
Pit
h vs Frequen
yThere is a relationship between pit
h and frequen
y. The faster the vi-bration of something produ
ing a sound, the higher the pit
h we tend toper
eive that sound to be. This se
tion will dis
uss this relationship.Frequen
ies 
ome in all values. between any two frequen
ies, no matterhow 
lose together they are, there is always some other frequen
y. However,for the purpose of musi
, this in�nitude of possibilities it too great. Over the
enturies, the set of all possible frequen
ies has been 
ategorized into a �niteset of frequen
ies whi
h are used in the playing of musi
.The �rst and most important aspe
t of pit
hes, is that there, given onepit
h, there is another, either higher or lower, whi
h sounds most pleasing,most harmonious when played together with the �rst. This \interval" (adistan
e between pit
hes) is 
alled the o
tave. Two voi
es or two instrumentsplayed an o
tave apart, blend together into one sound. In fa
t so tight is therelationship, that one often says that even if two voi
es sing a song an o
taveapart, they are really singing the same note. There is, to some extent, a sortof equivalen
e between notes an o
tave apart, so mu
h so, that one says thatthere is an "o
tave equivalen
e"{ things an o
tave apart are really the same.(Obviously this equivalen
e is limited in s
ope, be
ause there are also
learly di�eren
es between two sounds an o
tave apart).As was already dis
overed by Pythagoras, over 2000 years ago, there isalso a very parti
ular relationship between the frequen
ies of two notes ano
tave apart. The frequen
y of the higher note is exa
tly twi
e that of thelower note. No matter whi
h note one plays, the note an o
tave higher alsohas a frequen
y of twi
e as mu
h.It is important to note that this relationship is somewhat strange. Whilemusi
ally, the interval of an o
tave is some set relationship between the twonotes, the frequen
y di�eren
e between the two is not the same. It is theratio of frequen
ies, not the di�eren
e, whi
h is the same.Of 
ourse, just playing notes an o
tave apart would be pretty boring.Thus, the musi
al 
olle
tion of useful frequen
ies must be larger than this.To this end, it has be
ome traditional in European musi
 to sele
t a set of 12pit
hes within every o
tave. Pie
es of musi
 tend to be restri
ted to sounding(sequentially or in parallel) a subset of these 12 notes. Usually, a pie
e ofmusi
 does not en
ompass all twelve, but only a 
ertain subset of these.These 12 notes are supposed to divide the o
tave equally in some sense.1



Also the 12 subdivisions of one o
tave obey the o
tave relationship with thoseen
ompassing the next higher o
tave.These subdivisions are 
alled semi-tones. Sin
e the o
taves are 
hara
-terized in frequen
ies by the ratio of the frequen
ies, so are the semi-tones.Ie, one note a semi tone higher than another has a frequen
y a set set mul-tiple higher than the �rst. That ratio must be su
h that if one goes up bya semi-tone ea
h time for 12 steps{ ie su
h that the frequen
y is multipliedby that semi-tone ratio twelve times{ one gets to an o
tave{ ie the last onemust have a frequen
y of twi
e the �rst..This frequen
y ratio, whi
h is su
h that if it is multiplied by itself 12 timesto give 2, is 
alled 2 112 . It has a numeri
 value of approximately 1.0595. In theso 
alled equal tempered tuning, ea
h semi-tone is exa
tly the same "size",ie, 
orresponds to exa
tly the same frequen
y ratio. Thus if we go up by 5semi-tones, this 
orresponds to a frequen
y ratio in whi
h the se
ond note hasa frequen
y of 1.059x1.059x1.059x1.059x1.059= (2 112 )5 = 2 512=1.3348 higherthan the �rst.1 StandardThe above tells us how to go from one note to another a 
ertain number ofsemi-tones higher (or lower) than another. But one needs some frequen
y tostart from. The 
urrent standard is a frequen
y of 440 Hz, and that note isgiven the name A. This is the A440 standard. In the past, other frequen
ieshave been used as the standard, so that for example in the baroque, thefrequen
y of 415 Hz was used as the standard and 
alled A.The names for notes repeat in ea
h o
tave. Thus the note one o
taveabove A440 is also 
alled A, and would have a frequen
y of 880 Hz. The notean o
tave below A440 is 
alled A, and has a frequen
y of 220 Hz.Names are also given to other pit
hes between two su

essive A. However,instead of naming all 12 semi-tones, only a 
olle
tion of 7 of the 12 pit
hesare named, using the letters from A to G.The naming , starting from A440 as semi-tone number 0,0{A2{B3{C5{D 2



7{E8{F10{G12{AThe unnamed notes in between are named using the #{meaning sharp,or \go up by one semi-tone", and \[" or \Go down by one semi-tone". Thusthe note between D and E for example 
ould be 
alled D#, whi
h means goup by one semi-tone from D, or E[, whi
h means go down by one semi-tonefrom E.The names are 
hosen su
h that as one goes from C to the C one o
tavehigher, ea
h of the named notes 
orresponds to one of the notes in the so
alled major s
ale starting on C. The major s
ale is a 
olle
tion of notes,su
h that starting from the �rst note of the s
ale, 
alled the toni
, one goesup by the sequen
e ofTTSTTTSwhere T stands for a tone, whi
h is two semi-tones, and S stands forsemi-tone.If one does not 
are whi
h note the s
ale starts on but wants to indi
atethe various notes in the s
ale, one uses the nomen
lature ofDo Re Mi Fa Sol La Ti DoThis is 
alled SolFage, and is an
ient. Guido d'Arrezzo talks about itaround 1000AD. In his system, Do was 
alled Ut, and the syllables Ut ReMi Fa Sol La were the �rst syllables in the lines of a very well known Latinsong.ut queant laxisresonare �brismira storumfamuli tuorumsolve pollutilabii reatumSan
te Joannes!The standard note to start his \hexa
hord" (6 note s
ale) on was G, orGamma, thus giving us the word gamut, for Gamma-Ut, the hexa
hord inwhi
h the whole s
ale starts on the note Gamma. (Ti was added mu
h later,when the s
ale was expanded to seven notes) (See for example http://ieee.uwaterloo.
a/praetzel/mp3-3




d/info/raybro/solmization.html for a des
ription of Guido's development ofthis system.)This SolFage is still used by singers, and was made popular in the movieThe Sound of Musi
.The Do represents the starting note, the toni
, whatever that happens tobe. Then Re is the note one tone, or two semi-tones, above the Do. Mi is onetone above Re, or two tones (4 semi-tones) above Do. Fa is one semi-toneabove Mi. Sol is one tone above Fa, La a tone above Sol, Ti a tone aboveLa, and the �nal Do a semi-tone above Ti.In the s
ale of C (ie starting on C), Do would be C, Re would be D, Miwould be E, Fa would be F, Sol would be G, La would be A, and Ti wouldbe B. Note that if one starts on C, all of the named notes fall into the s
ale,and none of the in-between notes are in the s
ale.One 
ould start the s
ale on another note. For example, starting it onA, we would have Do is A, Re is B, Mi ( a tone above Re) would have to bethe semi-tone between C and D. In order that ea
h of the Do-Re-Mi use adi�erent letter name, we use the name C# to designate this note. Thus Miwould be C#.Fa, a semi-tone above Mi, would be D, Sol would be E, La would be F#,Ti would be G#, and Do would be A again.Ie, whi
h element of the s
ale falls on whi
h letter note depends on whereyou start the s
ale.One additional note. Sin
e ea
h o
tave above or below 440 Hz is 
alled A,one sometimes wants a nomen
lature for saying whi
h o
tave one is talkingabout. This is often done with subs
ripts. The note A440 is 
alled A4. Thenote an o
tave lower is 
alled A3, and o
tave lower still (ie A110) is A2, et
.The note an o
tave above A4 is A5.However, just to 
onfuse students, the turnover point in labeling sub-s
ripts is not A, but C. Thus A4 is followed by B4 but the next note is C5,and not C4. Similarly, the note just before A4 is G4, not G3.C4 ( about 261 Hz) is the so 
alled middle-C on the piano.
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2 How to 
onvert pit
h to frequen
y (A440standard)This brief note gives the pro
edure for 
onverting from pit
h to frequen
y,with the standard that A is 440 Hz.Pit
h to frequen
y:Determine whi
h o
tave the pit
h note is in. Count how many o
tavesthe note would have to be moved to get into the "4th" o
tave. (ie so thenote lies between C4 and B4).Look up the frequen
y whi
h 
orresponds to the note name in the tablebelow C4(middleC) = 261:6HzC4# = D4[ = 277:2HzD4 = 293:7HzD4# = E4[ = 311:1HzE4 = 329:6HzF4 = 349:2HzF4# = G4[ = 370:0HzG4 = 392:0HzG4# = A4[ = 415:3HzA4 = 440:0HzA4# = B4[ = 466:2HzB4 = 493:9HzC5 = 523:3HzNow multiply the frequen
y by two for ea
h o
tave above the 4th o
tavethe note lies. (eg, G6 would have a frequen
y 2� 2� 392 = 1568:0Hz) anddivide by two for ea
h o
tave below the 4th the note lies (eg, G3 would be392:0=2 = 196:0Hz.)In th opposite dire
tion, to �nd whi
h note a 
ertain frequen
y 
orre-sponds to , �rst divide or multiply su

essively by 2 until the frequen
y liesbetween 126.2 Hz and 523.3 Hz. Then look up the nearest result in the abovetable. Use the number of times you divided or multiplied by two to see in5



whi
h o
tave that note name should go. Ie, all one to the 4 for ea
h time youhad to divide by 2, and subtra
t 1 from 4 for ea
h time you had to multiplyby two.For example, 15700 Hz, whi
h is the frequen
y of the 
y-ba
k transformerin a TV set. 15700=2 = 78507850=2 = 39253925=2 = 1962:51962:5=2 = 981:3981:3=2 = 490:7Now, 490.7 lies between 261.6 and 523.3. It lies 
losest to B4. Sin
e wedivided by two �ve times, the note would be approximately B9.3 GraphingIt is often more 
onvenient to graph against pit
h rather than against fre-quen
y. However at the same time, it is often useful to put the frequen
iesrather than the pit
hes onto the axis of the graph. This means that thefrequen
ies are plotted in a very uneven fashion on the graph. On the nextpage, I have plotted one of these. On the bottom axis of the graph I havepla
es the frequen
ies, with major verti
al lines o

urring at 100 Hz, 1000 Hzand 10000 Hz. On the top of the graph I have plotted the pit
hes, pla
inga major ti
k mark at ea
h A, and a minor ti
k mark at ea
h full tone (nothalf tone).
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4 Intervals and Frequen
y ratios.The musi
al intervals 
an be expressed in terms of frequen
y ratios. If onetone is say a (perfe
t ) �fth above another, its frequen
y is a fa
tor of 1.4983.Here is a list of the semi-tones their interval name, and the frequen
y ratiothey 
orrespond toSemi� tones Interval Ratio1 (MinorSe
ond) 1:0594630942 (Major)Se
ond 1:1224620483 (MinorThird) 1:1892071154 (Major)Third 1:2599210505 (Perfe
t)Fourth 1:3348398546 (Augmented)Fourth 1:4142135627 (Perfe
t)Fifth 1:4983070778 (Augmented)Fifth 1:5874010529 (Major)Sixth 1:68179283110 (MinorSeventh) 1:78179743611 (Major)Seventh 1:88774862512 O
tave 2: (1)We will use only the names 
orresponding to the unbra
keted terms.To use this, let us say we want the note a �fth above A440. The name ofthe note will be E. 7 semi-tones above A4 will be E5 natural. The frequen
ywould be 1:498�440 = 659:1Hz. (remember that the o
tave number 
hangesat C)The note a twelfth above A, is an o
tave (an eighth) plus a �fth aboveA4 whi
h is a �fth above A5 whi
h is E6. (Frequen
y an o
tave above E5=1319.2Hz)
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