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square by & ih. thick; xt ie hrsc-surface 75 per- appears, mdieatmg than henceferth mere le a
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is already needed. including circuitry and other have several lahelings and a corresvonding extended
resvcnse tu Pushing an unlighted button. A simvls
case in paint is: if the start timing (S‘I‘—TI4GI Such a cdnsnle nas been built using a computer,
1.s enurely xllumnnated. it should be immediately vision RGB mdnitur su mddified that each of 1ts
things) before it is 'Lcgal ur possible to start tim» with a total of 254 llnesI Zhu pixels wer llne. The
ing ef the eall, fr¤nt—surf`acc mirror is M5 transmitting. M5 uereent
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by C-SN Muchuvsr, Fresmenn ··___;me:s me mage; is ;1m1L¤u, ce gs mpepwa

mmmT,ON 1 Bea-h Denecmeh
ccceeee hey me ·erh1ha1e hehe heh eeeh eeeme- “CmTQfLf;§;;fj;Sf;iT_’§l;f(‘Q“‘§°;{'m;§§“aQQjg;_
§E§’.Y§¥i,“‘€LZ“i..iZTIZ§§§”3§Z“£iZ°$$ §¥‘i.Z§E$“ii;. ==·=e DF me W i= M me bw *115 ¤¤¢*$¤¤¤‘¤
hehe enc eeherm cyecehe. each 1,. che maermlee, z ;¤**;;=·~ and E*·g‘§'¤**~]°j{.”€ *·¤V5°f¤° ‘*"y_y*§**
rer exahp1e, me sm; eyeeeh. users cm yer-m»¤e1e [her 9 *"*° · ‘°°”‘°B‘€ ° ° ° ° rw ”“· "” °X"“·’ ‘ *
ere ef ehc ermary c¤hare1 eeucee ser our an ee. ; { B]"`jL°fsg°tjf;}i;§{°" S11; ny (Q;m"wm1“"
rehee system. uewcyer, me use er crrr crapmc rer· . "*“\ {= "‘* ; gv EW I _“_ “_ Lil mc ,
meek rar uceegh pureeeee rh e hecemmaary churehe , gf;‘}{°;O:;&h;m;BQp{_W3_;¤; SE; jr jvlgymw
meat 1a rehuevezly new. Many engine; system msmr- E "L U D wasn i; me X ém`_Cum“ WP
che yu ehere le such a epeesa1:y> hm me me epe ; Se · ‘° Em" “ ‘ c. i { ’ `
dere by hr. me ehchermc eh eheeeharea h. che 2 WM ="¤ mm ‘·¤§·Z°·*¤W- _*~ mc am
ear1y 19e¤·e. 1 have ueeh 1hve1he¤ 1h cahheueer grea ; “¥'“°· ?"* "“Y *5 "*°"°‘“ ’1°”"f "·.""· Y°‘"°"§`
pmce emce msu, anu 1 Mee adm: mee rer eevera1 5 ;;:_°;;“·;w“};;‘;Q 52%
of me ear1y years, we rem man we neu a care ber S *‘ D “ ’ _ P] ' __ " ,L_d A
much mere uae, ee yen, he xhehh-. meaaee. were E "[ ***2* "°“”°“"" °‘“"“"’g *"?[ “”€“ ; ’*"
have heer. e green mary charge: m cehpheer crapnace 2 ";j“‘"i;Y;{n’;“;’;‘f;‘E; fffagr fg; ‘“°“ “" M"'
smce wm cme, and cnr cermxnam are becemehmy 3 .,... YZ..E.ET..i .............. T. . ,..., I 1 ..., l ..., . .. . .
mcreasxnzly common 1n a great many avphcauons :
may, me hee ex cnr ereph1c ¤erh.1ha1s lh re. I
panchng rap1d1y. In 1976 une aumomby eamnacez Z
gmuhics equwmeswh and scrvmcs were sold. .
I1: this artule, I phn hc briefly d1scu:s CRT {
1, new e um preaucee a greehec mage. h mccmh
2. A .,.....1 eh mm e..,....1 bm mm,. Q.: ·¤m·~
z. rerrerhehce ch..raecer»e¤ee as echh.erc1¤11y
1,_ -A-mn5_O,—;S_ A, Reece: scan
my emecuye 1e ce mee me reader a graep ar E
ay¤11ez>1e equwmeec, man are eeme er zhe .a1¤er¤a~ E
may yau can speuiy me ¤ee1re¤ perrermahee ee E
1. new 1 cm phwucze 1 ¤»:,·1>H;c wwe
mmm me cm`, ¤ scream of ucccruns 1e E X |>¥¤¤¤‘!M~
screen, mere are mye peramenere wmch can he een- E
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%~“`?Z“§3ZZ3e?t§§ E$2Z“S§’e§S§u§i€Te,”2iEE'e >¤ gm =·= ¤;~= Mem Sm me
render peemen eyeten. meter eww neueny ; 3 T sf; af] ’:;:mTL§""
rerers to the smallest chgxtsllv addressable M1- 1 L` " W 1 SEC V gh , [VU
eremeet ee the eereen. 5 °““°” "“ °‘"’ °"¤
Hy properly medulatlqg elther the cathode or Q Exeept an the stdrage tubes, mage persistence
screen and then turned on at the deslred spot, A1- Q
E mmm Pneseners are tategorlzed by the length
Been medulatlen ean ee used either mth ras— E er time required fer the mage t¤ deeav 10% or its
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wnse ¤<>mp1e» 17/A neuzeen me mmpuxer annum E
and me cm ;nunL na;. me nun seemnns - me m- E B m;.¤1ey Generacor
A dlginal word ls presemed Lo me Jnpm. or che 5 me elements normally fuund in :1 dwplay L;enere•.¤r·,
gmpme Lemma]. The muck dmgrem developed so E zr‘¤r¤m¤ SV¤\¤<>l GSH WGH DG Y'¤¤¤¤ MP ¤$ 5 SEFIES ¤?
CRT. One of the powerful [eamres nr A gmpm; E typxcal dm.-pattern characncr. /3/ A {ine or a
mr Amery en ennnwneace new no me eompucer. I svaeen done.
were are B vemeey nr masq cnnnumcamcn devices `'`'``` '
me keys, j¤ys¤m<, week mu, am ¤e¤1e¤, cw. 5 "°"" 5 DS"'- “'*’”“’
? 3%%*5
A. cm me my g . @{.5%
z 0 0 0 •
umm me mm D; me sym. .5 cuntained . j ggw
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pmuon me nm, and me Vue.) mmm men no- E ‘ ‘¥$$¢¤,O
mm me mm. me me may ng damned em. ; ¤ Qéllléb
n mscer scanning or a ranuom pcsumning system. ; A f°""€“ W 16 ° ‘·
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ee cpxecxw X enc 1¤ umgum unc are needed en ana- : indami gggimy Ti °f`;r_j;a2c geljggse
my ‘ E ne nacaaaaay inane; mtaaea na we nw
aa aaa. aaa nam A ana., a aeaaaa aa 16, aa. 2 W elw we °¤=·~·* ¤==*··
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*°”°‘“"“ °`iUifnL° g ¥_j;fg'.g* E in; line oegnenzs so that ono; the arse line is
,,,, Hr ¤¤*·*¤¤‘¤ ‘ “" 5 established, only the neu encnmnta or zhn me
»»£eee¤» g sebnene aeeu no outputted to ene (nanny genome
I points.
"CURE 9 ’ °"¤‘"°°“ M “"E'“"·‘“'$’ 5"“°‘" ’“’ ; other nemuaro ru».mo.—a an nee ee none tne
ronrtaon eenersear wodmers I points or yerticai 1;nee more une noriient.1
several other elements union noon`, the outputs oi E tems also include hardware to oauoc tnc displayed
For example, usually associated with the char- Z depth cueing. and scaling. In eone system;.
nerally a digitally controlled attenuator operating Q uhieh might he offeserccn.
; trade-off. microprocessors are- now commonly need
stead or the line being orann oolid, in can oc E Display norresnne
programmed to be dotted, dashed, or daeheootted. E
alternate allows the control to he none with one or Z uses in a em enits a light ror only the time that
two digital oits. also, in the zypical syseon, E the been inulnnea on the onoepnor. There nay on
modlfleation of the line structure can he accom— { some persistence {or after glow), out generally
digital word. me instensity can be rorther noo;. E of times ser seconu that need:. to be palnteo is the
fied under program control so that any or the sym- Q function of the phosphor. In practical systens
available as a hardware eienent. If there were no storage element in oisplay genera-
uitn ali the mnction generators ano mnetion complete Image, and to give the yieuer the inprcse
gic which decides the computer data word and routes Q repainted 3D times each second. Therefore, thc
tor and modifiers. This ls a block that can oe : every Nth ol" a second ln order tc reheesh the Als-
called a display processing unit (DPL!). In the E play.
simplest form, the DPU simply acts as a decoder. In !
a line in a typewriter page-like format can oe done . able in the display, it is necessary only for the
hy logic in the DPU. Only the initial position of E computer to load the nemory with a rrane or data
the first character in the line needs to he pro- Q ISDU words, prom the prevlous examolew. The dis-
and the hardware takes care of advancing the charac- 2 as frequently as necessary to refresh the picture.
ter to che next location. Spacing can he made the { The only time the computer would be required is
hardware function of the character size. Yrpvision { when a picture needed to pe changed. Then the com-
end of the line, che line automatically resets to { new infomation would appear pn the screen.
the left hand margin (or to a prosrammed margin) {
and advances by the appropriate space to pegin the z It ls also posslble to use a CRT on which the
next line of characters. circuits can he included E image does not die out inmediaeely. There are
the characters can he suoerecripted and supscripted. 3 By Mimi; this hype ¤f CRT. the mmputer need only
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program the frame once and the data nlll remaln an 2 D lnput geylcg;
tne sareen untll lntentlonally erased and neu in- {
rarmatlon ls programmed. Z The dlseusslon thus rar has neen allout a one-
Tdday there are alnoet lu tlmes as many ator- E camputer, canyerted in the dlsplay generanor and
age luhe graphlc termlllals ln use as compared to Q presented as a graphlc mage on the CRT. lloweyer,
{ of an operator channel From the display hack to
ln t-le dlsplay, or whether so use a storage type { devlces such as a llghl: pen, Joy stlck, track aall,
tune ls one of zhe trade-air decisions that faces Q graphlc tablet, mouse, and ilnctloh keys.
elslan la ;ne passwlllty ahat che storage and E Llght Pen - A commonly used communlcatlon
phrase, lllntelllgenr. tsrm;nel** ls drten usea zo E sence of llght on the sereen. The den may
dcscrloe a system wnlch includes sneh a mlnleompn- Q use a nhotodlode or photon-ansistor as the
eanhlned lnta approllrlate deflectlon and yldeo E tllne sequence {even though no the eye they ap-
llne urlvers ulllen feed the CRF dlsplay analog ln- Q pear to ue occurrl-lg simultaneously).
tages lnhleh often requlre ulde handuldth put small E A light pen nolnted at the screen wlll de.
uerleetidn ehannels> are separated from lhe other Z tec; light at a dlscrcte tlme and generate
tlon analog slgnsls, mlnar defleenlon analog slg- E ware to declde nhat to dd ahout the lnterrupt.
dlsplay generazor and may feed more than one CNT f reference ls lost,
lhe aresentatlans en all lllsalavs may re lden- E tlon at uhleh lnrarmatlan ls to appear; or lt
llcal, or tlley have, as e l-esult of sulzatle pro- E could pe used to enter ll-lrormataan dlrectly.
tlone. E rleeause the llght llen only responds ta dla,
E played lnformatldn, some lelnd or sympdlT¤Tl“et
L = rar example, ll are rlsnee ta lee the llarl
Lwlgj gtgjwgmf Tgyjjmgj gf hl; ;g E QM ; are ra gerarreal, gerrrally ry Samara.
B ‘ V “"·“ °" - wltn sertuare une traeklng symzlol #~ made
ulll oeuenu on t-le speceflc aeslgn of nh: dlsplay Q LD {cum Ln; in as IL mms aCm¤;“_i1€
generator add may not pe we same as a number of : Th P t E _ °j Q
elle eyellaule rron me eltatl or ana drlvln; een- Z ‘"“'}‘ ,F °*’"“ ?’* Y ‘°”““”‘“¤ me BL"
puter nlartleularly nnere the am éraplne teemlnal 5 ;;i§“”*;;E*““°;;" ‘**f*_°?“ °f“€“*°€1Q“a;
lz sullpllea lly o»le nanuraelurer, and the eomnuter 5 the Tfuht Zfmméa ;a‘Ed;;w’a*";;: G ° [
ls sullpelea hy adothery. Alsa, lop: levels or the g dmv Sm PWS h Ml Qth ur wméj ;
dlsplay generator nay nal pe ldentleal to the legle ; Strgmqh ing betgccnpmgpstah n Os Z
leyela or the eonpdter. lnerernre, an lntersate 5 d U L 1. H _ · S D ’ "‘“
plock le needed hezueen the cenpuler and the als- g S" ‘* *"*“*" ’g" *””·‘ *”°“'·*°"·
lm ere mera Structure reqnrae arr ne z me Cen be ved mm ~*¤*=*¤= =¤¤¤¤¤s· MSE
z. la aenyer; ana eemnuzer legle lelels lntd °°"”°""5·
me wml ¤¤¤m~¤r mw l¤‘*=*5· 2 are New rr me wrrareere are mal, are
“‘ gi €§§Z*‘ZEJ2;arE$2?Si§¥ Eiépirii ioiniis laerarelly tree Frame lr la
nlrare ulth the dlsplay generator. ; ally a sofuware functlpn to compare the dat
E generated data.
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can he increased Ln diree: prooortion to frame 1 ¤¤l¤S ¤¤<>¤L 2500 Ch-¤f¤¤L¤r‘S·
with a pertizutar phosphor, a frame interval E MDD USED.
i equipment. 0ne type requires a fixed time to
lneldentally, hrlieter-frae·· data content tale 5 draw a line regardless or line length, mxnle {
{ edlations are based on random positioning sys- : the other requires a time proportional to line
tems. Data tontrnt on TV systems is not lie E length. Typical fixed time veetor generators {
; vector senarstors have line drawing speeds {
Deflection Amplifier Response - A primary Z ranging fram 0.5 USEIC per inen to 150 Usirc {
positioned systems, the beam oan be moved Z Flicker-free line segments uer frame, Depende
random dots which oould oe displayed, flicker- Z generators in a refresh syatem een uran from
oe possible to organize the inforumtion so Q Digital Tv line generators take about 1 r-1SEE/ ‘
angle positioning time or the deflection ama X
use a raster sean slnllar to that used in a { generaeer, the logii of the eonputer, and ~
to a maxlmdm of 25,000 dots in a random pe- E ment ne eontrnlled by several data nordt.
Deflection ampllfler response atso peeomes E arder of 1 to t USEL. if 1000 data word:
onee, and does not have to oe rewritten. De- E transfer and lagic set-na, 14% to low of the
neetion amplifier response is related more 5 frame time ls tonenmrn ann whe nat; content
line can pe drawn and stored .— which is E {
ahout 5000**/second. f Resolution — Resolution determines suen things
tion channel with bandwidth ranging from Dc Q be discerned between lives. Basically, CRT {
newer deflection amplifier designs whleh E snot will range from .0t** diameter te ,03** {
ranging from 2 USEIC ta l0¤ USEC. To these Q letively constant ever the dlzpliy own.
times mnst he added the positioning time ; {
l ism: to 10 HSBC, small angle!. Therefore, E lines per inon *,0R** diamatcr opoty to l<0
the ndmner oi random eharaeters that tan oe { lines per inch {{01** diameter spot) vill ng {
5000, and the number of formatted oharaeter E of error, it is generally igreed tha: at lensn
{textl that can oe dasployed rliower-free Q rite and prefer-only sever lates or resoldtsen `
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heeded in the space between characters. There» Q power line Frequency lor subwultipie Ire.
fore, assuming that :1 typical character and : quen¤y>. In an aoequately shielded termi-
its space needs nine reseiution iines, the Q na!. the iitter is about GJ to 1 spot W
per inch and with me line/inch resolution, E
it is approximateiy 11 characters per inch. Q 'iud methods are used td reducc or e11n111.n-
{ franc rate et such a vatue that the hean Iyer
For tdmparisen, a pica typewriter suaces cha— { qucncy is relatively high W typically gu rt.,
epaces characters 12 oar mth. E graphic elemenz is neun; an rin, that, no
of hou many eigitai positions can be prcr E niqne is espceiauy snccessrni vhen u~·e:1 nith
along each axis. Tyvicai terminals. effer 9 -
bit 1512w or 10 bi: (102*0 addressanxe loca- : Altcrnoteiy, since the gittrr mos: 1"1aq.n;nt1y
tidna, The term "raster unit" is eiten used Q wrrws Umm M-ray nwiwcmc 'ichisi the display
I ey and the jitter essentiaily eliminated.
able characters per line can range From 30 E sizes. Ln comet ·.ia;1y avaiiaole cqnipvent
with 6** x B" nispiay an-cas are aise avaiiable. E Brightness and uentrgg - lr the display is ce
ing pictures Lsiidesn through an ootieai { nals prodace 20 Todtrtaruie to sc reetreantur
E easity rene displays, out these phesnhora rar
{ duire retatively high frame races; to mance
sone or these faetdrs may also arreet data content, Z Thereiere, dishinys using ienger uersisteno
as indicated in the foliowing discussion, { phosnhors or stmame phoznhors may reatue
Accuracy <Linearity> - Accuracy describes E enhanced with neutral density Filters. A1-
eiranole, ir a grid nere atrioeo in the tace E reidaoiltty dr the aisoltn.
ar the cm and zhe than here programmed with Q
the variance between the bean positien and Z cand;es,
the intersection is the accuracy. conmer- E
rargin; iron 17; to 52; of iuil scale. Ge- [ which produce unite, green, yeilou, blue,
vided there is ne attempt te superinoeEE' : in the white. green and elue range; whi1e
ference. The presencc ef the meenahicei re- Q orzutga, yellow range,
teievision set is about 10% to 15%. E with a green image appear brighten This is
Short-Time Stabiiity - Shert-time stability 7 rvany teminais.
from a beat between the frame rate and the f detract from it, For example. characters
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