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Tlo 7earotV6 for new zathods of yr3want!L'C;visual lattarns in Contanction with musical
sounds 1 have devised a aystem Osed an inten
nodulatinn of colored U,at as diaplayau on ths
screen of.. tricolor jHT ( caz .oda ray tula ) .Huca of the system S identical to ScrOons of aKaWard color television receiver and slace --,ninlaun niount of farigheal circuitry 0 required
to adajt audio sugn-Is for d1s ;lay it seezs feasiblethat receivers could be commercially producedwith sound display huilt in . There Sre diAlact
raintionchips between the disglayed ~attern i_d
cart .i n icouzt1=1 ;Lrawaters such ~s am,lltuda nnU
frequency . i t Q §ossible to oat7lo,ue Va
worral .tions nd u3s t .em s i bAsA for Owv~iwpina nfrzy of

	

WARn M - Y be Scolea zuc~ 1 . W3
; 2w YKy ti-t wcu3tlc~i pornmezers zire 3cared A
nusical com coitions .

Ths followin, 11ccussioL bolins Mn

	

daicri,-
tion of tie scanned raster display =d an
of Acoustically based pitterns, Oircultry use& in
my ex ;urimanw is described s Ind finally 1 Marie
visual score is developed along with tie AUM
conputar synthesis of the score .

ristar smass .
st~ndurd taiavLcion 11sture is ;roducej

so .nning We area of tie OaT screen torizunt .il d
isd iartically . tie oequence used is to saaa o=
IlLe acrACMAly AK than jr0ceed Verz!j=, to
the next line . Scanulog ncrmally occurs iza" left
to rL,At acroso tha scraen Ant from to, tc VcM ,,:
]=a the zcreer.

ASO ( MvLonal Tele7laion Wtem Oozlltta~~
:t nd .01i 2 Ve jzt hiMad We United St Wr
~rw ~U .zt jlcwra . M3 lictuze ccns1w -t6 A 325
lorizontal lines with in Mai res6lution of
Alcul 500 dlama"tz lir line .

	

1 vertical zs .i- :LcJrency of 53 .14 ]z ad

	

lorizont-1 zcaann
fremency of 15 .734 W

	

syac!Md . !"wae
fr-473 .:cle, x3 acyin lly 2afazcd to n . V 0
1-& 12-7117 - r .j .sAlvaly . Fuz ,hs=ofe, sh-,
zc nnin ; 12 inter! jid niva a zitia of 1 :1 . 220
mn,as that in any jivea vertical scan an!; I t
tot~l lines nre sc .nned . We fullMn, 7arvicil jc-
.o . nr . z",'Waz Uzes so tazt two vertlaai

	

Cunj
or Yalds to Z31,11A to r .duwa a wu~ !on, 11=.-
jr fy .ne . ( T~a need for niarl cins an:2v f=-- i

7 to reirc3 yicture flicker wtic! is ner-th %

	

na- -
ce ;ti,ie at i1eld rates ui 30 Hz .



Considerin - the time domain we see ti'lat tile
dur ::.tio- of a line is about 63 .5 usec ( micro-seconds)
wile the duration of a field is about 16 .67 milli
seconds, Not all of the scanning time is used for
producing a visual portion. of the picture . Synchro-
nizing and retrace reduce the actual times used
in producing an image to 52 usec for a line and
15 .5 msec for a field .

Finally, a conversion from the time domain
to the spatial domain occurs at the CRT. An
asi~ect ratio of 4 :3 sets the width of the picture
at a value 4/3 the height of the picture . In the
CT T used in my experiments the width of the scree :
is 20" and the height is 15", Thus, in the horizontal
direction 2.6 usec ccrres~:onds to 1" of length .
Likewise, 1 msec cor= , ~s,)onds to 1" of length in
the vertical direction

The portions of the television receiver
required for the displa;" --re indicated in figure 1 .

Figure 1 ,
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-carameters
interact wits. tfe scanned raster, Let us consider
the problem. of analyzing these interactions,
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tiimilrlzj stationary patterns result on the screenof the' T_~l when the modulating signal frequency is
an integral multiple of the scanning frequency .
Consider a 160 Hz square wave modulating the red
cliroma - channel . During eac .i field the modulating
signal goes through three cycles . '?efer to
figure 2 . Since positive excursions of the
square wave turn the c'_iroma on and negative
excursions turn the chroma off the resultant
pattern. consists of three red horizontal bars
equal in dimensions and equally spaced on the
screen of the CRT, as seen by an observer . if the
frequency of the square ;rave is exactly 179.82 Hz
( three ties the vertical scanning frequency ) the
pattern_ will remain stationary . If the frequency
is slightly higher than 1%30 Hz the Oattern will move
upward on the screen while if the frequency is
slightly lower than 180 Hz the pattern will move
downw-,.rd on the screen .

It is possible to accurately --;redact the
dimensions of the pattern on the screen . For the
180 j,z square wave tae period is about 5 .6 msec .
The c' ,,roma channel is on for 2 .3 msec assuming a
symmetric wave . Since 1 msec corresponds to 1"
in the vertical direction the pattern should consist
of red bars 2 .3" wide and extending across the
screen .

	

Between e-c'a color bar wil L be a bl'ac'lr,
bar of width 2 .3" . alternatively, it is pos-
sible to consider the number of lines whic'- are
produced . a 2 .3 msec on time of the chroma cor-
resr;onds to (2 .3 msec)/( 63 .5 usec ?er line) or
about 36 lines .

	

ue trI interlacing these 3b lines
Lire

	

:,Bread over a. di5 caauu

	

ui ;

	

l.Liie0

	

.

	

To
-"!c'

	

of 72 laser multi ,1,' t'ne fr"c ..__ .,, ._
Of 1_:,nea

(R) ~~UTING sfcvqc
ip .r ~1sec

_ ; u uy u
t

f,
YERTIC,44 SWEEP

CRT
SCREEN



~ttlrr z

	

-ro 7u:2d V"

	

onef f v,UG70 I on

	

jp-
" 1 1 -
. . .-tnd

	

7trIj , r

	

f

	

c . jar,

	

Yoz m V ~-,
e,acnol2a the 7~tt2rnz all! be %rMcnt - I in _n-
try . ir orier to a,Aeve 7artl=l gittarna

modui-tin : Wquenne : nova the nnzornti 2,
f2w" :enc- ,,re raquired .

	

it will 'fin usem to
3cnAfnr tM7 izze e-en thouln it will =7-11~-

not be anc-unt3red with ~Qlc frequencies .
Q tha froqve=7 of t4a modulating si3nni

incrs~72, Ve 7ntt3=7 Uill S~Ift fro-
to di . -=1 Kne& t - MAN Vertion! bqrs At

llc~ vra lntazr-1 -UIZI :130 H
c~n fT9q-nno7, it loy frSqIS7,-

! Cf - =Vsr - 1z n7ny 1=37 7o th -

le~r~ tn h2 izrlz nvi, 1 , 11A -we

Won Cf Ve -?rlid C2 g line 0-
.~r to ~i -apVcH . Azure 3

t7 .2a yAncif b- i "2076 A
QV77Ltj modulatAZ , s~rcz- a" - nnni .

wrej~anaj 11 four times tie hcrizontal c - .n
f7cTvray,

frv~e no le
~Lrlzcnti 1
tic a :
77tt=

a - I j
tha
co t!2

LTC Nov o

vinure I

	

Terfarenc -f - 17 101-nt i0
"-on 7,.,"M "I f%0

.

	

A

	

AW *

~ : U]Pd trLj

1,
&d a

-10 do-
or(hkoelewvrw

~o 7" -mvrize to "!is Doint in toe an9c"ino-,
7 intin 10 10fulAtIrl thl chrc= lh --Mls Of -
rl-or!Tr 17T

	

usW7 friquenolei ir the ind" 7- nT.-it 1c j,vi'lo t . &Aus- 1 - tti2nT 7hln~ be?-
-:7",._^t-Me rel7tiorw4l : t- t"S frslye - c - "

7 ~-r!7 -nt - ! Cr 76 -0171 - = -Win','
7rin - rilT ~=Oont I ~ rs .

A i stsvir-stnta oqu-rq wnve
AZ -nMrn

	

r - lucticn .

	

fhnr'
~tl= WY2" I- MP Wn7ljerod

-L

	

ju 1~

	

01r

Tha CLM712
n'Ify! ir In-Vin

C.Tr SCRACIV



_-ricnc

	

.-rvnntc nontants nffs:f the - ttorn
in O t t . _s Tn2t-rWr2cwz -. .," ^.lltuds of the --ofar-r,
i7 dotirAinid ~- V a ncMin-ticn if a` n' ' tqr=nno
~t tta! ti a . Thmi tharn 1 z _ correlation
tM timbre of i muclo7i scy& and the cutlin .,;
of the vqttarn nrojucad W the aound .on tA 7creen .
Tne

	

squ-rs ;7 .̂. :'a5

	

nhio', has ns a first der!Vt-vo
delta functiorg, produces n 7nttern w1V nrlz7,
an:rV outlines . That Q, in n neilhboricof cf the
OUAIM09 thO OtOnsit7 re=Qns ccnztPnm - t one
Cr two vAuss, zarc or Some Wation of t1i j' t'.._ -'C'n
intercity .

	

A sins w77o has nc its fIrqt 0077tivo
contlnro= f7rotion, the

C f

	

ii_-

_.-

nozine, 30 V?t ton
:~ttsrn - rravcnd 4- n Ane Ya7a is 1211ptinit,

Other.7-vn2crr~ c-n be obcnr7nd nnd t ,
t~! -- 't,rr o7nilnog -in be rii-r^M

Oxtorl of the PatUrn .
Q=M

a IUM 1 1-t?Z 1 =1 1 ~ 10YOS, fnr t~?
Y'tVrMs 11 rclnriA or =Metic t7m, T"- wr,=.
n7_117= 7 - r - - 0 tt - t W7 073rnte e7gert1~1L-
an voitvV2 icntrailod -m-liflars, >e 1n--,a+ im .-
:eYncl is

	

1

	

"?Z0 1M 'r , 1 -nits yroduc3l 2
scr3sn .

	

17 the 70107e V m-dy neEntivq the iv, -
WAO of tts cclor Unrerscr nntil it rennhe~-.
- ma -k"m -t - control voltnge of -4 MO . N
i_ njut Wro"it moot "-'.',Ti -lifv ncTin-1 0 M? 2ilrAc
from t>9 t`. . -° :1-ybach to ~ leval necnqvir7 Or
a-ar - WnZ tip n4rnna sm-liflers . 0 db corre7 -onds
to 7ey" 7inr~17 of 1 volt in - -71n of 4 19 ranuiriO .
?n .-. ±71T8 7ortions of thp in-of ji nnai 9 4 77 in

bO MAMA . Tf 7 Tojitive q j,Qj
147CT - 0711flOr triads, currant Is

n vatlage controlled

	

condition no lu~ij " ,~,

not
is fed to ~!,~
drawn from the

source Anu
exis's .

The amollfier Awcuit =Awn
fl,ure 4 is uuad to tonnsfirE 09

	

uM jfEr .1-
11rown uc"tru Valtaguz .

i ~, I�]
*(

	

'I -
I
CWROIAA AMPLIFIER



.
Mizonild MY cTaratlu=l a:~ Aillur is

used :j the nctiva ele"Ont .

	

TIC a. 711=nr 1 : 1_-
t_~ invertim conflguw~tion wit! tn6 6ain a
,_ at

	

lb

	

Ry	ant

	

2. ,

	

1

	

crtion

	

Uf

	

24

	

!a

	

mods
to allow ; :e ~Vuyl 1 __t: to he vatied zrom n
-j to =10 . Me inpul diode DI Is a sillaca
diode adij! _=_-1U :?J July tAe 021tive portions
input signal io be amplified . Although the
circuit iz simila a Ow v&dizluns jrovido _-,
nushur of jignul :icczszLnj conditions

	

tc he
in Oru.UOLC,

	

~ttarn ILUO grovidin" fldX1!
1L U6:. of the joun_ satarLai . For annLyld '
ludition of a acn-ILVIltio, in Ut to T.

. 2Linnhis z~ is driven
AT 01 02-11 K71MM . UM, 511M.;

j he

n1lono zwo ahrow
,urtiont of the
:C11O1V6 Volta,.Old to canoel
OLS lnvurt=_
sudulate L cnrow2 Y

UM

Z30-11vartin ; 1. is I!-
: of iCsitlve voit.,zS 0

La jazilble tc liffs.=1111
UZI .it., =7 fLffor=~
cavern! in,uto to aaul whyon_

3rVn,.jr& aon-1nv3rt1n . ty .s . . .
Severn! sources 1L ths UhrCM':'

znuss

	

_ jrvAt d e: l of uolur mlrtrr'~
tna 12T. A matrix =Ltsl Uow,

ann~ input zo be jannzated vv one of 3averQ
- OUNCOO,

	

we sidas ualmy strictly audio siZn .i o tu
'zodulats the c~ruww oh .nnels there are di,

clrouLts which can Qe used Lo blan! out cz
rcinZwroeyortions of the 2attern .

	

ACAU
_aitw= 2or"s b.wona ~v.iliblc zincs ths
na~d act he usad for onu 7attarn . n c3~ !sts vv

arlawntal lyzLen is saown in 0,010

7OUT0836
;A~ LLUI

	

0 :
it io jossib!2 LC
2tannelj ad tlaL
on tho zcrve . of

t0n .
Or the O.ku of UnwoOlty 7 will .~Cay .

SUC .
~ .ghz he ussful in zci=n!caAnC jarticZ__T-

	

-

	

..1 ' 0 . .

	

! . .&

	

~~01 lin z ~011Utawr 3 2 .
- zo 's 7c Lzzw

atood 11 1
.:ail be

	

oue

	

of

	

t1rea

	

7~1-.
w2e of Ow jwighcrc

ouU

of S,,
busO,

uAlland
Mz-.



channel varics as 1:1u ia,wltude of the juntral w . ;
l_ ;: ;. to tkav channel . Time intervali need W,

oe wnusi4azed of bct ._ Urge and alai! mn6nitude,f,,, jC-S

	

to 103 sacunds or care . T_::
mature of tLS a anned raster ij ouct thn 1=613created and sustained in time, it any one lnvz~o~
there M but a portion of a whole Image leina produced .
HOWever, inteirntion uf the scanned ;attain by Q2neural and jsyckoloyi2al procescoo Involved 0-luman siSit make it .~u3zlble for a viewer =
.drceive a continuum if imaGes . Ono need be sun-
adrned wit! time inzervals wan roiaza
LL

the
line, thal to lntarv~.ls ulth orders K

of 1 usec .

	

Men deaZn~ w1V Wic aiGnalj Lt Af-M.6 w O?eclfy t.E f Quanz ; and !UrLtlon 1" s"'.
nudul"Z!M~ Ngn.lz .

'^ 1o ideal Srn,h1w

	

~cors could be raallzH,
in :__rue dimension, Kin co?or as a parameter .
3jeciZyMS aw,lituaa uud freQuancy as functio2iof time 0 sufficLan ; zo jefine a jattern . lonLvei-,it is Sonvonienz to accr : time ind f2a~u6nuy no.u,arawa functiuns of tize, with azlcr an a yariselar,lo a exac ;le of notation and computer
realizati .n of tha audio gortion of a jaztarn
ocosiduy t4w fulluwins . A sac_', H to vcnslsvof a sequence of tones . Mese tones iiall M
the fraqueLCY 53 .94 1z and Its ~irst 9 aaraaMws .
Anon cons lh= lave

	

luration of ten secoid, ~ith
thre . _acon,w of slionca betwean each tine .
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thw= 6n all he a linaarincreasu in frequuncy by 31 of the initial 1- zoss"O : '
followsu ly a liaear decrease in

	

ibuf the laitial frequeacy, and finally, a linanz
increase in froquoucy to Ve initial fraquency .In adliticn, ti v -envelo, of the tons shall 2pyean a lWar attick time of 2 caconds, a linaqr decay
time of 5 senonds, and a sustain level of 37 db .

Each tone should produce a stationary pattern
on the screen for 5 seconds and then the gattern
should shift uvward, the downward, and finally up-
ward ahd back tc rest at its initial oosition .
After these patterns are recorled they will be mon-
ta6ed onto a stereo ta2e . Tie final sequence of
tones will not necessarily be the sequence which
7as generated . A score for the generating
routine is lotated in figure 6 .
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pro ;ram is ~x$matcted .

V 310.an2-
altnte

Sonclusions .
,shat has been described in tie preceding iz

the beLinningz of a system which will enable
abstract Video patterns to be produced as well
as enable concrete, 2rercccrded or live video
wiZnals fica anmerns to he modified . It 12 difficult
to

	

;red ; cL where thic 7or'.: will lead, but lt2
sanifestationz ML:: 1rove a : a- .. . .',.1 N nalarstandin,,
visun! jrccasces ns is ho manifestations of alic
~uz!2 iarn Iroved 0 ~o tc under7trnding loarlnS .


