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Minuet: 
Symphony #18, K. 130

W.A. Mozart


1772
Coda:

Hey, Jude 



J. Lennon & P. McCartney
1968
[image: image1.jpg]


Final Result
The Genesis of this orchestra stemmed from a rather interesting discovery I made about a chord progression in an early Mozart symphony. There was a phrase in the Minuet of Symphony #18 which caught my ear, and seemed unlike the harmonic progressions I associated with Mozart. It had a modal flavor, and when I analyzed it, I found it to be identical to the coda of The Beatle’s Hey Jude! 

The Lennon & McCartney song, in the key of F, ends with an extended repetition of the following chords: F, Eb, Bb, F. Mozart would never progress from the tonic chord to the major chord of the flat seventh, so how could this possibly be? Well, Mozart was able to use this sequence of chords in a way which was acceptable in classical music by having them appear not as the tonic going to the flat seventh, but as the dominant going to the subdominant. Thus he created the same relationship of chords, but within a different tonal center. Keeping the excerpts in the same tonality for a moment, this would make F the dominant in Bb, Eb the subdominant, Bb the tonic, and F the dominant. 
When I realized the two chord progressions were identical, I thought it would be interesting to use the pvoc opcodes of Csound to combine these long lost twins into a single musical piece.
I first looped the 4 measures of the Minuet, and recorded a length of 156 seconds of the progression. Then I trimmed the progression from Hey Jude, so that it was the same length. After converting both samples from stereo to mono with Sound Forge, I used pvanal to generate two .pvc files.

I tried several frame sizes and window factors for my samples, and I found that a frame size of 8192 with a window factor of 8 sounded best for the Minuet, and a frame size of 2048 with a window size of 8 sounded best for Hey Jude. This created enormous .pvc files of over 400 Mb for the 156 second samples, but I thought this would be a good test to find out how much my computer and Csound could handle. Windows XP Professional required more virtual memory, (I have an AMD Athlon 1.11Ghz processor and 512 Mb of RAM), and the score took over an hour to render, but those were the only inconveniences I encountered.
My first process was to put both pieces in the same key. Both pieces are in F, but the Minuet progression starts on the dominant, so the excerpt is a 4th below. Rather than move the Minuet up a perfect 4th, and leave Hey Jude in F, I decided to move the Minuet up a whole step to D, and bring Hey Jude down a step and a half to D. 

;+++Mozart 

ifmod     
= 

cpspch(8.00)/cpspch(7.10) ;up 2 half steps to D
;+++Hey Jude
ifmod     
=

cpspch(8.00)/cpspch(8.03) ;down 3 half steps to D

The timing factor was the biggest problem, and I had to do some tricks to get the excerpts synced. The Minuet is in 3/4, and Hey Jude is in 4/4, so the piece is poly-rhythmic. This section of the Minuet has little rhythmic variety, however, composed primarily of dotted half notes, and a half note and a quarter note in the last measure. A more rhythmically interesting Minuet, such as the Minuet from Mozart’s Symphony #40, would have created a more obvious poly-rhythm.

I used a calculator and a metronome to determine the time of one measure of each composition, and I entered the proportional numbers in the orchestra lines to reflect those changes. As I did with the key, I split the difference, making the Minuet slower and Hey Jude faster. After a few minor adjustments, the tempos matched pretty well. Unfortunately, the coda of Hey Jude gets a little faster toward the middle (tempo, tempo Ringo!), so I had to find a way to use two different timings for one of the samples.


I accomplished this by fading out and fading back in the Mozart sample, which I was planning to do anyway, and using the amplitude lines to reflect the changed timing. 

;Mozart
crescendo/decrescendo

mute






kamp1
linseg
0, p3/8, .9, p3/8, .7, p3/8, .3, p3/8, 0, 
p3/8, 0, p3/8, 0, p3/8, 0, p3/8, 0 



;mute




;crescendo/decrescendo

kamp2
linseg
0, p3/8, 0, p3/8, 0, p3/8, 0, p3/8, 0, 
p3/8, 0, p3/8, .9, p3/8, .1, p3/8, 0


;Sample 156 seconds, playing slower, at 2 different speeds




;156=no change, < 156=slower, > 156=faster 

ktime1
line      
0, 156, 
89.7


ktime2
line      
0, 156, 
90.75
;slightly faster than ktime1
;Hey Jude
crescendo/decrescendo

kamp1
linseg
0, p3/5, .05, p3/5, .3, p3/5, .2, p3/5, .15, p3/5, 0

kamp2
linseg
0, p3/5, .05, p3/5, .3, p3/5, .2, p3/5, .15, p3/5, 0


;Sample 156 seconds, playing faster




;156=no change, < 156=slower, > 156=faster

ktime1
line      
0, 156, 
210

ktime2
line      
0, 156, 
210

These are the complete phase vocoder instruments.

instr     1
;Mozart Minuet

/*

W. A. Mozart

Symphony #18  K. 130

1772

Excerpt From Minuet, 4 measures looped

C Major, 3/4 Time, 126 bpm

*/
iout
=
p4



;crescendo/decrescendo

mute






kamp1  linseg
0, p3/8, .9, p3/8, .7, p3/8, .3, p3/8, 0, 
p3/8, 0, 
p3/8, 0, p3/8, 0, p3/8, 0 



;mute




crescendo/decrescendo

kamp2  linseg
0, p3/8, 0, p3/8, 0, p3/8, 0, p3/8, 0, 
p3/8, 0, 
p3/8, .9, p3/8, .1, p3/8, 0

ifmod    = 
cpspch(8.00)/cpspch(7.10) ;up 2 half steps to D


;Sample 156 seconds, playing slower, at 2 different speeds





;156=no change, < 156=slower, > 156=faster 

ktime1
line      

0, 156, 
89.7


ktime2
line      

0, 156, 
90.75
;slightly faster than ktime1

pvbufread 
ktime1, "Mozart2.pvc"
apvc
pvcross   
ktime2, ifmod, "Mozart2.pvc", kamp1, kamp2


zawm       
apvc, iout

          
endin

instr     2
;Hey Jude

/*

J. Lennnon, P. McCartney

Hey Jude
1968

Coda, 4 measures repeated

F Major, 4/4 Time, 72 bpm

*/
iout
=
p4





;crescendo/decrescendo

kamp1 

linseg

0, p3/5, .05, p3/5, .3, p3/5, .2, p3/5, .15, p3/5, 0

kamp2
 
linseg

0, p3/5, .05, p3/5, .3, p3/5, .2, p3/5, .15, p3/5, 0

ifmod     
=

cpspch(8.00)/cpspch(8.03) ;down 3 half steps to D
;Sample 156 seconds, playing faster
156=no change, < 156=slower, > 156=faster

ktime1    
line      

0, 156, 
210

ktime2    
line      

0, 156, 
210

          

pvbufread
ktime1, "Jude2.pvc"
apvc  
    
pvcross   
ktime2, ifmod, "Jude2.pvc", kamp1, kamp2

          

zawm       

apvc, iout

          endin

In understanding these instruments, and to explain why some orchestra lines are identical, it should be noted that the two phase vocoder instruments are each used here to process a single sample. Each of these instruments can be used to cross-synthesize two samples, so 2, 3, or 4 separate samples can be dealt with, making for some rather complex music. I’ve tested the orchestra with 4 samples, and it works fine, but I haven’t created any compositions employing more than 2 samples yet.
Fourier analysis is used to create .pvc files, providing an accurate picture of a sample’s audio spectrum. However, when that sample is then processed with phase vocoder opcodes, manipulating the time and the frequencies, some alteration of the original timbre is inevitable. For this reason, I sent the phase vocoder instruments through equalization and reverb instruments, before being sent to a mixer. This allowed me to boost certain frequencies, and to add more presence. The mixer provides balance for the two channels, as well as a variety of panning options.
The equalization instrument is a 5 band equalizer, using Butterworth low pass and high pass filters. The frequencies in the equalization instruments can be changed to suite the needs of any situation, by altering the values designated in the function tables of the score. (f3 for Minuet, f4 for Hey Jude)

instr   93 
;EQ: Mozart Minuet
ilg1 

=
p4
;low gain1
ilg2 

=
p5
;low gain2
img 

=      
p6
;mid gain      

ihg1 

=       
p7
;high gain1
ihg2

=
p8
;high gain2
iin

=
p9

iout

=
p10





;Vary frequencies in score table (f3)
ilc1

table
0, 3
;200 Hz


ilc2

table
1, 3
;500 Hz


ihc1

table
2, 3
;2000 Hz
ihc2

table
3, 3
;4000 Hz
asig

zar

iin

alsig1

butterlp
asig, ilc1

;low cut 1
alsig2

butterlp 
asig, ilc2
     
;low cut 2
atemp
 
butterhp 
asig, ilg2-ilc2/4

;mid range temp
amsig 

butterlp 
atemp, ihg1+ihc1/4
;mid cut
ahsig1 

butterhp 
asig, ihc1
      
;high cut 1
ahsig2 

butterhp 
asig, ihc2

;high cut 2
aout

mac

ilg1, alsig1, ilg2, alsig2, img, amsig, ihg1, ahsig1, ihg2, ahsig2




zawm

aout, iout


endin
The reverb instrument has two channels, with several variables, and discrete settings for each phase vocoder instrument.
instr 98

;REVERB




;Mozart Minuet Left, Hey Jude Right

iinL

=
p4

iinR

=
p5

ioutL

=
p6

ioutR

=
p7


irvbtimeL
=
p8

irvbtimeR
=
p9


iwetL

=
p10

idryL

=
1-p10

iwetR

=
p11

idryR

=
1-p11

ihfrollL
=
p12
;low pass filter: high frequency rolloff
ihfrollR
=
p13

ihfdiffL
=
p14
;high frequency diffusion
ihfdiffR
=
p15

asigL

zar
iinL

asigR

zar
iinR

aoutrevL
nreverb
asigL*iwetL, p8, p14

aoutrevR
nreverb
asigR*iwetR, p9, p15

aoutL

tone
aoutrevL, p12

aoutR

tone
aoutrevR, p13



zawm
(aoutL+(asigL*idryL)),ioutL



zawm
(aoutR+(asigR*idryR)), ioutR



endin
The mixer is a simple two channel mixer, input from the reverb instrument, balancing the gain of each channel. 

instr 100
;MIXER

;++CHANNEL 1
Mozart Minuet

iinL

=
p4

a1

zar
iinL
;IN
igL

init
p5
;GAIN
kpanL

linseg
.6, p3/5, .2, p3/5, 0, p3/5, .3, p3/5, .5, p3/5, .7
;PAN: 1=L, 0=R
;++CHANNEL 2
Hey Jude

iinR

=
p6

a2

zar
iinR
;IN
igR

init
p7
;GAIN
kpanR

linseg
.4, p3/5, .8, p3/5, 1, p3/5, .7, p3/5, .5, p3/5, .3
;PAN: 1=L, 0=R
aoutL

=
((igL*a1)*(kpanL))+((igL*a2)*(1-kpanL))

aoutR

=
((igR*a1)*(kpanR))+((igR*a2)*(1-kpanR))



outs
aoutL, aoutR



zacl
0, 10



endin
The entire score includes the two phase vocoder instruments, two individual equalization instruments, a two channel reverb instrument, and a two channel mixer.
i1
0
112
1
;Mozart


i2
0
112
3
;Hey Jude
;i92 EQ Mozart
lcut1
lcut2
hcut1
hcut2

f3  0  4  -2

200
500
2000
4000

;i93 EQ Hey Jude
lcut1
lcut2
hcut1
hcut2

f4 0  4  -2

300
1000
2500
7000

;MOZART EQ

;Instr
Sta
Dur    
1
2
3
4
5
IN
OUT

;p1
p2
p3
p4
p5
p6
p7
p8
p9
p10

i93
0      
112       1.5      
1.5       
2      
1.5      
.6        
1        
2

;HEY JUDE EQ

;Instr
Sta
Dur    
1
2
3
4
5
IN
OUT

;p1
p2
p3
p4
p5
p6
p7
p8
p9
p10

i94
0      
112      
1        
3       
3      
2.5      
.3        
3        
4

;REVERB: MOZART=L, HEY JUDE=R

;instr
sta   dur   inL
 inR
outL
outR
rvbL
rvbR
wetL
wetR
rollL
rollR
diffL
diffR

;p1
p2   p3     p4
 p5
p6
p7
p8
p9
p10
p11
p12
p13
p14
p15

i98
0     112   2
 4
5
6
.5
.5
.2
.2
2500
3000
.4
.6

;MIXER
  
|CH 1


|CH 2         

;In/Gain        

i
g
i
g
      

;p1
p2
p3
p4  
p5  
p6  
p7  
  

;instr
sta 
dur
In1
Gain1
In2
Gain2    

i100
0    
112     
5    
.9    
6   
1.7
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