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Introduction





The player of a wind or bowed instrument pays far more attention to its welfare than the average home pianist pays to the condition of his or her piano. The piano is, of course, a more stable instrument, but it is rather surprising in this ‘do-it-yourself age that more owners do not take a practical interest in their pianos – granted, that is, that they are practical people in other areas. In some ways, this has redeeming features, for the piano, by its value in some instances, by the tensions in its structure, by its complexity and the delicacy of many interacting adjustments, stands somewhat apart from most other domestic instruments. There may be more at stake to be lost by blind poking and turning of screws, and certainly the piano is an instrument in whose servicing experience and an intuitive sense count for much.


But there is more than prudent caution involved. The piano is surrounded – some may say protected – by an aura, a mystique. Some of this may derive from the great era of the piano when, in the home, it was often a ladies’ instrument, and ladies had servants and tradesmen (‘craftsmen’ would hardly be recognized) do the manual and maintenance work – though the ladies of an earlier age had tended their own clavichords. Some of it is due justly to the value and intricacy of the instrument. But now the piano is less an appurtenance of the finishing school, and indeed the ladies themselves see things differently. Amateurs in other fields do work on valuable and complex mechanisms and duly appreciate that the finer adjustments verge on the subjective and cannot be presented by formula or executed with mechanical exactitude alone. Skilled crafts are being revived everywhere by non professionals, whilst it is yet recognized that the expert must be called in for his or her experienced skill or other support.


I see this book as for the musician with a practical interest in pianos, and with some ability and inclination for practical work with the many materials that make up a piano. If a large reason for the vogue of ‘do-it-yourself is economic – as, for example, in attending to the car or the decorations – this is not primarily a ‘do-it-yourself book. Except insofar as you may well decide to restore an instrument yourself which you could not afford to have restored professionally, or which the profession has refused to touch, the object is not to cut running costs or to reduce servicing or to make you less dependent on your professional consultant – though some of these may happen. The object is more to enable you to perform what a tuner, for one reason or another, may fail to do, or what he cannot do as often as you require, it is partly to help you towards the very great satisfaction to be found in working on pianos, and partly to enable you to improve your musical experience and to gain in appreciation of the instrument. This work involves many crafts in themselves rewarding, but the real reward is in using those crafts to produce a refinement which only the musician can fully enjoy. It is arduous work restringing a piano, although the process can be enjoyed; but the real satisfaction comes when you have the new strings reasonably stable and first begin to hear an acceptable tonal result of your labours. We shall be thinking of an intricate machine, and many people find intricate machines themselves to be of interest; but I have in mind such a person whose fundamental aims and standards are musical.


In my view there is no reason for, and no room for, enmity between the professional tuner/technician and the owner who feels obliged to adjust his or her own piano or to restore other instruments – provided that such a person preserves respect for the full-timer and does not, without a great deal of self-scrutiny as to his or her own merits, risk taking business from the professional. A professional can recite appalling instances of uninformed dabbling. I have seen some myself. But the way to avoid such catastrophes is to try to inform, for you cannot stop people from trying to help themselves and I believe that you should not attempt to do so. The role of the informed and practically-interested amateur is supplementary to that of the professional and not in conflict with it. Indeed, as one’s response to the instrument develops with practical experience, one may well call on the tuner more rather than less; and that because one’s own standards rise rather than because of nasty accidents.


Nonetheless, there are important cautions. Only you can assess the risk of offending and possibly losing your tuner. You must decide how far you are prepared to learn from your own piano and how far it may be practicable or desirable to pick up a ‘banger’ for experimental purposes – unless of course it is such a martyred instrument that you own already. It is most important for relations with the industry that you do not do imperfect work, with substitute materials, on other people’s pianos whether or not for payment. It is far better to admit your limitations and restrict yourself to activities where enquiries of the professionals have met with a negative response than to bring the amateur into disrepute. Secondly, do not underestimate the task – even in simple terms of the space and endurance which may be needed. You can probably imagine the problem of getting 88 notes into a more or less mathematical series of pitches if you have cause to put the piano right out of tune. Envisage also the amount of reasonably dry space, the period of time, the volume of dirt and the sheer physical demands involved in overhauling a piano fully. Some jobs require more than one person, most work requires clear floor and storage space and even so apparently restricted a task as tuning can make intolerable demands of the human spine.


This book considers only ‘straight’ pianos – it omits electric pianos, mini-pianos where the action is below keyboard level, and the playing apparatus of player-pianos, although much of what is said will apply to these types also. There are chapters on tools and materials, on tone and touch and on tuning and toning, but the main part of the book is the sections on structure and resonant parts, on actions, and on keyboards. Each of these sections has a space devoted to repairs and adjustments. Some more general questions of buying or acquiring an old piano and restoring it are considered in the last chapter. Pianos have a specialized and not wholly standardized terminology which I have tried to use consistently but which may differ from what you might read elsewhere. The Glossary of Terms at the end of the book is intended to lessen such difficulties.


The diagrams are generally diagrams, not scale drawings. I hope that they help you to find your way about. The photo graphs of actions are, however, of real actions with only slight modifications (not affecting regulation) to make them fully visible. I hope that they give a clearer picture than diagrams of how piano actions work. The oscillograms are used purely for their illustrations of rather difficult concepts; for various reasons an oscilloscope is not in fact of much practical use in servicing and restoration of pianos, although experiment with it is of interest.


I should like to acknowledge once again the help I have received from Dr. and Mrs. A. J. Allnutt in producing the photo graphs and the oscillograms. They gave time, patience and expertise with extraordinary generosity. I am also grateful for the forbearance of my wife and family as pianos take over the house, a thick layer of dirt covers all, and single notes are struck ad infinitum into the small hours of the night.















Chapter 1

Tools and Materials







Piano servicing and repairing are carried out largely by professionals at the present time and their world is somewhat jealously guarded. Some retail shops will take on repair and full restoration from the public, as will some makers, but their custom is secured mainly through tuners as intermediaries. Qualified tuners have of course practical technical experience but naturally some are more interested than others in adjustment and repair, and shops which undertake restoration vary as to what they do themselves and what they sub-contract. Sometimes, for example, they prefer to have whole actions rebuilt by specialist firms, by the action factory or the piano factory (since most piano-makers do not make their own actions any more than they cast their own iron frames). This then is a rather exclusive world of specialists fed by other specialists. The outlets for materials and tools often do not take kindly to amateur enquiries which may be ill-informed or result in small and time consuming orders.


There is no denying that the situation is difficult, but as amateur interest in this field grows it is likely to improve. Some firms listed in the Directory (included in this book’s Bibliography) will prove helpful, there are occasional advertisements in Exchange and Mart, and library research may produce other sources. If you require the correct materials you are likely to have to accept placing an order for larger quantities than your immediate needs. The alternatives are to confine yourself to work not requiring replacement material or to do your best (bearing in mind always the instrument’s value and ownership) with substitute materials. There is still scope for improving a basically sound piano or for restoring a derelict instrument within these limitations.




Tools


With regard to tools, the absolute essentials can be obtained from good music shops, tool and hardware shops as appropriate, and others can often be made up from material readily available. There is of course a wealth of gadgetry for particular specialist jobs, but most of these can be carried out more slowly without such labour-saving devices. The use of some of the tools mentioned will not be immediately apparent but will be explained in later chapters.


As a basic outfit for adjustments (Plates la and lb), you need a tuning lever (also called a tuning hammer), a tuning fork and possibly a pitch pipe, at least a pair of mutes, a variety of screw drivers, and several slotted tools which you can make. A spiral ‘pump’ screwdriver is useful for the many repetitive screwing jobs. Brass wire brushes (as for suede shoes) are useful for cleaning action woodwork and a dental mirror is helpful for glimpsing the inaccessible.


Tuning levers come in ‘T’-shape and goose-neck shape, the latter being more widely available. Which you use is a matter of personal preference - some tuners feel the downward pressure of a T lever is better with a grand piano, but it is not essential. Modern sockets will not always fit the older tuning pins, but it is possible to adapt small socket spanners for the purpose, fitting new handles of steel rod or filing the driven end to fit the existing head of your tuning lever. Probably the most useful tuning fork is ‘A–440’ (being at the ‘concert pitch’ of 440 cycles a second) and however limited your ventures into tuning you should have one of these as a standard. You may also find it helpful to have a pitch pipe – like a mouth-organ – of chromatic notes for an octave in the middle range of the piano. These can be obtained from music shops, but do not buy a guitar-tuning pitch pipe as its range will not be suitable. Mutes are wedges of felt or rubber, being about 15 mm wide, 10 cm long and tapering to a point down from about 25 mm at the thicker end. If you cannot obtain the genuine article it is possible to make substitutes from hard felt polishing buffs (sold as accessories for electric drills) and even from rubber shoe-heels. The rubber wedges sold for holding sash windows are also usable. Generally felt of the right texture silences better than rubber and causes less of a ‘thud’. The essential is for the mute to silence musical vibrations and to stay in place; home-made mutes are satisfactory but may give rise to distracting noise. There is a special type of expanding mute, looking rather like scissors, and muting two strings at a time; this Papp mute is not essential but it does make muting uprights easier since it can be inserted between the hammer shanks and rest on the hammer rail rather than slipping out into the depths of the piano. As for screwdrivers, you will need a large one – say 35 cm with a 15 mm blade – for work on cases and frames, one or two in-between sizes for general work, and a long narrow-bladed screwdriver for reaching into actions. Finally, a thin rod - say 20 cm by 2 mm – or a hexagonal nut spanner of about 5 mm may be needed to adjust capstans on keys; these vary in form but generally these tools or long-nosed pliers will turn them without damage.


The slotted tools are used in adjusting actions – regulating; particularly for bending fixed wires and springs and for turning the eyelet or stub-headed screws by which the escapement of the action is adjusted. You could make them up from steel rod (about 5 mm) as you go along, but for most regulating you will probably find useful along (20 cm) right-angled lever with a slot 3 mm wide and about 1 cm deep. The slot can be made with a hacksaw and if necessary shaped with another saw or fine file. It is also possible to make a slot in an old screwdriver for this purpose, but the angle of the lever in the other tool can be helpful when regulating uprights. A slotted tool of a rather peculiar shape can be formed from similar material so that – after considerable practice – it can be used for adjusting uprights’ damper spoons without removing the action from the piano; such a tool can also be bought and its use will be apparent later.


A special tool is useful for adjusting the dampers of grands (which can be done only with the action out of the piano). It can be made from a wooden block of about 10 cm long and 25 mm square, with a hole in the middle of the length. Through the hole goes a countersunk bolt some 7 cm long, and there is a fairly stiff coiled spring between block and wing-nut washer. The nut holds in place, but at adjustable height, a strip of material (wood, or metal or plastic) 3 mm thick and about 5 cm by 7 cm. (The only really critical dimension for this tool is that the slip be 3 mm thick as this an essential distance in regulating the dampers.) This gadget, as we shall see, is a means of relating the height of the dampers to the ends of the grand keys even though the action is out of the piano.


When you pass from tuning and general regulating to toning – working on the hammer heads – you need a few other tools. First and foremost are toning needles and holders. Commercial holders contain a row of three miniature clamps into which the needles are fastened. You can, however, get on perfectly well with darning needles in a good pin vice; using a single needle to tone a whole piano is a long and arduous business, but on the other hand it does reduce the very great danger of irretrievable damage being done to hammer felts by excessive needling - it compels the whole process to be as slow and gradual as it should be. If you are going to do any reshaping of hammers – and with old and unattended pianos this is hardly avoidable – you need to make up sand-files from various grades (centring on Medium) of sandpaper stuck with contact adhesive round strips of wood of convenient size – about 5 mm by 1 cm by 25 cm long, but the size is not critical. For other work on felt throughout the action and keyboard you need a very sharp knife – a trimming knife for which you can buy sets of blades is best – and a metal straight-edge. If, as may be, you cannot obtain commercial felt buttons or washers (used extensively beneath keys), you will have to make a great many to build up required thicknesses. An adjustable leather punch will make the central holes. For making the felt discs it is possible to construct a cutter from steel tubing with the outside edge ground sharp, the length being about 25 mm. The sizes most often used are 1 cm and 2 cm. Cutters made in this way should be hardened by heating to bright red and plunging into cold water. They are then used by compressing stacks of felt against them in a vice, with a soft jaw of wood used as a backing for the felt. A dowel plug-cutter in a hand drill can also be used for cutting felt discs.


Stringing requires special tools. You should have a smallish pair of top-cut nippers for cutting the softer wires used in piano actions. These cutters will be badly damaged if you try to use them on the piano wire used for strings; for this job you must obtain nippers with hardened blades and preferably with cantilevered handles – your tool shop will advise you if you explain that they are needed solely for cutting hard steel wire. Strong pliers are also needed - do not waste money on cheap ones with poor joints. Pliers with rounded jaws are very useful for bending tight curves in wire. It is desirable for the coils of strings on tuning pins to be touching each other and they do not always come out that way unaided. Therefore it is worth having a special lifting lever. This you can buy or make out of bent steel strip about 3 mm thick, shaped and notched with a file, and it should be backed with a slip of hard leather so that it does not scratch the frame. Make it 1 cm wide so that you can cut in the other end three equally-spaced slots which you will use to secure even spacing of the strings, or cut another strip for this tool. For knocking in tuning pins you need a fairly heavy hammer-say 2 lb. It is better to avoid claw hammers because of the risk of damage by the claw, and a fairly short haft is conducive to accuracy. A lighter hammer will be needed around the case and action and for tapping strings into place. If you have a torque wrench then regard it as available for work on pianos, for it is a useful accessory if you fit it with a socket which will grip tuning pins, but an expensive and inessential item.


Whilst adjusting pianos is not entirely a matter of scientific measurement, you need a good measure with clear fine divisions (for example a steel ruler), you can make use of a feeler gauge (mainly for internal comparison so whether or not metric in style does not matter), and a micrometer is valuable for measuring wire gauges; however, the micrometer is a luxury like the torque wrench and you can always present samples of the string to be replaced if the need arises. Certain gauges can perfectly well be home-made (see Fig. 1). For example, you need a strip of metal or wood 50 mm long, as this is the average standard distance which a piano hammer should be from the strings when at rest and it must be accurately measured if the piano is to give of its best. Another valuable gauge is for measuring key-dip – the distance which a key travels from ‘up’ to ‘down’. This can be a small block, the width of a white key and 10 mm thick at the front, tapering to nothing at the back and 50 mm long. The height of the black keys (‘sharps’) above the white keys can be set with an ‘E’-shaped piece of metal or thin wood. This height is normally 7/16 in or 12 mm above the white keys, so make your gauge with outside legs of about 30 mm length, with some 25 mm between them, and make the middle leg only 18 mm in length. In use, the outer legs stand on the white keys and the height of the intervening sharp is adjusted until it just touches the middle leg. A similar gauge, but with legs of equal length and of material (preferably metal) 5 mm thick, can be used with the feeler gauge to measure the important angles (‘bearing’) which the strings make relative to the top surface of the bridges.


A professional metal trolley for moving pianos is very expensive, but some form of trolley will soon be found necessary. A reasonable one can be made of heavy boards (say 25 mm) screwed together to double their thickness and mounted on four industrial-type castors – light domestic castors are unsuitable and dangerous. The wood can be about 25 × 45 cm. Cover the wood with carpet to protect the instrument, or with rubber to prevent it from slipping.


[image: ]

Fig. 1. Some home-made regulating gauges.






This may seem a formidable list of tools, but I have tried to indicate that the essentials are not in fact very many. There is no reason at all why you should buy or make at the outset all tools needed for a full overhaul, even if you are sure that the piano requires such extensive attention. The work takes a great deal of time and you can acquire and make more tools as they come to be needed. Most jobs can be done without specialist tools – they simply take longer and try your patience more. Perhaps I may repeat here that an oscilloscope is not only inessential but is actually unlikely to be of any use to you in normal servicing and restoration work.







Materials


In materials, the prime requirements are glues and felts. You need a strong wood-glue – Scotch glue in block or granule form for melting in a double pot has many advantages but of course is not always convenient. Many modern cold glues are quite satisfactory as adhesives but have the disadvantage that they are difficult to soften should the parts have to be separated in future. For felt not under strain a more flexible glue, which will not be absorbed yet not create a hard surface, is desirable. Here Copydex serves well and is easily removable if need be. Impact adhesives are useful for quick repairs but are not very satisfactory with absorbent fabrics or always strong enough for wood. Epoxy finds a special use in filling bridges and soundboards. It occupies too much space to be useful for much else and is, again, hard to remove. The use of the various cyanoacrylate ‘superglues’ is not recommended. They do not work well on wood or fabrics and they will not stand up to the strains imposed on piano metalwork. They are in addition very difficult indeed to remove without damage to an underlying surface.


If you can obtain commercial felts, start by ordering 3 mm check felt (hard and close), 4–5 mm cushion felt (soft and open), and such damper and hammer felt as you may need. Sheet felts are sold by weight and 1 lb of each sort will keep you going for some time. For some purposes good close felt from a draper may be used, although more than one layer may be needed (it is usually not more than 2 mm thick). The back of the key-frame-i.e. the wood beneath the back ends of the keys – and the hammer rail (on which the heads of uprights’ hammers rest) are usually covered with a thick green, very loose, felt known as baize, but it is possible to build up to the thickness here and for key punchings from several layers of thin felt. For small pieces, notably dampers, some chiropody felt is suitably thick and soft. True damper felt is sold in strips of the three common shapes and sheets for the rectangular dampers towards the top of the piano. (See Chapter 4 .) There is a larger size for dampers of grand pianos. If you can obtain this damper felt cut to shape, it does a better job and looks tidier than any substitutes.


Hammer felt for hand covering can still be obtained, although machine covering is certainly preferable. (See Chapter 7 .) The felt comes in tapered sheets, of a width greater than that of the piano, and in various weights, ranging from 3 lb per sheet to 8 lb per sheet. The 3 lb felt has a thickness of approximately 8 mm in the bass, and the 8 lb a maximum thickness of about 13 mm. The latter is for the heavy hammers of grands. If you buy from a felt processor you may be able to specify the thickest felt required and have a sheet specially pressed. When ordering felt you have naturally to estimate (with a slight allowance for wear and compression) the original maximum thick ness of felt used to cover the bottom bass hammer. This felt is expensive, but so is having hammers covered by machine. You are likely to have to buy a whole sheet and this will cover the hammers of half a dozen pianos. There is no satisfactory alternative for recovering a whole run of hammers by hand. It is possible to deal with occasional hammers by using industrial felt deeply softened (again, this may be obtained from polishing buffs or some other domestic source), or chamois leather in the extreme treble (where the original felt may well be worn right through).


There are a number of miscellaneous materials which may or may not be needed. Wound strings can be had only from suppliers or manufacturers. Spring steel ‘piano wire’ for the uncovered strings – i.e. most of the piano – is, however, available at or through hardware or tool shops and is satisfactory for an unexceptional piano. It is usually held in Standard Wire Gauge. This covers the range of Music Wire Gauge, but in less fine steps. Therefore you must measure the original strings’ thicknesses and replace as nearly as possible to the same size since any departure will result in tensions for which the particular instrument was not designed. Key coverings can be had in sets from suppliers together with adhesive, but it is worth looking around do-it-yourself shops for suitable white plastic strip with which to make isolated repairs as this can sometimes be all that is needed. Tapes (for upright actions) can be had from suppliers, as can their tips, but you may well find a suitable fine tape in a draper’s and can stick to it hand-made tips of real or imitation leather. You need a small supply of several gauges of steel, and possibly brass, wire for making replacement springs in the action. Replace with similar material and gauge whenever possible.


For work on cases you will need the materials suggested in any book on french polishing – most older cases are french polished, although you may change the finish – and possibly some veneer; consult a work on restoration of furniture and finishing of wood to decide just what you need for a particular job. There are also some ‘household chemicals’ – ammonia, vinegar, methylated spirits – which you are almost bound to need as solvents or for thinning various polishes, varnishes and glues. Metal polish and a block of tripoli (from a hardware shop) come in handy, partly for polishing brass fittings, but also for use on non-metallic surfaces. Bronze, grey and black paints may be used (with a brush or from an aerosol) for restoring frames. Hammerite gives a pleasant and durable finish and dries quickly. The one thing for which you will find very little use (in the piano) is oil – there are few places in a piano where oil does anything but harm since it swells wood and retains dust. The commonest lubricant is graphite powder, which you can obtain by rubbing a carpenter’s pencil on the small parts, but which is best bought ready for use in a ‘puffer’ – hardware shops sell graphite in this form for lubricating locks. Do not, however, apply the ‘puff’ - a little goes a long way.


As with tools, the list is quite long – and indeed could be longer for particular projects – but you will see that the essentials are not difficult to obtain with the possible exception of felt. Appropriate felt is important to the instrument’s tone and to the avoidance of wear and noise. It also does a good deal for appearance. Some sources of substitute material have been indicated and you may well find others, but remember that they are substitutes; there is some scope for experiment, but the proper place for it is not someone else’s piano or an instrument of potential value.


















Chapter 2

Tone and Touch







Whilst in this book we concentrate on the mechanism and adjustment of the instrument, we should try to keep in mind always the musical objective of producing what no other instrument can produce, a distinctively pianistic sound. Of course part of this distinctive character depends on performance, sounds emitted in sequence, with rhythm, and with subtle relationships to each other. Yet all this would not be possible if the individual note did not have the desired properties. We must then first give a little thought to the nature of pianistic sound and how it is produced. If it does no more, this may provoke a critical listening habit, which is essential if you are trying to improve pianos.




Tone


Plate 2a gives a visual equivalent of a middle-range piano note, played at medium volume and with the note held down after playing. It would be an exaggeration to say that no other instrument could produce exactly this oscillogram, but the oscillogram reasonably illustrates one sound from a piano and its important features. The picture shows sound waves, the compressions and rarefactions of air produced by a vibrating string, amplified by a soundboard and transmitted by the air to the ear. The width of the wave – the distance between two high points – indicates the frequency of the wave which is equivalent to the pitch of the note (for this to be visible here would however require an enlargement of a picture taken over a much shorter period). In fact we know that the pitch of the note is Middle C with a frequency of 262 Hertz (cycles per second), and so we do not need to try to calculate it from the horizontal scale and the speed of the moving spot. On the vertical scale, the height and depth of the wave indicate the volume, or amplitude of the string’s vibration-on the screen it of course depends on the amplification applied to the input, but is consistent for one picture. This illustration represents a period of only two seconds – the sound was audible long after the picture was taken, but to show the whole sound would result in a reduction of scale which would obscure certain features.





Onset and Decay



The most important points to note are that the amplitude is not constant while the note sounds, and that the wavelength (in reality several wavelengths as we shall see) varies. In no sense is the note of a piano, however well tuned, constant. The whole distinctive rise-and-fall pattern of the picture represents what is called the ‘tone envelope’ of the sound. The vibrations before the sound reaches its peak amplitude are known as the ‘onset’ (here taking some 0.04 of a second), whilst the tailing off is known as the ‘decay’ of the note. In fact no sound simply starts and stops, to our perception, and the nature of any sound’s rise and fall is an essential part of its distinctive character. This is particularly true of the onset even though in the case of a piano note, it occupies only a fraction of a second.


A sound without its appropriate onset characteristics is like a word made meaningless without any consonants. In the piano there is always a certain amount of noise from the works – the action – by which the key moves the hammer, though relative to tonal output this is low compared with what it is in some other instruments (the harpsichord, for example). Ignoring this, what produces the typical onset (which varies according to pitch) is the noise immediately as the hammer strikes the string, the resistance of the string to movement, movement between hammer and string since the string is straight but the hammer moves in a circular path, and the tendency of the string to vibrate in parts as it gets under way as a whole. These partial vibrations (‘onset transients’) are related to the wavelength of the string’s vibration as a whole, and it is the excitation of partials in a particular order and at particular strengths which gives the characteristic onset to the note. The prominence and nature of the transients varies from instrument to instrument, depending on the length of the string and the hardness of the felt hammer head in particular, but pianos which are in reason able order will go a long way to telling you that a single note heard in isolation (say, on a record or tape) emanates from a piano and not, for example, from a guitar or even from an electronic synthesizer. Cut out the onset, and the remaining sound will be very hard to identify.


What then of decay? Perhaps the most significant things are how soon it occurs after maximum vibration and how long it continues. For this conveys one paradox of the piano which is at the heart of its appeal – it is technically a percussive instrument with a very short onset, and yet it seems to be able to ‘sing’ (i.e. particularly to sustain). In fact of course the piano cannot sustain beyond the natural duration of vibration, since a string is set into vibration once and then left to do what it can unaided by any further excitement. The most that can be done is to remove whatever interferes with free vibrations, not ably the dampers. Moreover, power and its sustaining are in inverse proportion; had it not to vibrate the huge soundboard to amplify, the string would be able to vibrate for very much longer, and these factors have to be balanced in design. Decay begins almost immediately, though with decreasing speed as we go down the scale, even when a key is held down. The sustaining power, such as it is, varies very much from instrument to instrument. Generally the bigger the piano and the longer its strings, the lower is its natural resonant pitch and the longer it will sustain. This natural resonant pitch depends on the de sign and materials of the instrument; it is the ‘formant’ which dictates the characteristic tonal potential of any particular instrument. Grands do not differ very much from uprights (in these respects) save that of course grands, apart from ‘baby grands’, are bigger. As the precise moment when the note starts is virtually indefinable, so is the moment when it dies. By way of example, however, the duration of clearly audible sound from a 2 m grand struck hard, with the key held down, was found to be 29 seconds (Bottom C), 20 seconds (Middle C) and 3 seconds for the Top C. The proportions are indicative though the exact figures have no significance. Thus the oscillogram in Plate 2a represents only about one-tenth of the total period of this note’s audible decay.


Another factor to be borne in mind about decay is that it is compounded by ambient reverberation and echo and, even in the most acoustically ‘clean’ surroundings, a note played staccato still decays, if rapidly, rather than being totally cut off. Plate 2b shows the same Middle C played with the shortest possible staccato, and its period of decay is quite apparent. Here the oscillogram shows virtually the whole duration of sound, about half a second, and is on the same time-base as in Plate 2a. (The straight line after the steep decay is the width of the oscilloscope beam and does not represent audible sound to any significant extent.) This imperfection of staccato arises partly because no piano damper can immediately and completely silence all vibration in the string, and partly because the sound board, frame and case are not directly acted upon by the damper and so continue to vibrate when the string has been stilled.


This characteristic is particularly noticeable with the long single strings of the bass in a piano, for obvious reasons; they represent a larger mass to bring to a halt, the dampers tend to bounce on them and the inherent resonance of the instrument is nearest in wavelength to that of the longer strings. The effect in the extreme bass is clear from Plate 3a, representing Bottom C played staccato. A fast staccato passage in the extreme bass is rarely met; if you try one as an exercise you will find it hardly meaningful in terms of staccato, for the notes decay into each other and in any case the ear finds these low frequencies hard to distinguish. The duration near full amplitude in this picture is some 0.4 seconds. The full duration of the decay is lost in the width of the beam, but is at least 2 seconds.


Plate 3b (which for convenience is still on the same time base) shows Bottom C played with the key held down. Comparison with Plate 2a shows the lower note’s longer wave-length (the greater separation of the peaks) and the much greater duration of the sound for a similar starting amplitude. We have here some 1.6 seconds of sound in which decay is very gradual indeed, and after that the note was audible for 24 seconds. Plate 3c demonstrates the very different envelope of a top note. The distinction will be recognized when it is known that a faster time-base was used so that, in comparison with the previous examples, the note appears longer than in fact it was. Initial noise bulks large in the whole sound, which has decayed almost beyond audibility in 0.003 seconds. There is of course no damper for this note; the staccato picture would be identical and even were a damper present it could have no sensible effect on so short a period of sound.








Partials



It has been said that the onset is characterized by a mass of ‘partials’ of transient duration. However, also during the maximum sound period the string vibrates in parts and these are mathematical proportions of the string, with frequencies of vibration also proportionate. They may be referred to as ‘partials’, ‘harmonics’ or ‘overtones (see Fig. 2). Strictly speaking, a harmonic is an integral multiple of its fundamental’s frequency, whereas a partial is not necessarily so related. We shall call all secondary vibrations partials – an unmusical word, but one which makes it clear that we are excluding the fundamental frequency of the whole string; for example, the first partial (often known as the second harmonic, because it is the product of the second longest vibrating length of string) is twice the frequency of the fundamental and is the sound which you receive if you limit the string exactly in the middle.


Partials are represented on an oscillogram, but not in isolation – any more than as a rule they are heard in isolation (though in some instruments they may be). To make a full harmonic analysis of even a good oscillogram is no easy matter, but you can assess the complexity or simplicity of a note’s harmonic structure in general terms. Plate 4 shows an almost pure sine wave of Middle C. This is in fact from the 8 ft flute of an electronic organ and too simple a sound ever to be heard on a piano. A similar wave is produced by a tuning fork. With a harmonically rich sound the wave forms of partials modify the outline of such a fundamental wave pattern according to how many times in the main vibration each partial occurs. Thus the first partial occurs twice, being an octave higher, and introduces a dip in the main wave form so that it takes on the shape of an escarpment – steep on one side, dented and gradual on the other (Fig. 3). Add the second partial to the fundamental and the wave takes a dip in the middle, becoming saddle-shaped. And so the basic waveform is more and more complicated according to how many partials contribute to the total sound - and according, visually, to the time-base of the oscilloscope which must be set very fast if a single fundamental wave is to be examined.
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