The Art of
Computer
Programming

Dr Andrew French



“Id like to welcome you to this course on
Computer Science. Actually, that’s a
terrible way to start. Computer Science is
a terrible name for this business. First of
all, it’s not a science. It might be
engineering, or it might be art, or we’ll
actually see that computer so-called
science actually has a lot in common with
magic”

Harold Abelson, MIT (1986)



“Science Is what we
understand well
enough to explain to
a computer. Art Is

everything else we
do.”

Donald Knuth 1938-
Stanford University

TEX A A “Computer programming is an art, because it
applies accumulated knowledge to the world,
DTS because it requires skill and ingenuity, and
/ AR _ffr??--_ \ . especially because it produces objects of
_\If s | beauty. Aprogrammer who subconsciously
. ig'—”! B ﬁ;",m views himself as an artist will enjoy what he
— —’”\r does and will do it better.”

“lI can’t go to a restaurant and

X 2rsin T orde_r food because | keep
dr = — looking at the fonts on the
o 1+ x? e menu.” ;




Lecture map

Fast numerical calculation + display systems

-~ l ~ -functions
Use of computer | interfaces

programming as an Where you can

_artistic tool - design and refine
the tool

Complexity, and beauty, from simplicity

(.e. code) \[Case studies]

- ——— e o — e — —

'General thoughts on how humans best
Interact with information technology PR~
'What You See Is What You Need! A
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for n=1:N

r = rand; Oenerate a random nunber

1 f (r<=1/3)

%bve half way towards red star

X =0.5%( xR + x);

y=0.5*(yR +vy);
%Pl ot a red dot

plot( x,y, T );
el seif (r>1/3)&&(r<=2/3)
%vbve ... Dblue star

X=0.5%(xB + x);

y=0.5*(yB +vy),
%° ot a bl ue dot

plot( x,y, b, ),
el se
Y%Wbve ... green star

X =0.5%( xG + x);
y=0.5*(yG +vy);
%l ot a green dot
plot( x,y, 9. )
end
end
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u <5tudent Version> : cipher

ENCRYPT

DECRYPT

Open original (IIE-

I I Open modified file

0.070834s

o cipher key ={
CIPHER The text encryption machine! P T 'By B
A comedy of errors.txt y I l:)I y -
cipher_key_1.m | Choose cipher key | ' I1'CI1

This simple C,.

substitution PalBl aLE
cipheris ) D -
called a ,'d"

Caesar shift

UQO_U:wQJ_ZDI

|'|"|

etc

E:‘-AndyFrenu:h‘LDocuments‘LF'rogr&vmmg‘nMATLAEl‘-Apps with GUIs\Cipher\A comedy of errnrs.twn

I The Comedy of Errors by William Shakespeare

ACTI

I Attendants

I AEGEON

SCENEI. A hallin DUKE SOLINUS'S palace.

Proceed, Solinus, to procure my fall

I
I
I
I
I Enter DUKE SOLINUS, AEGEON, Gaoler, Officers, and other I
I
I
I

| Uif Dpnfez pg Fsspst cz Xjmmjbn Tiblftgfbsf

BDU J
TDFOF JE Bibmm jo EVLF TPMIJOVT'T gbmbdf£

Buufoebout
BFHFPO
| Qspdffe, Tpmjovt, up gspdvsf nz gbmm

I
I
I Foufs EVLF TPMJOVT, BFHFPO, Hbpmfs, Pggjdfst, boe puifs
I
I



fid = fopen( filename, ™ ), % pen file filenane (read only)

UStore filenane text in a row vector A of characters, then close file
A = fscanf(fid, '%c" ); fclose(fid);
e.g A ='The Comedy of Errors .....’
% pen file for witing
fid = fopen( strrep( filename, Lixt’ | - ,cipher_mode, ‘.txt' 1), W),

%6t ep through ci pher key, replacing instances of the
%haracters with their plaintext or enci phered equival ents
B = A; dim = size(cipher_key);
| f strcmp(cipher_mode, ‘encrypt’ ==1
Yncrypt file contents
for n=1.dim(1)
indices = strfind( A, cipher_key{n,1});
B(indices) = cipher_key{n,2};

e.g.
plaintext.txt

would become
plaintext-

encrypt.txt
end YP

el se
Yecrypt file contents
for n=1.dim(1)
indices = strfind( A, cipher_key{n,2}); MATLAB COde
B(indices) = cipher_key{n,1}; for Clpher.m
end
end

WVite encrypted character array B to a appended, then close file
fwrite(fid, B ); fclose(fid); 9



Random rectangles

RGB colour model

t

colours ={[1,0,0], [1,1,0], [0,0,1], [0,0,0] }; |
?o_r ergzsf;r;(g) s \ [ red, green, blue ]
X0 =rand; x1 = x0 + rand; yO = a*rand; y1 = y0 + a*rand,
patch( ‘xdata’ [ x0, x1, x1, x0],...
‘vdata® , [YO, y0, y1, y1],...
‘FaceColor’ , colours{ randi(3,1) });
end 10




Composition with Yellow,
Blue, and Red >
1937-42, Piet Mondrian.

Oil on canvas; 72.5 x 69 cm.
London, Tate Gallery.

“ " Piet Mondrian
@ post O&SUpport (1872-1944)

L 'De Stijl movement |
'(Amsterdam, 1917-1931)
| . 7 I
Randomly generated i Neoplast|C|Sm i
from mondrian.m i “ltimate SImpIICIty and |
I
|
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1 Cut a rectangle randomly
in horizontal and vertical

directions. Randomly divide

into two types

1. Choose an
Intersection at
random *

2. Find nearest *

intersection which
has the same y
coordinate

3. Find the nearest *
intersection from

4
F"“"“_T"T‘““}
! - —
T :
| —
| |
|
‘+—H s 11|r
|
| |
(RPN N NN __*___!

this which has the

same X coordinate
4. Constructa

rectangle

1

|

]
S TN U
Shrink the ‘red’
type to the black
lines

Al
ol

*—H—I———i—#——

3 Find coordinates
of all line segment

intersections

Repeat from 4

cycling through red,

and yellow colours

blue
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Soundsnipper GUI ST ——

%' Sn|p a time Seg ment Of a time /s Stop time /s Fade time/s Speed VI 8how graph
o 1 .wav or.mp3 audio file 42 52 2 1 R
92—
‘%l % ) B -Student Version> : soundsnipper o] @ [
Amplitude vs time of
Right and Left stereo
channels
Start time /s Stop time /s Fade time/s Speed Showgraph
0 20 2 0.5 - [¥] Reverse! -
Brings up a = Playback speed or
‘choose file’ E-\AndyFrench\Documents\LIVE PROJECT! SNIP J reverse options
window N
File: E-\AndyFrench\Documents\LIVE PROJECTS12014 Studium talk‘u‘n_ \
|
Performs the snip

and writes out a new
audio file

What You See Is What You Need .
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— Julia mathematical options

Julia function z-=f{z, z0})

zA2 +z0

Gaston Julia
(1893-1978)

Wap creation rule

fahs diverge -—_5
Convergence radius fterationz
| 4 50
Map function
abs -
Written by Andy "Dijon”™ French
; Version 1.2 Feb 2012
— Define size of Argand diagram e
i i Reset to Ju au
xwidth x centre ¥ centre [] Piot all iterations
3.14 086 0 ["] 3D surface DPI
600

|:| 30 & 20 =surface

Output PNG image properties

— Composite image oplions Colour options
max # of tile pxelz 200 MaM colour Colour range Colormap image width image height
Delete composite images 111 [0 1] prism > 800 600




Mandlebrot transformations of complex numbers

i°=-1

Z=X+1y
X =Re(2)
y =1m(2)

4=\x+y’

A+1)A+1)
=1+2i +i°
=1+2 -1
=2l

Im(z)

2

161

1.2

0.8

0.4

0

-0.4
-0.8f
-1.2F

-1.6f

_2 I I I I I I I I
2 -16 12 08 04 0 04 08 12 16 2

Zn =2, +7,

The Argand -
| diagram
z,=-1.8+0.8
z,=0.5-0.3
z, =0.66-0.6i
z,=0.58-1
z,=-0.4-1.06

Re(2)



julia.m plot option abs diverge
Plot a surface with
height h(Xx,y). This Is
the iteration number
when |z| exceeds a
certain value e.g. 4

—— e — — e — — — —— —— — — — — — — — — — — — — — — — — — ——

julia.m plot option plot z
Plot a surface with
height h(x,y)

X=Re(z), y=Im(2)
h(x,y) =€

16




— Define size of Argand diagram

— Julia mathematical options
Julia function z-=f(z,z0}
zh2 +z0
Map creation rule
|abs diverge

Convergence radius

terations
4 50

Map function

xwidth x centre y centre
1.5019 -1.1386 0.36269
—C ite image options Colour options Output PNG image properties
max # of tile pixels 200 NaN colour Colormap image width image height
Delete composite images ) T 00 600

— Define size of Argand diagr

xwidth x centre

010451 -1.7488

000084002

y centre

max # of tile pixels 200

EI Delete composite images

— Composite image options————————————

Colour options

atical options

Julia function z-=f(z,z0)

zh2 +z0

Map creation rule

|abs diverge
Convergence radius lterations
4 50

Map function

Written by Andy "Dijon” French
Version 1. March 2011

NaM colour

i

prism

Colormap

— Output PNG image properties.

image width image height

- | &m0 500

Mandlebrot deep zoom (YouTube)

The Mandlebrot Set has
Infinite complexity!
... But a recursive fractal

geometry

B julia

— Define size of Argand diagram.

— Julia ical opti

p

Julia function z-=f(z,z0}

zh2 420

Map creation rule

abs diverge V
Convergence radius lterations
| 4 [ 0
Map function
bs >
Written by Andy “Dijon” French

Versgion 1, March 2011

xwidth x centre ¥ centre
1.5018 -1.1386 0.36269
— Compi image options Colour options
max # of tile pixels 200 MNaN colour Colormap image width
[¥] Delete composite images 11 prism | 00

Output PNG image properties ——
image height

E00

Alamy/SPL

17




=1.4549 (+/-) 0.05104

Fractal dimension

15 K
logla__./a)

25

2

0.5

445

t

Count the green squares tha

‘contain the points

1
L)
=




The Mandleplan
the Argand



- = 5Student Yersion= : julia

— Define size of Argand diagram
xwidth * centre
0.14585 -0.97578

¥ centre

-0.25756

— Julia mathematical options

Julia function z-=f(z, z0})
zh2 +z0

Map creation rule
abs dverge
Convergence radius teraticns
I 4 | 50

Map function

Written by Andy "Dijon™ French
Version 1.2 Feb 2012

[7] Piot all iterations Reset to Julia defaults

|:| 3D surface DPI
800

|:| 30 & 20 =surface
Output PNG image properties

Colour options

— Composite image options

max # of tile pxels 200

Delete composite images

MaM colour

n11]

Colour range

[ 1]

Colormap image width image height

prism =] 2400 1800

20






The light bulb Z ., = |09(Zn + Zo)



7 steps to enlightenment Z = = tan™ ( Zs + Zo)
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The Mandlerocket!
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/ 2
Micro mandlebeast Zn+1 = (Zn + Zo)







Remember h(x,y) Is — 52 4
a surface .... L — o T 4

real numbers x

i X = Re(z), y = Im(z)
e h(X,y) = e'\/m



2, =2, + 2,

Mandlebrot surface: iteration 8

real numbers x

- of X=Re(z), y=Im(2)
o (x,y) =€



2, =2, + 2,

Mandlebrot surface: iteration 64

real numbers x

. x=Re(2), y=1m(2)
o (x,y) =€

-0.5






Mandlebrot surface: iteration 13 Mandlebrot surface: iteration 15

somplex numbers ity

0.5

-1 1
real numbers x real numbers x
1 2 1 5
] & Mandlebrot surface: iteration 24 Mandlebrot surface: iteration 64
iR Fe il - T
Foih
[
3 .
£
-3
[ =
b
L
s
05
=
-2 1 1 0 1

real numbers x real numbers x

Selection from Day of Julia. Mathematicon Exhibition, 2014



7 steps to enlightenment Z ., = tan™ ( zﬁ + Zo)

Mandlebrot surface: iteration 24

g ;

real numbers X

< X=Re(z), y=Im(2)
- (x,y) =€



The Mandlerocket

0.5

-0.5
-0.5

real numbers X

X=Re(z), y=1Im(2)
h(x,y) ="



Sun
Mercury
Venus
Earth
— Mars

Sun
Jupiter
Saturn
Uranus
— Neptune
Pluto

z /AU







y /AU

y /AU

-2

-2

-2

x /AU

3000

3000

2500

2000

1500

1000

500

y /AU

y /AU

2

-2

t=0.52

3000

2500

2000

1500

1000

500

3000

Movie

Movie
HD
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n <Student Version> : spherium

EE-L EE

- J- ] - JENE

=] = -

— Inputs.

Load settings Cefault
Load transparency

— Dutputs.

Output size

A3 portrait =

Cutput ORI
300

Save settings

Camera roll increment

10

— Surface and colour — Lighting — View
Camera position Default
Colourmap i Select light 3D fight mode * ¥ z _J
et E Lapbe = _._._.._J"'gm EOlg 117582 | | 95883 | | 83741 s
Colour function Lighting style Lighting model Essnii Camera target vigw angle 3
x z
| Sine - Iocal > | |phong - X feg Sphe r lunl
T . 0.018286, |-0.13887 | 0.048095
6.9335 Sy Ficah
=1 = 2 i ct ndy Frencl
[T Agd colerbar ] Add axis B Lightrange Lightazi  Light slev ke 5 e
[@] T il || Light arrow -
[¥] Transparency [ Texture 17.3351 39228 28.8163 03469 | |-0.33198 | 087718
PNG image saved in 138.2825 . Welcome to Spherium. Dragging the mouse in the main axes will result in a 3D rotation. Use the + and - buttons to zoom Spheria
in and out, and the =, = etc to translate the figure. Hydrogenic orbital spheria take the form H XM e.g. H P1. Note the blue sguare must be pressed to . 1
update Spherium following 3D rotation. Sphena M
u <Student Version> : spheria [o] = [ =]

Sphere function f{ azielev )

abs( cos(elev azi)*sin(azi“elev) )

Sphere or surface?

Surface -

# surface points.

1000

Transparency

= f (azi, dlev)

N. Pole

Longitude

Latitude

R = radius
azi = longitude
elev = latitude

37



B <Student Versions : spherium

— Surface and colour — Lighting
Colourmap Select light 3D light mode
et b :Light 1 - Light colour
Colour function .'-i.g'“?".g style Lighting mode! Camlight
|Nane - (local * | |phong -
(LEE 5 Light range  Lightazi Light elev
["| Transparency [ | Texture [T] Light arrow o0 | ' 0

=5 ieh )

— Inputs.
P

]_Dadseﬂhgs‘ Default J

Load transparency

—Qutputs

e

HEl-| EHE

Output size
AS portrait -
Hl
Cutput OPI
R 300
ﬂ Save settings

Camera roll increment

— View
Camera position
X ¥ z
14.8598 37707

-8.1226

Camera target
x ¥ z

011471 | |-0.08267¢ | 020539

Camera up vector
® ¥ z

03696 | | 0.39817 | | 0.3395

Camera
view angle

“ | Spherium

48319

Andy French
w30 2014

Weicome to Spherium. Dragging the mouse in the main axes will result in a 30 rotation. Use the + and - buttons to zoom in and out; and the = < etcto
translate the figure. Hydrogenic orbital spheria take the form H XM e.g. H P1, Note the blue square must be pressed to update Spherium following 30

rotation.

ammonite b

n <Student Version> : ammonite

— Ammonite options

=

= [=]

i—-'l Plot spiral? |ﬂ Add ridges Ridge frequency Croz= section ratic
S s 10 0.9
[ Add bumps [¥] Add ridges to colour
] Add bumps to calour Ridge amplitude Spiral bump amplitude
- 0.01 0.5
Spiral type - d
r " Helicity Spiral bump frequency
Logarithmic - - -
= o 10

# zpiral turns.

)

# surface points per turn
200

JURASSIC
COAST

Trust

g 1 e J
EAST) DOREET S
= \ )



n <Student Version» : spherium .El!l_ﬁl “

— Inputg —

Load settings | Default J

Load transparency

— Outputs.

—

EE- EE

Cutput size
AZ portrat -

Cutput DPI
300

Save settings

Camera roll increment

s clock | anficlock

-] ] - [N

— Surface and coloulr ————— — Lighting — Wiew

Camera position
Colourmap _ Select light 30 fight mode . y z ﬂJ
bespoke | Light 2 gl | Lint-colour I 144780 | | 5042 | [ 81226 |
. : : Camera
Colour function I__i_ghtirl__g g.t)_‘l& ; Li_ghting mp-l:_fe_l Camlight Camera target view angle

|Log - ozl | |phong )| * y : = SPherlum

011471 -0.08267¢ | 0.20538

428318
[ i Ci ct ! Andy French

[ Add colorbar [ Add axis B Lightrange Lightazi  Lightelev e s v2.02014

¥ ] [7] Light arrow i

[¥| Transparency || Texture 1500 143.1567 56.8352 023053 | |p1o331 | 0T
PNG image saved in 136.2825 5. Welcome to Spherium. Dragging the mouse in the main axes will result in a 3D rotation. Use the + and - buttons to zoom Spheria
in and out, and the =, < etc to translate the figure. Hydrogenic orbital spheria take the form H XM e.g. H P1. Note the blue sguare must be pressed to 2
update Spherium following 30 rotation. ammanite = |
— Ammonite options

[ Piot spiral? [¥] Add ridges Ridge frequency  Cross section ratio # spiral turns # surface points per turn

U — : s | [ Atomic dragon spiral
S e TR Mathematicon, 2014

Helicity Spiral bump freguency
Logarithmic - P 39
3 o

Spiral type




WSS e s,

EEl- B8

Cuiput size
|A3 portra -

Output OPI

BER- =

Camera roll increment

— Surface and colour — Lighting — View —
; Camera position oo
Colourmap Selectignt 30 ight mode | = ’ - ml
=t 25| Lightz  w| _Light colour | |11.0504 | | 9.6644 | | 87085 | S
Colour function Lighting style Lighting model - Camiight Camera target view angle _
: e e i y z Ide
isine 10 - | local '_| |Dhnng '_] | T i ? Spherlum
= -0.04044¢ |-0.20037 | | 0.32887 | Caoars |
- : Cai ct ' Andy French
[7] Add colorbar ~ [] Add axis Light range  Light azi Light elev mifﬂ up ve DFY 5 it
[ [ Light arrow i s (Gl | - :
Transparency [ Texture | 17.3351 | L 39208 | | 28.8163 | | 04116 | | 031878 | | 085381 |
PHG image saved in 1358.2825 5. Welcome to Spherium. Dragging the mouse in the main axes will result in a 30 rofation. Use the + and - buttons to zoom Sl
in and out, and the =, = eic to translate the figure. Hydrogenic orbital spheria take the form H XN e.g. H P1. Note the blue sguare must be pressed to . |
update Spherium fellowing 30 rotation. klein |
Bl <student Version> : klein D‘:' BN
Klein bottle
Pipe granularity Rotational granularity Radius of top bend : small pipe Radius of base : small pipe Base height ; small pipe
1000 I 1000 | | | L g |

3 | 7

Klein bottle
with cloudy
holes
transparency
map

40



B <Student Version> : spherium

=3 el =)

— Inputs

Load settings I Defauft I

Load transparsncy

— Surface and colour — Lighting — View
: Camera position Default ]
Colueiag . Select light : 3D fight mede x ¥ z
(et ] Ligit) i Ltk ek |-13.8977| | 6.4042 | | 81817
! | Camera
Colour function Lighting style Lighting model Camera target view angle
T ] x ¥ z ideg
Norie e local ¥ | |phong |
) |0.0886585| | -0.1207 0.1463
5.7968
A . C 3 |
[C] Add colorbar [T Add axis Lightrange Lightazi  Lightelev e .
7l [T Light arrowr 1
[l Transparency (] Texture { SR )| e M2 I8 CaatTs | -0.53907| |-0.08744: | 0.33956
Welcome to Spherium. Dragging the mouse in the main axes will result in a 30 rotation. Use the + and - buttons to zoom in-and cut, and the =, = etcto
translate the figure. Hydrogenic orbital spheria take the form H XN e.g. H P1. Note the blue sguare must be pressed to update Spherium following 30 :
rotation. polyspike
B <student Version> ; polyspike (o] = =]
Polyspike
# elev spikes spikiness # point= per spike parabola

# azispikes
20 10 1 100

Spherium

Andy French
v3.0 2014

Spheria

|

Texture map

41






Example of a lateral

» The Harmonograph was a harmonograph
Victorian curiosity attributed
to Professor Blackburn in 1844

e Use two or three pendulums to
create strange and beautiful
patterns —

Pendulum 2

Pendulum 1

Photo from The Science Museum
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H <5Student Version> : harmonograph

[ Create Harmonographs from wav files

Rotary freg-damp

N=50, A=0.5, F=7.84, phi=121.7936% D=2.15

o] & ]

A F D phi
0.5 T.84 215 21257
. s s -
I
- - b -
Harmonograph fypes # loops
&00 T m

- | Rotary freg-damp bl 20
Written by Andy French ; 5
v12012 1000 # points per loop

45



n <5Student Version> : harmonograph

[ Create Harmonographs from .wav files

Rotary freg-damp
N=50, A=0.5, F=7.04, phi=121.7935" D=2.15

o
il |
il

! 4':,"1‘

b
ettt 1
L
#‘mk

A F D phi
0.5 T.04 215 21257
e rFe £ e
- - » -
Harmonograph types # loops
500 ; o
|Rotary freg-damp x| =0
Written by Andy French : : i
vl 2012 1000 # points per loop

46



H <5Student Version= : harmonograph

[ Create Harmonographs from .wav files

Rotary freg-damp

N=50, A=0.5, F=5.92, phi=121.7936° D=2.15

Play tones

o] ® ]

A F D phi
0.5 5.92 215 21257
e - Y e
- - v -

DRl

Written by Andy French
vi2012

00

Defaut
Harmonograph types # loops
;F‘.l:rtar'_.r freqg-damp - | 20

1000 | # points per loop

47



n <5Student Version= : harmonograph

[ Create Harmonographs from .wav files

Rotary freg-damp

N=50, A=0.5, F=4, phi=121.7935°, D=2.15

A F D phi
0.5 4 215 21257
re FY E e
- - v -
Harmonograph types # loops
800 : o
|Rotary freg-damp bl =0
Written by Andy French : : i
wi 2012 1000 # points per loop
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n <5Student Version= : harmonograph

[ Create Harmonographs from .wav files

Rotary freg-damp

N=50, A=0.5, F=3.04, phi=121.7936° D=2.15

RN '|'
"Iln"IuI
'.'.'llH
,....Il

,,.E,

)
L
!
N

o
'? t'g}l

o
g

e -_-__E.-.r_,.
o
_._-"

rarrE gy

e T
Behretleeiatole

ORl

Written by Andy French
vl 2012

600

A F D phi

0.5 3.04 215 21257

re FY E e

- . - -
Default Load ssftings Save seftings
Harmonograph types # loops
Rotary freg-damp v-_E 50

1000 | # points per loop

49



n <5Student Version= : harmonograph

[ Create Harmonographs from .wav files

Rotary freg-damp

N=50, A=0.5, F=0.96, phi=121.7936° D=2.15

A F D phi
0.5 0.595 215 21257
rs FY £ i
- . - -
Play tones Defaut Load settings Save seftings.
| DPI
. ; . Harmonograph types # loops
600 L i
- - Rotary freg-damp x| 50
Written by Andy French - '
vl 2012 # peointz per loop

1000

50
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u <5Student Version> : harmonograph

[ Create Harmonographs from .wav files

Rotary freg-damp

N=50, A=0.5, F=-4.3192, phi=121.7935°, D=2.15

e ® ]

A F D phi
0.5 -4.3152 215 21257
rs Fs E i
- - b -
=l - |
Harmonograph types # loops
800 T T
| Rotary freg-damp - =0
Written by Andy French ; Z
v1 2012 1000 # points per loop
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g S — Ale_TLl S1N (Zle -+ Pl) -+ AQG_TLQ SN (tWZ + PZ)
y = ABG_TLS sin (tW3 + P3) + A4€_TL4 sin (tWy + Py)

Rotary harmonograph with frequency damping

T = - {1. 1 i]
! WIOg(mloO—OD) R

A = [lal.d

W = |w,—Fw,w, —Fuw|

P = [0, ¢, 5,5+ (/)]

Parameters

t is time /seconds

w is 27 times the first pendulum swing frequency /Hz
a 1s the amplitude ratio

I is the frequency ratio
D is the damping factor (typically between 0 and 5)
¢ is the phase difference /radians between the pendula



Musical harmony @}bﬂ

The mathematics of music has been known
since the time of Pythagoras, 2500 years ago

Frequency intervals of simple fractions e.g. 3:2
(a fifth) yield ‘harmonious’ music

An octave means a frequency ratio of 2. An
octave above concert A (440Hz) Is therefore
880Hz. An octave below is 220Hz.

The modern ‘equal-tempered scale’ divides an
octave (the frequency ratio 2) into twelve parts

such that "
- 2n/12 — E/z

n



Musical harmony

Name Exact value in 12-TET | Decimal value in 12-TET | Cents | Just intonation interval
Unison (C) 20/12 4 1.000000 0 T = 1.000000
Minor second (C#/Db) 9l/12 _ 125 1.059463 100 18 - 1066667
Major second (D) 92/12 _ &/9 1.122462 200 gz 1.125000
Minor third (D#/E?) 2312 _ /9 1.189207 300 g= 1.200000
Major third (E) o4/12 _ /5 1.250921 400 %= 1.250000
Perfect fourth (F) 95/12 _ /35 1.334840 500 3=1.333333
Augmented fourth (F2/G#)|  96/12 — /9 1.414214 600 T = 1.400000
Perfect fifth (G) 97/12 _ /108 1.498307 700 3 = 1.500000
Minor sixth (G#/A5) 98/12 _ 84 1.587401 800 2 = 1.600000
Major sixth (A) 99/12 _ /3 1681793 900 2 = 1.666667
Minor seventh (A#/B2) | 910/12 _ §/35 1781797 1000 £ = 1.750000
Major seventh (8)  [911/12 — /5048 1.887749 1100 1_35; 1.875000
Octave (C) 212/12 5 2 000000 1200 2 = 2.000000
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Represent musical harmonies
visually with the harmonograph!

Rotary
4 - \% A=1, phi=0

Note the
difference a
small
change in F
makes....

= i i

[

— Rotary = .
// F=3/2, D=0.7, -~ F=1.51, D=0.7,
A=1, phi=0 NSNS A=1, phi=0
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| & Note the lift and drag forces will change with the angles 8 and ¢. Also, the areas characterized by

; = lengths R and D and will also vary with angles. However, as a first approximation, let us assume the

il _1;-; variation of these quantities is small and or secondary importance to the overall dynamics. i.e. all &

N parameters shall be assumed to be fixed inputs and independent of @ and ¢.

k=B Application of Newton’s second law to determine

2SN derived quantities
E S Let us apply Newton’s second law in and directions to both the passenger and the parachute. If

N| fh] dynamic equilibrium is assumed there is no acceleration, so the sum of all the forces must equate to

B 0o ZETO0.

7=

=

@ 0y Passenger:

#| g x: 0=-Ticos8+F;+Thcos(p+8) # |
A % v: 0=-Tisinf - Mg+ Trsin(¢p+8)

il Lo | Parachute:

kad

sy x: 0=-Tycos(¢p+0)+F # |
=] y: 0=-Tysin(¢p+8)—-mg+Fr

2]
% Substituting for the v 2 models of drag and lift:
ml Passenger:
7]
x: Tycosf =kpv?+Thcos(dp+8) # (passenger newton 2 X V) |
¥ T1sin@ = —Mg + Tasin(¢ + 6)

G"L@ Parachute:

— x: Trcos(dp+80) = kn? # (parachute newton 2 x y) |

™ 3.2 Tarsin(¢p+80) = —mg + krv?

~ Hence by dividing the y and x components of (ref: passenger newton 2 xy)

L] —Mg+ Tsin(¢+8)

» tanf = £ #
o kyv + Thcos(gp+8) J
= and then substituting the results of (ref: parachute newton 2 X y) we arrive at an equation relating v

f:“ __J ]Sectlon
:aﬁtwt ArE i gl

<
AEEEEE]

_j .....” ]Introductlon .

HIGIWIEI*IEIV’IBM

=1

2 elofv]x[ =]

V' Velocity:

T‘l Tension in tow cable /N

MM Mass of parachute /g

M Mass of passenger + harness /kg I, Drag experienced by parachute /N

Figure 2: A simplified mathematical modsl of & winch-boat parasailing &
pacsenger harness and the parachute

siem. Solid arrews indicate forces upon ihe

2

A mathematical model of parasailing
2.1 Assumptions and parameters

A winch-boat paracai stem shall be modelled by a light-inextensible tow-cable clevated at angle # from the

1 deployed, the ceble and parachute co
G O e Dher s st Ko b Sete b B i e riob s im e

cansequential accelaration

The altitude of the parasailor is Lsind where is the length of the ow cable. [f the m

T o

w eshle 1 deemed

portant at characterizi
he categorized into f
depending upen

dea cn'lm:l in the

Drag cosfficient of pazsenger = harness | o1
Drag cosficient of parachuts o3 1
Tift_coefficient of parachute cr 10
® of parachute B o
Cross seclion of passenger ol T
Table 2.1: Parssailing model fixed inputs
3
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¥ \What is it like being Usain

Adulation, glory, money, weird

photocalls, 'selfie’ requests and a
‘bagman’ to get his food - the life of the
sprint superstar.

Meet Judd and Williams - the next generation
Jess Judd and Jodie Williams are determined to make their mark
at Glasgow 2014, as BBC Sport’s Tom Fordyce finds out.
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The rise of Apps for
Smartphones....Typically
software designed for a
very specific purpose
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Some final wisdom from Donald Knuth

“The psychological profiling of a
programmer is mostly the abillity to
shift levels of abstraction, from low
level to high level. To see something
In the small and to see something in
the large.”

“Emaill is a wonderful thing for people whose
role in life is to be on top of things. But not for
me; my role Is to be on the bottom of things.
What | do takes long hours of studying and
uninterruptible concentration.”



Summary & Questions

Fast numerical calculation + display systems

- l ~ -functions
Use of computer | interfaces

programming as an Where you can

_artistic tool - design and refine
the tool

Complexity, and beauty, from simplicity

(1.e. code) \{Case studles]

- ——— e o — e — —

'General thoughts on how humans best
Interact with information technology
'What You See Is What You Need!
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Inspired?

Thursdays. 1600-1745.
Mi11l1l or Science School

IT suites

All welcome, regardless of prior experience
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