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[57] ABSTRACT 

A number of different voices of an electrical organ are 
stored in speci?cation memories as groups of ampli 
tude samples of respective voices of the instrument. 
Under control of selectively actuated stops, groups of 
amplitude samples of chosen voices are extracted from 
the speci?cation memories, combined, and stored in an 
alterable or registration memory. Thev latter is .ad 
dressed for read out at a rate selected according to the 
frequency of the note to be generated. The various 
voices are combinable in different groups and chosen 
combinations are selectively stored in any one of sev 
eral registration memories of which there may be one 
for each division of an organ and which may feed two 
or more separate audio channels. Selective scaling of 
one or more of the voices read from the speci?cation 
memories will increase the number of voice combina 
tions available. Loading of a newly selected voice com 
bination into the registration memory may occur con 
tinuously during read out of the registration memory, 
or only upon actuation of a stop. Although loading of 
a new voice combination into the registration memory 
in one embodiment takes place during the read out of 
the registration memory, the loading may take place at 
less than musical frequency and at rates slower than 
registration memory read out rates. 

24 Claims, 4 Drawing Figures 
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APPARATUS AND METHOD FOR SELECTIVELY 
ALTERABLE VOICING IN AN ELECTRICAL 

INSTRUMENT 

BACKGROUND OF THE INVENTION: 

1. Field of the Invention: The present invention re 
lates to memory systems for electronic musical instru 
ments, and more particularly concerns methods and 
apparatus for storing, selectively combining and read 
ing combinations ofa large number of different musical 
voices. 

2. Description of Prior Art 
Various types of electrical musical instruments, and 

in particular keyboard instruments such as the organ, 
are capable of producing, in addition to the usual musi 
cal frequenices, a number of different voices of varying - 
tonal quality or timbre. Such voices include those in the 
categories of ?utes, various non-?utes, such as reeds, > 
diapason and strings, different groups of voices being 
available in several divisions including swell, great, and 
pedals. A number of such voices are commonly listed 
as an instrument “speci?cations”_which may include 
40 or more different voices. The instrument is provided 
with tabs or stops that may be selectively actuated indi 
vidually or in combinations so as to cause the various 
notes, played at frequencies selected by the keyboard, 
to embody a selected voice or combinations of voices. 
Several types of special effects may also be included in 
the instrument voicing capabilities. U. S. Pat. No. 
3,515,792‘ for Digital Organ issued to Ralph Deutsch, 
‘and assigned to the assignee of the present invention, 
discloses a digital electronic organ in which a particular 
wave shape or several wave shapes are stored in a mem 
ory as digital amplitude samples or digital words. These 
amplitude samples are repetitively read from one vor 
more of the memories, then combined, shaped, con 
verted to analog form and thence employed to produce 
an audio signal. 

It will be readily apparent that the number of differ 
ent voice combinations in an arrangement such as em 
ployed in the Deutsch patent is limited by the cost and 
complexity of required combining or adding circuitry. 
This is so because of the fact that the number of addi 
tions required to obtain selected combinations of two 
or more of the different stored voices increases with an 
increase in the number of stored voices. Thus with the 
Deutsch system of combining voices, it may be imprac 
tical, at least for economic reasons, to make available 
even a major portion of the possible combinations of 
voices. . 

Still another major problem related to the combining 
of voices in the above-identi?ed Deutsch patent derives 
from the fact that in the scheme of this patent the vari 
ous voices must be combined in real time at the fre 
quency of the rate of read out from the memories. This 
is the desired musical frequency. In such a system each . 
voice, or each wave form is stored as a number of am 
plitude sample representations or words which may be 
some 30 to 40 in number. Accordingly for a voice that 
is delineated by 32 words, each wave form is extracted 
from the memory by reading all 32 words, one at a 
time. Successive wave forms are provided by repeti~ 
tively reading groups of words, at a group repetition 
rate that defines the musical frequency of the selected 
note. At higher frequencies the time limitation on com 
bination of voices is severe. Each digital word or ampli 
tude sample of a combination selective from as many 
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2 
as 40 voices must be added at frequencies up to 64 kilo 
hertz. A frequency of 64 kilohertz for a combination of 
voices would be required when reading out a note hav 
ing a frequency of 2,000 Hertz that is defined by 32 dig 
ital words or stored sampled amplitudes. The problem 
of such combinations is at best difficult where parallel 
addition is employed,- requiring complex and rapid act 
ing circuitry, but approaches economic and practical 
nonfeasibility where the addition is serial. 
A system which eliminates some of the problems of 

the above-identi?ed Deutsch patent is shown in my co 
pending application for Alterable Voice for Digital Or 
gan, Ser. No. 152,122, ?led on June ll, 197i The dis 
closure of this application is incorporated herein by this 
reference as though fully set forth. In this patent appli 
cation there is disclosed a system that not only com 
bines different voices extracted from a speci?cation or 
voice memory, but which also employs a selectively al 
terable memory. The latter is alterable by punched 
cards, for example. The alterable memory is employed 
as an additional memory of which the output is com 
bined with outputs of the voices stored in permanent 
memory. Although this arrangement of my co-pending 
application increases the number of voices available, it 
suffers from the same limitation of my prior patent in 
that the number of available combinations (once the 
alterable memory has been loaded with a given voice) 
is still seriously limited by the adding circuitry. The ar 
rangement of my co-pending application also suffers 
from the time limitation imposed by combining differ 
ent voices at muscial frequencies. 
Various types of punched card control systems for 

achieving so-called “registration", or combination of 
voices, are shown in the U.S. Patent to R. A. Clauson, 
U.S. Pat. No. 3,213,179, and the U.S. Patent to 
Campbell, Jr. et at, U.S. Pat. No. 3,172,939. Although 
these systems facilitate selection of various combina 
tions of stops, they do not modify the instrument tone 
generation system, nor improve the voice storage of the 
instrument. In fact, these patents are concerned not 
with storage, but merely with improved stop actuation 

_ by punched cards, or the like. 
U. S. Pat. No. 2,989,885, to Pearson, describes an 

electronic musical instrument in which a number of 
wave form generators are commutated, or sampled, 
and then subjected individually to wave form shapers, 
?lters, and the like. However, no combination of large I 
numbers of selected voices is shown in this patent. 
Accordingly, it is an object of the present invention 

to provide improved methods and apparatus for select 
ing one of a number of different combinations of stored 
voices of a musical instrument. 

SUMMARY OF THE INVENTION 

In carrying out principles of the present invention in 
accordance with a preferred embodiment thereof, 
groups of representations delineating one or more com 
plex wave shapes of one or more voices are read from 
selected ones of a plurality of speci?cation or voice 
memories. Selected groups of representations are com 
bined in accordance with selectively actuated stops and 
then stored in a registration memory at rates that are 
independent of registration memory read out rate of 
successive combined representations. Groups of com 
bined representations are read from the registration 
memory at a rate related to the frequency of the se 
lected tone whereby the tone is comprised of the com 
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bination of voices selected by the actuated stops. The 
read out, combination and temporary storage of the 
speci?cation memories need not occur at musical fre 
quencies. The arrangement is such that a large number 
of speci?cation memories may be selectively combined 
according to selected actuation of stops or groups of 
stops, employing but a relatively few combining or add 
ing circuits so that the large number of combinations 
desired is no longer limited by requiring similarly large 
quantities of circuitry. 

In one arrangement wherein a registration memory is 
sequentially addressed by each of a number of tone 
generators or addressing circuits, all of the voice mem 
ories are read out, combined and loaded into the regis 
tration memory during the time between successive ad 
vancing of one registration memory addresser. Thus se 
rial addition or combination of amplitude samples from 
the several voices is possible. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

FIG. 1 shows the general arrangement of an embodi 
ment of this invention, 
FIG. 2 illustrates details of the memory arrangement 

of the embodiment of FIG. 1, 
FIG. 3 is a synchrograph showing certain timing rela 

tions of the embodiment of FIG. 2, 
FIG. 4 is a block diagram illustrating application of 

the invention to an instrument having several groups of 
voice memories and a number of registration memo 
ries. 

DETAILED DESCRIPTION 

One of the signi?cant advantages of the present in 
vention, is‘ the loading of the registration memory at 
rates independent of and selectively lower than regis 
tration memory read out rates (musical frequencies). 
Although this may be achieved by employing parallel 
adders, such a mechanization would be limited by the. 
practicablity and economics of large numbers or adders 
that are required for the many possible combinations of 
voices. The arrangement illustrated in FIG. 1 not only 
achieves improved timing of registration memory load 
ing, but does so with the use of a serial adder that al 
lows large numbers of voice combinations without ex 
cessive circuitry. The alterable memory arrangement 
employing serial combination of selected voice memo 
ries and loading of a registration memory at other than 
musical frequencies may be employed with a variety of 
electrical musical instrument systems that store repre 
sentations of amplitude samples of a complex wave 
form and with many different memory ‘addressing 
schemes. In order to better illustrate principles of these 
features of the present invention, there is shown in FIG. 
1 an electrical musical instrument having a memory 
system in which the musical frequency of read out is 
controlled by a selected phase angle number as more 
particularly described in the U. S. Pat. No. 3,610,799 
to George A. Watson for Multiplexing System For Se 
lection of Notes and Voices in an Electrical Musical In 
strument, and U. S. Pat. No. 3,639,913 to George A. 
Watson'for Method and Apparatus for Addressing a 
Memory at Selectively Controlled Rates, both assigned 
to the assignee of the present invention. ' 

Brie?y, the digital organs that are described in detail 
in the Watson patents and generally illustrated in part 
in FIG. 1 hereof, embody a multiplexer 60 that pro 
vides a series of output signals on a line 62, each signal 
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occurring in a unique speci?cally allocated time slot of 
each multiplexer cycle. As the operator actuates a 
given key or pedal or some combination of keys orped 
als of the instrument, the arrangement scans each key 
and pedal during each multiplexer cycle and produces 
a pulse or no-pulse at a particular time slot allocated to 
a given key, depending on whether such key or pedal 
has been actuated. The multiplexed signal on line 62 is 
fed vto a generator assignmentlogic circuit 64 which 
feeds the pulses representing actuated keys or pedals to 
tone generating circuits 65a-65n. Although in an ac 
tual system there may be as many as 12 such tone gen 
erating circuits, or tone generators, the use of more 
than one such tone generator is not required either for 
operation or understanding of the present invention. 
However, where several of such tone generators are 
employed, each will be identical to the other, and in 
such case, the function of the generator assignment 
logic is to direct a signal from the multiplexer that rep 
resents actuation ofa given key to one of the tone gen 
erators that is not already engaged in receiving a signal 
and producing a tone therefrom. 
A phase angle number selector 68, which may be 
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several of these are employed, selects (either from stor 
age or repetitive calculation) a number from a set of 
distinct and different numbers that vary according to 
the l2th root of 2. As is well known, a semi-tone or half 
tone in the musical scale of equal temperament is a fre 
quency ratio between any two tones whose frequency , 
ratio is the l2th root of 2. Therefore, the several num 
bers of the set calculated by or stored in selector 68 
identify phase angles of frequencies of the individual 
notes of the scale of notes to be played. These phase 
angle numbers identify rate of read out of stored ampli 
tude sample representations of the complex wave form 
for the respective note frequencies in the entire range 
of frequencies of the musical scale of the particular in 
strument. Details of such calculation and/or storage, 
together with circuitry therefor are set forth in the 
above-identi?ed Watson patent. 
A number from the phase angle selector is gated into 

a phase angle register which feeds the numbers stored 
therein to a memory read address register, and upon 
each clock pulse received from a sampling clock, aug 
ments the number stored in the read address register by 
the number in the phase angle register. As the memory 
read address register is augmented, its count advances 
and thereby advances the address location of the work 
ing memory 70 that is accessed for read out. The sam 
pled amplitude representations stored in the memory 
70 as digital words are fed to output circuitry 72 for 
further processing and conversion to a musical tone, as 
more particularly described in the above identi?ed 
Watson patents. Thus, it will be seen that the arrange 

. ment selects a phase angle number according to iden 
tity of an actuated key, gates the selected number into 
a phase angle register and then proceeds to cause a 
memory read address register to be repetitively aug 
mented by the number stored in the phase angle regis 
ter at a rate determined by a sampling clock. 

In accordane with principles of the present invention 
the individual voices of the instrument are not stored, 
at least initially, in the memory 70, but are stored in a 
number of voice memories 74 that may be of the read 
only type and of a desired number. One or some combi 
nation of these voice memories are selected and com 
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bined by a voice control circuit 76 that responds to 
stops as in the previously described embodiment. 
Further details of an exemplary arrangement of voice 

memories and voice control circuits for loading into the 
working 

Registration memory 70 (FIG. 2) is a read-write 
memory of conventional type. It is addressed by a regis 
tration memory read addresser 78a. The addresser 78a 
contains a number that is repetitively augmented by a 
number stored in phase angle register 80a. The number 
stored in phase angle register 80a is repetitively gated 
into the register and thus repetitively added to the num 
ber in addresser 78a via a gate 820 from the phase 
angle selector 68 and at a sampling clock rate deter 
mined by a sampling clock signal F". 
The arrangement is such that the addresser does not 

necessarily address and read a different location of 
memory 70 at each of its counts. Rather the addresser 
will read a different address of the memory only when 
it counts to particular counts that are separated from 
each other by selected amounts. As an heuristic exam 
ple, consider a decimal analogy in which the memory 
contains ten locations and accordingly ten words. The 
addresser may be arranged to count consecutively from 
one through one hundred and is connected to address 
a different memory location only at each tenth count 
although it may read out from any particular address at 
which it is positioned upon each and every count. Ac 
cordingly, when the addresser reaches its count of ten, 
a ?rst word Wl will be read from the memory. The sec 
ond word W2 is read when the addresser reaches the 
count 20 and so on, to read the tenth and last word 
upon reaching the count of I00, whereupon the ad 
dresser starts counting anew. In the described example 
the particular word of the last addressed memory loca 
tion is read from the memory at each time the ad 
dresser steps, regardless of whether such a step will 
cause a change in address or will step the addresser to 
a speci?c new memory location. The amount by which 
the memory address advances upon each sampling 
clock pulse F,l is determined by the number in the 
phase angle register. For the highest frequency of read 
out, such number is equal to the difference between 
memory address register counts at successive memory 
address locations so that a new memory address for lo 
cation is accessed upon each clock pulse. For lower fre 
quencies, several additions of the phase angle register 
number to the number in the memory addresser are re 
quired to change from one address to the next. Never 
theless the word at the last addressed memory location 
is read out at each sampling clock pulse, whereby for 
all but the highest frequency each word in the meo 
mory may be read out several times in succession. 
Circuitry including a memory addresser, and a phase 

angle register, comprises a tone generator. There may 
be as many as 12 tone generators, each comprising a 
separate memory address system and each capable of 
individually and independently addressing the same 
memory 70. In the exemplary arrangement illustrated 
in FIG. 2 there are four such tone generators compris 
ing registration memory addressers 78a, 78b, 78c, and 
78d, phase angle registers 80a, 80b, 80c and 80d, and 
gates 82a, 82b, 82c, and 82d, all of the latter receiving 
a selected phase angle number from selector 68, the 
numbers being fed from selector 68 in synchronism 
with the operation of the gates 82a through 82d. 
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A sample clock signal Fe is provided to control the 

rate of augmenting of the registration memory read ad 
dresser 78a in a cyclic sequence with the other registra 
tion memory read addressers. Accordingly the train of 
pulses at repetition rate F, is divided in a divider 90 by 
the number M which, in this example, is one greater 
than the number of tone generators employed. Divider 
90 may be a shift register which sequentially provides 
output pulses at the rate FEW, as indicted on lines F", 
F”, Fm, FM, and F,,,. Lines F,‘ through FM are respec 
tively fed to sequentially enable gates 82a — 82d and 
also fed through an OR gate 92 to enable read out of 
the read-write registration memory 70 each time that 
a selected one of the addressers 78 is augmented. 
The relative timing of the registration memory read 

address circuitry is illustrated in FIG. 3 wherein the 
?rst line shows the sample clock pulses F,. The second 
line illustrates the load or write pulses F", which occur 
at the frequency Fc/M. The third line in FIG. 3 illus 
trates the read pulses applied from registration memory 
read addresser 78a. In this illustration each successive 
read pulse is assumed to access a successively different 
memory location and successive memory word, such as 
W1, W2, W3, etc. This condition of course, exists only 
when the highest frequency read out occurs. At lower 
frequencies each word will be read out several times in 
succession. Regardless of the frequency, addresser 78a 
will achieve read out, whether from one address or suc 
cessive addresses, at the rate F". Similarly read out via 
the addressers 78b — 78d occurs as indicated at ‘the 

rates Frz, Fm, and FM. The fifth pulse F,,7 is employed for 
loading of the registration memory (writing into the 
registration memory) and occurs when no read out 
from the registration memory takes place. 
Although an exemplary number of tone generators, 

including the four illustrated registration memory read 
addressers, is shown in FIG. 2, only one such registra 
tion memory read addresser is required for practice of 
the present invention. The fact that the same registra 
tion memory may be shared by a number of tone gener~ 
ators may be advantageously employed, but is not nec 
essary either for understanding or practice of this in 
vention. Accordingly, we may omit from the ensuing 
discussion the 4th, 5th and 6th lines of FIG. 3 (identi 
?ed as “Reg. Mem. Read: Note 2”, “Reg. Mem. Read: 
Note 3”, or “Reg. Mem. Read: Note 4”, respectively) 
and also the tone generators comprising elements 78b 
— 78d, 80b — 80d, and 82b — 82d. Thus there is a read 
out from the registration memory 70 in the described 
example at every fifth sample clock pulse. In accor 
dance with a significant feature of the present inven 
tion, the time interval between successive occurences 
ofa read out pulse F" is employed to scan all of a group 
of voice or speci?cation memories, combine amplitude 
sample representations read from selected ones of the 
voice memories and load the combined voice represen 
tations into the registration memory under control of 
the load signal F,,,. ' 
Thus, as illustrated in FIG. 2, a number of voice 

memories, which may be read-only memories indicated 
at 74a - 74n, are all addressed simultaneously by a reg 
istration and voice memory addresser 96. The latter 
also addresses the read-write registration memory 70 
but only or writing or loading into this memory. The 
read out rate of the voice memories and the loading or 
writing rate of the registration memory are both under 
the control of the load signal Fw which accordingly 
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steps the addresser 96 at the clock rate Fv/M. Although 
the voice memory addressing and registration memory 
write addressing both advance at the rate F,,,, the read 
out of all voice memories occurs in unison at the rate 
F,,. This is achieved by feeding a voice read signal F,7 to 
actuate read out of each of the voice memories. 
The voice read signal is a pulse train having a greater 

repetition rate than the rate of the sample clock signal 
Fc. The relation between the two is such that all voices 
may be sequentially combined between successive load 
pulses F,,.. In the exemplary embodiment disclosed 
herein there are eight voice memories, each of which 
is available for combination, one after the other, at suc 
cessive ones of the voice read pulses F,,. Accordingly 
there are eight voice read pulses for each load pulse. 
This relation is conveniently achieved by dividing the 
pulse train F” in a divider 99 to obtain the pulse train 
Ft. 
The various timing signals and pulse trains may all be 

derived from a master clock, divided down as described 
above. This is a matter of convenience only since the 
rate of addressing of the registration memory for read 
out is independent of the rate of write addressing 
thereof except for synchronization from the master 
clock. The rate at which read out steps from one regis 
tration memory location to another (as distinguished 
from the registration memory read out rate) is con 
trolled by the selected note frequency (via the selected 
phase angle number) and thus is independent, except 
for synchronization, of system clock rate. 
Although all voice memories are read out in unison 

at the rate F,,, they are time multiplexed by means of a 
set of gates 98a — 98n so that representations from each 
of the voice memories may be passed in sequence to a 
parallel to serial converter 100. 
Control of the multiplexing cycle of voice memory' 

gating is provided by the outputs of a shift register or 
divide circuit 102 that divides voice read pulses F,7 by 
the number n of voice memories. Thus upon each oc 
currence of a pulse F, a different successive one of the 
gates 98a — 98n is enabled so that the words read from 
the same location of all voice memories at each pulse 
F, are sequentially converted to serial form. It may be 
noted here that in the described arrangement each 
word or amplitude sample representation is stored in a 
given memory location as an eight bit digital word of 
seven bits plus sign. 
Gates 98a - 98n are also selectively enabled by sig 

nals S, through S,l respectively representing actuation 
of different ones of different combinations of the sev 
eral stops. Accordingly only representations from those 
voices selected by operation of a particular stop or 
stops are fed to the parallel to serial converter 100. The 
output of the latter is fed to a serial adder 104 which 
sequentially adds the representations from selected 
voices, one by one. After all voices have been scanned, 
the output of the serial adder, which comprises the 
total of corresponding representations of all voices se 
lected by stops S, -— S,,, is gated by the load pulse Fw 
through a gate 106 to a serial to paralle converter 108 
which loads the combined signals of selected voices 
into the registration memory 70. 
Timing of the above operation is illustrated in the 

lower eight lines of FIG. 3. Shift register 102 divides the 
voice read pulse train by the number of voice memories 
so that at one pulse F,,, word one (W,) of the first voice 
(V,) memory 74a is gated into the converter 100 via 
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gate 98a. At the next pulse F” the ?rst word (W,) of the 
second voice (V2) memory, 74b is gated into the con 
verter by gate 98b, and so on until the n"l voice (V,,) 
memory 74n has its ?rst word gated into the converter 
via gate 98a. 

Pulses from divide circuit 102 may be inhibited dur 
ing the load time F,, since the voice memory address 
register is stepped and no voice read out is desired at 
this time. 

After the combination of the first word from selected 
voices is loaded into the registration memory, the voice 
read out multiplexing cycle again commences reading 
the second word (W2) of the first voice (V,), the sec 
ond word (W, of the second voice (V2), and so on, at 
each voice gate pulse F,,, until the second word of all 
the voices have been read and combined in the serial 
adder. Thereupon the next load signal Fw gates the 
combination of the second word of the selected voices, 
advances the address for both voice memory and load 
ing of the registration memory and enables the loading 
of this combination of second words into the next ad 
dress of the registration memory. 
This sequential operation of feeding words from the 

several selected voice memories is illustrated in the last 
eight lines of the graph of FIG. 3 which respectively 
shows the sequential gating of the first word W, of each 
of four of the exemplary eight voices V,, V2, V3, and 
V8, during a ?rst interval between load pulses Fw, fol 
lowed by the load interval FE and then a second voice 
multiplexer cycle in which the second word of each of 
the voices V,, V2, V3, through V, are sequentially gated 
for serial combination to be loaded into the next ad 
dress location of the registration memory. Although the 
exemplary embodiment shown in FIG. 2 shows simulta 
neous read out of all voices and successive gating of se 
lected voices, it will be readily appreciated that an 
equivalent function may be achieved by successively 
gating (under control of stop switches S, — S,,) reat out 
from the voice memories and feeding all such read outs 
directly to the converter 100. Various elements em 
ployed in the mechanization of the present invention 
are standard, well known components. Thus, the text 
“Computer Handbook" by Huskey and Korn, First Edi 
tion (1962) McGraw-Hill, discloses on pages 15-9 and 
15-10 details of serial binary adders that may be em 
ployed in the arrangement of FIG. 2. Pages 16-14 of 
this Huskey and Korn text disclose exemplary arrange 
ments that may be employed in the present invention 
for translation of information from serial to parallel 
representation and vice versa. 

In the illustrated arrangement timing is selected such 
that the interval between reading under control of the 
pulses F,, for example, is employed for read out, com 
bination and loading of the voices into the registration 
memory. In an instrument employing a number of tone 
generators, which are mutliplexed so that each may 
successively address the same working memory (as de 
scribed in the Watson U.S. Pats. Nos. 3,610,799 and 
3,639,913), there is necessarily an interval between 
successive addressing of the memory by any one tone 
generator. The arrangement of FIG. 3 shows timing of 
an exemplary embodiment employing four tone gener 
ators successively addressing the memory at pulse 
times F,.,, F”, F”, and FM, respectively, with a fifth 
pulse time in a single cycle F,, employed solely for load 
ing into the registration memory. In a system where 
twelve tone generators are employed, it is extremely 
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unlikely that all twelve will be simultaneously assigned 
since seldom, if ever, are twelve notes played together. 
Accordingly, the twelfth time slot of the cycle of tone 
generators (analogous to the ?fth time slot F,, in the 
five interval cycle of FIG. 3) is employed for loading of 
the registration memory. If deemed necessary or desir 
able, where a time slot of one of the tone generators is 
employed for loading, the load operation may be auto 
matically inhibited in those rare instances when all 
twelve tone generators are employed. Such inhibition 
of the loading of the registration memory has no ad 
verse affect upon operation of the system in a large ma 
jority of instances because loading of the selected com 
bination of voices merely repeats the same loading op 
eration unless and until a change in one of the stops is 
effected. Thus, the probability of a stop change being 
implemented while twelve different notes are being 
played is negligibly small in a manually controlled in 
strument. 

In the arrangement illustrated i FIG. 3, it will be 
noted that the read addressing of the registration mem 
ory is independent of the addressing of either the voice 
memories for reading or the registration memory for 
loading, although the loading occurs at a time when no 
read out of the registration memory takes place. There 
fore, should only a single tone generator be employed 
to read from the registration memory, it will be readily 
appreciated that the rate of read out from the registra 
tion memory and also the rate of advance from one 
read out address location to the next,_may be consider 
ably higher than that illustrated in FIG. 3 in view of the 
fact that no time need by allowed for the multiplexing 
or time sharing of the one registration memory for ac 
cess by plural tone generators. In such a situation, a 
registration memory read out rate for high frequency 
notes, (when the rate of stepping from one address to 
the next may approach the read out rate) may be 
higher than the loading rate (the rate of stepping from 
one writing address to the next during a write operation 
into the registration memory). 
For the timing shown in FIG. 3, illustrative of read 

out of the highest musical frequency, the read out ad 
vances from one address location to the next at the rate 
of Fr, and loading also advances from one memory lo 
cation to the next at the same rate (as controlled by 
F,,,). At all other frequencies the read out rate of ad 
vancing from one address location to the next occurs 
at slower rates. Although read out is still at the rate of 
F", such read out is repeated at each address location. 
Nevertheless, the advancing from one memory address 
location to the next for registration memory loading, 
remains the same at all frequencies (although more 
time is available at lower frequencies for voice combin 
ing). Therefore at lower frequencies, loading takes 
place faster than read out. If a relatively slower pace of 
loading (and voice combining is desired) the load 
pulses F“. and voice read pulses may be caused to occur 
at a still lower repetition rate as by dividing these pulse 

' trains or inhibiting selected pulses of these trains. 
It is a signi?cant advantage of the present invention 

to enable a highly ?exible selection of write address 
and read address rates of the registration memory. 
These rates are independent of each other and will be 
chosen according to requirements of a given system. 
For example, writing successive words into the registra 
tion memory may occur once for each read out of two 
or more words from this memory (even at the highest 

5 

10 
musical frequency). In such a situation, several com 
plete groups of amplitude sample representations will 
be read from the registration memory before its con 
tents have been completely updated according to the 
latest selection of voices. Nevertheless, the effect of 
partial updating occurs only upon a few cycles of the 
note or notes being played, and then only when a stop 
change is made during the playing of a note. 
A conventional organ may have a number of divi 

sions such as pedal, swell, and great, and each of these 
divisions may have a number of different voices or 
groups of voices unique to the respective division. Fur 

‘ ther, different voice groups may be played through plu 
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ral audio channels and different numbers of registra 
tion memories. In general, an instrument embodying 
the present invention will have at least one registration 
memory for each division (for each manual and pedal). 
Further, any voice may be directed to any registration 
memory. The overall arrangement of aspects of such a 
system is illustrated in block form in FIG. 4 wherein a 
?rst group of voice memories 200 may comprise, for 
example, 16 non‘?ute voices for swell, and a second 
group of 16 ?ute voices 202 for great. Different voices, 
or combination of voices of- the non-?utes 200 are se 
lected by operation ‘of stops collectively indicated at 
204 and fed through gating circuitry 206 to a voice 
combiner 208. The selected combination of voices 
from combiner 208 is fed via a gate 210 to a ?rst regis 
tration memory 212 from whence the combined voices 
may be read as previously described, shaped and con 
verted for audio presentation in circuitry generally in 
dicated at 214, for presentation to a loud speaker 216. 
The second group of voices, the ?ute voices in the 

memories 202 are selected by stops collectively indi 
cated at 220 and passed through gating circuitry 222 to 
a voice combiner 208 from whence the combination 
selected voices is passed via gating circuitry 224 to a 
second registration memory 226 from which selected 
?ute voices may be fed to shaping and conversion cir 
cuitry 228 to drive a separate audio channel or loud 
speaker 230. 
A third registration memory 232 may have a selected 

combination of pedal voices, for example, loaded into 
its various memory locations from a third group of 
pedal voices (not shown) in the manner heretofore de 
scribed. The memory 232 may conveniently have its 
output combined with the output of memory 226 so 
that both pedals and ?utes for example, may employ 
the same audio channel. Gating circuitry 206 and 210 
are operated in unison, and gates 222 and 224 are like 
wise operated in unison, the two pairs of gates being al 
ternatively operated so that the combiner 208 will com 
bine either voices selected from voice group 202 for 
loading into memory 212 or will combine voices from 
the group 202 for loading into the memory 226. it will 
be readily appreciated that the overall arrangement of 
voice groups and registration memories as shown in 
FIG. 4 is merely exemplary of many different combina 
tions of voice group memories and registration memo 
ries that are possible and facilitated by means of the 
present invention. Several embodiments of the inven 
tion have been described in connection with various 
types of note selection and stop selection systems. It 
will be readily appreciated that the described principles 
of selectively combining voices for loading into a regis 
tration memory sustantially independent of the read 
out from said registration memory may be imple 
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mented in still other arrangements and with still other 
modes of note and stop selections. One such embodi 
ment of the present invention that employs multiplex 
ing of keyboard switches, tone generators and also em 
ploys multiplexed stops for reading selected combina 
tions of voices into a registration memory is shown in 
the above-mentioned Watson U.S. Pat. No. 3,610,799. 
The described arrangement has a number of advan 

tages including the fact that there is possible a much 
lower rate of combining of the selected voices since the 
combining and loading of the registration memory need 
not occur at the readout rate from the registration 
memory. A further advantage which derives from the 
provision of more time for the combination of voices is 
the fact that serial combination of the representations 
of amplitude samples of di?'erent voices may be em 
ployed, thus, considerably decreasing the amount and 
expense of required circuitry. 
As indicated, readout and combination of voice 

memories may be timed so as to achieve loading of suc 
cessive locations of the registration memory at rates 
that are less than the rates at which the same locations 
are addressed for readout. Thus, the memory read ad 
dress may be implemented to step from one memory 
location to the next at a rate that is greater than that at 
which the addressor steps from one memory location to 
the next for loading of the registration memory. This 
relation of a higher readout compared to writing rate 
for the registration memory may put the least burden 
on the voice memory readout and combining circuit. 
However, such a relation is not necessary since the reg- ' 
istration memory may be loaded at the same rate as 
readout as long as writing and reading do not occur to 
gether. 
Although the invention described herein is applied to 

digital organ systems, it will be readily appreciated that 
may be a core memory of the type described in pages 
180 et seq., Chapter 7 of “Fundamentals of Electronic 
Computers Digital and Analog" by Matthew Mandel. 
Various types of microelectronic integrated circuit 
read/write memories are also available and are pre 
ferred where other circuitry is mechanized by micro 
electronic techniques. 
Loading of combined information into the registra 

tion memory, as previously described, may proceed at 
a slower rate than does read out from the registration 
memory. For example, the combining of voices and 
loading of the registration memory may take place at 
the rate of 15.5 kH instead of the 62 RH rate of registra 
tion read out of a high frequency note. 

It will be noted that in the arrangements of the pres 
ent invention, once a stop combination has been se 
lected, loading of the registration memory may repeti 
tiously continue. That is, the same selected voice com 
bination may be repetitively read into the registration 
memory unless the stops are changed during the 
plyaing of a particular note. However, if a stop is 
changed while playing, there will occur only a very 
abrupt transient in the form of a nearly inaudible click 
in the audio output of the instrument. Generally, such 
a transient will be acceptable. However, especially in 
the playing of classical music, the stop change is seldom 
made during play. 
A stop change sensor may be employed to provide a 

single or a pair of registration memory load cycles 
which are initiated upon sensed change of a stop posi 
tion. In such an arrangement, memory load would also 
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12 
be initiated upon turn on of the instrument, since the 
stops may be changed at a time when the instrument is 
not supplied with power. 
There have been described various methods and ap 

paratus for selectively combining different voices of a 
musical instrument at rates not dependent upon musi 
cal frequency, which enable implementation in many 
different modes with larger number of voices and voice 
combinations, and less circuitry. 
The foregoing detailed description is to be clearly un 

derstood as given by way of illustration and example 
only, the spirit and scope of this invention being limited 
solely by the appended claims. 

I claim: 
1. An alterable memory system for an electrical musi 

cal instrument comprising 
a registration memory, 
a plurality of voice memories, each containing a 
group of amplitude sample representations of a 
complex wave form of an instrument voice, 

means for combining amplitude sample representa 
tions read from a selected combination of one or 

more of said voice memories, 
means for writing said combined amplitude sample 

representations into said registration memory, and 
means for reading said combined representations 
from said registration memory at a group repetition 
rate related to the frequency of a tone to be gener 
ated by said instrument. ' 

2. The apparatus of claim 1 wherein said combined 
representations are read from said registration memory 
at a rate that is independent of the rate at which said 
combined represnetations are written into said registra 
tion memory. 

3. The apparatus of claim 1 wherein at least some of 
said voice memories are read only memories. 

4. The apparatus of claim 1 wherein said means for 
writing combined representations into said registration 
memory loads successive address locations thereof at 
intervals between readout from different address loca 
tions thereof. ' 

5. The apparatus of claim 1 wherein said means for 
reading representations for said voice memories com 
prise means for reading such representations one by 
one, and means for combining corresponding represen 
tations of selected voice memories and writing such 
combined representations one by one into said registra 
tion memory during intervals between read out of suc 
cessive combined representations from said registra 
tion memory. 

6. The apparatus of claim 1 wherein said means for 
combining and writing representations from said voice 
memories and writing such combined representations 
comprises means for accomplishing such combining 
and writing into a single address location of said regis 

' tration memory during a period in which more than one 
read out from said registration memory occurs. 

7. The apparatus of claim 1 wherein said means for 
combining representations from said voice memories 
and writing said combined representations comprises 
means for combining and writing one complete group 
of representations into said registration memory during 
the time that a complete group of combined represen 
tations is read from said registration memory more than 
once. 

8. The system of claim 1 wherein said means for com 
bining groups of amplitude sample representations read 
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from said voice memories comprises an adder, and 
means for trasnsferring to said adder representations 
from respective ones of said voice memories in se 
quence. 

9. The system of claim 1 including a second registra 
tion memory, said voice memories including ?rst and , 
second sets, said means for writing comprising means 
for writing into said first-mentioned registration mem 
ory combined representations read from memories of 
said ?rst set, and means for writing into said second 
registration memory combined representations read 
from memories of said second set, said means for read 
ing from said registration memories comprising means 
for separately reading from either or both at group rep~ 
etition rates related to frequencies of tones to be gener 
ated by said instrument. 

10. The method of generating a musical tone which 
tone comprises the combination of a selected one or 
more of a number of musical voices each of which is 
separately stored in a voice memory as a group of am 
plitude sample representations of a complex wave form 
of a respective voice, said method comprising the steps 
of 
reading amplitude sample representations from at 

least selected ones of said voice memories, 
combining corresponding representations read from 

different ones of said voice memories in accor» 
dance with a desired voice combination of a tone 
to be generated, said combining being at a ?rst 
rate, 

temporarily storing said combined amplitude sample 
representations, and 

reading said temporarily stored combined amplitude 
sample representations at a second rate related to 
the frequency of the tone to be generated by the 
instrument. 

1 1. The method of claim 10 wherein said second rate 
is less than said combining rate. 

12. The method of claim 10 wherein said second rate 
‘ is greater than the rate of storinggsaid combined repre 
sentations. 

13. The method of claim 10 wherein at least one of 
said steps of reading said voice memories, combining 
representations read from'said voice memories, and 
temporarily storing such combined representations is 
initiated when a different voice or combination of 
voices is chosen. 

14. The method of claim 13 wherein said one step 
that is initiated when a different voice or combination 
of voices is chosen is terminated after a number of 
complete cycles of temporary storage of combined rep 
resentations. 

15. The method of claim 14 for use in an electrical 
musical instrument wherein said one step is also initi 
ated when power is applied to said instrument. 

16. An electrical musical instrument comprising 
?rst storage means for storing sampled amplitude 

representations of a musical voice, 
means for reading said stored sampled amplitude rep 

resentations from said ?rst storage means, 
means for modifying the sampled amplitude repre 
sentations read from said ?rst storage means, 

second storage means, 
means for reading repetitive groups of sampled am 

plitude representations from said second storage 
means at a group repetition rate corresponding to 
a selected frequency of a musical tone, and 
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14 
means for writing said modi?ed sampled amplitude 

representations into said second storage means at 
a rate that is independent of said group repetition 
reading rate. 

17. The instrument of claim 16 wherein said means 
for modifying said sampled amplitude representations 
read from said ?rst storage means comprises means for 
combining with said representations of said ?rst storage 
means a group of sampled amplitude representations 
delineating a second musical voice. 

18. The method of combining voices of a multiple 
voice electrical instrument comprising the steps of 
generating representations of a plurality‘ of voices, 
selectively combining representations of at least two 
of said voices, 

storing said combined representations in a storage 
device, 

repetitively reading out of said storage device groups 
of combined representations stored therein, said 
reading out being repeated at a group repetition 
rate that is manually selectible according to the fre 
quency of a tone to be generated including said 
combined voices, and 

producing an output signal from said repetitive 
groups of representations. 

19. The method of claim 18 wherein said representa 
tions comprise amplitude samples collectively delineat 
ing a complex wave shape. 

20. The method of claim 18 wherein the rate of stor 
ing representations in said storage device is indepen 
dent of the rate of read out therefrom. 

21. An alterable memory system for a musical instru~ 
ment comprising 

a read-write registration memory having a plurality of 
address locations for respectively storing represen 
tations of amplitude samples of a complex wave 
form, 

read out means including means for advancing from 
one address location of said memory to the next at 
a rate related to a selected musical frequency, 
whereby groups of said amplitude representations 
are repetitively read from said memory at a group 
repetition rate related to said musical frequency, 

a plurality of voice memories, each storing represen 
tations of amplitude samples of a musical voice, 
and _ 

means for combining representations from selected 
voices and loading such combined representations 
into successive address locations of said registra 
tion memory, said last-mentioned means including 
means for advancing said loading of combined rep 
resentations from one address location to the next 
in said registration memory at a rate that is inde 
pendent of said ?rst-mentioned rate of read out ad 
vancing from one location to the next. 

22. The system of claim 21 wherein said rate of ad 
vancing from one address location to the next for load 
ing into said registration memory is less than said rate 
of advancing from one address location to the next for 
read out therefrom, whereby selected ones of said 
voices may be combined at rates less than musical fre 
quencies. 

23. The system of claim 21 wherein said rate of ad 
vancing from one address location to the next for load 
ing into said registration memory is substantially equal 
to said rate of advancing from one memory location to 
the next for read out from said registration memory. 

24. The system of claim 21 wherein said rate of ad 
vancing from one address location to the next for load 
ing into said registration memory is greater than said 
rate of advancing from one address location to the next 
for read out therefrom. 

* * * * * 


