Musical Notation

In musical notation, the staff or stave is a set of five horizontal lines on which note symbols are placed to indicate pitch and rhythm. The lines are numbered from bottom to top; the bottom line is the first line and the top line is the fifth line.

The musical staff can be thought of as a graph of pitch with respect to time; pitches are roughly given by their vertical position on the staff, and notes on the left are played before notes to their right. In both cases, however, the notations are not exactly proportional but are encoded by symbols.

Music on the staff is read from left to right: one note to the right of another means that it is to be played later; how much later depends on its note value and the tempo. A time signature groups notes on the staff into measures.





Staff, with staff positions indicated.
Staff positions. The vertical position of the notehead on the staff indicates which note is to be played: notes that are higher in pitch are marked higher up on the staff. The notehead can be placed with the center of its notehead intersecting a line (on a line), or in between the lines touching the lines above and below (in a space). Notes which fall outside the range of the staff are placed on or between leger lines, lines the width of the note they need to hold, added above or below the staff.

Exactly which notes are represented by which staff positions is determined by a clef placed at the beginning of the staff; the clef identifies a particular line as a specific note, and all other notes are determined relative to that line. There are three commonly used types of clef symbols: 
 G clef  [treble clef  [image: image1.png]


], F clef  [bass clef [image: image2.png]N



], and C clef  [alto clef [image: image3.png]
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The five horizontal lines running the length of the picture make up the staff. From left to right, the symbols on the staff are:

1. the treble clef
2. 
time signature (4/4)  [notational device used to specify how many beats are in each bar and which note value constitutes one beat]

3.  C  whole note (semibreve) 

4.  bar line 

5.  B half note (minim) 

6.  C half note on a leger line 

7.  bar line 

8.  time signature change (to 2/4) 

9.  F quarter note (crochet) 

10.  A eighth note (quaver) 

11.  F-sharp sixteenth note (semiquaver) 

12.  E-flat sixteenth note 

13.  double bar line   



 Position of Middle C when using treble, alto, tenor, and bass clefs.

The treble clef puts the G above middle C on the second line. The interval between adjacent staff positions is one step in the diatonic scale. Once fixed by a clef, the notes represented by the positions on the staff can be modified by the key signature, or by accidentals on individual notes. 

When two staves joined by a brace are intended to be played by a single instrument, a grand staff is created. Typically, the upper staff has a treble clef and the lower staff has a bass clef. In this case, middle C is between the two staves, and it can be written on the first leger line below the upper staff or the first leger line above the lower staff. When playing the piano, the upper staff is normally played with the right hand and the lower staff with the left hand. In music intended for the organ, a grand staff includes three staves, one for each hand and one for the feet.

Music notes:
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Music rests:
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Music clefs:
[image: image9.png]&’BB§HB?B

treble bass alto temor french soprano percussion baritone subbass mezzosoprano




Types of sounds

Sounds that are sine waves with fixed frequency and amplitude are perceived as pure tones. While sound waves are usually visualised as sine waves, sound waves can have arbitrary shapes and frequency content, limited only by the apparatus that generates them and the medium through which they travel. In fact, most sound waves consist of multiple overtones or harmonics and any sound can be thought of as being composed of sine waves. Waveforms commonly used to approximate harmonic sounds in nature include sawtooth waves, square waves and triangle waves.

Pitched musical instruments are usually based on some sort of harmonic oscillator, for example a string or a column of air, which can oscillate at a number of frequencies. The integer multiples of the lowest frequency make up the harmonic series.

The lowest of these frequencies is called the fundamental or first partial. This is the note created from the vibration of the full string length (the first transverse vibrational mode) of a stringed instrument or from air compression waves vibrating through the whole length of a woodwind instrument (the first longitudinal vibrational mode). All of the other frequencies in the harmonic series are integer multiples of the fundamental. The difference in terms of frequency (measured in hertz (Hz)) is the same between all partials, but the ear responds in a logarithmic fashion, so the higher partials sound 'closer' together. Put another way: since the harmonic series is an arithmetic series (1f, 2f, 3f, 4f...), and the octave series is a geometric series (f, 2×f, 4×f, 8×f...), this causes the overtone series to divide the octave into increasingly smaller parts as it ascends.

The second partial is twice the frequency of the fundamental, which makes it an octave higher. The third harmonic partial, at three times the frequency of the fundamental, is a perfect fifth above the second harmonic. Similarly, the fourth harmonic partial is four times the frequency of the fundamental; it is a perfect fourth above the third partial (two octaves above the fundamental). Note that double the partial number means double the frequency, which in turn means the 'pitch' is an octave higher. For example, the 6th partial is an octave higher than the 3rd partial.

In music, an octave (sometimes abbreviated 8ve or 8va) is the interval between one musical note and another with half or double the frequency. For example, if one note is pitched at 400 Hz, the note an octave above it is at 800 Hz, and the note an octave below is at 200 Hz.

The octave is the second simplest interval in music. The human ear tends to hear both notes as being essentially "the same". For this reason, notes an octave apart are given the same note name in the Western system of music notation—the name of a note an octave above A is also A. This is called octave equivalency, and is closely related to the concept of harmonics. 
As well as being used to describe the relationship between two notes, the word is also used when speaking of a range of notes that fall between a pair an octave apart. In the diatonic scale, this is 8 notes if one counts both ends. In the chromatic scale, this is 13 notes counting both ends, although traditionally, one speaks of 12 notes of the chromatic scale, not counting both ends. 
In most Western music, the octave is divided into 12 semitones. These semitones are usually equally spaced out in a method known as equal temperament.

Equal temperament is a scheme of musical tuning in which the octave is divided into a series of equal steps (equal frequency ratios). The best known example of such a system is twelve-tone equal temperament, sometimes abbreviated to 12-TET, which is nowadays used in most Western music.
For a fundamental of C', the first 16 harmonics are:




An illustration of the harmonic series as musical notation. Not all the notes are exactly in tune; see text for more details.

· 1st C' 

· 2nd C 

· 3rd G 

· 4th c 

· 5th e (this, and the following odd-numbered partials are "out of tune" in terms of equal temperament) 

· 6th g 

· 7th b-flat 

· 8th c' 

· 9th d' 

· 10th e' 

· 11th f'-sharp 

· 12th g' 

· 13th a' (but out of tune) 

· 14th b'-flat 

· 15th b' natural 

· 16th c'' 

· 17th c-sharp'' but out of tune 

Timbre of musical instruments

Most instruments produce a number of frequencies in addition to the fundamental of the tone that is sounding. The amplitude and placement of different partials determine the timbre of different instruments. Formants determine some of the character of the instrument, but the harmonic vibrations are probably the most important effect. For example, close ended reed instruments (e.g. the clarinet, which is considered closed at the reed end) sound only odd numbered harmonics, giving each individual note a purer timbre than a stringed or brass instrument. It is the strength of higher harmonics in brass instruments that gives them their "brassy", rich, slightly dissonant timbre.

The placement of partials can also affect the perceived fundamental pitch. Not all musical instruments have partials that exactly match the harmonic partials as described here. The partials of Piano, and other, strings are increasingly sharper than perfect harmonics because the strings are stiff, leading to nonlinear, inharmonic effects.

Register and special effects of musical instruments

Many instruments are designed to allow higher harmonics to be picked out while damping the normal fundamental, thus making the instrument sound higher. For example, on most woodwind instruments (clarinet, saxophone, oboe, bassoon, etc.), there is an octave key or register key which opens a small hole in the tube, prompting the instrument to oscillate at a higher harmonic partial and giving a higher octave of the instrument. Generally, flautists can access higher harmonics even without a register key simply by blowing harder and thereby forcing the air column to prefer the second vibrational mode; this is also evident when blowing over the lips of bottles.

On brass instruments, the small number of keys only allows a small chromatic range to be played off of any given harmonic, so it is necessary for the musician to play many harmonics to get the full range of the instrument. The different harmonics are accessed by increasing the vibration of the lips against the mouthpiece, essentially by tightening the embouchure and blowing the air faster. 
For cylindrical bore brass (e.g. trumpet, trombone), the second harmonic is the lowest playable note. Note that the fundamental is technically playable on a trumpet or trombone, but not in context, as it is extremely difficult to play. On a conical bore brass instrument (e.g. flugelhorn, french horn, tuba) the fundamental is available, but is a somewhat special note called a "pedal tone" or "pedal note" and is rarely called for in written music. This is probably because the valving system of a brass instrument usually only allows the lowering of the pitch to a tritone below the open sounding pitch, which means that there are five notes above the fundamental that cannot be played.

On a stringed instrument, it is possible to damp the fundamental and thus sound at a higher frequency by using a special fingering technique. By lightly touching the string directly at its midpoint, the musician forces the string to vibrate in its second transverse mode, sounding an octave above the normal note. This is not so useful as the same note could be sounded by pushing the string all the way to the fingerboard at this point. However, the light touch fingering can be applied at 1/3, 1/4, etc. of the string length to access higher and higher harmonics (the practical limit for this depends on the total length of the string, thus on the size of the instrument). Simply pressing the string to the fingerboard at these positions would not yield the same note as the harmonic.

Vocal and instrumental pitch ranges
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