Bridges 2011: Mathematics, Music, Art, Architecture, Culture

M athematical Furniture

Peter Meijer
Sloterkade 186-I1
1059EC Amsterdam
Nederland
Email: peter.g.meijer@hetnet.nl
http://www.pgm-sculptures.nl
All furniture, images, drawings and text Copyrigh011 Peter Meijer

Abstract

| designed Mathematical Furniture in 1995, usindyarircles and straight lines. The design processuie-
conducted and | call this way of working FORMULAhieh in Latin means beauty, rule, guiding principlie
Mathematical Furniture, | describe the design offuclidian family of furniture. The design includes a table, a
chair, a cupboard, and three transformations o&titsemble. I\ group of dliptic tables, | describe the design of
a series of tables with a large number of posdégepositions Due to lack of space, some illustrations are not
included here but will be shown during the prestneof the paper (Figures PP).

Mathematical Furniture

The Latin term FORMULA means beauty, rule, guidprgnciple. My working method in this furniture
design can be described as FORMULA, because | gityiag strict rules and guiding principles in an
attempt to achieve beauty. Although it is a ruledwcted design, it does not exclude freedom of
expression, which is achieved by defining useflésuand making them workable, and then deciding
whether or not to realize the design.

When | began making furniture in 1995, | wonderdtkther it would be possible to create furniturecblas
on a mathematical concept. With FORMULA in mindglvised the following rules:

a) the piece of furniture must arise from a singjkece of material, without addition or loss (excégpt
sawdust and connecting pieces) and b) the desmridbe based on a geometric construction.

Simple geometry was used to design two familiekiofiture based on the circle: 1) a Euclidian fanaf
furniture, and 2) a group of elliptical tables.

1. A Euclidian family of furniture

Geometric construction. The geometric construction can be made in 4 steps

1. A straight line with a poirtl and a circle with centrigl and radius are all that is needed to begin.

2. Determine poinA on the straight line at a distanciom the circle and draw the tangent fréno
the circle. FindC, the point of intersection with thé-axis andB, the point of contact with the circle.
Then draw the lindsandm throughB andA, respectively, perpendicular to tkeaxis, and drawn
throughC, perpendicular to thg-axis

3. Draw a circle with centr& and radiusand findD, the point of intersection with line Then draw the
lineo throughD, perpendicular to the-axis.

4. Repeat the constructions fpm, n, ando in the other quadrants.
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The construction is now
complete (Figure PP). Finisk
by removing unnecessary line
elements in it. For the
resulting design See
figurel.2. | call this type of
design Euclidian because it i
a geometric design using
simple Euclidian tools: a
ruler and a compass.

The rectangle shown in figure
1.2 is the plate which will
form the table. It is obvious
that the length. = 4*r and it
can be shown that the width
W = 4/3* 3 *r. Calculation Figure 1.1: Core of the Euclidian family. Figure 1.2.
of the heighH of the table

and the anglex of the n
side parts obtaindd =
0.958 * randa = 98°.
The diagram in the
middle shows the design
of the table and the
diagram below shows the
folding and cutting lines.
After cutting, the side
parts can be moved down
along the folding lines so
that pointA andB enter
M (Figure PP). The table
design is self-defining
and therefore the slope of :
the side parts is not Figurel.3: Decreasing leng
arbitrarily chosen but is a

result.
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| designed a chair, a table and a cupboard.The core
of this Euclidian family is shown in figure 1.1.
The mathematical constructions and designs of
cupboard and chair require to much space to be
included here. The design can be varied by
changing the dimensions. Three transformations
were made; by decreasing the witlth the length

L and the diagonal, all by a facté2. (See figures
1.3 to 1.5). The complete family shown here
consist of 3 x 4 members.

| have attempted to show here that using the very
simplest design tools, mathematical furniture can
be developed.

Figure 1.5: Decreasing diagonal length
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2) A group of eliptical tables

In 2002, | designed a group of tables employingsdume rules as for Euclidian furniture but
based on an ellipse.

Geometric construction: (Figure PP).

i-axls K| o

1. Construct an ellipse with centM, short axis2*r, and long axis n
4*r, ¥-nxls [ L
2. Construct a circle with centr® and radiu*r, and find pointB. al

Note thatB is a focus othe ellipse. Now draw link& throughB, ——
perpendicular to theX-axis, and find the pointC where it |cith the nes L m n and »
intersects the ellipse. Draw linéhroughC, perpendicular t&.

3. Draw the tangent fromB to the circle and find poird where it = )
intersects th&-axis. Draw line n trouglD perpendicular to th¥- [ ?.:?Ea THE ThBLE
axis. =

4, Draw a circle with centr® throughB and find the intersectiob T

with n. Draw the lineo throughE, perpendicular to th&-axis. POSSIBELE M=
. . o =]
5.  We have now the linek, I, n, ando. Repeat the construction o'| Tipin" E_ﬂj

these lines in the other quadrants. T }:.j
6.  Clean up the picture and view the design. i
The rectangle shown in figure 2.1 is the plate Whidll form the table 1 géggﬁg
It can be shown that the length of the rectang(6/i€3)*r and the width i OF THE

is (V3A2)*r The height of the table ¥3*r.

This design also contains cutting and folding linékoices have to be
made in order to construct the table. The slopgb®fegs is arbitrary.

In the design shown they are perpendicular.

Figure 2.1:Design and
leg positions

Leg positions. There are 6 possible legs and each leg t
two possible places for the pin joints (figure 2.T)p

vector # cells leg positions

determine what combinations of leg positions aresjtie, =01 f
| constructed the matrid from the product of the vector| =1 4 bdpg
of possible numbers of legs on the short skland the | s2 &6 p b fdFf
vector of those on the long side of the tabl@he content | Lo 1 a
of the vectors is exposed in figure 2.2 and therimas 1 4 TO4D0
shown in figure 2.3. Ugng the _mat'rM, I mad@T across| o U TTTILoOLL
table to show the possible combinations of legtnss.
L3 B TTHTLIT -4

L4 B TAFEIFIFITAF

Figure 2.2: Exposure of the vectors.

u G E AbelelRelAsLn IF THE ROW ENTRY I% ’#J AMD THE COLOMM ENTRY I5 T
M = mas]y (E|= |91 wiurziasn
La B0E dbellelssldsld
L+ THEM THE CELL ‘VALUE IZ IJ_|__| U I _|J_|T
Figure 2.3: Matrix M. Figure 2.4: Calculation of the cell values.
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Figure 2.5; Final selection of tables.

In the cross table | excluded entries in the

vectors that in combination with the S-vectol
would produce mirror images. Figure 2.4 shov
how the cell values in the cross table we
determined. The cross table has 11 rows and
columns, so in total 341 cell values. The who
includes cases with 0, 1, 2, 3, 4, 5, or 6 lec
including a number of mirror images

The cross table will be shown and explained
FigurePP.

Selection. To select which tables to make,
used the criteria of stability, ease ¢
construction, and beauty. While the table with
legs is very stable and can be used as a pic
table, | excluded

the cases with 1, 2 and 3 legs and some witt
and 5 legs (176 cases).When a leg on the st
side and one on the long side come together,
result is unworkabléecause the rectangle witl
the pin joints comes loose by cutting (Figut
PP). Hence these were also excluded (80 case
Then | excluded the remaining mirror image
(10 cases). There were now 75 cases left.

The most complicated criterion was "beaut)
because it is a personal perception. Finally,
was left with 6 tables that | thought were wort
constructing (figure 2.5) and prototypes wel
made of the first, second, and fifth. (see figur
2.6 t0 2.8).
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Figure 2.6;: Model 1

Figure 2.8: Model 5.



