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Classification of Quadrilaterals

The Four-Gon

Family Tree

A Diagonal Connect

Classification is traditionally defined as the precinct of biologists. But classifi-
cation has great pedagogical implications — based as it is on the properties

of the objects being classified. A look at a familiar class of polygons — the

quadrilaterals — and how they can be reorganized in a different way.

A Ramachandran

Quadrilaterals have traditionally been classified on the

basis of their sides (being equal, perpendicular, paral-
lel, ...) or angles (being equal, supplementary, ...). Here

we present a classification based on certain properties of their

diagonals. In this approach, certain connections among the

various classes become obvious, and some types of quadrilat-
erals stand out in a new light.

Three parameters have been identified as determining various

classes of quadrilaterals:

1. Equality or non-equality of the diagonals

2. Perpendicularity or non-perpendicularity of the diagonals

3. Manner of intersection of the diagonals. Here four situa-
tions are possible:

a. The diagonals bisect each other.

b. Only one diagonal is bisected by the other.

c. Neither diagonal is bisected by the other one, but both

are divided in the same ratio.

d. Neither diagonal is bisected by the other one, and they

divide each other in different ratios.

in the classroom






[image: Page 1 of 5]

Page 2 of 5
54 At Right Angles | Vol. 1, No. 1, June 2012

These parameters allow us to identify 16 classes of quadrilaterals as listed in Table 1. The meaning of

the phrase ‘slant kite’ though not in common parlance should be clear.

Certain relations among these classes are obvious. Members of columns 2 and 3 are obtained from the

corresponding members of column 4 by imposing equality and perpendicularity of diagonals, respec-
tively, while members of column 1 are obtained by imposing both of these conditions.

Sequentially joining the midpoints of the sides of any member of column 1 yields a square, of column 2

yields a general rhombus, column 3 a general rectangle, and column 4 a general parallelogram.

Table 2 gives the cyclic/non-cyclic nature and number of reflection symmetry axes of each type. An

interesting pattern is seen in both cases.

Quadrilaterals with equal diagonals divided in the same ratio (including the ratio 1:1) are necessarily cy-
clic, as the products of the segments formed by mutual intersection would be equal. Quadrilaterals with

unequal diagonals divided in the same ratio and those with equal diagonals divided in unequal ratios are

necessarily non-cyclic, as the segment products would be unequal. Quadrilaterals with unequal diago-
nals divided in different ratios could be of either type.

The quadrilateral with the maximum symmetry lies at top left, while the one with least symmetry lies at

bottom right. A gradation in symmetry properties is seen between these extremes.

Table 1. Quadrilateral classes based on properties of the diagonals

Diagonals equal Diagonals unequal

Perpendicular Not-perpendicular Perpendicular Not-perpendicular

Both diagonals

bisected

Square General rectangle General rhombus General parallelo-
gram

Diagonals divided

in same ratio (not

1:1)

Isosceles trapezium

with perp diagonals

Isosceles trapezium General trapezium

with perp diagonals

General trapezium

Only one diagonal

bisected

Kite with equal di-
agonals

Slant kite with equal

diagonals

Kite Slant kite

Diagonals divided

in different ratios,

neither bisected

General quadrilateral

with equal and perp

diagonals

General quadri-
lateral with equal

diagonals

General quadrilateral

with perp diagonals

General quadrilat-
eral

Diagonals equal Diagonals unequal

Perpendicular Not-perpendicular Perpendicular Not-perpendicular

Both diagonals

bisected

Cyclic (4) Cyclic (2) Non-cyclic (2) Non-cyclic (0)

Diagonals divided

in same ratio (not

1:1)

Cyclic (1) Cyclic (1) Non-cyclic (0) Non-cyclic (0)

Only one diagonal

bisected

Non-cyclic (1) Non-cyclic (0) Either (1) Either (0)

Diagonals divided

in different ratios,

neither bisected

Non-cyclic (0) Non-cyclic (0) Either (1) Either (0)

Table 2. Cyclic/non-cyclic nature of quadrilateral & the number of reflection symmetry axes (shown in parentheses)
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The present scheme also suggests a common formula for the areas of these figures. The area of any

member of column 4 can be obtained from the formula A= 2

1 d1d2 sin Θ where d1, d2 are the diagonal

lengths and Θ the angle between the diagonals. The formula simplifies to A= 2

1 d1d2 for column 3, A= 2

1 d2

sin Θ for column 2, and A= 2

1 d2

for column 1.

The general area formula A= 2

1 d1d2 sin Θ is applicable in the case of certain other special classes of quad-
rilaterals too.

Non-convex or re-entrant quadrilaterals are those for which one of the (non-intersecting) diagonals lies

outside the figure. the applicability of the formula to these is demonstrated in Figure 1. The computation

shows that

[ABCD] = [3ABC]+[3ADC]=[3ABE]−[3CBE]+[3ADE]−[3CDE]

= 2

1 sin Θ (AE·BE–CE·BE+AE·DE–CE·DE)

= 2

1 sin Θ (AC·BE+AC·DE) = 2

1 sin Θ (AC·BD)

Reflex quadrilaterals with self-intersecting perimeters such as the ones shown in Figure 2 can be consid-
ered to have both the (non-intersecting) diagonals lying outside the figure. The applicability of the area

formula to such figures is demonstrated in Figure 3. Here the area of the figure is the difference of the

areas of the triangles seen, since in traversing the circuit ABCDA we go around the triangles in opposite

senses. Hence in Figure 3,

Fig. 1 Square brackets denote area: [3ABC] denotes area of 3ABC, etc

Fig. 2 Reflex quadrilateral: AC and BD are diagonals lying outside the reflex quadrilateral ABCDA,

whose perimeter is self-intersecting
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