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5Url v Ponç to flftta 

^sUm3 VfVlt^reBCnt tl,n!* the ^eati^tlon of magnetic recording 

. ä, 

thi teit jynBrrd»"!40“"^1“0 t0 ,l6ten:l"e the tBa‘ recording rj.iluia and 

.«cSTÄcri ri‘^r5°s “Te<! rthod" ^-°8 8 -■*- 

d'Â-»ÍÍ^! Zirr 11"U “f • recorll”s me medium vas taken as a measure of the system performance» 

lawto^î Tco"°f.tof!¡r™,r'i ”■ ä"!®*a Mä «“«‘rcctcd in the 

Sis different r-cording ^L vereleotod ^hree^ftt1SU0U°>iB}nU30ldal 
cellulose acetate tañes coatnd «ífi, - ^ , f the8e belne or 
others bain* «olM f d T)0wdered ^ßaetic material and the 
tests! etel tapa,‘ A 81Deed oí 8“/««° »s used in all 

nan:it record^? ?** C0Q^ructi0n. since such core, 
were oriented co a8 to Dro’u4 iShl'îSî 1B PO!4oil;1f vlth othpr types. They 
Beuagnotlsatloa by itf la the ^068• 
and a high-frequancTbîîa L th* »ccomplished the eraeing Process, 
tjslví diotorticn in th» fccorûlnS provided a minimum of enroll- 
eraising by aaturatteg the m*>ícd* ver® cho««“ Inotead of 
tooterUtic^e^fe of th« S asiug a a-c Mae to provide a linear 

B.*o cecauaa of tae higher eienal-to-nolee ratio obtainable. 

- äst* 

«ÄaSrn-»*» aw cuirai volto;, doereis», rccldlv / at Wsii frequencies ths 
d=ra,,otic»dc„ :SoT;Æ,^r.™ir io «» ««»«. 
fc.ratj, teorcaccd fluv r.-nt-.í.-í,.?? tha »“rdlag gcj of ths recording 

c doermos lu ftu^lSr!; î° SêÙwîV ^14 ’kl” t'ff,1!‘- “* 

Sou 4 íonion Mf;S^e^îo;h18 ; fmLtica of tha o3iop8 °f th8 ^V 
So, to coercivo forco H? ^ n Í ?r,th3 mtlC> °f r<S8ldpsl d«^ty. 
i^usncy roOTonoe of a ^ven mïdlSo llr a in“ î °f mrit tor tho hl^ 
i^tion U loa« and the output at hi¿h 

nlaod by uÏÏÎ^a^or^MtSS^ith1«^^? ** th® recordlnS head la ninl- 
flus doselbioa involved and rocardml Í«15^8t bility poosible at the 
vlth output requlroitóat*. ^ ^ ninlí''x:a dôaalt7 consistent 

♦ 

iraeuetlc Sos wèvl«X Sntf^^íhTw V°” f<>r 
tclsed froa one of th. ccudoe.cc,í.s ?! '“p'-f'-î“™«' resuenes «ns oh. 
•W) oersted, «nd th, lo^ ra ? û T." « '»“«>” fores of ahout 

ejX Ea 63 Hc ?atic, vhlch vas about 2.2. Kh> difference 
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In rca non se Tjoïweea Dolid notai tartes and coated ones, hov/o/er me no* 
™Í:l todi^ ^ thia ratio. For oxa^io. tt cclld taoo ^ ¾ 
fr««r ti« °3rBtede and 3h tc> Hc rnti o oi> «:3 d&T9 emtroxlmately thî aaa« high 
frocuoncy re apon a 0^ 3 a coatod U'-oe havlaß an 1¾ of 150 oerate.lg and a 
.¾ 0 ratio of 5,4., In ¿onerai a high coercive forca la dnulrebla la 

LcaSríf íhTJfeef Vat this value 18 lifted to about 40C oeritede 
boccuiio of the difficulty of producing aufficient MM? in the heads for 
eraulng and recording. f> w 

Operating vith optlrona values of signal and bias currants for «od 

ohSlnir^^rI!p0n!08M?f0und that tha b03t ^«r-coated tans vas ono 
Drained froa Hianeaota Mining and Manufacturing Company and the best «olid 

metal tapes vers yieallqr and the Bruoh Devalcspraont Company'3 nlated taco. 
the latter two giving approximately equal results. The Vlcallor tapa Is L 
hoa!v,,£.9BSou8 Estai, who roas the Brush plated taue has a thin s-a^stic plating 
on a bniso otrip, Aaauaing a minimum oignsl-to~noiae ratio of 25 db a. 
defining the iircor fr©qus>:cy limit of recording, it was oboeivud that the 
ítsi i 0rr-?Oa^4 ailowöd a faxino of about 1200 cycles per inch of tape, 
wiile ,‘ha Vi cal Icy and tho Bruch plated tape each allowed about 600 cyclss per 

15031 f2,thod for tstilislng a œagaetic recording medium for storage 
Ojl lîuorfiatiôû jatst he determined by further research. Since the eueed at which 
tne maülua is driver governs the rate at which information can ba recorded and 
rferoved, this cp;ed should bo as high as possible. The liait in this respect 

b? 8,t 17 mschsaical considérations of strength of the Eodiua, wear 
oa tha heads and on the mpdltns, end maintenanco of uniform contact botvaen the 
h.ada and the D€üíu34 Based on voports of work at other inetltutions, a speed « 
of i/j to 100 feet cor cooond efaould ba practlcableo 

t?40® sigaals instead of nodula ted oinuaoidal signals should be Invosti- 
* 11 1 ’ rp-'inable to oseu/ne that a discreta nuise can be recorded on the 

cn.no -ength of tapa or wire that would be roquirad for the minimum number of . 
cycloa of a nlnusoidal signal that would excite the circuite of the reading eauiw- 

On the hacia of tho l’o&poneo figures stated above, about 200 pulsas per 
u In tlâdulon* the of Pnlso signals would greatly 

simplify the aeejign of tbe recording and reproducing circuits. 

thn 1 0 Hsal8 f3r lrTrpravlns head dî=i®1- Bhould be studied. A deternisatlon of 
the .leawaga fieid arorad the recording bond would bo particularly helpful in 
oelec^ng tna core material and method of core construction. \For high-roeed 
opepnion a ring-typo erasing head could not bo used, so an altomatf tyo, 
would have to ba deo.gned and tested. The windings on the ^cording and nlay- 
tick heads also would have to bo designed for tho high frequencies or short 
pulsea used. • 

rotten« on a flat taoe is feasible, and possible senil- 
cat|on8 of this method 01 recording to coanuter problems ehould bo deteisined, 
0itW?n2i hp?dB Witn thÍ° aor<,s» dsiülrbd narrow recording paths may fa« 
obtained. In a coccnorcial disk recorder rranufactured by the Brush Development 
Company a nolral path U usod, giving the equivalent of 40 channels ner inch. 

'-M 

’>1 
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esb- Zlr'“ 'iTcLlvt l0Cat?^ ! gueuler nî ecr of recorded ir formation are 
Tet^JSjZT/ an0Jic?4tl^9- tjvoTjsíjI.t win have to be done by 

Urn ^L ^Yn wMrh^M fn^*i6iml8 Vhlf:h ß0vera th* «rl-ia« mechan- 
and recVnicki C?nÍrv1 ^ be cbtnlnrd l* fl aroble.-n in electrical 

^ ^ ^ solred by the aonlicoti^ of eerromech- 
record5-r ti^lrt rerÏL arrangement of clutches. Multichannel ' ' 
ntlcn C4lvntr^B °raT slngle-channel recording in the sol- 
Storec o-r a airen lenC^K nnatichannel recording more infora:\tion can be 
reoui-^^to locate ana °f jh* medlU1"* *° that loas aovenent of the medium le reou..s-à to locate and - eproduce the information. 

PIgCUSSIOlf 

The Kat^re ofLa Magnetic Recording 

varia««-n^in^the^L^it Bafletlc nedlun e^ch a* a wire or taoe consiste of 
to m •’“'gwetization along the medium. The*» variatlono 

I y of^^tisatlon are usually produced by drawing the recording 

C™.“ "1'"' »f • «d ts. 
^ . ”c M1"* her4 10 thn 4,!’“-«ä Winer. To rmrodui. 

î?i- 1,.df 'm ,,0*t th* "Ol. T.1-C0» of a Olaylack koad. and 

•Iwal ImroMod on îho^'Sl^rrâJî^f™ C0TT’n,mÍ^/ 

nr ~^ I101Ü bc;ch eatvxetas ell oortlcno of the medium or by nasetoa it throu/rh e 

toÂriéctîo1;. A COBParl80n °f the8e “etk<;d8 of 

teisi. ¡otic Rccordlnge 

how tk- ^raSrSLn^f?8' “r.11* ^001^-4 Into ttea. tyne. deneadlne oa 
pradiev-rr^and (¾ Îî?' ” U ÛT1Plf»*d to the medium: (l) longitudinal, (.'■) per- 

:--- -! rrr;':.1” ví.lch ‘h* “'o«“'*"« Km cradi«,; i. „.- 
alono- f— iíiíí-h ,r along the thlcknsss dlnanelon, or oiong tÆ» width dliBinsioa as ehown in i r«» . ’ . * , 

transversa recordtoge are! of co^e?*lL‘ntl2l! ¿ pernead1^ 

Types _cf !~-^a Confltroctfif»| 

cloKflf* n-zwiorif. /.<«.«4 1. « a ? ^ iÇ 8een thrt these may have open or 

—- « K,41UD‘ 

SíS »Änrr^ ar sr -° 
.hm-;. „.‘Soi. iïLrniîéîîiy'oin?.?” w 
fis. SCM. n» rlnâ ^â c.rf r °xl' °f toM ““ ln 
menetiíaíloa. ^ ‘ PlK’ 2(c' l> “'d irlrarlly for lonjUndlnal 

Çsssmsjir^ssist *2£!eïl3E! SSÎ Tm« of BgM, 

j i 
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coro vith ft vftrr s^all t\tr rfin e.llow8 ft slgnel of shorter wav*length to le 
receded and reproduced thpin la oosnlble vlth other tvTies of c.i-® constmctlcn. 
i 1 ■"ßrT> length oi 0„0005'" Is easily obtained with ring~t'm? cores* Far 

o^rrendieui&r or transverse recorfUng. core construction of the tynes of Flge* 2(a) 
and *(b} is necessary and the shortest wavelength that can be -ccorded Is to a 
first anoroxlnatloa at least. United by the thickness of the oole olee**.’ To be 
mechanically rigid these nole nieces must be of the order of a few thousanths of 
an xnch thick, eo the shortest recorded wavelength Is oeveral times that obtaln- 
able with the ring-tyoe core. This comuarlaon is evident fron Fige. R(&) and 3(c). 
The fact t..at solid metal recording materials are more easily magnetized in the 
direction of rolling or drawing and that the ring-tyoe head allow« easy removal 
of the tape or wire and does not require adjustment are further reason« for the 
use of longitudinal type recording. From a practical point of view, a peroend- 
culer or transverse recording in the case of a wire recording material is ruled out 

by the tendency for the wire to twist as it la drawn past the heads. 

1 

jjgthoda of Recording. 

The résiduel flux which constitutes the recording on a magnetic este,rial 
is related to th* ttiF of the recording head by the familiar B-R curves of that 
material, oo this r^lrtlon can be considered linear only over a restricted rangé. 
In recording systems wh»re amplitude distortion of the reproduced elgnal must ^a 
k«ut to a minimurs, it Is noceaet ry to use a "blaoing“ HMF In the recording process 
to enauro that the desired linear transfer characteristic la obtained. Prior to 

th® recording method ln u^e enrlsyed a constant unidirectional biasing 
mi ln thft recording head and a recording medium that had been eaturated In the 
erasln.-- proceea ty a uiiidiroctlonal magnetic field. Tho erasing process leaves all 

r;0^t,lonoi,0fvth* rf,iium Mlth R fl«« denelty % a8 shown In Fig. 4. The biasing 
ÆU‘ 4la of tho "roper m-gnltuila and direction to reduce the flux density in the 
portion of the medium at the pole plecsa of the recording head to the value Indi¬ 
cated by point P oi the hyoterosla loop of Fig. 4. If a signal MMF. H(t). 1½ 
eup-rimpoaed on th? biasing .’5HF, Hg, the amount by which the flux density of a 
i<.iven element or th? medium ia reduced is determined by the total WT is the 
recording head at tho tiE3 that element la at the pole piocea of the head/ If 

Fn and thn Eaximum ia H?, the flux denaity of successive eie¬ 
röd to values cor respond f n nnl m N. B.™ U n-,1 *T .., 

the lalnißnin KHF is 

monts will be Icvcrdd to \aluea correepond&g to uointu betwoon M and n’o^the 

jUnro °f '1^* Wiletl bapa elemantn leave tho rec-'rding head tho applied 
■n-u ¿mus to zero and tho reaidual flux density ríaos along minor hysteresis loops 
to corroßoending values between H* and W . By propor cholea of biasing MMF and 
s gnal ac.plitudo, then, on approxlcatoly linear relation between signal and 
recordöd flux cr.y bo obtained. 

V« About 19^2 n recording mathod employing a hlgh-frequancy or suporsonlo 
ï:na.v‘ia adopted. This method vomits recording on a danv>gn«tised medium, so thst 

“0±B0 lovel °f tae °ut«ut is each loss than for a eaturated sodium, while the 
maximum signal aroliU’deo aro approximately coual in the two casos. This improve- 

n ratio ha3 rcEvlted In univorecil Edontlon of tho 
high-frequftney bias where rainimua non-linear distortion is desired. A signal-to- 
noiçe ratio of &0 cb with only n few percent diafcortion is practicable with thie 
me 0 of recording. Lias frequencies used in commercial sound recording eauio- 
rnent aro in the rang* fron 20 kd to 60 KC. ' H 
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, .41 cc:rplríc' '¿hsc-ry of recorc’ian. oa ?. a^(çn»ilc nu-nitiT, W f’ia 'ilrh- 
i *•<•: u'-ncy bins .-thod í;ft3 not otan publicei. Such s theory voyi • involva 
cor-.deir.tlon of nestle ekin effect, the finite vidth.ef po?.o pieces o? 
recovdiiiiç air ppn. deminetizatloa in the »edluas, az¿ leol-pgc flux about 
.ho recording head. However, a.qualitative cxolanoticn of the roccrrln,? 

or5n8rrnOGle?tln,G íhe3e cffRCte io pß9il7 2n¿e. A?='one a bias i’reoa»ncy 
o. 30 KC. a signal frequency of 1000 cub, a tana 8pe»d of 10''/Sec, and a 
recording air-gap width of 0.001«. For this ca0e any element of tho 

^ í8,1”^6 riding gas for 100^ec or 3 cycles of the 
iae MMi. The total MMF aonlied to an element of the recording Medium is the 

instantaneous sum of tho signal and bias MMF1 b as sh-vn in Fig. 5(a). The 
Mas MMF amplitude ie enoroximately that reouired to just nasf the-lover knee 
of the ragnotization curve. An element of the médius in pacing the gap of 
the recording head, then, is subjected to an MM? which forces tho flux dens- 
III ^ fï? a 8arlea of Elnor hyeteresie loop« ae shown In 
enferAi ’ ♦ ^ “î* Aûao0 flßure8 ñrp for ©Itncnts of the medium that' 
enter the gao at Untas tlt t,t and t resnectively (aee Fig. 5 (b)). Upon 
leaving the gao these elements have Residual flux densities of B,. B . and 

89 Bk°wn ^ fijaros. The effect of thl, high frequency bias ?e to 
remove the curved portion of the magnetization curve at the origin and give 
a linear relation between signal MMF and residual flux density. It should 
bo pointed out again that the preceding explanation is incomplete since an 
accurate plot of residual flux density against signs! I-fMF would show a com- 
ooneat of the bias frequency present. In practice this is not observed orla- 

ÍfííT ef/*ct of ^magnetisation in the medium. This effect, 
wh.oh will be discussed later in connection with Engn^tic properties of 
recording media, causea elemento of the medium h^viag a length that ie small 
compared witn thickness to bo brought to essentially the same residual flux 
density, eo the bias-frequency component is lost. 

SI, pA7M»Ar?n<*#4/avt 
^Lra.mr*r—» _ -.y..»-y.w va! 

* Tho reproduction of a signal th*t tes been recorded on a nm/rotic 
modlum ia oscantially the earn« for ail types and methods of recording.'* Tho 
typos of core construction shown In Fig, 2 apply to playback as voll as 
rscording he«as. For a given system the orientation of the polo pieces or 
the air gap ehould correspond to those of tho record^g R0 tj)nt a rsirUmm 

«■ «««a ti» w .¿IL;-;rû%. .«du«; r 
: avx f*0“ th^ recording modiun. It hag been found that the rinL 

TtSrTj^Z:: °‘-h‘r t?1’” f0r nl87iac!t f»r «» -B». 

Skiing 

Aa has been proviounly mentioned, a recorded 9l«ial mv h* 
either by saturation or by domagaotiBation of the recording medlua. Saturation 

of :S;"lirad eU$€'Lwiîh a ^rmnen* ^3¾ or With aa alsetromaguet 
of e type «lallnr to one of. those of Fig. 2. For this purpose, of course 
neioaer corrow polo pieces nor a short air gap ia ooossaary. An obvloua IrthoA 
or deiracaotlsiag a rocording medium is to pass it through the center of a coil 

in which alternating current is flowing. Tîüs method is not genomUy used 
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however, because shielding of the recording and nlaybac* bred* from ths 
Mßa 1;?ak8ß« íield becomes a nroblea. Present practice is to use: a closed 
cere as shcia in Pig. 2(c) having an air gan of O.OIO'' to 0,020'' In contact 
with the recording medium, A hlgh-frequancy ÎRS of sufficient sr.gnitude 
to rtiso the flux density of the medium to saturation is annlied to the 
medium while It is paeeing this air g>ip. As the tone leaves the gao, ths 
flux density is effectively reduced to sero by the ianasnetizing effect 
mentioned in connection with the recording procese.® 

Fronuancv Rggg2Sa3, of a Kadettc Hecordipg Svatem. 

®V lt 18 Tery difflc'ult* lf not iEoosalble, to eoroute theoretically 
the frequency rosponoe cfcaractsristic of a given raagn-tic recording eyptem, 
*f It could ba aasuaod that a ccastant current in the recording-head winding 
oroduced a ccastant magnetizing KM7 sad hsnee a constant residual flux den« 
city for all frequencies, then the rol tags generated in a rlng-tyne playback 
head under ideal conditions would bs 

= *1 
4 

dt 
sin at) 

- e2 f cos at 

/rtlo correeponds to a stral^at lino rising 6 db per octars when output voltage 
in do is Plotted against the log of frequency as shown by the broken line in 
Pig. 6. ïîio actual responao from a typical recording syataa for a constant 
re«rdijs| current falls below the ifeal rssconse both at low froauencies and 
at high frequencies as shown by the colid curva of Fig. g. The dr on at ths 
low-frequency end occurs when the wsrelength of the recordad signal is coo- 
paiaolo to the physical cllireaslono of the playback head. Ey reference to 

toSproÄ; S4 ,b); U if £S- thftt -351 fths -soriiT* sodiua is in a position 
to pro&xo th? EazlEua ¿Its. through the playback heed, only a fraction of the 
to;»l Uux llBka the wind inga for long uavelongths while substantially all of 
the flux l-nkj tho windings for chart wavelengths. This resulte in a decreased 
output voltage for very lo\f frequencies® 

a?0p la Qt* tha high-frequency end is due to several factors, 
the major casa using demagnetisation in the recording csdlua, leakage field 
auout «na recording head, and the scajming offoct cauecd by the finite width 

,, illr (%ri ^ playback head, noetic skin effect in the recording 
medium and clij currents in the core of the playbank head tay also contribute 
ußdar certain conditions® 

, ml1 thât ea tb9 mti0 ot the length of a bar magnet to 
ivs thickness dscreasoa, the field at one end of the sagaet due to the pole at 
"7® 0i,h«r cad ¿aereasen® This "eelf-dei^Agnetlsatlon" recsses the total field 
strength. A4 high frcqusAClee, then, when the half-«avplsr.gth of a recorded 

-1 aTinro&choa tha thlchssss of the rasdiuia a oiEilar condition existe where 
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\^ZtmLtT' Viym a :mlî^^h lot« is considered .* on 
S lo ZlTZ'iJZ *ZTiC tan\0^0C1" tbick rmnlneZi l Zeü 
to iho tane thicknos. 5000 c^cLTíer 

as & eerie^ of magnote each^halfiwavvdf1 el6ral ïe coaaidared 
next to each other. Por thl* caBetha WlJh 1fke polf!s nl&ced ^ 
the field of all magnets In the TicÍniíí As thfl’eneS r ® reaultant of 
decreases, the influence of noiphl rin/^,«mitth* length of th?Be magnets 
aud reduces the effective field of a°r* oronou»ced 
nf tVlfle® dom^gaetizing factors are dÍfficult^cSSíaí ^ raaßnltude# 
not only on ulysical dimensions hut also !.8lnCC the7 deT,end 
ication and th-> csgnotic proTJortie» nr ♦v<m thS dl3»rlotion of the magnet- 
con be shown tfcarSLrîaîTS M*; * tkf rftrriiaff However, it 
ouffer loss domainetization t’san ^°1^1 "^finctisn 
residual cagnetis». "ateflal. of low coercive force and high 

he«d is that which friag^th* air ^0rdj“5tf,<dl^a fr0BI « ring-tyoe recording 
mpdiua only in the area that is between th* ÎÎ« J^1 ““f thls flus snter8 ths 
the leakage flux around the r^ordiH 1« a" ln Ti^ 8(®). Actually 
enters the tau® on either side of thí S f^4* ^f7031 th8 iacee and 
that if the direction cfther^ordL^f shova It is evident 
element of the iradiua leaves the ro’rer*,!d ***ore a magnetised 
will HUifer some demagnetization. ïhls fleld* tho el*m«ot 
ohort-wavoleagth or hlrh-fronje'»«» „< ® -tuatiim, ex course, exists when 
core m-terial haviLa hJwÍÍ 7^l0l2# ftre belns **«>**' The use of a 
an Í&ÍF as uoaeible halos to minimis«°L5UX îf18^ "ff r*cording with as low ^os so Bunirals* deasagnetisatinn V this leakage field. 

.. ., Thf ôecrœsa in cutout as tr*fíni,nt,* i. «.v.* , 
the finite width of the air can in th* *““k *s <»*ased by 
the function ^ Playback head Is readily cosmuted to be 

•1»*^ X 

108 3 due to this^effect^ hov^r* Tecor**ã •l«rial. The 
sxûisnle, a signal of 10 KO Î ? G!3a11 **** of îh® total loss. Por 
0.001 and assuming S = O.ooos« the^lue T **% a waTeIeneth of 
a db. The total loo. undeí th¡8e cônmïon! lí ! 181* or value. s® COBÚ1tions 1« norsally several tinSs this 

recording process and in*the cîZZt the nlaíbaív^^f1^1? B®dllIM durln« the re of the Playback head during nleyback have not 
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ar¡nr^^e4;, if thp w,?:fUn- 9”eed la au«h th--1 very high, frequenciea 
fr . * 11; 1;í raasnir^le tn aasUTie that oome loss in ^»itr-ut at fci,íh 
hace henrteS 0CCUrs f8 8 -3ult of these eddy currents. The ceres of nlay- 
ronrr,inoi8 usually l£jnlnatpd to minimise eddy current losses in the 
T,¡netratiüe Pf0^°88’. Cf ^^89 9kla ««ectat the hina frequency Unite the 
outor' levol °f ^ rQC9r<ling medium, but this causes a decrease ia 
ressonai níve?r ^ ^ fraqU-nCle9 and would not the «^T>e of the 

ReatdnBgL9nt^in_i.__Mgf?iet;r Recording 

Ai~»t«nn 8 complete magnetic recording system involves consid- 
and the dri^í^ ffct8r8’ C8rtal1‘ Tirooertiea in the recording medium, the bead 
^tral fo™ bS9le reaulroments. while the trials used, th* 
aartlculee ^íí^íhe»?<?Ul^!I^;^k, *** itB 0T5Aratla« «peed are det-mined by tht 
co»ÍJ!inodrtn^ÍiCÂtl0n>íCr Which th® 03r8ten lB Intended- Proa the inforaation 
requiíeaents.the PraCS,lili£ discu38l°n it is uoseible to enuacrate some of these 

ertie» in low r88iaual mafînetieo are essential proo- 
resolution nf rh°r0 mxlnua high-frequency resisonse or good 
ia Hm«» a ia desired, Hoveror, in practice coercive force 

(O, :i?r3i6ia thfi of obtaining sufficionUy 
^ ThehvTlS oÍaín<íif ild9 tha rcCordlns hoad vithout excessive leakage fluí«. 

^ Î r1 festliUEn 8180 nust be sufficient so tÎBt a usable output 

the”diaapt^r^of^A íir0n "1S7fcaCk h9ûd* ReduCln« the tUcî=988 of 8 ta£T 
' limit tn Lf f** ^re rie::rs;:iaa98 th® demagnetization of a recorded signal* The- 

, ^Z1" i“-thl> !■ e°‘ ^ consiâeratlûna ofwi^T 
irihe ÍSiní m ï?5116 ttißh r08Í8tivlty is another desirable property 
r^dinow« ™? ! ! !fsher «ol-tivity reduces the agnatic skin effect 
of _0,id *** ,J6û®t»t-on cf flux in the rocording process. The choice 

tL mrUc^ ,"„ncatiL Tt:M‘ fd 0i *lre- cr i5!= fora o» 
icaiw °f the ey8tem- S011« ««tal nnterials are mechaa- 
í^a ÍuuImÍ vf, exD er lenca little wear with use. Powdered materials coated 
outtmt nnrtW k*nfi*elT? l3'2tter high-frequoncy response, but have a low 
than flat £Ut Rfte^ £ f*w thoucaud nlayings. Wire occupies less space 
time is desired^011 * ^°1 2° la GdvûIltaeeoU8 vhea a lond recording 

eabilitv mflLf?nfVii6n^^11 f0I th® cor® of 0,0 recording head a hlgh-pera- . 
saturation o 1 a 8h”'fld ^ ^5641 In particular it should have the hipest 
It mot J) fl^X d8n8ity along with a negligible residual magnétisa 
partlcularlv at conntmctloa t0 reduce eddy current effecte 

?C la8 f^Ufincy* To facilitate win ing of the coile on 
these So nnnî3’ C°r£p U3Ually ^ûe in two parte, and tha faces on ' 
in / fí8 er0Ua t0 ñive a 6004 fit on asaembly. ITa snacor is used 
of vindin/uaad^r" ff b^h-frequoncy resuonae is desired. The typ« 

<S7, bias nnd ? 8 00 the design of the amolifiers supplying’ the 
found on 8lßna1^ hl^h“llinedanc9 and low-injoedAnce windings are 
tn tl V!1?1 reco^ oouioment, the former type being coixuled dirLîîv 
to the plate of tha outnut a-molifier and the latter cîupled Sro^h a suiUbU ' 
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trantioracr. Vfhere hi^h Mas and slrtnal frequencies are emnlo/ei, transforosere 
generally cannot be used, rartheraiore, care must be taken to keep distributed 
cancelty in the coil to a niniaua to avoid resonance effects vlthic the oper- 
atlng range. Sooamte windings for the bias and recording signale nay be 
utllitad, end have the adven ta, ce of more simple amplifier design when econonr 
of tulas is not lEportant. ^ 

*he cor# cf the olaybnck head should satisfy the general requirements 
of low loes and negligible residual magnetism as in the case of the recording 
head. However, it® imoorfceat cheracteriotic Is initial n-rmeability, which 
should be aa high as possible. Although bestsosulto would be ejected from a 
mspetlc circuit h-ving a single air gap, it Is more practical to divide the 
core as has been ¿«scribed for the recording head. Syraniatry in the core and 
la the windings placed on the two halve® gives the further advantage of less 
Î, ? V ®stra’î®ou* Œûffistlo fiolds. In any case ungaetlc shiel«»ng of 
tha Playback trad le essential, ecpacially with low-outpat-level recording 

euch ft3 thl} powdered tatoMcls. A hi^irpedenco winding to connect 

. 1 p*® roqairec.5ntn for the core material of the ©rasing head are ident* 
leal wUn tnoKe of the rocording head. Its fen turas of construction are algo 
the earo erceot ttrnt a ¿re of Û.01C» to 0.0»» j3 „aoessasy. Its winding ehoul( 
bo d'39i£iv’d to obtain a eaxisaua power traaafer froa the erasing cisplifier; 

Tor iSlthiul nvareduction, the recording medium should pass th# 
recording and th® playback hwiâs at as nearly a constant speed as possible, 
einca fluctintioa ia cosed will censo rarlations in both the amplitude and 
tíu* frcoutscy of the renrodnesd ♦■•I. v™. __« . . 

-iw» choice of the fora of th© recording tEodium dotermiaes other 
rcqMrezente in ceolraical conotroction of a recording r-yotea. For long j 

au-. — — —_ —— . , . ' --vrnvvntw 
the use of wide core® to tecreaga the signal level fma tho playback head. 
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orlnHintal Mngnetlc Recordlri* S^rn^ea 

The eoneml feAturen of the recording eyeteia designed for experi¬ 
mental purposes la the Center of Analysis laboratory are ehown In Figs, 9 
and 10.. The base and front are of l/4" aluminum and of standard nanal width 
for mounting in a rack. The pulleys shown will accommodate loops of tape 
from 5i» to 60" aong and up to 1/4"vide. A brass idler -ulley maintains 
teaeloa In the taoe. Tha mounting ulat»s for the heads may he tilted in any 
direction by thumbscrew adjustment. They also may be raised and lowered and 
rotated about en axis peroendlcular to the tape. This flexibility la the head 
mounting allows different sises and types of heads to be abated to the machine. 
Tho drive shaft Is mounted on ball bearings with the drive nulley on the front 
and a brass flywheel behind the panel. The drive pu’ley is turned by friction 
between the flywheel rlc and a rubber-tired wheel on the K>t-r shaft. The 
motor is a I/125 H? C-c cotor with epllt field windings. To obtain an adjustable 
speed over a wide range by field control, the fiold windings are connected in 
parallel to a 230-volt line through suitable rheostats and the armature is 
cuo Oisd from a UO-volt lino. There are two rubber wheels on the motor shaft 
so that two rengos of speed can be obttîaod by shifting the sow to engage one 
or tho other wheel with the flywheel. By this arnmgoBsnt the epeed may be 
adjusted from about 3.6'/see to 0‘!/s*c end from ll"/sec to -5"/eeo. The epeed 

Serrón/panel cwitch* ^ wo11 af input output plugs, appear on 

A echeaatic diagram of the complete recording system is shown in 
rig, 11. The iwnpliflor circuits cad head coaotrucUon wors changad from tlm 
to tima end opaca does cot permit a description of all the dosigas tested. 
Tfc0so that ws?» uaeii to obtain tiio curves included in this resort, hswver 
will be described. * 

1 • ,. a *^11» ring-type core of 0e®3" x l/4" Hiporsil 
laminations stacked to a thickness of I/89, tha landuatloas boing perpendicular 
Ir £^rãííal ?ii*ectlcn of Hi9 c°™' ïhla cor® obtained from a Raytheon 
U-7„o0 pulco treaeforcir. Üvo hmd has a single windieg of :¿5 tumo of Ho. 25 
wiro and a working air r« abent 10 Ells, vide. At £0 KG this head has an 
inductance of 3.2 tli end a Q of about 6. 

^ recording head is clso of split ring-type construction but is 
eado of O.CQb 4-79 Ko-^sKcalloy laminatlona. In this heal the laminations 
t P^Hel to the racial direction and are stacked to a depth of i/o", making 
the face of the head l/ö» vide ce corred with I/4" for the erne Inghead. Tha 
lanlnn Mona aro shaped 00 that the width of n lamination tar^ro to 1/16" at the 
working pp ne chora in Fig, 12, Two windings are placed on each half of the 
core, Tha olgr.nl winding ccnoi^ts of 26 turns on each hr If cr a total of 52 
turaa, and the blag wind leg 150 turns on each lu>lf or n told of ?00 tura o', 
Bupbar 23 wira is used for all wirdlngo. sirco the faces of ths cores were 
ground to a close fit, it is estimated that the votC;iag gap cf this head is 
leas twin O.Cüi-5 , The bias vinliog hao &a induo tance of 6,3 r;h and a'Q of 
about ^ at CO KC. Tho eigni\l wio-liug la» ca tedcctanç» of 1 jj(»# 

& 
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n ns a JiVÄ? hfí S’ SJ!“'h c»®w t>t« BM19 he»!. 

«î .»ïÂ&Â&iÂ r^iTct^r^iiTV’. zsï* 
ss.sr^s r “cfc taii*ih^” 
turnstQf the^windln^n f ^ ïr°“ «tr?-r‘^us ^ta on the nW.ber of 
Rt i zc, inalnfia 19 no4 Rvallßbl«. the meaoured Indue Unco is 300 mh 

ero 80#n °r the dia2ran' of H. four eepnmte amnllfiera 

nK^n « «n cr,a3^aß aspliftcr, Fig. 13 and bias araplifier Fie. 14 «ra 

triaivr^r i «-, 
° .C™^í8r- 118 ^-311 re“«aT, L ^ wT 
5-0 m e-asinr c!írr¡nl «n3 nsa8urlns blfi8 current. îîaxlnrujD ve-lues of ® erasing current end .,5 » bias current rere required for the heads used. 

sjî f¡ t^Tt^ass^ °r 

» «au« ZlZLZïZ SÄTÄ cmT«nt. 

fs3'3 T5lo.Vfcack erEnlifîor 9** iß «_ « *..«, .. . « 
fcTlnr ra core ‘’t'* 'l6, 18 a ^t0“Btage R-C coupled enpllfier 

^ S» «ife^TST^; ^Âr^ÆT* 
1000 ci, or ¡¡¿’£ ttnt •* w «• It8 »*» •* 

Bsg&jdjof Tnaf-p on «. ' il Erstf-a. 

cl, diitonir^T“ *M8rl,w4 •’x»« ‘«*» «M. ccna«ted .Ith 

to the v^meut î-lnJ** f f1;?1® ^13 trônenting coded infonaatloa. - Up 
uh:.,aata c-'allîsd i« laaufflcleat to allov conclusive etat«- 

Ccrtato recuit# ^ rôCordln« ”sdla- 

-/ i 

:¿ 
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^ ) J ^ recorêin« »«die. uosd la tha teato v«r<» ell of Uve ïo~c. and 

îri!^™ /0W<\Cr!r ratPrialB Kl4 80lld rau^fJ. «ne cf the latter being 
rm of a nlr.tiag on a breen taper Thoso tapo a vrra the following; 

1. 

2. 

description 

Ticalloy 

Steel 

TIPS 

Solid natal 

Solid setal 

S3ÜRC1 

Bell Labe. 

Cut fr:a a sheet 
found in laboratory 

3. Brush ola ted Solid metal 
plated on brats 

KMM Powder coated oa 
cellulose acetate 
fiin 

Brush leeolopaent Co, 

Minan Xla’g & Mfg,Co- 

5. 

fi. 

Brush oaner 

Ryfluac 

Powd»r coated oa 
naoer 

Pcvder coated oa 
paner 

Brush íerelooiBent Co, 

Indiana Steel Producte Co, 

^^?nf «^ns croBi-sectlonal dimensions of these taoes and the magnetic 
mat-rials in thorn aro presentad in Pig. 17. ™gn**wc 

PtSCRIPTIOM C0-RCIV3 POSCS ÍH-.1 REsiroii plie: eeksxty (a.) 
_(CAÜS8) “ 

3, 

5. 

^icalloy 

Steel 

Bruah plated 

MUM 

Bruah paper 

influx 

235 

85 

215 

345 

130 

(¿30)* 

5000 

6700 

6000 

750 

700 

(1400)« 

it .-, . ^0r ^esJc °? 1300 oerateds. The magnetic material in th» 
,y;iuX faa an «c^tlonally high coercivo force and ti- available , 
l2lns *°iüù wt »reduce oufficlent Miff to saturate it ^Poí thif 
BMS .f “""r/,1"- »r. not tho tru, I.l„n, Ò? H La bat ere «os*«>what lover. * nc 

„„. ■;, 

> ■ J 
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«ti í In ^Ißjwe 18 are ahova the complete hysteresis loooa for these tañes 

?\î™ tlíe r* 8Cal0' Th989 ^38 aad the tabulated llLtTof n lL 
* otiaiaed -ron thea sre incl-.dad nriraarily to show the order of magnitude 

of the .-unatities bol^ considered. B^ca^e of limitations îî ïhe^ïït e£ip- 
msnt, eoLdrces of error esist which have not been meaGured precise'v Vi*n™ P 

ZT^llrZZ h~"- “l- 

TM. .s, don. to rodnc. ta^ «“ "d“, 

SSS2"* 
^s:er:"^5 - * 

A frequency of 50 KC was used both for bias and e^a’n,» Tt ws« 

5 SÄ ill Tl0B 0f fr€queac^ t0 ^equenc^ôf {esHhan 
“• raciuln —^ effects eccurrod, cciusil^s dietortlca of the output signal. 

ai 4. Aa ^ßkt be errected, tha aaxlBua level of the recording -i/mni #«- 
distortionless record^ varies -Ith different recorddnTS vithîLÎ 
~.r,Utnö.Md with ro cording f«hnmoy. In th» ts.tôto bo doUrlSi th! 

;rS3of S™r 1» *» eortou* ditto«!». 

i™wy ssi^rons.* Sî . 
«haoo of cad!, on™ 00™»™,.», ,. th, i1®-.1*: 

Ä “T-“” ä“’ 

âî/î^âi;. 

fr«qw.cy or rore acsjrmtoly th9 WfivJi^^th at «Meh ' At lo th* 

MM Ä* ior äävs; - 

»««MMrin»» 8!noo ¿i to^otlutl^SSr î^d°T" 
t!“ g ^-1°1 " b0 «V”*™ Vf 1- » corrolatioa hot°«^“ ?^nonolo. 
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oí pii .r^ s r»rn° ooíjrs ?°Fie-19 «.. of S.H c^. 
8* ^ Bteel 1138 the bißtoot 1¾ mtlc -ind loweet xa^lmuo- 

reBT)on«e frecuency. whll« the W24 tape haa the lovpet TU , ,„v , 
maxlBmm-res-vjnae frequency, • at ^ and bigbeat 

leakr-e 0t î?* dr0T) ln hlßb-freouency reason«« caused hy 
of 2¾ Í9 eLv«/®^ ^ Tä U n0t evldfi3t froffl the re so on 0Q cïrves „/*«• However, the effect of this factor Is Illustrated in 
and ¿1, which 're resoonge cœrves for two recordim* media for diffAnfñt20 

airront* tbe higher valuos of bias current, or recording 
‘ hiJ * tkj 0.2ajus-raeponee frooucncv is _ ecoraing 
«re TOiál, »Uh tacreaoln«^! “d nn0™ °*™ ial1* 

in blÄ(1 °a variation in frequency.response with changes 

”**?, rth0 Erah •‘•Ä? 

»¿rsr,rr¿s í¿S^iS 'SEV 
At & .V .7 ; w* vu» pM,xn eirect in the tan*. 

recording'îWtl0Q/a th° recording head, or the mschnnlsm of the 
e^erisoaiatioa. ™ mH 1)0 d€t0rE,lned V further 

S^S^j^^lXgtJSglbgr ^Arlr-.-rifi'», Vorjç, 

-»a t?9ft resulte th-t b«*'» ___ *_ _. a. 
point out a 1-:.-¾ of infrtv»j-i*t—»c-ooca la «»*e vi-oCôuüig paragraphs 

SÎ $Sil7i:n“ ««*» *w .»»w«« .»»«‘SSâîr"* 
r"^ n, ,7M : ^“lTO lrafc?"3 n« «*w* th» nrktne en of tb, 
; ,a ' Si ; / c,°r E««-ial ..x-h v»KMr.dOT vhlch tas a vo¿r hlah 

!rt‘S ,. V.'*00lä *« írl'--- “1 tH» tins of tho cor» might ho 

vhi7lo^»rÍrí7'fírCího í4nt»daíõ^ nj" n' f?*! ’i“14 **»» • «»► 
«oltólns Aííor heat troatoeal on tho oõixtaMÍuí 0/20^ uÔÎ í^n^f 
known, eo a ©»ana for accurate dotennlaation of f'lnv dinfniin *.* 8 
recording gap wotûd be verv heuefirial in ths ¿.Ci™ button around tho 
rouordlng heads. ^«cial in tha and conotruntion of 

X'iJZ'ÁZ SÄÜ .1‘Ä^,'WR‘ íf v~í«h 
üi«h! b? cf t:-’ order of o^HcÆo of lCo‘n/8ec. ¿iíh síetL^®?i®5^ 
a recaiga of tha oraeing hzaâ m well aa tho ror« f5 ?da. 
thiso swesdo en era-ciag freor-t^cy th'-fc ©soñada' *h, ..7 Efd p^S^c« bends* M 
cord,:d would roi have onmítVt « 3 hlP°3t ^nt c^'id bo re- 

of Co aro», ti- rocordto« cod oleteóle S. -Sí ¿L/* 'T”“0“* 
frtquonoloo er »hört oulco» «hlrt »ÔÍ.d „".lî d<,*lsa“ä for ^ hle» 

Ai'.^ 

. 
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\ 
Circuits for supplyluR and reading the coded Information to be 

sto.od should be built for use with the roccrding syaten. Although llttl* 
iaformatioa la BTallable on techniques of recording pula* signals It is 
reanonabie to as sumo that the length of a recorded pulse on the mêdlu* would 
not exceed that requlredior recording the mlnisun number of cycles of a 
sinusoidal signal that would excite a tuned circuit In the reading equipment 
¡Í* ;?* Utt®r,typa of signal. Thio is assaning that elnasoldai signals of 
t o dlii'-rant froquencles would be used to represent the two binary digits 
and that the reading equioBont would contain filter circuits f-r oeparatinr 

tw? jmiueneies. In the field of carrier telegraphy it has been found 
^189.05 a oinwolda.! signal are ronuired for such selection. 

should not result in a loas of recording 
caneo,iy vhiiB It ellows the recording and reading circuits to be of auch 
siEpier d*5-sa. iß* uu» of a high-freqnency bias signel in nuioe recording 
woiad be caecessary olnce a linear characteristic is not required; however, 
the results of recording with different bias frequencies, as chova in Fig. 22 

luve a tig?, tad! ^ 03 aEDlltude cf "oine a Was signal should b*» 

«V»-« C:i a P-ãi focerding raedlua each a taue or disk it la possible to 
tv. ^ Vtf* t*-ch. In electronic computer atmlleations 

trac!:a_Elicit bo utilised for eynchronislng signals or for 
. carding c-iditlonao. safori.atlon whif-h is cot required to ba read indep-nd- 

°n th; 'T1?01 tWCkB- An -»«Jo of the vifith and spacing 
of eu«h t.ac.^3 c:y bo obtained frea data cn ths Bruch Development Cosspaay 

.Ü8Xa5 ® powder-costed paper die*, it produces a sonad 
trau, 0 01. wide and conclng bctwcon tracha cf 0.011“, or the equivalent of 

SrSIS.1“0“- ^ ^ ^1° “« «0* .Ma“ÍSr 0f 

Tho probleeg of racking the location ef specific Infor»*tion recordod* 

V'*aim fld ot p0!5lt4*°nlß3 th* for renoval cf that inf^L 
co-ïï/r -'^ ’ ^t¾^• ^ti-chaanol record^ ca n flat wdlxm 

oy,>r recording in those roeneots. Sob» 
of th...e £.. >-iv»«vea pi-sj (l) a cenarate chaicisl cißät b» tr-ed for «vncîae^sins 
m uAir^. ç, signals; \^) inforsatloa säght be grouped on sections of the t^ue 
tnus redunl^g t«e 6iCa required to position th» taue for playSch; (3) 

•* ¡poaite dirccticne on ad<ncot channels to avoid loes of tin 
in cr (4) cnocecaive signals Bight ba recorded on or-irate cteníeí. 
to enow «cording at a high,r Pulse rcpotUlan rato for e^olT viSl^ 

"i* S18:;.1- *• ?; » *• vesorteû <m c¿ c¿Z¡*Zí™ 
IL0' «o^d bo recordad on another channel, oaioeo 3. 7 n 15 
etc. »oud be recorded on a ’.Mri, end nuise» 4, a, i2t 16 »te wô.rd b*’ * 
recnrfM 03 the fourth efcaaal. The «solid v*ud urovldîilç several 
c* iruHlg also ^re stronger than wire media eo Mjdld be deairable whore 
^^tnor îM .»ai., vhor* 
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l0^f* M: c** "JnTeatlgr.tion of Maenetlc 'fere Recorders * 
^ÊSironlçA. Toi, 17. Ho. 5. (May 19*4) m. l^-Sf * 

Sî?8!; L; ^ Clprk‘ D* L*» "Suoersonlc Bla. for 
tegnetic Recording," Rlectronica. Toi. 18. Ho. 7 
lJuly 1946)jno. 126-136 - * * 

Vooltrldgo. !d. H.. »signal and Holte Lerela la Hum.tle 
f* • ÖSJSSi. TOI 65. Ho. 6 (^1¾1° 

E^d''H!Fl"îï,'îr“0Ct1 ,l*rol>a« ff»» » tesootlc Wp. 
pp sli-esf—^- 701 • M- B’- 6- 1946) 

Begun, S. J,. "Eocent Dsrelopiaants ln Field of u.^,n«.«_ 
Hecordlfcg.» £wtç * . 7. or fÄ^netlc 
m}< 1“£JS* 25*. fol* 48, No.l, (Janiary 1947) 

^Z’’ "y’i'^f'i10 f0™1 f0r “’“»í «»‘«f»«’. S3 Vol. 48, Ho. 1 (January 1947) rp. 14-3f! -* 

SïS1’ 3ovad R®C0fdlß3 on Coated Paper 
FO. 3848i 1 (Jüaosíy 1947) 

E^eïïr^i "I ifi* Boyera, J« 3(,, BA «SÂguntic Sound 
vli io °£jAÎTrfcea Coei^*. 'iS Jenïr. 
?sla 48. 1 (Janmry 1Ü4?) ^29-¾ 

ÓSHD Heporfc Ko, 6325, June 30, 1946 
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pr0T1lde f aeBn8 for comparing h-atorflula loops of various 
magnetic recording tañes, equlnment for tracing B-H curves on a 

£^d:Æ5?r 
oícilÍÍBeonfSo) 

A dlftgraa of the œagaetlslng coll i8 shown ln Pig. 23. The pickup coll 

MaiiTiL0?*,* "î0^!? f0iv that a 1®nßth of th" tKn* to to tested can eaalljr he threaded through It. When in position for caking tdsts fn^T 

wS.'tJÎoâ.'îni .mS: C“‘'r OÍ «U and tí. • 

An •. * th00ÎT ,0f 010 operation of the equipment is as follows A 
60-cycle cinuaoidal magnetising force Is generated in the magnetising 

Cir Lh^TP}ar C!TreQt thro^h its Winding. SincrSê i‘Sît- 
' nrv^ f ® Jo Proportional to the currcmt flowing, the voltage drou^ 
across a wsiotmice in series with the coil is proportional to H and 
c^n be used to i;ivo the horlcontr.l defloctlon on the CEO. vurthermo. ;, 
the voltai induced in the pickup coil is proportional to thT«^? 
change of flux through it, oo the InteOTal «r .m . 
to tho flux thro«* tho oleteo «11 S^«„í ÍÍ*' ^^.1° ?«5««on»l 
the taps, then this Intend “lt-%, ioSJ „"“vT ““f’V within 
doolrod o,teo or n« Æ? rnn“ 
doflectloa on tho CKO. îh« olctep <¡011 oaid, honoTor, Soaoenrlly hod o 

£ ,TT f1 “i“ T8“1 of » too., so*thet tte actml flu* 
in the tane 1« only a fraction of ths total flux throu.ih the coil Tor 
this reason a second pickup coll almiin^ «•« «.v.» . v . For m, nlnood fcaoide » .lot 
tho tk-o oleteo colls lo o cultntü. haUníiE^fli!;!'’ “"îf“1“* 
oronoMiornl to tho fini three* the tm. „"„»; « i.. . , »oltego .. ,v, -v, , w'*iuti,>x une tape aaoco Is obtained. Tha inteAr&i* 
Of this *01 tesa, tfeea. i3 proportional to the flux dcaeity in the tanef^ 

Since the tross-saotlonal area of the magne tic material in th* 

rTi¿T^ n1’:,, iMs «“^ròou ääi: Pns0ä ;ith 
crons-eoctien oí 1%' ?5^ £ ^ If U had . 

Callhrntica thus consist, of ndjnstins “t °f So"tSS ««í to t» 
tho proper fraction of the voltüf» frem tv.« coils to he 
being detsrsipsd by the ratio of the taue area to tha**avC011* thi8 
OoOOOS eq» íaP The construction of th« «S!t! .t ® AVer0f area of 
shown in Jig. 24. 0i tho coil assembly 1. 

Circuit diagrams of the acrplificrg used with the 2~3 enrv» traiot«» 

S^roÄStÄÄ control3 UnZT:r f > Ä. 
Wifior (U«. 26, confins ^iT^rÂ^árT^ Ingrat!« 

w 

í 



T r* TW TVTn .J, W^WTWW 1 Iip^iigi |I?VII1!^ 

«. --M* •■’^«bT' —LU>«14lu«l'j^ •»-u». 'V»’>-ffli 11 ^ u >■:■ r..’t-i »jb-«« »>.■ 

Report R»ir4 • 
Psfírt 20. 

tr’-a„ o‘ lïrfr, ^ í f1 Aarllfler' measurement., -r. being 
is not L uîîîd ânlL v8 T ^ a hl£h flw 4ensit^ the ureamullflor 
60 eus ™ Í£ î® ?>, 7 9:î^hed ^ «aeured values of gain at 
for the final affl','elP^^e!^mllfie^, 1^165 for the integrator, and 3680 
of Mph ^tn^nï X1 V W| overall gain of 392.0. The requlr»«nnts 

“« ^n^cStTa^ ^tSd 

nSSvH1:— 

in ZZ^T'r^u ^T 0Urr,mt “M‘d »»J-‘io-W« 4i.torti.a 

»inlus tL^T?mo«\^o?l»^,t’7^SiniSUr9"a’tr^ ment 1« shown In FV ?7 <r«hl -.* ? .t BCÎlC3?îtlc diagraa of tha equlp- 

18 poîiMonel nt fhf cLt^r of ÄLín”^ tha to^ 
ûdjusted so that the outout of the SuhLtlíí r°n ^ tà* Bwltch,,a ûre 
deflection on tha 0¾). This LflacWon íí T™** *° vertlcal 
moans of the gala control on thfcRoî Thî œlSÍ!f• ^1 ralue ^ ‘ 
to its »tagt" poaltion and th« halMce 
doflcst'on lg the urooor fmctiw S ÍhíÍ «i! 6il¿u“tcd '“j'U ^e vertical 
this fraction bains deten^lned fro^ ths 3'>ryf;i * or th® calibrate" position 
Raterlsi in th. t^e ^”^^.^1:.°“^ TM°L1' 
U now adjusted eo that the trace on the CSO is Ml^íê 
tne tnne to be tested 1» inserted Into the piL~, coll lî^Sîd S®i ^ 
enoush 00 that it extends a few incha« vw-^^Tv ®hould ta Ion« 
coll. Suitable adjMtont of the ¿in wntwls ^ 
for the tane. m controls glvss tho dealred B-H curre 

in the fonoíínTSrfTsíutm^ til SîmÂnl '1 à3UnTnei 
a roltKäter for the sano «a^etislns ^ coll is aeasured with 
▼olíalo, o0, is *-- AU 

^ V. A A. a _ M* «P*%_ M 
iMtO VOW« XiXAli 

dB 
= ffc*c..C 

dt 

-8 _ 

* 10 - ílgAc o 3ca eos Ut X loT8 

TiZãitToft;: cíi^vj °°a- *° *• «>• <=»..- 
ta n. Mrm for Bca mJ “í^“ toeUjr 

(1) 

^ca • 3.9 X lo4 uc 

wharo Ba i9 tha r.m.s. talue of 
w 

(2) 

raa mgaotlBlns force. H, la nuJaerlcallr „0Uni t« n ^ , 

Vtfk h0rl30n^ d^lec’1^. the d®3lr©d* iicale fret^ for the^cisï.^"10" 
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¾» 1s 

Sa' '- 3.9 X 104 K 
dH/2 

3 7.a * 10a g. 

% 
cerstiîdo wer (3) 
unit distance 

and r.rjLf'tT1!!, ’"““í í“1“ ^01^. »>• P.6k-to-a.»k norlzoatel 
díflIÕtiàri-íâfl ï !ï' ° ? CTIrT'’0" Tl» horizontal StízLvs î: îiLir»! r6$t: zzïx: zzz^n th* 

^h1 "TJ’ th' "r,r Un8 18 ™liS “trâSimrüaut. Tüe ma^ltude of the volteo required to produce a vortical deflection 
ta U» horizontal deflection ohoerred for th. B-H c^eUmieu^d 
voltootor. Lot the r,an«. value of thle voltado hr ]T« 

ftcîo’r8’!40“?.^*.,“ thí‘ ”1U8 °f 7 l* "l^1 »» «o then the vertical ecnl. 
horlL^roLr. fooîor or"“”*9 “"-■«»‘-l «« 1. th. .an. a. th. 

Sy a 7.8 X 104 B0 gnussea nor unit distance 

°H 
(4) 

~0T * nG'' «Q^al to Rc, Sy is changed in the ratio of 7 eo 
E, 

Sy « 7.8 X 104 X ▼ 
*0 

= 7.8 X 10* ▼ 
dH 

gaussée per (5) 
unit distance 

Escovar, elnco Sç, and hence ▼, dopends on the total effective flu* thrrmr* 
tha pickup coll« ftnd not on the flux density alone, the factor relating ^ 
tne cr^as-seoticnul area of the taue. JL,, to the av-ral !“!! f 
^9 xwed in the talanclng etcp roust he included in tho^xpreîaiÎÎ'fôr^î 
Thereiora the complete exoresaioa for ti.e vertical seal exactor ie ST* 

ây* = 7.8 X 104 -Aa 
IJ“ 

gaueses u-r unit distance 

In the aoeratlon of this equiu^en^ certain n«« 
-hlch n-rtht t. removad hr . d«tra iS 
1. th. tonaoncr for th. cao trac, to drift ™ ^ ^ 
tab,, thon tono, rconlrlns n lo» vertid £iT..«£» ?,! Lf^VVÏ' 
»hl. drifting 1. .lew end of eral? wvnltndf bni wS ni î if i’“?1 

.ntrodr .table d-c c»,ol7 v^ulA. radd ^Sde'diTmC ' 

The oresenoe of harmonic* in the ßO-rwi« . . 
1* objectionable. Th^oe ^rcoalca chanre the^haoe of the sf/cSíe Md”0 
recult in an incorr-ot 15-^ curve measurement. d 
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¿•^“íÍXtSSE;'”"’™""“”“*"' 
dosirable^in'mTn*^ hl^er-. ro^ncy Eagnetizlng current would De very 

; r07 resnects. In articular it would nerait «looloé 7 

for the^t^rfôn^ ”cmo08S?clec^n°;ô írm^e^^T"7 

^84 °ut- •Dc^Ä^r 
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S AND DEPIWTTTnrc 

Pafío 23 

5I!í22L.£íLJ2hm 

MMF 

o«r«ted 

«aue* 

H 

B 

Hc - coercir« force 

dsfinitiot 

Hagnetomotire force« 

fcU 0f ^'ic field lnten.lt, „r betitln« force. 

Wait of magnetic flux deneity. 

Magnetic field inteneity. 

Ma^ietlc flux denelty* 

Ba - reaiûaal fi^ denaity 

th' eegnetlzlng force „t vhtch the 
V lits density is zero when a magnetic material is 
being symmetrically cyclically magnetized. 

B-H curres 

The Tslue of flux density for the conrHfi«« 
menotlslne force vhon the mterîuiî £?0,, . 
rlcall, oyollcall, wgnotlrtó. ^ 

JO- Peroeahliity 

- initial oereoabllity 

0fi.the nux denaU-T in a malmetió material 
■ a function of magnetizing force. 

Ratio of flux density to magnetizing force. 

®axisnsa permeability 

fetlo cf flux don3it- to Baptising force for rarr 
oa 11 raluea of magnetizing force. 017 

Ksxitraa vnluo of «7 that ocoum #1 

«â»LîS«!lc mUrlcl u 

Saturation 
Ccaditicn that exiete when flux density has 
increftsed to the point wh»r- , .8 ^6811 
«ml to mit,. P ”” th* «TOaMUt, 1. 

Saturation nux density 

Hux linkages 
nux dcnaity at which the persoahility drope to unity. 

»"woJ^if Mi?thriwsS “co11 *■» 

. «..a, .1::.., ju. -i-a-i «ls 
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Vfttodiux* 
P"ra8cdur 

Hipereil* 

Vicallo> 

Bruch nlftted 
Tú»j® 

jOSSCRIPTKn OF MACT7.TIC MATERIALS 

Material 

Ho-Permally 

Cocnodltlon Pronertleg 

Brush Paper 
Taos 

Í'; 

J^e, 
HI, 
Mo, 
Ha, 

16.^ 
79.ni 
A.Ofi 
O.GS5 

Ai» 
Ao» 
fiR. 
H, C» 

22,000 
72,000 
5,000 gaussa® 
0,05 oerstad 

P , 55jlohm/ca. 
Saturation flux 
density, 8500 gaussa® 
Hysteresis loss at 
saturation 200 ergs/cc 

?e, 43.0^ 
Co, 49.0jÇ 
▼ , 2.05S 

lt 800 
n* 4500 

ör» 14,000 gausses 
H, 0. 2.0 oersteds 
A • 26^ooha/ca 
Saturation flux 
density, 24,000 gausses 
Hysteresis loss at 
saturation, £000 ergs/ce 

Fe, 96-97# 
Si, 3-4# 

®3» IF»400 gausses 
Hç, 2 ooratsàg (anprox) 
f*, 53 /Cofea/c* 
Saturation flux 
ûiînolty, 20,000 gau«ses 
Eyatereols loss at 
cQtm*ation, £000 ergs/ce 

Va, 6-l(X 
Co, 36-62# 
Fe, 30-52# 

11 0• 200-400 oersteds 
, 5000-9600 gsusHSS 

Co, 80#)_. 
Hl. ¿4) ^ 

H-, 200 oersteds 
5¾. 6000-10,000 gausses 

Povdered magnetite Hc, 100-200 oersteds 
coa ting, nartide EH. aOO-700 gausses 
dÎGjauÊers less 
than 1 micron 

.v.--w.-- 

r:'- ¿-«.r.»;.- • 
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Source 

Allegheny Ludí um 
Steel Corp. 
Brackenridge. Pa. 
Mr.Williaa S. Spring 
Electrical Sales Eng- 

( Same as for 
Mo-Permalloy) 

(Hon* of this 
material was 
purchased) 

Hestern Elec. Co0 
195 Broadtuy.H.Y,C. 
Mr. 0. C monter 
Coordloator of 
College Relations 

Brush Development Co„ 
3405 Petólas Avenue 
Cleveland. Ohio, 

(Same as for Brush 
Plated tape) 
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Matwrlal ConmogltloB Propertlea Source. 

Influx Ispe 

MMM Tape 

iâiüjüíüÉ^ââttik 

Metallic powder 
coating, conrnos- 
itlon unknown, 
particle dia- 
ceters less than 
1 nicron. 

H , ?00-550 oersted« 
%, 500-1500 gausses 

Mr. John P. Manley 
The Indiana Steel 
Products Co. 
58 Park Sq .Bldg. 

Boston. Mass* 

Powder coating, 
cosnosition 
unknown* 

Hc, 350 oersteds 
Bg, 750 gausses 

Mr. KcEnight 
Minnesota Mining & 

Mfg. Co. 
51 Sleeper Street 
Boston. Maes. 

Manufacturing oroceas produces orientation of crystals so 
thpt there is a preferred direction of oagaetication in 
the material. Tharofore the material oust ho used so that 
the flvx path is in this preferred direction. 
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Craving number 

A-30951 

A-30952 . 

A-30953 

A-30954 

e-30955 

A-3S293-0 

a«30956 

a-30957 • 

A-30996 

A-30997 

1-3099« 

A-3Õ959 

A-30960 

a-30961 

A-30962 

AC30963 

A-30964 

A-38294-O 

A-3S295-0 

a-38?96-o 

a-38297-o 

A-38258-0 

4^30965 

A-30966 

a-309*;7 

B-30963 

A-30969 

A«*f^t5 C-O. 
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