizable to any number of sides greater

than two, resulting in what are known as Penrose N-gons or impossible polygons. While the tribar

(N=3) is the simplest and most visually striking, the impossible square (N=4), which is functionally

identical to the *Penrose staircase* used by Escher, is another common variant. The Penrose

staircase depicts a perpetually rising (or descending) flight of stairs that form a closed loop,

similarly defying consistent elevation in 3D space.

As the number of sides (N) increases, the paradoxical effect tends to diminish. For higher-order N-

gons (N=5, 6, 7, etc.), the conflicting depth cues become more spread out and less immediately

compelling, making it easier for the viewer's eye to break the illusion and perceive the object as

merely disjointed lines rather than a unified impossible structure. The strength of the tribar lies

precisely in its minimal complexity, which forces the visual system into an inescapable, tightly

constrained paradox.

The mathematical analysis of impossible figures extends into topology and projection geometry,

providing insights into which classes of three-dimensional structures can be perfectly projected

onto a two-dimensional plane without ambiguity, versus those like the Penrose Triangle, which are

inherently ambiguous. The study of these figures helps define the boundaries between visual

possibility and physical reality, serving as a constant challenge to the conventional rules governing

spatial representation.

7. Further Reading

Penrose Triangle - Wikipedia

Roger Penrose: A Brief History of a Nobel Laureate

Impossible Objects: A Special Type of Visual Illusion (Original Penrose Article Abstract)

M. C. Escher's Waterfall
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