ICT: Using resources effectively

Handout 7


7
Notes on the problems

Spirolaterals

This is an example of a microworld that only takes a few seconds to learn how to use, but is rich in mathematical possibilities. The computer version allows you to explore the relationship between the input numbers and the diagrams obtained. 

Pupils may discover many things empirically. Explaining why these patterns work is of course an important, more advanced challenge: 

· When a single number a is entered, a square with side length a is obtained. 

· When two numbers a, b are entered, a rectangle with sides a, b is obtained:

· Any cyclic reordering of the three numbers: (a,b,c); (b,c,a); (c,a,b) gives the same design, but start in different places:


(1,2,3) [image: image1.png]



(2,3,1)[image: image2.png]



(3,1,2)[image: image3.png]





· Changing the cyclic order of the three numbers (a,b,c) to (a,c,b) produces a reflection:


(4,5,2) [image: image4.png]



(4,2,5) [image: image5.png]



· Three numbers where one or more is repeated (a,b,b) or (a,b,a) give patterns with lines of symmetry:


(1,4,1)[image: image6.png]


 
(4,4,1)[image: image7.png]



· Patterns with 4 different numbers (a,b,c,d) tend to "walk off" the screen...  

· if a>c, then walk is to the right; 
if a<c, then walk is to the left; 

· if b>d, then walk is upwards; 
if b<d, then walk is downwards; 

· if one pair are equal, a=c or b=d then the walk is vertical or horizontal, respectively.

· if a=c and b=d the we get a rectangle.


So, (1,2,3,4) is to the left and downwards; (1,4,3,2) is to the left and upwards;


(1,2,3,4)  [image: image8.png]


  
(1,4,3,2)[image: image9.png]



(1,3,4,3) is horizontal to the left;  (1,3,1,4) is vertical downwards; 


(1,3,4,3) [image: image10.png]



(1,3,1,4) [image: image11.png]



 

(2,3,2,3) is a rectangle:

(2,3,2,3) [image: image12.png]



7
Notes on the problems (continued)

Dance moves

We first identify some of problems that may be asked:

· What effect does each button have? (It creates a movement and a new state).

· How many beats does each move take?

· What final positions can the dancers get to? 

· Which positions are impossible?

· How many beats are needed to go through all the possible positions? 
What is the smallest number? 

· Suppose you don't repeat the same move twice running. 
What is the quickest way to get to all the positions?

· Is it possible to design a dance that lasts 64 beats, goes through all positions and returns to the start position?
To begin with we might ignore the actual movements made by the people and will just consider starting and finishing positions after each movement. We can represent different moves by the letters S, C and I respectively (we use I because the overall effect is to leave the positions unchanged and I is conventionally used for the identity operation) :

· Partner swing (S)
(4 beats)

Dancers swing their partners through 180°. This results in the four dancers changing places in pairs and so the formation is 'reflected' in a vertical mirror line.

· Circle right (C)
(6 beats)
Dancers link hands in a star and rotate 270° anticlockwise.

· Diagonal swing (I)
(8 beats)
A diagonally opposite pair holds hands and swings 360° returning to starting position while the other two dancers turn through 360° on the spot.

The final positions of dancers Red, Pink,  Green, Blue may be recorded in many ways. We will represent positions and transformations as shown below, using the initial letters of the colours.
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gsave
/dstR[newpath clippath pathbbox]def newpath
grestore
dstR 0 get dstR 1 get translate
dstR 2 get dstR 0 get sub 2649 2304 sub div
dstR 3 get dstR 1 get sub 1796 1863 sub div scale
0 1796 1863 sub translate
%!PS-Adobe-2.0 EPSF-1.2

%%Title: Unknown
%%Creator: FreeHand 10.0
%%CreationDate: 21/1/08 10:54
%%BoundingBox: 0 0 345 67
%%FHPathName:
%ALDOriginalFile:
%ALDBoundingBox: 0 0 345 67
%%FHPageNum:0
%%DocumentSuppliedResources: procset Altsys_header 4 0
%%ColorUsage: Color
%%DocumentProcessColors: Black
%%DocumentNeededResources: font ArialMT
%%+ font Arial-ItalicMT
%%DocumentFonts: ArialMT
%%+ Arial-ItalicMT
%%DocumentNeededFonts: ArialMT
%%+ Arial-ItalicMT
%%EndComments
%%BeginResource: procset Altsys_header 4 0
userdict begin /AltsysDict 300 dict def end
AltsysDict begin
/bdf{bind def}bind def
/xdf{exch def}bdf
/defed{where{pop true}{false}ifelse}bdf
/ndf{1 index where{pop pop pop}{dup xcheck{bind}if def}ifelse}bdf
/d{setdash}bdf
/h{closepath}bdf
/H{}bdf
/J{setlinecap}bdf
/j{setlinejoin}bdf
/M{setmiterlimit}bdf
/n{newpath}bdf
/N{newpath}bdf
/q{gsave}bdf
/Q{grestore}bdf
/w{setlinewidth}bdf
/Xic{matrix invertmatrix concat}bdf
/Xq{matrix currentmatrix mark}bdf
/XQ{cleartomark setmatrix}bdf
/sepdef{
dup where not
{
AltsysSepDict
}
if 
3 1 roll exch put
}bdf
/st{settransfer}bdf
/colorimage defed /_rci xdf
/cntr 0 def
/readbinarystring{
/cntr 0 def
2 copy readstring
{
{
dup
(\034) search
{
length exch pop exch
dup length 0 ne
{
dup dup 0 get 32 sub 0 exch put 
/cntr cntr 1 add def
}
{
pop 1 string dup
0 6 index read pop 32 sub put
}ifelse
3 copy
putinterval pop
1 add
1 index length 1 sub
1 index sub 
dup 0 le {pop pop exit}if
getinterval
}
{
pop exit
} ifelse
} loop
}if
cntr 0 gt
{
pop 2 copy
dup length cntr sub cntr getinterval
readbinarystring
} if
pop exch pop
} bdf
/_NXLevel2 defed { 
_NXLevel2 not { 
/colorimage where {
userdict eq {
/_rci false def 
} if
} if
} if
} if
/md defed{ 
md type /dicttype eq { 
/colorimage where { 
md eq { 
/_rci false def 
}if
}if
/settransfer where {
md eq {
/st systemdict /settransfer get def
}if
}if
}if 
}if
/setstrokeadjust defed
{
true setstrokeadjust
/C{curveto}bdf
/L{lineto}bdf
/m{moveto}bdf
}
{
/dr{transform .25 sub round .25 add 
exch .25 sub round .25 add exch itransform}bdf
/C{dr curveto}bdf
/L{dr lineto}bdf
/m{dr moveto}bdf
/setstrokeadjust{pop}bdf 
}ifelse
/privrectpath { 
4 -2 roll m
dtransform round exch round exch idtransform 
2 copy 0 lt exch 0 lt xor
{dup 0 exch rlineto exch 0 rlineto neg 0 exch rlineto}
{exch dup 0 rlineto exch 0 exch rlineto neg 0 rlineto}
ifelse
closepath
}bdf
/rectclip{newpath privrectpath clip newpath}def
/rectfill{gsave newpath privrectpath fill grestore}def
/rectstroke{gsave newpath privrectpath stroke grestore}def
/_fonthacksave false def
/currentpacking defed 
{
/_bfh {/_fonthacksave currentpacking def false setpacking} bdf
/_efh {_fonthacksave setpacking} bdf
}
{
/_bfh {} bdf
/_efh {} bdf
}ifelse
/packedarray{array astore readonly}ndf
/` 
{ 
false setoverprint 
/-save0- save def
5 index concat
pop
storerect left bottom width height rectclip
pop
/MMdict_count countdictstack def
/MMop_count count 1 sub def
userdict begin
/showpage {} def
0 setgray 0 setlinecap 1 setlinewidth
0 setlinejoin 10 setmiterlimit [] 0 setdash newpath
} bdf
/currentpacking defed{true setpacking}if
/min{2 copy gt{exch}if pop}bdf
/max{2 copy lt{exch}if pop}bdf
/xformfont { currentfont exch makefont setfont } bdf
/fhnumcolors 1 
statusdict begin
/processcolors defed 
{
pop processcolors
}
{
/deviceinfo defed {
deviceinfo /Colors known {
pop deviceinfo /Colors get
} if
} if
} ifelse
end 
def
/printerRes 
gsave
matrix defaultmatrix setmatrix
72 72 dtransform
abs exch abs
max
grestore
def
/graycalcs
[
{Angle Frequency} 
{GrayAngle GrayFrequency} 
{0 Width Height matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
{0 GrayWidth GrayHeight matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
] def
/calcgraysteps {
forcemaxsteps
{
maxsteps
}
{
/currenthalftone defed
{currenthalftone /dicttype eq}{false}ifelse
{
currenthalftone begin
HalftoneType 4 le
{graycalcs HalftoneType 1 sub get exec}
{
HalftoneType 5 eq
{
Default begin
{graycalcs HalftoneType 1 sub get exec}
end
}
{0 60} 
ifelse
}
ifelse
end
}
{
currentscreen pop exch 
}
ifelse
printerRes 300 max exch div exch 
2 copy 
sin mul round dup mul 
3 1 roll 
cos mul round dup mul 
add 1 add 
dup maxsteps gt {pop maxsteps} if 
dup minsteps lt {pop minsteps} if 
}
ifelse
} bdf
/nextrelease defed { 
/languagelevel defed not { 
/framebuffer defed { 
0 40 string framebuffer 9 1 roll 8 {pop} repeat
dup 516 eq exch 520 eq or
{
/fhnumcolors 3 def
/currentscreen {60 0 {pop pop 1}}bdf
/calcgraysteps {maxsteps} bdf
}if
}if
}if
}if
fhnumcolors 1 ne {
/calcgraysteps {maxsteps} bdf
} if
/currentpagedevice defed {
currentpagedevice /PreRenderingEnhance known
{
currentpagedevice /PreRenderingEnhance get
{
/calcgraysteps 
{
forcemaxsteps 
{maxsteps}
{256 maxsteps min}
ifelse
} def
} if
} if
} if
/gradfrequency 144 def
printerRes 1000 lt {
/gradfrequency 72 def
} if
/adjnumsteps {
dup dtransform abs exch abs max 
printerRes div 
gradfrequency mul 
round 
5 max 
min 
}bdf
/goodsep {
spots exch get 4 get dup sepname eq exch (_vc_Registration) eq or
}bdf
/BeginGradation defed
{/bb{BeginGradation}bdf}
{/bb{}bdf}
ifelse
/EndGradation defed
{/eb{EndGradation}bdf}
{/eb{}bdf}
ifelse
/bottom -0 def 
/delta -0 def 
/frac -0 def 
/height -0 def 
/left -0 def 
/numsteps1 -0 def 
/radius -0 def 
/right -0 def 
/top -0 def 
/width -0 def 
/xt -0 def 
/yt -0 def 
/df currentflat def 
/tempstr 1 string def 
/clipflatness currentflat def 
/inverted? 
0 currenttransfer exec .5 ge def
/tc1 [0 0 0 1] def 
/tc2 [0 0 0 1] def 
/storerect{/top xdf /right xdf /bottom xdf /left xdf 
/width right left sub def /height top bottom sub def}bdf
/concatprocs{
systemdict /packedarray known 
{dup type /packedarraytype eq 2 index type /packedarraytype eq or}{false}ifelse
{ 
/proc2 exch cvlit def /proc1 exch cvlit def
proc1 aload pop proc2 aload pop
proc1 length proc2 length add packedarray cvx
}
{ 
/proc2 exch cvlit def /proc1 exch cvlit def
/newproc proc1 length proc2 length add array def
newproc 0 proc1 putinterval newproc proc1 length proc2 putinterval
newproc cvx
}ifelse
}bdf
/i{dup 0 eq
{pop df dup} 
{dup} ifelse 
/clipflatness xdf setflat
}bdf
version cvr 38.0 le
{/setrgbcolor{
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
setrgbcolor}bdf}if
/vms {/vmsv save def} bdf
/vmr {vmsv restore} bdf
/vmrs{vmsv restore /vmsv save def}bdf
/eomode{ 
{/filler /eofill load def /clipper /eoclip load def}
{/filler /fill load def /clipper /clip load def}
ifelse
}bdf
/normtaper{}bdf
/logtaper{9 mul 1 add log}bdf
/CD{
/NF exch def 
{ 
exch dup 
/FID ne 1 index/UniqueID ne and
{exch NF 3 1 roll put}
{pop pop}
ifelse
}forall 
NF
}bdf
/MN{
1 index length 
/Len exch def 
dup length Len add 
string dup 
Len 
4 -1 roll 
putinterval 
dup 
0 
4 -1 roll 
putinterval 
}bdf
/RC{4 -1 roll /ourvec xdf 256 string cvs(|______)anchorsearch
{1 index MN cvn/NewN exch def cvn
findfont dup maxlength dict CD dup/FontName NewN put dup
/Encoding ourvec put NewN exch definefont pop}{pop}ifelse}bdf
/RF{ 
dup 
FontDirectory exch 
known 
{pop 3 -1 roll pop} 
{RC}
ifelse
}bdf
/FF{dup 256 string cvs(|______)exch MN cvn dup FontDirectory exch known
{exch pop findfont 3 -1 roll pop}
{pop dup findfont dup maxlength dict CD dup dup
/Encoding exch /Encoding get 256 array copy 7 -1 roll 
{3 -1 roll dup 4 -2 roll put}forall put definefont}
ifelse}bdf
/RCJ{4 -1 roll 
/ourvec xdf 
256 string cvs 
(|______) anchorsearch
{pop 
cvn 
dup FDFJ 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
}
{pop} 
ifelse
}bdf
/RFJ{ 
dup 
FontDirectory exch 
known 
{pop 3 -1 roll pop} 
{RCJ} 
ifelse
}bdf
/hasfont
{
/resourcestatus where 
{
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
}
{
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
}
ifelse
}bdf
/FDFJ
{
dup 
hasfont 
not 
{ 
pop
/Ryumin-Light-83pv-RKSJ-H
hasfont 
{
/Ryumin-Light-83pv-RKSJ-H
}
{
/Courier
}
ifelse 
}
if
}bdf
/FFJ{
_bfh
dup 
256 string cvs 
(|______)exch MN 
cvn 
dup 
FontDirectory
exch known 
{ 
exch 
pop 
findfont 
3 -1 roll 
pop 
}
{ 
pop 
FDFJ 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
}
ifelse
_efh
}bdf
/GS {
dup 
hasfont 
{
findfont
exch makesetfont
exch
pop
ts
}
{
pop pop pop
ts
} ifelse
} bdf
/RCK{4 -1 roll 
/ourvec xdf 
256 string cvs 
(|______) anchorsearch
{pop 
cvn 
dup FDFK 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
}
{pop} 
ifelse
}bdf
/RFK{ 
dup 
FontDirectory exch 
known 
{pop 3 -1 roll pop} 
{RCK} 
ifelse
}bdf
/hasfont
{
/resourcestatus where 
{
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
}
{
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
}
ifelse
}bdf
/FDFK
{
dup 
hasfont 
not 
{ 
pop
/JCsm
hasfont 
{
/JCsm
}
{
/Courier
}
ifelse 
}
if
}bdf
/FFK{
_bfh
dup 
256 string cvs 
(|______)exch MN 
cvn 
dup 
FontDirectory
exch known 
{ 
exch 
pop 
findfont 
3 -1 roll 
pop 
}
{ 
pop 
FDFK 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
}
ifelse
_efh
}bdf
/RCTC{4 -1 roll 
/ourvec xdf 
256 string cvs 
(|______) anchorsearch
{pop 
cvn 
dup FDFTC 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
}
{pop} 
ifelse
}bdf
/RFTC{ 
dup 
FontDirectory exch 
known 
{pop 3 -1 roll pop} 
{RCTC} 
ifelse
}bdf
/FDFTC
{
dup 
hasfont 
not 
{ 
pop
/DFMing-Lt-HK-BF
hasfont 
{
/DFMing-Lt-HK-BF
}
{
/Courier
}
ifelse 
}
if
}bdf
/FFTC{
_bfh
dup 
256 string cvs 
(|______)exch MN 
cvn 
dup 
FontDirectory
exch known 
{ 
exch 
pop 
findfont 
3 -1 roll 
pop 
}
{ 
pop 
FDFTC 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
}
ifelse
_efh
}bdf
/fps{
currentflat 
exch 
dup 0 le{pop 1}if 
{
dup setflat 3 index stopped
{1.3 mul dup 3 index gt{pop setflat pop pop stop}if} 
{exit} 
ifelse
}loop 
pop setflat pop pop
}bdf
/fp{100 currentflat fps}bdf
/clipper{clip}bdf 
/W{/clipper load 100 clipflatness dup setflat fps}bdf

userdict begin /BDFontDict 29 dict def end
BDFontDict begin
/bu{}def
/bn{}def
/setTxMode{av 70 ge{pop}if pop}def
/gm{m}def
/show{pop}def
/gr{pop}def
/fnt{pop pop pop}def
/fs{pop}def
/fz{pop}def
/lin{pop pop}def
/:M {pop pop} def
/sf {pop} def
/S {pop} def
/@b {pop pop pop pop pop pop pop pop} def
/_bdsave /save load def
/_bdrestore /restore load def
/save { dup /fontsave eq {null} {_bdsave} ifelse } def
/restore { dup null eq { pop } { _bdrestore } ifelse } def
/fontsave null def
end
/MacVec 256 array def 
MacVec 0 /Helvetica findfont
/Encoding get 0 128 getinterval putinterval
MacVec 127 /DEL put MacVec 16#27 /quotesingle put MacVec 16#60 /grave put
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI
/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
MacVec 0 32 getinterval astore pop
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/oslash 
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/nbspace/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase
/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
MacVec 128 128 getinterval astore pop
/findheaderfont {
/Helvetica findfont 
} def
end %. AltsysDict
%%EndResource
%%EndProlog

%%BeginSetup

AltsysDict begin
_bfh 
%%IncludeResource: font ArialMT
0 dict dup begin
end 
/f0 /ArialMT FF def
%%IncludeResource: font Arial-ItalicMT
0 dict dup begin
end 
/f1 /Arial-ItalicMT FF def

_efh 
end %. AltsysDict

%%EndSetup
AltsysDict begin 

/onlyk4{false}ndf
/ccmyk{dup 5 -1 roll sub 0 max exch}ndf
/cmyk2gray{
4 -1 roll 0.3 mul 4 -1 roll 0.59 mul 4 -1 roll 0.11 mul
add add add 1 min neg 1 add
}bdf
/setcmykcolor{1 exch sub ccmyk ccmyk ccmyk pop setrgbcolor}ndf
/maxcolor { 
max max max 
} ndf
/maxspot {
pop
} ndf
/setcmykcoloroverprint{4{dup -1 eq{pop 0}if 4 1 roll}repeat setcmykcolor}ndf
/findcmykcustomcolor{5 packedarray}ndf
/setcustomcolor{exch aload pop pop 4{4 index mul 4 1 roll}repeat setcmykcolor pop}ndf
/setseparationgray{setgray}ndf
/setoverprint{pop}ndf 
/currentoverprint false ndf
/cmykbufs2gray{
0 1 2 index length 1 sub
{ 
4 index 1 index get 0.3 mul 
4 index 2 index get 0.59 mul 
4 index 3 index get 0.11 mul 
4 index 4 index get 
add add add cvi 255 min
255 exch sub
2 index 3 1 roll put
}for
4 1 roll pop pop pop
}bdf
/colorimage{
pop pop
[
5 -1 roll/exec cvx 
6 -1 roll/exec cvx 
7 -1 roll/exec cvx 
8 -1 roll/exec cvx
/cmykbufs2gray cvx
]cvx 
image
}
%. version 47.1 on Linotronic of Postscript defines colorimage incorrectly (rgb model only)
version cvr 47.1 le 
statusdict /product get (Lino) anchorsearch{pop pop true}{pop false}ifelse
and{userdict begin bdf end}{ndf}ifelse
fhnumcolors 1 ne {/yt save def} if
/customcolorimage{
aload pop
(_vc_Registration) eq 
{
pop pop pop pop separationimage
}
{
/ik xdf /iy xdf /im xdf /ic xdf
ic im iy ik cmyk2gray /xt xdf
currenttransfer
{dup 1.0 exch sub xt mul add}concatprocs
st 
image
}
ifelse
}ndf
fhnumcolors 1 ne {yt restore} if
fhnumcolors 3 ne {/yt save def} if
/customcolorimage{
aload pop 
(_vc_Registration) eq 
{
pop pop pop pop separationimage
}
{
/ik xdf /iy xdf /im xdf /ic xdf
1.0 dup ic ik add min sub 
1.0 dup im ik add min sub 
1.0 dup iy ik add min sub 
/ic xdf /iy xdf /im xdf
currentcolortransfer
4 1 roll 
{dup 1.0 exch sub ic mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub iy mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub im mul add}concatprocs 4 1 roll 
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}true 3 colorimage
}
ifelse
}ndf
fhnumcolors 3 ne {yt restore} if
fhnumcolors 4 ne {/yt save def} if
/customcolorimage{
aload pop
(_vc_Registration) eq 
{
pop pop pop pop separationimage
}
{
/ik xdf /iy xdf /im xdf /ic xdf
currentcolortransfer
{1.0 exch sub ik mul ik sub 1 add}concatprocs 4 1 roll
{1.0 exch sub iy mul iy sub 1 add}concatprocs 4 1 roll
{1.0 exch sub im mul im sub 1 add}concatprocs 4 1 roll
{1.0 exch sub ic mul ic sub 1 add}concatprocs 4 1 roll
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}{dummy}
true 4 colorimage
}
ifelse
}ndf
fhnumcolors 4 ne {yt restore} if
/separationimage{image}ndf
/spotascmyk false ndf
/newcmykcustomcolor{6 packedarray}ndf
/inkoverprint false ndf
/setinkoverprint{pop}ndf 
/setspotcolor { 
spots exch get
dup 4 get (_vc_Registration) eq
{pop 1 exch sub setseparationgray}
{0 5 getinterval exch setcustomcolor}
ifelse
}ndf
/currentcolortransfer{currenttransfer dup dup dup}ndf
/setcolortransfer{st pop pop pop}ndf
/fas{}ndf
/sas{}ndf
/fhsetspreadsize{pop}ndf
/filler{fill}bdf 
/F{gsave {filler}fp grestore}bdf
/f{closepath F}bdf
/S{gsave {stroke}fp grestore}bdf
/s{closepath S}bdf
userdict /islevel2
systemdict /languagelevel known dup
{
pop systemdict /languagelevel get 2 ge
} if
put
islevel2 not
{
/currentcmykcolor
{
0 0 0 1 currentgray sub
} ndf
} if
/tc
{
gsave
setcmykcolor currentcmykcolor
grestore
} bind def
/testCMYKColorThrough
{
tc add add add 0 ne
} bind def
/fhiscomposite where not {
userdict /fhiscomposite
islevel2
{
gsave 1 1 1 1 setcmykcolor currentcmykcolor grestore
add add add 4 eq
}
{
1 0 0 0 testCMYKColorThrough
0 1 0 0 testCMYKColorThrough
0 0 1 0 testCMYKColorThrough
0 0 0 1 testCMYKColorThrough
and and and
} ifelse
put
}
{ pop }
ifelse
/bc4 [0 0 0 0] def 
/_lfp4 {
1 pop 
/yt xdf 
/xt xdf 
/ang xdf 
storerect
/taperfcn xdf
/k2 xdf /y2 xdf /m2 xdf /c2 xdf
/k1 xdf /y1 xdf /m1 xdf /c1 xdf
c1 c2 sub abs
m1 m2 sub abs
y1 y2 sub abs
k1 k2 sub abs
maxcolor 
calcgraysteps mul abs round 
height abs adjnumsteps 
dup 1 lt {pop 1} if 
1 sub /numsteps1 xdf
currentflat mark 
currentflat clipflatness 
/delta top bottom sub numsteps1 1 add div def 
/right right left sub def 
/botsv top delta sub def 
{
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
taperfcn /frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
}loop
cleartomark setflat
}bdf
/bcs [0 0] def 
/_lfs4 {
/yt xdf 
/xt xdf 
/ang xdf 
storerect
/taperfcn xdf
/tint2 xdf 
/tint1 xdf 
bcs exch 1 exch put 
tint1 tint2 sub abs 
bcs 1 get maxspot 
calcgraysteps mul abs round 
height abs adjnumsteps 
dup 2 lt {pop 2} if 
1 sub /numsteps1 xdf
currentflat mark 
currentflat clipflatness 
/delta top bottom sub numsteps1 1 add div def 
/right right left sub def 
/botsv top delta sub def 
{
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 div taperfcn /frac xdf
bcs 0
1.0 tint2 tint1 sub frac mul tint1 add sub
put bcs vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
}loop
cleartomark setflat
}bdf
/_rfs6 {
/tint2 xdf 
/tint1 xdf 
bcs exch 1 exch put 
/inrad xdf 
/radius xdf 
/yt xdf 
/xt xdf 
tint1 tint2 sub abs 
bcs 1 get maxspot 
calcgraysteps mul abs round 
radius inrad sub abs 
adjnumsteps 
dup 1 lt {pop 1} if 
1 sub /numsteps1 xdf
radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
2 div /halfstep xdf 
currentflat mark 
currentflat clipflatness 
{
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bcs 0
tint2 tint1 sub frac mul tint1 add
put bcs vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
}loop
cleartomark setflat
}bdf
/_rfp6 {
1 pop 
/k2 xdf /y2 xdf /m2 xdf /c2 xdf
/k1 xdf /y1 xdf /m1 xdf /c1 xdf
/inrad xdf 
/radius xdf 
/yt xdf 
/xt xdf 
c1 c2 sub abs
m1 m2 sub abs
y1 y2 sub abs
k1 k2 sub abs
maxcolor 
calcgraysteps mul abs round 
radius inrad sub abs 
adjnumsteps 
dup 1 lt {pop 1} if 
1 sub /numsteps1 xdf
radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
2 div /halfstep xdf 
currentflat mark 
currentflat clipflatness 
{
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
}loop
cleartomark setflat
}bdf
/lfp4{_lfp4}ndf
/lfs4{_lfs4}ndf
/rfs6{_rfs6}ndf
/rfp6{_rfp6}ndf
/cvc [0 0 0 1] def 
/vc{
AltsysDict /cvc 2 index put 
aload length dup 4 eq
{pop dup -1 eq{pop setrgbcolor}{setcmykcolor}ifelse}
{6 eq {sethexcolor} {setspotcolor} ifelse }
ifelse
}bdf 
0 setseparationgray
/imgr {2304 1796 2649 1863 } def 
/bleed 0 def 
/clpr {2304 1796 2649 1863 } def 
/xs 1 def 
/ys 1 def 
/botx 0 def 
/overlap 0 def 
/wdist 18 def 
0 2 mul fhsetspreadsize 
0 0 ne {/df 0 def /clipflatness 0 def} if 
/maxsteps 256 def 
/forcemaxsteps false def 
/minsteps 0 def 

userdict begin /AGDOrigMtx matrix currentmatrix def end 
vms
-2304 -1796 translate

/currentpacking defed{false setpacking}if 
/spots[

1 0 0 0 (Process Cyan) false newcmykcustomcolor

0 1 0 0 (Process Magenta) false newcmykcustomcolor

0 0 1 0 (Process Yellow) false newcmykcustomcolor

0 0 0 1 (Process Black) false newcmykcustomcolor
]def

/textopf false def
/curtextmtx{}def
/otw .25 def
/msf{dup/curtextmtx xdf makefont setfont}bdf
/makesetfont/msf load def
/curtextheight{.707104 .707104 curtextmtx dtransform
dup mul exch dup mul add sqrt}bdf
/ta2{ 
tempstr 2 index gsave exec grestore 
cwidth cheight rmoveto 
4 index eq{5 index 5 index rmoveto}if 
2 index 2 index rmoveto 
}bdf
/ta{exch systemdict/cshow known
{{/cheight xdf/cwidth xdf tempstr 0 2 index put ta2}exch cshow} 
{{tempstr 0 2 index put tempstr stringwidth/cheight xdf/cwidth xdf ta2}forall} 
ifelse 6{pop}repeat}bdf
/sts{/textopf currentoverprint def vc setoverprint
/ts{awidthshow}def exec textopf setoverprint}bdf
/stol{/xt currentlinewidth def 
setlinewidth vc newpath 
/ts{{false charpath stroke}ta}def exec 
xt setlinewidth}bdf 
/strk{/textopf currentoverprint def vc setoverprint
/ts{{false charpath stroke}ta}def exec 
textopf setoverprint
}bdf 
n
[] 0 d
3.863708 M
1 w
0 j
0 J
false setoverprint
0 i
false eomode
[0 0 0 1]vc
vms
2375.3045 1854.3747 m
2320.4136 1854.3747 L
2320.4136 1801.7018 L
2375.3045 1801.7018 L
2375.3045 1854.3747 L
n
q
%%IncludeResource: font ArialMT
{
f0 [24 0 0 24 0 0] makesetfont
2320.4136 1835.175 m
2.501495 0 32 0.625412 0 (G  B) ts
}
true
[0 0 0 1]
sts
{
f0 [24 0 0 24 0 0] makesetfont
2320.4136 1806.5643 m
2.987274 0 32 0.746872 0 (P  R) ts
}
true
[0 0 0 1]
sts
Q
false eomode
2310.1954 1862.3747 m
2385.5226 1862.3747 L
2385.5226 1798.3747 L
2310.1954 1798.3747 L
2310.1954 1862.3747 L
[0 0 0 1]vc
false setoverprint
s 
n
2632.4135 1854.3747 m
2577.5226 1854.3747 L
2577.5226 1801.7018 L
2632.4135 1801.7018 L
2632.4135 1854.3747 L
n
q
%%IncludeResource: font ArialMT
{
f0 [24 0 0 24 0 0] makesetfont
2577.5226 1835.175 m
2.501495 0 32 0.625412 0 (P  G) ts
}
true
[0 0 0 1]
sts
{
f0 [24 0 0 24 0 0] makesetfont
2577.5226 1806.5643 m
2.987274 0 32 0.746872 0 (R  B) ts
}
true
[0 0 0 1]
sts
Q
false eomode
2567.3045 1862.3747 m
2642.6316 1862.3747 L
2642.6316 1798.3747 L
2567.3045 1798.3747 L
2567.3045 1862.3747 L
[0 0 0 1]vc
false setoverprint
s 
n
2414.7726 1830.7233 m
2536 1830.7233 L
4 w
3.863693 M
S 
n
true eomode
2534.8334 1830.7233 m
2534.8334 1837.7233 L
2552.3332 1830.7233 L
2534.8334 1823.7233 L
2534.8334 1830.7233 L
f 
n
2484.3269 1823.3202 m
2466.9549 1823.3202 L
2466.9549 1798.1205 L
2484.3269 1798.1205 L
2484.3269 1823.3202 L
n
q
%%IncludeResource: font Arial-ItalicMT
{
f1 [24 0 0 24 0 0] makesetfont
2466.9549 1804.1205 m
0 0 32 0 0 (C) ts
}
true
[0 0 0 1]
sts
Q
true eomode
vmr
vmr
end
%%Trailer
%%DocumentNeededResources: font ArialMT
%%+ font Arial-ItalicMT
%%DocumentFonts: ArialMT
%%+ Arial-ItalicMT
%%DocumentNeededFonts: ArialMT
%%+ Arial-ItalicMT
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The diagram below shows the 8 possible configurations of the dancers and the moves that take them from one to another. These positions could be arranged on the corners of  cube!

We have also attached a number of beats to each of the moves. This reduces the problem of finding patterns of moves that take a given number of beats to finding different pathways round the diagram. The diagonal swing has not been shown as this does not change the final positions, though it does add 8 to the number of beats. 

7
Notes on the problems (continued)

[image: image14.wmf]
· The final positions are shown on the diagram. Others are impossible - as the diagram proves!

· The diagram shows that the following sequences go through all positions in order and return to the starting position: 

CCSCCCSC; 

CSCCCSCC; 

SCCCSCCC; 

CCCSCCCS  
These all take 44 beats. 

· Separating repeated calls by a diagonal swing gives: 

CICSCICICSC; 

CSCICICSCIC as the quickest way without repeating moves. 
These take 68 beats.
·  The design task is therefore impossible! 

Mathematicians will recognise that the two operations S and C generate a dihedral group of order 4. (Here CC is represented by C2 for example). As the diagram shows, SC≠CS
	
	
	Do this second

	
	
	I
	C
	C2
	C3
	S
	SC
	SC2
	SC3

	Do this first
	I
	I
	C
	C2
	C3
	S
	SC
	SC2
	SC3

	
	C
	C
	C2
	C3
	I
	SC3
	S
	SC
	SC2

	
	C2
	C2
	C3
	I
	C
	SC2
	SC3
	S
	SC

	
	C3
	C3
	I
	C
	C2
	SC
	SC2
	SC3
	S

	
	S
	S
	SC
	SC2
	SC3
	I
	C
	C2
	C3

	
	SC
	SC
	SC2
	SC3
	S
	C3
	I
	C
	C2

	
	SC2
	SC2
	SC3
	S
	SC
	C2
	C3
	I
	C

	
	SC3
	SC3
	S
	SC
	SC2
	C
	C2
	C3
	I


For an analysis of country dancing we suggest you visit 

http://www.edmath.org/copes/contra/. 

7
Notes on the problems (continued)

Producing a magazine

This is an example of a problem where a generic piece of software (a spreadsheet) can be used as a tool for solving an everyday problem. 

The initial problem may be solved graphically. It looks like the best selling price will be between £1.30 and £1.40, generating a profit of £60 from the people interviewed.

[image: image15.png]Kim's spreadsheet

Cost of making each magazine (in pence) [ 10] 10 10 10 10
Seling price (£) 000 050 1.00 150 200
100 82 60 42 18

Number of people that will buy it

Money we get from seling this number (£)

Cost of making this number (€)

Total profit we make (£)

How profit depends on the selling price

Total profit (£)

Selling price (€)





By varying the cost price and examining the graphs obtained, one may deduce that

as production costs rise, then so does the optimum selling price - but not by much.
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