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I!~ HI' 82111'11. Di,it.l Ca.tell. I).k. Wi._ 1) I,. 
.,.,.tobl e. ptOlt.mmablo, m ... olor.1I" lH',iph ... 1 
lor tho H~wl."·I'"" k.rd Intcrf..,. Loop (11I'.IL).' 'Tho 

"""30 m-.II" m 1 •• ",mo,'obl. minic .... ". ,ha, can 0101'<1 
"I' 10 12~K by, • • cf Inform.Hon. POt1ability 10 ochk<'ed by 
tho UN 01 • ro" ... ~.11 nlckol..:.dmium bo"~ry r-ck. , .. 
cbaljtr .• nd _ oupply .y"~m .imil .. 10 l h.al .oed In 
"' ..... portobl. liP producu. The 8216111. I. lIyled 10 fill •• 
family aI """''*'. ptflp","",1 dev""," SItCh •• 1M 821 UA 
.nd IIU6l .... I'rtn ... 'PloU ..... nd to fi t nicely In 0 ,y.l.m 
contrailOld by In ItP·4. ,u.Ddheld Com"u' " or on HP·1~ 
PooUbloComPII1 ... Tho 82.611\ .... k .. used mud> 0(1'" 
poockq. "'-'an ol ,he IIl143A Prin,or1'101t .. .' prod .. dnl" 
unit 171 IlIm wi'" by 133 mm deep by ~7 mm hilb . Repl..,. 
Ins 1110 12,ilA', ptWet """""'"I .... on tbe top .1,hIOI"" I, 
• 'ronoport mechonl ....... ilh. REWIHO key.nd • door OI'£N 
t;"y I""",ed In Iron,. To 'M left ""heM. k"}" i. the~. 
, ... j,g, ond Indlco'"", I'OW£R. LOW BATTERY. ond BUSY 
ne lOP 101, "do 01 ."" pOoCl<ase olte,.. compOrtment to 
""'.''''0 min Ie .... " ... Tho 'wo !II'·IL cobia ond 'he ,... 

cho'¥.,eoblureco"nocl<!<! to tM nl 61.0. .i. pluJ ._pt .. 
d ... on I .. bo.; k ponel. 

E'*<:'ron!e Sy ....... 
fl •. 21 •• block diog.1lffi of the .1e<;1ronlc ,y"~m (II the 

R:.l'G 1.0. . An Inwn.! m!aocomputer control. 'M Oeod 100 
motot drl ••• 1""lronics lar lhe ' .. nopor' .... mbly.nd In· 
, .. ~, with the HP-IL 'n.odooIIOIIIc.nd d<ota bull .... 

Tho all."" lot miao<:om""ler _Ion lot It.. '2,6111 
Included low """ •. ...Jy o,olilbill'1.1_ POW" con .... m ... 
tlon.ond odequM. LO. To limit .he number '" eIect.ica1 
pam In the 82161.0.. 0 microcompu'er ,1>01 01 ... conlaln.d 
ROM.RAM.ond 0 ' imer.ond could te_e,heencoded bi' 
"m'''' duri.,. 0 "Til. ~ioon ..... needed . A 3110 m~ 
""""""puler ,.- jlh 21( byte> 01 ROM.nd IJ4 by," '" RAM 
woo ... 10<18<1. 

The 1011"",1 in'erl.." '" , .... 1121\11.0. i,. , ...... IIMd "' ... 
""'0"" driver ,ho, j>fOvid" lhe copoblH,)·,o """""'. oper" ,'on. oudI .. inlli.liz.i'41 lhe .. "". _ klns 0 .""",d. rwdl.,. 
Of ",.llIn, 0 !"«Om. and '!windlnl In. t."" 1_ Tobie I). 

f ig. 1. 7110 I'd' u.e •• ~ 
c. ...... OI~ ;, • COIPIPK' 1>tM<7 __ ....... .",,_ 

........ ;_ .......... -
~-
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Buff",.~ 'Of .wo 2S6-b)~. I'1ICOfd. oIdol. I. provided. 
Buffet 0 I, ...... I.,. d ... transf ... b" ...... 1 .... 1U··IL and the 
mlnle .. .."I. t.~ .• ." buffer I ClIn be u .... by.he 111'·11. 
oo.troll ...... v;nu,1 memory. Th. lntonl i •• o provid •• .,..,., 
10 .,,,,,, , P'I. of the '",.,. dlf1>Clory ,,,d Ihe,."~ .odu"" tho 
num be, 01 _Itt ,,,. be d i ~Ior~ . 11 .... 1>Ojj In n I n8 of, h.,.pe. 
Tho 00l.:I ( .... byl. painletl. IIOIA lcl_ racord). ,nod 001..& 
(pon!al ,.,.,1101 """,m.nd •• now. memory.llmlted oon'roI· 
1 ... uch .. Iho 111'·.' Handhold Compt.ll ... O modify parUoI 
• ,..,.,." wllhoul ba .. I.I'" buR .... lho onli'" record In i .. 
,..Inf,.mo. Th .. """",- i ... Nd Into buR .. O. modified. ond 
,.,.,1110. hack to,,,,,,,,po< wilh only lhomodlf..,.,iorl inf~ 
.ion paul,.. ."",nd I .... llJ'.l1.. 
n.~ . I>IIi'y , .. " ... , .... RJ1 R. A I .... ~ ... twI"" """"'~ da'. 

....... rlnl l .. '" ba, been enhanced I»> l ho O<Idl1l0n oIt .... 
""",e"up'down oommar><! •. II'hen Ih" PO"'''' .wilch on lhe 
I,onl.,,,.ol lo~'-rd I, In II", SU NDaY p",lllon "nd • 
loop.pow",.down [P\\, RDNI command I. ,,,,,.,ive<!. the 
d,lv. ·. powor '''1'1'1)' i, tu,ned oIf. Wh ... the tll'·lI.oonln>l· 
lor ...,ul_ lho kw>p 10 be active ... In. 11 .Md. 0 .Uin, of 
Id.rI1,'y III_" from ...... hlch I"."" ,'''' d.i",·. """,er 
""l'I'ly hac.I: <>D. 

.... -n.o 210: 1»1'" 01 machine axlII In Ih. ~OM oI,ho mi· 
ct<>COml"'lor <;an be divided Into Ihree molor .ra'" tho 

pow ... "" loll. ""'tI ..... ,he 111'·11. _,Ine. ond lhe d •• ice 
""",roI "",,1_. ~ pow .. ·on 'dl. "'~tln .. .. blch ~_ 
'ppro.imo,ely 160 1»'1 ... 01 code • ...,. up ,'''' Inlli.l ... ,. of 
t""12161A 01_ on.nd than .1, ..... , .. .,., .... n IesIj,.. 
,.,. o_to ."be I ....... ed InlO lhedtl"' •• he IlEWtNO keylO 
be p' ........ 0"" <;alii,.. ,he IlP·IL IOUllne. Thl. ""''''''' . 00 
,...""',, ... ''''' device-cleo •• "" _.,·down fonetl"",. If 
elther<"""","" I. ""'''·ed.lhe lW·IL _line n.", lho, I"" 
.r><! I"" d,lv ..... ",,"'" .ft., I. finl ...... 11. lot." tnk.r><! 
.... '''n' to lhe Idl . ",u'in8 loop. 

The 111'.11. ",olino .... bicb t • • •• app",xlmolely 460 by ••• . 
provld •• 'he U161A wilh b .. le tolh' .nd lioteM' 
cop.bilili .... Thl. "",I;',. I ...... cafO 01 , II """,m,,"lealion 
wllh ,'''' 1l1'.IL Inl",loc.ehlp.»<I po_.11 ..-..ory in· 
form.,1on 10 ,'''' deriotoon.'roI rouli_. prl ..... ily , ......... h 
o .." 01 n ..... 101 ... or><! _ d ....... I.ol .. This poll .. 
II<>iullonl"IIP·IL. In oonl ... llo on 1 ...... opl-<l.I,..,,, """. 
lion . h ...... Ired t.ec.uM moot oil"" <leYloooon.trol ,."."i_ 
r>Nd _lo.I,· ... Nt 01 the ml~I, .. I .. . nd con only ,i,.., 
"I' oontrol .. • """W" tim ... 

Th" dovl"" conlrol ,,,,,tin,,. "'hlch .. k • • he ",m. ining 
1 U O I»>to, of ROM. c •• be ''''Ih •• d ivIded. On. va'i I. tho 
command doeo<le p<>r1ion. Tho d . vl"" 0081ro1l. do .... with 
d"vlco.dopor><!onl c<>mmond. (OI)C .. ). When lhe 111'.11. 
"""\ne .... 1_ 0 IJOC tho. It decld .. I. 01 Inte_t to , he 
~216IA. II 1'"_ tho DOC on 10 ,'''' com .... "" deood • 
IOOIllne. [ilherl"" oommond 10 ,"""",,,ad ImnMl<!lotely ... 10 
tho.- of • ....t Of _ba .... buff .. _rail"" . .,. flop.re 
.." 10 control I",ure "" ........ ...:It Of ,.,.,I ... r><! .." b)1c 
poInl .. whers the n.,. oontrol ......... do" 1»1 .. 0.., pOll. A 
__ bY" """' ..... n<t buff .. I. u .... '0 t.oId. IXIC ............ 
when the tI.h·. i, bu.y. Tho 1I1'.IL .... dr-I"..."""'m •• d 
I M~"Cl m ..... g. I •• m. 100Iow;n. ,hi. ""mm.nt! 10 not ,e­
Ito'\O'" itt",1 unlll lhe p,"","1 I •• k MI beIIn com),)"'ed and 
."" now c<>mmond bo, been decoded. 

Tho IJOl.S lform.t) """,m."" Inltl.oll .... the te<;Ord "",I. 
Ii"".,," ,'''' lOpe by ,_,di".011512 -.1. on both IrIC"'. 
Eo&b ...,.,..j oo,,,.i ... a .yne 1»>10 .• 1»>" I.,. ''''' ...."rd 
num .... . . oocond .ync: 1»'10. 2M 1»'1 .. 01 dolO (eoch d.ot.o 
by", 1.1,lalluod.o 2S5) . .. :hecb" ... . "" .1i ... 1 'Y'" b)oIe. 
Only dg.l". lnilloll .. ,ion I. ,'''' l1 ... t tync: I»>I •• nd lhe 
record number ,,·,itten. In an followl •• w,lt" opomiOlll. 
,""...",." number i. "",d befoH Ih" .. molnln, pon oil"" 

Fig. 2 • ...,. ... ""_ at .... 
.....,.,...atNi:2.e.ADIgOI ".,..._. 
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fl9.) . f.-.go"I9'_"".,;g.w ...... woe".,....,.,. __ 
tx.,." .It,.. UU<I .. _ bO._ ,_on .... ~21~1~ ,_C ....... 

,,,,,,,,d I, wrillen. Thl, Oftv"" two PU'poMO. Tho lint I. to 
votirJ'I~II"" P<'''P\PI"r.",>rd I, being Wfill~n.OO It.. MoC>nd 
i. I" II, lhe _d poom"" on ,"" to"" ... tbot il does 001 
rno .... I~ '1'10 .. "" when It io "" ...... itt ... . 

Tho ""'lot ctl ... 1on In oeIecting on encodl". ", .. hood for 
d .. 82161'" woo ,..lIobilil,. The ,."" dri..., 'yslom requl,. 
the, . ,," mollood ...... I .... opeed-v ..... ioo'o/er .......... UN. mlcroco",,,,,,,", '0 ", __ t. ,he encoded bit 01_'" 
durl,... write _"lion. 1'be t .... Iens'''" _I,.. 10 .. 
cud I _100 ...... iIIIould "" tho .. "'" ... lhet til. ..... th 
01. -.l do.. J>OI d"p<md on ,he r,'io 01 " .... to ...... 
... ilhin 11>0 ....:or'll, AI .... 11>0<:0<1 •• hould "" ... II-<:lotilna'COI 
'''Y d..;.,dln._ 

The m"'hod bett qu. lilied I, the biphooe-I .... I or Man· 
ch .. !., cod • . Tho ml .. ""hi, cod •• r. 1) th .... i •• Iwoy •• 
' ra n,lUon In. bll "" II cento" and it, d ;ttoC'ion . """Woo II.. 
.. Iuo 0(,,,,, bit . • nd 21th.,. I,. tra",itlon on • bit cell odS' 
only when 11>0 two bil l On eilhor lid. nov. the Mm. v. lu. 
1_ fi •. 3). 

In. wri'. OI .... UOn. 11>0 Ii"", betw..,n , .. ,..illon •. bit 0011 
mldpoi nl 10 bi' 0011 ed, •. 10 IH ..... Ouri", ,hi, , iml lhe 
tr .... porI .... u.l .... l!. .,.....' . _, .• nd . nd oil.o",,) 10 
chKke<I.lhe nul nibble 10'- from lhebu" ... and oddecl 
to lhe "'-bum. ond 'ho .... ' , •• nsliion b cok:ularod. The 
bit ...... '" ,e_O<I II "01 10 ,be .. _ ImpilfieJ on Ih. OI() 
Ii".. 

1lMoro.ro I ..... oltl""l ........ 10 • read opention. DIN (dato 
In) .nd DRJJY rd.1I .....ty). DlIDY Is lhe ... ,nocted doc. Ind 
DlI< I"he 1a1Ch0<l dOl' d ... ,V<!d from lbe usnal reo<! r""" lhe 
II"". n. mi<:roc(lmpulor road. 0'" .nd [)IWY . lm. ll.o· 
"""".Iy Ind c"'""kt f"" DRJJY IOcMnS' .111 •. IVhen II do ... 
lho v.l.e oiDlN I. obilled Into lhe ,06i"e. building ,he d.IO, 
Whil e II I, In lho _d loop, lhe mlcrocompuler .Ito cl>ockt 
Ihe 1 •• n.porI"., ..... ~ lhe """,pi",. nibbl., In lho bul. 
fe •. od'" Ihem 10 lho ohocktum. and molnl.ins . coun .... to 
dctOO1 ... h. n ,lln.1 dropolli. occu •. 

When the _dIWllt •• ou.i ... i, .n I01ed. the mot""' "" 
lutlled on. the rec:<>rd number I, 'eod and v01if!ed,.nd lhe 
doll porIlon allho r~ I, ,hen _d '" ....,itt • • . If •• ooord 
numba tffOI.nd.'or 1111 lho ..... 01. _d). <'-bum IIfTOt 

I, ....... 1II<I , .he d.' .... Inemp!l 11>0.- "" W';II oper"'on. 
__ tI_. Iflhe mi<:roc(lmputer <till dotecto.n _ . h 
r.topo lho dri ..... nd ~. I he..",. 10 the liP ·IL con'tdl.,.. 

s... op ... Uon • • re ,I",.y. ottempled In. ",1 . tlvl m.n· 
.... II .. t. When 11>0 new rooord number II _lived. It II 
cn."Ud 10 _ i I il i, I n .al\.ll' (I.e .. <, 121 •• nd 1 he dill,,,,,,,,. 
beI ..... n Ih. p<aenl pooiUoo I nd tho dotl""" pool.loo I, 
",Ieulot"" . ne lronsport I. lu' .... OIl 10 ""'VI In lhe IP. 
_loIe dirflCtion .• nd by .. ,.<.I>ln, lho I)RDY Ii .... lhe 
mi<:roc(lmpulet counts inl.,,_d liPS "nlillho IrllUporl 
.-:hH ,he """""; Immediately bdon I"" d .. I ...... ....,.,...;. 
n lo -" ',.eId .• nd II .. reoord number lo cl...,bd. lilt 10 
coneol , 'ho ...... opor1 is Slopped wllh lhe d ... l ...... r--.I 
.... 1. 11 In 1m>< I, d .. 8CI"". ,he llPO I. _nd. and lhe 
leek I. a"""'pled .pin. bt>1 thl.lI"", from lhe booslnnl", aI 
the tipl. nl. 8i,·", fow cho ...... aI .eodlns 11>0 ,..,.,.,.d 
"""oc'i)' onrl e .... u ..... ="Ie _ .. . 

0 1 .. StO" \I' and Rel""'ll 
The mlcrocompul(!r h.ndl", dliitlilnlormltlon 10 and 

from lhe roadlwri." eleolroni", on 0 blt.by.bll bo., .... Inl 
Ih ... d."· ... I. , .... Ii .... IDlN. llIO. Ind [)I\OY. _ fl, . 3) 
Ind two<:on,ro!li_ (RU;.nd ~K). llIO I,. bidl_. I ..... 1 
d ... lh .. whoM 111""01 diroction 1,<:on,roIled by the Slltl 
aI the uc Ii .... In lhe reid modelm::low). UIO I. d.I,"n by 
t"" ...... Imp!if ..... while;n the_lte m<><lllRD; hl,hl , ,h. 
_ .mpli6et _ Inlo. hISh. impede""" .... te Ind DID lo 
d,h'err dlrwctly by.he rn~put«. BoIh 1)11< and URl)Y 
• .. ,e ...... tod by lhe doc:od .. cllcultry .nd .'" deri ..... 
ooI.oly from 0101-' cloo", ... The T1lK Ilnel,d,I"en by lhe 
mi<:roc(lm"" .... ' 0 ",Ioct whleh lipo troc' (0 or Ill, reod 
from .,. w.il1en to. 

n.. _ . m pi ifie, I, a "" . tom b;poI .. Inloa'"'''' cI"", it . 
II contol ... hoe 'ianol conditlonlnl Inrl 1",le cbcult. to 
d.l .... lhe rnognelic head durinS ' w.11I ol'<".lIon lI,d.o 
tto .... I ... Iho 10w·le,..,1 .nal", .IRnli.lIlM. h"'d to time-
.. 1.,0<1 dlg"ol " snol. 01 DID du.ln8 I ••• d 01,",oUon. 

W,ltlnl ' O lhoe t. p" i , Ic<:ompll.hod by conlroJlinjj Ih • 
""n"nl Oowins throul!h the ",indll\.ll' oI lhe mognetlc hMd. 
n ... Clmo." prod .. "" I m""",1e 6.ld _010 lhe I'P ot 
lho ltool althe held. Throe wi_llwoond •• nd. OIn' • • topl 
.... tlAd>od to MCh windi .... (.rockl on the "-<I , OU"n, I 
WIlt. _ .. loft . u.. c-"let tiP io con_led to . "" ... "nt· 
CIf"' .... link. Ind ~ ond oI.he wlndl ... 1, "III"",,<ly 
d.I~"" hI,h 10cOIIltd the dlrectl,", altho "" .... nI and thu, 
.ho poIwioy aI thoe mognecic 6eld or 'he SOP. The .... aI I 
<;11 ...... ' IIn • • IIo .... onulmum .11. aI c:ho",o aI Clfrnnl . yet 
Umlt' 1100 PM ' direct <:tlneIO" o 15O'!' aI t loot required I" 
completely ."SDeti ... the "po. 

OU,ln, 1 I'Md "I"'"';on. lhe \'011,... II lho tOmllnol. aI 
lhe h ... d I. proporiionaJ .".he ' .'e aI doln,. allhe m ..... t. 
Ie nux oaoo. I" SIP I nd ,-ho •• peo.k vol,, " when 1100 '"P 
II dlt<JCtly oppooit. , flux ,"vetlll on 1100 1'1>*. To dl<)l)d. 
.oconIo<I Informal ion prol'"rly .• digllol . Ilnll ""Uh 1 ••• 1 
oloonge. conoopondil\il in Urne 10 Ih ... vol .... pee .. n>YOl 
he ........ ed. The ",nse omplifoo. lIon ... ,e. lhl. oi,n. l l>y 
omvl lfyin, ond 'hen d;ff~'Mli.tin, lho .... I'" .1, .... 1 from 
lhe h .. d. II ...... c.oo.i", "Ihe outpUI '" the duf . .. nll. ,or 
"",,",pond. '0' peok allho .mpllfled II,nalond I, uood to 
dock DID ...... 1 chana .... The DIO 1 .... 1 Ihl.h .,. low) II 
. 00lto<l .0 the poi.orl.y aI ,100 . mpllfie.d 11 .... 1 II clock II ..... 
.neI Indleo ... lhe dlrectioa aI tho nu> , ..... I,lon. Hys ....... 
I, h>cludod to provido protoct lon from IInwonted l"nI~ 
II.,... couood by elec:trial noi ... 



!lo,. con,eR' It encod«ll»' , .... dlu.;\lon 01 lho DlO level 
'''''0111"" ." .... midpoiRI ol. bi, cell. T ..... lllon •• 1 loll cell 
«I ..... '" ~Hd Oftly .. requl...t 10 M1 up 010 f""'he proP"'" clio,.. at I .... _ , midpo;ftI r_ 1'It. 3). The dec:odeJ 
Ioald .... '" II""'" tbeoe ed.e " "n.I,I""" .nd provid."ho 
m_puter ... 1110 ,_oI,,,,,lo-ollDY oDd DIN. A chonp 
at DlWY ""'ifi.,ho mi<:n>eompu,OI I ... " .... 01.",,1 at Dl." 
.. p. _nu v,lId dato. 

for ..... ,y 010 ,,.,,.ilion I 100·,.. pul,. I. l.n ... ,«1 .nd 
. ppoorS .. 110. Iriner input of. nonro"luor.ble OM-, ho' 
multlvibr"or. The IImi"8 period of lho 0 ..... 10'" mullivi· 
br.lor II oeI .., lhol. if Iri880red I»' • mldcelllrln.itlon. lhe 
,,"x, edp I ..... llion .... hen il ""I ..... will ootUI dUli", lhe 
."..,10 Ind thu. bo Ignorod_ When lho Umln, cycl .. ""pi .... 
lho I ..... 01 010 .... hiocb ~. 10 1ho """"",ed 1>;. 

... 1 ..... .. "Idled InlO ,ho (liS mp.oop. Appro>.!"""'I, 2 Jd 
Iol .... 'ho .... tpu' 011"" DltDy mp.Oop C ......... noIifylna 110. 
",Icn:compu'" lhot dol, i. mid i_ . ·1 •• 'I. 

To """'''' , ..... ho o .... oho! mulllvlbrillor i. tri"""", 
only by mldcoll t .. n.ilion. ond that I1I.n.,.... ony cell «1.1 
"on.lllon •.•• ync b)· ... i. includ«l11 lhe betlnni". 01_10 
ftoOOt<l. Thl •• !'.,d.1 bit pa".rn m'l>' W. """on of 10,,1 
challllo, ,hlllnciudes onl)' mldcell'''"'iIIQn, . Thu •. lno 
_""", mulUvibrolor I."", up 10 ho "i"""",, only.' onld· 
cell . and. II opwd .... yo wi'hln .lIow.ble IIml'" .ynchm-
,,1 .. 110011. ""Inwned throop""ll ........ I ... ~. 

The .......... hardware can ........... "",I", vl~i""" In 
DID ol ... ~ Eiec:tronioc ~11"'. Ili .. I",. ph_ .hift In.he 
omplifle ... .,.."",,1 electrom"llnellc noI ... ond I"" ~ 
...... 11""'.11 """"ib.lle 10 ,ho '0101 .Imin, 0 .. 10""" 11 010 
I·",,~ ... t.ly. Iho _'d • ..xep .. bllity •• ",. '" tho d""""". 
... lly ovtrCOm ... 110 .... loc ...... Dd en."'", ,00<1 unil·lo­
unll compa,lblllty 

fran.pon Medl .... l.m 
The ~2161 A'. mechon;ul deo!gn u""n S " 3. ~ 5-6 mm 

mlnlcuoelte deo.i.n«l eopec:iolly lor dl,I,.I,pplioca1i""._ 
The ".. ... 1. con .. i,.. """,1 ... 11, 24 mete .. 01 ulOblo .. po 
3 .. , mm ... Ide •• 110..-1", ''''0 ,...u. 01 d,,, 1.4$ ",m ... Ide. 
TIl" I.,.. I, hub--d.ivOll .. oppooed '0 "'p ... n-d,i ...... . 
_ .. In. ,hal lho only ... ay the ..... can be ~ i. b,-
lu,nl", the oppropoiot. OIaCk 01 ..... dl...."ly 

Th .. "lec:1k»1 ol. hub-d, i\'on COIoeIte ..... ,hoe key ".p in 
, '·.Impllelty'· approoch 10 the do,I," 0/ tho 82161A 

,- j .... " ... -----­-

mechonllm. It .1I0w. the u ... 01. ''''o-mo,or d,lvo (".... per 
hub) . nd ,Ilml ... ,,,, eddi'[o",1 mol .... Of con,..,.led ..,. 
'Uo'O' d.~lc .. ,10 ..... ould be ' *'Iul,ed b, cop.l,n 
moch.nlom. or .11\3le.mo,or d,lv •• An04,"" key '0 
oIlDpllcI,y 10 .he ..... 01. '''''''''0 1D.,netlc h<e<l. 11Ii • 
• 11",1", ... h .. lntlo """'Olho<:oose<' •• eI.her b,- ,he u .... 00" 

by. mochonl ..... '0 KCeI' both 1 ..... 1:0 . OIhoe, foc' .... con-
"ibu II niIO ... ,.llh,f"",.,d deoll n ... ' hoe e . .. n.' ' .. "SO ol 
i"jectlon·moIded 'he,mopluliCi. coot •• ffective I.st~". .. 
.uch ... dh.,lv .. I"d pteo. n ... 'nd. low port COo'" A.,d. f,om .'mplO:ity. '1'IOI~'tr ,<)11101,101, mechanl.m 
dOli," w .. modulori'y . Thi. pnxiuced. d'l ..... yst~'n mod· 
"'" l1oa, con bo rtII1IO""" from lhe 82 16,A ond d",18""" in'o 
other pnxiuC1' ... ilh • minimum of cha ..... eI",trical or 
mochan""'l 

",., primoI)' PlrI oI,h i. devlao I. ,he hMdfr.m •• .........bIy 
(Fl. 41. Thl • ....."bly """ ..... 01. mold"" pIoOlo: f"",. 
in,o which. m.,Detioc '-d I •• llf-Iond 11....d •• nd on 
opl.,.l",uu"1c d .... "'" which fornu ",If 01,,,,, bqinnill8-
oI.,opel.nd·ol·t.opo (1IOTl1'.OT) "'"_. Thoe ,1 ... 1 .. ,.1'. ''''0-
Hock hood'. coil winding ""rom"''''' we .. ch_n fOf bo,h 
rood o"d "'II .. Iunc,iono_ The hoodl,.,"o I, molded from 
,1 .... fllled ,ooI)'co,bon. , •. I very .. obi. oom"""nd ,~ ... 1· 
low,..,.,... key dimen.ion. '0 be held wilnln ' 100e,0""" ol 
0.02' "'m. Two pooI.I on ,he liNd fr ..... pOlitlon ,"" ......... ,. 
hoo"nl 10101;"" 10 ,hoe hMd .nd ''''0 '"'PI IUidu on ,he 
ft ..... luld,'he '"'PI ...... ;ve '0''''' heod . n- fwureo I.e 
molded InlO ''''' hMdframo.. 

",., '-dfto .... ..-..bly i. joined wllh.~. wlOOo..-. 
,Dd "" ...... preo.", •• pri .... 'o form • ~ ._bly """ 
"",11., '" Ih.t ".....-I In "'o.Y <-"""""",, ... 1 ........ ,~ "'". 
_I .... 11><1 "" .... 1. i, I<>oded in,o 0 .Iot In' .... door . nd 
lhe 00;11011 01 <losi". the door poolllon. lbe ~"""'e In lhe 
mechtnism. When ,ho doo' I. ~I ... oed by pres,lns ,h. 
OPEN koy. 0 .pring pullo il open >0 In., ,hoco ... 't,can be 
... lly ...... o""". 

Whon I .... d_ con";nina' .,...".1, ""UI. 11 "",II ... 
pin. d ........ wI,dI .print Joco.od dl"",tly 011 ,1>0 d,;'.., 
primed clfCUIl."""'bly .nd Informl ... ,he.Iect""'Ja; ..... 
0"' ...... 1. _ '.A ~s-.:I"I_ minor locale<! ... ~hin.ch 
co.uo:t .. campl_ ,hoeop'ic:ol IK1T'l::oT dOl""I"" ,..,h_ Tbe 
optoel ... ronic dovic:o.Dd ,he heod In 1100 hMdf, .."o.", 
con....,.ed 101ho drive', prinl"" cl""," .. oembly by, n",,~ 
bI. , Ibbon coble 

f Ig. ' . E.~ ...... '" In. 8211, ... __ __ 



T", b..:lbo ... 01 ,h. 'ran,por1" , ... ""'of •• ", • . I, I •• 
p,.ololun I>OrI ",ad~oI .l ..... nlled poIYClOtbono'. l<>rrned b)' 
iRjec110n moIdl .... All 01, ... Uy .ubo ... ",I>H ... lndudl ... 
, '" dOOf'heodfr ........... mbl y. , ... mol"", • nod .... 'Y'" m •. 
,''' dOOf lflcll.'rod I '" prlnled circuli u.embly or. r." ...... 
101'" .... Inr •• m. '" loom • """,pi ... ......:1"10. ,,.nJPOfl """" ..... 

Tw .. ldentic.ol d.l"" ...... ""'.re u"'. One d.,_ ,he left 
oto.;k 01 "po'.nd I. called , ... I ....... ard .-or. The ot .... 
d.l_ the .i$h1 .t .. ck.nd 10 called the "'"ef"SO """or. The 
" .. oIlwo """ .... coupl<ld di-'Iy to .... 101>0 ot.ocb In 1M. 
ruMon ",ow _,Il10 0 ol",pl •• peed oontm! 0< ..... ror 
... dln~.rod WI!IIn, dot •. The motor ..,1<I<:Iioo I""o,,'ed 0 
, •• d..ofl botween "'0'", "".Io.m.nc. Ibence COOl) .nd 
~ruduc' CII,"bllity 11",,,,.dl)' dot. capaCity). lro"I ... rotor 
'not",. wl,h Ihol. low InMi .. ' otqu e ra,io were ... 10<;10<1 
Tho ,oI'wo •• de/inilion r"'luira in'errocom ~'P' lonli 
on""lIh '0 .1I0w ,''' to"" ".I<>cUy '0 chol\ll" bet_n..,ro 
ond ... <Lw.U •• ~ he,,,· .. n ""'01<1 •. Solo<:lIn, low· 
inetllo mot"", .1I0w. _d I""g' h , .. inlerr-t<:ord •• p roli"" 
01 .""' .... 3:1 . If htt ...... lnetlia mot"", had bee" " .... ,hi. 
,.11" .•• _u .. data _"y. w .... 1d ha •• boon low .. 
A_ J.o I", por1'''' c""",,,torisIic 01 ironl_rot .. """"'" I n 
,hl •• pplleotlOllII,hoh 11_ taclI",eneraoor I .. ,u ... Tho 
corutfUCllon oI,ho """"'" II OIICh ,hol lhei. £.\,.-. wllh 'ho 
"""'m"lorlon rippkfilt ..... DIlt. can beu'" 'odetect motor 
opeed cha ..... 'ypleolly withIn 2 _ot. Perhapo th._ 
l"'porIOn, ..,.ult oI , be Hledl"" oIl"",·inertia moIOI"I 1.,,,­
",.judlon '" d)'no",1c Iopo' I ... ,ion. Wilh ,he 'w, ... ....,,,,. 
huJ>.d. l"" ,,,,,h,,IqIr •. , ... d'Mnl motor m"ot pull , ,,,, to, >o 
oNoin" I~ft ,.h ... mnr",', ; ..... U .. Wh~n ~I ... ot+n., ,h. 
".lIIn, "''''or'. I ... rllo I, multiplied by the ""u .... of the 
S ... ,.<luclion .," I, rnIl"",od inl0 ,h. ,ove. He""". I"'I k 
tove '0",10"0 . .. "oil' .. ""IIi •• ' 0 mo' ar In •• lI • . TOI," III. 
"'01 I"",,,d '0 "cd"",I ... ,ed loy dY"'mic tapo 'O".IOR • • nd .... 
lhe 10"8 ta!'" Ilf. ochlol'!ld In '''''82'61 A I •• 'tunSly "I .. ed 
10 ,ho .. 1..,I"'n of 1ow·1 ... " ia moIOI"I. 

MotOl"l """Id "'" be f,,"nd ,"", wDIlld 10 ,I"", moush 
while ",.1 .... lnl ... lhe ''''qu. requi"" to d.i"" ,he 'opo 
hubo dltoc,lr. n.o..t ..... 0 ,peood .edue ... I. ''''lui...!. 
Mony ", .. hod. w ... conoldend. bqinni ... wilh ,hel",1eo1 
d>ook:e of moIor· ... tbo. combi .... i ..... bot t ...... pro ..... '0 
be ''''' "'-' ..... 0.., .... nod 'oothed-bol' d.l ... d ... ISrI • .. ..,..,,10<1. bo, ~h ",hibo,4Od o""",mon .,....,. .... of ....... 1 •. 
I ... ,,,.. I. ,.d bel, ' .... Ion 'oo""HI dipp;ns. Tho hlBh .. holt 
lension produced IIlllher .boll lridlon. which In 'urn. led '0 
, ......... topo ' .... Ion ond...!uced "'I'" ond bearln, III .. 

The 81161 A "M' • cullom .eu d.iv'IFI • . 5) wo,I,U ... 
of. pinion .nd drive IN' for _h molor wi,h • r., '" 011 :' 
(IS 'eeth '0 tIO ,,,,,,hi. IIoth g .... ,re Injection·moldod 01 • 
cu,,"'" !I"<' .. moldlng boo ... nd . xceed Ar.~I A· 'Iuo li,y 
No. 1. The dl.", ... ol pl'ch i. 96 , nd ,he gN. mllorial I, 
lubr'coted oce .. l .",In, TIIo pinion ..... preosed on ,he 
mo,ot ,hof" ond lh. d , ' •• • ea" Ill" f .... on 3round 
.talol ... >1eel .haft, p, .. sed in'o ,ho molnr'~""lf l • . !.o1 
Tho moI"",.ra pool,loned by «>rratn1fic 0;011.,. .. ".nod 
.100 '0 I"" m.lnl, ...... Pf.ocloion moldi", of lho .... in/ .. mo 
,II"",. ,ho """"...I ... dtl ..... S ... ,·u..ft di",ension 10 be held 
I" within O.OU mm. Alto runni ... on ,he d., ..... _. ''''''ft •. ._ .. ..-_-----

.nd .. I.lly coupled '0 ,he dri"e ......... , ... drl., .pllnes 
1_ ~·II. sl», Th.,... splines fi, IrI'o the "" ..... ,. hubo.nd 
".n .... 1t 'orQu. '0 ,hem lrom ,h. d, i"on , ..... In , ... '''''0' 
,ha, • caH<11O hub d"", "'" .li,o with , be .,11 ... when ,he 
d_ 10 dooed . the .pli ... " .p.in,.L<>orIod ond """ be 
1""-...... n. oll_'''3,he dOOf to"'",. Wh.n ,ha. put .... . 
Lor oOk 01 ,he d.i"" _ .• pli", ...... ive ' 0 hub. ,he .... ' .. 
pu ..... ' hoopli ... up ' o .... agei' wI,h ,he hub. n-.,Ii ... 
..,.1 .... aI ... prod...,. 0 to.ok I ... ad ''''' or ...... ',idlon. TIIi. 
d ... wu opIlmi,.".j I", ,)">10111 .peed porf ....... ...,. by 001. 
;..,,'nl ,he .ptlnl oon .... n'.nd pro-Iood 

Head AI~n""", 
"'ct.", ... • 1i3nmonl of ,he ",.gnetlc h ... d In ,he ...... d· 

f .. ",. Ilauctall03iV<l unil",,"un" ... d: .... Uo oorn"..tlb i!ll~ 
for '~"8m' u.in8 mu lti ple " 'n'"",". Th l •• II~,,'"~"I 10 
do ... ol..".ic;rlly. with ,h. head oc'u.lI~ ... dll,. "sn.l, 
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...... 1Ito ___ .. ",.Q'd' ..... __ 

_ . ...... ~ ..... $t , .. _ f-.l~ 

"'-<."..d ____ u',,,.,,, /0)£_ <I"_d ____ _ 

.... . --.~ ............. -, ' , 



from two trocks oimultan"".,.I),. r.,h., ,han .Iignins 0\111· 
cal l)", h •• ,-" do"" b). liP io the p .. t. " ' The heod olign., 
tool conoi,,, '" an .ndl .... loop tapo rled. on osclll<><eope. 
o"d on OC voltm"'.,. A m .. t",. h""d on the tape deck is ured 
to w,ite pe,fec,ly phased ,ign.I, on both I,ocks "' . tape 
loop. Thi. loop i. ,h.n r .. d by a head '"'luiring .Iig"mo"t 
Th. head is hold In,idot he.dftOme by a loollng fixlurtllha, 
..". penetra,;on . nd "or;e, azimuth lpe,pendl""lorily of 
the hc.od gap ",loHv. to lope motion) .nd Hocking 1'·Wic.1 
"""iHono/the h •• d pol .. ",Iotiv. '0 tope poo;'iu"). Th. two 
,ign.lo re.d .,. ob.e,ved on the oocilloscope and the 
oumuth i, .djusted ,mtl) buth t,ocks or. ;n ph ••• ond Ih. 
corn b I nal Ion of oignal. wil h maximum a ,n pi i' ud .. ha. '-n 
lound . Thi, en,u' .. 'hit ,h ... Imuth h .. '-n "pelfecU)"o 
,Iigned in the r..turo, "ex,. 'he tracking I, odjusted by 
moving the h .. d up .nd down unlil the sum or the . is,,.I, 
Itom both trac k. i. a m,,,<lm,,m •• meuured b)' the vol'm ... 
t." Thl. enou, .. 'hot ,h. pol •• pacing on the head optl. 
m.ll), moteho. the hock positions on the .Iignm.nt lape. 
Th. two .djustmen" .'" p'a<;"cally decoupled on ,h • 
• lign",ent 1I"u, ... "" con"ergenCII I, no' n"""" .. ry. Afle, 
the h .. d i. a ligned, the .... mbl)' ODd tooling fixtu~ i. 
,,"'o.ed .• nd the had i.glued in pi""" with . f .. t,cUJing 
• crylic .dh., i,· •. Th. headh,m ..... rnbly con then be ro­
rno"ed ftom ito fixtu,," .nd the . lign",enl rechecked to 
ob.e,," .ny movemenl eoused b}' glue"" "'_ This p"",ed u '" 
proouc .. " imuth alignme,,, beue, Ihon :5 o",·",lnut ••• 
• nd trocking oligoment. ,.I.tive to ,h. h .. df,o",". betlo, 
than :0.05 mm. Th. mu'., hood i. I .. ,iooically used '0 
manl,,.. ,ho .r",u"cy oi tho alignment t.p". To check the 
", .. to, h .. d •• MObiu. "po i. install ed on 'ho t.pe deck 
Thi, t.p" .I'.,natel)" prese"to Imot .nd b.ck side. to the 
mo"., h .. d." 'ign,1 is w,itten on the fron' .ide.nd read 
Irom the ba<;k .ide_ Th" o"'l,litude I, rod"ced. but onl)' lhe 
trock·lo-t,od pho.., i, imponant, Ilth~ m .. '., h.od I. "po.._ 
I"'tl)'" .ligned in .~i"'ulh. no ph, .. diff.ren"" will '"""U,. 
An ito,oti,'o process I. u,ed to oligo the m.Sle, head if 
n",,"""r),. 

Svotom Modeling 
Th •• lec'romoeh.n!e.1 'J'''em oi the 82161A lOp" tron.· 

port was modeled to .1I0w studie,or to"" ,·.Ioeltl ... od the 
effoets th.,oon "'motor """ met." and m""",,nism in.,li., 
.nd ftlet;on" Th. basic mod.1 i. ,h""on in Fig. 6 ond the 
buic eqU.,lono oi "'01ion OJ. 

1,0, . R,[K,(R,e. - R,8,) j 
1,0, - - R,[ KrlR,e,-R ,~,) j +R,[ K ,(1(.8, - 1(,8,)] 
1,0, • - R.[K,(R,e. - R,tt,)j---R,[K,(I(,8. - R,8,)j 
1,0. - - R,[~,(R,8, - R,e,)J 

Thi. multi.deg, ... o/.h<edom .yste'" "'U ",udled b)' 
id.ntifying different mot<>t·to-top.·stack .nd moto'-Io­
motor modes who .. f,oquendo. de""nd on Ih • .-..duct ion 
m.thod lbelt. or ge.,,) . nd "p" .tack ,atios, Many of ,h. 
naln,,1 froquoncie. found by thlo model can be .. ti.foctor· 
ill' filtered out b)' oltoring the "'fVO d •• ign. but one mode 
oonsi.,.n,I)' .howed up in the .naly.i, ,hal c.o.nn,.. Thi. 
w,. identified ... "tapo moo." or th.opposing oscillation 
of both hub st.eks ",Ith tho spring being the long'h "'tapo 

.,. IAft __ .. . Lo •• _ .... -. .. _ R""' ..... _ ..... 
" . R"", __ 

', , _ -. .. 
~ · Lo.""".". "" .,,,._ 
~ • """' ..... . . "P' ._ -. .. 

x,.~_.,,_ 

K, . ..... _.n ........ A,. __ 

A, . ..... _ 

A, . .......... , ...... 
A. _ A .... _' ...... 

Fig. 6, 00017'''''' ~ tape """'" <J<wo 1* .. ro,""" UU<1'" 
_azI6'~"_s~ __ 

bciween the two ".d,. Du,l"" , .. diw,ite ope .. tlo". when ,h. "''''0 I, controlling tope spoood. thl. tOIle mod •. If ... 
ci,ed , is sUloe,im p<>se<i on the ".ady •• totc tape veloelt)' .nd 
becomes whot wo, found to be the majo,can" oitape opoood 
jitte,. In ,II '" ,h. C<oru;gu,.tion$ "udied. this iltte, fro­
queoc)' i. neo, 500 IIz_ Thi. '""" ",od"connot be effocti"el)" 
oo'rocled b)' the .. ,,'0 bccau .. It i. totolly i""lalod from I~e 
motOll and henet' ;0 "'Invl.,ble" to ,h. ""'0_ Thi, tore 
modo <noot", oscil101lono In topo t.n.lon, bul Ihe mag· 
nitude oi tho oscillat;on, "'OS found to be I ... Ihon !he 
oteau), •• tot. tape ten, ion_ Thuo, the t, ... t,nent ol!he 10.,." 
• lin.,., ,pring ..... not negated b)' ,he f.c' that the t.pe 
connot be put into comp, ... lon. Thi. phenomenon will be 
di",u .. ed f"tlhe, in reference '0 ,he slow • .,.,t d"'"ltry in 
'h~ motor drl,·"_ 

The tapo moo. oocillation, would not be. maior dlffl. 
eu ll~ if the", "' ... no 5()()'lI< excitation in the m",han;orn to 
gel them goin~. Unf""u""lel)'. beeou", '" the ,I .. of the 
tran.port, lhe 8ea, pitch .. I..:lion ,,-a. limited. ond S()().II. 
pel1u,ba'ion. ","uw<! by Rea, backlash ore "na"oldable, 
lIenc •. Iwo ",.thod. ,re u~ tod.mp ,h. tapo mode, t·I"'t. 
friction Is odd&<! b)' ming the ,plln. 'pring" dDso;ribed 
p,oviou.I)'. and ''''''lOd , vi",ou. rubbeT . nubbers ... odded 
betwoon tho d,I,·. gea, .nd ,ho splioo ( .... Fi3. 5(, In 'his 
position. tho ,nubbo!ts ",i.lly provido. "i",ool. ,,;c "I ... 
ment bet"'''n tho po,tu,botlon (g", b.clluh) and tbe e l.,.. 
men" (t he ca,,,,,to 'lOCks) p,od " clng tho to pe mode ooclll •• 
t;on, . The comb;""tion oi th ... 11'1'0 domping ",heme, , ... 
duces ,,,.,.d jltte, by .pproximstel)· 50% to. rongo or '1l'lL> 
of ",'.'''tIe top •• peed, 



Motor Drlv. 
The 8ZI£lA mechonl.m combin~. sof'I ware, cl&clroniC!, 

' nd mechanic> 'oconlrol bo1h Ihe posilion and I .... ".locUy 
"the tape, TfL-<:oml'Olible inpuI. lO Ih" molor dr i,·. elr­
eu ilry .1I0w 'he ,nictOCumputor ' 0 ..,10<;1 any of Ii". pos.i_ 
ble modc." 0l",,,,,;on 

Th" lUI for"'.,d a rod r.wind mod"" mo,·. tho 'or-al 7610 
,52 em '., during whi~h tim" 'he mlc>'Ocomputc, coun .. 
intcrreco'd g.p, 10 determine tar- pooilion (ro:<:o,d 
"urn""'). On"" ,he de<;,,,,1 position bos '-" r •• ched. Ih. 
,I"" , lCO"WMd mod. i. oe,;\"Otod for a dol. r""diwri,. or- ' . ­
lion. ~·orw .. d ond .. v .... br.king i .. ccomplished b)' u'lng 
,he bA<k ~~IF of Ihc lrailing mOlor '0 80"" .. 10 0 ""' ..... 
,~u. to decelera'e Ihe .y.t.m, 

The fa.1 forward. rewind. and ,low f",ward mode> U"" 
,h. [.,.dlns mO'or o.lhe &<;Iuo"" ond 110" ,roiling molor i. 
"pulled"' by th~ tape , Th" no-l OId friction of ,he ',oWng 
molor orut I " ,"""",Ioled g .... !""vid .. tal'" tensIon 10 old 
• peed ""n'rol 0"" help koop ,lie I.pe in oontaot wilh , .... 
mognellc head. The f"''''OId .nd $'e"" brakinS mod ... U"" 
th. troi[inK mol", • • Ih. ocloot", and Ih" tape., 110. 
m",h.nlca l link to doc.l.ral.,he I .. d ing mOlor. 

Th. heart "I .... molor d,lvo .lect",ni"" I, Ihe . 'eloclty 
cont",1 clfCIl itl}' IFig. 71- To .n.ur. r""dlwri' e ""mvalibll. 
I,y , Ii .... , lap. ,·.Ioci' ), vaSI Ih. majjnelic head mu" be • 
controlled. ~p-c' I.ble lunclion of t.pe jl{)Sllion , Allhough 
holding Ihe .ngul., "olocity of one motor con'lanl would 
.. H,fy Ihi' objecl iv •. tope cap.acl!y would be""crely limit. 
ed becou ... the lin .. , lal'" speed would vary nvor 0 wid" 
r.nge os Ih" r.dii 01 'he lO koup and supply "",I •. r •• pec­
tively. ',ICre .... and doc.reo ... llow.''er, holdi"" Ihe .um of 
Ih. "nsu[or ,'.locl1i~' " both mot"" con.tont not "nl)' 
.. tisli., I heo 00'''' ""I" iremen I' , btl I J ,amo!ically i ""'''''_ 
d.to capoeil)' b), mOinlaini"ll' more unlforo" li n .. , lop" 
velocity. 

The Inpul to ,h ... n·o i. 0 co"trol l.ill" r.r"renc. ,'Oll.g •. 
The .. ,m octs 10 hold the ,urn of tile t>.<\: ~:MF' " Ihe Iw. 
mOtors equ.llo Ihi, .. f ... """. A, .!roll'n in Fig. 7. th. 
fo,word lran.f.r path <:on.i"." an er«>t ampt;lieJ. a power 
".ge. and the mocha"I."I')'Olem. The bA<k·EMF .ummer 
lorm. 'ho fo<!{!back ,"Ih, .... 11 nee .... 'y f'«lllency """'p-cn_ 
",ion I, implemontO'd In lh. elTo, .mplifier ond Inciu,les, 

" '. 
" .. 0, 

® - . - " . 
~ o. 

"' -... _S..,. "' 

"' "' 
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pol~ 01 Ih. ",;gin 10 inlegr ... out de ""''" ' 0 10w.fr"'1uenq­
rero.1 " liz to compem'le 0 pole of I .... ",,,,hanicol .ystem. 
. nd a second pol . .. - 40 liz to li lt., ou, unw.nled motor 
commutallon nol .. ,bol .,'peon in ,h. feedback "gn.l. Al 
frequencies within l he .. nge 01 Inle ... t (40 ilzl.l he open_ 
loop lran,f.r f"ncl"'n ",he sy".m, including compe"", 
lion, co",i." 01 0 "'\;1 1. pot •• Ilh. origin. Local rredback 
f", ,h. et1'()I ompli~.r i, derived lrom th. OUlpo' or lhe 
pow., ""8" to on I n I m I.,. cro .... ·.r d i.t",1Ion. A. d i .coued 
Nrl;.r, Ihe Iransfer functio", of ,he mech.nlcol .yOlem i, 
quit. compl., .nd indud., ... ,· ... 1 osci [latory mode • . For_ 
I"nalel)" th ... mod ..... eilhe, 01 f' oquendo> well outsid. 
the band"'ldth" ,he 00n'0 "' ... invi.ibl. to ,he 00n'0 so 
Ihol no • .,Iou •• 1O(;tronic .. abllit)' I,rob[em' .,i ... 

A no.'.1 f""tur. of this .. ,,'0 I, lhe.peed sen"" which 
sum.< th. bad EMF f", ," ...,h motor. Since nocurrent now. 
Ihrough the tnili ng molor. ,he bad nlF I •• hnply ,ts 
termin.1 voltage .nd i. readily .... ,I.bl . tod ••• ""',,. mOlor 
.,'etod. 1I0wo,·e:r. Ih. curr.n' ""lul~ IQ Ploduc" dr;" • 
''''qU" ge' .. "'es a >ollag • • eros. Ih. rot", ""sto"". 01 the 
I ... ding motor , .. hleh I •• "pe';,opo>e<! on ito bac\: ~:~tF. In 
Ihe p"I.lhi, . peed m .... urem."t problem h •• been o,'oided 
by "-O inS eithe, p" l .... width modu lators. which .. "'pl. 
bad B-1!' by momenlo,il), re,.oo i"g po"'.,. or t"n.<du""," 
wh ich do not ,.ly on hoc\: nil'. for ,hi •• ppllcation.low­
frequency pul..,.wl dlh mod ul'lor. wou ld di .. ip.l. oddi· 
lionol powe, in , h. motor .nd gortorale .1"",1",,1 and 
meehanl",,1 noise coused L)' Ih.ir ",·itching tran,ien" . 
T .. n.duCO'IS .,., 100 " j",n,h'e. too 10111" . and ''''10 ire too 
much oddi,;o",1 hardwo",. 

The chosen ",hem. d}'norn looll,· '''m' '"~ '""",in.1 "01._ 
OS" 01 ",ch mOl", and ,,,bl,acl. lhe vo/IOS' cou,od h)' Ih • 
d,;." <u"ents in ,he l .. dl"8 moto'. RelelTing to Fig. 7. 

v. - EMf, +I,,R~ 

- [1E.'tF, +1,.,R~~I"MsI-IE."'·' ~ 1 ... R,.IlIU~21 

• [I F_~t F, +l"RMI -I .:~tt" ,. + I "R" _ E,,,p TI ]I Ml M' I 

If~' ~ M3 .• nd «ocoling ' erm •. 

.. 

"_-.... s- --. FI~. 7. S.mpM." 'eMm"'''' 01 
....""". C<:rr'IfO/ ... '..,. 

"'. . ." ..,."..., 



Tben, if R2 I •• diu"ed ,ucb IhO! K",'Rs - KJ R2. 
V._EMF,_EMF, 

As c.n be ""'n f,om Ibe de,h'ation abo"e. if , .. i'lance 
matclr.ing i. do,," (u. ing p{llen!lomoter R,), the output of 
Ihefeedl>ock .mplifie, i, the lrue.um ofl"e bad E\IF of Ibe 
motors . Ks i, .pt<Oifi"u.s. ooppe' wlrewound , .. i,tor '" 
thM it. tempe,ature coeffiden t of r ... i"ivity will match ,bat 
of the motar', ironl .. , rotor. ,hu, holding the rotio 01" R" to 
Rs con .... Dt and .n,"ring con.i'tent .peed control O\"er the 
f,,11 oper.ting temper.lu,e '.nge. 

Th<o fa .. fo,ward and rewind mod ... a ... implemenled by 
"fooling"' the Jer"" Cruunding point A in Fig. 1 ellm i .. t", 
the f .. dback ond cau_ the output ulth. e"'" amplir.e, to 
go high .nd dd"e the molor.t high forw.rd .peed. t'"",ing 
point D low cou,., V 010 be blgh. thu. forelng the OUlput of 
the err<>< .mplifier low, Thi •• in ..,mbinotion with do.ing 
switch 51 ond lifting ,h. ground on lhe leading motor 
(u"ng t,on.i.t01 ""itche'l, , .. ull. in the ... wind mode. 

To u.., tbe feedback from both mOlors to conlrol .~"/ld. it 
i. e • ..,nli,1 tha' tbe moton be mechanic.lly linkod in • 
predict.bl •• lineo, fa.hion. [n the 82161A. thi. link i.lh. 
tope. Oecau .. lhe t.pe COnnot .upp«t compres,i'·. fore ••. 
• Iock in the tape can ocCur ond totally unc<lupl. the I .... d ing 
.nd tr.iling motors, Tho I)'pical ""utt i • • "bong.bang·· 
.. ,,'Ooolion, Th.l .. ding moto' i. dr;"en until it. back E\IF 
equ.I,the 'of.",nc. , .. Iue, Su ddenl)' th ... pe .Iack I, t. ken 
up and the t .. iling motor begin. to move end In;eet' ... op 
function into tho f..ool>&ck 'lg""l. The e]1'Qr .mplifier re­
svund. by slowing the I ... ding motor. ",hich .lIow. tho 
Irailing motor to ",001 up.nd form enothe, loop. Tht, "a,ts 
tho proce< •• 1t 0"01 og.in. 

Once the 52161" h., _l1.[nod .t.ble olow forword oper.· 
lion , thi. probl.m i. p,e"cnted b)'lhe t.pe ten.ion genor­
. t.d by ,),.tem f,iction. Ito" .. e'. when Ibe .low.fQ,,,,ard 
mode i. ;niti.tod. th ..... i •• Iwoy. IIOme OmOun' of ,lock in 
tho tape, and this ,I"d must be eliminated fint before 
"""",Ie .. ting to full,,_, In .ddition , .ineo o,,"rsbool cOn 
cou .. tho .. m. problem. Ih. ,ato of change of Ihe .rood 
r<4erence ,'Olt.ge mu.t bo .Io",ed to the point whore th6 
"',vo c.n koop up. 

Th •• low.o1.,t cil'Cuit perlo"no th_ function ' by con­
t roll[1ll! the ,.ferenee voltage to the ""V(l , When 'M slow 
forwa,d modo i. ",I«:tod, th" ,ef.rence i. held to. low 
value fOf .pproxion ... ly 130 m., during which lime 'M 
.Iock i. 'omovod from the t.~. Then, ,h. ref.ren"" ,'oltogo 
'ites .'ponenli.lly toward •• " osymp'otic "o lue • • lIowing 
•• mooth ''''eleta'ion to roadlwrile ,peed without over­,.W 
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