How to Draw a Cube

Michael Eastwood
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Talk for ANU Mathematics Society — p. 1/24






&7












/
X7

p

7>
\‘
/






Orthographic projection

and the same length
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Welsbach 1844

o

Expect: |2 equations!

ol 18P W
sin2A sin2B  sin2C

XY
Example: a = (2,-26) (§=(-23,2) ~v=(14,7)
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Schmid 1922
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Gaull (Werke 1876)

Regard

a=(r1,y1) B = (v2,y2) v = (@3,93)

as complex numbers

a = x1 + 1Y B = 9 + 199 v = T3 + 1y3

SHOCK HORROR!

Gauld’s Fundamental Theorem of Axonometry

o’ + 3% +~4%=0

Example: a =2—-26i (=-23+2i ~=14+7i
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Square root
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Engineering drawing: shed

| Colorbond &
Ralier Dg

Colorbond flashing |
1o front surround

Culorhond sheeting :
Lo - GLADDINGE

18mm MR Melamime sheot over
4040 BHS fully welded & galvanised

OPTIONAL RAISED FLOOR |

MAT:R!AL SCH‘:DULF’

Juce mulicn

FIXING SCHEDULE

AR TVEA.

S N _ see Delail A

STRUCTURAL MEMBERS v

NO TE: allach fr ame {0 existing
|| concrete floor or 1o cotional
| || raised floor

I i

| ELEVATIONS & FRAMING |
DETAIL

TITANTIDY

— 100x100x1.5 galv, angle

DETAIL A § TE01-03.00 |
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Engineering drawing: aeroplane

¢ht brothers asroplane - patented plans, 1900, Bain collection,

THE TOP PLAN OF THH WRIGHT AEROPLANE.

o BTt Brwihen! spayReations me the Patowf (Mo

‘RasS-SELTIeN OF WRIGHT Foyme MACMINE
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Engineering drawing: tabernacle

TOM RISTAL

T or o1 5 CHURCH OF JESUS CHRIST OF THE LATTER-DAY SAINTS! SALT LAKE CITY TABERNACLE 1864-67 HISTORIC AMERICAN

TEMPLE SQUARE ENGINEERING RECORD
SALT LAKE CITY SALT LAKE COUNTY st S or 5 snerrs
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Proof of Gauld3’s Theorem

Given oA .
23 Y3 23
A0 0 T
suchthat XXt'= | 0 X 0 Xt=| 1y y wus
| O O )\ i | Zl Z2 23 |
2 _ 2
But X Xt — \d — XtX — Ald <— HQSH — HyH
<513,y> =0
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Regular tetrahedron

0
a = 94207
6 = =12+ 151
v = 20
0 = 17+ 35
fy

ME & R. Penrose

(a+ B+7+6)2 =4(a? + 52 ++2 + 6?)

Talk for ANU Mathematics Society — p. 19/24



Any tetrahedron

Vertices «—

NB | AA! is invertible

]
N

T T T
a b ¢ d
Ll

Theorem (ME & R. Penrose) Let Q = AY(AAY)™2A

If and only If

a—a b— 03 c—rv d—9

[, 8,7,6]Q[e, 8,7,6] =0
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Applications

e CAD = Computer-aided Design
e Tracking

Example Dodecahedron

(@+B8+7)°+ (W5 —1)(a®+ 5 +7%) =0
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Higher mathematics

e Complex numbers in three-dimensional geometry

SU(2) 2= S0(3)

e Complex numbers in n-dimensional geometry

GI‘;(RW’) = Qn—2 C CPp—
H

{[2] € CPp_q | 212 + 222 + - -+ + 2,2 = 0}
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Further reading

e M.G. Eastwood and R. Penrose, Drawing with complex numbers,
Mathematical Intelligencer 22 (2000) 8-13.

e C.F Gauss, Werke Il (page 309), Gottingen 1876.

e H. Hadwiger, Uber ausgezeichnete Vectorsterne und regulare
Polytope, Commentarii Mathematici Helvetici 13 (1940) 90-108.

e R.P. Hoelscher and C.H. Springer, Engineering Drawing and
Geometry, Wiley 1961.

e R.N. Roth and I.A. van Haeringen, The Australian Engineering
Drawing Handbook, Australian Institute of Engineers 1988.

Talk for ANU Mathematics Society — p. 23/24



THANK YOU
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