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Rhombus

In Euclidean geometry, a rhombus (¢) (plural rhembi or rhembuses) is a simple

. : . : Rhombus
(non-self-intersecting) quadrilateral whose four sides all have the same length. .
Another name is equilateral quadrilateral since equilateral means that all of its ;’*5\\ A
sides are equal in length. The rhombus is often called aliamond, after the diamonds /" ’ ‘ \*x\ - d \\‘«\\
suit in playing cards which resembles the projection of an octahedral diamond, or a =>{: ' :_ Da *":':" - 1:,»
lozenge, though the former sometimes refers specifically to a rhombus with a 60° \\q\ , ,{; x\“x\ ,/"!
angle (see Polyiamond), and the latter sometimes refers specifically to a rhombus \‘xi/f 4
with a 45° angle. Two rhombi
Every rhombus is a parallelogram and a kite. A rhombus with right angles is a | TYP€ quadrilateral,
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Etymology

The word "rhombus" comes from Greek poppog (rhombos), meaning something that spins,[g] which derives from the verb péufo

4]

(rhembo), meaning "to turn round and round."'™ The word was used both by Euclid and Archimedes, who used the term "solid

rhombus" for two right circularcones sharing a common basel®]

The surface we refer to asrhombus today is a cross section of this solid rhombus through the apex of each of the two cones.

Characterizations

A simple (non-self-intersecting) quadrilateral is a rhombusif and only ifit is any one of the followingEG] (7]

= a parallelogramin which adiagonal bisects aninterior angle
= a parallelogram in which at least two consecutive sides are equal in length
= a parallelogram in which the diagonals are perpendicular (amrthodiagonal parallelogram)


https://en.wikipedia.org/wiki/File:Rhombus.svg
https://en.wikipedia.org/wiki/Quadrilateral
https://en.wikipedia.org/wiki/Parallelogram
https://en.wikipedia.org/wiki/Kite_(geometry)
https://en.wikipedia.org/wiki/Edge_(geometry)
https://en.wikipedia.org/wiki/Vertex_(geometry)
https://en.wikipedia.org/wiki/Schl%C3%A4fli_symbol
https://en.wikipedia.org/wiki/Coxeter_diagram
https://en.wikipedia.org/wiki/List_of_planar_symmetry_groups#Rosette_groups
https://en.wikipedia.org/wiki/Dihedral_symmetry
https://en.wikipedia.org/wiki/Area
https://en.wikipedia.org/wiki/Dual_polygon
https://en.wikipedia.org/wiki/Rectangle
https://en.wikipedia.org/wiki/Convex_polygon
https://en.wikipedia.org/wiki/Isotoxal_figure
https://en.wikipedia.org/wiki/Euclidean_geometry
https://en.wikipedia.org/wiki/Simple_polygon
https://en.wikipedia.org/wiki/Quadrilateral
https://en.wikipedia.org/wiki/Diamonds_(suit)
https://en.wikipedia.org/wiki/Playing_card
https://en.wikipedia.org/wiki/Octahedron#Orthogonal_projections
https://en.wikipedia.org/wiki/Diamond
https://en.wikipedia.org/wiki/Lozenge
https://en.wikipedia.org/wiki/Polyiamond
https://en.wikipedia.org/wiki/Parallelogram
https://en.wikipedia.org/wiki/Kite_(geometry)
https://en.wikipedia.org/wiki/Square_(geometry)
https://en.wikipedia.org/wiki/Greek_language
https://en.wikipedia.org/wiki/Euclid
https://en.wikipedia.org/wiki/Archimedes
https://en.wikipedia.org/wiki/Cone_(geometry)
https://en.wikipedia.org/wiki/Cross_section_(geometry)
https://en.wikipedia.org/wiki/Simple_polygon
https://en.wikipedia.org/wiki/List_of_self-intersecting_polygons
https://en.wikipedia.org/wiki/If_and_only_if
https://en.wikipedia.org/wiki/Parallelogram
https://en.wikipedia.org/wiki/Diagonal
https://en.wikipedia.org/wiki/Internal_and_external_angle
https://en.wikipedia.org/wiki/Orthodiagonal

a quadrilateral with four sides of equal length (by definition)

a quadrilateral in which the diagonals areperpendicularand
bisect each other

a quadrilateral in which each diagonal bisects two opposite
interior angles

a quadrilateral ABCD possessing a pointP in its plane such
that the four trianglesABP, BCP, CDP, and DAP are all
congruent®!

a quadrilateral ABCD in which the incircles in triangles ABC,
BCD, CDA and DAB have a common poinfg]

Basic properties

Every rhombus has two diagonals connecting pairs of opposite vertices,

and two pairs of parallel sides. Using congruent triangles, one can prove

that the rhombus is symmetric across each of these diagonals. It follows

that any rhombus has the following properties:

The

Opposite angles of a rhombus have equal measure.

The two diagonals of a rhombus areperpendicular, that is, a
rhombus is anorthodiagonal quadrilateral

Its diagonals bisect opposite angles.

first property implies that every rhombus is a parallelogram A

'y

The rhombus has a square as a special case,
and is a special case of akite and
parallelogram

rhombus therefore has all of the properties of a parallelogram: for example, opposite sides are parallel; adjacent angles are

supplementary; the two diagonalsbisect one another; any line through the midpoint bisects the area; and the sum of the squares of the

sides equals the sum of the squares of the diagonals (the parallelogram law). Thus denoting the common side as a and the diagonals

as p and q, in every rhombus

4a®> = p* + ¢*.

Not every parallelogramis a rhombus, though any parallelogram with perpendicular diagonals (the second property) is a rhombus. In

general, any quadrilateral with perpendicular diagonals, one of which is a line of symmetry, is a kite. Every rhombus is a kite, and

any quadrilateral that is both a kite and parallelogram is a rhombus.

A thombus is atangential quadrilateral[lo] That is, it has aninscribed circlethat is tangent to all four sides.

Area

As for all parallelograms, thearea K of a rhombus is the product of its base and its heightk). The base is simply any side lengtha:

K=a-h.

The area can also be expressed as the base squared times the sine of any angle:

2

K =a? -sina =a? -sinp,

or in terms of the height and a vertex angle:

h2

sina’

K=

or as half the product of the diagonaly, g:

p-q

2 )
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or as the semiperimeter times the radius of the circle inscribed in the

rhombus (inradius):
K=2a-r.

Another way, in common with parallelograms, is to consider two
adjacent sides as vectors, forming abivector, so the area is the magnitude
of the bivector (the magnitude of the vector product of the two vectors),

which is the determinant of the two vectors' Cartesian coordinates: K =

X1Y2 — X2Y1-[1l]

A rhombus. Each angle marked with a black dot
is a right angle. The heighth is the
Diagonals perpendicular distance between any two non-
adjacent sides, which equals the diameter of
The length of the diagonals p = AC and q = BD can be expressed in the circle inscribed. The diagonals of lengthgp

terms of the rhombus sidea and one vertex anglea as and g are the red dotted line segments.

P =a+/2+2cosa

and

q = a+/2—2cosa.

These formulas are a direct consequence of thdaw of cosines

Inradius

The inradius (the radius of a circleinscribed in the rhombus), denoted byr, can be expressed in terms of the diagonalg and q as:[10]

pP-q

Woard

Dual properties

r =

The dual polygon of a rhombus is arectangle:[12]

= A rhombus has all sides equal, while a rectangle has all angles equal.

= A rhombus has opposite angles equal, while a rectangle has opposite sides equal.
= Arhombus has an inscribed circle, while a rectangle has &ircumcircle.

= A rhombus has an axis of symmetry through each pair of opposite vertex angles, while a rectangle has an axis of
symmetry through each pair of opposite sides.

= The diagonals of a rhombus intersect at equal angles, while the diagonals of a rectangle are equal in length.
= The figure formed by joining the midpoints of the sides of a rhombus is sectangle and vice versa.

Equation

The sides of a rhombus centered at the origin, with diagonals each falling on an axis, consist of all points, (y) satisfying
T Y
2+ 2=t
| a ‘ b
The vertices are at(+a, 0) and (0, b). This is a special case of thesuperellipse, with exponent 1.

Other properties
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= One of the five 2Dlattice types is the rhombic lattice, also calledcentered rectangular lattice
= |dentical rhombi can tile the 2D plane in three dierent ways, including, for the 60° rhombus, thehombille tiling

As 30-60 degreerhombille
tiling

As topological square tilings

= Three-dimensional analogues of a rhombus include théipyramid and the bicone.
= Several polyhedra have rhombic faces, such as therhombic dodecahedronand the trapezo-rhombic dodecahedron

Some polyhedra with all rhombic faces

Identical rhombi Two types of rhombi

N\

//

Rhombohedron

Rhombic Rhombic Rhombic Rhombic
dodecahedron triacontahedron icosahedron enneacontahedron

As the faces of a polyhedron

A rhombohedronis a three-dimensional figure like acube, except that its six faces are rhombi instead of squares.
The rhombic dodecahedronis a convex polyhedronwith 12 congruent rhombi as its faces.

The rhombic triacontahedronis a convex polyhedronwith 30 golden rhombi (rhombi whose diagonals are in the golden ratio) as its

faces.
The great rhombic triacontahedronis a nonconvexisohedral, isotoxal polyhedron with 30 intersecting rhombic faces.

The rhombic hexecontahedron is a stellation of the rhombic triacontahedron. It is nonconvex with 60 golden rhombic faces with

icosahedral symmetry.

The rhombic enneacontahedronis a polyhedron composed of 90 rhombic faces, with three, five, or six rhombi meeting at each vertex
It has 60 broad rhombi and 30 slim ones.

The trapezo-rhombic dodecahedronis a convex polyhedron with 6 rhombic and @rapezoidal faces.

The rhombic icosahedronis a polyhedron composed of 20 rhombic faces, of which three, four, or five meet at each vertex. It has 10

faces on the polar axis with 10 faces following the equator

See also
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= Merkel-Raute

= Rhombus of Michaelis in human anatomy

= Rhomboid, either a parallelepiped or a parallelogram that is neither a rhombus nor a rectangle

= Rhombic antenna

= Rhombic Chess

= Flag of the Department of North Santandeiof Colombia, containing four stars in the shape of a rhombus
= Superellipse (includes a rhombus with rounded corners)
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= Parallelogram and Rhombus - Animated course (Construction, Circumference, Area)
= Rhombus definition, Math Open Referencewith interactive applet.
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interactive applet
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