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ABSTRACT

This monograph presents informstion that deals with
musical materials recorded on tape, It describes a number
of taping techniques including overdubbing, editing,
splicing, and speclal effects. It also examines techniques
for the spatial placement and movement of sound. It further
includes information about recording tape and tape decks, as
well as a description of rudimentary recording, playback,
and erasing procedures., The techniques described are limited
to those which are possible using a half-track or quarter-
track stereo tape deck and a quarter-track quadraphonie tape
deck with separate record and playback heads and selective
synchronization,

The overdubbing techniques described include sound-over-
sound, sound-with-sound, sound-on-sound, and selective syn-
chronization. The speclal effects described include sound
reversal, channel reversal, tape reversal, magnetic particle
removal, the use of different tape speeds, tape echo, and tape
loops. The techniques for the spatial placement and movement
of sound are limited to those effects which are possible using
only a quadraphonic tape deck without external mixing or pan-
ning devices, However, there 18 also a brief discussion of
other factors besides taping procedures that are involved in
the spatial placement and movement of sound.

iv



INTRODUCTION

This monograph contains taping information and tech-
niques which are useful in producing electronic musie., It
is limited to those techniques which are possible uéing at
least one open reel half-track or quarter-track stereo tape
deck, and at least one open reel quarter-track quadraphonle
tape deck which has separatb record and playback heads and
selective synchronization (also known by such trade names as
"sel-sync,”" "simul-sync," and "synero-trak"). Explanations
of thesé terms and tape head formats are contained in the
following chapters. This monograph‘does not -include infor-
mation about microphones and related techniques. However,
nearly all the techniques discussed are applicable to the
general assemblage of electronic music,

In order to be made more meaningful, the techniques
presented in this monograph should be put into actual prac-
tice. In this respect, it is hoped that this monograph will

serve as a practical guide.



I. BASIC TAPING INFORMATION

Recording Tape

Recording tape is usually made of either acetate or
polyester (also known as mylar). Polyester is generally
preferred to acetate because it can withstand temperature
varlations better snd will last much longer (acetate tape
tends to become brittle with age). Polyester will not
break as easily as acetate tape but this is not really an
advantage. Should something cause an unusually large amount
of tension on the tape (a faulty tape transport mechanism,
for instance), polyester tape will stretch and possibly be-
come unusuable, whereas acetate tape will usually break
cleanly, allowing the tape to be spliced and to remain use-
eble.

Recording tape comes in three thicknesses, .5 mil, 1
mil, and 1.5 mil. A few tape decks have a tepe tension sel-
ector to adjust the tape transport mechanism for the various
tape thicknesses. One of the disadvantages of thinner tape
(.5 mil and 1 mil) 1is that it will often allow print-through
to take place. Print-through occurs when one layer of tape
on a reel transfers some of its magnetic signal to adjoining
layers of tape. The result of this is often heard as an
acho before or after the original sound on the tape. The
use of 1.5 mil tape minimizes print-through. Also, 1.5 mil

2



tape will not stretch as readlly as thinner tape, and is
easier to handle when editing and splicing than is .5 and 1
mil tape.

The main advantage of thinner tape is that it allows
for more recording time per reel of tape. If a 7 inch
diameter reel of .5 mil tape (24,00 feet of tape) is recorded
at the speed of 7 1/2 inches per second (ips), it will pro-
vide a recording time of one hour in one direction. Using
the same tape speed and reel size with 1 mil tape (1800 feet
of tape) results in a recording time of forty-five minutes
in one direction. A 7 inch diameter reel of 1.5 mil tape
(1200 feet of tapei recorded in one direction using a tape
speed of 7 1/2 ips results in a recording time of thirty
minutes. While these recording times may seem to be rela-
tively long, they would be halved if the tapes were record-
ed at a'speed of 15 ips. Because this speed is often used
for electronic music applications, the length of the avall=-
able recording time becomes a serious consideration. The
easiest way to avoid this problem is to use a 10 1/2 inch
diameter reel of tape, which provides twice the recording
time of a 7 inch reel of tape.

In addition to the 7 and 10 1/2 inch diemeter sizes,
tape reels come in 3, 4, 5, and 14 inch dilameters. 10 1/2
inch and 1ll} inch reels usually have NAB (National Associa-
tion of Broadcesters) hubs or centers, rather than solid
hubs with a 5/16 inch center hole (Figure 1), However,
adapters are available to make 10 1/2 inch NAB hub reels fit



Fig. l.--Examples of solid and NAB hub
reels.

a tape deck designed for solid hub reels with a 5/16 inch
center hole, provided that such a tape deck can accommodate
10 1/2 inch reels.

Recording tape qdmes in various ‘widths, from 1/8 inch
tape for cassette recorders to 2 inch tape for large multi-
track recording studio machines. The most common tape
width for relatively inexpensive open reel tape decks is 1/L
inch, though some electronic music studios do have machines
which use 1/2 inch and wider tape. One of the advantages of
wider tape is that 1t allows for more signal to be recorded
on tape and therefore a better (larger) ratio between the
residual noise of the tape 1tself (usually heard as hiss)
and the recorded signal., This 1s known as signal¥to-noisd
ratio,

Another factor which partially determines signal-to-
noise ratio 1s the type of tape used. In the open reel for-
mat, the main tape types avallable are known as standard
tape, low-nolse tape, and 1ow-noiso/high-output tape. The
advantage of low-noise and low-noise/high-output tapes over

standard tape is that they can store more recorded signal



before they become saturated and distortion occurs, This
Increases the signal-to-noise ratio,

Low-noise/high-output tape, as well as being sble to
store as much or more recorded signal as low-noise tape,
reproduces the high frequencies of a recorded signal at
higher levels than do standard and low-nolse tapes. This
allows for the treble to be reduced to a normal level during
playback which therefore reduces the amount of tape hiss at
the same time. Also, some of the most recent low-noise/high-
output tapes have a coating on their outside (the side of the
tape which is away from the tape heads) which 1s dull looking
and a bit rougher than the usual uncoated polyester of other
tapes. This speciai coating is intended to reduce statie
electricity which:.collects dust and produces tape hiss, and
to allow for a smoother flow through the tape transpoﬂt
mechanism,

Por each of the above mentioned tape types to be re-
corded at its optimum signal-to-noise raetio, a high frequency
signal called the bias current (which 1s combined with the
input signal to be recorded and fed to the tape through the
record head of the tape deck) must be correctly adjusted to
each tape type. Most good quality tepe decks have a switch
which allows for changes in the blas current to suit the
various types of tape. Such switches usually have two set-
tings, one for standard tape, and the other for both low-
noise and low-noise/high-output tapes. Usuelly, the manufac-

turer of the tape deck will give the specific brand name of



the tape for which their particular machine 1s correctly
biased.1

In general, 1t 1s recormended that a good quality
polyester based, 1.5 mil, low-noise/high-output tape be
used, as poor quality tape may have drop-outs (places where
the strength of the recorded signal is suddenly reduced),

gum up the tape heads, and cause excessive teape head wear,

Tape Decks

A tape deck consists of a tape transport mechenism,
tape heads, preamplifiers, and verious other electronic com-
ronents., It does not contain an amplifier and speskers for
moh@toring (listening to) the playback of the tape, but
usually has s headphone jack which allows for monitoring the
tape with headphones. For monitoring through a playback
system, the outputs of the tape deck must be connected to
the appropriste inputs on an external amplifier. This 1s
accomplished by connecting the outputs on the tape deck's
back or slde, lsbeled line~cut, to the inputs, lsbeled tepe-
play (or tape-in, line-in, aux-in, etec.), on an external
amplifier. - The signals to be recorded by the taepe deck from
the synthesizer may be connected directly to a line-in jJack
on the tape deck, or may be routed through the external amp=~
1ifier and then connected to the line-in jacks on the tape

deck. The line-in Jacks are next to, or above, the line-out

lFor further information on tape bias see Michsel B.
Martin, "Tape Performence and Tape Recorder Biesing," Stereo
Review, Vol. 32, No. 4 (April, 1974), pp. 56-60.



Jacks on the tape deck.

Line inputs and line outputs are high level, high
impedance connections (600-ochms and above) and must conse-
quently be connected to other outputs and inputs which are
also high level connections., For instance, the line output
of one tape deck chamnel may be connected to the line input
of another tape deck channel and vice verss,

Microphone inputs are low level inputs. They may have
a high impedance or a low impedance (50- to 600-ohms)., On
some tape decks, the impedance of the microphone inputs may
be changed to sult both low and high impedance microphones,
To avoid hum end high frequency losses, high impedance
microphones should not be used with cords longer than about
ten feet, while low impedance microphones may‘be used with

maeh longer cords.

The Tape Transport Mechanism

The tape trsnsport mechanism moves the recording tape
from left to right across the tape heads for recording and
playing back the tape. It can also move the tape rapidly in
either direction through the use of Fast Forwsrd and Reverse
controls. Some tape decks provide a Pause control which can
quickly stop and start the tape while the deck 1s in the
record mode., This is useful for special editing applica-
tions, such as leaving out breaks between movements when
recording live concerts. The tape transport must be able to
maintain the movement of the tape at e constant rate of

speed during recording and playback. This is achleved



through the use of a capstan and cepstan roller, as well as
through the motion of the supply and take up reels (Figure

2). Any variation of speed will result in an unwanted

supply reel take up reel-

tape heads capstan

0, 1,0

tape lifters
Fig. 2.-«Disgram of the supply and take
up reels, tape heads, cepstan, capstan roller,
and tape lifters.

~capstan roller

change in the frequency of the sound being recorded or
played back, If this change in speed is periodic snd pro-
duces a vibrato like effect on the recorded material, it is
known in audio terminology as "wow and flutter." Wow
includes those periodic varistions in frequency which occur
from once every two seconds to sbout six times a second,
while flutter includes those periodic variations in fre-
quency which occur more than six times a second up to about

two hundred and fifty times a second,?

2Tn his book The Principles and Practice of Electronic
Music, (New York: OTrosset end Dunlap, s Pe .
bert Trythall states that "wow 1s an indication of uneven
reel motion; flutter indicetes veriations in capstan speed."
Wow and flutter are actually designations which indicate
slow and fast periodic variations in fregquency of recorded
material caused by the tape transport mechanism, While
uneven reel motion and varlations in capsten speed may
cause wow and flutter, these should not serve to differen-
tiate between the terms wow and flutter, For more informa-
tion on wow and flutter, see Craig Stark, “Ta§e Horizons,"
Stereo Review, Vol. 30, No. 2 (Februery, 1973), p. l42.




The taps transport is operated through the use of
controls, usually either levers or buttons, on the front of
the tape deck. Inexpensive decks usually have a single motor
which through various clutches and belts turns the tape reels
and the capstan, More expensive decks usually have three
motors, two for operating the tape reels, and ome for turning
the capstan., On such tape decks, the transport mechanism 1is
usually operated electronically through the use of solenoid
switches. Solenold operation allows for remote control
operation of the tape deck.

The tape speeds usually used for recording are 1 7/8
inches per second (ips), 3 3/4 1ips, 7 1/2 ips, and '15 ips.

It should be noticed that each speed 1s twice as fast as
the preceding one. Few tape decks profide all four speeds
though some provide three of the four, usually either 1 7/8
ips, 3 3/4 1ps, and 7 1/2 ips, or 3 3/ 1ips, 7 1/2 ips, and
15 ips. More decks offer only two speeds, usually either

3 3/l ips and 7 1/2 1ips, or 7 1/2 1ps and 15 ips. Cassette
decks operate at 1 7/8 ips and some professional studio
machines offer the speed of 30 1ps.

The faster the tape speed, the larger the amount of
signal stored on the tape within a given length of time.

This results in a better reproduction of the frequencies
being recorded, which in audio terminology is measured by
"frequency response."” At the speeds of 7 1/2 ips and 15
ips, the best semi-professional tape decks are able to

reproduce all the audible frequencies (from 20 to 20,000 Hz)
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equally well, and a few tape decks do record with excellent
fidelity at the speed of 3 3/L4 ips.3 However, most taping
should be done at 7 1/2 ips or 15 ips for good fidelity and
a good signsl-to-noise ratio. Also, at the tape speeds of
7 1/2 1ps and 15 ips it 1s easier to make good splices
because each second of recorded sound corresponds to 7 1/2
or .15 inches on the tape, snd consequently there i1s more
distance on the tape between sounds than there is at slower
speeds. This makes the tolerances involved in the editing
and splicing prgpedure less exacting. The slower tape
speeds are useful for tspe echo sand other special effects,
as well as for recording for extremely long periods of time.

A few tape decks offer a varieble speed control which
may be useful for correcting the speed (pitch and tempo) of
a tape recorded on a deck whose speed was not exact. Also,
variasble speed éontrol can be used for unusual effects.
Tape speeds, including variable speaed control, are further
discussed in Chapter III.

The supply and take up reels are also part of the tape

transport mechanism. They should be locked in place on the

3Por optimum performance, all frequencies from 20 to
20,000 Hz (the term Hertz, abbreviated Hz, has generally sup-
planted cycles per second in audio terminology) should be
reproduced without any change in frequency content or change
in the relationship of the amplitudes of the individual fre-
quencies to each other. Therefore, to be meaningful, a
given frequency response should include any variances (in
decibels) from an established norm frequency. The norm
established by the National Assoclation of Broadcasters, is
the output level of a tape deck at LOO Hz, which 1s arbit-
rarily rated at zero decibels (db). An excellent frequency
response would be a record/playback rating of 20-20,000 Hz,
+ 2 db.



11

spindles of the tape deck, elther with the bullt-in spring
type locks which pull out and twist to hold the tape reels
in plasce, or with rubber caps. If a tape deck can accom-
modate 10 1/2 inch reels es well as 7 inch reels, 1t will
probably have a switch to set the correct smount of tension
on the tape for both reel sizes,

Most tape decks have tape lifters which lift the tape
off the heads during fast forward and reverse to protect the
heads from excessive wear (see Figure 2). Most tape decks
which have tape lifters also provide a way of defeating them
(turning them off) for editing purposes.

Tape Heads

Tape heads sre small electromegnets whose external
surface consists of two metal poles with a smell gap in
between. The gap 1s filled with a non-magnetic material.
Tape heads are specilally designed to serve different func-
tions., On inexpensive quarter-track stereo tape decks and
most cassette decks, there are usually two tape heads, one
designed to erase the tape and another designed to both
record and playback the tape. More expensive tape decks may
have three tape heads. These 1nc1uqe an erase head and sep-
arate heads for the record end pleyback functions., Figure
3 shows the three tape heads pleced in the normal order in
which they occur on a tape deck, Since the playback head
féllows the record head, a signal which 1s being recorded

cen be immedistely monitored directly from the tape. The
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erase record playback

O

Fig. 3.--Erase, record, and playback heads
in normal order. N

tape

sepaeration of the record and playback hesds also allows for
tape echo to be produced (see page 48). Another advantage
of separate record and playback heads is that they can be
manufactured specifically for their individual functions
(have different head gap sizes, for instance) which results
in better fidelity. To erase a tape, an erase head produces
a magnetic field whose polarity is rapidly changing. As the
tape crosses the erase head and moves away from it, the mag-
netic fields on the tape are weskened until they are nearly
nonexistent, and the tape 1s consequently erased. In
recording, the record head turns the electrical impulses it
receives into rapidly changing magnetic filelds which it
transfers to the recording tepe as 1t passes by. During
playback, the playback head reads the magnetic signal on the
tape and changes it back into an electrical signal.

Tape heads may be "stacked" together in one housing so
that more than one channel can be recorded at the same time,
This 1s usually done in such a way that the gaps of the two

or more heads in one "stack" are in line with each other.



Figure i shows examples of various head and head steck for-

mats,

full-track half-track half-track quarter-track quarter-track

monophonic stereo  monophonic stereo _ quadraphonic
, || B —
[: | S — | —
~ |
tape

Fig. j.-~Different head and head stack

formats.

In full-track monophonic recording, the signal from
the tape head 1s recorded on nearly the entire width of the
tepe, and the tape 1is recorded in only one direction. 1In
the half—tréck stereo format, two tape heads which each
cover approximately half the total width of the tape are
stacked together with their head gaps in line. This head
format can be used to simultaneously record two channels,
with the tape recorded in only one direction, In .the half-
track stereo format, there is enough space left between the
two recorded channels so that their signals will not sig-
nificantly transfer across the tape to interfere with one
nother. Such interference is known as "crosstelk" and 1is
measured by the difference in declbels between the strength
of the recorded signel on each channel and the amount of
signal trensferred across the tape from one channel to
another. The half-track monophonic format uses only one of

the half-track tape heads, One chennel may be recorded in
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one direction on the taspe, and then the take up reel may be
turned over, placed in the position of the supply reel, and
another channel recorded in the opposite direction on the
tape (Figure 5)., This procedure may also be accomplished
using only one channel of a half-track stereo tape deck, if

so desired,

S — )
[ 2 —— /

Pig. 5.,--Two channels recorded in opposite
directions, using the half-track monophonic tape

heed format.

In the quarter-track stereo format, two tape heads
whick each cover approximetely a quarter of the total width
of the tspe are stacked together with their head gaps in
line., As can be seen in Figure lj, their placement corres-
ponds with the first and third hesds in the quarter-track
quadraphonic hesd stack. This permits two channels to be
recorded in one direction on the tape, and then for the take
up reel to be turned over, placed in the position of the
supply reel, and for two more channels to be recorded 1n the
other direction on the tape. This results in all four chan-
nels of tspe being recorded, with the first end third chan-
nels recorded in one direction, and the second and fourth
channels recorded in the other direction (Figure 6). The
guarter-track quadraphonic format uses four tape heads which

each cover approximately a quarter of the total width of the
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4
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Fig. 6.--Two sets of channels recorded

in opposite directions, using the quarter-

track sterec tape hesd format.
tape and are staecked together with theilr heaed geps in 1line.
This format can be used to simultaneocusly record four chan-
nels in one direction on a tape,

In the one quarter inch tape width, the full~ snd half-
treck tape head formats allow for a better signsl-to-noise
ratio, better frequency response, and less crosstalk than do
the quarter-track stereo and quadrabhonie formats, This is
because larger hesds record more signal on tape and the
space between channels on tape 1s greater in the half-track
stereo fofmat than in the quarter-track formats. In the one
half inch tape width, the quarter-track guadraphonic format
uses heads the seme size as healf-track heads for the one
cquarter inch tape width and therefore retains the potential
for an excellent frequency response and signal-to-noise
ratio. The main adventage of the quarter-track stereo for-
mat s that 1t allows for twice as much recording time per
reel of tape as the half-track stereo format. However, this
advantage is negated by the fact that ln most electronic
music applications, the tape must be spliced and can there-

fore be recorded in only one direction.
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Some of the various tape head formats are compatible
with one another, while others are not. Assuming that all
the following tape decks use the same width tape, a tape
produced on a half-track monophonic deck could be played on
a half-track stereo deck by monitoring the first channel of
the stereo deck, and a tape recorded in quarter-track stereo
could be played on a quarter-track quadraphonic deck by mon-
itoring the first and third chennels of the guadraphonic
deck. Also assuming the same tape width for the following
machines, a quarper-track quadraphonic tape deck could suc-
cessfully monitor a stereo tape produced on s half-track
stereo deck. This would be done by monitoring the first and
fourth channels on the quadraphonic deck.

However, a half-track stereo deck would not be able to
successfully monitor a tape recorded in quarter-track stereo
because its heads would cover the second and fourth channels
on the tape as well as the first and third channels., As-
suming that the second and fourth channels were blank, a
half-track stereo deck would still pick up a large amount of
hiss from the empty channels which would seriously degrade
the fidelity of the recorded material during playback. In
order to avoid this problem, some half-track stereo tape
decks have three head stacks for the erase, récord and play-
back functions, and a fourth head stack in the quarter-track
sterso format for monitoring tapes recorded in quarter-track

stereo.

The compatibility of different tape decks with the
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same head formats mey be affected by slightly different tape
heads, dlfferent blas settings, and by different head align-
ment. Head alignment is simply the physicel alignment of the
‘two or three tape heads on a single deck, If recorded on sa
tape deck with incorrect head alignment, a tape may suffer a
serious loss in signal-to-noise ratio and a poor frequency

response when played back on a different tape deck,

Other Electrical and Mechanical Components

The preamplifiers of a tape deck are used to control
the amount of input signal to be recorded on tape, and to
control the amount of playback signal (from the tape) which
is sent to the external amplifier and speakers and/or the
headphones for monitoring. The level of the signal to be
recorded 1s determined by the settings of the input knobs
(one for each avallable channel). These may be divided into
separate groups which have different functiona, one to set
the level of a signal entering the deck through the line
inputs, and the other to set the level of a signal entering
the deck through the microphone inputs, Some decks provide
the feature known as mic/line mixing, which means that sig-
nals entering the deck through the microphone and line
inputs may be mixed together and recorded at the same time
on a desired chammel.

A visusl indicetion of the amount of signal being record-
ed on tape is provided by the VU (Volume Unit) meters. There
18 usually a VO meter for each channel on the deck. As can be

seen in Figure 7, VU meters may have two scales, the upper



one reading in decibels and the lower one reading in percent,
At zero db or 100 percent, the maximum amount of signal has

been recorded on tape before distortion will occur.

M. =& o .
.

p
-9 A LY
20 w W ¥ e

S

Fig. 7.--Example of a VU meter,

The level of the signal being played back is deter-
mined by the settings of the playback knobs (one for each
channel). Other sets of switches which control various
record and playback functions may be available on a tape
deck. These are discussed in the following section on
recording, playback, and erasing procedures.

An important feature built into the preamplifiers of
all tape decks is known as equallzation. Equalization is a
boost 1in amplitude to the treble and bass frequencies to com-
pensate for the various characteristics of the playback head,
bias current, and the tape itself which cause a loss of
treble and bass frequencies., The playback egualization of
all tape decks 1s standardized by the National Assoclstion
of Broadcasters so that a tape recorded on one deck may be

played back on another. However, the equalization during

18
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the recording process may vary from deck to deck,lt

A mechanlcal device found on most tape decks is an
index counter which permits the indexing of various sections
within a reel of tspe to facilitste locating them later. On
moat decks, the index counter indicates the number of rév-
olutions made by the supply reel rather than the number of
feet of tape which have passed the heads. Counters which
measure feet of tape, or actual playing time of the tape,
are evailable and may be purchased separately.

One other feature of most tape decks is automatic
stop. Generally, automatlc stop stops the motion of the
supply and tske up reels once the end of the tépe has passed
& sensing device placed near the tape hesds, On some decks,
this sensing device 1s a small rod or lever which is allowed
to fall once the end of the tape has passed it. Sometimes,
even when the tape 1is correctly threaded scross the tape
heads and between the cepstan and capstan roller, the ten-
sion on the tape will be loose snd it will not fully lift
the automatic stop lever. Consequently the tape deck will
not run when 1t 1s turned to Play, Record, etc. This can be
simply remeéied by increasing the tension on the tape.
Another type of automatic stop sensing device 1s an "electric
eye" which will stop the reel motion when there is no tape

covering it. The use of clesr leader tape with such a

h'For a more detesiled discussion of equelization, see
Craig Stark, "Tape Horizons," Stereo Review, Vol. 27, No. 3
(September, 1971), p. 128, and Vol. 27, No. 4 (October,
1971), p. 46,
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shut-off device also stops the reel motion, and if spliced
into a reel of tape could provide convenient stopping points
In a tape composition. Some tape decks also have foil
sensing devices which cause the deck to stop automatically
at a spot on the tape pre-marked with a plece of sensing
foil. A few such decks also have a special scanning mode in
which they will "find" a pre-marked spot on the tape from
the fast forward mode, stop, automatically rewind to the pre-
marked spot, and begin the play modes at that point.

Though it hes been implied that the use of quarter~
track stereo and quarter-track quadraphonic tepe decks
designed for one quarter inch tape may not be ideal, it
often becomes a matter of practicality to use such equipment
due to its availsbility and the general lack of money to buy
more expensive eauipment. While they may not be "ideal,"
some of the semi-professional quarter-track stereo and quad-
raphonic tape decks which use one guarter inch taspe have
very fine specifications and are suitable for use in elec-

tronic music studios.

Recording, Playback, and Erasing Procedures

The first step to tske before operating a tape deck is
to read the instruction manual which came with it, This
should be used to help find the specific knobs or switches
described in the following list of procedures. Any of the
following steps which are not applicable to the specific
tape deck being used should be omitted.



1) The external amplifier used for monitoring should
be set so it will monitor the line output from the tape
deck. The line outputs of the tape deck should be connected
to the external amplifier as described on page 6.

2) The power cord of the tape deck should be connected
to an a.c. outlet and the power switch of the deck turned on.

3) The supply and take up reels should be locked in
place on the tape deck and the tape threaded across the tape
heads and between the capstan and capstan roller, following
the instructions in the tape deck's instruction manual.

) The bias switch should be set for the type of tape
being used.

5) The switches which adiust the tape tension for thin
or thick tape and for lerge or small reels should be set for
the tape thickness and reel size being used.

6) The tape speed switch should be set for the desired
speed. Ususglly the festest avallable speed should be
selected as this allows for the best possible fidelity
during recording and playback.

7) In the section of switches which controls the tape
deck's recording functions, the switch controlling each chan-
nel should be set on the Safe, or Playback, setting. This
will prevent a pre-recorded channel on tape from being erased,
even if the tape deck's Record and Play controls are engaged
simmltaneously. The recording functions switches also have
a Record setting which permits a given channel to be recorded.

Depending on the tape deck being used, the recording
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functions switches may have another possible setting,'desig-
nated by one of the trade names for selective synchroni-
zatlion--Sel-sync, Syncro-trak, Simul-sync, etc. However, a
separste set of switches for the selective synchronization
process may be found in another area on the tape deck.
Selective synchronization is discussed in the following
chapter.

8) In the section of switches which controls the tape
deck's playback or monitor functions, the switch controlling
each channel should be set on Source or Input. The Source
setting allows for the monitoring of a signal coming into
the deck through the line inputs or the microphone inputs,
The other setting for these switches, labeled Tape or Tape
monitor, permits the monitoring of a signal which has been
recorded on tape. During the recording process, these
switches masy be changed back and forth from Source to Tape
to allow for a direct comparison of the incoming signal
befofe and after it 1s recorded on tape.

9) The knobs which control the recording level of the
tape deck's line inputs and microphone inputs should be set
at their lowest level.

10) The knobs which control the playback level of the
tape deck should be set at their lowest level.

11) The signal from the synthesizer which is to be
recorded should be connected to the line input of the desired
channel on the tape deck. Then, the knob which controls the
input level of the channel tc which the signal from the

22
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synthesizer is connected should be slowly turned to thé
right., As this ocecurs, the VU meter which corresponds to
the channel being used will begin to register the incoming
signal. The input level knob should be turned to the right
untll the VU meter reads 0 db.

The level on the VU meter indicates the amount of sig-
nal which is being put on tape during the recording process,
If too much signal is put on the tape, distortion will
occur, If too little signal is put on tape, the residusl
hiss of the tape itself will become obtrusive in soft pas-
ssges. Therefore, it is necessary to put as much signal as
possible on tape without causing distortion in order to have
‘the best possible signel-to-noise ratio. Theoretically, at
a 0 db VU meter reading, the maximum recording level has
been reached before dlstortion will occur. However, most
good quality tape decks can be "pushed" beyond a 0 db VU
reading before distortion will occur, thereby increasing the
signal-to-noise ratio. It is necessary to experiment with
various recording levels from a O db VU reading up to a +3
db VU reading and beyond to find the optimum recording level
for a given tape deck, During this experimentation, the
needles of the VU meter should not be confinually pinned to
the right, as this could damage the VU meter. The optimum
recording level should be set for the loudest input signal
entering the tape deck, not an average signal level.

12) Using a 0 db VU reading as the optimum setting for

the moment, the switeh in the recording functions section
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which controls Ehe channel in use should be set on Record.
Then, at the same time, the Record and Play controls should
be engaged, causing the tepe to move past the tape heads and
be recorded.

13) If desired, the volume of the signal being recorded
may be altered by changing the setfing of the recording
level knob, as long as the peak or highest permissible
recording level (the optimum setting on the VU meter) is not
surpasssed. While recording, the tape motion may be stopped
and started through the use of s Pause gontrol without dis-
engazing the recording process, if the deck offers this
feature., The tape motion may be stopped and the deck dis-
engaged from the recording process through the use of the
Stop control,

1};) Playback is accomplished as follows, The Reverse
control should be engaged, causing the tape to be rewound.
Then the Stop control should be engaged, halting the tape
at the point at which recording began, The recording func-
tions switch for the recorded channel should be set back to
Playback (or Safe) from Record, and the monitor switch for
the recorded channel should be switched from Source to Tape.
The Play control should then be engaged and the knob which
controls the playback level of the recorded channel should
be turned to the right so the recorded signal may be heard.
The playback level should be adjusted so that the recorded
signsl is clearly heard but the residuasl noise of the tape
i1tself is inaudible.



1S) The erase head of a given channel operates while
the channel 1s being recorded, erasing the tspe before it
crosses the record hesd. Therefore, erasing a given channel
1s achieved by setting the recording functions switch of the
channel to Record, setting the recording level knobs of the
channel (for both the microphone and line inputs) to their
lowest levels, and simultaneously engaging the Record and
Play controls. This puts the tape deck into the recording
operation but since no signal is introduced to the tape, the
tape 1s simply erased.

Bulk tape erssing devices which can ersse an entire
reel of tape 1n a few seconds are available. These can save
time and unnecessary wear and tear on the tape deck being

used.
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II. OVERDUBBING TECHNIQUES

Sound-over-sound, sound-with-sound, sound-on-sound,
and selective synchronization are overdubbing techniques
used to synchronize and/or mix musical materials on tape
without the use of external mixing devices,

Sound-over-sound is achieved the following way. A set
of musical materials is recorded on a single channel. The
erase head stack is then turned off, 1f this is possible, or
sﬁiolded from the recording tape., This shielding may be done
by covering the erase head stack with something similar to a
plece of photographic film, Another set of musical materials
is then recorded on the same channel., When the second set of
musical materials is recorded over the first, the first set
of musical materials loses much of its fidelity, particularly
its upper frequencies. Also, when using this procedure 1t
is difficult to synchronize the two sets of musical materials
with one another. However, if the first set of musical
materials can withstand a certain amount of deterioration of
its fidelity, and the two sets of materials do not reguire
exact synchronization, the results of this procedure may pro-
vide a useful blend of the two sets of musical materials,

Sound-with-sound involves the use of two or more sep-

arate channels, However, the results obtalned from the
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sound-with-sound procedure vary, depending on whether or not
the tape deck being used has separate record and playback
heads., Assuming the deck has & single head which serves for
both the record and playback functions, sound-with-sound 1s
accomplished in the following menner. A set of musical mater=-
ials 1s recorded on one channel. The tape is then rewound,
and while the first channel is being played back, a second
set of musical materials is synchronized with it and is
recorded on a second channel., This results in two separate
channels of musical materials in synchronization with one
another, with no loss of fidelity to either channel. If the
two sets of musical materlals need to be synchronized at
thelir beginnings, cues preceding the first set of musical
materlials may be used to provide for this synchronilzetion.
These cues should be recorded hlong with the first set of
misical maeterials, Cues may also be used with the sound-on-
sound and selective synchronization procedures, and can later
be spliced out of the tape or erased,

The same sound-with-sound procedure may be followed
using a tape deck with separate record and playback heads.
However, though during the recording of the second set of
musical materials with the first the two sets of materlals
sound in synchronization with one another, on the playback
of both channels, the second set of materials sounds later
than the first and the two chennels are out of synchroniza-
tion. This delay occurs because the first set of musical

materials is monitored from the playback head steck while
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the seccnd set of musical materiaels 1is being recorded at
the record heesd stack. Since the playback head steck 1is an
inch or two to the right of the record head stack, the first

set of musical materials is slready past the record hesed
stack when it is monitored for synchronization purposes.
Subsequently the second set of musicsl materials iIs recorded
lete and 1s out of synchronization with the first set of
musical materials by the amount of time 1t takes a given
sound on the tape to move between the record and playback
head stacks., Sound-on-sound and selective synchronization
ere two procedures which result in the synchronization of
two or more sets of musical materlals when used with tape
decks having sepsrste record and playback head stacks.
Sound-on-sound i1s sccomplished as follows., A set of
musical materials is recorded on one channel. The output
(1ine-cut) of this pre-recorded channel is connected to the
1line input of a blank channel. The output from the synthe-
sizer which carries another set of musical materials 1is also
connected to the input of the blank chennel, This may be
done by using a Y type connector to "split" the line input
of the blank channel into two separate inputs. The playback
levelas of the pre-recorded channel and the new set of
incoming musical materisls from the synthesizer should be
set. Then, the record functions switch of the blank channel
ghould be set to record and a "dry run" should be made,
playing back the pre-recorded channel and introducing the

new set of musical materiasls while setting the optimum



recording level for the "blenk" channel. Once this recording
level is established, the tape should be rewound and the
process repeatéd; the second set of musical materials (mon=~
itored from their source) being synchronized with the mater-
1als on the pre-recorded channel (monitored from the play-
back head) and both recorded on the blank chennel., Once two
sets of musical materiasls are on one channel, they may be
combined with another set of musical materials using the
above procedure. These three may be recorded back onto the
original channel or on to another channel, if four channels
are svallable,

However, each time a pre-recorded channel 1s dubbed
(recorded) ontoc another channel, the tape hiss, wow and
flutter, and distortion from the pre-recorded channel accum-
ulete on the new channel. Also there is some loss of high
frequencies in the set of pre-recorded materials. Though
all of these may at first be inaudible, with the several
successive dubs necessary to combine three or more channels,
they cen rapidly become sudible, particularly the tape hiss,
A large amount of tape hiss can be quite disturbing should
the final copy of the tape be played at the loud listening
levels necessary in a concert situstion.

Sound-on-sound may be internally wired on some tape
decks, removing the need for heving to make the various con-
nectiocns externally,

Sound~-on-sound may also be accomplished with the use

of two tape decks. Both machines should be threaded with
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tape and a set of musical meterials should be recorded on
one channel on one of the decks. Then, another set of mus-
ical materials may be combined with the first at the line
input of a blank channel on the other deck, and the two sets
of musicasl materiasls synchronized and recorded on the blank
channel.

The disadvantages of the sound-on~scund procedure in
layering many sets of musical materials may be avolded by
the procedure known as selective synchronization. The selec-
tive synchronigzation of various sets of musical materials 1is
achieved in the following menner. A set of musical materials
is recorded on a desired channel. The tape‘is rewound and
the switch which controls the recording functions of the
recorded channel 1s switched to the Selective Synchronization
setting (or one of its trade names--Sel-sync, Syncro-trak,
Simul-sync, etc.). If the switches controlling the selec-
tive synchronization function are separate from the recording
functions switches, the recording functions switch of the re-
corded channel should be set on Playback (or Safe), and the
selective synchronization switch for the recorded chennel
should be turned on. The remaining aglective synchronization
switches should be placed in the off position. This ecti-
vates a circuit which causes the record hesd (in the record
head stack) which corresponds to the recorded channel to
function as a playback head and at the same time switches
off the playback head (in the playback head stack) which

corresponds to the recorded channel. Therefore, during
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playbaek, the recorded channel will be monitored from the
record head stack. Howaver, the other heads in the record
head stack will still function as record heads. At this
point, the switch which controls the playbaék or monitoring
functions of the recorded channel should be switched to the
Tapes setting. Then, the signsl output from the synthesizer
should be connected to the line input of a blank channel,
the recording functions switeh for the blank chennel set to
Record, the playback functions switch for the blank channel
set to Source, the optimum recording level of the blank chan-
nel appropriately set, and the Record and Play controls on
the tape deck engaged simultaneously. Now, those materials
on the pre-recorded channel will be played back,.and a new
set of musical materlials may be recorded in synchronization
with them. Using a quadraphonic tape deck whlch offers the
selective synchronization feature, up to four separatse sets
of musical materials may be recorded in synchronization with
each other by following the above procedure.

Because the heads used for the playback and record
functions during the selective synchronization procedure are
in the same head stack, the resulting recorded channels will
be in synchronization with one another when monltored through
the playback head stack. Since each set of muslical materials
is recorded only once a2nd remains on its originsl channel,
the fidelity of the tape is not degraded in any way. However,
due to the differences between the record and playback heads,

a record head used as a playback head will playback with a
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considerable loss of high frequencies. While this 1s ade-
quate for synchronization during the selective synchroniza-
tion procedure, it is not of sufficient fidelity to be used
for normal playback purposes.S For normal playback purposes
the tape should be monitored through the playback head stack.
Sound-on-sound and selective synchronization may be
used together to produce more than four layers of musical
materials. However, because of the problemé résult;ng from
tpe sound-on-souﬁd procedure, the number of times a set of
musical materials 1s moved from one channel on tape to
;nother should be limited. In their article on multi-track
recording, Walter Carlos and Benlamin Folkman suggest that
no set-of musical materials be removed from its finasl result
by more than three generations.6 As Carlos and Folkman are
referring to recordings made with professional egquipment of
excellent quality, it could be suggested that if semi-pro-
| fessional equipment i1s to be used, a set of musical materials
should not be moved from channel to channel more than twice
(a once recorded channel would be moved only one time,
leaving a final possible "dub down" for setting the final
balance betﬁeen the various channels, etc.). However, the
decision of how many times a set of musical materials may be

moved from channel to channel depends on a composer's

SFor a method of producing high quality playback
through a record head, see: Walter Carlos and Benjamin
Folkmen, "™ulti-Track Recording in Electronic Music," Elec-
tronic Music Review, VI (April, 1968), p. 23. 5

61bi1d., p. 21.



Judgement as to what is sn acceptable signal-to-noise ratio.7
Assuming that semi-professional equipment is to be
used, and that no recorded set of musicel materials is to be
moved from channel to channel more than once, it 1s possible
with a quadraphonic tape deck featuring selective synchro-
nization to achleve seven synchronlzed layers of musical
materials, In Figure 8, it is shown that three sets of mus-
lcal materials are recorded in synchronization with each
other on tracks I, II, and III, using the procedure for
selective synchronization. These, plus another set of mus-
ical materials are then recorded in synchronlzation on track
IV, using the procedure for sound-on-sound. Three more sets
of musical materials are then synchronized with the materials

on track IV, and recorded on tracks I, II, and III, using
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Fig. 8.--The synchronization of seven sets
of musical materials on four tracks.

TPhe recent development of relatively inexpensive
noise-reduction units provides the possibility of improving
the signal-to-noise ratio of semi-professional equipment by
as much as 10 db. A description of one such device, a Dolby
noise reduction unit, may be found in "Equipment Test
Reports," Stereo Review, Vol. 25, No. L (October, 1970), pp.
37 and 1j0.” ATso, more information may be found in "The New
Noise-Reduction Units,"™ Stereo Review, Vol. 27, No. 6 (Decem-
bet’, 1971)’ pc 63-690
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the procedure for selective synchronization., More sets of
musical materiels could not be synchronized with one ancther
without using the record head for normal playback purposes
on at least one of the four tracks.

If a quarter-track quadraphonic tape deck and a quar-
ter-track stereo deck, both utilizing one quarter inch tape,
are used to layer sets of musical materisls, up to eight
layers of musical materials may be synchronized with no
recorded set of materials being moved from channel to channel
more than once. This process avolds the problem of having
to synchronize tape decks. In Figure 9, it 13 shown that
four sets of musical materlials are recorded in synchroniza-

tion with one another on the quadraphonic deck, using the
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Fig. 9.--The synchronization of eight sets
of musical materials using both a quadraphonic
and a stereo tape deck,
procedure for selective synchronization. Then, these four
plus a fifth set of materials from the synthesizer are syn-
chronized and recorded on the first track of the stereo
deck, using the sound-on-sound procedure., Since the head

formats of the two decks are compsetible, the tepe from the

stereo deck 1s placed on the quadraphonic deck and the
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remaining three sets of meterials are recorded in synchroni-
zation with the first five, using the procedure for selective
synchronization. If more than one tape deck were used and a
recorded set of muslcal wmaterisls ecould be moved from chan-
nel to channel more than once, many more layers of musicsl
materials could be synchronized with one another.

Besides the consideration of general tape quaLity
(frequency response, signal-to-noise ratio, etec.) thére are
other potential problems which may arise from or during the
use of overdubbing procedures. For instance, if a channel
could be monitored through its record head for normal play-
back purposes, more sets of musical mesterials could be syn=-
chronized with one another. However, as mentioned on page
32, this type of monitoring usually involves a considerable
loss of high frequencies. Also, more sets of musical mater-
1als could be synchronized if the tape decks being used
could be syndhfonized. This usually requires variable speed
controls and some practice. There are other considerations
besides the number of layers of recorded materials, For
example, if a section of one track is recorded and another
section of the same track is to be recorded later, there
must be enough room between the sections to avoid an acciden-
tal erasure of part of the first section. Also, some
switching procedures (such as changing a recording functions
switch from Playback to Record) may cause clicks or pops on
the tepe if the tape is in motion. This should be avolded

unless such unwanted noises can be spliced out.



The use of splicing and spatial placement of sound
must be considered as well. Splicing requires cutting
across the entire tspe. Therefore if the meterlials on one
track need to be spliced to other materlals while the mater-
ials on the remaining tracks should be continuous, the
splicing should take place before the various sets of mater-

ials are layered together. Spatial placement is discussed
in Chapter IV.
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III. TECHNI%UES FOR EDITING§ SPLICING,

Editing and Splicing Techniques

Tape editing 1s a general term for the orgsnization of
materials which are alresdy recorded on tape. Splicing 1is
therefore a basic part of tape editing. Splicing 1s used to
repalr broken tape, connect desired sections of tape, remove
unwanted sections of tave, add leader tape, meke tape loops,
etc. The necessary equipment for editing and splicing
includes a splicing block or jig, demsgnetized sharp and
dull ragor blades, good quality splicing tepe, a clean place
to work, and a tape deck. Both paper and plastic leader
tapes are also useful.

There are several types of splicing blocks or jigs.
The simplest type consists of a block or piece of aluminum
which has a path across it for the tepe to lie in. Across -
this tape psth are several cutting guides or slots, usually
at 45 and 90 degree angles to the tape path edge. In his
article on splicing tapes in Audlo magezine, Andrew Persoon
says the ideal splicing angle is from S to 60 degrees.e As
the angle of cut increases beyond 60 degrees, the abrupt

change in the magnetic particles on the tape which occurs at

8andrew H. Persoon, "Splicing Tapes," Audio, Vol.
5, No. 1 (Jenuary, 1970), pp. 28-29.
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the splice causes a pop'or'ciick to be neard on playback.
If the angle of the splice is below 45 degrees, the pointed
ends of the recording tape may peel back from the splicing
tape. For these reasons, the L5 degree cutting sngle is
most often used for normal splicing purposes. The splicing
block may also have arms or clips to hold the ends of the
recording tape in place during the splicing procedure.

A somewhat different splicing jig 1s known as the
"Gibson Girl" type. It also has a path for the tape to lie
in and arms to hold the tape in place, but has built-in cut-
ters to make the 45 degree angle splicing cut and to trim
the edges of the completed splice. This type of splicer 1s
useful for all but the trimming procedure, which is discussed
below,

The razor blade used for cutting the tape on a simple
splicing block should be demagnetized. If 1t is not, it
will slightly magnetize the ends of the tape being spliced
together and cause a click or pop on the tape during play-
back, A dull razor blade may be used for separating an
already completed splice. This mey be done by sliding it
under the edge of the splicing tape which holds the splice
together, and gently peeling the splicing tape off the
recording tape.

The adhesive tape used for splicing should be specif-
ically designed for that purpose. Other types of adhesive
tapes should not be used because they will not perform satis-

factorily. According to Persoon, splicing tape 1s designed



to be thin but strong, have & minimum of "adhesive escape"
around its edges, and lsst sn indefinite period of time. It
has three adhesive qualities, shear adhesion, peel back
adhesion, and "wet grab."9

Shear adhesion resists agsinst the normal pull or ten-
sion on the tape caused by the transport mechanism of a tape
deck. Lack of shear adhesion may cause a splice to grad-
ually pull apart or "ereep," producing a gap between the-two
ends of the recording tape which are spliced together. Peel
back adhesion resists against the splicing tape being peeled
away from a surface it 1s sdhered to--normally the recording
tape. Peel back 1s often caused when the tape bends around
a tspe gulde in its path on a tape deck. "Wet grab" 1s the
stickiness of the splicing tape 1tself, and actually has
1ittle bearing on the other two factors. However, a splicing
tape which is excessively sticky may ocoze around 1its edges
and damage the layers of tape immedlately next to the splice.
Because all splicing tapes may ooze or "bleed" slightly over
a long period of time, the width of the splicing tape should
be slightly less than that of the recording tape to be
spliced. This will help to keep the adhesive from binding
many layers of tape together should the splicing tape bleed.
The 7/32 inch splicing tape width is generally considered
the best for use with 1/} inch tape., In his "Tape Horizons"

colurm in the Pebruary, 1970, issue of Stereo Review, Craig

91vid.

39



Lo

Stark suggests this problem may be solved by rubbing a
sticky splice with talcum powder, being careful to remove
the excess talc to keep it from fouling the tape heads. 10

The longer the piece of splicing tave used on a splice,
the better adhesion it has. This is particularly true of
its peel back adhesion. Therefore, the smaller the radius
of the bends which occur in the tape path, the longer the
splice should be. However, because the recorded material in
the area where the splicing tape is bonded to the recording
tape has a drop in its output level from two to four decibels,
a splice should be no longer than is really necessary.11

The hands should be clean during the splicing procedure.
Any dirt or oll on the recbrding tape can cause a drop in
the output of a recorded signal by several decibels., Also,
dirt on the adhesive backing of the splleing tape reduces
the strength of the splice.

Leader tspe may be apliced onto the ends of a reel of
tape to protect them from the bending they receive during
threading and from the battering they may receive on the

completion of fast forward and reverse. Thls also allows

IOCraig Stark, "Tape Horizons," Stereoc Review, Vol.
24, No. 2 (Pebruary, 1970), p. 129.

111 his book Electronic Music (Dubuque, Iowa: William
. Brown Co., 1972), pp. 104-105, Allen Strange mentions the
signal loss caused by long splices and says, "The shorter
the splice, the better." This may be somewhat misleading
because the length of a splice also depends on the various
adhesion factors discussed above., From the author's exper-
jence, splices about 3/i inch or slightly less in length,
made with good quality splicing tape, will hold sstisfactor-
11y. At a tape speed of 15 ips, such a splice when properly
made will be inaudible.
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more of the recording tape to be utilized. Leader tape may
also be spliced intc a reel of tape to mark the beginnings
and endings of various sections or to provide sections of
silence. Paper leader tape is useful for silent areas
because unlike §1&stic leader tape, it will not pick up
static electricity which can cause a slight amount of hiss
during playback.

Before the splicing procedure 1ls done, the exact
points on the tape which are to be spliced together must be
found. This 1s accomplished by playing the tape until the
area to be spliced is reached. The deck is then stopped and
the tape reels moved by hand until the desired point on the
tape is heard. This may take some practice because the
musical materials on tape will sound distorted and much
lower in pitch than they normally do., On some tsespe decks,
the tape lifters must be turned off during this procedure so
the tape will rest against the heads and cen be heard. Some
decks also provide an edit button which turns off the reel
motors and brakes and allows the reels to turn freely. A
foew decks may require the tape to be threaded so it does
not pass between the capstan and cspstan roller and the deck
to be put in the play position in order for the tape to be
heard while it is being moved by hand. Once the desired
point in the recorded material 1s heard, the back of the
tape should be merked with a wax pencil or felt tipped pen
at the point et which it crosses the gap in the playback
head. The tape 1s then laid in the splicing block with its
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back side up snd is cut at a 45 degree angle across the
point marked on the back of the taps. Then, the other point
on the tepe which 1s to be spliced to the one already pre-
pered 1s found in the same manner and is also cut at a 45
degree angle. The two ends of the tape to be connected
should then be plsced in the splicing block with their back
sides up and so they are flush and exactly in line with
each other. Then, a piece of splicing tape (slightly nar-
rower than the width of the recording tape) is placed over
them so 1t does not overlap the edges of the recording tape,
snd is pressed down firmly. Any small pestches of air or air
bubbles between the splicing tape and recording tape should
be removed by sliding a pencll eraser or finger nall firmly
across the completed splice. If the ends of the taspe are
misaligned, slightly overlspped, or have a gap between them,
the splice will be audible, causing a click or sudden drop
in signal level during playback.

If the splicing tape being used is slightly narrower
than the width of the recording tape, there 1ls no need to
trim the splice. However, 1f the splicing tepe 1is simply
laid across the recording tape, it must be trimmed. Figure
10 shows three different splices. The first 1s e splice
correctly made using splicing tape slightly narrower than
the recording tape. The second 1s a splice trimmed by one
of the "Gibson Girl" type splicers. The trimming is done in
the shape of an hour glass which actually removes part of

the recording tape. This may actually cut into part of the



recorded signal and also allows any "bleeding" of adhesive
from the splicing tape easy access to the adjacent layers of
tape. The third is a correctly trimmed splice made with
splicing tape which covers the full width of the recording
tepe. The trimming may be done with a demegnetized pair of

scissors or ragzor blade.

Flg. 10.--Three splices having different
splicing tape widths or trimmings.
There 1s another method for marking the points on the
recording tape to be cut and spliced, known as offset edlt
marking. The distance between the pleyback head gap and an

i “fixed tape guide

<

Pig. 11.--0ffset edit marking.

easlly accessible fixed point further along the tape path
(such as the right edge of the‘tape‘head cover) 1is measured

and then marked on the splicing block (Figure 11). Then,
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after the point-at which the tepe is to be cut is heard, the
tape may be easily marked at the fixed point 1n‘the tape path
and this mark lined up with the mark on the spiicingﬁblock.
The tape may then be cut at the 45 degree angle cutting
guide. This method is advantageous because it is essy to use
and takes little time. Further, the head cover need not be
removed, and the possibility of scratching or marking the
playback head stack 1s lessened. Also, if the head cover
does not need to be removed during the splicing and editing
procedure, the splicing block may be fastened to the top of
the head cover. In this position, the splicing block is
close to the tape and minimizes the need to remove the tape

reels during the spliecing process.

Techniques for Speclal Effects

Tape recording lends 1itself to the production ofispe-
cial sound effects. These may provide sound materials for

use in electronic music composition.

Sound Reversal

Reversing & recorded sound is achieved bv playing the
tape backwaerds. Using a helf-track stereo tape deck, this
may be done by recording a sound on the firat (left) channel.
The take up reel is then turned over and placed in the posi-
tion of the supply reel. This results in the leading and
trailing ends of the tape being reversed (the back side of
the recording tape remains away from the tape heads). The

reversed sound is heard by monitoring the second (right)



channel of the tape deck. This same procedure may be used
with a quarter-track quadraphonic tape deck as well., A
sound recorded on the first channel would be monitored by
the fourth channel, and vice versa, A sound recorded on the
second channel would be monitored on the third channel, and
vice versa.

Sound reversal does not work with a quarter-track
stereo tape deck. If a sound 1s recorded on either the left
or right channels (the first and thifd tracks on the tape),
and the take up reel 1s turned over and placed in the posi-
tion of the supply reel, the tape heads will monitor the
second and fourth tracks of the tape and no sound will be
heard (this head format is described on pages 1L and 15).

Gilbert Trythall suggests some possible effects pro-
duced by sound reversal, such as splicing the forward and
backward positions of a taped sound together.12 Another type
of sound reversal effect 13 produced by monitoring a tape

while it is being rewound.

Channel ReVerssal

It has already been noted in the dlscussion of sound
reversal that sound reverssl produced by half-track stereo
and quarter-track quadraphonic decks results in the recorded
channels being reversed or having their position in regard
to the tape heads changed. Channel reversal without sound

reversal may be accomplished by simply switching the cords

127pythall, Principles and Practice of Electronic
MuSic 9 po 12'-‘-.
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connecting the line outputs of the tape deck to the external
amplifier,

Tape Reversal

Tgpe reversal meens turning over the recording tape
and playing it with its back or reverse side againat the
tape heads. This causes the recorded materials to sound
muted, Tape reversal may be done by splicing a desired sec-
tion of tape into a reel of tape so its back side will face
the tape heads. When the tape is kept in its normal direc-

tion, the tape reversal procedure results in the same channel

reversals or changes which occurred in the sound reversal
procedure. It may therefore be used with half-track stereo
or quarter-track quadraphonic tape decks (which should be
monitored in the exact manner as in the sound reversal pro-
cedure), but not with quarter-track stereo decks. However,
if tape reversal and sound reversal procedures are done at
the same time, all three types of decks may be used. The
recorded materials should then be monitored from the same

channels on which they were recorded.

Magnetic Particle Removal

The magnetic particles on the side of the tape which
normally faces the tape heads may be removed to produce spe-
cial articulations and periods of sllence, Thls may be done
by scraping off the particles with a dull razor blade or
removing them with a cotton swab moistened with acetone.

According to Trythall, the magnetic particles "move freely
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around the tape where scraping has occurred, and scraped
tapes soon contain noise." Trythall suggests that coples of
such tapes should be made soon after the tape hes been
Scraped to prevent unwanted noise from appesring later. He
also states that when the magnetic particles are removed by

acetone, less noise is produced.l3

The Use of Different Tape Speeds

A set of musical materials may be played at tape speeds
faster or slower than the speed at which it was originally
recorded. If this speed is twice as fast as the original,
it ralses the pitch an octave and makes the tempo twice as
fast. This procedure produces a special sound gquality and
1s also useful for producing difficult technical passages
by recording them at a slow speed (3 3/4 or 7 1/2 ips) down
an octave and at half tempo. A unique sound 1is also pro-
duced by playing a set of musical materlals at half or
quarter speed.

The pitch and speed of a set of musical materials may
also be changed through the use of a variable speed control.
If no such control is avallable, or if the variation in
speed provided by the varisble speed control is too limited,
the capstan of the tape deck may be pinched between the
thumb and forefinger, causing conslderable change in the
tape speed. Another way the speed may be varied 1s by

applying pressure to the supply or take up reel. On some

131p4d., p. 125.
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decks the pause control may also sllow for well controlled

speed variastion. Fxcept for a built-in varisble speed con-
trol, none of the procedures should be used extensively as

they may damage the tape deck being used.

One possible sound effect which 1s produced by variable
speed control is discussed in an article in the December,
1973, issue of Audio magazine, called "!'Phasing' in Tape
Recording" by Herman Burstein, i Phasing as described by
Burstein may involve the use of two tape decks, one featuring
selective synchronization. A set of musical materials 1s
dubbed onto a blank channel on the deck which offers selec-
tive synchronization. Then, using the selective synchronliza-
tion procedure, the same set of musical materials is recorded
in synchronization with the first, but during this process is
slternately speeded up snd slowed down, ceusing the two sets
of the same musical materiasls to come periodically in and

out of phsse with each other.

Tape Echo
Tape echo is produced by utilizing the time delay

caused by separate record and playback heads. It 1is achleved
in the following manner. The line Iinput of a given channel
on a tape deck having separate record and playback heads 1is
"split" with a Y-type connector, providing two possible
inputs to the channel. The line output of the channel is

"gplit™ in the same way. The output from the synthesizer

german Burstein, "1 Phasing' in Tape Recording,"
audio, Vol. 57, No. 12 (December, 1973), pp. S4 and 56,



(or another tape deck) is connected to one of the line inputs
on the channel. One of the line outputs of the channel 1is
connected to the external amplifier and the other line output
12 connected to the remaining line input of the channel
itself. The channel is set to record and the monitor func-
tions switch of the channel is set to Tape; The Record and
Play controls on the deck are then simultaneously engaged,
When the signal is recorded on tape, it 1s monitored at the
playback head and fed back on itself, It is then recorded,
played back agaln, fed back on itself, etc. The recording
and playback levels of the channel should be set at low
enough levels so they do not create feedback which grows
(such feedback, which could damage the tape deck, may be
stopped by turning down the recording level knob), The
speed of the echo 1s determined by the tape speed and the
distence between the record and playback head stacks.

Tape echo may also be used with more than one channel.
All the channels to be used should have thelr line inputs and
outputs "split" with Y-type comnectors. One of the line out-
puts from each channel should be connected to an external
emplifier. The output from the syntheslzer should then be
connected to the line input of the channel which 1is to be
heard first. The remaining output of that channel should be
connected to a line input on another channel, the remaining
output of this channel connected to the 1line 1nput of another
channel, and so forth, The line output of the last channel

being used may be connected back into the line input of any
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of the channels, completing a feedback circuit, If the
feedback circult is not completed, the number of echos which
occur will be one less than the number of channels being
used. Each channel should then be set to be recorded and
set to be monitored from the tape, If the feedback circuilt
is completed, the recording and playback levels must be set
low enough to avoid demeging the tape deck with feedback,
The Record and Play controls are then engaged and the signal
from the synthesizer introduced, producing echo. If four
chennels sre used for tape scho, during playback through a
discrete four channel playback system the echos will each
occur at a different speaker. Once the tape echoc procedure
is complete, the resulting tape may be used with the various
technioues already discussed, such as sound reversal, varia-

tion in tape speed, etc.

Tape Loops

A tape loop i1s a length of recorded tape whose ends
are spliced tocether, forming a continuocus loop. It may be
used to pley such msterials as repeating ostinato patterns
or various sequences of sounds. To play a tape loop, the
loop should be placed between the capstan and capstan roller,
around the tape guides, and across the tape heads. Depending
on the size of the loop, it may also be placed around a pair
of empty tape reels on the spindles of the tape deck. A
certain samount of tension must be maintsined on a loop for
1t to flow smoothly through the tape transport mechanism,
This may be provided by a hand-held pen or pencil around
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which the loop flows, or by a specially designed loop holder
which may be adjusted to the size of a given loop. Trythall
suggests that the tension for long loops mAy be provided by

weighted microphone stands which can be moved to adjust for

the size of the loop.15 Once the tension is adjusted so the
loop 1s held firmly in place but may still flow freely, the

Play control on the tape deck is engaged. ‘The capstan will

move the loop across the tape headé.while the supply and/or

take up reels spin freely. If desired, new materials wmay be
recorded on a loop while it is in operation.

One possible effect produced with a tape loop is
created by using the loop with two tape decks. A pre-recorded
loop 1s threaded across the heads and between the capstan and
capstan roller of both decks, It is then played back on one
deck and that playback is recorded back onto the loop through
the other deck. This creates a feedback circult which causes
a rapld degeneration of the pre-recorded materials. This
degeneration results in an entirely new set of sound mater-

ials,

157pythall, Principles and Practice of Electronic
Music, p. 127.




IV, TECHNIOUFS FOR THE SPATIAL PLACEMENT
~ AND MOVEMENT OF WMUSICAL MATERIALS

Factors Involving the Spatial Placement
and Movement of Musicsal Materlals

With the use of a quadraphonic tape deck and a dis-

crete four channel playback system, musical materials may be
placed at points or moved around a listener. However, a
number of factors may determine the spatisl placement or
movement of the musical materials besides the manipulation
of the musical materials during the taping process. These
include the acoustical charateristics of the listening room,
the placement of the speakers in the listening room, the
quality and type of speakers being used, the placement of
the listener, and the characteristies of the musical mater-
ials themselves.

Since it is usually impracticel to alter a listening
room, the placement of the speakers and the llstener in the
1istening room is of considerable importance. In an
article about four-channel stereo playback, Robert Berkovitz
presents a diagrsm which shows the best locatlions for lis-
tening to four chennel acoustic-field recordings. He also

states:

The arrangement having the largest effective lis-
tening area for such recordings is & square, as large
as can be arranged in a given room, preferably with
the spesker systems near the corners, for best
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channel separation and directional accuracy.16
Figure 12 includes diagrsms similar to those Berkovitz in-
cluded in his article.l7 1In Figure 12b, the four speakers

b

' 1T 1 &

SRITICAL
LISVEN.
AREA

Fig. 12.--Diagrams showing ideal listener
placement for two and four channel plesyback.
actually function in pairs., The arsa where the critical
listening sreas of the four "pairs" of speakers colncide is
where a listener should be located for optimum accuracy in
the spatiael placement of musical materials.

Acoustic-field recordings are intended to give a real-
istic reproduction of 1live musical events, including the
spatial placement or movement of various socunds during such
events., When four discrete channels are involved, the rear
channels are supposed to reproduce the sound presence (such
as room reverberation) heard from behind the listener,
therefore adding to the realism of the reproduction. Berko-
vitz ststes that a listening room tends to absorb high fre-

guenciles more than middle or low f'requencies.18 Therefore,

16Robert Berkovitz, "Four-Channel Stereo," The Gramo-
phone, XLVIII (November, 1970), pp. 868 and 873.

171bid., p. 873
181p14.
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for correst reproduction of ac&usfic field recordings, the
treble should be slightly boosted during playback. However,
In situations where spatial placement is produced artifi-
clally in the first place, there is no neéd for such a treble
boost,

The type of speakers to be used for quadraphonic sound
reproduction is the subject of an article by Ben jamin Bauer
in the March, 1973, issue of égglg.magazine.19 Bauer prefers
directional or semi-directional speakers to omnidirectional
speakers because omnidirectional speakers placed near walls
or corners produce reflections which emphasize some fre-
quencies while totally cancelling others. According to
Bauer, omnidirectional speakers also produce a more limited
area of quadraphonic perception than do semi-directional and
directional speakers.20 Berkovitz also states that speakers
of a reflecting type may create directional images which are
not part of the program material.2l However, the type of
speaker which best suits a given quadraphonic listening sit-
uation also depends to a large degree on the other factors
1isted sbove.

The characteristics of the musical materiasls them-
selves may determine the dlstance a given sound may appear

to be from the listener. Also, the characteristics of the

19Ben jamin B. Bauer, "Quadraphony Needs Directional
Loudspeakers," Audio, Vol. 57, No. 3 (March, 1973), pp. 22-
30.

20Ip1d., p. 30.
2lRobert Berkovitz, "Four-Channel Stereo," p. 873,



musical materials may help the listener judge the velocity
of a glven sound's movement through the Doppler effect as
well as by the rate of shift in the sound's apparent posi-
tion. These characteristics are discussed in John M. Chown-
ing's article "The Simulation of Moving Sound Sources,"
Journal of the Audio Enginesring Society, Vol. 19, No. 1

(January, 1971), pp. 2-3.

The Spatial Placement and Movement of Musical
Materials During the Recordling pProcess

With the use of a quadraphonic tape deck, musical
materiels may be placed at points or moved around a listener
in a rudimentary manner. This may be accomplished as
follows,

As 1s seen in Figure 13, the four channels of a quad-
raphonic playback system can be considered to form four
pairs, each of which covers a fourth of the total 360 degrees

around a listener. The point at which a given set of

G—— ge——,

A 28 >
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Fig. 13.--Four channels acting as pairs to
cover a 360 degree area.22"

22These diagrams are similar to some included in
Robert Berkovitz, "Four Chamnel Stereo," p. 873.
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materials is to be placed in relation to the listener should
be determined. The signal from the synthesizer is then con-
nected to the line inputs of the pair of channels on the
tape deck that correspond to the speakers which encompass
this point. The recording levels of the two channels on the
tape deck are then balanced to place the sound at the
desired point between the speskers (this nay take some exper-
imentation). Once the balance is set, the incoming signal
is recorded on the two channels. If a sound is to be placed
In one of the "corners™ of the 360 degree srea around the
listener, the signal is recorded on the one channel which
corresponds to the speaker in the desired "“corner."

As previously mentioned, the characteristics (including
timbre, density, texture, articulation, piteh, and volume) of
a set of wmusical meterials may also determine the success
with which the musical materials may be placed at points
around a listener. While a clearly articulated simple sonor-
ity might be successfully placed, a complex group of rapidly
changing sonorities having a thick texture might not be
placed as easily. Therefore, the placement of any given
sound can only be determined through experimentation.

The technique for moving musical materials around a
1istener also uses the four channels in pairs, The signal
to be moved is connected to the line inputs of all four
channels on the tape deck. The recording levels of all the
channels but the one which corresponds to the speaker whero

the sound is to be initially heard are turned off, The
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recording level of this initial channel 1is set at a desired
level. Then, all four channels begin recording. The sound
1s moved from the initial channel to ean adjacent channel
by gradually increasing the recording level of the ad jacent
channel and at the same time decreasing the recording level
of the initial channel, until the initial channel is turned
off and the recording level of the adjacent channel is at
the desired level, This process 1s repeated with the
remaining channels, the signal being moved from one channel
to the next, until it has moved complétely around the lis-
tener. The signal may also be moved back and forth between
channels in this manner, either between one of the four
pairs of channels or across the listener from the left front
channel to the right rear channel or the right front channel
to the left rear channel,

Because the process of placing sound at points around
a listener, or moving sound around a listener, 1lnvolves the
changing of the recording levels of at least two channels at
once, the number of sounds which may be recorded and placed
and/or moved at one time 1s quite limited. If the recording
levels of all four channels were left open and the sounds were
moved from channel to chamnel through the use of external
mixing or panning devices, several sounds could be recorded
and moved at once, One such device, known a8 the Stirrer, 1s

discussed in detail by Lowell Cross in Source magazine.23

23t0well Cross, "The Stirrer," Source, Music of the
Avant Garde, Vol. 2, No. 2 (July, 1968B], pp. 25-28.




Other devices for both moving and placing sounds are dis-

cussed by Allen Strange in his book Electronic Music.2l

2hp11en Strange, Electroniec Music, pp. 72-73 and 75-85.
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V. SUMMARY

The techniques which have been discussed in this mono-
graph provide relatively new ways to manipulste and organize
masical materials electronically., All of the techniques are
factors which should be considered during the compositional
process in the same way that timbre, range, and technical
limitations of conventional instruments are considered during
the composition of non-electronic wusic. With a mastery of
these techniques, the composer will recognize both the tech-
nical limitations of the techniques as well as their inher-
ent potential, The composer may then be free to create,
organize, and develop his musicel ideas in a meaningful way,

end is restricted only by his own imagination.
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