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The guitar is probably the most popular musical instrument in e
world. This remarkable device, with its many variant forms, bas crossed
all geographical boundares and Is now plagyed In an enormeus varety
of cultural cantexts. From African beats to heavy metal, Aslan pop to
East Indian classical, ils ohgoing adaptability seems lmithess,

In recent decades. the electrification of the gultar, especlally In its
solid-body form, and the dominance of Amefican popular culture, have
transformed musical sensibilities globally, Offering nearly unlimited
tonal variety, the electric guitar has become one of the most prominent
instruments in jaz, pop, rock, and world music today,

Although much has been written about the electric guitar and s
construction, there remains a limited amount of practical materlal
within reach af the amateur woodworker. This book emplasizes
accessibility: i clear, methodical step-by=step process resulting in
attractive, functional Instruments. By using comman woodworking
tools, easy-to-order matedals, and avallable resources for finding
electronic compotents and other hardware, this valume provides all
the necessary (nfarmation for the aspiring instrument maker and those
seeking a better understanding of the (nstrument.

I addition o Instructions for bullding a standard G-string solid
body model guitar, there are directions for making an eledric bass
guitar. The guitar section contains detalled discussions of major
procedures comman (o both guitar and bass. Options and réferences
for further development and enhancement are found in the Appendix
ot this book

Electric guitars and basses are excellent vehicles for creativity in
bath bullding and playing,. Fvery aspect of their design. fram the shape
to the electronics to the material they are made from, Is open to
tinkering, customization, or all-out revolution. Solid-body electic
Instruments represent a unique amalgamation, combining the oldest
elemants of musical instrument-making knowledge, a “best-of" selection
from the history of electronics, stunning visual design, and a capaclly to
incorporate new ideas. Throughout thelr short history, these
Instruments have benefited from the efforts of iInnovators representing
many diverse backgrounds. Electrical engineers, aerospace technicians,
line woodworkers, artlsts, and even those seeking cheaper means of
mass-prodiction have contributed enormousty to the advancement of
the electric guitar and bass. The result s & unique opparturiity for the
bulider's perscnal expression on many levels.

Dne reason for the constant advancement of electric stringed
instrument design is the accessibllity of the construction process. While
technology has made it more difficult for the average parson to tune
their car or fix household appliances. not (o mention bBulld beter
versions of these items, electic gultars and basses of the highest quality
continue to be built by Individuals in home workshops, These
Instruments use relatively simple; raditional, and often old-fashioned
technologies to penerate sounds that continuously challenge and exclie
both players and lsteners. People seeking to enter this field today have
Aaccess W resources that were undreamed of a decade ago. A largze
varlety of tools, hardware, glectionics, and wood s avallable from a
nurrber of specialty suppliers, and the intemet has brought & revalution
In access Lo information, ideas, and experiences of instrurment makers
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all over the workd. This unigque combination of new and ofd makes
Ihese instruments among the most rewarding pursuits of the creative
technically-inclined individual,

This book outlines the process of building an electric guitar and
bass, The Instruments are designed to illustrate the fundamentals of
elrctric guitar and bass construction, Step-by-step procedures produce
Instriments that are straightforward but of high quality, While many of
the steps require dauntingly preclse operations, they are faciliiated by
the use of jips, patterns, and templates that allow the patlent, persistent
beginner to produce professional resulls. Our iInstructions serve as an
Intradiction to the kinds of shop procedures and problem-solving skills
used by modem instrument makers,

The twao Instruments outlined In this book utiize a combination ol
traditional and modem design features. They are capable of a wide
range of musical styles, with versatile yet accessible electronics and
constructlon detalls that have been chosen to enhance ione and
playabilty. However, the possibilities for designing your owm guitar or
bass are almost endless, and the reader should feel free to explore as
many options as possible to bulld an instrument that fits personal
necds. This book Includes advice an available woods, hardware,
elechonics, and possible design varlations. Learning how these factors
come together Lo produce a unigue Instrument is a fascinating prooess,
You can enrich your own Instrument-making experlence in the
follonsing winys:

1. Read other boaks and pedodicals about mstrument making Go to
your lihrary: Send away for further Information. Search meleviint weh
sites and chat rooms an the (ntermet

2. Play as many different Instruments as possible to familinrze yourself
with their designs and features. Seek out the knowledge and opinions
of players, salespeople, repairers, and bullders whenever possible Thers
i & greal deal of knowledge avallable and you will find that people are
happy to lelp when they Bear that you are bullding your own
Instrumernt.

3. Research the avaitability of bullding materals fwood, tuners, strings
etc). Begin gathering materfals early. Collect relevant catalogues and
send away for hard-to-find ftems. Collecting materials may take some
time and effart. but you will discover some good sources and make
villuable connections in the process

4. Gather lools as you require them. There is no need 1o buy o sel of
thisels when you may use only one o two of them, Be selective when
buying some of the specialty glzmos since they miy be usetul only io
the praduction bullder, When feasible make or improvise your own
Lofs, Jigs, and templates,

5. Atter studying the instructions and thinking through the aptions,
build patiently and conslstently, one step ail a time.

6. Expect to make some mistakes. They are parl of the creative process
and often lead to new and better methods,




Guita Through the Ages

Coupling a stretched string to a valume of enclosed air—the principle
ot attaching a string to a resonator-undoubtedly dates to prehistary,
Ower tHme, muslcal bows, lvres, harps, zithers, and lutes of all shapes
anl sizes formed a family tree of chardophones. Members of the (ute
famnily of Instruments. which Includes guitars, feature o neck/ by
refationship: strings run from the body of the Instrument, over a
brldge, 16 the end of the neck. Makers al these early gultarike
instraments utilized gowrds, trees, antmal skins, plant fibers, and other
natural resources, Many ancient civilizations record lute Instrument
Wpes: From these wellsprings come the Greek bouzauki, Turkish saz,
Chinese pl pla; Indian sitar, Russian balalalka, Hawaiian ukulele,
Alrlcan ngonl, American banjo; and hundreds of ather variant forms.

Lofe has it that the guilar, with its familiar hourglass, figure-elght,

walsted shape, was introduced to Spain by the Arabs. By the 14th
century It had diffused throughout Europe, and by the 17th ce iy
hiad begun to displace the bowl-shaped lute as the placked stringed
nstiument of cholce, Closely connected with the cittern (@ related
sitfged Instrument popular from 1500 to 18006 early guilar forms
had varous rumbers of strings, usually four to six, pften doubled,
Later, gultars with six singie strings came inta vogue, Since this
arangement afforded a simpler playing tochnigue than its
predecessors, the siesting guitar became the standard. But that was
anly the beginping

Because the guitar traveled easily; it accompanied world
explaration from Spain throughout the western hemisphere and
heyond. By the late 181h and early 19th centuries, it had achieved its
classic shape and string arrangement, and was swifty gaining in
popularity. in Europe and elsewhere, classical repertoires were
developed specifically for the Instrument. With each relocation it
continud Its evolution of shape and function to sult the expressive
needs of different cultures.

I late 8th-century and early 20th-century United Slates, the
Buitar caught on as a popular instrument Gocessible through mail
arder stores such as Sears, Roehuck Co., and Momgomery Ward,
Buring the American Victorian period, the gultar became an
affurdable altemative to a plano or reed argan for the parlor. As its
avaliahility and popularity increased, it became the instrument of
thoice for blues and other folk musics. By the turn of the century,
piefieering American instrument makers began to feed the growing
Irterest in glkars and popular music, With innovalors such-as Martin
and-Gibson (plus scores of lesser-knomwn |uthiersh the gultar soon
became one of the most played of all instrumerts. As the 201h
periury unfolded, the introduction of steel strings and arch-top and
metal resarator styles further expanded musical applications, Found
i folk, jazz biues, and dance music of all kinds by the 19305, the
acoustlc hallow-body form had reached a high level of maturity
Sporn musiclans such as Riley Puckelt, the Carter family, mmy
Rogers, Hob Wills, and fater, Hank Willlams, Doc Watson, and Merle
Travls estabilshed the puitar as the quintessential instrument for
cauntry musle.

Fram this point on, companies such as Gibson, Rickenbacker,
Epiphone, ViviTone, and athers experimented with ampilfying the

hollow-body gultar so it could be heard in the larger and louder
bands of the 1920s and 18305, One of the first players to adopt the
early electric pultar was Charlle Christlan, Al the time, the role of the
gultar in large jazz bands was (o provide chordal accompaniment as
part at the rhythm section. which was the only way It could be heard
aver the trumpets, trombones, and saxophones. in contrast, Christlan
used the Increased volume of his electric Instrument to play flowing
single-note solos with a tane thal caused a sensation: it had the
percussive atlack of & guitar but the power of a horn. Electrification
had succeedesd in making the gultar louder, and such players as
Christian responded by creating new roles for the instrument. ||
wolldn't be the last time

By the post World War Il era, the electric guitar was frining
acceptance with jazz, Blues, and country musiclans. Meanwhile
siveral puitar makers and players continued to experiment with
alternatives 1o large, hollow body gultars to allow louder volumes
wilthout feedback
Ithat howding sournd E
that occurs when an |
armplifier sound s
vibrrates a guitar,
then re-amplifies the
vibrations). The
solution was to
make the body
more solid.
Campanies such as
Rickenbacker,
Slingerland, Vivi-
Tane, and individuals Paul Bigsky, Les Paul, and others, had bullt
guitars that were, in whole or in part, made of <olid pleces of wood
Some were adapted from Hawilansstyle guitars Iplayed on the lap
with a slide) that had been both solid and electric for vears, Others
were deslgned as Spanish guitars, a term then used for any guitar
played upright rather than across the lap, With so many innovators
working toward the same end, the actual Invention of the solid bohy
electric puitar is impossible to attibute o Ay one person. |1 was,
however, an [dea whose time had come

While the orlgin 0f the salid body electric was the result of the
efforts of many, the form of the instrument as we know |t forclay 15
largaly due o one man: Leo Fender, In 1950, the Fender COmparny
released the Broadcaster, a salid body Spanish-style gultar which, {or
the first time, incorporated many of the features that have become
Industry- standards, With a bolt-on maple neck; a body made from a
single slab of wood, highly adjustable bridge, and interchangeable
parts. the modem electric guitar had arrived, Renamed the Telecasier
in 1952, it remains In production to this day, practically unchanged (n
a0 years and still very popular,

Fender's competition did nol think highly of his gultar at first,
Thy falled to see that with its simplified look and bol-together
construction wera the very features thal made it a powerul and
functional imstrument whose sound and ook would redefine popular
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miusic. Within a short time, Fender's success drew almost all of the
majar Instrument manufacturers into the solid body electric gultar
market. The Gibson company sought out Les Paul, whose Ideas they
had dismissed a few years earlier. The result was the Gibson Les Paul
guitar, the only solld body model that today maiches the Fenders in
status as a classic,

Mearwhile, Leo Fender was again plotting revoluticn. In 1951, he
introduced an entirely new concept, the electric bass guitar. The
Precision bass, soecalled because its frets allowed it to be played in
tune more easily than the frefless upright bass, changed everything. it
macle possible a sound that we take for granted today, but at that
time had never been heard belore: loud bass. Designed much like the
Broadeaster, the Precision produced a deep, percussive sound {hal
Brovght the Bassiine forward 0 the music, It was much easier to play
than an upright, and could be picked up quickly by guitar players,
Like the Broadcaster, it Introduced standards thal remain today. It's
still avallable in a form that s remarkably unchanged from the
orlginal model.

During the 18508 the glectric guitar became increasingly popular
in blues, jazz, country, and the iatest sensation, rock and roll. Sofid
Body electric guitars and increasingly sophisticated amplification were
perfectly sulted to this new kind of popular music. It was the electric
bass, however, that propelled rock and roll Into a new dimension,
with Hs abllity 1o bridge the gap between diums and gultar with a
poveerful, driving sound. Together the new instruments meant that a
small ensemble of musicians could fill a large room with music as
never before,

The 19508 saw the birth of many of the instruments that would
shape modern music (o the present day. Gretsch introduced semi-
hoflow models such as the White Falcon, Country Gentleman, and
Tennessean, whose tones defined the rockabilly sound, Rickenbacker
began to produce solid and semi-solid electrics with unigue styling
and Innovative construction features. Danelectro manulactured the
Sivertong Instruments sold through the Sears, Roebuck catalog that
used Inexpensive, non-traditional materlals such as masonite and
pine 1o produce unigue, colorful tones. The lipstick tube pickups
found on Danelectros make an airy, edgy tone that fit into a
surprisingly broad range of music, and several manutacturers make
popular recreations of these plckups today,

In 1954 Fender introduced the Stratocaster. Developed by Lea
Fender and Fred Tavares, it plongered the use of a highly ergonomic
body, an innovative tremelo bridge, and integrated plickguard and
electronics. It would prove to be the most popular [and the most
Imitated) electric gultar of all fime.

Gibson graced the decade with a number of remarkable
achievements under the leadership ot company president Ted
MeCarty. Among these were the ES-335, a thin, hollow electric guitar
with a solid Block [nside extending from neck to tallplece. This gultar
combined solid body sustain with hollow Body richness, making for
an extremely versatile Instriment. [n the middle of the decade Gibson
emplovee Seth Lover invented the Humbucking pickup, solving the
problem of notsy single coll pickups and crealing a powerful new
tone in the process. Toward the end of the decade Gibson brought
aut it radical Flying V and Explorer guitars. Commercial flops at first,
these futuristic deslgns went on to become classics.

Thie 19608 were as revolutionary tor alectrlc guitars and basses

as they were for soclety. Guitar-based bands dominated popular
mussic, and overdriven tube amplifiers, fuszhoxes, everberation, and
wah-wah pedals created new sonic landscapes, Multi-track recording
turned the studio into a musical instrument, and affordable televisions
and transistor radios changed the way music and musicians reachad
thiir audiences.

In the-early part of the decade, gultar companies focused on
producing ever-increasing numbers to supply a growing demand, a3
musicians found previously unimagined ways fo use the innovative
instruments ploneered In the previous decade. Electric guitars had
becomie big business, and the efforts ot the early plonesrs had
Blassomed beyond anyone's wildest expeclations. By the end of the
605, however, the Industry looked very different.

In 14965 Leo Fender sold the Fender Company (0 CBS, resulting in
whiat many consider a dark age In the company’s history, Quality
control shpped and innovation was replaced with marketing, gearsd
toveard the confusing cultural climate of the times. Nolable products
of this era include the paisiey Telecaster and the Wildwood seres,
which usied wood with colorful stripes macde by injecting dye ko the
roots of trees, Throughout the late 1960s, the dominance of the large
American guitar companies was undercut by the groneth of
nexpensive foreign Imports, resalting in-a general decline in both
pridits and quality contral: Simultanecusly, though, something was
happening that would breathe new life into the efectric galtar and
bvass.

As the 1960s wrmed nto the 1970%, several individuals and small
CoHmn panies ﬁwrt- experimenting with new technigues in electric
stringed instrument construction, One of the maost impaortant of these
wids Alembic. Based in the center af the San Francisco psychedellc
scene, they produced instruments with- high-guality active electronics,
neck-through-tody construction with exolic hardwoods, and hand-
machined brass hardware. As the decade progressed, they were
joined by the kes of Carl Thompson, Bemardo Chaver Rico jof B ©
Rich), Veillette-Citron, Stusarn Spectorn, Dean Zelinsky [of Dean Guitars),
Wal basses of England, and Paul Hamer and Jol Danlzig [of Hamer),
amang others, In establishing a tradition of small manufacturers
producing innovative, high-quality instruments,

Leo Fender participated In this trend with his work at the Music
Man Company, which employed many original Fender workers. The
popular Stingray Bass is favored for its modern, aggressive tone and
classic feel, Fender fater went on to found the G 8 L Company with
his old partner Gecrge Fullerton, producing gultars and basses thal
combined classic Fender features with continuing innovation and a
high standard of quality,

Mearwhile, other deslgners experimented with non-traditional
materials to Improse tone and stabllity, Travis Bean bullt alumintm-
necked guitars, while Geoff Gould used his experience in the
aerospace ndustry to produce necks made entirely of carbon fiber,
founding Modulus Graphite, These necks were used by companies
sueh a@s Alembic, Zon, Music Man, and others,

Another welcome development of the 19705 was the growth of
lhe after-markel parts industry. As players became more involved in
modifying, and even bullding(th thelr own Instruments, companies
such as Schecter, Mighty Mite, and Boogie Bodies began to offer
replacement parls lor hot-rodding guilars and basses. DiMarzio
produced the Super Distortion humbucker, a high-output pickup that




Became very popular with rock musicians, and helped start the
replacerment pickup industry, which today glves players an enormous
range of choices in pickup deslgn

The 19805 saw further growth in innovation by small companies
and the avallability of resources for hame (nstrument builders. In
T9BT, Ned Steinberger made o radical design statement with his
headiess, nearly bodiless, all-praphite bass. Wilh a very consistent
response between notes and a tone that can be described as
exfremely neutral, it was the ulthmate staternent in minimalism, Not
surprisingly, its look made o greal impact on another new
phenomenon at the time, MTV, Steinberger made several other
nitable achieverments during the 198405, including the TransTrem, a
tremelo bridge thal keeps whole chords in tune as thelr glich Is
madulated, and can be stopped in place at different positions to
transpose the entire instrument.

The other big tremelo advance of the 1980s was the Flayd Rose
Syster. By locking the strings at both bridge and nut, It was capable
of remarkable uning stabliity through brutal bending, from strings
slack against the neck to a major-third up. It was put to greal use by
the heavy-metal bands of the Gra, most notably Edward Van Halen. |t
I difficult 1o understate the influence of Van Halen on the 1980s, not
By on playing styles but also because he bullt his owrn euitar,
cambining a Ferder-style hody with a Gibson humbucker, and atmos
nor-existent electronics {one volume knob, labeled “tone’]. Suddenly
EVETYOnE was slapping logether guitars from parts, discussing the
benedits of one plckup over another, and generally showing a great '
Irberest in the individual bits 1hat ga Into a guitar or bass. The
Sthecter catalog had pages full of Fender-slyle parts made of all kinds
oF exotic woods, as well as parls to finish the rest of the instniment.
Seymaour Duncan and DiMarzio offered wide selections of altermarket
plekups, and instrument-building supply companies such as Stewart-
MacDonalds and Luthiers Mercantile made an increasingly wide
range of parts and materials available to bullders,

The 19805 saw a greal deal of sonic exploration on both guitar
and bass. While many players pursted virtuasic speed, others found
wiys of creating highly textural sonic landscapes thronigh creative use
af effects, technigue. and the recording process. Gultar synthesizers,
long anticlpated, finally tvercame technical obslachss and were put to
witlespread use, with both intriguing and appalling results

Toward the end of the 1980s and the early 1990s, acoustic
guliliaes saw a revival In popularity, helped along by MTV s popular
Unplugged series of televised concerts. Viewers were treated 1o such
unthinkable sights as the rock hand Kiss, withaut makeup, performing
their 18205 collseum favorites on acoustic guitars, It was a trend thal
fpreshadaved an appreclation of the guitars roots that would
captinue thiaughout the 198905,

Thee early 19905 saw a greal revival In guitar-based muslc, based
largety on the grunge rock movernent, Sales of electric and acoustic
Bultars and basses soared, and once again new companies, large and
simall, were drawn into the industry. Many players favored leaner,
stfipped-down amplification, abandaning the enormeous racks of
eikctronic gear that were popular in the 19808 Lo-i lones and altered
tunings became fashionable, and players began to re-explore vintage
Instruments, amphifiers and effects with a new appreciation for their
capabiiities.

Aling with this brend came a vigorous markel for antique electric

instruments and associated paraphermalia. This even extended to
1870s-era Fenders, which have become quite valuable, making those
of us who remember seeing them hanging, new, in music stores “not
that long ago” feel somewhat vintage ourselves.

The 19908 saw small manufacturers continue to turn oul high-
guality progressive desligns, espectally In the area of pickups and tube
amplifiers, One surprising reason for this is the fall of the fron Curtain
In Eastern Europe, In the early 19905, former Saviel vacuum tube
manufacturers began selling thelr products in the West, just in lime to
meet the diemand created by a great revival of interect In the sound
ol vacuum bes in puitar amplification, recording eguipment, and
home stereos. Vacuum tube manufacture has all but disappeared in
the US and Western Europe, and the availability of Russian brands
has helped Insure that tube amplitiers, whose tone and response is so
Important to the sound and technigque of the electric guitar, will be
arciind for a long time 1o come.

Ancther Interesting fact of the 19905 [s that the large American
guitar companies saw a revival in quality and prestige, Both Fender
and Gibson benefited from new ownership, rebullding thelr names
with high-quality meissues of vintage models, new designs, and pricey
custom shop instruments, Both companies have benefited from a
sirong demand for high-end models by professional players and
cotlectors alike.

Electric bass achieved a high degree of design sophistication in
the 19905, as manutacturers made the innovalions of the 19705
standard features, and began o produce very good modem versions
of vintage models. Five, slx- and seven-string basses, which started to
gain popularity In the 19805, became common. Bass players have
tended (o be more accepting of innovation and new deslgn, a fact
Histrated by a history of new features appearing on basses first

I the late 19905 many guitar players finally noticed the extra
strings an basses and followed sult, using 7-string guitars o great
effect in o revival of metal-based rock. The lones created by both
electric guitars and basses were strongly influenced by the digital
revolution, as computer-based recording, sampling, and inexpensive
home recording equipment turned players info producers. Flectranic
rmusic; which has been predicled to replace guitars since the late
1960s, made great advances in technique and popularity In the
19905, and at one point in the middle of the decade many Industry
pundits were again predicting doom and gloom as the grunge
movement ran its course. As usually happens, the new siyles provided
fresh musical ground for electic puitars and basses 10 explore., 1t

seems that peaple will never tiee of the gratification of picking a
string, regardiess of whal sound comes oul,
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2 8asie biand fools

The tools needed to build an electric guitar are comman to
most woodworking shops and available at home centers and
hardware stores. Mareover, many of the procedures in this
book can be accomplished in varying ways using a varlety of
todls. Some tools and jigs may be made from scratch or

Impravised for a special situation
Generally, If you have some bask
hand and power tools you will
nied only a limited range of
Bxtrd equipment to bulld most
Instrurments. Naturally, power
teails expedite the process
enarmously. Using hand tools
can take mare time, especially in
the milling stages, but wilh some
Perseverance, success is insured,
Overall, a balance of hand tools
and power lools Is the best. Both
types require some practice and
skill to master,

1 Rowter

You may mill the initial wood stock by machine, usually at the
place of purchase or with your own equipment. Thereafter,
the router {Fig 1) becomes an important tool for the beginning
steps of making the body (see p 8), As you proceed to more
detalled work, hand tools become the requirement. A good
collection of basic shop tools such as screwdrivers, X-acto
knives, scissors, wire cutters, tape measure, hammer, pliers,
wrenches, etc, (Fig 2, 3) are indispensible,

RULERS

A variety of drawing tools for making the master drawing,
preparing templates, and marking wood Include rulers and
stralght edges of various lengths, French curves, scjuares for
right angles, a compass, and other implements, shown below.
Transparent plastic rulers are useful for lining up parts and
other measuring procedures (Fig 4),

SAWS

You need two types of saws—one designed to cut stralght
lInes and one to cut
curvid lines. For cutting
straight lines, use a sharp
handsaw, tahle saw,
radial arm saw, or band
saw. SKill saws and
flgsaws may also he
useful for such operations
{Fig 5. A small backsaw is
particutarly useful for
hand sawing smaller pieces of wood, Curved ar
irregular cuts may be executed by hand with a Coping saw or
fretsaw (not the one used for cutting fret slots but for making
omate culs). Use band saws and jigsaws for complex cutting
such as shaplng the body form and fashioning ormate head
stocks as well as for culling smaller pieces of wood.

5 Handsaws

A band saw {Fig 6] |s fairly Indispensible for this project (in

4 Drawing toals
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particular, cutting out the body and neck shapes), and easily
the mast efficient tool for general sawing. Band saws are sold
in varlous sizes depending on the application (the standard 14
in Is sufficlent). If you do not have access to a band saw,
contact a local woodwaorking enterprise or friendly
woodwarker for assistance.

DRILLS
A manual twist drill, brace and bit, electric hand drill {Fig 7). or
drill press (Fig 8) are needed for making accurate holes. There
are many excellent brands of inexpensive hand-held electric
drills available. Electric guitars require drilling many hales for
companents, tuners, etc, [our guitar features a total of 67
holes!). A stationary drill press is the preferred tool for the
mast accurate
drilling processes,
The necessity for
precision, and size
and logistics of
hole drlling, may
dictate which tool

is best {0 use,
FLANES AND

7 Electric hand drills and dnli bils

SPOKESHAVES
Hand planes, electric thickness planers, jointers, and electric
sanders can adjust the thickness of wood and smooth
surfaces to accurate dimensions, Industrial planers and
jointers are recommended for the initial milling of raw wood
{Fig 9. Your local lumber store or woodwaorking shop can help
In this preparation, Hand planes come in a varlety ol sizes
and styles designed for specilic purposes [Fig 10) and require
some practice o master, Use a block plane and jack plane to
plane by hand. Power sanders such as an osclllating spindle
sander (Fig 11} and bench-top belt/disc sander {Fig 12] make
for efficient work bul require a light touch because they
remove wood very quickly. They are, however, expensive and

= 8 Ciilf press

8 Jointer,

———

by no means essential. Hand scrapers (Flg 13), electric palm
sanders, and sandpaper blocks (Fig 14) are important for
leveling and smoothing wood when there is not too much to
rEmove,

A draw knife is
gond tar guick
wood removal from
curved surfaces,
especially for
shaping the neck
(Fig. 10).
Spokeshaves (small

planes with handles on the sldes),
comi In various configurations,
Curved and flat-face types are particularly useful for
contouring the body and neck and getting Into tight places,

ENIVES AND FILES

sharp knlves, one or two chisels, and a mallet are useful for
removing small areas of wood [Fig 10). Files come in a wide
array ol sizes, shapes, and degrees of coarseness, For general
use, we recommend a standard 8 [n half-round, bastard-cut
wood file and an 8 In rasp for faster wood remaoval. A flat mill
(metal-cutting] file Is good for fretwork,

CLAMPS

Clamps are important for holding wood stable while cutting
and gluing Spend some time examining varlous kinds {Fig 15)
and ask other woodworkers about their preferences. A bench

10 Wood shaping tools

171 Osciilating spindle
sarder

13 Hand scrapers

14 Sanding blocks and
small power sanders

12 tenchitop
helt sandey




pre————
vise or Black and Decker Workmate are also useful in these We use small copper clips with a length of stripped wire
roles, Companies that deal in speclalty tools feature a wide soldered on, as these conduct heat well without being heavy
varlety of clamps, vices, and other tools designed for specific enough to bend the parts that they are clipped onto. Test
purpases to make the building process easier and more leads are wires with clips at either end, useful for
efficlent. experimenting. You may want to make specialty versions of
SPECIALTY TOOLS these, such as a length of coaxial cable with a % In Jack at
See @ guitar maker's catalogue for hundreds of specialized one end and two clips _ai the other, for testing !nstruments
i taals for instrument makers and tool freaks. A few of these betore they are fully wired. Lengths of heat-shrink tubing are
are extremely useful and are worth purchasing for building mdlspenﬁah_re for insulating exposed wires, capacitor legs, etc.
even one instrument. Others are only economical when used Lastly, a digital multimeter |s an inexpensive tool whose uses
| for more extensive production, extend far beyond instrument making,
Considered Indispensible are a fretsaw to cut fret slots {untess o L
you buy a pre-siotied fingerboard), fret-end nippers for Mm% any modern wood glue will glve good service | properly
4 timming the ends of freshly installed frets flush with (he applied. Each gI_UE type has its own praperties and
fingerboard, and a fret file for rounding the tops of the frets requiremnents: follow label directions, J_‘u'arum! arimal-based
after leveling (Flg 16 glues have a long-to-medium drying time, dry clear, and can
| Pl : be softened with heat and moisture In case disassembling is
ELECTRONICS TOOLS needed. These come in dry form and need mixing with water
1 A soldering fron (45 watts is ideal, too much power can

and heating. Modern hide glue Is now available which doesn't
require this preparation. White glues are also widely used in
instrument making. Recently Miphatic or yellow glue has
become prevalent since it dries fast and halds extremely well,
However, yellow glues tack quickly allowing [ittle time for
positioning and clamping. Except for waterproof vareties,
these can be softened for disassembling with the patient
application of water and heat. Epoxy Is a word that covers a
wide range of products that are generally useful where a
strong bond or filling property is desired. They come in a
variety of types for highly specific applications, mast of which
are not usetul for Instrument making, except those specifically
designed for laminating tropical, oily, or hard-to-bond woods
far which other glues are not suitable, Never use rubber
cement or contact cement for laminating. Hot Ghies and Krazy
Ghes may be used for specific applications. Polyviny! acetate,
powdered resin, and resorcinol glues are also useful in special
cases, Research other specialty glues as needed.

TAPES

Dratting tape Is useful to protect surfaces from scratching or
marring. Unlike masking tape, it doesn't leave a residiie.

damage fragile components), rosin-core solder with a low
melting paint, and a wire cutter/stripper (Fig 17) will be
necessary for installing the electronic tomponents, Alligator
clips, & hemostat or a similar device may be used for a heat-
sink, clipped onto the wires of capacitors. resistors, ete. lo
divert the heat of soldering away from these sensitive parts.
e = -

" CUTMNCES—
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Double-sided carpet tape (Fig 18) Is used to temporarily
adhere jigs and templates to parts. [t Is often better than
clamps because it will not slip or create obstructions on the
warking surface: The thicker cloth types are best

SAFETY EQUIPMENT

safety equipment for protection of eyes, ears, and lungs Is
essential (Fig 19). Use safety glasses, hearing protection, dust
miasks, and dust removal equipment.

spend time'and effort to make good Jigs and templates, The
success of each step s determined by the precision of each
preceding step,

The router {p 9) is a versalile and powerful tool that is
essential but requires some familiarity before launching Into
Intricate and complex cuts, For specific router Instructicn
consult your local bookstore. Experiment with the router on
scrap wood before you begin the project.

You will need at least two bils for the gultar project. Use a
straight bit with a bearing top for templates when cutting out
the cavities for pickups, electranics, etc. This bit is 2.in Iong,
has a stralght ¥ in diameter cutting edge with ¥ in long

20 Router bils

blade, % in diameter roller bearing, and 1/ In long shank, '
The raller bearing will follow the template. The longer-than- |
standard shank is necessary for the required depth of cut Use ]
a round-over bil to quarter-round the edges ol the guitar
body.

HARDWOODS AND THE ELECTRIC GUITAR

Cur electric gultar ks made frar three pleces of wood (Fig 215
body imahogany), neck (maple), and fingerboard {ebony.
Many hardwoods, and even some softwonds, are sultable for
making electiic gultars and basses. Maple, mahogany, alder,
and ash are probably the best woods for general use, while

oak is rarely used because of its open grain and tendency to |
develop checks and cracks: Sycamore, poplar, walnut, cherry,
beech, and birch can also be used, (See Appendix for a
discussion of Wood and Tone, p 89,

-

Exotic woods, highly flgured woods imported from trapical
regions of the warld, are often favored by professional
makers of fretted acoustic instruments because of their
hatdness and beautiful deep colors. Varieties such as
rosewend, zebra wood, cocobolo, and ebony may be used
but their expense, sometimes toxic nature, and Issues of
extinction of endangered specles are worth considering,
Makers use these woods

18 Tupes

for electric guitars for
thelr striking visual
gualities even though
thelr tonal qualities vary,
Exolic woods and highly
figured maple are costly
and difficull to work, thus
not recommended for the
novice.

Before you begin yaur
plan, consult your local

149 Safety
equipment

12

hardwood dealers to find
what woods are most
available in your area,
ask woodworkers about
wood characteristics, and
experiment with scrap
samples of each type.

HUMITITY

Humibdity is an important
consideration In the
making and maintenance
of Instruments, Wood In

21 Wood used In aur guifar
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most commercial lumberyards has already been dried in large
kilns to @ degree of usability. Nevertheless, be sure to Inguire
about how the wood has been dried and what moisture
content to expect. After milling the lumber, we usually lef it
condition in our workshop before we begin working it. After
gach main component has been cut from a plank, stack the
pleces with strips of wood between them so thatl alr may
circulate around each piece. Since the stability of the neck Is
critical, we usually precut the wood near to its final shape and
allow it to stabilize at least a few weeks in an environment of

moderate humidity, It can then be trimmed to its final shape
with confidence.

POINTS TO WATCH

1 Wood expands when humidity Is high and shrinks when
Rumidity is low.

2. 50% humidity (or a little drier) is a good working
atmosphere,

3. Itis better to work in a dry atmosphere. A completed
Instrument will swell without much harm, but shrinkage due
to- dryniess may result in separations and cracks, Try riol to
glue or laminate on rainy or excessively humid days.

4. Use an inexpensive humidity gauge (hygrometet) during
the building process, Invest in a dehumidifier or humidifier i
necessary. Protect the finished Instrument from extremes of
Aumidity and tempetature,

3. When wood contains tog much moisture, the tone will
suffer. If it gets too dry, the wood will shrink. A guitar stored
In consistently maderate humidity will hold its setup better,

avolding frequent adjustments, especially regarding the truss
rod.

GRAIN CONFIGURATIONS
The graln configuration (see rght makes the Zuitar body

visually attractive, Most wood cul in modern mills is passed
through a saw so that the resulting face grain pattern is

. The choice of instrument design is based on aesthetic and
- functional considerations. The most enduring designs have

been those that successfully combine visual dppeal and

playabiliy.

Tha fFender Stratocaster and its many imitations have been
produced in greater numbers than any other electric guitar. lls
timeless shape has passed neatly five decades without
.hﬁ:lﬁng dated, and is right at home among today’s curvy

whaorled or irregular and the end grain passes from edge to

edge rather than from face to face. This slab-cut wood s fine
for the guitar body.

Quarter-sawn wood with a graln configuration of lang straight
parallel lines and an end grain of vertical annual rings is
sometimes preferable for the neck for its stifiness, especlally
when using a softer wood such as mahogany, Quarter-sawn
boards are difficult 1o find because the milling procedures
used today yield wood mostly cut an the slab. Laminated
necks can be arranged to orlent the grain vertically, even
when made fram slab-cut boards, as in our bass. See
Appendix {p 89) for more information on Wood and Tone,
NMote Wood is sold in nominal measurements, The actual
measurements of the board are somewhat less due to wood
shrinkage and wood removed through the milling process.

i

(e

COuartersawn wonod

Flat- sawn o
slab-cul wood

T
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automobiles and consumer goods. This futuristic design was
based on careful considerations of comfort and playability, an
erganomic approach that was far ahead of its time in the mid
19505, Variations of this shape were used for Fender's
Precision and lazz basses (Fig 1).

The Stratocaster body Is derived from the classic acoustic
shape, rounded with a central walist dividing it into upper and

lower bouts. The upper bout has large cutaways on either

side of the neck, forming a pair of homs. This shape
accommodates all the impartant points of inleraction with the
player'’s body. If you plan to design an unusual body shape,

13
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compare its features to those of a traditional body siyle lo
avoid unanticipated problems with balance and playability
(Fig 2 & 3). Also see drawing Body Shape, p 15.

LOWER BOUT, BASS SIDE (A) Picking arm rests hete, Shape and
beveling here determine where the hand is positioned over the
strings, The Stratocaster design ploneered beveled edge for added
:U__l m.t'

LOWER BOUT, TREBLE SIDE (8] Best st for the main electranies,
reachable, but out of way of picking area, Design should aliow room
far desired electionic components,

WAIST, BASS SIDE (€} Here, Instrument body has greatest contacl
with player's body. The Stratocaster design pioneered a contour In the

14

back. Its shape and size. combined with position of walst in overall
shape, can be designed to provide for aptimal playing position, sitting.
or stand|ng.

WAIST, TREBLE SIDE (D) Most common place for guitar ta contact
player's leg when sitting. We usually leave the back edge somewhal
unrounded to keep instrument from slipping forward on leg.
Placament and shape of waist will determine [nstrument's position
when played sitting. and should be optimized for balance and playing
posture, _
HORMCUTAWAY, HASS SIDE () Length of upper hom determines.
placement of strap connectar, which influences balance and
positianing of nstrument when played standing, The Stratocaster




design allows nstrument to hang with its headstock slightly closer in
the player s body than previous designs, which for many players
makes tor better lefi-hand technique. 1t also eliminates neck-
haviness, an Important consideration for passes, espectally those
With more than tour strings. Ideally, instrument should hang in
‘dpsired playing position without neck having to be held up by the left
hand.

HORMACUTAWAY, TREHLE SIDE (F) Cutaway allows full dccess to
upper frets Hom completes shape of walst, allowing alternate plare
for Instrument to sit on players leg

The design of the Stratocaster does nol work for everybody,
Some players prefer the “grab” of sharper edges, or a neck
that sits farther from the body, The arched top and hack of a
Gibson Les Paul provide an effective alternative 1o the
Stratocaster's contours, Heavier body woods may balance well
with-a shorter bass-side haorn, or none at all, but basses

almast always balance best when the neck-side strap
connector s positioned closer to the neck, in the area of the
12th to 15th fret.

Mihen working out the final shape of the instrument body, it
15 helpful o include the placerent of the pickups, knobs and
Switches, as well as the bridge. These companents, with their
grometric shapes, Interact visually with the outline of the
by,

Body Shape

2 Stratocaster plaved sitting

The headstock’s main purpose is to provide a place for the
tuning machines. The arrangemen! of tuners determines how
the strings pass through the nut slots, [deally. it allows the
strings to pass in a straight line as they cross the nut, reducing
tuning difficulties caused by friction in the nut slots. At the
same time, [he strings must have ample down-bearing :
pressure at the nut to achleve proper tone and to avoid belng
pulled out of their slots when bending strings.

Fender headstocks put all the tuners on one Side, allowing the
strings 1o pass straight through the aut, and putting the tuners
In an easlly reachable location, If samewhit tightly spaced.
Traditional headstocks using even numbers of tuners on each
side allow for more comfortable spacing, but usually require
that at least some of the sirings make an ablique angle
through the nut. Some designers avoid this by angling the
sides of the headstock toward a point at the tip, creating an
arrowhead shape that brings the luners farthest from the nut
closer o the centerline, The design we chose for our bass has
= slightly tapered shape that minimizes unwanted string angle
whille retaining @ more classic look,

Headstock Designs

3 Shratocaster played standing 15




Another option in headstock design is the angle of the
peghead in relation to the neck. Traditionally, headstocks
angle back from the neck to achieve proper string tension
over the nul. This requires thal a joinl be made between the
neck and headstock pleces (A, B, and C) or that the neck be
carved from a thick enough piece of wood to fit the
headstock (D and E), Headstock angle can vary, ranging from
about 10 to 20 degrees depending an the desired
characteristics. A sharp angle will create a sbrong downward
tension across the nut, strengthening tone and sustain in the
apen (unfretted) strings. However, it also Increases friction
through the nut slots and exaggerates the tendency of the
strings to saw their siots deeper over time, especially when
used with a vibrato bridge. Shallower headstock angles offer
better tuning stability, and many builders feel they produce an
apen-string tone that Is more consistent with the sound of the
fretted strings.

One drawback of angled headstocks on an electric guitar or
bass Is that when the instrument is laid on its back il rests on
the end of the headstock. This flexes the neck in the same
direction as the pull of the strings, causing a possible warp. If
the instrument is dropped or knocked over and lands on ils

Headstock Angle Options

A Angled headstock cut from a thin board,
necessitating a |oint

L
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B Locating joint In headstock, PR
wsually used beneath a separate headstock faceplate
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¢ Locating joint in neck, T
beneath fingerboarnd, o
This arrangement often causes buzzing al the first fret as
wood on elther side of the joint reacts differéntly (o

matsture changes, pulling the fingerboard out of flat

J

? A =

E Flat headstock

back, the Hp of the headstock usually hits first and can result
in a crack ar break. Necks whose truss rods are accessed al
the peghead can be especially susceptible to breaking If they
use a hex not for adjustment, which réquires that enough
wood he removed from this critical area o allow a wrench to
fit over the nut. The problem can be avoided by locating the
adjustment nut at the body end of the neck, or by using a
truss rod with an Allepswrench type of nul, which anly needs
a small hole ar channel for access. Additionally, the neck-
headstock joint can be strengthened with a volute, a feature
that leaves the wood thicker in this vulnerable area. These
measures create a very strong headstock that will survive
almost any fail,

An alternative to angled headstocks |s the type used on
Fender guitars and basses. These headstocks are parallel to
the neck. set back about & half inch from the surface of the
fingerboard (see E at left). The neck may be made from a
piece of wood just under an inch (when a separate
fingerboard is used) without having to use a glue joint as with
an angled headstock. When the instrument is laid on its back
the entire neck remains elevated with no pressure on the
headstock, The disadvantage of this design Is that the strings
will nol have enough downward pressure on the nut unless
they pass beneath a retainer between the nut and tuners.
Fender guitars use a pair of T-shaped metal retalners (string
trees), each holding two strings (the E and A strings tuners are
close enough to the nut to have enough angle without thesej.
Fender basses use one retainer for the D and G strings. These
retainers are currently available in low-friction models, some
with small wheels and others made from a self-lubricating
graphite compound. Standard metal string trees may be
lubricated with graphite from a pencil, drawn onto the paint
of string contact. As an alternative to these reftainers, tuners
are avallable with graduated-height string posts: they get
shorter as they get farther from the peghead, providing just
enough downward pressure at the nut. This Is a feature of the
6-in-line version of the Sperzel Trim-Lok tuners, which also use
a mechanism to lock the strings to the posts, avoiding
slippage,

The most untraditional headstock option Is none at all, This Is
done by mounting tuners on the body or, more commaonly,
using a bridge with tuners built in. The main reason for this
design Is sonic; the headstock mass (nfluences tone and
sustain unevenly up and down the fingerboard, The reasons
for this are mostly because the headstock 1s an lsolated center
of mass at the end of the neck, causing the nedk to vibrate
Inconsistently at different frequencies and as the strings are
fretted to varlous lengths. By doing away with the headstock
altogether this complex interaction is greatly simplified,
leading to a more consistent tone and sustain. Sume of the
benefits of headless necks can be achieved by designing a




mn’thnal headstock as lghl as possible. Keep in mind that NLUT WIDTH

;Bmﬂ tonsistency is only a good thing il vou want it; some The width of the neck at the nut determines the spacing of
Wmﬂf&r that each note have its own distinet characte. the strings {Fig 5). Electric guitar nuts are usually about 1% in
s . wicle, while those on acoustics are 1'% in. Bass nuts with four
> 'h strings are between 14 In and 1% In. Nut width variations

| _ ' ' g have a larger effect on the spacing of the four strings of a

i : bass than on the six on the gultar. Choose a nut width that
SHAPE provides enough space between the strings for your fingers,
small variations in neck shape can cause noticeable but narrow enough for comioriable movement between

ﬁ'ﬂ!smnms I feel and comfort. Carefully consider where your adjacent sirings, Consider a wider string spacing If you benqd
'[I‘n.'.mb reists o the neck, how different string spacings work strihgs a lot

- with your fingers {both with chords and single-note runs), and

how different finishes (gloss or satin) feel on the back of the

neck, Also make a note of how the neck shape should
change over its length in order to reflect the change in wrist

- angle and hand position between the lowest and highest

frets, You rmay find that you like how one neck feels near the
- nut but prefer another above the 12th frel, and may want to

- shape your neck to make a transition between the two (Fig 4).

eep in mind that the neck shape should allow for FINGEREOARD ARCH

comfortable playing over extended periods of time, Choose a Fingerboards are usually made thicker in the middle than at
‘shape that will allow the fretting hand to be as relaxed as the edges lo give a more comfortable hand pasition when

- possible while maintaining just enough pressure on the playing chotds, The arch is measured by the radius of the arc
that describes It {see below). It varies between 7% In (high

Be sure to consider how much space to Jeave between the
outsice strings and the edge of the fingerboard—usually ' in
al the nut. Some prefer more space for bending: others leave
as little as possible (without causing the strings to slip off the
edges of the frets) lo have the narrowest fingerboard for a
given string-spacing. This is also a consideration when
choosing the angle of the bevel on the ends of the frets,

arch, as on early Fenders) and 20 in (nearly flat). Classical
Euitars use a completely flat fingerboard. One drawback to a
high arch is that strings that are pulled across the fingerboard
will fret out, or rattle against the higher frets, if the action is
set up for a low siring height Flatter fingerboards don't have
this problem,
< i~ Il =
. G S
A Dval shape B Boat shape L Wide flat shape
M,&e}ergauye can mitke & cross section afa neck .fmdsh‘ the ot TRUSS RODS
- neck fo avoid scratches), Trace the shape from the gouge onlo / I The truss rod Is a
werurmﬂbuurd and cut this out to use as a lemplate. / 'II mechanistn inside the
) i e, neck that counteracts the
L‘\_',- —j’ G forward bend created by

o the pull of the strings. It
| allows the neck to be
| adjusted to have a very
| Fingerboard radius | elieht curve, or reliet, that
'll Is optimal for achieving a
] low, comifortable string
height at each fret. The amount of relief depends on string
gauge (thickness), the desired height of the action, and
personal playing preferences (see Strings and Setup, p 48).
Truss rods bend the neck but do not actually

5 Nuls and nut spacing tempiate 17




stiffen it ar correct the sonic shartcomings of a neck that is
too flexible, A bowed neck will not transfer vibrations as
efficiently into the body, because the strings have maore
leverage and will pul energy into flexing the neck rather than
creating sound,

Truss rods are made in several different designs (Fig &),
available from guitar builder suppliers, They cansist of
stainless steel rods placed inlo a channel inside the neck. with
an adjustment nut-at one end that varies the amount aof flex
as it Is turned [ see photo below), Access to the adjustment nut
i5 at elther the headstock or the body end of the neck, Some
truss rods, such as the one we used In our guitar, have the
ahillty o flex the neck forward as well as backward, allewing
for correction of backbows sometimes caused by molsture
varlations In the neck wood, Backbows are rare, however, in
a praperly bullt neck made of seasoned wood,

Truss rods can use one rod or two. Single-rod types are the
oldest and most traditional. (Fig 6C, 7C) They are placed deep
in the neck, sometimes in a curved channel, and work by
compressing the back of the neck to impart the desired flex
when the nut |s tightened. One-piece truss rods can be
designed to provide a forward flex to the neck as well, by
using a threaded steel apchor plate al either end, one with
reverse threads (Fig 6D, 7D} The truss rod itself is threaded
and screwed into these anchors, and an adjustment nut is
welded to one end, The assembly is then mounted into the
channel in the neck with the anchors firmly attached, but the
rod itself left free of glue or other obstructlons. As the
adjustment nut s turned the entire rod tums with |t driving
the anchor plates closer together {to flex the neck back) or
farther apart {to flex forward).

Bouble-rod types make use of an overand-under configuration.
The two rods are connectied at ope end, and at the other end
the bottom rod passes through a hole In a blodk that is
attached to the top rod (Fig 68, 78). The bottom rod end IS
threaded where it protrudes from the block, and a nut 1s placed

on it When the nut is tightened against the block, the entire
mechanism bows back. Unlike the single truss rod design,
which relies on compressing the neck to achieve this bow, the
dual-style truss rod creates its bow independently of the neck
by flexing against itsell. Double-rad types may be bullt to
provide forward flex as well by using a block at either end, with
a reverse-thread arrangement similar to that used by their
singlerod counterparts (Fig 64, 7AL

Both types of truss rod are manufactured in a number of

varlations, Some allow for a more shallow channel in the

neck, a good choice for those

whe Intend to carve a thin neck

for use with small hands, One

bype of truss rod used by the ‘ e
|

Martin Companny and others
{eatures an inverted "U-channel”

ta U-shaped length of metal into % Vil
which the truss rod 1s placed) in L) s =ral i
lieu of the top rod n a double U-chianiiad biisé rod

rod system, as shown. Several
suppliers offer U-channels made of carbon fiber providing
additional stiffness to the neck.

Single<rod or compression triss rods are Inexpensive,
lightweight, and may easily be made rather than baught.
Simply thread the end of a stainless steel rod and put a sharp
bend in the opposile end at the appropriate length {Fig 6C)
Healing the rod with a torch [s helpful to make this bend. 4
Y In diameter rod s the most common for guitars and a ' in-
rod is sometimes used for basses, especially those with more
than four strings or a scale length greater than 34 in, The
truss rod may be covered in heat-shrinkable plastic tubing or
wrapped In plastic tape to help prevent a rattie thal
somelimes happens if the truss rod Is under litlle or no
Lension,

Compression rods are chosen to recreate the sound of a
vintage Instrument. Thelr lighter welght and compression they

6, 7

A Double rod, 2away adjustable
B Double rod

C Single rod

D Single rod, 2-way adjustable




~ sufficlent surface area where

place on the neck contribute sublly to the tone of the
instrument, This type of truss rod is somewhat more difficult
i install {especially when using a curved-bottom channel)
and almost impassible to replace if it breaks. Truss rods that
use a hex-head nut require a large access area, which
weakens the nut/headstock joint if placed there, A valute at
the back of the nut will provide some Insurance against
breakage,

The Instruments described i1 this book use doublerod types
which are the easiest for the beginning bullder to install. They
are also removable (as long as the neck Is designed ta allow
this and they are not glued in place} in the unlikely event of
breakage or stripped threads. Double-rod truss rods can exert
 greal deal of force in the desired direction of flex, and it is
fare to encounter & warp that they cannot correct, In extreme
fases these truss rods can crack the backs of necks or cause a
fingerboard to pop off. A volute and a properly glued
fingerboard will help prevent this.

Occaslonally builders will elect to use two truss rods In one
neck. This Is most common In basses with five or more

Strings, o In seven- or twelve-string guitars. The advantages
are that more force |5 available to counter the increased string
pull; and the neck may be adjusted to correct a twist, which
cannot be fixed with a single rod. Additionally, when setting
U the neck; slightly more relief may be used beneath the
lawer sirings to compensate for their greater range of
movement. Disadvantages are that more wood must be
remaved from inside the neck, reducing stiffness, and space

- st be made for the two adjustment nuts,

LGLUED-ON (OR SET) NECK  In this most traditional
mﬂhr:n;l of neck attachment, the base of the neck Is shaped to

_ﬂiimn a pocket in the body, and glued there permanently.
This provides a solid joint

chosen by Leo Fender as a way to simplily production. The
neck fits Into a pocket in the body and is held there by bolls
{usually screws). This allows a neck to be switched for
replacement or experiment. Boll-on necks provide a solid
cannection If made well, with less inherent flex than some
set-neck designs. However, they require a relatively bulky heel
that can be difficult to reach around. They are the easiest to
make and recommended for a first attermpt at neck building,

3 NECK-THROUGH-BGDY  Here the neck wood (Fig 8) runs
the entire length of the instrument, passing through the body
that is made of separate pieces (sometimes called wings)
glued onto either side. This design provides the maost solic
neck/body attachment, since both bridge and fretboard are
on the same plece of wood, The heel can be carved to the
most playable shape of the three types since there s no joint
lo weaken by removing too much wood, However, a
damaged neck Is almost iImpossible to replace; the best one
can do is saw off the body sides to use again, While these are
maore complex to bulld than a bolt-on, they are refatively
straightiorward and may be considered by the first4ime
builder,

We chose a bolt-on neck for our guitar and a neck-through
fen our Pass, These are the best sulted to the beginning luthier
and are the deslgns that we prefer. Neck-through body
construction s more commaon in basses than in guitars, but it
Is a fine choice for either instrument when taking a no-
compromise approach o tone and playability. The jolnery
aned carving involved will appeal to expetienced
woodworkers, and while it isn't any more difficult than that
on the other designs, there s more of i Bolt-on necks are an
excellent choice for a first instrument. and have been used on
many of the best guitars and basses,

When laving out an instrument, an important consideration is
the allgnment between neck and body. This determines the
height of the strings at the

(when it Is designed to have

Ahe two pieces connect. The
heel fihe back of the neck-
Jainth may be carved to

Ide access to the upper

i hh._as ling as enough woord

s left for proper strength.

However, replacing a damaged

an warped nack is very difficult,

“2BOLT-ON NECK This
atfachment style (Fig 8) was

B Hoit-on neck and
neck through body

bridge and must be
matched to the chosen
bridge type. Bolt-on necks
are sel parallel to the
body, elevated slightly
above [t as shown In A, p
20. They are usually used
with bridges that place the
strings approximately '/ in
above the body. The use
of a taller bridge, such as
the Gibsonestyle Tune-o-

19




Matic fapprox. 7 in to % in), will necessitate routing the neck
pocket at an angle to the body surface. Neck-through designs
may be made with an elevated fingetboard, but maore often
feature a slight angle between neck and body, shown in B.
Use the bridge when laying out the side-view of your
instrument to insure that this angle is calculated accurately,

surface of the body (Fig 10), Separate saddles for each siring
are attached to the vertical part of the plate with screws,
which allow the saddles to be adjusted to change the length
of the string slightly, for proper intonation. Small springs
around the screws keep the saddles from moving, The slrings
are individually adjustable for height with two small screws In
each saddle. Strings are attached either through holes

= n

In the vertical bend of the bridge plate (bass models,
generally) or by passing thraugh holes In the bottom

A&  Neck parallel to body

B Nedk angled back from body

of the bridge to the back of the body, where they are
held by ferrules (Fig 11}

Bridges of this type, especially those with strings
passing through the body, are considered to be
among the best-sounding bridges for electric guftars
and basses. Fender-style bridges usually have a string
spacing that is on the wide end of the range, at 2%
in between the outside strings. The bridge we chose
for our gultar has a 2%: in spacing, making it

Many types of bridges are available for electric guitars and
basses. Electric instruments that lack a soundboard may use
heavier bridges than those Lsed for acoustic instruments with
independent, fully adjustable saddles for each string. This
allows tor much more accurate ntonation and aptimal
playability.

Different weights and designs of bridges have different sonic
characteristics and may be chosen to enhance of fine-tune
instrument tone. Also, electric instruments may use bridges
that allow the tension of the strings to be changed while
playing. raising and lowering their pitch. These are known as
tremelo bridges, although the real name for what they do
(fluctuating pitchl is vibrato. Bridges of this type are often
called whammy bars, after the lever that attaches to the
bridge to raise and lower pitch [Fig 9),

The design of any Instrument bridge is critical to the seund
that it produces, The bridge performs the vital task of
coupling the strings to the body, and must provide a solid
connection while also performing the tasks of ancharing the
string tension and allowing the necessary adjustability,

Bridges fall into two general categories: those for use on flat-
surfaced bodies and those thal can be mourited on an
arched-ap instrument. Flattop ridges are patterned after the
models designed by Lea Fender far his Broadcaster/Telecaster,
Stratocaster, and Precision and Jazz basses. They have simple
construction: a flat plate 1s screwed to the bady, with the edge
opposite the neck bent vertically, about % in above the

20

compatible with a wider range of pickup models
(Appendix: Electronics, p 715

Arched-top guitars utilize bridges that sit above the surface of
the body, usually on two posts screwed info the body.
Gibson's Tune-o-Matic Is the most common example (Fig 12,
13). It uses a separate stop tailpiece mounted just behind the
bridge to hold the tension of the strings, and has separate
saddles for each string, individually adjustable far intonation,
Overall helght is adjusted by turning the mounting screws an
either end of the bridge. The saddles are nol individually
helght-adjustable, but rather are set to a fixed 12 In radius.
These bridges place the strings higher above the body than

100 Telecaster-style bridge

11 Siring ferritles




the Fender type, requiring a greater angle between neck and bridge area enhances bass and midrange. and can imprave

hody [see Neck/Body Angle, p 20}, Tune-o-Matic and similar sustain, but usudlly does so at the expense of some of the

bridges usually have an overall string spacing of 2% in, sound of the instrument wood. Brass bridges are heavy, and
) may be helptul In filling out the tone of & thin-sounding
' nstrument. Aluminum is lightwelght. and helps bring out the
maximum tone of the wood, although it may add a slight
ping of its own, Many companies affer bridges of mixed
materials (steel base with brass saddles, for example) or after-
market saddle sets for modifying existing bridges. Qne
popular type of the lattet is the graphite String Saver saddles
offered by the Graph-Tech Company. They are made of a low-
friction composition to minimize string breakage, and have a
favorable effect on tone and sustain without adding welght
to the bridge,

Expensive specialty bridges offer interesting alternatives, bu

are nol necessarily better

than traditional models. The

bridges that offer the hest

tone are those with a
minimum of extraneaus
parts and a simple,

12 Tune-o-matic bridge i3 Vc}riﬁzr}:rn u{ 'Func;-n-.l?;aﬂ'c' hn}'fge.

atop tatipiece Is eguipped with fine

! ) ?m'lgl'&. {ﬁ'.ld the bgd_c}rsfsnrdfﬂm ::rr:' straightiorward deslgn.
Gibsor's Les Paul Jr uses a small rolters, aliowing adfustment of — Tremolo bridges for gultar
bridge refated o the Tune-o- the string spacing for use with a wide L. Susiiable ina number
Matic. It Is a single bar, range of pi{kr,fps. Ralter saddles have of styles m'm iy

 spanned between two large o Slightly detrimental affect on farne. ; :

Those that perform bes
mounting screws, for both are based on the original
bridge and tailpiece (Fig 14). Fender Stratocaster bridge

B Strings pass through holes in (Figz 15).
i the neck side of the bar,
emerge out the back and wrap This simple bridge uses a

over s top, where they pass
acioss fdges In the metal that
form the aclual saddles. The

base plate much like the
Fender types, but mounts 1o
the guitar body with six

15 Fender Stretocaster fremolo

metal ridges are stagpered for sCrews n a line along the neck-side of the bridee, each in
improved intonation over a front of a bridge saddie. & bent metal anm {ihe whammy bar)
| single stralght saddle (such as on an screws info a hole in the treble side of the bridge and exterds
| acoustic guitar) but are not Individually adjustable, Further, the ~ @€10ss the face of the guitar (Fig 9, p 20). When the arm Is

stagger is amanged for a wound G string, rather than the pressed toward the hody, the bridge plate plvols on its six

14 Les Paul dr.-style brldge

trwolnd one found on most modern, light-gauge string sets. mounting screws, lowering tension on the strings and dropping
These bridges have had a resurgence In popularity In the late their pltch {Fig 16, 17). Pulling the arm away from the body
1080s. and their tone Is favorad. by many guitar bullders and raises the pitch, allhough the range in this direction is limiteg.

collectars. Recently, an updated version of this
bridge has become available, with limited
ddjustiment for Intonation

Many suppliers offer specialty variations of the

above bridge types, which are cast ar

mackined from brass, steel, or aluminum, They
_ are desiened to make use of the sonic

characterlstics of these metals, and offer

Options for fine tuning. Adding mass to the

16 Stratocaster-styie tremolo, with Brass replacerent saddies,
17 Tremalo with bar depressed 21




Beneath the bridge, a steel block extends through a cavity to
the back of the body (Fig 18), where it altaches to a varjable
number of springs. These -

extend across the back of the
body ina shallow cavity,
providing a counterbalance 1o
the strings (Flg 19). As tension
Is lowered In the strings, it is
increased in the springs, which
pull the strings back into pitch
when the bar is released,

The standard Fender tremolo
gaes out of tune with heavy

use, probably caused by
friction in the Instrument nut
or string retainers (which grab
at the slring as it slides past),
the windings slipping on the
tuner posts, or friction between
the bridge and its mounting
screws. Muts and retainers are

available in a low-friction
matetial, and work very well,
Tuners that lock the sirings to the post have also eliminated
most of this source of trouble. Friction at the bridge screws
can be minimized by adjusting the screw heights to allow the
bridge to pivot freely without its front edge lifting off the face
of the gultar.,

19 Tremolo springs

Newer varlations of the Fender-style tremolo achieve a
smoother actlon by replacing the six mounting screws with
two large studs, one on either end of the bridge (Fig 20} The
Floyd Rose tremola and its many licensed coples, popular in
lhe 19808, use a nut that clamps the stiing in place, avoiding
any tuning problems at the
headstock. Tuning when the
nut Is locked [s possibile with a
set of fine tuners on the bridge
itself, The locking nut
arrangement has become less
popular with the commaon use
of fow-friction nuts and locking
tuners, which are far less
cumbersome.

While these modemn tremalos
are effective at staying in tune;
they do not allow the guilar to
sound as full and powerful as
the original Fender design. The
cholce of which system is right
for your instrument depencds an
your playing style and

20 A modern variation of
Fengder-style tremolo

individual preferences. Tremolo systems come with diagrams
showing the size and placement of the necessary body routs,
and routing templates are available from guitar shop
suppliers,

A full-size pattern will act as the template for the body and
the neck. The following discussion is specific to the guitar.
Many of these procedures apply to the bass as well,
Remember to procure components (Fig 21) before determining
a body shape to make sure everything fits in its appropriate
place.

L8022
- 5

21 Components used in the guftar

Transfer the drawing to a large plece of paper of
posterboard (see Appendix: Master Guitar Pattern, p 62, Two
sheets of 18 in x 24 in drawing paper taped together wil
accommodate the full-size dimension {longer for the bass)




| Draw a centerline through the middle of the drawing paper

| as a reference. Plot the nul and the bridge first. Mark a point
“dlong the centerline, approximately 8 in from the end of the
paper. This point, where the strings break the saddle, is o

| be referred to as the bridge, All other measurements will use
this as a point of reference.

Alang the centerline, mark the nut placement 254 in from
the bridge. This |s the scale length (254 10 is standard
Fender length; 24% in Is standard Glbson length). Longer
sedle lengths are higher in tension; richer in harmonics,

Make nut width 1% in {our guitar) and mark along the
centerline (Fig 22,

L Mark neck pocket 74z in from the bridge, Measure and

miatk 7"%: In from the bridge as the position of the 21st fret,
II The width of the neck/fingerboard al the 21st fret is 2% In, aF I G
Dranw this line (Fig 23), Draw the edges of the neck and PACF 1 oy 130 T
! fretbodrd by connecting the points between the ends of the N, AT \ AT
' nut and 21 st fret (Flg 23), - | v
] Draw the shape of the end of the neck {which is also the

2 Marking the moain points along the centertine
shape of the neck pocket) by using the full-size pattern

provided here, Be sure to achieve the correct curves, as
| shown in Fig 24. 4

N o

MNeck Pocket Patterm actual slze

e

24 Drawing the end of the neck/neck pocket




Transfer (he pattern outline 1o a master drawing (do il
freehand, with an enlarged pattern, of trace an actual
guitar), Check to see that proportions between parts are
visually balanced in relationship o sach other, Make
adjustments where necessary. Place the various glectronic
components and other items on the drawing 1o gel a sense
of the final look [Fig 25).

Draw the headstock pattern in the same way as the body

25 Using the hardware in the design process will give o clearer
view af how Lhe shapes work togetter visually

1 One-piece bodies from same toard with
opposife grein orientation

shape. Place the tuners (we use six on a side design) on the
drawing, as shown, to make sure of alignments of strings,
tuning knobs, etc. (Fig 26).

Draw lines representing the outside strings lapprox. /4 in for
gultar) in from the edge of the neck, through the nut, and
use these lines to locate tunets. Draw the rest of the strings.
Strings must pass without contacting other tuner posts.

Make a copy of the outline of the body from the Master
Drawing and cut it out to use as a working lemplate.

Shap for wood far the wood stock In a speclalty store thiat
will allow you access to thelr stock and will help you find
appropriate wood. If possible, take an informed woodworker
whi knows your needs with you, If there is no local
supplier, consult both guitar supply catalogues and mail
order wood dealers. The body may be bullt fram one o
several pieces of wood depending on the wood avallable.
When selecting wood for its aesthetic effect, consider how
the grain works with your shape. Direction of wood grain
and changes in wood coloration, shown at [eft, may be
important in your decision (Fig 1),




Ihwood of your cholee s not avallable in large enough use a 2-plece body, utilize the center joint line as the
f pieces, glue together two or more pleces (as shown In the certerline. On a 3-piece body, the
drawings). Joint pieces ar have surfaces trued at a centerline will be down the center of
¥ woodworking shop. You can hand plane or sand to achieve the middle piece. Match centerlines of ==
a perfect joint, but this is much more difficult, Tost Jovirit by the body pattern to that of the wood. |

b L ORI 1
' R, : 3}, Do not cut out body &t this time. |
directions for glue use, |

‘ ~ Predraw lines on the wood perpendicular to the joint for

accurate clamp placement. Use larger clamps, |
such as bar clamps or Pipe clamps, and place o 3-plece body ; Z-piece body A
alright angles to the joint so pieces will not be Ly [ | I~
pushed out of alignment. Arrange clamps for \'I LS | iz ian ey
even distribution of pressure, Mill the body 20 | | 'l" i
blank perfectly flat ta a thickness of 1% in. Cut bl , | | .
body blank to approximately 14 in % 20 in. | | '-._ ; , "1 =
Establish a centerling on the bady blank. 1f you | | ‘ i"l
; | P '
| |
multkpiece bodies |
‘ "\\
-
Placement of patlern an wood to
minimize waste or for desirable grin
configuration

3 Body outline drawn on wood |

; 2 Thonsferring bady pattern to the wood ==




4 Drawing the pickup
ouliine on template

5 Rough cutting
lemplate with a

Jigsaw

- i

O T |
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A ‘
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Pickup Cavities Pattern  aciual size

26 A main pickup cavity and 8 grea under plokup legs

The Master Template is used for routing the neck pocket and
two plckup cavities In the guitar body, We make it from ' in
thick masonite because it s inexpensive, avallable, and easy
to work, (If you wish, gultar supply companies sell pre-
machined templates). Buy enough masonite for two

routing procedure.

12).

thicknesses of template material, necessary to camplete the

Routing will be made with a % in stralght router bit with a
matching ball bearing guide and a long shank capable of
cutting 1% In deep (see Jigs, Templates, and the Router, p

Cut one thickness of masonite 20 in x 14 in. Mark a
centerline on this template blank. The centerfine will insure
thiat the neck pocket and two pickup cavities line up so that
the strings will pass over the cormect point on each pickup.
Trace the outlines of the pickup cavities (pattern below left
and neck pocket (pattern p 23} onto the masonite to be
used for the Master Template (Flg 4)

Rough cut the outlines in the masonite with a jigsaw or
coping saw using a pre-drilled hole (o start the cut,

Carefully file and sand the template (Fig 6] to specification
fsanding blocks and dowels are helpful), Aviiid angling or
rounding walls of lemplate,

Note A labor-saving alternative to hand cutting the entire
Master Template |s to handeut the neck pocket hole, then
make a second template with a single pickup hale using the

procedures described
(Fig 7). This is used in

B Sarting the neck pocket to its
final shape wsing small sanding
block to keep lines straight

7 Making a pickup template to use for
routing plekup holes in master template




- lum o rout the two pickup holes in the Masler Template

: 8 Rouling pickup holes in
| ‘Wwhich saves a significant amount of handwork and insures Master Ternplate, saving
| that the pickup holes are identical, the time of hand-cutting
i e fwis pickup holes
- Secure the single pickup template in pasition on the Master

Template with heavy duty two-sided carpet tape (cloth-
backed, not cellophane tape) or clamps. Be sure (o carefully
. dlign centerlines of the two templates. Move the router

| through its entire range of motion to insure that it has
Enough clearance to cut the hole without interference (Fig

. 8. The router blade bearing will ride along the inside of the
single template and cut an identical pattern in the Master

| Template, as shown (Fig 9). Carefully file and sand

any Irreguilarities, : .

Fnally glue the 4 in Master Template to another /i in thick 9 flower ieft] Preparing to rout

piece of masonite. The extra template thickness is necessary ﬂg sﬁ';”gfnﬂ;gp hole fr the

for the bearing guide to be in contact with the template !

during the first shallow cuts for the neck pocket and pickup 10 lawer midde) Routing the
l tavities. Rout out the holes in the second masanite layer, as SR BNCes o Moecie

shown (Fig 10}, This compleles the Master Template (Fig 11). 11 fright) Completed Master

Template

the Master Template anto the body
Jthat the centerliries match. Trace outline of each cavity
o body 1o double check placement and alignments (Fig
Sectire the Master Template to the body with double-
carpet tape, screws (providing they are put in areas
& the guitar oulline and are recessed), or clamps,

neck pocket will be 's in deep. Four or five passes of
uter are necessary to reach this depth. Plan
ngly and remove only a little wood at a time.

* Cavities for the pickups will be % In deep. (If you use a
Hgher bridge, this depth will be less) The feet of the plckups

12 Tracing the outlines of the cavities on the body wil
affow your to check thelr placement, and be sure that
nothing stips during the routing process 27




14 Bundsawing the body shape

16 Sandinyg the sides
fo finet shape

28

15 The body completely cut out

require an additional cut to a depth of 1% in (see Pickup
Cavities Pattern, p 26). These cavities will be deep anough
for all available Humbucker models.

Proceed, step by step, removing only a small amount of
wood at a time (Fig 13), Chisel and sand all the recesses
uniform,

Cut out the body shape using a band saw with a sharp,
medium-ine set Y in blade (Fig 14). A quality
jigsaw can also be used. Test Jigsaw to insure it will
V| cut @ curve in a thick piece of wood without the
blade angling Careful cutting will lessen the filing
sanding, and scraping later. Take your time and
always cut outside the pencl line (Fig 15).

smooth all rough areas with files, sandpaper, and
scrapers (p 10). Use adhesive sandpaper on sanding
blocks of varlous contours to smooth tight curves.
Stick sandpaper to a flexible eraser for fine
contouring. Rough sand the sides with an electnic
spindle sander if you have ane. Otherwise, proceed
methodically around the entire periphery. Do not
file or sand sides so much that they fall out of
square with the face.

Expect to spend some time, perhaps several
sessions, gradually working out imperfections. It s
important to establish the exact final shape or outline of the
body at this stage but not necessary 1o sand out all the
scratches,

Round all the edges of the body with & guarter-round router
bit {Fig 17, 18). To keep the router blade bearing from
burning hard-to-remove marks in the sides, wrap masking
tape around the sides where the bearing will ride.

17, 18 Rounding the body




Itls now time to place the knobs and
switch that will control the elecironies,
Carefully pasition the control knabs in
a praclical and ergonomic (Fig 19, 20)
arangement, See Electronics in the

H 13 Appendix. p 77, regarding their
placement,

i On the face of the body, measure and
mark the exact point of each contiol

‘ | Knob and switch (Fig 21), Be sure that each corresponding

internal companent has enough space {especially the outpul
jack with the cord Plugged in) tFig 22,

- Onthe frond of the body draw the outline of the electronics
Compartment and its cover to make sure they encompass all
e internal components. Remember that the actual
mpartment is smaller than the cover that will eventually
énclose the compartment. The cover rests on a ledge that
surounds the compartment cavity. It the ledge s less than
- Jin wide, make accommadation for four small screws that
Mol the compartment cover in place by widening the ledge
ot the screw placements. Be sure these don't interfere
Wwith internal components, Make g pattern for the cover

Using tracing paper and transfer to the back. Double
check all alignments,

21 Marking out the compererts 22 Test-fitting the intérnal
positions camponents

Drill holes for the stems of each component (Fig 23),
Drill these holes completely through the body to help
Place the compartment cover and monttor the depth of
MEcompartment as you rout |t

Rather than having to make two ternplates for the
dectronics compartment fone for the cavity, one for the
ompartment cover), carefully freehand the cavity with

- er leaving a margin for the ledge on which the
Saver will test. If you are nervous 1o rout freehard,

Make a separate template for each step. Rout the -
sempartment to a depth that leaves s in to ' in of wood,
seen in the holes drilled for the electronics.

24 Rauting the electronics
compariment cover recess

a masonite template (as you did for the neck pocket

pickup cavilfes) for routing the recess for the electronics

anment cover (see pattern, p 30), This lemplate is

Iclal in making a recess with nea edges and will also be

Iracing the outline of the cover itself. Carefully put
template in place with double-sided carpet tape and rout
Gaver fedge to the depth that matches the thickness af

cover material (Fig 24), See Photographs for finished

amcs compartment (Fig 25, 26), 25 Rauted electionics compartment :
cirret ferrpiate <6 Electronics cavity interior iright) 29




28 Screwing the ildge lo the body

30

27 Placing and

squaring the bridge

You may choose to delay placing the bridge until the neck s
mounted on the bady in order to Insure praper alignment,

The bridge is mounted on the centerline of the bady, oriented

with the two outside string saddles equidistant from the
centerline, (Fig 271,

Place the bridge so that the end of the scale length {25/ in
from the nut), called the bridge point, is located exactly at
the spot an the bridge where the saddles are adjusted o
their fullest extension toward the neck. This will allow the:
best range of adjustment for intonation.

Once you have accurately determined the bridge location,
carefully mark the polrits for the bridge mounting screws by
drawlng a circle Inside each mounting hale and marking the
centerpoints with a scratch awl. Pre-drill the screw holes to
the full depth of the screw length, with a bit that is just
smaller than the threads of the mounting screws.

Temporarily mount the bridge to use as a guide for drilling

the string holes (Fig 28). Choose a drill bit just undet the size

of the string holes In the bridge plate. The string holes in the
body must be drilled accurately to insure they are centered
under the holes in the bridge plate. If the bridge overlaps
these holes at all, the string will catch when being pushed
through from the back. This Is especially problematic when
relsing a string that has been on a guitar before and no
longer has a straight end,

Electronics
Compartment
Cover Pattern

With the bridge
mounted to the
body, place the
appropriate bit
inta the drill
press chiuck
and align the
body so that
the first string.
hale is centered
under the bit.
With the drill
press OFF, and
unplugged for
safety, hand:
turm the drill
chuck while
gently lowering.
the bit into the
hole, until the
bt has just

actual slee




started to break the surface (Fig 29). Repeal this procedure
for all six hales, belng very careful not to chip the plating an
the sides of the bridge holes. Remove the bridge and
complete the holes, drilling them fully through the body (Fig

301 Drill slowly, clearing chips often to keep the bit from
wandering

On the back of the body, drill the six % In holes for the
string ferrules (for our guitar, others require % in holes). Dril
them just deep enough for the ferrule caps to sit flush to the
body. Each ferrule should be centered exactly on its string
hole for easy stringing. When completed, the ferrules sit very
close together (Fig 31) and any inaccuracies in their
placement are quite apparent, If you arer't totally confident

It your drill press technique, you may make a template for 29 Marking string holes using
these holes, drilf press

e

30 Drilling string holes

TEMPLATE  Clamp a straightedge to the drill press table, a
tew Inches to one side of the chuck (with the %« in drill bit n
il to use @s a fence. Using double-sided carpet tape, mount _
the bridge plate, with saddles remaved, onto the 37 String Jerdles
stralghtedge, several inches over from the chuck. Align the
bridue plate so thal its string holes are parallel to the edge
of the straightedge (Fig 32). Choose a small plece of
masonite with at least one straight side for the jig. Place the
straight side of the masonite against the stralghtedge on the
drill press. Tape a clear plastic drafter's triangle to the
masonite so that it rides above the bridge. Align this plastic
indicator to the first string hole in the bridge plate. Clamp
the masonite in place, making sure that it is snugly pressed

1o the straightedge, and drill & hole in it. Unclamp the
masonite, move it along the straightedge until the indicator
aligns with the next hole in the bridge plate, reclamp the
masanite, and drill the next hole, Continue until all six holes
are dilled,

Maunt the completed template to the hack of the guitar
bady with double-sided tape, centered over the six string
hules. Place the body anto the drill press
Lable with the bit centered in the first
Tole. Gently turning the drill chuck
backward will help align the body
Precisely without damaging the

masonite. Clamp the body to the table.,
M-aﬂg‘ment dnd drill the hole (Fig
33, Repeat for all the holes, using the

drill press depth-stop 1o keep each hole
Atthe optimum depth for easy stringing,

ice the ferrile hales are complete,
Ehily fleve the string holes where they
et the ferrule holes using a small file.
will ensure easy passage of the — L .
Testfit the ferrules (Fig 34). 33 Drilling ferruie
holes using tempiate

31




35 Determiniry the heel
shape

Determine the shape of the heel chamfer and draw a
36 Our body with guideline on the sides of the heel area (Fig 35). Do not
uncarved heel and  remave too much wood around this area, A strong neck:

& finished body, i | ‘ +of the [nstrument (Fig
St body jaint is important to the tone of the | {Fig

drilled when heelis 301
st square, {0 Once the chamier guideline Is drawn, use it to mark the

f:g;ﬁ}?:.ﬂ?:rr;“ i appropriate depth of each ferrule hole, Set the depth-stop on
dgpmg' match heel the drill press accordingly (Fig 37). Drill each ferrule hole
corbour, with a % in Forstner bit, to the predetermined depths (Fig 348,

349, With a %= in bit, drill a hole for each neck screw in the
center of each ferrule hole, through to the neck pocket (Fig
400 Rout or chisel a small channel for the truss rod

adjustment nut (Fig 41). If you wish, this may be done later,
once the neck is ready 1o be fitted to the body.

[
|
)
3
] coim .
41 Truss rod nut
| = _ channel
. 7 Setting drill press 38 Drilling ferrute holes
jgpii;;t stﬂ% i 9J 38 Finished ferrule 40 Drillfng reck screw
i hotes, with varted holes
i depihs
) J'
i |
1 : : B 1
) Heel chamter (Fig 42, 43, 44), back contour (Fig 45, 46, 47}, i
and arm bevel (Fig 48} may now be caned using |
1 spokeshaves, drawknives, scrapers, and sanding blocks. T1EE
]
! Test-fit each area for |
maximum comfart and '
: playability (Fig 49). Final i
42 Marking the heel adjustments may be made \
chamfer ance the instrument Is {
- ' assembled and test-strung 4
- before finishing; Ai:
4

43, 44 Carving the heet chamfer




Pickup Wiring H

 Dril four holes in the body for the electric wiring: {1) a hole
into the alectronics compartment for the output jack, (2, 3)
fiom the: electronics compartment into the pickup cavities,
e i) ane from undermeath the bridge to the electronics
“campartment for a ground wire

e output jack hole passes straighl through the side of the
?j_ﬁhﬂy al the lower bout. Drill the Output fack hole with a %
A bit for one that suits cover). A Farstner bit is best far this
b [Fig 500, Be careful not (o chip the edges of the holes

(e the electrosocket jack mount cover has very Jittlp
verlap.

Diill the hofe connecting the electronics compartment and
the eck pickup cavity with a 12 in long, ' in bit (Fig 51).
iﬁ_'ﬂ! bil passes through the output jack hale to Keep it
garallel ko the top of the body. The hole should intersect the
ek pickup cavity In the corner closest to the electronics
ompatment. Locate this point on the back of the body and
Urdw a & in circle around it

B0 {he back of the hody above the oulput jack hole, mark
lines representing its outside edges. Align a straightedge
=ef one side of the 4 in circle and the output jeack hole

46 Carving the back contour with o
Spokeshave

49 Testing the contours in
paylng position

S0 Oulput fack hole and Farstner bit

31 {right) Setting up to dril the neck
pickup wiring hole. The circle
arourd the entry polnt will let you
see if the bit drifts off center as it
starts the hole

dnd draw a line, Repeat on the other side of the ¥ n clicle.
These two lines represent the path of the bit. This hole is
drilled % in from the top of the body to intersect the bottom
of the neck Pickup cavity, our Dody 1s 155 In thick, and the
hole'is & in from the hack of the instrument. Plot a Poit an
the electronics compartment wall between the two drawn
lines, % in in from the back. Draw crosshaits at this point
and pre-punch it using an awi.

e

47 Sanding the back conlour smooth
Wittt an eraser as o sarding black, Flex
the eraser slightly for concave curves




Make a drill guide for the outpul jack hole to help contral
the long bit by covering the hole with thick tape imetal
shielding tape works well) and cutting a /4 In hale % in from
the back {Fig 51).

Insert the drill bit through the hole in the tape and start it in
the pre-punched hole, Be especially careful beginning the
hole if the compartment wall is at more than a slight angle
to the trajectory of the drill hit, Just after the bil breaks the
surface, check the crosshalrs. If the bit has been deflected off
center, compensate with the same deflection al the taped
output jack hale,

Onee the hole is begun, turm the body over to see when the
gj@’;‘;’;gﬂnm bit emerges into the pickup cavity (Fig 52). Drill slowly and
the pickup clear the bit of chips frequently so the dell bit will come: oul
covity at the right place,

Crill another connecting hole fram the bridge pickup cavity.
to the electronles compartment. Use the 12 [n long bit,
maintaining as low an angle as possible without hitting the
opposite edge of the pickup cavity (Fig 53). This hale is
aboul 2 in long. Diill slowly as the diill breaks Into the
electranics compartment to minimize chipping.

The last hole Is drilled from beneath the bridge into the
plectronics compartment, this time using a 12 in long, ﬁ
in bit. The hole is located between the string holes and
the neck-side edge of the bridge, lowards the electronics:
compartment lat left). Since the hole is at an extreme
angle, there is a danger of the drill bit skipping aver the
- face when attempting to start the hole. Use a vertical e
53 Drilling the bridge pickup In pilat hole Y in deep to help prevent this.
wirirg hole

54 Drifiing the ground wire hole

headstock design, the overall neck length is between 26 10
sand 27 in, Leave an extra & In for a working margin for &
total stock length of 32 in. A 4 in margin should be left at

Visit your local hardwood dealer to select wood for the the body end of the neck blank to help support the router
guitar neck or find a mail order company that carrles when eventually routing the truss rod slol Cut the neck
specialty woods. Choose the wood carefully {see Appendix: blank to length. The width of the neck blank should
Wood and Tone, p 89). Make a one-piece neck with a accommodate the width of the headstock design.
separate fingerboard, This produces excellent results with Mote  Since retailers measure wood in its rough-sawn
minimum difficulty. We use maple for our guitar neck, thickness is expressed In quarters of an Inch, '

ie. % In equals 1% in. This [s a nominal thickness; actual s
ustially less, For 1 in thickness, you may have Lo buy a % i
plece,

Draw an actuaksize side view and top view of the neck on
paper or posterboard to use as templates. The neck blank
should have a final thickness of 1 in. Depending on the

34




Plane the board to a 1 In thickness making sure the
fingerboard side is perfectly flat. Joint the bass side edge
afthe blank. Place the neck pattern on the neck blank to
theck how the neck design relates to the grain
eonfiguration.

Draw a centerline up the neck blank parallel to the jolnted
- Eﬁgﬂ ol the board. This will help In centering the neck

- properly and will act as a guide in routing the channel for
-~ the fruss rod,

I fabove) Transferting neck outline
o wood

2 Band saw efther side of neck

'Iﬂngthe neck template, transfer the neck design to the
“board fiself (Fig 1),

3 the band saw, remove wood from elther side of the
th between the nut to about 3 in from the end of the
[Fig 2). The two ends of the neck are left full width for
f step in the process,

a i In working margin on either side of the neck
e {Fig 3).

&3 drawknife and spokeshave to rough-carve the back of
eck, leaving YA In 1o Y In extra for later removal (Fig 4,

3 Band saw

since most hardwoods will move slightly after culling, neck outline

tension in the wood will be immediately released at
LA flat-sawn plece of maple will usually bow

back from the fingerboard side as the wood is

wed from the back The release of internal tension will

i same of this movement immediately (Fig ). Over a

af time, moisture equalization in the wood may cause
more movement. Wait a few days for the neck to

in. Many guitar comparies walt months after rough-
Tiecks before proceeding.

I the neck, lay a ruler or other straightedge
e face of the blank to check for warpage (Fig 7). 4 Rough-carving neck with

drawiknife

5 {above right) Rough-carving
neck with spokeshave

fi {fefl) Checking for
mavement in neck

7 (right) Meck plece was
Mat before carving, bowed
after




8 jright) Laying out truss
rod position

a flower left) Channel is
widened stightly al
adjtistrment end

10 flower fght] Router
guide in place on neck

11 fleft) Screws used to mount
router gulde and workplece

12 (below left) rowting the
truss rod chartme!

13 (helow right} Routing the
fruss rod channel, end view

14 (hottom left] Trirmming excess
wood arautd heel

15 (hottom middie) Timming back
of heel

163 {right top) Shaping end of heel
17 {right bottorn) Truss rod In place

Check the neck periodically for movernment. Onee it has
appeared to stabilize, resurface the tap i necessary to
insure that it is perfectly flat. A well-adjusted jointer or
long sanding board are useful for this process.

Omnce 1t is flat, redraw the centerline and mark the
Jength of the truss rod and truss rod channel on the
wond (Fig 8],

B Our truss rod requires a channel 7z in wide and e In
deep with a small widening of the channel at the body e of
the neck blank for the truss rod adjusting wheel [Fg 9).

Set up a strip of wood as a fence exactly parallel to the
centerline of the neck (Fig 10). The router

edge-guide moves along this fence to insure a straight line,
Screw the fence to the neck hlank at a contact polnt outside
the neck outline (Fig 11). The fence plece must have two
straight parallel sides and line up perfectly with the neck
centerline when In place, Double check and adjust with
shims if pecessary,

Secure the neck to the workbench. For best router clearance.
rather than clamping the neck to the bench, screw the neck
blank and router guide to a hoard that is then clamped to
the bench {or use a cabinet maker's bench),

Using a s in bit, make several passes to achieve the final
depth and width of the truss rod channel. Since the Y I it
doesp’t match the width of the truss rod, set the router guide
to align the bit to one side of the channel. Rout to depth,
making several passes. Reset the guide to align with the
ather side of the channel, Rout (Fig 12, 13).

Cut the excess wood from the sides and end of the neck
heel (Fig 14). Leave Y in working margin on the sides. Cut
the back of the neck heel and block sand to ¥ in thick,
parallel to the top of the neck (Fig 15). Rough-sand the end.
of the neck {but not the sides) so that the heel begins to
conform to the neck pocket in the body, Final fitting will
come later (Fig 16). Test-it the truss rod in His channel We
widened the channel slightly around the adjustment wheel
for proper clearance {Fig 17).




Draw a line where the nut will be installed {see Appendix
Headstock Design, p 63). Segment It for six strings at the nut
width. Draw lines representing the outside strings as they
fass through the nut and onto the headstock. These will
help determine (he best placement of the tuners. When
- placing tuners, take inlo account the diameter of the tuner
posts, drawn at right. Tuner holes should be centered to pre
side of each string line, half the width of the tuner posts (see
- drawing at right),

| On six-on-a-side headstocks, tuners are usually placed e
16 1 In apart, depending on the tuner style you use, The
measurement from the center of the first tuner post to the
fret side of the nut is usually around 1% in (Fig 18},

Mark the exact placement of all six tuners and drill their
~ Hales on a drill press.

Nete Any misalignment of these holes will show, If you're
Tiot comfortable freehanding them, use the following
pracedure. Draw a fine parallel to the centerline of the
tuner posts [ust outside the actual outiine of the headstock.
This wil act as a guide for drilling the tuner holes on the
dilll press. Cut along this line (Fig 19), then make any
eckssary adjustments with a file or sanding block to
sure it 1s parallel to the tuner line (Fig 20,

a square, draw lines from each tuner centerpoint to

headstock to the drill press table with the drill bit

itioned aver the first hole. Clamp a straight plece of

o the table to act as a guide fence for drilling,
amark on the fence at the point where the

dieular fine from the first tuner intersects it [Fig 21),
mark will align each tuner in turn, Using
bit that matches the tuners, carefully
Ahe hales (Fig 22},

to remove 'a in thickness of wood
face of the headstock by marking
de of the headstock {Flg 23], Mark
ol the headstock leaving room for
ite. The final thickness of the peghead
i n. Use the band saw to remove excess
nd from the peghead butl do not cut the
and back pieces completely aff, This leaves the

i intact making it easier to cut the outlined shape
peghead (Flg 24).

aus woeod (Fig 25, p 38). Onee the outline has

A= e "'--.__I‘,r e
|

o ia B hole for tuimes

-~ - -

{0

i, e d

i S, SR Sl A string

‘ N

ge. perpendicular to the tuner line (Fig 21). Clamp | ==

Center points of funer holes are offset from string line by the
radius of tuner string post, usually = in

- o -H" o=

18 Culting strafght side for tuner

drilling fig

20 Sandinig flat s

21 Aligrirmg headstock to
marked fence

22 [upper left) Drilling tuner
heves

23 fabove! Marking
heddstack thickness

24 (left) Culs for headstock
thickness




been cul, the top-and back
parts can be cut off with a
handsaw (Flg 26, 27).

Fle and sand to refing
surfaces and curves (Fig 28
29}, Do not sand the area
just behing the nut on the
fingerbeoard face of the
neck. Leave a ¥ in margin
between the back of the nut
and the beginning of the
headstock ledge (Fig 30).
This area will be finished
after the fingerboard is
attached,

25 Band saw headstock shape 26 Trimming excess 27 Excess fimmed

File and sand the volute on the back of neck/headstock
juncture (Fig 31, 32). The volule adds an ormamental touch
and helps strengthen an otherwise vulnerable part of the
instrumaent.

28 Shaping headstock
- o i P =
29 Shaping around volute with ascifiating 30 Pre-trimming around
spindie sander headstock-fingerboard interface
e & -"."‘ i i
o 31 Shaped headstock 32 Contoured volule

.:r{'.l




Biwood, fretted chromatically, and glued to the face of the
Rosewond, ebony, and maple are hard, resist wear and
and are good woads for fingerboards. The advantage of
¢ materdals is that they are hard. Rosewood and ebony
filly dark in color and look less solled over time. Ebony,
s black color and close grain, makes a great

pound for mother-of-pearl inlays. Rosewood has

iful dark, red and black grain patterns, Maple is

BIive, easy to find, and has good tonal qualities,
ploneered the one-piece maple neck without a
fingerboard where frets are mounted directly into

% and the truss rod is Installed from the back of the
K4S & less traditional cholce, many of the harder, more
ark exolic woods such as wenge, zircole, goncalo
yand cacobolo are also suitable for fingerboards. Our

fil Is ebany and contrasts nicely with the mahogany
Remember that wood choice affects the sound of the
iment {see Appendix: Wood and Tone, p 89).

gard woads are available from most wood specialty
or through & guitar supply company, Purchase wood as
tk from a wood store or as milled-to-size blanks from
suppliers. Specialty suppliers also sell blanks already

Otted and arched,

You will need a square, fret saw, sharp pencil, and a small
block of woad as a sawing gulde. Specialty saws are avallable
that exacily match the fret tang, the part of the fret which fits
Intey the slot (Fig 2), The most common fret slot width is 024
In. Fret fangs can vary, however. Repair shops sometimes use
thinner or wider fret tangs to fix a warp in a neck. Extra
pressure In the fret slot forces the neck to flex back, a
technigue sometimes used to stralghten older guitar necks

{ that don't have truss rods. Canversely, narrower fret tangs

may allow a back-bowed neck to stralghten under string
tension,

Gultar fret rules and other template devices are available for
plotting common scale lengths, If you choose to use a
nonstandard scale length, you can derive fret placements
mathematically using the rule of eighteen. Divide the scale
length by 17.817 to find the distance from the nut to the 1st
frel. Sublract this distance from the whole, then divide the
remaining distance by 17817 again for the next fret and for
each remaining fret placement. The 12th fret [one octave
above the open string) should lle halfway between nut and
bridge. And the 5th fret lies halfway between the nut and
twelfth fred. Computer software Is also avallable that will
figure any scale lengih.




Fret distance
frorm nut

fil Distunce
1.4312

2.7821
40572 Make sure fingerboard wood is square and milled 1o

5 9606 specification: ¥4 in thick, 2% In wide, and 20 In long. Success

6.3066 in placing fret stots is determined by good preparation, One

74680 edge of the fingerhoard needs to be perfectly straight since

B.ABO8 iret slots will be marked with a square placed against it Our

9.4360 guitar uses a flngerboard that extends slightly beyond the
10.3376 heel end of the neck, allowing placement of one extra fret
11,1846 to provide & high D In standare! tuning. Ml and prepare the
1194918 fingerboard for fret slotting.

12,7500 Matk the position of the nut. The nut slot is % In wide. Cut
13,4656 along the lines that define the nut width 1o a depth of ¥ in.

14,1411 Carefully remove the remaining wood with a small chisel of
14.7786 file,

153803
150483 Mark the placement of each fret using an accurate square

164844 (Fig 3). The fretling measurements provided are based on
16.9904 {he Fender 25 /4 In scale length. Praclice making fret slots on
17 46RO scrap wood, of the same type as the fingerboard, until you
17.9188 feel confident enotigh to kerf the actual fingerboard.

18,3443 Clamp a guide block carefully at the fret position. Hold the
18,7459 saw flat against the guide block and saw to deplih {Fig 4).
1891250 The depth of each slot should be slightly deeper

4 Sawing fret slots with fence 15 19.4828 | (approximately .025 in) than the fret tang. Draw a pencll ling.
26 19,8205 on the saw at the desired depth as a general referonce, if
27 20,1393 you wish,

28 20.4402 Note  |f you can cut fret slots using a table saw or radial

29 2n.7242 arm saw, specialty circular fretting blades designed to fit

30 209922 these machines are available from suppliers of guitar tools
31 21.2452 Fret-slotting templates are also sold for use n this operation
iX 21.4840
i3 21.7094
34 21,9221
35 221230
36 22.3125

After sawing all the fret slots, plot the placement of the inlay
Fret placerments material, Dots of mother-of-pearl or abatone shell are the
fora25%:in  syal standard and can be hought ready-made from guitar
scalelength o unty shops in a variety of sizes, as shown. They are classic
and by far the easlest to inlay for the novice since all that is
neaded is @ matching drill bit. Custom shapes can also be
purchased or you can cut your own shapes with a jewelers.
saw. Consull specialty books about advanced inlay
procedures.

@

5 Mother-af-pear!
iy dots Gur guilar has mediun-size mother-of-pear dots, one det
each at the 3rd. 5th, 7th, Bth, 15th 17th, 18th, and 215 etk

& il itions on Al
e and twno dots at the 12th and at the optional 241h fret (Fig 68

fingerboard
Be sure (o find a drill bit that precisely accommodates the
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et size. Experiment first on a serap of fingerboard wond

Don't press the dot all the way In or it may be difficult to
extracl

~ Braw a centerline on the fingerboard and mark the dot
Placements exactly between the dappropriate frets. Double
dots are offset from the cenlerline, often haltway between
the centerline and edge of the fingerboard.

| S the depth of dritfing on the drill press to accommodate
the thickness of the dots. Proceed with drilling, being

tareful to fine up the dots perfeclly. We have made a drilling 7 Aligning Iniay cenlering fiy. testing on

lIg. &s shown, to help Lo accurately guide the drilling process ~ scrap wood
(fig 7. 8, 9)

& fupper right) Small section or rujer far

Gl the dots in place with white or vellow glue, epoxy, or centering between fret siots
O0e of the gap-filling cyanoacrylate [super] glues (Fig 10). If
i AMEany gaps or chips around the inlay, mix the glue

9 A spacer (white
With some fingerboard sawdust (o match the calor.

stiek) s wsed to ariit
for dauble dots at
124 fret

=1

=
o

In preparation for Blulng the fingerboard 1o the neck. trim
HiC sand the end of the heel of the neck to its final
Hmension, Do not sand the sldes yet. Trim the end of the
rhoard 1o its fingl shape. Remember that the

board overlaps the end of the neck. The truss rod

e should project just beyond the end of the ingerboary ET e
11 A\

10 fieft) inlays glued
i place

aranly clamp the fingerboard to the neck and make : 5
thee truss rod slides in and aut of its channel without
ming This insures its Easy removal and replacement in

It breaks, although this |s unlikely with the truss rod we
thosen.

T maintain proper positioning while gluing the fingerboard

Wthe nieck. use small puide pins fashioned from shortened

SUS Or other little pins or tacks. Nail two pins securely into
neck one near each end, ds shown (Figz 12}

11 End of neck is sandeq tefore
fingerboard is attatched

Clp off the protruding end to about ¥%: in, or just enough to
dthe fingerboard in Place during the gluing process,
BN the end of sach pin so they will penstrate the

ioard whern pressure |5 dpplied,

SHIE EYEN pressure over the entjre fingerboard, use
clamps and 4 clamping block faced with cork 1o

IBUte pressyre uniformly over entire glulng area(Fig 13),

K Huiss rod to ensure it daesn't get permanently glued e

You glue the fin gerboard to the neck. Check that glue 12 Frethoard Posilioning tacks 13 Gluing fingerboarg:
B6ze Into the truss rod channel and create an

padded block keeps neck
By making sure that the channel fs clearad before stralght and pressutre ever
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14 Trimming edges of
fingetboard

shape

18 Sanding arch Inta fingerboard

with full-length sanding biock

Trim excess wood fram the sides of the fingerboard (Fig 14)
and begin shaping and refining the neck/fingerboard
combination to its final configuration. Keep back of neck flat
by using sanding blocks {Fig 15).

Do nol sand too much In the middie. Rounding the ends of
the sanding biocks will help keep the neck flat all the way to
the ends. Cardboard ar paper templates of the preferred
neck cross sections will help monitar your progress. Begin
final sanding around the headstock (Fig 16).

The fingerboard now needs arching, Ours has an arc with a
12 in radius. Make a radius gauge with a compass, or
purchase one, available In various radil, from gultar supply
dealers (Fig 17}. {See Aingerhoard Arch p 17)

Place adhesive-back sandpaper on a flat block and begin
sanding (Fig 18) lo arch the fingerboard, as shown. Check
progress with a radius gauge. Use a long stralghtedge along
the length of the fingerboard to keep [t perfectly flat. Starl
=T with 80 grit sandpaper and
as you reach the final
shape, use progressively
finer grades of sandpaper,
Alternatively, set up a
simple Jig with a radius
sanding block that has been
machined to the proper

s
[
t
f
F
f
r
t
4 20 Fitting neck to body
F
¢
€
¢
¢
2

i N
i 1 i

21 Alfgning neck to bridge

radius, avallable from gultar
supply shops. A fence
mounted parallel to the
centerline of the fingerboard keeps the sanding block from
wandering and accidently rounding the outside edges of the
fingerboard oo much, as shown (Fig 19),

19 Radiused sanding block with
guide fence

Give final shape to the back of the neck. Use a contour
template to help get the dghl curvature, bul a good eye and
feel are the best gauges, Try other gultars to get a sense of
the range of neck shapes (see Neck Shape, p 17). Carefully fit
the neck o the body,

Use sanding block for neck sides and points where it
contacts the neck pocket (Fig 211 Use a long stralghtedge o
check the alignment between neck and body. Place the
straightedge along the trajectory of an outside string, justin
from the side of the fingerboard. Line this up with the
outside bridge saddle [Fig 21). Repeat this prociess with the
other outside string. Sand the neck at the heel area until the
two outside strings are equidistant from the edges of the
fingerbaard,



Sand fingerboard to 400 grit sandpaper
alter the arch or round the edges
With fine steel wool before

itaking care to not
ol the fingerboard). Polish
the frets are installed.

B s

Frelwire comes in a variety of sizes for different Instruments
SUch as hanjo, mandolin, and various acoustic and electric
Bultar types. It varles in width and hieight. Electric guitars
ind basses use a variety of sizes depending on players’
Preferences. Many modern Bultarists prefer a larger Jumbo
fe for easier string bending and a fuller tone. Our
Ehoice 15 @ medium fretwire traditionally used
*:-. Gn guitars,

in Fender and

2 a fine triangular file, carefully dull the sharp edges of
th fred slot with a few light strokes across the fingerboard,
S Bases fret entry, allows fret to seat Properly, and helps
PrEvent chipping when worn frets are removed for

“Ment. Fretwire is covered with a residue of machine
left from the manufacturing process. The

& mist be wiped clean. Use naphtha in a well-
dted areq,

il frets onger than the length of the slot

fingerboard, as shown (Fig 22). Pre-curve frets 1o
the radius of the fingerboard by bending them

i by hand or use a speclal device. before they are
Gitinto shorter pleces, Take care not to twist the

fiehvire. Carefully seat the ends of each fret in the slot.

ditfrets by hammering into the slots with a
m number of hammer blows. Use a smail

ar plastic-faced dead-blow hammer. Practice
rdp of wood before altempting to Instal frets on
lal fingerbogard,
An altemative to hammering frets is a system of
& frets into their slots. Commercial varieties of a
s Include attachments for drifl presses, stand-
2 machines, and vise-grip systems. All of these

¥ using a caul thal matches the fingerboard radius
hoids the pre-curved fret while it i pressured evenly

Hhe slot, Pressing the frets into theie respective slots
S conliol aver the pracess,

ade fret press is shown at right, Carve lwo small
Ppleces of hardwood or other durable material to a
of 12 in, matching the radius of the fingerboard, Glue
40 opposite ends of an 8 In long biock, as shawn {Fig
bn one piece over the fref to press it in, center the
the fingerboard keeping the device paraliel to the
bird. This keeps the fret from falling over and allows
Essure over the full length of the fret as it is being

23 Fret press. This one Is made with milifect
phenolic blocks. Closer side presses frel, for side
fuetth felt) rides an fingerboagrd

24 (left) Pressing frets

25 fabove) Underside of meck must be

supported direclly below the fret, Here

thin maple wedges are used for easy
fhelght adjustment. Jorgensen clamp
gives best control,

pressed into place, as shown (Fig 24),

Use @ Jorgensen clamp centered over (he frel to exert more
control over the distribution of pressure. Support the neck
direclly beneath the clamping point (Fig 25,

Match fret slots to fret tang size so they will press In easily,
Be careful that the fret doesn't lean to one side as it Is being
pressed in. Do not over press, Clamps can exert a powerful

amount of pressure and accidently indent the fret into the
lingerboard.
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26 Beveling
fret ends

£ B "l
."'; " ﬁ __//'(?/".'\hll fen

¥ noleing trel

—=- Fret Press

Fret end besel pasitons

_{{';'_'_ I

T e

shallow
fadmet i

raumnded 3,

ey
%,

Degree of Angl;.-'\ﬂplimn

Robirsding edges
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27 Leveling frets

28 {right} Checking frets with
straigitedge

24 (below leff) Leveled frel, taped
off for recrowring

30 {below right] Recrowning fret
with frel file

Fret leveling and filing is cruclal to the playability of your
Instrument. Clip frets as flush to the sides of the fingerboard
as possible, being very careful not to chip the fingerboard.
Use special clippets with a flat face to clip installed frets. Clip
frets from sides to avold crushing the fret tang, Squeeze the
clipper handles evenly taking care not 1o pull the fret to one
side or the other.

Carefully file fret ends with a large mill file to bring them
flush to the sides of the fingerboard, shown in diagram. Do
not loosen frets, Bevel fret ends with a mill file, (Fig 26)
Choose degree of angle shown in drawing below, Less angle
leaves more playing area on the fret top: increased angle i
more comfortable when sliding the playing hand up and
down the neck. Be aware where the outside strings line up
50 the strings aren't inadvertently pulled off the ends of the
freds while playing,

Adjust the truss rod if necessary urtil
the tops of the frets are level Level the
tops of the frets, Use a fret/fingerboard
leveler made from a fine sandpaper:
covered flat length of wood or metal
(You may also use a long, perfectly flat
mill file or a specialty fret file} Levaler
should be longer than the fretboard to
level all the frets simultaneously.
Holding it, as shown in Fig 27,
prevents bending the neck while
sanding as may happen when It is
held o a bench. Check often with a
straightedge as you file so as not 1o
flatten them too much (Fg 28],

Place drafting lape imasking tape may
leave a residue) on each side of every fret {narrawer drafting
tape is helpful for upper frets). Frets must be re-rounded
where they have been filed flal {Fig 29). Use a specialty
crowning file (available from guitar supply centers) (Fig 30},
\hat malches curvature of chosen frets, Diamond-grit files,
though expensive, are best. File just until the flat area left by
the leveling file disappears. Over-filing will lower the fret n

; retation to the others.

The ends of each fret are
further dressed with a s
sanding stick (see drawhg-;'
al left) or a specialty '
triangle file with the co
 ground flal. Remove all




sharp edges. Slide your hand along the edges of the neck 1o
find any sharp ends. Take care not to damage the
fingerboard. Burnish frets with a light sanding with 600 gyt
sandpaper and a final buffing with fine steel wool,

Small inlay mother-of-pear! dots alang the side of the
fingerboard act as references to help the player find finger
and chord positions. Their Placements are identical to the
Inlays on the face of the fingerboard,

Find the exact center vertically and horizontally between the
ipecified frets, Make a slight indentation with the awl to

help position the drill bit and keep It from wandering,
Remember that the double dot at the 12th fret is also
doubled on the side,

Diill the holes with the appropriate-size drill bit. & brad point
Gnill bit will center mare easily on the nick made by the awl
1Fig 31). Glue dots in place using a cyanoacrylate or white
Blue. Let dry and sand smoath with fine sandpaper (Fig 32,

Iany major adjustment is necessary, it is best to find oul at
the assembly stage and correct it rather than later when
adjustments may compaund difficulties, Begin to fil the
Lomponents togethor,

X

Place the neck into the neck pocket and recheck (ks
dlignment to the body centerline. Holding neck firmly, push
a7 In drill bit through the neck screw holes in the body
and twist by hand to make shallow pilot holes into the neck,

Remove the neck fram the body and with a drill press using
a Yiin bit (Fig 1), deepen each pilot hole to % In {the depth
at which the neck and fingerboard join). Use the tepth-

31 Drilling
for side
inlays

32 Side
nfaysin
place

1 {feft) Diilling hoves for neck
maunting screws

2 (lower left) Neck screws in
Place, untrimimed

3 flower right) Trimmed neck
SCTEWS

feuge on the drill press to keep from drilling too far.

Put the ferrules for the neck screws into the body and
place the screws into them, Some screws will need
shortening since the back of the neck pocket was canted.
Measure every screw carefully and cut them to a length
Just short of the neck/fingerboard joint (Fig 2, 3), The
Setews should stop shor of the full depth of pilot holes to




4 Attatching

P Place the neck inlo the neck pockel and screw Lhe neck o

the body (Fig 4). Since the screws are different lengths, make
sure to put them into thelr correct hales,

Put the tuning mechanisms into thelr holes and secure them
by hand-tightening the nuts. Mark and pre-drill the holes
for the set screws. Put the set screws into place and fully

tighten the nuts (Fig 5).

lege

Nuts may be made from bone (traditionally), brass, plastic, ar
a number of specialty materfals (Fig 6) available from guitar
parts suppliers, Gurs |s made from graphite. Choose &
graphite compaound that minimizes friction, iImproving tuning
stability.

Carve the nut material to fit the slol, arching the top to
match the curvature of the fingerboard. Leave a height of
about s in to 2 in above the height of the first fret.

Install the two oulside strings and use them to place the
positions of the outside nut slots, making sure that the
strings are at the desired distance from the ends of the frets,
File the slots with the appropriate nut files, just deep enough
to hold the sirings In place.

Carefully measure the positions of the remaining strings.
sSame players prefer strings that are placed equally between
their centerlines, while others align them with equal spaces
between strings, resulting In bass strings that are spaced
slightly wider than the treble strings. Mark them by
scratching a line on the nut, elther side of each string, with a
sharp hobby knife. File the remaining slots, leaving the
strings a little high over the first fret The nut slots will be
flled to their final depth in the setup section, Siring up the
guitar, and hear its first notes (Fig 7).

Place the pickups onto the face of the
bady By using the pickup rings to
determine thelr exact locatlon, centered
and square to the bridge (Fig B), Mark the
point for each screw, being careful to
keep them square (it is easy to misallgn
the pickup ring). Pre-drill holes for the

& Locating pfckup rings
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mounting screws, Attach plckup rings 1o the pickups with the
approptiate screws and springs (Flg 8) and fit each into their
respective cavitles, feeding thelr wires through the hales you
drilied into the electronics compartment. Screw pickup
assemblies to thie body, as shown (Fig 100

Cut an 8 In length of wire and strip one in of insulation off
one end, Feed the unstripped end into the hole beneath the
bridge and pull it through at the electronics compariment
unkil just the stripped section |s protruding from the hole at
the bridge (Fig 11). Screw the bridge (o the bady, clamping
{he strlpped wire to the body. This wire connects the bridge
1o the ground, and is necessary to avold hum {Fg 12).

You may fully wire the electronics now (see Appendix:
Electronics, p 71), although they will be removed for the
finishing process. Conversely, you may temporarily connect
the pickup leads to the output [ack with test leads. In order
to hear the guitar for the first time,

Finishing is the next step. Reter ta p 448

Use the routing template, p 20, and
trace the shape of the electronics
compartment cover on a sheet of
plastic or wood (Fig 13). Rough-cut the
shape on the band saw and trim to fit
with a sanding block.

Matk the spots around the electronics
compartment where the cover screws

in bedy

B Pickups mounted in rings
10 fright) Attaching pickups

11 Bridge with grounding wire 12 Electronics compartment
with pickup groundiniag wires

will be located (Fig 14). With the cover
in place, drill the screw holes through
the cover and Into the body.
Countersink the holes In the cover,
and widen if necessary, as shown {Fig
15).

Shield the back of the cover with
copper shielding tape and screw In
place, ds shown {Flg 16}

13 jupper tight) Marking compartment
door puling

14 imiddie right} Screw pasitions muorked
Jar driliing

15 fbotiom right) Cauntersinking screw
holes

16 Compartment door I place




After careful Hrlls.hlng. the final setup of the guitar can be
done. String instrument (Fig 17) and install the string retainers
{string trees) on the headstock (Fig 18).

Adjust the truss rod to achieve the desired neck relied,
Usually this will be best with a very slight bow, so that when
a straightedge s placed on the frets It shows a slight gap
centered above the Gth fret, This may range from .003 in to
020 in, although some players prefer a neck that is
dabsolutely flat, Set the helght of the string action at the
bridge by adjusting the individual saddles. String helght
depends on playing style. Hard playing needs a higher
action to avold fret buzz.

File the nut slots to their final depth (Fig 194 If you are
using @ low-friction nut, leave the strings a fittle high at
the nut because these wear quickly. Trim the helght of the
nut untl the strings are just above the fop of the nut
{about one-third the diameter of the string).

set the Intonation by adjusting the length of the strings at
the bridge saddles. This Is best done with an electronic
tuner. When the open string and the fretted note at the
12th fret are In tune, the Intonation is set. O, you can
match the fretted note to the octave harmonic by ear.

set the beight of the pickups beneath the striings. Maost
pickups fail in the general range of Y in to ¥ in below
the strings {see Appendix: Electranics: Pickup Varialions,
[ 74). Follow the manufacturer's instructions for your
pickups. Install the strap buttons on the end of the bass-

side hom and on the centerpoint at the end of the bady
{Fig 20},

Finishing is largely a matter of persanal preference and can
be as simple or as elaborate as you wish. Every instrument
maker has their own favorite finishing products and
procedures developed through research and experience.
Traditionally, luthiers spend as much time on the finlshing
stages of the instrument as on the actual making. Now as

always, the finish will determine the final quality of the
instrument.

There are several basic finishing steps that Instrument makers
tollow: sanding and wood preparation, tinting or staining the
wood, filling pores with grain filler for a perfectly smooth
surface, sealing the wood against moisture, and applying
topcoats. Makers vary this process for special finishing effects.
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Finishes such as shellac, sanding sealer, and oll are designed
to penetrate into the wood and harden to seal and protect
the wood. Lacquer, varnishes, and wax are topcoat external
finishes thal provide more protection and a lustrous look,
Finishes are applied through brushing, padding, or spraying
depending on the product used and the finisher's resource
and experience,

Depending on the outcome desired, the application of
different products and the sequence of treatments may vary.
We have tried lo take a straightforward approach by
employing readily available, easy-to-use products and
minlmizing the number of steps invalved, For further aptions
se¢ Finlshing Options, p 92,




Prepare for finishing by disassembling the guitar and
sanding and smoothing the wood (Fig 1), removing all
seratches and other blemishes. Quarter-sheet, palm sandets
help shorten work time and can leave a very good surface,
Piease use judiciously or they may creale more
imperfections than they remove. Sand carefully around
pickup cavities and edges (Fig 2,3). Sanding involves
repeated effort, each time using a finer grade of sandpaper.
Scrapers may help with cerlain kinds of wood but require a
bit of practice to be effective.

Surfaces made up of different woods will sand at different
rates. Softer woods laminated lo harder woods tend to dish
out. Avold this by using sanding blocks,
sandpaper wrapped around (or adhered to) @
rubber drafting eraser leaves fewer scratches
than & wood sanding block, Sand the
Instrument with 120 grit sandpaper to

remove all gliue smudges, level uneven
surfaces, and smooth the surface of the

wood. Sand again with 220 grit sandpaper to
further smooth the surface. Sand the end
grain. Your fingers can tell when the wood is
heginning to be polished (Fig 4). Use finer

grades of sandpaper for additional treatment.
sind headstock (Fig 5) and touch up the fingerboard, if
Necessary.,

Wipe the wood with & dampened cloth,
let It diy, and resand until smooth,
Although this makes more work, it
actually saves sanding time in
subsequent steps,

4 fleft) Sanding end-grain inside of
horn

5 (rigit) Sanding headstock

The application of wood stain is optional. It 5 used o color and
enhance the natural grain of the wood or crepte a visual effect
(popular sunburst finish). Stains can be applied on bare wood
before the sealing coal or mixed with the sealer, For maximum
effect. stains are usually applied before a sealing coat.

Stains come In concentrated liquid and powder forms. They
are mixed with water or alcohol for different shades. Stains

2 Sanding around edges with
sandpaper stretched between fingers

3 Sanding curves in upper horm

ad
mixed with shellac, varnish, or lacquer produce a more
transparent ook,
Stain scraps of wood of the same type as your instrument to
test color. Stain is nearly impossible 1o remove, Rubbing
surface with number 0000 steel wool will only lighten and
highlight the finish.
Our guitar Is not stalned. The shellac and vamish used later in
our process will deepen the Inherent color of the wood and
ghvethe wood a natural look
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Sealing agents protect the wood against moisture and make

. subsequent coats of finishes take more effectively. Lacquer,
sanding sealer, shellac, or oll are most commonly used for

| sealing wood (Fig 6). Stains may be suspended In sedling

coals {make sure that the products are compatible).

| Our guitar Is sealed with shellac, It-is @ product of nature,
| sticks Lo most anything has attractively sublle coloring
properties, and dries fast and hard,

Purchase sheflac in liquid or flake form and thin it with
denatured alcohol, Sealer can be applied through brushing.
spraying, or French-polishing. We applied a wash coat of
shellac, reduced consistency (2 1b, thinned).

Subsequent coats may also be slightly thinned for easier
application. Apply shellac evenly and quickly with as few
strokes as possible (Fig 7). Let dry and sand smooth with
400 gl sandpaper,

i

sealing agents and topcoats do nat fill the pores of open-
grained woods, Use special grain filler compounds 1o produce
an absolutely smooth wood surface. Pares of woods such as
rasewood, mahogany, and ash generally need filling.
Nonporous woods such as maple, alder, and ebony do not,
Some brands of grain filler have sealing agents and tints
already mixed in them and may be applied In lieu of a sealing

- coat and stain, Follow the manufacturer's directions. More
than one treatment may he necessary. since we have sealed
the wood beforehand with a coal of shellar, grain filling
proceeds mare efficiently.

Work the grain filler well into the wood pores and let dry
. overnighl. Sand the wood and repeat this process if
necessary. Apply a final sealing coat of shellac to Turlly
prepare waod for the topcoats. Sand with 400 grit
sandpaper o perfect smoothness.

, Now consider special coloring treatments such as solid color
| coats, shading. sunbursting, and toning. Consult speciatty
hooks for this fascinating aspect of guitar making.

Dust the instrument well with a tack cloth or soft clean rag
and find a dust-free environment to apply protective topooats,
Varnish has been a traditional finish for instruments far many
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ages. The great 18th century violin makers used oll-based
varnishes exclusively. They provide a hard protective finish
and beautiful luster. Although still available from luthler
supply companies, they are seldom used today because of
their extremely long drying time.

We use a high quality spirit-based commercial vamish for our
tapcoats, It Is easy to use and ready to apply, and provides
good protection from the elements. Spirit-based varmishes use
paint thinner, mineral spirits, or turpentine as a base. They are
often designaled as intetior or fumniture-grade varnishes, They
come In high-gloss, semi-gloss, dull-rub matte, and flat luster

5




Same manufacturers suggest gloss coats for the foundation

layers for transparency, with a final matte coat or two for
visual warmih,

Poly varnishes can also be used. They are BeEsy to apply,
durable, and with some polishing praduce a nice finish.

Eco-friendly, water-based varnishes are also easy to use and

have the advantage of drying quickly and providing an easy-
care surface. Always follow the directions suggested by the
manufacturer.

Use a high quality brush. If cleaned up properly, it should last
for a number of sessions. Plan the pracedure you will use 1o
apply the topcoats and how you will hang the Instrument up
for drying.

Depending on the brand of varnish you use, the first coat or
lwo may be slightly thinned with mineral spirits, Fach
successive coat should be slightly heavier. Nevet apply the
finish so thick that it will drip or curtaln before it has a chance
to set up and dry. Apply three or four coats. Lel dry belween
toats, Lightly sand out imperfections between coats,

After each coat, rub the surface with 400 grit sandpaper, Be
careful not to sand through previous coats. Sometimes wet-
and-dry sandpaper Is used In conjunction with water or ofl as
a lubricant for more control during sanding, Dust well
between each coat,

Alter the last coat of finish has been applied rub the surface
lightly with a fine 000 or 0000 steel wool and buff with a soft
cloth to add luster and highlight the finish. Or use a pelishing
agent for a higher gloss, Traditionally, choose pumice or
fotten stone, hand-rubbed with oil or water as a lubricant,
Buffing wheels with palishing compound are another aption.

the Finge

Use oil designed for wood (Fig 8). Speciaity oils dry harder
than furniture oils. Fingerboards are never vamished or
lacquered, except for maple fingerboards that soil mare pasily
than darker woods. Follow the manufacturer's directions.

Finally. a paste or liquid wax (carnuba wax is good) can be

applied to give prolection against extremes |n humidity and
provide extra sheen to the wood (Fig 9),

9 O guitar is
hand-rubbed to
a high gloss, A
Wik cot

| protects agalnst




Construct

i
aBass Guit




Neck-through-body bass woad parts
exploted view

i

Many procedures for making a bass guitar (Flg 1, p 52) are
similar to those used in bullding the skx-string guitar. The
primary. difference in our example s thal we have used the
neck-through-body design for the bass instead of the two-
plece bolt-an design featured for the gultar. This means that
the neck extends through the body and, in fact, becomes the
central component of the body (see above drawingl. The
remainder of the bady s then buill onto the neck. This style
offers tonal advantages and interesting visual oplions, but
requires @ good amount of sawing and milling usually done
with a band saw and Jolnter. We dlso use a laminated
construction for the neck to provide more rigidity and visual
contrast by using maple and ziricote for the neck, and sapele
la species of mahoganyl for the remainder of the body.

Prepare by reading Design Conslderations and Preparation (p
13} and the Electronics (p 71} and Wood and Tore (p 89)
sections in the Appendix. Procure all the necessary elecironic
parts and other hardware at this time so that your design will
accommodate the actual tomponents you will use (Fig 2},

Draw an actual-size pattern (Fig 3) (see Master Patterns—
Crawing Bass Pattern, p 64) or carefully measure an actual
bass and make the modifications you wish.

We use a laminate construction for the neck, Determine the
widths of the various laminate components. Color and grain

I fopposite page) Finished bass

3 Drinwing bass pattern

o=

4 Cuting magpie neck
faminates

contrast between adjoining
laminates is a visually
desirable effect. Make a list of
the wood measurements for
the number and widths of
laminates and for the body
wings, fingerboard, and
headstock faceplate (if used),

Resaw, joint and plane the
thickness of each neck plece
to specification. Rough-cut the
baslc shape of each plece (Fig 4

5. A verlical grain configuration of
the two maple pleces adds to the
neck’s stability.

Level all gluing surfaces an the

5 Cutting irlcote center
fominate and body laminales
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& (right) Jointing
maple laimirates

7 Neck laminates
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17 (left) Locating truss rad
pasition

12 {bottom left) Routing truss
rod channel

13 (bottom right) Truss rod in
place. Wrench in place for
determining position af
aceess hole

jointer (Fig 6). When a piece Is to be glued on two sides, i
make sure to keep surfaces parallel, Pleces that will appess
in mirror image (the maple neck pleces) should be keptals
the same width for visual continuity (Flg 7).

Glue all neck components together (Fig 8), one plece ala @
time. Clamp. Alter the basic neck Is assembled, {rim the b
of the neck to a thickness of 1 in. Joint or sand the neck
face until it Is perfectly level, Rough plane the headstodk i
its assigned angle at this point, (Fig 9) or wait until after fhe
slot for the truss rod has been routed. The advantage of
walting Is that a completely flal neck makes a better
platform for routing the slot at the headstock end, Thi sides
of the neck will be cut after the truss rod slot has been
routed,

Based on the master pattern, draw the pasition of the nut
outline the neck taper, mark the position of the 12th fref, the
end af the fingerboard, the bridge, and the termlnatlﬂnnf
the body end of the neck (Fig 10,

A {for lefi) Glilg
neck faminmtes:
9 {midle) Planing
feaastock for

faceplate

10 iright) Marking
feyout on neck -

Study the detall drawing of the neck? hwdusmrk it triss
rod conjunction (see Appendix: Master Drawings, p 651, _
the placement points of each element of the actual truss rad
on the face of the neck (Hg 11). The router is guided by a:
fence that rides against the side of the neck klank, so be
sure that this is straight and parallel to the neck centerline
Patiently rout the truss rod channel by making several
passes with the router, increasing the depth each time (Fig
12).

Mote Ir the procedure for routing the gultar truss rod
channel ([described on p 36), we pre-carved the neck first to
relleve tension in the wood, then re-leveled the surface
before routing the truss rod channel. This s nol necessan
far this ass, because the vertically-orlented grain in the
neck laminates do not flex when the neck |s carved,

Saw and plane headstock to specification. Final arrangement:
of truss rod and headstock are shown in Fig 13. Prepare a
headstock faceplate from ' in thick ebony wood, Transfer



measurements (o the faceplate to define the notch that
accommodates the end of the truss rod and the access hole
for the truss rod adjuster (Fig 14). Make any modifications
necessary so the various components fit together properly,

14 Headstock
Jaceplate, notclved for
fruss rod block and
drifled for adjustment
wrench.

Glue the faceplate 1o the headstock (Fig 15).

Trim thee back of headstock to a thickness to accommodate
the tuning mechanisms (our measurement is % in),
Remember to leave wood for a volute. Draw the

headstock shape on the back of the headstock and cut

out the basic autline an the band saw (Fig 16).

Plane and flle the nut end of the faceplate level with the
fingerboard, Insert the truss rod to insure that everything
fits (Fig 17). Cut oul the outline of the neck leaving ' in
extra on-either side (Fig 18),

On the headstock, carefully locate the placement of luner
holes. Drill the holes on a drill press, & plece of wood !
pressed firmly to the underside of the headstock will 15 fabove] Giuing headstock

minimize ¢hipping as the drill bit emerges (Fig 19) faceplate
Begin contouring the back of the neck with a spokeshave, Tﬁiﬂf_{f}”f.l Bandsawing headstock
' outiine

rasps, and files
IFlg 20). The
three neck cross-
sections drawn
on p 15 show
the basic styles.
Leave the neck
a little aversize
until the
fingerboard s
glued on. Make

a simple 17 Headstock faceplate 18 Neck trimmed just wide of
template, as shown,  trimmed to neck surface final width

to help gauge

the shape

[shightly oversize
at this stage) (Fig
21).

The shape of the
heel {area where
the neck meets
the body) is
determined by
the jaint !

batween the 20 Rough-canving neck with spokestiave, 21 Template for neck carving
outside portions of

the body and the neck. This area will be mare carefully
cantoured later, but remove as much material as possible
while the bedy sides are unattached (Fig 22, 23),

22 fabove right) Roughing-
oul feel with chise!

23 (batlam right) Shaping
heel with drum sander



The body must be declined slightly to the plane of the
neck to produce the correct string height at the bridge.
Determine the height that is required and draw lines on
the side of the body seclion of the neck assembly,
Establish the amount the body section of the neck is to
be trimmed to achleve the correct neck/body angle [see
Appendix. Master Drawing p 65 ). Band saw the excess

: wood from the top and back of the neck assembly (Fig  {
24 Trimming body portion of 25 Measuring for neck angle 24). Sand these surfaces flat with a sanding block. Test for
ek plece for teck angle ut:ﬁ?éﬁngerbaard i i proper angle by putting the bridge and fingerboard in place, ]
e Py P Adjust the bridge saddles to the middle of thelr height range. F
rut Rest a long stralghtedge on the bridge saddle and hold it
[ Fre Distanice ahiove the fingerboard along the same line as a string (Fig
1 19083 | 25). The straightedge should be at the helght at which a
2 3 7004 string would normally rest above a fretted fingerboard,
! 54045 | shown I drawing below,
{4 70142
B.5288
B 99584 Body/Neds Angle Cuts
11.3077| el 3 e
A 12,6813 S
] 13.7835 (§
10 14.9181
11 15. 9801 .;‘-=||;.|l..---|u.|.- tlal toe the dotted () ..
2 17.0000 estabiish correct necksbody angle
i3 179541 = h Sy EugEas —
|14 18.8547 '
‘ 15 19.7048
1 20,507
21.2644 The construction of the bass fingerboard is the same as far |
‘ 5 21.0742 the six-string guitar, see p 39, If you prefer, purchase a slotted
19 22,6539 fingerboard from a guitar supply company. We use rosewood
20 232007 for our bass gultar fingerboard,
7 23.8917
- 24,4591 Scale length for a standard bass is 34 in. Place fret slots
s 549946 (measurements shown at left, and inlay fingerboard dots, Fig
24 255000 4 26). Trim sides of fingerboard close to the final taper of the
s 2597y 2oFngerbourd with Inlays neck. Round the body end of the fingerboard and cut it to
o 26.4274 | o final widih in the area where it overlaps the body (Fig 27).
26.8524 | RO Testfit the fingerboard with the truss rod in place to insure
i 272536 proper alignment, Re-<check fingerboard surface of the neck
3 376322 with-a straightedge, and relevel with a sanding block if
o 279896 NECESIAy.
31 28,3269 Make sure the truss rod is functioning properly hefore
iz 28,6453 installing it. We do not glue it into the neck. Make any
32 23-9:459 adjustments necessary to make it fit. If the channel is longer
E 29.2295 than necessary at the body end, fill the gap with a shim so
29.4973 the truss rod doesn't slide toward the body as it is being
[36 29,7500 i .35 adjusted later, Put the truss rod in place and prepare to glue
Fret locations for ziﬁggemmm rounded at body before the fingerboard on top.
34 Inseale length g Install two small push pins or pins fashioned from brads into
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the neck lo help secure the fingerboard and keep it from
slipping during the gluing process (Fig 28).

Prepare several clamps and glue the fingerboard to the neck
using a padded block to insure even pressure along the full
span of the neck (Fig 29), Using this block will also insure
that the neck remains straight as the glue dries. Trim excess
wood from the sides of the fingerboard and begin shaping
the final form of the neck (Fig 30),

Arch the fingerboard (we used a 12 in radius). If you
purchase a pre-arched fingerboard, check the arch to make
sure the fingerboard is perfectly level along [ts length. Sand
to & high luster, see p 42, 43,

28 Gluing on the fingerboard

30! Last chance to shape
el and neck befare body
wings gre In the way

string guitar fretwire since wound bass strings wear frets
faster. Narrow frets produce better intonation and are usually
preferred for recording studio work, Try out various bass
guitars to determine the feel you prefer. Purchase fretwire of
vour cholce, See p 40 for fretling process.

Mill the wood for body ta a thickness to match the neck.
Transfer the patlern {o the wood. Place the hardware on the
body bank and determine the location of the pickups and
electronics campartment (Fig 21, 32),

Rough-cut the basic shapes of the two wings (Fig 33). Leave
flat areas on the sides of the wings to ald in clamping them
ta the neck. The flat areas should be directly opposite each
other so that the clamps are at right angles to the joint (see
drawing) to prevent slippage when glued [Flg 36, p 58),

Before gluing the wings to the body, raut a channel in the
juinted face of the treble (lower side) wing (Fig 34, 35} to
carry the wires from the neck pickup to the electronics
compartment (see Master Drawing, p 64). Routing now will
save difficult drilling later,

33 Band sawing body sides, 2
tecnving fial spots for damping !

Glue extra laminate

34 (left) Routing wiring 'I , ) '

clhiannel . |

35 (right) Wirlneg channe Cutting body sides for :
perperdicuidr clamp |
afigramernt

57



40 Positicning
Knobs on body

41 Drilling fholes
for electronic
Companents

58

42 Routed electronics
cempartment and door
recess

pleces (as we have done} between body and wings to the
wings. Trim them to the body thickness.

Cut body wings to their final shape before gluing them to
the neck. Leave a little extra wood at each end of the joints
for better contact at these points. Save the cut-off pleces to
use as clamping cauls when gluing, Glue the wings to the
bady, one at a time, keeping the clamps straight. We use
pins as in the neck/fingerboard joint. The alignment of these
parts s important because discrepancies are difficull to
correct.

When both sides are fully dry (Fig 37), trim the body around
the ends of the joints {o the final shape (Flg 38). Carve the
areas of the body that Intersect the heel (Fig 39).

Lay out and position the clectronic companents on the face of
the instrument in preparation for routing the pickup cavities
and the electronics compartment. if you choose a different
arrangement for the controls, adjust your electronics
campartment shape accordingly. Avold putting a
potentlometer too close 1o the outpul jack, where the tip of
the cord plug will contact the pot housing. Place knabs for
accessibility and visual balance: Carefully position and mark
the bridge placement (Fig 40).

Follow instructions on p 59 for making the mouling template,
This Is actually for the compartment cover, nol the main part
of the cavity. The main cavity may be routed by hand o
with @ termplate cut to its outline,

Drill the holes for the control knobs (Fig 41} to prepare for
routing electronics compartment on back of body. The stem
holes will help acl as a guide for routing the compartment to
the appropriate depth, Dl out the bulk of the wood with a
Forstner drill bit before routing. Finish the main cavity with the
router, then rout the cover recess with the template (Fig 42,
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Prepare @ routing template for the pickup cavities (below),
One template (see drawing) will do two cavities (Fig 43).
Carefully clamp the template into place making sure to
center it on the body laminates.

Hout the cavities in several passes until the appropriate
depth Is reached (Fig 44). The plckup holes should intersect
with the channel routed earlier in the treble body wing (Fig
45} Unless the wiring channel already intersects with the
electronics compartment, diill a hole between the two (Fig
),

Drill a hole connecting the electronics compartment and the
hody face just below the bridge {use a 12 1n long. ¥ in bil),
far the grounding wire (Fig 47).

Y1 T e
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!I'Illlll foradis

) A, & B
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}4 - 4 in

Rowting Template for Lane Poor 3.950 plckup
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Rout the body roundovers (Fig 48) described on p 28, Bevel
the top of the body at the arm position until it feels
comfortable, Carve the body contour with a spakeshave or
drawknife. Finish with the eraser sanding block (Fig 49),
These cantours may be refined when the instrument is test-
strung.

Level and frr;et lhn neck, as described on p 35 40, Take some
extra care to support the neck when pressing in the frets,
especially near the body end of the fingerboard,

43 Pickup cavitfes and routing

tempiate

45 Pickup cavities and wiring
channel

44 Routlng pickup cavities

46 Conrecting wiring
channel and electromics
compartmerit

47 Drillting

hole for

wire

,. grounding

48 Rounding body edges

49 Carving body contatr

with a spokeshave
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Finish all basle sanding and contauring (Fig 50). Make a
simple sanding jig trom a perfectly flat length of wood with
sandpaper glued to the edge for sanding and leveling the
back of the neck (Fig 51). Sand carefully anywhere the
different laminates join each other. Sand a gradual slope
between the body surface and the neck/fingerboard
Junction (Flg 52).

51 Block-sanding neck shape

Before finishing, assemble and stting the bass to play and
hear. Make any final adjustments to the neck and body
contouring,

52 Sculpfing araund base
af fingerboard

Attach the pickups. bridge, (Hg 53, 54}, and tuners.

Cut a nut {see p 46), String it up and make preliminary nut
slots (Fig 56). Tune to pitch. Tension the truss rod as
NEecessary,

Clip the pickup wires tooa test lead to hear the amplified
tone.

Finishing is done now, see p 92,

53 Instaifing pickups

54 Installing bridge

55 Finlsted bass, see p52 5tring the instrument and adjust the truss rod as described
on p 48, Setup. Sel the string helght at the bridge for the
desired action.

Ad|ust nut slots to their final depths,
Adjust the bridge saddles for correct intonation

Set the hejght of the pickups, usually ' in ta ¥ in below
the strings.

Install the strap
buttans on the end
of the harn and on
the centerpaint at
the end of the
hady (Fle 57, 581
See finlshed bass, p
56 Filing nut slots 57 Strap button an harn 52.

58 Installing strap butfon
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Appendix

The electric guilar and electric bass are two of the most
impartant and prominent instruments in music today, While
the tuning and range of these electric instruments are the
same as their acoustic cousins, the styles and techniques used
in playing them are often quite different. This section offers
some of the basic and most popular electric guitar and bass
playing techniques and provides a foundation that can be
used with other guitar study methods currently available in
book or video form.

GETTING STARTED

Most electtic guitar and some
electric bass players use a
plectrum, or pick, to strike the
strings. A& comfortable, secure
right hand grip and relaxed
position will help the beginner
o become familiar with the
pick untll It eventually
becomes almost part of the
hand. The Index finger of the
picking hand should be curled
(not clenched) so that the thumb can be placed roughly
parallel to the tip of the index finger. Place the pick between
the thumb and index finger, with the point of the pick at a
right angle to the thumb (see photograph). Keep the hand
relaxed, and use approximately /a in of the pick as the
striking surface (slightly more for bass),

Pick control is crucial. Begin with a downstroke Immediately
followed by an upstroke on the low E string. Move through
the sy strings (four strings for the bass), playing a downstroke
and an upstroke on each. Keep a steady beat and allow each
stroke to ring out with equal volume and clarity. This down-
up style of picking is the core technique of most electric guitar
styles,

RASIC CHORDS, SCALES, AND TECHNIQUES

Chord positions on the fretboard are many and varled. The
standard format for learning these positions Is the chord box,

Bass

Thomas Randall

a graphic representation of the fingerboard that Indicates the
location of the fingers for a given chord,

This box |s assumed to represent the first three or four frets of
the guitar, unless a fret number is given alongside the box.
(Fig 1) illustrates the use of the chord box and gives many of
the basic chord shapes that every gultarist must memaorize.
The fingers of the left hand are numbered 1 ta 4, beginning
with the index finger. The fingets of the left hand should
remain rounded so that the tip of each finger comes straight
down on the desired note. Most of the chords for all eleciric
guitar playing are variations on or extensions of these chords,

Often It is necessary for one finger of the left hand to press
down two or more strings (a barre or bar position) with the
flat pad of the finger rather than the tip (Fig 1, F and A
chords). A controlled, firm grip produces the desired notes and
clarity, Beginning players often tend to clench down too hard
on the fingerboard instead of relaxing the fingers and
focusing on accurate placement, This Is only the first of many
left hand techniques thit require a light touch backed by
strength and control,

Chiords and melodies are built from scales. The first scales to

leam use many open

i now

(unfretted) strings. (FIg l ! e

2) presents the C 1418 E = o
Majar scale, first In a wis | | Db—8 33

chord box and then in L] | i

tablature, To read the i BT T e S

scale in the chord

hox, first play the note that appears in the farthest left
pasition (the 3rd fret of the A string). This is C, the first note of
the € scale. Next, play the notes indicated on the next string
ta the right, starting with the open note, 0, and then E and F
at the 2nd and 3rd frets. Continue with the next open string,
G, and the A al the 2nd fret. Conclude with the open string B
and the C at the first fret. When played correctly, you will hear
the familiar sound of the major scale {do, re, mi, fa, so, la, i,
do). Practice this tand all) scales ascending and descending.

0 Ope s, suunded % Mused or unsolnided sirng
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LA m& BE Fi This Chard Bas and Basle Chinds

using allernating down and up strokes of the pick
Always place your fingertips just behind the fret
that 15 sounding the note.

Tablature is also-a graphic depiction of the
fingerboard, showing the six tor four) strings and
indicating which fret of which string will produce
the desired note. Read from left to fight, tablature
also indicates motion through time, something the
chord box is not designed to do. The numbers on
the lines do not Indicate which finger to use, only
which fret and string to play. Fingerings may be
Indicated above or below the note. The tablature
L] for the € Major scale starts with the 3rd fret of the
A string, indicated by a small 3 on the 2nd line, and
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proceeds up the scale. Read through it and compare




what you hear with the scale you produced from the chord
box: they should sound the same. The G Major scale is shown
in {Fig 3), once again in & chord box and in tablature.

Every musician [ _ e oW
will benefit ; s
from learning 192929 |5
o read music 1o it
from the 3 =
standard staff. Agd The G Moo Scile, TwoOclaves

MmO mm
(-]
|
o

-

As a practical
matter, most guitarists who play popular styles on the electric
gultar rarely need this skill unless they are Involved in studio,
compositien, or theatrical performance situations. At the very
least. you will need to know the names of the notes at many
lecations on the fingerboard. The language of musit can be
learned withoul knowing how to read the staff, but learning
to read music is recommended as It opens many doars and
faciltates the study of music theory.

PLA¥ING RHYTHM GUITAR

Playing rhythm chords on the electiic guitar requires the use
of barre chords up and down the entire fingerboard. Much
can be done with just a few positions; this section focuses an
twa groups or families of chords, E and A, These chords are
essentially the same shapes as the E (major and minor) and A
(major and minor) chords given In Fig 1. Through the use of a
shifting batre position, every major or minor chord can be
found using these shapes,

Barre Chords and Embellishments, Progressions

Fora G#f major chord

Suppose you are learning a song that calls for a G# major
chord. You know from the G scale (Fig 3) that the 3rd fret of
the low E string is the note G, and you know from your
general study of music that a sharp (#) indicates raising a
pltch by one fret {or half-step). The lowest G# hote, therefore,
can be found at the 4th fret of the low E string. Because the
bass note of the chord is on the E string, you match it to an F

major shape, with the first finger barring the
ath fret (Fig 4). The barre itself should lie flat BEEEH !
across all of the strings, directly behind the i e 2 o
ath fret. This is a Gi# major chord, A Gif | | |2
minor chord can be constructed at the same LL L N
Incation, using an E minor shape above the Fie 4 G# Mafor
barre al the 4th ﬁ'E‘t. Use firm, even pressure ‘EI-II |~|{ Il_..:...:ff.l-_.
and do not clench w::ur harnd, tarre Position

For a € minar chord
Suppose, next, that you are asked to play a €

minor chord. You know from the C scale (Fig T
2) that the 3rd fret of the A string sounds a ptee |—|
low C nate. Because you are bullding a chord | - ;i-

from a roat on the A string, you will choose =2 2601

an A tamily (A minon chord shape, With the
fitst finger creating a barre at the 3rd fret, the
other fingers form the A minor chord shape

Fig 5 © Mino
Chord. & Family
Harne Pasilion

above the barre {Fig 5). This Is a € minor
chord,

Far A major tamily barre chords -
The ring finger actually barres three strings, =]
while the Index finger provides a bass note | 1] ‘
of rool note, which names the chord. See

(Fig B), the C major barre chord, for an
exarmple of this family, It is helpful to M6 € Major
memaorize the names of the notes on the LA §
two lowest strings, as they provide locations

el

atlly
Bt Pomlsion

for all of the chords, Using this system, you

can find any major or minor chord you |

need, J
A

In many gultar styles it s not necessary {o il
play all of the notes of a barre chord; )

instead, focus on the Righer or lower notes, Fig 7
In many rock styles only the three low |
sirings are played, usually with amplifier

G R jor
Chard fne thirgd)
vy radl wiselng

distortion to thicken the sound (Fig 7). In

many other styles, like soft rock, reggae,
anc pop music, the higher strings are
emphasized (Fig 8). The notes of the chord
may be soundes together {as In a reggae
“‘thop” or “skank” gultar part) or they may
be articulated one at a time {an arpegglo).

Flg i Ge M|

Chord, upped
string volging

For harre chord variation

Oneof the most useful variations of the

barre chord is the shuffle rhythm, a versatile rock/blues
accompan 1_ent patiern. The following example corresponds
to a B flat 1) parre chord location, using the E shape above a
6th frel barre, Place your Iaft hand first finger at the 6th fret of
the low E string, the note B (a flat is the opposite of a sharp,
and Indicates that a pitch should be lowered by one fret),
Place the ring finger of the left hand on the A string. 8th frel.
Strike these two strings twice with the pick. Stretch the dth
finger of the left hand to the tenth fret of the A siring while

holding the first finger on —— -
the low BY, Strike these Vi 'S HED
two notes twice, then lift |7 . ﬂ =
the 4th finger to prepare s EE S
for the next two pick I T
strokes. (Fig 9) shows this ik ER
shuffle move in chord

Fig 9 10 ol Shufe

boxes, and it can be
maved anywhete on the neck as long as your root note s on
the E, A, or D string,

There are many other ways in which a basic chord position
can be adjusted or altered, creating melodic motion in the
chord progression, Many well known songs from the blues
and fock repertoire include sliding chord clusters in the
rhythm gultar part [Stormy Monday, T-Bore Walker/ The
Allman Brothers; Menmphis, Tennesee, Chuck Berry/lohnny
Rivers; Messing with the Kid, Junicr Wells/The Blues Brothers).
Another means of creating melodic motion 1s by adding and
removing extra notes against the chord, heard, for example,
in Pinball Wizard by The Who and In Sugear Magnolia by The
Crateful Dead. See Fig 10, p 68, for examples of each of these
approaches, Many of the mosl effective and interesting
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Fig 160 Sliding Cluster and Suspension, Release

rhythm guitar parts in popular music incorporate these or
other modifications of the standard chords. Often this rhythm
guitar part becomes the sighature sound of the song itsell.

Songs are bullt from sets of chords, often built primarily from
ane majot scale or key, A chord progression or serles of
chords may be novel or stock, such as the C major-A minor-F
major-G major formula which was popular in the 1950s.

If we number the sleps of the scale (€ major), we can place
chords in @ key by number. This technigue allows for the
transfer of information from one key to another. if C=1, D=2,
E=3, etc,, the stock progression given above becomes a 1-6-4-
5 {or l-vi\V-V) progression. A varlation, the lvi-liV, |s played ©
major—A minor-0 minor—=G major. In any key, the [ 1V, and ¥V
chords are major, while the ii, i, and vi chords are minor
{lower case Roman numerals).

These basic tools lend themselves to much vartation often by
switching major and miner chords. Try the 2nd progression
with-an A major or D major chord Instead of the minor for an
example of this kind of substitution. Alterriately, a chord may
be borrowed from another key entirely, creating more
unexpected harmonic motion. Try substituting an A flal major
chord for the F major chord in the first (I2vi-0-V) progression
and listen for the different texture, Broadly speaking, jaz?
chord progressions switch keys or borrow across keys much
mare often than do other popular music structures,

Controlling sound and sustain of the electric guitar while
playing chords or melodies is often a question of allowing
cetlain strings to ring out while muting ar damping others, To
play a light, percussive chord, the chording (left) hand controls
the muting by releasing the pressure from the strings
immediately after the chord s sounded. Do not lift the fingers
from the strings, just release the pressure and the notes will
quickly die off. This sets up a squeeze-strum-squeeze-strum
pattern between the two hands, and produces a crisp,
accurate rhythm. The right hand can also serve as a mute by
resting on the strings s they are plcked. The heel and palm
of the picking hand dampens all the strings, a style of muting
used extensively by rock guitarists. The pick plays mostly
down strokes,

MELODY, LEAD, AND RIFFS

Aside from rhythm playing and chording, electric guitarists are
often expected to play melodies, improvise feads, and il in
with short melodic passages called riffs, licks, or breaks, These
runs of single notes require mobility on the fingerboard and
coordination between the hands, with precise picking and
fingering. With one fingeling excerclse and a few more scales,
a number of these requirements can be developed quickly,

68

Bullding Mobility and Technlgue

First, try the fingering exercise frequently called the spider. as
It resermbles a spider crawling up the guitar neck. Place your
left hand on the neck, about halfway up. Spread your fingers
slightly and cover four frets with four fingers. This Is a basic
rest position. Curl the fingers so that all four fingertips are
resting on the low E string, each In its own fret. Press the first
finger down and strike the string with a downstroke. Press the
next finger down and strike an upstroke. Press the ring finger
down, strike a down stroke, and finish with the fourth finger
and an upstroke. Move to the A string and advance one fret
up the neck, repeating the picking pattern. Shift next to the D
siring, up one fret, and again play the four nate pattern.
Continue across all six strings in this manner. Remember to
always use alternating down/up strokes with the pick,
creating a smooth flow of notes, This exercise and a
descending variation are shown In a chord box and in
tablature in Fig 11, To expand your use of the fingerboard,
devise variations of your own,
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Fur a universal major scale

Earlier, we [ooked at two open paosition scales. Fig 12 gives a
set of fingerings for a universal major scale which can be
used anywhere on the neck. The starting note names the
scale, much as the low E string provides the naming note for
all £ family barre chords, This scale starls with the 2nd finger
of the lefl hand, and the example ghven 1s an A major scale,
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Figg 12 Unlversal Major-Scal (A Mojor

starting on the 5th fret of the low E string. Play the scale
ascending and descending, with steady down-up-down-up
pick strokes, You will recognize the familiar do-re-mi-fa-so-la-ti-
do pattern. Don't worry about speed yet; it will develop
naturally when the hands are hetler coordinated,

Pentatanic (5-tone) scales are important for blues and rock

T j.|..4..;
e

e
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lead guitar Hnes, The minar pentatonic scale. Fig 13, is used
fior hlues melody and lends ilself easily to elaboration and
embellishment. The position glven s for the & minor
pentatonic scale, but you can creale any minor pentatonic
scale by using the low E string (in the same way that you use
It for the universal major scale) 1o provide a naming note and
starting place. Place your first finger on any note on the low E
string and reproduce the fingerings from Fig 13. The major
pentatanic scale is also a useful ool for improvising or writing
a melody (Fig 14}, (The opening lines of Oh Susanng employ a
pentatonic scale) All pentatonic scales should be practicec
smoothly, with a down-up-down-up pick attack.
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Stales are (dentified and grouped by analyzing thelr sequence
of whole steps (two fret distances) and half steps (ane fret
distances or adjacent notes). Some players favor certain types
of scales, thus creating a distinetive and personal sound, For
Instance, the late lead gultarist for the Grateful Dead, Jerry
Carcia, used the major scale and its various modes (alternate
scales bullt from the major scale] extensively, while Carlos
Santana‘s sound Is rooted In the minor scale, Most jazz
players make use of a wide range of scales and switeh from
one tothe other quite often to accommaodate the changing
harmonies within a piece, Jazz players also use unusual
altered scales to create angular and surprising melodic twists,

The electric guitar vocabulary contains stock phrases,
reterred to as licks or riffs, from which many songs and
Improvised s0los are constructed, For blues see two moves in
the kesy of E, given in Fig 15. The first |s & stock turnaround or
closing phrase, and the second is the Suzie-Q riff, given In key

of A in Fig 16, and Is clearly within the A pentatonic minor
scale set, shown in Fig 13, p 68, A good riff can be moved to
a new key by shifting it up the fingerboard until it matches
the key of the song being played.

More advanced technigues

As your playing improves, you may wanl o incorporate some
different and more advanced left and right hand techniques.
Certaln styles of playing are virtually defined by the technigue
used by the rght hand. For example, Chet Atkins |s known for
d fingerplcking style which does not make use of a standard
plectrum. Instead, he uses a thumb plck while the fingers of
the right hand pick the treble strings independently of the
thumb, This style is strongly associated with The Nashville
sound and country music in general. Many players use some
of the fingers of the right hand while holding a pick in the
usual way; this glves them many options for rolling patterns
which resemble Chet Alkins style picking while retaining the
speed and clarity provided by the plectrum.

Lead guitar playing makes use of many left hand tricks and
technigues, such as bending the strings. When bending a
note, the pitch fs smoothly raised from one note to another,
typlcally @ whole step above the Initial pitch. To play a baslc
bend, place the ring finger of the left hand on the B string at
the tenth fret. This Is the note & Place the first and second
fingers lightly on the same string; with all three fingers, push
the string across the fingerboard untll the note matches the
sound of the B string fretted at the twelfth fret. Many bends
are used In blues, rock; and country guitar playing and can be
combined with stationary notes on other strings,

Other equally Important left hand techniques are the
hammer-on and its cousin, the pull-oft. For both of these, a
single pick stroke produces two or more melody notes. To
play the hammer-on, place the index finger of the left hand
anywhere on the fingerboard and pick that string. Before the
note has a chance to die out, slap the ring finger of the left
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hand down on the fingerboard two frets above
the first note you played, saunding a new,
higher note, The pull-off Is just the reverse of
the hammer-on. Begin with the index and ring
| fingers of the left hand both pressing down the
same string, two frets apart, Strike the string
with the pick and fmmediately 1T the ring
finger. The sounded note will drop a whole step
io the note fingered by the index finger. A fast
flutter sound can be achieved by repeatedly
hammering and pulling off in one location.
Some advanced rock styles incorporate right
hand hammer-on and pull-off techniques,
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where the picking hand crosses aver to the
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fingerboard to execute the hammering or
tapping, These techriques are widely used and
allow a player to perform fast ines without
plcking every note.

PLAYING THE BASS GUITAR
Since Its Introduction in the 1950s, the electric
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hass lelectric bass guitarl has replaced the acoustic {upright)
bass as the lowest [nstrument in most popular music
ensembles. Although its tuning and role in an ensemble are
the same @s its larger predecessor, the electric bass’ ease of
amplification and overall playability made it an instant
success when the orlginal Fender models were offered to the
public in the early 1950s. Bass players adapted quickly to the
techniques used an the glectric instrument and guitar players
easily switched over to bass, The sheer length of the hass
neck, however, demands that players shifl thelr left hand
positions quite often, as only a few notes are available In any
one lacation,

There are many right hand techniques for the electric bass.
Many prominent rack players use a plck, such as Paul
McCartney, Phil Lesh (Grateful Dead), and Carol Kaye {one of
the most recorded studlo musiclans of the 1960s and 1970s),
The pick produces a punchy, bright, clear tone with a lot of
detinktion of the pilch and rhythm, Many players, such as
James Jamerson of Motown Records, Donald "Duck” Dunn of
Stax Records, John Entwhistle of The Who, and Chuck Ralney
{another influential studio musician), developed a “two finger”
approach. Using mostly {or exclusively) the first two fingers of
the right hand, this style results in a thicker tone than the pick
and has less attack: Starting in the 1970s, a new set of
advanced techniques became popular through the rise of
funk and other related farms of music, These technlgues
Involve a varlety of right hand slaps, thumb and finger “pops”
[very aggressive plucking). and the snapping sound of the
strings bouncing off of the frets, | recommend the standard
two finger approach for the beginner,

Scale Studies for Bass

Most of the scale study in this chapter applies to the bass
gultar and the tablature and chord boxes can easlly be read
on the bass, However, most Instructional methods present
material in the bass clef. For several reasons, reading music
on the bass is generally easier than reading music on the
guitar, First, the bass part usually proceeds one note at a time,
without crowding In a lot of fast notes or chord clusters.
Second, bass parts tend to be somewhat repetitive both
melodically and riwthmically. so once you have read the first
few phrases the rest is easy, Third, bass parls by their very
nature are supporting other, more complex lines, and tend to
be written rather sparsely and simply.

To begin a bass scale study, start with Fig 2 (the € major
scale) and review the corresponding section at the beginning
of this chapter, The first six notes of the scale will be easy to
locate on the bass, because the low four strings of the guitar
are tuned to the same notes as the bass, albeit in a higher
register. Finlsh the scale by playing the B on the 4th fret of
the G string and the C at the 5th fret. Similarly (Fig ), the G
major scale, s easy to transier to the bass. Play the scale as
written: when you reach the open G string, stop and begin
the descert. Of even greater use will be the universal major
scale (Fig 12). This set of fingerings can be shifted anywhere
on the neck to produce any desired major scale, For the bass,
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play only the notes indicated for the lowest three stiings of
the pultar. These fingerings can be shifted across to an A
string root and still produce a major scale. Practice all ol these
scales ascending and descending, keeping a steady 1-2-1-2
picking pattern in the right hand.

Bass players generally “map oul” chords, There are many
ways to do this and they are often specific 1o a certain style.
The following examples are played against a C chord, using
the notes of the C major scale (C, D, E, F, G, A, B, C). Because
the language of music uses numbers as well as letters, think
of the note E as the 3rd note of the scale, the G as the Sth,
etc. In this manner, patterns are transferred to new keys,
retalning the numeric Information even when the letter
names of the notes {in a different key) have changed.

Example 1 Use only first note of scale (root or tanic) and Sth
(C and G), Play 1st beat an the Cal the 3rd fret of the A string,
Play 2nd beat on the G at 5th fret of D string. For contrast,
substitute a low G at the 3rd fret of the low E string, Repeat
the pattern, altermating € and €, for a simple country or folk
bass line for a C chord, the root and Sth, You can apply this
pattern to any chord root and its fifth,

Example 2 Use the root, 3rd, and 5th (C, E, G). Locate these on
C major scale {universal scale fingerings or Cscale Flg 2. With
a steady beat and 1-2-1-2 picking, play the pattern C E, G, E,
C E G, E an arpeggio for the C major chord. Slightly modified,
this pattern is used in Latin American and Caribbean music.
Break up the rhythm by using syncopation, uneven beats and
rhythms. Try patterns in other keys by playing them in various
locations on the neck.

A propulsive bass line that complements and supparts the
chords of a song is created by various comblnations of scales,
arpeggios, and connecting notes, In blues and rock styles, the
major scale may be less emphasized than the pentatonic
minor and major scales (Fig 13 and 14}, When transferring
these scales to the bass, remember that the scale has only
five notes, and the sixth note conclides the scale by
dupllcating the first note In the next higher register, A simple
pattern bullt from the A minor pentatonic might use only the
A (7th fret of the D string), the E (7th fret of the A string), and
the G (5th fret of the 3 string) to support an A chord, A
repeating sequence such as A-A-E-G-A will help you create
your awn patterns or locate those played by athers,

Bass lines propel the music from one chord ta the next,
Suppose you have been supparting a C chord with one of the
simple figures outlined above and you know that in four
beats the chord will change o F major. You could lead up to
the F note by playing ane beat on € one beat on O, one beat
on 0 sharp (first fret of the D string) and one beal on E. These
four notes fill the four beats and lead clearly up to the F,
where you would begin your next figure, Acquiring these
basic moves and vocabulary will help you ask the right
questions, Keep playing. Keep learning. Ask other players for
thelr help.




Appendix

One of the best things about bullding your own electric Bultar
or bass is the ability to custom design the electionics. This
allows you to determine not only the kinds of sounds the
guitar will make, but how they are accessed and how many
different tones it will have. You may put the volume knob
wherever you'd like, choose the way you switch between
sounds, and generally make an instrument that fits the way
you make music. If the thought of “designing electronics®
seems Intimidating, you'll be happy to know that these kinds
of circuits are among the easiest and most intultive to work
on. Hectric instruments work on a few basic eleciroriic
principles. After these are understood, you'll be amazed at
what you can do with your guitar's sourid.

The “electric” parts of your new Instrument give it its voice.
They transform the motion of the vibirating sirings into the
elecirical signal that leaves the output jack. In doing so, the
electranics add a degree of “color’ of their own, shaping the
raw sound of strings and wood in subtle or powerful ways.
This Is Important on an electric guitar or bass because these
Instruments are designed very differently than their acoustic
cousins. Acoustic stringed Instruments rely on a hallaw box to
transform the strings’ vibrations into air movement and to
shape the resulting sound by emphasizing some frequencies
aver others, Electric instruments do the opposite; their solid
bodies are designied o avoid Interacting with the air so that
they can be amplified to a much fouder level befare they
produce feedback. The result is a body which Interacts with
the sirings very differently, reflecting back much of the strings’
energy 1o produce more sustained notes with a broader,
flatter frequency range. The less-colored tone is harmonically
rich, with @ more extended high and low end than an acoustic
Instrument, but this flatness tends to make It less musical, It is,
however, an excellent place to start.

PICKUPS

Pickups do the job of changing the vibrations of (he strings
into electricity. As a string moves back and forth, the pickup
produces an electrical current in a palr of wires, which
reverses direction each time the string does, When this

current Is amplified and fed into a speaker, the speaker’s cone
moves in and oul as a copy of the vibrating string,
reproducing its sound. Much of what gives & pickup its sonic
personality s the way it responds to differant frequencies of
the strings’ vibrations. Some frequencies will cause the pickup
lo produce a stronger current than others, emphasizing those
frequencies in the sound we hear, This is simitar to what
happens in an acoustic guitar's body, and |s an Imporlant part
of the Instrument's tone,

Choosing a pickup for your new guitar or bass is a very
important consideration. Fortunately, today's market is full of
excellent chojces, Several standardized pickup shapes have
evolved which are produced by many different manufacturers.
Onee you've chosen an overall pickup type (Stratocaster style
single coil, humbucker, jazz bass, etc) you can still choose
from many different-sounding models. People have tinkered
with pickups since the first electric instruments appeared, and
over the decades have come up with countiess variations,
each with unigue voices and capabilities. At the same time,
the almost unlversal appeal of the electric guitar and bass has
brought about an enarmous amount of tonal explaration on
the part of players, creating a huge vocabulary of tones,
Finding the sounds that work for you can be a lifelong
process, but the resources available to today's builder make it
a very enjoyable and rewarding one,

Most of the pickups used today are magnetic pickups. These
were used on the earliest production electric instruments and
have not changed much since their early development,
especially when compared to the rest of the electronics world,
Magnetic pickups produce the tones we most closely
associate with electric guitars and basses, The variety of tones
that this includes speaks volumes for the versatility and
adaptabllity of these plckups,

Magnetic pickups are actually quite simple devices. A basic
one consists of a small magnet with a very long, very thin
plece of wire coiled around it. When the magnet is placed
near a vibrating metal string, its magnetic field couples to the
string and vibrates with It around the magrnet, moving back [
and forth through the coil of wire. This causes a small [
electrical current to move with it along the wire, emerging al

the two ends as the signal, While this describes a very basic

pickup, the most advanced ones aren't much mare

complicated. The complexity in plckup design comes from the

ways in which these few components affect the tlone of the

signal they produce, through the materials they are made of,

their physical configuration, and countiess small details which

all contribute to the sound in some way. While this could be

the subject of another book, all you really need to know (o

get started is a familiarity with the main pickup styles and

what makes them sound the way they do.

PICKUP STYLES

Singlé-coll Pickups

single-coll pickups (see drawing, p 72) were the first kind of
magnetic pickups developed, and are the simplest and easiest

to manufacture, Thelr excellent sound. inherent in their
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simiplicity - is not easy to reproduce

WD, TEZRLE TR, CORTIHEL RN
designs. Over the years single-colls
have produced many of the most
sought-after tones In both guitars and
basses, and thelr versatility and
expressive power keep \his radio-age
design at the forefront of modern
ImLsic.

There are many different models of
single-coll pickups, with vastly
different tones, but for the most part
their sound Is characterized by a
clear and focused treble; a tight, well-
defined bass, and a dynamic
responsiveness o subtleties of
picking style. Their overall tone is
vocal and somewhal bright, To many
guitar players they seem “thin’, but
this tone has some advantages that

R Lo pilate
arent H|Wﬁ‘y'$ apparr:nt on firsl

O bvolicim palate

Single Coil Pickup
B polepieces € il
E it wires

complimenting thelr warmth and
o, commpiesdiyg.,
The most common type of singe
coll pickup for guitars is the one
used in Fender Stratocasters (Flg:
1}, The popularity of this guitar

2 Telecaster Pickups: bridge
flefi). neck {middie), ang
Stratocaster pickup (right]

since its introduction in 1954 has |
produced a huge market for
replacement plckups. Somi afe

hearing. Played by Itself, a guitar with
single-coils doesn’t always fill oul ;
the low end like a bassier one
would, but In a band or in a mix
this same tone “sits” beautifully
with other instruments, cutting
through without the muddiness
thal many gultarists mistake for a
powerful sound. Another
consideration is that single-coils
were designed when the only
amplifiers available were small
tube models that weren't very
loud, so they sound the way they
are Intended to when they're
played through & tube amp with
the volume up to at least 4 or 5,
where the tone starts to fill out. At
very low settings, a tube amp will
saund underdriven and thin, and often a player will audition
a8 guitar through a powerful modern amp set at 2 or 1,
resulting In an anemic tone and the cholce of a thicker-
sounding gultar. Try single colls through a small tube amp
that you can turn up; and you'll understand what they're
about.

£

In a bass, single-coll pickups sound punchy and articulate,
with a low end that Is clear and tight but not exaggerated. As
In & gultar, single colls in a bass produce tones that usually
wark well in a mix, standing out by not conflicting with other
instruments. They also match very well with tube amplifiers,
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1 Jazz Boss and Strafocaster

designed as high-quality
reproductions of the best
vintage Fender models, while:
others offer alternative tones
that may be used in the
original pickup locations. The
number of tonal options
avaitable for this style af
pickup make it an attractive
cholce to bulld with, and
many guitar companies make
models which use at least
one of this type of plckup,
Another popular
configuration is that of the
Fender Telecaster, whose two
pickups are shaped differently
from one another, uniike the
Stratocaster's three [dentical plokups (Fig 2). While the rangs
of models available in Tele styles is not as great as (n the Siral
format, there are still many to choose from. 3

Another style of pickup that has seen a recent revival In
papularity Is the Gibson P-90, a large single-coll with a thicker,
maore powerful tone than the traditional Fender types. Most P
80 types currently preduced are designed around the orlginal
sound ot these pickups, although some variations are
available, sa If you choose to hulld with these excellent
pickups, you will still have some options later, just nol as
many as with the more commaon Fender styles,




‘Pal. Appl. For." Since then, these early
Humbuckers, and the many replacement pickups
deslgned to capture their warnm, musical fone,
have been known as Patent Applied For pickups,
or mote cammaonly, PAFs (Fig 4],

While the Humbucker solved the problem of nolsy
guitars, It brought about some other changes as
well, The Humbucker produced a different tone
than its single-colled predecessors, darker
sounding, with a powerful low end and filled-out
midrange, but less of the sparkling treble, It was a

fright)

5. Plckups for these basses were hard to find only
o, If you're buliding one, be sure lo choose

‘which have blade-type magnets that are
o reach the outside strings,

[ mﬁy fluorescent lights or amplifier

81, This i heard as hum, often at the 60hz

¢ of AC line power, The hum can be negligible if

a clean lone or are In a relatively quiet place
eglking}, but If you're near a computer monitor,

: @LWW amp, the hum produced by a single-
p can ht quite (oud. When using dlatmmd tanes, it

in the guiet

3 Jagr Bass pickips: Standard (feft), blade-
polepiece humbeicker fmiddle), fipstick tube

departure from the bright, dynamic tone of the
Fenders, and even darker than the pickup it
largely replaced, Gibson's P-90. This kept it from
replacing single-coils, whose tone had become an
integral part of many kinds of popular music by
thal poinl. Gibson's arched-top hollowbodys with Humbuckers
were qulckly adopted by jazz guilarists, but it wasn't until the
late 19605 that the mainstream caught up with M, Lover's
invention. That was when the sound of overdriven tube amps
started to pervade rock and roll, and guitarists found that the
Humbucker's thick tone and higher output allowed them to
drive amps harder,

Today, humbucker style plckups are available in all kinds of
tones. The shape of the original PAF has become the
standard, and using this type of pickup in your guitar gives
you access to hundreds of models. There are also mini-
humbuckets, used on Gibson's Firebird guitars and on some
Les Paul models, and several manufacturers make versions of
these. The Gretch company made an interesting little
humbucker called the Filtertron. s bright, stringy tone was
perfect for rockabllly but fits a wide range of musical styles [f
you're lopking for something different. These have seen a

nates themselves.
s Seth Lover. an
an innovative

Is problem. He found
coils were used, each

bit of & comeback, having been relssued by Gretch and a
few small, independent pickup makers,

Humbuckers were soon found in basses. Leo Fender
designed one for his single-pickup Precision Bass,
dodging Gibson's patent by having each coll cover anly
two strings. This pickup became a standard for bass lone,
with a full. warm bass and round treble, Plckups of this

opposite direction, the
al produced by one was a

4 Humbucking pickup

m ather out. However, if the magnels in

ase, producing the sound of the string but not
Gibson released its humbucking pickup in 1957,
iey had fully secured the patent on the invention, As
y Humbuckers had @ label on the bottom reading

& of the pther, or out of phase with it and the two

type are made my mast of the major plckup
manufacturers, rivaling the Jazz bass style in the number of
models avallable, In the 19705, Mr, Fender established
anaother standard with the humbucker he made for the Music
Man basses, These have a thick, aggressive tone that has
been favored by slap-style bassists, among others, and many
versions of this plckup have appeared In the last few years.
Several other torms of bass humbucker are available; but
there lsn't a single standard that has emerged aside from the
Precision bass {or P-bass) shape. A versatile configuration
which became popular in the 1980s is the P-J combination, a
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P-hass pickup supplemented with a lazz-bass style plckup in
the bridge position [Fig 5). The soapbar shape we chose for
our bass Is made by several
companies, mostly in fairly “hi-
fi” types of tone, and is an
excellent choice for those
seeking a modern sound.

Single-coll pickups can be made
to be hum-cancelling when two
are used together, by having

one of the pickups be reverse
wound, reverse polarity, or RW/RP.
In this configuration, the two pickups work like the two colls
of @ humbucker, with their signals combining to cancel each
other's hum. Most new Stratocaster-style pickup sets come
with the middle pickup RW/RP, and lazz Bass, Telecaster, and
P-0i) sels will have ope pickup wound this way, When a
RW/RP plckup is used by itself, it will sound the same as a
normally wound pickup, hum and all. While this arrangement
doesn't solve the hum problem altogether, it provides the
plaver with at least some hum-cancelling tones for use in
electronically nolsy environments,

PICKUP VARIATIONS

Almost every part of a pickup has an effect on its lone. The
complex interactions between components are largely
responsible far the rich tonality of magnetic pickups, and
make for almast Infinite tonal possibilities.

One of the most important parts of a plckup’s tone [s the wire

5 P combination

mare apparent in a coll that |s wider and mote flattened. This:
is one of the main differences between a Stratocaster pickug
and the squatter Telecaster bridge pickup, whose lone has |
more midrange. The P90 1s very wide, making for an

especially thick tane that retains the clarity of a singlecoll

A big reason for the thicker sound and higher output of
humbuckers is that their two colls are usually connected in
seties, or n a row (see drawing below). This means that the
resistance in each coll adds together to make (he resistance
of the whole pickup, Conversely, when coils are combined|
parallel, the resulting resistance is half that of each coll alor
and the tone is correspondingly brighler. This is responsible
for the sounds you hear on a Stratocaster in the second and

o [[R!
i

L

used it its coll, Pickup wire is hair-thin, and
thousands of turns are required to produce a
usably strong signal. The current that a coll
generates Is a result of, believe it or not,
resistance o current in its wire. The more
reslstance the magnetic field has to push
against, the stronger a signal it develops,
This means that if you use a more resistive
kind of wire, or more turns of it, you
produce @ louder output. Howewver, this will
also cause a change of lone. The resanant
peak, or frequency that 1s most pronounced,
moves lower, thickening the sound and
attenuating the treble. Pickups are often
measured by their resistance to a DC current (what you get
when you test it with a volt/ohm meter). This measurement
gives a very rough indication of how much oulpul the pickup
has, but is mastly useful for comparing pickups thal have the
same type of wire, magnets etc. as these factors also affect
oulput {Fig 6, 7, 8.

The shape of a coll also determines its tone. Interference
between the windings results ina loss of treble frequencies,
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6 Telecaster neck pickup, with
282 kllohims coil resistance

7 Lipstick tube pickup, 4. 71K coil
resistance

in serigs




positions, which combine two of the pickups in
2 happens on a two humbucker guitar when
e on fogether, Creative use of series and

ations can broaden the range of an

e, 85 we will discuss Helow.

nt part of pickup design is the choice of
plckups, like vintage Fenders, use polepieces
string which are individual magnets in the form
s extending between the coll windings. Other
e o bwo bar magnets on the bottom of the
magnetism belng corducted fo the string by non-
i polepleces consisting of a metal cylinder or a

atter allowing each to be individually height-

@ balanced volume between strings. This same

also be made with a single wide palepiece running
the strings, sometimes called a “blade.” This
he magnet to cover the entire string area,
strong sigrial even when the strings are pulled
_:Fhﬂ)' are also useful with non-standard numbers
electric mandolin, eic,

s material also makes a difference. Many pickups
de of alnico, an alloy using aluminum, nickel
hence its name. This alloy has many variations,
iled alnica 1l ar alnico V, each having a slightly
and strength of magnetic field. Another
pickups is cerarmic, a less expensive material
dentified with a somewhat brittle tone, although
s when a plckup isn't designed well around the

_ | factor in a magnet's sound s the strength
I field, and the way that it interacts with the

mgnets exart & pull an the string tself,
e string vibrates, This extra pull often leads to
‘the note's attack, al the expense of some
but tsn't necessarily @ bad thing, and is part of the

jany favaored vintage pickups. In extreme cases, a
pull can cause a siring o procuce a second

or ghost note, sometimes heard as a warbly,
ind. This s quite audible with vintage Stratocaster
adjusted too dose to the sirings. They have
gnets, and i you play the bass strings on the
1l hear the ghost notes quite well, Some
ansider this part of the charm of a vintage
i Miny newer pickups are designed with softer
which allow the strings to vibrate more freely,
aln and harmaonic accuracy,

softer magnetic fields have another benefit
ncreases helr versatility, Because they may be
clase to the stiings without overly affecting string

L players may experiment with the different tones

produced at various plckup helghts. In general, pickups placed
close to the strings will have a louder output [naturally), more
treble and deep bass, and greater response to dynamics —
overall a punchier sound. As the pickup Is adjusted farther
frony the string, the tone starts to soften and become
somewhat rounder and warmer. Thoughtful adjustment of
each pickup n an instrument will allow for fine-tuning of the
sounds of plckup comblnations. I you are oné of those
stratocaster players who never uses the middle pickup alone,
try adjusting il 1o fine-tune the neck-midele and bridge-middle
combinalions. You may even want to angle the middle pickup
to have different tones (n the treble and bass strings in these
combinations. It [s worth spending some time exploriog the
passibilities, just remember to readjust pickup heights if you
change the string helght at the bridge, or with a truss rod
adjustment.

In the years since Fender-based single-colls and Gibson-based
humbuckers became the norm, many companies have
emerged 1o make pickups to fit these models (Flg 9). In the
pracess, the amaunt of sonic experimentatian has been
staggering, and in
recent years the
plckup industry has
seen something of a
renaissance. In the
19890s, many small
manufacturers entered
the marketplace,
offering mostly high-
quality pickups and
innovative designs, A
result was to drive up the
level of quality throughout
the industry. The Internet
has helped guite a bit,
making more Information available to players, designers, and
builders: One can now choose from many types of
humbuckers that fit into Strat or Jazz Bass pickup holes or
single-cails to fit in humbucker holes, with tones that cover
the ground between both types. Many pickups are designed
as alternatives to the vinlage tones, offering broader
frequency response and a more accurate image of the sound
of the instrument itsell. These have been especially popular In
basses, where they allow greater depth and articulation,

a9 Pickups to fit Stralocaster type:
standard Stratocaster fleft)
humbticker with blade polepleces
frideie), lpstick tute plekiip (Hght)

ane of the holy grails of pickup design has been to make a
hum-cancelling pickup that retains the tone of & single-coll. It
has been very hard to do, although pickup makers have tried
tor guite a while: The problem (s that any lime you have
more than one coil, an interaction occurs that removes some
of the clarity, focus and alr of the single-coll. Recently, several
companies have released models that improve on the earlier
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attempts, but all of these have fallen short except one. Chris
Kinman's Strat pickups are among the best available, with a
tone strikingly close o the best old Fenders; vet are at least as
qulet as most full-sized humbuckets, It's hard to overstate
what a historical achievement this is, especially coming at a
time when computers have brought so much recarding power
to musiclans, Normal single-coils are almost useless anywhere
near a computer monitor, and even today single-coil
pickups remain an indispensible part of many players’
sound. At the time of this writing, Mr, Kinman has released
models for Telecasters, and is reportedly developing lazz
bass pickups and P-90s,

ACTIVE ELECTRONICS

Active systems utilize a small preamplifier in the
instrument's circuitry, usually powered by one or more 9-
volt batteries, This enables the instrument to drive long
cords or chains of effects without loss of tone or excessive
noise. Powerful tone-control circuits may be included on
the instrument iself, and are especially useflul n lve
situations. When individual pickups are mixed actively,
each with its own preamp, they do so in a tanally neutral
way, without the colorations of parallel and series
connections, Active guitars and basses may be plugged
directly inlo most mixing boards, recorders, and computer
soundcards without external preamplification, producing a
dry tone, uncolored by conventional amplification, which
responds well to effects, equalization, and digital

processing.

Active drcuits have some drawbacks as well. The reguired
batteries are inconvenient, and as they run down, the

tone of the instrument may lose dynamic range and gel
noisy, It is expensive to make good-sounding electronics
which are small, and active systems often have a

somewhat grainy, brittle sound. Many of the advantages of
active systems are avallable through other means: low:
capacitance cables glve passive instruments clarity and
definition, and many modern amplifiers feature powerful
tone-shaping circuits accessible with footswitches. Creative
wiring in passive circuitry can produce tones which are often
mare interesting than those obtainable through the basic
bass, middle, and treble knaobs found on active designs, which
usually duplicate controls already found on amplifiers.

If you choose o Install active electronics in your Instrumerit,
they will come with instructions for the necessary wiring. It s
best ta purchase the system before you finallze your design
50 that you can allocate the space necessary for the clreuit
boards, battery, and controls.

PIEZD PICKUPS
These offer an interesting tonal alternative. They are usually
maunted within specially made bridge saddles. These work
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much like small microphones, amplifying the sound you
would hear with vour ear against the surface of the
instrument. The resulting sound Is similar to an acoustic
Instrument, and may be blended with magnetic pickups (o
produce unique tones, Players oflen send the pieza's signal
a separate amplifier to create stereo effects, or to layer twa
totally difterent suunds
OUR PICKUP CHOICE
For our guitar we chose Schaller humbuckers. They are very guud_:1
medium-priced plckups designed after the classlc Gibson PAF ones
Like the Gibsons, they respand well when played clean or distored
and have a versatile sound that werks in any musical style. Unfike
many higher-output humbuckers, thelr sound has detail, clarity, and®
dynamics. The wiring we designed for the guitar further enhancess
versatility with tunable single-coll tones and a convenient pickup i
blending system.

The plekups we chose for our bass are made by the Lane Poor MUsk
Company of Fall River, Massachusetts, They feature a very clean
high fidelity tomne with a warm but detailed sound, and are hume:
cancelling. Combining the best of active and passive tones, Lang!
Poor pickups have a somewhat lower output than mast passie =
types, although it Is ample for everything but overdriving low-galn®
tube amps, The uncolored sound of these plckups means that |
equalization may be needed to achieve a desired tone, bul thereis
so much tonal content, detail, and clarity that equalization and
amplifier circuits respond very well, creating many sonic possibiiities
They are satisfying to play, responding to subtieties of technigue Ing
powerful, expressive way. If you ke the sound of active basses b £
don't'want to use batleties, Lane Paor plckups In o passive system

are an excellent cholce. We've used models HB 3.950 and 5B 3950
for bridge and neck positions, respectively,

STRING SPREAD AND PICKUP POLEPIECES i
Traditionally, Fender guitar bridges are slightly wider, 2% in
between the oulside strings, than Gibson bridges (Tuneo-
matic and others), which measure 2 in. The pickups made
for these guitars have correspondingly-spaced polepleces. This
means that, for instance, when using a Gibson type p
(humbucking) plckup with a Fender-spaced bridge, the ol
strings will be slightly wide of the pickup's polepieces, and
sound quieter than the ather strings,

To compensate for this, many comparies make humbuckers
with wider palepiece spacings, and Fender-based bridges ate
avallable which are narrower, usually somewhere in the
middle of the two traditional spacings. Bridges are also

available which have saddles that are adjustable for string:
spacing. For our guitar, we chose a bridge and pickups whic
fall in the middle range. When choosing your companents,
sure to take this into account, remembering that the strings
gel closer logether as they get farther from the bridge.
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FICKUP PLACEMENT

The location of a pickup in relation to the strings is an
Important part of haw it sounds, Pickups placed near the
bridge of the instrument sound very bright, while those nearer
the neck are bassler, This is because of the way that a string
vibrates when it is played.

A string's length and tension delermine the frequency, or
pitch; at which it vibrates. This pilch is called the fundamental,
the frequency generated by the full length of the string.
However, strings also vibrate in fractions of thelr length,
called harmonics (below). Harmonics are multiples of the
lundamental frequency, and glve a string its rich, complex

= % " = o A
Fundamehital

el =

181 hisrmaomit

P b . €

String Harmanics

sound [called timbre). If you pick a string exactly at its center
{the 12th fret of an open string) you will hear mastly the
fundamerital. The sound Is bassy and round. As you plck
closer {o the bridge, you will hear mare of the harmonics, and
the sound s brighter,

A pickup senses a narrow section of the string's length, arid
Its tone will only contain the vibrations which occur at that
area of the siring. Pickups near the bridge sense a large ratio
of the string’s harmonics, and less of the fundamental,
resulting in a bright tone. Pickups nearer the neck have a
strong fundamental content and are naturally bassier,

Because the string has a wider range of movement at ils
center than near its ends, neck pickups sense a stronger
signal than bridge pickups. If two pickups of equal output are
used, the neck pickup needs to be adjusted farther from the
strings than the bridge pickup for the two to have equal
volume. Often a pickup with a higher output Is used in the
bridge position to compensate for this, and many pickup
madels come in neck and bridge versions with compensated
outpuls,

When laying out your instrument, it Is possible to do some
fine-tuning with slight adjustments to plckup location. This is
especially true of the bridge pickup, where a ditference of '
In will have a noticeable sonic effect. If vou find that bridge
pickups are unusably bright, place yours slightly farther from
the bridge than narmal. When measuring pickup placement
on an existing instrument, be sure that the scale length

matches the one you intend to use, or else compensate
aecordingly.

KNOBS AND SWITCHES PLACEMENT

One of the most common complaints about the Fender
stratocaster concerns the placement of its volume knob and
plckup selector switch. Both are directly in the path of the
picking hand, and many players accidently knock them to an
unintended setting. Other players, usually those with a lighter
touch, find the locations of these controls convenient for
making rapid adjustments. This is especially true of players
who keep their little finger on the volume knob (o “swell” the
note after it is ploked,

In placing your components, you may duplicate those found
on & familiar Instrument, or design a layout which fits your
own preferences. Usually, it is best to locate knobs and
switches where they are accessible, but out of the way of
fiying picks and fingers. You might also consider the visual
impact of the components on the body shape.

Once you have finalized the layout, adjust the shape of the
electronics compartment accordingly. Be sure to leave room
for the output jack (with plug in place). If vou think you may
want to modify your electronics by adding additional switches
or knobs at a later date, provide space for these as well. It is
wise 1o leave ample room around potentiometers, so that if
they become loose and spin in their mounting holes, they
won't contact the compartment's shielding or other
compaonents,

OTHER ELECTRONIC COMPONENTS AND WIRING
How to Solder

soldering requires care, patience, and timing, but it is nol
difficult to master, and many builders find it very enjoyable, If
you have never soldered before, take some time to practice
by seldering together scraps of wire or old components.
Better yet. get some experience on an inexpensive instrument
before working on anything irreplaceable, like a vintage
guitar. Forlunately, the electronic parts in an electric
instrument are relatively Inexpensive, and it is hard to actually
ruin anything with bad soldering technique as long as you
take the precautions mentioned here.

Befare working inside of an electronics compartment, always
mask off the surface of the instrument with cardboard or
several sheets of thick paper. It is not uncommon for small
blobs of hot solder to spatter ar drip off of a soldering lron,
and they don't get along well with wood or finishes, Similarly,
avoid contacting the metal parts of a soldering iron to
anything that shouldn’t be burned, such as the sides of your
electronics compartment. It is very easy o be focused on
what you are soldering and suddenly smell burning wood,
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Eye protection Is very important for soldering, and the fumes heat it briefly with a flame. The tubing will shrink around the

from melting solder contain lead, and should be avaided. connection, and be fixed in place.

A heat sink [s a conductive material that |s temporarily Passive Electric Guitar & Bass Wiring

attached to @ component to pull heat away from sensitive The following section describes the basics of passive eleclric
parts {see p 11, Electronics Tools). They wark by being clipped guitar and bass wiring, as well as some aptions for use in

to the conductor between the solder joint and the component. designing your own instrument's electronics, It s easy to be
Heat sinks are important when seldeting capacitors, resisiors, Inspired by all of the possibilities and wind up with a guitar
or anything else you suspect could be damaged by heat, full of controls, reguiring five minutes of switching to obiain a
Medical hemostats are often used for this purpose, especially certain solnd, A better solution Is to systematically explore
when the part needs ta be held in place for soldering, For the options in your workshop and find the sounds that waork
components which are already in place, something more Pest for your music, and which suit your amplifier and other
lightweight is better to avoid bending anything. Copper equipment. You can then find a wiring which allows you to
alligator clips are an excellent cholce, For belter heal dccess these sounds quickly and efficlently in a live setling, or
dissipation, a length of stripped copper wire may be soldered In-a recording studic where time s limited. It s usually best o
to the clip, pursue quality over guantity in selecting sounds. Often having

too many choices proves (o be more distracting than
productive, Additionally, the fewer wires and switches your
pickups’ signal passes through, the cléarer its {one, so be
Judicious with modifications which require additional
components,

When soldering heat sensitive components which are too
small to fit a heat sink, such as small switches or
potentiometer lugs, salder as quickly and efficiently as
possible, in several steps If necessary, to avold bullding up
heat in the component.

schematics for common guitar and bass clicuits are readily
dvailable {n the instructions which come with pickups and
pickup switches, through on-line resources, and in books that
focus on musle electronics. They are well worth studying to
leam how the basics presented here are applied in different

Wher a soldering iron is new, or has a new lp, it must be
tinned with a layer of melted solder the first time It |s heated
up. This will keep the tip from burning and oxidizing, which
would make it perform paatly, Maintain the tinning at regular
intervals, and keep the tip clean by wiping ﬁequanl[y on a

moletefied snonge. instruments. We will describe some of the more interesting
L . tonal options, and show how we applied them to the wirings
Before making solder connections, tin the surfaces to be used in our twe instrurments.

[@ined with a thin layer of solder. This insures a strong bond.
On small connectors with a hole in them, such as
potentiometer and switch lugs, pull a thin film of solder acrass
the hole to cover it aover, then re-melt this film while gently

CHotapd ground  The two electrical conductars that carry
the signal from a pickup are divided into “hot” and “ground”.
Hot and ground refer to the two sides of an electrical circuit
The hot slgnal runs through the pickup-

hing the ce, Do
pushing the tinned wire Into place nat wrap wire around CalathnE SRR THE AR S e A A
these lugs dry and then solder in place, or when you go to VWL T
fohae controls, eventually reaching the part of 3
undo the connection later it will be extremely difficult, ancd e i
the output [ack which connects ta the “tip
may throw molten solder at you when the connection llnallg.r / | B
e fal ol thesmale connector an the cord running -
P . the amp lsee drawing al right]. The - Hoew
Conneclions should be made Using as little actual solderas . ground is connected to the instrument’s
possible to achleve a solid contact. Large blobs of salder do - shielding, and to the part of the output
not conduct a signal any better than a neat connection. " Jack which connecls to the sleeve of the |
Solder will flow toward a source of heat, making it pessitie to cord's connector. If the hot and ground T
direct soldet to where it Is needed, Allow solder to ool at its connect with each other, the signal s foi)
own pace, without blowing on i, to achieve maximum sharted and cancels itsell out, Pickup-
strength and conductivity, selector switches work by selecting which £k =
pickup’s hot signal reaches the hot side of e

Heat-shrink tubing provides a good way to insulate any
exposid connections or surfaces against contact with other
parts. It comes in various diameters, Y In being best for most
nstrument wirlng purposes. To use it, slip an appropriate
length over a wire before it |s soldered in place. Solder the For purposes of clarity, we will refer Lo the hot connector of
connection, then move the tubing over the connection and the oulput jack as the outpul. (Fig 10, p 79)
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the oulput jack. Volume and tone controls
wark By variably sending the hot signal to ground, weakening
the strength of the signal;

e .
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Symbok ised in wiring
dixgranis sufted to humbuckers, The difference In
O sound Is caused by treble frequencies
__f' leaking through the resistance to ground.
et 250K pols allow more of this to happen,
SRR as will multiple pots in a circult
T
copaciior Taper The laper of & pot determines how
e its resistance changes over its range
skt {drawing below), Their are two types used
i In instruments. A logarithmic or audio
PR taper Is designed to increase volume
gradually In'its lower range, and more
: =t = quickly in Its upper range, This |s
10 Electranics components e e anatier |- perceived by the ear as an even Increase
Top, Lio R Three-position switch, 3-plckup 56 style e : In volume as we are more sensitive to
Standard Stratocaster 5-position switch el volume changes In quieter sounds. Audio
;ﬂfgﬁi’; fg’?’”ﬂ” o) taper pots are the most comman type for
Botlam, £ to R Polentiometer st g end use in master volume and tone controls.
Potentiometer with DPDT push-pull switch G
Blend potertiometer Linear taper pols r
Chutput jack change their gt g 0
resistance % | P
Polentiometers, or pots, are the parts inside the electronics consistently over g x,x*’f
compartment that attach to the knobs, and are used to make their range. They A Logmrithmic or
the volume and tone controls. A potentiometer (below) are the best choice | | — i
conlains a semi-circular when using OB g ciuBiE p
length of @ material, called A Resisthe separate volume
the “track”, which s resistive /}“""‘ controls for each pickup, as they provide a gradual blend
to the flow of electricity, A [ \ between the pickups tones,

; 14
wiring connector is placed at /’1 /
elther end of this track, :

appearing as the two outside

Volume Controls A potentiometer becomes a volume control
it when 1) the hot signal from a pickup Is connected to the lug
on one end of the track, 2} the ground is connected to the lug

'|"l|'|[||.'.'

lugs on the pot's housing, The s | al the ather end, 3) and the wiper connects to the outpu
middle lug connects to a B0 i (drawing below). When the wiper Is at the end of the track
wipi_sr. 4n army fixed to the Wnsides of & potentiometer / connected Lo ihe pickup's hot wire, the signal passes
shaft that rides along the unimpeded to the output jack. As the shafl is turned and the
resistive track. When the i wiper moves down the track, resistance is increased betweer
wiper is at one end of the resistive track, it makesa full . / the pickup’s hot and the output, and the volume draps.
electrical connection to the lug at that end. As the shaft Is' Simultaneously, resistance Is decreased between the output
turned, the wiper moves along the track, putting '"”E‘“i?‘g and ground, contributing to the decrease In volume.
resistance between itself and the first lug. Meanwhile,
resistance between the wiper and the lug at the other€nd of A volume control wired as In
the track decreases, reaching zero when the wiper makes the drawing at right will turn P
contact with it 7 down the volume of the [ \

. erlire Instrument when it | = B
Value A potentiometer's value refers to the amount of sends the output to ground, \m :.I L
resistance between the ends of its track. Resistance s even if there are separate :?_J 4
expressed in ohms, (symbolized by the greek letter Omega). AU it T Rl T
Pots used in electric guitars and basses are in the range of pickup. I you would like to g
thousands of ohms, or kilohms, abbreviated K. The two most be: able 1o turmn one pickup all [ fom picep g
common values used are 250K and 500K, 250K pols give the the way down without
instrument a slightly darker sound, and are most often used affecting the overall volume, e e
with single-coll pickups. 500K pots, being brighter, are best ke
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wire the pickup’s hot wire to the e
wiper, and the oulput to the up { .
end of the track {drawing at | b T o
fight). Pickup blend controls, e J, i
discussed below, are wired In this 5 )‘% £l
way. The drawing Immediately R |
below shows a circuit with two _,"
separate volume pots and a tone Rk (e
pol. This 15 the circuit wsed in From pckup
Fender jazz basses, Valume pat affects simgls
|-I|_I._|._|- oy
| | h ground lead- and shiedd
| | o brl |'-.'|||I|,.|:
winune lead T |I it |edd fl H st lead
mmd shiald B | \‘\.I-'l. frcin D | € frin
friem mech || %, e | v Ml
Plchup # -Illil.:._|| ) _.'._ ] '.". I H:||||
4 | . ,} | Y .
' i e o i e S o e — e
i k | [ _,I
g Tal | .':f | v 0=l 1T
B = g
P - __l'.l' rape Hat
II \
IlI R autpul
Twuy inabe pendent wlume gots, and one pot
e used 1 oSt Fendioy faer Badsies J_

TONE CONTROLS AND CAPACITORS :

Capacitors allow treble frequencies to pass through them [Fig
11} but block bass frequencies (drawing below). A tone
control Is made by connecting the hot signal 1o one side of a
capacitor, and the other to the

wiper of a pat ([drawing at rightl.
One end of the pot's track |s then
connected to ground, As the wiper | g  Im

is turned toward the ground end of | A Gt
the track; the treble frequencies T

that pass through the capacitor are ; &

sent increasingly to ground,
darkening the tone of the _
instrurnent. B

ok sigrnal

Capacitors come In ditferent values,
expressed in microfarads
{abbreviated mid). Capacilors used
In tone controls range from roughly ;
05 to Olmfd. The value you |
choose will determine what '|
frequencies the tone control will |
attenuate, .D5mfd capacitars will L Capachor
malke a dark-sounding tone
contral, while a .01mfd capacitor
will ground just the highest hert signat
frequencies, leaving maost of the

Ty v 1o e ires boaye Cortrg)
dath work the same. use

BD wehtlchievisn 15 comvenlont

upper mids in the signal. A popular chalce |s a 02mfd, with a
wide range of musical tones. Some experimentation will be
helpful in determining
which you prefer.

Separate lone controls may
be made for each pickup,
with capacitor values
chosen for each. This Is
done by attaching the
capacitor to the pickup's hot |
lead, at its connection to the
selector switch (or
independent volume
controll. However, any time
that a pickup is in the r _
circuit, its tone knob will #
affect all of the pickups
connected o i, grounding
thelr high frequencies as well as its own.

11 Resistors fleft), Capacitorns {right)

Capacitors may be made from different materials, resulting in
different quality levels of the sound that passes thraugh them,
The least expensive Kind Is called “ceramic disk.” They pass
treble signals that sound somewhal brittle and diffuse.
However, In a tone control clreuit, the signal which passes
through the capacitor goes to ground, so you domn't hear i,
and these work as well as more expensive lypes. In a circuit
in which you will hear the signal passing through the
capacitor, use a high quality type like polyestet, polypropeline,
polystyrene, ar silver mica. They usually cost less than a dollar
each, and the sound s worth It Avold capacitors that are
"polarized,” these have legs labeled with + and -,

DUAL POTENTIOMETERS

Dual, or Hangud, patentiomelers, have two pots on a singe
shaft, placed on top of one another. There are several
varlatiohs of these, but two types are especially useful for
instrument wiring

Blend pot (drawing at right): Blend
pots allow you to adjust the
balance between the sounds of
two pickups, They feature a
detent or click. at the centerpaint
of the shaft's travel, at which both
pots are al their full volumae.
Turning the shaft to one side B
attenuates one pickup; tumed to
the other side atlenuates the
other pickup. S5ome brands of

A brfdge pickup Bol lepd
B neck pickup hot lead
€ oufpu

blend pot have the bridge pickup
pot an lop, others have the reverse, so consult the
Instructions or test with a multimeter before wiring




Dual concentric pot: These have two pots activated separately
by two stacked knobs on a single shaft {Fig 12). They are
wseful for putting twio
knabs n a single
place. such as

volume and tone,
separate tane knobs,
el

| 12 Stacked knobs
PICKUP SELECTOR SWITCHES
It instruments with more(than one pickup, swilches are

usually used to determine which pickup is beard. These come
in & wide selection of styles, from simple ones that switch
between two pickups m;%lck pickup, both in parallel, bridge
pickup) to highly complex models with many options for
creative wiring, They aﬂwnrk differently, but you can usually
determmine their function by examining the way their
mechanisms make different contacts in the varlous switch
positions, and they generally come with instructions. Some
switches have enclosed housings around the connections, in
which case either read the instructions or use your multimeter
to determine the sequence of connections.

For aur guitar we chose a 3-positlon switch patterned after

the ones used In the 3-pickup Gibson 5G and Les Paul models,

It allows the custom wiring we used, as will be described
betow,

MIN| SWITCHES
Mini switches are useful for all kinds of wiring options, They
may be used o switch between different capacitors for a tone
aintral, to switch o one coil in a humbucker, or for any
fumber of purposes. A basic one has three lugs: In one switch
position, the center lug connects the lug on one side; in the
other pasition the center lug connects to the lug on the olher
slde. This Is called a single pole, double throw, or SPOT switch
fsee drawing below). Often, two, or even four, sets of ugs are
puton a single switch to

dllow multiple functions,
These are called double
pole, double throw (DPDT)
dnd four pole, double
throw (4POT) switches,

respectively.
These switches alsa come

Single pole. doadsle throw (SPOT) switch

in theee-position versions. On-off-on types have a center
position in which no connection is made. On-on-on types

have a center position in which both connections are made.
DPAT on-on-on switches have a special arrangement for this
{see drawing below),

witch

}

On=oa-an OPOT switch

If you would like to wire extra switches into your instrurment,
but don't want to drill any more holes in it, consider switch
pots, These feature a DPOT swilch in a housing on the back
of the pol, aclivated by pulling and pushing on the knob (they
are also known as push-pull pots,
see Fig 10, 79,

OUT-OF-PHASE WIRING
When lwo pickups are wired oul
of phase, it means thal the hot
and ground leads are reversed on
one pickup (drawing at right). This
causes the signals from each
pickup to move in opposite
directions, canceling out whatever
Is common {o both signals, What
is left is a thin, trebly tone that has
an [nteresting, somewhal vocal
quality. If the pickups are wired to
separale volume knobs, or toa
blend pat, varying degrees of this

sound may be dialed in. Another Pickup phivse owitth
way to get an interesting. half-out- A hiot lead from pidkup
ol-phase sound is to insert a B groun lead from pickup

capaciior in the phase switch, so B Bpiital Lapackor

that the signal of the pickup
whose leads are reversed will pass
through the capacitor, cutting off its bass frequencies. The
resulting blend will have the bass of one pickup, and the
phased treble of the two pickups together. The value of the
capacitor (use .1 to .02mfd) will determine the frequency at
which the phased tone begins. Use a high-quality capacitor
lar this wiring, as you will hear the signal which passes
through it

HUMBLUCKER WIRING OPTIONS

Humbucking pickups, which you will recall contain two
separate colls, usually come with four leads, plus a shield (Fig
13, p B2). These consist of two wires for each coll, and the
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shield is wired to ground.
Humbuckers are normally
wired with the two colls in
Serhies, ::rea_iiﬂg their
characteriétically thick
sound, To achieve this
sound, two of the four leads
are Jwisted and soldered
together, then covered with
hegt-shrink tubing or tape
toykeep them from
accidently contacting the
I51'|iva~I|:Iing or other parts of
the electronics. The
remaining two leads are

: 13 Leads fram a
soldered 1o hot (or to a swilch, humbucker. with 4 wires
yolume pﬂtr blend puL t‘.‘t‘.—..} and and shield (bare w.lrejil

ground. It is important that the

correct leads be chosen for each connection, so they are
colorcoded. Unfortunately, each pickup manufacturer has
thelr own color scheme, so consult the instructions that come
with your pickup.

The two coils In a humbucker also provide some inleresting
sonic options:

Coil tap One of the easiest of these optlons is to turn off

ground, and the resulting sound has the treble of a single coll,

hut the bassof a humbucker,

Tuned capacitor tap  In the capacitor tap described above,

the bass boost provided by
the capacitor-tapped coll is
often too much for a good
single-call sound, However,
the amount of this bass boost
may be fine-tuned by inserting
a resistor in parallel with the
capacitor, sending some of the
coil's signal to ground (at
right). Values for this resistor
range from about 2K (bass
boost almost completely
attenuated) o about 100K
{hass boost nearly full), To
determine the best value for
this resistar, first wire the
capacitor tap circuit as
described above, Then use

Tunmil capacitir tap

A
ey

ComeCHion |

leads from
Plekup

B capaciton
[ G

Dujalale Ligy tap aod tapned
capathior ap on an on-off-an
SPOT switche Full series sound B
ot center position of switdh

E7.'-T-."'-.

e =5

“ﬂﬁ:.*{-‘f (n) Ic'l
el

one of the two colls, sometimes
called a coll tap, This Involves
sending the two connected leads 1o
ground, usually by soldering them to
a SPOT switch's center lug, and

wiring one of the other lugs to Iesids fram
ground (drawing al right), In one PR T
swilch position, the humbucker will —

Codl Lap

A

Ly W—
conection

sound normal, in the other H will
have a single-coll tone. This happens because, when the
swilch is engaged, one af the humbucker's colls has its leads
wired to hot and ground, as is normal, and the other coil's
leads are both going to ground.

Capacitor tap  The colls of a humbucker are optimized to
sound good when the pickup is in

Capacitor lap
its narmal, series mode. As a result, £

the coll tapped sound can be A
somewhat thin, compared to the s & ”
sound of a Stratocaster pickup, for L;..'-.imlE:Jllul..!-l.'fl.ls
instance, One way to get a much plckun
maore useable single-coil tone out of
a humbucker is to use a capacitor

far the ground wire of the tap

switch [drawing at right). Asin a E:
tone contral, the capacitor sends only the high frequencies (o
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test-leads to temporarily insert- | jeaos from | L :

a polentiometer (250k is best it I i
but a 500K pot will work fine) =

in parallel with the capacitor
where the resistor will go. Plug
in the guitar or bass, and adjust the potentiometer until the
desired amount of bass-boost [s reached. Unclip the Lest leads
and measure the potentiometer's resistance on your
multimeter, being careful not fo move the pot's shaft. Replace
the potentiometer with a resistor of the value on the meter,
and you have achieved your sound, You could just as well
wire the potentlometer permanantly in place and have a
variable bass boost for your single-coll sound. In practice,
however, most players find one opltimal tone and stick to i
With the variable version it can be difficult to quickly dial up
the right amount of boost, One option is to permanently
mount the potentiometer inside the electronics compartment,
in the form of a screwdriver-adjustable tim pot. A 100K
audiotaper pot will provide & smooth range of control,

Tuned tap  Dlspensing with the capacitor and using only a
resistor in the tap circuit will create a sound between a
humbucker and a single-coil. Unlike the capacitor tap, the
tapped coll will affect the entire frequency range, attenuating
the treble of the other coil as it does In the full-series
humbucker setting, only less.

A single on-off-on SPOT switch may be used to access tivo
different tap seunds (see drawing above).

Series-pardllel switch  When one coil of a humbucker is
switched off, as above, the pickup loses its hum-canceling
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« guality. An alternative is to switch the coils from serles to

f parallel Ja'l right]. This
\produces a tane that is similar
o the tapped sound, hut
| lower in output and thinner,

- r.*'1t also lacks the tone-shaping

£ options of capacitor tapping,

* hut provides a usable option
when hum is 16 be avolded at
all costs, Series-parallel
switches may be used
together with coll taps, as
lang as you can manage all of
the switches.

OTHER WIRING

OPTIONS

Two Pickups Series/Parallel
A APDT switch |5 useful
whenever several functions
need to be activated from a
single switch. One example at
right Is o direct the outputs of
two pickups between the
main selector switch/blend
knab and & serles connection,
This allows for quick swilching
between the main plckup
selector switch and a preset
serles sound. The tone-
shaping options described in
the tuned capacitor tap
sectlon above may also be
used to modity the series
sound in this switch.

Series parallel switch
e et
C
1 iy F
A hiot lead from plckup coll 1)
B i Jead roam prokiug ieoil 2}
Cserbes conmectian lead o ol |
D series tannection lead fram coell 2
E ot oot
F i optional tap switch
G
LY ]
) |
£ e
C B A
O o S99 oo
L o S = =] =
g | T
F = E
A Plckup 1 hiod
B Plckup 1 ground hoicd
€ Pickup 2 hot lead {plckup 2
pround lead o golnd)
0 bt ot for serles saund
E-pickup 1 paraliel hot out fto
switch or blend pot)
F plckup 2 paraliel hag out (o
switch or Blend pot)
G optlonal capacion reststor fo grotmd

Elfminating Treble Loss in & Volume Knoh

One problem that often keeps players from using the volume
control on their instrument is a loss of treble as the knob is
turned down. This is caused mostly by capacitance in the
cable that runs to the amplifier, One solution is Lo buy an

expensive low-capacitance
cable, Howewver, it |s hetter
not to have your lone
dependent on a cable, as
these have a way of being
misplaced.

A better solution is to wire a
small capacitor and resistor
across the hot and output
legs of the volume pat{s) {al
right], This bleeds a small
amount of treble past the

Trehie bypass for volumeg pot

A hot input

B outpirt (input and cutpal may be
rev e, S NGIme ot

€ carpaciion

I resiston

pot's resistance, effectively making the sound brighter as the
valume knob is turned down, balancing out the foss from the
cable. Additionally, this circuil allows for a degree of tone-
shaping, as you may elect to deliberately tune your volume
control to make the tone brighter or darker as the volume is
decreased. Using the volume knob to adjust overdrive In a
lube amp, for instance, you may find that a brighter sound
with the knob set lower works well with less-disiorted tones,

The capacitors that work best for this are in the range of 120-
220pf (plecofarads) for guitar, or 60-150pf for bass. As with the
tone controls, the capacitor's value determines the frequency
at which the treble bypass begins. Experimentation allows
fine-tuning the effecl. Begin with a capacitor In the middle of
the range. These values are available In silver mica capaciiors,
as well as some of the other high-quality types, and thelr use
insures that the sound will remain clear and detailed as the
volume knob is turmed down, The resistor is wired In serfes
with the capacitor to attenuate the amount of treble passing
through it, A 100K resistor is a good place to start. To find the
resistar value that best suits your tone, use a potentiometer
tempararily clipped in place of the resistor, @s described
above In the tuned capacitor tap section, p 82.

AVOIDING ELECTRIC SHOCK

Playing an electric Instrument presents some potential for
electric shock. This can occur when the grounding in your
amplifier Is Inconsistent with the grounding in a PA system, or
inother bandmates’ amplifiers. When your hands are
touching your instrument’s strings (or any other part
connected o ground), and you come into contact with an
oppositely-grounded microphone, for instance, a “ground
loop” Is created, and a sizeable shock can pass through your
body. Ground-loop potential can also occur B your amplifier s
improperly wired, if you use a 3-prong to 2-prong plug-
adapler, or If the electrical outlets you are plugged into are
wired incorrectly. Any time two pieces of equipment have an
apposite ground, a potential for shock exists,

Tohelp avold this, purchase an inexpensive outlet tester at an
electrical retaller, home center, of hardware store: Il has a
three-prong plug on a small housing, and a series of lights
which Indicate when an outlet s ungrounded, or has its leads
reversed, Tesl all of the outlets In your practice space, when
you go to a friend's house to jam, and in any live venue, If
you have occasion to play an evenl where a generator
supplies the power, check that the generator Is properly
grounded 1o a grounding stake or water pipe before plugging
anything in,

As a further precaution, you can wire a simple safety device
into your guitar which will reduce any shock that may occur,
at least through contact with your strings. We first
encountered this in Adran Lege's book, Customizing Your
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Electric Guitar fan excellent resource, by the way). Wire a
220K resistor and a 001 mid capacitor (rated for 500 valts), in
parallel, between the electronics ground and the ground wire
to the bridge (below). Cover the leads with heat-shrink tubing
to avoid unintentional contact with other components,

L01 mifd 500 valt capactio

— U'*\
S T
_|__E :l 220K resisio JC:‘::‘

Shock reducer Tor brickge ground wire

This system will limit any shock to roughly 40 volts, which
would be unpleasant, but probably not lethal. Be aware (hat
the other parts of the guitar which atlach to the ground, lke
the output jack, metal knobs, etc. will still be connected
directly {0 ground, and may cause a shock if you are touching
them when yvour lips contact thal oppositely-grounded mic.

If you dre ever 0 doubt about a grounding situation. DO NOT
lest It by holding your strings in one hand and touching the
mic, or triend’s strings, etc., with the other hand, Electrical
currents which travel from one hand to the other pass directly
through the heart, and may be fatal. A betler solution Is {o
connect a voltmeter between your strings and the suspected
plece of equipment, Test on both AC and DC settings, Any
voltage present on the meter represents a dangerous
situation.

GROUND AND SHIELBING
To complete the grounding of all components in the
electronics compartment, run a wire from the ground [sleeve)

lug of the output |ack to the backs of all of the patenliometers

and to ground connectors on any switches that have them.
Backs of potentiometers are the most common place for
making ground connections In the witing, from pickup leads,
switches, etc.

The shielding In your instrument pratects the electronics from
hum and buzz. Good
shialding caompletely
surrounds all of the hol
cireultry with ground,
cancaling out any
electromagnetic interference,
Shielding may be made rom |
adhesive-backed copper foil
(Fig 14), or by painting the
entire interiar of the
elecironics compartment
with a special conductive
paint, avallable through
instrument bullders retallers
and some electronics suppliers,
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14 Copper shielding lape in elecironies covify

If you choose to use conductive paint, first solder a length of
wire to a metal washer, then screw the washer into the wood
of the electronics compartment. Paint over the washer, screw
and solder joint as you shield the compartment, and solder
the wire to ground. This will Insure a gnod connection
petween ground and the shielding paint. Extend the paint lo
the recess for the compartment door, and paint the back of
the door as well. Several coats may be necessary for complete
shielding,

To use copper foll. cover the sides and bottom of the
compartment with the foil, overlapping the pieces by / in to
i in. On the sides, leave small tabs to reach onto the
compartment door recess where the screws are placed, so
that foll surrounds the screw hole, insuring good contact with
the back surface of the door, Once the tape |5in place, trim
around the wirlng component and outpul jack holes with a
knife. They may be located by looking for the indentations
left I the shielding after it was pressied Into place. Line the
back of the door with tape. Place small solder joints at all
conneclions between copper sheets. Salder a length of wire to
one of these joints, and attach it to ground.
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WIRINGS IN OUR GUITAR AND BASS

Gultar Wirings

The wiring we chose for our gultar, (Fig 15-21) features a wide
range of humbucking and single-coil tones, yet it is easy to
use and provides qulck access to sounds. It uses a
cambination of a three-position plckup switch (for neck
pickup, both pickups, and bridge pickup selections) as found
on many twa-humbuacker guitars, and:a blend knob for
balancing the sounds of the two pickups. The blend knob s
only activie when the switch is in the middle position, allowing
the player to dial in a sound on the blend knob, but still have
Instant access to either pickup alone, Both pickups have
Independent tone contrals, each with a push-pull switch 1o
activate tuned capacitar taps for thelr plokups. & master
volume campletes the controls.

Our tone controls use a .047mid capacitor for the neck
pickup, and a .0 mfd for the bridge. This choice allows a
darker tone on the neck pickup, suitable for jazz, and a roll-
off of only the highest frequencies en the bridge pickup, a
sound thal works well with high-gain distortion.

It installing the outpul fack plate

For our tuned capacitor taps, we've used a 047mid in the
neck, attenuated almaost fully with a 5k resistor. This sound
has a shight bass-boost at a low frequency, giving it just a little
extra dapth over the sound of the full tap. Our bridge pickup's
tap uses a 022mid capacitor for a boost that extends up into
the midrange, attenuated with a 33K resistor, which glves It a
noticeably fuller sound than the single-coll alone

The blend pol in this wiring is somewhat unusual since the
down ends of each pot's track are not sent to ground. This s
because the pickup selector switch sends a pickup's signal to
the blend pot even when that pickup is selected alone on the
switch. I the blend pot’s tracks wete grounded, it would still
affect the sound when the switch was not in the middle
position, Because of this, the blend pot only altenuates each
pickup with the resistance In its track, so it does not quite
blend fully to either pickup alone, although 1 Is very hard lo
el In the sound, This has two benefits, The blend pot adjusts
the balance a little more gradually, giving it a finer range of
control, especially ground the center click: Also, by nol having
another palr of grounded potentiometers in the circuit,

17 Components mounted in electronics covity

T8 Hat circulfry and tap capacitors and resistors
wired in place, ground wires on pois, bridge
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bleeding treble to ground, the overall tone of the guitar is
clearer and more open.

Hass Wirlngs

The bass uses a much simpler wiring (Fig 22), ulilizing a
pickup blend control, master volume, and separate tone
controls for each pickup. I you would like to use the pickup
selector switch from the guitar's wiring, you may wire il as in
that circult. A phase switch (p 81} could also be used on one
of the pickups, giving a somewhal acoustic-like sound when
the blend control is set slightly off-center. The two pickups

series/parallel switch {p 81) Is also a good option for the bass,

to access a thicker, louder sound without disturbing the
setting on the plckup blend control, We opled for a simpler
wiring, as the Lane Poor pickups work very well with our
amplifiers, and allow a for greal deal of sonic varlety through
playing technigue

The values of our tone conptrol capacitors are a .047mid for a
deep cut at the neck, which glves a good fingerstyle tone
when rolled off slightly, and a .022mfd at the briclge, which
leaves the midrange full and punchy even when most of the
high treble is rolled off.

18 Pickup leads connected

22 Electronic
comporents
for bass
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Guitar wiring diagram

A Bridge PU hot

B Meck PU ot

£ Nech PU sorlps conneclor
D Bridge PU series connecttr
E Qutput

F uster volimis pot

G Bl pod

H Neck fong push-pull pot

I Bridge tone push-pull pot

1 3-plckup SO-styie
A-paasition switch

K Neck PU tone capaciio

L Meck tap capacion

M Meck tap resisior

N Briclge PL tone capacitor

O Briclge LI tap capaciior

P Hridge PU tap reslstor

£ Groand o bridge
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Appendix

One of the most commaon myths about electtic gultars is that
their sound comes entirely from the electronics, and that the
wood they are made of doesn't affect the tone, Many people
are surprised to learn that electric gultars are made of wood
at all, assuming that anything that modern must be made of
plastic. In fact, the material that an electric guitar is made
Irom, usually wood, is an integral part of Its sound. [t is, after
all, the only thing that the strings are attached to, and the
way It behaves has everything to do with how the strings
vibrate, and hence what the electronics sense. Just how much
of the lone comes from the wood depends a lot on how the
Instrument is used, A guitar or bass with clean-sounding
pickups played through a hi-fi amplifier will retain more of the
sound that you hear when the instrument is unplugged
Through a fuzzbox, wah pedal and flanger. the wood is more
of a link in a long chain, but like any link its part is critical.

In chaosing woods for your Instrument, you should, as
always, trust your ears, playing as many different instruments
as possible, both amplified and unplugged. We have spent
countless hours playing guitars and basses with our ears bent
over the body, and pressed against it, o hear each
instrument’s acoustic signature. While you can learn a great
deal from reading about the tonal effects of different woods,
sound is a difficult thing to describe, and the complex
Interactions between the different parts of the instrument of
do not lend themselves well 1o systematic description. A
better way to approach an understanding of this complex
subject is to hear it for yourself, spending (ime in a music
stare and with friends’ Instruments, unplugged In as quiet a
space as possible, If you find a store with a large selection of
ane model of instrument. compare the tones of different
welghts of the same type of body wood, maple and rosewood
lingerboards on otherwise simifar instruments, and anything
elsé that you can isolate this way,

Listen for features of the note's attack: is it peaky or
compressed, wangy or maore consistent with the sound-of the
sustaining tone? Attack js what the ear uses most to identify a
sound, and is often overlooked in the obsession with sustain
Note how an instrument responds to playing dynamics: does
the tone change significantly as you play the notes harder?
Do you want [t to, or would you rather have a mare
consistent tone between loud and soft playing? When
listening to the sustain, discern weather the full range of
harmonics carries into the sustained tone, or if the sound
tends to ring more on the fundamental. Lastly, play all over
the fingerboard, and listen for how these characteristics
thange from note to note. Some Instruments are more tonally

consistent actoss thelr range, and athers have large
variations. Nelther is necessarily better, it really depends on
what you want. Sometimes an instrument with a lively,
dynamic tone will have a few “dead spots’, specific notes
which don't ring as well as the next, while a neutral,
unexciting instrument with less resonance will sound
cansistently bland on every note,

Wood affects tone diferently depending on where it Is in an
instrument, The body is the largest piece by volume, and its
most impartant quality is its resonance. Guitar bodies, like
marimba keys, vibrate at frequencies which, In tum, influence
how the string sounds, from attack through sustain, While a
solid body reinforces a broad range of frequencies, it has a
complex set of resonances which give the tone a great deal
of its character,

50lid bodies can be made light or heavy, as solid as possible
or with hellowed-out “tone chambers,” and the result will be
audible through whatever electronics are used. The shape of
a body influences its tone as well. Two bodies made of the
same hoard and carved to the same weight will sound very
ditferent it one is large and thin and the other compact but
thick. The first will ring at a lower note, with a deeper, maore
airy resonance, while the second will have a higher resonance
and a sharper, more solld lane. Many of these variations
produce the sonic results that you would expect: hollowing-
out cavities in a solid body praduces a tone that could best be
described as “hollower.” with a pronounced attack and more
complex resonance, but at the expense of some aof the sustain
al an all-solid body, One aspect of tone that may seem
couterintuitive |s the relationship between weight and sustain.
It is widely believed that a heavier body will ring longer,
absorbing less of the string's enetgy, but this is not always
true: Many times we've encountered a lightweight instrument
that sustains beautifully, sometimes even better than a
heavier body of the same wood. Sustain, like most things,
comes from good construction, a solid connection belween
strings and body, and an ability of the instrument’s parts (o
interact well. This is more complicated than simply adding
wieighl, but it means you can get substantial sustaln from a
comfortable, lighter-welght instrument,

The neck plays a different role than the body, being structural
as well as resonant. In addition to holding the tension of the
strings, it forms a bridge between the two ends of the
vibrating strings. A neck that is too flexible will absorb energy
from the strings, robbing them of tone and sustain, so neck
wood is chosen for strength and stifiness as well as
resonance, Stiffer necks tend to favor both treble and bass
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response, giving more of both, and will improve both
dynamics and sustaln. However, necks (hat are too stiff may
sound harsh and glaring to some. The stiffness of a given
neck wood may pe altered by the orentation of fts grain:
verlical grain llquarler sawn) makes a stiffer neck than
horizontal grain (flat sawn). Bullders will use this to incroase
stiffness In softer wood, like mahogany, o moederate the
stiffness of hard, rock maple necks. Another way to make a
stiffer neck is, of course, 1o carve i thicker. Chunky necks
almast always sound better than thinner ones. If you have
small hands and absolutely have to have a thinner neck;
Choose a stiff wood like rock maple, and a vertical grain
otlentation.

Often necks are made of more than one plece of wood
laminated together. This can make a stronger neck which s
less likely to warp or twist with humidity changes. It also lets
yau blend the qualities of different woods, both visually and
sonically. In a neck-through body instrument the neck wood
alsa becomes a significant part of the body, depending on the
width of the center plece, and should be selected accordingly.
Because stabllity Is sa Important in the neck. be wary of
choosing highly figured woods, Woods with flames or birds-
eyes make very beautiful necks, but are far less stable than
the clear, straight-gralned woods you usually find in the best-
sounding instruments. Mecks made of birdseye or tiger maple
can sometimes feel lumpy under the thumb, as the wood
respands inconsistently to humidity changes. With maple. the
best figure is most commonly found in the softer varieties of
the wood, which aren't the best for necks,

One way to design a stiffer neck, regardless of the wood used,
Is to intay structural beams of carban fiber on either side of
the truss rod, Carban fiber, or graphite, has a very high
strength to weight ratio, and will noticeably increase the
stiffness of a thinner neck. Carbon-fiber reinfarced necks, or
necks made entirely of graphite, lend to have the sonic
qualities of stiffer necks listed above, with Increased impac
and longer sustain, but can be somewhat “ringy” to those
used 1o the sounds of traditional neck woods,

Fingerboards have a large effect o an instrument’s tone, in
relation to their small volume of wood. This s because the
fret and fingerboard act as a second bridge on the other end
of the strings, and affect the lone in much the same way as
the bridge materfal (see Design Conslderations and
Preparation, p 13} Harder, heavier woods will emphasize high
end and produce a stronger attack, while softer fingerboards
will give a warmer, more midrangey sound. Fingerboards are
available in alternative materials such as phenolic fwhich is
made of sheets of parchment and resin) or woods {reated
with resins to stabilize them, and these have an aggressive,
dynamic sound due to thelr extreme hardness,
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Below is a list of some common woods used in the various

parts of electric instruments. These descriptions are, of

necessity, somewhat general, and many wood species have

large variations in densily which will affect their sound. '
Generally, denser pieces will sound sharper and maore

percussive, lighter pleces will be airier and more resonant.,

BODY WOODS

Mahogany has a warm, midrange-rich tone heard in many of
the classic Gibson electrics: It is very dynamic, with excellent
sustaln even inlighter pleces. Mahogany has several sub-
species, stich as the Sapele we used for the Body-wings of our
bass, each with slightly different sonic quallties which are best
discerned by tapping on individual pleces, whenever possible,
Our plece ol Sapele had a tap-tone which revealed a ringy,
bright guality which translated into the tone of our bass,
producing a quick; articulate attack with rich harmonics. The
mahogany we used in our guitar body is on the lightwelght
end of the wood's range, and has a highly resonant,
percussive lone with a characteristically detalled midrange,
slightly rounded treble and warm, mellow bass,

Maple Harder maple makes for a dense; heavy body that is
well-suited to smaller body shapes. It has a broad range of i
tonal gualities, with a combination of detailed treble,

midrange warmth and solid bass, As a body wood, hard

maple has a dynamic, slightly aggressive quality which can be

heard in the all-maple Rickenbacker basses used by Paul

MeCartney, and by Chris Squire on the Yes recordings of the

1970s. Softer varielies of maple sound predictably maore airy,
sometimes with a diminishing sustain in the higher frets, but

maintain the combination of warmth and aggressiveness,

Ash  Ash Is available Tn a very wide range of densitles,
Heavier lypes, somelimes called northern ash, have a bright,
focused, percussive tone similar to hard maple. bul with
slightly less of the agaressive growl. Many 1970s-era Fencders
are made of dense ash, and basses of (his type are favored
by many slap-style players, Light ash, sometimes called '
swamp ash, is favored for its warmth, alriness and dynamic

response, and is the body wood respansible for many of the '
muost desirable vintage Fender guitars and hasses,

Alder  Used on Fender guitars finished in solid colors, Alder
ls a lighter-walght wood with a balanced tonal spectrum and
an excellent response to dynamics, Like swamp ash, It 1s
found in some of the most prized early Fenders, and is an
impartant part of the percussive, twangy sound they are
knenwn for,

Poplar A light wood, poplar sounds similar to alder, but with
some of the aggressive, growly midrange of hard maple,
Poplar was used in many of the early Music Man Stingray
basses.and is partly responsible for that instrument’s
poweriul tone,



Bisswaood  This [s Hght waod with some interosting tonal
qualities, Basswood features very good sustain, which usually
extends to the higher reglons of the fretboard. It has a slightly
compressed response to dynamics, which sets it apart from
some of the other lighter woods, Basswood Is resonant,
slightly midrangey, and makes a good match with

humbucking pickups in a guitar to produce smooth lead lones
with consistency acrass the instrument's range,

Walnul  Walnut has 8 decidedly dark tone In most
Instruments, with an uninspiring dynamic response if used for
an entire body:. It can work well as body wings in a neck-
through-body instrument when combined with a bright,
dynamic neck wood like maple.

Cherry  Most cherry available today Is moderalely light-
welght and has a unigue tone for solid-body instrumaents, less
dynamic than most woods but with complex overtones and
an articulate attack. Combined with a piezo pickup or a high-
fidefity type of magnetic pickup, it produces a passable faux-
dcoustic (one.

NECK WOODS

Maple A hard, stralght-grained plece of maple | one @f the
hest choices for neck wood. It s stable, rigid, and makes for a
percussive tone with excellent sustain, Maple 1s the wood
used in all of the classic Fender necks, and most of the other
higher-quality electrics produced over the years. Select a
heavy plece that has a tight grain-and a sharp, almost
metallic ring with as liltle “airiness” as possible,

Mahogany  Mahogany can make an excellent neck wood,
especially when It will be used for a falrly thick neck. It [s not
as stiff as maple, and welike to use it with 8 vertical grain
orientation to help maximize its tone, Mahogany's richness is
apparent when it Is used as & neck wood, conltibuting
warmth and a slightly subdued attack, In comparison to
maple.

Wenge A wood favored by some butlders of modemn
basses, wenge Is dense and stiff, with a strong attack, good
sustain and complex harmonic content somewhat similar to
carboniber necks, but "woodler.” Wenge Is extremely hard
on toals; which will need frequent sharpening.

Exotic Woods  Troplcal hardwoods like the zirlcole we used
for laminates In our hass provide interesting visual
possibilities. Sonically, they are not always quite as dynamic
as traditional woods. However, The denser varieties will add a
good structural element o a multFlaminate neck, when extra
stilfness Is desired, although we prefer to comblne them with
maple to insure stability, Woods which make a good cholce
for this purpose Include bubinga, cocobolo, purple-heart,
African blackwood, zebrawood, and almast any other dense

exolic with a good tap-tone. Be aware that many of these
woods cantain toxic oils, and thelr dust should not be
breathed, These oils can also Interfere with many glues, and
pieces should be test-glued to insure they will not produce
weak joints, Many builders who use these woods prefer Lo
use epoxies which are specially formulated for tropical
hardwoods,

FINGERBDARDS

Ehony  We chose ebony for our guitar fingerboard. It |s a
dense, hard wood, providing clear treble, powerful attack and
good sustain, Many vatieties of ebony are avallable, some jet
black and olhers with gray or light brown sireaks.

Rosewood Rosewood fingerboards have a warmer lone
with more midrange than ebony or maple. Braziliian
rosewood was the wood of choice for fingerboards in many
early Fenders and Gibsons, but this almaost magical wood is
now highly regulated (and with good reason) due to its
increasing rarity [n the wild. Several other varleties are
currently avallable, the best-known belng Indian rosewood,
We used a rosewood fingerboard on our bass to compliment
the brightness of the other woods,

Maple: Maple makes a bright, dynamic fingerboard wood not
unlike ebony, but slightly warmer, Fenders with maple
fingerboards are known for having a brighter, snappler sound
than their rosewood counterparts,

Exotic Woods  The denser exotlc woods mentioned In the
neck wood section make good choices far fingerboards as
well. Their colorful appearance s very attractive to many
builders. Many of these woods are related to rosewood, and
have similar tonal qualities, although some are denser,
making them sound closer to ebony, Avold vareties with
large pores, as these will accumulate dirt and grime,
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Appendix

Many new finishing products and improvements on old
standbys have been developed in recent years, The
intraduction of non-toxic, environmentally-friendly, water-
based products, for example, have made the finishing process
safer and more efflcient.

In addition to the shellac and varnish approach, discussed on
p 50, some alternative finishes may be desirable, Every
product has its own properties and proceduras. Some
research, sharing ideas with knowledgeable people, fnd
experience are your best guldes, Below are some commaon
finishing materlals briefly explained.

Lacquer

Nitrocellulase lacquer is favored by many electric guitar
makers because it dries to a warm color and provides a hard
finish necessary for a good-sounding instrument. Professionals
usually spray lacquer onto Instruments with a compressed or
altless spray gun in a well-ventilaled, explosion-proot boath,
However, buying spraying equipment and setting up an
appropriate environment is expensive, and learning how to
use It effectively is time consuming. Moreover, as a volatife
organic compound (YOC), lacquet is carcinogenic and bad for
the environment. Nonetheless, lacquer has been a preferred
finish for guitars made during the past several decades.

If you Insist on lacquer, it comes in convenient aresol cans tor
smaller projects like your guitar. Though relatively expensive
and ecologically indetensible in this form, it is the least
wastelul method to use and the guickest finish for a short-
term project.

Alternatively, consider using one of the newer water-based
lacquers, Safer, healthier, and easier to clean up without
polluting, these products are steadily improving

several thin coats of lacquier produce a finish that is
impervious to almost everything, The exact number of coats
depends on your technique and the look and sound you're
striving for. Often bullders prefer a thinner finish to avoid
dampening the tone of the instrument. Many thinmer coats
are better than fewer thick coats. Shellac, sanding sealer, of
vinyl sealer is recommended for a sealing coal although
thinned lacquer itself may be used as a sealing coal
commetcial lacquer thinner or acetone arc the diluents and
clean-up for lacquer. Several brands of stains can be
suspended in the lacquet for coloring and highlighting the
waod. Several thin coats with a light sanding {as described on
p 49} In between give the best results.

ol
A simple way to finish your instrurnent is with an oil designed

an

speciically for use with wood. This finish is often preferred by
fine wondworkers hecause it seals, conditions, and protects all
at onee, Though requiring (ntermittent maintenance, It is
easier ta refurbish and repalr than most any other finish.
Unlike varnish and lacquer, oils penetrate the wood rather
thar buliding on lts surface, Danish, Swedish, tung, boiled
finseed, and gun stock oils are some of the common oils
avallable on the market today

Most of these ails are waterproof and dry to a hard finish, a
property which is desirable for stringed instruments. Oils are
pasy to apply and with a bit of polishing yield a lustrous
finish. Since different oils have different application
requirements, be sure to follow exaclly the directions on the
comtalner and talk to a knowledgeable person about the
different brands and techniques,

Tung oil s a good all purpose oil 1o begin with and one used
by many guitar makers. “Walco” oil Is also a papular brand,
Bolled linseed oil is a traditional finish but has a slow drying
time and reguires more wark than some of the maore
contermporary kinds. Two to four coats ot oll are usually
sufficlent for a good finish on your instrument depending on
the hardness of the wood and the manufacturer's
sugeestions. :

French Polishing

French polishing is an age-old technigue of applying finish by
rubbing or “padding’ very thin coats of a finishing compotnd
{most often shellac, but also varnish or lacquer) onto wood.
The finish 1s temporarily kept from drylng too fast by
‘suspending” it with a little non-drylng oil [mineral oll or
walnul ofl) on a golfball-size padding cloth, a wad of cotton
called a “fad”. Working one small area at a time. the finish is
slowly buill up through the repeated application of coats,
Finally, any ol residue Is “spirited off® with a quick wipe of a
clath with a little alcohal on i

As you may sense, French polishing requires practice to be
able to apply coats quickly and evenly without the padding
cloth sticking ot leaving a textured surface. Though we
suggest simpler finlshing methods for the novice, consult
books on finishing for more information on this age-old and
interesting technigue.

Poly Finishes

Modern chemistry has provided us with new finishing
products from which to choose, Varnishes using polyesters,
polyvinyls, polyurethanes, acrylics, and other synthetic
compounds are available at maost home center stores. Though
pot the first choice of Instrument makers, these products



provide a highly protective, serviceable finish,

There are interesting: potentlally useful products coming out
regularly. Gel finlshes, water-based finishes, epoxy finishes,
new farmulations for padding and spraying. and various
‘cross-breeding” of old and new finishes are now easy to find,

Appendix

The challenge is to find the right finish for a particulat
application, Speciatty suppliers thal deal In guitar and
instrument making equipment are probably your best bet in
gathering informaltion on this complex subject. And talk with
experienced woodworkers, Invariably, they will be more than
willing 1o share their favorlte methods and techniques

The toals you use 1o make yeusr instriment must be sharp,
Dull tools are & source ol danger and frustration. With
practise and patience you should be able to sharpen your
tonls so they can shave. You could always identity a
woodworker in the old days by a bald patch on his arm from
testing the sharpness of his fools. Only then are they reacy
for working the wood.

Traditionally, sharpening was always done by hand on whet
stones using oll or water as a lubricant. The process began
with roughing out a uniform edge on a new or damaged tool
with the use of a grinding stone or other very coarse stone.
From this point. each stage used a progressively harder
smoother stone to get a fine edge, Honing was usually done
Treehand”, allowing experience and feel lo gulde the blade to
produce just the right bevel on the cutting edge. Stones still
give a superior cutting edge and the Invention of honing
guides has made il much easler to get a uniform bevel and
shaving edge,

Stones come In a variety of sizes and shapes depending on
the size and shape of the blade being sharpened. Curved
chisels, for Instance, use conlcal or cylindrical stones. Sorme
stones are avallable in combinations, a different grade on
each side. A sequence of stones are choreographed In the
following fashion. A grinding stone is usually necessary to
sharpen tools that have been badly damaged or abused of to
prepare new blades thal are unsharpened. A course
carborundum stone is often used for blades that have minor
chips or are very dull. Traditional oll stones like the India
stone; which comes in a medium and fine grit, Is an
intermediary honing stone used to prepare the blade for a
fing stone. A Washila stone is a good basic stone for medium
ta fine honing as Is the soft Arkansas stone. A hard Arkansas
stone 1s usually used to produce a fine shaving edge on the
tool and the leather strop (o remove the metal bury or wire
and put a final polish on the blade. All stones are used with a
medium to light grade honing oll. Basically, most sharpening
jobs require two stones—medium and fine. Newer lypes of
diamond whetstones, ceramic sharpening stones, and
lapanese waler stones are also now available,

sandpaper and emery cloth glued (o a perfectly flat surface
have alsa been used effectively for sharpening. A light touch
an a power sander may be used for the Initial grinding stages
followed by progressively finer grades of sandpaper and
finally @ fine emery cloth. It 1s possible to produce a shaving
edge by this method. Sandpaper and emery cloth also have
the advantage of being relatively Inexpensive and easy to
fird.

SHARPENING PROCEDURE

I The blade may need to be ground on a grinding wheel,
belt sander, or coarse stone depending on its candition. Do
not leave the blade on a power grinder long enough for it to
overheat and change color because it will lose its temper and
quickly dull again. If there is much power grinding to be done;
cool the blade in water often as you grind The underside of
the blade should be flat across its entire width, Lay the blade
fat or at a slightly Increased angle on it back and grind away
until you achieve a flal surface across its width.-

2 Now hone the blade at a slightly Increased angle (4
degree to 1 degree) on a medium stone (India, Washita, or
sofl Arkansas) until an even polished bevel has been achieved
deross the bBlade, A honing guide will help you hold a
consistent angle and ald In controlling the pressure,

3 On a fine stone like a hard Arkansas, hone the blade to a
high polish either at the same angle or slightly increased by '
degree. Take time todo this carefully.

4 To remove the halr edge or burr that usually develaps
from honing, pull the blade along a leather strop quickly
applying pressure evenly across the blade, This will produce a
final palished shaving edge
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CRAFTS/MUSIC

M ake and customize six-string
guitars and basses in your own
shop. That way, you'll enjoy both the
building and the playing. The Instruc-
tions emphasize simplicity and logic,
use common tools and easy-to-order
materials, and provide resources for
obtaining electronic components and
other hardware. Understand every
aspect of construction: body shape,
bridge types, neck and headstock,
cutting and shaping, and assembly.
Both traditional and modern features
are included, making the finished
instrument perfect for whatever
musical style you like best, whether
it's classic rock or cool jazz.
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