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Howdy!

Based on many inquiries | receive on the subjeabatiching pickups for the best tone, this montrésA Tips contains
three related topics:

1. Anoverview of the electrical signal generated by a magnetic guitar pickup
2. How these dectrical signalsfrom multiple pickups come together and theresulting tones
3. Bringingit all together: how to make sur e pickups are going to play well with each other

Before we dive into these topics, it is fair to asky would | care? The answer to this is relaghataight-
forward: if you are considering making changesre or more of the pickups in an instrument with enthian one
pickup, it is possible to buy quality pickups, majaod solder connections and end up with an ingnirthat has
good tone when each pickup is operated by itsatfadow-output, thin-sounding tone when more tbae pickup
is played at once. This low-output tone from twokpips is usually considered undesirable and isabat of the
signals from two pickups being “out of phase” watich other.

Here we go!

1. Anoverview of the electrical signal generated by a magnetic guitar pickup
By the end of this newsletter it is my hope to caimmate clearly the difference in tone which resuhen
pickups are connected together electrically in different ways: in parallel and in series. To ithase the
differences between parallel and series electaeahections we can use simple C-size batteriestiigse in a
handheld flashlight. Each battery has a positiyagrminal and a negative (-) terminal; C-size éxadts, when
new such a battery generates ~ 1.5 volts of eledtioe force (EMF) and the electric current flowibgtween
the (-) pole and the (+) pole is direct current |Di€three C-size batteries are installed in al&mow in a
flashlight the (+) pole of the first battery isaontact with the (-) pole of neighboring batterglao on; these
batteries are said to be connected in series. 8hdtris that the voltages of these batteries adiliver a
voltage of ~ 4.5 volts (1.5 volts x 3). It is algsossible to connect batteries in parallel, which aaifferent
result. Imagine three batteries arranged sided®yisi one row such that the (-) poles are nexathether and
the (+) poles are next to each other. If an elegiticonductor were added to the three batterids that all of
the (-) poles of the batteries were connected kegetind another separate electrical conductor adated to
the batteries connecting all three (+) terminalsaoh other these three batteries would be corthemgether in
a parallel electrical circuit. If we measured tldtage between the (-) poles of these three besteonnected
in parallel and the (+) poles we would see a vatai~ 1.5 volts, not 4.5 volts, as was the caghemprevious
series connection example. This parallel asseniihatteries would provide the ability to generdte current
of three single batteries. Keep these examplednd as we turn to another form of electrical siggaherator:
the magnetic guitar pickup. The electrical sigreigrated by a single coil passive magnetic pickumi
electric guitar, bass guitar or other similar instent is an alternating current (AC) waveform.dtiycould see
this AC signal it would look like a repeating wawéh peaks and valleys. This AC signal is generateal
pickup when the guitar strings vibrate within thagnetic field of the permanent magnets in a pickiggnetic
material in the vibrating guitar strings (iron amdkel) cause the magnetic field of the permaneagmets in
the pickup to fluctuate at the same frequency asttings are vibrating. This fluctuating magnéedtd causes
electrons in the copper coil windings of the pickamscillate which generates the AC electricahalgn the



pickup. This AC signal is weak (low voltage) by mstandards, usually only a few hundred millivatts
passive magnetic pickups. The height of this ACefanm (measured from the extreme top of the pedkeof
wave to the extreme bottom of the valley of the &as the peak-to-peak voltage; this voltage is@dgway to
express the output of a pickup. In general, pickupsnd with many turns of wire on the coil tenchtve
higher output than pickups with fewer turns. Ifiastrument has only one single-coil pickup, the gighal
generated in the magnetic pickup is conducted tivaolume and tone controls to the output jaclqugh a
guitar cable and into am amplifier where the waghkal is boosted usually in several stages to anhigher
level and finally transferred to a speaker &oidla! You're a rock star!

How electrical signals from multiple pickups cometogether and theresulting tone
Instruments with multiple pickups add another lesfatomplexity to the process of signal generatescribed
above. In the following discussion | will assumattthe electric guitar or bass we are considerasydnly a
single monaural (mono) output jack and that theelctrical signals from two or more pickups candieed
together in one of several ways and conductediscsthgle mono output jack. This assumption is forghe
vast majority of electric instruments people usgable exceptions include custom instruments wioedtereo
output as used by Les Paul and Grateful Dead ggtithgrry Garcia. In an instrument with two singtet
pickups (one bridge position pickup and one neditjpm pickup) and a three-way pickup selectorhsag a
telecaster-style instrument, the pickup selectatcévtypically allows one to use the bridge andkngickups
one at a time (pickup selector switch positionsid &) or to utilize two pickups at once (pickupes¢br switch
position 2, the middle position). There are pothtifour ways the AC signals from two pickups danjoined
in position 2:

a. Parallel in phase
Parallel out of phase
Series in phase
Series out of phase

aooT

For a more detailed discussion of series and gheictrical DC circuits including drawings andaexles,
please seehttp://www.allaboutcircuits.com/vol_1/chpt_5/1.html

a. Parallel in-phase connection of two single pakups:

In most instruments with two pickups and a threg-pigakup selector switch, the middle position of ghickup
selector switch joins the two pickup circuits irgdéel. The AC waveforms from these two pickups lalended
together in a very interesting way. Remember thatAC waveforms each have a “sine wave” shape with
“peaks” and valleys”. These two electrical signail add in parallel to form a new waveform withghier
current but not higher voltage (as was the caseritbesl above with batteries connected in paraltbl¥ results
in a good clear signal, but not higher output tikat produced by a humbucker. If the AC waveforinsath
pickups have the same shape and frequency, the pedkvalleys of the waveform from the neck positio
pickup are lined up with the peaks and valleyshefliridge position pickup) the two waveforms aiid sabe
“in phase”; the sum of the two waveforms and wdhgrate a clear, good-sounding signal. Most modern
instruments which contain two single coil pickupsl @ three position pickup selector switch are igoméd
such that the signals from these two pickups aregbin the middle switch position to form a strpolgar
signal. Pickups in such instruments are often matufed such that the pickups are reverse-woundemaiise
polarity (RWRP) with respect to each other. Fomepke, if the bridge position pickup has a northnggnetic
orientation and is wound clockwise the neck posipakup will have a south up magnetic orientathoa will
be wound counter-clockwise. The phase orientatfdheAC signal in the neck pickup is reversed t8Qrees
with respect to the phase orientation of the brigggtion pickup by the opposite winding directiwith
respect to the bridge position pickup and anot@érdegrees by the opposite magnetic field directidh
respect to the bridge position pickup. These twd d&gree phase changes combine to a 360 degrez phas



change which is the same as a zero degree phasgecdne result is that when the signals from peckare
combined in parallel and the pickups are RWRPwesignals are in phase and a good tone usualljtses

b. Parallel out of phase connection of two singié gickups:

If the waveforms from the two pickups are out oéph (the peaks from the neck position pickup wawefare
not lined up with the peaks of the bridge positiackup waveform) the two AC signals will oppose leather
resulting in a signal that is low in volume andeofthas a thin-sounding tone. This situation existsn pickups
connected in parallel are not reverse wound revaokity with respect to each other. An exampla obn-
RWRP set of pickups would be a bridge position piciwhich is wound clockwise and has a north up ratign
polarity and a neck position pickup which is alsouwnvd clockwise and has a south up magnetic polarity

c. Series connection in phase:

If you recall the example of batteries connecteskrnes, the voltages of the batteries connectsdries were
observed to add; this is also the case with signafs guitar pickups. When two single-coil pickugn®
connected in series and the AC waveform signals ftieese pickups are in-phase a powerful signatieated
which is conveyed to the amplifier. Humbucking pipk are often wired such that the two coils inglo&up
are connected in series and in the AC waveform feach of the two coils are in phase; the resw@tpswerful
signal. Two single coil pickups in an instrumentisias a Telecaster can also be connected in saniésf the
pickups are manufactured such that the neck pasgickup is RWRP with respect to the bridge positio
pickup the signals will add in the same way asagadd together in-phase as in a humbucker. Hmelatd
three position blade style pickups selector swirca Tele style instrument and the usual threetjposioggle
switch in a Les Paul style instrument connect tveygps in parallel as described previously, so true
humbucking performance (with the waveforms fromhbatils of the humbucker in series and in phasadis
possible with this type of pickup selector swit€here are four and five position blade style swetchvailable
for instruments with two single coil pickups whioffer series combinations of pickups. Details @fdd style
switches which provide series connections are gex/on the following websites:

http://www.deaf-eddie.net/quitars/5-tone.html

and

http://www.musiciansfriend.com/product/Fender-4\Walecaster-Pickup-Selector-Mod-
Switch?sku=361330&src=3SOSWXXA

One can also use a “Push-Pull” pot or an on-on-om toggle switch to add series combinations of siwle
coil pickups; details are provided on:

http://www.deaf-eddie.net/pushpull/pushpull.html

d. Series connections out of phase:

When the AC waveforms of two single coil pickups aonnected in series and the waveforms are quitage
the result is a weak low output signal.

All of the pickup configurations described abovargllel in phase, parallel out of phase, serigshisise and
series out of phase) also apply to instruments thitbe single coil pickups such as stratocastée sty
instruments. In most of these instruments the @-Zarpositions of a five position blade switch congbsignals
from two pickups in parallel. It is usually the eda modern instruments with three pickups thattingdle
pickup is made such that is RWRP with respect tb bwe bridge and neck position pickups.

3. Bringing it all together: how to make sure pickups are going to play well with each other



If you are purchasing a complete new set of pickuigswise to ask the pickup maker if the pickuyh be
made RWRP. Most pickup manufacturers will be ablprovide a set of pickups in which each pickug wil
have the correct phase orientation and all wiljbed. If you are considering adding a new pickup tuitar
which already has one or more pickups it is impurta make sure the signals from multiple pickupgehthe
desired phase orientation for the tone you're ast often the desired tone is yielded when dggfram
pickups are in phase. To determine if pickups délliver an “in phase” tone when connected in setan
parallel one must know both the magnetic field cticln and magnetic polarity of the connected pickupis
quite often difficult to determine by visual examiion the winding direction of a pickup. Singlelquckups
which have no grounded shielding often have a singtput lead for the start of the coil and a €raltput
lead for the end of the coil. The effective winditigection of a pickup can be reversed by switchimgwiring
assignments of these two leads. If the pickup wiggnally wired with the black lead soldered tocthecal
ground (such as the back of a pot) and the otlaer dsed as the “Hot output” (soldered to one otdbs on a
pickup selector switch or one of the tabs on amayot) the “reversed” pickup would have the whetal
soldered to ground and the black lead used asatheutput. Telecaster neck position pickups witbugded
metal covers and other pickups with grounded simgldffer an added complexity to reversing the cffe
winding direction: one must remove the connectiomfthe ground lead to the metal cover or grounded
shielding, reverse the output lead assignmentssasigscribed, then add a new electrical conneétion the
new ground lead to the metal cover or groundeddihie of the pickup. Single coil pickups with adler
conductor output cable (one lead for coil stare tgad for coil finish and an independent grouhé @round is
often an externally-braided shield for the cabiagke the process of reversing the effective windiingction
much easier. With such a three conductor cableoaheneeds to reverse the assignment of the coil kad
and coil finish lead in the guitar control circ(lgaving the grounded shield connected to groufliithat
remains is to complete assembly of the instrumedtcheck the tone in all positions of the pickulester
switch. If the desired tone is achieved, you'reeldhthe tone still not right, one must check thagnetic field
direction of the pickups. | use a compass to da thian instrument with two pickups one pickupwddave
the opposite magnetic field direction from the otf@me north up, the other south up). Place thepess near
the pole pieces of a single coil pickup and you matice that either the north end of the compassdte will
point to the poles or the south end of the compasslle will be attracted to the poles. Check thermopickup;
if the magnetic orientations of the two pickups apposite the set of pickups if wired properly &en
configured RWRP. Instruments with three pickupgmfiave the middle pickup opposite in magnetic
orientation with respect to the neck and bridgatmospickups.

Many of the pickups manufactured by Vintage Vibat@s are designed to allow the owner to change the
effective winding direction via a three conductatput cable and the magnetic orientation of thé&ypdy
changing the magnets. These design features Vil alou to configure the pickup to match any otpiekup.

My congratulations to all of you who have readtlai way through this long newsletter!

I hope this information is helpful to you!



