
The HP 48SX Scientific Expandable 
Calculator: Innovation and Evolution 
Many of/he fealures of this advanced handhela ca/(;ulalor 
have evolved from Its predecessors, the HP 41 C and HP 
28S. Olflers, suchasi/s umlmanagement system, are new. 

by William C. Wic~e. srod C~rles M. Pauon 

5 I:-JCl(THE 1:-t1"MOOUCTIO:-lOFTIlE IlP 6~ in 1914. 
ft . wl.".)'.d"d ha"lc,oiQpcd • • ut"""loo of OU'" 

'OInl .. bJ~ .donlinc ""leul.tors 01 ",'er oxpandins 
"'l"'bI1l11 . Tho liP .~SX ""I.", m< ~,!,."d.ble ""Iout.,o< 
(HII_ \ I "",'''''''n, thi> ,,,,nd wi th an unprecod.n'",' """,. 
bi".hon 01 f"o ,u"," ond ncxibility. 110 mojo< fe.o, ,, .... 
include, 
• An kPN·oIylo ,..1<"La,,,, Inl,,""" .. i,h. dyn.m..: ",,,,,1 

of ''''''''''Y ...... h 10< opentioru on .is''''''' 'Y~ of 
mo' ........ I .. 1 oo lop;:ol objocI. (pluolwel", add]!!""", 
objoct Iy .... IIM<I "" sy .. "", p_ .... ,_ 

• t'o'umttOUJ .. ',hmolle. 'nonocendentaL .00 ... lisliI:id 
hi""' ..... , appl*' ulllrom. · 
Iy """"",,,'et h\COn'''3M ' .. 
<XlfII1"" •• w~1I .J "",I 
num,," •. 

• V""'" ."d ",."IA u,""." 
lion ' on "",I o.d <ompl •• 
' '''Y' of orl,I" .. y ,I"". A 
• prcod. hOO1 ·11 k. ,.:roo" 
c-.lit ..... I. I'ro_ ldcd fOf .im· 
plinod """Y ond odillll3 of 
orro,... 

I Symoolk: mo,homa,ies in. 
d udi,. .. ·.I ... ,' ....... ' 1'" .... 
• ion. "'" pll nc., 10<1. ... m· 
mo,ion. dinoren.ioUon • ..,d 
1,.,legr"Ioo>. The t:qYO'ion. 
W,;.., """b,g j>ftWld .. 
"",phial. -'e>clbool-"",..,. 
01" ~'P""''''''' ond equo· 
'i"",. 

I S.fI"3 monl,,...""""'. 
I !lin,..,. In ' ...... openhono. 

wi,h . rllnm .. lc. I,i( .• "d 
by'" ",."ll'ul"''''' '. and . 
,·.,iobl" w",,1 .i" ... 

I Nun,c,lal , nd 'y",bollc 
"I",,,on 00"·'113. 

• F. lghr 'n"'" of o",omori.: 
mo' .... m.'iaol ond . 1.1I.,i· "'" ,ioI"",. I",,,,,,dins' '''· 
' .. ar:li", root findi"8- cal· 
eulu,. loboh"8-lnddlglUz. 
'''8- n. .... ,ro 1100 I ... ,onc-

.n" ,re d .. winS ,nd c .... iM of <u"o'" ,. " and gr'rh lc.o 
,Ii ' I,I.y •. 

I A" i .... ogr>'oo unil m.""8e""''''''y''. m. Qu."",,,., 'hat 
In<;l"d& physical uni" can 00 .. ood In """'I,"'."on • . 
ool.i .... Ind ,I""ing. while ,t.. cal",,).,o, .,,'omoli"")'y 
I. "r.""", unil """' ...... ion. ond dl" ... n,lon ~h""l, .... 

• T.,.". _,..men,. includi,.. cI,d Jd.l. di'pl.y.nd 
.ppoln",.,....' and """""'"""""",,on .1 ....... 

• Tw.,. .... y communicalioao.ia 0 wi""'_ial pon .... """. 
!>edion ' 0 """"".1 comp"la"S. "..'n ...... Ind ",her ... ial 
~·iaror", ~Io inft~ ligb' for poin,j"'Q.bt liP nHOA/B 
poi"'''« f"' .. ·i"'I .... " .n.kn bdw_ , .. "IIP. I!SX,. 

• Cuolom'Ullon ",I.h plug. 
in J1 K.byle ... ,UK.b)',. 
!t.AM", Il()).{ m........,.at<h. 
,,'hich "'.Y Incl""" com· 
",and II" .. " .. f", "",nd· 
i"3 .h. bull,·ln 1001"1'<1 .... 
Llhn,l .. """ .1 ... bo 1m· 
po".1! In.o II.A~I ".I"~ 
eilher I/O """,ho""",. 

• A u_-<lon""blc ko)·boonl 
an,' <""om monuo. 

• ProgAmn"RlI In 1M MPL 
Iona"", .... h leb 1>"0"100. 
""""m.flow "",d""", • 
""' .... IOIl. ,lot.Iaftd ifni 
... ,iabl... pao.iRll proco­
du,", u .'1Iumenll. Inp." 
J>f"OII'prl"3 oftd ""'I"" 10· 
boli"8- "se, .ftd 'Y"~m 
Ro,p.. 1<111,,,,,1 __ and 0 ..... • 
. !iono. and u..,.-ddined 
fu ,,,,, I"" •. 
n..,... fell "_ . ... '''I'. 

1'''''00 by • hOfd" 'r~"'" Ih., 
ind,,,I.. • 'o"Ie.I·/orm.' 
pad,S" wilh 4U ' .yo .• 'l ' · 
1;y_I,;.!.pi"'" LtD dloploy wilh 
''' I'port w, f." 0<,0111 ... of 
vi" UIJ " i.pl. y. 1~' oro ll'1l<' 
,~n .he ph)",..,.1 *<:ree<r.lwo 
pl"".ln ,Iou "" .... "'" cordi. 
, foII,·wl .. ..,.ial _nm"ol· 

.h ........ """"mmarie II ... fill. •. HI' oOIISlI""""""" __ .... __ 
""f_now_ 

aliooo port .• nd on Inf .. rod 
' ..... "" " .. ,nd ..,..,Iy", 1_ 
.. ,Id ... pogo n .od n~ 



0..19<' OIIjotcU".. 
n.. f .. nd>mcnloJ d""isn objoc:th-e tOr lhelll <lIS" .... 

10 ..... '0" prod"'" 'h" combl_ 'M .0/1> .. ", IedmololJ 
of, .... III' 235' wi,h 'M hardw .... I .. , d blll' y .nd customl ... 
bllily or 'M HI' <IC.' AI'hou#!ln .... ny .... pocl. ,he HI' 
211S ..... " .. 11. deo<;endon' of ,he HI' ' ,e. i,. ... ,..,.... 
.. pobiU' ...... nd limiled ho,d .... '" h.o .. m .... il, oppliQ. 
lion ond .. "", .. I ..... "", ... .."n . .. hl1 dlff.,ent from those 
"f t!,~ IU' • Ir. For . xa mple. in tho """dem'c foc ld. tho HI' 
41C .. os , .... y popul .. In '0"<1;<1 0"8'000,ln8 dcportmcnlS, 
bu, II had l itl l~ "",,,,,,1 to ,no,homo,1co ''''tNOIO''. ByCM ' 
1, .... ,h.ltI' l1f.S hu had. oJl!l'ifleont e"",,' on mol ........ 'ics 
InOlruclion. ",ith many cotl<p odo p,l", II u 0 "."d.o:I 
,,,",,,,I ... '001. ~:nglnoerin. de ...... .-.. Mve '-to much 
.Iow .. to _I" Ih. HI' ZII.'1 •• 11000 I, does not h • ..., lhe 
..,A", __ hon!l'tcopooblllli .. they .... _ ... 19med 10 wi,h 
tM liP .Ie. Simtlarly. the III' • • C w .. very pop .... , with 
,u"'oyoto. bul1he Ifp 2SS io of liml' ed .... tn 'his r .. ld 
bo<;o" .. of I,. l;w;k of 110 c.a, .. b1l1ty 

TI,. 1f"'8S" pro;.cl ,1.,,<><1, th • ..,,,,,o. "",h .... >iew of 
lh ..... n8th. 01 11. t .. o pr«l,.:osoun. ·I'h. III' 4IC'. iocl.d. 
pl.a·ln mo"t",y po,10, 111'·11. 110 ''' I>ahlilly. 0 ,od.nn.bl. 
l oy ..... 'd .• nd. ,..,rti<~1 I",mot con,",,"lonl f", hondheld 
o ....... lIon, Th" III' 28S '. inciu<io ",,' cn.'vo ""I ond .ym. 
boll< mIIt""mMIeo.I .. pabilit ieo. Ill'!. 0"",. ,1"8 'rilM" ."d 
u_ 10""' .... pop/> ics d lopl.y. _rod • menu I.e)' . y .. ...,. 

ht the .. me lime. we Iocuoed on Q)I'I'Ih>On ... ho........,...,.,' 
requ .... r..,... HI' illS _ ......... n- l""ludo 0 ....... di .. 
pI'y. m""'l'op bics and I'100ti"l Ieotu ..... IfO apobili'y. 
""...:Iolly tOr lmpollins 01 ""i"llOhw."" ')'mbollc '01 .. "'0 .. _ ...... """" I.otp "-' .1.0 .,.k.I.,,,,;" .oi"ll ....... 
of It. n""" compl"",'ed f •• , . ... , 

1111 "f tll ........ n8'h. ond enhon<QnlOnts ... inc",poral~ 
I" tho Ill' 4fl~X. In lOme c .. " •• lhe I n'I>I~,,,,,,, .. tlon of on" 
of ,h" .. "om' ",",,1, .. <1 inl0 • ", . "" f .. ,u," ,h. , w.,,,·' 
"",*"",lI y . n' lcipa '<><I f""" ,..., Ill' t l'SlItp 41C Q)I'I'Iblno. 
110ft.,. 0 ou"""",," req"",,1 fo< """""I ..... ,he HI' 28S'. pow. 
...tul nonOd~,,1 Int""",.,.. Wfll obocu ..... by.n .rconuyn· 
'u f(J<> ... ,.,.; '" lhe in'ogntion "'1u .... nt .. Conoid_lion 
ofth l. pmhicm In 1 .... Itl' 4.5" in ...... ,lI". ion led '0. ""'low 
o f the ~I p<d:>Iem 01 ... , ........... 1 """"",i~i ... """be-
",",1<:01 .. ,,",,,,iooo. whiclr ul ' imately"d t .. the deo-..Iop. 
"'.,," of ,"" f.q •• ti<K'l\I"'i'~' opplklllon I .... onl<l". _ 
1~1. Thl. 001_ lhe integ .. 'ion pwblcm _ u_ ""1.,,, On 
Inlc8,,1 by "O .... ,IIlI· 0 tcx'looo~ .lI l. ~.p", .. lon on 'hs 
"""",n. Ineludh'H the tn'''lIral .ig" . "1>1"" .rod 1o", •• limi 1O , 
ond Imew.nd. a ll Ol',>ro''''''ely pooi,lon .. l. 11""'." 0< , the 
..." .. . ",1 "hllty 01 ,he f.qu~lion\\·'i1., f., ""ceOO .. hal i, 
_"'" 10, ' hot panicol .. 0 .. . 

TIle IiP ' 8S" .Iso""" tol ... Impor1.nt .... ,1''''" .ho. <Iori ..... 
_ from ·ncxl beDch- _"'" 'hon f.t>m HI' 41C ".. ,he 
liP iSS " " ">111M Of from coOl"""'" ;n ...... n.. primo"""m. 
1,1. of lheoo i. ,he tiP 415X', onll m.III_"",,1. Simp'" 
"""., ........ ph,.,1oco1 unil conv_ion. h ...... ~n .,·.lIoble 
"'" eolculot"'. f.,. yeo ... So~IIW ~'C 1,luS·i" modul ... 
Impro'<><I on thi. by p,o,iding' iI",,,, .. I.p,,1]>OM co",·ct· 
,Ion """,h.nl .m which <x>uld colc"I.,. any ""n,·~"ion I",,· 
I", from In~"' "nd "utI'''' u,,110 '1"",1n",1 .. lc, 1 .lti"S" 
Tho III' (/C I'I!'rohwm Fluid. 1'0<: I"",..por .. ", tn l. n>ed,. 
.ni .. n II" .. '" ... bl"" ........ ,hoI tho 1'_ con include 
unl .. f(J<> lbe •• 1 ..... en",1<!d tOr tho p .... m •. ond u k kI, 

0", ...... In ,,"Ukul .. ""its. Tho IU' 411SX .. ~ ... "'v.nt. 
01 Ito mulliple-objo<:l~y"" o""n,h'S .y.lcm .od .ymboll< 
"",nil"''''''''''' to p .... ·ide • ","w """,I 01 unll mil" .... ,,''',. 
In which nu"",",1oco1 quanti,; .. con ho .... lob)'oicol uni,. 
..toched to thorn .nd ..... ied 11>toug/1o<1. orbrtl&l)' c.ab"· 
Ii ...... Tho ooll ... ,on • .,.1 cancell.,lon of uni .. and """...,... 
.Ioon. hoI .... n dl"",n""""lIy con.ls .... t d,fJcn,nt unib .... 
hond .... ! •• "),,,",..,.lIy by tho Gak ul.l", f ", "nm,,"', 0 

p,ohlom .uo;h ... "How fa .. I •• " "'*'~ 'ro"eli"8 aft .. 
""",,1~,otln8 01 • ,nf.' rOt holl. ",In,,,e. If I" Inl'iol 'P<"<'I 
w .. 2V ",,,hr" 1M""'" to 

<In ,ho HI' 41.'1X ... hlch ,",0"" 111, ...... In III' . SSX 
_Ion. tho undnlCOHl oct .... n objoct 'f"" ldenhf>e< 
linki"" 0 nooUna·point oumbet .. "h. uni, opraaioA 
whl<h COn ""ntoin _Ir.ry prod""". pow .... ond quo­
,Ion" of "hyolul oni ... The III' 48SX h .. 12 1 0'"'' ""il, 
lnln MOM . fro", which 'he 0"" con oon" ,...:t .rbr,ro,)" 
co.npound "nit., Un it OO;.cls or" ,ul'l""'''' In "umcricol 
.nd .ymboli" ",Ie"l"i"". , 1'1"''''13. oq".lIon ool ";ns. ond 
;'''<'fI''''nn. Tb l. III' 48SX copablllty "'.'1)'1'"' . g'."' d.,1 
0/ t "" d ,ud8"')" from coleul.1i "". in""", i n81~' YOial un ito, 

In one npect of the HI' 48SX " "";'" I, ..... nnt pouibl. 
10 .. ,,"~ bOIh III' .,C .nd HI' Z8S 0 ....... ' l""I".mmins 
1&/IIl...., To 'ul'~ its ",he. '*"" """""i,.".. lhe ttl' 
.SSX _led 10 _.n RI'L ..-.otlna'l"""'" end "n~ 
..mi .. , '0 .hIII PSed i" the liP US. UnJon .. n.toly. ,hi. 
__ "tlhol the con.i ....... bIo body or P"",""" wnn"n for 
.he IIP41 C "'QUId...,. beexe<:otobl.dlroctlyon tbo Ill> <SSX. 
To ooIv. ,hi, I'"oblom. tho plug.in IlP 8.21 ]011 IlI'",C 
.",ul., .. , ",0:1 """.id.,. a Icoyboo,d omul . """ of , .... HI' 
.1(". ond ' ho obti lly '" ~">cu'" II)' OIl': p,osram" Til< 
infro"'" !~,rt . nd lhe HI' U2UII in'", .. o" pnn'cr 'nodu!.; 
"" ,ho HI' •• C ",n I .. "..,,1 '0 ' "n,ml1 l""W"m. from ,ho 
liP 41C 10 ,ho HI' 48SX I", «.<eCu'lon "'"h ,n.. "'01' 1010< 

a"' 
HI' ZI.'1 .. _ h ............ 1 .... probl..., 'n """",m {)Ol" ..... 

olon The..- ,""""ily ofHP ZSS """,m.nd. c.an bo e>oe­
cut<><l without mod,f""""," 00 lhe Itp 4SS". Only. lew 
"""' ..... "d .... d,jfer.tn', primarily t ....... ......:lotOO wllh 
di,p"'y ope .. tlons (.nd the ,nl'"II",1 """,mond, .. men· t"''''''' p .. ,·",,,dy) .• nd ,h. ".,k"" 'y".m flOjj' hove 
ch.nac-d, With 0l",onal "'hw . ... ,)'elll' us c.n .Iso . sc 
it, in'ro ... <1 I"i"'"' ""'I'''t to -,,,''" - ito p""I\',m. '0 ,ho 
liP '8SX. whe .. they con he ","o<uto<l .n •• ml"". or ,'" 
modll'\t;o, "m 

Inl .. ",I __ 

TIle ..,...In ..... of thi •• rtl<'" w,1I dioo;: .... oom. o f lhe 
..-honl.mo lhe liP .ss.~ u..,. '0 '"1''''''' I .. Ieotu ..... . 
"The mOtt>ot)" .... po .hown in .·ill', 2 llwough 7 ill ....... e 
1"'_pt.diocu..,...J in ,hi •• nicJo. Tho lmpk.me<>l"';""O 
of m."y of ,"" hig.loer-l.,·,,1 '1'1'11<.110" •• .., ,Ii",,"~ in 
the 0",<1. ""' ,'"8" • ~ 
Th~ f"n,t. m~nl.l 1>0.01, of the HI' . ASX 'Y".'" I, tho RJ>L 

opo •• tlo\ll ')"H,m. which occup;e. 01. ,,,, I~K b),tco of 'he 
'I' .. em 1(0).'l. TM, ')"'Cnt n .. , .I'J .... tett In I"" III' ,ac 
00"'- Con .. I1 •• , aleul.to< in 1_ ' In bttof. the .yOlc", 
""robin .. oIen""n" "I Ftw1h ond U'P. P""'idins' molll· 



~ RI'N <look ond dif<'Cl .",1 l"dif<'Cl ,h.....:led eJCecu· 
'ion. "'llh barb .,,,,,,ic .nd """'1""1,. objoctJ. ' emporary 
(Iombda) ....-l.bIeJ. .nd 11>0 .blll,y.o puo u ....... lu .. ed pro­
a.du_ .. """men". The objocto ..... lmU •• to F.,..h 
word,. """'olnl"8,1>0 add_ of,1>o ,"",",uloblo o;ode ,!t.a. 
d..n ..... ,1>0 Dbjod and ,1>0 do, •• !t.a, ......... up ,t.. body of 
'hoi objO<:l. The objooc. 'll"'" I"" ... i ..... l ln ''''Iniliol .... ioru 
DI" RI't wet .. : 
• IdonliH~. d ... , identifo ... (global n.m"l. '"mp<mo.y 

Ide "1m .. " (l0Cl1 namo'l. ond MOM l>oi"W' (XLib 
n." .... I. "", .. <>I>jc<;t •• '" uOC<1 f", OI"'lnS ond .. Irieving 
",,,",,, object •. 

I !'J<>oodu", cI ... , ..."...1o')'lpt<>gI"Omlond cod. Dbjoct •. 
n...e obto<" .'" eJC.e,,,able. 

• llooI. dMo; f\oo';ns-polnl _I and complex "umWo. 
W ... , ... ond "ri", ~ •. 1>uodoc,,,,,1 oIri"3' Ib,,,",), 
in ...... ) ..... 1 and £OIDpl"" . n.,... nob<! """,,... 
,"",00\ded 1""«l>io. """ .nd comptex numWo. li .... 
,)"",""1", I.I~"'). "»aip<><! ohon '0'1'_. I;l>.o.,.. 
R!lM/ROM poi. (di"""<>ryl. UndOT n",m.1 e .. ,o ulinn . 
,h ... <1I.;..c1S me .. ly ",'u,n th.",..I,,'o ... I .... i •• dat a. 
HnwMO<. oymboJic Dbjccl •• nd lilll ... COmlK"it. 
Db;"':". ond tin be ".I".,ed m. procedore ciu. 
objaclJ. 
"... body 010 com"",I'. objoct 1.0 oeqoenOll of othot 

objccro letmlno,ed by an ond ..... m .hot..,....,. ... pro­
p-om "",urn If tbe _1 Is """"ul«l .. I """"""""'. 

To "'ppo" HP U.sX opetaI"""'. _I oddi,ioBol dolO· 
d ... objoc ......... oddod to ,1>0 ........ 11 .. , 
o c...phh:. objocI. n-.", Lrnbit m.ps. """" lot .. ",i'll 

... d ",.nl""loling IV"phi<:ol 1m""". 
o T"IQI'Id objocl. A t~ Dbje<t,..".I>,n, 010.' "';n8pl,,. 

"""'I,~, <11*",. Tho '.x' i, \I ... ..llo lobol ,h. ohjec •. Ope •. 
>!Inno applied ,,, 'he tal!l!cd "")<0<' IS"oro Ih. log and 
.ppl~ .hem..,lv,," diredly.o .he ·In~· Dbjod. Thu •. • 
prosram mtp,1 ""um ,be 1"8II""l ob!oct _.,0 __ . 
.. k .... _ b ,be ''II. F.x"""I", '0· (limosl 'hen retu"", 

,~ -
• Unl' ob!oct. 11ot. ccnoW. 010 n"..I ..... poin • ..,.1 numbo< 

combln.od wiUo on .lpbnic .'p<eIoOion rlp'""",\li,,, 
phyo;""1 unll .. 

• Ilechp t>bio<: •. Thi. objoct i. doolsr.ed "" I~ . ",hi .. 1 
.. "'ag~ of • • inglo Dbjec. In.n It><lepon<le'''ly conftgmed 
RAM J"'''. n... backop object con,.ln,. """""d Dbjec. 
1'1" •• R.mo •• length field .• ud • <hock",," . Th<t Ii!' 
4IISX con .. ln. <om,"."d. f .... lI<>ring .nd .",nevins 
objacI. from within !...:kup objoo<" w"",,n ,h" I.u.,,- .,. 
in<lollod In !!.AM potI •. 

• Llbn.ry do .. Dbjo.: •. Thi.obje<;' l)IOv ld" .. memory bulle, 
for u" by 1'1"11.10 .ppIiClli ..... II ... need '0 ",","" .• d.,. 
boIwoen """"",Ions. 
In oddl!! .... to .he DO" objoct 'ypeo. 'h ..... objoct 'n-

lhal ......, preocn. in ,hi Itp 215 ... Ii .... ....".. wisibility 
In ,1>0 III' 41SX, 
• In , ... Itl' 215 •• uset CIIn c_' •• dl_tOf» objoct ,,_ 

In 0 .... I.bl •• bu, has no ""'*' 10 .be di,ecl<>ry'" on 
Dbie<:l. In Ih. HI' 4ISX .• di'ect<>ry hl"he"m< ''''us 
.. otb", object. ~ It co n "" ."",,11<1<1 .0 'ho ... d. edired. 
""p lod. ' Iu,"". and 110 on. 

• 8ull.· ln co",,,,..nd. In ,,,. III' 285 .ud HI' . aSx 0' . 
"'Vnl ..... in libn ........ hk:h a .. IImll .. '0 compilood 
dl....,._ in which .he linb<! II .. of nomed ob;ecI. I> 
complied to ... blc-dtivett """nID'1or> N_ ..,..,Iu­
.Ion of.he objods .. ithin libtatleo 10 -.uy dllri"l 
... .-.1"1. wh_ ,." .... meo .... "'pioo;ed by itO).! poin ...... 
",. loll.". con"in Indexes In'o lib .. ')' objocI .abIes. 
"'hleh In lurn pnwido "" f ......... Ion 01 .n objocI •• 
no"" .nd ""oeol'bIoI code. In , ,,",, III' 411-SX. libra,i .... '" 
••• II.bl ... ""'in"." Dbjoc1 •• 10 .h ........ con mo ... 
lib .. ,I .. In "od out of ,100 Cllelll.,o, vlo OM of . he 110 
I"'''' '" nn plug.in m"mory ~ ... ,d •. Wh.o • libra,y i. 
In, •• lIed In liP 4$SX mem<>ry. It ""'ood'l'" liP 41SX·o 
1aItjI .... by oddl'll i .. own In ... n.1 tomm.nd, '" ,too 
bullt·ln tet. 

• MOM poIn,,," or" wl.ibie 10 1100 liP 485X u_ ... XLib 
...me Dbjoo;.to. ,1>0 libn.,. ..... 1'" of 1100 II.>boI no ...... ,ho, 
(>tI>t'ldoe '""""'" to objocI ... _ in ,1""-1 v.riobl .. in 
RAM. r .. "",,'i"San XUb ... ,.,.b""",.,hlobjoct ", " hin 
o libn", lhol i . aosocu.,ed wi.h ,1>0 n.me. XLib n&meS 

---
..-_ ... ..... 
.. _ _ .... T .. ---- ~-. 

,...1. 0-.--0/ rt.-.... ~ ..,.,..0/ .... I*'"'8SlI 
"W'm ",., ..... "*'lI'I<' ___ (ui""o;rodI RAIl -



.. n b. oo'"I,lIed a • .t.Ad ... ", ... RPN 0010<'" a< 1""I..dod 

.... lIhln lhe donnlll"", of olpb<.1c objec:'", AI 1""3 os 
,he "'knn'lib<uy i. _n,. on )tUb "" .... decoonpiles 
10 Ih. , .. , ""m. Oloted In Ih. Ilbnl)'. If 'ho library i. 
~, ,"" )tUb nama is decoonpllo<l 10 '00w Ihe 
lob< MY "umbo.-0...:1 """' ...... d numba wi' hln ,he I ibruy. 
A. IW' of ,he ..... og}' '0 "",~Imi ... lho .... of ROM ...... r 

RA~t. ,ho RPL ')'stem h .. Indudod. rrom II, In~loo. 
RO~I,lik. "ruClu .... lhal 0 .. onol<>p of ,h. U,,",'I progrom 
ond ,· • • Iobl •• pace (dl"",'",iell, T_ ..... 110<1 RO\l ­
PARTo, Hy .noch lngRO\IPART.,o ,ulxlh"",o.iel, ,he user 
CoIn "",at. 0 "''"tex'_M'"'' o .. OIo"" .. lIon SO 11>o11),plng 
the ""'0 Ihlog CoIn no,'. '-':1)' dlff .... n' ... ullO dopendi"ll 
"" lhe conlox' di_,ory. ROMPAItT ...... d .. l.gne<i 10 

P'O"I", """lltXl.ansllivo c ... lornluU ..... Iocali..."ioru of 
k.,..<ont.lnd m....,.... f)'".m ""cno!onf, 0J>d run."mo 
hnll,. 

In 1M p""" of d""oIop'''lII''' of~ .... ,lie ...... 
fi .. , 0 ....... ' P""P.m' ond ""111'" In • oll'lOmi,lng dh-ec­
lory WI>on lhe P"'8"'n,. 0", d"""ued and roody.o u.op, 
.hey CoIn I .. IIon.f",1'Od 10 0 RO.\tPART .nd I ..... ed inlO 
RO~t. Atiochl"S Ihe RO\IP "' itT 10 Ih ... ' ... dl"",'<>ry p* 
,·Id •• ,h •• om. functiona lily with I." R!\),.I " .. , 

RPL PI"II,ln Mon~ol 
lI';'il. 11>0 .... ..ali scope and ,,,,,,,,Ion of pllll·in man.,... 

"", ... d,d .,.,. cho.,. from 'h, orisl ... 1 RPL definilion 10 

I .. n ... ,.,1MOOd i"'plem ... ~lonln 1M HP . 1I5)t .• nu",be< 
of d .. lS" """II. did cho."", In ""pon~ lOouloid. revie .... 
oflhe .)'SI- tmplemen'i"ll .~cho.-.,eo ~. nu",be< 
of d .. ,S" cholle,*,", 
KU~' .AK' Stru<1u..,." laIP port"'" 01 ,he KI'L p1u.s.;n 
.... ~""'nl d .. isn i. bo<ed on n..,,,,,ncep' ofo RO.\IPART, 
which I. n'" 0 "o"dard 1l1'1. oojo.'C' In lho .. mo .. n ..... 
':O"'I,lox numhe ... di.-.cla<i .... 1""3'0"", ond '" on. bu' i . 
in.lead 0 ~ of d'10-'1I""lu," "",,,·.n,I,,,,,. 

A ~O.\lPAln i, • ""iloction of RPL ob;ocl. I"!Ielh .. ",ilh 
• n.ld ("""'ni", Ih. nome oflho ItO~PART .• RO~!PAItT 
ID num.beo- ,,·klch uniquely '''''nlm ... h. ROMPAItT .• 

-.-
.. ~':::. .. 

--._-------------._- -.... ) 

'It, . , a...-- 01 ".,. ..,..,... 01 .."...sx .- RAM ....., 

""" ~ RAAJ UfC 

polnlot 10. h •• h I.ble for u" In identlfyl ... objoct. by 
"."' ... a poIn ... 10 0 I;n~ "ble lot u~ In ldenllfyinR objotc .. 
by ,boll unlquo objec:t numbers. 0 poin'" ' 0 • "leSS08" 
...... """,.'nl"ll n "''881 .podnc 10 Ihll ROMPART. ond 
• po,n'er'o"""f"u"'ion oodo ..-hi<:h i.~uted whcnm-er 
lho RO~'I'AItT~. ' 0 be """"",«<I (_ .1" n 

The ... _ fI.ld c.on con .. in ony ohua<;tero.nd i, u-i 
0011~ •• infor",ollon for lhe u",",. ""I«)~I'ART iO ""n,be.­
uniquely Id.n.lfo", ,ho RO~Il'ART.o t" 'y",om and i. in 
the ,"nso OOO·'FE (he>oJedmoll, to nu",h ... ooo·on .,. 
_,vod I", .h. IlI'L kernel 3''') "'hc' bu ll.·ln RO~I P"'RT •. 
ID n .. ",be .. 'OO·nE ore _,,'0<1 fo< u" by RO.\tPARTS 
1"".ldlo'llppll<;a'I<>n I .... ...,.. .... n.Ioo •. 

Tho hooh ,abla pro.i .... 0 h .... w.y ....... pondeoce ..... 
1"-_ ... ..-.nd object. In Ih. RO~!I'ART. ', !.uood d .. , ­
i,. .b, p..,... of ;,,1<1'p<eti"l'he c~o_'", •• }-pod !n by 
, he .... 10 oHIomo;ne ,,-b.th .. I .... ehe .......... ",. on)' 
object In lhe IlOMPART .• ...:I lhocn ... in ....... rmi"" if Oft 

objec:t ,hould boo dl.ploo)'od ... nom. ,.ther ,ho .. ,",0)«1i"ll 
10 IlIlnl .. nol .,,"",u .. _ 

Tho lin k .oblo pr,,..id ... lill (jn objoo:l.numbeT OIderl 
of oil """""ibln ooio<" .. I'~I" Ih. 1l0Ml'",RT, 
('.onnsur.lion. A ROMPART .impl)' .... 1.11 ....... n.whe re 
.. lthl" thll 'Y""'" ""'" not p,o.,d. fa< _ny of Ih. 1Ol'\-icu 
Ueoc,ibod obo ... The RO~IPAItT """, to be "'!Ii"c<1!d 
""itl> lho 'y"e", du,i"3 ,he conf'llunllon pro<:eOI. "'h,eh 
<oXu" In _· .... 1 ........ 

Whe ... ,,,, lIMo ...:hi"" i,n.,. ,u,...,j on.' ""'" .... ct.oci 
10 .... d.,o_ If .nyColrds h., .. t-. pi ..... Ino< re<no<Wt<I 
from 1M f~ ... m • ...:I odj ... 11""" .. or .......... '0 """'pcn .. 'c 
fa< '00 cltonAeo· nw", 0 numb..- of kno ... n ......... scon.-.,d 
fa<' he praenco . f 1tD.\I P A "'T. 0 nd • 1(ot of oun-.:n,I)' ex.On' 
RO.\l P AR'fI 0 n d I hocl, location. I. n .. dll . " d CO"'PO ,cd ", jth 
Ih. PI'("'!"'" 11,,_ If no chongo I. d ... o<''><I. ,,,. ,y"cm ron· 
, jnu", 'ho normol proce .. ollurnlns on ,h. di'pl.y ond 
"",u",l ... Ih ...... I, had "·lIen It .... w'n'><l off. 

On lhe "' .... hond , if 0 ch0"l!<' 10 doto<ted, .h. 'Y"em 
p.d",m. i,. wum .... " code Am"", "'hot ,hings. ,he 
,,-.nn·"'" 0><1. rael. ony poin'", ,hot """,Id he """rene_ 
I"" ltO~tPART. ' hoi .... no lonp:r ~nt TIoi. includes 
,lie dal •• nd ",'u,n Olocl-o. updo,.,.,.,IU)'Jlcm poin ...... ood 
lbo IlO~PAItT poin' ... connOCl'><l .o lIMo ho_ dll'fldO<y. 
Tho .) ..... " ,bon "*'uildolh" lobl.ofRO~lP"' RT, .nd their 

f it. $. r ... f'l()UPAA11_~ __ w_ 
....... ...sx """""",,,,, ftQIM'AAr. _oor_ '" 1I0O.I 
_0. __ .. ", .. ~~_,ogo ... ,"_ 



lou, IOn. Ind "",II'" KI'!. ._~loQn 
ROM l'olt. One " flh. rom ,hln" do ..... hen Rl'Le.ocuHon 
'" '00(1""" I. 10 f""OOOd ''''''''lIh ,1>0 ""mn' II" of ROM· 
PART .. """""'''. -t. ROMPART. """"p"""" codo in 
'mn, A' 'hll PO"'" ,he RPl .yOlom IIln .... lld .• ..,'" ... ,. 
ond ,ho full r-...""" of the ')""""'" .... H.L'" 10< .... 
by ,1>0 .... llJ;ur.'1ofo cod • . 

AI'hough. R(».IP .... RT an '.l.".. .. ,t.. oy.,om., 'hlo 
poln, (., I. d"" •. I"..e.- ,nple, by ,1>0 Ill' ~8SX demo RU.\1I. 
') 1'1,:01 , •• 1<> .ro much Ie ... mbl'i"u, .\ ' ''''' ')'1",,"1 ~"",. 
pl., 01 , .. k< <i"ne.t th o KO~I 1",11 1,,,,I .. tI.: 
• A"""h ln5' IIOMPART '0 tho home <l1,ec,<>ry 00 ,h .. ,he 

n."..,. of 00""," "'I'hln ,he ROMPART .ro .... ;" ..... lI y 
"""'PI""'. 

• K""locl~ lhe I>a5h .ndlo< _II" ,0101 ... of o,he. ROl>I· 
PART. w"" ,· ..... ,ons loeali...J 1"1"1 po<Iicu IIr 1o.""lI". 

• c....""lI • c .. >lom ,,,bdiff>Cto'1 "ruel" .. for u"" wl,h 
,hi. ROMPART 

MO~I I'oInl.~ Tbe IU'I.- .,"om', 110),1 I""n' .. IRO)'II"TRI 
objoc .. pto.lde. "" ..... ntl 1o< .. lon Ind.,~t>de .. , moth<>rl 
uI' ,po<:lIying In~' wllhl .. 0 RO)'II')\ RT. Tbe d.,. In. 
ROMI'TR 81>' .. bolh .he ROM ID nun,be. u"I'lue lu. RO)'!· 
I'AR1' .nd ,no j>ar1",ul.< .,1.;0.-" 0 01,;..", """,I .. , 

A, Ion ... . RO.\II'A RT h .. I ... " reglst .. od .. bc'll.Il 
p...,..n, In ,n., 'r ... m .• nd Indopond.." of ... ""'he< I, I. 
."ocltod to .nJ' diroc,"'Y. 1IO)'II'11u ",fu,ri"ll 10. ROM· 
PART con 11. """"erted 10 , he <>hio<:' 01 """", .. 'he)' .~;Iy. 
In ,,,i, i>'"<'CUf. ,he <to""n' odd ... ol,n., ROMPART w_ 
110M IU lI'poc:lr"", In ,ho RO~I'TR I,fo"nd In ,ho Rm.I. 
"ART ,able. on,1 ,ho 1I0l>lPARr, IInl lObi. " Iound. Tbe 
<>hjooo:1 number ,~;r.<:d bJ' ,1>0 KO)'II'"TR II uoed .. on 
Incktx In,,, ,hi, ,.ble '0 fond 'h. oe'uol em,..," .. 1,1" ... "I 
,h •• " .. "m." 00,....:'. 

RO).!I'TK. ,,",cul')"' m l cldl~8rouncl In ,",,, .. ,,f " X"",,1I0n 
.peod ' n,1 noxibili')" bo',,' .. n .d~rou 1",ln'",", ",hich ",. 
qui .. no """Iu',on bu, mu .. bo ul><l., .. 1 ",~"",,, ·c~ " .. ",0.)" 
mo'..,.. ond O«Iil>O<)' Iden'lf", .. , »'hoM ,·.1 ... con ~bo"8" 
'n the..,,, .... .,f oo,,,,<;uhon bu, .,,,,, he """I"",, In· .... "'hi. 
'hrooogh ,1>0- cu.,..",1 ronl"",t. ["01)' J><'OSIlItII .... bIo fundion 
an.cl ",,",,'''''' In 'he IIP . /ISX I>a5 on _ioted MQMI"Ilt 
,bo, • .-rlleo It I_e."" 'hoM .... "'" -...ollv ""'" In 
p~ """" ,I>c odd.".. po'n' ...... iII ... Ir",,~.,...,.., I • 
..... "" .. in "hich ,''''''' ROMI'TlI> til"" h. uoo.:!. 00 ....... ·.". 
II rio. u"" """'". P<""8J1I ,nmobl' fu""""" In 0 ""Ioble, 
,,'10 .. I ... "red I. "",,,,lIy ,he """ ' ''!oondlns RO~WTR, 
"n~o OIor!nR On odd", .. po inter I, ,,, ,,, •• t)" ,., 'he KI'L 
WlI>'."'!,,"" ."cI ""ti llS, ""py of tho 00""" I. d~ .. I)' "'~ 
"'h.,;, d.,.;reoJ. 

ROM 1'1"R.< .... ..o"""U)' """"ed on ,lie J>fOC'\I' 01" ron,·M · 
I", I~pod.in 'e,,' '0 Kl'L objood. (po .. I .... ). If ,he cu. """h' 
mn.1dered pIeoo of""" " _ OIl obloc' .... hml''''. numbel. 
01 "'h .. fi.ed·.)'n,"" iI" .... II """",~I '0 boo. ""me 
W"'*" ...... nln8 I, tIet~iroed II) ,he cu.,.."" con,.,., 
Non..,.. ROMPTR ... and l.oc.li ... ,,,,",,. To del"""l"" ,he 
CUI"'"' Inl"rl.<c~.';on..r ~ .... ""', ,n., .yS1tm r. .. , k.rclo .. 
,hr""8h . 11 ,h. , .. ri.hl .. i" 'h~ ~"."'n' ,I I"""" ... If ,100 
n.mo m",eh .. "'''' one of ,I>ok. ,h. n. ",. I. de'~m' inod 
to b.,. ,' .. I,bl. n,mo {ordln'f)' Iden"Ae.l, ifnor. 'ho ')'''0"" 
.... "'hOl 'hrough ,he hash IIbl", QI,he RO.\IY ART, .ltllCbod 
to ,he eu,,,,n' d,,,,,,''''Y. If'h .... . ro .n) II. n,"clo I. modo. 
the "",,'" I. ""' .. minod '0 boo 0 NOM ~'o." n . ..... ~nd I, i, 

.. 

""".oned '0'110 <:Or""'""ndi,.. ROMl'TR , If no mOlch I. 
"'odor. ,11<1 ..,.",h i, coo'ln\OOd wllh 11>0 I .. ",n' dl"",,<>ry. 
ond 10 Oft , If tile he"", dl"""<>ry i, ..,.tcbod »'Ilhou, • 
... tch. 1M ....... i. d"'eomlroed ,0 .... formol ,·.riabIe (.Loo 
... ""'i""'1lc1.ntl r..".~ 

EvO<)' dl .... 101}· oo:<cept lho homo d,,,,,,,"'1" can !la,,,, .. 
....., ...... ROMPART .,1Odw:d ' 0 II. Tbe I>a5h toI>Ie "oed 
In _ «;h lns ,och. ROMPART I. ,ho 0,," .upphed ",lIb 
,100 RO)'IPART, Th. ho",. dl_''''~. on ,"" ",ber ha ll cl, 
can h .. ·• ,,,,,hlplc ROM PART, .It,,,,hcd '0 11. Rocorded 
w;,h onr ROMI'AKT ."O\;h.d ' 0 'h" hom" cilror"ory i,. 
polnto. '0 II. ~uh lObi", Thl •• 110,," ,h. ho.h lObi. p"'" 
,'I<led bJ" 1!O~IPART '0 bo .upo ..... od by ... orh ... ha." 
'oIo~e"ho< in RAM 0< in ._her ~ (1o<.11 .. lIon). Onl)' 
RO)'IPART •• lt~ '0 ,n., he",. dl .... .,.,.,. COn he "" 
locoll...J 
Stn.<I~ .. 01 PI .... ·,. M .... t ... Th ..... i ... ' RPL ..... i8n pr ... 
vkled lor two kind. of pJ"!·I" moduw, ..... _iated 
.. I,h "",d_l)" dc>·ic .. (ROM) .nd """ _",ed .. "h 
r .. d/wrl,. d","""" (RAM). \\'1>0_ •• • RO.\1 d<rvice ...... 
do'oc,ed. j, w .. ",um"d 'hot Ito d" , "",,,;01",, of , Ilnl...J 
1101 of ROMI'ilKTo. Th~ do,'I"". \\'ould bo conHsur<l<i .. 
.",,'~ "",wen len' but " the,,,.' " ""IIf"r .dd", ... nd ,h. 
Imhl"ld",1 ROM»A R'" .. ould boo "'111" .... 1.' ,11"",riooo 
jI"t>'lou.ly. II·b ..... , .. ....... llA).t d.,'1eo wu d ... "",ed. I, 
w ..... umod 11>01 tl>o d",'1eo oon .. lned no viololo d., • • nd 
tho do"", .. "ukl boo"""r"ured 10 .... c.onl~UOU' "'S""'n, 
0( ,ho 'j'''''''', "' ..... 11 1tA).l. ,,·ith """"n, !!AM coo'~n" 

~Ig , t, L.,.".. at /he USE ___ ~ 0 "WYo<y or 
ROMPNII .,,~!Om. _ """'''''I' P/(IMPAAT ",,,,,,,,. 
___ , _",. II .. . n __ or dui"'ll'" 

110M P<I', "MIl .,..,.. .. 'er-... __ ",. "'" t)'$_ _c.. __ ",~_", __ _ 
1It7 ,_ i'~ __ ~J 

-­'-



ohlft«l I" ne»' pot ili""o .. ....:eo .. ,)", Thlo plOCHO io 
l....,,,' ••• m"'ll"'IIIlA~1. After RA~I no.. i;e.on molJ<d. il io 
""" l"'Mibltt I .. uoplug''''' module .. 11 ....... 1 ... d;,~"lI 
It.. ""' ... ''''OWil). I\'I>en. ~ IIA'\! 10 pUnet!.a Io'll" 
...... ..r,t.. o)' .. ~m ond ..- ... iobl. could .... · •• h II 

T" .. al" II .-sible.o ha, ... ROMPART. ""'IIIoU' ,*-
""II' d"·I"",,. an a .... wi'hin oj'.I"", RA~I I • .." . ide aDd 
~h'c~' Ih~ ..... OI",<lure ••• plu~·ln ItOM , lhal I •.• 
""1"0"'''' ""1l0~II'AKT • . Thi. II'"'M ·""""' IIO~lI'AIlT ...... 
I •• )"" ....... h"d ,Iu,i"g I"" <"nnS"c.""" of IlOMPAIl'fo, 
Thi. ",odel fnt plug·in st,ue'u", pro,'ld ... 1",,,., . 11 .\"&il· 
ohle •• ",'1,., oti,omo,ie.ll)" ood ""lu , ..... only fI,-" u"", 
""'d c"mmo.,d. · 10 prep"'" ,"" ')""0°' fo, "''''''''.1 .,... 
IIA\I n~kl"", I~REE) b)' ",< ... inS IfMt 1""0:.,<1",. used '0 
m..,. ''''IlA~1 rnod"le.lOoIiOoCh ood ...... h os;"en Iob.-.ry 
from 0 ~'"'' d,,",,,,"'}'_ , .. include a 1tO.\tPART W"en i~ 
>ome ob\foo:l--coded Icrm) in It.. RAM·boooed ROMPART 
o ...... Dd.o """"' .... "",h. RO~IP"'RT 

OHlon CI'oo~. oDd CI'ooIl.nl/lt. 
In ,h~ ",·"Iullon of ,he Ill' nsx dKign, I' hcc." ... PJ'I'· 

,,"I ,h., Il AM ",ooulo' noo.-d«I,,, hc uoed .. on ..... long< 
(I~,'i,,".,',, "II ."Y".'" KAM IIf .",1,,")' I" n",iblcdi.k •. 
<,<t. ""ul.1 "1"" Ihal ,ueh . o, .... ",,'''lI'' itA." mooul. 
could "" ''''''''''~d ","b<IU, n", Infor"'i"A ,h"')"I" ... n-
1"· .. 1 .... 01. hod .Ignifoan, im.,..,l <HI I"" liP . I!SX plul·in 
"",,_nen, deoign. 01'- foCI".. II .. " alrK'od .be d..w. 
""'" Ihol ,ho RA~I """,,,I .. I",,-eo ... llch ,h., all"",,"lhem 
lO .. , .. 110M. ,Iu, .""'" .. DC df..:ll'-e way 10 d .. ormi ... 
'h~ ..... 01. MOM module, .nd ,h., ''''' .)'''~m annol 
",liobll ,lel"'-' ,I .. "'".0".1 nla "1" .. 1,, a. ,II, "'",""'Ol 
Rac~up IIbjocI •• "d Lib ... ,;"". To uo<. Il,",M cord .. rna .. 
• 'ora",·. "" ,,<:<Xi to h< obk ,,, .tOI'O n .. ",loblocl 1>01,,1,., 
II," II II~t c.,,1 "'UGh o. 'hey.I'< .10"'" In ,·.,Iabl .. in 'he 
",.i" MIIM In .dd,Hon, we n",-.I I" h •• ble 10 ".'Iily 'hal 
,h. ,1,10 "" 110. ".,d h.u 001 1""'0 c",rul~cod In """. ,,'or 
Thl. "",In"", >On .. "8" ,"u,1 "" f.OI b.:co .... it my" h.al'l"'" 
., <o .. r"" ... """ ',m" .ho, .. _ I""", ..... 'ho '''" . ..... modol ... 
I. ,umod on .owI ."" time ,Ito .....,hI ... I. ov.iloblo I", u ... 
Si""" no .... owI .. lone obtoct """'''''''l! of a ""mefobjocl 
PO" """00 in the ""gl ... IIIPL .. -",,,,,, .• now CJI>,od I)".. 
11,~ I ... lUI' 01'1""'. w .. 1m',,"''''' for I"" PU'I"""· A bac~up 
ohJo<-t. In • .1.1",,,,, 10 Ito prol"tl" ... "I "'''Ilh, <XI""'" 01 
a ",mr. 0" objec', . nd a chocuum. 

~Iow'~ KU.\tP,\lth con <"". ,01 "'11h bac kup objoclo in a 
I""~"o. 110,,)' an, . 1 .. , cn""l"ul",cod "lIh. l',olotl"c ."d • 
• 10", ~."'" ,,, 1.",-"",., libra,)' ob"",U 

Tho '''II,,,i .. lio,, of,l,., d ••• In. ~O~II'I .. ~.in I. 1.'1\"1)" 
d,r •• I .. II" It.. loe' ,h., ,"" ')"r'" COn ""I)' ,I ............ ,be 
i><-I;lnnl"fl of 0 ROM aDd "'" ,t. ... d. Thl ........ n. '''''' onv 
dooa "nK'~" "',h'n I"" IIO~I .... " ,to" at.t.. beginnl,. 
odd..,...Dd e>'ond In>m ,he"" ThoorilllllOlllI'l. COlOr"" ... 
""" ... urn«! ;,,,1 ,,,,,,," ~ "",~1u"'. 00 '''''' "",,-..-1,ns , .... 
<""r.~""" 10" foon, • lin .... 1 ""'lu_~ of ROMPAf!T. , ... 
""lU""'-. 01 b.d"p and lib",,, objoo<:t> "H ",lar"·,,I)· 
.".I~hl(".w.rtI The ",'",om dotermlneo lhe cn~ "f the 
.... 1""".:" "'h",, it l ind . ei,he, on ""d ... f .... "!u"n"" mark. 
"" vb!<-,.' ,hu, i. nol • b;oo,;."" l>f 111,,-.,)' obj<l<1. 0' on in".lid 
'.h" .'U'" In "lth",,,1 'ho I ... '".".,....,..Ih. u,." I. " .• ,,,.'" 
.".,....,CMD.oIo. bu, no lunho>l ,,,,,,.,,,,»1 ""lion i. ,.len, 

Si!X~ RAM pl"3.in """ .. ca" b. "",,-orr .. IIO IhI: oqul,'o-

kt"' of ROM ca,d. by .i"'l'l~ chon,I ...... lloh .. "1"3 on 
,ho "".d, we doelded ,h., tt.. OItudu .. of on unm"lJ<d 
pI","ln RA~I card .hould "" ,Ito ..".. .. a ltO~t ...-d. ,hat 
10.. ..... u"""" .,.. libnry ODd backup objooelo with ,"" 
~.....u ...... '" at ,ho Iowef\ odd ..... 01 ,t. card . 
I'vrb, Tlt.IU'L ditflCtuy .. """u .. " _ oftho m .... 'i&h,lr 
101<11 .. ,«1 upeoU of Ihe .).""",. H.~,,. beoero coocei • ...J 
of .. """,_ ... nt .. "'''''' ,,'hleh could oIomin"e Ihe 
u .. "f I ..... memory in • memory.limlted 'Y"''''' II I, 
1"'1'1~,,"n,.,t ., a ..,11..;uo"'n,'" unli coo .. I"lng no poin'. 
cts Ihat "ood '0 "" ehangod •• 0,10", 1 .. ,1. of mc",o.y 
dlon,.. In oddill<>n. It I. <.Iogo''''' 10 'hol,lgh .. ddres. end 
01 In..., m.."",)". 

Thl. hl~ly Inl'~"'cd ",,,,el,, •• w"h no pro.io;"" I", 
",f<.r.i"ll outside It.., II pr<ICludeo .t..lne h .. lon 01 un"""P" 
RAM card ... ,i"",,1 ... bdiroctorieo 0I11to i>omodirKtory 
We ,,,,,,,,<It<IlO iO>',.....J 'he ....... 01 ......... nolaar funh ... aowl 
hII.· .... po"'. do .. "01'0:8" .~ _''''' •• n,I_. to 
Ae>lbl(, dl.l d,i,"". In" ... d 01 d",'. ,"" II, aowl C. ,,'e "",'e 
)lOll. I , 2 .• Dd O. Pori. 1 .nd l ",(", '" I"" dOl. OO",.lnOO 
,,, ~ .. nls 1,l ugged in'o tOe co"".po"dln~ plut·l •• 10". P"" 0 
, olero ,,,.,, ""'. In [",1 "_1 " RAM lbo, "",.11 • • 'I"',mancntly 
pluAAW·I" < .. d I_ Fig, ~I, Unlil.~ IN',«>",I ".wnt>'''"' "' ... 
"or"",. ",,"",, ... 'he etinon' ,I'h'. " .0"" ao)" of ,10",.,. 
TOO port .""",ncotion mu" "" Included In Ih.'"I""".tion 
~I""" 10 on)' op"'oticn In'"l ...... Ih. pol'". 

Tho """",I $TO. ACt.. ami O'\!RO.I! """''''''Ddo. ",hieh "",. 
.... 11,· ",0" . ...:all. aDd del«<! ...... bl .. ,n .... , ............ ry . ... ... ,,,,,.Ied '0 .110 ... ,,,,,,01., .,.. ,,,10m .. , ..... ' 0 and from 
,ho port •. Toal .... nomea""n, .. ," ",lIh 0'. '. or ~ indi. 
co, .. 10 ,,,,,",, ""mmand. ,hal. port oponllon i. <Ieo ... d, 
For .'~"'I.le. if A8C I. ,he " .. ". of,n ob!o<:" n)lOll 0, 'hen 
0;A8C JICl ,,;11 ""u,o 'he ob,..,1 ", II", 'H,d 

Sin<:<> ,h. MI)" ).,nd. 01 "";OCto .1I0",.d In • "Iug.i., do" 
., ..... badnp ond libra", objec ... on)" ",h., Ln"j of obj.>c' 
10 n"l """"I"ul •• oo ... 0 'backu p objolc:l .• ~lmlla,ly, ACL of 
one 0' ,ho back~p object> will PO)' ,ho objoe<l oul 01 ,h. 
""1""'1. 
111_,""1 M.n_",,,,,1 .;,.1 ............ Tho fac1 ,ho, ,"" CUI' 
~n' d,h-e It .I .... y. none 01 ''''' pont I>u """..-.1_ 

......, .. _-

......, .. _00f00I ,-_ ...... 
• ..... -

' iD-1. 1..>~"' .... ~~IIl/<I1I..,.R .... ~_ 
",. HP4B$ll _so ~ N> ""o'je<! ~ COI~" _-'1"'''''''2_ ...... __ .. ''''''0 



quenc .... fi"l • • imply I"".r.,,;~g a wor ki ng "'" 01 rel.'ed 
program, frun' • diro<'ory ,,, 0 port will nol ""uit in • 
,,"O.kinS set 01 programs in Ihe po, l. Thl. i. ,,*<ou ... of'he 
port •• pecrflc ,.feronce for n,me •. II tho program .,,11, • 
, ,,bp'ogt.m by including ii, Mn,e. say &o>P"'II' ev ...... 'hen 
only the directory i. search.d ,,·hen Ihe name i. to I", 
.,·.luMe<!. On the ot he, hand. il the subplOIf,.,n is c.ne<! 
by including a port .speciflc reference .•• ). oO '~' EV ..... , 

,hen only 'he 'pecified port i • ..,.",h"d. To compen .. te 
for Ihls. we h .. ·• Included 0 .' wi ld cord- r><»' .pecifl.r. -& 
Th. ""Iuence -&,~, fVAL will ..,arch fo' , ..... ubpro­
gram in .11 port, .nd 'h~" in 'he current diroclory bdnre 
Si,·ing up , rh i, collins ""Iuenee .llow, PlOIfran" '0 be 
executed from <li""'lori", or porI< i"'ercho"8".bly. 

A """'Old conoequonce 01 'he'" beillS "" cumnl d' i" ~ 
i. 'he lock of ."""'" '0 ohjoct> conlOine<! in direct",i .. 
""",d in • port. No,m,lIy. It.. me,hod of ItCce"ing .11 

objo<l in. dir",,'ory i. r"" '0 ch.n;r. contoxt 10 I~" Ji"",· 
' 0," a nd ,hen to u"" ACL '" .ome "tho. command. Sino<! 
II i' nol )"",;1,1. ,,, ohongo con'e" '0 8 direclo'~ ",o,od I" 
• I"'rt. ,hi. mo,hod i. no1 O\·,il. bl . wilhout /i", copying 
Ihe di,ecl"')' bod to .,.in KAM. Thi. i •• oh'ed by \loi"8 
• II .. a •• comple'. path ope< ifi e, ro, r"".llin~ ' ,' .. iabl~, 
Por ""ampl". ir" i •• <li""'to,)" objec' "0,,-4 in port 0 ond 
il cont,;" • • ,.ariohl. n , ,hen "',I ~ B I ~Cl ",III recalilh. 
mnle " " of II to the .tock. Simi larly , il i , pos.ibl~ '0 recall 
from an,' 1""'lIon ,,'ilhoul <h'''g;''g ,h. con'exl diroctory 
by U'i"S' Ii., 10 'P"Cify tho path con' pletel)", 
Arch,," .n" R"",u...,. 11';,h • mo,hod of m." .. ,,~ .,'oil· 
obi. , it i, ".' 0,.1 '0 p'O\'ide • me.n' '" .",hi'·. the 0"".'" 
""nlen" of Ih. coleul .. ", ."d la'e' '0 ",",ore ,hi , i"fu,," .· 
lio", Th. opcralion ~RCHI\IE produces . copy of ,h. en'ire 
home dir"",,,.y On<:lll"o lole<! ••• ""ck"" objec'. I, <leli,'e" 
,hiocopycilh.tlo • • pe<ificd port or lo.nolhe, n\O,chine 

K""",i"S from a bockupcop)" "flh. hom" diroe'or)" u, i ns 
'ho FlESTOFIE oper.tio" "', ....... 'he ",eh,,'c I""""" . 
lleeo" .. nf'he potonti.lI)" greoler need for hum," into"'."· 
lion, RE$TOFlE wil l not wt"m.ticoll~ ",,1010 rrom on<>lhe, 
machine. In5tC<ld. RES~ ,,"ill U",,' backup (or on)" <>Ihe,) 
o>p)"oitt..; "<>I,w<li reclory no m.Uer how iI w., nhlaine<! 
KAM K""",·OfY. \I·ilh the 1.'1;<' an,o " n" of d8" 'hat COli 
be pre"'''1 in til< m""hi"". iI i. clear that addiliorl,1 ~" • 
.. f<gu .rd . ore n""",so,)', One .uch .. feguard i, I'ro,ide<! 
by It.. -.,...... ....... ., ope,.lion_ 

II·henG".' i' is found th., 'he """ch,,,1 ill ' ''8'iI)' of K,\ ~! 
h •• been "i"l"ed , tn" ",c, is gi,'"n the opport un ity to 
c'lh~, ... ~ wi, h • d",," .1 .. " or , " en'pl to .. h 'ogc SQ"'. 
d., •. II, no use, choose, 10 "'kogo d .... 'he In""hin" lirs' 
, •• rche. thro"!!h KA M. k'(,Jlting libr.ry or bac ku p 00""''' 
wh"... Gh,-<;k .. "n •• ", ,·.Iid. It collects . 11 of th .... into a 
00"" port o. 

II Ihon .ean:h<s fo' • dir"",O<)' 0/,,,,,,, h',-inR Iho 'P<'<ir." 
fe.,u",. 01' .... home director)". If on. i, found. 'Oe ItAM 
reco'·"'1· opc",l,," ,'.rin •• its "rue,ur. 1 integrily. ""d the 
opera1ion i. mmp).I •. To chock the "' ... • .. "0')··. ",uc,u,ol 
i n '''8' i I)' . t h. R'\~! ,oco' 'Or)' oper" ; on choc'" th .. 'ruet" ,a I 
In 'egrit), of each obj«:t wi,hin 'he director)' Iind uding 
rocu""'el)' choc ki ng .uW i"",tori .. ) . nd ""no,·", 'ny ,h., 
. ro corrup!. Jf"" hom" direct"'Y i. found . 'he RAM ","",-. 
cr)' opera1ion b<"gin • ..,archins fo, o[(lin,,)" ,lirec'OI)" 
object>, II'h.n i' find •• di.-e<to'1· it oh,-d, 'h e ",uc,urol 

1"I"8' iI)' of e'Gh obit'" wi,hin the ,Ii "",tor)· (including 
lOCu" i"el)' chockins .ubdirecto ries) and tt''''''''"$ an)' ,h., 
arc <Xl""p'. Tho ~"Iting oo'I'1IC,e<! diroe'oric. are n8m,,1 
00. 0 ' . • nd 00 on. and 010 ga.lhere<! togethe,'" ro,m • n .... 
homo di,...:lory. complctin~ the ""-,,,"cr)' PI'OCrJil' 

Ac~ no .. led9men's 
Tho dcslgn. de"" lop"'""I. "rid ''''ing of 'ho liP ~8SX 

formw,,,, uilim,,",y invoh-.d olmo" .,·eryone in the Cor· 
".lIio Di,i.ion R&D deportm.n!. In odd,lI"n '0 ,t..; authoN. 
'hose wbo ""," " ibuted dir",,'l)' ' 0 'he design .n,1 impl •• 
",en .. ,ion we"" Ted Il.,,,,, ('I'phcation a"d in,.,r""" m.n ­
ogemonti. Stan Ol.scow (IIIOS .".1 tim. m.nagemenll. Diana 
Hyrne (plou;ng ,nd f-'!u.,ionll'rite,). Gabe E,sen,toin 
(~:qu.! i onl\'rilerl , Gralll Gorno, (d<comp il e .nd RO~I 
''''it"hi ''~). Aill Johnsnn (M.trix\I'riter). Max Jon~.I",enu 
.}'''.m . nd edi'ingl, Pou l Md:lell.n lunit llIon'SM'oo'l, 
Pat Mego".n (oppllcotion intotf"""'I. "o,han Mey~" {I/OI 
.ncl eob 1I'0"loy (110 'nd prin' insl. 

Refe,ences 
, w,e_ Wid",. -An Emlull""r RPS CrrlculOl'" for T<chni",1 
Profeui"n, I •. - lIo.,,, .. ·I'a<1oni /00",,,1. <'.1, '". no, ". A"gu" 
,90!'. pp, , ,·,6. 
" RE, Musch. II. Wong. '"~ l!,~ , ("""klin, -Poworful P,,,,,n, 1 
Corleu I .. " , S)''' ' ' ' Sct. /;.~' Stondonl" • 1I .... hm·lI><;lwni /0<",,,,1. 
\'01. ~ l . ".., l. M."h ''W.I. pp_ J." 
1, C.M, PattOll. - Srmooiic CoInpu""o" for ... ""!>old C .. !· 
<uto", .... H •• MI·I'o"loro /0""",1. \'01 J". "" ", Augu" '90!', 
pp, "-'5_ 



HP 48SX Interfaces and Applications 
The HP 48SX scientific expandable calculator prOVides 
supporllor multiple applications, both built-m and ex/ernally 
developed, with cuslomizeduser imelfaces. TheEquatton­
Wriler and interactive plolling are IWO of the built-In 
appliea/ions. 

by Ted W. Beers, Diana K. Byrne, Gabe L. Eisenslein, Robert W. Jones, 
and PatriCk J. Megowan 

LIKE ITS ~RWfl:!!"'.s()R THE liP 28$ . ,h. HI' ' 8SX 
",;enHAc oxrandoblH olcu lator i. an RPN calcul.,,,,, 
design,," .s." d""'mnlc sc,orchp;!d lor ""Ihema!­

k&1 ca lcul. tioM. How.,"Of, the .imple "<or inlerfoe. u, .. 1 
in ,h. HP 285 ,,'ould h .. ·• become o,'.,rl.,.dod If ,,.n,lou,,1 
directly to the more ""I"ble IW ~&Sx. Consequontly . too 
UP . ssx c,,,,,,. in, di_t,ul'l'<lo1 fo< d.'-olopin;; 'l~ i. li .oo 

u.er inlorloc •• ,hal can "'pi""" or ~'ond ,h. b.,ic cal­
cu iot", inte,foc<. The .uppo,t i. u>ed in the built·io appii. 
co'ion •• uch •• the t>Guohonl\"ite< ond intc,act;'·. plotting. 
and i. ",'.ilable 10' ordinary user programming ond for 
... em.ll)" cl.,'eloped "1'I' ii c.O"o •. In tbi . ar1id •. " '. will 
review ,h • • upport mochani.m. and give "".,.1 ill"",.· 
ti"n'ofthciru", 

Mo "llglng Mu ltiple .... pptic.tlons 
Ea,ly in ,h. ,1.,'~lopm"n' nf ,h. HP 4ftSX . It t""""". 

app,,,en' ,h.t withou, 0 common app,,"och '0 opplica'ion 
in,",I."" implementation, tho colc.lotm " 'ould not presenl 
o ""n' ;"en' mc'hooology 10 'nc U'C'. Fo' «omplo. " 'ho" 
on aprH"",,,,,n ends. it i. important tha"he menu d isplayoo 
booro~ ,h. appl ;e--o,io" "'as '''r100 be ",.Iored , If one 'PI'Ii. 
ca,ion r • .,,,,oo ,h. proviou, menu ",hi l. another .I",oy. 
d'.played tno ..... TH monu , u .. r confu.ion would r.,.It, 

Ai'hO\JW> a con,I"en' opproa<h '0 oppli,,",tion in,crf",," 
de'ign 10 Impor1anl. "" i< the lreedom of the d.oisner to 
incO<pO,.'e unique I ... ,,, ... 'hat iustify ,h. n....:! fo, •• pe. 
d . 1 interfo"". On. of Iho ch.llenge. In developing ,boo 
applica"on Inlcrr..,.. cngin. for Iho UP 4SSX ,,'0' boJancins 
consistency of operation wilh nexible dC'ign componen ... 
For Ihe hook. "ac<-orient.d. RP~ operOlion of the 
liP 48~X. and for stack-orien'ed application, suoh a. ".' ;, . 
,k. , the use, in'.rf><~ i. handloo by 'he huil,·in RPI. ou'er 
loop, /til oll><r applicolions u~ on RPL tool co lloo Ihe 
l""am.'.,I.oo oute< loop. which i, de.ignoo '0 cu'toml", 
• u"', inle,fa<;e, 

Th. d.,ign., of on .ppllco'ion """ he "'rocIOO '0 how 
how I .. ioteTfaco should ope .. ,e , b~, not n"""-' •• dly '0 
kno'" 0' f"II;' undorsl.nd how tho oppl/cotlon should hon · 
die 'he 'pp iica'ion from ",hlch It "'.s ... rtoo or how '0 
_1",nJ con' i'tenlly to I'lo i .rro, conditio"" and other 
"ne<p",,'eJ e,'MI •. The p.,.m",",I.oo 0"'"' 100(> ",li6<'OS 
Iho designer or th_ burden. while prol' iding 0 <;<m,mon, 
robu'l n'elhod fm hondling 'prlic'tion stOr1"P , 'Wl/co. 
lion ,hu,down , .nd .. )"noh'onou, .'~n' handling. The 
pommct.ri.oo outer loop occompli.h .. thi. by handling 

,I.e following major a,roc" of o.loul.lo, opctoUon; 
• S"'i"8 Ihc prel'iou, 'l'plie"lion ', use' in,.,I.co 
• Upd.lin& ,h. applicalioo·, dl'ploy Iool"',,"n ~cy P"''''''' 
• I\'oltlog "" .nd disF"'lching key PN"."". al>ton ;n'",· 

"'P", ond unhan,ll.d en,.,.. 
• F..iting the displ.y ond l o)' handling ioop 
• Re .. or ; "~ 'ho I''''';ou, .pplicotion·. u"'r in'erf""". 

EJ« . pt fo, .. \' i n8 a nd "',,'" ing 'h~ p",·I"" •• pp 1i0.' i"n', 
u •• ' inlcrfoeo. 'he 'I'pli""tion"roc iftc componcn" of .. ch 
'ICP arc .pccinoo by th .. appllcallon when il .Iort. tho 
r"","wlcri .. d outer loop. 

Beloro the """ «rn intcroci with on appli"'l lon , uch., 
Ihe Equ>tionC.IOlog. 'he .pplication mu",,,' i" u" .. I"'er· 
f"". , The u.~, io'erl ..... l. ",h. t m' ~ .. the interaction with 
the 'ppl;ca'ion unique. For ".,,'p i •. ;n I~" ~:.q\ .. tion Col ' 
. log. tho f.",iIi .. otoo~ di.pl>)' i. r.placed by • Ii .. 01 "'IU'" 
tion,. and th~ . on,1 • l ey. no longcr mo,'o tho charocler 
t "r"", bUI inol""cl mO". > 1i,1 poin'"' around 'he oqu"lon 
II", An .ppllcotlo" s~ .. ,h ..... nci ",he. "1"'(;1' Qf il . inle,· 
rllC. when 'Iartoo by pu.inS . ... , of u .. ' inte,f""" pa"",· 
.,"" '0 'h~ p",me'crire<i oUler loop. These F"'romete" 
der.ne how ,boo . ppll<;.Otion m.".gcs the liP i8SX displo)' 
.nd ku)'bo.ord ,nd how t"e app ii .. 'ion in'.,aclO wi,h ,h. 
=' of ,h. ~ .. k.l .. or ~n"lro"m~n'-

P.r.meteriud Oute, LOOp O~,"1ion 

Tho <>pcrOlion of lboo pa .. m~'.'ized oulCf ioop con be 
,,,mm .. l,oo •• folio"'" 

So ..... 'Y>_ '" """"'" """"'<00'."_ inIo/t..,. 
• • ,"" ;n 

I SelI'M.-- _",,"', "_ "" ... ..,. 
"""" •• ;, """"'''''" oqoct ..... ....... ., ..... SI; 

I Eva ... ' • ....,...,..,..,..,. 
"""", ;n 

Flo.., 0«1 .... _ • "O!' -~ ....... , ... ""--
,-

Flo-. ................... .". ...... "'" 
__ ... _ .... ",""001 

The opp li catioo 'rocir. .. the uniquo ope,"ion compo­
non". ouch •• the exit condiUon obj«t ,nd Ihe displo)' 



ot+>ct. ",h.., I, star,. tile 1 ...... ""'to,I ... 1 oo'~, loop, Thi.o i. 
Iw>w ,~ OI>j>I~1ion """0 ... 1_ ,ho In'crfoa. n.. 
po ....... eri>ed ou'er Ioo? i ..... po ... lble lor 'he kor-di.ploy 
loop .• 10"" In' ..... .,.. .• nd ""',·~..,I ...... hondli"ll. 
o; ... l~r ".~dl in~ n...... 10 no deb"l, di.pl"}· in 'M 
poton",,""'''''' 00'''' loop. The 'PI'llea'ion 10 ""'po<I'ible 
lor <M!!ns 01' ,100 initi.1 disl'loy ond 101' "pdoll", 11_ Th. 
o""lkoll"" dl.plo)· ooio<' i. tho """hod ..,. ",hich ,h. 
ol'pl;"o!!"" monos"" tho HP 43SX "i'I,lov. Thi. obroct. 
"'hleh I. "'''011 )' ot> .,"""tabl. I"","""'.c'" ,.k. o<!I'on',S" 
of ,n. , ... ., moin me'hod. of 'li.pl.)'I"~ Inf",,,,.'ion ,hat 
tho HI' ~8SX '''!'PO'''' po";'" dl.),loy "I'd". o"d ""'i,,, 
dl'pllY upda'e 
Paw". m,ploy Up<lo"'. p ... i .... d,.ploy upda •• In,"OI,,,, 
uol", tho dlsploy ob;ed ' o upda'. In)· .... of ,1>0 di.ploy 
,ho, "., '0 be cbmged .ft .... I key 10 hondled. In .hi. 
d;",loy It.andll"ll model. _It by 10 """"""w. lor i"'pl;". 
Illy ~'ns Inl.,......,lon '0 tho dl.plo) 01>;0<:' """'ns 
"'ho •• , .... 01 lhe di.pll)· II t>o.,,'1 chonged Tho di.plo)" 
00t0c' ,hon upda'",.U <>too, d .. ploy ..... _ 

Sl ...... ,n. moin 0"10, loop 1' .. lf ...... ,hi. di,ploy upd ... 
"'hemo. oPI'II"otio"o tho, 0" """y ... ",1.,,1 ko)'" .uch 
a. M.I,ix'I·,it.,. ,.k. od,·.nlo!l" "I Ih. ,11.pl. y update in· 
10M""'"''' J>USed by the ... nd • • t! koy. to olmplil)" 'hei, 
own dloplo)' ond key hondh"lllogie 

It '""lor benefi, of pu<i"o dl.ploy updo'e _ .. on '~ 
I",t .h. t~ 'PI,lleahon prop""""" can _I.e roo d .. piay­
..,Io,td .-10 ...... IIIt! keybolMlh",.._ .. ill 'hodlopby 
""1MI1, ... will wOfk propeoiy. 01"'1' _ slowly u..n """. 
..... '1. Ito t ... opplica""" dl\·.I..".. tho _'.n""~ can 
odd .. ..",'''''.,~ ,h_...,.. ,h., ~u ", .... If .... e~".;" J; •. 
ploy '~'. thus ,,";ns tim. "mini dl.pu.y oj>d.t._ Jf 'ho 
1''''8'''''''''' mi....,. • few co,,,bin.II,,,,. of key.di.ploy 
Int • • I •• lon. ' 00 Opl,Ii<.Otion "ill. 01"""'" l""p",ly_ 
.'\"" .• I)" ",OY Upd"e. l1to _" ,,,,,1hod ,""ported by 
the 1>" .. ,ne''''..,.;1 out., loop lor h.ndl",. d l'play updale 
i. the ....... oo",.,,"",nol oc';,'. di.ploy upda' •. In ,hi. 
n><>del. _h key thauffcd"he display upda'es lhoe di",I.)· 
itodl \\'1' h oct".., dlspia), h ..... ll ..... "" .ppllc.llon d i'ploor 
obI<oct con be .."."""" .0 a olmplo _IRo op<mi .... ~ The 
major d ..... b.d .. of act" .. displooy upd .. e ... ,ho, oil "pee" 
oldi.plo)" h.nd I i "lI mo. t be con,Id<"'" h)" "W)' key dolin I_ 
,Ion. ond tholmpllci' display ol><l ... lnl""""'lon required 
by o'ho,,,"lc"ll1or "",,"re .. muOl bot dc'.rmlne,.! whc,,"'·.' 
,he •• """'",:e;"to u..,d by tho 'ppllctt,IQn, 

~'or ._",,,i,,.,,c\, ond robu"" .... "'"., ItI' 46SX op plleo­
ti"u. tno,ooge the di.pl. )" in '00 .. ",. ,nIIn"., •• '00 m.in 
"", ... Ioo!>. tll\ntely "'ith 1>0""'" "I'pln "pd.t •. 
n ord Ko, It .. i~""'n' .. Itn)' o( .ho HI' ~asx k.,. .. In .ny 
'" ,bel. ,i. pb"'" (u.,<hllled, left.shifted .• ~,.oh,hed. 
olpl>o." nohl_. olpho-loft"", Ih<!. olld 01 phHishl4h ifled I 
.:an ... ual.gned ..,. ,he d .... llon of. po ....... _>ed ou • .,. 
loop .ppllc.ot'on_ Tht key objoc. "..,."""'" .pecif"", ,he 
k.,.. to ... i~n and ,be" new ... ign"",n". ln .ddiUon. 'h~.o 
. .. ',.,0 Has 1'" .. ,"", ..... ,h .. con,rol ho", k~y. oot ... ign«! 
by thupplieo'ion .'" handled. If 0 loy 1,,,<>1 ... Ig"ed by on 
'p), I(oolion. ond tho _Oof ..... ...,.. nOS I. HlIJ~ , ,hcn ."n_ 
olo,d <» defa"I' ke-y )'''''''''''''8 nee",", """",ding to '00 do 
_...,..Oag, 

~.,.. .... n'l'le, II .oe, leI"~ mod. I, on • .,d ,he key hu. 
u_ lO)" _""men,. tOO" the u_ k.,. I. 1_""" II ... 

.....-<t .... I. F~_ 0' ,ho! .t"'dord MI)' I. 1,_1 If 
do""-...,.. i. rRl.l£. II __ ""'" I. fiLSE. 'Mn all 
""",ppllco'l"" le) .. '-1> ... d do "",hlns . 1 .. 
.\t~nu K~r "' _~ .... nt .. Itn oppheo'iOn COD opecilJ' onr 
Inl.101 """'" key uslgn"",n". in any 01 ,h .... pl."", I"n. 
.h,h .... IoII"",illed •• nd ,igh ••• hl~edl. '0 ... In,ti.liUld 
wh~n .ho po",,.,.,;.,;,,,,,, 00'''- loop I ..... tool, An ou'~, 
loop porome"'" ,;-:ifo ... ,ho! dofonlti<>n ,"*"', IOf.he opvll­
cation', n,.no ond mo)" indic~,~ tha, Ih. "u"cn' men" i. 
tn I .. 1~lt Intoo;, . II'he" ,ho! o"'~, 1001' I, e.lled. th~ 1'",,'lou, 
monu I. ""tored o",om"tieoli)', 

S'n"" h",1 k.)· .... i8nm"nlO h ..... priori'r m'., ~u .ft)· 
"'i3nn"'n". It I. poooible.o olo:flne n"'"' .... tic belta";.,.. 
10, 'ho '"""" k"n To do, •. "" po"""". ,h,,,d out .. i00i' 
opplic.llon docs..,. """ ........ oJo"", ,he """,u m' I»nd1lns 
I. '""'Y lIniblo.nd c ... ,omi...,l. I.oell. 
P"'.· .... injt Su,~ h,-i, .... "' ... ' • . \.Ion, '1'I'Iica,lon. 
need to .110 ... rbit .... )· !»m"",nd. ond "_ nbjo<l. to be 
.. ·.1 • • '001. boot mo,' not wonl 'ho ._"' .. 0' "n,'i",,,,,,,-",,' '0 
.... u.P<'"dod by 'ho, ....... ' 0 .. 1 PfI()O.FT "","","nd •. It po· 
.. m"~'i""'t ""'or loop n •• pocir. .. ",he,h., 0 ")" commo"d 
,h., \\"0",,1 " " P<'"rl,h" M"i,"""",,,, In"n.d ge".,a'e'O. 
....... r .... _CITOF. 51 ....... b"'h ....... ' .",1 ~IIOMPT "",,,.1_ 
I)' """Of' .he m~," "",..- 1",,1', "hlch leo" .. the 0!'PII,:alion 
,u'pen,"'" Intlefinitoly ,,·itboot ~ed,"" In.- I .. glOOol 
....,.,ra.o, oil ""m.o' oPl'IIco.1oru; di .. Uow .u ........ ioo_ 
~in' Itpplieoll ...... 00lG of ,"" fH>,,· .. ,~1 '"-0,""", oJ ,be 
tiP ~asx II I .. obility '0 .. ad Of n ... multiple appllco'iOn 
u..,. InIOl'''''''. c/f."'i'-"j~ oil"" ,n3 .n '1'P11al1on '0 nrn 
..Ithln ."",h .. """I1",,,on, POf ... "mpl •. ,,·bll. ,,· .. ,k,"8 
"",~.n /.I. "I>W ..... . one <a" praM' $'" " .. ..... 'hn 10'0_ "v • .,.d opplico tlon '0 <oPJ' • "~Iu" I",,,, ,he .,.d into 
~1."I.II',I'er Gon,'e...,I)", ,.-"h in ,h. In,,,,,,,tl,· ....... k, ",..., 
con ..,k ... , • ",.,d" ."d 1'''''' V",W '0 ... n ~'o"ix\\" i 'e" 

In """h """'"" hoo '00 IoOCOnd oppilcollon" r.ni,hed.,h • 
nflt "",'""'" whe", It lell off l"ho ,\0"","'",,""" outer 
1001' ,.01", ."to oil ,he dOl .. I, a .. "'H .. I .... ', 

"ppI,",1on Eumples 
The In' ... ' .. & .. od is on til' •• s;( .pplicolion w,.h 

whk;h , ..... can bmw.., through ,he III' .asx da'. s .. ad .nd 
p."form ... t of 'Iocl-~I .. ed "''''''''~, .. 1M .... on lbe 
"~Ied "",llc,·.Io. Si"". '00 i"' .. ..-JII· ... ""llstksilV1od 
fo.- """lope",;"", o"lr (It,dudi''R """" object "-diti,,!! 
ol",,,,',,,n.]. " ",.in,.in •• "ic, control o,'e>1' 'he ke,·I ... ,,,1 
.. "I ,11'1'1.)·. l"hi. I. oe<:o,npli.hed "'1I1t il> l.·" h~n,lIin~ 
."d m'nu objoclO_ Unlike moo' owlk" lIn"s. tho In'..-"";'", 
sto<l J'I"OM'nt> 0 diffcreot men" d"1",oollng on h"" It I. 
.. an..J Wh.., .. , edit Ii"" does ont ~.I.' • full """' .. of 
Oper.I,On. I. dl.plo) .... \\ .... n.n edl' U"" ...... o;ist. the 
In'....:l" ...... d dioplo, .. ......... "",rich, ...... ,'u •. ",,0.. •. 
;""ho ,""'01 opo""""" ..... llable. To ''''pl_n"h" d,II .. · 
on«, tho In,,,,",,",-,, >l",k po""" 000 of ,,,0 menu obj<o.~. 
10 t ho po, .. """,,;U<! 0" '01 I ..... p .. I" ""''' u s]><Ciflca'lon 

M.',I,tI fi,", i •• " HI' ~II.."X '!'Plieatlon thot ,;n\plifi ... 
,h. '''''y of " .. "ix obio<tI. Llk".he ,n'c"",'" •• t.d, ~'o",,· 
11',1,", ono' ..... I. ""Hoi" Icc)" 'ho' On: •• Hh·nned 1M I" em'i· 
mn,,,.,,t , .uch .. .. Unli k. '00 in"'f"oc,h·. ".d. hn"'m· ... 
M.trl.II·,i,« .110"" ,II "",\cr"ood le," '0 oPO'''. normal 
1)' .• 1""" m. n)' "."da,d le)' dennl''''n •.• 1I<.It ... ... '''' 
uodul In Mo',I,II·" .... 
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Ihe de,i .. d ,ubexp .... ion (which "0')' likdy did no' .,'on 
AI On ,h~ ocrwn) .mld ,h. p l.'ho .. 01 parenth""," , and 
""'osnizing its ",l.,ion to 'he 1 i~.wi'" ,no,,)' .nd "re1ohed-
010' "',101,. wa. too n",d, fo' 01001)' u ... rs '0 bo,her wi'h. In 
II><> liP 'aSx , ,h. AVlES interl"", i ••• ub,),.tem ollh. 
£<;u"ionl",i'.r, whkh con be entered "n), thoc tl'$ ."p"". 
.iun tyre,1 SO lot is complo .. ( •• ~;, comp lete, 0_ is noll hy 
P .... in8 the " loy, Thi. lend. Ih. curSOr had to Ih. 'ighl­
mo.t objocl (number , ,-.rlobl. , 0' 0re .. to'l in tl><> .xp ... • 
,;On .• pre., inS.' on in,'e"e·vidoo highlight of,h .. OOjocl 

From he'" the highlighl -c urso, ","n be roo,'ed oround 
"'lIh Ihe .tto"· key •. l're"ing <0 , ~ ,..ull.ln: 

Th •• ubexpfC .. ion ..,Iected for an lOl'<''''';OO I"h., ,,'hieh 
i. incl"ded in ,nc rongo of 0 hignligh 'ed 0rer.,Ol (if 0 
,·., i.ble 0' numbor i. highl;gh,ed. the ."bexpr .... ioo sion­
pi)' con".I. of tl>., objoc. alon"l . A men" koy 'OIII!I .. 
beI,,·ten highligh'i"g the indiddual object .nd 'ho ""I""tod 
,ubexprel'ion 

J x:v iiii~l"'iidZ 
(Z-l) +X 

This <omo'~, .nf tCm,;n ing "oO<"'i"')' abo", «hich 
,,,bcxp,c,,ion i, .. I~'ed (although i,;. not ",,,.11), n""dod 
bee"U'" Ih~ 8roup"'8 i • .., m""h mOl'<ltPP'fCn', .nd mo"," 
of ,110 .xp ...... io" 'ond, to fl' 00 'ho screen). 

Smcc the .uboxp, ... ion .oloction m""h,ni'm wo. in· 
d"dO<.! f".. th" R ..... £S in'erl..,.. ;, ",.M "'''SO '0 .110'" ooi'· 
ing 01 ,,,bexp,,,,,,ion. a. well. Onc< •• ubexp .... ion i • 
.. Iocled f"..ooiling .• oo""",,,d line I. brought "p in ,,'hieh 
'0 mooify 'h •• uboxp .... ion in ilOnarmo l string form. This 
i. rnainl), u,,1ul for changing the 'relli". of. name Or 
number_ OIh., mo,n, of mod ify,"l! ,od combin i n~ .xpt«-

.ion, .re provided b), the sue (,"1»",,,,"). REp\' (repl.",,) 
t"d FOCL (fCCOli) functions: 'he ro,,, ,end •• copy "f 'he 
..,I"".ed ,ubexp"""ion ou' '0 lhe d., •• ".d. Ih. SOC<lnd 
,.plau .. Iho .. 1.,,;Ied ."he'ptc .. io" wah 'he .lgebraic 
obje<' on the dato <lock. ond tho t hi,d i""orb tho obt<'Ct 
lrom the >lad in Ihe cu"", po>ilion when In Miry ,,""'. 
(,,,,,'ongvl., cursor shQ"'i"l!)_ Of COIl ..... i' i. I"""ible to 
hack up ",ah the normal bKlop.ce ~'*' It l, 

Anolhor problem with tne ".od.,d Ii,,"", I",mot i. 
tC"',,"'bo'iog the ",,,.,,iog ond order of m"llipl. pammo· 
'e". ~ l""luen' oo,nplolnl .bout Ihe UP 7SS ,,'os 'h" fI(l 

one could 'omembe' how.o I)'re in 'he pa,am"',," '0 'he 
,NTEGFIAl function. Did .he lowe, or "pre' bound cOin. 
A .. n Did 0"" h.ve 10 ')'1'" .he ~ .h" goes with 'ho I'",j.ble 
01 int"!!r.llon? In ,h. Eq"OIion\\"i'or 'hore can bo no .ueh 
oonfu,ion. Upon p", ... ing the f kc}', One ;mmcdialtiy '''''' 
." I"'OS .. I ,ig", ",'i.h ,hocu,..." in ,he position 01 ,he lowe, 
bound. 

Any exp .. "ion co" b. ""'ere<l., Ih" 10"'.' bound, i' i. 
ICtm in ••• d hv th. " k •• ·. which i. ,h. ~onenl "",on. lOf 
,erminating any '),nl&Clic pioce (e"pon",,'. nu"'e,>lor 
den"",in""" etc_l- The curso' 'hen mol'eo '0 ,h. up!"r 
bound po>j.jon. 

If 0"" 01 .he .ubexpre ... ion. grow. '-ertlc.oll), (o.g .. when 
"nMinH' """'i",,, fo' Ih" "PI"" boundl, .he integral .ig" 
"'e'ch., to o=01mooot. it, 

M'er t he "prer bound ,nd integrand are 1.'01inal.d in 
'v<n . • d 'rp''"'' ,.ilh the curoo, to its 'ight, making it 
ob,·iou. 'hat 0 ,·"i.I,I" "."'. I. Ouw ""luired, 



J ~ COS(A)'BdO 
A' 

Thl. 1' . 800<1 p lace '0 mMHQn anolhe. 'ignlr."" n' reo. 
' "," of tho Equoliooll',I'er. "'hick I. It. _'·lIme 'j'n'" 
d.""~,,,, . With ,he eunor in the .'.<lob!. of I"test"ion 
pool,lon. ,"" oJ'''''''' ... iII "'" tcaopt ony Input <=epto 
letal .-arl.bte n...,.. Press, .. . INN will ;mmedlotely 
' .... It In tho _$rtu. mesuoa<' ... Ilh ,hocu.-rftIumed 
1<> ,he left of tho d. Simll • • bohov;o, ","ulls from 10110,,'1"8 
• "tOr.. Im",lio" immodi".ly ,,"h on Inl" lunc1ion. and 
... 'ouk. Th" t:quo"on\\"i'O'I useo th ... "", In t.,,,ol po.slng 
• "Rln.tha,l . uORrl to 1'<"" olgebr.k"",,, ... IO"OI)'r-<! into 
tho """"'no nd line. All graph ic"" ."elltl In Iho !;Quallon. 
\\"tI", (putting uP' new symMI, 1""'lIng punctuali"". 
oJloring Ih" .i,..,. of 1"'''' of tho picl"r., ond '"1"",,11001"11 
,he Cllroo" 0 ... l, iSl!"red by 'ran,.IUon. across 'Jon'",,';'; 
bound ....... .. In, •• p.."oxI by , he 1" ... ",,1 _ Tho .. key 
olw,)". 11M tho _ning 01-,.,." It.. """ .yn'""Ue .,...,. 
liM -.'" ,ha, ~ not only termi ... , .. uponen ••• denom.na­
'on .... <1 ... on. bu. oboo .... ul!J in .he In...,'"" ef ony 
....... Ired lokn Iollo""ng ,he eu .... n. "",III"". >&>eh ••• 
d ...... , ... "' .. "n ...... i. n •• "...."'. If you .... In ,ho ro .. , --su. 
",,,n' 01 . IUrl<lIon ~u'ring 'wo Of ,,"',. "'1umonl •. If Iho 
"''''''''' o)"n'o<;"" plo<e i. n01 11.'5"11)" eornple1ed. Ih. ""!"SOl' 
will no' .,k.,IC •. 

nil. 8"n .... 1 " .. of Ih~ ~ Ut)· WI. ",," , II)' quile con, ..... 
'· .... ,.1 durinS ,"" ... rl)· ph • ..,. cf d ... ·clopmen •. ond thlo 
illu""" .. 1M d",llengo 01" eoml", up ... ',h on 'n'uill, .. 
"",), pn><:<:<Iu..,. u menlioowod M>o'''' One objoocIion was 
,h.,.he ~ !.e.·I •• n un"" .wy Rill ........... enleri". 
o 'yplcal poI,...-i.l, aft ... ' yping ,he lln.n Dpr<t<Sion 
like ....... c. ... h) con', I iu" 'r"" ~ .",..." ~ no 
I'mb ..... In -.\opti", ouch. rulo. '--I "" open'''' prcce--
donr. •. b.n 'hot ",""I. would be ,11.0, 'hoi holed J'&"""h_ 
would otl" 'I>n>uling any IinlC , .. expon.n,. nil""' .. ' ...... 
"onomln." ... or ",h., exp", .. I<>fI wo, ..... I)'pl",) Ii ..... Im. 
plo) •• "d 'ho u..,. would h,," 10 "''''ember 10 I)"pe ,h. 
pa",n'O-I. bel"", startin& 'he .ube~p ...... 1on Iju.' M e In 
'h~ old line., I"""ot). In .ho end I. wM decltled 10 I ..... ,·i"" 
booh m",hod ... mod"" ,ha, e.n be ~ by ,hoI,,_. II 
.iml!.. problem "ilh ,.".~ 10 dOl'Jolon wal .0""" by 
_·ldi ... In efJoct. , ..... di"isl"" ...-., ..... , .,..., prefix 
1_ • 10 Inillolc • """'piu n" ....... 'OfJ.nd ....... nfix 
II"""" + 'od"' ... li ...... nd.rthol p.-!I ...... bexp""';..,.,. 
P"I '*1 'n on op""'''' 01" low~. prtctdcttc. ,bon d.,·i_ 
lion). 11011·.,· .... ,"" ""ifo,mll)" 01 ,boo . koy h.os prol..,n '0 
bo. eonltlbul,on lo.n In,uili,·. 1",,,,1_. N01 on ly do all 
bui ll·in opc •• , .... wor~ olmll.,I,. hltl 01.., .11 lu' u~ 
°1 .. ,.."' ... ... lIh 'hel. 011'0'1 dlstil,eli", V.phlco11 ..... pcrtieo 
d.nn .. 1 b~ .oc,. wbo Wli'. IIb",rl ... . will . 1.., h .... 'h~ 
....... 1 ... 1 

Tho 1 ..... 1 of <li.plo)"inJ! exp.-lo!U lu" aI lhey op~. 

In ,,,,I,,,,,ko ,u.ned 0"1 '0 bo """".1 ..... 1 •• moln ly bocou"" 
.... bool, II· .... Iound 10 loll",,' d,""""" nil.,. .nd Ill. 
<lellne<! """'· ... '1011"- In ,"" e>pnui,", ox' ~ l>. + Co """,)'. 
one ........... lh ... and b UIII .... ffldon ... bul in ge __ l. 
l-ariobio ... ""'" ",nnot bo limited t<> 0 ... cbotoettr. nDr 
.boukll!>oft be-.r .. h .... ped.I.......","" I .. , .. x. Thu. 
10 ....... up ,he ieIMof incorponli"lllmpllfll m"itiplia" on 
In .he dioploy. 110""' ..... it •• p._nl In ,he .n'ry 'uleo, 
Iyp i ... 2'" •• ",,,,,,k.lly c"' .... ,h. dl.ploy 2· ..... nd .imi. 
lorly . on)" ""'J"once of ''''0 mn';guPU' loken, f"""' ;un; ... 
•• 01"'",,<1, ruuh. In the In'OI,lon of Ih •• ,,, Ilil'lic.lio", 
_rn, I.,I . Th. dl.ploy I, "nambIRuou,. bu, ,he ')·pl ... I. 
.lmpUf...J 

Gflphlel ond PIotII"9 
Scienl'''' .nd eRJ!ineen u,," gtophko for ""'"Y aI~' 

ef ,he" wOf~ deocribi ... pro>bl ...... "udr'''lI ' unctions. 
_ki ... "'" .... ult"" •• preoen""lI ....... ond 50 011. Our 
moln _I for ,"" I ll> . &.<;X IV"phlu and ploltlng .,..""" 
\\"U 10 offe, plolltng '001. beyond ,boN of.he HP ~a.s . 
whl<.h 1 ..... ,·lded I.""lion 1,101, .nd .1.11,"",1 KI"'" plO!s. 
II' •• 1.., w."'~ '0 ""nlribut. '0'1 ,1No ""0,.,,11 8",,1 of m. king 
110" coleul"o .... ier 10 uu. IIlhlrd 3'"'1 .... bett .. ''''''S''. 
,ion 01 8"'phlut ,,"h o!h~, copoblhllu of the machin •. 

Ottr dt,ol.n eh_ 10 ............. on foedbock from liP zas 
......... guldelln ... proo'ide<! b)' ,"" Nolional Co.oncll 01 
TOM:he .. 01" Mo,h.malics. """""I,,,;..,., ... ·l,h molhematics 
edltCO'on .• nd ,ho upeti.e".,. ef' .. m _mbero .. coIlego 
,n" ..... ;ton. mol hcm.o, lei ..... p/trolc!OI" ond .,.J.-n. Tho 
..... 1, I. ,he liP . esx II"'phlut .nd ploo"n, '1"""'. wh",h 
hoI ,h. folloll·i,. ""w .I ...... nll· 
• II "",.. III'L obIo<' I)'P" coiled. gtlI~hl,," ob~ •. orG ROB. 

alons ... Ith <om,n.nd, '0 cr."~ anti modify GROB, 
• An Qnh. n~kd ' '' '~'II<' i ''e envirom"en' fo , plott ing .nd 

V·phl.,. 
• r"". ,,"W mOllNom .. le.l plot ')"peJ .. MIIII·o "" ...... ,," •. 

..I plo' 'H'U 
The liP 485.'< u_ 0 nell' objGcl ,vI'" coIled 0 graphia 

""'"",. Of CWO. 10 rep""""" graphlcol 1",-. Li k •• 1l 
objoc ... GKOe. co~ be plocood "" 'ho ... ,d. Incl~ded in 
prnpomo. "and In ,·oriobl .... ond ..... .honpd ... i,h OI~ 
colcul".,.... M",' gtlphics com .... nd. oet Olt .he GROB 
OIo,.d In. 'pc",ol d',pla)· tq!.on coiled ~ The liP Z8S 
..HId """ a, •• 01 ",.,fIOt)" for-.II dl.playo. The addition of 
• o<po"". lI"oph lc. d'.pl.)" .... I" Ih" HP .3SX • • mphfi". 
mlxln~ gtll,hlco .nd """k ope •• ,lon,. Bo,h dl.pl.y a~, .t .. ' I"'nd.bl •. wl,h 1Cf01I1"3 .. ·. II.W. .0 1'1 ... ' GROB. 
larger lhon lito di.plo)·. 

(" ....... ' ... "d ..... ,,,ilable '0 dro,.. se'>"'oI, ic ,hop"". 
'Hleh , ....... nd. Of docu, .. nd • .,.,,,. """"'''''''' ... ith .., .. 11. 
.. GItOB .. M",' 01 lheoe COIII_nd. UIIIo, .. n.hIe In boob 
11>1.....", .... nd _om"",ble Ion .... r","_mplo.~ · 

.ic .hol .... ItlClu"" box ... <'..,leo. ond fin .. ' 



-.ad,', o<>ld JJ~1<l ",Wj "I""" "~I 
,"O~. 111M a.\I lall1 'ad'i 101" SkZ dH 3~IJO lW<IJ p'><J.~ua 
o. '! q,,!~ ," ' NOU;>N(l~ >d.i, 'Old "q' ",.,,,uow'l' I<'U ~,\\ 

mDmnmliIl.GII:l~EIEiII 
, 1 
'< 'c '. ,8/I+GvX*Z-RvX, :03 

NOIIJNnj :aahl lOld 

l'm""'OJo?<Il<>lct "ql 
JO OUo) 00.'1 !Old pU'IOj) UOll'oro ,UOllO' O~, ,.II0~' lS'U 
uO!l"ndd. '''Id ,,~, 'iOld .... .... "'d ,a,n aq' u"~,\\ -lNdd 
pu. 03 \1.110 "I ql!·" p •• " O!'",,,,,",!I' al"!!!""' RUII""'" 
"q "u .... o"",.u" ~"!"Old "1,1"I"u, ",.,w",u Del ,"'" "~J 
-Ru ! ""I" ,,,,,UO, 01 1',10,,,,",.,.,, 101"1 IN"" Po" I"OII"obo) 
03 "'lq'I'o" O~I 'OS" XS8t ,III aq) 'S8Z .Ill "'I' .~ !1 

.,Old UO!l'un~ 

I".,!nl"" ;D" ~"'I'P"" jO '"q =4' '"1,1 
-H'""H ' ql H! '."'" ~""" jO 1"" 'ql \. ~"!prOO JO ' I!q u.,,"" 
0, dn _!nOOJ '!U '3w II • ,. I,,!RIP I'WP3P'~.4 OM') 
",'q 000 '1'0;;' ;;'O."P'"~ .i'I""1' uql .. n""q '1!8!p I~u" 
-»1"""4 jO '''''I'""'' ua.'O U" ,iq "",ua"'''01 '1 '''OJ ~""~ 

\I" ' ,,,, 
',," '/J" "Ia",! ",oJ ",,-..,ia .. ·OMI.""I u! O!".o """!,." 
.~ HH!p I.W"'.p"o~ o~, 'o,d", •• o '0,1 -lo.,d ,><>wijo, o~, 
~"",,;>S>Jd'" ,,4 IU .)UI"~!'-l>'"1 "~I ~"," "lax!,1 "\(Ij JO 
.,.,.n 1>0. 1"1" "" !,04 • """""'''''' I!i!1' 10'" ""'I'''''.~ ~:oc:~ 

", ... 
,~ ,,­.... " ,-, 
'.' .. ' 
'SLI" -

,,"" ,io), a~, , ... '",. l'lli!' VlIJal 
SuI" '1S ''''p 1""14du\l ~~, 'u""'"''''''' ."R!I' I"W!""I'0''''I 
"'" p". "I~"" "! ,~~"~ I'D" 'W!'" ""I 310 g 1'''' ,~ ""'4," 

, ....... , .... .., " .. .., '",,", "OEm<.t,'e \ , .... ~. ,~1I<:IOro 

"I qO~~ ' ! ~I jO "UOj ;"'!I-I'''.''''''''' ~~L 

muCImlmlDlfI!lIImtI!IDl:J 
, 1 
,< 
'f '. { 3HDH • 

"('I,I'IP alo~" "'II 'OJ OOM~ "lU'l .ql OIUO OOM~ loql 
.. "od U"'I' PU"]oq"1 '!4' WJ oo~~ II""'"" .. ,.,'" '0"1"" 
- I"~U 'n"",,, Hi m .~, '" 1""1'1 """'" SlliYd .'1' \O!"_ 
.q "0' ~OM~. JO .,n,",,,,, I'U'.IU! a~llo al,lw",~ uv 

"""lOP lO'''~J 4"'" ~p<x> JOliow. 
01 'P'OI "!WJOj!"" '14.L ',.,n a4' pu. "'"IS·" "4' ~I<>q 
"q pa," ""'"<!<' I""I'U"" JOJ '1'">1 "'"1'''"'' li"!~.4 U1 '! 
·<')d.il Po',!"" "'11° '~!I "!lOH~ jO IU·>""'l "'" jO 4'"1~ 

"UOM~ aDNwo, pu. pnJl<uro 
"I'.l!w", m!.,\\x!J'.)~ p". ,",,,,\\"o,,.nb:~ •• 4~n< <uo'I"" 
-lIddV '0",0 .(Olds!p ~ ""IS °41 UI OOll~ "'I) O)UO ""ISod ua41 
pU. 'ijOll~ IOOP!·\lP"! ,. p~,",." .... "1"'1'1 ou.w '~"!I 
1'""''''''0> ',"e><>!'!" V"" '''O!l" ''''''J''! ''',.,,) -'.I,I'n' I"''' 
·,ou .~, JO ,""","",Iwo, "'!, 'O l"w."" '0 .• 'P",o ld"p "" D'" 
I' ""'j"'l 'I>x!d 0, p.,,,",",,,, oq OSI" ISn," IX" ,nq '..,""" 
" " OOM~ <wn Iiu!II0IJ ., q:>n. '""!I"~' ldd. ",~d.,~ '<"1'. 1 
1""'I;oJ··iold" I' II' 'OJ 'ijOll~ ... n JI"'" 10'"1'''1'''> .~J 

,"O!,"W!U' j" W'''I ~U!"'.".I". loq ',o,u.", 
'!pm • 0, 'poOI .1,"d.pu.·IO~ 0, dol' .il'pow '~U1PPV 

6 
,~ ;d13M 

'.Ind",o>" "H)Jj I""od,,,! ",op!d • pU_lr",ill 
·uoo, 901!!)~ "~' ,(q) Ru!" •• WOJI.P.'" 1""1"1. ,"pnl~u! 
" I,lw"xo 'x,", 'q.r. ,(IOll~ ~ aql OIU' I! ,"I .. d p". p'" 
"~I "'OJ) 901l~ • '.~.l puowwo, l""ld",) ld3~ oql 

[[J~ 

~¢ 
"I,xld l.npl,' 

_!pU! puo <O,\JO~ .iJul!qJO .P"P"! .~q~ .. ~. pu.~ .... ~ 

~¢ 



Tho u>or con P"'" NEW to nome. now egu"'ion, EOEO 
'0 c~lil tho ""r,..,,,' " 1"01 ioo. Of CAT 10 .how. colalog of 
"'l""ion,, 

{ HOME > 
'Y"'X X"'Y' 
'SIN(1/X) 
'X"'3-2*X"'2+1/3' 

Tho eguation 'I"",ifi.d b) EQ COn I>e an "p ..... ion. on 
equation. a progta.., 'hat co'"p,,'es ,'.Iues. 0' Ihe ".,n. of 
o ,· .. i.bl. ,ha, contoin. one of Ihe ... Mulliple egua'ions 
CO" I>e plalled . imull."",,u.ly by combining Ihem Inlo. 
Ii" .nd "<>ring Ih" Ii .. in EO. 

Ane' ,"I""';"g II," ''I""tion.llre u"", can pre<.< PTYPE to 
change 'he plot ')'1"" OIh .. pi'" I .... m'"~ .. <:<)n,,"1 'he 
pion "",I" .nd Iho pl..,.,n,e,,' .nd 10""ling of Ihe .. eo, To 
d.nge ,h. o,he' plO! parornNC ... ,h. u •• " pro...,. ",-or R 

Plot t~pe: FUNCTION 
EQ: 'X 3-2*XA 2+1/3' 
Indep: 'X' 

-6.5 
-3. 1 

6.5 
3.2 

Lik. ,he ini'i.1 plot menu. ' he "'-OTA menu disploy. tho 
cu,rent "alu", of ",I.,'ont ,·.,i.b los , To "'oid interferen"" 
wi,h ,,,,,.,,,.1 $I"". O<""il)' . Ih"," di.p l.y. Ore ",.intained 
"oil' a, long., ,h. <ommand, in 'ho menu Ore being ">od 
i ,,' 0'''''.1 i "01), , 

I\'h"" ,h. pi'" I ..... '''.'" ........ '''', ' he "se' CO" I""" 
EMSE '0 clcar PtCT. OJ . kip this st"p to ,upe,impo .. the 
p lot 0" Iho ",,,,,,nt PICT. Tho plolting!' .t.~od by pres'i ng 
ORJ,w or AVTO: the I.IIOt ."~mp" '0 sc.l. one 0' both . 'e, 
"'M","ic. II )'. acco ,ding to the plot type. 

I1"hnn ,h . plo' i. <:<)"'1'1,,, .. 1. • mo"" of ''''.,a<;1i,'. 01''''' 
.tion, 'ppe"" 

v 

flml ~r:mo[!ElJlJ1Jl!m1lD 

10 the oeme, of the di'ploy i •• e"", ... h.ped cmOo,. 
,,'~lch tho o,er "In,·'' hy p",,,h'8 the .,tOw keys. n. 
cmso, is LUed '0 .pecif)' localio", fo,. ".,in,)' of pi oil ins 
.nd graphk. ope"tio,,". Pre .. ing COORO cau", •• disploy 
.. I 'h~ ''''',')f <,><>r<Ii""", '0 ,<pi..." ,b~ mo"o lahel •. If Iho 

PtCT GROB i, 10,%0' ,h.n ,h. d i'pl,)', 'ho me, con 10"'" 
tho di.ploy to """,II hy ",O\' I"g ,I.. cursor off t~c edg. 01 
the di'pl.y, 

If Iho p lot ncod •• dju>lins. the use, cOn ,OOm in 0' oul 
olong eithc ' 0' bo,h ox,,". 0' dcfino • ".", CO"'" •. If ,h. 
plot i, "",foctory , tho uscr CO" pr ... FeN '0 show. monu 
of mathematic. I 'OOI. (.pp li""ble 0-01)' 'o'~o FU"CTION plot 
type): 

+ 
V 

IlEIITJrnID!:lEiI]lilmlmilDlIl 

Wit h the"" tool. 'he u"'" COn onoly'" ,h. iunc,io n ""h· 
ou ' I ... ·;n~ Ihe In 'ora<t i,,<, grophlcs en'· ito"mont FOf 
ex. mple. p ..... ing FIOOT im·ok.,. ,h. soh'''' '0 fond ,h. 
""."or ,,"" (.h. <"roo' ",,,,·e. 10 ,I'e fOOt[, 

V 

RDOT: 1.!QB~B2n177 

['",,, j ug SlOPE in,·ok., d iff.r"o,i.lion '0 find th. d,,,),,. · 
th·e., the cu,,,,,·. loca'ion 

V 

$LCPE: 3.~3 

[',,";n-8 ~xr", ;O\·ok •• diffn",nli.li"n 'nJ the .ol\'", to 
fond the """,,,., ""t,omum (the curso' mo,·c, to tho 
""t",mum). 

y 

EHRM: (1.~~3~33~3333,- .BSIE51ESIE' 

P'o";ng AAt!A I,wi"". with • .., eu,"", .' _h Ii ,nlll 
in,,"l o, n'''"Oticai In'C8,ation: 



'J 

ARU: ·.7'S'~SOOOOU 

When (0 (XI,,"' ''' of lilt of ",uollon •. tho u .. , eon 'PI,lr 
t ..... '001. 10 .nr indi,-idu.1 oqualion, or u .. I$Ii.CT to find 
,hoe 'n,.roectIOfl of ony pol' <>f ... ,,,,bors In W. 

Or,* Plot Ty,," 
To ,1>0 /11' 2&5 1'100 lYJ>11O " • .,CTlo ... nd leAnER ,be IW 

.asx ............... ",.' icol plot ')' .... CO'''C. POlNI. 
P.o.R.o/d(l'AIC. and TIIIJT>i ..... -ell lO .ho .,.U,Ual 1'101 ty,,", 
fQIOGfW,O .nd e,.,~ , Tho ",othom"kol 1'101 Iypos .h .... 
<:t><l. lot ,0. bo, ;" ,tof'S' .. nina up , .. 1,'oUing en";ron· 
"lOnt , .. , INnln8 ,uceo .. i,"" \"oluo. '0 ,h" Incl"pend.nt \'orl ­
,hi •. ",'.'",,;n8 EO. plolting tho ,"" .... pondlng po ints. 
~...,. n I "3 u P I he 0<1 ,-,ron ""',,, , ... r! In8 I h. I n'.r.<1 j,-. pn..e. 
.nd hondl!n~ erro ... Each ma,hom. " ",1 pko I)'po ""lui .... 
110 0"-" codo ' 0 pn:ceos ro 0"':' "'1"" ... 01 ond 10 procas 
_h ..... 1, oI .... I •• 'ion. 

CONIC p"'" ""nolle c .. d ..... lIi,...... ..... 110 ..... Dd 
hyporbol.M. Thi. ' l"pe ' ".ne<! .... t.o ....... ",pie combi",,· 
lion of ,,'tll1'!!looI.o: the"""" "Dd ... r}'I.,. ,h. com"' .... d 
OJAO It u..,.t ,<> lu'" £0 Inlo h • ., bnncllM. Then ''''' code 
In , ... 'UHC"TIOI< plol 'ype 'hOi piOl' boIh .,d .. of." equ,. 
,Ion I. u..d 10 plO1 boIh b,.."oh .. of EO ~·o, exam pl •. ' he 
oquI, 'on 

I. plollod .s; 

I'Ol.AII plols .how ''''' i_~' , .. ,lobi . .. I poI.a, 
-., •• nd 'he depe.><k-n' ,·oliohl ... ,"" ,..." .... r.,.. exam· 
pie. ,"" tqu .. 1on 

I, ,,101.0<1 OJ, 

~.o.AALo(TIIK: plol> . how • wmpl.~ ... I".d fuoctl"" nf 
on. 'nl "",.bl •. ".ne.-. 'he _I and ImOjlioary I",,,.ro 
function. of ,he inm.pet>den. ".,\obl • • 1'0. _ h point. ,"" 
hoti_,.1 coord,no'e "1"_ by ' '''' _, PO" Ind .hoc .'ft­
licol coordi ... ,. by , ... 'moei ... 'Y PO" t·"" """'pl •. I"" 
tqlll'lon 

I, 1"011"" I" 

/j '" 
) \ 

TRVT~ plots ."" .... nnh-.-.lued fu",,'I0 ... of,wo _I ,'." . 
obi ... The locolion of each pi~.1 ,.pI ... "" ,h. domain, 
."d , .. ,·.I"~ of ,h. pi xe l rep"""",, ,h. funotlon ,·.I ue 
Ol'on ''''' 'ru,h·,-,Iuod fU"Clion I, 'h. "",n,.., .. "", of. fune­
tI"" 01 In' ...... ' . 'lICh.,. _I fu",,'lon of.",o I".liobl .. Of 

• compl.,. IUflC, lon, .nd , p~""" 'un<tion 1M. m.".. 
functl .... '·.1 ...... " .",.h ,·.1_. F.,.. ."m"Ie. consld ... 
h • .....-p.....,' fund, ..... PIoI" .. ,he •• p .... lon 

prod""", • con."", pi'" of ''''' ,..,IY"DlTli., wHh con""" 
inlen".J, of S, 

" _d """mple i •• comp l. x func,'on_ I'lolll"g ,be 
.'p'.OIlm, 



'ho polynomi.1. The bl ocl region •• ", 'he poin" moprW 
to the li"t OJ 'hird Quodrant. 01 tho C<lmp lex pl.ne and 
'he ",hlle region. are point. m.ppod to til< second ()! fourth 
qu.dr.n". 



HP Solve Equation Library Application 
Card 
The cardcontams a libr8ryol315 equations, lIleperiodic 
table 01 me elements, a constants library, a multiple 
equallon solver, a finance applica/ion, and engineermg 
U/I/irles. 

by E. ic L. Vogel 

H
ISTORICALLY, £\'F.RY HI' programmable cal· 
eu).toT has had program • .,-.il .ble in >Orne fOTm. 
The", .'. "!>pII"",i"n boo .. ",jln V';"'cd I'''>gr.,", 

.nd lo~'lroke "")lIen<",, for machines like Ihe HP 5~, 25. 
nf . '1(":. ,n" ns. oppli""';on poco with program, on 
magnet ic <:ard.lor the III' 5~ . nd 67, .od poes w ith pro_ 
~"Hl" in p h,s-in mod"]"" lot 'he HI' ., .,,01 7'- The .. 
book •• no! P"'" focus on computotion.j",en.iI-. I .. 
oppo<etllo d. , •. inlen<;"el probloms in 'pecific $(io"~ 0. 
"'>g;n.."mg di&eiplinOJl , Program . ire and ",,!'Obilil)' or" 
limited primoril )' br .,"oil .ble memory onll the . ingle,'i"" 
c.okul,'or di'play, 

Th. HI' Soh'. Equ.tion Libr.,)· opplic .. 'ioo card pro"i,ie .• ,hi, copahil iI)" for Ih. HI' ~6.sX «I,,"'ifio e.>;pond,bl. ca l· 
eui"o', bu' \>"ilhoo' ,he limil.1Ioo. 01 previous p:lC$. Tho 
focu, on compu"';un.;n'c",i ,·. ",'u,ion, is p","",,·.d, b", 
fo" widc, ,.ogo of d;,ciplin~. ,h." in indi,· id".1 ~ in -. 

Ihc PO", ,\n ,rid ;, iunol foc", on d.'a.in'.n'i,·uPl'licalion. 
h., I,o.·,m .ddOO in 'h" fO'm of on.lin. , eiOClronic ""~,"n", 
inform~hon I'wo Ihi,d. of ,ho canl <:un',io, d.,.) Th. 
'281(.b)',. mem"'J COI"",iI)' or 'he card makes 'he ... ''''0 
emph .... !>O'Sibl., .nd 'ho lorge ,li,p l,,;, . 110"'0 i ml"O\'OO 
use, I","rfaces lot ,h. hder""'''·. 31'1"io'tioo, 
Th~ c .. ,d con,.in' s ix m.jot Opplic .. llon" 

• Equa'ion I.il> .... )" {Fig, 1l. Tioi. i. 'he p,im.,y "1'1,1 icolion 
lor which ,h. c.rd wo, nam .. k. wllcclion of3.5 "'I"" 
lion. 0'1!,ni<'!<lln , """'OS of 15 dille,"", ,yhjec". eoch 
wnl. ining a co .. '''!; of <'<I,,";on title., For "ach tiT lo, 'he 
u.." C .. " ","mine Th .. "'I"ation, "ne! c ''' iogo of nome., 
descriptions. ,nd 51 Or Engli. h units for iI. ,·.".b l ... ,\ 
' G), <onlfib,,!ion i, pic,",., 11,., dC>CTibo til< ph)"" col 
,ilYatio"s .. ~' • ..,,,'oo by ,II< "",,,oli,,,,,. {)"r goa l " ." 
,h. , 'he .ubjec" ti'lo, 'old ",rerence inform.tion " 'o"I,i 
help. "'"' ""k'(.1 On """.tion '0 oW wilh 'he liP Sol,'. 

--." .... ,,­, 

FOg. 1. ~Q:Ja"'" UO<¥'I <IS ... .... """" 



.wlitatlon Or the ""1'<1' •. \ tul'ipl. Equation Soh·., rd i, . 
c" .... -..l belowl. 

• Periooic T.ble lfig. 21 . Th i' applicatinn mol' ,in' .11 the 
01,,",1011 dOl, Isuch .... ,omie weigh, ond den. lO y] thot 
opl""''' O<l • ",a"d.,d "",iodie t.blo of tho elemen". 
The primal)· user in,.r/ace i,'he uni'·erull), ««>t!,,;:ted 
~'id of cren,on .. , Tho u,"' C<ln mOl'" h ighlight block 
'0..,. '1'1)" clemen' and i" m<>st _u .. d pmpe",ie, on the 
grid, The", i •• Iso . cotolog of:lJ prop""i ••••• il.b l. 
lor _h ol,h. 100 . lc,,'"O\I'. Pm",,"i.' tan be ploUed 
,'""u, "omie numbe, to ",inforc. ,ho ,.I.,ion.hip 
1>01"."". p'o"",t)" .nd .'nml<, "",ch" e. A molecul .. 
weight ""leu lator allow. typing chemical fo,m"l .. ond 
q" idl) Cilkul,"ng thei, molocul .. weigh". 

• Co","an" Llb,.ry. Thi, i, • coll .. ,ion of 39 commonly_ 
u.oo ph),.k .. 1 cnn<la"". These 'PI""" in tatolog,ol .ym· 
1,01 •. de""'ipti,'" nam"". ,'olu.,..and $1 0' ~nglish u"il._ 

• Mul'ipl" Ii<luolio" Soh-e,_ Th ;, i, 0 ""lIcetion 01 com· 
""nd, Ih.t ,n.ic it t>OO.ibl. tn " .. 'h~ ~t "lt;pl" Equation 
Sol"", I" ",te,oct wi,h the u.er·s nwn "'lu,'ions ., • 
group. rathe, ,hon i"" the ~",,,p.o or "'1uOlion' Irom the 
"Iu.lion Library, 

• Fin,n",,_ This oppll< .. llo" dupli""''''' 10e bosi< colcu l.· 
tion' "",folmed b)" liP lina,,., ;.1 Cilk"l"o,,; time ,'olue 
I'll "'''''")' I'h" relalion'hip be,W""" 'he "umbe, of poy­
men", intc,"" 'oto. pre."nl 1·. lue. poymen'. ond fu,u" 
".Iue) and .moni""ion 

• Engin{!<!,;"s U,ili!i",. Th",e ore engin .. ,ing funo'ion, 
that ,upfJOn ,h. <_""' 1',,101101'101 need. 01 ""mo of the 
"1".lion. in ,h. Equation Lihra,y_ 
The,. 'I>P!;c.,ioM <Oft'Q I" 'wo lorm" in'o.=';vo f<>r 

,. "'-,-
':'~ " 

: -;-:-r, u.. 

wo,king with ,h. applicatinn ."d ilS ,I ... , ,nd DonintefOe· 
'ive 10' progr.m",.tic ""leu lotion. and &cco .. '0 theon _line 
d.,o. 

Equlllion l ibrary Evolution 
The Equolion Lih,ary m,,«p' """,,ned fmm Ih"",obse" 

"alion" I'i"t , .tuden" need a wid. I·.,iety 01 ""Iu'ions 
bocau~ 01 'hc numbe' of cia, ... Ihey loke, Sec.u,e opp li. 
calion p ... ore lim i'e'll to .pecifoc ."" ••. ",ud.",. "Oe" 
n .. d "".,.1 poc .. '1'1 "",'.' H,e dificICnl di>eipline. tho)" 
"ud)" .imul1o noo",I)" s..cond, "'<>s1 01 Ih" e"Rince'in.<; 
"rp l;c,'ion, 10' lhe liP il and ito pred""" ... "", a", pro­
grom. ,ho' simpl)· soh'" an ",,""inn fn,. 'po<,lOc ,·.,iahl., 
Mo,. sophi"icale'<l p"'l!,am. 01 this ty"" allo,,' inlM· 
ohangoable $01",;"". In which most 0' .11 of lho un known 
,'., iabl .. con bo cakul.,,,,I •• long •• 'hoy can be isol.too 
olgc<"akally In the "'lo"ion. Some p"'I!,am. use i'.,a'il·. 
'e<hn i,!u., '0 lind. solulion whe" ." algeh"'i" i",l.t ion 
i, no! pos'ib le Low, applit:aliort paoo ottmnp' '0 .lInw ,h. 
u .. ' '0 ..,1«, dille,""t unil. f", the diffu,ent " .,iablo •. 

Third. ,h. HI' Sol,'o 'rplic.'''on in Ihe liP 48SX ta kes 
"" <<tu.tion .nd ma ke. it i",o • • mall ••• II-con'ained appli _ 
ca,ion, It ,oh'", 10' .ny ,·o,i.hlo g',·.n lb. olh.rS .• 1I0w, 
u"it< to be 'pocir,e'<l fOf well ,·a';able . hondle, uni' c,o",'~'_ 
.inn. ''''1'1'',"11<-011)", ""<I provide •• con,i",,",. " .. igh!lo .. 
word u ... , i,,'~,fac. lor i"lcr.rc';n~ wilh.1I 'ho ,·ariohle" 

Fl"OIn til ..... 11""" ol,..,,,'olion •• we "",Ii.ed 'hat 11'0 could 
e,,",,'e • coll""tin" or .",,11 "1'I' IioOlion. in most of the 
oei cncc .nd engi noe,; ng d is< i 1'1 i nR> 01 PI»' j uu, op" I ;c.t ion 
P"'" by ""n,bi"ing' oolloction 01 "'luotions wi,h HI' Soll-". 
Th. HI' !>O l ,,~ .".' ;n,o.f"", a llow, ~><h opplic.tion '0 
II"<lfk the 'or"" ",oy. anJ tho .bility '0 soh·. fOf "nf I'a,ioble 
.nd 'uloma'Q "nil <:(MII,.,. ;r.\O ma k .. Ihe,," '[,pli""tion. 
more ,-c,s,nile ,han in p,m·iou. applicatinn j ...... 

Int'racti"9 wit~ G,oupo o! Equotlons 
A. lhe equatinn ., Ioct ;n" [,,,,,,e .. -..led. II" found that 

,#1,1,'<1 "'lu.tion, were u,",II)' """ded.,. X'OU I' . talho, 
,h.n i",lopc"dently Wi8, ll. While 'here .,~ c."'inly 
in.lances where onl), gil< 01 'ho equ.tion. i. """,l.,t. mo", 
oncn Ih. "n';", ""t i, used 10 nnd lhe \"01"e f", 0 parlieul., 
va,iable. ro p,O\·ide .impl ; ~"d """' .. 10 ",I.!ed equation., 
"'" 8"'''1' Ihcm logcthel undor 0 singl. 'i,I". "oc h "' Li"c.' 
Motio" 0,01",,·, Lo", and 1'011'0'. ,oth .. Ih." lorcing 'Oe 
user'~ ,.'um 10 tOe Equ.t ion Lib'af)' to $(II"", oach "'1"" 
tion inrli,-llh"II)" 

When lI'e .""min'MI ho" """", I],plc.lly Inl"rllel< ... ith 
"~roup of "'lu.tion., lI'e .... li""l ,h., 'he so lution p'oce--

I") "","',l,w"" _ 

fi9. 3, f,.,...".,.. 0/ """"""" ~ "". 



du", is . ".ightfo,w.,d, bu' ge .. ,odious.s ,h. numh~, of 
"'lu.tlons and ".,i.bl .. ge .. l_'Se, He", i. ,h. m."u.1 P'<>­
.,.... fo, find ins . 11 Ih. ,'oriobl .. fOf • .." of "'luotion. gil'en 
'h," some "f theo, .ro known: 
• U.elh~ known "",i.b l",, ,,, .. 1,,,,, .n «Iuotion conta ining 

only ono unmown_ 
• Soh-. for .ho un kn",,'n. 
• Add Ihe \,.,i.I,I, just colcubl.d '0 t~ ,et 01 known 

,'ari,bl .. , 
• U .. the ""mbined .. t of ~nown ond <.lcu l.t.d var i.bles 

10 sel"'" ono' her "'l u.t io " conto i ni ng on I y one u n ' nown, 
• Soil'. fo' Ih~ unknown, 
• Repeat Ihi. P"""" unlll cilhe,.ll tho un known. h.,'e 

Ix~n lound 0' .. m.ny un know"," pos.ible h'". bo;o" 
Ic>und from the gi'-.n .. t of koo,,''''_ 
To make u.ing tho "'luations more , troightfo,w"", " '. 

ha,' •• utomated this m.nu.l ..,Ioe"."d,soh-. proc.s. by 
developing.n .x',,",ion to tiP Soh-e coll od the Multiple 
Equ.tion Soker (~ ESI , Tho MES ,.lee .. tbe 'pprop,i .. e 
"'lu.tion to soh'o based on whet he' II ha, one ",m. ining 
unknown , ond thcn sol" •• for thot unknown u'ing Ihe "'M 
"Ulll«ieal root ronde, used by Ihe flP Sok •• ppli •• t ion, It 
trock> the ".,i.bl", th.t hOI·. been solvad for , and u'" 
J;rre",nt oquotions 10 ""I.ul.t. olher un kno,,'''' o. ooon 
u t~'" i. enough info,n"tion ",'oilobl" 

Th" barri« to 1)101"" fun.tioning of the MES wa. iden ­
tlf)'ing "'h<1 h#' 0 ".,i.bl. is known 0' u " known_ Th •• ,i,· 
tcnoo of the \,.d.hle .Ione is nOi ,uffieient _oft., _ solulion 
h., Ix",n clewm inod, on 'he ".,iab l •• exi", The M.)' undOt-

!~·~-~~·i· ·~·dx~, , ~ 

t_l_ ........ .,. <)/No'. '-- _ ._ 

"_ ..... ,_. 
J • .J.,==_,~ 

I.' A ..... _ .... _ "" ..... , 

",-", ""-'" 
.QI,d'fl'f=~· 

1-' ._ """no "" ............. 

'01' _ _ "" A .... 

FI~ , . , >.1"",1)/0 oW._ So/VeI "'""'" .ey _"""" 

lying principl. i, l hat the Slate of a \,.".1>1. [lno"'n Of 
unknown) i. lndep"nd.nl of ,10. , '.lu" "I ,he v.,iable , Th~ 
~IES u'.' tM, """ inform.tion 10 .. loci the «Iuolion' to 
be soh'cd and the or<le, in which to solve the"'_ 

Di. pllryi1>9 vaffabte SI. les 
The MES u .. , inteIf."" i. ,i", il., '0 'hat of HI' Soh'e A 

menu of ""iablo "",,'c, i. di.playod in Ibn menu koy "re" 
at the bettom of the di'pl.y, The .ppearance ofth. n',,"u 
key. i. used to d i,Hng"l.h ,h. ~!&S ..... info,mation, An 
"xt'" key, ALL, appe ... at the end of the menu 

lnitiall ), .U.he menu ke)'s .<. white "'ith black letlelS 
(li ke )W Soh·o), indicating ,h.t oil 01 lbe ,'a, i.ble. '''' 
u nk nown (Fig, 4.), Typing 0 ".Iu~ "nd p"''I. inM ' ""'''U 
key ",0"" Ihe ,'olue tn lh., ". ,;.ble ond chong ... the ke j' 

to hl,d ,.ith whito letto .. , indicaling th,' the ,-.,f.bl. I, 
I:nown Wis, 4b), 

P","ing .h. All " j' soh, •• fo,.11 ren"ini"g ".,ioulo" 
Of" ma n\' a'ca" be found f",m thogi"en sci ol~no",n., 

.\Ic ... g.. ' PP"., during.he sol"lion ide" "fyi"S "'hl<h 
,·.,fab l. i. being ><ok",! f,,, '0'1,1 it< """lting \·o lue, .~her 

Iho solution has complet"'!. etlCh ,-orf.ble ", .. ins it. initi"l 
... te, Corre'pondlngly, .oeh men" kel' ",'. i". il$ initial 
aI'''''''''' ''''''' Black key. (knowns) rem.;n block, ond white 
koyo (unknow".) Iom.in while, Thi' ' in> plifi .... oking. 
problem u' ing the ""'e l no","' . nd u"know"" b"t wi,h 
diffe",n t ,'.Iue., 

tndicaii"l1 V~'i.bte R ..... ion.hlps 
Mt., a solution. somn of the menu ke). wiU h.,'e. 'mall 

block in Ihom to in dicat. I;"; 'olcs the i' ,',r;,hle. plOl'ed 
in the sol"Hon (HR' -lei, ... bloc k in • block key (known) 
indic",.' Ih.l the ,'ar;,ble w" u..,d tn find on "nho,,'" 
In • p.,tlcu I., oqu.tion , ,\ block in 0 white koy (un known) 
indic .... 0 ,'al". wos colcul"cd for 'ha' ".,i,," le "ud'Il! 
tho solution, Thi. ,epre"""ts • "nl't"o ".le fo' • ,'ari,hl._ 
it is an unknown, l'ot it h .. a calcul .. ",1 ,'.Iue, Th. next 
lime .hi. "a,i.bl. i, wIved fo" Ihi. colculatod ,-oh,a will 
be u".(i •• its initi.l g,,"" 

Pres. inS the ,hilt keJ' follo~'ed hr' menu h:j' ,011", for 
Ih .. 'I_iflr. ""iobl., regar<ll ... of whotho, i. is bl.d 0< 

whito (known"" un known). Alter ~ ".,i.bl. i. ""l"ed f"", 
;" menu key i •• how" in white wilh • block '0 I",lio.t. 
on "oknown th .. "'os w l"cd fo' wiOh • c .. kulat,><I ".Iue 
Wig. 4d l, OIhOl menu k.)'. mal' hOlo block. in .hem bued 
0" tho rol •• lhei , ,-.,i.h(e, p loyed In tbe solution 

Solu'fon Summa,V 
A ,umm"y of Ihe solution proc<:d",c ;s .,'.il.1M by 

p"' .. in~ the ,hift koy follQwod by the All. k~)' (FiS. 5), This 
,umm.ry .how. a <:.1 .. 1OS 0/ each un known Il"t was fo""d, 

", ,- I 

::;:p~=. __ .r'I. 
1'1 ,,, .... c ....... .. 

""' ........ .... 



I" "" Iculotod ,-alvo. 'nrl ,h. eq uation 'ha' "' •• oo,,'ed '0 
fonrl i', in '1>< <><de. ,h., t"e u"knowTU were de'.m,i"e'! 
b)' the ."Iullon pmoodure_ 

Acknc .. le<lgment~ 
, woold like to 'honk Ihe resl or tho de,'cIop '" • ." ',,,m 

ond ,h. I_pic who made excep'lonol contributions to ,h. 
p,oduc', lUll Donnelly ond 1.1"IIh. Shy'"' I", ",.); IIll! il oil 

happen. Denni, York lcor the inlt iol "i,ion . LI"o Wi",,,, 
lot • cotolog engin" ,10 .. w"' Oil entin,in)! found.tion. Qui, 
~on>en fo, c,llicol deoign advic" _",I'esllng fu, the Multi ­
ple F.(I".,"<m Soh'.,. mon" Bytne for 'I"""heading the 
""n",are 'esling eifort, Hon); Sch"",dc, 10' an owne" ",an. 
u.1 in • ,e",.,bl>l • • hort lime .• nd Kay lIcpcw, whOM: 
Iho<O"lIhnc .. I .. ling ,h. P.,iod ;" T.I,lc waO ~~i lic.llo both 
,h. ca,-d and Ihe HP ~8SX. 

Hardware Design ofthe HP 48SX Scientific 
Expandable Calculator 
Leveraging an earlier design resulled in prototypes WIth 
90% productIon looled parIS only nine months afler Ihe slarl 
of the project. The HP 48SX includes an 8-line·by·22· 
charaCler super -twisted nematic liquid crystal display , two 
expanSion porls for ROM or ball8ry·backed RAM cards , 
and two !fO porls, RS-232 and tnfrared. 

by Mark A. Smith, Lester S. Moore. Preston D. Brown, Ja,,",s P. Dick ie , David L. Smith , Thomll5 B. 
LindDer9, 8nd M. J8CW Mu,anami 

T
HE :>IELtJS OF HI' HANtJlU;I.IlCAI.C ULATORcus_ 
tome .. _ cnsinoo,i"g. ",ol h , .nd ""i""". ,,,,d,,,, .. 
"nd bu, i""" and scl"nliflc profesoionol._ h.,-" "d· 

k..II)' changc"<.i 0"", the y ..... 00 th. pc""".1 enn' !,u' e, 
hos herom" Ih. ".nda,d 1001 of tochnieol .. "dents .n,1 
prol" .. ion.l" 110".-.,'." 'he n",-~I "', con'-onient, handheld 
romp"',lion h.s not d i"PI",a""L but 'i"'p ly C>'o"'c-d 

SO"'C)'S or Out h~h -Md I""hnlcol calcul.to, c",lo,"e .. 
,",'ea l that nearl)' .11 0"'" 0' h"'e a';<;'''' 10 ' 1"'''0".1 
<oOUpul.,. Ih'l ,I,"), u<e Ihei, ca lculato, daily. ,h .. prol ..... 
.,ono l. mal. up .bout h,lr 01 'he co<l"'''"'' lu, high_end 
tochnlcal eolculotot<. ond ,h'llh,,)" noo,l. 1"''''crl\<1 h.nd_ 
Itdd ""Ieololo, with graphi ... ",1 110 ""p.biliti .. , Too 
III' 4BSX ..,ientific o'p.and.bl" ca lc"latot (..., flS. t on 
p/lS" 6) i, de'lgned to mOO1 Ihei, noeds for m~ od,',.,e",,1 
com pu ,.'10". g'" phi",. co ,tom I .. bi Iii)'. ex p" "dabl I II r ' 0 nd 
the abilll)' to link '0 ,hd, 1",,..0,,.1 00'"'1'"10" 

The M -row-bj'-131-colum" STN LCD ('"pc,.twi>tcd 
nemal;c liqUid Cr),'lal di'lll>),) 1""";,1 .. 'he "'~'''' 1o, pro· 
""11"8 Ihe I""""' of liP 48SX gr.phics. m. trlx monipu l •. 
tion" .nd "'l",ho" "''''Y' T,,'" plug-In tard ol<>u p,o,-Ide 
RA~I exp.anolon 11" .12 K·b"te", 12RK_b)'te i"cremc"tsl.nd 
""stoml ... tion (p lug.ln "pplicallOn RO~l' ouch •• IW. 
Equation Lib",)' R()~! ~ ... ,-d ,1""",;1",,1 ;n 'he "t iel" on pogo 
22), A , cri.1 110 port pro,·id .. , m ... ". to li n . 'o.n IH\I 
PC",o"'I"li"l" 0< i\pp le Mocint05h compu'e,. snd a" Ill. 
linr",,-~I) 100ft allow, ,h.'in)! or ,olution, he"""",, 

ItI' ' RSX ""leol.lor.and p,o";d"" link '0 the HI' 8H4UH 
infrared p'inle' 

Prevl"" . S. ,;n l . 'e'oged 
One of 'he p'imary projocl nbjocti"es 10' Iho liP 48SX 

,,'a, "xle",i,-" le"CloRC from the design .nd tMnul"':tu' ;"g 

f ig, 1 r...,.~ pc,," ItCcepf 11(l,'" 0< ",,'_'Ory-l;.OC' '''' 
RAM c¥(/S 



,Jo,."lopmcnt of "'" cu r",nt co lcul.1o". family to minlnli"" 
dO"eior 'nc'" Ihoo . n,1 """ .. Oeoi&n Ie,'.",!!" "' ••• p'ima,y 
oo".ido"tion in c,'c'y liP 48SX po" dc'ign . Thi, emph.,i, 
on d",ig" lo'",.go ""ulle-o in 1.1""",,)' p",t"'n'" u"i1< 
built ,,'ith '10% I'rOO"""OO tooled po,to onl), ninc month • 
• net Ih. ,tOI1 or tho P"'je<t. 
Th~ Ill' 48~X ;, • d;r<:<:1 des<endan' of the .. ,ic$ of low· 

co<t . high.,'olume, ,'ertic.l·form.l calcul,lo", ;nlrOO"""" 
I" '.""MY 1\1(1~ , Th l. ser ;,," , c-"", ;,hng or 'h~ HI' to. H , 
17. W. 21. n, 27. 32. ooJ U colcul.,o ... oeMe,'ed low 
CM' .nd ",Inlmol part co" n, ,hrough ,he u'" or. re,,· highl), 
in'egro'cd de'iR"'" TheS<) <:.1k"l>lo," wer" dC5;St1"d I",,,, 
Ih" oulSd lu be hu,1I on. Mghly . " 'o",,It.1 .,,,,,,,,bl l' II,," 
a' • •• ," 01 ..,,· ••• 1 <>leul .. o .. p<r mi"u' •. 

Tho J,"' i~"e .. 01 Iho HP 48SX lo,'er"!!c-o ,n.,,)" 01 Ihe 
p"", ... o" mot", i.I •. and ",'on d .. ign de'ail,lrom the pre­
,';ou. ",r;.o. A,. re.ult . 'he HI' 46SX i, able to cnjo~ lhe 
bellefol< or.n ""'O~"I<-o "",n,bll' I;,," Ih.1 coold "at h,,,,o 
been iu,tilic'<l by HI' 4~S.X ,'"ILlme .Ione (,"'" .rlide. I"go 
4n l, ~; .t .. " o"t of ' ,"'e"I",<>" ",.jo, .,s<,,,,bl~ I'",,,e .. ,,..re 
common to both prodUCl linc<. 0,,1)" lou, par1. are .hared 
bul . 11 row nWI",;.I, ,nd ",ony ,upplio" ore <Xlmmon 10 
I~"h 1.",lli"" A ",b, l" b"""fot ",-,,, 1,,"1 In,,,, I"""rdg ins 
d,,;S" ,letoil • . • inc.., ",o"y de<ign d""i';on' "'ere proor· 
dol"ed. "" ;og 'imcdu'iog 'h" ;,,,"o";galloo pho.." D)' ,h.,_ 
in~ dcl.il,. Ih. liP 48SX de.igne" we", .ble '0 procood 
"'0"-' wnfido"II)". ""I'H.I;",,!! on 11," k"uwk~I~" ~.","d 
.nrl ;mpro,'.","nl. m .. I,,", 'h" .. ,Ii", !."i .. 01 produc" 
en'cred I'rOO"<:Ilo,,, 

It '<>ok ,'''n~ tin", fo< the d~ .. ig".'" '0 """"'I" 10"<'"8;og 
<:omp l"t"I,'. becau .. Ihe,' were lor-ced to comprom ioc whot 
'ho)' "",'i,io"",1 ., "ph"""", 0""" 11," '''''''''''''''0''' ,,'M 
mode. ho", .. '.,. man)' unknown. ",ere elimin.ted olld ;, 
be"""n" 01,,", Ih"" in Ih;o co .. , h,,'o.-og;,'S ..-a. ,100 riShl 
way to ",oe' the product ond d i"i,ioo obj«:'i\'C< 

Oe&;gn Featu..,. 
TIl" tope'''' of ,h. Ill' 48SX i • • {"""'Xllo,. inje<tion 

mol dod I"''', lI' 49 k.Y' "'" "" lul,'S",1 1''''' or ,I", 101'''''': 
"""h key i. attached .nrl ~uided by ,,,'0 "",.11 """tilo"o", 
Thi. de,;s" )';eld •• Iow.promo~· wilh an excellent con· 
,rolled 1,,,,1. Th. ~"J'hoo."1 i, ",.,t" or Myl., "'ith '''''c-o-
""I ... nce carhoa gr.phile 'n><:<'. Th;, 011 ow • • low prom •. 
rodu" ... roOSt. aod Ionp""'''' rdi,bil;,)' I>cc ... "", of the I"M -
ness of y-Jphitc, Thc ",,"c,), mn'",-", .,e engincered '0 
"I""in". f r"'tin~ "'''''''';0" ."J Iho I""" "f n,""'o,~ Ihot 
would ;"."ilab1l' """II. Tho. 1i ,!,, ;,1 '''l'",,1 ,liSI'I.), is a 
,upcr·lwi,lcd "mn.Ho {Sflol) d",'ign fo, ;,np,m'.d ""o" a" 
."d ";~",i'ij! onglo, Two ""I,",,,IM ph"O ""'"1" RO~I or 
""tte,),.bocked RM.1 card. Wig. 1), The>< card •• ro <:<>0" ", 
n ;ontly" ;n'tl '0 00 h •• J leo ,,"'il)' .nd h.,'.' Illin ouliioe, 

Throughou' 'ho ",,,,,h i,,", fro", Ilw ~"""""" tao ;", of 
Iho boliOm CO," IhOi ollow; H 1<> n, "",nroo.bl)' in Ih~ h."d, 
'0 ,h • ..,"~n ,m.1I opcni".'!, io Iho ""lte.), c'lonr'""'"''' 
'hoi pic, off eloct"",t.H" di><:h,'I!"" detail.,,,, incorpo. 
r .. ed ;"'0 ,h. ,1~S;8" of IJ.~ H I' 48$X 1<.> ""hk"'" ,,,,,, ll ;;w, 
rel;.biH')'. "o d 0" ... 11 <""01,,"' .. li.l""tio" 

In;,;ol Des;go 
i."'''r"ging 'he dc.ign lrom 'he predou. calcula'o, 

,'''is'' ,",ult,,1 ;n I"". ,h.n opti",ol loo!;,,!! ""d J~ .. i~n 

op,i""., 
For Ihe ';011,1" prooucls. ,h. layoul oflhe . inglo Ji'pl.y 

d,i,'C' Ie 0" 'ho ~pi><>S;'" 'i<l" of ,h. l"i"I",j "'«ui' boo,d 
from Ihc di'pl,)' m,dc sense, When 'pplied ' 0 'he liP 
4,,$X, Ihl. """" •• ,,,1 r""",,1 Ihe <O~ oulp"" r,um \I""" 
di.pl.y d,io'ers 10 l.-:ed 'hrough to 'h~ di,pl.), 6;01. of 'h" 
p ri ntod circuit boord, Thi' w.".d • 10'S" '",Ouo' 01 bo",d 
.",. "nd cau..:xi 'he p'inled c i",uit board to he 'h~ most 
eXI",",i,'" non·le <:<>mponcn' in the prOOuct, 

To'itia ll)". 'he """,hani<:.11 layou' "'., done around the 
.. ,,,e . ",. 11 bullon cell ""lie, ie' ,h., ""r. "",d;" 'h~ 1''''' 
,'Iou< • .-" i", 01 c .. k"l.,o"" Ho"'.,'~, , ~loc";",,1 .y"e,", 
.imulotion. done early;n 'he dc.ign c)"elc .howed bolter)" 
lilo 10 be "",,,,"cplobIQ .n,1 'ho lIP 48SX "'"' ","",ig"c'<l 
aro""d highe,-cal,aci'y ,\AA bll"e,i"". 

"",'or.1 <Jlhe, i'e,,';o,,' 0<",",,,,,1. A p';"lc,1 ,Ii.plo)' win· 
do,,. ,,'. , ,bro,,'n out ;" f.mr of 0 <rociol harrl 1",1.,;zo, 
optically bonded '0 tbe lop .url""" ol'hc U:D. Thi.,educed 
co.t. di",i ,w'c-d Ihe .. i"d uw. wh ich 10 c''''ily ",-~",ch"d, 
and ,e,oh'",I. long.".ndiog 1"00,lc", of I"" idc, 'rdl'l",,1 
\-0.,,,,..,,, Ihe w;n,low "",I ,1101'1.)' , Th,· higgest 1"",,,01 of 
,b~ ,,'indo,,'I ... d .. igo is 'ho 67% reduction;n gl "re 

Fo, • 1;'00 we <;<>n.ido,cd ;nc<>rpo'""n;; onl)' one pl"~.;n 
P"~' Thc ""0-1"'" d''' ;gn ,,'" ~"e"'u"IIl' ",1""",1 'u .110'" 
I."h HO.\I and H"~' c .. ,d. '0 be I'lu88"1 in"' ,he""" time, 

Final Des ;9 n 
The liP 41lSX i, m,nulactmed lrom throe ."bo ... mbl;",; 

'ho lopea .. , \h" l"inIC~1 ci,." ...... ",loll' .• nd Ihe ixoIlon, 
c • .." Thc'S<> ",s<",bli.,..", built lrom 24 mechani,,,,II""" 
rou, .".-face ,,,oun' 1(; •. a \70.1';" TAH It.pe ."'0", .. ,,1 
bondingJ Ir.. Ii,'~ di",,,,'o I",ded componen" .nd 31 ,ur· 
f..., mo"n' dO"i"", ("'" I';g, 21, 

Topca-se Assembly 
Th" '''1''"-'''" .... ""h l)' ;. uo';S"",llo he •• f_ M r<"',b l. 

of PrOO(Jct"p",,;nc ,I"ail, Thi' "'., don~ '0 .110 ... 'h~ "",ic 
10 PC"'" • ...,rn" I)' '0 be i nco'pon' od into lutu t. p,od u 01 •. 

Th" lOP ,,,,f .. ,,, "r IMI"odIlCI coo.i,,, p'i",""I), 01. 
o.OI2,inch_'h;ck. "'\'cn-<;olo" p'in,ed aluminum ",'e, lay, 
TIle puTt""" 01 thc o"er l.),;, 'hree/old, (1) lu prodde. 
plo" ' ing . ",Iace ~,, ; .h .. ,d ,hap", (,) '0 "''''Y Ih~ ,,,,,"en­
d"ure lor ,lor"" 'hill"'l function ••• well •• ,h. 1'",<1"", 
n,ono on,1 "",nber . • "d I~I tn "'.~" Ih. Me<1o)' th~ fo"" 
I;,," 01 defen", in 0 carefully de>igned ESD le loctro"atic 
<!i""h.'lIo) p rol""Hon 'p'em. Addin;; 10 the rosmdic 
;'I'I'""~"":" i<." . 1",,,,,,I''''''od ""PI'"' IOllo which , al"ng 
w"h 'h~ ",'cr l"),.;. "1'1'1;,,1 10 Ihe ' 01""'''' usi"g p",,,,,re· 
",,,.lrko odJ. ... ;"e 
Th~ lour·color mol dod 'opc .... d"';gn "'prewn". m.jor 

onRine"rilljl .nd pr-occ .. och;e<'cmeol. The liP 48SX ke)' 
"o",""daturc ;, o<;t".lIy. <OJ,",",o ,"ol,kd potl for each 
l<ey ... "",d whkh Ih" "'pc.", i •• ho' I..,., ~'i8 . 3J, To c,,",'e 
'ho c.a" i'i.< 'hat fo,m ,he nomencl.t"re, Iho legond .,"wo,k 
wa, digitized on ,CADIr.,\~1 ,),"cm, Cultcr pa,h. ar9 gcn· 
","1c'<l fro", th;, ~"Ia, The cutlc, pallo, .re "..:xi '0 ~ul. 
!"" i' ; "~ im"w, 01 the n(ll"""cr.,u,," in a cNl",,, "k, .. "od", 
The """ ", u,,,d are '1"-,,i31 yo,,"d culw" 0' ; ",, 11 0' 
0,001 i"ch ;" ,11.,,'"1",., ,h., "I" Th" elOO;I«)<I"'",e "",,I 
fur .lec,rOOioch.,1l" mochin;ng 01 tho ox". ",ol), nn~ d .... il 
into the nrst·,hol """;lico, Tho 'oleronce, mu,1 be corefull)' 
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~ .. , ""ortaco Honowo .. Oo.~n 
~ .". HI' 485>( ow<OW>oO """""" .. P"""" """ ""'*' .... '41;0(1. ~ O(J« .... pm»';!y 'O~'app.caI>OO -.._. 

coood IooyOOord """ d. .... , ;".,,"'. Thomool ...... """. '""'-"-
,,, .. <Ie$qI 0I'IaI0n\J0 wo."' p«lYi<J. "0iAIIy """'_ 00< ... to 
..... ~'oo "-"<100<II '-""'Q ""'" to<ty ............... pi.>< ~,spI..,. mon", 

_ us. ... rt"" • ...,rt""" Q! ,,,. .... as>! • a,v","" ",,0 IwO 

pr",...,. lonn 'hO Q<sPay am O~ .,..,. "'" ..... 'eytooo,a 
""" ke)'tlO<"O __ "v 1_ F;g 'on p_ 6) The_. _ ""cod ~, .. _y .. tr_ "" . lot ..... """"""m 
"""rtoy wh<:" 'ca",_,· """'" to .,. '~a n two "'PO 
~oea"" ·n 'hO ~ "0\> '" <CHI "'.~ '*1" whon opO<Ote .. 

~''''' ",", """"" "''"'"'''' on "'" _ ""'''' "'" ",o. 
play _ ",,*,<ay -.. "'"'"""""'Il _ .... os ............ .. 

"'" d ......... bo,o'"' "'....,."" , ..... """'"''''" '" ' ..... w<I><1.o>Iay "'"""0 , ..... " mon.J i<.Oy> ... "'H",......,"" ., .',. "'" 00I0o '0«0" _ ' ... Ie d''' ''''''''''....." .. .- A, thO.,... 
<>I 'hO...,.,.., ~"Y ~ ' ............. """' "' .... ...,.oo.~ 
wh<:" ",<>'Vi_ QU""'- ""oct ooceo, loa""'.......,....''" ..... 'Y mat" 
",,",",0<1$ 0<,.,""""".,01 """tunc,,,,,, .... P, __ ",d~p"" 
monJ. 1.,. IOtOJ '" 49 ....... w .. Ol'>OMo bo"" on me '""'''"'''' 
rurnbor ,_ '0 p!<>W:IO ,..... .... __ '00 .... '1 Keys 

a" 0_ """ """" occo',U"og 10 ...... ,"'" ...., .... ' '''' .... 
""",,"y 01 oW '" ",* ' .... o...yboa'O v;ouaIy 

1 ... mOfO"" '" ..... tvnc,,,," ....... "'9' ... po """ "" ..... 
............. "'''''' .. , <.h'''P~,....,., .... nooO'''ll['''''''''C, 
,_ woo '" """"" ..... y '" pi""" ~ ... 0' "-"""'"" "",ok_ 

"'Il' "" .... ,",,". Thoo •• "",,au .. of , .... ~ "-"Yt><>o<d 
_91. wt>iCIo .. 'M 'OO '0 • >"\)'e. e<eQ'''''' _ I<s!clooo 

"""""" Thi. _"" • \Tophi(: ~ I>OUJ .. , ....... 
",e ... '-'P '" lout mo,or tunc,,,,,,,, '"""" ~ 0 , ..... , ...... "-"Yt><>o<o 
~ .. oesgne<j wu-. up to ''''' " "'''''' ,""","". 0lXM ~ 
'tv """""""". "" oy ,;<10 "'" ",,,,, •• M ~. COIOt-«>:lod ""~ ' ... , .... """ ........ """ =- .... ,"-,'OWS nooc";"Il ... " 
.-.gN "" "'" '.,. ..... posot-oo '" ..... '''''''ed ~ .. "'" Tho ... ' )10"""" ... 0"" " trot OOCo.-"*"at·"" "place 01 00I0o to ,<><>..c. 
pr;", "Il coo .. r ...... Y'. ' I<eys atoo hOve ... "pi;> "' .. "octo< ., 
IhO ., ... " '<JhI corM' """""sed "" '" aipl\8. ... ~ .... 51"""" 
'.one' .......... e""" oet_.---... OI. d o:;,-,g..0h0d oy o!>lac' 

F~_ J _ A ."""._"""- 0i1(l/(> oi ,,,. HP 48SX Key' A ",.,."ore 
_ I'M "" oac/l .ey _eo .... """ ~~ 
T/OO ropc.o'."_MWnd[hc'<ey~' ... '''., """"'. 
.... ""'" '" .... t xC>' .. "<11 '" 1o<rne<I '" • ~ ""'" "'" 
If» />()ic.-' "'" ,"""",,-$11()/ pa,,,,, lao")" _.,,"0 
.... <="" or .... 9 

1410 .,...,"" tho te.! """ Me ~'ouped " 'wo ~ ••• 01 ,ho 
i<OytoOO'~ The ""./IOy ..... ""oJ 01 ... o;k-oo_ C<JIors ..... 
one ,... Tho .ovt><>a'" ;, _-g<>t<I ., toeeeP1 ....".,n cuotom 
0\'t0f1.,.. lor """,-prOg'_ '*1". "0' __ "",roon 'OW'.­_ ...... ..,on 

~-~ "..., _, "'IIh-chromo _ e._ ....,"'_ bloc . ...... 0_ lor ..... _ map co. ... patI. lot It$ """" stene. """ "'" 
""'" "_" .... "'" ,"ong 00AI0m0, ,,'0"'0<\00 '" _ 
_, ...... , .... s.c-or , ... """"' .. ""'9'or, ..... ~ 
' .... 'hO'Y _ . the "' .. color A ".rm g ' llY """_ """" .. 
0"" on .... O,opIay .,,"01 to lea'"", ... <>splay a, .... sualy 
"""'" , ... "..., .. "'" to , ... _~'d.,,,...,. .no _ oeM< .. 
'" ...... """&' P<O<I"'" ..,P"'....,. Tho 000>11'''''''' C<>IO< '" ,.., 
~d "..,..., os • ~ .... \lefSOOO '" ",.,.,.,.. 0Iac' ""Ie<! 

me~ "'*"""" ""'on P'''''"''''' • """ .. con"as! '" \1"0"0 , ..... 
<.ey5 v;sooI P'"""""ooe 

r ..... mool d>oIIengi"ll 00I00. to """''''' .... "" ....... '\1>1 ""'" ...., eot" ""," """'" on .... ~'O "",,<lay , .... ""'. C<JIors 
"" a' HP o&le""""" ... ","""'" to "'""',..,.. .. '" ..,.,.." """" 
or> """""'- """,,., .... "",..-... "'" '" 00<l0"" P'''"''-'<' .. ouaIIy 
""" 0 P<O<I"'" cat"""" It>. ...... ocoent Ie CO' APN """",,,lei 
, ......... 48SX .. 0 ..... $Co ..... "" Oot"""" t>uI t,,,,,,,,,,. '" ""'" 
aI\IOb<oic "'" RPN """""' and .. 'Uily " • ,,"'0Q0'l' 01 .. own 
1.-.. two sn ~ <:<>lor> ",Ioeoed _. "<0""" 0$00 lor .... IwO 
so O«O! c cor.gor ... , !lui .,.1911''''''''' "" ,,,Oabol-ty .., .~(,,;o. 
to'- '>Of1 .,.ng ·so""" c· c.-. ............ .....,10<1 -...... 
ot "- eosJy dr .. "V"" .. bIe .-...eo "'" ""'" ~ v_. 
"'" ""'orna, ",",en ".Ip ........ ,. 0 opot\)I 00_"""" ... otI-... 
1,.-.;,,,,, ...... ~"Il. 0'.'" ~ 0Q0l Q"" "","",ed lor', nov-
""'y ..... """""'"'''Yon .... "*'''g'wno 0<10<. Corpoo.'. ~, t, ;. p'o.-__ by • "cke1·.,....O OIe<,«)/O<""", 

IOQO, """,'00 "" ;,. ";Ih-<l-v ....... """""""'" ~rllOCo 
Tho P'''"''-'<t nome '. <IWgnod lot "",,".,oncy ., ""'"" on ."" 
-. wth or ..... c"""," HP uO;,,",,,,.. """ ;, ""'"'''''' • .-.0''' 
_or toni '0 millen .... 1ogO 

MkJ1H/ """" .... 
Son"", """"~,,, De~ 

eo..oIl. 0.-"", 

coo,rolled """"'":Ie the O"''''O{l ."",1 ,uriaco oi 'he SOC<>I1d· 
,h()\ cOI" ty muot ",Io u, off' agai"" 'he "o" .. pond'''& 
cum,,! pi."k nomen<:l"u.-e lha, ,,'a, formod 'n 'he fi,,,· 
.h01 ca",Iy_ 'floc t~t",.!.pl .. ,ic nomenc l,ture ,iI .. ",,"I I", 
iU" ,0ud.",1 loy ,t.. """ood·.ho' c.,·il)', Th. l"wforouC<l 
be,w""" 'he 1"'0 mu" be lo,!!" enough '0 prel'cn' ,he 
"om.nel",u,", bom beinR p",hod a<oond hy Ih. injc<1iuu 
p", .. uro of ,ho "",ood.>hot pla"k hu' not SO large .h •• 'he 
"omcnd.,ufO pl •• I'e io nu,hed oud distor,ed by the 
da.np."II furcc, which roO n be o. high.,.OO Ion •. 

TI", ~9 k.)·. "'. 'n'eg"'Ic'll into th~ ,opc"'o dc>i!\ll io 
,.mpl if)" .ssembly and ct'min,,!. Ih. 1',,..il>.llI)' of ml, I",,,I· 
ins a ko)" To .chic I·. good toeriln fool. each "e)' i> .u'· 
pcndc'll on ''''0 o."lIlm·e", "",h 0.016 inch Ih ;ck hy 0_,,6 
inch loog. Th_ ,,,,.11 be.m. S<IW II""" purpooes. Tho)" 
gui,lo ,100 .. ")" Ihmugh. ",.II-rontroll"" Or<:. tney (>Om\o­
n~,.'I)' .".ch 'he ~e)'iop" to Ihe ,oP<O:Ie .... d 'hey ..,rI'e" 
thc poth. th,ou.<:h ",h;d. ,h. """,,,d·.ho. pl.Slk ~ o",'. Tn 
nl) the kc )tol" 'hro .. gh th..., .mol) oo.m> • .,..;h loy 10 .. 
.1< o,,'n ~",e. fo, • ,o .. 1 "r 110 sale., An ord." , !}· p." of 
Ihi •• i.e would I..,." o nh' one ~"w. 

11", Tri._, m.'e, •• 1 u..d fo, Ihe iOl~;o", i,. :>l)"l"" - ,\U~ 



alloy and "' •• 'pe<;ifi c.lly ..,Ioctod for il. lo"gh" ..... nd 
prOO<!>, iog ch' ra<le d st iG! , The mos' critical o.p<IC' of 'he 
topcaoo d .. ign i. 'he ,0,,11 ~ .. ollle""r oo.mo, The beam. 
h.dln 00 '''ugh enough 10 moin la i" 'hel' mochanical integ_ 
ri'), 'hfOuSh .n" irono' .n"! . no lif. t."ing, ),.t .~ppl. 
.nough not to degrad .. 'he fOICe_dofloction ch.""'t,rlot iG! 
engineered into 'h~ ''''p ,10m"", The Triox pl."ic wo, 
I"und 10 flow ",ell. which allow< • 'h in bea m .• nd i .. 
tougho ... w., ,-.,.ified io 1""illjJ ",'C' 2,5 million key cycle' 
w ithout f.ilure, 

Tho "",iii" f,..,1 of the key. i •• ,,",u lt 01 p.in".killjJ 
d .. ign. '."ing, ond qu.II,)· ... u,.""" "11M,. Tho 0.004_ 
i""h ·th lc,k ~1)'lor dome . heet wntai n. ~9 d.,.II" "'h ich 
prm'idc ' hc .nop 1 ... 1 .. _h kc)' I, dcpreMed. £Bch ke) 
h., '0 actu.tOr which pre ... , .gai " " the 'op cen'., of Ih. 
rlome, A, ,he do,"o is p ....... d it defl"" ... , it> base in'" a 
d~lne 'p..,er roc .... A, 'hi' "oge 'hn fruc-'l I, hu;iJilljJ 
lin .. rly ,.-i,h d.n"",io" , A, thc force b~ild, '0 ,h. trip 
pomt Ihc dome buckle., c .. " ,hlg. sud,lcn drop io fo,"", 
.\to"'cn l"m a nd to. ",.uiting imhal.rlCe of force between 
the finge' pu,hll\g on thc key ."d Iho koy no longe. l'u ,h illjJ 
N<k cou"" th~ in'ide of t he dome to Impact firmly O8al"" 
Ihe kc),bo.rd conO>o". Th. i,,,i,1., of Ihe dome is prin'cd 
w;lo • p.d 01 conducti,·. c.thon graph i'e . UI>OO .wilCh 
dosu", Ihu "on'e pad short' t he in'"rdigit.ted ca,bon 
graphi' .. mntoct fin~crs of the k.yboa"l. lIelow each key 
,wit ch I. "",tlwr ""'e>s «e"ed b)" 0 O,OOJ·lnch_,hid ch.,_ 
• i, 'P"""" Thi. '''''''--'' "liow. 'hc <e;-boord to wrap oround 
Ih. dcprc",ed dome, .. ,"lhI\8 In a "",oh "'Gte ",B.b l ...... 
""",ad '""""d of Iho point cont""t of. ,lome "8.inst • 
flo! plone. 

The ko;-I": .. ,,,l I • • O,OOJ·ioch·thid My!ar .hoot wilh 
""roon_p'in'c.d ~.aloon g'.l'hi'~ '"'''' "nd contocl •. Thc 
f,'<.,,!Ihrough. of the two.I.)"e, ' .yboard .mploy tripl" 
""hu"looq' I" i"'V")\'. )'i.ld a"d reliobili,y, Th. keyboard 
lin ... re mlJlhp l."ed ...-ith ,h •• ddre--" Ii"." Th l' ",h"",e 
red""", ,h. p;n coun' on thc IC a nd ...... printod cl,m" 
board a reo , oot h of wh ich I"wcr =t" Ito"'o"er, it requ ire< 
Ih,t k"l' line ,,,,,i"ance ha ~-",relull)' cO""rollcd , The c<.." 
,1.«, rcs ist.o<",olthccorbon ink "'0' ",e"ured, Thi. info<_ 
m.t ion wa; used '0 ha"d_tun~ the • ...,. 01 e.a<:h of 'h~ 1111 

koy 11<," II •• ".', 
Th~ h"dh"". "f Ihe lIP .8SX i. t he nlckcl.ploted 0.018_ 

inch_thick stoi nl ... ",..,1 cI,. .. i" Tho eh ... i, ..,,,,,,s .. ".",1 
funCllun" t" mo.l ob.-iou. of whkh i, '0 .upport ,h. 
kcyboanJ .nrl odrl rigid")' to Iho topea"" Sixty.t""o 
h"",.t.kes cl.mp the hyboard 00""""" 'h~ 101lCO.C .. ,d 
'h" chossl • . TOe l'IlI" number of heau,ak .. pro"id.,. an 
""en prel""d. ",hlch gll""nl_. con.ist • .,t ' 0)' reel. 

Tho ch . .. " .1"" fumi.h". the nega,;,'c battcry ron'''''' 
Incorporati"g ,h. o'~.'n'" h.".r)' ""ntact ., .n in l<>grol 
I"''' ufthcch ... i, climin' ted ,h. "oed 1o,. -",p." tOtont.CI 
a nd tho, 01""'';0"' 10 .Hach it ond its ",i re. The cho.,i. 
",,,'c. os ,n. conno",ti"n Wt""..,n Ihe 01'«1.), a nd 'he f.SJ) 
,h;dd 1"",1",1 ill Ihe bo"om co.." ~oound.n' ca",; I. ,'o, 
cootoets • ..., omplo),,,,1 i" he.h casc, to pro" ide the lowc"_ 
impedance contact und,,, . n co"dllioO$, $("'",, ,n0p' 
MOn"d li>c "",hncte, of lhe ch ... i. m.in"in 0 con,,,n' 
preload h.,t ",,,,," the t,,'o c ... h.lv",. Thi' """,,"' . good 
"",, "",ie r., . Iong the Q,(HO·inch_widc ",.m. It 01..0 .. ,I",. 
.he .. r. gr .. ,I)' ~"h."d "g thc t"",ioo.1 rigidity of Ihe prod_ 

uct , A do.<c.d--ccll urethane foam p"""u,o pod pro"id .... , 
constont 101'<:(1 '0 moin'.in tho tonno<tion bet",ooo the key Ii"", ond tho prinled ci",uit board, The ch." i, pro,'ldes 
'he '''PC'''' ",ilh t"'o '"'P Mt.I I,,,,,,lIerod 0" Ihe l e)' line 
conn"",ion,. Th"", pr",'.nt the topcue from 0""'1'1"8 ""or 
t im~ undo, Ih. COo".nl force 01 t he pre"",,, pad in this 
or .... ,\ .pe<;ial ,Ie .. il I, d.'iga.d to " iff"" .he "hoos;, 
''''"nd Iho Hquld clyst,1 di'plo)" Bo'iooll),. Ih. ch."i. 
lorm •• fra",c .r()Und 'he RI ... dl.ploy '0 prot""t it I,~", 
;mpaCI ."J oon,ling Ih.t occur a •• ",.ull of the produd" 
being dropped. 

Two n.now .tri P' of d,,~blc·.idc.d adhe.i,-c tape ore ~ >cd 
'0 """U,", th. displ", in the ch.ssl • . The 202 O,on-inch · 
wide LCD OOn"cl p~d. nlU," I", I~,.itiooed with in ~O,OOJ 
Inch '0 m.ke propc,~.o""OC1loo 10 the pr; oled ci",u", board. 
T" '0 zcb", oon ooct"" oro u>cd '0 m. k. cOimection b<, ,,'ee" 
'h~ I.CD .,,,l lbc pointed cif(;oil board . The zcbra connce'o" 
coo.i" 01 ""'" ."'1 1" of sil i<:on r" I~." ," ppo~I"It 0 'hin 
row ol.lIern.'i n~ cond"cli ". (ooroon loaded .ilkonl ood 
in,u la'ing lIlaM i~I •. The wnduc'''''.re on. O.OO4 ·lltch 
pitch SO Ih .. e3<:h <Ii. 1'10)' ho. wnnc<.1ion i. m, de with. 
minimum of two conductOr<. T,,'o p"",i.ion I'""chod 
hoi.,. "'hkh .,e optically ,e~"tcred to the printcd circuit 
boord """"' .• llg" II", ch""isJl£1J ",><:m ul),. Tab, on the 
oh .. ,i •• re io"""O(I into ,he ""ro-<Ie."nce pr inte"<l ciIC\lit 
boa,d hoi .... per"" "eot l)" .lIign ing 'he pri"'od e",,,,it 
boa,d ond U:D, Six '",i<l tabs '""'UfO ,h •• , .. mhl),. p rOl'I,l . 
ing. con,t.nl preload for the zcbr. coonoctOrs. 

The cigh'.lin~. ""onl j·-two ol\'".,".r Snl phics di'pl.y i. 
"o~ "f lile liP . 8SX·, m",' "olue"<l 10.lUr",. '\"0"'1";''8 to 
prevell l di.pl.y b,,,,,,,,S. who" II", I"oduct .... drop ,."",1 
from "P to .,,'0 ",eWr> wo. ""'" of tho mo", ;"'c",,'ing 
ch.l lenge. lor tho ,It .. i ~no .. 

Th. Sl ... from ",hich li'I"I<I cry,tol di'pl.y. Ore ,",,,, 

uf"",,,,,"<1 i, fragile , Cia" fail ures 0,., .Iw.y, in to",l"" 
The gI ... ha, .tn.,.,reo;cal t~".ile Slre"sth of 100.000 p'l. 
ito",c,'O'. now, wilhin l he gl . .. 10"'", Ito do';gn limit 10 
10.000 p. i. Edgo ,1010.,,, , 0 " ,.ult of ",,,bing and br""klng 
th" ~I.,. to , ize , cou.e ""'" ri><:" ",hlch f"r1hor reJ"ce 
its u .. bl~ ""'''&Ih 10 onl), 1.000 J" i, Once 'he de,igo of 
t he di ,pl.)· mo" n' I "It hod 1>«0" oP' i n, ;-..,d, d., i~oCT'S tu med 
to «."<I"dng the ,'. rhbilit), io 'hc "",ng,h 01 th~ dl,,, loy 
i.",If, Imp"" 'ing t h~ , uTI .. ,. r.n"h .t the . oriiled eds~ 
pro"",1 10 be Ihe mo>' ottr"",II'. sol"'loo , The displ. y ill 
the HI' <SSX h., •• ".,.,i.1 poli<ho" fioish OIl ' he gl ... cd8~ 
where Ih. 'en,ile stres, I, hlghe" during. f",,,t drop. Thi. 
..."u l" in m • • ,u r.bl)' be"e, a nd more con,I"",,, ,I",,, tc .. 
perform.""". 

P,lnted Circuit Auembly 
11\0 HI' 46SX printed circuit .,..,,,,Ioh' ;,. colloction of 

pro,'c" ,,,,,h,,,,loS), ond inno,·,tion. To ~ built "n tho e< iot­
ins ,url""o mount pr int«1 circuit . ,scmbh' line, borh of 
,h. nuw liP <8SX conO<><.to'" h,d to be de,igocd a, roI><>4_ 
1",",lab l. ""I .... mounl d.,' I""". 

Ooonil"'1118 the printed eire"I' . ,,,,,,,I,ly;' Ihc largo 6Q. 

pin plug_I" card cooncetor. Thi. c ustom 00"0,-.;10' ",",eplS 
''''0 cord. in a "'I:W',,"<I f",motion "" ,hal Ihe 1.10,,1 on """h 
canJ ClIo be "'n, The ~-"'rd connOC1or i, ".01 dod with ' 0'1(, 
gl." foiled PI'S 10 .",,'h'. 'he 2~~"C (437' FI infrared solder_ 
Ing 1''''''.'' Hc.t". ke. or. u",d '" «"u'" the "",d Oonn""_ 



HP 48SX Custom Integraleli Ci rcuit 

Tile HI' ILTe IC '. tl'Ie $ngIt """""'" e/'I.<l" "'" HI' 48SX 
calculitlo< _ IllS IC • _ "'" I"" IoOIow>ng 1u"I<:'onaI -• A.-o, CPU ""n .., S·MHz 01OC' ThO .L T6 CPU ~ -''Cal 

"' "'" cPU"_ on tho HP 28S. """<" ... _~ _"" 
01 .,. .LK! cPU Tho '"11l cPU "._ ' .... ' o"I$u,"""" 

• "'0"''''' ..... bu1 . .. ,..,.,..."" "" ~it>OiIv '"'.to "'" 
'IJ'V'LI<I ""' ... HP I.B """ .. en,,,,,,,"," T"" CPU .. _ 
""" e>;te",a< "". ""''''' .... "". w<IO Momoty is """,,!<Sed 
,~'·o" q....,_(_,,..,", oS _)"W>g 2(1."" a<IO""" 
.. , vi"",""". oIIys<c.I odO<M, S<>OCe0l5'"'" 1»<" T"" CPU 
........ '_d. "' .. 64 "'I, Oper.,,,,,,,, Ill. P"~""""" """"'. 
"''''\IS VI> 10 '6 "''''''os '" IItngm 

• """"""'Y c"",,,,,,", c~ '" ."'MOC"'ll IO I .... """" .... re ... 
"" . ....... RAM, !!OMs 01 ~,"" """" 11>0 ""'_ 01 "'" 
nw<'IOIY .... rl .... .. ",allow cho 'LT8 ch.p", d" ... =-< .. 
RAM """ F'IOId C. SW>eo C«mIO""", """"""" PO'I$'''' tIytO. 

w.oo, "". ,_"OS """" carel'" ....... """'Il1O .... , ."" """'" 
'" me CPU TIle """" hne . ..... gO 10 "'" """"""" • .""... • 
.,0 ...., ,...., to scao1 ' hO ~d Tho ke)rt>oO<d '. COlI· 
""".., ~ ....... ,..."",.101"" ''0 ,_ .... 10 ,"" mom­
""f is =- d ',,"'.,. Tid _ """"'"'0,", """"""" IC. 
10 "" """""""", 10 'hO ,llS c",p w;t, o"";m..m 01_ 

lor 10 Iho printed " ;..:;u i' hoard .nd 'Q lakc ,i>e p",lo,d 
""crIed b)' lh~ 11<, c.an,ilo,'med oonlacts. The con''''''' <no>­
sist Qr ' ... 0 mw. of canlile"crcd 1'1''''l'h", 1>ronzo "".m, 
which'n! angk><! inlO 'h~ ."Id", poste ,,, form 0 bUll join!. 
A bull I<nnl !S usc'<l ll<'Cou'" I, wid, ,M wid •• "I' h'8h 
iulo 0 mk~. I'"""n';,'s <older brlrlging be' .... ""n ,djocenl 
1"",1 •• ,,,1 .lIn,,·ing ••• ier in.pecTion, The ,H""I".I prul.,.d 
he'",,,,,n Ihe le,d, . nd I~" pl.n" ,,( 'ho prln,ed circuit boa.d 
olln,,·o fo' .O\,no "<)"pl."""i')" in 'he lo.d,. en.u';"~ Ih.'1 
_h lead penelral""loo O.OO-i-ineh ·,hick ..,Ide. 1"'''0 and 
,·;old,. we ll .we"eol ..-.Id., join'-
. '1'1.., fon'.pin ,.rial oonnoclor u,c., , ,i,,,,I.r h"" ')'1><' 
,,,,Ide. joi'" d".i&n. Like Ihc <:ard co"",o<'o •. it i,. cu.lom 
,I"ig" ".Ing hc ..... k .. 'o r,,,,,te ,h. parI during infr.red 
",Ide. ing and 10 pre,'cn' 'he soldor join" froon I.,i"g m' •• • 
Sl,..,.....~1 d",; "3 u.". C.n, "o''Ned .rom ate fo,med w ilh Ih. 
1",,1)" of 'h~ connec'o, '0 prO'o'idc 0 .Ii~h' '''"I' "llOO in",.· 
linn of the plug ond . r<.1oo,lo" f""", ,,, ,,,,,ist remm'.I, 

Th. n,,>< t in'.n'i,·.ly engin""fCd (;Om!"",o"' on 1100 
p.in,,,d eireui' board i, the 170'pm TAB'j""bll'-' IC. Th. 
copallilili e' of tho IC itsdl"w ""'Y im pteSSi,'e. bu, equa ll)" 
imp,o •• i,·o i. 'he way in " 'h i,,h the IC i. ,.onn"",ed . Gold 
bump. ore dcp"",,,,,1 0" ,10" IC >1 ">ch '0""",,' pod. ,\ c l..:;u;' 
co",I" i n~ "f O.OO]·inch·,hick polyimido film wi,h 0.1)03· 
i,~:h·wid. I,,,,,,,. i. J>O'itioned on top of tho IC. Th" I.,p-'''' 
of'ho ol,euit I •• uoh 'h", Ihe tro"", ,,' 'h" inn .. ponion 01 
'he lal><' "",ually <:,,,,,i l.,'e. orr 'h" p"lyimidc ,uhs"",c, 
The", lin.pl"o,1 ""1')"" I ... .am. oro 'hon .lignod .... i'h 'he 
It: .,,,1 .imul,.noou,ly bonded, 170 inner lead bond .... ilh 
o O,OO5·inoh pitoh.re mode in one 01''''.';''" . -n," .. "'a"· 
lagc' or TM!.", ' hot Ir. I"n coullt i, high. ,h., i, can be 
II"ng bonde>d .• nd th.1 'he l"' I)'imide 'ub"'"I~ i. punched 
wilh hole, lor 3~.",n' ' prock." ju", like .15_mm mm'O film 
(S<." Fig. 3 on I"'S" 42). Th. I .. , rw,UfC i. used to 1'1",," 
hun,I""I, "r P"'« wilh no human inlcrwnllon . Th" ,,,,,10 

p«IS e""h """""'Y _. c.., ". 00<11>;)",0<1"'" $O~N". to 
"'" """,.reo "'" """ pIa<:M>Om in " .. ""O~, ..,..,. 

• "1oQoo<1 ctyslal " ''l'ioyllCD) coot""'" eopOOIo of "'MnIl' 
64.w~ "'-""""" ~ Tn. coot""'" "" .. ItiO CPU "' 
""""" "". n __ FlAM and .... n ""mao> , lOt .... LCD ~ 
to c.>pat>Iool o.><Ilir>g thO "",~ ., • ...,.'.'" memo<)' or .. 
_~"' __ "soI .. 

• ,. O<>IIOC'OO<> of me-motv ~ """,of ' ...... ,.... oo..do'!\l a 
32·b" _''''-<)ryo'''~'<OIO<I' MOI • ':/00-'0·96((\·.,."" 
M4opIo, LJNlT capable 0' ".w,.. ~S,232 01 ·,,""00,_' 
., ........ _. eye' o ' 0<Iun<Ia"q- 0""",, ICRC) Il0''0'"'''' 

• ,, ~''''' of ~ CO""'" ,ocIuO,.. • ""'" 1JI1'VOf."POII­(. 3""'""" tne., __ """ 6 ~"""."" .... C,..,..,). a""","'" 
"'" tn<Iic"or • powe'"""""", oocu.' . 0"' .... 0Wi_ • 
"~oney "'-"P' '''' IvotJoOO _.t .. cho 8· .... Hz CPU 010<;, 
F, ,,",, ,"" 3<1-..... o""tOI). _ • """'"" v¢IaQO QO ...... or 
The lL rs <C io moro,.OIl'ed ., ,he """"""" <C 0, .,'" of 

_ '·Paci<;l'O 
_!OIl D, Brown 

~'Eng-.... , 
eo.-_ 0<.",.,,, 

of burnc><!-In ond le'tcd 1',\" )\A<:kaS"" are I<>od.-:d on'o an 
HI'_dc,·.IQI",,1 TMI ,II'I\.:O\.in8 '001. Th i. 1001 trim. ,n" 
form. 'he oute, I • • ,ls .nd I'",...-.n" 'he c<c;""d 1""1$ ,,,. 
robot 10< 1'1.",,,,on' on 'he p.in,ed c irenit board. 

Tho pitch of Iho ouw, leod. I, O.OlO hHOh , so, .. "Urd '" 
positioning of Ihe T Atll,,,,k.!I" 0" ,h . J"in,ed ci,eui, boo,d 
i . io>potl,n,- The I~ .. ition of' be p,inlod circuilboord ,,,"'", 
i. dete.mi"",1 h)' ",,<ling. !Orgct on ,he I .... " with on 
"1"k,,1 ..,,,,,,. moun,ed on ,he robo" The YAH joact.ag. i. 
I>o<i'ioned by on .nnul.r ri n~ of ""PI"" 'ro",,, which 0"0" 
hong' • hole In l he pol)" i n'"d~. Tho holo i. "'posed .nd 
o'ched . ' Ihe .. me lin., .. the 170 lead' that aro bel,O); 
po<ilionc>d. Th is .1I0w. ""'"' ' Ce"""O pto< iti onlll.'! of ' h~ 
I",d. "'"ng • 'implo ,n""h. nic.l do,.il. The lead •• re 
fo,mod '" 'hey or. prelooded ",10 the ""I,le' I"'''". The)· 
h. ,'e ",ono ""mpli."co h"' ,he f,,,,,. 'ho} ,,, ... require • • 
TAll domp '0 ",ain'ain 'hc 1,,001. in in'im.'e ""n '",,1 with 
'he I""le d"'inS 'h. reO,,,,, of"Oralion . The OIe"<1' ""glo a' 
wh'"h 'h e 1 ... 1, 0"'0' 'ho ra<'o i, designed '0 huld 'he 
",Ido, up high in'", r,1I0'. "",iflj! in'I"",lIoo\ .".1 P""'"'''­
inS ""Ider b, ;dginK t..~wt"''' I""ts. 

Much design ond ' es'ill.'! ",en l in'" 'he (I",·elopnwnl "f 
'he TAil procc .. , The ,e,"it, fro"'. '''''hni<al poin, of "iew 
for ex ...... ~l . 11 .'1"""""""'· 

B-ctucm Ca .... A .. omb!~ 
.\10", of 'ho de!ail, unique 10 ,h. HI' ~~SX Ore <onl.ine><! 

wilhin 'he boil"", ""...-.. ""klns" 1>O<.. ibl~ I", lu,u," prod. 
DC", ,,, " .. 'ho HI' 48SX 'npca'" .. ..,mbl)'. 

TI,e HP 46SX', plug.in <.,d. ar" ~ulde~1 I,,,,, ,b. c.ard 
CO r,,",""'" Ih,ou.o;h Iho te'or 01 Ib~ bo"om ,-"<c. ,\ box i. 
<r •• 'ed "'i'hi n 'he ",,",,"l ca.., '0 guide II", ""rd . On " p,"­
,'enl domage 10 inle.n.1 "" 'nl .... """"· ,I" iof ....... _tr.n.mi._ 'ii'" pol)"""tI ... ",.,c """I ,100' <m' ... ,h i. box, loepin~ Ihe 
cards from disl",lgin3 tI".ing. drop .ntl formi"Ka w; nJo" 



""Of ,be um ."cl pI>olOl .. n,IOI"'"oed ro. Inf .. ,Ot! I/O 
Cri,I",,' '0 oo.,as p,oduel i. moi"'a,"I". ..... ' ... 'o."oid 

"""'na """"""y. Pa";';ol .. Olle""on ..... pold '0 deoJ",i", 
,be """'1)' <:om ... "men' 10 po .... COO 1<1 nO! be iHienupted. 
n.. boll..,. <:om""""",,,' bold. Ih_ 1111" bo" .. ioes. n.. 
""""PO" men' I. d""ilned 00 ,ho, if bo"~I)' ""'''- """" .. 
'roon ,1.0 ."",IS., ,be .... ''''. 'ermi ... I •. "" openings .llow 
111"'0 ,"" e''';oi, bo.o.d Th. bo" •• )· <:0" '0<:10'''' dosignfJd 
'0 l" n,-en' f""ting <;o • ..,.ion, a 'YI" 01 co ..... ;.m cau,fJd by 
micromotion'" ,h. ",m'oct poln •. "hl<.h ... "1,, In o,i<lo 
b"lIdup and .,·~,"u.1 10'" 01 '"''''oct. f:',on,h-e le"ing wu 
und.",k ..... t Ihe ,my"., ' of tho pf<llO<t to cho'oct.,I"" 
,hi. ,'h.oo .... """. C ... 'om "octrl.,1 m ... ureme,,1 tooI.o 
....... omplo)'fJd thot ",,"Id _" ... "O'fy "" .... 0/ fretli", 
<orTOOlon Boll .. "", from U.S .. ""'opeon .• nd Iopan ... 
• upp" .................... h...,ly , .. , ... "" compo"bili'~ " ·'th 
,'" COIIt."lS. E,· ... the bo1'«Y door ...... dot.Isnod to 1'<"""'" 
..... of,,,, .. -.:r. Thedoor .... ploy •• mu", ......... p. which 
P""'"'' ,h. bo"eri"" from ~n"''1 di,iodFd in drop> 
up to , .. 0 ""'0". TI>c ,.,...11 I, • m..'8" . h .. e"SuteS 
... rem.I)' ,"Ii.hl~ po""" el'"",, unde' tho ,_t Oxlreme""n· 
dltlon., 

II {I,OOIl-Ir>eh-,hick 300J U 'x .I"ml,,",n f..sn ,hi.ld lin .. 
the In,"IG 01 the boI'om co .... Tho ,h,eld conl.,lolt... ch .. • 
,Is ... I,n • 10'1""""" con,oct. Thi' I"",,, a , .. <HII"",".;o",,1 
F.rad,)· COlO. '''"'0<11''1 ,hoe ~Itcul'ry lrom o>:posur<: ,. _,tit". n.ldo The HP ~&SX I. ""","eel to .. ith,' ond 
"'pMI'" d1och"'ll"" "'lIh potentlo'. up,o n ,it.ouoond ,..,1 .. 
"'hllo runnl", .. ,''''''''' hud Io,lu ...... nd 1$ ,,,,,,,, .. nd wh. 
.. I.hou, .. ). di.ruption 01 it, openti'''''' Tho ESD ,Meld 
al, .. Il"'" i,1..o ."" !" ... "d ..... "....,'i,,.. ,,. ,n., ~i~"",i""ri< 
bcol~. II "''lIe 'I"ing m.""" 'M pos"''''' ron""",ion and 
pro,·loI .. !h~ f,~ for 'he RI'OUnd oon,,,,,,lInn to ,h. t:$() 
.hlold. 11"" ... l •• k,,,-,p 'he 1x""OC' ,nd fS() shield in ploc • . 
Tho ~""k:al '-1"" 'p,i"S i. d",ilncd wllh ,h_ d""",1 
""ii, .11 .. 'OJ> and 1>OI,pm. n-""U, . ,e w,dc. ,han thoo 
,~,ch i00i .. ' .. ,, ,he open coil •. 1' ......... ,,"" ,h. 'I"ings from 
"",,'na""hey can bebunl pb,<!d ... d vlb""Ofy.bo"l ·fed 
10 • robot 100- '01.11)' '~'OntOled 1'10<.00_" dihldl)' on ,he 
!>fln~ cilCUli bo.otd. 

Contpleti"f, ,hoe UP ~8S.~ I'""~.m lou. molded Ieet. 
.. ·hleh .m ICUlpipr.ci ." """~"m 'u ,t... boItom cue ..diu., 
Th~ f"",.", 1'''''' fi t in.o .he bot'om""" ... hil. II I, .lill 
~'orm .. ,ho tlloId'''-'I ,"""hlne, II .m.1I hurnp 0" _h 1001 

p",,,'d .. compll,ocu" ,h., !he lIP ~8SX will .... 1" rocki"5 
~ if ''''' .... ,roc. i •• ",hlly """,en 

E ..... ric .. Sy.,em 
TItoo III' .SSX ~I"c"ical .ystem I, """ .;.\t<ahIy "'''''' _'-

erful .nd ___ com"l .. , ... " ,hoM 01 p ........... HI' "'nd· 
hold cokul .. on. II'i,h i" i"f .. rod ond RS·23l l/O and plug. 
in 1'""'. I' 1 .. 100 m"", 1' .... 1110. 1'h. heo" 0/ tho .lectrical 
,y".,n I""" II.T8 chip., 11(1'pi" 1!!,."",·. lopcd IC (_ 
box. ""go 301, 

Th. III' ~8SX conla ino 'wo Winl.d cltcult hoa.d •. Th~ 
mol" l"IIICbi>ord Is .. nd"leh.d be' .... n 'iI<I'opCIII(l .... m· 
bl~ and ,he boliOm CO$(!. 1'1>0 M)'i., cl"""", keyboard "'i'h 
",,<bon 5'~phi'. tr.occs Is boo .... In ,ho .opco .. ....,mbly, 

n.. .g.llt)' lcrb<-d i. oar._ bJ'he 'Ln tltlp ,·i • 
multlplued 1I11~ ~nd IIO~' add ...... 1,-. IIdd,,,.. li_ 
~ 10 AI1 ><:an the l~_ ""hlie NJ '0 AS ore inp"lS to 
the , Ln. Tho ke)·t-..J i • .-")'nch"""""ly",'",)' milli· 
H<;(w,d II'hen ,he rJ'\1 d'i' .... '" OUlpOI .. i .... Ii",,", Nj 

10 AI1. oil ni~h ond .-. its inp"t "",I.,or lin .... NJ ,<> AS . 
II'hen a kc~ I. "res..,j , ""n",.:'I, "",;" bi.1"·C"CIl'. inp'" 
fC,)! i"". lin" on,l ." OOJlpu, fClIi"e. II"". 1'0J1l i,,~ . hij(h ICI'cl 
On ,I", In"U' "'11'''''- It,w. Thl. hlp)t 1.".1 JI"'ICMes on 
In'~rrul~. cousing ",I t", • .., '0 ICOn ,ho llt)'boa"l '0 d .. "._ 
ml ... which kc,' i, p""""" 1'1>0 OII l~11' not ..,."ned hul 
Is 1"".<1 '" \',.,. This .110 .. ·• ,"" 'p'''m '0 bo ... mfJd "" 
... hll" In cl .. p • ...,p. The 011 ley I. ,t... ""Iy Uy copob;" 
01 ....... "" .... interrupt ond w.lin~ ,;.., .ys, .... up. 1111 
ky It""" .... 1101 .. "" From,bo nutln 'p'''''' odd ... li_ 
~. It",I.·in 4· kU carbon V"phll ..... i""'" 

n.. I""", boo ... """",;"" r," .1Coo • 25610. .... .. 110M .• ., ~ 
b)"e RIIM, , .. '<> ""Iurnn d'il' ..... ,,,1 ,he 1 L T8. ",'hkh <XIn· 
'ain, ,Ito r.l'U. "n La) d.;,-cr ""n'mlle,,", 0 """"'0<)' ""ntml· 
I~" .,,,1 • UMlT Fn, ){~-jn .nd III 110 "0" ,.,,1 . ,\1'0 on 
,1>0 1"1110; boa,d .re 36 dil<ret" cnml.on.",,,. 'wo ~O.pi. 
and """"""''''0 (k>. "Iug.i. ",",do). 0"'" 10'''·1';" NS-232 
"""""'.'u'. :101 pod. 101' "",,_,ion to the di.ploy .• IId ,1 
pod. 100- lq'board <on"'. 1111 0/ ,hi, I. On 0 !>f,n"'" <ircur' 
board ,ho, _~"" S. 1 lochoo by2 1~ Inchco(_ Fl!; . • J. 

0u.ln8 ptt>tl"'" d", ... iopmeft', 'h .... lowI<: boards .. eno 
deol~...d ,ho U fo" ~OM .~io" 'hot W20 ... '-I to pro. 
d,,,·Ii,,,,,. 3110. OTP' ~PItO).j I'"'''''' ,ho, """,.ined .. IF • 
,.., mel .. "oed for inili.l "'.ledo"'n 'nd ~n"ron"'en',,1 
'''''ling .•• ,,1. l56K IjPKO~' I·e .. i"" 'ha' ..... u .... 1 fQ' <on· 
,,'",n ol.,'~IOI'''''''''' (Icl)"ggin~. and quo l ll)" ... ",.ne". 

FOI' p,,,,loclion 'e,linH' 11 logic I.",d 'r.JGc' hal'. 01,,01 
, .. , 1""'"10. Tn ... ''''' po"lb.m )><01",,1 Il)' • OI"",i.l,os, 
blod ,h., io c",,"""lfJd 10 0" lIP J~ .... , .y .. ~m. TI>c liP 
JOfl~ ...... 11 dlsctde coml"''''''''' .nd!Co belo," "" OR" 
...,. '0 n",,1 , .. ombl),. 

Tlto .,' ...... i, I"""'"'" by Ih_ 1111" l .. " .. ico ."d t... 
,h_ ...... .,.. ."ppli ...... h"'h . ,. "",,'mllfJd ~ .he 11.111 
chip. 1'1>0 1'" 18 I ' 0 8.91') ."""Iy I. u .... for lhe ,.oJ 
dl.pla)· and KS·U2 1'011 .. '~·inll' . \',.,I~ ,,0 ' .51'1 .. 1"" 
m.ln lagic ,u"pl)" 1't... 1'", 1<. I '". 51'1 ,"?pI)' i. dcri,-..l 
from ,h. I'J., ,uppl)' and i. u..,.] ,. I~"".r ,1.., KO~' .no! 
pl"~.ln co,d. 
Th~ I",we. '"1'1") ""IOJ in. .. on l)' , .. 0 (li'ffOI< oIiod .. , on 

Inol""or,"n n"'h.nn~II)(l"C", MOOH:T, .nd ,I" "" foI,.", .-



Mechanical Design of the HI' 48SX 
Memory Card and Memory Card COllneclor 

T .... ~ .. ~.''''' '" ,,'" >4'.as. _, co'" 
and mtJmOfy CO'O c~ addr ...... "'" go>! 01 _ 0"" 
monuIOC1UrW>g _ago F¢o "'" HP <6SX, R&D _I..,.,. "'''' 
.... Cl>l1io"!l" 01 ......,...,..,"'0 ~ modvIn ...., • calctAaror 
10< "'" ~, .. '''''' ~"" .... >4' 71B{..,OdUCOoO " f """""", 1!1e41 
Tho P<oGvc1 «<lu __ ~ 01 • cusoom modulO 

OUCh as , ...... to< "'" HP "C, >4' 75(;, ..... HP 11B, ()( Iho 
po..t<:I>aN 01 .., 0Et.O """"'" Tho -...", "'" maot 10 oourco 
""" Q"''''' • """',. ~ by "0 "'"~"" ~ '" 
--...:~ HP _ """" A. 'hO .... re" p""'¥" ...... ~ __ "'" 

""""""" h' ._'~.rcj-.... .,;g ... """"""y mOdol .. """"" as "-""'I' <;ald. we", ~ • ___ 0 

~ tieCI.'''''''' .avpmont manu'ac"' ... By ct>oooong "", 
"'""""f cOO; ""m laol« .,. _. _ 10 """ tho e>POn.$O ..... 

"'.",,", .. 01 """*"'" mar>u''''''''''''' , .......... OI<M<f\o .., n.gII-_ P''''''''''''''' DIner """",we., ..... h as ___ re, .... 
""'-'""'" ..... ___ ,onco 10 • k.<"," "",,,,,,, " . "",rO 
cocI<1 • ..., be ooorHOOd 

-"~ Tho _,;on ot """ momooy <.,0 ","""Ioeturer From ... , 01 
a do.!"" _ ...... Mod by .,,"" HPdM$OOI'I$ Out"ll No! suw"" 
,_",1'1. 00010 ot thot """""ac" ..... ."..,..,.,....0<1 .... "'" 
FloMon P ... Ie SpoIo. ..... , V""""",,",. Boiso, Sao Q;ogo, ."" 
M::t.O_ .... _ ......... "'0""11 ".,..,..,. carOs Ir'I!O<ma-
I"" at>otA carO COI">Ioet ",....-.g """ CO<"<"«IO< _"'Il wo. 
OIXoonec I,,,,,, Ror!noft PO<!<. wt>1o SpoIo; ..... "'000',""" """""". ­

'''''' """ '-II0'"""il 'of~." an<! """" -'!lor , .... ,o->g dn'II" 
~ot""'. , •• ..,. .. y "... '"'" QVOIot..".,.. n&D __ " 
... 'O<IIou,manulac' ",." Ono"' ..... leClO(j 10 P'OOcoc.""""""I' 
CO,'''' "" ....... . asx T"" c __ ;go "" ... """"'".,aI,,, 
o """'{/O "''''''''''''''. moe_ .. r~. and ""'"' ......m<v> .. 
~ 01 ....... ppl.,. oIl...:J momo<y c...-~ G<VY'IeCI«. _VIO<I 

10< "'""" _"'II and to< ","" "~" """Il ""' ..... TQ __ 
..... 11"01 01 """'"'ac'"''''Il ..... agt. "'" connoctor to< .... HP 
<SSX """ 10 '" st.rI3co .... :>un",., Of ..... 01>10 '"' ""'a'"" ,ot.,... 
_"'II """ '" ",a ... _ c' cog .....,.._ T""'ng onco 
~., ..... "'" ,OOOCI ""'9' """', ...... " .. ot low- ""oQtO: """ 
OOC<>fJWOOdat<>"lol ,..., memr;ry ",«0,. "'" """ .. '""". eOOlom 
___ """"' .... Tho MIoe,o<I <_ ""''''''aer_ 
\jOVe po,,,,,",,,,, ' •• ton 0<"0\1'-''''11 ~OO "' ,ec,ty .... ,,'" 
_ e<:<I'IPOfI')' U ... 0t0<Iuee<' thO ."""",,0 ~ 
~ to<"'" woth 'hO""d El)' _..",.-.g .... _~ 
w\l"l ............. suw'''' _ IIO-"*' acceu ...... r_0"ll 
dOOV' e",",;, molt',... "'" "".~"" , .. """ _ ... ,..,. .... 
-~-
COld 0Hi~" 
Ba~eot" ' ho.....,.,.,.". 00'" oS an .XP<l"$<O<l tooara _""110<1 

to PfO'",oe p<OIOe'''''' """ """"" ...... """'.'''''' •• eono~ .. 01 • 
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"'" 0 connector twO to<moo '_!ha' .,. pa" 01 tile ..... ".r ... 
Pl'0I>e0 """. '" ex"".. .... ""","",,, 

_10 "'" ROM.,...o ..., SAAM CO,O "" ,.m'" " """'" OOI.on, 
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JI()We'ed t"\' thO """",.to< ""ong "'''00)' ""'--'"'" to< mom-

~"-Tho a".,.,.....". 01 "'" .,..." .... """,.,.. to IhOSO '" • credo ' 
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.. tIl"-<OI to<""'_ """oct ,.,..biIoty dur;"Il ...... ..,... Tho 
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,,,,,,,,,,01 ........ .on .." .. _""""""" ASS ~';p .. """'"" 
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ca,o ,."..".al 'r"", I .. COIeo.tO'or, ""',""""" """ """" maIchoa 
by ,ho """'"'ac""'" to >4' 1IpO<>1"' .. ..,.... Tho pane~ 0<. oft .. , 
pr~ """0 spoc.';'" an""," 1;Irm """ color. 

ThO ".,..,..,. CO'O """'"" ...... _0_ .... ",""",oct",Of • 

... peot'" ... """"""'" moe"",,,,"", "eQ'''"I "'" (W P<O<.,""" 
OJ<>om desi\I" <let ......... ......,...,..!eO ~ """"'-'II" """',,.­
Ole """"'" ,,,..,...,,,.. ~ ... pIaco at "'" ........ 00''''''' _ 
~~I.oont ... 10 0"""""" '""" 00_ 

ConM<1<l< ~11g" ono ..... embly 
T .. """'""" caro comoctO< Mf"'" _ 'hO ..... rt"'. ""-.. 

...., 0.'0 .......... tiP 48SX 109'" pM"" <swot I>Oat<' "cOA$O$O, 
01 . tody. oont&::I 0 ...... grOF..OO pOI. "'" "" .. _ ~ 

I"" """'" _ .... __ ,"'" rnoI<I w'h kM oj .... I""" """'" 
&0 " .... acvaoOd I>eto<e o;er:'''''' ot ''''' "" .. · r ..... "" 0(1% QIU$. 
" .., PPS to "" '"'' '..-.g . uoi> _ a. "'" 0 012<"""""",, 
Mbo Ihot I.' _ -" """,,,,or pon. Tho tody...- '''''' ......... 
Ot'; car"''' .. 0Ck00 coo/iQOfor"",. 011$01 O.:)\iO iocl1lO e.poso 
toor" ca.o 0<'''' Rl<;< ..... " ... -1>""""""'<"'11-, 0 ~O"' I, """ 
nwot-.rQ "' .. "" c.rru.! """,a ""'. to i'>OIr;l h COt\f>IC,or ~ ..... 
.... "' .... c"',," tlQAfd "uMg .... 431'F "rot"" r.1Iow process 
and to _ .ua 0 ' .... to< ''''' SOIOO< "''''' .. hen CO"" ., • 
......,ed ,.". 80 """,ac, "'''' "'" "" iI<lge<I .., ,wo 'OW> 01 40 
...", Tho 1,1 ""'0 pI1<l5ph>f """". p m, _" 0 OIO.nco _ 

t"\' 0 010 ot>cI1 th.ole " . "' ... '" " 10 ..... .., "'" """'" on • 



0050-""," pot"" Towards ..... momor, car". ,he P>"ltt .,. goIO. 
_ _ conl,""'oo 10 Pf<M<It • eonIoc< Io<u '" 30 gt_ 
to ro Q, ....... e.oc" T""·.,,, • ..,. HP~X "' .. .., 0<",", bor""" 
.... eonIJtCtS are _,plate<' aM ",,""""to "' .. ,ho, ••• ,.eM 
'" ~·o()~·_"col SU<Ioce<r<>..<ll 0.." joonI S0"rC4 ..... t.<>momory 

oo'd. eon ... '" .. "'" I, .. pno. ~ 1>0'" '" po"II "'" """",,,,,, 
to .,.,. ",,'"00 0"0";' l>Oa<o ".., eac". Tho t .... copper \l'"'-"" 
1""''' """"''' oro "' ..... _ .... 1xx1y, ,,"'" ~ or.. momory 
CO'" sootoe, """ "''''' .... . poOl tor W trom .... car" ponorI$ 
"",oclly to ,he "' .... 00 C"o.nt tl<;laf<l gt"""" pIOnO The ~ g'''' 
Pl'S a>gM'IOnt eomt> .. "' ... " """ the Ixx1y .., ..... 80 ".... 

.'" .... """ and tom>od. P«""id"ll"~ "' .... P'" ""''''''' 
,1'>0 ""r.o.:l c 'cui' boo,,, pOOl 

CM,,~I tl'>o comoctor """' ...... 2 J78 """"', """. try 1 5S5 
0r>cI>e$ ">r>;I."" $!¥>(I. 0.556"'<t1 011 tl'>o '" 0<"" 0'<"" 00.<1 

"""""!I" twO ""''''. "'" no'" "",,ked .... rus!c<n "",""",lor is 
.... !han , 5 t.,.. Iho t!Iocl<no .. '" tno ,.,.....toe,""". ""Il''''' 
,(')gIO-CO'" o_to< 
_<Ie>og~""'''' _."'''0 to IX>Oy 0I"""9t". ""_'l' 

""" p~ pIaI"I) ... to ""'pled ,_ .... Ori~ C<I<l<"oeC"" ..... 
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"""",. ".".."." ...... "' ... <)c' ..... eo'" ' ..... ""'" '''''''0 ...., 
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ch.'Se helw",," Iho .. " a loon _lB. r>'"_ 
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.... ..,"'_'''' '-'I. to bo _ AIW<mucn u,oIaoo or"", 
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"'II'" ,ooo.n..rt"" _ "",,"1"1) w", 24."""" per""," 
"'. __ """'" 0"",""",' ThO 00'0 • ....-.".....,...., 0"",, ' .... 

<>g. ~ --.. """ J>iuIII/od Irro tt. c~. as 0<1 "'" con­'*"'" The "",0 oIso .'POt _ flO ","""",rea' a.mage when 
",pr>Ood to 25,C(X)."'" ESD, "",n • .",. ...., ~ ... 

Cone ..... "'" 
1ho _ ", ,,' dnogn """ m.nulOCM"'O _lIQO .. eo ...... try 

...... on OI:M """"""y co,a aM o'>CDfpor>1fill 011 ·,hO·>IooII <:On­

-'0' ..... ,1)0 ""',," _" """",.010 Cos!orn Ie.,.,.. _ """"" _ , . ..-.-.c, .......... ot.I.ty....,,.,,..,.,,oct"'..,,.,y 
_ 0"-,,",, necftOMy. TM ......... _ 10< "",,, Cut-
""""' ...., D'otOC' .... ,_ In ,ho HP 48SX momory 

co,e """ COMo<'", 

M_J..,'''''''''"'''" 
Moe .... cao £<9nee' 

Corv.~. ON'U)n 

• Munning_ Tho lLT6. o"luon" dtl"~,,. MAM .,,<1 ROM . 
power .uppli«, . nd plug.in poru ..... 11 p"".r<!d_ U.,· 
'"'Y 01""",1 i, 9 rnA. 

• l.ight ,1 .. 1'. In 'hio m.~I~ 'ho II.Tij 'u,n. oITa"d botte"\" 
ounenl drops 10 4 mil Thi' mode i. on'e",d whenol·or 
'ho C~U i. i"acti\"o o"d. ko,. i< n<>l he;"8 preueJ . Tlw 
1 L Ta-. di.pl.), controller ><:e<s"'" memol')· el'er)· l H '" 
'0 u l~I"'" Ihe ,ti'I'I,), . Wh~n lho upd,le is complete , lhe 
.dd,e", lin ... w;'ch and ch""k 10 , .. if" l ey is I'''' ..... t 
l',e,"lns any key ",III tu,n lhe CPU on. 

o U""P , loop. 1111 .uppli .... " 'umod nIT.nd halt"r}, ""'­
runt drop, to 12 ,.A. The V"" supply 11""" 10 the bo'le,\" 
w,lt.ge(V",T) " '!lkh ,upplie, power 'uthe"'" key. 1 Ln • 
• nd Mo\.\!, Th i. n><><l. i, "n,o",,1 "'hen 'he CPU h., hc<" 
in.otl,·. for ten minute, 0, lh. \ln il h .. I_11 t u,ned 011, 
To ",a ko .ho or,,"m, tho ON koy In"" 00 p ....... L 
The 11.'[8 chip . 100 monitol'$ the boltOT)" vollagc, When 

'ho ,'o lt.~" r,lI. '0 I",h,""'" J.4 'nd J .U ,·olto. the 'u,,··b.,,· 
ter), . nnunciator i. turn",1 "n. If Ih. oouerie. are nQ' 
ch.ng«! ond 100 hallol)" ,-oltose f.1l0 below 1.~ 1'01t. , ,h. 
_r.tem lum, off. 0\ !OOO-"F < .. pod,,,, maintai". ,he Voo 
,upp ly for '",'Cr.1 minUl". while 'he haueri .. are ooing 
oh."II<-J_ 

Til< 6~.ro"'.h)".\Jl _coh'mn STN I.ClJ i. dri,'.n by ' '''0 
oM""erdal column d,i,'e", ... cn dri,·ing 64 column •. on rJ 
the lLT8 ,,·hich d, i,'e. 6, <0>"".1 colu m,,< .• "d 7 ."" u,,· 



doto, lines, The ,,,,Inonll dri" Cro «<~I"e lhcl' da' •. ,iming 
.nd <OOlml ,ign.ls, .nd "oitogo le,'oI, from 'he 11.T6. O'l~ 
of Ihe problem. with Ihe "o,,"'I' Ottl.1 <Xll nmll d"'· ... i. 
that thel ""1"'" • nogoli"e ""ltaS'. To O,'eocome thi •. w. 
eonnoct thei, + V line 10 Our Vn ( + 6,5VI suP!,I)". tlrd' !)NO 

r" v"" 1+4 ,~V) ond thei' negali'·. ,upl'l~ '0 rlNO, Thi. 
requi,e. ,II data an d control 'ignal, ....::eh·ed from Iha 1l.TlI 
to .wl"~ f,,, ,n 4 ,~V '0 ~ , 5V_ DI.pl.), ,10" I. "orod In .ystem 
RAM_ .. d 'he 1LT6 di.pl.y oon'rolier in1Cr'tipt, the CPU 
I", 22 to l3 '" ""Ny 7H ". to ""cc ... ;r_ A. ,11'rloy ,I." 
I. ,,,,,,,il'od . i' i • ..,',011), ,hmed to ,h. ""iumn d,;" e .. , 
Whon the «>Iu,nn dd,· ... 10.". ,.". i,'~d 126 h i" of d.t •. 
rhe)" "',,'" it and outpu, i1 10 the di'ploy .ynehronou, ly 
with. row dTh'" output from the II.T8 

,'", ... 0 "f ."I'."dl"~ ,he HI' . asx '. '''I>obili'' ... duol 
~~'I'in connectors.re in".IIOO "'I the IOSlc board. Th..., 
coM.O" .. w;ll '~r' cr{!(li ,-<:.rd -. iur pl"g_ln KA.\t '" 
RO\I card._ f.a.<h oonnoc1o, h •• I" own chip ""leet Ii .. but 
.n .dd,.", .nd dal. IInc> .,e ""mmun '0 .i'e In'cn'~1 1(" .. 
f:.d, COnne<:tor can """"P' "I' to 128K b) ,~"' of onemot)', 

lh. 1 LTtI te,t. ,h. connectors t" dot.nn ine If. cord I, 
p,.",,,t .rr,] if it i, ,,'iln protocted , II does this by ehocllng 
tho card', "'fl,o protocl output. If the ,.-,ite prot""l .lgn.1 
i, high •• <." d i. I'IUIUIC'<I in "nu "'''' be ","ttM r" (RAM)_ 
II ,h. o",p"t i. low •• c.-,d I. P""'''' .nd i • ...-d," pro'OC1ed 
{RAM Of RO~!). lithe line 1< floating. no ,,"rd I, prese"" 

RA\! ca,d. 108\'. thei, ,,"n lithiu", ' ''''I'-.III'e bottorie •. 
When the III' ' 8SX soos In'" doop . I..,p , .he P<'''''' '''Wi), 
'0 lhe cord. IV,"" .uppl),1 i. ,umcd oil. Ifhen the ,upl'l), 
drop' 10 between 3,9 "nd 3.W . Ihe R,IM ,witch.,. to it< 
In'.,n,1 hllner)" The lithi''''' ""h.'gc i. ""'l'k~1 b), tit. 
'LT~. a",1 when" "fOP' '0 h''''''",," •.•• nel."V " low_oot· 
'e,y .nn"nclo .o, i. ,umod on 

A(:knowlWgmonto 
The design of 'he flP 48SX woold not 10"'0 been P<'''ible 

witho"t the effort. of. numbe, of ,"-'Op le. Ho .. t Im,seh., 
<:o"",but"d to the pl.",c 'ool ing, Lonnie Bye .. did 'he 
p,inted circuit de,Ign, P. rn Burkh.her and Deborah Co,-., 
wore p. o;c<:' eOOldinato,,_ Kooognilion mu" also boo gh..,n 
to the mony modol make" who did prowt)·pe worl , Hob 
Livengood who gO'-" ~ I ""Ii"n .nd m.,,"s,'I) 'he ~. rly p." 
of 'he pro;.,c,. Uonni~ .\lIlIe, .nd Do"i,o Baron and 'h~ 
whole prO<iuctio" t .. on who Mired hulld tho prototype., 
lohn Allon ond tho quolit)' .. suranee tcan,. pro<;uremcn, 
enginee, ing .• nd . 11 of the othe, peop le whu con'';I>"t,,1 
'" 'he ,,,''''os, "I the Hewlett·P.d.ol . ~~x 

,\ project i. "o'Y .. Ii.lying to ,100 to.m ",hcn ,b. ob;c<:­
t i'''''rc ",et .nd <"Slome, ""1" """ I. "nlh",IOSlle, It I, 
odJilionolly .. ti,l)·ing when «<osnition i, bestowed "ron 
the product by ,eI"e~ proro,,'on.1 I'ubl l<ot lon, and 
"'W'rll'-"ti""._ Th. HI' .asx ho. """,i,·,.1 fI,·. o",o,d, fo, 
It. inllo,·.I;". ,Ie.ign includ ing ED.V·s I"MI'.tion of 'he 
Y •• , fo, <.on' p"tc" anri pe,ll'hc,.I. , ond "os one of tOl\ 
p,od nets '0 roocil'o Ii/"", ronic Prod uci. -Prod tict of' he y,,,, 
"w.,d. TI'e"" hon ..... ,ew.r-d the "IOn)' 1><"1'1" in HP who 
con,,'hu,cd '0 m,llng 'ho HI' '8~X ,."ce ... lul produc'. 



The HP 48SX Calculator Input/Output 
System 
An RS-232 Imk allows communica/lon with personal 
computers. An mfrared link provides for priming and lor 
two-way calculator-Io-ca/cula/ar communication 

by Sleven l. Harpe. and Robert S. Worsley 

W 
H~::< HA:>llJllELD CALCULATORS were ro,,, 
1""'kh,,,,,,1 in the e.rl), 'U70s . 'he)' pr<lvldod I"'" 
lObi. "O"'pula' ;on ~'ilho"' ",,,ell memo,}'_ Tho 

iimiled kC)'OOar<1 0",1 OOI.-]; M ""","fic d i'ploy provided 
just ,""u, .11 the inpuI/O"'PU' needed to U$(I this copob;li l), 
offoc';,-d)', ,\. the iTKOr.,.,.-.tion 01 . d,-.ncing memof)' 
techno logy m .. le l><>S$iblc 'he ... , .. ge of 101110< an,".,," of 
dat. a nd ',-en 1''''81<1,,'' c",.'cd by t he "ocr in 'h ..... h.ndy 
little mach;".". rho lo)'t.:..,,' .",1 disp lay t.ocame on inlol· 
crable boUleneck. Tho n..,d to enl~' . thousand 01 SO key_ 
slroke, m."".ll)' 10 uso. progr.m thai .Om""n. el.., h" 
"";II~n i, 'Iuilo on "1Ioc';I'. ho,,'"'_ 

The n", .olution '0 'hi' problem "'0' to use ,mall m.s­
,,"'io ".,d, '0 Slo", ,he d", . nd progr.lIIlI. There were 
!lOme diffi eul, ie, ,,';,h I"'w" <:"",,""pUQn. physlcol . i ... 
moch,nical we .. and ..... " and oI .. n lin ..... bu, 'hi' mode 
of ' ''pu<iou 'pu, "' •• ,h. 4<'.<pl<d ".",1.,,1 fo, "",me Hmo. 
EI·.ntually, howe,'CI', lorll'" and 1.'11'" memori •• bogan '0 
""''' '; 1' ,I," ""podl)" 01 the ""rds. This , combined with 0 
need '0 communic.'. "'i'" o'hcr 'n"'" 01 rlul'i«, that did 
not u.., n"'gnet ic 0."1,, n",,,,,itot,,d a new app""",h 

Th. I'I'-ll. (]'",,-I,,"-Pad.,d [" ,,,,,,,,,,, Li" kl "' •• an e1oc· 
tronic in,",facing .)",'"m th.t "',, d., igned " ';,h ,Iw ,,,x.,j, 
uf ""ieulolo," in mind. It .1I0wed 'y".m' with "we,.] 
,I~I- i "", '0 be ""nfi~ured ou'om.tlcolly .nd co",mll",1 by 
• ~ .. lrul.,o,. n,esc riel'ice. inc luded p,;n'e .. , m. , .. torago. 
od'I"'" ,,, otl'e' h., .. f."" ,)'''om,. o" d ""en in,(,ul11en' •. 
In man)" "'0)-', it ,,'a, ,upe'i'" ,,, .';" ing ol",,'ron ic ;n'~'_ 
locc., b,,( (hi, wo. no( ."mcien( '0 o,'croon,. 'he inc,ti. 
(of tl,,-, m ... ;,'" Inst.lled oo>e of ,h".., otiler del';ces. 1'"ce' 
of <:a1o,,1.1O'" con(;nued to drop on d p.lle"", 01 ~.., 

"hanll"~ ., 1"-,,,,,,,,,1 """'pute" bcc.l"", ubi~ui(ou •. ~'o, 
th"", and otlk!, largd)- no,,,,-<;I,",cal , ,,,,,on •. HP_ll. "'M 
no 10n8e, Ihe ide.1 inpullou,put m~diom for 'he mafo';')' 
of HI' calc"I •• o, """ •. 

One .no. of se,iou. complaint ",ith colenl .. o« ond doc· 
" ""k in'etl"".", hod oo.,n the 00.' and incom'enienee 01 
the cobl", In o<l,Ii';on. """'" cok"la,o'" "We"" .hln th31 
c'-en ,h. IIP·IL <.nnn""'o",, d.,iS",,1 fo, ,m,iI .i"", we", 
""."",,p,.bll· lorge - Th. mo" p"'''inS "oed for ,h"",, 
mocbincs wo, '0 pro'-ide onm. 10m, 01 h.rdoC0I')' oU'l'ut 
'0 " low-<o>( port.blo p,inler. DrnwinS upon techno logy 
,imil., 'n ,h., ",",I i" i"f,.",d "''''0''' tonl<<>I 01 TV. ond 
I'(Ro, HP in,,,><Iu,,,1 a I" in'o, and. Hne of ""knlato .. 
th., ,net th~ bosk ,,,,.,,1 ",il l, .n ;"'o,ra<~ 11." S"' .• "",tOl11' 
CJ> wh., theJ' ",an ,ed, no cahl.,., oil. Tho onl)' ,I i .. d,'an· 
'"II" woo th"'h;, infrared oonnoclion w.s ou'put.onl)". 

'n put/Ou.pu( Need . 01 1M HP 48$)( 
Ma,ket ' ..... reh indicatod thot .n o,'e,"'hel\\\ ins "'.;or­

il)" 01 biRh.en d ""leu!.,,,, " •• ". eit he, owned or h.d ace ... 
,,, • 1""""".1 ""mpute, _ ( 1 •• ,1)" , i' "'Q"ld be on od,·.nloge 
to bo ,bl~ tn I'c,f",m the d"a"'nl,)".i"ten'i" ... ,\CO "'ilh 
Ilk! 10'S< keyboa,d ",d di,pl.)" 01 ,he p",..,,,.1 computer 
.IId the C<lmp"I>lion-ori"n,ed wo,k w;,h 'ho ,;mpl • • "d 
!",,.-erful app"coHon, , .. id.", ;" Ihe cakulator. In 0,10., 
~ ...... , 'he portabilit)" of ,h. c.Ie"I .. o, ,,"S .... "I<i.1 ro, parI 
of ,1\0 job .nd 'h" .~d .nd ""p.bili,)" 01 the po,..,n, 1 
compu'e, and ;to .,,,,,,iated per;r.o,ol d."i<ell ",Ii.ned 
'ho ,." of lhe n""d. Thos. com;d.roHon. f",,,,,,l ,he 1"; _ 
mO'l" objoc!il'~ lot 'ho ;nput/outp"' capabilil)" of the HI' 
. 8SX ",ienlir.c expand.h l. c.aIe"lator: on c •• )' -t~-"oe OOn. 
nocliO\. '" oXi'lin8 pe,sonal """'pulers. 

In oddi';on. ,h.", wo .... t,,·o ",,,,,,,d.,), o"","Cti,·c'. While 
'M" ~'''' would ~h""",,, '0 .. ,;.fy ,h.;, """,1> r,,, '""J 
""py ",it h thR p'i,".,ron"''C'ed 'othei, pe,>onoi comp"'~" 
,h"", wuuld be oorooapplk.,;o". " 'be", I"" .. bl. p'in'ing 
"''' .",-,nh,,1. .nd 1"" h.jlS ..""., u""" ",ho needed . imple 
1t.«1 001')" with"", 0<0'" to. personal ca'''pute, 'j'.lom, 
1\1..-.. ou' eXI""i"n"" "'it h lhe l iP ~ 1 caleul.to ... I'ad oh""," 
,ha' u""" 01 th;, d." of m&chine, do. 10< "f . h.,ing of 
progr.m, onJ dolo, In <x>n""l"ence. I( w .. lell "oce,,,",)' 
,h., 'he UP . /lSX 00 c(H"f>"lilJle wit h lh. ex i";ng in/ro",d 
p,i,"e, and ,h., ,h.", 00 a eon,'.,,;"", "-'Y '0 ~a inpullou" 
pu' dh-ectly be'",ccn calcul.lo," , Fig. , ill n .... , •• the 
des;red illpul/oo,tp'" oo"'''''''lon •. 

The mosl common i,,'~,I.c. Oil I",,'sollol COmp",e" ;. 
'he liS-In <e'i. 1 port , II wo"ldl., much '00 ='1)' and 
in~.ur".nien' to ""Iu;", thQ custon'e' '0 I,,,y •• ,oocl~1 ""rd 
fo' ,10" I'".-.onol compute, .• uch o. on Hr· [i. 0' inf",,,,d 
in'o"""" , '0 ,;001 ,,,,,-,1 tu lb. c.leuIOlot, 0","0101'111"'" "Jlh"", 
ca,d, 1I'0ul,1 00 """,I)", '00. ,inc< the'. ore ""'.,,1 diff.",", 
')'pes 01 pe""".1 eo,,,P"'"'" The", con,ider"io,,", quickl)" 
led '0 'he doci,io" '0 rlot' ign ;",,, 'he HP .aSx tbeC<lprlbilll)' 
'0 «",n,<;1 d iroc,lI' to the ..,ri.1 pon . Ire~dl";n ,,~ .. Iy all 
1",,,,,n.1 "(""",,,";._ Thi' ,oq"ired • Cu"Om conncetor "",I 
0;.0010. since the oradil;onal II,W 0' DUn COIIM<'O" "",01 
w;(iI RS-2l2 ",,,," ,,'''''h too lo,~o. 

The ""Iu i,em"n' for 1''''8'''''' '''" d"," ,h.,;nK oeh'-ocn 
calcul"'oTS cou ld olso be .. ,i,n,,1 with I(S·lJ~, b", the 
"ced '0 bave ,Ioe co bl. anMo, """' •• "",,101 colo:u 1,10,·',," 
""Ioul"", .01.1',", woo 0 ","e", rl,.,,'b;.d in thl' .lOuMi"n, 
1\ 0""_"_0)" iuf,on'll inIon""" was olread)" n""ded ,,, moi,,· 
tain comp"ibility with ,h. i"f'" 'c~1 I"i"'or. Would 'om" 
""h.",,"menl of Ihi . in,.,f""" ni l 'h~ ,,,,, ,,1 lI'ilhollt ''-''l" i, _ 



\ 

ing the mer to colT}' ",""od • cable? Some in'·"'Ii~.t ; o" 
.howed that . simple Infra,c<i ""","'cr cir.;uit for ,'ory ,hor! 
di".ncc. could ind.,oo be included with min imu n, irnpoc, 
on the des'Sn. 

TI,~ ;" puUuutl'u, ", Iution fur the tIP 48SX i. reo lly two 
..,Iu'iono . ...,h op, ;,,,;,,,,1 t" I",tiool., "'I";"''''"'''' ' 01," 
.."i.1 POIt for Ihc im (>O".nt con oe<:lion to I"'"on.1 com_ 
pUlers .• od. ".w h"O-""oy infrowl ;n,.doc<> for """'plOt;. 
bi li ,y wilh the port.ble prinler and for caloul.,or_,<>-c.l_ 
colOior cuonolu nic.'io". The plUJI·in memory "" rd,, which 
... e'''''''ol for "'O"'ot)' ""I>I'",io", rnl~hl .1.., be consid­
ered 1"''' of the ..,lut ion. n.e RAM ""1'<1, with bu ilt_in 
""nOf)' co" be u,ed r"" .,chid ng . ",1 b""ku l' !''''roses and 
for pros" m and d.t. , horing be,,,,,,,," cakuloto .... wolL 
Th., 1"''''l d", 001)' • pa,,,.1 .olution. howe,"cr, and lh. 
.. 1 .1i,·~I)" h igh """ of ,he eo"', m. ke, II ,'c')" desi",b lo '0 
pro"ide ,he .. fun<1ion, in o,her "'.\', . 1'0. 

The inpuliOUlpu' <"rahd,,)" ooo,i'" of ""I 0,,1), 'h. elec· 
Ironicl, bu"ho prolocol ond soflwo", 10 .11o,,' ,h. ""' , '0 
u'o'·. cla'a ro.<il)" lie," agam, whot "'0' widel), .".il.ol. 
f", 'he "",".".1 "O"'puW, ,.. •• to., in'po,lOn, """ . id'''''ion , 
The Kerm it l',"'ocol' w •• "ooocn OOcauw It pro,·id .. 0\1'0-
",.Ii .. ,.,ran,ml .. io""o c"'''''''' error> , i. widely used, and 
i • .,..il.ble """"tlall )' fre<! or cho'S" fot ,II the "'ajo< 'YP"S 
of p""'ono l compu'or>. ]t "' •• decided '" include the K"Ol il 
protoc.al ., """ of ,he b" II, _'n .ppHea, lo". In Ih. III' {AS.~, 
Th. Ke,mi, protor..,1 i. applied 10 both the .erl.1 In 'e,f"". 
. nd 'ho i"I,,~ I"'orl ..... , w .he "w, o"ly "<oed, '0 I.om 
one .implo .pplicat ion 10' Ill"" Inpullo"'I>'" """,I, 

Ttl. Seri.'ln'erla Ge 
RS·?J2 u"os bipolar ,ignall ng, th., la. dlff ... " , logic 

... t .. are 1"~lcoled h)' ,·01t.S", that 'wins ~h .bo". ond 

• 
, 

f ill. " r ... f<F> 48S.< ~ 
CM c,,",,'."",;'''. ",II> __ ~ 
_Of' Of 011>0, Rs-232 "". 
,""'" .. "" I"" HP W«> !>C'r1tOift 
,ni'tllOO """'e'. _ '""" _ 
HI' <-sSX .... a """-r..->ge /WO­

""r .nI,,,",, """ 

bel"w Ihe s<ound ,de,"".." b'.1 Th~ HI' ~8SX doc> not 
",ho,,,,I.., n",,! log"n","" 0 n"S.tl,-e ,'olloge, and It wo,,' d 
.."iou,l)" co rnl" iOllI. Ihe ,),"em dosign 10 h.,'o 10 do w_ 
\\ h,'. ''''.8,.'00 corcu". oro O\'a,'able 10 1"',lor", Ih .. f"nc· 
,ion, their roo' and power rcquiromen .. ar. I'",hihl''''" 101 
the coko lolO'_ One p<)S$iI,l • ..,1,,11001 ,,'. , '0 u .. unlpol., 
.lg""lln~. While ,hi. i. not ,.olly RS·2J2. most ,,,,,,,h'c, 
" i",u il< chonge .he Indic.,orllogic st.,o 01 Obo,,' 0". \'01. 
I""ltl\·. , . "d ,,'111 ,h.",lo," luncllon accol'labl)" wilh • 
onipol., inpu,. Ther •• ,..,. f.w ,,,,i.1 intcrf."", on I"'rSo".1 
compu,o," , howe\'e<, wilh inpulltt",.hold, doa l .-."all)' a", 
"" at ,oro \"01 ... Tho .. "'{)\lId not wor k ", 'iobl)' w ilh uoi· 
polar . ign.I •. and wo,'" ),el. cu,tome" ha'''' ,,0 ... y waJ' 
101.11 wh;ch Iyl''' of ;",",raC~ t h~)" h.,,~_ 

The ,010,,10" 10 ,II< problem w •• found in dC\'or usc of 
Ihe ,-oltaS"' Ih. HI' . 6SX soner .... 10 '!tlW Ihe I.GII ,Iis­
pl.y. Tho logic in 'he oaicu l.'or ,,'o,k. be,,,,,,,,,, '""'0 "011> 
.nd 'ho V,., '''Wl)', . bo,,' 4.3 \'ollS, Th. ,Jj.pl.), "'o,k< 
octwoen 7.0'" volt •• "cl II,c VH '''WI)' .• bou, ~ .• I'OIIS 
Ii<-co"", Ihe 0 .. 10""'0' h., no eXlern,1 ground connocloon 
10 3ny mhor Je";"., It does not ",aile, whM "oitag< 1",-.,1 
we ,,"".s 'ho gro,,"d ,.fe"'n<~ for ,h • .e,I.1 poH . U)' u.log 
'he V,,,, ,uppl)' o. ,h •• ignol ground, wc om d,i,'" 110" H O 
II"' n,mlt dotal lin" 10 coln,lat'" gro,,,,,! .,," ;, ,,;11 ""., 
- •. 31'01" •• l'i"", .. 1 hI' t be """,11'I"g dOl'ie. , U k.wi ... 
"''''ins Ih. line 10 V" will ",.k. it 'ppe>'" - " _1 ,·olt. 
(V" - V,,,,) ."h ... ,Ial port . The re.ult I, 0 blpola,.ISMI 
th., will work ",ith .n >eri.1 I"'rts wilhoul Ihe uM ;lio",1 
oxpcn.e ond po"'e, of '1"'<,.1 intCll' .'ccl c. ;r<;"I". 

T<l<hni<:.lly , .0 RS·232 d.,·i"" la ""lol,.,1 to ,w ing al 
leu, 5.0 ""It •• I",,-u ond below 'isn. 1 ground, ,\f'er \'a,ious 
cir-cui' 10'SM, 'h~ HP 48SX ,·olt.S" .w ing I. ""II' , li ltl" 
u,......, Ih.n Ih"'" ,'olt< I",.ith.., and negatll" un do, ",or". 



co .. (ond"lon" It "'ould ho,·. bl<:n "o,,,,,"olen' iflh. po,. ..... 
,uppll .. we", III •• Iisblly hill"'" .01,.,.. bu. Ih" " .. , not 
I-"blo .1""", ,bo (]>U in'<po,ed cll<:.11 1>0 •• maximum 
.01 .... limit of oboo,t ni..., YOitL E"en ."""", ,bi, 000t 
not .. """Iy compl)' "'i,h ,"'" "'"'.1.....-1. II ......ts ""I,. 
,,-.II w .. h .ru.n cabl ... ,inoo on I(S.Zll ""'"', .... I ..... uired 
to l""IeII.' lop:.."" For • J.O ,'oh. or ""'"' and >Iosic 
""" kt. ·3.0 vol .. '" I .... , Tho sllsb'ly 1<1<1""'; !>Oi ... mor· 
gin h .. hod"" notice.bl •• /focl. 

I. would h., .. been ""m·."I"n'. 'h<>ugh ,ligh.ly 1ll0'" 
""'t ly. 10 uoo .... nJ .. d d,i'·erl,,,,,,,,"'. ' Inl<jj",'od circuil 
10 pro. I" •• ho ""' ..... OJ' ,h",,..,I.cult prt>lo<.lon .nd com· 
ply with <>Ih .. interface ''''Iui .. ..,.n •• , Unfottutlllt.ly. U..,... 
.,..rt •• ", t>OI """,mod oi'bo low '01,."", uood by 'bo HP 
4a5X 0"" .bol. higher ,-oJ • .,. drop , ... ",Id I ..... " CIIUM<! ,"" 
""'1",1'0 be lest 'ho.> ..-bo, woo.-.Md. SUlci "mnolion' 
on ,bo ........ n. of at .... n' ,bo, ,he.wo po_ ,uWli'" in 
.ho III' 4a5X an _~ '" link .1 ... mat>do.od 0 dl"""",,, 
c;ln;ult '0 ... I,fy oil the """"' •. 

('""",oId<ubl" e.periment.'ion ..... hod In 'he cin:uil of 
H3' Z \\'h.o Ihe TX lin. from , .... (;J>U Is drit-on high {VII)' 
~ulfent no". 'h,ough II.~ , Q8. 0",1 e ll. , 10 tho no pin .nd 
Iho I""d In ,h. ~. i,'er uf .ho olhe • • ~'I. I device . If ,hi . 
curren' •• ~<>ed •• bou, 4 mi ll !ompe_. 'M ,'ollose drop 
... oa II.~ will 'u,n "" Q1. Thi. will atu ... ''''' voltill!"" 
11>0 ..... of Q$ ,,, ru.. ,..,di"l 10 .u.n Q$ 011. Th"" ,1>0 
currerll ,ha, .. ill no.. i. lim""" ""P,d .... of lho "01."11" 
on ,1>0 fltO pi". llecauoe.ho c""u,' I •• y"'noet ...... 1. ~ 
ci .. l, ,he ........ ion """urs wi,h Ql_ Q3 .. ben TX i. 
dri ... ", I"", (alcol .. ", sround). n.. SeIto<>I.\). diodes._ 
..... f ..... , .... ,. In", w..'.", .-.-.1,_ dl'Op ............. '1' '0 
V,,",'MI ... ,' ..... ""ndoction Ihrough "hie)..,,'" 'ide of lhe 
~It"ult I, off. Th~ CO"""ItOf,,,' Ih~ r~o 1,ln . 10"" lho 'i~ 
""d f.1I '1m .. of ,he .ign,1 '0 mlnl",I ... oloe"i",,1 noi ... 
8""o,"llun, Tho 12·"oli 7--""", diodo on Ih. l x line p,,,,·id,,. 
.,!dltlon.1 V.",<:<:tlon '0 ''''' (;J>U from 010<'"" .. '1< di.· 
<:harps. CoJ>l'<"'" C4 is .....ued '0 p<01'ldo de isoIai"", 
bel"' .... 11>0 ""1,,,I.to, .Meld." Met, I ... .:alculat".VO"nd 
poIen,,"l. _ 'bub ",Id of ,he '" '- d .. leo ... hieh i, I i 1001)' 
cort~ to ." ... 1 """00 . ..-hlclt \0 cort ...... od io I ... col· 
CllIo_ ",., OIIpply. lI'i.ho .. , ,hi. coJ>l'<I.",. ,ho calcttl .. ", 
VOl) po".~, .upply would bo ,OOn-cil'CUitcd. 

,""".,c. -c.~ ....... """ II 0 

" 011 •• ,--c"" " • • J • vv. '. 
';;I e ..... 1 l: • •• .vv.. • 00 

1lt<:o1,·\"3 RS-232 .ignol. in .1>0 calculolOl i. 0 .. l.tiv.ly 
.Impie malt.' IVhrm lho 11)1.0 (",.,.,; •• dola) tin. owi"8' 
pooi'i .... Ih. 2 W Zener diode IInow. ,ho vol .... '0 .i .. 
...,... .ho lock Ih .... hold of iho fIX Inpul "" lhe CPU chip 
{abou . ...... .-01. 0""'" \'DD~ bu' c lo",1>' I' below'ho CPt! 
V" PO"" "'pply ... ihat excaslt,. co .... n. coo"",!Iow. A 
.Imll., .. ",.lion occurs for ""8"'"'' .wl..,. .. lhe diode 
""ndoct.ln 'he """'111<1 dirochon Th., 6-~ ,IQnm ""jot'" 
IImllO cur .. n' on " I'.....,n" ,n. 1''''1''''" I",,,ed.,,,,,, for on 
RS·ZJZ input 11,. 1.~·Wobm , .. i't'" IId d. oddi,ion.1 
.ho'H:I"' '''1 on " F.sO prote'<l1"" fot Ihn CPU "'" Input. The 
7~·ohm NISI" .. m",ely pnwideo . I"oloe" .... Cu. ",n' limi' 
bet"·,,,," 'ilIn.1 8'<'Und ocd lhe VOl' ,upply, 

Tile ",If.,ood ....... _ 

T ..... mlnl"8l~f"'''''' li8b' '" ... 1a1l"oIy .I ... ple from 1M 
,·, ... poIn. of tho hard "-are. fIR. 3 .h"""" ,n. ..,hema.ic 
dtovom for tho Infntred '~""m,lI .. lind I'OaIh'o.-cin;uit •. 
lIot:ou ... of ,bo high cu...,n' 1"'1 ..... -.kd '0 drh .... he 
inl .. "", LED. it i. connocicd dif'OC,ly 'u ,he boUefi .. . 
8"""lly ""luc'''R peak do",.",! un '~ccalcul.'<ll I"'"'"' sup· 
ply. Th. OIh~, end of Ih. 1.ED i. d,it'cn 10 .. by. 'l"",i.1 
ron".nl·cu,,,,,,, ,I.i,·c. ",,,,ull In'es''lcd "" Ihu CPU ch i]> 
Pul .. du",. lon ond 'imiog "'" """irollod by • oombination 
of h .. " .... re In lho (]>U lind fI,mw" • 

" phDl" ... n'Is'OI ..... choo.ettoo 11>0 """;"1"1 elcn><n' 
II'blle much ........ than 0 phorodiode. It '" fool e"""sh 
For lbo <101-0 ""oof 1' 00 bilO pt'f ...,.,t1d,.nd ,1>0 .--ui''i'f 
'" .nu<h _, ... Since hi8b omblon. !tah' level. con COIl .. 
.... th'.I)· I./JIO cu"",110 '0 Ilow I" .ho p""""',..n .... "'. q. . 
__ ft ....... h.d '<> bo fo<.nd ta -.I""" ...... b;H_ tn.. lola. 

c ... ",n' 11 would not he occep4able ~" ballOt)· lifo '0 b. 
"'''''tde •• hl)" ,hott .. in ." n ll~hl Ih'" III ,h. office. FOf ,hi. 
...."'n.'ho phDlOI,,",iOlo, cno..n I. on. Ih" h.,.I1II1"", 
Ic,n,ln.1o lIoOOO"lbl •. Th~ con,hi""tlon of Ihl' f .. , • .., .nd 
"0 n.l"", cy.. p""'i d", ,he n~od ".blll.",,,,,. lit"" qui", . 
cent ." .. .." of Q.I in,,,"""". Ihl. i .......... ..,.,. into ,be 
t.oc ofQS. ,,'hleb In ...... ~oc .. moNeo.",n' IIWIIY from 
\}I ', bo .. "",,1"01. '.00;"1 10 oeducoill qul_t "',,''''' .. 
!n the 011""",. lho ' ..... 1 """....,1 ."..,llIns from.bo inltared 
1K1II1"" C",,\I,' i. onl)' obou . .... _ mieroompe ..... In direct 
,u"liJIhl.,hl. , .. I ... ri_ ' 0 n.""I)':!fXI m'c",.",,-, T1ti. 

4 
• , 

,. ,,.,'. V ,.14 ='_..- C1 
'" -r -,- 00 • vv. c+ .. ' -- " ", ... '. 1 -c"'" .' vv. • vv. 0 

' ,' o .. ~. ,., l: s,s 0"" ) •. " 
~ ... , - ~Ig. 2. ,,,. '"""'" ~ "" 

e ... _v. vv. • 0 ".. HI' 48$.11' _ PM -. 
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"""'n' 10 k •• I"ge chonge. but ",I.ho"' th~ "ar,;lI'"'lion 
circuit 'ho s""ligh' ",1,," w"u ld be ",,'cml milliampere •. 
""d Ihc eireu;t would ,,'ur.'" .",1 ,,'" r"""lion 

C"I>a<;;'<J' (;S I, """" .. ary 10 b)'p'" ,h .... biJiza,;on oir_ 
cull .. 'ho . igna l f""luoney. RIO ond R. 1 f( ..-"" h i .. oot. 
" 'o,k .,,,IIl,,",hold.,.,lIing moehoni'lll lor Q6. tho OUII'"' 
ampl ifier .nd bo,If"" QI:i dmc' .he IRJ pin on Ihe CPU. 
~' "kh indudo •• pull.up d."'"e. II ,h. "''''~ ; ' """"'~ d,.~ 
CUI"'''' ",'e'" "nile th. <Alkul'lor ;. 1m",," off. high 
an,bien' light would re,ul, in a .ignifie.", ""d"o;I lon of 
balle'}'!;f._ fot ,hi ...... ."".Ihe I"f,.",d roc.h'ori. 1"''''0'''(1 
by V,..,.. gated ,'orsion o!the V" ""I,pl)' which i. owilch,,1 
off whcn ,he c.lw i"or i, off. 

While ,hi. s)'.,"''' I, H,ni,,,,, 10 • "'''8'' of on l)" two or 
three Ind", •. II i.lo,,· in =, a"d provld"" ,I", "st". ,"cry 
oonl'cnicol me" .. or ,h"ing pros,am •• nd d.,.. 

Thc inf,aTed coding rn, 'he ",;nle, ha. been di",",>etl 
pt<: ... i"u,ly' Cotli "~ 10' the ,wo·"'.y inf"".d d ... f", ~ .. I· 
cul.'",·'"o(".aicul.w w'''O)"oi''''''''I\ is ""'y .imil" ,,,cOO· 
Ir\jI or da .. from ' he ""i.1 pod. !'i,.., i, . "'" hi! (10);,,,,,1 
zerol. which ,rigs"" 'he ")' n~hronou> """,il'inS eire .. jlty. 
11>cn lollows 'he 1''',",i8nLro",,,, h il of clM. and"" On '" 
'hn "'o" ·siw,iflc,n! data bit. f",. to,.1 of oigh' da .. bi". 
If pari'y i, ~n.hl<,1. 'ho ci~h'h da,. hi' I, "'1'1"",," by the 
I",'it)" hit. The HP 48SX ,end, .lightly mor .. ,h." I .. " Stop 
bi" Ilogical ono hits). lou' ""Iy roquire. one stop bi' " 'h"" 
r"""iving. fig. 4 .ho ..... ,h. hit oo<ling fo, bo,h Ihe ""i.1 
I;Ill "",llhe two .... )" inf'.re<1 lin k. II logical zero i. ' "po 
resen ted by •• in~l" pol", or I"f,.,ed Bghl ahout 50 micro· 
seco"d. IMg. " logical one bit ha. no liSh' pul ... II'hen 
these pul"" are '(!a!il·.'I.. lalch .. nd ... mple ciro"i, in 'h" 
(:PU """'·e, t, thi.lo,m., ;n'" logic !c,,·. I •. which cau 110"" 
be routed i,,'" hard"·a' •• h.,ed with [he ""i.1 p.ort. ,,'r>ln 
th.t ''''0-.... )" inr,~,ed d",. i. onl)" .ont al 2~OO bil. I"" 
second. ~·hc'." ""i,1 data can be ",n, . t 1200. 2400 . 4!lOO. 
or 9600 b its p-e' ",",ond 

• 
• 
• 
• 

The Use,' . Po in' <>1 Vie .. 

Fig. 1. flit! ""' MO<1<'1"OU11'f :!¥to . 

mol> lO "' poI'~""'''O<}_ 
_ P'OV"'"< ....". ... y CO<mU>. 

""'''''' WI'" """'"'' HP 48SX 

II, ' ")'0". ,,1,0 has ,,, .. I ~S·232 k"ow •. pl"lI8 i"K tl,~ 
<:oble. toge,he, i . only lhe beginning. hon for RS·ZJ2 ro," 
,10", d",,', .... ~t(lif". re'po"se on ,100 h"dw.re h, nd,h.ke 
Ii".,.. 'he , .. n.,nit dalO .nd ''':<:C;''e dot. lin", rna)' """,I '0 
I", '.'·er",d . "ncr gelling 'h. cable wirjng ri~h'. the baud 
ra' •. I"'''). and ...,n,,·a..., h.",lslo.bn~ .""h.s XOWXOFF 
mu.' be .." iden"e.tI~ IN bo,h thQ '''n.mi,,~, . nd ,h. 

The HI' ~a.sx de'iSn .ttemp" '0 minimize c.bling rrol>­
Ic"" b~' ",i"S only ,I,e mini"""" tlo"",· .. ·ilO RS·232 con· 
noe,;on 1, .. n.mit d.". """,i,·. ,I .... ",,,I 'i8",,1 W""",II 
""d m",d;nK the c,bl" pinou, '" 'he m"" commonl)" u<ed 
~S·n2 port,. A ""up menu i. ;"c]"d<Xi I" 'ho f,rs' mil· or 
,h.IIO ",en" to .llow 'he " .er 10 """,and m<><lily ,heeu",,", 
se,,;,'8 f()I b."d "" •. I'",il)" .• "d otho, """meter •. Since 
'ho Ill' 48SX u-. X<)N."XQfF h",,,lolr.k;,,~o,,IJ· fur IQw·lc'TI 
110 ""mm.nd •. 'he XOWXQfF ","inS i,n', induded in ,h. 
""'I' ",."". Mosl or'ho I"', .. nolcrs in 'he '.h,p "",n".", 
>tmed on. I·.';,hlo """,coJ OOI'AA. which ,Iooeonto'''< "'I"" 
"'0 XON."XOFF l"ndoh,kl"S n.~ ro, r"""il'e ond '"",mit. 

001 ... " 

'"', .... 
~ •. 

,,­
• 

ChM .. , .. ··0 . .... ~.~ ......... 100 

o o 0 o 

~'II' 4. Co¢ng 01 <JaI~" (/)0 """'''''y "",,,,0<} f>'()IO(X>I" 
.-." 10 .,., " !I>O w'"" """ .. /Orr letC "., • 1>uI<~ 41 

11>0 009""""" 01 ,,,. tor""'" • loll<: one "" ..... "" puIu 



T"" hIRhoo,.I.,·.1 110 mm,,,,,nd. don 'L u .. Jt(lNI)(OfF undo 
.hokl"ll.lnco 'bey Iollow 'ho K .. ,n" pl<llocol. which h.ao 
p.d ... aI .t ..-. 96 b)·Leo. 

",., .1"'1' ..... 110 Inl«l..,. lor ,ho u_ I. tho h ........ r 
Inl,.f'Od In,ffioa. wbich bu no .. 1_ to ",10 up. doesn'l 
u .. )((W.~F hao>dshakl"ll ...... lin ..... ' uoo haud ..... 
no pari'y. 

All 110 o:om",.nds on ,ho HI' . asx ou'''''''''icolly Lum 
0" .n" IniLiolizc ,ho ' pproprl.,. 110 port (RS·?J2 Of 

Inf .. rod) '''' .... 1 on 'he d.t. from tOP ..... 0,,,,,, 'h~ pOtt I, 
",.d\', the UP < ~,~x ;"M'op' sy .. cm """,I,'''' b)"", lor 
"I,h". RS·1Jl 0< ,,,'o-w'Y 'n, .. ",,1 110. Tho UP <&SX an 
""'I_d qnlckly enough '0 Inco."I"8i')".,..., ,h •• even al 
9foOO b"ud ,1>0 in'enupl 'rOlem .. ill rHd , "" fol'Sl byte 
boo""'" " I, O"_rlLlen by tbe o>eJC' -. [,-",i .. ~1" 
.... ploud In olS~"e In~UL bul,.., n..ln' ..... pI.y ....... 
.... 1 .. 10' .bou, lou, ~1. " .... boor.... """"ludl"8 ,ha, ,he 
incom,"It 1>,1e It ..... m 11M .o>d.., . Then. before cx'''nc, it 
d, ....... I", 00"". -'''''''' aI In' .. rul~' 'uch .. cunor blink, 
clod, 'Id. I,f ,"" dock I. 1I<kll'll! In ,he di.plo)'l •• 1."." 
"" ,d. ",,!lod oul or .. I"~'<.I, or key, down or up 

All ol'he .. chock> ".n ",, ~e 'he II",. tell"lrod 10 ~<iI tha 
In lerr"l~ 'r""'" •• d .h." '~n'" 101'3 ,",o,,~h ,h., iocoming 
~"'" n .. y boo miU<Xi. for ,hi • ......,,, .• 1.,,,,., koy pr=sco, 
.nd ,IH! clock d"pl.y . hould be o'''''d.d dO'i",1IO 

LOW·L_ 110 C"",_. 
n.. liP ~esx "",,·ides. ,riple1 allow·." ... ,1 110 com· 

man<I ..... n I',"","'il ). Ht.n£H jbuff«lenJIhl. 000 SRECY 
(..,. .. 1 """",'O).~ ..... ifl'~fld..J "'" " .. 'ft p"""' .. , . .., 
in.,,,,,,1 of .. ",.,'i .... 'h~ r>t<1V"'~ ... ","" ~R IIf} ........ "'''', .. 
Ih"" .,mpl)' "",um • ......".".If.il flOjt 10 l'w~ll of ,'''' .... ;l. 
n.1 •• 1101'1 ' ,I,. P'''lI"", '"cr ,ho 01"lon "f h.ndling ,h. 
ertor .... lIh"u' h"'ing '0 u-", "'ERR xl.lrr tm".nti". ",ing 
f'um ,h ... ack, uSins XOfWXOI'F h.",I.hok;"j! If ",mo",it 
"""inll I. cn.blod, _LEN t.ll. I", ... n,.ny b) 'eo are in the 
Inl'u, bulk<. SAl'CY ",.d •• 'pK,noNl "U,"oo of b)''''' 'rom 
,IH! ;npu, bulferlwoitins "" _10.,....... in" ' __ .~I 
and reI"mo 'h ........ """It ~ ,be otocl. 

s..pp"<Llna """,mondo _ Sl'MIj""rloJ tim-,'I. SUNK 
1_ .. 1 btMk). ()Pf:NIO I" ..... 110 1""'1 •• nd CUlGEIO (c_ 
lIO pooLl· Sr...: ... t. tho IcnsLh nllI"'" ,ho, XIMT IX<)FF 
""",h'od. ".nami! !""'ing .... bled) or Sfl£CY will ,,'.i, 
bef,,,,, ~i"illJl up If ,be d." now i. In'~,ruptod. 51!"" """d. 
o ... ,1.1 I" •• ,. oPE NIO . " d CLOSEIO tu,n tho lIO port Ull 
.nd olf 

"" polnl.,d uul "",lier. by teo r.on ho )"'t doth\8 110 ,,,,,,,. 
",1"lon., If ''''' LIU connKllon I. nol,y. b)teo can be sa'· 
blod. III. 0100 poMiblc LIYL som. <"",mUl''''''''''' chonneh 
will """0\'0 utI.,n 1>,'1"" lu .... lly ""n,to! doa_1 .... 1 I..,m 
,IH! do, .......... no..lo ... · ... , .. 1 llU """' ......... "'<e no pm-
.o<:Ilon frum ,M,type 01 do,. ""'"'plion e>o:epllor porlL)' 
clledi"g. no.. """"ij »f'Olocoi clw>oen lor hiJhc<.lm'" 110 
«In, mand. "'~ ,heM probIoIn .. 10 I' "" more ",1 .. 1>1. 
<.O", n,u" lcaLioo f"" ,,,, ... fo,,i"5 P~"\$ .nd ,1,,". 

Thl 1(.,mlL P'otocol 
Th~ ~.""It protocol "",,,,,I,,. "".,rol char.." .... s 

""l""n""" 01 o,di ... ,)' prinlah!. r.h.rK'~" '" lhey can ... .. 
.. lei)' thmuafr '0 the <1""11,,.11<1" C..,bk" d.", I. detec,ed 
by ,100 Gbo<oL.ounu "" _h """hI .",1 I ... , l>OoCkob .... 

<Iolocl"" by'l>o <Otj"'''''''' "urn"'" on cock !>""kot. A K .. onit .-ocoI peck« con.i ... of. m.r~ bj'.lo ", .. k tloo .lan 
"I. pK~"" I~h b)1e ........ e""" "uml ... b)1c. "5pe 
bj"t •. dOl. 1>,""" and n".Uy "". ~ ,h .... doeclJ.um 1»-' 
Tho ')'po byl. ddin .. ,1>0 ')1'" aI ,lie pooo<bI 

A t)"plcal !(e,mi' I .... 'ocul t .. n .. "III"'....,.,. ,lie foiIOlo"" 
1WI<:k1 0<<1''''Il0l. I\f'e, .. ,,<111'11 ~ "",,,lei it .... i .. "'" tIoo 
",."'"." '0 iCnd .i,her.n #::IiI. pod.«I ('y,,,, VI '0 'od""". 
." ....... ful """,il" of ,100 »lICk! '" • HAl( I,.de, I'fpe:-ll 
to Indlc ... 0 ga,bl",1 I",de' 'fthe "",al,·c, doo." 't "'1',,",1, 
,"e "a",,,,lIter ca" 'Ime ""t "n" ..,..,nd 

• 

, 

" " -, 
,,- , 

Packe' 
Typo o.,.." iptlon 

S :-IegOIloo'''' ..... meoon wc.has 
m .. ,mum pod .. ~h.lime-ou. 
.nd ""'" ml """.-;Ie< _oding 

~. Con,.in,,100""meofthelilo 

" , , 
" , 

• 

loboo .. n' 
,) . .. (.s m •• y IWI<:~." a. n""""",y), 

M.rkslhe""d of,M.1l10. Ma), too 
101 """'" b~ .notloo, .·,0" ... OZ 
sequ""ooorbj II 
~ f ..... ,ho ... d 0( 'he whole,,,,,,,,,,, 

Th. INlCk .. sequence numbon. .. · .. pbK~ ~o.h ... po.c.k<tt 
~, "~",,,". ,I.. ''''"<Ona,,,, '" , .... ", ... iv,", ~...-.n' ... a 
1 ... 1 "'","", ""n send an error (')'1'" t:L I",dc' '0 'ell ,he 
othe' unl, to ~h'c up .1",. 

Th. )("""ill'fOIOCOI ha .. nothcr modo .. "'I"~ in .cldi,i,,,, 
'0 porl,y ."d baud rote' 'ext '· ... 1I1 m".,)', Comp"'"" .. nd _ 
1"8 '''''' m ..... ''''l",..,j to end _h hn. of tex' ... i,h a 
cam.,. ""urn cha.." .. lo!)" .... 1 by 0 h""""'" c/wocter 
If. compute, """""lIy u_ -... ooho. I."" I"""i",,,or. 
.ud! .... ingle "ncfccd. It m ... ' ' .. n ..... m h",,'_ 10 
carr!"", ""u", ,,1 ... linekcd "'hen .. "dina ,ex' liles .• o>d 
m .... , .. "d ... cam"ll" ""urn plu. 1I",,1ocd '0 11 ... _ 
'" IM!n f(J()Oh'inl ,~-"t files. II 0 '-'I'" '''' norma II)' 'clminot .. 
t." h"", wi,h <0"""8'" ""Uln pIli' lind,..,.:!. no ,,,,n.fo<m.· 
11"",.ro ncoNItd This "'0<1<0 n"" b '"" me. 10", not lor 
»I".,y file, lik oo'npilod 1"0fI'""" ""I ... 'he " .... ",iI'., 
a nd """,iI'.' bo'h do 100 'ron,,,,",,,,,lIon. or bo,l< don" <in 
,hem. Th .. ,.I" ..... " ..,,,d • b""'f III.,. oompu'''' Iho, h .. 
,"'" .n" hi,,"!), mooJo,o m,," ho "" to bl",ty 

Tho HI' ~8SX ~II,' u,,,"~ .. hlo """""pi "f ,,,,,,,ASCII) 
, . .,...,. blnoty m .. b): ."'"",,,'ocally «>00, .... , .... " """"" 

'" "';"lI1omo when _i .. I .. ASOI modo. Ihu" £OIl'_. 
I .... hi ... '}, """"" in'o I .. 'ex,lonn. In odd"ion. ,be LIP 
uS;': ...... l!>61:ha ..... '" cha.-;l« Ie, "'"'""" on ,he LSO 
e&'~ Loll" I doaACI .. "". ",", I, not <:om,,,,,ibl. with 
",ony cu,,,,n' I'e chlraCIe< ..,. •• '" ,,,,n.lo' ion 010""" "''''' 
ad,l..'<.I '0 ASCUIl.n.mi .. ion to """"~,I 'ho nc,,' ch .. oc'~, 
..... Ic. '" ""'I"onoo, 01 not" .. II\S(~ 1 <ha'''''t.''' To eMu,e 
'h" ",,:ur"'e i,,'erpM.tion of 'ho .utoonOilca lly 8"ru)tatod 
'." I""", of obi«1> .• he"""r ' ''lnK I. p",!",,,dod '0 ''''' 
objoc. Thl' ."Inl """'"'''' Ih~ m<Oleo in ./f ... 1 ,,·he," 'he 
""" form of ,be nI>jod " ... "",,I'" Tho m","" .ro ,1>0 



IIondale mode (to .HOI'· prope' '·"nlla n. l .. lon·'). ongl. 
mode (in cu. the object "ontoin<. compl., ,n"ol,.,. in 
f>Ol .. forml. ,0,1 fraction mark ('0 dist inguish decimal 
f>Oin" ond orgumen, .. "",otOCl). The header .tfing 01><> 
allow. a .-«:e;" ing liP iaS;'; to know thot it ,hould .-«:ell'. 
'hi' <Object in ASCII m<Hi._ A . h<H1 ho,der i, al", I'ropcnd.d 
to binary <Ob;e<.1S to In't ,uct. " ,,,,.ivinS HP <asx 10 """,h'e 
In hlnary ",<Hi • . A, 'he <x>s' of 'hi' small .moun' 01 . .... 
(we,head . a """'iving HI' ~8SX COn correctly inlerprot On 
Incom l"8 m. Ct' •• If 110 on<Hio. ar. sci dlfforenlly ,h.n 
would be ""lul,ed lor tha, file, 

AoknOWledgment , 
Preston Brown and Leo Moore did tho in" ."isohoo .od 

d.,lgn of I~. IN .... ""h'or circu it. Tom Lindberg designed 
the HI' <SSX ,,,i.1 CQnno<;lor anti ca bl •. ,\ 'pccial thon k, 
goes 10 the im'en,olS and Implomen,o .. ol'ho Ke,mi' pro· 
tocoL Tho wide " 'llllbilll )' of Thi. protocol on man)' 
machin •• Sroally .nh.""". its \'.Iu. io the HP 4aSx, 

Aet .... n ... 
1. f. do (hr" ' ... mit_A f'i" T1<l",r", ProIOC<>J, D~,.I P, .... 

2, S L, florp'''' R-S. W""t.} , , nd a.A . St.p~.n •. "A n ' nf,..,,," 
Un" r", ,""w-e.r.. <.:oleu l .. "" .0<1 P'in' .... - H'.'k/t_"""kord 
Joo"",I, \'o.I,3e. 00. '0 , 0",_, ".e,. pp, t&-" 

Manufacturing the HP 48SX Calculator 
Sharing manufacturing processes wi/h earlier, simpler 
calculators shortened development lime and improves 
manufacturmg efficiency, The HP 48SX and the simpler 
calcularors also share Ihe same produclion line at the same 
(ime - a concept known as coproduclion 

by Aich~fd W . A ip"'r 

T
HE HEII'LETT ·f'ACKA~1l 4a.SX is 00 arl,.n<>!d o<i· 
.nt ilic ca loulotor Tn" reach"" now I.,'el. of co pabil. 
i ')' , nd p<rfo,m.n~., lIather th." "a<1 .. Ilh. d .... " 

.000t . ,h. design t •• m lookc:d to simplif)' HI", calcul.,o, 
linc when de"eloping the liP ~8SX. in p'<1icul" by mo king 
" .. 01 common onanufO<.1urlog p"",u"", . This tWuc""t Ih. 
time to de« lop 'he c.Ie"I.tor, Shoring common •• ..,mbly 
techniques wllh o,h., HI' < ... k"l.to" h ... 1><> l<>d to 
improved production .fficiency and increo""d nexibility_ 

Common P,<><:eu e. 
11"10"" wo,k stort",1 on ,he HI' ~8SX, d< .. isn engineers 

,,'or" 3i" '" tho 8",,1'0 u ••• , m.ny ol'lr. " o"go <,<">"""1''' 
from • }·.nd·Z·line di.play f.mily 01 calcu l.,,,," IHI' 10. 
" ,17. ZOo 2}, 22, V, 32. and ~2) ... po>.ibl •. Thi. w", 

du"~ 10 red"," ' he .mounl 01 no' .. dc'-olopmo ... ' ... <wed 
anJ '0 0110'" 'he ""'w ma<:hjn. '0 be buil, on ,h. ""me 
P'O(t,'<tlon IIno., lis 'Imple< C""';"'. The '·,nd·2·line 
famil), set n.w .. a"d.,d. in HP 10' c.akulot", mo .. ul""tu,· 
;,~ efficienc), .nd " '0 ""ntoo to ox tend thl. offidenC)' 10 
'he HI' ~asx . U.ing pro"on d.sign, ,hotlenOOlho l)'plcol 
d"ign'huildlt"",',edeslsn "yde. short.n ing the ",ho i. 
d"'\gn pmc.". 11 0"0 "'oan' th.t ,h.", w.'" 1\0 now "IOn. 
"f","uring proces.s •• to d.v.lop, This reduOf><! ,h. 0.<>0' and 
d elh'«)' lim. fot tho .... mbl)" tooling, Sin .. the .. '001. 
"'~'" 1o, r.n,; II., to,k •. expo"once ga,noo froon the r,nt .. t 
01 tool, led to bet'er, more refined tool. for 'he liP 48SX. 

Mind Productlo<> 
Th. onajo' dlll ... oc. bo,,.,,,,,, the , ·."d.l.lin. f.n,;!y of 

colculotora .nd th. HI' 48SX Is in 'ho rompl.,lty 01 ,h. 
declronic>, ~Io.t of lh" .... mbly .top' needed to bui ld the 
HP 4~SX howon os quickl), •• 'he), do for tho 0;0'1'1.,. 
co lcul.tors. Itowe\'e" tho fW ~8SX'. complexi' )' roqui"" 
I"'l'eclion and tc,l limo> throe to lour lime> Ihos. of tho 
slmpl.r " .. chi" ... $ i""e .he HI' .~X is d""~ned 10 be 
built on lhe .. m. produe'ion line •• ,h •• impler model •• 
lhl,could h.,-.I<>d 10"'''''' m'I<>' Ii,," 1>o1'"cil'8 prohleon •. 

Onc solu,;on '0 thl. problem wo"l d be to duplicate ,h. 
in'I""'tion .nd ,est .,.,ion' so thot tho whole line """Id 
run ., ,h ... me high ""e os it dorn krt Ihe ' implcr ""I· 
cuillora. This would cos, • gre .. deal for dupl;ca'e ,,," 
equip",""' . ,\1"" mo.. I""'ple wo"I,1 be requir.d "'lren 
building tho HI' 48SX. who would not too " .. ded "'he .. 
the .. mpler product wos being produc.d, 

,\noth.r ,,,Iu'lon would bo 10 run Tloe ''''>ole IIne.t a 
.Iowor .. T. to match the kongor "'$I .nd in."..-.lIo" , imes, 
Thl, would l •• rl '0 10"'e , efficiency , .ince man)' 01 ,h. 
f."e, operoTions ,,"ould sit i,lIe ,I"ough p.<1 01 tho long., 
C)'d~ II", •. 

To sol,'. 'hi' prob lcm, 've doclded to huild both the H~ 
4eSX ond the 'impl.r calcu l"o .. ot th~ " "' " ti",,, "Sing 
• proce •• """ <.11 coproduction, One 01 ,h. l-or·2·11"" ul · 
"ul.tor models i. buH, 0' the •• me t,,,,. and On ,ho ""16 
• .... 'nbl)' lin. as lh. HP ~8SX . The products .,. n,i,<>d 



uniformly, in lhe de,ired quanlil)' .. lio, Tho • ...,mbly '1"p> 
.h.,ed by bolh ",o.; bi,,". '''''.' the h igh., ' .. ~ol th.or;8· 
ino l ' .... ·I·lin •• ....,mbly I iM , Sin"" lh. t ... l . nd In.pection 
.t.lio" .... fI<l<uliat to ~""h pro<iuC1, 'ho mOte compl.~ 
Hi> 4/1SX can sJ>Cnd tho longer lime needed fo,lc.ling, 
while ""'CT.I of lh • • impl.r produ,," gol t""ed at lhe ,, 01" 
ti'"e 

Tho ", ... 11 resull i. a line lhat build. alm<»l.s mMy 
<ombiood units os tho .impl., Ii"" did by it ... lf, II con run 
lh i. mix oon,lant ly, ,"lh., ,han hnildins oM model of ",,1_ 
""I.to, f", a tim~ and then ",'itching to the othor, Thi. 
e lim in .. "" large ch.nge> in lhe number 01 p«>pl. requi ' ed 
on tho linc "nd lo.dslO bet iC' uSC "f "'I",n, i". "'luipm.nt. 
The mix ratio i, not Ii"cd, >0 chanse' in lh. numbeT 01 
each prod"ct prod,,""'1 ',"" be ,",de to ,u il cha ng .. in 

<>t"."'. 
Con ve yor Production 

The prodLJCtion of t he HI' ~8SX i, divided inl0 1"'0 onain 
'rc .. " pri "ted ci";,, i' a,,,, ,,,h ly , whe", ,h<c circu it boord i. 
1""led. ",Idcred, .nd tested . and fin.1 ", .. mbly, where 
lh. loaded dtc",l boord i. brou.<;ht togt11w w i' )' ,h. co ... 
po" •. dlsp l.y. and ke)'I"",r<,I. In both a", •• • p. II.,convoyo, 
i. "sed '0 move t be unil fmm >l.,ion 10 . totion. The paliMS 
0'" ,,"'I:t"g"l ,r """ I pi",", .urroundod by p l'''ie fr.m .. 
lF iS. I). Thoplo,e, hOI" do .. ll. to hold the f"',b in position . 

Th. p'IIM. fide on pl.,l ie bel .. , whid ne'·. ' ",01' ",''v. 
ing. At c;><h ".tion 0 ",op ", ,,,,h.ni.m h.l15th0I"'II., whilo 
the Hat be lt. cont inue ,,, .Iide by "nder,,"'lh, At ... tions 
whe", occu r.'el,,"t IO('-,,'i,," i. requ ired , thc p'lIot i. lihed 
oH ,h. belts .nd "'l(i"olod bv tho preci.ion bu.h inl(S th.t 
hold the pollet l<>goll>cr, 

l-;;..;h COO"CYOI .y.tem i. m.de up of lwo _ tion, of belt 
side by .ide, Th~ ""mhly ,tof>' .'" dono on 'ho . ide 
,,,"rc" n ,. "I"'.''''. whi le the co,,,"eyol on the bad .ide 
i. " .... 1 '0 mm'.omp' y f"'lIets back to lhe he.d of lh. Ii "". 
The p.l lel. follow lhi. nal, r",'.nK"I,r loop "",I "OV.' 
need '0 be ren\oved f,om the co'''"")'o" 

F~. ' _ are co,toed at ~ ."., """ 00 oon­
"'"fO' _. r"" ..... Ita •• even robe< ,,_ 

PrintO<! CirculI A$",,"blV 
!'rinted ciTeuit •• sembly st.rt. with .n 01'""'''' applying 

",Ider PM l" to lh. be .. <ireu it boo,d, Thl. I"'.te I, m.de 
up of 0",.11 bell. of ",Id., held in a so l"e",' be ... , A p,; nt., 
pushes the p"lo oul lhouSh a 'lendl (O.OO4.lnch.lhid 
bra") o n'o the p.ad, for ,h. co"'VOn.ot I ... d • . The 0J>Cr.,OJ 
,hen I""d. ' he boord onl0 an empty p.llet on lhe <Xlnveyor 
(fig. 2). All "r 'he pallet. on this c","'eyvr.", the .. m~. 
ond con hold ,he HP 4!1SX boord, .. well a. tho .. for lh. 
<Imp l., pr"<i \lots . The p.allot 'hon mO''C$ In,o lho f" .. of 
"' •• n robot station •. Eoch , tat ion h •• , sen .... 'od.le,mine 
if the boat<! '''' the 1 .. 1I~ 1 I, ." HI' 48S X board nr . boa,,1 
Fo,. 1·line or l · line coleul.,or. >0 thot lhe robo1 will l""d 
lhc COrr"';' p. " s. 
Th~ fi "" "",10' I""d • • h~ 'LH CPU (con'r.1 pro<~ .. i"g 

unil) onto the HP 48SX boord, l"'t .. d 01 u'ing lhe lradi· 
' ionoI inlogratod cire"iI pooUge co".ist ingol a pln'le body 
with lead., the CPU i. packaged on • oonli nuou, taJ>C (!'~ 
31 . Thi' is k"ow", •• TAB (lal'" " ot"",",",1 bo.ond in~) . Kot 
only i. lhi. pookase >lyle 'hinner than pl.st ic bodi .. , bUl 
part h,"dllng I. rodur.oo. The l('.s ore .Imply ",lied up on 
,hi. reel 01 taJ>C li ko J~·rnm movie film, Thi. laJ>C i. led 
lh""'gl,. ,,,,,,,h i,,o thot . 100",' ,I", I~.,I. o"t fr"", the "1") 
. nd ",Im ,n. th. I .. d ond. to th. optimum . h. J>C 10' solder· 
ing. Th. rol>Ol nnt u .... a reficcth·. ""licol 'Cn'Or in ia 
gripJ>Cr '0 local. th. gold ·pl'led "ows . "d .older p.d. 
occurately on 'he pri ntO<! circuit boor<,l, It the" pick, up 
the lC Imm I h. 1"",1cr "" d I' I""", It on ,h. boa "I. co,,,,,,'; "g 
ilS position be,"") on ,h. op'ial ... rch, 

At lho ."",,"d robot, conno<tol1 fot the I,I,,"-i " ""rd, "old 
inp"lIou,I' ''' VO" are 100" <'<1 . AI"" lood"d i, • T A8 clamp. 
which w,1I hold the lead' ",' ll,e TAll I{; down ",hli. tho 
",Iole ' pa"o i. ",H"wed , en.uri"!! a high"luality >older 
join!. After lhi. robo1 the boord mo'"" iot", 1 "'"tc~1 I" .'" 
thai fo,m. rlv.' -' I'J>C hcads 0" pl""io t.~s , ",hich ,,'ill 
Iro ld 'he oonno<'orsa"" the T AllcI,,,,p lightly 10 ,h. boord. 
Al lhe lhird "",,,,t. lho .. ,,,I~,,,-o<".,,. "' emory IRAMI i. 
1<00,10'1. 010"8 with . ,m.1I coil 'prinR that will m. kecon';><l 
with. piezocloc1ric boo(><r. Th i, .prin~ .li,oi",.l "" ' ho need 
fot h."d-soIUCtt-d wi,., ' 0 lh e l><""I>or, Th. lourlh robo, 
docsn't loa<l 'n)' port. on lho HP 4()SX board , but i. "oed 
0 " so,,'e of .he .I"'pler p,"<iu",,, 

A, ,hi, VOi n' the .impler board. ,re completely I""ded, 
The pa ll et. ",rrying lh"", boo, d,.", "'Med to ,h. Nook 
belt, "'h"", t h~y "",'el "I' ,,, lh. """,nd robot'. a reo. There 
,h. ,,,,,,,nd robot l,k ... lhe board olf tho pollet ond pl>CO$ 
il on 0 sl "'pl" n., bel' c.om'oyor 10 move i. '0 ,h. so lder 
",now moehin •. 

The pal let. holdi,,!! boo rd. fo' ,I'e Ill' 48SX "",>1 io". 
down 10 ,01>0" 5. 6 .• ",1 1 .. whe .. 'he re.t olthe romvonen .. 
arc lo.ded. Since only. rraclion ol1brl lOl. 1 p.ll .lS """, i",," 
Ot\ , the cycl~ 'i m • • ' ,h ... I", ,h = robot. eo" b" longer. 
Thi. i • • good "".mple of where lhe cop..,.-I",,1Io o ",ho"'e 
pay' off. Tho .. roi",,, c.an I""d mony more p.rt. than il 
they "'ere Iimi'",I to th" , horter cycle lime 01 lhe ft"l four 
",I.,,,. Allor tho ",,"I robot. lho pal l." mo"e '0 the b.ck 
b"I" whore they '''''01 up '0 the socond robot, A, in lhe 
si mpler pr"<iuct, lhe IlP 48SX ho .. ,r<,I . are oll_l""d .. 1 ' 0 ,01· 
~er .. n" .. ·, 1"" e"'p' Y !» II." continue '0 tho head of the 
<..,n,c)'o, Ii,,,,. ,..,,,,Iy 10 reJ>C" lho proce ... 

An~r I""di "~, the boords p ... dow" • cO"''C),Ot be l' to 
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on infrared ",now m,eh i,,"_ Th" ..,.,d •• ", thon in'p""'ed 
"""0'. mloroooopol for ..,Ider join' 'ILI.lily and oomll<'0OO" 
.Ii~n"'~nl. No", 'ho Ti\6 010"'1'5 .re ,0",0"00. lot"""",, 
,h.", i',,"1 room for ,hem in the finol produ<1 . A row on",_ 
pclne,," ,ha, ... no •• ,,,(""" ",,,untc-d are .dded 10 'he 
boo,d b)' hond . ond ,hen ,h. be",,,10'''' wos,od 10 ",mo,-. 
,,,Ide' nu x ond o!hOf oont'm i"""l>. The board •• ", next 
I.""! on . n Iii' 3065 board lost oJ'''"'''' , I •• " passed on to 
fin.1 . "",,,bly. 

Final Assembly 
Th. fln. 1 ..... ",1,1 )' Ii"" I •• imilor 10 Ihe COIll'.J'" uoed 

for prin,ed .,; .... "11 .,,,,mbly. but the 1"110". " 1.'8"'- "1.«>, 
d;ffo"'nt ""l iN"'" ""ed.rl f"f Ihe HP 48SX .nd the simpler 
1_.nd·2·line products. Senoo ... . , "",h ""';"" ,c'OJ Ihe p,l. 
I" 'n'" ""loci au;ordingly. Instead of boing ''''o ily ou'o­
matOO, the fi n.1 •• ", ,,, bly I;no 10. mix ofm3nuo l OI .. iono 
",ith robo" and "'h,,, ""'"m"tcd .... ion. IFig. 41. 

Th¢ fir" "",i"n I •• • 0001 t h" load. pl .. ,ic 'op on,1 
I.,"om c ..... in'o 'no ",,110< for ,I." .; ' ''1' 10, ""'c"lo'o,", 
Thi' ".ti"o I. 0\01 U5<.'tl fo, the Ill' 48SX bocau .. ,h. 0"'" 
I"',t. arc 10'8<" ond co"I,1 ,,'" be kd I" the robot i" th" 
"'"e way, At tho """t 'w" ;toti"n., ol"".tors pi..,. c • .., 
I"'" lor ,he !IP .8~X i",o th~ I"'lIet . nd lood "eyboo,d 
1""" f", boll, I'ruoJuc ... 

Th. noxt ".' ion i., I .. i. ofrooot. tha, wor k '''8",h .. '" 
.]~n "nd ]""d the liqui,1 uy ... 1 dl.pl.y (U'DI into Ih. 
,,'01.1 oh ... i. >n,1 then )",,1 tI,. cha .. i. in'o 'h~ '0]>1" ..... 
.. hich i, w.iting on 'he p.I IN . 0". robot piek> the I.("J) 

up fftlon H •• lI ij>]>Ing Ifa)' and plac .. thin 'trip. 01 do"b1e. 
"id t.J><' along both I""g ",Ig,,,. II Ihen p • ...,. ,h. l.en 
off '0 'h~ .... 11". ,obot. Thi. """on,1 fOi>Ot 1"""10$ tho I.cIYs 
oon'act p.d. ,,,,,10'" ",n,,,ti,'o .en"" ond ",.,. ,hi ..... reh 
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Fill. 2, HP <SSJ< _ """'" .. ~~ .... ~ 
inf"""",;,,o 10 pl,« the LCD accurately in to ,h. ",,,,.1 
ell."I •. locat ing d".il. on 'he ell, .. i. accuralely """l' 
'hi' oIiS""'""' to Ihe pod. On the ci,,:u i' boord. 

Fig. 3. Ie/sICs .repacJ<~for '_.u!cmo/"'~ 
( /Aa)..."o"" be ~1iQ ~.." 

The palle' 'hen , .. \·,,1. into the forot of fo,,, heated ~r • .' ... " 
\toW 10 hold Ih~ "" Ieu lato. '''8oth"", no .,or., ... Of" "Se<J 
I'h"", of 'he .. four ho",,,t.k • .-. work on both produc' '1'1"'" 
so the product ')'pe i. oon",,1 .nd 'he top vot1ion of the 
'001."1"",.11,,,11 ,· ,hilt, Ihe """ect II~ .. ". b lock i"'O pl""". 
Th. fourth 1I""";k,, i, only uw.! 00> .h. \-.",1.2.1 in. ~ruoJ. 
"cto , SO Ih. HI' 48SX pall o" .imply pa" through. Th" r,,,,t 
he."to10. fo.m, ,h,",_,,)'I" ho",h on bo .. .,. in the .opea". 
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