EE108a Lab 4: Sine waves


Version 1.0 – David Black-Schaffer

Introduction

In lab 4 you are responsible for generating music by synthesizing sine waves at different frequencies for the audio output codec. If you are not familiar with sine waves this document should give you a brief overview.

Generating Tones

The FPGA board produces sound by sending numbers (samples) to the audio codec at a fixed rate (the sampling frequency). The audio codec converts these numbers into a voltage, which then goes to the speaker and moves the physical speaker element back and forth with a magnet to follow the signal. If the numbers you send to the codec follow a sine wave, the output will be a pure tone. If the sine wave is slower the output will be lower frequency and if it is faster the output will be higher frequency.
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%%BeginProlog
% MathWorks dictionary
/MathWorks 160 dict begin
% definition operators
/bdef {bind def} bind def
/ldef {load def} bind def
/xdef {exch def} bdef
/xstore {exch store} bdef
% operator abbreviations
/c  /clip ldef
/cc /concat ldef
/cp /closepath ldef
/gr /grestore ldef
/gs /gsave ldef
/mt /moveto ldef
/np /newpath ldef
/cm /currentmatrix ldef
/sm /setmatrix ldef
/rm /rmoveto ldef
/rl /rlineto ldef
/s {show newpath} bdef
/sc {setcmykcolor} bdef
/sr /setrgbcolor ldef
/sg /setgray ldef
/w /setlinewidth ldef
/j /setlinejoin ldef
/cap /setlinecap ldef
/rc {rectclip} bdef
/rf {rectfill} bdef
% page state control
/pgsv () def
/bpage {/pgsv save def} bdef
/epage {pgsv restore} bdef
/bplot /gsave ldef
/eplot {stroke grestore} bdef
% orientation switch
/portraitMode 0 def /landscapeMode 1 def /rotateMode 2 def
% coordinate system mappings
/dpi2point 0 def
% font control
/FontSize 0 def
/FMS {/FontSize xstore findfont [FontSize 0 0 FontSize neg 0 0]
  makefont setfont} bdef
/reencode {exch dup where {pop load} {pop StandardEncoding} ifelse
  exch dup 3 1 roll findfont dup length dict begin
  { 1 index /FID ne {def}{pop pop} ifelse } forall
  /Encoding exch def currentdict end definefont pop} bdef
/isroman {findfont /CharStrings get /Agrave known} bdef
/FMSR {3 1 roll 1 index dup isroman {reencode} {pop pop} ifelse
  exch FMS} bdef
/csm {1 dpi2point div -1 dpi2point div scale neg translate
 dup landscapeMode eq {pop -90 rotate}
  {rotateMode eq {90 rotate} if} ifelse} bdef
% line types: solid, dotted, dashed, dotdash
/SO { [] 0 setdash } bdef
/DO { [.5 dpi2point mul 4 dpi2point mul] 0 setdash } bdef
/DA { [6 dpi2point mul] 0 setdash } bdef
/DD { [.5 dpi2point mul 4 dpi2point mul 6 dpi2point mul 4
  dpi2point mul] 0 setdash } bdef
% macros for lines and objects
/L {lineto stroke} bdef
/MP {3 1 roll moveto 1 sub {rlineto} repeat} bdef
/AP {{rlineto} repeat} bdef
/PDlw -1 def
/W {/PDlw currentlinewidth def setlinewidth} def
/PP {closepath eofill} bdef
/DP {closepath stroke} bdef
/MR {4 -2 roll moveto dup  0 exch rlineto exch 0 rlineto
  neg 0 exch rlineto closepath} bdef
/FR {MR stroke} bdef
/PR {MR fill} bdef
/L1i {{currentfile picstr readhexstring pop} image} bdef
/tMatrix matrix def
/MakeOval {newpath tMatrix currentmatrix pop translate scale
0 0 1 0 360 arc tMatrix setmatrix} bdef
/FO {MakeOval stroke} bdef
/PO {MakeOval fill} bdef
/PD {currentlinewidth 2 div 0 360 arc fill
   PDlw -1 eq not {PDlw w /PDlw -1 def} if} def
/FA {newpath tMatrix currentmatrix pop translate scale
  0 0 1 5 -2 roll arc tMatrix setmatrix stroke} bdef
/PA {newpath tMatrix currentmatrix pop	translate 0 0 moveto scale
  0 0 1 5 -2 roll arc closepath tMatrix setmatrix fill} bdef
/FAn {newpath tMatrix currentmatrix pop translate scale
  0 0 1 5 -2 roll arcn tMatrix setmatrix stroke} bdef
/PAn {newpath tMatrix currentmatrix pop translate 0 0 moveto scale
  0 0 1 5 -2 roll arcn closepath tMatrix setmatrix fill} bdef
/vradius 0 def /hradius 0 def /lry 0 def
/lrx 0 def /uly 0 def /ulx 0 def /rad 0 def
/MRR {/vradius xdef /hradius xdef /lry xdef /lrx xdef /uly xdef
  /ulx xdef newpath tMatrix currentmatrix pop ulx hradius add uly
  vradius add translate hradius vradius scale 0 0 1 180 270 arc 
  tMatrix setmatrix lrx hradius sub uly vradius add translate
  hradius vradius scale 0 0 1 270 360 arc tMatrix setmatrix
  lrx hradius sub lry vradius sub translate hradius vradius scale
  0 0 1 0 90 arc tMatrix setmatrix ulx hradius add lry vradius sub
  translate hradius vradius scale 0 0 1 90 180 arc tMatrix setmatrix
  closepath} bdef
/FRR {MRR stroke } bdef
/PRR {MRR fill } bdef
/MlrRR {/lry xdef /lrx xdef /uly xdef /ulx xdef /rad lry uly sub 2 div def
  newpath tMatrix currentmatrix pop ulx rad add uly�¡�À�Ð rad add translate
  rad rad scale 0 0 1 90 270 arc tMatrix setmatrix lrx rad sub lry rad
  sub translate rad rad scale 0 0 1 270 90 arc tMatrix setmatrix
  closepath} bdef
/FlrRR {MlrRR stroke } bdef
/PlrRR {MlrRR fill } bdef
/MtbRR {/lry xdef /lrx xdef /uly xdef /ulx xdef /rad lrx ulx sub 2 div def
  newpath tMatrix currentmatrix pop ulx rad add uly rad add translate
  rad rad scale 0 0 1 180 360 arc tMatrix setmatrix lrx rad sub lry rad
  sub translate rad rad scale 0 0 1 0 180 arc tMatrix setmatrix
  closepath} bdef
/FtbRR {MtbRR stroke } bdef
/PtbRR {MtbRR fill } bdef
/stri 6 array def /dtri 6 array def
/smat 6 array def /dmat 6 array def
/tmat1 6 array def /tmat2 6 array def /dif 3 array def
/asub {/ind2 exch def /ind1 exch def dup dup
  ind1 get exch ind2 get sub exch } bdef
/tri_to_matrix {
  2 0 asub 3 1 asub 4 0 asub 5 1 asub
  dup 0 get exch 1 get 7 -1 roll astore } bdef
/compute_transform {
  dmat dtri tri_to_matrix tmat1 invertmatrix 
  smat stri tri_to_matrix tmat2 concatmatrix } bdef
/ds {stri astore pop} bdef
/dt {dtri astore pop} bdef
/db {2 copy /cols xdef /rows xdef mul dup 3 mul string
  currentfile 
  3 index 0 eq {/ASCIIHexDecode filter}
  {/ASCII85Decode filter 3 index 2 eq {/RunLengthDecode filter} if }
  ifelse exch readstring pop
  dup 0 3 index getinterval /rbmap xdef
  dup 2 index dup getinterval /gbmap xdef
  1 index dup 2 mul exch getinterval /bbmap xdef pop pop}bdef
/it {gs np dtri aload pop moveto lineto lineto cp c
  cols rows 8 compute_transform 
  rbmap gbmap bbmap true 3 colorimage gr}bdef
/il {newpath moveto lineto stroke}bdef
currentdict end def
%%EndProlog

%%BeginSetup
MathWorks begin
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end
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%%BeginPageSetup
%%PageBoundingBox:  -217   -62   830   854
MathWorks begin
bpage
%%EndPageSetup

%%BeginObject: obj1
bplot

/dpi2point 12 def
portraitMode -2604 10248 csm

    0     0 12566 11000 rc
85 dict begin %Colortable dictionary
/c0 { 0.000000 0.000000 0.000000 sr} bdef
/c1 { 1.000000 1.000000 1.000000 sr} bdef
/c2 { 0.900000 0.000000 0.000000 sr} bdef
/c3 { 0.000000 0.820000 0.000000 sr} bdef
/c4 { 0.000000 0.000000 0.800000 sr} bdef
/c5 { 0.910000 0.820000 0.320000 sr} bdef
/c6 { 1.000000 0.260000 0.820000 sr} bdef
/c7 { 0.000000 0.820000 0.820000 sr} bdef
c0
1 j
1 sg
   0    0 12567 11001 rf
6 w
0 2373 9738 0 0 -2373 1634 9790 4 MP
PP
-9738 0 0 2373 9738 0 0 -2373 1634 9790 5 MP stroke
4 w
DO
0 sg
1634 9790 mt 1634 7417 L
1634 7417 mt 1634 7417 L
2669 9790 mt 2669 7417 L
2669 7417 mt 2669 7417 L
3705 9790 mt 3705 7417 L
3705 7417 mt 3705 7417 L
4741 9790 mt 4741 7417 L
4741 7417 mt 4741 7417 L
5777 9790 mt 5777 7417 L
5777 7417 mt 5777 7417 L
6813 9790 mt 6813 7417 L
6813 7417 mt 6813 7417 L
7849 9790 mt 7849 7417 L
7849 7417 mt 7849 7417 L
8885 9790 mt 8885 7417 L
8885 7417 mt 8885 7417 L
9921 9790 mt 9921 7417 L
9921 7417 mt 9921 7417 L
10957 9790 mt 10957 7417 L
10957 7417 mt 10957 7417 L
1634 9790 mt 11372 9790 L
11372 9790 mt 11372 9790 L
1634 9394 mt 11372 9394 L
11372 9394 mt 11372 9394 L
1634 8999 mt 11372 8999 L
11372 8999 mt 11372 8999 L
1634 8603 mt 11372 8603 L
11372 8603 mt 11372 8603 L
1634 8208 mt 11372 8208 L
11372 8208 mt 11372 8208 L
1634 7812 mt 11372 7812 L
11372 7812 mt 11372 7812 L
1634 7417 mt 11372 7417 L
11372 7417 mt 11372 7417 L
SO
6 w
1634 9790 mt 11372 9790 L
1634 7417 mt 11372 7417 L
1634 9790 mt 1634 7417 L
11372 9790 mt 11372 7417 L
1634 9790 mt 11372 9790 L
1634 9790 mt 1634 7417 L
1634 9790 mt 1634 9692 L
1634 7417 mt 1634 7514 L
%%IncludeResource: font Helvetica
/Helvetica /ISOLatin1Encoding 120 FMSR

1601 9935 mt 
(0) s
2669 9790 mt 2669 9692 L
2669 7417 mt 2669 7514 L
2636 9935 mt 
(2) s
3705 9790 mt 3705 9692 L
3705 7417 mt 3705 7514 L
3672 9935 mt 
(4) s
4741 9790 mt 4741 9692 L
4741 7417 mt 4741 7514 L
4708 9935 mt 
(6) s
5777 9790 mt 5777 9692 L
5777 7417 mt 5777 7514 L
5744 9935 mt 
(8) s
6813 9790 mt 6813 9692 L
6813 7417 mt 6813 7514 L
6747 9935 mt 
(10) s
7849 9790 mt 7849 9692 L
7849 7417 mt 7849 7514 L
7783 9935 mt 
(12) s
8885 9790 mt 8885 9692 L
8885 7417 mt 8�¡�À�Ð885 7514 L
8819 9935 mt 
(14) s
9921 9790 mt 9921 9692 L
9921 7417 mt 9921 7514 L
9855 9935 mt 
(16) s
10957 9790 mt 10957 9692 L
10957 7417 mt 10957 7514 L
10891 9935 mt 
(18) s
1634 9790 mt 1731 9790 L
11372 9790 mt 11274 9790 L
1363 9834 mt 
(-1.5) s
1634 9394 mt 1731 9394 L
11372 9394 mt 11274 9394 L
1463 9438 mt 
(-1) s
1634 8999 mt 1731 8999 L
11372 8999 mt 11274 8999 L
1363 9043 mt 
(-0.5) s
1634 8603 mt 1731 8603 L
11372 8603 mt 11274 8603 L
1533 8647 mt 
(0) s
1634 8208 mt 1731 8208 L
11372 8208 mt 11274 8208 L
1433 8252 mt 
(0.5) s
1634 7812 mt 1731 7812 L
11372 7812 mt 11274 7812 L
1533 7856 mt 
(1) s
1634 7417 mt 1731 7417 L
11372 7417 mt 11274 7417 L
1433 7461 mt 
(1.5) s
1634 9790 mt 11372 9790 L
1634 7417 mt 11372 7417 L
1634 9790 mt 1634 7417 L
11372 9790 mt 11372 7417 L
gs 1634 7417 9739 2374 rc
/c8 { 0.000000 0.000000 1.000000 sr} bdef
c8
52 39 52 39 52 40 52 38 51 39 52 37 52 38 52 36 
52 36 51 34 52 34 52 33 52 31 52 30 51 29 52 28 
52 26 52 25 52 23 51 21 52 20 52 18 52 16 52 14 
51 13 52 10 52 9 52 7 52 4 51 3 52 1 52 -1 
52 -3 52 -5 51 -7 52 -9 52 -11 52 -13 52 -15 51 -16 
52 -18 52 -20 52 -22 52 -23 51 -25 52 -26 52 -28 52 -29 
52 -31 51 -31 52 -33 52 -34 52 -35 52 -36 51 -36 52 -38 
52 -37 52 -39 52 -39 51 -39 52 -39 52 -40 52 -39 52 -40 
51 -39 52 -39 52 -39 52 -38 52 -38 51 -37 52 -36 52 -36 
52 -34 52 -34 51 -32 52 -31 52 -30 52 -29 52 -27 51 -26 
52 -25 52 -22 52 -21 52 -20 51 -17 52 -16 52 -14 52 -13 
52 -10 51 -8 52 -7 52 -4 52 -2 51 -1 52 2 52 3 
52 5 52 8 51 9 52 11 52 13 52 15 52 17 51 19 
52 20 52 22 52 23 52 25 51 27 52 28 52 29 52 31 
52 32 51 33 52 34 52 35 52 36 52 37 51 37 52 38 
52 38 52 39 52 39 51 40 52 39 52 40 52 39 52 40 
51 39 52 38 52 38 52 38 52 37 51 36 52 35 52 35 
52 33 52 32 51 31 52 30 52 29 52 27 52 25 51 25 
52 22 52 21 52 19 52 17 51 16 52 14 52 11 52 10 
52 8 51 6 52 5 52 2 52 0 52 -2 51 -4 52 -6 
52 -7 52 -10 52 -11 51 -14 52 -15 52 -17 52 -19 52 -20 
51 -23 52 -23 52 -26 52 -27 52 -28 51 -29 52 -31 52 -32 
52 -34 52 -34 51 -35 52 -36 52 -37 52 -37 52 -38 51 -39 
52 -39 52 -39 52 -39 51 -40 1634 8603 189 MP stroke
gr

c8
0 sg
5743 7322 mt 
(Lower Frequency Sine Wave) s
1 sg
0 2373 9738 0 0 -2373 1634 3198 4 MP
PP
-9738 0 0 2373 9738 0 0 -2373 1634 3198 5 MP stroke
4 w
DO
0 sg
1634 3198 mt 1634  825 L
1634  825 mt 1634  825 L
2669 3198 mt 2669  825 L
2669  825 mt 2669  825 L
3705 3198 mt 3705  825 L
3705  825 mt 3705  825 L
4741 3198 mt 4741  825 L
4741  825 mt 4741  825 L
5777 3198 mt 5777  825 L
5777  825 mt 5777  825 L
6813 3198 mt 6813  825 L
6813  825 mt 6813  825 L
7849 3198 mt 7849  825 L
7849  825 mt 7849  825 L
8885 3198 mt 8885  825 L
8885  825 mt 8885  825 L
9921 3198 mt 9921  825 L
9921  825 mt 9921  825 L
10957 3198 mt 10957  825 L
10957  825 mt 10957  825 L
1634 3198 mt 11372 3198 L
11372 3198 mt 11372 3198 L
1634 2802 mt 11372 2802 L
11372 2802 mt 11372 2802 L
1634 2407 mt 11372 2407 L
11372 2407 mt 11372 2407 L
1634 2011 mt 11372 2011 L
11372 2011 mt 11372 2011 L
1634 1616 mt 11372 1616 L
11372 1616 mt 11372 1616 L
1634 1220 mt 11372 1220 L
11372 1220 mt 11372 1220 L
1634  825 mt 11372  825 L
11372  825 mt 11372  825 L
SO
6 w
1634 3198 mt 11372 3198 L
1634  825 mt 11372  825 L
1634 3198 mt 1634  825 L
11372 3198 mt 11372  825 L
1634 3198 mt 11372 3198 L
1634 3198 mt 1634  825 L
1634 3198 mt 1634 3100 L
1634  825 mt 1634  922 L
1601 3343 mt 
(0) s
2669 3198 mt 2669 3100 L
2669  825 mt 2669  922 L
2636 3343 mt 
(2) s
3705 3198 mt 3705 3100 L
3705  825 mt 3705  922 L
3672 3343 mt 
(4) s
4741 3198 mt 4741 3100 L
4741  825 mt 4741  922 L
4708 3343 mt 
(6) s
5777 3198 mt 5777 3100 L
5777  825 mt 5777  922 L
5744 3343 mt 
(8) s
6813 3198 mt 6813 3100 L
6813  825 mt 6813  922 L
6747 3343 mt 
(10) s
7849 3198 mt 7849 3100 L
7849  825 mt 7849  922 L
7783 3343 mt 
(12) s
8885 3198 mt 8885 3100 L
8885  825 mt 8885  922 L
8819 3343 mt 
(14) s
9921 3198 mt 9921 3100 L
9921  825 mt 9921  922 L
9855 3343 mt 
(16) s
10957 3198 mt 10957 3100 L
10957  825 mt 10957  922 L
10891 3343 mt 
(18) s
1634 3198 mt 1731 3198 L
11�¡�À�Ð372 3198 mt 11274 3198 L
1363 3242 mt 
(-1.5) s
1634 2802 mt 1731 2802 L
11372 2802 mt 11274 2802 L
1463 2846 mt 
(-1) s
1634 2407 mt 1731 2407 L
11372 2407 mt 11274 2407 L
1363 2451 mt 
(-0.5) s
1634 2011 mt 1731 2011 L
11372 2011 mt 11274 2011 L
1533 2055 mt 
(0) s
1634 1616 mt 1731 1616 L
11372 1616 mt 11274 1616 L
1433 1660 mt 
(0.5) s
1634 1220 mt 1731 1220 L
11372 1220 mt 11274 1220 L
1533 1264 mt 
(1) s
1634  825 mt 1731  825 L
11372  825 mt 11274  825 L
1433  869 mt 
(1.5) s
1634 3198 mt 11372 3198 L
1634  825 mt 11372  825 L
1634 3198 mt 1634  825 L
11372 3198 mt 11372  825 L
gs 1634 825 9739 2374 rc
c8
52 -79 52 -77 52 -76 52 -73 51 -69 52 -65 52 -61 52 -55 
52 -49 51 -43 52 -36 52 -29 52 -21 52 -13 51 -6 52 2 
52 11 52 18 52 25 51 33 52 40 52 46 52 53 52 58 
51 64 52 67 52 72 52 74 52 77 51 78 52 79 52 79 
52 78 52 77 51 74 52 71 52 67 52 62 52 58 51 52 
52 45 52 39 52 32 52 24 51 17 52 8 52 1 52 -6 
52 -15 51 -23 52 -29 52 -37 52 -44 52 -50 51 -56 52 -62 
52 -66 52 -70 52 -73 51 -76 52 -78 52 -78 52 -79 52 -79 
51 -77 52 -75 52 -73 52 -68 52 -65 51 -60 52 -54 52 -48 
52 -41 52 -35 51 -28 52 -20 52 -12 52 -4 52 4 51 11 
52 19 52 27 52 34 52 41 51 48 52 53 52 60 52 64 
52 68 51 72 52 75 52 77 52 79 51 79 52 78 52 78 
52 76 52 74 51 70 52 67 52 61 52 57 52 51 51 44 
52 38 52 30 52 23 52 16 51 7 52 0 52 -8 52 -16 
52 -24 51 -31 52 -38 52 -45 52 -51 52 -57 51 -62 52 -67 
52 -71 52 -74 52 -76 51 -78 52 -79 52 -79 52 -78 52 -77 
51 -75 52 -72 52 -68 52 -63 52 -59 51 -53 52 -47 52 -41 
52 -33 52 -27 51 -18 52 -11 52 -3 52 5 52 13 51 20 
52 28 52 36 52 42 52 48 51 55 52 60 52 65 52 69 
52 73 51 75 52 77 52 79 52 79 52 79 51 77 52 76 
52 73 52 70 52 65 51 61 52 56 52 50 52 43 52 36 
51 30 52 21 52 14 52 7 52 -2 51 -10 52 -17 52 -25 
52 -32 52 -39 51 -46 52 -53 52 -57 52 -63 52 -68 51 -71 
52 -74 52 -77 52 -78 51 -79 1634 2011 189 MP stroke
gr

c8
0 sg
6219  730 mt 
(Sine Wave) s
1 sg
0 2373 9738 0 0 -2373 1634 6494 4 MP
PP
-9738 0 0 2373 9738 0 0 -2373 1634 6494 5 MP stroke
4 w
DO
0 sg
1634 6494 mt 1634 4121 L
1634 4121 mt 1634 4121 L
2669 6494 mt 2669 4121 L
2669 4121 mt 2669 4121 L
3705 6494 mt 3705 4121 L
3705 4121 mt 3705 4121 L
4741 6494 mt 4741 4121 L
4741 4121 mt 4741 4121 L
5777 6494 mt 5777 4121 L
5777 4121 mt 5777 4121 L
6813 6494 mt 6813 4121 L
6813 4121 mt 6813 4121 L
7849 6494 mt 7849 4121 L
7849 4121 mt 7849 4121 L
8885 6494 mt 8885 4121 L
8885 4121 mt 8885 4121 L
9921 6494 mt 9921 4121 L
9921 4121 mt 9921 4121 L
10957 6494 mt 10957 4121 L
10957 4121 mt 10957 4121 L
1634 6494 mt 11372 6494 L
11372 6494 mt 11372 6494 L
1634 6098 mt 11372 6098 L
11372 6098 mt 11372 6098 L
1634 5703 mt 11372 5703 L
11372 5703 mt 11372 5703 L
1634 5307 mt 11372 5307 L
11372 5307 mt 11372 5307 L
1634 4912 mt 11372 4912 L
11372 4912 mt 11372 4912 L
1634 4516 mt 11372 4516 L
11372 4516 mt 11372 4516 L
1634 4121 mt 11372 4121 L
11372 4121 mt 11372 4121 L
SO
6 w
1634 6494 mt 11372 6494 L
1634 4121 mt 11372 4121 L
1634 6494 mt 1634 4121 L
11372 6494 mt 11372 4121 L
1634 6494 mt 11372 6494 L
1634 6494 mt 1634 4121 L
1634 6494 mt 1634 6396 L
1634 4121 mt 1634 4218 L
1601 6639 mt 
(0) s
2669 6494 mt 2669 6396 L
2669 4121 mt 2669 4218 L
2636 6639 mt 
(2) s
3705 6494 mt 3705 6396 L
3705 4121 mt 3705 4218 L
3672 6639 mt 
(4) s
4741 6494 mt 4741 6396 L
4741 4121 mt 4741 4218 L
4708 6639 mt 
(6) s
5777 6494 mt 5777 6396 L
5777 4121 mt 5777 4218 L
5744 6639 mt 
(8) s
6813 6494 mt 6813 6396 L
6813 4121 mt 6813 4218 L
6747 6639 mt 
(10) s
7849 6494 mt 7849 6396 L
7849 4121 mt 7849 4218 L
7783 6639 mt 
(12) s
8885 6494 mt 8885 6396 L
8885 4121 mt 8885 4218 L
8819 6639 mt 
(14) s
9921 6494 mt 9921 6396 L
9921 4121 mt 9921 4218 L
9855 6639 mt 
(16) s
10957 6494 mt 10957 6396 L
10957 4121 mt 10957 4218 L
10891 6639 mt 
(18) s
1634 6494 mt 1731 6494 L
11372 6494 mt 11274 6494 L
1363 6538 mt 
(-1.5) s
1634 6098 mt 1731 6098 L
11372 6098 mt 11274 6098 L
1463 6142 mt 
(-1) s
1634 5703 mt 1731 5703 L
11372 5703 mt 11274 5703 L
1363 5747 mt 
(-0.5) s
1634 5307 mt 1731 5307 L
11372 5307 mt 11274 5307 L
153�¡�À�L3 5351 mt 
(0) s
1634 4912 mt 1731 4912 L
11372 4912 mt 11274 4912 L
1433 4956 mt 
(0.5) s
1634 4516 mt 1731 4516 L
11372 4516 mt 11274 4516 L
1533 4560 mt 
(1) s
1634 4121 mt 1731 4121 L
11372 4121 mt 11274 4121 L
1433 4165 mt 
(1.5) s
1634 6494 mt 11372 6494 L
1634 4121 mt 11372 4121 L
1634 6494 mt 1634 4121 L
11372 6494 mt 11372 4121 L
gs 1634 4121 9739 2374 rc
c8
52 -155 52 -146 52 -130 52 -110 51 -86 52 -57 52 -27 52 5 
52 35 51 66 52 93 52 116 52 135 52 149 51 156 52 158 
52 153 52 142 52 125 51 103 52 77 52 49 52 18 52 -14 
51 -44 52 -74 52 -100 52 -123 52 -140 51 -151 52 -158 52 -156 
52 -151 52 -137 51 -119 52 -96 52 -70 52 -40 52 -8 51 23 
52 53 52 82 52 107 52 128 51 144 52 154 52 158 52 155 
52 147 51 133 52 113 52 89 52 60 52 31 51 0 52 -32 
52 -62 52 -90 52 -114 51 -133 52 -147 52 -156 52 -158 52 -153 
51 -144 52 -127 52 -106 52 -81 52 -53 51 -21 52 9 52 41 
52 71 52 97 51 120 52 138 52 150 52 157 52 157 51 152 
52 139 52 122 52 99 52 73 51 43 52 13 52 -19 52 -50 
52 -78 51 -105 52 -125 52 -142 52 -153 51 -158 52 -156 52 -149 
52 -134 52 -116 51 -92 52 -65 52 -34 52 -4 52 29 51 58 
52 86 52 111 52 131 52 146 51 155 52 158 52 155 52 145 
52 129 51 110 52 84 52 56 52 25 52 -5 51 -38 52 -66 
52 -94 52 -118 52 -136 51 -149 52 -156 52 -158 52 -152 52 -141 
51 -125 52 -102 52 -76 52 -48 52 -16 51 15 52 46 52 75 
52 101 52 124 51 140 52 152 52 158 52 156 52 150 51 137 
52 118 52 95 52 68 52 39 51 7 52 -24 52 -55 52 -83 
52 -108 51 -129 52 -145 52 -154 52 -158 52 -155 51 -147 52 -131 
52 -112 52 -88 52 -60 51 -29 52 2 52 33 52 64 52 90 
51 115 52 134 52 148 52 156 52 158 51 153 52 143 52 126 
52 106 52 79 51 51 52 21 52 -12 52 -42 52 -71 51 -99 
52 -120 52 -139 52 -151 51 -157 1634 5307 189 MP stroke
gr

c8
0 sg
5729 4026 mt 
(Higher Frequency Sine Wave) s

end %%Color Dict

eplot
%%EndObject

epage
end

showpage

%%Trailer
%%EOF
�¡�À�icount op_count sub {pop} repeat
countdictstack dict_count sub {end} repeat
Access_Softek_context restore
�� �¿�ÿ


The audio codec on the board expects samples at the rate of 48,000 per second, or 48kHz. Figuring out what frequency you are generating is easy if you know this number. If it takes you 48,000 samples to get through a full sine wave, then you are producing 1 sine per second, and your frequency is 1Hz. (The limit of human hearing is around 20Hz, so you won’t be able to hear anything.) Similarly, if you go through the full sine wave in 2 cycles then you are generating a frequency at 24kHz, which is the highest frequency you can generate with a 48kHz sampling rate. From this simple relationship you can figure out how many samples you have to go through the full sine wave to generate any frequency.

So how do you generate your notes for lab 4? Well, in lab 4 we are providing you with a read-only-memory (ROM) which contains the first quarter of a sine wave. The ROM has 10 address bits, so there are 2^10=1024 samples in the first quarter of the sine wave. (Which means the full sine wave would have 4096 samples.) To use the ROM you instantiate it in your design, put in the address of the sample you want (address 0 will give you the first sample of the sine wave, address 1023 will give you the last sample of the first quarter) and one cycle later you get the value for that position in the sine wave. When you generate tones for lab 4 you need to make sure you get the address right and flip the output value correctly to generate the full sine wave from the quarter we provide.
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66 dict begin
/showpage {} def
0 setgray 0 setlinecap
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10 setmiterlimit [] 0 setdash
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%%BeginProlog
% MathWorks dictionary
/MathWorks 160 dict begin
% definition operators
/bdef {bind def} bind def
/ldef {load def} bind def
/xdef {exch def} bdef
/xstore {exch store} bdef
% operator abbreviations
/c  /clip ldef
/cc /concat ldef
/cp /closepath ldef
/gr /grestore ldef
/gs /gsave ldef
/mt /moveto ldef
/np /newpath ldef
/cm /currentmatrix ldef
/sm /setmatrix ldef
/rm /rmoveto ldef
/rl /rlineto ldef
/s {show newpath} bdef
/sc {setcmykcolor} bdef
/sr /setrgbcolor ldef
/sg /setgray ldef
/w /setlinewidth ldef
/j /setlinejoin ldef
/cap /setlinecap ldef
/rc {rectclip} bdef
/rf {rectfill} bdef
% page state control
/pgsv () def
/bpage {/pgsv save def} bdef
/epage {pgsv restore} bdef
/bplot /gsave ldef
/eplot {stroke grestore} bdef
% orientation switch
/portraitMode 0 def /landscapeMode 1 def /rotateMode 2 def
% coordinate system mappings
/dpi2point 0 def
% font control
/FontSize 0 def
/FMS {/FontSize xstore findfont [FontSize 0 0 FontSize neg 0 0]
  makefont setfont} bdef
/reencode {exch dup where {pop load} {pop StandardEncoding} ifelse
  exch dup 3 1 roll findfont dup length dict begin
  { 1 index /FID ne {def}{pop pop} ifelse } forall
  /Encoding exch def currentdict end definefont pop} bdef
/isroman {findfont /CharStrings get /Agrave known} bdef
/FMSR {3 1 roll 1 index dup isroman {reencode} {pop pop} ifelse
  exch FMS} bdef
/csm {1 dpi2point div -1 dpi2point div scale neg translate
 dup landscapeMode eq {pop -90 rotate}
  {rotateMode eq {90 rotate} if} ifelse} bdef
% line types: solid, dotted, dashed, dotdash
/SO { [] 0 setdash } bdef
/DO { [.5 dpi2point mul 4 dpi2point mul] 0 setdash } bdef
/DA { [6 dpi2point mul] 0 setdash } bdef
/DD { [.5 dpi2point mul 4 dpi2point mul 6 dpi2point mul 4
  dpi2point mul] 0 setdash } bdef
% macros for lines and objects
/L {lineto stroke} bdef
/MP {3 1 roll moveto 1 sub {rlineto} repeat} bdef
/AP {{rlineto} repeat} bdef
/PDlw -1 def
/W {/PDlw currentlinewidth def setlinewidth} def
/PP {closepath eofill} bdef
/DP {closepath stroke} bdef
/MR {4 -2 roll moveto dup  0 exch rlineto exch 0 rlineto
  neg 0 exch rlineto closepath} bdef
/FR {MR stroke} bdef
/PR {MR fill} bdef
/L1i {{currentfile picstr readhexstring pop} image} bdef
/tMatrix matrix def
/MakeOval {newpath tMatrix currentmatrix pop translate scale
0 0 1 0 360 arc tMatrix setmatrix} bdef
/FO {MakeOval stroke} bdef
/PO {MakeOval fill} bdef
/PD {currentlinewidth 2 div 0 360 arc fill
   PDlw -1 eq not {PDlw w /PDlw -1 def} if} def
/FA {newpath tMatrix currentmatrix pop translate scale
  0 0 1 5 -2 roll arc tMatrix setmatrix stroke} bdef
/PA {newpath tMatrix currentmatrix pop	translate 0 0 moveto scale
  0 0 1 5 -2 roll arc closepath tMatrix setmatrix fill} bdef
/FAn {newpath tMatrix currentmatrix pop translate scale
  0 0 1 5 -2 roll arcn tMatrix setmatrix stroke} bdef
/PAn {newpath tMatrix currentmatrix pop translate 0 0 moveto scale
  0 0 1 5 -2 roll arcn closepath tMatrix setmatrix fill} bdef
/vradius 0 def /hradius 0 def /lry 0 def
/lrx 0 def /uly 0 def /ulx 0 def /rad 0 def
/MRR {/vradius xdef /hradius xdef /lry xdef /lrx xdef /uly xdef
  /ulx xdef newpath tMatrix currentmatrix pop ulx hradius add uly
  vradius add translate hradius vradius scale 0 0 1 180 270 arc 
  tMatrix setmatrix lrx hradius sub uly vradius add translate
  hradius vradius scale 0 0 1 270 360 arc tMatrix setmatrix
  lrx hradius sub lry vradius sub translate hradius vradius scale
  0 0 1 0 90 arc tMatrix setmatrix ulx hradius add lry vradius sub
  translate hradius vradius scale 0 0 1 90 180 arc tMatrix setmatrix
  closepath} bdef
/FRR {MRR stroke } bdef
/PRR {MRR fill } bdef
/MlrRR {/lry xdef /lrx xdef /uly xdef /ulx xdef /rad lry uly sub 2 div def
  newpath tMatrix currentmatrix pop ulx rad �¡�À�Ðadd uly rad add translate
  rad rad scale 0 0 1 90 270 arc tMatrix setmatrix lrx rad sub lry rad
  sub translate rad rad scale 0 0 1 270 90 arc tMatrix setmatrix
  closepath} bdef
/FlrRR {MlrRR stroke } bdef
/PlrRR {MlrRR fill } bdef
/MtbRR {/lry xdef /lrx xdef /uly xdef /ulx xdef /rad lrx ulx sub 2 div def
  newpath tMatrix currentmatrix pop ulx rad add uly rad add translate
  rad rad scale 0 0 1 180 360 arc tMatrix setmatrix lrx rad sub lry rad
  sub translate rad rad scale 0 0 1 0 180 arc tMatrix setmatrix
  closepath} bdef
/FtbRR {MtbRR stroke } bdef
/PtbRR {MtbRR fill } bdef
/stri 6 array def /dtri 6 array def
/smat 6 array def /dmat 6 array def
/tmat1 6 array def /tmat2 6 array def /dif 3 array def
/asub {/ind2 exch def /ind1 exch def dup dup
  ind1 get exch ind2 get sub exch } bdef
/tri_to_matrix {
  2 0 asub 3 1 asub 4 0 asub 5 1 asub
  dup 0 get exch 1 get 7 -1 roll astore } bdef
/compute_transform {
  dmat dtri tri_to_matrix tmat1 invertmatrix 
  smat stri tri_to_matrix tmat2 concatmatrix } bdef
/ds {stri astore pop} bdef
/dt {dtri astore pop} bdef
/db {2 copy /cols xdef /rows xdef mul dup 3 mul string
  currentfile 
  3 index 0 eq {/ASCIIHexDecode filter}
  {/ASCII85Decode filter 3 index 2 eq {/RunLengthDecode filter} if }
  ifelse exch readstring pop
  dup 0 3 index getinterval /rbmap xdef
  dup 2 index dup getinterval /gbmap xdef
  1 index dup 2 mul exch getinterval /bbmap xdef pop pop}bdef
/it {gs np dtri aload pop moveto lineto lineto cp c
  cols rows 8 compute_transform 
  rbmap gbmap bbmap true 3 colorimage gr}bdef
/il {newpath moveto lineto stroke}bdef
currentdict end def
%%EndProlog

%%BeginSetup
MathWorks begin

0 cap

end
%%EndSetup

%%Page: 1 1
%%BeginPageSetup
%%PageBoundingBox:    53   206   557   585
MathWorks begin
bpage
%%EndPageSetup

%%BeginObject: obj1
bplot

/dpi2point 2.08333 def
portraitMode 0110 1218 csm

    0     0  1050   788 rc
85 dict begin %Colortable dictionary
/c0 { 0.000000 0.000000 0.000000 sr} bdef
/c1 { 1.000000 1.000000 1.000000 sr} bdef
/c2 { 0.900000 0.000000 0.000000 sr} bdef
/c3 { 0.000000 0.820000 0.000000 sr} bdef
/c4 { 0.000000 0.000000 0.800000 sr} bdef
/c5 { 0.910000 0.820000 0.320000 sr} bdef
/c6 { 1.000000 0.260000 0.820000 sr} bdef
/c7 { 0.000000 0.820000 0.820000 sr} bdef
c0
1 j
1 sg
   0    0 1051  789 rf
1.04167 w
0 643 812 0 0 -643 137 701 4 MP
PP
-812 0 0 643 812 0 0 -643 137 701 5 MP stroke
0.694444 w
DO
0 sg
 137  701 mt  137   59 L
 137   59 mt  137   59 L
 266  701 mt  266   59 L
 266   59 mt  266   59 L
 395  701 mt  395   59 L
 395   59 mt  395   59 L
 525  701 mt  525   59 L
 525   59 mt  525   59 L
 654  701 mt  654   59 L
 654   59 mt  654   59 L
 783  701 mt  783   59 L
 783   59 mt  783   59 L
 913  701 mt  913   59 L
 913   59 mt  913   59 L
 137  665 mt  950  665 L
 950  665 mt  950  665 L
 137  570 mt  950  570 L
 950  570 mt  950  570 L
 137  475 mt  950  475 L
 950  475 mt  950  475 L
 137  380 mt  950  380 L
 950  380 mt  950  380 L
 137  284 mt  950  284 L
 950  284 mt  950  284 L
 137  189 mt  950  189 L
 950  189 mt  950  189 L
 137   94 mt  950   94 L
 950   94 mt  950   94 L
SO
1.04167 w
 137  701 mt  949  701 L
 137   58 mt  949   58 L
 137  701 mt  137   58 L
 949  701 mt  949   58 L
 137  701 mt  949  701 L
 137  701 mt  137   58 L
 137  701 mt  137  692 L
 137   59 mt  137   67 L
%%IncludeResource: font Helvetica
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 131  730 mt 
(0) s
 266  701 mt  266  692 L
 266   59 mt  266   67 L
 239  730 mt 
(1000) s
 395  701 mt  395  692 L
 395   59 mt  395   67 L
 368  730 mt 
(2000) s
 525  701 mt  525  692 L
 525   59 mt  525   67 L
 498  730 mt 
(3000) s
 654  701 mt  654  692 L
 654   59 mt  654   67 L
 627  730 mt 
(4000) s
 783  701 mt  783  692 L
 783   59 mt  783   67 L
 756  730 mt 
(5000) s
 913  701 mt  913  692 L
 913   59 mt  913   67 L
 886  730 mt 
(6000) s
 137  665 mt  145  665 L
 950  665 mt  941  665 L
 103  674 mt 
(-3) s
 137  570 mt  145  570 L
 950  570 mt  941  570 L
 103  579 mt 
(-2) s
 137  475 mt  145  475 L
 950  475 mt  941  47�¡�À�Ð5 L
 103  484 mt 
(-1) s
 137  380 mt  145  380 L
 950  380 mt  941  380 L
 118  389 mt 
(0) s
 137  284 mt  145  284 L
 950  284 mt  941  284 L
 118  293 mt 
(1) s
 137  189 mt  145  189 L
 950  189 mt  941  189 L
 118  198 mt 
(2) s
 137   94 mt  145   94 L
 950   94 mt  941   94 L
 118  103 mt 
(3) s
 137   50 mt 
(x 10) s
%%IncludeResource: font Helvetica
/Helvetica /ISOLatin1Encoding 16.6667 FMSR

 184   35 mt 
(4) s
 137  701 mt  949  701 L
 137   58 mt  949   58 L
 137  701 mt  137   58 L
 949  701 mt  949   58 L
gs 137 59 814 643 rc
/c8 { 0.000000 0.000000 1.000000 sr} bdef
c8
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 0 -39 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 0 -39 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 0 -34 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 0 -39 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 -29 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 -30 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 0 -24 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 0 -24 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 0 -20 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 0 -9 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 0 -10 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 -5 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 5 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 0 14 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 15 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 0 20 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 664 637 300 MP stroke
1 0 1 0 0 24 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 0 24 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 0 29 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 0 34 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 39 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 0 34 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 39 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 39 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 0 39 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 0 39 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 34 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 0 39 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 0 29 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 0 30 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 29 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 19 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 20 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 0 14 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 380 83 300 MP stroke
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 10 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 0 5 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 0 -5 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 -10 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 0 -14 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 0 -20 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 0 -24 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 -24 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 -34 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 0 -30 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 0 -39 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 0 -34 1 �¡�À�Ð0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 0 -39 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 0 -38 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
137 379 257 MP stroke
0.208333 w
/c9 { 1.000000 0.000000 0.000000 sr} bdef
c9
0 -1 1 -1 0 -2 1 -1 0 -2 2 -2 0 -2 1 -1 
0 -1 1 -1 0 -2 1 -1 0 -2 2 -2 0 -2 1 -1 
0 -2 2 -2 0 -3 2 -2 0 -2 1 -1 0 -1 1 -1 
0 -2 1 -1 0 -2 2 -2 0 -2 1 -1 0 -1 1 -1 
0 -2 1 -1 0 -1 1 -1 0 -1 1 -1 0 -2 1 -1 
0 -1 1 -1 0 -1 1 -1 0 -2 1 -1 0 -2 2 -2 
0 -2 1 -1 0 -2 2 -2 0 -2 1 -1 0 -1 1 -1 
0 -2 2 -2 0 -3 2 -2 0 -2 1 -1 0 -1 1 -1 
0 -2 2 -2 0 -2 1 -1 0 -1 1 -1 0 -2 2 -2 
0 -2 1 -1 0 -2 2 -2 0 -2 2 -2 0 -2 1 -1 
0 -1 1 -1 0 -2 2 -2 0 -2 1 -1 0 -1 1 -1 
0 -1 1 -1 0 -2 2 -2 0 -2 2 -2 0 -2 1 -1 
0 -1 1 -1 0 -2 2 -2 0 -2 2 -2 0 -2 2 -2 
0 -2 2 -2 0 -2 2 -2 0 -2 2 -2 0 -2 2 -2 
0 -2 2 -2 0 -2 2 -2 0 -2 2 -2 0 -2 2 -2 
0 -1 1 -1 1 -1 0 -2 2 -2 0 -2 2 -2 0 -1 
1 -1 0 -1 2 -2 0 -2 2 -2 0 -1 2 -2 0 -2 
2 -2 1 -1 0 -2 2 -2 0 -1 2 -2 1 -1 0 -2 
2 -2 0 -1 2 -2 0 -1 2 -2 1 -1 0 -2 2 -2 
1 -1 0 -1 2 -2 0 -1 2 -2 0 -1 2 -2 1 -1 
0 -1 2 -2 1 -1 1 -1 0 -1 2 -2 1 -1 0 -1 
2 -2 1 -1 1 -1 1 -1 0 -1 2 -2 1 -1 1 -1 
1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 
1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 0 
1 -1 1 -1 1 -1 1 -1 1 0 1 -1 1 -1 1 -1 
1 0 1 -1 1 -1 1 0 1 -1 1 0 1 -1 1 -1 
1 0 1 -1 1 0 1 -1 1 0 1 -1 1 0 1 0 
1 -1 1 0 1 -1 1 0 1 0 1 -1 1 0 1 0 
1 0 1 -1 1 0 1 0 1 0 1 0 1 -1 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 1 1 0 1 0 
1 0 1 0 1 1 1 0 1 0 1 0 1 1 1 0 
1 0 1 1 1 0 1 0 1 1 1 0 1 1 1 0 
1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 1 
1 0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 
1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 685 657 300 MP stroke
1 1 1 1 1 1 0 1 2 2 1 1 1 1 1 1 
0 1 2 2 1 1 1 1 0 1 2 2 1 1 0 1 
2 2 0 1 2 2 1 1 0 1 2 2 0 1 2 2 
0 1 2 2 0 1 2 2 0 1 2 2 0 1 2 2 
1 1 0 2 2 2 1 1 0 2 2 2 1 1 0 2 
2 2 0 1 2 2 0 2 2 2 1 1 0 2 2 2 
0 2 2 2 0 1 2 2 0 2 2 2 0 2 2 2 
0 1 1 1 1 1 0 2 2 2 0 2 2 2 0 2 
2 2 0 2 2 2 0 2 2 2 0 2 2 2 0 2 
2 2 0 2 2 2 0 2 1 1 0 1 1 1 0 1 
1 1 0 1 1 1 0 2 2 2 0 2 2 2 0 2 
1 1 0 1 1 1 0 2 2 2 0 2 2 2 0 2 
1 1 0 1 1 1 0 2 2 2 0 2 1 1 0 1 
1 1 0 2 2 2 0 2 1 1 0 1 1 1 0 2 
2 2 0 2 1 1 0 1 1 1 0 1 1 1 0 2 
1 1 0 1 1 1 0 2 2 2 0 2 1 1 0 2 
2 2 0 2 1 1 0 2 2 2 0 2 1 1 0 1 
1 1 0 2 1 1 0 1 1 1 0 1 1 1 0 2 
1 1 0 2 2 2 0 2 1 1 0 1 1 1 0 2 
1 1 0 1 1 1 0 1 1 1 0 2 1 1 0 2 
2 2 0 2 1 1 0 2 2 2 0 3 2 2 0 3 
2 2 0 2 1 1 0 2 2 2 0 2 1 1 0 1 
1 1 0 2 1 1 0 2 2 2 0 3 2 2 0 2 
1 1 0 1 1 1 0 2 1 1 0 1 1 1 0 1 
1 1 0 2 1 1 0 2 2 2 0 3 2 2 0 2 
1 1 0 2 2 2 0 3 2 2 0 2 1 1 0 2 
2 2 0 2 1 1 0 1 1 1 0 2 1 1 0 2 
2 2 0 2 1 1 0 2 2 2 0 2 1 1 0 1 
1 1 0 2 2 2 0 3 2 2 0 2 1 1 0 1 
1 1 0 1 1 1 0 2 1 1 0 1 1 1 0 2 
2 2 0 2 1 1 0 1 1 1 0 2 2 2 0 2 
1 1 0 1 1 1 0 2 2 2 0 2 1 1 0 1 
1 1 0 2 2 2 0 2 2 2 0 2 1 1 0 2 
2 2 0 2 2 2 0 2 1 1 0 1 1 1 0 1 
1 1 0 2 2 2 0 2 2 2 0 2 2 2 0 2 
2 2 0 2 2 2 0 2 2 2 0 2 1 1 1 1 
0 2 2 2 0 2 2 2 0 2 2 2 0 2 2 2 
0 2 2 2 0 1 454 181 300 MP stroke
2 2 0 2 2 2 0 2 2 2 0 1 2 2 0 2 
2 2 0 1 2 2 0 2 2 2 1 1 0 2 2 2 
0 1 2 2 1 1 0 2 2 2 0 1 2 2 0 1 
2 2 0 1 2 2 0 1 2 2 0 1 2 2 1 1 
0 1 2 2 0 1 2 2 1 1 0 1 2 2 1 1 
0 1 2 2 1 1 1 1 1 1 0 1 2 2 1 1 
1 1 1 1 1 1 1 1 0 1 2 2 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 
1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 
1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 
1 0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 
1 0 1 1 1 0 1 1 1 0 1 0 1 1 1 0 
1 0 1 1 1 0 1 0 1 1 1 0 1 0 1 0 
1 0 1 0 1 1 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 -1 1 0 1 0 1 0 1 0 1 0 1 -1 1 0 
1 0 1 -1 1 0 1 0 1 0 1 -1 1 0 1 -1 
1 0 1 -1 1 0 1 0 1 -1 1 -1 1 0 1 -1 
1 0 1 -1 1 0 1 -1 1 -1 1 0 1 -1 1 -1 
1 0 1 -1 1 -1 1 -1 1 0 1 -1 1 -1 1 -1 
1 -1 1 -1 1 0 1 -1 1 -1 1 -1 1 -1 1 -1 
1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 0 -1 2 -2 
1 -1 1 -1 1 -1 1 -1 0 -1 2 -2 1 -1 1 -1 
0 -1 2 -2 1 -1 1 -1 0 -1 2 -2 1 -1 0 -1 
2 -2 0 -1 2 -2 0 -1 2 -2 1 -1 0 -1 2 -2 
0 -1 2 -2 1 -1 0 -2 2 -2 0 -1 2 -2 0 -1 
2 -2 0 -1 2 -2 0 -2 2 -2 1 -1 0 -2 2 -2 
0 -1 2 -2 0 -2 2 -2 0 -1 2 -2 0 -2 2 -2 
0 -1 2 -2 0 -2 2 -2 0 -2 2 -2 0 -2 2 -2 
0 -1 2 -2 0 -2 2 -2 0 -2 �¡�À�S2 -2 0 -2 2 -2 
0 -2 2 -2 0 -2 2 -2 0 -2 2 -2 0 -2 2 -2 
0 -2 1 -1 0 -2 2 -2 0 -1 1 -1 0 -2 2 -2 
0 -2 2 -2 0 -2 1 -1 0 -1 1 -1 0 -2 2 -2 
0 -2 2 -2 0 -2 1 -1 0 -1 1 -1 0 -2 2 -2 
0 -2 1 -1 0 -1 1 -1 0 -2 2 -2 0 -2 1 -1 
0 -1 1 -1 0 -2 2 -2 0 -2 1 -1 0 -1 1 -1 
0 -2 2 -2 0 -2 1 -1 0 -2 2 -2 0 -2 1 -1 
0 -2 2 -2 0 -2 169 303 300 MP stroke
1 -1 0 -2 2 -2 0 -2 1 -1 0 -2 2 -2 0 -3 
2 -2 0 -2 1 -1 0 -2 2 -2 0 -2 1 -1 0 -2 
2 -2 0 -2 1 -1 0 -1 1 -1 0 -2 1 -1 0 -2 
2 -2 0 -2 1 -1 0 -2 2 -2 0 -3 2 -2 0 -2 
1 -1 0 -2 2 -2 0 -3 2 -2 0 -2 1 -1 0 -1 
1 -1 0 -2 1 -1 0 -1 137 379 45 MP stroke
4.16667 w
0 sg
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 -5 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 -10 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 0 -14 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 0 -20 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 0 -24 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 0 -24 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 0 -34 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 -30 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 0 -39 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 0 -34 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 0 -39 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 0 -38 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 137 379 215 MP stroke
gr

4.16667 w
%%IncludeResource: font Helvetica
/Helvetica /ISOLatin1Encoding 25 FMSR

 224   41 mt 
(Digital sampled sine wave - first quarter provided in sine_\
rom) s
  88  497 mt  -90 rotate
(16-bit output sample) s
90 rotate
 454  758 mt 
(Sample number) s
1.04167 w

end %%Color Dict

eplot
%%EndObject

epage
end

showpage

%%Trailer
%%EOF
��¡�À�icount op_count sub {pop} repeat
countdictstack dict_count sub {end} repeat
Access_Softek_context restore
�� �¿�ÿ


This is enough to get you to output a full sine wave, but if the sine wave we provided has 4096 samples in total, you will be producing 48,000/4096 = 11.7 sine waves per second, or a tone at 11.7Hz. Not very exciting. So how do you generate other notes? Well, the answer is simple: you skip samples. If we were to go through the sine_rom addresses with a step size of 2, we’d have a sine wave that only took 2048 samples, and our frequency would be 23.4Hz. Make sense? Here’s a picture. Note that we have a sine wave on the left and we are walking through it with different step sizes. The samples we choose are then output at a fixed rate (48kHz) to produce the frequencies on the right.
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�����™�ˆ�������#��� �Ä�¡�À�Ž/Access_Softek_context save def
/dict_count countdictstack def
/op_count count 1 sub def
/cxy [ currentpoint ] def
66 dict begin
/showpage {} def
0 setgray 0 setlinecap
1 setlinewidth 0 setlinejoin
10 setmiterlimit [] 0 setdash
/languagelevel where
{pop languagelevel
1 ne
 {false setstrokeadjust false  setoverprint
  } if
 } if
 0 792 translate
 1 -1 scale
 cxy 0 get 792 cxy 1 get sub translate
� �¿�"�™�ˆ��� �Ä�¡�À�r/exy [ currentpoint ] def
exy 0 get cxy 0 get sub 648 div exy 1 get cxy 1 get sub 409 div scale
18 -600 translate
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%%CreationDate: 02/14/2007  09:02:40
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%%BeginProlog
% MathWorks dictionary
/MathWorks 160 dict begin
% definition operators
/bdef {bind def} bind def
/ldef {load def} bind def
/xdef {exch def} bdef
/xstore {exch store} bdef
% operator abbreviations
/c  /clip ldef
/cc /concat ldef
/cp /closepath ldef
/gr /grestore ldef
/gs /gsave ldef
/mt /moveto ldef
/np /newpath ldef
/cm /currentmatrix ldef
/sm /setmatrix ldef
/rm /rmoveto ldef
/rl /rlineto ldef
/s {show newpath} bdef
/sc {setcmykcolor} bdef
/sr /setrgbcolor ldef
/sg /setgray ldef
/w /setlinewidth ldef
/j /setlinejoin ldef
/cap /setlinecap ldef
/rc {rectclip} bdef
/rf {rectfill} bdef
% page state control
/pgsv () def
/bpage {/pgsv save def} bdef
/epage {pgsv restore} bdef
/bplot /gsave ldef
/eplot {stroke grestore} bdef
% orientation switch
/portraitMode 0 def /landscapeMode 1 def /rotateMode 2 def
% coordinate system mappings
/dpi2point 0 def
% font control
/FontSize 0 def
/FMS {/FontSize xstore findfont [FontSize 0 0 FontSize neg 0 0]
  makefont setfont} bdef
/reencode {exch dup where {pop load} {pop StandardEncoding} ifelse
  exch dup 3 1 roll findfont dup length dict begin
  { 1 index /FID ne {def}{pop pop} ifelse } forall
  /Encoding exch def currentdict end definefont pop} bdef
/isroman {findfont /CharStrings get /Agrave known} bdef
/FMSR {3 1 roll 1 index dup isroman {reencode} {pop pop} ifelse
  exch FMS} bdef
/csm {1 dpi2point div -1 dpi2point div scale neg translate
 dup landscapeMode eq {pop -90 rotate}
  {rotateMode eq {90 rotate} if} ifelse} bdef
% line types: solid, dotted, dashed, dotdash
/SO { [] 0 setdash } bdef
/DO { [.5 dpi2point mul 4 dpi2point mul] 0 setdash } bdef
/DA { [6 dpi2point mul] 0 setdash } bdef
/DD { [.5 dpi2point mul 4 dpi2point mul 6 dpi2point mul 4
  dpi2point mul] 0 setdash } bdef
% macros for lines and objects
/L {lineto stroke} bdef
/MP {3 1 roll moveto 1 sub {rlineto} repeat} bdef
/AP {{rlineto} repeat} bdef
/PDlw -1 def
/W {/PDlw currentlinewidth def setlinewidth} def
/PP {closepath eofill} bdef
/DP {closepath stroke} bdef
/MR {4 -2 roll moveto dup  0 exch rlineto exch 0 rlineto
  neg 0 exch rlineto closepath} bdef
/FR {MR stroke} bdef
/PR {MR fill} bdef
/L1i {{currentfile picstr readhexstring pop} image} bdef
/tMatrix matrix def
/MakeOval {newpath tMatrix currentmatrix pop translate scale
0 0 1 0 360 arc tMatrix setmatrix} bdef
/FO {MakeOval stroke} bdef
/PO {MakeOval fill} bdef
/PD {currentlinewidth 2 div 0 360 arc fill
   PDlw -1 eq not {PDlw w /PDlw -1 def} if} def
/FA {newpath tMatrix currentmatrix pop translate scale
  0 0 1 5 -2 roll arc tMatrix setmatrix stroke} bdef
/PA {newpath tMatrix currentmatrix pop	translate 0 0 moveto scale
  0 0 1 5 -2 roll arc closepath tMatrix setmatrix fill} bdef
/FAn {newpath tMatrix currentmatrix pop translate scale
  0 0 1 5 -2 roll arcn tMatrix setmatrix stroke} bdef
/PAn {newpath tMatrix currentmatrix pop translate 0 0 moveto scale
  0 0 1 5 -2 roll arcn closepath tMatrix setmatrix fill} bdef
/vradius 0 def /hradius 0 def /lry 0 def
/lrx 0 def /uly 0 def /ulx 0 def /rad 0 def
/MRR {/vradius xdef /hradius xdef /lry xdef /lrx xdef /uly xdef
  /ulx xdef newpath tMatrix currentmatrix pop ulx hradius add uly
  vradius add translate hradius vradius scale 0 0 1 180 270 arc 
  tMatrix setmatrix lrx hradius sub uly vradius add translate
  hradius vradius scale 0 0 1 270 360 arc tMatrix setmatrix
  lrx hradius sub lry vradius sub translate hradius vradius scale
  0 0 1 0 90 arc tMatrix setmatrix ulx hradius add lry vradius sub
  translate hradius vradius scale 0 0 1 90 180 arc tMatrix setmatrix
  closepath} bdef
/FRR {MRR stroke } bdef
/PRR {MRR fill } bdef
/MlrRR {/lry xdef /lrx xdef /uly xdef /ulx xdef /rad lry uly sub 2 div def
  newpath tMatrix currentmatrix pop ulx rad add u�¡�À�Ðly rad add translate
  rad rad scale 0 0 1 90 270 arc tMatrix setmatrix lrx rad sub lry rad
  sub translate rad rad scale 0 0 1 270 90 arc tMatrix setmatrix
  closepath} bdef
/FlrRR {MlrRR stroke } bdef
/PlrRR {MlrRR fill } bdef
/MtbRR {/lry xdef /lrx xdef /uly xdef /ulx xdef /rad lrx ulx sub 2 div def
  newpath tMatrix currentmatrix pop ulx rad add uly rad add translate
  rad rad scale 0 0 1 180 360 arc tMatrix setmatrix lrx rad sub lry rad
  sub translate rad rad scale 0 0 1 0 180 arc tMatrix setmatrix
  closepath} bdef
/FtbRR {MtbRR stroke } bdef
/PtbRR {MtbRR fill } bdef
/stri 6 array def /dtri 6 array def
/smat 6 array def /dmat 6 array def
/tmat1 6 array def /tmat2 6 array def /dif 3 array def
/asub {/ind2 exch def /ind1 exch def dup dup
  ind1 get exch ind2 get sub exch } bdef
/tri_to_matrix {
  2 0 asub 3 1 asub 4 0 asub 5 1 asub
  dup 0 get exch 1 get 7 -1 roll astore } bdef
/compute_transform {
  dmat dtri tri_to_matrix tmat1 invertmatrix 
  smat stri tri_to_matrix tmat2 concatmatrix } bdef
/ds {stri astore pop} bdef
/dt {dtri astore pop} bdef
/db {2 copy /cols xdef /rows xdef mul dup 3 mul string
  currentfile 
  3 index 0 eq {/ASCIIHexDecode filter}
  {/ASCII85Decode filter 3 index 2 eq {/RunLengthDecode filter} if }
  ifelse exch readstring pop
  dup 0 3 index getinterval /rbmap xdef
  dup 2 index dup getinterval /gbmap xdef
  1 index dup 2 mul exch getinterval /bbmap xdef pop pop}bdef
/it {gs np dtri aload pop moveto lineto lineto cp c
  cols rows 8 compute_transform 
  rbmap gbmap bbmap true 3 colorimage gr}bdef
/il {newpath moveto lineto stroke}bdef
currentdict end def
%%EndProlog

%%BeginSetup
MathWorks begin

0 cap

end
%%EndSetup

%%Page: 1 1
%%BeginPageSetup
%%PageBoundingBox:   -18   191   630   600
MathWorks begin
bpage
%%EndPageSetup

%%BeginObject: obj1
bplot

/dpi2point 2.08333 def
portraitMode -0037 1250 csm

    0     0  1351   851 rc
85 dict begin %Colortable dictionary
/c0 { 0.000000 0.000000 0.000000 sr} bdef
/c1 { 1.000000 1.000000 1.000000 sr} bdef
/c2 { 0.900000 0.000000 0.000000 sr} bdef
/c3 { 0.000000 0.820000 0.000000 sr} bdef
/c4 { 0.000000 0.000000 0.800000 sr} bdef
/c5 { 0.910000 0.820000 0.320000 sr} bdef
/c6 { 1.000000 0.260000 0.820000 sr} bdef
/c7 { 0.000000 0.820000 0.820000 sr} bdef
c0
1 j
1 sg
   0    0 1352  852 rf
1.04167 w
0 183 452 0 0 -183 176 247 4 MP
PP
-452 0 0 183 452 0 0 -183 176 247 5 MP stroke
0.694444 w
DO
0 sg
 176  247 mt  176   64 L
 176   64 mt  176   64 L
 296  247 mt  296   64 L
 296   64 mt  296   64 L
 416  247 mt  416   64 L
 416   64 mt  416   64 L
 536  247 mt  536   64 L
 536   64 mt  536   64 L
 176  216 mt  628  216 L
 628  216 mt  628  216 L
 176  155 mt  628  155 L
 628  155 mt  628  155 L
 176   94 mt  628   94 L
 628   94 mt  628   94 L
SO
1.04167 w
 176  247 mt  628  247 L
 176   64 mt  628   64 L
 176  247 mt  176   64 L
 628  247 mt  628   64 L
 176  247 mt  628  247 L
 176  247 mt  176   64 L
 176  247 mt  176  242 L
 176   64 mt  176   68 L
%%IncludeResource: font Helvetica
/Helvetica /ISOLatin1Encoding 25 FMSR

 170  276 mt 
(0) s
 296  247 mt  296  242 L
 296   64 mt  296   68 L
 290  276 mt 
(5) s
 416  247 mt  416  242 L
 416   64 mt  416   68 L
 403  276 mt 
(10) s
 536  247 mt  536  242 L
 536   64 mt  536   68 L
 523  276 mt 
(15) s
 176  216 mt  180  216 L
 628  216 mt  623  216 L
 142  225 mt 
(-1) s
 176  155 mt  180  155 L
 628  155 mt  623  155 L
 157  164 mt 
(0) s
 176   94 mt  180   94 L
 628   94 mt  623   94 L
 157  103 mt 
(1) s
 176  247 mt  628  247 L
 176   64 mt  628   64 L
 176  247 mt  176   64 L
 628  247 mt  628   64 L
gs 176 64 453 184 rc
/c8 { 0.000000 0.000000 1.000000 sr} bdef
c8
3 -6 2 -6 3 -6 2 -6 3 -5 2 -5 2 -5 3 -4 
2 -4 3 -3 2 -3 2 -2 3 -2 2 -1 3 0 2 0 
2 1 3 1 2 2 3 3 2 3 2 4 3 4 2 4 
3 5 2 5 2 6 3 5 2 6 3 6 2 6 2 7 
3 6 2 5 3 6 2 6 2 5 3 5 2 4 3 4 
2 4 2 3 3 2 2 2 3 1 2 1 2 0 3 -1 
2 -1 3 -1 2 -3 3 -3 2 -3 2 -4 3 -4 2 -5 
3 -5 2 -5 2 -6 3 -6 2 -6 3 -6 2 -6 2 -6 
3 -6 2 -6 3 -5 2 -6 2 -5 3 -4 2 -4 3 -4 
2 -3 2 -3 3 -2 2 -2 3 -1 2 0 2 0 3 1 
2 2 3 2 2 2 2 4 3�¡�À�Ð 3 2 4 3 5 2 5 
2 5 3 6 2 5 3 6 2 6 2 7 3 6 2 6 
3 5 2 6 3 6 2 5 2 4 3 5 2 4 3 3 
2 3 2 2 3 2 2 1 3 1 2 0 2 -1 3 -1 
2 -2 3 -2 2 -3 2 -4 3 -4 2 -4 3 -5 2 -5 
2 -5 3 -6 2 -6 3 -6 2 -6 2 -6 3 -6 2 -6 
3 -6 2 -5 2 -6 3 -5 2 -4 3 -4 2 -4 2 -3 
3 -2 2 -2 3 -2 2 -1 2 0 3 0 2 1 3 2 
2 2 3 3 2 3 2 4 3 4 2 5 3 5 2 5 
2 6 3 5 2 6 3 6 2 7 2 6 3 6 2 5 
3 6 2 5 2 6 3 4 2 4 3 4 2 4 2 2 
3 3 2 1 3 1 2 1 2 0 3 -1 2 -1 3 -2 
2 -3 2 -3 3 -3 2 -4 3 -5 2 -5 2 -5 3 -5 
2 -6 3 -6 2 -6 2 -6 176 155 189 MP stroke
gr

c8
/c9 { 1.000000 0.000000 0.000000 sr} bdef
c9
   6    6  176  155 FO
   6    6  195  111 FO
   6    6  214   94 FO
   6    6  233  114 FO
   6    6  252  159 FO
   6    6  272  201 FO
   6    6  291  216 FO
   6    6  310  194 FO
   6    6  329  148 FO
   6    6  349  107 FO
   6    6  368   95 FO
   6    6  387  119 FO
   6    6  406  166 FO
   6    6  426  205 FO
   6    6  445  215 FO
   6    6  464  188 FO
   6    6  483  141 FO
   6    6  502  103 FO
   6    6  522   96 FO
   6    6  541  125 FO
   6    6  560  173 FO
   6    6  579  209 FO
   6    6  599  213 FO
   6    6  618  182 FO
gs 176 64 453 184 rc
gr

0 sg
 167   46 mt 
(Sine wave with large step size for samples) s
1 sg
0 183 452 0 0 -183 771 247 4 MP
PP
-452 0 0 183 452 0 0 -183 771 247 5 MP stroke
0.694444 w
DO
0 sg
 771  247 mt  771   64 L
 771   64 mt  771   64 L
 891  247 mt  891   64 L
 891   64 mt  891   64 L
1011  247 mt 1011   64 L
1011   64 mt 1011   64 L
1131  247 mt 1131   64 L
1131   64 mt 1131   64 L
 771  216 mt 1223  216 L
1223  216 mt 1223  216 L
 771  155 mt 1223  155 L
1223  155 mt 1223  155 L
 771   94 mt 1223   94 L
1223   94 mt 1223   94 L
SO
1.04167 w
 771  247 mt 1223  247 L
 771   64 mt 1223   64 L
 771  247 mt  771   64 L
1223  247 mt 1223   64 L
 771  247 mt 1223  247 L
 771  247 mt  771   64 L
 771  247 mt  771  242 L
 771   64 mt  771   68 L
 765  276 mt 
(0) s
 891  247 mt  891  242 L
 891   64 mt  891   68 L
 885  276 mt 
(5) s
1011  247 mt 1011  242 L
1011   64 mt 1011   68 L
 998  276 mt 
(10) s
1131  247 mt 1131  242 L
1131   64 mt 1131   68 L
1118  276 mt 
(15) s
 771  216 mt  775  216 L
1223  216 mt 1218  216 L
 737  225 mt 
(-1) s
 771  155 mt  775  155 L
1223  155 mt 1218  155 L
 752  164 mt 
(0) s
 771   94 mt  775   94 L
1223   94 mt 1218   94 L
 752  103 mt 
(1) s
 771  247 mt 1223  247 L
 771   64 mt 1223   64 L
 771  247 mt  771   64 L
1223  247 mt 1223   64 L
gs 771 64 453 184 rc
c8
3 -31 2 4 2 36 3 48 2 29 3 -7 2 -38 2 -47 
3 -27 2 10 3 39 2 47 2 24 3 -12 2 -41 3 -46 
2 -22 2 15 3 42 2 45 3 20 2 -17 2 -44 771 155 24 MP stroke
gr

c8
0 sg
 751   46 mt 
(Sine wave built from large step size samples) s
1 sg
0 168 452 0 0 -168 176 502 4 MP
PP
-452 0 0 168 452 0 0 -168 176 502 5 MP stroke
0.694444 w
DO
0 sg
 176  502 mt  176  334 L
 176  334 mt  176  334 L
 296  502 mt  296  334 L
 296  334 mt  296  334 L
 416  502 mt  416  334 L
 416  334 mt  416  334 L
 536  502 mt  536  334 L
 536  334 mt  536  334 L
 176  474 mt  628  474 L
 628  474 mt  628  474 L
 176  418 mt  628  418 L
 628  418 mt  628  418 L
 176  362 mt  628  362 L
 628  362 mt  628  362 L
SO
1.04167 w
 176  502 mt  628  502 L
 176  334 mt  628  334 L
 176  502 mt  176  334 L
 628  502 mt  628  334 L
 176  502 mt  628  502 L
 176  502 mt  176  334 L
 176  502 mt  176  497 L
 176  334 mt  176  338 L
 170  531 mt 
(0) s
 296  502 mt  296  497 L
 296  334 mt  296  338 L
 290  531 mt 
(5) s
 416  502 mt  416  497 L
 416  334 mt  416  338 L
 403  531 mt 
(10) s
 536  502 mt  536  497 L
 536  334 mt  536  338 L
 523  531 mt 
(15) s
 176  474 mt  180  474 L
 628  474 mt  623  474 L
 142  483 mt 
(-1) s
 176  418 mt  180  418 L
 628  418 mt  623  418 L
 157  427 mt 
(0) s
 176  362 mt  180  362 L
 628  362 mt  623  362 L
 157  371 mt 
(1) s
 176  502 mt  628  502 L
 176  334 mt  628  334 L
 176  502 mt  176  334 L
 628  502 mt  628  334 L
gs 176 334 453 169 rc
c8
3 -6 2 -5 3 -6 2 -5 3 -5 2 -4 2 -5 3 -4 
2 -3 3 -3 2 -3 2 -2 3 -1 2 -1 3 0 2 0 
2 0 3 2 2 1 3 3 2 3 2 3 3 4 2 4 
3 4 2 5 2 5 3 5 2 6 3 5 2 6 2 6 
3 5 2 5 3 6 2 5 2 4�¡�À�Ð 3 5 2 4 3 4 
2 3 2 3 3 2 2 2 3 1 2 0 2 0 3 0 
2 -1 3 -2 2 -2 3 -2 2 -3 2 -4 3 -4 2 -4 
3 -5 2 -5 2 -5 3 -6 2 -5 3 -6 2 -5 2 -6 
3 -5 2 -6 3 -5 2 -5 2 -4 3 -4 2 -4 3 -4 
2 -3 2 -2 3 -2 2 -1 3 -1 2 0 2 0 3 1 
2 1 3 2 2 2 2 3 3 4 2 3 3 4 2 5 
2 5 3 5 2 5 3 6 2 5 2 6 3 5 2 6 
3 5 2 6 3 5 2 4 2 5 3 4 2 3 3 3 
2 3 2 2 3 2 2 1 3 0 2 0 2 0 3 -1 
2 -2 3 -2 2 -3 2 -3 3 -4 2 -4 3 -4 2 -5 
2 -5 3 -5 2 -5 3 -6 2 -6 2 -5 3 -6 2 -5 
3 -5 2 -6 2 -4 3 -5 2 -4 3 -4 2 -3 2 -3 
3 -2 2 -2 3 -2 2 0 2 0 3 0 2 1 3 1 
2 2 3 3 2 3 2 3 3 4 2 4 3 5 2 5 
2 5 3 5 2 6 3 5 2 6 2 5 3 6 2 5 
3 5 2 5 2 5 3 4 2 4 3 4 2 3 2 2 
3 2 2 2 3 1 2 0 2 0 3 0 2 -2 3 -1 
2 -3 2 -2 3 -4 2 -3 3 -4 2 -5 2 -5 3 -5 
2 -5 3 -5 2 -6 2 -6 176 418 189 MP stroke
gr

c8
c9
   6    6  176  418 FO
   6    6  183  401 FO
   6    6  190  386 FO
   6    6  197  374 FO
   6    6  204  365 FO
   6    6  212  362 FO
   6    6  219  363 FO
   6    6  226  369 FO
   6    6  233  380 FO
   6    6  240  394 FO
   6    6  248  410 FO
   6    6  255  426 FO
   6    6  262  442 FO
   6    6  269  456 FO
   6    6  276  466 FO
   6    6  284  472 FO
   6    6  291  473 FO
   6    6  298  469 FO
   6    6  305  461 FO
   6    6  313  448 FO
   6    6  320  433 FO
   6    6  327  417 FO
   6    6  334  400 FO
   6    6  341  385 FO
   6    6  349  373 FO
   6    6  356  365 FO
   6    6  363  362 FO
   6    6  370  363 FO
   6    6  377  370 FO
   6    6  385  380 FO
   6    6  392  394 FO
   6    6  399  411 FO
   6    6  406  427 FO
   6    6  414  443 FO
   6    6  421  457 FO
   6    6  428  467 FO
   6    6  435  472 FO
   6    6  442  473 FO
   6    6  450  469 FO
   6    6  457  460 FO
   6    6  464  448 FO
   6    6  471  432 FO
   6    6  478  416 FO
   6    6  486  399 FO
   6    6  493  384 FO
   6    6  500  372 FO
   6    6  507  365 FO
   6    6  515  362 FO
   6    6  522  363 FO
   6    6  529  370 FO
   6    6  536  381 FO
   6    6  543  395 FO
   6    6  551  411 FO
   6    6  558  428 FO
   6    6  565  444 FO
   6    6  572  457 FO
   6    6  579  467 FO
   6    6  587  473 FO
   6    6  594  473 FO
   6    6  601  469 FO
   6    6  608  460 FO
   6    6  615  447 FO
   6    6  623  431 FO
gs 176 334 453 169 rc
gr

0 sg
 154  316 mt 
(Sine wave with smaller step size for samples) s
1 sg
0 168 452 0 0 -168 771 502 4 MP
PP
-452 0 0 168 452 0 0 -168 771 502 5 MP stroke
0.694444 w
DO
0 sg
 771  502 mt  771  334 L
 771  334 mt  771  334 L
 891  502 mt  891  334 L
 891  334 mt  891  334 L
1011  502 mt 1011  334 L
1011  334 mt 1011  334 L
1131  502 mt 1131  334 L
1131  334 mt 1131  334 L
 771  474 mt 1223  474 L
1223  474 mt 1223  474 L
 771  418 mt 1223  418 L
1223  418 mt 1223  418 L
 771  362 mt 1223  362 L
1223  362 mt 1223  362 L
SO
1.04167 w
 771  502 mt 1223  502 L
 771  334 mt 1223  334 L
 771  502 mt  771  334 L
1223  502 mt 1223  334 L
 771  502 mt 1223  502 L
 771  502 mt  771  334 L
 771  502 mt  771  497 L
 771  334 mt  771  338 L
 765  531 mt 
(0) s
 891  502 mt  891  497 L
 891  334 mt  891  338 L
 885  531 mt 
(5) s
1011  502 mt 1011  497 L
1011  334 mt 1011  338 L
 998  531 mt 
(10) s
1131  502 mt 1131  497 L
1131  334 mt 1131  338 L
1118  531 mt 
(15) s
 771  474 mt  775  474 L
1223  474 mt 1218  474 L
 737  483 mt 
(-1) s
 771  418 mt  775  418 L
1223  418 mt 1218  418 L
 752  427 mt 
(0) s
 771  362 mt  775  362 L
1223  362 mt 1218  362 L
 752  371 mt 
(1) s
 771  502 mt 1223  502 L
 771  334 mt 1223  334 L
 771  502 mt  771  334 L
1223  502 mt 1223  334 L
gs 771 334 453 169 rc
c8
3 -16 2 -13 3 -9 2 -4 2 0 3 6 2 10 3 13 
2 16 2 17 3 16 2 14 3 11 2 7 2 1 3 -3 
2 -7 3 -12 2 -15 3 -17 2 -16 2 -16 3 -12 2 -9 
3 -4 2 1 2 5 3 10 2 14 3 16 2 16 2 17 
3 14 2 10 3 7 2 1 2 -3 3 -8 2 -12 3 -15 
2 -17 2 -16 3 -15 2 -13 3 -8 2 -4 2 1 3 6 
2 10 3 14 2 16 2 16 3 16 2 14 3 11 2 6 
2 1 3 -3 2 -9 3 -12 2 -15 2 -17 771 418 63 MP stroke
gr

c8
0 sg
 738  316 mt 
(Sine wave built from smaller step size samples) s
1 sg
0 168 452 0 0 -168 176 757 4 MP
PP
-452 0 0 168 452 0 0 -168 176 757 5 MP stroke
0.694444 w
DO
0 sg
 176  757 mt  176�¡�À�Ð  589 L
 176  589 mt  176  589 L
 296  757 mt  296  589 L
 296  589 mt  296  589 L
 416  757 mt  416  589 L
 416  589 mt  416  589 L
 536  757 mt  536  589 L
 536  589 mt  536  589 L
 176  729 mt  628  729 L
 628  729 mt  628  729 L
 176  673 mt  628  673 L
 628  673 mt  628  673 L
 176  617 mt  628  617 L
 628  617 mt  628  617 L
SO
1.04167 w
 176  757 mt  628  757 L
 176  589 mt  628  589 L
 176  757 mt  176  589 L
 628  757 mt  628  589 L
 176  757 mt  628  757 L
 176  757 mt  176  589 L
 176  757 mt  176  752 L
 176  589 mt  176  593 L
 170  786 mt 
(0) s
 296  757 mt  296  752 L
 296  589 mt  296  593 L
 290  786 mt 
(5) s
 416  757 mt  416  752 L
 416  589 mt  416  593 L
 403  786 mt 
(10) s
 536  757 mt  536  752 L
 536  589 mt  536  593 L
 523  786 mt 
(15) s
 176  729 mt  180  729 L
 628  729 mt  623  729 L
 142  738 mt 
(-1) s
 176  673 mt  180  673 L
 628  673 mt  623  673 L
 157  682 mt 
(0) s
 176  617 mt  180  617 L
 628  617 mt  623  617 L
 157  626 mt 
(1) s
 176  757 mt  628  757 L
 176  589 mt  628  589 L
 176  757 mt  176  589 L
 628  757 mt  628  589 L
gs 176 589 453 169 rc
c8
3 -6 2 -5 3 -6 2 -5 3 -5 2 -4 2 -5 3 -4 
2 -3 3 -3 2 -3 2 -2 3 -1 2 -1 3 0 2 0 
2 0 3 2 2 1 3 3 2 3 2 3 3 4 2 4 
3 4 2 5 2 5 3 5 2 6 3 5 2 6 2 6 
3 5 2 5 3 6 2 5 2 4 3 5 2 4 3 4 
2 3 2 3 3 2 2 2 3 1 2 0 2 0 3 0 
2 -1 3 -2 2 -2 3 -2 2 -3 2 -4 3 -4 2 -4 
3 -5 2 -5 2 -5 3 -6 2 -5 3 -6 2 -5 2 -6 
3 -5 2 -6 3 -5 2 -5 2 -4 3 -4 2 -4 3 -4 
2 -3 2 -2 3 -2 2 -1 3 -1 2 0 2 0 3 1 
2 1 3 2 2 2 2 3 3 4 2 3 3 4 2 5 
2 5 3 5 2 5 3 6 2 5 2 6 3 5 2 6 
3 5 2 6 3 5 2 4 2 5 3 4 2 3 3 3 
2 3 2 2 3 2 2 1 3 0 2 0 2 0 3 -1 
2 -2 3 -2 2 -3 2 -3 3 -4 2 -4 3 -4 2 -5 
2 -5 3 -5 2 -5 3 -6 2 -6 2 -5 3 -6 2 -5 
3 -5 2 -6 2 -4 3 -5 2 -4 3 -4 2 -3 2 -3 
3 -2 2 -2 3 -2 2 0 2 0 3 0 2 1 3 1 
2 2 3 3 2 3 2 3 3 4 2 4 3 5 2 5 
2 5 3 5 2 6 3 5 2 6 2 5 3 6 2 5 
3 5 2 5 2 5 3 4 2 4 3 4 2 3 2 2 
3 2 2 2 3 1 2 0 2 0 3 0 2 -2 3 -1 
2 -3 2 -2 3 -4 2 -3 3 -4 2 -5 2 -5 3 -5 
2 -5 3 -5 2 -6 2 -6 176 673 189 MP stroke
gr

c8
gs 162 603 254 140 rc
c9
   6    6  176  673 FO
   6    6  178  667 FO
   6    6  180  661 FO
   6    6  183  656 FO
   6    6  185  651 FO
   6    6  188  646 FO
   6    6  190  641 FO
   6    6  192  636 FO
   6    6  195  632 FO
   6    6  197  629 FO
   6    6  200  625 FO
   6    6  202  623 FO
   6    6  204  620 FO
   6    6  207  619 FO
   6    6  209  617 FO
   6    6  212  617 FO
   6    6  214  617 FO
   6    6  216  617 FO
   6    6  219  618 FO
   6    6  221  620 FO
   6    6  224  622 FO
   6    6  226  624 FO
   6    6  228  627 FO
   6    6  231  631 FO
   6    6  233  635 FO
   6    6  236  639 FO
   6    6  238  644 FO
   6    6  240  649 FO
   6    6  243  654 FO
   6    6  245  659 FO
   6    6  248  665 FO
   6    6  250  670 FO
   6    6  252  676 FO
   6    6  255  681 FO
   6    6  257  687 FO
   6    6  260  692 FO
   6    6  262  697 FO
   6    6  264  702 FO
   6    6  267  707 FO
   6    6  269  711 FO
   6    6  272  715 FO
   6    6  274  718 FO
   6    6  276  721 FO
   6    6  279  724 FO
   6    6  281  726 FO
   6    6  284  727 FO
   6    6  286  728 FO
   6    6  289  728 FO
   6    6  291  728 FO
   6    6  293  728 FO
   6    6  296  726 FO
   6    6  298  724 FO
   6    6  301  722 FO
   6    6  303  719 FO
   6    6  305  716 FO
   6    6  308  712 FO
   6    6  310  708 FO
   6    6  313  703 FO
   6    6  315  699 FO
   6    6  317  693 FO
   6    6  320  688 FO
   6    6  322  683 FO
   6    6  325  677 FO
   6    6  327  672 FO
   6    6  329  666 FO
   6    6  332  660 FO
   6    6  334  655 FO
   6    6  337  650 FO
   6    6  339  645 FO
   6    6  341  640 FO
   6    6  344  636 FO
   6    6  346  632 FO
   6    6  349  628 FO
   6    6  351  625 FO
   6    6  353  622 FO
   6    6  356  620 FO
   6    6  358  618 FO
   6    6  361  617 FO
   6    6  363  617 FO
   6    6  365  617 FO
   6    6  368  617 FO
   6    6  370  618 FO
   6    6  373  620 FO
   6    6  375  622 FO
   6    6  377  625 FO
   6    6  380  628 FO
   6    6  382  631 FO
   6    6  385  635�¡�À	Ç FO
   6    6  387  640 FO
   6    6  389  644 FO
   6    6  392  649 FO
   6    6  394  655 FO
   6    6  397  660 FO
   6    6  399  666 FO
   6    6  402  671 FO
gr

c9
gs 176 589 453 169 rc
gr

0 sg
 132  571 mt 
(Sine wave with really small step size for samples) s
1 sg
0 168 452 0 0 -168 771 757 4 MP
PP
-452 0 0 168 452 0 0 -168 771 757 5 MP stroke
0.694444 w
DO
0 sg
 771  757 mt  771  589 L
 771  589 mt  771  589 L
 891  757 mt  891  589 L
 891  589 mt  891  589 L
1011  757 mt 1011  589 L
1011  589 mt 1011  589 L
1131  757 mt 1131  589 L
1131  589 mt 1131  589 L
 771  729 mt 1223  729 L
1223  729 mt 1223  729 L
 771  673 mt 1223  673 L
1223  673 mt 1223  673 L
 771  617 mt 1223  617 L
1223  617 mt 1223  617 L
SO
1.04167 w
 771  757 mt 1223  757 L
 771  589 mt 1223  589 L
 771  757 mt  771  589 L
1223  757 mt 1223  589 L
 771  757 mt 1223  757 L
 771  757 mt  771  589 L
 771  757 mt  771  752 L
 771  589 mt  771  593 L
 765  786 mt 
(0) s
 891  757 mt  891  752 L
 891  589 mt  891  593 L
 885  786 mt 
(5) s
1011  757 mt 1011  752 L
1011  589 mt 1011  593 L
 998  786 mt 
(10) s
1131  757 mt 1131  752 L
1131  589 mt 1131  593 L
1118  786 mt 
(15) s
 771  729 mt  775  729 L
1223  729 mt 1218  729 L
 737  738 mt 
(-1) s
 771  673 mt  775  673 L
1223  673 mt 1218  673 L
 752  682 mt 
(0) s
 771  617 mt  775  617 L
1223  617 mt 1218  617 L
 752  626 mt 
(1) s
 771  757 mt 1223  757 L
 771  589 mt 1223  589 L
 771  757 mt  771  589 L
1223  757 mt 1223  589 L
gs 771 589 453 169 rc
c8
3 0 2 5 3 0 2 6 3 0 2 5 2 0 3 6 
2 0 3 5 2 0 2 4 3 0 2 5 3 0 2 4 
2 0 3 3 2 0 3 3 2 0 2 3 3 0 2 2 
3 0 2 2 2 0 3 1 2 0 3 0 2 0 2 0 
3 0 2 0 3 0 2 -1 2 0 3 -2 2 0 3 -2 
2 0 2 -3 3 0 2 -3 3 0 2 -4 2 0 3 -4 
2 0 3 -4 2 0 3 -5 2 0 2 -5 3 0 2 -5 
3 0 2 -5 2 0 3 -6 2 0 3 -6 2 0 2 -5 
3 0 2 -6 3 0 2 -5 2 0 3 -5 2 0 3 -6 
2 0 2 -4 3 0 2 -5 3 0 2 -4 2 0 3 -4 
2 0 3 -3 2 0 2 -3 3 0 2 -2 3 0 2 -2 
2 0 3 -2 2 0 3 0 2 0 2 0 3 0 2 0 
3 0 2 1 3 0 2 1 2 0 3 2 2 0 3 3 
2 0 2 3 3 0 2 3 3 0 2 4 2 0 3 4 
2 0 3 5 2 0 2 5 3 0 2 5 3 0 2 5 
2 0 3 6 2 0 3 5 2 0 2 6 3 0 2 5 
3 0 2 6 2 0 3 5 2 0 3 5 2 0 2 5 
3 0 2 5 3 0 2 4 2 0 3 4 2 0 3 4 
2 0 3 3 2 0 2 2 3 0 2 2 3 0 2 2 
2 0 3 1 2 0 3 0 2 0 2 0 3 0 2 0 
3 0 2 -2 2 0 3 -1 2 0 3 -3 2 0 2 -2 
3 0 2 -4 3 0 2 -3 2 0 3 -4 2 0 3 -5 
2 0 2 -5 3 0 2 -5 3 0 2 -5 2 0 3 -5 
2 0 3 -6 2 0 2 -6 771 673 189 MP stroke
gr

c8
0 sg
 716  571 mt 
(Sine wave built from really small step size samples) s

end %%Color Dict

eplot
%%EndObject

epage
end

showpage

%%Trailer
%%EOF
��¡�À�icount op_count sub {pop} repeat
countdictstack dict_count sub {end} repeat
Access_Softek_context restore
�� �¿�ÿ


Now the hard part is that the song_rom specifies a note, not a frequency. Somewhere we have to convert each note into a frequency and then into a step size for our particular sine wave. This is done for you in the provided excel spreadsheet, and it is exactly this calculation (and the knowledge of the frequency of middle C) that is used to generate the frequency_rom. So all you have to do is take the note and look up the step size in the frequency_rom. Then you walk through the sine_rom by this step size and output the samples. The only tricky part is to remember that you only have a quarter sine wave.
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