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e WHAT TO D0 IF ¥OU CAN'T WAIT

¥OU HAVE JUST FURCHASED AN EVENTIDE MODEL 1725M DIGITAL DELAY LIXE,

DE 17454 DIGITAL DELAY

» the 17HEM

It walgls lodas It wses iess power

Lt haw moro dielay It can have Fore outpuete

Ft has aisoet coantipuously wvariadle deiag Tt can Flange all by itsalfl

fr cas do Iimdced picch changing It har larger brighiir seadoors

Jes medular congtreccion a]lows it eo be erpanded, Moduiew avaiiahle or
= toobe svaifable dpslude ploch chasppers, sutonrtds [langing OonErGls.
and cosplets, automstion caspatible nemate contreia.

ARD, TT WA A FEW IHSTACOTION MANUAL, WHTCW CONES I THE SAME BOK KITH
If, AND SRODLE BE RAEAD. URPORTURAPELY, IT BAS BEEN OUR EXPERITSMCE DWAT
WOBAnY  READS  FRESTROCTION MANUALS DNTIL TWEF HAVE PROGLEMS.  TO PREVENT
PRODLEWS, FLEASE READ AT IFAET TWIEZ BHEET.

MOUNTING! THE DELAY LINE MAY BE MOUNTED BY [TS FRONT FAKEL OHLY, UNLEES
IT 15 &0ING TO BE MOVED WHILE [N [TS CABINET, LH WHICH CABE
BOTTOM SUFPORAT 15 ARSOLUTELY REQUIRED.

VENTILATEON: THE DELAY LINE MEEDS MO SPECIAL PRECAUTIONS 70O PROTECT IT
FROM [NTERMALLY GEMERATED HEAT, HOWEVER, DO NOT MOUNT IT
NMEAR HEAT GENERATING EQUIPMENT SUCH A5 POWER AMPLIFIERS.

POWER THE POMER SUPPLY VOLTAGE |5 LISTED ON THE REAR PANEL SERIAL
PLATE. TO CHANGE THE VOLTAGE, REFER TD THE MANUAL.
FUSE: THE DELAY LINE 15 PROTECTED BY TWO FUSES, ONE OF SLIGBHTLY

MIGHER RATING MOUNTED INTERMALLY. ALMAYS REPLACE WITH TH
PROPER FUSE., ITS A LOT EASIER TO CHAMGE THE EXTERNAL DNEX

WARRANTY: A WARRANTY SHEET AND BUSINESS REPLY EN\'ELD"@ 15 PROVIDED AMND
SHOULD BE FILLED 1% IMMEDIATELY. IF WE DON T KNOW WHO YGU
ARE, WE CANMDT ADVISE Y0U OF THE AVAILABILITY OF NEW MODULES,
AND WE CANNDT HAKE ALLOWANCE FOR POSSIBLE DEALER SHELF TIME,

CONMECTION:PIN 3 HOT, PIN 2 AUDID LOW, PEN 1 COMMOK To ALL OUTPUTS AKD
ANALOG. GROUND. ~ §F TRANSFORMERS ORDERED, CDNT[NU:T'F BETWEEN
2 ang 3 _QTHERWISE, 15 ALS0 AMALDG GROUND. EHE [MP. HI,
cuTryT 150 oHMS, WITH TRANSFORMERS, IN AND DUT OHMS .
QUTPUT COMMECTORS CORSESPOND TO MODULE PRSETIONS [N SAME ORDER.

REMEMBER=~====== [F ALL ELSE FAILS, READ THE INSTRUCTIONS

We hepe you wi [ enjou your new Jdalay line, and would appreciace gour commerbs.
FVENTIDE CLOCKWORKS NG, — 265 WEST S4TH STREET, MEW YORK CITY 10018 - 212 S81.0280



SPECTFICATIONS: mopeL 17H3HM

IHPUT LEVEL Adjustable &y Tront panel contral =10 1o +lGdbe
nowinal for full output lewel as evidescad by |1 )=
Imation of red LIKIT Indlcator

BUTPUT LEVEL Clipping level #18dbw. Scrmsdiriver adjust contral
accazslble frem Frond panel available Tor amall adjust-
k.

IFFEDSHCES IWFUT Balanced electronical Iy, sach | ing romingl 4, 7K

in safies with 1000aF to ground. 60 obe sxfmr cgtional;
RITFUT unbalanced, 150 chos nominal.  Transfarmers are
aptional , and Incresse faximue outpoet to #22dbm.
Withowt transformers, input should =ot axcesd LW p-p.
ar #13% prpon alther Tine,

FREQUERCY MESPOMSE 41db, Joe-PEaHr. Estremely vapld rolfoff after |GEMz.

DISTORTRON Less chas 3% THD from jest below clipping to =10dbm
putput beteesn [00Hz and 1Mz, Less chae 12 ouer
rena i nder of Fraguency. resge.

DYHAHIL RANGE Bradiar than $db between minieum usable sigeal and
elipplng level. Solid szape Indicator flashes red
ol nally Tdb Betow ¢l lpplng, grean nomins! iy N3db
Below €l ipping, and yellos whem signal I pressnl,

DELAY CHARACTERISTICS
SELAY Warlable In 20 nicromscond steps te-3i5.98 ®illiseconds.

varlable in L0 mlcrouecond steps to £36.90 =i 1iseconds
In BOUBLE wode, Pedoced frequency response,

DELEY MATCH Whes ctputs set oo fdentical delay, sdjacent mugput
relative delay less than Jus,

MiMiRs /T DELAY Less thae Adgus.

SHORT TEAM STARILITY L0018 |1 part In 165 aviraged cves 100 ma Tsterwall

wprer mnd Fluttar)

LoHG TERR STABILITY Bl E S manzh.

ACCURACY Zzadout accurste to nearsst milllsecond, Optlonsl resdout

glwes delay to sexrest [ubscand. Accurate to . ORY

PHYSECAL CHARACTERIZTICE

HLIGHT 1504l (5= fL) atdndard fack digsnaiont
WIETH LB oxow (19 atandard rack Simension
HEPTH BEH |HD PRSEL 10 w0l €157

Haorrally suppl fed wich rebhar fent Far taslatop mounting,
Fest may be resovsd for rack sounting.

FOMER BEQUIREMENTS I EWED, - Eo-G0Hz, nominel T54A, ' May be intwrssliy wired
For: ZMOWAD, S0-80Hz,



IRTERCCHNECTION

The ITEGH s eapable af contalning | IHPUT module and ws o 5 OUTRUT medules.

Each module positlon s represented on the rear panel by one 3-condector audio
connectar.’ Thess comnectors evploy the followieg wirimg convescion:

BALANCER WHFIEUMTII}H-

| T SUTPUT
#IH T Comnected to. analog ground Connected to analog ground
FiN 2 Inpuz, -phase Butput, -phasz
PIH 3 Inpug, +phane Output, +phass
IMFEDANCE Efther HI or GO0 ohms depen- £80 ahe

dirg upon input resister

URBALAHCED COMFIGURATICH

IKPUT CITMT
PN | Comnected [0 analog grosnd Connected to analon grouwsd
FIN 2 Inpat, -phase Cosneciud Lo analog growusd
Pl Inpat; *phase Gutput, wphase
IHPEDARCE  HI TED ahre,

Ieput connector Is female type DIF. Mating cable connector |s type AJM.
Gutput connector is mals type DSH, RAating cable connector is bype AJF.
Fart nembers are S<tcheraft.  Equivalent conneclors are made by Canon and others.

DISPLAY BRIGHTHESS

The deliy 1ine Bs Furnished with the displays set at what we balleve to be cobimm

Brightness for typloal studic applications. The display brightness caa be insraased
or decreased by abaor SOE,

To IMCREASE NRIGHTHESS:  Remowe DOL top cower and glace shorting |ink across diods
i smries with PIN ¥ of the resdout bowrd scchat,

T BECREASE HWIGHTMESS: Remowe DOL rep cewsr and connect additional diode in series
with digda gaing £o PIN ¥V of the reacout board socker.

Cautian:: Ba not decrease brightness by sore than one diods to prevent marginal
operation of decoder IC's.
Do net inzrease hrightness If more than 3 outpurn with Feadouts are
instakled to prevent possibie power supply awrlasd,



CONTROL AND INDICATOR DESCRIPTION 5

MAIN FRAME

INPUT MODULE CONTROLS
AND INDICATORS

The POWER switch is the only control not associated with
a particular plug-in module. This control applies AC
power to the entire unit.

The FUSE receptacle is connected in series with the POWER
switch and an additional internal fuse. To protect the
unit, the correct fuse must be installed, as per the
following table:

VOLTAGE: 115VAC  230VAC
INTERNAL 3/8Amp  3/16Amp
EXTERNAL 1/4Amp  1/8Amp

To replace the fuse, press the bottom of the insert until
the top pops forward.

The GAIN control is used to adjust the input level to
the delay line. Full clockwise rotation allows signals
of approximately -10dbm to achieve full dynamic range.
Full counterclockwise rotation cuts off the input signal.

The three colored light emitting diodes in the LEVEL block
on the Plexiglas panel indicate the relative input level.
The RED lamp becomes illuminated approximately 3 db

before the input signal reaches the clipping level (LIMit).
The GREEN (NORmal) lamp becomes illuminated approximately
12 db before the input signal reaches the clipping level.
The YELLOW SIGnal present lamp becomes illuminated when
there is any significant signal applied to the input.

The spring return REPEAT switch allows the signal present
in the delay line's memory to be captured and repeated.
Momentarily deflecting this control upward activates the
feature, and momentarily deflecting it downward de-acti-
vates the feature. An orange RPT light emitting diode

in the Plexiglas panel becomes illuminated when the

DDL is in the REPEAT mode.

The spring return DOUBLE switch causes the input sampling
rate to be cut in half by discarding alternate samples.
This halves the rate at which data arewritten into the
memory, and thus doubles the total delay time. An orange
2X light emitting diode in the Plexiglass panel becomes
illuminated when the DDL is in the DOUBLE mode. When
this LED is on, the correct delay of each output is equal
to twice the amount indicated in the associate readout.
The switch operates in a manner similar to the REPEAT
switch: press up to activate, down to de-activate.

The DELAY control activates a wide range oscillator which
switches the delay in small steps, one step per pulse.
This oscillator is disabled when the knob is aligned with
the arc divider. As it is rotated in either direction,



CONTROL AND INDICATOR DESCRIPTION

OUTPUT MODULE CONTROLS
AND INDICATORS

EVENTIDE DIGITAL DELAY

the oscillator frequency increases logarithmically. Z&=
the extremes of rotation, pulses are produced at & rats
sufficient to traverse the entire delay length in zporos-
imately 3 seconds. At the slowest setting, the delay
varies at about 1 step per second. A graph showing the
control setting versus delay change rate is shown =2t
left.

A steering signal is also produced by the contral which
determines whether the delay is to increase (CW rotztion)
or decrease (CCW rotation).

The delay change process is nearly inaudible, except =2t
the extremes of rotation, at which point the output siges’
appears to suffer a pitch and tempo change. In order ==
get a feeling for the action of the control, it is recos—
mended that the instructions in the FLANGING zpplication
section be followed.

Each output module has facilities for independent delay
adjustment (under control of the DELAY control describes
above) and level.

The switch marked SET/ZERO tells the module to accest
the oscillator signals when in the SET position, or %o
ignore them in the center off position. Each moduls

may be set independently by placing the switch in the

SET position, adjusting the delay with the DELAY cscillztas
and then centering the switch and proceeding to the mext
module.

Each module may be independently ZEROED by momentarily
deflecting the switch downward. (This is a spring-reters
position,)

Each module has power-up-clear circuitry to reset the
delay to zero upon application of power. |If more tham
one module is in the SET position and the DELAY comtral
is not centered when power is turned on, it will be
noted that, after a short delay, the outputs will Segin
to count. Because there is a time delay inwived which
is different for each module, the outputs will mot trach
precisely, nor should they be expected to. In geseral,
the outputs will only track precisely when they hawe
been in the SET position the same amount of time, =02
subject to the same number of oscillator pulses. Iz
requires 50 pulses for the readout to change oy | ==, q

The readout indicates, to the nearest millisscong, o
delay at which the output is set. |f the delay is less
than 10 milliseconds, only one digit is illuminzted, I¥ |
less than 100 milliseconds, only two digits are on. |

The readout will reset above 319 to 0, and below 0 o SIS.I

l



IRFUT LEVEL SETTINGS

Thae Eventide Digital Dulay Lies s sinllar toooepl|flers, equalfzers, tape recorders,
and virtually every ather slectronic device with the possible esceptica af o pisce
of wire at absclube zero In that 1z has a cercain, Pinfited; Gynamic fsage, Dynanic
ramge is defined s the lewels between which aperation of the of the device In cues-
tlon 15 useful or acceprable. &s '@ practicel matter, the range i weeslly bounded
on the high aide by sxcedsive distortion, and the low side by excessive noise. In
mamy equiptanty, & level irdlcating device such as the familiar Y0 mezer is provided
te fadicate when the unlt Is operating at che proper level. A tage recardar, Far
instsnce, has a certaln percentage of discorzien at OV, and this percentage rapidiy
incroaszes as. the signal level incroases. The neise level (s some musber of decibels
below OV, This nusber of decibals Ta dafined a3 the OYHAMIC RANGE.

Signal. scurces typically Rave n dynamic range much greater than that of eleétranic
davicon,  Likewlse, the ear can hear a dynanic range much greater chan that of
slecironic devices,  fGlnce the electromic devica (ke Dilay Line in this cess) |z
the Vlmiting facoor, It s obwiausly & goad Iden to aet the cparsting level of the
dalay |ine o coke id\llﬂ'l:lqi af tha maximm dynanic range -uf which It I= capadls,
This 15 the sguivalent of meking sure that the seter on o tape recorder s reading
around 0¥ nost of the time.

To ennhle sccurate setting of Input lewel, three solld state lamps have hean prov|dad
on the front pansl. The lamps are arrasged Tn o column, yallow on the botton, gresn
in the mlddie, and red on the gop. The OO0 s sdjustsd [nternally ‘so that, ac |KHz
Inpor frequeney, the fod Fighe will come on nominally L db below the paint ar which
Both the andles snd digital partlons of the unit approsch the elipping léwal. This
correspands to s analog signal level of abour +I4d43a into EGD ohes.  § romsstary
rad Flash of the Indicator shows thal tha iydten dpasmic Fange has hesn momsncar] |y
sporoached or exceeded.  Lonkinusus operatlon of the red Indicator on progran mater-
Fal i& indFedtive &F dnvere dlstortion.

Thw groen - light will come on at @ level approximstaly |2db beloa the clipping phint,
and indlcates the norral signal range &t which the delay lire should operate,

The yellow light comss oo when any signal |s pressnt, even at a very lew leval, This
i5 an aid fm meking swre that the unic 15 properly connected, and that & signal fs
aresmnt. It will be on almost contimuously during proper operatlon.

ALTMOUGH  TAW SED LIGAT INDICATES TWAF
THE DELAT LINE IS oW TXE VERSE OF

CLIPPING, If I8 DESTRANLE TH CIERATE
FME SNTY WITN O TNE RES LiGNT FEASKING

JRTERNTTTERTLY !

The intarnal sfgnal processing clrcuitry assures that, with momal program material,
internittent flashing of the ried 1ight does nel mean that the signal i3 being signif-
leantly distorted.  This is impartant to understard, becouse most slgrals will haws

sone peaks which are much greeter in amplitude than the average level, and attengring
to preserve thase peaks Fafthfully reaults In o serious comproniso in dynamic range.
In operaticn, Ft will be fowsd that the red |lght flashes more frequentcly as the SOL
is coonected closer olectrically to thw microphons, &nd that it can Flash mare fre-



quantly whan so connacted befara tha distortlon becomes objectionable. This is
se bacause othar aquipsents in the asdio chaln kave similar peak elipping proper-
tims. (And, of course, the ubtimite |inltieg factor i3 the tope o diak;)

Khun tha GAIN control s peeperly adlusted, the green light will ke on rost of the
time, and the red light wiil ke Flashing intermittently. This Flashing may be
unywhare from several tieesd par second to once ewery few secends. The table below
gives n rough Indication of proper seitings, .

IMPAIT LEVEL SETTIMG CRITERIA

TYFL OF 5iGMAL AND SOURCE | YELLOW DUTY CYCLE | GREEH DUTY CYCLE | RED DUTY CYCLE
Irtagrated proprea [radis) 1481 Boy nnce par 2 sec
Integratad progrem. {1ive mixd] 104% 503 ance per second
Velce (raliing) ] 304 once per 2 sec
Fianc Addny 30 -3 per- secand
Gultar, acouitie T5- 100 ] I per amcand
Guitar, fuzz hGok &g I per smcand
Synthesizers ani By in’ruqd-n;
Organ 2o B infraguant
D 75-100% 35 o ante par well=

dnfined heat,

K11 zhe abave nuchers ore approsimate.  They will wary widely §f the sisssls are
pre-processed throogh lmiters, equalizers, or any other amplltude-distarting pro-
T

In general, It Is not necassmry to be very critical about the Tewal sefting. amw
wware than It really satters IT you record ac +f or -1, Howevar, 1t Fs0 abusys Sood
préctics to get the most frow your squipment, and the abowe settings Wil glwe wou
Eha most dyn range. - Far most spplications, the OOL's 90db dynanic range will
sk b the 1initing factar In the signal chain,




DELAY DOUBLING

Ay much as we'd Vike 1o, we cannot furnish & 640 millisecond delay line for the
price of a 320 m Onit. Thare ain"t no wvaech thirg as o Fres lunch, and RAR'S
okt merd Chan furching,  We can; however, do the next best thing: We hawe put
a walich en the Front panel which says "GOUBLEY, and turning This switch will
gouble the delay capacity of the 17kSH. BUT, ar Che same Cime, Che frequeccy
raspanse |5 degraded. In ather words; in the DCORELE mode, we do nob consider the
IT%54 To B & stidio qualicy unit. o

Trm rmason for this degradation o inherest in esginesricg arcand kaown an "'saepiing
thmary'! discussed a bt more tecksically later sn. Suffica (1 (o ssy that tha
Ol looks at the imtoving signal at & cartain rate kngwn sa the "ssaplfng race',
amd transnife Chese sarplas through a o delsy o the output. In the DOUBLE fmade,
alternate saeples are lgnored and are Nor fenl Co GEofage.  Since Lhe storkge cap-
aciby remainz constant, Tt is oaly T1llad hRlF &s Fast, acd so will store che
algnal twice as'Feng, this doubling the delay, |ouwswar, since the sarples are
taken lesd Feequently, anythlng cécurrlng between samples [d.e., during the sam-
pla which wsi Tgnored] |a discarded. In pracciee, chis means thar high Prequency
aigmals -greater than' about 10kHz are wobjecr te Baparodyning and wvaricus Forms of
distartlon. High Frequedey wine wive tests produces fruly welred results,  Fortuns
ately, normal prograe saterinl doss not contaln high frequency sine waves and o

i only slightly ‘modlfled. The major di fference between modes sbewas up & a hareh-
nusd Tn the treble ‘register.  Moch of this can Be sliminated by 3" (ng down the
klghs an booh Input and cutput, at the Further expense of frequency response.

Ooti®c lat the Foregoling scare you Into not using the delay doubling feature.

Bespltie the harshness, program quality is perFectly acceptable except For falrly
cricical Fiscening. ' Spesch, wspecially, is relatively enaffected by delay dowubling,
a5 are other wignals which do not heve a Targe kigh freguency content.

ABPLICATIONS

Tree BQUBLE provision is erimarily af use in instances woere greacer than 320 nilli-
seconds of delay T reguired and less than optimum quality can be tolérated,

Sound reinfardemnt appl et lons particular!y sogpest themselves dud [o
prowmnt high freguency SCienuatios of the abmdphery, sod tha Fact that |t
posrible o listan critically to & PA gpesker, The harshness st high Frequencies
will usually be fraudibie If thare |t amy masking:slignal prosesc.

Other applications shich suggest rherssives are special effects and comsunlcatlons
ses In which the 4ignal channel parametars w110 be mdre |lmiting thas che DOL
responge. Many of the vses af the DOUDLE mode ocour im conjunctian with the REPEAT
fosde, Fer Instance, & sPoral cam B2 "captured" in the DOUBLE made and then recir-
culated fn NORMAL. 1f this o doss, Tt will ba ployed Back twice as fast, for a

nlca Mlckey Mouse effect, af & subitantlal old to spectruw analysis-and volce orinting.
Further applicatianiwill be dlscussed after the recireclation section of this mangal,



Tha Qigltasl G=lay Lina

REVISITED

Remenbar whin the Digltal Gelay Lire was new? You don't have (o go back too
Far in the audio business to remenber tha Fiest DOL, conplets with such exatic
concephs a3 an Analog to Digital converter, magnetostrichive delay |imes, anti-
#liasing Filters, aad such marvelows arcana as its and clocks (which dide't
ewen tell tlmm).

Well, iF youlve been owake in recent years, you know a bit about digital beche
noleagy by now,  Your watéh is digital, you have & digital caléulator jor pocker
conputer for a Fee extra bucks). your wolce Is Freguently digitized on the tele=
phesie, your tape machine searches digitally, and you may have even Learned to
exmt on your Tlagers, OF course, if you've dane any mixing or sound ralafarcs=
MERL work, you've undoubtedly used a digital dalay liee Far the special effects
ar time synchronieation of which it fu uniquely capable. Somewhat less 1ikaly,
vou've bad eccaslon to delve inle the electronic clrealiry by which these unlts
achieve their délay, The DBL 1s "transparent’” to the end user, [.e., an sudic
signal gaed [n, and an audio signal comes out someahat later. Absent curloslty
or malfunction, there |s no need for che wser to know what goes on inside the
unit. Ask g mon-techaical person what 1s going oo inside a DO, and he wil]
probably make some reference to Analeg to Digital conwerters, $hifc Registers,
and Digital to Analog conwerters. Don't ask any further guestions as they will
prabably lead vd mild evbarrassment, They needn't, though, because thag lasi
sentence Be oa falr swmary of what really does go on im & DOL. After a brief
flirtation with sagnetostrictive delay Tirss (very clumsy mechanical delay: 1ines),
th irdustry wnlversally adapted the Integrated circufr shify register a5 fcs
method of §Toring signals to be dalayed,

Very briefly, the principle of operation of the D0L Is chis:

e An audia sigeal 1s lowspass flicired 1o eliminate super-audible signals
which could caste Beat sadtes and spurfous cutpubs:

2x: The slgnal 15 then converted fnto & digital format st o rapld rate, typically’
25 ko 50 thousand times per second. Each of these 25K to SOK ssepies |s
represefited by & digltal word, which censists of a group of =1 's" amd "0e",
The word represents a sgecific vol tage level as prasent in the orlginal sig-
nal.

31 This werd is ciocked Into @ digitsl storage mediom, such as @ seniconductor
shife register, 16 which It is progressively soved towards the cutput, one
storage lacatlon per clock ar senple perlod.  The delay is thus determined
by the clack rate and the number of sfcrage lacations avallable by the
rather wirple relationship

DELAY= Mumter of srorage locations
Cleck or Sanpling freguency
4: After the digital word reaches the catput of the chife ragister, It Is recon-
warted to an analog Format and again Tiltered to remcve spurious freguenciss,
this Lime primarily assaciated with the sampling elosk.

52 Tha sfgnal, thus conwerted and delayed, |s conducted te the outside world,
roady to Begis Tis caresr.



The ibevws ddnitbed aversloplification compleraly ignaras the di flerences batween
delay lines From different manufacturers, which ars primarlly related te pathods
af enceding the snslog signals into digival Format, and the varices eoatral Fas-
tufes ol the competing units. The sethod of signal processing detarmlices tos
dynanic range of the unic: depending upon the applicazion, ranges of From bodn

b over S0db are desirable, and [t sakes licele sense to purchase rore rasge than
raqulred because the sase |s directly proportions] o the dynanlc range, as bach
the meount of storage and clrcult complexity inersmse with Increasing. dyranic
range,  Likewlse, it are ovallable with delay swizehable in narrow incremsncs
with great facifity. te thase In which delay is combletaly Tized at purchase.
Mpturally, you pay for control features, and far @alay tlne. The third major
tradecoff is Trequancy response. Within narrce 1imits, the frequency response
s sbout 1/3 the marpling race. Doubling the samgling rate doubles the rate

ot which the digital samples pass through the skift reglsters, and. thus cuts the
delay time Tn halT, fSo, ore would expect o given delay line to give Kall ay much
delay ar DOkHz as at 23kMz. e ds posslble to compromise, however, sc that a
given Selay 1lne way have variable or selectable clock rates ta allew lopger delays
whan wide frequency response is ot necessary, such as In sose spocial offect

er wiend relnfaorcerent applicatioes,

With all these differences, thare fiss been one unifyicg and 1inlting factor in
OOL desbgm:  AI1 units hawe ssed the shifr register as & storage mediun, To
sme why this is lisiting, let's look ac che shify register:

The shift register Is a serfal storage devics, |t comes in various lengths, From
b bits te several thousand bits.  Wew tschnalagy ham recently made 16kilebit
reglsters poksible. At first glanes, i€ would seen that shifr registers are [deal
for delay, Beceuys of thelr very strocture. They work by trassfercing a packet

of charge regresenting a digital T or @ from ane Internal node ta the noxt, Ko
additional timlng cireditey s necessary-the registers aceoegiish the delay all

by tharmelies, Farchensars, they nay b= connected in seried te schievs longer
dilays, and the points &t which they are connected can be uied sy deloy taps, .
If mhch shift register pravides, for esanple 10 millisecends of delay, and 0

are conpected im Serise, 200 milliseconds are availabln in 10 millizecond steps.
Ax & practical matter, many parallel skift registers are required (o handle a

Full word, and the switching becowes curbarsome after a fow (3ps. dre MECERRArY.
There are wany tochnigues for circuswenticg this problem which add anly minisal
tomplexity to the entire sysiew. Sp what's the probler? Well, coswider. how
toovary the time deley. There are tec Basic choloes: pne |5 o switch shifi
register taps; the other i5 10 vary the clock rate. Switching tags  sreates
distontinuitles In the sigaal.  Looking at o signal at point A and paint b at,
53¢, | millisecond time differsnce creates a shars Cransient at the sgllcing
point lsee figure B}, Ewen if the. switching is sceenplished electronically,

fuch s wicth an oprical seeodar snd digital melcipiesers, this transient Is
wravoidshie, except when the signal level is zera, ar the paints to b joined
coincidental 1y have the same saplitude. (F the deday i3 o be changed rapidly,
this becomes & worious detrinenc, as many, of these splices add noise to the sigs
nal, Warping the clock rate overcomes this problen, Sur: creates ancther ons, Che
Inability te wary the delay by mare than o certain percentage. . The upper linic
of variation is governed by the allowshle decrease in freguency rusponse; the lower
limit by the capabilicy of the & te b converter and the riming ciccultry, & Cepizal
variation of BOT §s insufTicient to chanpe Trom shert 1o long delays, and 4 ines
All eutputs vary by the sawe percentage, 1t In Inpossible to wary one output with




raApaEt o the cthar. The basls 6F the Franging afTect [+ the & FEding of one
slgnal past ancther In time, and so this lock of capablllty I3 a great dissdvan=
tage.

One sotuiten to the abovs problers would be o have shiFE fegliters with taps
avery sample, %o dolng would enable one to swltch fros tap to tap fapldly whils
unceantading anly Inalgnl Flcant splicing nolse (Fig. B}, This v hecadds, wilh
norral progranm saterial, the anplitude ¢ifference betiman succasalwe’ samples T4
wry wwall, Swlichlng between samples [n this manner prodocas at wordt s low
atplitude tone at the Ewltching rate which I3 effectively nisked &y the signal.
The anly tlee you fun Into trouble with this nethod | varylng the deley of high
Fruguency determinlstlic slgnals, which is wery unlrkgl'r Im normal clrcumitances.
Unfestinataly, tapplng shIFt reglaters at every GBIt would reculre o reee of wirles
lavge whough te Tl an ordlnary clity dump, and the squipment wodld end s thars
alLef dnn Fopaif was attespted. (It |3 posslble to wve conmbisdtlcns of GRITE
fuglatars te achlove 'an arbltrary delay tine; bt thix |4 sob the same and wlll
et wirk,; Just In case anybody I3 terpted bo try, The redson If waL worh I
thiat in switching Indlwidual shift registers around, [E becomes mecessary ba
walt For them g FITI up, which can' take an arblcrary length, pach grester then
ana sarple, beéfore the 'curpot T3 wsable.

Ancthar soluifon to the abowve problem is ro wse Random Aocess Hemorles. This
selution does work, ‘and |s described stariimg mow.

Pescription of Sandom Access Femories

A random access memory i3 2 semlcceducior ¢hilp or assemblage thereof) which can
atire Indlvidual chenis of dard, and deliver chem up upon comsand.  They diffar
From the 'shift register Tm thai ey of the soored doca 1s Tmmedlately avaliable
regardless’ of when It was enbered inoe che memory. ¥ the shifr reglster Is com-
pared to 8 plpelfne,  the @A may be compared Do s book, In which each page fs-
nurhared and accessed without resding Tes nelghbars.  1n digial rerminology, the
"page nurbers' are Paddresses’, sl an Dndlvidunl RAMintegraced circolt may hawe
From 1§ addresses, a5 ueed Tm either vary ald ar very Tast ehips, up to &

addresses as wsed [m masy of Che sewest ciputers. Azsuming cach address loca- |
thom holds | B, To Is obwious that ane “HEREH' Ts the eguivalent in storige ca-
pactby of four Endastry stendard 1% ahifr reglsters. 'OF course, nothing axiscs

In a vacwsn, sed the VEELA musk be sconaelcally wlable, avallakle, and rallakla_
Fortunately, this Ta the chic; &i tha peléa af tha BRRAK, which was astroacmical
yntll mid 1975, §s nou I Che range whnre 1t {5 foascnably corgarable to the srice of
Ehe ahl Fi reglsbers which To rapleces. Anglelpating the prica feductlcos, we

Began fhe design of & Digical Delay Line uilng rindon access storage inatesd of
shift reglsters. Sone of the datails of tha deifgn,’ and the pessibfEfries of RAM's
are desoribed belos.

To begim with, setting 'delay from a mesory 15 a bt mefe [nvolved tham cattling
delay Frem & ahifE register. To allude to the book ws, pipelipe snalogy, IF

you gt dcssthisg Inta s plpeline, vou need only walt for [t to come cwt,  The
delay T4 egaal te the length of the plpaline, if you wanted to get delay from

& "book'®, yod wald hve to resd the data a certain nimber of pages after the
Eegimaling. Since this ls" s dynealc process, the polint at which the data dfewritien
also 'muse vary: (I8 1% d1d nox, dota would be gverwritten at the ‘same Tocatlon.
Leok 4t &= ald oisce of carbon paper and try to lmgine wsat that wosld sound | lkel)
Therefars, the way to get delay from a memory i3 to employ 2 podnter or hase address
reglatar. Ewary tlme a new sawple s written Into the memory, the register is
decremented |dacreazed by 1), This register then points co the location of the



mast recently written data. Siece the register |s decresented once sach sargla
period; adding | ©o the register comtents points to oo soeple that Tw dalayed by
a wample perlod,  |f the samglisg rate i3 B0KMz, then, soch sowple is 20 microe
weconds. deloyed from the previcus ome, and 1F dace arsbeing weiCtan at addrass
f150; then doza being read at address F100 gredelayed by | ®iliisecond. Fortun=
avely, the actual nuserical address g frrelevant, as all dota storage locatlons
are lsenticals Thus, an output cas be obtainsd ar on arbitrary dalay xleply by
prverating 4 nunber squal to the nonoer of samples difference batswsn [nput and
outpdt.  Tha “'housskeepling I3 token care of by & wingle registar and arlthmetic
wnit locaved an the clrcult board which compaing phe mesary

Fost Selay 1inag, sspeclally those used in recording €tudiod, have tes or mors
Gubpars.  Multiple autputs are especially desirable In thase applications involuing
choral affects and reverberation. In order (o sccomodaze multiple autputs, [t

% recankary ta arganize the system as 4 "', which meany sleply that zawaral
different wignals can shore the sawe péysical cossectian; Daing this requires

"3 atate' loglc, which differs from ordisary ¥ wtsts digitsl elrcolts In that not
only cam ® 1 ar 8 0 be ootpur, bul Che eotgst 1o can be turned "aff, In which
ciaim it avpumss o hlgh impedance. [T eltiple subputs sre connected togethar,

But oaly ooe 5 In'a loe jspedancs state, tRen the bus sspumes the siate of tha
Tew Prpedance outpus. By using modular output cards, snd actlvating thes saquen-
tially, ome can access several diffarant addressss during any given sarpling Peter-
wal,  The momber of addresses which can bs sccessed o derarmined by the “aceeds
time' of fhe memory chip used and the sarpliog interval, which as stated abées Fé
0 plcroseccndi. Mokl comen GKRAH's have accass times on the order af (3-.4 micra-
seconds, wmich should be sufficiant For 50 to 100 cotputs. Mowever, . cobpuling

the proper sddress-alyarequires tise, and commos TTL eircuite, which afe wery
Fast, comsume guite a bit of power. As ore of the objectives of the deslign was

to reduce mwser caneumptian, we used a1l CHOS cireulery, whaie powar consumptlon
decreaties almet fo gera A% |ts spead decreades. Even ia, thers s plenty of fime
to servies wh o sevan outputs, ond sodile podiclani are pravided for up to five,
leawing margim Far pxtres functions.

AndtPer prosisn arises in that RAM'G ard unlwerss!ly binary devices, and. busan
Beings are gerarally decimal, Sode pfovidion mest be nade to allow setting the
delay. (and resdiog 1t cut] in hissan-decipharable wabts, %ince eoch sisple 14

20 mlerpaeconds, one oould Sieply convert the birary mmber reprosenting the dalay
Lo decimal Form sng multiply by 020 te give nllliseconds. Unfortunately, Bomg
binary to decima) coméersions are slow or require moch hordware. & Tar slepler
sulution frvolves wsiog & wall (0 to 999] decimal to binary convertar, and doing
all the output nodule sddrsssing In decimal form. Each WKRAM has hinary addressss
from 0 throsgs W35, Then mewary locations © threwsh 333 [(hinary] are addressed
for the first 1003 seples of delay,  |f [00] saeples of delay (30,02 mf |1 iseconds)
are required, the et sddress used would be bimary 102k  in effect, for conwen-
lanca, 96 addreidet ouk of svery mesery are igrorad aad wsited. These addresses
are still thafe, by the wey, |F nesded; but Tt s & 1ot chosper to waste them bhas
1 parfern the domverslons othermiss roquired.  Uslsg this syster and sampsding
rate, a IER pemory, requiring B0 mesory chips glves 319,98 milliseconds of delay
in 20 micioamcond steps, a5 Compared to our previcws svsten requleing 108 shift
Fugiwters for 153 pilllseconds, Tn | sillisecond steps. A small additienal adwan-
tage |5 that no extra shife registers are required for a381clanal outputs, Asseming
zamparable relfabl1Tey betwesn the RAH's and shift registers, the merary deslgn should
be guer twice a3 relfsbla.  Furthsroore, the industry Bas ietcled on two G0 thres
hasic WERAH designa. ad all are multiply sourced. We esoted far the 2Ipln, non-
mi gl pleded address eemliguratlon for simplicity, and Becscaws tphce saving was

nat an urgent erfitarion. We heee evaluated several manufactursrs chips and fownd
all bur ane accaptable. This, hopefully, will vake dalivary times |ndependent of




Silican Valley (dicayscrasies.

One Final wnusual design featufe:  gue [ TEEA dilay Bise utllizZed sh aptical sscofer
{soe Jangery 1974 d2 negazinel For delay switehing. This elinicated ths mbed f&r
coargse and flne delsy controls and permiioed fully Incresental swléchlog Ia 4 A
milllsécond steps. The contrel hod 20 Bines, and produced 20 polses per Tmh_]lﬂ'dl.
and could be-spun ©o Lraverse the whele eancral range in one spin.  To do the sase
with a wmig which warlas in 10 mlcrodeceed staps would Fequire an encoder wizh 1
1000 lines. Althoesgh such devices are produclible, and afe wed i precision

mechanical systems, |t was desned frpractical for reszons of cast and rogosdnass.
instead, we desigred an pscillator of wide fraquency range whth'a small cesdband .
in the ceater of e contrel rangn, a@sd with parafalic control taper. The asclilator
Trequasey rangn [s fram | Ho to SkHe. which allews the Tull ranpe of delay to be

wpanned sutomntically ower ssversl seconds to smwversl hours. 18 abousld be noted
that althaugh the delay warles In 20 microsecons =teps, the resdout I8 only bo S
nearest mil ] isecond. 1 one needs o know the preclse delay, the Informaticn Bs

aval fadle on data Tines which may Ba connecred o readout drivers. Gther features
of ‘the 1TUSA ware duplicated Tn relatively uniptaresting says. The delay dowble
Featwre which allows doubling the delay st the sxpense of fraquoncy responds eis
Irglemented by Inhibiting alternate base address decrerenting pulses. The repsst
featwrs was Imolevented oy Inhibicing wemory write pelses, thus preventing owers
writing ald data and ao saving phem:

Sugmrficinlly, than,we have n new delay Tire with & Bit mare delay and a w=ole
burs®h of faniilar features: Ivplemsnged In a whally new way, A5 stated parlier,
the delay lies iz and should be transparent to she usar In that, regardiess of
the implemencation, you pot audic inoand gec audie cut, ‘Whot doss all this mean
Lo the usar?

Fopody would waste time with HAA*s If Ft didn't moan something: . al that yau may
e sure. IC means:

That true Tlanging can be accomplished with a single digital delay line. The

Finm dolay steps allow wweeping & variable sulpul ekt a fimed output Fm Liny
incremanty, thus glvlng on-apparent continuous wariaglon In tanality, & nnpuﬂgd

to the step varlatfoss possiole with otrer systens, Unlike soalog delay flangers,
che: Tlanging may ke performed afcer amy fixed delay. Even “pre-flanging''ls poasible
wikh & single delay Tine, by Eaking tha Flanging wffect from the TErsr mwo oorpocs
and- the dry slgnal From g third st grester dalay. O cowrss, as with all digital
syntany, there |3 no degradacion of signal to polse ratlo s the delsy |s Incressed.

It Fmtasg:

That continuors doppler “skift o plich change may be Introduced [nEo any signal
slmply by Incressing or decreasing che delay In'a contisuous Fashion (FaciliEated
by e oscillator concral). A rather long period of change [s avallable Befare
an arpifaet Ta intemduced by the delay racyzling feom 318 aillfaeconds back wo
sura, and this can’ bs ninimlzed-In’cectaln usys Tniolving Iitarlesuing nore than
o output .

It mians:

That an auxlliary sodweie which computes addresses in accordance with an appro=
priate program can be wsed to cStain an ardlirary ploch change ratlo, sed maln-
taln that racio. ANY raclo con be obialned. By proper address manipelacion, It
Is possible to riead acdio out Backeards!  Think of thac, special effects fans!
&nd @l eowrss pltech change can Be turped Into tempo change in canjunction with &



tape player.
It means:

That precise comb fllters may be implemented with much finer contral of delay.
Since the system is crystal controlled, the delay time will not drift more than
a few parts par million, and so a null can be set for same Frequency and that
frequancy and its harmonics will be disappeared.

And that largely experimental appllcations, such as narrow bandwidth speech
scrambling can be reasonably implemented. For instance, construct a card

that will read out addresses 0 to 1000 narmally, them jump to 5000 to 6000, them
readout 2000 to 1000 backwards, etc, untll the whole tapacity is used up! Par-
forming the inverse operation 8t a remote end will descramble the signal. The
wihole process, wnlike digital encoding, dees not significantly increase the
bandwidth of the cutput, and thus it may be put on ordipary communicacions channels
such as the telephone. Thls may also be an aid to cosmunications, by using

the memory delay line In conjunction with several filters, and setting sach
filter band at a different time delay. This is known as time-diversity trans-
mission and can also be implemented with non-memory delay 1ines, but sure Fits
inwith this paragraph.

fnd that experimental applications reguiring digitized audio be avallable at
various times can be implemented with a convenient test bed, Computer time
nead not be taken up implementing A to D routines and housekeepling. Samples
may be withdrown at any computed delay and used as the experimenter desires.

In addition to the above advantages, there is another capability bullt In to the
system as a consequence of the memory bus architecture. |F one can hang several
oULputs on a given bys, why not several inputs as well? Why not indeed! |n

Fact one can, and so we did. The delay register inputs, normally set sequen-
tially by the oscillator, can be set in parallel by placing the desired number

on the address bus and strobing the output card which the enginger wants to set in
the ''desd time!' betwean the last readout and a new sample. FPFravision has been
made for a remote control medule which enables precise setting of any ar all
ocutputs by digital comtrol. Data may be furnished elther from a remote console
or from an automated mixdown system. Thus, another component can be pperated
in conjunction with automation, leaving the englneer and producer even Freer

te Iisten.
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If yow think that yau Jest bought a delay Eine, thick again.

In addition to delay, the unlque control fedturss and sysiem architecters of phe
1TEEH allo you 10 o @il sores of strange and wosdreus things to your unsuspseting
sigrals, The blile of this pigs in a gogs hrqlnr.'.nq;_

B e i S S R R

Aconh Fiiter 1o 4 davice which has many freseency rejection motches or nany paaks.
Gansrally, these notches or pesks are svenly spaced . in s msscer sinllar to the
harmenlcs of a non-sisuscidal signal. & redimentary cosb 75 0ter con o= rade with

m aab of fllters each sdjusted to a different frequency, but this guiskly hacomes
proflbitlve, Both An teres of codt and stabllity. & typical cosh filter applization
1% the Fejestion of dnterferesce (n & broadband syitem,  For [nstance,. consider tha
388 10 which d Ssps made on location semshow plciad up & tremendous G0Hz cowsesant.
IF only GiBE is present, 13 cam beonulled with & setch Flltar. More Dikely, however
in addclen 1o the 53 He; there will be 1200z, 180 He, Tk3E2, wic. corponents. 5CR
rein s sotorious for causisg such problers. Sesdving swch nolee From s tece can
Ba sccompl shad with a cosb Filter.

The basis el the comb flleer Is ther, IF 4 iigeal |n sdded t0 a delayed version of
Itself, a reguler-pattarn of nulls sad poaks i the freseency donsin is prodeced.

(See praghs and scops photographs). The fesisn For ehia Is Intultbealy clear:

Assune 3 delay-af I =l l1lsecond. Apaly a 15H: signal ko the delay Line inpui,

and algebraically add the Input wo the outpol. Sinee tha langeh &f & slngls cycle

of 1z signal is [ s, tha [npit and oUTput &fe in phiia, and & Edk addition Fesults.
How apely 0 SO0MZ signal te the lspat, The output will be dulayes By 1 wsvelength,
and aut ef phase addizion will result at every painz on the signal, creating a null

In response e BOOHZ. The asplitsds at ony Frequency can be caicslated by the
Tolleswing farmula;

(T4 [34a)
Cr—mne e
Whare; e (Fa
f is Froquescy in Hz
Tg i% the delay time im seconds 1

Ta nul | any given freswsncy and all of Tos harsonics. the delay tlre should be set
=xeal to 1F, and che fnpul sre cotput sdded Dut-of-shase.

To null wre glven frequency asd all af Ity odd harmonlcs, the delay Eine should be
set equal to 1/2F, and the outputs added fn=phape.

The 174iA detay Tine fn mecellent far conb Tileer wsa, hacsse (t 13 adjustable
in sxtremely swall steps, =1l of which are cryscal controlled and Exaequent Iy
stable typleally to a few parts per milbion per gay.  Several outputs can he
cambined wlth' different “eight’’ and 4| Fforenc delays o establish SirFerneng
Pilter characteristics, imcluding highly desirasle norrow notches, s&ich.will
null out given sigrals wich wery [Teela effecs cn the brossSand signais.



FECIRCULATION

& unique fearure of the Eventide Digital Oelay Line 12 irs abliiey to "caprure’

& signal In 1ty remory aod to contimgcus|y repeat this signal throogh the outssts:
Elmce the wignal | stored diglzally, there Is mo decay or nolse bakld-up a3 -
would ba presect [T woos form of mechanical regatlitlon sach as 8 tage lopp were
employed,

The wlignal |3 captursd by opdration of the REFTAT switch as descrlibed Tn the
eoabrel keckioa. Affer & slgnal |3 capiured, I1E may be mod| Flad by -operutlon af
Ehe DOUELE wwlbck, which wpesds up 'or slows dows the repetltlon by o factor of 3,
[1F che' signal was caprured in DOUBLE; putting the GOL in MOAHAL wpeeds [4 up,

I captured Ta WOAMAL, doosling dlows Ip down.) Un adBivies, if the SELAY canprsl
is oparated, tha plich of the repeated signal may be changed efther uy oF dowfi.

The [otal Tengts of the signal captured |- @lthar 120 =a If captured i HORHAL,

or &40 I castured In OOUBLE, This Is long secesgh For waweral wardy, oo oa aharl
rhwthn patters. By setcisg the oubsots at different delavs for Txing ene and varg= -
ing another), Che patcerns oF words may be caoced o overlap, of appear (o chanps
weguence, D fferent psyoho-acoustie ef fects miy e obrained by placiwg the ouTpars
In warying special and temporal refacfonships.  Rotating s bouncing =ffects =ay
be readily obtsined,

Bn interesting sffeel io that chtained &y |istenisg b contlsseus repatiticn of
o wolce Type signal, The signal may either conniet 6f words, or ward-1ike m,.
Re o the repericion continues. the weanies starts 1o disappear or shifr, he wo
ean change Inte ronsense [or wice vessal, and ozher Interesting piychological aff

may o chasrved, This sanual does not ntend to delws Into mysciclsm, bub that
shoulde't prevent eaperimentation.,

Hore excCic applicaticns iwclude specirom analysls for such phrpoass LI 1&‘
ond esgine signature analyals. The delay line can conwert an ardinary
spoctrim anabyzer into o quasi-realtime amalyzer, Although i fse’c by &y
the pqubwalent of 3 realtime analyzer in ceres of processing & large ﬁu-l
wignal rapidly, It can hold & captured signal indefinftely, permitting ex
detailed analysis of the captured portion. The sigrall is synchronous with
countisg of the painter register, described in the recdon access memody d
clrculc theory, and varlous weighting functiond can be conitructed or vard
features of the sigeal escerpred with grear precision.

The REFEAT fmaturs can be used to advantage in live performances. The
can be edsily fesoted, and cantrel given to the performer by foot swliche et
Five signal cose oul ndelayed or ninl=ally delayed to prewmnt the pee
being distracted by an excessively delaved return scho. AL various
par farmasce Lusunlly at the end of phrases or during prodonged wocs
activakn tha REFEAT control snd walk awoy from the microghone, (1F the'
can juggle, now s 2 good tlme to demanstrate (. ‘When Re bs chinodgh, e
back o tha mike and continie. ¥
FLANGIHG

‘
Cwant|de maswfactures, in addiglon to the BDL, & rathar geesd Iﬁﬁl?f
FLI01] . I turns ouk, fowever, £hat the OOL ra= do e r-r.i-r Tine job of fli
wll by TgwalF. H1] Ehat in necpsnary i to edd the @ignals From Do '
and than vary the dulay of one up to and past the deloy of the other,
delayr can “alide’! past sach siher, tres Tlanging through 0 oelay o
Differsnt effects can be achieved by adding che inputs |n=phase and

Becaose the effects creacsd By the Flasger are o sinllar 8o
pl, we felt it would be aporopriace to reprint from
an artfcls arlginmally reprinted from odr Flanger messal.
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TUMMEL 1M3

The arigin of the term is obicure, bor §f yoo'wé ewer heard 1t, the effect ftself

6 quite evident. Comsider & tags recorder whose cutput [ connected to..1ts Tnputs
Echa, rightT And If Che gainm is Los high, repidly Tncreasing echo, until axtrens
nolee and distorcion Cake over. But IF the the gaim [5 j-u-s-T r-f-g-h-T, you getr-
pratty decant repetition, sepezially iF the sigsal heepd renewing itsell From

an axtarnal touree. 9K, oow, very the spesd of the bips! The pitch of sdeh
rapatition increases [or decrpssss]). 12 Fect, & long & Che tape dpesd can be

kept changing, The pitch will incresse ar decresse sleost withbout Viait. @O course
you canmal vary The spesd by much morm than an perder of asgaitute, For both elfectronic
and mechanical reasons.

BUT, 11 you do thir sade thing with the delay line, you can contisucusly vary the
delay, at a fairly rapid race. A& the delay gecs closer oo -zerd, the fesgoh of the
repetizion decreases, and the pltch and frequency of repecicion fncremses.

fnd, If vou vary the delay slowly near O delay, you get a very pronounces flangieg -
type effect caused by resonant esphasic of freguencies whose cransic cime throogn
the delay |ine are equal to sulziples of cheir wavelengoh.

find, If wou manual |y wary the rate of delay change, vou get & cowbinacion of taon
effects,

#nd, If you take feedback from 2 or more outputs, wou get & coeplex combinacion
of rewerh and flanging which [s quite unigue,

And, finally, IFf pou experiment, pou get things which nobody knows abour, because,
after all, this s a brand new possibility brought to you by the march of digital
technology, Let us know if you find anything interesting for possible future

publ lcation,

FITCH CHANG|HG

A5 s may Bawe already coticed, rapidly warying the delay creates a change In
pitch, pracisely analegous [0 dopplar dhifr (decreasing or increasing source to
liscener distance). Becswie of the linited delay ckange rate of Che syatem,
Cred MaKimn chaepe, §m Cha D0LBLE meda Fe abowl qun dowr, and focrave s

Howsver, Che BAM orgasization of the B0L places ro arsitrary Vinfe oo the pitch
change chraimable. There aré threw problens prasest in osisg the present systes
for pioch chamging:

Limited amount of chasge available
Progressive time delay betusen origisal asd chanped sigaal.
“Daga resw” created by rapid change bebessn maxinum and nindme ﬁll'r at

Fortunagely, all these probless are curable, &od we have o the thme
(88, 76) plans to produce a plug-in @itch changing module, to e
Rpril 1976, which will alloa yeur 17LEH o serform chis fusction :

If wou have filled in your warranty card, you «@i11 sutomaticslly h
exizrence of chis module whes Tr becomes available, [and chat tF
including automat lon-gomparible resate cangrall.
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CEHERAL W IXOHESS

As Briefly mentlecsd n tha aftlcle The Mgltal Delai Line Revisiced, Ib | possihle
1o resd data out of the delay |ise backsards! Me're notb qulte sure what zhe aseli-
catlons for this are (other than Cpeech scransling] Bur it's sa fntriguing that
we're determined ta find out. Ween we da, we'll send oot o note to sl our caszo=
mirs, ah wall as clircult detalls IF appiicable.

Solid state echo has long been a droan of the Audia eiginess, Sut has reesined Ehus
far warealfzable at reascesbln eost.  The 17A5H, with fts 5 alpost continuoosby
varfable cutputs, Allses ooe to fRIfl1] at least ong cricerion of the theoretical
wirfk:  the requiremsnt for several Incormensurate delays. By feeding a1l the
autputs back o the input, warying qualities of scho are obtalesd, the best belng
presumable at those delays where sach Fesdback path 3 & non=Integral multiple

of the athers. The cutstanding varlabl licy of this system will allow the exper-
imunter to emplrically =select the best delays for chis application.

HOW TOO D |T

FLAWGEMG SETUS
I 745 oL nu
LANGIH
FMORMAL 1N ?ul"_l: E
2

ADJUST DELAYS TO BE WITHIN 10ms OF EADH OTHER
AND WARY OME BACK AHE TORTH THROUGH THE SETTIHD OF THE OTHER,

TUNHELIHG SETUR

ITLEH [ (LT |————— TUNNFLERD OUTPLT
am
puT
1

ADJUST FEEDBACK COWTROL JUST BELOMW THE I
L LEO OSCIiIETICE

COMB FILTER WITH AULTI- ™Y
PLE TAPS

]

1 FILTERED
(MPUT SAGHAL 17458 c"," Lyt E

poe  |RUTjouTiouT

OUTPUT

:



