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We are going to look at the recorder as a system which will include the 
transport, the recor ding heads, the amplifiers and the tape. Because of the 
elements and their side effects in the system, it is important to make meaningful 
tests which will indicate the performance of these elements. 

When making these tests be sure that the measurement made is the result of a 
cause and not an effect. 

Too many times playback frequency response has been electrically compensated 
when in fact the problem was really dirt on the playback head. 

The following pages of data, technical articles, excerpts from instruction 
manuals, charts and graphs are for your reference during this Workshop. They will 
form a permanent reference and guide for field alignment procedures and maintenance 
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will depend upon the direction of the current. The 
end of the broken ring from which the arrows 
emanate is called the north pole and t.he end of 
the ring where the arrows enter is called the south 
pole. These poles are reversed when the direction 
of the current is reversed. 

Certain materials which are suitable for use 
as a magnetic ring or core permit the magnetic 
flux to vary proportionally to changes in the ex
citing current. Other mater ials may remain per
manently magnetized after the current which 
causes the magnetism is tu rned off. In magnetic 
recordi ng there are uses for each of these two 
types of materials. 

THE RECORD HEAD. A magnetic tape 
recorder employs a device very similar to the ring 
structure previously described. In this device, 
which is called a record head, flux in an air gap 
varies directly with t he cu rrent through its coil. 
The length of the gap in the record head is 
extremely small-in some cases less than one 
thousandth of an inch. 

THE TA PE. A material that remains per
manently magnet ized is used in magnetic record
ing systems to record the flux variations in the 
record head gap. This material is usually a very 
thin layer of ferric oxide, coated on a mylar base 
tape. It is this metallic coating which receives and 
retains the magnetic image. 

FlAR 
MAGNET 

figure 1. RepI'oduce Head 

Tape is moved across the record head as 
shown in figure 2. It sl ides over the head in 
contact with the ring at the air gap. It is bowed 
lightly around the head to assu re adequate con

tact a t the gap. The tape lying beneath the gap is 
influenced by the flux in the gap. As illustrated 
in figure 2, each point of the tape experiences 
fl ux fo r a very short interval of time as it moves 
past t he gap. In this manner, the tape retains 
along its length a magnetized impression of the 
current var ia t ions in the coil. 

The process of creat ing a magnetic field 
with an electric cu r rent is reversible. Figure 
sh ws a ring assembly, similar to the one pre
vious ly descr ibed, with a sensitive ammeter con
ned ed acr oss its coil. As a ba r magnet is moved 
past the gap, the magnetic flux intercepted by the 
gap causes the meter needle to deflect to the right, 
indicati ng that an electric current is being pro
duced. If the magnet were simply held close to 
the gap, but stationa ry, no current would be gen
era d and the needle would stay in the center of 
the scale. If the magnet were moved past the gap 
in the same direction, but at an increased rate, the 
needle would deflect even further to the right. If, 
however, the magnet were moved past the gap in 
the opposite direction, the electric current would 
flow in the opposite direction from which it had 
been flowing, and the meter needle would deflect 
to the left. The magn itude of the current pro
duced in the coil is proportional to the rate of 
change of magnetic flu x experienced by the coil, 
an d the direction of the current depends upon the 
direction in which the flu x lines are flowing . 

The magnetic impressions which have been 
recorded on the tape are sources of magnetic flux . 
Consequently, a va rying electrical current simi
lar to the one originally used to make a record
ing an be produced. To produce this current, the 
tape is passed over a ring similar to the record 
head, only with a current sensing device instead 
of a current source connected to its coil. 

In principle, magnetic recordings are made 
and reproduced exactly as has been described. In 
a pract ical magnet ic recorder, however, many 
refinements are necessary to insure that the re
produced signal is exactly like the one originally 
used to make the recording. 

A BASIC RECORDER. F igu re 4 illus
trates a magnetic tape recorder in ils simplest 
form. Sound entering the microphone is converted 
into an alternating electric current. This current 
flows through the coil of the record head and sets 
up on the tape alternatingly polarized, magnetized 
bits of information. Later, the tape passes the gap 
in the reproduce head and causes an alternating 
current to be generated in its coil. This current 
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cycles) to be faithfully recorded. The only func
tion of the bias frequency is to agitate the tape 
magnetically with sufficient force to take out the 
backlash. There is no intention of actually record
ing it on the tape. 

AN ADVANCED RECORDER. Figure 6 
shows the simple tape recOI'der of figure -1 after 
it has been modified by the addition of amplifiers 
and a source of high frequency bias. An amplifier 
"AI" has been added between the microphone 
and the record head . Both the output of this am
plifier and the output of "B", a high frequency 
vacuum tube oscillator, are used to dri ve the rec
ord head. With this apparatus, it is possible to 
lay down along the tape a strong and faithful copy 
of the electrical currents w~1ich it is desirable to 
record. On playback, amplifier" A2" builds up the 
weak signals from the head sufficiently to make 
them operate a loudspeaker. 

FURTHER REF I N E MEN T S - FRE
QUENCY RESPONSE DISTORTlO~ . The de
vice of figure 6 will give s<,.tisfactory results 
for some purposes, but the n,production is lack
ing in smoothness of freq~!en(y response. Some 
frequencies in the audible range of 30 to 15,000 
cycles per second are r.ot reproduced as loudly 
as are others. Generally, extremely low and ex
tremely high frequencies are more difficult to re
c:ord and repI'oduce than those in between. This 
results in an attenuation at both ends of the spec
trum which is noticeable to the ear. Figure 7 is 
a frequency n!sponse graph of the recorder: re
producer depicted in figure 6. The straight line 
"A" represents the intensity of sounds entering 
the microphone. The curved line "B" is a plot of 
the intensity with which variuus frequencies will 
be reproduced . 

To make the reproduceo sounds from this 
recorder similar to the original sounds , it is neces
sary to amplify different frequencies different 
amounts in accordance with a curve \\Chich is the 
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Figure 6. AdYanced Recorder 

opposite, or reciprocal, of curve "Bu. As indicated 
by curve "B", frequencies of about 10,000 cycles 
suffer such severe loss in intensity that they can
not be restored at all, and the correction for fre
quency response shown in curve "COO, figure 7, 
can be carried only so far. A similar condition 
exists for extremely low frequencies, with the re
sult that the over-all response of the corrected re
corder/ reproducer follows curve "D". While there 
is a rapid drop at the extremes, the most impor
tant part of the frequency spectrum is now re
produced with uniform response, closely match
ing the original curve "A". By means to be de
scribed later, frequency responSE can be extended 
as high as two megacycles or more. 

CAUSES OF FREQUENCY DISCRIMI
NATION. Figure g shows a simple, but work
able, recording circuit. Alternating voltages to be 
recorded are applied to the tenninals marked "In
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Figure 7. Frequency Response Graph 
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'"'ut". The current through the nentede vacuu'n 
tube varies (ilrectly in proportien to the input \"ul
lage. Since the record head is connected to the 
plate of the tube through a iarge capacitor, the 
current in the coil varies directly with the signal 
voltages to be recorded . 

Th e pentode is used primarily tv assure that 
the current in the record head follows the input 
voltage, regardless of frequency . Normally, if a 
~oul'ce of constant voltage, but of variable fre
quency, is connected directly to a device like the 
n'cord head, the current will decrease as the fre
quency increases. This is due to a choking effed 
caused by that property of a coil of wire known as 
its inductance. Whell the pentode is inserted be : 
tween the input awl the coil, t he current through 
the coil becomes practically independent of fre
quency. The coil current, therefore, is rletermined 
ollly by the magnitude of the input voltage. If an 
alternating current of constant amplitude i~ us( d 
to clrive a record head, a series of mag-nets is re
corded in the tape as shown in figure 9. As the 
frequency incrrases, the magnets on the tapt~ 1)1' 
come shorter and shorter. DlH: to tht-' l'nnstall t 
current in th e record hea(~, ho\\ eycr, th e tape is 
uniformly magnetized, regal'diess (If the length of 
any of its magneti c impressions. In other \\'ords . 
all magnets regardless of length are of equal 
strength because they are all generated IJY cur
rents of equal magnitude. 

When the tape passes the reproduce head, 
each of these magnets sets up an equal number 
of lines of flux in- the hear! . The tape is moving 
along at a constant speer!, so that a I'mg magnet 
takes a greater time to pass the head than does a 
"hort one. Thus, longer magnets generate loll' fre
quencies and shorter magnets generate high fre
quencies . Since the current gellerater! in the coil 
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figure 8. Simple Recording Circuit 

FREOUEN CY BIAS 

RECO RDING 
HEAD 

of th e head is proportional to the rate of flux 
chanf}('. the long and short magnets do not pro
duce eu rrents of equal magnitude. The short mag
nets generate larger currents because they pass 
the gap more rapidly than the long ones. Conse
quenth' , the amplitude of the output signal is 
directly proportional to the frequency of the re
l'orded s ignal. For example, the output signal at 
3,200 rydes per second is 32 times as great as at 
100 cycles per second. The effect ()f frequency on 
the output amplitude acc.ounts for the long 
straig!lt slope of curve liB" between 100 and 
:',000 cycles. 

CORRECTIVE EQUALIZATION. 

SLOPE CORRE CTION. Thi s difficulty can 
be corrccted in the reproduce amplifier by em
ploy i ng the net \\'ork s hown in figu re lOa. A 
capacitor "C" acts as an open ci~cuit or infi
nitely high resistanc( to direct current,' but as a 
resistor of finite \'alu'~ to alternating current. As 
the frequency of alternating current increases, the 
e ffective resistance (or impedance) of the ca
pacitor decreases. With a constant voltage across 
the input terminals of fig'Jrp lOa, the voltage 
across the output terminals drops as the fre
quency illcreases. Because "C" acts as a different 
size resi stor for different frequencies, while "R" 
remains constant, the voltage is reduced in pro
portioll to the radio between "R" and the effec
tive resistance of "C". This de\"ice has a char
actl'l'istic \"hich is the opposite of that of the re
produce head and may be user! to correct for th e 
~ l()ping porti on of the res pol1se curve, line liB" in 
figure 7. lying beb\'een appl'oximately 100 and 
;)O{) C~' c les . 

CURVATURE CORRECTION . If another 
resistor is added to the network , as shown in 
figure lOb. then the voltage will no longer fall, 
hut remain constant above a certain frequency. 
ThiS helps correct for the cun'ed pOl"tion of "B", 
figure 7, in the region of approximately 5,000 

MAGNETIC COATING 

figure 9. Tape Magnetization 
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(' ~ cle!), AbQve 5,000 cycles , howe \'e r, the curve 
actu al ly re\' rses di r ect ion , This often calls for 
anot er t ' pe of equ a lize r, one t ha t causes th e am
pli f i"r to have g rea ter sens it ivity at h igher fre
quenc i,'s, 

H [r; H FREQt E \, CY LOSS CORRECTION, 
A h igh frequ ency 10 S CO lTe t ion network, togeth
l' w it h its characteristic curve , is shown in fig

l1 r f' 10 " A t lo\\' fr l'q ue ncies . " .. acts as a \'e ry 
lOll' r!'s i: t an cp. a nd th r· output bears a relati on t o 
l he iJ put \\'h it'h is de l <:' rmin d by th e ratio o f R3 
to R 1, The same is tl'ue at very high freque ncies 
1111(' 1'( ' "e" ad s a, a \'cry 101\' I'('s i, t ance , HO\I'
1: \ ' ('1' , at orne intprm l'r/ iat frequency, kno\\'n as 
t h ' t'f·snna n t rl "I,j1 lene.\', " L " reacts lI'i th "C" so 
l a t , in (" ffect, t hplr n:'sis tall c(' is (' xt rem ely high , 
1"01' t his I'\'a~ !) n, tilt' outp ut r Isc-o; \'cry sharpl ,\' nea r 
rl':Ol1a l ce and is hight" t at th e resona nt fn', 
qIl I' IH,: ~ ' , 

0 \ ER-A LL ( 'O RR ECTIO \" A net ll'() lk o f 
t h l' ~ ( JI , u,ed ill cvn.J ullcti ol1 lI'i th the Il f'tll'ol'k of 
l' i ~ lIrl ' lOh , II ill I'l'SII It in \' IT d fL,ctiH' co r, 
1' ~'(' tl ( )11 (or till' I'apid df 'C-a \' abo\'p ,\()OO cycles In 
('unt' " B" of r ig-un' I, Dy utilizing t hese net, 
I' o l' ks , th e co rl'ecl i\(' CU I' \'(' "C" in figure 1 can 

1)(> l'f'adil,\' mad e t o m atch the loss cune "8", Th e' 
I) '(' I' a ll l't's ult Irill U\('11 approac h that of C' UI'\'(

" I " " ill er- th ("1' cn l'J'rct i\'f' netl\'orks all cau se 
I ()~sl' ,' , addition a l s t a g-(>s of amplification mu s t lw 
pro\ i,j (>d in thp l'e pmrl ll ce amplifiers, 

c. P LE \" G H LO":SE~, Paragra ph 
go \ t' t hE ' f>x pla na t ion [ 0 1' the long s traight slul ": o f 
\ III \(' " IJ ", fii! lI l'l' 6, bdll'l' n l il t) and ,),nnn 
f \, "'l' ~ , T h ,' 1'l'\'C' I'SI' s lopr' abo\'(' ;-l,O!)!) ('.Ides is (' \: 
) I a i nprl 1)(' I ()\\'. 

Fi u rl' 11 sh Oll'S th t' magne tized su rfa ce 
of a t a p!.' pa" 111 V unfit'!' a I'(' prociucl' hC'ad , S ix 
rliffe n 'n t pos itio ll s of th e tape in contact lIi th 
the l ean are sho\\'n, The h ead is connecter! diJ'ectl~' 
t o a l' Il , iti\'e \'oltmetel'. \" 0 equalizati o1l is 111

el urled bf'tll'p(' n th e bean and the \'oltmet C'I', Th e 
la p!' is con s idered to be mO\'i ng- past the hear! at a 
CO l :la n t \'(' 10 ' it :-', 

In p)si t ion 1, a long magnet is being sca n , 
I (,ci, T he J't' s ulti l g 10\\' fl' (>4 e lH.:y product's a \'(:' 1,' 

lOll' \ 'o lta ge, In ~, the magnets an' sornel\'hat 
s l o r t e l', and a high r voltage is gt'1I t' l'ate rl beca us(' 
t h frequency is h igher, Similarly, ill 3 and ..\ th e 
frequency and voltage are still highel', In fact, 
the m ' gnet length in 4 is equaJ to the gap length 
of th e hea d , 

A high er output \'o ltage can n ot be obtainer! 
tI a n that of a , e 4 because , as the magnets get 
sh or tt'!' than th e ga p le ngth, a conrlit ion like that 
at ;; is foun!. H er e, 01110' magne t li es \\'ell within 
t he gap, but the actj ac nt magnet, of opposite 

7 



polarity, also lies p:l lily \I' ithill t h" gap Th e ad 
.lacent magnet's effect I:'; n par ially l'CiJ1cd the 
effcc ti'(>nro;' 0f th e f irst m ~>_gne l. Th l 'eforC, the 
flux lin es In the r p rorluce he It cannot prssibb' 
be as c\"nse a ' inL and t he out put \ oltap" I" 1 ':

(ilic ed. In ca"e 6 t he magnd :- are stil l ~ 1I()J t., r, 
exactly tll'O magnets belllg II'jthm th, gap , T h':l l' 
net effect on the reprociul: e hea is to ge erat!' !l 

\oltage II'hatel'er. T his rapid M op in til t-> \' oltag~ 
from maximum at -l to zen a t 6 occu r whpn th 
magnet lpngth on t hp l a pe is cut 111 half , T hat is, 
ill -lone magnet fill " the' <ral, an in 6 tht' l11 .. gnd ~ 

are just half as long, TIII'I '. 1'111'1;;', \" '_ Ulll CUI d 'ilk 
that if t he freq uenl \' a i)(" e th e maximum ,'J ut 
put fr ' qll t' IlC~ ' is dO lbl .... <1 , ~~IJr() .1utpul \\'111 rl-'sult. 
Th ;,~ ef f,' ct account - fol' t h ,> '?p id l (l~ - III leS [ElI"" 

In "B" of figure ,., bm<' .-),noo 'Yl'It.::- , T11l'; 
rapiC\ drop ca n Iil' cI., mp' nsat l,d for ., :' ''In ' eXknt 

I),' the l'l'Sonant equ alizt' l' prp" I(1 u:h' (j,.~ tl' Ill', ' ;;11 

that the fr equency I'es pon-,· II il l he li ke 'lInl::' 

"D" uf figUI' l' I. 

C,\ P LE\"GTH L :: , ::;PEE I) \ 'S . Ff:F
Ql'E\"CY RE SP()_ '~ E . It I a" Iw t' ll a;;" unwd II' 
tIll' aIJ(l"e rli SCli C' si 'lll (If 111a)[1I"t j, .. ng1'I:' ,'Il It., 
ta ;l(', that till' \'( ' I,"nrlU C" ).",\, 1 :,.;'a :' ' - "t Lillbiant 
I,Jngt h . [I' th ~.' l' l ' jl l'ooi IH " tl va ,; ~ ,q ' ;, mad " iLl,t 
half as long, then the si tuat lllll nf cas ..: 6 IJcconw" 
that uf case L T h" l t' n l)l \' i~ a ilia, imum llutPlIt 
at t ll' icl' the forml'l' fn:qlll '! .\- a ll d it HI ,'\,r;" \1 h, n 
th er l' !lJ'(-' ,i()u"I~' I\ a ~ 1... 1'(> Illl pu t 

By thi s t heon-t ic all:- :- illl; k ('X p e tl l' 1l ," 
cLlttlng the head gap I'~ llgt ~ ill hal f. h,' i n 'fI u, III \ 
I\'SI)(ln 'Ol' 1.;\ " l)l,,' 11 i llc r, :1 ,- • • i [ \" , t •• • II< "!I , , ',\' ilL 

Il,..dlll t' al!on ~ In t hl' equ a li ze ' c ircuits, a res ponse 
Ujl In ],-1,110 0 cyd s i::: n O\\' ach ie\'ed , 

T ilel't.:' i. a bo a di r l'l t relati onshi p between 
! I "' Ill' 11 ( _\ r es ponse and t apL' speed, I f the tape 
-Ill "" i.- ,publ,'d , thl::' fl Vql IPIl Cy' res ponse is also 
d')lJiJ I"I L \; a ps II I n udt' l'll lll'ad :-. fot" sound repro
,ju d i{ln a r t' 11(l m »)",' It ,II 1 1, (I()n:! ,~ inch long, Fre
q u ent~- r esponse up t o 2,11 m egacycles may be 
,Ich i." f' .l b~' th v U St' l1 f "ttl l sh rtet' gaps anc\ 
!J1~11" I ' l a p p ~ pl't'l b , 

! rn" I.' LT , tlwl'I.' is muc h mOl'\, to the problem 
•• !' ,~ lll' (' 1 "~ rl il l~' r ec'll 'cll l1 g: dnd r"p l'oilucing high 
,'I''''1lit'l Cit " tlia ll 1>' 1',,1 \' making th e gap sholter 
and II I' tn ",· ,,)nl: lly fll l!hc J' , n ue t o II);'.s ('s ill the 
It ("I I 1t"H' 1. it is <I i f fic lii t to I it's ign a s"stem 
\' !tIel , \\ ' 111 " lIl 'l'h- "l1!--j , 1" IIl I,ia:; to t ilt' Llpe \I-h e ll 

! III I·!a ~ I r" q ll l tll ' I: i,,; " " li l t ord.' r of 1,0 meg-a
. , ( I 

Agaltl, ill madli ne ,I f this ty pe, extremely 
;: 1"q1 )!i\ p It'lIgth<; l'P " l1it il p radi ca ll ~ ' no flux 
in t' l'l pti nll b~ ' t h.· Iwad r ing , () nst' quent)~', the 
I (l l ta),','t ' "d UI' 111 t! ~, l'PP l'or\ u '(:' circ uit is ex-

I', Illt 'ly ;:;mal!. and tu ob tai n ;1Il ad",quatto :s ignal, 
t ile higl l(,~ t ,'ali" 'I Cl lll pl ii ie r t 'n!1 ml'r c: i"I I ~' Cl\ ail 
a ill., ' ~ n,',', l'll. 

R,'cord h",ad ga p Il'n gt h is not c ritical be
l ' U ;'.I' th e l mpl' s,;i n le ft on the ta p" at anI' po int 
1-. Lit<' l a,., ~ (l!H' it 1" ' l: l' i ' l' :-. as it lea\ e~ the Illf ll1 ('nct' 

\I f tl1<' g-ap , 

:' [1-;:\ .-H.-T O-\"OI S E R,.l., TIO, In a recorder, 
tl"I'<' j~ al w ay,;;; a (l, .. l a i n a rnqtl nt of IH is,-' ill til<' 
I .al k gl'lILliI<1 11\.<:'11 tltl' t apt' i" l't p roduceo, III a 

,,, :, , , - / .~ ... ~ .. .... : :' Iul-' >,'! . ..l ', - I l_"' :. 
. (' l - A ~E . C ~ ... ~ .:. ~ , c_ l • t. _£ r A ! : <"l I A " ~ V l I r A:::;r 
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goorl machine, this noise ca l\lwt 1\0.' ht,lt l'\\ in tlh' 
presence of el'en the lI"E'ak t'st ~')lllld~ II"hi,·h ~l,\' tIl 

be reprorlucerl, In a poor machin,'. th,' nl)i~,' IlU\.Y 

be so high that onl~' tht:' 1't:'!'Y l"lI lk~ t :::')\111.1::: o w 
be hrarrl, The ratio l)('tll't>\' ll til t' :::tl'\' n~rth .If tlw 
recorrieri sounrl. commonl~' eallt"1 \ t t' ",:i).!"IH\}", and 
the strength of the It'~iriu aln"i:::t', i" tht' .silllU\I ,t,'· 
noise ratio, Thi::: rati,) is \:'xPI','"-,,,,-I in dt>\'i h~,'k 

::\Io!'-t of the noise in a ta pe I~nrrlel' al'ist:'s 
from tuh!'s, resist ()r~ anri frum alternating CUI'

rent fielri;; causpd b~' trans formt'!O; ann motors, 
There is al so a certain an o llnt of noise arising 
from the tape itself. T his noi, \: can he (h.. tectul 
!)I' listening Il'ith anri Il' ithout the tap' in motion, 

The sig-nal-to-Iloise ratio is nwa : ureri l\'lth 
relation to some qanrlard il)t ellsitl' of recording 
on the tape, This int! 'nsit,I' gerll'rall~' is that Il'hich 
11'i11 proriuce a knoll'n and mt'asurahle amount of 
distortion, such as "on(> per c,'nt ha r111rITlic d is t or, 
tion", 

TAPE SAT1'RATIO).". There i~ a limit t', 
the intensit~' to Il'hich a tap.· m;\\' l)e magne tizt'rl. 
If the current ririling the rec()rrl hr·ad IS incre;t.;N\ 
I)('~'ond a celiain point, th, ta p. ri V,. ,; not J'('tain 
anI' increased mag-netic imrrf', ,; ion, Becausp of 
this, it is not possible to n\'f.' rcome !:'xcessiu' 
res idual noise iJ~' recording the s ignal at a higher 
lel'e1. A ft('r the signal strC'ngih in(,reases he,\'ond 
a teliain po!nt, it is no longer faithfull~' I'('(orrhl 
on the tape, 

HI(;H FREQ'lT)."rY rEE-E:\rpHA~IS, R\' 
rre-emphasizing the high fn''iul'ncI' l'OmpOJH;,(S 
of ~peech and music, an impr()I'l'm<:>nt in signal-to
noi"e ratio mal' he achil'lcrl E:dn'mel,\' high fr l'
quent,\' sounds l!cnerall~' p:\i"t :l.t 1011' t'nprg-:." I('\'els, 
so it i~ possil)le to boost thl'l I' ~ tl'l ' ngi.h in til!:' re
cording circuit Il'ithout dang,'r of ,-aturating Uw 
tape, In orriel' to make them sound natural Il'hlJll 
reproduced, it is necrssan t() pull them hack rimnl 
h,\' means 0t complrnwllt:u\' equalizer ill the 1'('

produce am ifier. A complcmt'lltct),1 equalizt'r l'l'
duces the I gh fn'CJUl'llC,I' amplification, and ill ~() 
doing, reduces the ohjectionable !lOis , mentioned 
a hoI'(' , Thi s I'e~ults in all oll'r-all improHment in 
sijlnal-to-llOisC' ratio. 

ERAS1'RE. A distInct adlalltage of mag
netic tape rccorriing is the prnJleli~' of tape Il'hich 
permits it to be erased and rl' -recordcd, A piece 
of magnet ized iron ma~- hl' demag-net ized b~' sub
iecting it to a dl'cal'ing, aiternatlllgmagnetic field, 
To prO\'ide this field, a toil of Il'ire can he con
neded across an ordinar~' 6n cI'C'le linl' source, [f 
the piece of iron is inse!teri into the center of the 
coil, whcre the magnetic flux i~ most inten se, and 
then sl()\d~' drawn out, it lI'ill expt:'l'ience a pro
gressil'el:.- weakcr ficld until it is too far from the 
field to be influenced b~- it. As it is being rira\\'n 

IIU! III' thl' ('o il, tlll' iron will be malrTletized in a 
difft'n'nt tiil'ldiOll l' i\ch timf' the polarity of the 
fi, 'ld 1"'I','I"l'~, As the fielri experienced by the 
inln i~ sl(\\\-I~' l"t'riucl'd, its impression on the iron 
Ildl ~.:](lwll' dIminish until it m akes no impression 
and tht' iroll is dl'magnetized, 

::\Iagn('tic tape is erased in the same way, An 
,'rase head is often includerl in the recorder for 
this purpose, but reels of tape can be bulk eraseri 
i)~' rlacing them on a degausser, a del'ice similar 
to the riemagnetizer described above, The erase 
head is I'el-:-' much like a record or !'eproduce head, 
but it has a much largcr gar, As the tare passes 
o\'el" the head, it is alternately saturated, remo\'
ing anI ' pre\'ious recording, As the tape is rirall'n 
all'a." from the gap, the field it experi nces grari
lIall~' decreases until the tape is de;nagnetized, See 
figure l:?, In a t,l'pical recorder, the erase head 
is placeri]ust ahead of the record head, prol'iding 
a singlr: operation Il'hich remo l'E' ') the old recording 
and I"pcords a nell' on(', Tn a high sreed machine, 
it II'Oltid 1)(> nccessa n to furni s r, the eraser Il'ith 
(':\trr' tncll' high fr t'oJl\ cn cI' CU1T,'nt, Because it is 
difficult tll obtain enollgh pn\I'er at high fre
quencies, prase hl'3ds are not furnished on high 
specd machin es and a hulk erascr mu s t he used, 

OTII ER :\TETHODS. Onil" one methori of 
recording information onto magnetic tape has 
iwcn cOI'ered in this riiscu s 'i ion - magnetlzing the 
tap" in direct accordance Il'ith the amplitud e of an 
!nllut signal. TII'o other methods ar(>, 1) the fre
'1Uf.. nCI' modulation a nd , 2) puls(' duration , Th('<;(' 
m, ' hod;: are lIsed in instru m.-'n ta tioll 1I'0rk, hilt 
are almost nonf':\i s lt'nt in alldio applicatIons 

TAPE DRJn'~ :\1F.rHA)."IS:\L A 111' larIa
t 'Oll In tape spced, ('itlwr Il'hen !'('('orriing or re
producing a signal. lI'ill cause a (k tOliion in the 
output, To reduce this riistortion to a minimum, 
UtJle (!riq: mechanisms arl' dl' ~ iglled to redul'l' 
tape speed lariations, 

Figurc n shOll'S all elemrntary tape drill' 
Sl',;tem, \\'hen a signal i~ lwing record ed or l't'
produced, tape speed lari:l.tions are l'l'duced hI 
holding th(' tapc against a capstan Ilhich turllS at 
a constant \'elocitl' , Before r raciling the heads, tht' 
tape paSSl'S oler ~ roller Il'ith a f1YII'hee l attached 
to the roller's shaft, Thl' fll'll'heel helps filter out 
minor specd I'ariations caused hI' \'ariable friction 
in the suppl~' reel spindle, tape scraping against 
the supply reel flanges, and b~' the tape being 
wound I.lne\'enll' on thl' suppl~' reel. 

This elementar~' tape dril'e is called an open 
loop s,I'stem because of the long open path of tape 
between the inertia idler on the left and the cap
stan on the right, For mall~' applications, an open 
loop s~stem does not maintain a sufficientl~- con
stant l'l'Iocit~" One of its inherpnt \I'eaknesses is 
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Figure 14. 

in figure 1 ~ shows the shapes of the capstan 
and capstan idlers. \\'hen entering the loop, the 
tape is held against the relie\'ed edges of the cap
stan by the groO\'ed idler. but when leaving the 
loop, it is clamped to the center of the capstan. 
Since the center of the capstan has a greater peri-

ISOLOOP Dri". 

pheral velocity than the edges, the tape must mo\'e 
past it slightly faster than at the edges. This velo
city difference causes the elongation of the tape 
\\'ithin the loop. The elongation is so slight that 
it is well ',;ithin the elastic limits of the tape and 
causes no permanent deformation. 

11 



BIASING IN 

MAGNETIC TAPE RECORDING 


By JOHN G. McKNIGHT/Ampex Corporation 

How to select the optinwm bias for best low-level respouse, high output, aTld 

reduction of dropouts. Bias frequencies, circuits, and problems are included. 

HE~ a magnetic field is applied to certain killds of 

Wmaterials-such as the coating on a piece of tape
some of this magnetic energy is stored on thc tape . 

In other words, the tape coating becomes a permanent 
magnet. The surface flux from this "magnet" can be de
tected without in any way changing the stored energy. This 
particular attributc of detecting without changing is what 
makcs magnetic tape recording possible. 

Why "Bias"? 

When we look at the relationship between the magnetiz
ing (recording) field and the stored magnetization (Fig. 
1A), a defect immediately becomes obvious-there is a tre
mendous non-linearity. This would cause unbearable har
monic and intermodulation distortion of recorded speech or 
music signals. 

The earliest attempts to reduce this distortion involved 
applying a d.c. bias to the tape so that the linear portion of 
the cun'e from A to B could he used. Here only abollt one
t hiI'd of the curve is used and the presence of t,he large d.c. 
magnetization madc the recording noisy, thus the signal-to
noise ratio \Vas poor. 

A bctter d.c. biasing schcme was discovered. The tape 
can be magnctized to saturation in one polarity and the re
cording head can carry a d.c. bias which cOllnteracts this 
original saturation, bringing the magnetization back to 
approximately zero. \\'hen an a.c. field is added, the magne
tization is approximately proportional to this added a.c. 
value, and linear recording is achieved . However, it is diffi
cult to exactly balance out the d .c. and some noise is left. 

A much better method is that of a.c. biasing. The tape is 
automaticall~' left ill a demagnetized state and the full po
tential signal-to-noise ratio can be achieved . The principle 
of a.c. biasing was described (but not used for magnetic 
recording ) by Steinhaus and Gumlich in Germany in 1915. 
A.c. biasing for magnetic recording was discovered but never 
used practically by Carlson and Carpenter in the USA in 
1921, and again by Nagai , Sasaki, and Endo in Japan 
(1938). Practical utilization came with the re-discovery by 
llraunmuehl and \Veber in Germany in 1940. 

Early pllpers and books on magnetic recording attempted 
to exphtin the effect of a.c. biasing through mathematical 
models, analogies with a class AD push-pull amplifier, and 
graphical models considering major and minor hystcresis 
loops of the magnetic material. These explanations are all 
somewhat magical alld of douhtful value. A much clearer 
visualization of the effect of a.c. biasing can be gained using 
the process of "ideal magnetization" (also called "anhys
teretic magnetization") . 

For simplicity's sake, let us consider a flexible "bar mag
net" made by cultillg off a length of blank tape, say 4 cm 
long. The "blH" can be Illagnetized in a solenoid carrying a 

known amount of direct current; thc resulting permancnt 
magnetizntion left after the current is rcmovecl can be meas
ured by means of a fluxmeter . \Vhen we perform this experi
ment , and plot the permancnt magnetization resulting from 
various mngnctizing currents , we get a cunT as in Fig. 1 A, 
showing the great non-lincarity . 

Suppose that while the direct magnctizing cnrrcllt is ap
plied we add an alternating magnetizing cmrcnt, which we 
then reduce to a zero value beforc turning off the direct 
current. The resulting permanent magnetization is shown in 
Fig. 1 B for different values of the alternating current. Clear
ly we have accomplished two things: we have greatly in 
creased the sensitivity (the magnetization for a gh'en d.c. 
magnetizing current), and 'l.ve have made the magnetization 
a linear function of the d.c. magnetizing Cllrrent. Thus, with 
this system, an undistorted recording can be made. In this 
expcriment, the d.c. represents the signal to be recorded and 
the a.c. represents the a .c. bias. There is only one ma jor 
cliffcrence in an actual tape recording. III our experiment , 
the a.c. fielcl decreases while the d.c. ficld rcmains constant. 
If we were to use a magnetic ring-core head on a tapc re
corder to magnetize a piece of tape pulled past the head, we 
would find that the a .e. and d .e. fields would die out to
geth er. 

If we go back to our solenoid system and repeat our ex
periment, but now with both fields decreased simultaneous
ly, we would find the curves of Fig. lC. Increasing the a.c. 
up to a certain point has the same effect as before but be
yond this point the magnetization decreases. 

This magnetization process is exactly equivalent to what 
actually happens in a tape reccrder at low frequencies . At 
high freqllencies, on the other hand, the process hecomes 
very complicated, because the d.c. (signal) ReId is changing 
while a particle of tape passes across the recordulg gap. Fig. 
ID demonstrates the 1000-Hz output of a tape recorder at 
38 cm/ s (15 in/ s). Increasing bias current increases the 
output up to the point of maximum sensitivity (also called 
"peak bias"), then further increases in bias current d ecrease 
the output. 

The choice of the "best" bias current for practical opera
tion of a tape recorder depends on severnl factors, because 
the bias current ~\ffects not only sensitivity but also the fre
quency response and the distortion of the recording process . 

One extremely important fact must be pointed out here : 
all of the relatiollships in biased recording depend on the 
relative dimensions of the tape-coating thickness, the record
ing head gap length, and the recorded wavelength. 

1. The tape-coating thickness HInges from about 5 p.m 
(0.2 mil ) for triple-play tape through 12 1'111 (0 ..'5 mil) for 
standard tape, to about 22 1.I.m (0.87 mil) for high-output 
tapes. The ratio of the thickest to the thinnest is 4 to 1. 

2. The recording head gap length ranges from 1.5 I).m 
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CO) Output rises with increasing bias 
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(60 .u.in) for slo\V - ~pped, comhination-head recorders, 
through .3 l.lIn (1 20 :dn) for nonnal combina tion-head re 
corders, to 2.5 !~m (1 mil) for professional recording-only 
heads. The ratio of longest to shortest is 16 to 1. 

3. The recorded wavelength ( = tape speed in record
ing/ frequency in recording ) ranges from 4 I'm ('160 {J.in ) to 
500/.Lm (200 mils) at 4.7 ' cm/s (J;~ in/s) for a freqnency 
range from 12 kIlz to 100 Hz and from 2.5 ,ltm ('l mil) to ]() 
mm (0.4 in ) at 38 clll!s (15 in 1 s ) for ' frequt'ncyrangr, 
from 1.'5 kII z to 40 Hz. Altogether the rat io of wavelengths 
is 2.500 to I ! 

In the day when recording W [L' primarily profession a , 
that is, 38-cm/ s (15 in/ ) speed, with 12-,u.m (O,,5-m.il) 
tape coating, and 2.5-/un ( l -mil ) recording-head gaps, ne 
could show general rela tionships and draw general cone;] \
sions for optimUlll oper,l tion. Things are not now so sim ple. 
"Ve shall ha ve to be content to show specific trends for spe
cific conditions, and sim ply realiz e tha t other condit ions will 
yield different data an d conclusion . 

The particular magnetic properties of the tap coa ling 
are also important and they alIect the frequ ency response, 
distortion, and the signal-to-noise ra tio tha l is obtained. 

EtTect of Bias on Frcquenl:y Re8pOIll'e 

A basic unequalized exp erimen tal recorder wOllld LIS ' COII

.I i'llt recording head cnrrent Cs fJ'equc lI ')' to pI' d llee a 
onst~lJ J t recording field versus rel:O\'ding freqllel1l:Y. A bas ic 
lJnequ~IH7.ed e, perin en tal reproducer wonll hii\'e an output 
propl'rtional to the flux Oil the tape. For in tance, by means 
oi a l( %-free short-gap ring- are reprodlldn~ head plus an 
integrating ampli fi er with constan t fl,\. , the I purl voltage 
rise!> 6 dB per octave. Rut ti,e in tegrating amp lifier response 
lalls 6 dB per octave. Therefore, the two eilects ('ornpen 'ate 
·ll1d the output vol tage is HuX-PropOl lion' I. 

SI1PPI se we draw the 0 Ilplll t:el'.\lIS Lias Cl1rrent curve at 
,1 ll ullIber of freque ncies, as in F ig. IE. "'p\~ o llld see these 
things : 1. At all frequencies, the output ri.'ies with ri 'ing b iHS 
cu rrent, then fa lls ofT. 2. The correll I for m a .\ illl llTl se nsi
tivity i: the same over a wide ral1 ~e of low frequencies 
(long Wave] I g ths), then, as freqllenc increases (wave
length becomes shorter ) the l1laximmn seTIsitidl)· IJceurs at 
lower and lower currcnts. 

This da ta Lil li be fe -plnt te I as a freq uency response ( Fig. 
2A ) . The generally droopillg dhlrac teris tic' sht 'S th a t the 
sy~te ln must bc equalize I to (;om p{,I!S,lte for short-wave
ICllgth losses. Fig. 2fl shows tl le rela tiw' respous 's if the re
cording fielli were ch,)nged to give the , ame lape flux at 
b w fre411encies for eadl bias currt::nt. " 'e see that low b ias 
'urrent gi\'es the leas! h igh freqllcl\cy lo<;scs, all I tl crefore 

wou ld n~ lllire t1l least a m Ol1llt or equali zation . T herefore, 

Fig . 2. IA) Frequency respons. w ith different bias curtenb showing the need for equali~otion . IBI Same as IAI 
b ut w ith outputs at low fT8quencies adlu. led to some leve l. (e) Some as IA) but with the syslem equalized for a 
ftat response when the bias has been adjusted to p rov id e tho maximum sens it ivity at low signal frequencies. 
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from Dilly a frequency-response stalldpoint, biasing for max out of the recorded signal at all frequencies. If, OIl the other 
imum sensitidty at the highest frequency would be best. hand, the system were operated in the overbiased condition 
,,·hen the system is equalized for the maximum low-fre (say at +2 dB of Fig. ID), the loss of contact would de
quenc\' sensiti\·ity bias point, changes of bias would change crease the biasing field, but this would result in a compen
the equalized response as shown in Fig. 2C. Lowering bias sating increase in recording sensitivity, thus the dropollt 
increases high-frequency response and vice versa. would be reduced. 

Hence, we have a conflict-best response at low levels
Effect of Bias on Distortion dictates low bias current, greatest output For a given distor

Fig. In shows that at low bias the curves are non-linear tion dictates a medium bias current, and reductioll of drop
and with increasing bias they become more linear. The mea outs dictates a high bias current. In professional recorders, 
stu·ed harmonic distortion at low frequencies shows this high-speed recorders with separate recording heads, th e re is 
effect (Fig. 3A). little problem. Best operation comes from bi,lsing at a to 

Harmonic distortioll measurements above one-third of a +2 dB rc bias for maximum sensitivity at low frequencies. 
recorder's bandpass are, of course, meaningless since the In home recorders-slow-speed recorders with combination 
distortion (primarilv third harmonic) is eliminated. High recording heads-there is a real conflict anc! some compro
frequency non-linear distortion can be measured, however, mise must be made. Different equipment manufacturers do 
by the CCIF intennodulation method. Two equal-ampli this differently and extended frequency response may mcall 
tilde high-frequency tones, say f and f + '::'f, are used. If we high distortion. 
let f - 300 Hz, then the frequencies could be 10,000 Hz 

The Bias Frequencyand 10,300 Hz. In the output, we look for the second-order 
intelTnodulation frequency component at f - t:1f, which would The bias frequency should be as high as possibl e for two 
be 9700 Hz in this case. This frequency is caused by the reasons. First, lower bias frequency causes the background 
same non-Iine,)r phenomenon which causes third-harmonic noise to increase: at 19 cm/s (7)f in / s) tape speed, the use 
distortion, but this frequency is inside the system bandpass. of bias frequency of about 100 kHz (or more) reduces this 
Fig. 3D shows the output for 2% I:vI distortion versus bias noise to nearly the minimum amount. Second, at high re
current, for SaO-Hz, 2S00-Hz, SOOO-Hz signals, using a 9 ..'5 corded frequencies, the harmonic distortion which is created 
cm/s (3~~ in/s) tape speed, standard tape, and a S-{tm at high recording levels by the tape ancl recording ampli
(200 I,.in) combination recording head gap length. The a-dB fiers produces audible beats with the bias frequenc)! and 
bias current is that which gives maximum sensitivity at 500 these beats are recorded on the tape. A frequency-response 
Hz. run at high levels may look like Fig. 3C. Thc response 

This data shows the difficulty of improving the high-fre above about 8 kHz is, in fact, a series of bias beats. Tllis 
quency response by lowering the bias current. The responsc 4.7S-cm/s (lJi;-in/s) recorder uses a 57-kHz bias frequency. 
at lower levels is improved (see Fig. 3B), but the maximum This problem may be especially troublesome when onc 
output for a given distortion at mid-frequencies is greatly attempts to make tape recordings from ,Ill F~I-multiplex 
diminished . Operation at -3 dB bias, for instance, in tuner. Both 19- and 38-kHz signals are present in the multi
creases the S-kHz maximum output by almost 3 dB, but plex unit and may get through to the t,lpe recorder. If these 
decreases the 500 Hz maximum output by 4 dB, thus the are of large magnitude, the bias beats will occur. Se\·eral 
mid-frequency signal-to-noise ratio is compromised in order solutions are possible including better filtering of the multi 
to ~ain improved high-frequency performance. 'With sep plex carrier in the tuner and low-pass filtering in the tape 
arate recording heads, the problem still exists, but is not so recorder input circuit. If the multiplexer is well-balanC'ed, 
severe. so that only the 38-kHz is of concern, the choice of a 9.'5-kllz 

bias frequency will plllce the beats above the audible frc
Effects of Bias on Dropouts quen(;y range. 

When recording, a tape nodule or a dust particle causes If the bias waveform has even-order harri10nic distortiDlI, 
the tape to be lifted away from the recording head, the a d.c. signal is reeorded on the tape. This has the bad effect 
biasing field is, in effect, decreased. If the system is under of causing second-harmonic distortion as shown in Fig. 3D, 
biased (say at -2 dB in Fig. ID), then a small loss of bias A tape noise is also added, as shown in Fig. 3E. .The noise 
causes a large loss of recording sensitivity, and a large drop- consists of "cracks and pops" (C(mtilllicc/ on rage 7.'5) 

Fig. 3. (A) Low-frequency third-harmonic distortion. (8) Maximum output for 2 % second-ordIOr CCIF 1M distortion. 
Reducing bias for improved high-frlOquIOncy output results in reduced low-frequency output. (CI High-level frequency 
response showing "bias birdilOs"-spuriouo outputs above 8 kHz in this 1'/. info recorder with 67-kHz bias frequency. 10) 
Second harmonic distortion due to bias distortion in current. lEI Noise in recording also due to bias distortion in bias current. 
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Biaaing in Tape Recording 
(ContinI/ cd from page 36) 

caused by irregularities in the tape 
coating; it is therefore very much a 
function of the tape CJuality. 

When the bias is a.c.-coupled to the 
recording head, any avcrage d.c. is 
eliminated. Unfortu1lately, the pcak 
bias amplitude may still be asymmet
rical and this leaves a d.c. flux 011 the 
tape. 

The bias oscillator circllit shown in 
Fig. 4 is a common astable mllitivibra
tor circllit with a center-tapped trans
former, in place of the normal collector 
resistors and a capacitor, added to com
plete the parallel resonant circuit with 
the transformer. This tuned circuit not 
only sets the frequency of oscilla tion 
but also makes the signal sinusoidal. 
Because the circuit is push-pull, the 

August, 1967 

even-order harmonics, which will cause 
distortion and noisy recordings, are 
greatly reduced . The emitter resistors 
are adcled to balance the gain in the 
two transistors to further reduce the 
generation of even harmonies. ... 

Fig . 4. A typical bias-oscil
lator circuit using transistors. 
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HIGH FREOUENCY BIAS REOUIREMENTS FOR 

MAGNETIC TAPE RECORDING 


Magneti c recording tape provides a superior method for the permanent recording ()f inf()rmation, bllt it is limited 
by th e natural phenomena ()f magnetic properties. Fortunately, th e shortcomings crcated by this magnetic ph enomena 
can be compensated for by th e use of electronic mcasures, This bulletin tcill make no attempt to eX71lore the math e
matical ()r the()retical realms of mag netic recording, bllt will present a simplified explanation of lligh fr equency bias, 
its req uirements and limitations, and methods of adjustments, 

Every magnetic medium exhibits a non-linear charac
teristic because the magnetization, resulting from an 
exposure to a magnetic field (such as that produced by 
the recording head), is not directly proportional to thc 
strength of the field. This non-linear characteristic, if 
not corrected, would result in severe distortion of the 
audible recorded information, The use of a high fre
quency bias current; applied through the recording 
head, is the standard method of compensating for the 
non-linearities in the transfer of electro-magnetic signals 
onto magnetic recording tape. 

The high frequency bias signal is usually generated by 
an oscillator circuit in the recorder electronic system and 
is added to the signals generated by the microphone or 
supplied by the recorder input circuits . The bias is a 
high frequency , usually 30 to 100 kHz (KiloHertz ), 
which is above the range of hearing. Therefore, during 
playback of only the bias signal , one would not hear 
or identify any tones which would identify its presence. 
By adding the bias signal to th e audio signal , a resultant 
signal is produced (Fig. 1). In most recorders, the two 
signals are simply combined without any form of modu
lation, The resultant signal is what the record head 
inductivel y converts from electrical signals into magnetic 
fields which influence the magnetic tape. 

M-AL 2201201 .2h~ 

L\ +aill!LV __ 
AUDIBlE BI A S 
SIGNAl SIGNAl 
INPUT 

RESUlT A NT 
SIGNAl 

NOTE, TO 
AC BIAS - 30 to lOO kHz RECO RD HEAD 

FIGURE 1. PRODUCTION OF RESULTANT SlGNAL 

As previously stated , every magnetic medium exhibits 
a non-linear characteristic. This non-linearity is best 
illustrated by the Transfer Characteristic Curve which 
is mathematically derived from a family of hysteresis 
loops (Figure 2) . The hysteresis loops and transfer 
curve indicate the degree of tape magnetization which 
results from an exposure to a magnetic field such as that 
produced by th e record head. The transfer curve also 
indicates that the non-linearities exist only at the ex
tremely low Signal level (center portion of the curve) 
and at the very high signal levels (saturation areas ) 
which are at the extreme ends of the curve. The 
remainder of the curve is relatively straight and allows 
linear and proportional transfer of magnetic signals. 
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fiGURE 3. RECORDING TAPE TRANSfER CURVE 

The transfer curve shown in Figure 3 illustrates the 
resulting tape magnetization from a magnetic signal 
generated by the record head. The curve is typical of 
those for recording tape and no attempt is made to 
show non-linearities and signal losses created by either 
the record head or recorder electronic systems. 

As the magnetizing force increases (greater record head 
output in terms of magnetic flux field intensity) the 
resulting tape magnetization also starts to increase. 
J\otice that the vertical segments of the transfer curve 
are relatively straight. It is within these straight seg
ments of the curve that undistortecl recording takes 
place. The straight segments indicate that a linear and 
proportional relationship exists between a givcn input 
and tbe resulting output. This relationship may change 
for different types of tape because of differences in the 
magnetic properties cxhibited by various oxide coatings. 

The straight portions of the curve continue until either 
saturation in the positive or negativc directions occurs. 
At the saturation points, no effective additional tape 
magnetization will ocur even if the magnetizing force 
continues to increase. Recording into the saturation 
levels may produce distortion, tape noise, and reduce 
frequency response. 

To visualize tbe recording process, the transfer curve 
illustrates the resultant signal waveform (sum of bias 
and input signals), and its transfer across the curve 
to form the recorded signal waveform (Figure 3). 
Observe that the signal with bias essentially bridges 
the "zero-point" and the low signal response portion. 
The bias position across the curve a\lows the signal 
changing portions of the input waveform to fall onto 
the linear segments of the curve. 

The shift of the input wa\'eform across the transfer 
curve to form the recorded signal wa\cform shows that 
the non-linear segment is essentially removed by the 
bias Signal, and the recorded signal is relati\ely distor
tion free. Also, it can be visualized that either a low or 
high bias condition will drive the signal onto the non
linear segments of the curve and will calise distortion. 

\Vith a low bias condition, (Figure 4) the low level 
input signals may fall into the "zero-point" region and 
either may be severely distorted or not be reproduced. 
In a high bias condition, (Figure 5) the high frequency 
response will decrease. The high frequencies will distort 
sooner or go into saturation because of a phenomenon 
called "self-erasure" which will be discussed in a future 
SOUND TALK. Also, the signal-to-noise ratio may be 
reduced causing undesirable tape noise. 
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FIGURE 5. OVER BIAS CONDITION 

The transfer curve is typical of most magJ1.l5tie- recording 
tapes but each particular type of tape will exhibit differ
ent slope, "zero-point" region, as well as different satura
tion peaks. The differences of the curve shapes are 
created by the individual magnetic properties exhibited 
by each tape type. As the shape of the curve changes 
so do the bias requirements. 

A low coercivity tape has very steep linear segments and 
will require less bias current. On the other hand, a high 

coercivity tape has relatively shallow linear segments 
which require a greater bias current input. Because of 
the differences in tape magnetic properties the slope of 
the curve changes and the proper bias level required 
to eliminate distortion will change accordingly. 

To evaluate the changes of bias requirements involved 
with different types of tape, the tape's wavelength re
sponse must b e considered. Bias current is required to 
eliminate distortion but is also directly involved with 
frequency response and output. In terms of response 
and output, the bias requhement is related to tape con
struction such as; type and thickness of coating, quality 
of oxide dispersion forming the coating, and smoothness 
of the coating surface. 

As a general rule, high frequency response can be 
improved by using a tape with a high coercivity oxide, 
relatively thin coating depth and a smooth (specially 
prepared ) coating surface. These improvements of high 
frequencies may have an opposite effect for the low fre
quencies to the extent that they may not be reproduced 
with the same efficiency. This situation becomes appar
ent in the bias curves (Figure 6). 
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FIGURE 6. BIAS CURVES 

Because of the slight differences that may occur in the 
reproduction of the different frequenci es, the actual bias 
setting is of a selective nature. The ideal situation would 
be one where the bias setting is at the point of peak 
output for all frequencies. Note that a bias setting is 
easily accomplished for the low noise tape as shown in 
the bias curves (Figure 6). For this particular tape both 
the high frequency (1 mil wavelength) and the low 
frequency (15 mil wavelength) output peaks coincide 
with each other allowing the bias setting to be at the 
overall ou tpu t peak. 

In the case of the standard tape, the high and low fre
quency (short and long wavelength) output peaks do 
not coincide at maximum output. The bias setting could 
be at either output peak or at the mid point. In normal 
recorder adjustment however, the bias setting most often 
used is at the output peak of the longer wavelengths. 
This setting is justified because the greater percentage of 



recorded information is in the low or mid-range portion 
of the frequency spectrum. To compensate for any 
unbalance in response output, the equalization settings 
of the recorder are adjusted until the overall output 
frequency response is flat. 

TYPICAL BIAS ADJUSTMENT PROCEDURE 

The bias settings shown in the illustration indicate only 
a relative bias level comparison between two different 
types of tape. The percentage value relationship will 
generally hold true for most recorders. Specific informa
tion on bias adjustment or settings is impossible to enter 
into here because of the large variety of recorders in use. 
Most recorders have their own individual requirements 
and specifications for bias current (or voltage) adjust
ments. If a bias level adjustment is attempted - care 
should be taken to assure correct settings and the recom
nwndations of the recorder manufacturer mllst be prc
cisely followed. 

As mentioned in the preceding paragraphs, the lo\\,
midrange frequt'ncy (Iongt'l' wavelengths ) output peak 
is generally used to obtain the most desira ble bias setting. 
The normal adjustment frequency (for 7)1, inches / sec. 
tape speed) is 500 to 1000 liz. This audio signal is avail
able from an audio, function , or signal generator which 
most electronic repair facilities have a"Hilable. 

The following adjustment of recorder bias is typical of 
many machines now in use. For stereo machines, the 
adjustment procedure must be repeated for hoth chan
nels. Beforc attempting any adjustment, be sure that 
the machin t' is operating properly, the record and play
back heads are clean and in good condition, and thor
oughly review the manufactll1"C'r's service manual. Tile 
bias adjustment rangl:' , location, and fllnction of controls . 
and the operation aml scale of the ou tpu t meters (VU 
meters ) must be undcrstooel. Since thc hias se tting is 
determined hy the type of rccording tape , establish till:' 
basic type of tapc most often used in your particular 
recorder. Prepare the machine for normal recording at 
7)~ ips with a low signalll:'\el input (approximately 20 db 
belo\\' tape saturation ) . 

Set "Gain," "Record VolulIle ," or "Level" adjustlilents 
low to a\'oid the possihility of recording in the satura
tion levels. Adju st the signal generator (1000 Hz signal 
source) for a low voltage output and connect to the 
recorder input terminals . If the recorun b a 3-head 
type , while recording the 1000 H z signal , listcn to the 
recoru ed signal. Slowly increase the bias current (or 
voltage) and observe any increase of output as inclicatt'd 
on the YO meters. An increas e of intensity of the play
back signal should also he heard . Continue to adjust the 
bias, starting at low output , until the maximum O\ltput 
signal is observed. Continue to increase hias until the 
maximum output signal is observed .Continue to increase 
bias \lntil the output b egins to drop, indicating an over
hias condition (Figure 6), and return the bias setting 
to the point of maximum output. 

If the recorder is a 2-head type, th e se t up procedure 
is similar except that a series of short recordings, each 
with a change in bias current (or voltage ) , is made and 
played back. A simple method is to voice identify the 
recording segment and bias setting and record the 1000 
Hz signal for 10 seconds, readjust the bias current and 
record and identify another segment. Repeat this pro
cedure for low to high bias current (or voltage ) . Then 
play back all the recorded segments noting which one 
has the greatest fidelity and intensity , and se t the 
hias accordingly. 

The recommended bias sctting for most recorders is 
where maximum output is indi cated for the 1000 Hz 
signa 1. This setting coincides with the low fre(lut'ncy 
(long wavelength) output peak as shown in the response 
clln'e illustrations. 

After th e correct hias acljustlllt'nt is obtainecl , a corrc
sponding equali zation control adjustment may , in some 
cases , be required to compensate for differences in over
all response. Usuall y a simple listening test of recorded 
material will determine if th e overall response is correct. 

SUMMARY 

High frequency bias current to the recording head is 
rL'quired because of the non -linL'ar characteristic exhih 
ited by most magn etic media. Its major purpose is to 
compcllsate for tllt'st' nOl1-liJicaritiL's and allow distor
tion-frce rC'cording. Correct hias setting allo\\'s ulldi s
torted recordings on magnetic tape to the limits 
estahlished hy the record head or tlll' recorder elec
tronics. Proper hias anjus tnwnt also assures a better 
signal-to-noise ratio and optimum frequ ency response. 
:\\axil11unl performance anel fidelity are direct results 
of high frequency bias . 

If at am' time additional informatioll on this topic is 
desired, 'it is availahle hy sil1lply writing to: 

Product Communications 

:\Iagnetic Products Division 

3:\1 Company 

3:\ I Cen tel' 

St. Pau\' :\ linnesota 55101 


Additional copi es of this paper a re available from your 
3:\\ representati\ 'e, or by writing to the aclclrC'ss above . 

magnetiC Products Division 3m 
LITHO IN U . S . A. WITH 3M OFFSET PLATES 
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a Care package for 

AUDIO RECORDERS 

by Gene Titterington 

Field Service Engineer 

Ampex Corporation 

Rccognizillg that instructions for the care of magnetic tape recorders are indelibly imprinted on the memory 
of every recording engineer, we are nonetheless persisting in our belief that somewhere, somehow, these 
instructions should be restated. For those who have but recently joined us, of course. 

Here, then, is a review of the professional audio recorder- what it is supposed to do, what care it should 
receive, some tips on checking up on it, plus a few casual indicators of trouble for engineers willing to frown 
knowingly at some point prior to total disintegration of the recorder in service. 

Simply put, the professional magnetic audio tape recorder is a system in which signals in the frequency 
spectrum to which the human ear is tuned are recorded on magnetic tape for later reproduction. The name of 
the game is "what goes in should come out!" The fact that what comes out is remarkably similar to what goes in 
is what makes the magnetic tape recorder the useful. tool that it is. In calling it a "professional" recorder we are 
simply defining the category of recorder used by the professional recording or broadcast engineer in the normal 
course of his day to day activities. But ... if the professional wishes to apply the same care to his home recorder, 
we have no objections . 

There Me some peculiar twists to the process, though . Sometimes more comes out than expected. Noise, for 
example. And a surplus of low frequencies. At the same time less comes out. High frequencies get lost in the 
shuffle of loading signals on tape and getting them off again. 

Some of this gaining and losing is cancelled out by some pretty nifty adjustments made by the manufacturer 
and recording engineers operating as a team. But there are some residual effects which Me undesirable and these 
are the ones we'll attempt to thwart herein. 

Mind you, we're not going to solve all of your 
problems, we'll just tell you some of the things to do 
to avoid some of them. And maybe point you in the 
right direction. 

PREVENTIVE MAINTENANCE ... Three Easy Steps 

First, let's assume immediately that all professional 
audio recorders perform as specified clnd that perfor
mance as specified is satisfactory. Our job: to unseat 
those malevolent forces which suddenly appear to 
upset our assumptions. 

Most readers will recognize three basic principles 
right off: 

1. A recorder with clean heads, guides, capstan and 
surfaces is less susceptible to problems caused by 
dirt and oxide than a dirty recorder. 
2. Proper and regular demagnetization of all ele
ments in the tape path is quite likely to eliminate 
problems caused by magnetized heads, guides, etc. 
3. A properly lubricated transport will not be 
over-lubricated or under-lubricated. It has also been 
known to run better as well. 

When analyzed, these three basic statements will 
reveal one startling fact: together they constitute the 
entire preventive maintenance routine. Anything above 

or beyond this constitutes inspection, checking or 
troub leshoo ti ng. 

This in no way implies that inspection, checking C:lIld 
trouble-shooting are not to be indulged in -not at all. 
It just pays dividends to know where olle leaves off 
and the others begin. And while the preventive 
maintenance routine can be delegated to an assistant , 
the' really careful engineer will do the next step 
himself: the inspection. 

TAKE A LONG HARD LOOK 

You'll get no quarrel from anyone by claiming that 
a good visual inspection can reveal many, many little 
pieces of information that together tell a significant 
story about the condition of the recorder. 



While there is no way to describe it 
adequately, a properly adjusted tape 
transport literally sings a song of well
being. You can fee l it. By the sa me token, 
an ailing recorder can cause the hackles 
on the back of your neck to stand out 
straight. You're uncom fortable bei ng in 
th e same room with it. 

The well-behaved transport on close 
inspection will be passing tape in an 
absolutely flat path · flat in that motion is 
nearly imperceptible. It is this comfort
able sensation of the rightness of things 
plus the beautiful, smooth flow of tape 
th at encourages the engineer to proceed 
knowing that today thing, will go well. 

At this point , the engineer can check 
the braking system. Two successful 
smooth stops in a row signifies that, by 
golly, he might have it made. And so he 
continues to exercise the transport 
through all of its modes and in the several 
speed ranges involved. 

Note that th e engineer in checking 
"stops" is also checking "starts" in ap
proximately a 1:1 ratio. I n both cases, 
the stop/start times CJn be checked 
against the manufacturer's spec. Again , 
the well·adjusted transport will be a 
delight to behold. 

Satisfied thJt the transport functions 
are just short of perfection, the engineer 
can now continue his inspec ti on by re· 
moving the tape from the machine and 
preparing for a thorough examination of 
the entire transport. 

Two toob Me helpful. Good light and 
a man sized magnifying glass. There need 
be no shame connected with the usc of 
the glass. After all , the ideJ is to see 
what's going o n. 

From the engineer's vanLJge point all 
manner of wonderful things show up in 
the glass. (And you thought you cleaned 
the system , didn't you?) 

Dirt and oxide particles stdre balefully 
back fl'om hidden corners. Here 's a piece 
of torn tape tucked away. Safe enough 
where it is, but what if it should move 
and lodge itself smack dab dgainst J head 
at J critical instdnt? 

Get rid o f it l And any o thers you may 
find. 

And while you are gelling rid of the 
scrap of tape . you've a perfect righ t to 
ask where it came fr om. One scrap could 
be a piece knocked off the end o f a tape 
during a fast rewind·several pieces of 
similar size and shdpe could indicate a 
burr on a contact surface somewhere 
missed at the last inspection . 

And that oxide where did it com e 
from? Poor cl ean ing? Or is it new ly 
shed --a sign of troubl e? 

Now the value of the glass really 
shows. A careful check of stationary 
guides and the hedds will revea l ilny signs 
of WCdr . If slot-wear is present yet record
er performance is sJtisfacto ry, there may 
be no cause for alarm. Leaving well
enough alone applies. It may be sufficient 
simply to mJke d no te that the wear is 
taking place an d watch for further devel
opments. But if the engineer is contem
plating a change in head alignment, those 
wear slots will present some real prob
lems. 

Tapes will not track smoothly thro ugh 
the misaligllCd slots. Buckling, bowing or 
warping of the tape could result with an 
attendant loss of intimate tape-to-head 
contact. High -trequency re sponse drops 
off quickly and physi ca l tdpe damage is a 
good poss ibility. 

Under the Jssumption made in the 
beg inning, the reco rder under survey is in 
decent conditi on. We hJve observed no 
signs of wear. But we 're not through yet. 
Some additional checks sh ould be per
formed . 

Head alignment dnd elec tronics are 
still unknown quantities. While th ese 
items appear to be in proper working 
trim, the "let's m,lke sure" checks are not 
difficult to perform, nor need they re
quire much of your v,lluable time. 

TEST TAPES ... Your Best Friends 

Select the pro per test tapes needed 
(re producer alignment ldpes reco rded at 
the proper speeds). Ideally, you should 
use test tap es with track configuratiom 
matching th at of the recorder. You're 
already ~ware of the fringe-effect that 
occurs when USillg full-trac k tapes to 
check multitrack recorders. Low frequen
cy response is mag ll ified and it is ne xt to 
impossible to equalize for J flat I-esponse. 
(Remember even with the right fo rmat 
tapes the "bumps" will still be there.) 

Thread the alignment tape carefully 
and fo llow the voice instructions on th e 
tape. In most test tapes, signals are 
provided for checking head azimuth, fr e
quency respon se and the operating level, 
not necessarily in that order. Ma ke the 
essential adjustments for both speeds, 
using the tape mdde fo r each speed. 
(Although the NAB equalization curves 
arc identical for 15 ips and 71f2 ips, the 
frequency re sponse adju stments must be 

made with separate tapes to assure ac
curacy.) 

In using te st tapes , the confident voice 
on tape may sound more authoritative 
than th e condition of the tape warrants. 
Know your test tape. 

TENDER LOVING CARE FOR TEST 
TAPES 

While test tdp es arc masters so far as 
the recorded signals are concerned, they 
arc frdgi Ie th i ngs. Once they leave the 
environment in which they were made, 
they are susceptible to the same damage 
as any other tape. Th ey not only wear 
out in use, but even deteriorate magnet
ically on the shelf. Shelf deterioration can 
be minimized by proper storage, but only 
care in use can successfully combat 
physical damdge to test tdpes . Manufac
turers are cautious in expressing life-ex
pectancy figures . Fifty to a hundred pl ays 
seems to be a safe figure. Losses dS high as 
5 dB have been no ticed at the hundred 
play mark. Offse tting this arc test s where 
tape life has been extended well beyond 
one -hundred plays when normal clearing 
and deg,llIssing routines are followed. 
Profess ional quality heads generally will 
ex tend the life o f test tapes. This would 
indicate the need for caution ill using tes t 
Lapes on head s o f doubtful qu ality- -at 
least those tes t tapes you depend on for 
use with your professional gear. 

Under no circumstdnces should a test 
tape be used on a mac hine prior to 
cleaning and deg,llI ss in g. Remember th at 
short wave-length flu x literally rides on 

the oxide surface. Wear it thin and you've 
lost the high frequencies . Even if no wear 
occurs, dirt ca uses loss of intimate con
tact and ,lg,lin , there go the highs. 

Running test tapes on magneti zed sur
fa ces offers more tro uble. You can era se 
the highs Jild repl ace them with noise 
rather easily. 

A word dbout the efficiency of head 
degausse rs should be dropped in here. 

New AMPEX HD-76 Degausser 



With the wid~ availability of low-noise 
tapes, noise reduction systems, and 16 
channel (or more) recording systems, 
noise or signal damage caused by magne
tized clements in the tape path is more 
than ever noticeable. Tests have' shown 
that the old familiar head deg,lusser is not 
doing the job adequately. Special, more 
effective degaussers will undoubtedly 
redch the market in the near future. Until 
they are aVdilable , the professional must 
use wh at he hd s. Multi-channel head 
systems that can be removed from the 
transport should be degaussed with the 
more powel-ful bulk degaus'>ers. Even the 
handheld bulk degaus'>ers will do a better 
job of degdussing parts such as capstans 
and gu ides . 

In storing yo ur test tapes, rewilld them 
carefully Jnd store them in a magnetically 
secure environment away From speakers, 
microphones and other magnetic devices 
(including magneti c latches on cabinet 

doorsl). 
Since test tapes represent one of your 

primary reference standards, they should 
be treated as precision tool s. You can be 
sure that 's how the manufacturer treats 
them. 

Once you have checked the recorder 
by means of the reproducer alignment 
tape, you will hdve established several 
points: the azimuth of the reproducing 
heads is correct, the frequency response 
has been equalized at each operating 
speed and you have adju sted the output 
to the standard opera ting level. 

With all these gODd things done you 
call carefully rewilld the test tapes at play 
speed (or store them tail out) and put 
th em awclY ill a secure storage. 

IT'S THE SIMPLE THINGS THAT 
COUNT 

See how convelliently our assumption 
has served us 7 Since your recorder was 

assumed to be in good working order, all 
you've had to do is to perform three 
simple preventive maintenance steps, a 
visual inspection (thorough vi su al inspec
tion), and a check of the system using 
properly con figured al ignmen t tapes. 

Together , these routines comprise the 
basic care package for your recorder. 
Beca use they are simple routines, they 
can be repeated often. Others must be 
performed too, and these routines will 
generally be spelled out by the manufac
turer in the instru ction manual. 

Since most of th ese more specialized 
checks and adjustments are peculiar to 
the machine involved, we won't detail 
them here. 

Instead, we'll make a list of the rou
tines, suggesting the frequency of applica
tion , and give the reasons why they 
should be done. This, then, is a more 
complete "care package for the magnetic 
audio reco rder." 

AUDIO RECORDER 

SCHEDULE OF ROUTINE 


INSPECTION AND MAINTENANCE 


ROUTINE 
1 . Cleaning 

HOW OFTEN 
As often as desired but certainl y no 
less often than once every eight 
operating hours. 

WHY 
Clean reco rders eliminate a lot of 
possible problems. Dirt and oxide 
accelerate wear and degrade performance . 

2. Demagnetizing Should be considered as part of the 
cleaning routine. 

Magnetic cleanliness is as desirable 
as physica l cleanliness. Stray fields 
can rob you of the qu ality you put in 
so carefully . 

3. Lubrica tion As recommended by the manuFacturer. 
No more, no less. This is no place to 
exercise creativity. 

No one likes a squea ky wheel . Too much 
lubrication attracts dirt, destroys 
components. 

4. Visual Inspection Follow your own time-table. In practice 
the careful engineer is always inspecting. 

Observation of normal behavior can 
tune the eye to abnormal conditions. 
Also, some problems can be observed in 
development , and corrected before 
catastrophe. 

5. System Check Out 
(using alignment tapes) 

After cleaning and demagne tizing, generally 
prior to an important session. As the 
commercial says, "once in the morning does it." 

Test tapes are a primary reference 
and remove any doubts you might have. 

6. System Check Out 
(using manu facturer's 
check list and 
flutter test tape) 

Follow the manufacturel's instructions. 
Use fl utter test tape after all adjustmen ts 
to the tape handling system. 

These checks determine whether or not 
adjustments should be made in brake or 
hold-back tensions, capstan idler 
pressures , etc. Flutter te st checks 
adjustments in reproduce modes and is 
a comfortable reassurance that tape is 
being handled properly. 
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Reproducer Test Tapes: Evolution and Manufacture"f 
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magnetic sound recording systems. Informal working standards and formal standards 
are discussed, with emphasis on changes in standards and possible resulting confusion. 
The manufacture of reproducer test tapes is uescribed, including special requirements 
for heads and blank tape, and the methods for determining the azimuth and the flux 
vs frequency, Handling techniques which minimize the chance 
of damage are also described. 

INTRODUCTION Recorueu material must reprouuce 
satisfactorily, not only on the machine which made the 
initial recoruing, but also on all other similar equipment. 
Thus, each reproducer must bc aujusteu to the same 
specified standard reprouucing flux -freq. resp. and 
operating level. The purpose of reproducer test tapes is 
to make possible the practical measurement anu auju st
ment of magnetic tape reproducers. 

The reproducer test tap~ is useu to aujust the repro
ducing heau azimuth as well as the reprouucing ampli
fier equalization anu gain C'operating level"). Other 
types of test tapes (not further discussed here) arc the 
flutter test t<lre. useu for measuring flutter to the NAB 
Stanuarus l (it is also used accoruing to American Stanu
aru Z57.1-1954) ; anu the recorder aujusting or reference 
meuium test tapes, which are unrecorucu tapes of average 
characteristics used for auju,ting th~ bias current and 
recoruing equalization of a record~r. 

EVOLUTION OF REPRODUCING 
FREQUENCY RESPONSE 

Stanuardizing organizations have hee n alnlUst <IS pro
lific in their recommendations as the inuustfl has been 
in developing h<lruware. The one-of-a-kinu cu~tom equip
ment of a few years ago ha s otten created a working 
stanuaru simply by usage. anu formal standarus have 
then followed. In the beginning there was only full 
track, I ~ in. (6. 3 mm) tape wiuth. anu one or two 
tape speeus . Now si xteen uifferent reprouucer te s t tap~s 
are available from a s ingle manufacturer (Ampe.x). 
Auding the proposeu test tapes according to the new 
NAB Standaru , plus proposeu changes in Interna tional 
Standarus, this number will soon rise to twenty-seven, 
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and this does not even include tapes for every track 
configuration," or cartridge tapes, or the flat sheet me
dium for spot announcements called CUE-MATT". 

Experience has shown that olu standards cannot be 
simply uropped when a new stanuaru is auoptcd by one, 
or for that matter by all, stanuaruizing organizations. 
Even if the old "standard" became so only by virtue of 
popular usage, it does exist, libraries of tapes made to 
agree with, it exist, equipment exists, anu the manufac
turer has to provide the corresponding test tap~s for many 
years. A good example of this is the 3.75 ips (9.5 cm / 
sec) situation, where three difrerent stanuarus:l are now 

in use in the United States and one more internationally : 
~·iz. high-frequency equalization time constants I~ of 200, 
140, 120 anu 90 !J.sec, with or without bas') equalization 

r I of 3180 fJ.sec. 

THE NAB STANDARDS 

In 1'i53 the National Association of Broaucasters pub
li'i heu a uescription of a stanuaru reproducer for 15 ips 
(.18 Col sec) use, based on an idealized ferromagnetic 

reprouucing head anu an amplifier of specified response. 
1he reprouucing flux-freq.resp. hau time constants 
of r l - 3180 !J.sec and re - 50 !J.sec (tran,ition frequen

cies of /, :- 50 Hz, /" := 3200 Hz). 
At the 15 anu 3D ips (38 anu 76 cm sec) spceus th e n 

prevalent. the wavelength remaineu relatively lo ng even 
at high frequencie s-a I mil (25 !J.m) wavelength" (15 
kHz at 15 ips) was the shortest encountereu in general 
auuio work. This meant that even without using a rerro
uucer tcst tape, the error might be small if the: rerro
uucing amplifier were adJusteu to the specified response, 
and the reprouucing heau assumeu to be ideal. (The 
test tape \\"al' neeueu to adjust heau azimuth and operat
ing level.) 

E.xperi!1lent~ indicateu that a 15 ips test tape sufTered 
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very little degradation with careful use. Primary and 
secondary reference response tapes, carefully stored, 
were employed to calibrate test tape production equip
mcnt over long periods of time . 

Because several different reproducing freq. re sp IS 

were in use for 7.5 ips (19 cm / sec) in the early 1950's, 
the NAB did not standardize a reproducing freq. re
sp. for this speed. Eventually the freq. resp. origi
nally used for 15 ips ('I = 3180 !-,sec, 'e! = 50 !-,sec) 
also became generally accepted for 7.5 ips, thus estab
lishing a "stand<lrd by usage". 

The 1953 NAB Standard made no mention of the 
rec orded lev:: 1. The Ampex " operating lever '·~ was origi
na lly determined by measuring distortion. an d would 
thus be <J runction of the particular tape used . A 15 mil 
(31l0 p.rn) wavelength sig n<ll producing 1'7< third har
monic di stortion on a selected batch of then-curren t 
.lVI-III tape became the flux refere nce for the " Ampex 
opcrating level". It was recognized very early that the 
operating level of the Ampex Test Tapes had to be held 
at a constant ahsolute nux level rather than at a constant 
distortion. in order to produce practic<ll compatihility 
of levels in the re:ording industry . Thus. a lthough tape 
has changed, the operating level flux of test tapes has 
remained extremely constant to the present time . Forlu
n<Jte ly. th e tape selected in thc original determination of 
Ion.!! wave length operating level had greater di stort io n 
a t ~I give n nux than present·day t<.lpes: therefore the 
amount of distortion experienced today with most avail
ah le t'lpes at operating level is less than the original 
J ' ; . The Ampe\ operating level recording has a short
circuit !lU\ of approximately 200 nanowehers per meter 
of tra ck width ( - 20 millimaxwells per millimeter. or 

125 mllJ[x for a tape 248 mils wide). 
In 1%5. the NAB puhlished <l new Stand<Jrd which 

re<.Jffi rm cd the reprodu cing flux -freq. resp. time con
sta nts lor 15 ips (1 1 := 31110 liscc . 1-: = 50 f ,sec). and 
recognized p'.I'>I industry usage of thi s sa me reprod uci ng 
freq.resp. ror 7.5 ips . The new NAB Stand<lrd do ~s 

ca ll . howe ver. for a cha nge of th ~ reproducing freq. 
resp. time constant 1-: at 3.75 ips from 120 p,sec to 90 
IJsec . This represent s ,I 2.4 dB reduction of high 
fre4uency resp onse in the reproduc er. which in turn 
ne::essitatcs a corresponding in crease of 2.4 dB 01 th ~ 

recordin g pre-emphasis in order to maintain a fbt over.tli 
response. This in turn suggests th at a recording level 
redu ::tio n might he desirahle <I t th is speed . On the other 
hand . it would he cont using in practice it the NAB 
Reference Level \\cre diflerent from the ex isting Ampex 
Operating Le vel. Also. among recordin g companies and 
hroad: ~lsters thne exist, a grea t varie ty of meth ods for 
mi.\ i n ~ and for read i ng progra III leve ls : some recordi ng 
comp~llics record in th e "RED" <II all tim es. and others 
mak: it a pr<l2tice never to <llIow meter readings to 
e.\ceed - .\ on the vu meIer . It sC!c ms douhtful that man y 
Vii II w<ln t to ch<Jnge their long-estah li shed level practices. 
Thcrefure it would seem advan tageo us ror the NAB 
Rclerenee Level to he the same <IS th e present ly accepted 
Ampe.\ Ope rat ing Le v~1. 

Sinc2 the NAB Standard specified the Reference Level 
ill terms of a "vault reference recording" rather th an in 
terms 01' tlux in standard units. one must await the 
aV<lilability of the approved NAil Test Tapes in order 
to find out what th e new NAB level will in raet be . 
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MANUFACTURING REPRODUCER TEST TAPES 

In order to manufacture reproducer test tapes, one 
must obtain high quality heads an d tape: dctermine the 
correct head azimuth ; and calibrate the reproducing 
system which is used to measure the reproducer test 
tape flux vs. frequency. 

Magnetic Heads 

A chief requisite in th e production of reproduc er tes t 
tapes is the availability of a good source of custom-built 
recording and reprodu ci ng heads. Without a fa ci lity 
such as a head developme nt labo ratory. it would h ~ 

difficult ( if not impossihle) to obtain the necessa ry 
calibration and production hardware. 

Heads must be selected for greatest possihle edge 
st raig htness . gap regularity!; ·· an d consistency of pole
piece depth . In the case of full -track tapes , the recording 
head cores must be wider th an the tape in order to 
ass ure reco rding across the entire width of the tape. 
Gap depth of the re co rding head must he constant acros ~ 

its entire width in order to insure even flu .\ distribution 
across the tape. Reproducing he ads ror c<llibration work 
should be of the high den si ty type (that is. with v~r y 

thin la ye rs o f bonding material hetween l<.Iminations) . 
For 0.5 mil (= 12 11. 01) wavelength rcco rding the hond
ing materi a l should be less than 0.5 Ill il in thi ck nc,.,: 
any th ic ker materi al will ca use notic c:l hle unrecord ed 
"tracks" where the tape is contacted hy the non -Ill<lg nctie 
bonding materia l, which in turn will call'iC amplitude 
vari atio ns when adjusting overall respon ..e <Inti thcrchy 
increaSe the possihiliti es of error. 

Head gaps must he microscopically e.\<lmined. lamina
ti on by lamination. an d dev i<ltion, froill th e average 
center of th e gap measured at hoth the leading J nd 
trailing edges . Imperfect heads arc re je::tcd. 

Selection of Tapes 

Blank tape for test tape production must e.\hihil eve n 
coating th ickness and a good de gree of surrace polish. 
in order to have amplitude stahilitv of the reco rlled tnnes. 

Other very important requirement s <Ire precise straight
ness of the 'tape edge. and acc urat e tape racking on the 
reel. Otherwise. the r ~ corded <lzim uth will vary to th e 
roint where the "azimuth" sec tion on the test tape v.ill 
he unsuit a hl e for <l dju stments. By ca refully selecting 
prope rly sl it tape. one can hold average azimuth vari
atio n to ahout ::': I ' : amplitude va ri a tion ca used hv this 
amount of azimuth disagreement will then he less th<ln 
::':0.5 dB with a 12 11.111 (0 .5 mil) wavelength full-track 
reco rding . 

Azimuth Determination 

Correct heJd nimuth is obt<!ineJ when the head g"p 
is exac tl y at right angles to the edge of the tape ; this 
in turn produces a recorded track which is exactly per
pendicul<.lr to the tape edge. (This assllmes th<.lt the 
tape h(/s 3 straight edge which can he referenced . If th ~ 

tape is improperl y slit. wound. <lnd o r stored . the edge 
will he wavey and relative azim ulh will vary . ) 

Some ve ry early test tapes were made with incorrect 
azimuth . The error W<.lS not too serious (especi ,tlly at 
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REPRODUCER TEST TAPES: EVOLUTION AND MANUFACTURE 

the then-current 30 and 15 ips speeds), but was corrected 
because it was quite noticeable at the slower speeds. 

Azimuth loss is plottedS in Fig. 1; the loss is seen to 
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Fig. 1. The azimuth loss, <I> , (e' )/ <I> ., = (sin,,-/i')/,,-/i'; or, in 
dB directl y, <1> , (0')/<1> . , = 20· (/1')'-", where 0' = ewf/s, in 
radians, e is the angle between the recorded track and the 
reproducer gap, in radians (3440 minutes of arc = I radian) , 
w is the track width, and s the reproducing speed (wand s 
in the same units), and f th e reproduced frequency in H z. 

increase with increasing angle, track width, and fre
quency, and with decreas ing speed. This curve is shown 
aga in in Fig. 2, this time plo tted vs tape speed, with the 
other conditions fixed : the loss is seen to increase as 
speed decreases, from about 0.4 dB at 15 ips to 5 .5 dB 
at 3 .75 ips. Similarly, Fig . 3 shows the loss vs track 
witlth with other conditions fixed: an unmeasurabl e loss 
with 20 or 40 mil trac ks increases to a 5 .5 dB Joss with 
full track heads. Thus, for a given tape speed and fre
quency, the wider the track, the more critical the azi
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• TAPE SPEED 
Fi g. 2. Azimuth loss vs tape speed for 0 = 2', w = full

track y.j in . tape (6.3 mm) , f = 15 kHz. 

using a co mbination re cordi ng and reproducing head 
with an arbitrary azimuth setting. An indica tor and an 
a ngular scale should be added to the azimuth adj ust
ment screw of the head assembly to show th e relative azi
muth settings: the angle for thi s first recortlin g shoultl 
be noted . 

2. After the signal is record ed, the full-track tape is 
rewound with the oxide surface in co ntact with a blank 
piece of tape. 

3. The two tapes are then run through the machine, 
with a small amount of bias current applied to the head . 
This ca uses a " mirror image" of the original signal to 
be printed on the adjacent bl ank piece of tape. 

4. The "printed tape" is reproduced , the head ad
justed for this new azimuth , a nd the new setting noted. 

muth adjustment becomes . From this , it follows th at 
high-frequency amplitude va riations due to misalign
ment, poor tape slitting or winding, or poor guiding will 
generally be worse with wide-trac k systems. 

A number of methods have bee n used to determine 
the azimuth of a recorded trac k. The simplest in prin
ciple is to make the reco rded trac k visible by means of 
carbo nyl iron powder,u by softening th e binder with 
amyl ace tate , IU or by using a tape viewerll The visible 
track can be checked for pe rpendicul arity to the tape 
edge by mea ns of a toolm a ker's microscope .IO! The 
m ajor difficulty is that tape with a perfectly straight edge 
does not ex ist; therefore many measurements are re
quired in ortler to de termin e th e average angle. (This 
method is also helpful in demonstrating edge curl , which 
m ay happen when imperfect tape winding allows the 
tape to rest against one ree l fl a nge.) 

]f tape is simply turn ed end -for-end, the azi muth error 
will be in the same tlirection- it does not reverse . There
~ore Some means is needed for producing a "mirror 
Image". The first and most sa ti sfac tory method is show n 
in Fig. 4. It consists of the following steps: 

1. A full-track, short-wavelength signal is recorded, 
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STEP ONE. 	 RECORD TAPE WITH COIolSINAT'QN 

HE AD AT ARfl ITRt.RY SETTING 


~£wIND R(CORD£O TAPE IN CON TACT 
WI TH a BL ANI< T~PE ONTO ONE 
REEL ( OX IDE. TO OXIDE CONiACT) 

STEP TWO 

STEP THREE "'loSS TWO TA "' ES IN NORMAL 
"" DOE OvER H(AD WI TH B.AS 

t L Av ERS CURReNT SUPPLIED TO HEAr 

Of T ?E ! e AS I SUFIPLl f 0 
TO H[ .~n 

STEP FOU R REPRODUCE · PR INTED" RESULT 
WHI CH IS A MIRROR IM A{£ a 
MAKE PART.ilL CORR[CTrQH 
TO HEAD AZ IMUTH 

SUBSEQUENT • 
I CONTINUE:. <.QH R[CTIOt-I NTIL

STEPS 
RECQRD£D Mo1STUtS AND ~NT£O 
F: t:. SULT!, AGREE ¥f lrh ONE I 
o.lI\4 lIT H SE T HNG --.1 

Fi~. -1 . A7imll th detclmination b)' the mask r anu transfe-r 
print- Illetih)u. 

5. Thl' ~l zilllllth is ., ~ t h ~I IIWd\' bL't\yccn tr.(: two ~ I l i · 

1l1uth :lngiL', 1lll';t <'lI red in .'ier~ t dnJ .J . 
n. <;tc'ps 1-5 :Irt' rl'pC '.lieJ until "rn,lsteis" ~l nJ ",'rint,' 

holh '. 1ll1 w J11d\inIUIll f(',POJl ,l' at the sa me s.?tl ing·· · 
this ind il'a tcs rl' rrl'lldicularit y of the heau gap tl) th.: 
gu idl'd tdrc path. 

A ,,-'Cl1Jld method fur proLillcing the "minor Inl olge"' 
il1\'olVl' s turning the tare over and reproducing thl' 
sign,ti through thc h:I,C Dr the t:.lpe. Th.? adju .,tmel1t 
1l1ethod is sirnil :lr to th ;1 ! ju,t npla irlL'd. Tht' probkll l 
here i, iholt. " I the shl1rl \\ :Ive kn glh , iJ\'ccssan' fu r :lccu , 
r:.li<: azimuth ;luj ustI1lC IlI, thc 100;, of ,ignal through ti le; 

hack ing of the t,.lp.? is Sll large ihat it is dilTiClrlt to lith] 
the ,ign: ti at ,til. Evans h ols desc ribed l" a mcalls fl), 
Dl<lk ing thi s principle of azim uth Jl'!e rmifldti on rr.lC 
lical: i\ two-track c() il1binatill n he ad i, lIseJ. (An illl
portallt fl'q u in.'lllc llt not mentiol1ed by I-: v:ln s is that 
th e Iwo gap s III list bl' e.\act ly c(~p la nar. that is . ther.: 
must be 110 gap sca li er.) Phase of the 1\\0 sign als is 
COI1lI)areu. r;llher th ;ln ,(e king nlasil1lul11 :.llllplitudL'. If 
the two sig n," s ,He l'l)J11hined Ollt of rhase, the rl1sition 
of Cllrrcct alignment rc~; ults in :J vcry sharp null of o utput 
cve n whe n ;1 mid-frequency ,ignal (S:IY .\ J,.Hz at 15 ir , ) 
is used. The refll re Ih e signal amp li tude c:.In hl' la rgL' 
cno ugh cven ",he n rerroduced through the t<lpe b,lc k. 

F ina lly , c\pcr imc nts h:ne been conducted on a third 
method for dc(('rmin in g 11 ZilllUth. using heads with a 
gap :It the frnnt a nd anot her :.It the bdCk . anJ spcc ial 
guiJes for the t"pe ( see Fig . .5 ) . The front anJ back 
ga ps of the head Illust he parallel 10 one another. :1 1lJ 
hoth surfaccs mList he la rped for gooJ tare-t l)·hcau Cll n
t ac~t. The L.lpe is reco rdeJ lit the front 01 the head, 
rc '.Vound o\iLic-out (13 wind) , thell reprouu ceu bv th ~ 

back gar of thc s,lme head. Th e hCllJ r <l th ~r th :l n the 
tapc thus rrouuces the "mi rror im~gc" . Adjustm ents 
li re maJe a~ uc ,c ribcd :lhove un til pcrfect agreel11 e nt is 
achieved h ' lween the hack :I nd front g~r s. Guiding 
rwhkrm ha\e made th is !I1l'thod unsli ti sfac tor\,. 

DETERMINING THE REPRODUCING FLUX
FREQUENCY RESPONSE 

The cJ lihr<1tion of th e reproJdcing channel uscu ill 

ma ki ng reproduc e r tes t ta pc'S g~ l1t' r ,' II y fo ll ow, the pro
ccdurl's uet;Jilcd in th e 1')05 ABLl n(!;,rJ . f'irst one 
determines the re~ponsl' \ I th e rcrrod["eing heau plus 
elec lronics from " const,l nt flu .\ inrut: a flux-in ducing 
loor is attached to the ffll nt golp of the head , anu II 

consta nt current signlll \"\" II c4 ucnc y is arpli~J throul!h 
the loop, The ampl ifi er c<l n then be ;Id ju 'l '.I 'II provide 
Ihe correc t rl's ron se fo r lin i< iL':ll he:ld. ( In thi s measure
ment. resonance clreets of th e heolJ :llld c:lh lt! ;lrc in
cluded. It simplifies m,ltlers if the: 1'1<1\ b:,ck head reso
nates well o ut,iu c the hand l,f intne.'; t; thi .'; re4uires a 
low induct<lnec he ad . with fewer tu rn , of ',,'ir c than 
usual.) When using th is tlll\-indil c in g 1l1l' thod. a Jc
emrhasi, networ k can he u'cJ afin th,' rL'rrolilic ing 
am plifier to rrodu C' e a flat reading L) n a ·.{m \\"11<:11 the 
reprou uc i ng n1I S rc spono;~ i, correct Iy old iu,lL'd to the 
approrriate stand:lrd . /\ dilkrcl1t rc 'pnn.';c i, of course 
needed fo r each o f the ill:ll1\' sta nd,l rd curves in usc. 

A pr:Jcti cal hc,',J will ~I ,, ' hol\C \\i:lVl'kr, gt h rL'sponse 
error, which nlll\t he 111,';I'lltCr\ a nJ Ltkcn inln account. 
(j d r lu,sl'o; a nd con tour c'tl"L'C'h ;lfe rne:l';ured ' I ~ out I ineJ 
in .i\n fll'.x C (If Ihc 1')(15 N ..\ 11 "it:IIlt!:lrJ. Th..: ,l' nl,'.I <;urc
ment, arc 'l) fIl l' ""h:l! inVlll\c' d . dOl,j it i, hc, t tLl douhk
c heck IhenJ. i\, a furth.:r chl'd " llIh' ,hot tJ measure 
SC\'cral known head , for Liter e!'d' , rdaC flCl' . 

After the losses inbere'li l in the rl' l'f"L'dul'i!1g head are 
dctcrl11inl'J, :1 cun'c l11 <1y hl' d r;l \\r~ , hllwi n<7 the devi
atioTl fr'c) !11 idc:t\ ,It" a p,trIicu i::r r\'rwdLlc in!! , \ ,km . A 
reco rding can then hl' lI1adc' \\ hleh v.-ill iL'j'f<1duc c in 
agreellll'llt \\i1h the l':.ii\1r;di()f .:'u rve': ill '.l lh"r Wl1rLi s. 
the recurding shou ld 1'1,1\' h;le J,. .\ ith ' he '; :II11e' i ,"rll flse 

oI S the r(' produ c illg S\'~ tl' m. 

OllCl' a s\',telll i, c;ll ihrall'd, a tal''':: 111<1\' l,c madt' f()f 
("c' ill adjll'>t illg othe r ll'o;t tapt: \'rc)d uctl ol1 mill·hi nes. 
fu r Ie,t ta!'l' pn',cillcti () n 011 a COIl1I):If",' (\'C refere nce! hasis. 
Each suc h 11l:lch inl' fl1U~ t I)wdul'e Llpc'S which ha 'C re
corded !lU\ ide ntit:.tI tn that of tile' tare l11 ade IHI the 
ca I ihr :1 ted ,,,,tc 111 . ! n r I" Llduct iLln pract icc. se \'L r;d [apes 
arc l11i1de un the c.ilihr<l ted n'pn\dll Cl'r .Iild lised as setup 
1:lpcs. H u\.\'e\·u, it should be 11l'll'd that , ~tur tapes do 
11l1i \:t,t long . and I11l1st he rl' 2: tiibr atl'd frl'l/ucn tly on 
thl' original Ie,t setllp or cl,,: rcrl.lccu L' ntirely. 

Thc,e te chniqL1l" all c,'nl': r a round thl' c,llihL,t il. n of 
thc' I"Crn)tiucing ",tel11. R l'~(1r diI1g cu rrent C:l n h~ " ril'll 
to C0 fl1rc'fl\:1 1e for ditf(' ri ng tapc char :lctcri,!ics . 

Productio n rracticc at Amrcx has shL)wn that each 
test tapc fl1mt be l11ade individu:llly: each ape i, an 
original recordil1f!, it is not a C()IW . Of COLJr"~ . the vl)ice 
a l1n OUl1CC lllel1t s a re dubbE' u , but the te st signal s are 
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FACE OF MEAD 

STep TWO 
PLAYBA CK 
RECORDI N G ON 
BA Ct( GAP 

~uSS EaufNl S'TE~ t-rl.~ " A[s .lUST{O ' '1' ~l' "ID- '.• ""'.".1 'N ' ~ J"'J , • .:. ~ _, J., ~ .... , . ,., a .. 'ttlM(HI ." , .. htl ort .l jll 1..l, 1.> 

I ..... .. 'l I .... .. 'II I"' '' ~M "~ O"'L "l. 'lO U" " (0.1.; 1 

Fig. 5 . A / imllih uct e l"minalio n by the frt'nt hack gJP met)(\ I. 
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REPRODUCER TEST TAPES: EVOLUTION AND MANUFACTURE 

supplied directly to the recording amplifiers from a 
specially constructed oscillator having pre-set switchable 
frequenci~s. Thc voicc track is reproduced backwards, 
and the announcements. along with the tones from the 
oscillator. are recorded in reverse order. This provides 
a smooth tape pack since the reel is ready for packaging. 
with no need for rewinding . 

TEST TAPE ACCURACY 
Accuracy of Manufacture 

Taole I lists the usual maximum errors which can be 
expected for Ampex Test Tap~s. These include the 
uncertainties of the basic measurements in addition to 
the deviations allowed in manufacturing. 

TABLE l. Maximum errors of Ampex Test Tapes . 

"Operating Lel·el" Flux ±0.25 dB from one test tape 
to another; absolute value, 
200 nanowebers per meter 
of track width, ±10%.14 

Uniformity v/ Flux Acros~ ±0.25 dB of specified value. 
Tape Width 

Azimuth ±2' of perpendicularity to 
edge of tape. 

Frequency Response The short circuit flux is ±0.6 
dB of specified response 
for wavelengths greater 
than 0.75 mil (19 I'm) 
(frequencies of J 0 kHz at 
7.5 ips,S kHz at 3.75 ips, 
and 2.5 kHz at 1.87 ips). 
Accuracy at shorter wave
lengths (higher frequen
cies) may be ±1 .2 dB of 
s pcci fied respo n se. 

Accuracv 0/ Recorded ±2%. 
Waveleng th 

Oth~r studies, made by European test-tape manufac
turers, have yielded very similar accuracies. 

fn practice, test tapes checked at time of manufacture 
do not show variations of this magnitude. Thc quoted 
figures include instrumentation error and 3 months' stor
age with tcmperature cycling variations of approximately 
60°F to 80°F (15 ° to 2TC). There are several sources 
of error in each measurement in calibrating the repro
ducing system, and in making the test tapes. One would 
cxpect these to add in a root-sum-square manner most 
of the time, but it is possible thal all of the errors could 
be jn the same direction . and therefore add dire:: lly. 

Errors in Test Tapes Arising after Manufacture 

A ccidenral Da/lwge.-IVlechanical and/ or magnetic 
damage which will destroy the accuracy of test tapes 
may occur in playing , rewinding. or storing them. The 
shorter wave length (high-frequency) recordings are most 
easily damaged. 

Mechanical deformation of the tape will usually dam
age the edge of the tape, causing uneven tracking and a 
constantly changing relativc azimuth of the recorded 
tonc. Contact of the tape pack with one reel flange 
may result in irreparable edge damage. ;Vlechanical 
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distortion due to uneven wind of the tape on the reel 
is aggravated by high temperaturcs, and by tcmperature 
and humidity cycling. 

Magnetic dam age (erasure) may occur if tape is stored 
in areas of high magnetic field (e.g., certain loudspeakers , 
metcrs, motors, microphones, etc .) . Partial or complete 
erasure of the tape may occur if it is reproduced on a 
transport which has magnetized heads or guides. or if 
the recording and l or erasing heads are accidentally 
energized while reproducing the tcst tape. 

Normal Wear and Tear.-The effccts listed under 
Accidental Damage may be small enough to cause dam
age that is not apparent from one use of the tape. yet 
that with repeated usage will result in a gradual loss of 
accuracy. The tape surface will also wear (lose oxide) 
even if the tape transport is perfect. Also, loose oxide 
may become "welded" to the tapt! surface, causing in
creased spacing loss. 

When the tape pa sses around small radii. the mechani
cal bending may cause some loss of magnetization, 
especially at short wavelengths. This loss depends on 
the tape used, but is usually about 0.5 dB at 0.5 mil 
(12 ,um) wavelength. 

For example, a test tape which has been carduJly 
handled and played 50 times will have a loss of 0.5 to 
2 dB at 0.5 mil wavelength (15 kHz at 7.5 ips). For 
100 plays, the loss may be about 3.5 dB at short wavc
lengths. With more playings andi or slightly defective 
reproducers . the loss will approach 5 dB or more. 

In order to prolong thc useful lifc of the test tapes. 
Ampex practice is to compensate for some of the losses 
expericnced in norma l usage by recording the shortest 
wavelengths at a level slightly higher than that pre
scribed in the Standard: a boost of 1.25 dB is used at 
0.5 mil (12 ,um). 

ConclClsions aDoCit Tape Wear all,! Dal1l11lie.- From this 
information we must conclude that it is ansolClteiy neces
sary thilt test tapes he recalihrated or replaced peri
odically. no 1/laller how care/ul/v tile tapes are handled. 

This expcrience with test tapcs also leads to a practi
cal conclusion about the frequency response of systems 
working at wavelengths of 0.5 mil (12 ,um) or less (e.g.. 
at and above 15 kHz at 7.5 ips. or 7.5 kHz at 3 .75 ips. 
etc.): namely, that. even though a system at these short 
wavelengths may be adjusted to have flat overall re
sponse, true flat response on an interchangeability basis 
may be difficult to obtain due to errors in the test tapes. 
Further, even when a system is set up to be flat on an 
interchangeabilit y basis, the short wavelengths recorded 
on the tapes are fugitive, just as those on the test tapes, 
and a tape recording at slow specd (3.75 ips or less) 
which is flat today may well be lacking high frequencies 
after storage or after a number of pla yings. 

MEASUREMENT ERRORS IN USING 

A TEST TAPE 


~!ost of the complaints of "defective test tapes" are 
found to be actually due to crrors of measurcment tech
nique in using the tapes. A very common error is that 
of using a full track test tape to measure the frequency 
response of a multi-track reproducer. The fringing effect 
causes a rise of up to about 5 dB in the apparent low
frequency response of the reproducer. This error is 
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sometimes attributed to the test tape; it is in fact due 
to use of the wrong tape since a multi-track test tape 
must be used for accurate low-frequency mea surements 
of a multi-track reproducer. 

The numerous possible errors of measurement tech
nique are dealt with in det ai l in a companion paper. ~ 

CARE OF TEST TAPES 

Tape intended for rep ea te d usc in standardization work 
must he prope rly c a red for if its full use fuln ess is 
to be maintained . Physical deformat io n of the tape can 
be a serious problem. Edge damage can be prevented 
by winding the tape smoothly under modera te tension 
and evenly spaced between the reel flange s. The tape 
pack should not be wound in contac t with one ree l fl a nge. 
as thi s will result in irreparable edge damage if it is 
stored in this condition for long periods of time. 

Tapes should not be stored in fields from motors or 
pcrmanent magnets; for example, a tape stored in a 
cabinet next to a loudspeaker or microphone may be 
affected. Heads a nd tape guides should be dem ag netized. 
When a reproducer test tape is us ed for continuous 
check-o ut purposes, such as in production line work , 
age and wear as described above often become the 
primary sources of inaccuracy. 
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NOTES 

1. All standards referred to in this paper are fully 
described in: J . G. McKnight, "A List of Published 
Standards Rel a ted to Magnetic Sound Recording", J. 
Audio Eng, So c , 15, 254 (July, 1967). 

2. The need for test tapes in ditTerent trac k co Ii 
. . d ' d . n gura

ttons IS "tscusse tn the companion pa per by 1. G. Me: 
KnRtght. dTapeTReprTodu~~r Response Measure ments with 
a epro uce r es t . ape . J, AES 15, 152 (Apr 67) 

3. 1. G. McKnIght. " Absolute Flux and Fre'qu ". 
R Ch ' " H enC}esponse . 1ractensttcs In .v,agnetic Sound Recording"
J. AES 15, 314 (July, 1967 ) Re. P. 12. . 

4. Wavclcngth - speed frequency (,\ == si /). The 
recorded wavelength . . in m il, equals the ta pe speed in 
Inches per second dIVIded by the frequency in kilohertz' 
alternately, wa velength in micrometers equ als tape speed 
In mm 'sec dtvlded hy frequency in kilohertz . 

5. The operating level. recording on the tes t tape is 
used to set the reprodUC Ing amplifier gain so that the 
vu meter reads zero. 

6.. See Eric D . Daniel and P. E. AXon . "The Repro
duction of SIgn als Recorded on Magnetic Tape", Proc. 
lEE JOO, Pt. 3 , J57 (1953). 

7. O . Schrnidbauer. "Einfluss der Schiefstellung d~s 
Sp.Jites und andere Spallfehler" (The Influe nce of Mis
alignment of th e G a ps and Other Gap D efects) , in F. 
Win c kel (ed.). T echnik del' Mag ne/speicher (Springer
Verlag . Berlin . 1960), p. 55 . 

8 . The very convenient formula shown in the figure 
caption is good for fI < 0.2 radian (I 1° ), and loss <: 12 
dB. It is takcn from page 407 of F . Krones, "Die Theorie 
des M agnetspeichers" (The Theor y of Magnetic Storage) 
in F. Win c ke1. ed.. Technik der MlIRl1elspeicher 
(Springer-Verlag. Berlin , 1960) . 

9. A commercially available form of carbonyl iron 
powder in volatile solvent is the Ampex Edivue Kit, 
50495-01. 

10. Technique described by W a lter GlIc kenburg, in 
"The Process of Magnetization of Magnetic Tape", 
lSMPTE 65. 69 (1956) . 

I I. For example, 3M's Ma gnetic Tape Viewer #600. 

12. B. F. Murphey and H. K . Smith. "Head Align
ment with Vi sible Magnetic Trac ks", A /ldio Engineering 
33,12 (1949). 

13. Arthur G. Evans , "The 'Null Method' of Azimuth 
Alignment in Multitrack Magn etic Tape Recording", 
IRE Trans. Oil Audio AU-i, 116 (Sept.-Oct. 1959). 

14. The measuring method is being refined so that 
the a bsolute flux should soon be measurable with an 
error of only :::t2%. 
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Tape Reproducer Response Measurements 

With a Reproducer Test Tape 'i' 


JOHN G. McKNIGHT 

Ampex Corporaliol1, Consumer and Educalion{ll Producls Division , 

Los CalOs, California 


The reproducer test tape affords the most satisfactory field means of standardizing 
magnetic sound recording systems. This method is nevertheless susceptible to numerous 
errors of measurement due to inappropriate test tape (wrong speed, equalization, track 
format, or test frequencies), and mechanical misadjustment of the reproducer (he.ad 
height ; azimuth and zenith adjustment; and poor tape-to-head contact due to dirt on 
heads, inadequate tape tension or wrap around the heads, improper vertex adjustment, 
worn heads, and improper tape guiding). These errors are described, in order that they 
may be avoided. 

INTRODUCTION The measurement, adjustment, and INAPPROPRIATE TEST TAPE 

standardization of the frequency response of a magnetic 


Test tape s may be inappropriate for use on a given
tape reproducer,l and the setting of gain and head azimuth 

system in any of the following areas: rated tape speed, 
are usually performed in the fielu by the use of a repro

Aux-freq. resp. (equalization) , track format, and/ or 
ducer test tape.~ For example, Section 2.05 of the 1965 

recorded test frequencies.
NAB Standard" defines the response of a reproducer 

as the output voltage of the reproducing amplifier vs 

frequency when reproducing the appropriate test tape. Tape Speed 

In general, this method is quite satisfactory, and is the 


It is obvious that a 38 cm 'sec (15 ips) reproducer
best one known for this purpose. However, in order to 

must be tested by use of a 38 cm 'sec test tape. It isavoid measurement errors during the use of a test tape, it 
not so obvious that a multiple-speed reproducer mU6t beis essential to observe certain special precautions, in addi
tested and adjusted at each of the speeds; a responsetion to the use of ordinary good engineering practices. 
measurement at one speed guarantees nothing about theHigh- and low-frequency errors of measurement amount
response at the other speeds. It is commonly assumeding to 3 to 6 dB (or more) are a likely result of improper 
that, since the NAB equa lization curve is identical forprocedures or the failure to observe needed precautions. 
both 19- and 38-cm,'sec tape speeds (7.5 and 15 ips),Common errors of procedure cause an apparent rise of 
an adjustment at one or the other tape speed ~ufficeslow-frequency response or a decrease of high-frequency 
for both. This is only approximately true because of response, or possibly both at once. Therefore, when 
the 1:2 ratio of wavelengths involved. Accurate responsemeasurement errors occur, the response will almost 
measurements require the use of both 38- and 19-cmi sec always fall with increasing frequency. 

test tapes.
Although a new test tape is subject to certain small 


errors 2 and a used test tape is subject to much larger 

errors2 most complaints about defects in the test tapes 
 Test Tape Flux vs Frequency (Equalization) 
are in fact caused by errors in the use of the tape. This 

A number of equalization time constants are used Inpaper discusses measurement errors resulting from the 
the USA and elsewhere l Although the 19- and 38Use of an inappropriate test tape and errors resulting 

from mech . I . d" . cm / sec (7.5- and IS-ips) tape speeds most commonlyantca mlsa justments lD the reproducJng head. 
used in the USA are nearly always used with the NAB 
freq. re sp. (II = 3180 ,.,.sec, I~ = 50 ,.,.s.ec) , recent 
USA changes in 9.5 cm / sec (3.75 ips) equalization,th: Pres~nted <?ctob.er 12, 1966 at the 31st Convention of 

Audlo Englneenng Society, New York. coupled with recent changes in international standards 

( 152) 
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for 9.5 and 19 cmsec (3.75 and 7.5 ips), require that 
the user specify not only the name of the standardizing 
organization an d the tape speed, but also the date of 
the standard. There is the least chance for error if the 
actual time constants desired are specified. 

While this paper is not concerned with the absolute 
recorded level, one should be aware that the Reference 
Level of the proposed NAB Standard' Tapes may be 
lower than that traditionally used on the Operating Level 
section of Ampex Test Tapes. The flux for the NAB 
Standard Reference Leve l has not yet been definitely 
established. Also, the DIN Test Tapes have a Be ZlIgspegel 
(reference level) th a t is 1.5 to 3.5 dB higher than the 
Ampe\ Operating Level, depending on the intended tape 
speed. This is because the German volume indicators 
and equalizations are different from the USA ones. 

Test Tape Track Format 

All of the proposed NAB Standard Test T a pes , and 
most A e x Test Tapes are recorded 
across the full width of the tape 4 When th ese tape s are 
reproduced by narrower-track heads (e.g., half-track, 
stereo, or multiple-track heads) , a low-frequency meas
urement error occurs bec a use of the "fringing effect": 
at long wavelengths (low frequ e ncies) the reproducing 
head core receives effective flux from the recoraed track 
area outside of the area actually contacted by the repro
ducing head core. This error is a function of the recorded 
wavelength (which equals the tape speed divided by the 
recorded frequency), the particular design of the head 
shielding, and the geometry of the tape wrap over the 
head face. For example, Fig. I illustrates the rise of 

"'0 '" 

fl- I tl lilli 

, ), " , 6 1 • 9 I 

o 20 100 500" FREQ UENC Y IN HERTZ 

Fig. J. "Frin ging'" response rise when reproducing a full
track record ing with a ha lf-track reproducer (solid curve) 
and a stereo reproducer (dashed curn) at 38 em / sec (15 ips), 
where <1>,. is the flux in the head core, and <1> " is the short
circuit tape Aux. 

response at 38 cm sec (15 ips) caused by the fringing 
when a full-width recorded track is reproduced by a half
trac k head (solid clII"I"e). and by a ste reo head (dashed 

cllrI'e) (The response would he flat if the appropriate 
ha lf-track or stereo recording were uscd . ) The response 
rise due to fringing at 50 Hz (wavelength = 7. 6mm , 
or 300 mil ) is 3 dB for th e half-track head and + 2 
dB for the stereo head. The diflerence be twcen these re
sponses is caused by the difference in th : shielding ar
rangements of these heads: the actual head cores and trac k 
configurations a re esse ntially identical. Thus we see 
that a n all-purpose correction curve cannot be found 
even for one particular track configuration. 

In the instance of a four-trac k head, fringing res ponse 
rises of 1 to 5 dB . depending on the particular head 
design, have been obse rved. 

A really satisfactory solution to the problem of pro-
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ducing test tapes for all of the various multi-track con
figurati ons of reprod ucers is ye t to be found. Table I 
below lists eight of the track configurations most com
monly used with the three common tape widths. But it 
should be remembered th a t at least 11 "standard" (but 
different) ftux-freq. resps.are used for four common 
speeds. If eaeh flu~freq. r esp. were produced in 
each track configuration, a catalog of 88 reproducer test 
tapes would be required, And one could add 4 .75 cm/ sec 
(1.87 ips), Ampex Mastering Equalization at 38 cm/ sec 
(15 ips), and undoubtedly others too! It is just not 
possible to manufacture, cata log, and distribute repro
duce r test tapes for every track configuration, because 
to do so would make th ei r cost prohibitive. Therefore, 
reproducer test tapes are all made in the full

track configuration, but relatively few test 
t ~pes a r e made in multi-track c onfigurations. 4 

TABLE J. Commonly used track configurations, 

Tape Width 
111111 in. N limber of Tracks 

6.3 0.248 1,2,4,8 
J 2.7 0.50 3,4 
25.4 1.00 6, 8 

One means by which fairly accurate data on multi
track reproducers could be determined even though 
using a full-track test tape would be for the tape re
corder manufacturer to include in the instruction m a nual 
of each model of multi-track reproducer the response 
of that reproducer to a full-track test tape , when the 
re sponse is flat with the correct track-configuration of 
the test tape . 

In lieu of this , anyone desiring really accurate low
frequency respo nse measurements of multi -t rack repro
ducers (other than with the previously mentioned multi
cra ck tapes ) must make his own low-frequency 
test tape. This is feasible; although the making of accu
r <l te test tapes for high frequencies (short wavelengths) 
is rather difficult, and not at all recommended to the 
general user, a low-frequency test tape is not too difficult 
to make accurately if one has accurate general-purpose 
electronic measuring equipment. The method is described 
i'l t!l~ /\pp~ndi\. 

Frequencies on the Test Tape 

Reproducer test tapes can be made with a sweep
frequency tone , or with a succession of discrete ("spot") 
frequenc y tones. Since a graphic level recorder is re
quired to realize the benefits of the sweep-frequency 
tone , and since such a recorder is not commonly avail
able to tape recorder use rs , the spot frequency method 
is used in making test tapes . The use of spot frequencies 
as ume s that th e frequenc y-response of the reproducer 
is smooth and continuous throughout the whole fre
quency range. This assumption is usually valid-but 
not always. If the reproducing head is un shi e lded , and 
the corners of the pole pieces are rectangular. the true 
long-wavelength (low-frequency) responseS will be as 
in Fig. 2; if the reproducing he ad gap is perfect. the 
short-wavelength (high-frequency) responser. will be as 

( 153) 
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in Fig. 3. Thus, the re sponse a t both very Ion'!. and 
very short wavelengths may show large undulations. 

A practical example of an extreme case is given by 
the measurements made on an !I-track. 63 mm (' '; in.), 
9.5 cm/sec (3.75 ips) reproducer: in Fig. 4 the solid 
line shows the response of the reproducer to a full·track 
test tape; the data points are connect~d by the usually 
assumed smooth curve, and the response looks satisfac· 
tory. Next (dashed line) the response was mea'iured at 
the 
tape; 
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d · 4. Frequency res ponse measu rement of an 
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.eo , . In. tape, sowing nnglng error 
full.track at 50 Hz with a full-track recording. Solid curve: 
track I recording, spot frequencies. Dashed curve: one 
are on y d eight recorded , spot frequen ci es. Da ta points

connecled With assumed smoo th curves. 
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correct track width, the response fell 4 dB at 50 Hz; 
the usual smooth curve was again drawn. In Fig. 5, the 
solid line shows the true response, as measured with a 
sweep-frequency test tape; the dashed curve shows the 
response assumed on the basis of the spot frequencies 
on the test tape. The error due to using spot frequencies 
instead of a sweep frequency is seen to be :::t:3 dB over 
muc h of the range from 50 to 500 Hz, and 7 dB at 130 
Hz. This shows that a complete and accura te measure
ment of reproduc('r low-frequency response may require 
a sweep-frequency test tape. since spot-frequency meas
urements may be grossly in error in some cases. The 
method which is described in the Appendix may be used 
to establish the response for making such a sweep t<lpe. 

MECHANICAL MISADJUSTMENT OF THE 
REPRODUCING HEAD 

The gapped reproducing head is a "rlux collector" 
which gathers the flux from the recorded track. Proper 
Ihl'\ collection depends on having intimate contact and 
correct alignment between the recorded track and the 
gap a rea: any imperfection of this alignment or contact 
will res ult in losses at some or all frequencies . In prin
ciple. errors of contact and orientation can be corrected 
in the reproducing equalization. Th ~ practical problems 
are: 

1. A system with fa ulty contact and 'or alignmc:nt is 
usually unstable . i.e" the response is variable dllring the 
measurement. a nd from one measurement to another. 

2. The usual equalizer is incapdble of correcting for 
faulty contact and:or orientation , i.e ., the range and 
shape of equalizer responses do not generally match the 
response of the system in which there are contact and ;'o r 
orientation losses. 

3. Although faulty contact and ·'or orientation reduces 
the signal and the tape noise by approximately the same 
amount. the head and amplifier noises remain constant. 
so that the signal-to-noise ratio is usually degraded. 

Because of th ese reasons. the contact and ori~ntation 
should be mechanically adjusted in ord~r to' prevent 
errors in respect to a number of variables . 
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Fig. 5. Frequency respon se measurement of an eight-track 
reproducer, 6.3 mm (0.25 in .) tape , showing erro r of up 
to 7 dB due to measuring 4 points and assuming a smooth 
response between these points. One track of eight recorded. 
Dashed curve: assumed response from four spot fr eq uencies. 
Solid curve: true response with sweep frequency. 
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Head Height 

The height of the reproducing head should be adjusted 
accurately so that the reproducing he ad cores will co
incide with the recorded tracks . This is particularly 
critical with narrow tracks (e.g., four- and eight-track 
systems). A misalignment of the reproducing head, 
causing the recorded test tape track to contact only a 
portion of the reproducing head core, will cause a re
ducti on of the reprod ucing core flux at medium and 
short wavelengths, but, due to the fringing effect. not a t 
long wavelengths. Thus one has both a level-setting 
error, a nd a frequency response error. Misadjustments 
of recording and reproducing heaJs may also cause 
recorded levels which are too high or too low, depe nding 
on the nature of the misalignment. Too high a re cording 
level will in turn cause high distortion. 

Head height errors escape detection when 
full-track test tapes are used with multiple
track reproducers. 

Azimuth Angle 

The gap of th e reproducing head should be parallel 
to the gap of the recording head . Standard practice is 
to make hoth of these gaps perpendicular to the edge 
of the tape. These relationships will be affected by the 
azimuth and zenith adjustments, and the tape guiding. 

Azill1l1lh Adju.llmenl.- Practical azimuth adjustment 
is madc hy reproducing the "azimuth adjustment" section 
of a reproJucer test tape.~ As the azimuth ang le of 
the reproducing head is changed, the signal output will 
fl se 'lnt! fall , as shown in Fig . 6. The adjustment must 
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Fig. 6. Output vs azimuth angl e, where 8 = azimuth angle 
in radians, K = rrW 'A. w .-= track width. A = wave length (in 
the same unit s). and <1>, <1> " = (sinKH)/ K8, for /I < 0.2 radians 
(II'). 

be made to the peak with the I//{/Xillllllll output (R = 0). 
If, hefore adjusting the azimuth from the test tape. the 
reproducing head i, visually adjusted so that the edge 
of the head is approximately parallel to the edge of the 
tape . the chances of setting to the wrong peak are greatly 
reduceJ . 

Zel/illl Adjl/lflllellf.-Proper guiding requires that a ll 
t;l[Je guides and the front faces of the heads be parallel 
to the ;\\CS of th e tape ree ls. The,e. in turn , are usually 
perpendicul;]f to the top plate. This ;I djustment of th ~ 

heads is called the zenith aJjust lllent -.. all axes ,hould 
"point up". If <lny of these clements are not parallel. 
any ch;lnge in tape tcn ~ion' will cause the tape to "how", 
producing an app<lrent azim uth change: si nce in this C; IS:;: 
thL' azimuth depcnds on the tension, unst<lhle high-
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TAPE REPRODUCER RESPONSE 

frequency response results. A simple technique will aid 
In setting the zenith adjustment: 

1. Paint the face of the head with dye, using a red 
felt-tip marking pen. (Wax pencil may be used, but is 
messy; a layout fluid such as Dykem is also usable but 
it takes too long to wear off. ) , 

2. Play a piece of scrap tape until the dye is worn 
off the head face where the tape runs . 

3. Observe the wear pattern of the dye on the head 
face. If the zenith adjustment is correct, the right a nd 
left edges of the wear pattern will be parallel; if they 
form a V, the zenith is incorrect. 

Locafion 0/ fhe Edge 0/ fhe Tape.-Changes of posi
tion of the edge of the tape will also usu a lly cause the 
tape to bow, resulting in the apparent azimuth changes 
mentioned above. If the tape guides are too wide , the 
tape edge will wander. If guides or head s have a slot 
worn in them, then different widths of tape will lie in 
them differently. This is especially noticeable if heads 
are re-adjusted after having been allowed to "wear in" 
in an incorrect adjustment. 

Head-to-Tape Spacing (Poor Contact) 

Response loss due to spacing between tape and head 
in reproJucing is found from th e formula: loss (in dB) 
= 55 s/ A, where s is the tape-to-head space, and A is 
the recorded wavelength. Very small spacings cause 
large losses: the slope is not "6 dB / octave", but ex
potenti al. i.e ., the slope increases with frequency. Un
intentional spacing may come from any of s~veral sources, 
including: 

Din on file Heads.-Material (usually loose tape oxide. 
or loose scraps of oxide and base ma terial from the 
slitting process) may accumulate on the head face in 
use, causing spacing loss . Heads should be cleaned care
fully before measurements and / or adjustments are 
performed. 

Tape T ension Adjll.l/l71enf.-T a pe-to-head force which 
causes tape-to-head contact is commonly obtained in 
professional recorders by having the heads deflect the 
t<lpe path between two guides. In this case the force 
which holds the tap e in contact with the head is pro
portional to the holJ-back tension. Low contact force 
may therefore be caused by a hold-back tension that 
is too low because of improper adjustment , or because 
of the use of large reels '~ with the Reel Size (tension) 
switch set for small reels f• (low tension). This low force 
ag;J in a llows se paration of he ad and tape . 

!l1adeljlllile Wrap An;.:!e.-In the design of a head 
assemhly or in replacing heads in an adjustable head 
assembly, it is possible to have too little wrap of the 
tape around th e heads. For a given tape tension, head
to-tape force is a function of the wrap angle; angles of 
less than nbout J 2° total dellection of the tape at each 
head a re unlikely to give adequate contact force for 
the elimination of the spacing loss. 

Venn Adjll .l fm enf.-In the machines described above 
which obtain tape-to-head force by having the heads 
detlect the tnpc path hetween two guiJes, the gap of 
e<Jeh head must he al the verfex of th e angle so formed 
in ordcr to have bcst tape-to-gap contact. This is shown 
in Fig. 7; misadjustment again C<JLlSCS spac ing loss. 

Worn Hew!s.-'-1ention was made c<Jriier of guiding 

( 155) 
10 



JOHN G. McKNIGHT 

",lAPE GUIDE TAPE GtrrDE 	 lengths on Magnetic Tape) . Hoch/requenztechnik und 
Elektroakustik 75, 39 (April, 1966). Fig. 2 is taken 
from Fritzsch's Fig. 14a. (Trans . to be pub 1 ished). 

6. W. K . Westmijze, "Studies on Magnetic Recording", 
Philips Research Reports 8, 148; 161 ; 245; 343 (1953), 

TAPE 

V 
(a) (b) 

Fig. 7. Vertex adjustment. a. Gap of the head at the vertex 
of the tape wrap angle V with no spacing between gap and 
tape. b. Gap of the head not at the vertex of the tape wrap 
angle, resulting in spacing s. 

Fig. 8. Cross-section of a worn head face, showing step
shaped pattern of the wear which lifts the tape out of intimate 
contact with the head face. 

problems due to a head which has a slot worn in it. 
Such a slot causes a further difficulty: when a head 
wears, the cross-section is usually stepped, as shown 
in Fig. 8 . The steps often cause the edge of the tape to 
be lifted out of contact with the head face, with the 
resultant spacing loss. 

CONCLUSION 

Although the reproducer test tape provides the most 
satisfactory means known for meas uring and adjusting 
the azimuth and frequency response of tape reproducers, 
there are numerOus opportunities for making errors in 
the measurements . If care is taken in performing the 
measurements and these errors are avoided. measure 
ments with a test tape should give accurate indica tions 
of the frequency response of a reproducer. 

NOTES 
I . John G. McKnight , " Absolute Flux and Frequency 

Response Characteristics in M agnetic Sound Recording : 
Measurements, Definitions and Standardization", J. 
Audio Eng. Soc. 15. 254 (July. 1967). - 

2. Robert K. Morrison, "Reproducer Test Tapes: 
Evolution and Manufacture", 1. Audio Eng. Soc. 15, 
157 (Apr., 1967). Reprint p . 1. 

3. All standards referred to in this paper are fully 
described in: J. G. McKnight, "A List of Published 
Standards Related to Magnetic Sound Recording", I... 
Audio Eng. Soc. 15. 314 (July, 1967). 

4. ::;eve ral 2-, 4-, and 8-track reproducer 
te s t tapes are now available from Ampex: see 
the revised catalog at the end of this booklet. 

5 . K. Fritzsch, "Zur Wiede rgabe grosser Wellenlaengen 

vom Magnetband" (The Re production of Long Wave-


a nd Reprints R213, R214, R217, R222. Fig. 3 follows 
Westmijze's function S(.".lA) . 

7. In most professional tape transports , the tape ten
sion comes from a constant torque supply-reel motor. 
Therefore the tension is inversely proportional to the 
diameter of the supply-reel pack . The outside-to-inside 
tension ratio is 2: 1 to 3: I, depending on style of reel. 

8. Defined as NAB Type A reels, with 27 cm (10.5 
in .) diameter. 

9. Defined as NAB Type B reels with 18 cm (7 in.) 
diameter. 

APPENDIX 

Calibration Method for Making Long-Wavelength 
(Low-Frequency) Reproducer Test Tapes 

At long wavelengths* the flux is constant vs wavelength 
for a constant recording field, which is in turn produced by 
a constant recording current. Therefore, to produce a long
wavelenglh only reproducer test tape requires only making 
the recording head signal current a known response vs fre
quency . t To measure the recording head current vs frequency, 
remove the high frequency record ing bias current. e.g.. by un
plugging the bias oscillator tube or disconnecting the oscillator 
power. Sense the recording head signal current by means of a 
current probe attached around the lead of the recording head 
or by inserting a resis tor in series with the ground side of Ohe 
recording head, and measuring the , ;; \tage across this resistor. 
Measure the frequency response from amplifier input termi
nals to recording head current. Then one can compensate 
the input signal for this response , so as to produce the de
sired head current VS frequency when the recording is made. 

If the test tape is for use with the NAB Standard, the 
low-frequency flux response should rise at 6 dB / octave with 
a transition frequency (+3 dB point) at 50 Hz. Such a test 
tape should be made at reduced level to prevent over
recording and consequent distortion at the lowest frequencies. 
since the equalized recording current is + 8.6 dB at 20 Hz 
re / 700 Hz. 

For a test tape to the CCIR Standards or for many expey-i
mental purposes, constant current \'s frequency is used with 
no low -frequency boost. 

* The wavelength X should be much greater than the coating 
thickness t. Since t = 12 I'm (0.5 mil), X should be greateT 
than about 500 I'm = 20 mil. Therefore frequency should be 
750 Hz or less at 38 em/sec (15 ip~). 

t There are "secondary gaps" at the corners of a head core. 
If a recording head is used wh ic h has rectangular corners 
contacting the tape, additional long-wavelength recording re
spo nse effects could occur. A ring head whose pole face 
gradually sweeps away from the tape does not seem to produce 
any such effect. 
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AMPEX TEST TAPES 

AMPEX CORPORATION 
PROFESSIONAL AUOIO PROOUCTS 

PRELIMINARY REVISED CATALOG, JAN. 1968. 

Ampex Test Tapes a re the standard of the recording and broadcasting industries, and are used by development 
laboratories, service depot s , recording and broadcasting studios throughout the \Vorld. All are recorded on 
the finest Ampex mastering equipment by skilled engineers working under laboratory conditions. 

All s i gnal information on Ampex Test Tapes i s an original re cording--not a duplication. This procedure holds 
a ll deviations from standard to an a bsolute minimum and assures maximum uniformity from One tape to another. 

Ampex Test Tapes are made to agree with the equalizations given in the pu b lished standards of appropriate 
technical organizations (NAB, CCIR, IEC, RlAA, EIA, DIN). 

All Ampex Test Tapes are referenced to the Standard Ampex Operating Level. This is the flux level at reference 
frequency , co rresponding to (200 +10) nWb/m. This flux leve l was originally derived from a recording at 1% dis
tortion measured on a representative piece of tape in 1949. This flux level (rather than the di s tortion) ha s 
been carefully controlled for over 19 years and remains the indu s try ac cepted standard in the U. S.A. 

STANDARD REPRODUCER ALIGNMENT TESt TAPES 

App lica tion 
Recommended 
by AMl'EX 

Speed, 
in/s 

Standards Using This 
Flux vs. Frequency 

(Note 1) 

Equalization Width, 
in. 

Tracks 
(Note 

2) 

Catalog 
No. 

Prof'l 
Use r 
Price, 

$ U.S. 

Transition 
Frequencies, 

Hz 

(Time Constants, 

ps) 

For Use 

3. 75 Ampex (1959); EIA (1959); 
DIN (1962). 

50/1300 (3180/120) 1/4 FT 31331-01 2l.95 

in U.S.A. 
3.75 NAB (19 65 ) ; RlAA (19 65); 

IEC (1966 Proposal). 
50/1800 (3180/90) - -- Specia l 

Order 
-

7.5 Ampex (1951); NAB (1965); 
RlAA (19 65) ; EIA (1963); 
DIN home (19 66 ). 

50/3200 (3180/ 50) 1/4 
1/4 
1/4 
1/2 
1 

FT 
2T 
4T 
FT 
8T 

31321-01 
4690010-01 

31321-04 
31321-05 

4 690007-01 

21.95 
21.95 
21. 95 
35.00 

150.00 

15 Ampex (1949); NAB (1953 & 
1965); EIA (1963). 

50/3200 (3180/50) 1/4 
1/4 
1/2 
1 
1 

FT 
2T 
FT 
FT 
8T 

31311-01 
4690009 -0 1 

31311-05 
4690005-01 
4690006-01 

21.95 
21.95 
35.00 

150.00 
150.00 

For 
3.75 lEC (1964). 50/ 1100 (3180/140) - -- Spc 1. Orde --

Internationa l 
and 

7.5 CCIR (19 66 ); lEC (1964); 
DIN s tudio (19 66) . 

0/2300 ( <Xl /70) 1/4 
1/2 

FT 
FT 

4690014-01 
4690015-01 

21.95 
35.00 

Foreign 
Use. 15 CCIR (1953 & 19 66) ; lEC 

(1962); DIN (1962). 
0/4600 ( CD /35) 1/4 

1/2 
FT 
FT 

31313-01 
31313-05 

21.95 
35.00 

15 Ampex Mastering Equa li- Special 1/4 FT 31312-0 1 21.95 
For Special 
Purpose Use. 

zation. 1/2 FT 31312 -05 35.00 

60 3200 Duplicator Setup. Spec ia l 114 FT 6878 40.00 

No t Recommen 3.75 Ampex (previous to 1959). 50/800 (3180/200) 1/4 FT 31334-01 21. 95 

ded - Obso leo, 
7.5 CClR (1963 & before); 0/1600 ( 00 / 100) 1/4 FT 3 13 23-0 1 21. 95 

lEC (1962 & before); 
DIN (1962 & before). 

1/2 FT 31323 -05 35.00 

Note 1: Only the equalizations of the Ampex Test Tapes correspond 
durations, etc" do not necessarily correspond. 

to these standards--levels, frequencie S, 

No te 2 : FT = Fu II track ; 2T = both tracks of t<JO track forma t; 4T 
format; 8T = all eight tracks of eight track format. 

tracks one and three only of four track 



FLtl'l"'rER TEST TAPES 

Application 
RecoOBDended 
by AMPEX 

Speed, 
inls 

Frequency, 
Hz 

Playing 
time, 

ml.nutes 

Recorded Flutter 
less than , 1. nns 
(0.2-200 Hz band) 

Width, 
in. 

Tracks Catalog 
No. 

Prof 1 
User 
Price,$ 

u.s 

Host U.S . A.. 
& Other 
Flutter 
Meters . 

3 . 75 

7 . 5 

15 

3 000 

3 000 

3 000 

30 

15 

7 . 5 

0 . 03 

0 . 03 

0 . 03 

1/4 

1/4 

1/4 

FT 

FT 

FT 

31336-01 

31326-01 

31316-01 

21. 95 

21.95 

21 . 95 

New German & 
Some Other 
Meters Using 
"Preferred 
Frequency"* 
of 3 150 Hz . 

3.75 

7. 5 

15 

3 150 

3 150 

3 150 

30 

15 

7 . 5 

0 . 03 

0.03 

0. 03 

1/4 

1/4 

1/4 

FT 

FT 

FT 

4690013-01 

4690012-01 

4690011-01 

21 . 95 

21.95 

21.95 

I 

I 

* U. S. A. Standard S1. 6-1967 , ISO It 266 - 1962; "Preferred Frequencies for Acou.stical Measurements" . 

TEST TAPE CONTENTS. USES AND COMMENTS 

The Ampex Reproducer Test Tapes consist of two sections: a Frequency Response Section. and an Ampex OperaUng 
Level Section. The indIvidual sections are identified by announcements. The Frequency ReSpOnse Section is used for 
the practical oalibratlon of the frequency response of magnetic tape reprO<h.tcers : when the reproducer flux-frequency 
response conforms to the standard to which the Test Tape Is recorded. the reproducer output vollage is constant versus 
frequency. The Ampex Opersting Level Section is used to sel the reproducer gain on professional recorders with a vu 
meter so that it indicates Its reference de(1ectlon (the point marked" 0 vu" or "100%"). 

1. 	 All 3.75 In/a tnpes conlaln the following frequencies in Ilz, recorded 10 d1 below Ampex Operating Level for 
10 s each, except as otherwise shown: 

500 (15 s) / 7 500 (aO 8) / 5 000 / 2 500 / 1 000 / 500 / 250 / 100 / 50; reference frequency at Ampex Operat:i1lg 
Level, 500 Hz for 15 s. 

2. 	 All 1/4 and 1/21ncb 7 . 5 in/slapes conlaln the following frequencies in Hz, recorded 10 dl belo..... Ampex Operating 
Level [or 10 s each, except as otherwIse shown: 

3000 Hz (60 s)· /700 (15 s) /15 000 (30 s) 12000/10000/7500/6 000/ 2500/1 000/500/ 250/100/ 50; 
reference frequency at A mpex Operating Lf;'vel, 700 Hz for 15 s . One Inch Test Tapes are Identical except that 
all of the durations are doobled. 

.. Only on 31321-04; for vertical head adjustment. 

3. 	 All 1/4 and 1/2 inch 15 in/s tapes contain the following frequencies in Hz, recorded al operating level, for 10 8 

each except as otherwise shown: reference frequency, 700 (15 s) / 15 000 (30 s) /12 000 /10 000 / 7 500 / 5 000 
/ 2 500 / 1 000 / 500 / 2~0 / 100 / 50 / 30. One-inch Test Tapes are Identical except that nll o[ the durations are 
doobled. 

FLUTTER TEST TAPES 

These tapes arc used {or measuring the flutter of reprO<h.tcers in accordance with USA and NAB Standards. The tape 
lengths are 600 ft. 

Tbe use o[ these Test Tapes avoids the problem which. ocours with a "record-rewlnd-reproduoe" measurement (USASI 
"non-standard method"; DLN Standard); namely, that wben the same transporllsused uoth for recording and reproducing, 
the Outter from recordl.og will alternately cancel and reinforce lb.e Dutter from reproducing. Therefore multiple measure
ments are necossary to find the true Clutter value If the Test Tape Is not used . 

Most USA flutter meters now use the 3 000 Hz frequency; the new "Preferred Frequency" of 3150 Ilz Ls used in ne ..... German 
flutter meters, and will become more oommon In the USA in the future . 

AMP EX CORPORATIONAMPEX 401 Broadway· RedwOOd City· Callfoml•• 94063 

NOflh 5)'dn.y. Auth.U•• IIlto .. J.n.'ro• • ,.,,11 T_onto, Can.d•• • ~.Uj Colombia. ",udln ... (nll."dt 

".rts.. f'ranUi • r'.~"'fur1JIMI.."". ae.m."y . HOJII .K0f1.. 8 . CoC. • Mblco mt... UeLlc.o • Lupno. 'I_ilL., ... "" 
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FLUTTER TEST TAPES 

Catalog Prof' lPlaying Width , Tr acks 
No . 

Recorded FlutterFr equency ,Speed ,App lication 
Userin . 
Price ,$ 

time , less than , ~ r msin/s lizRecolIIDCcded 
minutes (0 . 2- 200 Hz band)by AHPEX u.s 

30 0.033 000 1/43 . 75 IT 21 . 95 
Mos t U. S. A. 
& Other 

31336- 01 

15 21. 95 
Flu t ter 
Meters . 

0.03 31326- 013 000 1/4 FT7 . 5 

7 . 5 31316-01 21. 950. 033 000 1/4 FT15 

30 4690013 -01 3 150 0 . 03 21.951/4 FT New German & 3 . 75 

Some Other 
4690012 - 01IS 0 .03 FT 21.953 150 1/47.5Meters Using 

"Prefer r ed 
4690011-01 2L.950.03 PT3 150 7 . 5 1/415Frequency"* 

of 3 150 liz . 
* U. S. A. 	 Stand,red S1. 6- 1967 , ISO R 266 - 1962; "Preferred Frequencies for Acoustica l Measuremen t s" . 

TEST TAPE C N'TENTS, USES A 0 COr-tlMENTS 

The Ampex Reproducer T est Tapes onsist of two secUons: a Frequency R sponse S ction, and an Ampex OperatLng 
Lev I S etlan. Th Indlvldun.J sections are id nllfled by nnnouncements. Tbe Frequency Respons S etlan Is used for 
the practical calibration of th fr equency respons of magn tic tapo reproducers: wben the r eproducer flux-frequency 
response conforms to the standard to wbich the Test Tape 1s record d, th r eproducer output voltage is censtant versus 
frequency. Tbe Ampex Operating Level Sectlon Is used to s t the reproducer gain on professional r ecorders with a vu 
meter so that It indicates Its ref renee d flection (the point marked" a vu" or "100rt"). 

1. 	 All 3 . 75 In/s tapes contain the following (requencles in liz, recorded 10 d1 b low Ampex Operating Lev I for 
10 B each, except as otherwise shown: 

500 (15 s) / 7 500 (30 s) / 5 000 / 2 500 / 1 000 / 500 / 250 /100 / 50; r eference fr quency lit Ampex Operating 
Level, 500 1l7. (or 15 s. 

2. 	 AU 1/ 4 and 1/2 Inc b 7. 5 in/ stapes contain the follOWing frequencies Ln Hz, recorded 10 d1 below AmpolC Operating 
Level (or 10 s each , except as otherwise shown: 

3 000 Hz (60 s)· / 700 (15 s) /15 000 (30 s) 12 000 / 10 000 / 7 500 / 5 000 / 2 500 /1 000 / 500 / 250 / 100 / 50; 
r I rence frequency at Ampex Operating Level, 700 liz for 15 s . One inch Test Tapes are Identical ClCcept that 
all of the durations are doubled . 

• Only on 31321-04; for vertical h ad adjustm nt. 

3. 	 All 1/ 4 and 1/2 Inch 15 In/a tapes contaln the following fr quencies in Hz, rCaI'd d at operating lev I, for 10 s 
each ClCcept as otherwise shown: reference frequency, 700 (15 s) / 15 000 (30 s) / 12 000 / 10 000 / 7 500 / 5 000 
/ 2 500 /1 000 / 500 / 250/100 / 50 / 30 . One-lncb Test Tapes ar identicn.J except that all of the duration a are 
doubled. 

F LUTTER TEST TAPES 

These tapes are us d for measw·lng the flutter of reproducers In accordance with U A and NAB Standards . The tape 
lengths are 600 ft. 

The use of theae Teat Tapes avoids the problem whic h occurs with a "r cord-r wlnd-reproduc " measw·ement (USASI 
"non-standard method"; DIN Standard); namely, that when the same transport Is used both lor recording and reproducing, 
the flutter from recording will alternately canecl and I' lnIoroe th nutter from reprocru c ing. Th r fore multiple measw·c
ments are n c ssnry to Ond th tl·ue Clutter value If the Test Tape Is not us d . 

Most USA flutter meters now use the :I 000 !:Iz frequency; th n w "l'reI ered Frequency" of 3150 liz Is used In new German 
flutter meters, and will become more common In the USA In the future. 

A M PEX CORPORATIONAMPEX 401 8,o.dway • Redwood ClIy • C."'or";' • 94063 

Harth Sydner, Au'dull•• Rlo d. JeMfro. Br~t:U • TOfOflto, Can.d•••a.ot•• C~ombb • R••dVl" I:n&l.nd 
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ALIGNMENT 

Since the design of the first tape recorder and the use of magnetic recording tape, the equipm ent and tape have 
continl/otlsl!} lIndergone improvements . Some of the improvements have allowed greater fidelity, better signal-to
1loise ratio, excellent reliabilit!} and service life. These improvements have also red/lced distortion, crosstalk between 
channels and high frequcncy (short wavelength) losses. 

All of the aforementioned benefits are the result of better machine electronics and also better m echanical drive 
and guiding systems. Ironically, the advanced electronics, which record and play back the program material, are 
at the mercy of the meclwnical drive and guide systems which move the tape across the head to assure proper head
to- tape contact. Therefore, correct guiding, intimate head-to-tape contact and head alignment are prerequisites for 
maximum recorder performance, especially when using multi-track 01' professional type wide-width (!~" to 2") 
tape equipment. 

This issue of SOUND TALK will disCllss the various elemellts which are involved in guiding a tape across the 
deck. Because of the variety of recorders available, guiding and alignment will be discussed in terms of basic 
prin ciples only; and those aditlstments which are deemed necessary should be performed by a qualified technicilln 
familiar with the individual machine manufact1l1'er's specifications. 

Oftentimes problems with recorder operation or per
formance degradation are bJamed on what appears to 
b e faulty heads or poor tape when, in reality, the 
problem is actually caused by a misaligned head or 
improper tape guiding. These problems can occur in 
any machine, regardless of quality or age. The situation 
of guiding and alignment is so critical that major record
ing and duplicating studios make it a practice to 
systematically check their decks for thcse parameters 
to assure proper operation. 

To assure that the tape moves across the deck in the 
proper mann er and ultimately crosses the head correctly, 
it is necessary to establish the correct tape path from 
the supply reel through the guide system to the heads 
and back to the take-up reel. Once thc correct path 
is established it is usually quite simple to maintain 
this condition. 

TAPE PATH CENTERLINE 
The centerline of each component which is in direct 
contact with the tape should maintain an unvarying 
reference plane (Figure 1). The edge clearance limits 

of th ese guiding components are within a few 
thousandths of the prescribed maximum tape widths; 
therefore, any slight variation from the true centerline 
reference can cause bending of the tape edges. Addi
tional effects could be tape skewing on a tangent from 
its path, azimuth misalignment and excessive friction. 
True centerline tracking is particularly important when 
using wide tape widths ()~" to 2") because wider tapes 
exhibit greater resistance to longitudinal changes or 
"steering." \Vide recording tape exhibits a tendency to 
curl or roll along its edges when subjected to the steer
ing action of inaccurate centerline tracking. 

TAPE ·PATH CENTERLINE 

FIGURE 1. SIMPLIFIED TAPE PATH CENTERLINE 
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PEDESTAL HEIGHT AND ANGLE 
Tram error and tape edge damage may occur from 
improperly positioned tape reel pedestals. A slight 
variation of the pedestal axis from a true right angle 
to the tape path creates an exaggerated error at the 
reel flange circumference (Figure 2). 

TAPE 

DECK 

FIGURE 2. IMPROPER PEDESTAL POSITION 

A pedestal with an angular error of just one degree will 
displace the edge of a 7 inch reel flange by 61 mils 
from the proper horizontal position. If the pedestal 
height adjustment is incorrect and compounded with 
an erroneous angle, the total error is cumulative; for 
example, with an angular displacement of 0.061" and 
improper height of 0.030" the total error reflected to 
the tape path is 0.091" - nearly l / lOth of an inch. This 
type of irregularity will create guiding problems 
throughout the tape path and can cause the tape to rub 
along the edge of the reel, creating edge damage 
(Figure 3 ) . 

FIGURE 3. SINGLE STRAND OF TAPE SHOWING SEVERE 
EDGE DAMAGE 

2 

The type of edge damage shown in figlll'e 3 may also 
be caused by a damaged reel. If the reel flanges arc 
bent or warped so that the nonnal cleara nce between 
the tape and the Bange is reduced , the tape can sCTape 
against the flanges. 

When determining proper pedestal height, differC'nccs 
between the Bange thickncss of plastic and meta I reels 
must be taken into account. Plastic reels have thicker 
Banges than metal reels to prOVide th e need C'd strength. 
If hoth metal and plastiC reels are used, the cC'ntl'r1inc 
reference should be es tablish ed using a plastic reel. 
Although this will cause th e tape to wind slightly ahove 
the center on the metal reel (th e thinner flangl's will 
cause it to rest slightly lower on the pedes tal), the 
thinner flanges also provide grea ter clearance which 
compensates for the difference in tape wind. " 'hcn 
adjusting pedestal height in reference to the tape 
centerline, it is important to determine the dimensions 
of the reels normally being used. The Elt'ctroni e Indus
tries Association (EIA) has suggested hasic reel sizes 
and dimensions in its Standard 1\S 254A, which spcci
fies a nominal reel width of 0.462" for )~" reds (Ilominal 
tape width plus 0.212"). Other reel widths foll()w tIll' 
same standard (J~" reel width is 0.500" pIllS 0.212" ~~ 

0.712" ) . The specified dimensions arc standard for the 
precision reel, which is carefully manufactured to assure 
concentricity of the huh and flanges, accurate flange 
run-out and consistent separation distance between 
flanges . If a precision reel is unavailable or imprac ti ca l 
to use (normally available in only lOJ~" or larger sizes) , 
the dimensions established may be applied to the reel 
being used to check the transport (see calculations in 
figure 4). 

For lA-inch Precision Reels: 

where ... 
WF = 	distance between 

pedestal and nearest 
Bange inner face 

.462 (.246 )w .. =2- -2-+ .005 Wu = 	.462-inch average or 
nominal overall reel 
width within the lat

W~, = .103-inchO eral mounting area 
WT = average tape width 
We = desired clearance be

tween each tape edge 
and adjacent Bange 

To Then Determine Pedestal Height: 

where ... 
Hr = height of pedestal 

from reference plant 
HI' = X- ( .005 + .103) X = distance from refer
HI' = X - .lOB-inch ence plane (deck) to 

nearest tape edge cor
rectly positioned with 
respect to guides and 
heads 

FIGURE 4. PEDESTAL HEIGHT AND TAPE PATH DIMENSIONS 



o For other (~, ~~, 1, 1);, 1~, H, and 2") precision reels it 
can be easily shown that W p = .102-inch. This is 
because average tape widths for these reels are .002 
ra ther than .004 inch less than the appropriate multiple 
of )~-inch. (e.g., average width for )~-inch tape is .498, 
for I-inch tape, .998, etc.). 

I ~ . 

. ~~,R , WF 

HI P Wc x 
I ~ 

DECK ~P 
Dimensions important to lope-poth (enterline and pedestal odjustment!. . 

FIGURE 4. PEDESTAL HEIGHT & TAPE PATH DIMENSIONS (CONT.) 

Because tape reels are symmetrical, a perfect wind on 
a correctly adjusted transport would center the tape 
equally between th e flanges. When establishing the 
centerline, some type of reference must be used. 
Generally the mounting plate or deck is adequate for 
measuring the tupe position through the entire tape 
path. By es tablishing a reference measuring n~_ thod , 
such as "X" in figure 4, any deviations in the tape path 
created by the pedestals, capstan and idlers , or guides 
can be easily discovered. The intricate calculations 
shown in figure 4 provide the basic dimensions for 
establishing pedestal height and tape centerline. 

GUIDING 
As th e tape moves across the deck, its path is determined 
by a series of guides. The guides may be fixed, roller 
type, or mounted on tape tensioning devices. Fixed 
guides, because of the direct mounting, generally will 
not become misaligned. Fixed guides can create edge 
damage problems, such as shown in figure 3, if they 
become worn or damaged. 

Movable guides, especially those mounted on tension 
compensating anns, are vulnerable to misalignment 

• 	 because of bent arms. DUling tape centerline measure
ments, be sure to check the perpendicular attihlde of 
the guide with reference to the deck surface throughout 
its entire operational arc. Precise measurement of the 
tape path entrance into the guide and th e tape exit 
path will determine proper alignment. Careful visual 
inspection (with a magnifying glass) of the tape passage 
through the guide will detennine if the tape is being 
subjected to any excessive edge pressure which may 
cause curling or bending along the edge of the tape. 

Roller guides, drive capstans and idl er ""heels can also 
Create guiding problems. Any misalignment or uneven 
wear on these components may cause the tape to deviate 
from th e ideal centerline. A capstan or idler wheel which 

not truly perpendicular to the established centerline 
vr is worn into a tapered shape will cause the tape to 
travel in an improper path, following the component's 
angular deviation from perpendicularity. 

All of the preceding considerations are intended to assure 
an even and smooth tape passage throughout the entire 
path. Proper tape movement across the deck is essential 
for corrcct head-to-tape interface. The intimate relation
ship between the recording tape and the recorder head 
or heads is the final parameter which must b e explored 
to assure proper operation. 

HEAD ALIGNMENT 
In magnetic recorders , the high frequ ency response and 
inter-channel crosstalk are extremely dependent on head 
alignment. In most tape transports the heads are adjust
able and can be aligned as required to establish the 
correct head-to-tape interface. The adjustment is very 
precise and is best accomplished by a factory qualified 
technician referring to the manufacturer's service manu
als. There are five basic adjust'!1ents involved in correctly 
positioning a recorder head, as shown in figure 5. Two 
of these positioning adjustments (A and B, Figure 5) 
are concerned with the tape centerline. 

HEAD ALIGNMENT - Includes all mechanical adjust
ments necessary to assure proper coincidence of head 
gap with tape, or more specifically, a properly recorded 
tape track. 

A) Tilt, in which the face of the head must b e simul
taneously tangent to the same degree with both 
edges of the tape and without distortion of either 
of the latter. 

B) Height, in which the gap width dimension is cen
tered on the standard track location . 

C) Tangency assures that the tape contacts the portion 
of the head face containing the head gap. 

D )Contact, head position into or away from the tape 
to assure proper contact pressure between head and 
tape ("wrap"). Not as ctitical with machines em
ploying pressure pads at the heads . 

E ) Azimuth or skew, in which width dimension (corres
ponds to track width) of gap is exactly 90° with 
tape edge. 

FIGURE 5. HEAD ADJUSTMENT PLANES 
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FIGURE 5. HEAD ADJUSTMENT PLANES (CO NT.) 

TILT 
The first basic head adjustment is to establish a true 
vertical position for the face of the head (Arc A - Fig. 
5) with reference to its contact with the tape. The 
correct attitude is one in "vhich the head neither tilts 
into nOr away from the tape surface. Establishing the 
correct vertical attitude is important to maintain uni
form tension across the entire width of the tape in 
contact with the head. If the tape is under more tension 
at one edge than at the other, total intimate contact 
bet"/een the tape and head will be disturbed. The 
difference in tension can also cause the tape to skew 
away from the centerline. 

HEIGHT 
The next basic head adjustment, within th e centerline 
reference, is head height (B - Fig. 5). Improper head 
height is manifested as mistracking or crosstalk. On 
multiple track recordings this particular adjustment is 
very critical in that loss of output, noise and inter
channel crosstalk can result if the playback head gap 
is not perfectly tracking the recorded path on the tape. 

If recording with a head m;lladjl1sted in height. it mav 
be virtually impossible to pby the t<lP~' back 0;1 
another machine. 

While checking head height, inspect the Llce of the 
Til, (A) head for wear. As the head wea rs , an indentatioll L 

form ed along the tape path which ;letllally beco11les a 
tape guide (Figure 6 ). If the head positioll or tape 
path is changed, the worn area will no longer coincide 
with the tape edge. This will cause tape damage. If a 
severely worn head is dis covCl' ed. rep lacement 
is recommended. 

SHARP EDGE WORN 
ACROSS POlE-PIECE 
AND GAP ALONG 
TAPE PATH 

FIGURE 6. EXAMPLE OF IMPROPERLY POSITIONED HEAD 
EXHIBITING WEAR PATTERN 

TANGENCY 
Once the tape centerline path across the head is estab
lished, the head-to-tape interface must be checked. 
Tangency (Arc C - Fig. 5) is simply the squaring of 
the record and playback gaps to the tape's surface. 
Correct tangency is important to assure proper head
to-tape contact a t the head gaps. If the tape contact 
is not correct, high frequency response will suffer an d, 
more important, the system may become oversensitive 
to dropouts. Dropouts are usually caus ed by deblis or 
contamination which separate th tape's oxide surface 
from the head gaps . .":eedless to say, any interruption 
of head-to-tape contact wil! result in a degraded signal 
output; and if the separation is severe, a complete Signal 
loss may result. 

CONTACT 
Contact (D - Fig. 5) is the head position in respect to 
the tape wrap. Correct head-to-tape contact is assured 
by the slight bending or "wrap" in the tape path as it 
passes over the head. Insufficient contact can result in 
poor high frequency response and oversensitivity to 
dropouts, as previously mentioned. 

Many recorders are equipped with pressure pads which 
force the tape against the head by applying pressure 
to the tape's backing adjacent to the head. When inspec ' 
ing the head position, the pressure pads must be chech. 
for signs of wear or damage. The pad can become worn, 
developing a channel which corresponds to the tape 
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path. If the pad is deeply worn, head-to-tape contact 
can be reduced, which will affect high frequency 
response. Because of the intimate contact between the 
pad and the tape's backing, surface contamination will 
tend to stick to the pad. Contamination deposits and 
build-up on the pressure pad may create hard spots 
and form an uneven contact surface which can produce 
"squeal," loss of head-to-tape contact and cause excessive 
tape wear. If the pressure pad is worn or contaminated, 
it should be replaced. During pad replacement, care 
must be taken to assure proper pad size, installation 
and correct positioning. 

A most important head adjustment is that of azimuth 
(Arc E - Fig. 5). If the reproducing gap (playback 
head) is not parallel to the recorded poles on the tape, 
serious loss of high frequency (short wavelength) 
response will result, as shown in figure 7. 

--1 MIL WAVELENGTH FULL TRACK 
0 ... . . I MIL WAVElENGTH· HALF TRACK 
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FIGURE 7. HIGH FREQUENCY LOSSES DUE TO 

HEAD MISALIGNMENT 


AZIMUTH 
To assure compatibility and interchangeability, it is 
quite important that record and playback heads are 
adjusted so the gaps are exactly perpendicular to tlw 
tape path centerline. Since it is very difficult to estahlish 
true vertical reference with a head because of the 
extremely small gaps in the pole piece, the azimuth 
adjustment is best determined by using a special pre
recorded alignment test tape. The alignment test tape 
has a carefully recorded high frequency signal which, 
when played hack , is used to determine output levcl. 
Because of the high frequency dependency on head 
alignment, any misalignment is readily apparent in the 
loss of output, as shown in figure 7. 

'When using an alignment tape to check azimuth, a 
variety of methods can be employed, the simplest being 
to deliberately skew the tape across the head while 
checking output. If the output, as indicated by the 
signal level meter (or the playback volume) , is highest 
with nOImal tape alignment across the head, it can bc 
assumed that azimuth is correct. If the output signal 
level increases while deliberately skewing the tape, it 
can be assumed that the head azimuth is incorrect and 
should be re-adjusted. The head should then be realigned 
to yield maximum or peak output. In the case of separate 
record-playback heads, the playback head should be 
peaked per the output signal level determined while 
using the pre-recorded alignment tape. The record head 
azimuth should then be p eaked whil e recording on a 
hlank tape and playing back through the correctly posi
tioned playback head. Only a studio prepared pre
recorded tape should be used for an azimuth test. 

"'/hile checking head azimuth it is also good practice 
to inspect the pressure pad (if uscd) for wear. If a pad 
which has become worn does not properly position itself 
against the tape , it will have a tendency to skew the 
tape out of alignment with the head gap, giving the 
same effect as incorrect head azimuth. If the pressure 
pad shows signs of a wear-created channel, it should 
be replaced. 

SUMMARY 
The improvements in recorder design, electronics and 
magnetic recording tape have contributed to a mcdia 
which provides excellent frequency response, low dis
tortion and Virtually perfect reproduction of recorded 
material. The benefits of these improvements are limited 
to the component condition and the adjustments of each 
individual machine. By periodically cleaning and inspect
ing your recorder to verify that the tape path is properly 
estahlished hy the reels and guiding system and that 
the interface b etween head and tape is correct, maxi
mum recorder performance can be assured. 

If at any time you have specific questions about this 
topic, simply write to: 

Product Communications 
Magnetic Products Division 
3M Company 
3M Center 
St. Paul, Minnesota 55101 

Additional copies of this paper are available from your 
3M repres entative, or by writing to the address above. 

magnetic Products Division 3m 
3M CENTER· SAINT PAUL . MINNESOTA 5 5 1 0 1 
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LETTERS TO THE EDITOR 


MEASURING A TAPE REPRODUCER WITH 

IEC-RESPONSE, USING AN NAB


RESPONSE TEST TAPE 


JOHN G. MCKNIGHT 

.-1 II/fl ex Srl'''l'o T(/fl!' Dililiol/, Los Galos, California 

Rt:(ordin g companies in the USA frequentl y receive 
rccording, from European an d other foreign com

panies which are recorded with the IEC' (CCIR") flux
freque ncy respon'ies. Test tapes are available in the USA 
(from Ampe.\ . for instance) for the IEC flux-frequ ency 
rc'ron~e, and these test tapes should be used for adjust

::'001111111 [[HillIWI 

16 3L5 63 125 250 500 Ik 2k 4k 8k 16k 

FREQUENCY IN HERTZ 

Fig . 1. Output level vs frequenc y of a properly adjust~d 
IFe 3R (J 5 in /s) reproducer when reproducing an NA B 38 
(15 in /s ) test lape. (Transition frequencies are 50 H z and 
3150 Hz for NAB 38; 0 Hz and 4500 Hz for lEC 38.) 

'''Magnetic tape recording and reproducing systems: 
Dimensions and characteri stics" International Electro
technical Commission, IEC Recommendations, Publica
tion 94, Third edition, 1968. (Standards for recordings 
for the professional exchange of programs arc given by 
IEC). 

~ "Standards of sound recording for the international 
e\change of programs: Single-track recording on mag
netic tape", International Radio Consultative Commit
tee (eCI R)' Recommendation 261-1 (1966). "Stand
ards of sound recording for the international exchange 
of programs: Two-track stereophonic recording on mag
netic tape", CClR Recommendation 408-1 (1966) . 
These will be found on pages 13-15 and 23-24 re
spectively of DOClIlI7enrS 0/ rh e X/rh plenary assembly 
of rhe CClR, Vol. V (Broadcasting and Television) 
(Oslo, 1966). (These recommendations are specifically 
for the international exchange of sound broadcast pro
grams. Because the CCIR recommendations were estab
lished before those of the lEe, European recording 
studios first used the CCIR Recommendation and often 
still refer incorrectly to the recommendations of CCIR 
rather than lEe. The flux-frequency responses given by 
IEC in 1968 are identica l to those given by CCIR in 
1966. ) 

:; "ylag netic tape recording and reproducing (reel-to
reel)", (USA) National Association of Broadcasters, 
April 1965 . (Since no USA Standard exists for profes
sional sound recording, the NAB Standard is commonly 
used in the USA.) 

~.r. G. McKnight, "Flux and flux-frequency measure
ments and standardization 111 magnetic recording", J. 
SMP1E 78, pp. 457-472 (June 1969 ) . See Table III and 
Fig. 9. 

OUTPUT LE VEL, dB 

Jmtllllil!11/11111 [!1111 ~ 

16 3L5 63 125 250 500 Ik 2k 4k 8k 16k 

FREQUENCY IN HERTZ 

Fig. 2. OutP!lt level vs frequency of a properly adjusted 
IEC J9 (7.5 in /s) reproducer when reproducing an NAB 19 
(7 .5 in / s) test tape. (Transition frequ encies are 50 Hz and 
3150 Hz for NAB 19 ; 0 Hz and 2240 Hz for lEe 19.) 

ing IEC-response reproducers. Sometimes, however. a 
USA company will have the NAB-response:l test tapes. 

but no lEe-response test tapes. The quest ion naturally 
:lrises: "What should the output level vs. frequency be for 
a reproducer when it is properly adjusted for the lEe 
response, but tested with an NAB-response test tape?" 

Although this response difference could be derived 
from the published curves~, the author has here re
calculated the responses, taken the differences, and 
plotted the resulting curves. Figs. I and 2 show the 
output vs. frequenc y of a properly adjusted IEC repro
ducer when reproducing an NAB test tape, for 38 cm i s 
(15 in / s) and 19 cmi s (7.5 in / s), the two common 

speeds for professional exchange of program materiJI. 
The inverse of these curves could of course be used 11\ 
anyone having the IEC-response test tapes, and wi shing 
to know the output level vs. frequency of a reproducer 
adjusted for NAB respon se. 
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Speed, Pitch and Timing Errors in Tape 
Recording and Reproducing* 

JOHN G. McKNIGHT 

Ampex COnSIIIII !! ,. al/ d Educational Products Division , L os Caras, California 

Because tape is a plastic medium driven by a capstan in a complicated rolling process, 
an accurate specification of "tape speed" is not simple. However, it is shown that even 
a complete specification of tape speed alone is not adequate to specify the pitch and 
timing error because changes of the recorded wavelength due to tape length ohanges 
cause additional independent timing and pitch errors of up to 1.0%. These are 
significant in comparison with the NAB tape speed tolerance of ±0.2%. Measurement 
techniques are also reviewed. 

INTRODUCTION Recording and reproducing system 
specifications usually include a value for "speed error". It 
is one purpose of the present paper to show that speed 
error is not really of primary interest-rather one is 
actually interested in "timing error" and "pitch error". 
Timing error is the amount by which the duration of a 
reproduced program differs from the duration of the 
original program; this is of primary interest in broadcast
ing operations, where very accurate timing is demanded. 
Pitch error, on the other hand, is the amount by which 
the pitch of a reproduced program differs from the pitch 
of the original program. This is of primary interest in 
recordings of music which are to be spliced together: a 
small constant pitch error is not easily detected by the 
average listener, but when a splice juxtaposes sections 
recorded with different pitch errors, a sudden change of 
pitch occurs which is very obvious and disturbing. Al
though either error can be calculated from a complete 
knowledge of the other, for practical purposes we will 
consider them as two separate effects. 

In practice, the errors of a given system are often 
identical in recording and in reproducing, so that its own 
errors in recording are cancelled out in reproducing. 
Operationally, this should be considered as a special case, 
since a record is more usually reproduced on a different 

* Presented October 19, 1967 at the 33rd Convention of 
the Audio Engineering Society, New York. 

transport from that used to make the recording. There
fore, when recording is discussed, reproduction on a 
" perfect" reproducer will be assumed, and vice versa . 

In a disc system, the medium moves at exactly the 
speed of the turntable on which it lies , and the recording 
cannot change its physical length. Similarly, in a perfor
ated film system, the medium moves at exactly the speed 
of the sprocket which drives it, and the recording can
not change its length in relation to the perforations. 
Therefore in these two systems absolute speed is easily 
and unambiguously determined, and the speed error does 
determine the pitch and timing errors. 

It is usu ally assumed that in a tape system the "tape 
speed error" similarly determines the "pitch and timing 
error". This is only approximately true: even though the 
tape speed be exactly correct, pitch and timing errors of 
up to about 1% may occur. 

The NAB [1) t and DIN [2] standards for studio 
recorder/ reproducers call for speed errors of ±O.2 % or 
less. In order to meet this specification under all practi
cal conditions it is necessary to use a closed-loop servo 
system operating from a "control track" recorded on the 
tape. This is done, in fact, in motion-picture sound 
systems using tape, in video tape recorders, and in instru
mentation tape recorders. 

t Numbers in brackets refer to bibliography at end of 
paper. 
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Many of the causes of pitch and timing errors may be 
avoided or at least minimized if they are recognized by 
the user. Thus one is usually able to meet the pitch and 
timing error requirements of practical sound recording 
systems without resorting to the additional complication 
and expense of a servo-controlled system. 

EXAMPLES OF PITCH AND TIMING ERRORS 

Consider a "perfect" recording containing, for exam
ple, a 1000 Hz tone, and marker pulses every minute , for 
a total of one hour. If this record is reproduced, two 
types of errors commonly occur: these can be demon
strated by using one system with pitch error and no 
timing error at the end of a given time , and another 
system with timing error and a constant pitch error. Let 
us examine these two cases. 

+l 7~ 
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Fig. I. Pitch and timing error vs time for a system whose 
pitch error starts at + I % and falls to - 1% at the end. 

a . Figure 1 shows the pitch and timing errors of a 
reproducer whose pitch error is + 1% at the start, 
decreasing linearly through zero error at 50% of playing 
time, down to -1 % at the end of the playing time. 
With the machine functioning as a reproducer, the pitch 
error would probably be uoim portant, since it changes so 
slowly as to be imperceptible. The timing error will first 
increase, up to a maximum error of 0.5% (9 sec at 30 
min, for a one hour total recording); then tt will de
crease; and at the end of the program there will be no 
timing error at all. 

If a recording were made with this system , and sec
tions from the beginning and the end of the recording 
were spliced together, a 2% jump in pitch would 
occur-this would be very noticeable. Thus, such a sys
tem might be either very satisfactory or completely unsa
tisfactory, depending on the application. 

b. Figure 2 shows the pitch and timing error of a 
system with a constant + 1% pitch error. For use as a 
reproducer, the pitch error would again probably be 
unimportant, as it is constant. The timing error in sec
onds will be proportional to the program length-for a 
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Fig. 2. Pitch and timing error vs time for a system with a 
constant pitch error of + 1%. 

JULY 1968, VOLUME 16, NUMBER 3 

one hour program, the error would be 1% in 60 min
utes, or 36 sec-an unacceptable amount in most broad
casting situations . 

If a recording were made with this equ ipment. and 
sections from the beginning and end were spliced te.... 
get her, no change in pitch error would occur. (If this 
tape were spliced together with one from another record
er which had no pitch error, a cha nge would of course 
be heard) . Again. this sytem might be either very satis
factory or completely unsatisfa ' ~ tury, depending on the 
application. 

THE SIGNIFICANCE OF TAPE SPEED 
(IDEALIZED CASE) 

First consider some idealizing assumptions about tape. 
They are usually taken for granted, but it will be shown 
later that they are not really valid. The assumptions are: 

1. The tape is infinitesimally thin compared to the 
capstan radius, so that the capstan peripheral speed and 
the tape speed are identi.::al so long as the friction 
between capstan and tape arc high enough that no slip
ping occurs between capsi an and tape . 

2. The tape is of unvarying length, i.e., is unchanged 
by tape tension, relative humidity, and temperature : and 
has no residual stress. Therefore the reproduced wave
length always equals the recorded wavelength. 

Calculation of Tape Speed (Idealized) 

Under the ahove assumptions, th~ tape speed may be 
calculated from measurements of the capstan radius r, in 
meters, and the angular speed D, in radians per second 
(0 = 27tN, where N is the speed in rev / sec): s (in 
m/ sec) = Or. 

Both rand 0 are subject to many practical errors: 
for instance, 0 may change with line freq uency when a 
synchronous motor 1 is used ; with li ne Voltage. when an 
induction motor is used; amI with tempera ture and tape 
tension when the motor is compliantly coupled to tbe 
capstan by a bel.t, rubber tire, puck wheel , etc. ince 
both speed and radius may be measured accurately and 
unambiguously, and since they are highly variable depend
ing on the design of the par ticular tape t ran 'port, they 
will not be further discussed here. 

Measurement of Tape Speed (Idealized) 

Under the conditions assumed above, there are several 
equally valid methods for measuring the tape speed: 

Pulley speed and radius. 1. Measure the shaft speed 
and radius of the capstan itself, and calculate s = Or. 

1 Professional tape recorders often use synchronous motors 
which run at a speed determined exactly by the power line 
frequency. A question arises in this case: is the speed error 
due to power-line frequency errors to be attributed to the 
tape transport, or to the power line? NAB [1] and lEe [3] 
standards specify that measurements be made relative to the 
power-line frequency. Such a choice is rather arbitrary, but 
must be made one way or the other. In this case, if measure
ments are made using a commercial power source, timing and 
counting devices referred to absolute time must not be 
used, but rather devices referred to the power-line frequency 
such as strobotachometers, frequency-ratio meters, frequency 
counters which derive their time-base from the power line, 
etc. The power-line frequency commonly varies ±O.05 %, 
which cannot be neglected in comparison to tbe NAB speed 
tolerance of ±O.2%. 
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2. Measure the shaft speed and radius of an auxiliary 
measuring pulley driven by the tape (this might be the 
"reel idler", etc .) . and again calculate s = 0 r. 

Visllal determinatioll of the recorded wavelength. Re
cord two pulses a known time T apart , "develop" the 
pulses [4] so that their position can be seen and measure 
the length L between them; calculate the speed from s = 
LIT. 

Measurem ent of frequency or time in reproduction of 
a known recording. 1. Reproduce a test tape contammg 
a recording of known wavelength A; measure the repro
duced frequency f ; calculate speed from s = fA. 2. 
Reproduce a test tape containing a recording of pulses 
with a known length L between them; measure the 
reproduced time T ; calculate speed from s = L/T. 

Under the assumptions made, the measuring method 
may be chosen purely in terms of convenience of mea
suring apparatus at hand. It will be shown later that 
under real conditions each of these measuring methods 
has its faults and limitations. 

Pitch and Timing Error from Speed 
Error (Idealized) 

Continuing with these same assumptions, it can be said 
that the incoming frequency fin is transformed to a re
corded wavelength A,-pc according to )'rcr = s reJ f in where 
Srr,· is the tape speed in recording. Inversely, the wave
length in reproducing A ,-rp (which equals An,c ) is trans
formed back into a reproduced fr ep = sre/ Aree . 

Similarly, an incoming time interval T ,n is trans
formed to a recorded tape length L reo according to L reo 

= .1,.,,<, • T;1I; and Trcp = L rc/ srpp' 

Thus one needs only know the error of the recording 
and reproducing speed throughout the program length in 
order to calculate the pitch and timing error: 

The pitch error at any instant is equal in magnitude to 
the speed error at that instant. For reproducing, the 
sign is the same (that is, high speed gives high pitch); for 
recording the sign is reversed (high speed gives low 
pitch) . 

The timing error for any given interval of time may 
be found by integrating the speed error vs time over 
that interval. In recording, the sign is the same (high 
speed gives long program time); in reproducing, the sign 
is reversed (high speed gives short program time) . 

THE INSIGNIFICANCE OF TAPE SPEED 
(REAL CASE) 

The assumptions of the previous sections-that tape 
thickness is negligible, and tape length is unvarying-are 

quite necessary in order to relate "tape speed" alone to 
pitch and timing error. A discussion of the real case. 
however, will show that the tape thickness is significant, 
so that the "capstan speed and radius" alone do not 
determine the tape speed; that , since the tape changes 
length with tension, and the tape tension changes along 
its path through the transport, the "tape speed " observed 
depends on the location along the tape path at which 
"speed" is measured: and. finally, because of this change 
of length with tension, plus changes with temperature, 
humidity , and manufacturing and winding stress, that the 
reproduced wavelength does not necessarily equal the 
recorded wavelength, and even a valid knowledge of the 
tape speed does not determine the pitch and timing 
errors! 

Calculation of Tape Speed at 
the Capstan (Real) 

The relationship "tape speed capstan surface 
speed " holds only when the tape is infinitesimally thin. 
Table I lists the capstan radii of several commercial tape 
recorders, and that of the NAB Standard Speed Measur
ing Pulley ; and the relative thickness of 50 f,m total 
thickness ("regular length") tape. Note that in the 
USA, the " tape thicknesses" of 0.5 mil (13 f,m), 1.0 mil 
(25 .um), and 1.5 mil (38 .um), etc ., refer to the tape 
base material only. Since this specification has no mean
ing in calculating the tape speed , the overall thickness is 
always used in this paper. Since the tape thickness is in 
the order of 1% of the shaft radius , and we are con
cerned with speed tolerances of 0.2% for studio record
ing, a correction factor is obviously necessary, and the 
driving of the tape by the capstan must be considered as 
the complicated rolling process that it really is. 

The "effective radius" is approximately to the center
line of the tape; therefore the shaft radius must be 
decreased by approximately one-half of the tape thick
ness, which is to say that the shaft diameter must be 
decreased by approximately one tape thickness. 

The exact factor depends on whether the coating is 
more or less compliant than the base ; the frictional 
force s between tape , capstan, and capstan idler; which 
side of the tape (coating or backing) contacts the cap
stan; and several other factors which are difficult to 
analyze accurately. Therefore about the only practical 
method of determining the tape speed for small capstans 
is to actually measure the tape speed with a pulley whose 
diameter is great enough to approximate the " infinitesi
mally thin tape" condition. The NAB pulley, which is 
compensated for the tape thickness, is usually satisfacto
ry, though larger pulleys are sometimes used . The diame-

TABLE 1. Transports, capstan diameters, and relative thickness of 50 .um (regular) tape. 

Relative Thickness of 
Approximate 50 ,urn (Regular) Tape 

Speed Capstan =Speed Error If Not 
Diameter Compensated For 

Transport cm / sec in / sec mm % 

Ampex 350 9.5/ 19 3.7517.5 3 1.7 
Ampex 350 19/ 38 7.5/ 15 6 0.8 
Ampex 300 19/ 38 7.5 / 15 12 0.4 
NAB Speed Meas

uring Pulley 
any 36 0.14 
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ter of the small capstan is then modified according to 
this measurement in order to achieve the correct tape 
speed. 

One finds experimentally that the speed of the tape 
corresponds to a point nearer to 38% (rather than 
50'70) into the depth of the tape, so that the correct 
capstan size is more closely the calculated diameter less 
0.76 times the tape thickness. This results in the sizes 
shown in Table II for capstans run by "direct drive" 
synchronous motors on 60 Hz power lines. 

T ABLE IT. Capstan sizes used by Ampex for models 350 
and 300, for 60 Hz power-line fn:quency (5, 10 and 20 
rev IS), compensated for 50 l~m (regular) tape thickness. 

Specified Capstan Diameter 
Nominal Cap~tan 

Diameler. mm mm inches 

3 2.992 2.997 0.1178-0.1180 
6 6.022- 6.033 0.2371 - 0.2375 

12 12.073 - 12.080 0.4753-0.4756 
36 (NAB Speed Meas

uring Pulley) 
36.335-36.340 1.4305-1.4307 

This, unfortunately, is not the end of the matter.. If a 
capstan is corrected for regular (50 VOl) tape, the double 
(25 ,urn) tape does not run the correct speed. As long as 
one always uses the same capstan diameter, there is no 
error of pitch or timing; but if different capstan diame
ters are used, a pitch and timing error appears. 

T able III shows the actual speed errors which occur 
when 35 ,urn (double) and 25 jJJll (triple) tapes are 
played on the various capstans which have been correct
ed for 50 ,.JJTI (regular) tape. The speed errors are seen 
to be from 0.12 to 0.67% . 

T ABLE TIL Relative speed errors when capstan is com
pensated for 50 I~m tape, but plays 25 or 35 f.Lm tapes. 

Speed Error in % With Given Tape 
Thickness 

Nominal Capstan 5Ol-'m 351-'m 25 I-'m 
Diameter, mm (regular) (extra) (double) 

3 0.0 - 0.47 -0.67 
6 0.0 --0.23 ·0.33 

12 0.0 -0.12 0.17 

Table IV shows the relative speed errors when the thin 
tapes are recorded witb one capstan diameter and 
reproduced with another; errors of 0.11 to 0.5 % result. 

The only solution to these problems is to avoid them: 
when pitch and timing error are important, either use the 
thickness of tape for which the capstan was compen-

TABLE IV. Relative speed errors when tape is recorded 
with one capstan diameter and reproduced with another 

capstan diameter. 

Speed Error in % With Given Tape 

Thickness 


Nominal Ca.pstan 501-'111 351-'111 251-'m 
Diameter, mm (regular) (extra) (double) 

3 and 6 0.0 0.24 0.34 

sated, or else always use the same capstan size. The NAB 
Standard, in Annex A, "Methods of Tape Speed Mea
surement", specifies that speed measurements be made 
with tape 
(regular) . 

having an overall thickness of 48 j - 5 ,um 

Measurement of Ta 

An earlier section 

pe Speed (Real) 

described two direct methods for 
measuring tape speed- by calculation of speed from s = 
IJ r of the driving capstan, or of an au-,iliary pulley. 

However, it has just been shown that one cannot 
directly measure the effective radius exactly when the 
tape thickness is significant in comparison to the pulley 
(capstan) diameter. Thus one is led to measure speed 
with an auxiliary pulley which may be made large 
enough to allow an accurate determination of its effec
tive radius. Another practi al reason for using the auxil 
iary pulley is that the tape m ay slip at the capstan if the 
tape holdback tension is too great for the capstan idler 
force and the friction between the tape and the capstan 
and capstan idler. The capstan speed might be corrcc', 
but thE' tape speed wrong: the auxiliary pulley de[ect~ 

this error due to tape slip at the capstan. 
But e\'en the auxiliary pulley may give erroneous read

ings if the pulley is located at the in<.:arrect position in 
the tape path, because at any instant the speed of the 
tape changes as the tape goes through the transport. This 
is due to the elasticity of the tape: the length of a 
section of tape depends on the strain per unit tension on 
the tape (a property of the tape materials). and the 
tension to which it is subjected. Figure 3 shows an 
example of tensions: the supply tension T ,. of a constant 
torque machine (say tbe Ampex 350, on "small reel") 
is 0.7 N at the beginning of the reel; the tension at the 
constant-speed capstan, Te. has increased to 0.84 N, due 
to the friction of the tape on the hea ds in the head 
assembly. The takeup tension Tt is completely indepen
dent because of the constant-speed capstan, and is 2.1 N 
at the beginning of a reel. The strain per unit fo rce for 
6.3 mm (IA in.) tape is about O.l% / N to O.3 o/c / N 
(see Appendix); we will u se the value of O.l % / N 
(typical for 50 ,urn regular tapes) in the following exam
ples. The errors could therefore be th ree times those 
shown if 25 pm (double) tape were used . 

The tension at the supply reel is 0.14 N less than that 
at the capstan; therefore the speed at the supply reel is 
actually 0.014% slower than that at the capstan; similar
ly, tbe tension at the takeup reel is 1.3 N greater than 
that at tbe capstan, and the speed is 0.13% faster than 
that at the capstan. 

This is explained by the fact that the mass of tape 
flowing by eaeb point per unit time must be the same as 

Tc • 0.84 N 

e > 0 

6 and J2 0.0 0.11 0.16 Fig. 3. Tape speed error e for different positions in a 
transport, with fixed reel positions. Tension values are for3 and 12 0.0 0.35 0.50 
6.3 mm tape width. 
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that flowing by any other point; otherwise tape would be 
"piled up" in the system. Therefore the speed must 
increase proportionately when the tape is stretched 
more, and decrease when the tape is stretched less. Thus, 
even though the speed at the capstan incoming side 
remains exactly constant , the speed at the reel idler will 
be 0.014 to 0.04 % slower tha n the speed at the capstan ; 
and the speed at the takeup reel will be from 0.13 % 
greater to 0.18 % less th an the speed at the ca pstan . Thin 
tapes would further increase this error by some three 
times. 

Thus it ca n be seen that the actual tape speed at the 
takeup reel ma y differ from the true speed a t the capstan 
by 0.2 to 0.5 % depending on the tape thickness. There
fore the NAB Standard specifies that the speed measure
ment is to be made at a position between the head 
assemhly and the capstan , because this speed is very 
nearly the same as the speed at the recording and repro
ducing heads. 

For a tension ratio across the head assembly of 1.2 
(typical of the Ampex Model 350) the speed at the reel 
idler is nearly identical to the speed at the capstan. If a 
higher friction is present at the head assembly due to 
more wrap of the tape around the heads and guides , or 
due to a greater number of heads or guides, the speed at 
the reel idler may be enough lower than the speed at 
the capstan to suggest that the reel idler should not be 
used as the position for the speed-measuring pulley. 

It should be emphasized again that this section discuss
es a problem in measuring the tape speed: the indicated 
speed would be in error, even though the actllal speed 
might be exactly correct. It should also be recalled that 
nothing has been said about the pitch or timing errors . 

Changes of Wavelength between 
Recording and Reproducing (Real) 

For "tape speed" alone to control pitch and timing 
errors, the reproduced wavelength must equal the re
corded wavelength. In practice, the length of a section of 
the tape-and therefore the wavelength-varies with the 
characteristics of the tape (strain per unit force, tem
perature and humidity coefficients of expansion, and vis
coelastic properties), and with the way it is used (tape 
tensions generated by the transport ; temperature and 
humidity environment in use and storage; and tensions, 
times, and temperatures of storage of the tape both in 

the tape manufacturing and in the storage of a finished 
tape on a reel). To the extent that the wavelength changes 
from the time of recording to the time of reproducing, 
tape speed errors and pitch and timing errors may be in
dependent of each other. 

Effect of tape tension . It was shown earlier that , due to 
tape elasticity, the speed of a short section of ta pe changes 
as it passes through the transport, since the tensions 
change with position in the transport. but are assumed 
constant at a given position during the time it takes this 
short section to pass through the tran sport. 

Now consider the effect of the tape elasticity on the 
wavelength, due to the change of tension (and tberefore 
wavelength) that occurs at any given point in the trans
port-for instance, the head assembly-as the tape is 
played and one goes from a full supply reel to an empty 
supply reel. 

When a "constant torque supply system" is used (e.g. , 
the Ampex Models 300 and 350) , the range of holdback 
tensions which occurs (including the effect of friction at 
the heads) is shown in Table V. The resulting wave
length changes are also shown . 

Incorrect tensions (as exe mplified by the "small llarge" 
example in the table) can greatly increase the wavelength 
changes; a similar effect occurs when the holdback ten
sion is incorrectly set , or the stopping brake drags in the 
Play mode . This also shows that a standard tape tension 
is required for all transports if a standard speed is to 
give uniform pitch and timing. 

If the tape speed remains constant at the heads, 
which is the case for a direct -drive synchronous capstan 
motor with proper capstan-idler force, the "pitch 
change" from beginning to end of the supply reel would 
be the same as the wavelength change: 0.17 % for the 
18 X 6 cm (small) reels , and 0.13% for the 27 X 11 cm 
(large) reels, with 50 ,um (regular) tape. Use of 25 ,um 
(double) tape will double these errors . Incorrect tensions 
also may increase the error, with a 1% error occurring 
with the "small reel-high torque" condition and 25 ,um 
(double) tape. 

This pitch change of 0.1 % to 1.0% occurs in a 
transport whose only "imperfection" is the lack of a 
constant-tension holdback system : the speed at the heads 
is constant here. But as one progresses from the begin
ning to the end of a reel of tape, the pitch of a recorded 
tape will change. If the same tape is played without any 

TABLE V. Changes in tape tension and resulting change in wavelength at the heads due 
to change of holdback tension in a "constant torque" transport with 6.3 mm ( 1,4 in.) tape. 

Reel Size and "Reel Size Switch" Setting 

Small/ Small' Small / Large' Large/ Large' 

Tension at heads (or given position in Full 
supply reel Middle 

Empty 

Change in tension at beads, (rom full to 
empty supply reel 

Ohange in wavelength at the heads, from 
(ull to empty supply reel 

With 50 ,urn (regular) tape 
For a range of tapes 

0.8 N 
1.2 N 
2.5 N 

1.7 N 

0.17% 
0.14 to 0.5% 

1.6 N 
2.4 N 
5.0N 

3.4 N 

0.34 % 
0.28 to 1.0% 

1.2 N 
l.5N 
2.5 N 

I.3N 

0.13 % 
0.1 to 0.4 % 

1 Small reels, 18 X 6 em (7 X 2.3in.); on "small reel" position, torque = 0.06 N· m. 
"Small reels, 18 X 6 em; on "large reel" position, torque = 0.12 N· m. 
'Large reels, 27 X 11 em (10.5 X 4.5 in.); on "large reel" position , torque = 0.12 N· m. 
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editing on the machine on which it was recorded, this 
error is completely compensating, and no error will be 
seen in the pitch or timing. If, on the other hand, one 
section of tape is taken from the beginning of a reel, 
and edited to the end, etc ., or if the recording is trans
ferred to a different-size reel, or a different location on 
the reel, the pitch and timing errors will be apparent. 

The use of constant holdback tension eliminates this 
particular problem completely. There are several com
mercial audio recorders which do incorporate constant
tension holdback systems. 

Effect 0/ Temperatllre Change. Published values for 
the temperature coefficient of linear expansion for tape 
base materials are: 5.4 X 10 -;:;r e for acetate and 1.7 
X lO-f,re for polyester [5] . Thus, if the temperature 
changed from 20 to 35 °e (68 to 95 °F), the change in 
recorded wavelength (and therefore the pitch and timing 
errors) would be 0.08 % for acetate base and 0.025 % 
for polyester. 

Effect of Humidity Change . Published values for the 
hygroscopic (humidity) coefficient of linear expansion 
for tape base materials are 150 X 10 -r, % RH for acetate , 
and 6 X 10-6 % RH for polyester. Thus, if the humidi
ty changed from 30 to 70%, the change in recorded 
wavelength (and therefore pitch and timing errors) 
would be 0.6% for acetate base, 0.024% for polyster. 

Effect of Viscoelastic Characteristics. It is a well-known 
fact [6J that the base materials used for magnetic tape 
are "viscoelastic": that is , when subjected to a stress, 
there is an elastic strain which takes place immediately 
and an additional viscoelastic strain that continues as 
long as the stress is applied. When the stress is removed, 
the elastic strain is immediately recovered, but the visco
elastic strain takes a long time to recover. These effects 
are dependent not only on the base material, but also on 
the temperature: higher temperatures accelerate the rate 
of viscous strain. 

Two problems are of concern here: 
1. When the base material is manufactured, a "residu

al stress" is left in the material. DuPont literature for 
Mylar [5] shows a residual strain of 0.5 % at a 1000e 
temperature. (This temperature could occur during stor
age and shipment, although the plastic reels would show 
obvious damage from this temperature.) Even under 
lesser temperatures, the stress tends to relieve itself, 
although more slowly. When the tape is dried in an oven 
after coating, part of this stress is relieved. Specifications 
are not published on commercial tapes, and this data is 
somewhat difficult to measure accurately. Preliminary 
tests were performed by the Ampex Magnetic Tape 
Laboratory on tapes purchased on the open market: a 
sample's length was measured; it was left in a 60°C 
environment for 8 hours, then returned to room tempera
ture and measured again. In six samples of polyester
based tapes, shrinkages of 0.008%, 0.07%, 0.03 %, 
1.7% were measured, and two samples showed an ex
pansion of 0.02% and 1.7%! One can only guess that 
the history of the samples was different, and that this 
was the major factor. 

2. After the tape is wound on a reel under tension-by 
the manufacturer or by a user-viscoelastic elongation 
also occurs until the stress is relieved. This very compli
cated problem has been reported on by Tramposch [7, 
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8]. The tape manufacturer usually winds the tape under 
a rather high tension to minimize the chance that the 
tape pack will lose its tension-and consequent "firm
ness"-during shipment. (When this does happen, the 
shock received in shipment may ruin the reel of tape.) 
Suppose that the user makes a recording on a new reel 
of tape which has this built-in residual stress; when he 
winds the tape on a reel at a lower tension than that used 
by the tape manufacturer, the tape will shrink, and the 
wavelength will change. It is possible that this was the 
cause of the 1.7% shrinkage reported in the previous 
paragraph-we really don't know as yet exactly how 
much pitch and timing error can occur from this cause. 

Pitch and Timing Error (Real) 

An earlier section discussed the calculation of pitch 
and timing errors in the idealized case from a knowledge 
of the tape speed only. The discussion on the calculation 
of the real tape speed at the capstan shows possible speed 
errors of up to 2% , which might be overlooked. But as 
shown in the discussion of changes of wavelength, changes 
in tape tension, temperature, humidity, and viscoelastic 
elongation all cause the wavelength to change between 
recording and reproducing , and this causes a correspond
ing pitch and timing error which adds to the errors from 
speed alone. 

Thus it is possible to calculate the real pitch and timing 
errors (other than those from viscoelastic elongation) if 
sufficient care is taken. In general, however, it is more 
practical simply to measure errors of an actual system. 

PRACTICAL MEASUREMENT TECHNIQUES 

AN D PROBLEMS 


If a measurement accuracy of about :±:: l % is adequate, 
one may consider that speed , timing, and pitch errors 
are synonymous, and use any of the measurement tech
niques outlined in the section on the measurement of 
speed for the idealized case. 

If accurate measurements are required, one must mea
sure speed, timing, and pitch errors separately, being 
careful to define exactly the system being measured: 
some errors are due to the transport alone (e .g., wrong 
capstan speed; tape slip at tbe capstan); some are due to 
the tape alone (e.g., changes due to temperature, hu
midity, and the relief of manufacturing stresses); and 
some are due to the tape-and-transport interaction (e.g., 
tape thickness/ capstan diameter; tape elasticity! trans
port tensions; tape elongation due to winding stresses left 
by transport, and viscoelastic properties of the tape .) 

Speed Error Measurement 
Speed, timing, and pitch errors must all be referred 

eventually to the tape speed at a specified tape tension. 
The tape speed may be measured with 50 ",m (regular) 
tape, by a correctly designed pul\ey2 placed between the 
head assembly and the capstan. The measurement should 
be made at least at the start, middle, and end of the 
supply reel, and the greatest error reported. 

2 A pulley suitable for this measurement is manufactured 
by Dubbings Electronics, Copiague, New York. The diameter 
should be checked, as earlier models did not include the 
tape thickness correction; the dimension should be that 
shown in Table II. 
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Direct speed measurement has the advantage of not 
requiring a special test tape; also, tape length variations 
due to tension, temperature, and humidity variations, and 
residual stress and viscoelastic elongation are elimi
nated. The disadvantage is that correct tape speed does 
not guarantee correct pitch and timing, for exactly these 
re asons. 

Pitch Error Measurement 

The pitch error of a reproducer may be measured 
directly by reproducing a test tape containing a recording 
made at a known tension with a known frequency 
(i .e., at known speed of known wavelength). As with 
the speed error measurement , the pitch error measure
ment must he made at the start, middle, and end of the 
supply reel, and the greatest error reported. 

The error of the reproduced frequency may be mea
sured by one of the following methods: 

1. Frequency relative to the power-line frequency (as 
specified in the NAB Standard [1] and IEC Standard 
[3]) is measured by a frequency meter which uses the 
power line as a time-base reference, e.g., the Hewlett
Packard Electronic Counter Model 5211 A. The pitch 
error in percent is then e = 100 (frc/J - fre e) 1 f ree. Any 
convenient frequency may be used; 1000 Hz would be 
especially convenient, because the error then reads di
rectly: the last place of a four-place counter is parts-per
mil (tenths of a percent). Many frequency counters have 
a crystal oscillator for an "absolute" time base, but can 
also be connected to read frequency ralio instead. If we 
then let R rec represent the ratio of the frequency record
ed on the "perfect" test tape to the power-line frequency 
in recording, and Rrcp the ratio of the frequency repro
duced to the power line frequency in reproduction, the 
error in percent is: e = 100 (R rep -Rrer ) / Rree ' 

2. Frequency error is measured by the "drift" meter 
of a flutter and drift meter, such as the MICOM 
Model 8100; the WOELKE (Gotham Audio) Model 
ME 101 or 102, or the EMT Model 420. The frequency 
on the test tape must correspond to that for which the 
flutter meter is designed: 3000 Hz has been the standard 
frequency used in the USA ; the "Preferred Frequency" 
[9] of 3150 Hz is used in Germany, and in the German
made flutter meters (EMT and Woelke/Gotham Au
dio) and has been proposed for use in the USA. All of 
these meters have internal oscillators with a frequency 
accuracy of better than ±0.1 % which is used to set the 
"zero" point of the drift meter. Therefore, unfortunately, 
none of these meters takes line-frequency errors into 
account, but rather charges them to the tape plus 
transport system. 

3. Time is measured for a 2'lt radian phase shift (i.e., 
360°, one full cycle) of the reproduced frequency. (This 
method is especially convenient when the specialized 
equipment for methods ,1 and 2 is not available, because 
only an ordinary oscilloscope with line synchronization is 
needed.) The frequency is most conveniently that of the 
power line used, i.e., 50 Hz or 60 Hz. When the 
oscilloscope is synchronized to the power line, the wave 
reproduced from the test tape will appear to drift for
ward or backward with time, depending on whether the 
pitch is high or low. The pitch error may be calculated 
as the ratio of the period of the recorded signal (i.e., the 

time for one cycle), to the time that it takes for one 
cycle of the reproduced wave to drift by, due to pitch 
error. Since the period T is the reciprocal of the frequen
cy, when the power-line (which is the recorded signal) 
frequency is 50 Hz, T = 20 msec; for 60 Hz, T = 16,7 
msec. Therefore the error in !Jercent is e = 100 T = "I." 

For 50 Hz, e (in percent) = 21 I, for 60 Hz, e ( in 
percent) = 1.7/ 1. For the NAB and DIN specifications 
of "speed" error, ±0.2% , the time for one cycle to pass 
the reference point must bc at least 10 sec for a 50 Hz 
line, 8,5 sec for a 60 Hz line. This method is most 
convenient with systems which have less than about 2% 
error: otherwise the measuring time for one cycle is less 
than I sec, and accurate measurement of the time with a 
stopwatch becomes impractical. 

These methods all measure the pitch error directly. 
The inherent disadvantage is the need for an accurate 
test tape. "Accurate" includes not only the accuracy of 
recording in the first place (recording speed, tension , and 
frequency), but also the errors due to the length-changing 
effects of the tape. In other words, the "tape plus trans
port" system is measured. If special care is not taken, 
one may falsely conclude that the transport has pitch 
error, when in fact the test tape is at fault. 

Thus far, no accurate pitch error test tape is known, 
Acetate tapes have too high a coefficient of expansion 
with humidity, and some polyester tapes have too high a 
residual stress and viscoelastic flow. A completely stress
relieved polyester is being investigated, in hopes that it 
may be satisfactory for such a test tape. The question of 
viscoelastic changes due to stress relief while the tape is 
wound on the reel also still remains unanswered , 

The Ampex Flutter Test Tapes contain an approxi
mately 3 kHz tone which is sometimes llsed for pitch 
error measurements. It should be pointed out that only 
the fiuller on this tape is closely controlled , as its purpose 
is flutter measurement. Because of the residual stress 
problem with polyester bases, the flutter" test tapes are 
made on acetate base, which has a high humidity coeffi
cient of expansion; therefore these tapes are not suitable 
for precision pitch error measurements, Since this is the 
case, neither the input frequency, the speed . nor the 
tension is accurately controlled in making these tapes: 
the wavelength may be in error by as much as ±0,4 % , 
in addition to the error due to humidity changes, 

If a suitable material could be found for the tape 
base then it would be desirable and possible to control 
accu'ratelY the wavelength in manufacturing flutter test 
tapes; then they could be used for pitch error measure
ments also. In the meanwhile, these flutter test tapes 
should not be used for precision pitch error measure
ments. 

Timing Error Measurement 

The timing error of a reproducer may be measured 
directly by reproducing a test tape containing a record
ing having a known time interval when recorded at a 
known tape tension and speed. The same problems with 
changes in tape length occur as in the pitch error mea
surement described above. As discussed before, the tim
ing error measurement will depend on the reel sizes, 
length of program, etc. Therefore a particular measure
ment is valid only for a particular condition: "a 30 

JOURNAL OF THE AUDIO ENGINEERING SOCIETY 272 



SPEED, PITCH AND TIMING ERRORS IN TAPE RECORDING AND REPRODUCING 

minute program, 540 m of 50 }-'m tape on a 18 X 6 cm 
reel, at 19 cm / sec, reproduced with a timing error of 
± sec." ("A thirty minute program, 1200 ft. of 2 
mil tape on a 7 X 2.3 in. reel, at 7.5 ips reproduced with 
a timing error of ± ... . sec"). 

TRANSPORT MAINTENANCE PROBLEMS 

Speed, pitch, and timing errors in a professional audio 
recorder/ reproducer which was correctly designed to 
begin with can usually be traced to one or more of the 
following problems: 

1. Wrong capstan speed in "indirect" (rubber-tired) 
drives. Test for this problem by measuring the capstan 
speed with a stroboscope sticker on the capstan. Check 
at the beginning, middle, and end of a full reel of tape. 
Adjust as required, per the instruction book. 

2. Tape slips at the captstan. This can be caused by a 
dirty capstan or capstan idler; by low capstan idler force 
(wrong adjustment-too loose); by capstan idler 
solenoid not "bottoming" (wrong adjustment-too 
tight); or hy a holdback tension which is too high-see 
helow. 

3. Incorrect tape tension. This may be caused by 
incorrect adjustment of the resistors which set the ten
sion; by excessively high or low line voltage; by dragging 
of a "stopping" hrake-usually due to incorrect brake 
solenoid adjustment; by an incorrectly set "reel size" 
switch ; or, on a constant-tension system such as the 
MR-70, due to a failure in the constant-tension system. 

Problems similar to these can of course occur in any 
type of tape transport. 

CONCLUSIONS 

The NAB Standard calls for a maximum tape speed 
error of ± 0.2 %. The NAB speed measuring procedure 
must be followed carefully if speed measuring errors 
larger than this tolerance are to be avoided. 

This "speed error" tolerance should not be interpreted 
as guaranteeing that the pitch or timing error will also be 
better than ±0.2 %, since speed measurement alone 
does not take into account pitch and timing errors due to 
tape length and tension changes. A standard tape ten
sion would need to be established if "speed" were to be 
meaningful. This tension would probably be per unit tape 
width, and might even be different for different tape 
thicknesses. 

In the case of a practical problem with either pitch or 
timing, one must be careful to measure the actual system 
and phenomenon of concern, under the actual condi
tions which prevail. As mentioned at the beginning of 
this paper, a system may be perfectly satisfactory for one 
usage but unsatisfactory for another. With the informa
tion in this paper, one should be able to choose the 
important factors and ignore the irrelevant ones. 

APPENDIX 

Tape Strain per Unit Force 

An elastic material placed in tension will stretch. The 
relative elongation, 61/ ], is called the strain, •. The 
strain per unit force, .If, may be measured directly for a 
given length of tape or it may be calculated from the formula 
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£If = 1/ AY, where A is the cross-sectional area of 
the tape, and Y is the Young's (stretch) modulus of the tape. 
The Young's modulus is a bulk property of the material; the 
values for the commonly-used tape base materials are given 
in Table AI, taken from the base manufacturer's specifica
tions. 

TABLE AI. Young's modulus of common tape base 
materials . 

Young's Modulus Young's Modulus of 
Material o[ Base, GN/m' Coated Tapes. GN/ m2 

Cellulose acetate 2.3 1.9-3 . 1 
Polyester 3.8 2.1 - 3.6 
Polyester. tensiiized 5.5 3.2- 5.6 

Actually, the Young's modulus of the tape coating itself 
may be considerably greater or Icss than that of the base 
material, so that the Y modulus of the base alone is of very 
limited value. The effective Y modulus range for coated tapes 
is given by Krones [10], and these values are also shown 
in Table AI. 

Because of this wide spread of effective Y modulus v~lues, 
it is more satisfactory to consider directly the measured 
values of strain per unit force (£I f) than to try to calculate 
values from the cross-sectional area and the Y modulus. 
Krones tabulates the values for strain for a 10 N load for 40 
European and USA tapes, with acetate, polyester, tensilized 
polyester, and polyvinyl chloride bases. Table AIl is taken 
from Krones' summary. 

TABLE All. Strain per unit force for manufactured 6.3 
mm (Y4 in.) wide tapes. 

Length 
mm X /Lm Designation clf. % / N 

minimum average maximum 
6.3 X 50 regular 008 0.10 0.14 
6.3 X 35 extra 0.12 0.16 0 .23 
6.3 X 25 double 0.10 0.18 0.3 

Thus, for 6.3 X 50 (regular) tapes. a go d value is 0.1 %/N 
(1 N = 3.6 oz). The 6.3 X 25 (double) and 12 /Lm (quadruple) 
tapes, and narrower tapes (3 .8 mm tapes used in cassettes), 
would have still higher </f values. 
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WEIGHTED PEAK FLUTTER MEASURE~ENT: A S UM~ARY··· 3 

THE DyNAMIC CHARACTERISTICS OF THE FLU1lER METE R AkE 
:,P EC IFl E[) IN TER,V.S OF TH E l>'WICATIO N FOR A P U L SE-n~A I,>J OF 
FREn UDJCY MODULATIO,'J .A S SHOw0J 1:-1 FI G. 2 · TH E PUL ~, E.s HAVE 
CONS TANT AMP LITUDE, CONSTANT 1 S REPETI TI O,'J RATE, MI l.; AUJU:,TAt' LE 
L ENG TH OF 10 MS TO 10 0 i'1~ . THEY HAVE TH E SAME P EAK-TO-PEA": 
Af':P LITUDE AS THE 4-HZ S Ii>JE ~,;AVE. THE FU'TTE R MET Eh' READING UTH 
THE SINE l',AV E OF FRE OUENCY MO DULATIO ,'J I S TI\KEN AS REFERE,>JCE 
(100%). THEN THE REL ATIVE METER READI N GS AR E MEAS UR ED FO R THE 
P IILSE-TPA.IN OF F REOl 'ENCY r'10DULATlO,'J. THE FLUTTER ,'1£TE R READI.'JGS 
MUS T BE I\ S S HO\-..>J BELOI,· (TOLERA0JCES ARE ALSO GIVEN I.'J TH E 
S TAN LJP.fi D) : 

PULO'E LE,'J GTH, A ~S 10 30 60 10 0 

RELATIVE 
INDIC I\ TI ON , E' % 21 62 9 0 100 

THE OTH ER DYNAMIC RE QUIREMENT I S FOR THE DE CAY lI ME : wHEN 
THE 100 MS PUL S E IS USE U ~ ITH A 1 ~ REPETITIO N HAlE , 1 HE DE CAY 
lIME OF THE FL~TTE R METER MUST BE SU CH THAT BET~ E EN rHE P ULSE S 
1HE I ND ICATO R FALL S 10 A hE ADING OF FHOM 3 6 ~ TO 44 ~ OF THE 
MAXI MUM . 

A .'JlIM8 ER OF "GOOD Ei>J GL'JEE "IN G PRAC TI CE" I TEM S M~E GI VE.'J : 
THE I N5 T ~UMEN l S HO ULD WORK k ITH TE~T F R EOU ENC IE ~ 8ETWE£ N 3000 HZ 
AND 3300 HZ, IN ORD ER TO ALLOh USE ~ITH OFF - SP EED RE CO RD ERS OR 
REP RODUCERS, q~ D ALSO ~ITH BOTH OLD TE S T RECORDS AT 3000 HZ, AND 
N E ~ TEST RECORD S AT 3150 HZ . A BASIC ACCU RACY OF AT LE AS T + Ok 

10 1. OF FULL SCALE I S SL'GGE S TE D. A RE QUifiED !.'JP UT VOLTAGE OF 
NOT MO RE THAN 100 MV I S SUGGESTED , AND AN IN P UT IM PED AN CE OF NOT 
LES5 TH A:>J 300 KILOHMS {IT 3150 Hi: · FI NA LLY, PkOV ISIO,~ FO;;: 
CO;~N ECTING EXT ERN AL EO UIPME,'JT (FOR EXAMPLE, AN OSCILLOGRAPH) 
~ITH OR ~ITHO UT THE h EI GHTING FILT ER I S SUGGE S TED· 

4. 2 AVA ILABILITY OF FL UTlE R ME1 ERS AND TE ST RECORDS 

SL>JCE THE " ','; EI GHTED P EIl.K FLUTT Eh " i~EASUkEIME.'H I S I UE,'J Tl LAL 
TO THf: "DI N \, EI GHTED" MEASU RH I EN T I,.:HI CH HA S BEE.'J USED FO R SO~lE 

10 YEARS NO W, COMMERCI AL FL UTTE R M ETE R ~ ~HICH MEA SU RE TO Trl~ 

GE!?MAN STA,~D I\RD DI N 45 .405-1966 MAY EE lJS~D. SUCH !.~ .'i T R l!I"'E .~ T S 
ARE AVAIL ABLE F O ~ INS 1AN CE F k OM GOTH AM AU DIO CO RP , NEh Y O H~ , N£ h 
YO,, ":; i>..'J[J IV, I 0JCfJr1 0 1 V. OF 311 , CAf'o Md LLO, CA (THES E I8 "Th U"ll:"olT:, 
~ E R E DE VELO PE D ~ Y BAHRS INDU S TRIES, AND MANU FACTURE D OkIhl ~ ALLY 

By MI CQ M, L ATE R CALLED DMC). 

TE ST REC OR DS kI1H A 31 SQ-H Z S IG~ AL ~H ICH MAY BE US ED FOk 
FL UTTEil t1 E.1l ~· lIREM EN TS ACCOfW Ii>JG TO THE ,'J['," SlA:'JDA RD MAY !:J l 
OBT AI Nf:D FOP !'~ ST ANCE FRO(" THE FOLLOf.I :>JG CO,'t PA.>J IES: 

WEIGHTED PEAK FLUTTER MEASUREMENT 
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~IEIGHTED PEAK FLUTlER-MEASlIRU'IENT: A SUMC1A"Y ••• 5 

TAPE RECORDS: 	 AC1PEX CORPORATIO,~, kE Di'lO OlJ CI TY, CA. 
THE S TA,\lDARD TAPE LAE, OAi<LA,~u, CA. 

16-r~~1 A;.JD 35-MM 
MO TIO ,\I PICTU,"E 
FILM RECO rWS : 	 THE S TA;.JD ARD TAPE LAB, OI"~L AND , CA. 

DI SC RE CORD S : 	 GOTHAM AUDIO CO"p, NY , NY· 

5· MEASUREMENT PROCEDU RE 

"THE i', EA SLIJ-,EMENT S OF ;.JORMAL RECO RD 1,\I G A,\lD REPRODUCI,~ G 
SYS TEM S SHALL gE MADE 0\1 O;.JE ELEMENT ONLY OF THE SY STEM (EITHE k 
THE RECORDE R OR THE REPRODUCER, BUT NOT ON BOTH) UNDEk S UCH 
CO'~DITlO,\lS TH AT THE 'II EIGHTED PEAK FLUTTE R I;.J THE REMAL~I.~G PART S 
OF THE r~EI\Sl'RING SYSTEI~ I S ,\lE GLIGIBLE. 

.\lO TE: !,'HE-\I THIS CO CJ CITlO N CA;.J,\iOT BE FULFILLED, A RECORDERI 
REP RODUCE R Ml\Y 8E MEA SUR ED BY RECORDING A 31 50 HZ TE S T FREOUENCY 
A\lD S UB S EQUENTLY REP R ODUCI ~G THIS REC ORD S E VEHAL lIME S , 
ME ASU'<ING L~ EACH CI\S E THE TOTAL "EI GfiTi::D PEAK FLUTTt: r' A,~[; 

CALCULATI ~G THE ARITHMETIC AVERA GE VALUE OF THESE MEI\ SU HEMENT S · 
!.;EIGHTE D PEAK FLI'TTER SHI\LL ;.JOT BE i"',EASURED !,HILE SI.'lULTA;'EOUSLY 
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Maximum Signal-to-Noise Ratio of a Tape Recorder 

ABSTRACT 


Using the Wiener auto-correlation theorem, 

the noise power spectrum of the pole strength 

in a thin lamina of an erased tape is shown 

to be approximately "white ." The noise power 

5pectrum of the reproduce head voltage is 

calculated for a thick tape and compared with 

the signal power. The wideband signal-to

noise ratio of a tape recorder equalized flat is 

deduced and expressed i'n very'simple forms, 

which are inversely dependent upon the 

square of a bandwidth. Notably, in this spe

cial case the wideband result is independent 

of reproduce head-to-tape spacing. Numeri

cal examples demonstrate that this simple 

theory yields results in excellent agreement 

with practice. 


INTRODUCTION 


The signal-to-noise ratio (SNR) of a tape re

corder is, with the possible exception of the 

"drop-out" behavior, the most important fac 

tor gove rning its utility as an information 

storage system. The maximum possible SNR, 

which occurs when the principal noise source 

in the system is the tape itself, depends nat

urally not only upon the fundamental param

eters of the tape but also upon the manne r of 

its use. The discussions of SNR given previous 

ly,' " though correct, see m. to be needlessly 

compl ex. Further, the results are not in forms 

readily useable by the system designer. In the 

present paper the entire problem is reworked 

in a simple, direct manner using the Wiener 

auto-correlation theorem. 


by J. C. Mallinson 
Ampex Corporation, Redwood Cit y, California 

experiment. Several new relationships of prac
tical Significance are derived and discussed . 
Further, since all the important expressions 
are derived from first principles, it is believed 
that the work is not without pedagogic merit. 

INITIAL CONSIDERATIONS 

Whereas the signal in a tape recorder relates 
to the mean magnetization of the tape par
ticles, the noise arises from the deviations 
from the mean of the magnetization. In an 
erased tape the major source of these devia
tions is the randomness of the particle mag
netization directions. We shall assume that 
only two directions exist, positive and nega
tive, which are occupied at random. 

As the tape becomes magnetized and the 
directional randomness d ecreases, one might 
expect the noise to decrease. In fact, it in
creases somewhat, probably due to non-uni
form particle packing effects. A noise which 
depends upon the signal (modulation noise) 
is neither stati o nary nor addit ive. However, 
since in the best tapes the noise increase is 
slight (_ 3-4 dB), we shall assume here that 

particle 

I ~. r'o> I 
P =p( 

- I 0 . ( 

the noise is stationary and additive at all sig
nal levels . 

TAPE MAGNETIZATION STATISTICS 

We seek first the auto-correlation function 
(ACF), taken in the direction of head-to-tape 
motion (x) , of the pole strength' in a lamina, 
of width (oJ and thickness 8y, of an erased, 
oriented, particulate, tape. Suppose the single 
domain particles be identical, have dipole 
moment Jl = pl (see Fig. 1) and be at a den 
sity n. The pole strength of the lamina, at 
longitudinal position x, is, 

Pix) = L 	hi PI(X) 
I 

where bl ~ ±1 at random (1 ) 

The ACF is, by definition for stationary ran
dom processes" 

+f L b l pdx) Lb, pdx-x' ) dx 

ACF (x') = 
lim 
x~ 00 

+x/2 

~f Pix) Pix- x') dx (2) 

-x/2 

xl2 
lim 
x~ 00 

- x/2 I I (3) 

+00 

= n (oJ dy f pix) pix- x') dx 

-00 

since bl b l 	 = 1 if i = j 
= 0 ifi 7'" j 

~ ~It is shown that the wideband SNR may be 'The pole strenglh is defined by Pix' = fA M(x) dA, 
FIGURE 1. Par1l c:le po le :s trength . expressed in very simple forms which yield where M(x) is the magnetization and A is the cross 

values in exceptionally close agreement with sectional area . 



ACF. p2(/ - I,I I ), , ,1 1</ 
ACF 00 1,1 1)/ 

-/ ./ 

FlGURf 2. Auto-cIll' ~I:".Ion 'lJflCh () l, 0 1 ,'I.lrhcll} polo SIH'lll.llh. 

Since, on the average, the particles only corre
late with themselves, the lamina pole strength 
ACF is simply the sum of the individual par
ticle pole strength ACF's, each of which is 
equal to p' (i-lx'l> (see Fig. 2). According 
to the Wiener theorem the noise power spec
trum is given by the Fourier cosine transform 
of the ACF.' Thus the noise power spectrum 
of the lamina pole strength is: 

+00 

2~ f n w dy p' (i elk) = lx' l) cos kx' dx' 

-00 (5) 

J.!' n w dy 
271" [ 

kl]'sin;/ 
(6) 

This function is plotted in Fig. 3. Note that 
the important result that, for wavelengths (A) 

substantially larger than the individual particle 
length , the lamina pole strength noise power 
spectrum is flat. This "white" spectrum ap
proximation is assumed hereafter. 

OUTPUT NOISE POWER SPECTRA (NPS) 

Having defined the statistics, we proceed to 
compute the reproduce head voltage NPS. 
Providing gap losses may be neglected, the 
reproduce head exhibits a linear voltage trans
fer function 471" V Ik l e- Iklr. That this is true 
may be seen immediately since 

a+d 

Ikld) e- Iklf 471" V Ikl e- Ik lr dy = 477 V (1-e- ' 

a 	 0) 

which is the familiar Wallace output voltage 
spectrum! To compute the output voltage 
NPS, we multiply the lamina pole strength 
noise power spectrum by the reproduce head 
power transfer function and integrate through 

8(k) 

FIG URE 3. N ril'!lC!I pa.... i·' spOClrurn 01 lamina pOle I rl;n()!h . 

the tape thickness . This operation is, in physi
cal terms, allowing for the fact that the re
produce head only senses a wavelength de
pendent, limited volume of tape adjacent to 
the gap. 

Thus, 

a+d 


(k) 	= fJ.!' n w dy [471" V Ik l e-Iklr]' 
271" ~ 

a 

= 471" J.!' n w V' Ik/ (l - e-'l kld) e-'," I' 

(9) 

a result obtained by both Daniel' and Stein! 
A similar development using the transfer func
tion for a non-differentiating head (471" e- Ik lr) 
leads to the output flux NPS. 

E ~ ' (k) 471" 11' n w (l-e- ' kid) e-'Ikl' 
1>,, ' (k) = V' k' Ik [ 

(10) 

Should expressions (9) and (10) be integrated 
over an infinite bandwidth despite the com
ments following equation (6), and the onset 
of reproduce gap losses, the results are: 

00 

,{d (a+d 12)}
E,,- (k) dk = 477 J.L" n w V' ' ( d 'f ' a a+ ) 	 (11) 

- 00 

and 

f 
00 

<1>,.- ( ' k dk 871" J.L" n w log •. (a+d)J = ' - a
(12) 

-00 

as given by Mee B They represent merely up
per bounds to the total noise power. It will be 
evident that should exact results be needed 
they could be computed with little difficulty. 

OUTPUT SIGNAL POWER SPECTRUM (SPS) 

Suppose tha t, perhaps because of the need 
to minimize di stortion, the sinusoidal signal 

o 
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magnetization recorded on the tape IS only 
at a fraction f of the maximum amplitude 
possible. Further suppose, perhaps because 
of the need to minimize short wavelength 
record process losses, the tape is only re
corded upon to a limited depth d' ';; d. Ap
parently by inspection of equation (7) the 
output signal power spectrum is : 

E,'(k) = 112 [477l'nwfV(1-e-I' ld')e-l kl']'(13) 

It will be noted the head-to-tape spacing 
dependence of both the SPS and NPS is iden
tical. This occurs because the same physical 
laws govern both signal and noise of the same 
frequency. The two spectra are shown in 
Fig . 4. 

The measured signal spectrum matches the 
calculated curve very closely. The measured 
noise spectrum' deviates appreCiably at long 
wavelengths from that expected . In particu
lar, the measured noise spectrum has a lower 
slope than expected . This is probably because 
the measurements unaVOidably include "sur
face" noi se (attributable to tape roughness 
and cons equent head-to-tape spacing varia
tions) the magnitude of which increases with 
decreasing frequency. However, the differ
ences are small when the highest quality tape 
is used and in any case such low frequency 
differences have little effect upon the wide
band SNR . 

NARROW-BAND SNR 

The narrow-band SNR for a " slot" of width 
~k is : 

277" n w (' (1-e- kid,), 

Ik l (l - e ' kid) Ilk (14) 

It is, of course, independent of head-to-tape 
spaci ng. The adverse effects of nonsa turation 
and partial penetration recording are evident ; 
both reduce the SNR because, whilst only a 
limited number of particles contribute to the 
Signal, all still contribute to the noise. 



WIOEBANO SNR 

Since the signal and noise power spec tra are 
ot identical, the wideband SNR depends up
n the reproduce system equalization. Gen

erally, wideband SNR's will also depend upon 
the head-to-tape spacing . A simple case, of 
particular interest because of its widespread 
use, occurs when the output signal is equal
ized "flat." To achieve this, the power trans
fer function of all parts of the reproduce 
system after the head must be the reciprocal 
of the signal power spectrum gi ven by equa

tion (13). 
Note that th is particular equalization makes 

the equalized noise power spectrum i nde 
pendent of head-to-tape spacing. An impor
tant consequence is that, in this special case, 
the wideband SNR is independent of repro 
duce head-to-tape spacing. "Out of contact" 
playback need not entail a loss in SNR pro
viding o ther noises in the system are kept 
below the (attenuated) tape noise. The onus 
is on the system designer. 

The wideband SNR for such systems is cus
tomarily defined to be the equalized signal 
power d ivided by the integrated noi se power 
in the system bandwidth. That is, 

Iklm", 
lk 1 __.[f (1 -e-' ld) Ikl d Ikl J

(SNR) ... l d r - r- - • d •27T n OJ (1 - e I 1. )- (15) 

Iklmln 

fore evaluating thi s expression , two sim
plifications may be mentioned. First, if we 
consider only full coating depth recording 
(d' = d), then, dropping the modulus signs, 

k on " kd · 1J 
(SNR)"ldo = 27T n OJ f' k coth - d k 

[f 2 (16) 
krn I n 

The signal and noise spec tra for thiS case are 
shown in Fig. 5. Second, fo r a system in 
which the wavelengths over a substantial 
fraction of the bandwidth are comparable to 
or smaller than the tape coating thickness so 
that kd »1 and coth kd/2 >= 1, then ' 

(SNR)w Id" ..., 47T n OJ f' [k' - k' ] -1 
rnro. :r. min (17) 

!his form may be compared wi th that resu lt
Ing trom the common, but erroneous as-
5u~ption that the tape noise is "wh it~" in 
which case SNR " (k k 1. I mu- ml,')-. In a sys tem 
;~a"zed flat, the NPS ri ses at approximately 
ban':[o.ctave, and consequently doubling the 
b Width actually entails a loss in SNR of 

a out 6 dB rather than 3 dB 

Simlt WIill be shown below that the extremely 
p e form of equ t' (1 dI I a Ion 7) oes indeed 

a~s~~approximate measured SNR's.lt should 
-to-ta ed that the tape speed (V), the head

pe SpaCing (a) th . and h' ,e coating thickness (d) 
t e dipole moment (1') do not appear; 

coth M 
2 
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they do not have an important effect upon 
the maximum SNR. 

The best tapes obviously yield th e highest 
produ ct of n£'. Magnetostatic interparticle 
interactions, which are rather poorly under
stood, control the distortion limit (f) and con
sequently nand f are not independent vari
ables. No si mple theory giving the func tional 
dependence of f on n can presen tly be given. 

NUMERICAL EXAMPLES 

We consider first the case of a 400-Hz to 
1.5-MHz 120-ips, 50-mi I trackwidth, wideband 
analog recorder equalized flat. The record 
gap length (150 I'in) used is known to be 
noncritical, since the adjustments of the in
put currents largely compensate for differing 
gap lengths. Both the reproduce gap length 
(25 I'in) and the average Y- Fe,O J particle 
length (about 20 I'in) are much sma ller than 
the minimum wavelengths occurring (80 uinl. 
A-c bias is used at a level which yields the 
maximum short wavelength output. If a head
to-tape spacing of 20 I'i n is assumed, the un
equalized signal spectrum matches that ex
pected for a partial penetrat ion depth of 
about 75 to 100 I'in. The signal input level is 
adjusted so that no more than 1% third har
monic distortion exists at long wavelengths. 
Under similar conditions , the RMS remanent 
flux in au diO tapes has been found to be 
about 200 nano-weber per meter of track 
w idth which is equivalent to a peak magneti 
zation of about 250 gauss 8 Since the maxi
mum remanence of y -Fe,O, analog tapes is 
about 1250 gauss, the distortion limit (f) is 
taken to be 0.2 . The tape (Ampex 771) of 
coating thickness 400 I'in , contains acicular 
Y-F e,O, particles of dimensions 20x4x4 I'in 
(ie ., 5000 x 1000 x 1000 A) which are packed 
at one-third by volume. The number of par
ticles per cubic microinch (n) is there fore 
about 10-'. 

The exact SNR given In equation (15) may 
be written: 

U 

(SNR)Wi d, '= 27T n w £' [~fs(1-e-") d SJ_l
d' (1-e-a ' )' 

o 
(18) 

w here u = k"". d, and a = d' /d 

In the present case, substituting numbers, 

u 

(SNR)"lde = 2.10· [fsn-e-" )d SJ-l 
(1 - e-a")' 

o (19) 
. 27T d 

With u = -, - = 30, and a = 0.4 
I\mln 

The integral has been eva luated numeri
cally and the results are tabulated in Table 1. 
Consequently, equation (19) may be written 

10 10glO (SNR).ld. = 10 10glO (2.10') - 26.6 
= 63 - 26.6 = 36.4 dB 

The simple approximate form given in equa
tion (17) yields 

10 10glO (SN R) wid, 	= 10 10glO (47T nwf' kn,"x-') 
= 10 10glO (4000) = 36 dB 

u 

1010 lOf s(1-e-") d sTable I g (1 - e- a ' )' 

0 
for some values of u and a 

u a 0.2 0.4 0.6 0.8 1.0 

5 20.0 15.5 13.6 12.5 12.0 
10 221 18.9 17.9 17.5 17.3 
20 25 .2 23.6 23.3 23.1 23.1 
40 29.7 29.2 29.1 29.1 29 .0 
80 35.2 35.1 35.1 35.1 35.1 

160 41 .1 41.1 41.1 41 .1 41 .1 

which is less than 1 dB different from the 
exact result. Experimentally, if due care is 
taken to minimize other noises (mainly those 
due to reproduce head eddy currents) and to 
maintain the head efficiency at the upper fre
quencies, wideband RMS signal-to-RMS noise 
ratios of 34 to 35 dB have been measured in 
excellent agreement with the above theory 

As a second example we consider briefly 
a 40-Hz to 15 KHz, 7.5- ips, 80-mil trackwidth, 
profeSSional audio recorder. Such machines 
use both variable pre-equalization (o f the 
record current) and fi xed post-equalization, 
w hereas the above theory considers only var
iable post-equ al ization . 

It might seem, therefore, that the theo ry is 
not directly applicable. However, it turns out 
that di rect appl ication of equations (15) and 
(17) in fact does yield "good" numbers when 
the tape speed is greater than or equal to 
7.5 ips. Thi s coincidence is related to the fol 
lowing considerations: the better quality tapes 
need little pre-equalization and thus produce 
an output spectrum close to that given by 
equation (7); the poorer tapes have consider
able pre-equalization applied but again they 
yield the same output spectrum ; and the fact 
that there is not much difference between 
the noise spectra of the different tapes. 

To proceed w ith the calculation then we 
note that whereas the distortion limit is the 
same as in the previous example, now the 
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depth of recording is equal to the standard 
Y-Fe,Q, coating thickness (400 pin) . In this 
case (u = 5, a = 1.0) equations (15) and (17) 

yield 10 log (SNR)wld. values of 54 and 55 dB 
respectively, which values compare favorably 
with the 56 to 57 dB usually measured on 
such "half-track" audio machines. 

The uncertain factors in these calculations 
are, of course, the partial penetration depth 
(d') and the distortion factor (fl. Whereas the 
calculated (SNR)wlde is not sensitively depen
dent upon the exact value of the penetration 
depth, it does depend critically upon the dis 
tortion factor used . The value adopted here 
(0.2) is believed to be quite accurate and 
typical of modern analog tapes, However, 
even if the distortion factor is regarded sim
ply as an adjustable parameter, the valuable 
fact remains that the theory, with f = 0.2, 
yields results in such excellent agreement 
with practice. 

The above theory does not consider the 
effects of magnetostatic interactions which, 
particularly in non-uniformly packed tapes, 
will give rise to modulation noise, The excel
lent agreements found using the above simple 

theory indicate, however, that, at least in the 
case of distortion limited recorders where, 
perforce, the signal level and tape magneti 
zation is low, the effect of modulation noise 
upon (SNR)"ld. is small. 
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Nomenclature: 

A cross sectional area of tap. 
(normal to head-tape motionl 

a heod·to-tope spacing 
b dimensionless loctor equal to ±1 
d tope coating thickness 
d' depth of recording (d' ~ d) 
EN reproduce head noise voltage (k domain) 
Es reproduce head signal voltage Ik domain) 
f ratio 01 signal to maximum possible signal 
k wavenumber (2 'iT IX) 
kmin minimum wavenumber 
kmaJ; mm<imum wavenumber 
l magnetic particle length 
M tape lamina long itudinal magnetization 

(x domain) 
n number of particles per unit volume 
p magnetic particle pale strength Ix domain) 
P tape lamina pole strength (x domain) 
5 dimensionless factor Ikd) 
u dimensionless factor (km.. d) 
V head -to-tape relative velocity 
w track width 

tape longitudinal coordinate 

x' offset tape coordinate 

y tape normal coordinate 
a dimensionless factor (d' Id) 

X wavelength 

p magnetic particle dipole moment (pi) 

e lamina pole strength noise power (k domain) 
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GENERAL DESCRIPTION 


GENERAL 

The 3M Brand Series 500 Professional Audio 
Recorder (Part No. 56000AOOO) is manufactured by 
the Mincom Division of the 3M Company in 
Camarillo , California. 

FU NCTION 

The recorder fulfills a requirement in the profes
sional recording industry for a versatile, multi
channel, compact magnetic tape recorder for 
producing superior quality master recording tapes . 
The recorder features up to 16 track record/ 
reproduce performance with full remote control 
operation, including synchronous overdub. Tile 
patented lsoloop tape drive system has been 
incorporated in a 2 inch tape transport which 
provides the Series 500 line of recorders all the 
flexibility, ease of threading, and tape I1Jndling 
performance enjoyed by other 3M Brand Profcs
sioneli Audio Rel·orders. A new standard or 
timing accuracy has been attained in the Series 
500 tape transports as a result of an entirely new 
capstan drive design . 

Coupled with these feature s, the recorder incor
p orates packaging concepts providing greJ tly 
improved accessibility of components for alignmcnt 
and maintenance purposes. The exclusive usc or 
silicon solid-sta te devices throughout the electronic 
circuits of the Series 500 recorders provide greJter 
stability and long-term reliability 

EQlII PMENT DESCRIPTION 

Three tape recorder configurations are available in 
the 3M Brand 500 Series: I) a 16 track version; 2) 
an 8 track version ; 3) an 8 track convertible version, 
capable of conversion to a 16 track system by 
inserting additional plug-in circuit cards and replac 
ing the 8 track heads with 16 track heads. 

Physically, each version consists of a tape transport 
pivot mounted in the top of rectangular plastic
laminated wood console (see figure 1). Below the 

transport is a signal electronics module assembly 
containing tile record/playback electronics and oper
ating mode switching circuits. A meter display panel 
mounted above the transport provides selective 
input/output signal monitoring of each channel. The 
system is completed by the addition of a self
contained solid-state power supply fastened to the 
noor of the console and a remote control unit which 
is detachable frol11 its mounting position on top of 
the meter p~lnel. allowing the recorder to be 
operated up to 25 feet from the console . 

Tape Transport 

A 2 inch tape tr,lnsport is used ill the 16 track .lI1d 8 
track convertible verSions of the Series 500 
recorders (see figure '2). The t<lPC guides on tile 
transport are adjusLlble to .ll'l'01l11110uate eitiler I or 
:2 inch LIp\:,. A 1 inch tr,ln sport i~ provided witll tile 
8 track version . The tr,1l1sport will ,ICCOlllll1od,lte 
10-1 /2 inch diameter NAB reels for the I incil widtll 
Llpe (~ tr,lck version), <lnd scm i-precision video t,lpe 
reels when using 2 incll width Llpc (16 tr,lck 
version) . The Llpe tr,lnsport oper;ill'S ;It eitiler of 
two electrically scleL'l,lhle Llpe SIlL'l'd:-. Thl' mo~t 

common speeds ,Ire 7-1 / 2 ,In(\ 15 ips: !1owe\'L'r, otller 
speeds ,Ire ,lvail,lble (see t'lbll' 1 ) 

Tile tape transport cont;lins till' t<lpe Illotion ;Ind 
tapt' h;lndling controls: plus , it performs cnLlin 
electrical cOI11Il1 ,lI1d fUIlL'tioll~ common to t';lL'i1 
channel or tile rccord / rcproduce L'kctrolliL·S. Tile 
POWE R button on till' tr;lllsport conlrol s power to 
the entire ~yslt'm. 

Isoloop Tape Drive 

Tile tapc tr;lllsport lT1ech<lnislT1 of tilL' 3M BLind 
Profession;11 Audio Recorder is derived from lksi~II' 
used in in struillentation recorders, wlierc st;IIllJ<lrds 
of timing ,ICCllf<lCY ,lIlel wow alld flutter ;Ire even 
morc demanding than they are ill ,Iudio recorelilll;'; 
The heart of tile pdtcnted Isoloop Llp e drive is tile 
differential capstan, which maint'lins ,I consLlnt tape 
tension within the d rive and positive contact 01' the 
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A-B 
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ERASE RECORD CONTROLS 
REVERSING 

I 

AND PLAY HEA DS 
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SE LECTOR TAPE SPEED SWITCH 
TAPE WIDTH SWITCH 

(U NDE R COVER) 

F igure 2. Tape Transport 

Table I. List of Components 

Component Descriptio n 

T APE TRANSPORT 

BASK TAPE T RANSPORT 
5601 3 B100-1 

560 13B J 00-2 

5601 38 100-3 

560 13B 1 00-4 

.on isIS o f basic 2 inch tape transport equipped for 7.5 
and 15 ips , AO Hz po wer. Less hea d assemblies and 
mOll n ti ng hardware . 

Same a 560 13B 100-1 bu t equipped with 7.5 and IS ips, 
50 Hz ~ a ta n motor. 

Sam as 560 13B IOO- I but equipped with 15 and 30 ips, 
60 Hz capstan motor. 

Same as 5AO 13B J 00 1 but equipped with 15 and 30 ips, 
50 Hz cap~tan motor. 
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Table I . Li t of Componenb. (Cont. ) 

Component Descrip tio n 

TAPE TRANSPORT (Co nL) 

TAPt: SPEE D KIT (Capsta n Mo to r) 

560 I3A91 0-1 
560 13 910-2 
560 13A91 0-3 
56 13A9 10-4 

p cd ( ips) Power (Hz ) 

I - 30 60 
7.5 · 15 50 
15- 30 50 
7 .5 -15 60 

IIL Al) AssrMB Ir s 
56 119A l 00 (8 Trac k) 
56 I 1 9 A I 00 ( I 6 rae k ) 

(onsi t , of capstan motor a s~e mbly, including capacitor 
an CCll1lH;'ctOr. 

Incl tld ~s playba ck head door shield, and erase, record, 
;lIld pia back head stacks mounted on bolt-on precision 
plate, wit il connector'i . 

RECORDjR PRODUCE ELECTRONICS 

ELFCTRONIC MOIJU LI:. A SY 
S(,05 9B 100- 1 ( 1 () 1 rack ) 
56059B 100-2 (8 Track ) 

ELECTRO IC ASS : MBL Y (PC) 
BO RDS 

IA 'II ANNLL BOARD SET 
56059A 900 

8 CIIANNfL BOARD Sr.T 
56059 910 

I ' l)IVID AL BOARDS: 

BIA AND [ RASL BOARD (I) 
23059B020 

RECORD AMPLlFI LR BO RD (4) 
23059B040 

LIN E DR IVE R A I PLlFH: R BOAR D (6) 
23059A060 

PR EAMPLIFILR WI H OV ER UB 
BOAR ( l) ) 

23059B090 

('on~i ~ t ~ of til e basic electronics chassis less all plug-in 
printed cireui t boards 

These bOiJ rd s may be obtdined individually or in sets to 
aCCOlll 1 odatc either the 8 or 16 tr<lLk machine versions . 

Con ~i~l o f (A plug-in prin ted circuit boards and one 
extender boa rd. 

Con i~b of 32 p lu '-in printed circuit boards and one 
exte nd l' r boa rd 

O ne c:Jc ll o f" four board~ r'lI uired for each chJnnel of 
rccoro :Jm.! rep rodllc~ . 

P,Jft o f thl: rl'C r circuit. 

Part of tile record circuit. 

Part of the reproduce circuit. 

PJrt o f the re producc ci rcu it . 
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Table 1. List of Components (Cont. ) 

Componen t Description 

RECORD/REPRODUCE ELECTRON ICS (Cont.) 

EXTENDER BOARD 
23059A II 0 

METER PANE L AS. EMIH Y 
56038 A 100-1 (16 Track) 
56038A 1 00-'2 (8 Track) 

REMOTE CONTRO L ASSEM BLY 
56017A100-1 (16Track) 
56017 A 100-2 ( R T ra ck) 

POWER SUPPLY ASSEMB L Y 
56031 A900 

Used as an aid in troubleshooting; 31l0wS circuit h03ra to 
oper3te in an extended position outside its slot. providing 
access to hoth sides of the hoard. 

Consists of 8 or 16 VU meters panel mounted as welt 3S 
their associated monitor select switches and indicator 
lamps with interconnecting cable and connector. 

Consists of a co ntrol box with a ::'5 foot cable and con
nector con taining con trols and indicators appropriate ror 
providing remote con trol of either an H or 16 track 
recorder . 

Consists 01 a ::'H volts ell' reglll.lted power ~upply with 
cable ,mel connel'tor as~elllhly . 

tape against the heads (see figure 3). In addition, the 
unsupported t3pe path is extremely short in com
parison to standard de sign tape r ~ c ord ers This short 
path reduces longitudinal oscillation to J new low 
ana elimi na tes the need for a series of tape guides to 
maintain a proper tape path. 

The tape tension required to mi nimi7c nutter ,lnd 
hold the tape aga ins t tht: head s is gcnerated within 
the closed loop by the differential drive capstan 
The tape drive surfCl ce of til e c3pstan is d ivieled 
into regions o f two differe nt diameters. The 
incoming idler roll er is co ntoured so as to press 
the tape firmly into the ma tching "grooves" (of 
the smaller diameter) of the capstan. The out
going idler roller is shaped so as to press the 
tape firmly against the "ridges" (of the larger 
diameter) of tile capstan. This difkrential of 
capstan d ia meters cons tantly tries to ex trar.:! more 
tape than is bei ng fed into the loop and creat es 
the necessary tension d ue to the sJigllt elasticity 

f the t3pe itse lf. Th is tape tension is always 
kept safely within its ela. tic limits. Figure 3. Isoloop Tape Drive 
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Signal Electronics Assembly 

The signal ~il'ctrolli (,> JS\\.:l11 bly locall'll bl' luw the 
tape tra nsport (see f igure 4) consis ts 01" L IIrt.~l: row~ 
of prin ed ,: ircuit plug-in oard .. J ill.! two rows l)f 
adjustm ent contro b. The to p and hot t l)ll l row.. of 
the 16 track or R tr ~!(:k l'om cr tihk \cr~ i on will 
3l cept 24 hoard , cel ch; eigh t cll,ll lneb o f ru:orJ and 
reprodul L' ho, rds art: gro uped in eal' ll row by trac k 
sequellL'c ralhe r tha n fl111 .. lio tl, in ol dL'r to prov id e a 
more logical 111l',II1 ~ of locating til t: CIrcuit b(" l rd ~ 
associate d with each ch ,lI1 ncL TI1~ l..en tL- r ro w 
contai l1 ~ cithl' [ 8 O[ I ) tra cks 0 1 t'ia ~ c ra~e <l mplifil' r 
boards. as re quired by lh~ 11,.1(.:1 illl' L' nrig ll ralion. 

In the two open sp ' 'e' betwee n th e rows or plug-i n 
boa rds are the co ntro l ('~)fn p o nenb whic h co n i!-o r o f 
three plug-in re lay per trad, f r reLOld . SY lh:. and 
input/oLit pu t mo nitor elect ; two po tenti 111t'll'rs for 
R ' CORD LE -L contro l allll SY. C LEVEL 
calibrati n: a nd t 0 plug-in transistors lor l ht: rclJY 
logi~ circ uits. The erase curr\.'nl a uju~lm~nt C Il tr Is 
and erase curren t mOll it oring jack:- Lire abo lo,:atc'd 
in the center row. 

TIll' ~ ignJ I clectro nilS as<;l'l11bl y is llClTS. iblc through 
t W \ l door., \)1 \ tile front ot' the console, allowing 
<.I l. ce :, t all of th e circuit boards , adjustments, emd 
co nt rol l'ompollenls. The input and output signal 
L'u nllcd ors, fu nd ion co ntrol input conlh.'ctor, meter 
mon itor ing ou tput co nnedor, and input (dc) power 
L'l J1ll ector are loc,lI ed on the rc;\r of the signal 
elccrr0n i c~ asse mbly wll kh i<; alc css ible from the 
n:ar 0 . th~ CO J1 sok. 

Display Panel 

he 16 tra ck 3nd 8 trac k con ve rt ible recorder 
c n figured va io ns contain 16 VU meters mounted 
011 tilc displ ay paneL See figure 7. Each meter is 
numh ' fed for channel ide ntifica tioll . Above each 
me ter are two lam ps which indic<.l te the signal being 
mo ni to r d . input A or output B. and a selector 
swill'll hich allows til s kel ion of the signal 
mon itored 0 11 the meter, A or B 

REAR VIEW 

FRONT VI EW 

Figure 4. Signul Electronic As"embly 
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Remote Control 

The remote control box. figure 8, is divided into 
two groups of controls and indicators. The right
hand group of back lighted pushbutton control 
switches are common to the tape motion controls 
on the transport and provide identical control at a 
remote location when desired. A tape RUNOUT 
indicator lamp is also included in this group, along 
with two pushbutton switches that provide simul
taneous transfer of the output monitor function (A 
or B) of all channels. The output monitor switches 
are also common to identical switches on the 
transport. The left-hand group of switches are 
common to the remote control box only, and allow 
the mode of operation of each channel to be 
preselected to fit the need of any particular tech
nique of recording desired. Sixteen 3-position lever 
switches accomplish this function, allowing the 
selection of anyone of three modes of operation 
(READY-SAFE-SYNC) for each channel. In addi
tion to these switches, a Program Select switch is 

provided which allows two modes of logic (NORM / 
CUE) when cuing up on a prerecorded sync track . 

Power Supply 

The record / reproduce electronics and their asso
ciated control circuits are energized by a common 
solid-state regulated power supply fastened to the 
noor of the console . 

SPECIFICATIONS 

Specifications for the 3M Brand Professional Tape 
Recorder are presented in table 2. These specifica
tions are based upon operation and maintenance in 
accordance with the procedures and conditions 
presented in this manual. Deviation from these 
procedures, use of other than recommended mag
netic tapes , or modifi cation of the equipment may 
result in degradation of the equipment performance . 
These specifications are subject to change without 
notice. 

Table 2. Specifications 

Characteristics Specifications 

GENERAL 

Power Reql.J1', rements 115 ± I 0 volts single phase, 60 Hz nominal. 

I 

/ 
Transport: SOD watts maximum. 

Signal Electronics: 200 watts maximum (8 track) 
400 watts maximum (I () track) 

Size and Weight 

Alternate input power provisions 

Transport: May be operated at I 15 ± 1 0 volts single phase. 50 lIz 
with tape speed kits 560 13AC) I 0-2 or 560 13A \) I 0-3 
(50 Hz capstan drive motor kits). 

Height Width Depth-
Operating 53 ';':' in . n in. 22 Vz in. 
con figuration 

Shipping 43 in. n in. 22 Vl in. 
con figura tion 

Weight 304 Ibs (16 track) 
256 Ibs. (X track convertible) 
241 Ibs. (8 track only) 
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Table 2. Specifications (Cont.) 

Characteristics Specifications 

GENERAL (Cont.) 

Remote Control 6Yz Ibs. (16 track with 25 foot cables and 
connectors) 

4 341bs. (8 track with 25 foot cables and connectors) 

TRANSPORT 

Tape Speeds 

Speed Accuracy 

Tape Width 

Reel Size 

Recording Time 

Start Time 

Stopping Time 

Rewind Time 

Flutter 

lsoloop Drive 

Each transport is provided with two electrically switchable tape speeds. 
Standard machines are equipped for 7Y2 and 15 ips. 15 and 30 ips speeds 
are availahle on special order. 

±0.1Oi/r measured relative to line frequency. Specification does not include 
line frequency variations. 

I or 2 inch. 

I inch tape: 
2 inch tapc: 

~400 ft. tape 

Standard I OY2 inch reel with NAB hub. 
IOY2 inch semiprecision video type reel. 

60 minutes at 7Y2 ips 
30 minutes at 15 ips 
15 minutes at 30 ips 

1.0 second maximum in play or record mode at 15 ips. 

1.0 second from play or record mode. 

134 minutes for 2400 feet. 

Speed (ips) 

15 
15 
71/2 

7Y2 

Flutter Rand (Hz) 

0.5 to 200 
0.5 to 5000 
0.5 to 200 
0.5 to 5000 

Maximum '/: Flutter (rms) 

0.06 
0.08 
O. J J 
0.16 

All measurements of flutter are made by recording a tone all the machine 
under test, rewinding the tape, and measuring the flutter on replay. The 
maximum additive phase case is accepted as maximum flutter. 

A closed loop positive drive, universal capstan, pinch rollers, and reversing 
idler for I and :2 inch tape. Tape guides are adjustable for I or .2 inch tape. 
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T able 2. Specificatio ns (Co nL) 

Chnracteristics Specifications 

TR ANSPOR (Cont.) 

Operating Controls 

Braking 

Tape Sensing 

Two control groups 011 the transport control system operution . 

Group I Located 0 11 lower left corner of transport : 

Power: On /Orf (buc kligl1tcd pushbutton) 
Speed: HigJ, / Low (slide switch) 
Tape Width: Wide/ Nurrow (slide switch) 

Group" Locat d on lower right corner of trJnsport: 

Backlighted pushbut tons for , 

PLAY 

RECORD* 

STOP 

FORWARD 

RFWI J'; l) 

All controls ar' e lectrically interlock ed to prevent possible d~ll\lUgC to tJpe 
Or transport due to operator error. 

*PLA Y and REt RD button must be pressed at the same time to pluce 
the tra nsport Jnd assoeiJted signal e lectronics in th e record mode of 
operation, 

Dynamic braking is provided from all modes to stop. 

Photoce ll . cnsor sto ps trJ l1 sport Illot io n when tape runout or tape breakage 
occurs . 

SIGNA L ELECTRONICS 

Tape Type 

FqucllizJtion 

Bias anc! Erase 
OscillJtor 

Phasi ng 

Specificutions herein Jre based on the use of Scotch Brand DynarJngc 
magnetic recording tapes , Type 202 or 203. 

EJell signal electronics chJnnel L'ontJins two (2) speed adjust'lblc equali l a
tion network ·;. Transfer of cquuii zation networks are autol11,ltic wh cn 
transport tape speed is changed . Normally. muchi ne::. arc L'C'jllulized for 
NAB 7Yz und 15 ips spL'ed~. Other ~peed~ and forms of eqllJlization ~I r e 
available on speei,Ji order. 

A master oscillator on th e tape tran 5port supplies 120 kHz through" low 
impedance bus to individual bi,ls and CfCl'iC amplifiers for each channel. 

Sigllal illPut to output pha. c i~ held to less than 90° all all chanllL'1-, 
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Table 2. S pecifications (Cont.) 

Characteristics Specifications 

SIGNAL ELECTRONICS (Cont.) 

Channel Separation Channel-to-channel crosstalk separation is greater than 50 dB at 500 Hz 
(lero YU). 

Degree of Erasure A I kHz signal at 3% distortion level is reduced 7~ dB or more by the erase 
head provided for NAB standard operation . 

Input Impedance ~o,ooo ohm balanced or unbalanced line. -10 dBm to +8 dBm signal 011 

600 ohm line. 

()oo ohm terminated or unterminated by selector switch. 150 ohm output 
tap is provided on the output transformer. Nominal line level +4 dBm. 

Output Impedance 

IS ips NAB Equalization 
(Record ,l Reprod uce) 
Frequency Response 

±2 d13 100 Hz to IS kHl 

50 to 99 Hz 

30 to 49 Hz 

7 ~'2 ips NAB Equalization 

±2 dB 100 Hz to 10 kHz 

50 to 99 Hz 

30 to 49 Hz 

For standard 8 or 16 track NAB l'qualized reL'ording systems, thL: SIN ratio 
is maintained at 05 dB , or greater, with a machine speed o f IS ips. SiN 
ratio is measured with reference to thc level of 6 dB above the 700 Hz 
refnence signal on a standard NA B alignment tape . 

Signa I-to-N oise R;II io 

Distortion reduction circuits hold total harmonic di storti on to les'> th:.ln 
\.0 percent at input signal levels up to 0 dB ab ove the 700 Hz rcfL'rel1l'L: 
signal on a standard NAB alignment tape . 

H"rmonic Distortion 

The input or output sign,J\ of each channel is displayed on a ~~ 2 Inch VU 
Illeter. 

Monitoring 
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Table 2. Specifications (Cont.) 

Characteristics Specifications 

SIGNAL ELECTRONI CS (Cont.) 

Operating Controls Remote Control Box: 

Tape Motion Controls (iuentic<ll function with controls on tape 
transport ). 

Output Select Push buttons A -8 (identical function with controls all 

tape transport) . 

Mode Select switches, READY-SA FE-SYNC (one 3-position switcil 
for CJch channel). 

Program Select switch , RM-CUE 

Electronic Module Assembly: 

Inpllt Level (une fur each channel) 

Meter /\ll1el: 

A 13 Monitor Select switchcs (une for each channel). 
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TECHNICAL DESCRIPTION 


INTRODUCTION 

The 3M Brand, Series 500 recorders consist basically 
of a tape transport and the required record and 
reproduce electronics with their assoc iated co ntrol 
circuits. The signal to be recorded is amplified and 
applied to a magnetic record head which impresses a 
magnetic pattern in th e oxide coating of th e 
magneti c recording tape in accordance with th e 
variations of the input signal. During reproduction , 
the variations in magnetic flux that were impressed 
on th e tape during recording are sensed by a 
reproduce head, amplified, and applied to the 
record er output and monitoring circuits. 

In order to record and reproduce with a minimum 
of di stortion, a high-freq uency bias is mi xed with 
the input signal at the record hea d so that recording 
takes pl ace in th e portion of the mClgnetization 
curve that is essentially linea r. The signal reco vered 
by the reproduce head must also be equalized by 
ci rcuits that compensate for th e response character
istics of the reproduce head at low and high 
frequencies. 

The high-frequency signal th Cl t is used for bias is also 
ll sed to erase signals that ma y have previously been 
recorded on the tape. The era se signal is applied to a 
sepa rate erase head, which is similar to the reco rd 
head but applies th e high-freq uency signal at a mu ch 
high er level. The signal applied to the erase head 
drives the magnetic material of th e tape to complete 
magnetic saturation to obliterate any signal or noise 
that may have been prev iously recorded on the tape. 
Th en, as the tape moves out of the sa turating field, 
alternate field oscillations result in completely 
degaussed tap e. 

The Isoloop tape drive maintains differential tens ion 
within the loop of tape passing over th e heads and 
ensures that the tape remain s in close contact with 
the heads during tape trav el. This ensures th at th e 
magn eti c flux impressed by the record head pene
trates the oxide material uniformly and eliminates 
variations in amplitude th at ca n result if the close 
head-to-tape contac t is no t maintained . Similar 
amplitude variations can take place if the tape is not 
maintained in close conta ct with th e play head. 

TAPE TRANSPORT MECHANICAL FUNCTIONS 

Figure 20 illustra tes the basic mechanical operation 
of the tape transport . When tape is placed in the 
lso loop drive path as shown, the t ape transport 
motion co ntrol logic circu its (to be covered later) 
are automatically activated by the photoelectric 
tape sensor, pl ac ing th e tran sport in the standby 
co ndition. Operation of the transport is then accom
plished by pressing the desired tape motion control 
switch either on the transport panel or at the remote 
co ntrol box . Eac h tape motion control swit ch 
operates through a system of safety int erlock rel ays 
that allows any button to be pressed in any 
seq ue nce at any tim e with compll'te sJ fety to th e 
tape and machin e. 

Components of th e tape drive sys tem (see figure 2 1) 
co nsist of a capstan drive 1110tor, two reel drive 
motors, and control relays th at determine th e mod e 
of operation. When in play and record mod es, th e 
tape is moved through the Isoloop by the capstan. 
The recl driv e 1110tors maintain co nstant tensio n on 
the tape as it enters and ledves th e loop . When in 
fas t-forward or rewind, th e CClpstan motor is 
stopped , tension is released within the Iso loo p, and 
the ree l drive motors mo ve th e tape through th e 
loop independ en tl y of the capstan. Bcf'ore en terin g 
and after leaving the Iso loop, the tape passe:, over 
guides to ensure that the tape is properly ;liigncd 
with the magnetic head s. 

When the transport is placed in the play or reco rd 
mod e, the capstan motor starts , the solenoids press 
the capstan idlers aga inst th e tape, clamping it to th e 
ca pstan to prevent it from slipping. The tape is 
moved past the inco ming idll'r and capstan, past the 
era se and record heads, and uround the reversing 
idl er, From the reversing idl er, it pJsses th e play 
head, and the outgoing idler and ca pstan. During 
fa st-forward and rewind , solenoid-actuated tupe 
lift ers hold the tape away from the heads so thut 
signals on th e tape will not be played back which 
would cause an annoying sq ueu l. The tape lif't ers are 
inactive in the pl ay, record, and stop mod es. The 
tu pe lifter may be manually overridden by pressing 
th e tape lifter override lever. This re stores th e tape 
against the head so th Cl t it ma y be heard. 
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M56 PR J-70 




The play head is enclosed in a t11Jgnetic shield to 
avoid pick up of noi se frulll surro unding equipment 
and bias-frequency energy radiated by the erClse and 
record heads. A solenoid-actuated cover is posi
tioned over the tape as it pa ~J\ ' s the play head and 
serves to complete the shielding of the head, During 
fast-forward, rewind , and stop, the hinged cover is 
moved away from tile head to allow the tape to be 
lifted by the tape lifters and allows easy threading of 
the tape, The cover is closed during play and record. 

TAPE TRANSPORT CIRCUIT DESCRIPTION 

Figure 23 in tile scilemat il' scLlion should b e used as 
a referenc e throughout the following discussions of 
the tape transport circuits, 

Power Circuits 

The POWER switell, S6, wh en OPl'fClt d , clo t ' . both 
sides of the AC input po wer line ~Ictivating a numb er 
of circuits, Th ese arc as foll ow 

I, 	Bridgl' rectifier CR46 through CR49 charges 
L' ~lracitor C65 through R60 to approxima tely 
165 volts in the ab se nce o f a load . This voltCl "t; 
is applied through 17-2 and J9-1 to the fields 
of the take-up and rewind motors, Fie ld 
returns are through J7-1, and J9-2 through 
J6-4, and KI co ntact s 6 dnd 10, Rcby KI 
operates as soon as pov.:c r is turned on, unle ss 
th e tran'iport has be 'll previously thread ed 
with tape. 

) 	 AC power is supplied t.o th e electron ic a~selll
bl y power ~lIiJply throug h pin~ II anc! 12 of 
conncctor J4, 

3. 	 Power is supplied to step-d o wll tr~lns rori11e r 
T60 through L'OnnL'ctor pin s I ,Inti :2 of J13, 
The low-volta ge seco ndary feed s a 1'1I11-w:I\'C 
bridge rcctifier, c()l1 ~ i " lin ~ of CR37 th roug h 
CR40 , which supplie., !)C pown through 
tefll1illJl s J5-5 t ) C66 <Iml ~cril'~ reguLll o r 
tramistor Q60. Zc nt'[ Diod e CR50 i:. ~lIpplicd 
frol11 R 14 ;,mel establish L's a voltage refercnce 
o f 27 volts, applied thruugh R IS to the ba se 
o f amplil'ier tr:Jl1 ,> i ~ t o r Q J , The colk-ctm of Q I 
is dirl'l'tly coupled to the ha "c' of Q60 and til e 
ou t put co lkc to r po ten tiLti ot' Q60 e ~ t ab li s hcs 
th e emitter volt J ~' of QI, Th e two tr ~lI1sistor, 

thus act to regulate the bus potential (approxi
mately 26.5 vo lts ), When power is applied, the 
bus potential light s POWER indicator DS6 and 
tape sensing IJmp DS8, If fail-safe brakes are 
furnished, this voltage causes them to be 
rele:Js ' d, Without tape on the machine, light 
from DS8 fali s on photo sensor V60, The base 
of Q61 is thereby he ld near ground potential. 
The collector at Q61 is then at a relatively 
high potential, cau sing Q62 to increase con
duction, Current flows through Q62 to relay 
K 1 through J6-7 to operate relJy K I. Through 
K 1 contacts 12 and 8, voltlge is JPplied 
through J6-9 to J3-N to light the RUNOUT 
indil'Jtor lamp on the remote control box, 
indicating that the mClchine is on but inoper
;ltive due to the absence of thrcClded tape, The 
pbybJck head ~hield cover door i ~ caused to 
o pcn through CR-25 , J(, -14, to ,>o lenoid L4, 
with J return path through 'I Bl-I, Al so at this 
time , K I l'ontacb II and 3 ;Jl1d 12 Jnd 4 ;I re 
open, ~lI1d th e 27 vo lt bus can perform no 
further functi o n. BecJLl se of this , the II1<1l'hin c 
may not be put int o any mode of operation 
until tape is threadC:'d on thl' InaCllinc, 

4, 	 The blower f~ln B I opnates when the POWf:R 
switch S6 i, closed, AC power bL'ing suppliL'd 
to till' Lm motor through TB 1-5 and T8 1-6, 

Tape Threaded Condition 

Wilen tapc is thrcadeJ through th e l,u loo!1, light 
from DS8 is block cd by the t~lP l'. l:lu,>ing thL' 
rcsi:. t:lnL'e of V60 to risc , This ~1L't ion l ~ILN'" Q61 to 
l'o nduct, cutting Q62 ofT, r('lcd~in~ K I. CR I pro· 
vide ~ surge protcction, 

Wh t'n K 1 contaLl s 12 and 8 llpL'n , rIll.: hL'"d "hi,' lu 
CO\ cr rl'l11ain~ opell bCl'a use S I 2 i~ L'lo~L'cl wllCnL'\l' r 
it i, in the open pos itio n. This dppliL" powe r 
thwugh J6-M , CR26 , <Ino P6-14 a di\;lti\1 ~ 1.+ wilidl 
hoIJ ., thL' co\'cr in till' opcn po:.itiO\1, H OW,'h'l, tile 
opcn ing of K I contact " 12 :tlld 8 reI1W\L''l 2R vo lt 
powcr from P6-9, e:-.tillgLl i'lhing tile t ~IPL' Rl '. UL 'T 
lamp on the rem o te L'ontrol box. 

CloslIIc ot' K I (Ol1tdct'i I I and J Llm1 1.2 ~1I1d 4 
appli o 28 vo lt pown th rougil K7 lont~lch II dl1U J, 
K6 co ntaLl s 12 ,1I1d 4 , K8 L'O I1LICh 1 I ~Ind 3, dntl 1( 5 
L' ontdds 12 and 4 tilro ugh J5-14 tu light STOr> laI11jl 
DS3 ; and a P<ltll through CKIJ ~ lI1d p.~ l'ILlrgL'"C3, 
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and operates K4. Opening of K I contacts 10 and 6 
inserts R9 in the return path of the reel motor 
fields. The voltage developed across this resi stor is 
applied through K5 contacts 1 and 9, K6 contacts I 
and 9, K7 contacts I and 9 through J6-A to the 
armature of the rewind motor. A similar path 
applies the same voltage to the take-up motor 
through K5 contacts 2 and 10, K6 contacts 2 and 
10, K7 contacts 2 and 10, and J6-2. The polarity of 
the voltage and the armature terminals used in 
connecting the reel motors cause them to turn in 
opposite directions. The torque generated is small 
but sufficient to remove any slack in the tape 
threaded through the [soloop. With the tape now 
threaded and the STOP lamp illuminated, the 
transport is ready to be put into motion from its 
standby condition . 

From Standstill To Play 

28 volt power is present at PLA Y switch S5 through 
J6-D, J2-9 , and J2-IO. Pressing the PLAY push
button applies power through J6-18 and CR4 to 
operate relay K3 momentarily. Through K7 contacts 
II and 3, K6 contacts 12 Clnd 4 , K8 contacts II and 
3, K I 01 contacts I and 9, and K3 contacts 8 and 
12, K5 is activated. The power activating K5 is also 
applied through P6-17 to PLAY indicator lamp DS5, 
and capstan idler solenoids LI and L2, which press 
the tape against the capstan. AC power is applied to 
the capstan motor through K5 contacts 7 and II, 
KI contacts I and 9, P5-D, JII-2, switch S8, and 
through plug P8 to the capstan motor. 

Prior to the operation of K5, relay K4 is operated, 
and capacitor C3 is charged through R5, CR 13, and 
K5 contacts 4 and 12. Upon operation of K5, power 
is transferred from contact 4 to contact 8 of K5. 
The transfer of power to contact 8 provides the 
necessary holding power to maintain K5 operative 
when the initi~.d path through K3, and K 101 is 
broken. The breaking of contacts 12 and 4 when K5 
operates removes power from the STOP lamp DS3 
and relay K4; however, K4 does not release immedi
ately due to the charge on C3, but K4 remains 
operative for approximately 0.5 second. 

When K5 operates, full dc power is applied through 
K4 contacts 6 and 10, K5 contacts 6 and 10, K6 
contacts 2 and 10, and K7 contacts 2 and 10 to the 
take-up motor armature. Reasonably high hold-back 
torque to the supply motor is obtained through K4 

contacts 6 and 10, R8, K5 contacts 5 and 9, K6 
contacts 1 and 9, and K7 contacts 1 and 9 . After the 
tape is up to speed and K4 releases, the break at K4 
contacts 6 and 10 inserts resistors R61, R62, and 
R63 in the armature paths to establish proper 
winding and hold-back torque, since the acceleration 
period IS now replaced by constant-velocity 
operation. 

From Play To Stop 

Directly beneath the take-up reel hub on the take-up 
motor shaft is mounted a ball bearing. The outer 
race of this bearing is not rigidly mounted but is 
centered in a light-weight vane. The vane would 
rotate with the take-up motor shaft but is prevented 
from doing so by two posts. The vane rests against 
one post when the motor turn') in one direction and 
shifts through an angle of abollt IS degrees to rest 
against the other post when the motor turns in the 
other direction. The vane carries a small magnet. 
which causes operation of reed switch S 14 when the 
motor runs in the forward direction. Switch SI4 is 
released and S 13 is caused to close when the motor 
turns in the reverse direction. 

With the machine in the play mode, if the STOP 
pushbutton is pressed the following t;.lke~ rlace : Bus 
voltage is applied from K3 cont.lcl'; 10 and 2 
through 16-1 I, J2-1 2, J2-11, and the c\o'ied contaLls 
of S3, through J6-8, to operate relay K8. Bus power 
from 16-D is applied through S 14, which is closed ill 
the forward direction, through J5-18, K8 contacb 6 
and 10 to operate K7. Relay K 7 clo'ie,> ,I holding 
path for relay K8 through K7 contads 12 and 8, KR 
contacts 8 and 12, to K8 terminal 14, so that K 7 
and K8 both remain operakd after pressure i-; 
removed from S3. The REWI~D lamp i\ lit througil 
K7 contacts II and 7. The bre"\.. at K8 contact'> 3 
and II opens the holdillg circLiit for K5, e\tinguisll
ing the PLAY lamp and dropping out the capst;ln 
idler solenoids so as to release the tape from tile 
capstan. 

Relay K5, however, does 110t reka\e illlmedi,llcly 
when its holding circuit is broken due to the l'ilarge 
on CI3 and C14. This delay is necessary in order to 
allow sufficient time for the capstan idlers to release 
their tension on the tape before tile br,lking action i~ 

initiated to stop the capstan motor. 

When K5 releases, ac power is removed frolll the 
capstan motor due to the breaking of K5 contaLls 7 
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and II. Concurrently with the removal of the <lC 

power, dc power is applied to the capstdn motor, 
which causes d dynamic breaking <lction on the 
motor, bringing it to a rapid stop. 

The dc br,lking power applied to tile capstan motor 
when the STOP button is pressed with th e tran sport 
operating in the pl<ly or record mode (KS energized) 
is provided by the capstJn start-slop assembly 
560 13A 170. The opera tion of this circuit assembly 
follows . 

As described cJ rlicr, the capstan is stlrted when KS 
operates to close contads 7 and I 1, which Llpplit:s ac 
power to the capstan motor. AC power i'> ~ilso 
applied at thi ~.; tiln e to J 12-4 on the capstan 
start-stop control assembly. P12-4 routes tile ac line 
power to the junction of RI02 and R103. RI03 is 
in par,illel with R 102 through closed conlilcts 10 
and 2 of K I 0 I. Diode CR I 0 2 is connected in sllch a 
manner to R I 02 and R 103 that it will conduct 
during the nega tive swing of the ac power cycle. 
cilarging C l 02. The return path for CI 02 is through 
K 101 contacts 3 and I I . When power is applied to 
J 12-4. CI02 charges very rapidl y tilrough the low 
resistance or R I 02 and R I 03 in parallcl. causing 
relay KIOI, which is connected across CI02, to 
op'Elte immediately. Wilen K 101 operates, conLlc!:> 
10 Lind 2 are broken, removing R I 03 from tile 
charging path. This incre~lsl'<' the re~ista!lce 10 fold. 
limiting the voltagc ri se across the coil of K I 0) to 
the nominal operating v~i1ue for tile relay. 

Wh en KIOI oper,ltes, capacitor CIOI i~ l'll~lrged 

through I{IOI. (,RIOl. closed conLlcts 8 ~lnd 12 of 
K10l, and J12-1 Wllicil is connected to one side of 
tile ac power linc. When KS rek~I SL' .'i , cOlllads II 
and 7 arc broken, removillg aL' power from tilc 
capsta 11 Illotor ,Ill d J 12-4 0 n 1 he cLipsta n s ta rt -sto p 
control board. KIOI relc<l ~e~ approximLlkly O.S 
SeClJlHJ after the removal of LlC power frolll J 12-4. 
This delay is due to th c charge on C J02 across the 
coil of KIOI. During this time, brak e power is 
supplieu through] 12-1, contacts 8 Lind 12 of K I 01, 
CRIOI, RIOI, JI2-2 , contacb 3 and 1101' K5 to 
thc capstan motor. This rectified dc power applied 
to the motor causes its rotating inertia tu be 
overcome very ru pid Iy, bringing the capstan to a 
stop. When K 10 I release s after the dclay pcriod , 
contact s 8 and 12 open, removing power from tile 
briJking circuit. C:1pacitor CI03 providcs arc sup
pression bctwcen KIOI contacts /) and 12. Capacitor 

CIOI continues to di scharge through the capstan 
motor until its charge is dissipated. 

Capacitor CI02 is connected in the charging circuit 
in such a miJnner that, if relay K 101 should be 
removed from its socket, one side of the capacitor is 
opened througll contacts I I iJnd 3 or II and 7. If 
C I 02 remained in the circuit and th e reLlY was 
removed with the transport operating in the play or 
record modc, the volt,lge developed across ('102 
would exceed the dc breakdown vOILlge of the 
clp<lcitor. Because of this, relay contacts 3, 7, Llild 
lion K I 0] arc used to removc CI02 frolll the 
circuit to prevent d,ll11<lgc to thc cap,lci lor in tile 
event K I 01 is removcd. 

When the STOP button S3 is pressecl, relays K8 and 
K7 operate: the operation of K7 providc~ full torque 
power through K7 contacts Sand 9 and through 
J6-A to the rewind motor , while tile brcilk at K7 
con Lids 2 and 10 rcmOVt'S all tLiI,e-up motor turque. 
Till' tape comes to ,I st~\Ildstill dnd ~ltlL'lllpts to \lMt 
in the revcrse direction. Motion 01' till' t,llK' ill tlte 
opposite din:ction, howevcr, ciluses tile VLII1C in the 
se nst: switch assembly to k,lve its furmer poo.itioll 
agains t the forward stop and swing tuwaru tile 
reyersc stop. When the m,lgnct nlOVL'S JW~ly frolll 
S 14 , this switch opens, dropping out K7. This 
applies a light holding turquc to the LI11C Wllcn K 7 
rekasc~ , it release s K8 by o pening K7 L·onLIl'l\ 8 ~Ind 
J 2. Relay K4 is held closed througil 1\ 7 conLlch II 
and 3, KG coni;lL'ts 12 ,Inu 4, KH conl:ILh II illld:l. 
KS L'n ntacts I ~ Clnd 4, CR13 LI nd RS. It prcliullsly 
opcr~lkd through K7 conLIc'ts 12 ~Ind I), CI{ 14 ~Jlld 

RS. Witlt till' exception of" K4 , cdl reby~ Jrc 
dCt'ncrgiLed alld STOP ILlIl1P ])S3 i~ lit. 

From Stop To Rewind 

Witlt the maciline in sL.lndb", prc,,~ing RLWIi\D 
pushbutton S2 causes bu~ 10ILI!,!L' tu be applied 
tbrough KJ contacts 10 anu 2, JC)-ll, J2-12, J2-11, 
S3, S2. JS-R, Jnd K8 conLJL'ls 2 and 10. Wllicll 
operate K7. This rcliJy iJPplie\ rewind torque 
tilrough K7 contacts 5 and 9, iJS outlineu ~lbOlc ;Inu 
K 7 locks up to th e power bus through K 7 Lonlclds 
II and 7, and K8 contads 2 and IU. Till' t~lI.Je 

accelerates in the rewind direction with full power 
on the ,lfmatuTc of tile rewind motor. Since tltis is ~! 
dc sllunt motor, it would rCJch ~I ccrLlin lcrlllill,il 
velocity at which timc Llpe would bc loo ')e ly wound 
except for till' following feature. As the tupe comes 
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up to speed ill rewind, the ~Irmature of the t:-lke-lip 
motor is open circuited bec~\llse of th e break al K7 
contacts 2 and 10. It operates as a dc generator 
without load until a definite termillal voltage is 
reacli ed, th e voltage rising as the speed increases. 
Zener diodes CR52 and CR53 will not pass current 
until the total potential across the diod es rea ches 60 
vol Is. Th erefore, when the generat ed voltage reaches 
this level , current ilows through J9-4, J6-S, CRS3, 
CR52, J6-2 8nd J9·'] to act as a load and effcctive 
brake on th e Like-up 1110tor, limiting the maximull1 
speed at which it will supply tape and Ihereby 
providing a controlled tellsion in the re cl being 
filled. Closure of K7 contacts 12 and 8 provides a 
path through CR24, and J(;-14 to open the head 
shield door and through .16-15 to operale the tape 
Ii fr ers. 

When e ith er K5, K6, or K7 release, removing power 
from the armature of the take-up or rcwind 1110tor, 
an arc would normally develop between tile break 
ing relay conlacts due to the I<lrg' indllctive load of 
these 1110 tors. Two circ u i ts ~Ire incorpora ted to 
reduc e or suppress this arcing in order to incrca~e 

the life of th ese rclay contacts. CR30, RIO, C5, and 
C6 constitute one of th e~e ~rc suppression circuits. 
'R30 and RIO provide a common clwrging palh for 

('5 and C6 which arc COnl1l'cteu to K 7, 9 and 10, 
respec tively . T he opposite junction of CR30 Jnd 
RIO is connectcd to the positive bus of the bridge 
rectifier power supply. Consider the tran sport to be 
running in the rewind mode, power being supplice! 
to the armature of the rewind motor through closed 
contJcts 5 Jnd 9 on K7. Capacitor C5 is discharged 
at this lime due to the c10scd contaL"ts 5 and 9 011 
K7, Wh en the transport mode of opnation is 
changed, K7 will release, breaking co ntacts 5 Jl1d 9. 
Jnstantl y , capacitor C5 will charge ve ry rapiuly to 
the power supply potential through CR30, thus 
absorbing, to a IJrge me asure, the current that 
would normali calise arcing JS contacts 5 and 9 arc 
drawn apart. 6, in the samc manner , shunb the 
current away from contJcb 6 and 10 on KS , a'nd K6 
wh en these relJYs relea se. The discharge path for C5 
and C6 is provided through R 1o and the closed 
contacts of their associated rela ys when they 
are energized. 

To provide s till further protection against relay 
contact dC\m~l ge, a second circllit is also Ll sed to 
suppress arcin g betw een the relay contacts men
tioned above. Two high voltage power transistors 

Q I, ~Ind Q2 are used to effectively shu nt the relay 
contacts whenever these rel;IY s are released , remov
ing pown from either the rewind or take-lip motor. 
Tile coll ec tors of Q I Jnd Q2 arc Jt the positive bus 
potential supplied from the junction of (,R47 and 
CR49 through PS-II and J9-1. The motor armJture 
circllil supplying power to the rewind motor i ~ 

connected to the emitter of QI through connector 
.17-3. This arrJngel11ent pbces Q I in parallel with 
conLJcts 5 Jnd 9 on K7. During the period in which 
K7 is encrgi7.ed providing power through contacts 5 
and 9 to tile rcwindl11otor, capacitor CI will charge 
to the power supply bus potential. The charging 
path for CI is provided fronl the junction of CR46 
and CR48, tlirough P5-L, R60 or S7 it' in the WIDE 
position, J9-4 to Cl, through R.I, CRI, J7-3 , J6-A, 
closed contacts 5 and 9 on K7, jumper Ell IE 15 to 
till' positive return of tile bridge rectifier at the 
jundion of CR47 and C](49. When K7 rel e; lse", 
contlcts 5 and 7 arc broken, whicil rell1o ve~ the 
,llOrt circuit be tween the collector and emitter of 
QI, the charging P~ltll for ('I, and POWl'f to the 
rewind motor. In s Ll\1L\I1eoll~ly , the ch~lrgl' 011 CI 
cluses QI to conduct, shuntillg Iill' l'urrellt th~lt 
would be drawn ill the form of ~11l ~l rl' bctwl'cil the 
opening contJcts of tile rclay. The Cllrrl'llt tllllJugh 
Ql to thl' rewind 1110tO(' ~Iflcr K7 relc<lse ... will (kL"~IY 
exponentially du e to the di~L"I\'lrgillg of CI through 
RI, R2 , J7-3 , amI til e arnlatUi"l' of :\12 . 

The operJtion of Q2 is idl'ntlc~" to thl' opcr~ltioll u i' 
Q I, providing ,Irc supprl' ... ~i()ll betwcl'll contact... h 
and 10011 K5 (lnd K6 . 

From Rewind To Stop (Tape Moving in \{ewind Direction) 

Pressing STOP switch S3 opei"~lll''' rl'lcl} K8 tilfougll 
K3 contacts 10 Jnd 2. J6-1l. ]2-12 , ]2-11, S3. dllli 

.16-8. Since tape is moving in till' rl'willd diredioll, 
thc sense switch vane has CJusl' cl S 13 to be closl'd. 
Therefore. K6 is caused to o pn,ltc througll J6-L), 
J9-6, S13 , alld K8 cont~ll'b 5 and 9. ReLIY K8 is 
locked up through K6 contact-. II and 7, K8 
contacts 8 and 12, and K6 i ~ helclup by S13. Reby 
K7, however, is released by the break at K8 contacts 
10 and 2 and the fJct that S14 is opell. The power 
that was supplied to the rewilld I11otor through K7 
contacts 5 and 9 is removed by its release Jnd 
transferred through operation of K6 through K6 
contacts 6 and 10 to the take-up 1110tor, which now 
operJtes to bring Ihe t,IPC to standstill and at tempts 
to reverse it to tile forward direction. 
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As soon as the sense switch va ne moves away from 
SI3 toward S14, SI3 opens, releasing K6 and 
pla cing all circuits in the standby condition. During 
th e stopping int erval, the REWIND lamp goes out 
and th e FORWARD lamp is lit from re lease of K7 
and operation of K6 . In standby, the tape lift er 
solenoid is rel ea sed and K8 is released by th e break 
at K6 contact 7 and 11 . The head l'over door 
remains operated through S-12, J6-M and CR-26, 
unl ess manually overridden to break S-12 . Relay K4 
remain s energized throughout the above action , 
either through K7 co ntacts 12 and 8, CRI4; or 
through K6 contacts II and 7, CR14 ;or through K7 
contacts I I and 3, K6 contacts 12 and 4, K8 
contKts II and 3 and K 5 contucts 12 and 4 and 
CRI3. 

From Rewind To Stop (Tape Moving ill Forward Direction) 

It is poss ib le while shuttling th e t .l pe £It high speed 
to have the tupe moving in th e forw,ml direction but 
to ha ve the controls in th e rew ind mod e . If th e 
STOP pusllbutton is pre ssed at thi s time, K8 is 
e nergi7ed in the manner d escribed above ; however , 
K7 is not re leased in favor of K6 because the sensc 
switch vane i~ in position to ca use S 14 to be closed 
and S l3 open. ThLls, K7 remains energized and the 
tape comes to st<.JI1dstill (lnd ilttempts to reV('r~e, ilt 
which lime th e sense swill'h opens S14, releasing K7 
and putting til e machin e in slandby. Al this lime the 
tape lifters arc rel ea sed and K8 is re leased by the 
break at K7 contacts 8 and 12. The door solenoid 
remains energized through S 12, UIl\c'>S ov erriddcn 
milnu ilily to break S 12. 

From Stop To Forward 

With th e machine in standb y, pressing th e FOR
WARD pu shbutton causes bu s volt'lge to be applied 
through K3 contacts 10 a nd 2 , J6-11 , 12-12 , J2-ll, 
S3, S2, S4 , J 5-S, CR 17 and K~ contacts I and 9 10 

operate K6. R L' I,I Y K6 applie s full turque to the 
take-up mo lor Linollgh K6 contacts 6 ,md 10 , K7 
contacts 2 and 10 , J6-2, alld J9-3 , causing tap e 10 
acce lera te in th e fo rward direction. RelilY K6 locks 
up to th e power bus through K8 cont;]cts 9 and I, 
K6 contact~ 8 8nd 12 , and K7 contacts 3 and I I . 
Motor speed is limited by th e ctcti on of Zene r diodes 
C'R52 and C'R53 as described before. 

Closure of K6 contacts I \ and 7 provides a puth 
through CR24 to open the head shield door and 
through J6-1 5 to operate th e tilpe lift e rs . 

From Forward To Stop (Tape Moving in forward Direction) 

Press ing STOP switch S3 operates relay K8 through 
K3 contacts 10 and 2, J6-11, 12-12, J2-11, S3 and 
J6-8. Since tape is moving in th e forward direction, 
tilc sense switch ha s caused SI4 to be closed and 
S 13 to be open. Thus , K7 is operated through J6-D, 
S 14, J 5-18, and K8 contacts 6 and 10. Relay K8 is 
locked up through K7 contacts 12 (Inc! 8, and K8 
contacts 8 and 12. Relay K6, however, is rcl e a~ed by 
th e break at K8 contacts 9 a nd I. The power that 
wa s supplied to the take-up Illot o r is cut off by th e 
break occurring a t K6 contacts 6 ilnd 10 and Llpplit'd 
throllgh cl os ure of K 7 contacts 5 ,lnd 9 to th e 
rewind motor, which now operate~ to bring the tape 
to standstill and attempting to revcrsl' it to the 
rewind dire cti o n. As soon as th e scnse sw itch V,llle 
mov es by reversa l of tape Illotion, it relc ,lsc, S 14 , 
th ereby re lea sing K 7 and plilcing ,ill l'ircliits ill 
standby . During the stopping interva l, thL' FOR
WARD lamp goes out aile! the REWIND I<unp li ghts 
bccause of th e release of K6 and opcr,ltion of K7. 111 
standby, [he tapc lirtcr so leno id is reka ,e li . K ~ i ~ 

re le ,lsed by K7 co ntact 8 and 12 . Th e doo r so iL'lloid 
remaills ene rgized tllrougll SI2 lIlllL- s~ 1ll'llllI ,ill y 
overridden to bre,l k SJ 2. 

From Forward To Stop (1'a pe ,"loving in Rewind Direction) 

It is possible, while shultling tape ~ il high Sill'L'd, 10 
helve the tape moving in till' rewind cilr L' cti u ll bllt to 
hd\'e the co ntro ]-' in till' forw~1r(1 Illod c. It" till' STOP 
button i~ pressed at this tilllL', K8 pulls il l till' 
mallil er descriLx'd "bo\·l'. II0wl'VL'r , K() is Illli rL' 
Ie~lsed in favor of K7 bCL'il ll<;(:, S \ 3 is ill'I ,1 l lo' l'd by 
till' sense switc h \f,lllC while SI4 is O~)l'll 'rlw \, I--:h 
rcmains opcrated and tile Llpe COI11l'S 10 <.,Lllllblill 
,llld (ltte l11pts to reverse, at Wllil'll lillll' I IlL' SL'lhl' 
switch opells S 13 , releasing K4 ,mci P lltlill~ till' 
mcch~lnism in standby . At thi s tilll c. till' lilln 
so lenoid is re ll'a secl, ane! K8 is rCk~lSl'd by tlil' hrL\If
a t K6 contact 7 unci II. Tile door solelloid rCIll ,l in s 
opera led thro ugh S 12 L1llle ss lll :.J llllillly over riddl'n 10 

break S 12. 
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From Forward To Rewind 

Considering til e tape to be ln the fo rward mode 
reoardless of its actual d irection, relay K6 is ener
gized. Pressing the REWI. D pushhutton closes a 
circuit to o perate K7 through K3 contacts 10 and 2, 
J6-11, S3 , '2, J5 -R. K8 contacts 2 and IOtoK7-14 
throu gh K7-1 3 , R 19 and R6 to ground. Relay K7 
opera tes, opening (ill' holding path for K6 at K7 
contacts 3 and II, which releases , further breaking 
its holding ci rc uit at K6 contacts 8 and 12. Torque 
po wer to t ile reel motors is, th er 'fore, reversed, 
Relay K7 locks up th rougil K8 cont,lcts 10 and 2, 
and K7 contacts 7 and II. 

From Rewind To Forward 

Considering the tape to be in till' rewind mode 
reg'lrd k. '; of its actual direction, relay K7 is ener
gized. Prcss il1g th e FORWARD pushbutton d oses cl 
circuit to operate K6 through K3 contacts 10 and 2, 
J 6-1 I, 12- 12, J2-1 I , S3, S2 , S4, J 5-S, CR 17, and K8 
con tacts I an d C) to K6-14. Because JS-S appli es bus 
poten tial to CR 20 as well as to CR 17 ) (he co il of K 7 
is effectively shorted, since the to tal vo ltage appears 
across Rt> . Thi s n:k ases K7 , K6 remains operated 
over th e pu th K7 contacts II and 3, K6 contucts 12 
and 8, and K8 contacts I and 9 . Torque to til e recl 
motors is, th erefore, reversed. 

I 

From Rewin4 To Play 
J 

In th cr;;e nd mo de, rcgardk s~ of actual direction o f 
tape m ion , relay K 7 and K4 are energized, 
Pres ' il PLAY pushbutton S5 causes bus power to 
flow t rough S5. ] 6-18 , :lJ1d CR4 to operate K3. A 
holdi n path is es ta blished through K 7 contacts 12 
and 8 , K3 contucTS II and 7, Rl , CR8 and CR7 so 
that K3 will not release Whe n SS is released. Rela)! 
K3 con tacts 10 and 2 open th e paths to S3, S2 und 
S4 pushbuttons to re nder them inilctive at this time. 
The potenti al fro 111 K7 contacts 12 and 8 through 
K3 co ntacts 11 and 7, an d tllro ugh R I :.I1so feed~ 

through CR9 tu terminal 14 of K8 , causing it to 
oper:Jte. Whd her K7 continues to hold or to 
transf r to K6 is determined by th e direction the 
tape is moving , as uu tli n d above. 111 (lny Cli e llt, 
operation of K8 fun ction to bring the tape to 
standby condili n. When K6 or K 7 is rel eased by 
the se nse switch as the tape r ac hes standstill and 
atte!l1pt ~ to reve rs ', the brea k at K6 contacts 7 and 
II or K7 contacts 8 and 12 reka es K8. Normally, 

tile ma chine would now remain in sta ndb y, but at 
thi ~ t ime K3 is still operclted even though its supply 
patl) througll K3 contacts 7 and I I is open , This is 
because it is held by the cklrge in CI for sufficient 
time to perform Cln additional function. When K8 
rel eases , bus powe r is supplied through K7 contacts 
II and 3, K6 cont:lcts 12 and 4, K8 contacts I I and 
3, KIOI contacts I and 9 and K3 contacts 8 and 12 
to operate K5 . The fun c tion s from here on arc as 
desc ribed in the paragraph , "From Standstill to 
Play." 

From Forward To Play 

In the fast-forward mod e, regardless of actual 
direction of (ape motion, relays K6 and K4 are 
energized. Press ing PLAY pushbutton 55 causes bus 
power to flow through J6-0 , 12-9,12-IO, S5,]6-18 , 
and CR4 to operate K3. A holding path is es tab
li shed for K3 through K6 co ntacts I I and 7, K3 
contacts I I and 7, R I, CR8 , ,Jnd CR7 so til:.!t K3 
will not release when S5 is relc;lsed, Relay K3 opens 
the paths to S3, S2, and S4 pusilbutton ~ to rend er 
them inuctive at thi s time, The potential from K7 
contacts 12 and 8 through K3 contact s II ~lJ1d 7 :.!nd 
R I also feeds through CR9 to termin eil 14 of K8, 
cau si ng it to operMe', Whether K6 continues to hold 
or to tran sfer to K7 is determined by the direction 
of tape movem ent. In any eve nt, opl'r,ltion of K8 
function s (0 bring the m;] chil1c to ;1 stundby 
condition. Wh en K6 or K7 is released by the se nse 
switch as tile tape reaches standstill ;ll1d <ItlL'mph to 
reverse direction, the break at K6 con LiLts 7 ,Ind I I. 
or K7 contacts 8 and 12, rck,lscs K8 . Normally , tile 
machine wo uld now remain in standhy' . but ut thi ~ 

tim e K3 is stil l encrgiled, elicn thougil its supply 
path through K3 cont:.!cts 7 ;.IIld 11 is open. This is 
because it is held by the charge in C I for sufficient 
time to perform an additional fundion. When K8 
relea~es. bus power is supplied through K 7 contacb 
II and 3, K6 contacts 12 cllld 4, K8 co ntacts I I and 
3, and K3 contacts 8 and 12 to encrgizc KS, The 
functions from here on are as d l' ~crihed in purel
graph, "From Stand still to Play," 

Tape Runout 

When the tape run s out from any mude of orer;l
tion, th e light from lamp DS8 fall s L1p on photo 
diode V60, causing K 1 to energi ze. This :lction 
opens the bus supply to all other relays . All power 
is, therefore , removed from the armatures of the 
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take-up and rewind motors. A short circuit is 
applied to the armature of each motor. One such 
circuit is through 19-4, 16-S, K I contacts 10 and 6, 
16-4 , 12-1, 12-2, 15-P, K5 contacts 2 and 10 , K6 
contacts 2 and 10, K7 contacts 2 and 10,16-2 [lnd 
19-3. The other circuit is through 17-4, 16-S, K I 
contacts 10 and 6, 16-4, 12-1, J2-3, 15-V, KS 
contacts I and 9, K6 contacts I and 9, K7 contacts 
I and 9, 16-A, and 17-3. As the fields arc fully 
excited, this system acts to brake the motors to a 
standstill, since the::y operate as dc generators opera
ting into a short circuit. 

Record Mode Operation 

To select th e record mode the RECORD and PLA Y 
buttons must be pressed simultaneously. This action 
reduces the possibility of accidental activation of 
the record lllode while satisfying the switch logic 
requirem ents to activate the? record circuits. Simult<l
neously pressing the RECORD and PLAY buttons 
will apply bus power to J6-18 through S5 , and to 
J5-13 through S5 and S I. If the reco rder was 
previously in the standby mode (STOP light illumi
nated), K3 will operate, placing the reco rder in til e 
play mode as described earlier. Positive bu s power is 
applied to the collector ofQ4 via 15-13, 51, ,md 55. 
The base of 04 is connected through R24 to the 
holding circuit of K5, which is at the positive bus 
potential. With tile collector and base connected to 
the posi tive bus in this mallner, 04 will conduct 
through tile coil of K2, causing tlie relay to operate. 
A holding circuit is es tablished through contacts 8 
and 12 of K2 through CR55 to the collector of Q4 
allowing Q4 to continue to conduct and holding K2 
in when the RECORD button is released. The path 
established to hold K2 then lights DSI through 16-3 
and supplie s positive bus voltage to the electronics 
power callle through co nnector J4-9, which is 
routed to til e MASTER RECORD relay in the signal 
clel'tronics assembly. Relay contacts I I and 7 
pro vide' the ground return for the MASTER 
RECORD relay through J6-T. Th e positive bus 
pot ential at tile collector of Q4 is <:llso applied 
throllgh Rl6 and CR29 to the bia s oscillator. 
CClpacitor C7 provides decoupling frOIll the bus 
power supply and also causes tile voltage <Ipplied to 
th e osc illator to decay exponentially when power is 
removed. Transistors Q2 a nd Q3 operate as a low 
power push-pull oscillator to provide a high frc
quency signal to J6-U and 16-V. The bia s signal is 
routed to the bias /e ra se amplifier bo,lr(ls in the 

sign<11 electronics assembly through connector pins 
14-1 and 14-2 and its associated cable. 

Speed Change Switch 

Speed change switch S8 selects windings of the 
capstan motor to provide either of two speeds. 
These are related by the ratio 2: I and, therefore, 
can be provided for tape speeds of 7Y2 and 15 ips , or 
15 and 30 ips, etc. Dc bus pot en tial is supplied to 
either 14-6 or 14-7 in the electronics power cable, 
depending on the motor speed, i,~ order to control 
the equalizer-selel't relays on th e circuit board s in 
the signal electronics asc;cmbly. 

Monitor Switching 

Two pushhuttons on tile tran sport, S I 0 and S I I , ,Ire 
arranged to transfer the output line ,llllplifier and 
VU meter of each channel frolll the incoming ~ign<ll 
so urc e to the playback signal ,lnd vice Vl'[S'1. Prc \si ng 
A switch S 1 0 applies positive bus volLlgl' rrolll J()-D 
through J2-9, J2-10, and S10 to J4-5, which i:. inllll' 
electronics power connector, l'ausing opcration of 
the A/B transfer relays in each channel. Simil,lfly, H 
switch 5 I I applil'S ,1 ground to tennin,,1 J4-4 to 
ca use reverst' operation of the tr<ln\kr rci'IYs . Tlle.'l' 
switches arc 111On1cnLlry co ntact tYPl'S ,I\ld arl' nol 
backlighted. 

Tape Width Switch 

It is necessary to provide two torque rdngcs for the 
ret:! drive motors dUl' to the difference in weigltt dnd 
tapc handling charal'tcristics be twcen I ,Ind ~ inch 
t<lpe::. Compensation in the torqul' rcquircllll'llh 
bt'tween tap e sizes is providl'd by S7 ,111L! RClO. Til l' 
;llllount of torque devclolK'd by till' rl'l'l Liri\ L' 
motors M2 and M3 is dependent , 10 ~ I LlrgL' nll'lll. 
on the amoLlnl 01" current th ~lI can hl' dl'~IWIl from 
til e bridge rectificr power \L1pply CR46 through 
CR49. To provide tile proper torquc to till' dri\l' 
motors when I inch tape i, used, till' l"llrrCl1I p~dll 

frolll the power supply is from the junction o f CR4G 
a nd CR48 through P5-L and R60 to J94 ~11ll1 17-4, 
which completes til e pdLh to Lill' ,Irtlulure 01' ~12 

and !'vI3 from th e ncg<ltiv e side of tile power \upply. 
A path from tile junction or CR46 ;\Ild CR48 
through R60 is also provided to tlte field, of ~1~ dlld 
M3. With a comillon cur ren t path to both l1lotor~ 

established through R60, it s resistanl"l' v~t1l1l' wilJ 
control the amount of torquc de\'elo~)L' c1 by the 
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motors. The resistance value of R60 is such that the 
Clmount of torque delivered to the drive motors 
when I inch tClpe is used is sufficient to properly 
perform the tClke-Llp and rewind hClndling of the 
tape. When 2 inch tape is to be used on the 
transport, R60 is shorted through S7, removing it 
from the current path and allowing the drive motors 
to draw Cln additional amount of current from the 
power supply. This provides the necessary incrense 
in torque required to drive the larger 2 inch tClpe 
reels and provide a greClter tape wrap tension for 
proper transfer from one reel to the other. 

SIGNAL ELECTRONICS FUNCTIONS 

Processing of the output signal to be recorded and 
tile signClI extracted from the recorded t(]pe (pIClY
back) is (]ccomplished in the signClI electronics 
assembly. Four plug-in circuit boards provide the 
neCeSS(]IY signal processing for each record /pbyback 
channel. In addition to th e circuit boards, the signal 
electronics assembly contains the necessJrY signal 
switching circuits which control the various modes 
of operation of each channel. 

The plug-in circuit boards associated with each 
channel are described in detail after the following 
description of their use in the overCll1 operCltion of 
the recorder. 

Record Mode (See figure 22.) 

The signal to be recorded IS applied through 
connector J-A to the primary of transformer T-A, 
whi ch renects an impedance of 20,000 ohms to the 
signal source. The second,l[Y of T-A is connected 
across the RECORD LEVEL control R-A, which 
establishes the signal level applied to the record 
amplifier. This amplifier provides preel1lphasis, 
equalization, and lineCl rization to the signal, and 
sufficient gain to drive the record head . A reljy on 
the board selects the proper equalization for two 
tClpe speeds. This relay is controlled by the tape 
SPEED switch on the transport. LineClrintion is 
selectable by means of a switch on the circuit bOClrd 
and is adjustable. The degree of linearization 
required depends on the signal level , and corrects for 
distortion that occurs (]s the signal level Clpproaches 
tIle saturation level of th e tape . 

In addition to the record amplifier, a monitor 
amplifier on the board provides sufficient signal . 

amplification of the input signal to drive the line 
amplifier. Th e line amplifier output is applied to the 
YU meter Clnd output connector J-F for monitoring 
of the input signal. A RECORD MON. CAL. co ntrol 
on the record amplifier board enables the monitor 
amplifier gain to be adjusted so that , without the 
linearizer circuit in service, 3% total hClrmonic 
distortion on playback prodllce~ a reading of 6 dB 
above zero YU on the YU monitor meter. 

The record signClI from the record ClmpJifier board is 
connected to contClct J 2 on the record relay K-B. 
This circuit is normally grounded until relay K-B is 
operated through the mode se lect switches on the 
remote control box and the RECO RD function 
switch on the trClnsport pClnel. When K-B operates, 
the signal is applied through contacts 12 and 8 to 
the bi as/c rase amplifier bO<lrd a t Icrminal 22 on 
co nnector J-B. Operation of the record relay K-B 
also applies 28 volts dc power to the bia~/er"sc 
amplifier Clt terminal 12 on connector ]-B. A 120 
kHz bias oscillator is energized in the trdnsport 
when tile record mode is seketeel. This bi~l s sign,11 is 
applied to the biJs/e rase amplifiers in each channl'l 
at terminals 14 and 15 on board connedor J-8. Thi s 
signClI is amplified by the bias amplil'ier to tile 
proper magnitude to drive the record hcad. The 
audio signal at terminal 22 is coupled to the bi ,lS 
output through Cl bias trap circuit which Ila s no 
effect on the <Iudio signal but offers a high imped
ance to the 120 kHz bias signal, thu s preve nting till' 
biCis from being fed back into th e record ~Implifil'r. 
A bias amplitude control provides adjustment of til l' 
bias output level to the record head. and a 11Oisl' 
bal'.Ince control allows an adjllsLlblc amount of (k 
signClI component to be applied to the recorel hl'~ld 

to correct for Clny external fixed m'.lgnctic l'il'ld" in 
the vicinity of the record head gap_ 

Bias current through the record lle~lcI l'all be 
monitor ed at tile TP BIAS test point . wllich is 
connected to th e record head return with a 27 ohm 
resistor to ground. 

The record signal Clnd bias is applied to the record 
hCCld through contacts 3 and 9 on the norll1,i/-sv llc 
relay K-C which is deenergized, as shown, when tile 
selected channel is operated in the record mode. 

A second power amplifier, also driven by th e 120 
kHz signal, applies its output through terlllin~iI 21 
on tile bias/e rase amplifie r board to variable 
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capacit or '-1\ , wilich l v upk " tile ~ignal to th e era:, ' 
head . 'a pacitur C- Jdju b lhl! amount or 1' I U e 
current sup plied t) til l' -: rase head. T he cr;,hC il ead 
curren t (an be Ill ' Il i tL led ;it 'P-A , wh it: h is COll 

nect 'd through ter111inal I ) L,' ,I IU , ,jIll! r ' si lD r in 
th e re turn p~ltll fr 111 tile er'l$e head. Illduct or L-A 
and capClcitor C-B p f() v i d c~ lilt: pru per fl'ac t;lnCI' to 
tune the seconda ry o f tlle erJC amp li fier oUlpu t 
tran sfo rm er i.ll1d erJse head tl the 120 kH7 si l"nal. 

Playback Function (Sel.: figllre 21. ) 

Signal s recurded by tI l(: circui!. uesc rilJl'd in pre
ceding paragr;.t phs will be r ' pn dl.lced by t il ' co rre
sponding pluyo.lck head and IllJ Y 1)1.: mo nit ored , )1) 

the V m t't l' r or at tlte OUTPUl j el l'l--. wh en [il~' B 
o PUT . ' l et butto n i. pr 's;>cd . 1 11.: pi;l yb;ICk 
Oll tput s i ~n ..tl wil l b ' dl'I L ye j frum lil e conl.'
sp ndi n!.! r ecord :s igilLi! b_ J I ,tlI IV ll1 t equ;i\ to tile 
lineJ r distance hctwel'n the re ord hc ad ;Ind t il l' 
pla ybael.. hcad time the t;lpe :,pceu, 1 hi:-, dda y j, 

, light, how '\ cl , and r ' p r ' ~~ I1 t-. 110 d itt'k u[ ly wite n 
mo nitor ing til l: I!lpllt /pb~ bad.. q uali ty 0 1 tilt' rl:
cording, 

The signal indul'cu in t lt ~ pl <ly bJ,..:k hCJ d is CO Il
nect ed tu lCrJ n in:d 4 011 tl k n:prudul' amp li fi er 
board c()nn ~ dor J-C thr0ugh cun tac h 1 and 7 0 11 

the norn al- ync d.ry '- ", -j he prLal11 pll fi er boa rd 
provid e" th , rcq uir ct signLtI g;lin to dr ive thl.' line 
ampl ifier , high Jnd low frcljuency ~' q u ali/: at iol1, Jnd 
pha ~c correct ion fo r t 0 tap ' ~ p L' l.' d ,' . 

In th e nurma l pla yh Ll d, 1110 e. the rt' pwdu-:e pr ,
amp lifier ou tput i .. taken fro m term in al 22 OIl bO J rd 
con necto r J-C he !-,jgll i.l l k\d .I t t lii" o utpu t 
tcrnlinal i ~ contro lled hy R17, the RLPRO DUC L 
LFYI--.L p ten t io l11 dt' r (l /l lli e p r ';1I11pl irin bo;ml. 
Thi ~ contro l i!-' nUrl11J ll y Lltiju:,k Li to prod ul. l.' an 
output 0 zero VU with J ~t a l1 d ard r ' l'c r..: nt.'I..' Ie\e l 
tape providing a 700 117 sig nal to nc at tile n:p u<.i UCl' 
head. 

The repro uce ~igtl, I elt tile jU !lt: liun o r R- f" Jncl R.-H 
is rou ted thro ugh C I tach 6 and 12 o n th e 
nornlJ I-sync rela y K-C tv tit ,: Al B ~ekct reb y 
cu ntdc t 1. When (lt l' B outpu t is ~L'k tL: d, ti ll' 
rep rodu ce signa l \\ ill b . app lie to lhe linc J illp liti ' r 
input th o ll gh contal·1::. 1 alld 9 on th e , i B se lect 
rday, as shown. Tl ~ rcpr )d uce ~ ig n a l o ut put from 
the line a l11 pl ifi ' I' wi ll t hen Ie d i~ pIaYl'd 0 1 th e V 
me k r an ci r lut ed to tIl' outpu t lO ll nec tor J-F. 

Sync Playback Function (See figure 22, ) 

Wile n the sync mode o f opL!ra ti on is se lected the 
n Ol ma l-sy nc re lay K-C ope ra t e ~, di \co nnecting the 
pby bdck h-: ad f rn ll1 til e rep roduce prea mplifier 
injlllt. Clnd L' Il nl'c ts til' r-: co rd head through TI to 
the re produce prea mp lifier , Due to th e operation o f 
thl' normal-::.y nc rday, the normal playback hei:ld has 
be'l1 comple tdy ciisco nnected Jnd th e record head 
CO l ill'c led to th e primary 01 T I , which coup les the 
, } nc ill put to th e reprouuce amplifier. The use of 
tran:; fon ler T I provid l's (In improved impedan ce 
ma tch bctwt' 'n th e rl! corcl head (used ,IS a playbJck 
Ileaci) an th e reproduce Jl1lplifi ' r input , When th e 
r~'cord head i ' uSl'd 'h a playback head, it matches 
closL' ly the frequell l', ' rc~ poll, c and gain of the 
lIurmal playbJ ck head , Due to its wid er gLl p, 
h O\!'~'\t' r , the l' :d re!l1\: I igil freque ncies su ffer so me 
.tlkll u~lt i on, dcp ' llLling upon the tape speed. 

Mode Select Ci rcuits ( ec figllr<"~ 22 and 25 ,) 

I Ire u!wrJ ti <')ll;! 1 mu de nr each cir;JI1nd in the signal 
cicctro nil'S a~semb l y is~lc cL.: d at tile remot e 
co ntroJ bo x , Each ChJI n~ 1 is prov ided wi th J mode 
,,>elect swit cl , allu wing th ree ( 3 ) modes of ope rati o n 
tn be cllo~e n, i,e. RrADY, SAFE, and , YNC Th e 
RECORD and SYI Ie rL' I ~ I Y~ ~I S~Ol'i<llL'd with C<lch 
chanl1e l il tile ~ign a l l' icctrun ic , <l\\Cl11b ly provide 
til ' 1"C]llirl!J modl' ,, \>vitcllillg withi l1 til l' L'kd roni e 
cirl..l lih of the sek,:kd Ch~11 1 11 ' I. These rel ;IYs re
~ pOllJ to the mode ~eleded :It tlIe r 'nwl\.' con tro l 
l ln.. wIJ1.' 11 the transpo rt t;l\)l' l11otion cOl ltrn l, ,Ir,' 
ad i\;l tcd, III conju nction with till' l11odl' ,e Ic,-' I 
S\ il c lr l' ''', JI1 aJd iti (lll;ti )v, '[ " h is provi ci "Li Oil ti ll' 
rem"l l! con tro l hox panel, "", I)iell is r,' fcrrl'd to ~ I '" th e 
p l<'gr~lln sekl't ,,>w it 'I I. Th i.., \W ik l) , Lie pl' l1dil1 g 0 11 ih 
j1\ ).., ilil ' ll, ie, NO ! }'1 or (ll l , dd 'r lllill l" th ,' trdllS
port mode u r oj1 I..' rdti(lIl thdl will ;Icti\'; ile th e 
ek clI'Oll ic c irc ui ts or lhe L"il ;Il1l1el ,)r 1.·11 ~ 111llels pre
pl ogram 1> I by tile III{ ld.,: se ke( \w il<..'il l" , Th is 
i" aturc i, l!sJll:ciall y u\cful wir l' ll 0\ '[dub rl'cordings 
arl' Ina L', us will bl:co l11 ..' • pparent duri ng th e 
fo lJp willg d i " cL1 \~io l1 ui' th e mode '>cit-dion ci rcu it:; , 

AL'! iv ~ltioll of tir e mod ,' sl! il-d eircu ih Clre illitiated 
by +28 ,olh dl.." Ollll1l dl d .., origin ati ng fr l) 11l til e tape 
tr,llb pur t cOI )tro l circlIit", The se cOI11I11:lnds afe 
rUlIkd to tl - ['C'I1I U( ' u n trol btlx via co nn ect or PJ, 
pins A, C'. dnu 1: . O perJt ioll u f rday K I depends on 
thL' p -;i ti OI or the pm ram \ekL'! ~witL'h S8 and the 
t r'lll spo rt l1l o d ,,' or operati on se lec ted , When S is in 
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the NORM position, operation of K I will only occur 
when the transport record mode is selected. Under 
these conditions, +28 volts dc is provided to 
terminal 14 on relay K I through the closed contacts 
on S8, which is connected to P3-A. The +28 volts dc 
provided at P3-A when the record mode is activated 
is also applied to DSI, which illuminates the 
RECORD selector switch Sl on the remote control 
box. With S8 in the CUE position, operation of Kl 
will occur when the transport is operated in the 
record, play, or stop mode. +28 volts dc from the 
transport is provided to P3-C when either the record 
or play mode is selected. From P3-C, this potential 
is applied through CR3 and the contacts of S8 to 
terminal 14 on relay K I, causing it to opera teo DS5 
is also connected to P3-C, causing the PLA Y selector 
switch S5 to illuminate when the play or record 
mode is active. When the transport is in the standby 
mode (STOP sclector switch S3 illuminated), +28 
volts dc is provided to P-3E, which also causes K I to 
operate through CR2, S8 to terminal 14. CR2 and 
CR3 are connected back-to-back, thus preventing 
illumination o[ the PLAY indicator I(lmp when the 
transport is in the STOP mode and the STOP 
indicator lamp from illuminating when the transport 
is operated in the PLAY or RECORD mode. 

Operation of relay K I provides two descrete volt
ages to each mode select switch. +28 volts dc is 
supplied to the upper contact on each mode select 
switch [rol11 P5-U through closed contacts 5 and 9 
on K I. The +28 volt potential on K 1-9 is also 
applied through R 1 to zener diode VR I and 
produces J regulated voltage of approxima tely +5 
volts dc at K 1-8, which is tied to the junction of R I 
and VR I. CI provides a delayed build up o[ the +5 
volts dc across VRI when K I operates . The +5 volts 
dc is applied to the lower contact on each mode 
sekct switch through closed contucls 8 ,Illd 12 on 
K I. Thl' middle contact of each mode select switch 
Gin be positioned so as to provide either +28 volts 
dc (READY mode) or +5 volts dc (SYNC mode) 
and, when IcCt in the center position (SAfE mode), 
an open circuit (zero volts) to the record and sync 
reby circuits of the respective channel in the signal 
dcctronics assembly. 

The recorc! and sync relay circuits (Ire identical in 
each sigllal channel, eaeh being programmed by the 
mode select switches at the remote control box. Tile 
control voltage ,1 t on the middle contact of each 
mode seleet switch is routed through P5 to its 

respective signal channel. This control voltage is 
applied to terminal 13 of the RECORD relay (K-B), 
through diode (CR-C), and to thc base of the SYNC 
rela y drive transistor (Q-B) through resis tor (R-C). 
As mentioned earlier, activation of the mode select 
circuits are initiated by the transport logic control 
circuits which operate K I in the remote control 
box. Two distinct sequences of operation are pro
vided by the program select switch. Let us first 
consider S8 in the NORM position. K I in the 
remote control box will operate, applying +5 volts dc 
and +28 volts dc to contacts Band C, respectively, 
on each mode select switch only when the transport 
is activated in the RECORD mode. Assume that the 
READY and SYNC mode has been selected for 
several channels. On those channels selected for the 
READY mode, +28 volts dc will be applied from the 
upper contact of the mode select switch through the 
remote control cablc and connector P5 to the 
junction of CR-C and R-C in the signal clectronics 
assembly. Simultaneously with the "pplication of 
the +28 volts dc control volLlge, the MASTER 
RECORD relay (K 1) will operate due to the closing 
o[ rccord relay (K 2) on the tr,lIlsport logic board. 
This relay places +28 volts dc on terminal 13 and 
ground to terminal 14 on the MASTER RECORD 
relay, causing it to operate. Operutioll of" tile 
MASTER RECORD relay provides a grollnd rcturn 
for the coil on each RECORD relay (K-B). This path 
is from terminal 14 011 each relay (K-B) tlHough 
CR3, CR4, CR5, ancl closed contacts 9 and 5 on 
MASTER RECORD relay (K I). Those chdnnel~ tklt 
have been programlTlcd to opcr~Jtc in the reL'ord 
mode (mode select ~witcl' ill the READY po~ilion) 
will cause the RECORD re/ely in till' cll~lllllcl 
selected to operate due to the prtsellce ur +28 \foil'
dc, which is JPplied through CR-C to lcnnill:iI 13 or 
the RECORD relay. The +28 I'olb elL control 
voltuge is also applicd to the ba~e of the Syt\C rel:l) 
drive transistor through R-C. Thi~ would IllHIlLill) 
cause the transi~tor to concluct. causing thl' Syt\C 
relay to oper,ltc, if it were not tllJt tu thl' bll'<li-..illg 
of contacts 9 and I on the RECORD rel<l)' rl'llw\ing 
+28 volts dc from the SYNC relay coil which h,ls ih 
return connected to the collector of thl' SYNC lel"y 
drive transistor. The slow rise or voJtagl' dLTOS~ V R I 
in the control box prevents any 1ll0Illeiltdry upl'r:l
tion o[ the SYNC relays prior to uper,ilioll or the 
individual RECORD relays. Thus tile +28 volls dl' 
comilland frolll the mode select ~wi((11L's <It tile 
remote control box h<ls caused the RfCORD relays 
of the selected channel(s) to operate when the 
transport is activated in the record 1l10dc. 
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Those channels selected to function in the sync 
mode are supplied with +S volts dc from the mode 
select switches. This potential, applied through 
CR-C to the RECORD relay (K-B), is not sufficient 
to cause the relay to operate. However, it is of 
sufficient level to forward bias the SYNC drive 
transistor on. causing the SYNC relay to operate. 
The +28 volts de in this case is maintained through 
contacts 9 and I of the RECORD relay (K-B) to the 
coil of the SYNC relay and, in return, to the 
collector of the SYNC drive transistor. 

Channels in which the mode select switches are 
placed in th e SAFE position will present an open 
circuit or no command voltage to the RECORD and 
SYNC relays in the signal electronics assembly. 
Under this condition, the RECORD relay(s) K-B are 
unable to operate, preventing accidental erasure of 
any prerecorded material. The SYNC relay is also 
prevented from operating due to the absence of bias 
voltage on the base of the SYNC drive transistors, 
thus allowing any recorded material 011 these track:<, 
to be reproduced under normal playback conditions. 

Arter a selection has been recorded with the 
program select switch in the NORM position , as in 
the preceding description, the same tape can be 
replayed in th e norlllal reproduce mode without 
resetting of any switches on the remot e control box. 
If a second recording attempt is necessary, starting 
the transport in the record mod e will again activate 
the previously selected sync and record channels. 

When it is necessary to list en to a prerecorded track 
for cuing purposes before the record mode is 
activated, the CUE position of the prognlm select 
switch is used. This will allow reldY K I in the 
remote control box to operate when the transport is 
placed in the PLA Y mode, as described earlier. The 
control voltages supplied to the mode select 
switches through the closed contacts of K I will then 
cause those channels sclected to ope rate in the 
SYNC mode. 

Two 28 volt indicator lamps associated with each 
mode select switch indicate the mode selected for 
each channel. A red lamp indicates th e READY 
mode selection, a green lamp indicates th e SYNC 
mode selection, and the absence of illumination of 
either lamp indicates a SAFE mode selection. 

DETAILED CIRCUIT DESCRIPTIONS OF ElECTRONICS 

The following paragraphs contclin detail ed descrip
tions of each of the circuit bO<lrds used in the signal 
electronics assembly. 

Nab Record Amplifier (Board 4) (See figu re 28.) 

The input signal to be reco rded is applied at 
terminal 14, after it has passed through the input 
transformer and level control. CI couples it to QI, 
which is biased to th e proper operating point by R I 
and R2. After umplification, the signal is COli pled by 
C3 to an equalizer network which provide~ prc
emphasis, boosting the high und low fr eCluencies in 
accordance with standard NAB pr'lctice. 1 his is 
accomplished as follows . 

Consider R6 and R7 as an attenuator network, with 
R8 short circuited, as it effectively is at high 
frequencie.\ because of C4 and CS. Thi s ,ltlL'llll ,l tor 
network reduces the voltage swing at the junction of 
R6 and R7 from what it was at collector 01 QI. 
However , if a bypass capacitor CIS or CI9 i\ 
connected across R6 it permits the high frcqllencic s 
to suffer less attciluatiun. Thc rc:->ult i~ an adjusLlblc 
ri se in response for high frcCluencies. The dcgrel' 10 
which this is true depend s on th e setting 01' th t: 
Variable capacitor. Practical values of C 18 ,Ind (19 
make it necess,lry for the junction of R6 ,mel R7 to 
appear always as a very high impcddnce. Currcnt 
cannot be drawn from . thi s point without up~etling 
the equalization characteristic. lhus, the jUl1diol1 i<, 
used to drive a field effect tr,lIls istor, Q~. At till' lov. 
frequency end of thl' spectrulll ('4 anel (S , how 
incre<lsing impedClnce as till' sign,iI frc(]uclll'Y is 
lowered: tilerefore, thl' voltage al til l' jllllLlioll 01" R(l 

Clnd R 7 would continue to ri sc (1\ Lilt' rrl' lJUl'lll~ 
drops except that R8 provide,; CI sIlL'lvill~ uff to 
prevent unnecessa ry <,en .,itivity to sub" lIciihk 
frl'llU encies. 

Relay K I Jutomatically cll;lngl's the high I'reljut'ilcy 
equalization when tape speed is lll"llged. The 
output of Q2 is applied to termindl ,; into whil' h m,I'y 
be inserted values of C8, C20, R I I, and R 12 to 
adjust for any requirement arising for ~Ilt'l\'ing 
equalization, in addition to tile nOfllLJi NAB equ,iI
izers ju st described. All fOllr components Illel)' be 
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eliminated in many instances, a jumper being 
furnished aero:):) the R I I or C20 terminals. 

After this network, th e signal is fed to the base of 
Q3 whose bias is set by R 13, R14, and R15. This 
operates with Q4 in a Darlington circuit to provide 
gain and low impedance outpu t at C 11 to drive the 
record head. R 18 normally provides a degree of 
degeneration, determined by the setting of R20 and 
R19 in series with C12 and C21. But the degree of 
degeneration can also be reduced by conduction of 
Q5 and Q6 when S I is closed. Q5 and Q6 act to 
change the degen ration with instantaneous signal 
amp(jtude; thus, they tend to deform the signal 
whenever its amplitude attains a value sufficient to 
overcome their contact potential. This results in a 
distortion inverse to that which overload of the tape 
normally int roduces. By employing Q5 and Q6 in 
this manner and properly adjusting the overall 
degeneration by means of R20, the LIN AD]. 
control, it is possible to introduce the proper 
corrective distortion into the recording process so 
that the normal 3clu tape distortion point, without 
such correction, shows somewhat less than IYr when 
this linearizer is employed. 

Cl I feeds the record head connected at terminal 22. 
R22 is a resistor in serics with the head to establish a 
constant current characteristic. R23 provides a high 
resistance path to ground so that the ground side of 
Cli will always be discharged, even when no head is 
connected to terminal 22. This is a means of 
preventing accidcntal record head magnetization. 

CI4 couples the inpu t signal to Q7. The gain of Q7 
is adjusted by the combination oll~mitter resistors 
R27 and R28, which is byp assed by L\6, to provide 
the proper range of signal levels to R30. Titi" 
control, RECORD MON CAL., can be conveniently 
adjusted to serve the input signal (ludio monitoring 
and input signal VU meter monitoring circuits. R29 
and ('17 (Ire provided to give a light rise in output 
at 15 kc to make up for losses in the input 
tr(lnslorm er, wiring, and meter sensitivity occurring 
at the extreme end of the spectrum. 

Bias And Erase Amplifier (Board J) (See figure 29.) 

Whenever the transport is put into the recording 
mode, a 120 kHz signal is generated within the 
transport and applied to all bias and erase amplifier 
boards at tcnnin<lls 14 and 15. Tl oper<ltes as a 

bridging transformer. It has two secondaries. One of 
these feeds the base of Q2 through resistor R4. This 
resistor is employed to permit insertion of a 
feedback signal from R26. Q2 amplifies the 120 kHz 
sign<ll and provides sufficient power to drive the 
push-pu1\ amplifier Q5 and Q6. C 13 and Cl4 tune 
the second<lry of T4, and Cl6 (lnd CI7 tune the 
primary of T5 in order to minimize harmonic 
distortion. Even order harmonics <Ire p<lrticularly 
objectionable, since they result in increased back
ground noise recorded into the tape. 

The ou tpu t of Q5 and Q6 is fed through T5 and C 18 
to R 19 and R24, the latter variable to control the 
amount of 120 kHz bias signal fed through terminal 
I to the record head. The audio sign<ll comes from 
the record amplifier (lnd is applied at termin<ll 22. It 
passes without loss through the tuned circuit L2, 
C19 , and C2l which is tuned to present a high 
impedance to 120 kHz, thus preventing feedback of 
bias power to the record amplifier. 

CR2 and CR3 each operate as half-wave rectifiers. If 
the ann of R23 is run to the end connected to CR2, 
then the upper end of R21 will have an aver<lge 
negative potential. Conversely, if the arm is run to 
the other end, then the upper end of R21 will have 
an average positive potential. R20 <llIows current set 
up by such potential to now through R 19 and R24 
to the record head, thereby making it possible to 
inject a very small but adjustable dc current into the 
he<ld , in addition to the audio and bias frequl'ncies, 
to allow minimization of noise resulting from strong 
external magnetic fields or even order harmonic 
distortion from the bias supply. 

These circuits <Ire activated by application or potell
ti ...li at terminal 12. In order to prevent a recorded 
thump when the record button is depressed, R27 
and C20 ,Irc provided to permit tile ell' bia~ on til e 
base of Q I to ri se slowly, and (' 15 i~ provided across 
R J7 for the same purpose on Q5 <llld Q6. Tile bias 
envclope. therefore, grows to operating level in a 
matter of about 10 milliseconds. Wilen the recording 
mode is deactivated, another thump or click i~ 

avoided by allowing reservoir capacitor C2 to permit 
the bi,ls w<lveform to decay to zero over a period of 
about 60 milliseconds. R I allows ('2 to ch;lfge at <J 

reaso ll(lble rate when the circuits (Ire activate d 
without causing a surge on the power supply. but 
CR I permits the cap(lcitor to be connected dircdly 
to the load during discharge. Ll <lnd Cl constitute a 
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filt er to stop bias frequ en( y ripple on the po we r bu s 
connected to term inal 12. 

The amount of driv e applied to Q5 and Q6 is 
controJ1 ed by feedba ck resistor R26 , which al so 
improves the waveform at th e output by cancelling 
out internally generated distortion products . 

Th e second winding o f T I feeds the 120 kHz signa l 
to an almost id entical circuit , except that the output 
transisto rs 03 and 04 have a higher power rating in 
ord er to suppl y the erase head with sufficient drive 
to completely erase a saturated tape. Th e feedback 
signal input at terminal 19 is no t connec ted in th e 
Series 500 recorders, all o wing a greater amount o r 
drive current to be deliv ered to th e erase head. Erase 
current is proportional to th e voltage develo ped 
across R29 and is monit ored by a tes t jack co n
nec ted to termin al 16. Erase current test jacks fo r 
each ch,mnel arc loca ted on th e signal electronics 
assembly front panel. The center t(l P secondary o f 
T3, which is connected to termi nal 20 , is not used in 
th e se ries 500 recorders. The reco rd bias current ca n 
be monitored at TP I becau se o f the voltage 
developed acro ss R22 . R2 2 is in series with the 
ground return lead from th e record head . R25 ) 
connec ted betwee n terminals 2 a nd 3 , is also 
inacti ve in thi s system. 

line Amplifier (Board 6) (See figure 30 .) 

This is a full-sycc trum fl at response amplifier which 
provid es su ftic ient g<J in and ou tpu t power to 
adeq uately 'i.'ri ve an outgo ing line a t up to a pea k 
level of +2 dBm (600 o hms). 

Q I emitter follow er, acce pting all input 
ee of 10,000 ohms o r lowe r a nd providing 

low i1 edance exc itati on for Q 2. Q2 drives Q3 and 
Q4 (eomplemcntary symm etry types) to result in 
push-pull exc itation of Q5 and Q6. A required stati c 
po tential differe nce bet wee n th e bases of Q3 <J nd Q4 
is es tablished by the con tact potential dro p across 
CR I, CR2, Clnd CR3 . 

CR4, R20 , and C12 ; CR5 , R19 , Clnd CII arc drift 
com pe nsa tion networ ks that stabili ze th e oper,lting 
po int s o t Q5 and Q6. The dc operating point lo r 
these two transistors is se t by R 13 , R 14, and R 15 ; 
and Q2, 03 , and Q4. A fee db Clck pa th through C 13, 
R2 1, Cl nd R22 assures minimum di stortion for all 
signal freq uen cies. The Oll tpu t signa I is coupl ed 

through C14, S I , and R24 to termin al 2 1. The signal 
at terminal 2 1 is routed to the primary o f a 600 
o hm lille matchjng transfo rm er. The o utput from 
the transformer is co nn ected to the output jac k for 
the respec tiv e channel and to the appro pri ate VU 
me ter on t he me ter pa ne I. 

S2, CR6 , and CR7 are used in th e A-B monitor 
se lec t circuits. Wh en S2 is opened , the respec ti ve 
chann el will no t respo nd to the A-B tr,l11sfer 
comm and when either the A or B pushbuttons on 
the transport o r remo te co ntro l bo x is pressed . The 
output transfer ca n onl y be accompli shed with S2 
open by press ing the respec tive A-B se lect switch on 
th e m eter pan el. With S2 closed , A-B trunsfer will 
take place in th e respec tive channel and all oth er 
channels in which S2 is closed wh enever th e A-B 
buttons on th e transport are operat ed . C' R6 and 
CR7 are isolating di odes, permitting all channels to 
ope rate from the A-B OUTPUT switches on th e 
transpo rt or remo te co ntrol box but preve nting th e 
transfer swit ches o n the meter pa nel fr0111 <Ic tiv,ding 
any channel(s) o th er than its own. 

R I , R 2, R3 , R4, and R25 (Ire not used in thc Sl'fie\ 
500 record ers. 

Nab Preamplifier (Board 7/9) (See figure 27 ) 

This plug-i n circuit board provides th c rL'LJu ired 
signal amplifica tion of th e pla ybac k Iw ad ::, ign,ti or 
the reco rd head signal, when th e 1,lIer is lI sed in till' 
SYNC mod e (ove rdub). In addition , th e circll it 
board per fo rms the necessa ry frequ cncy cqll ;il iz;l
tion and phase co rrection fo r two tape s peed .~ . 

Two input circuit s are prov id ed 011 thi s bOJrd . When 
thl' selected chann e l is opn;llt'd ill th e Il(lrill J I 
playback mode, th e illput sign;i1 is suppli ed frol11 ti lL' 
pla ybac k head to terminal 4. Whe n thc selec ted 
cha nnel is operated in the sy nc mod e. ter lllin al 4 i ~ 
connected to termin ul 16, th e output of transforl1lc r 
TI. The primary of TI is th en co nn ccted to the 
record head through tennin J ls 14 and 17. T he inp ut 
circuit is se lected through the (on Ll ch o f t ill' 
no rmal-syn c rel<J Y, ex ternJI to ci rL'uit ho;m t. 
Tl provid es additional signal galll "IHI 1111

ped ance matching to the preanlplii'i er wh ell 
th e record head is used as a pl ay bac k head . 
Thi s is required du e to til e red ucL'(1 vo lt ,lge 
output of the reco rd head when it is lI sL'd ;! ~ 

a playb ac k he ad . 
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From terminal 4, the signal is applied to the base of 
QI through C I and R2. The colkctor of QI is direct 
coupled to the base of Q2, providing a signal path 
and dc bias to the second amplifi er stage. The 
output of Q2 is direct coupled to the base of Q3. A 
feedback path is also provided from the collector of 
Q2, through one of two RC frequency equalization 
networks, to the emitter of Q I . Relay K I in the 
normal or deenergized condition (as shown for the 
primary speed tape operation) placesC7, R18, R19 , 
and R20 in the feedback path. When K I is ener
gized, C8, R21, R22, and R23 are placed in the 
feedback path, providing the proper frequency 
eq ua liza tion for the secondary speed tape opera tion. 
C7 (or C8) with R20 (Rn) controls the point wh erc 
the customary 6 dB per octave correction becomes 
no longer effectivc a t higher f req ue ncies. R 19 (or 
R22) controls the point at very low frequencies 
where the relation again no longer holds tru e, and 
the amplifier shelves off. The proper de operating 
point for Q I and Q2 is maintained by the bias 
established at the junction of R8 and R9 in the 
emitter circuit of Q2. This dc bias is applied through 
RS to the base of Q I, thus prov id ing a COll trolled 
amount of negative feedback to Q I in relation to 
the input signal level. C4 filters out any ac COI11
ponent present at Lhejunction of R8 and R9. 

03 operates as a phase distortion correction stage. 
Considerable rotution of phuse normally occurs in 
the overall process of recording and playing back 
tape , the situation being increasingly pronounced at 
shorter wdvel engths. In copying tapes , the elleLl is 
eOlllpounded. Q3 and its associated circuits provide 
all el'fective correction for such di stortion, 

A parapha~c signul output co ndition exi~ts between 
the emitter and coll ector of Q3; that is, equal 
amplitude with 180 degree ph<lse difference, C5, 
which couples the collector signal to the b,lse of Q4, 
presents a high impedance to the low frequencie s 
conuined in the recorded signal. R 13 (or R 13 in 
series with R 14 , depending lIpon the sta te of K~) 
leeels the emitter signal directly to the base of Q4, 

As a result of this action, the low frequency phase 
components present at the emitter of Q3 pre
dominate at the base of 04 and are 180 degrees out 
of phase with the same signal at the collector of Q3. 
Conversely, capacitor C5 presents a very low im
pedance to the higher signal frequencies, allowing 
them to pass reudily to the base of Q4, 

At intermediate frequencies, the vector sum of R 13 
(R 13 and R 14) causes the signal to be applied to the 
base of 04 at some intermediate phase angle 
between zero and 180 degrees, while the amplitude 
remains constant throughout the entire frequency 
range, 

The result of this frequeney /phuse shift uction 
cancels the inherent phase distortion of the signal 
cuused by the magnetic transfer c!1ur<lctcristics when 
the signal wus recorded on the tape, 

In fast tupe speed operuliol1, K I is deencrgized a~ 
shown, During slow tape speed operation , K I IS 

energized which removes R 14 from thc circuit. 

Emitter follower 04 provides the required signal 
isolution and impedance output rcquiremenh, From 
the emit ter of Q4, the signal is coupled through C6 
to the reproduce level control R 17, The output 
signal froIn the aml of R 17 is connected tLl terminal 
22; this signal is applied to the line dri\er <lmplifier 
througll the contacts of the 110rmal-sYI1l' relay anel 
the A-B select relay when the sckclL'd ch~ll1llel is 
openl ted i11 the norma I pi" Y b~ll' k mode. The 'oig n;Ii is 
,dso routl'd through R.16 to ten11in ,Ii 21 : this olltput 
is utilized to drive the line ;Jmplil'in wlll'n till' 
selected channel is opcriltl'd in the SY;--JC mOl\.:, 

05 is a series voltage rl'gul"tor whi l'l\ provides 
regul<lted power from the input bus tnlllin,iI 12 to 
the four transistor stuges in this ,ls'iel11bly, R.24 ;IIH\ 

R.25 establishes the proper oper"ting point for 05 . 
thus l'st,1blisi1ing u fi xed voltage drop "LTlh, ()5, C I 0 
provides filtering or <Illy power !'>upply riPI)k 011 till' 
regul<lted volLlge, C9 filters ;lny ripple :It till' ha,e 01 

()5. 
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M- J6 FUNCTIONAL DESCRIPTION 

USING THE '":60 17 E100 REMOTE BOX. 

1. 	 Push-button Controls 

a. 	 Stop Button: Provides a stop comme.nd to the transport logic. May 
be engaged at any time to inhibit l a pe motion. The stop button 
is illuminated whenever the tape is stopped (only if the tape 
is th readed) • 

b. 	 Play Button: Provides 0 corrnnand to the transport logic to enter 
the p lay mode. If the machine has been in forward or rewind, 
the m~chine will automatically he given a stop corrnnand. The play 
button will illuminate when the play mode is actually entered. 

c. 	 Record Button: Pr.ovides a record COTIUllanO to the transport logic 
\-,hen it and the "play" buttoll are dE:;pressed simultaneously. The 
record button illuminate~ when the transport logic has issued the 
record command. Note: The mach ine wi 11 not accept a record command 
while still in a stopping mode. 

d. 	 Forward Button: Provides a forward commano to the logic. It may 
be engaged at any time . Th8 forwarcl button illumi.nates whenever 
the machine is in the forwdrd mode . 

e. 	 Rewind Button : Provides a rewind command to the transport logic. 
It may be engaged ::it .:lIly time. Th.e yewind button illuminates 
whenever the mach i ne is in the r wind mode. 

r:. 	 Output "A" Button: Pr ovide s a comma nd to the signal electronics 
to present the in-coming line s of "bus s" at the out-put jacks ot 
the recorder. Illumination of the white indicator lamp above the 
corresponding meter indicates this mode. 

g . 	 Output "B" Button: Pro'iides a cOlTUl1and to the signal electronics to 
present the r e c o r ded signals at [he o~tput jacks. Illumination of 
the arnber indl.cator lamp ".bove thE': c o r r e s ponding meter indicates 
this mode. 

2. 	 Indicator L~mp s 

n. 	 Runnut Indicator.: Illuminate s whenever the tape is not threaded 
in the "isoloop". 

b, 	 Red-P,ecord Indif.ators: Illuminate with varying intensity to incicate 
that the corresponding track i.s pre-set or "ready " to record, when the 

http:comme.nd
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master record COlTnlland is issued. It illuminates with full intensity 
once the recording has started. 

c. 	 Green-Sync Indic a tors: Illuminate the full intensity to indicate that 
the record head is connected to the reproduce pre-amp for the over-dub 
function. Illumination with varying intensity indicates that the 
"sync" or over-dub mode will be entered with the record mode is entered. 

3. 	 Toggle Switches 

a. 	 Ready-Safe-Sync Switches: 

(1) 	 THE READY POSITION, programs the corresponding track to -cecord 
and transfer its alb re lay to "A" (the incoming buss). If the 
normal- c ue swi tch is in the cue posi tion, the sync mode is engaged 
until the record mode is entered. 

(2) 	 THE SAFE POSITION, inhibits record and sync functions in all 
transport modes. 

(3) 	 THE SYNC PO SITION, a c tiva tes the sync relay to allow overdubbing 
if the normal-cue swit ch is in t he cue position. If the normal-cue 
switch is in the normal po s ition, the s y n c relay is inhibited until 
the record mode is e ntereo. 

b. 	 Normal-Cue Switch: THE CUE PO SITION, activate s the cue relay Ylhich 
normally inhibits the sync command until the record mode is entered. 
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M-S6 SERIES 500 

PREVENTATIVE MAINTENANCE AND ALIGNMENT PROCEDURE 

A. Visual Inspection 

1. 	 Check for excessive or uneven wear of the 
components in the tape path. 

2. 	 Check for proper seating and connections 
of P.C. boards, relays, transistors, con
nectors and plugs. 

3. 	 Check cooling fans and air flow. 

4. 	 Check capstan speed in play mode. 

S. 	 Check all lamps and bulbs. 

B. Cleaning and Degaussing 

l. 	 Clean all tape path surfaces. 

2 . 	 Clean and degauss heads. 

NOTE: 	 Cleaning should be done using cotton swabs 
or lint free disposable wipers and isopropyl 
alcohol. Care should be taken to prevent ex
cessive cleaning agents from getting into 
bearing or on the plastic surfaces of the 
end of tape lamp lens or photo cell. 

C. Transport and Head Alignments 

1. 	 Correct tape speed in play mode, if necessary, 
by adjusting capstan belt tension (see Manual 
for detai Is) . 

2. 	 Adjust sensitivity of photo cell circuit for 
different types of leader tapes or to compensate 
for the aging of the photo cell. 

3. 	 Set capstan puck pressure (see Manual for details) . 
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C. 4. Align reproduce and record head azimuth. 

a. 	 Run alignment tape at 700Hz. Set 
all levels for OVU. 

b. 	 Through the control console mix all 
16 tracks to one output (decrease 
mixing amp level so total output 
level can be monitored on the console). 

c. 	 Adjust head azimuth for maximum output 
with the least amount of amplitude 
bounce at the higher frequencies on the 
alignment tape; fine adjustments made 
at 15KHz. 

d. 	 In sync mode repeat steps A through C 
above for the record head. 

D. Playback Level and EQ Alignment 

NOTE: 	 The following is for 206/207 tape to obtain 
the best average signal-to-noise and headroom 
improvements. 

1. 	 Run alignment tape at 700Hz and adj ust "Playback 
level Cal" for -2VU. 

2. 	 Repeat step 1 in sync mode and adjust "Sync Cal" 
for -2VU. 

3. 	 Adjust "High Frequency Playback Equalization" 
for -2VU at 10KHz. 

4. 	 Adjust "Low Frequency Playback Equalization" 
for -2VU at 50Kz. 

E. Record Level and Equalization Alignments 

1. 	 Using a new or bulk degaussed tape place recorder 
in Run/Record mode. 

2. 	 Insert a 1KHz tone at +4dbm - set record level for 
OVU. 

3. 	 Set "Bias Level" for \!db overbias at 1KHz. 

4. 	 Reset record level if necessary. 

5. 	 Tune oscillator for 10KHz and set "Record High 
Frequency Equalization" for OVU. 

6. 	 Return to 1KHz at +4dbm - place meter circuit in 
"A" or Record mode and set "Record Man Cal" to OVU. 
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F. Bias and Erase Circuit Alignment 

1. 	 Use AC-VTVM to monitor "Record Amp Test Point", 
place recorder in Run/Record made with no input 
signal. Tune the "Bias Trap" on the Bias and 
Erase card for minimum signal at the record amp 
test point. 

2. 	 Insert AV-VTVM into erase test point, tune erase 
coupling cap for maximum signal (approximately 
• 55 vo 1 ts AC). 

3. 	 Check degree of erasure. If necessay adjust R-3 
on Bias and Erase card for additional erase 
current. 

G. Noise Balance Adjustment 

1. 	 In Run/Record mode record 1000Hz at normal level 
(+4dbm) . 

2. 	 Monitor output with a harmonic wave analyzer 
tuned to the second harmonic - 2000Hz. 

3. 	 Adjust noise balance for minimum second harmonic. 

4. 	 If wave analyzer is not available, in Run/Record 
made with no input signal - tune noise balance 
for minimum "grotzel" noise when monitoring 
through a power amp and speaker system. 

H. Linearizer Adjustment 

NOTE: 	 As delivered, the recorder is adjusted for use 
with Scotch Brand low noise tape types 206/207 
If the recorder is, to use a different type of 
tape, the LINEARIZER ADJ control may require 
adjustment, as outlined below. 

1. 	 Place the LINEARIZER switch on No.4 board to 
the off position. 

2. 	 Apply 1KHz at +lOdbm to the INPUT. Connect a 
Wave Analyzer and VTVM to the reproduce OUTPUT. 

3. 	 Adjust the 1KHz oscillator input signal level 
for exactly 3 percent third harmonic distortion, 
as measured on the wave analyzer. 

4. 	 Place the LINEARIZER switch on the No.4 board 
to the ON position. Adjust the LINEARIZER ADJ 
potentiometer to obtain minimum distortion on 
the wave analyzer. The third harmonic distortion 
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H. 	 level should be less than 0.8 percent with 
the LINEARIZER switch ON and 3 percent with 
the LINEARIZER switch OFF. Leave the 
LINEARIZER switch ON after this adjustment 
is completed. 

NOTE: 	 The recorder may be operated with the 
linearizer distortion reduction circuit 
disabled if it is felt that this circuit 
is misaligned. This is accomplished by 
placing the LINEARIZER switch in the OFF 
position until proper alignment can be 
performed. Third harmonic distortion 
products will be more prevalent at the 
higher recording levels when operated 
under this condition. 

I. 	 Use of 1M Distortion Analyzer 

1. 	 Using an 1M Distortion Analyzer readjust bias 
for between 1/4 to ldb overbias to find minimum 
1M distortion point. 

2. 	 If bias has been readjusted for this alignment 
procedure recheck record HF equalization for 
OVU at 10KHz. 

3. 	 1M Distortion Analyzer can also be used to re
adjust your erase coupling capacitors for min
imum 1M distortion. This adjustment should be 
within +1/2 turn from that setting selected in 
step F-~. 
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SUGGESTED PREVENTATIVE MAINTENANCE SCHEDULE 

1. Daily or before each session: 

A. Perform steps: 

a. Visual inspection 
b. Cleaning and degaussing 

2. Weekly 

A. Perform steps: 

a. Visual inspection 
b. Cleaning and degaussing 
c. Transport and head adjustments 
d. Playback level and equalization alignment 
e. Record level and equalization alignment 

3. Monthly 

A. Perform steps: 

a. Visual inspection 
b. Cleaning and degaussing 
c. Transport and head adjustments 
d. Playback level and equalization alignment 
e. Record level and equalization alignment 
f. Bias and erase circuit alignment 

4. Quarterly 

A. Perform steps: 

a. Visual inspection 
b. Cleaning and degaussing 
c. Transport and head adjustments 
d. Playback level and equalization alignment 
e. Record level and equalization alignment 
f. Bias and erase circuit alignment 
g. Noise balance adjustment 
h. Linearizer adjustment 
i. 1M distortion adjustments 

m , 1'01 1'0' r c: n T II m, 11\1 I . 1 r fI JIl n ,..,., II . ' " r II ,.. ..... " .., •• ,.... ,... ................. ~ .. , . , 
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TROUBLESHOOTING TIPS 


The modular construction of the 3M Brand Series 500 Professional 
Audio Recorders provide not only a fast and easy method of repair 
but also an excellent method of troubleshooting. The signal 
electronics assembly is so arranged in modular form allowing in
dividual circuit boards of any channel to be replaced or exchanged 
with a similar board from a known good channel. When boards are 
interchanged, alignment of the channel(s) may be necessary to 
provide peak performance. 

Failure of the recorder to operate properly may be caused by a 
malfunction in the recorder,-or be external causes. Before trouble
shooting the recorder, verify that the power and signal connections 
are correct and that all of the operational controls are properly 
set. 

The best troubleshooting tool is a familiarity with the equipment 
and a thorough understanding of its theory of operation. 

The following paragraphs contain some general precautions which 
should be observed when performing maintenance on the recorder. 

1. 	 Do not strike the reversing idler. It is 

delicate and located in a vulnerable posi

tion at the front of the mechanism. If 

damaged, flutter will be excessively high. 


2. 	 Excerise great care in installing head 
mounting plates. They can be screwed into 
place with a head lead pinched between the 
mounting plate and the transport casting, 
thus breaking wire insulation or cutting a 
head lead. Be certain no leads will get in 
the way before installation. 

3. 	 Excerise great care in removing and replacing 
the mu metal cover over the playback head stack. 
The slot at the rear cover can slice head lead 
insulation, thereby grounding head leads or 
actually cutting through them. Be certain that 
this cover is fully seated so that the lower 
lip will not scrape on tape as it passes by. 
Otherwise tape edge may be cut and bad tracking 
over the heads may result. 

mIN N r ~ n TAm I I\l I ~ r. a P\1 n m t'I ~l / 1 ['" (I. r T I' (] , ~\ r. r n n"I n f\ \ 1 1\1 
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4. 	 Do not go from READY to SAFE when the 
recorder is operating in the RECORD mode. 
First stop the transport. This will pre
vent the possibility of a thump from being 
recorded on the tape and possible magneti 
zation of the record head. 

5. 	 Do not remove any of the electronics cards 
when the power is on. It requires only a 
few seconds to turn off the power, remove 
a card, restore power and be ready to operate. 
Otherwise, it is possible to magnetize a head 
or damage a meter. 



FIELD SERVICE 

Regular scheduled maintenJnce service is available 
from the Mincom Division servin: ol'fi\.'e on a 
contract basis, If immediate service i... rl'ljuird, it 
may be obtained 011 ,m emergency ba is, Every 
effort is made to furnish the necded repair as soon 
as possible, For a complete dc~cri ption of 3M '
maintenance servin' plalls and their l'OStS, contact 
the Mincom Division servicc offi ce. 

FACTORY REPAIR SERVICE 

If desired, the recorder o r major assL'lllblies, may bl' 
returned to the factory (tr~ln"portatioll prep~liJ) for 
repair, When recorder or asse mbly is rl't urll cd : 

I, 	 Indicate the symptom of de lecl. Statc ;IS 

cOlllpletely as possible. both on al1 ill stru
l11cnt tLlg and on th e order l'orl11 , tile 
nature of the problem encuuntcrcd , Too 
much int'ormation is far better th~ln too 
little. If the trou ble is intermittent. pkLlSI': 
be spccifil' in dl'suibing the 1I1:,tnll11ent ' ~ 

pcrfor ll1an u : hi stor) , 

2, Give special in~trllctions , If any changes ill 
the instrum ent or assembly have been 
made, and it is desired to retain the 
modified form, please indilate tllis 
specifically. 

3, To facilitate expeditious repair, your 
Contract or Purchase Order authorizing 
the work should be directed to Mincom 
Division 3M Co mpany 300 South 
L wis RO;ld Camarillo, California 
93010 " Attn : COlltracts Department. 

4, Pad sec urely and label. Proper pal' kaging 
saves money , The small amount of extra 
care and tlille it takes to cLishion a p;lrt or 
instnlmL'nt properly may prevcl1t costly 
ci;lmag vhik in trdl1sit Makl' \.T rtLlin that 
the addre s~ is hoth kgible Jnd comrktc : 
failure to do so oflL'n re"ult<; in neL,dk ...... 
dehlY Addr\.'ss all shi pment s <lllel corre' 
spondence to : 

MiIlL'o m Divil.,ioll 
3 M Company 
300 South Lewis Road 
Cllmrillo, Calil'ornia 93010 

Att n: R. L'l'L' ivil1g IllspCLtion 

5, Show rcrmll Jddrc,, :, o n ITp.1 ir l'l)ITl'
~potldLnl'L', Pkd~': l' Ic~lrl ) illdiL;lt\.' thc 
l'X<lct a<.lJI'l'\,~ thc \.' qllipml'llt ,1l<11,:t1 Ih' 
returned to <Ifkr rq1;lir i'i l'Olllpktcd, 
TL'rlll~ aI": Ill't 30 cldj'" f(J ,b .. ClnlJrlllu, 
Califol'llia, 

Tn ble 7, Troubleshooting Guide 

Symptom Calise Correctio ll 

TRAN SPORT 

I, Tr~lll " port stops wilcn 
leader PJs~es piloto cell V(,O , 

.., 
STOP button light s when_. 

tape is not t Ii readed, 

' j ape scmo r aJjt b tm l' nt R.73 
Ollt of adjustm ent. 

Lamp DS 8 bumt out. 

Adjustlll cnt R7.1 ill ~1l'L'orcbnL' L> \\ Itil I ,IPC 
Senso r Adjllstl11Cllt pri.lL'L'dllrl' 

Replal'c DS/'., 
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Table 7. Troubleshooting Guide (ConI.) 

Symptom 

II . Tape lifter hangs up. 

12 . Tape lifter difficult to 
override manually. 

13 . Tape lifter fails to lift 
tape from head s. 

14. Transport appears 

completely dead , 


15 , Alllalllps excessively 
bright and short lived, 

16, Fluttl!r and Wow 
exccs~ive , 

~ 

I, A-B monitor I<lmps <I re 
dilll or do not come on 
when POWER butt o n 01) 
t ra nsport is pressed , 

Cause Correction 

TRANSPORT (ConL) 

Misalignment or in need of 
lubrication. 

Plunger approaches full 
seated position too closely. 

Plunger operating too far 

from seated position. 


Blown fuse Fl. 

Intermittent operation of 

power switch S6. 


Cb6 charged to greater than 
30 volts but no 27 volt dc at 
collector of Q60 or at test 
point means Q60 is defective , 

Regulator Q60 and dssociatc 
circuit.QI. R14. R15. and 
CR50 not functioning. 

Numerous sources possible, 
Most likely are: a) In su tli 
cient Lapstan idler pressure 
either ingoing or o utgoing , 
b) Dcl'e ctive reversing 
idler. c) Capstan bell ten
sion in need of adju stment. 
d) Dirty tlywl1eel dnd motor 
pulky,~~~ 

ELECTRONICS 


Short circuit on 28 vdc bus 
in eicctrollic 1Il0duie 
3S~el1l bi y , 

Defectiv e 28 vdL' power 
su ppl y , 

Plunger must not drag too forcefully 
against core of solenoid, Body should be 
so positioned to avoid such side drag , and 
to provide best Lompromise of depth of 
travel to satisfy easy override yet adequate 
lifting power. 

Loosen two mounting screws. lubricate 
plunger and shift body (holes are oversize) 
to achieve above requirements, 

Replac e with 5 amps slow blow, 

Press a few tim es to observe if ligllt s (OIllt' 

on , 

Replace Q60 after checking load re ~is tance 
from collector to ground for short circuit 
del'ecl. Clear defect hefore again applying 
power , 

ReplaCe Q60. Catcher diode CR51 will 
also require rep lacement if condition 
persi~ted for 1110re than a t'cw sl'conds , 
Check re sistance of 27 volt load to Lx In
tain Q60 will not be overloadeLi , Tralbport 
may be operate d without CRSI until 
replaced , 

l.ol'Jlize lJUse of trouble u~illg llsl'illo 
~lope while rl'fl'rri ng to Transport Ali)!I) 
!nellt Procedures ill thi s ~e( ti oll, 

L- '______________________ 

RcmDte olle plug-In boa rd at a tl11)l' ~ll1d 
rl' - in~l'rl to determine it' fallit i' in l ~: rd, 
or module wiri ng , 

Troll bleshoot power supp ly using in st ruc
tion manua l suppli ed with ti1l' unit ~ I ~ a 
guide, 
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Table 7. Troubleshoot ing Guide (Con t. ) 

Symptom Cause Correc tio n 

ELECT RON ICS (Conl.) 

2. A-8 transfer causes 
clicks in ou tpu I. 

3. Loss of signal in 
record board 4. 

4. Noise or intermittent 
operation in any area of 
e lectronics module. 

5. High distortion. 

6. Poor noise figure. 

7. Wrong output level. 

Leak y capacito r C 15 in ou tp ut 
of fl:co rd mO llito r a mp lifk r 
on bo ard 4 or at outpUT ) f pre
amp lifie r .6 on hoard 7/9 . 
Also ca ll be le aky input capaci
tor o n line ampli l ier boa rd 6. 

[)efec tive fi eld ciT Cl t ran~i s l r 
02 . Easil y da lll agcu by st a t ic 
Llwrge fro m solderi ng ir n o r 
tool held in hand . 

Dirty co ntaLl -; a t base of can] 
lug. 

Insufficient b ias . 

r-,'\a gne ti lcd it l: ad, eithe r 
reL'(l rd o r rl' protlu ..:e h":J u . 

No i~l' bJlanu: control rnis
adju ste L 

Noisy 0 I or 02 on preampli
f ie r b " rd 7/9 

He"d cab le.., ladl) m u te d, 
nt'"r hum r ie l d ~ . 

De feL't l e pla ybac k head re
Cltmi ng l ' c l' ~s i e ga in. 

L I(:k or ~ u()d . ystem ' [nunu 
can produ ce hum or bu zz ing. 
Third \ ire in powe r I' d not 
alw,!),s erk ct ive a~ good 
groullu. 

Impro per L: ll o ice o r line im
ped ancc or tn l11 inat io n . 

Lxc i1angt' boards 4 ,6. ,wd 7/9 one at a 
t ime fro m kn own good channel to d e Il~r

lTI i n ~ defect ive board. Troubleshoot defec
t ive boa rd looking at capac ito rs mentioned 
<1" being most pO~ ' ibl e cause of trouble . 

R ' place Q2 . Be vay careful to avoid 
s ta tic c!J ap es. (;round soldering iron to 
gro und hu :, on board. 

RL: muvL: and re itlser t board. I I e ink 
era ser to cka n contact "' lI rf<l \ T ~ . 

A. djust n:cord bias as pres( 'ribl'd under 
Sivnal Li e Iro nies Ali n nlL' l1t. 

AJjU'i t fO I minimum noi se a rrer Lk g"lI ~'i 
illg a li hC<lcis . 

Sub..,titute another preampl irier board to 
l' Olllr:lft.~ n o i , ~> anc! r~ p lal'l' trall, i, to r ... 

Rerou te for m in im um n()i~l' . Kee p away 
Ir o lll ~)o w ' r co rd T hi, G ill be vny 
im p r tanl. 

I r) h rc ~l h. i n l ~lp C if he ,l cl ;Ir'pear'i to be 
:'I1lll.'J rcu II er by o xi de l1l ~tt l'fi ,,1. RL'p l:llT 
he ad if lCl t ' . s:J ry . 

COll l1 l'Ct l' a ~ ll'd fralll l' o f tr;JIl 'ipo rt to good 
e,l rth gro unu . 

Ched . -1 L ;" !I ~ATIO ' ,lA;itlh position o f 
t he Lha ll l1el .n qlle'itton. Cl ll tPllt trdl1 S
lornl l' r Im p ' d : lllCl' ma y bl' d1:Jng,' LI I'rom 
IHXll ia l (lOn ohlll output to 150 ohms by 
Illu ving lead from tl'fmitl:il (, to krl1lilLil 
4. 
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A NEW TAPE TRANSPORT DESIGN 

Design Considerations 

In approaching the design of a new tape transport, a decision had to 
be made at the outset whether to use the more conventional open-loop or 
one of the more exotic closed-loop geometries. 

The decision was made that the JH-10 transport would stick to proven 
open-loop design, but with refinements directly attacking certain commonly 
acknowledged deficiencies of the standard configuration. 

The open-loop arrangement Is basically characterized by these advantages: 

1. 	 Simple tape path
2. 	 Ample room for heads, shielding, and cabling 
3. 	 Easy access for head cleaning, editing, etc. 
4. 	 Simple direct tension adjustment 
5. 	 Tape path stability 

The configuration Is also characterized by these disadvantages: 

1. 	 Variation In hold back tension of 2.4:1 on a NAB reel 
2. 	 Requirement for a "flutter filter" 
3. 	 Use of tape tenSioning arms 

These three disadvantages can be largely offset by direct attack. 

Before discussing the corrections applied In these areas, a word about 
control logic. 

Control Logic 

Two factors argue In favor of substantial logic In a modern transport. 
First, the studiO trend toward remote control operation. Second, the ease 
with which compact, modern components allow needed logic to be Included. 
Therefore a complete, foolproof, motion sensing, Interlocked logic system 
of the diode-relay type has been Included. See Figure 1. It has last-button 
precedence and second command memory. Also, guarding Is present against 
spills Induced by speed changing and short "flicker" power fallures--a 
real danger to machines with heavy emphasis on dynamic braking. Dynamic 
braking Is complemented by a short pulSing of the mechanical brakes for 
positive transient control. 

Ta.lng the Flutter Filter 

The "flutter filter" has traditionally been a problem In fast motion. 
It makes the machine sluggish and often Its residual motion Is a nulssance. 
This problem has been solved by the mechanism pictured In Figure 2. The 
device Is a combination clutch and flywheel brake. It activates In fast 
motion and during braking following play. When activated the flywheel Is 
lifted away from the clutch plate and braked. 
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Tension-Always a Problem 

Tension variation with tape pack has always been a problem with th~ 
standard design. It causes: speed variations which complj r - ~ ~ .ing,aLu excessive head wear, 	and wow and flutter variation.<..:> 

~ 
As tape width has grown from t" to 1" and 2", new considerations arise.<:::[ 

-...I The cost of the heads becomes a substantial fraction of transport cost, thus 
~ lu increasing concern over wear. The difficulty of maintaining good tape path 

throughout a full reel of tape is enormously magnified. Thus the arguments
Lu ~ favoring constant tensioning circuitry make much sense today. Availability 
~ Lu of modern silicon components makes the alternative all the more attractive.~ I 

-...I 'G: However the classic arrangements usually employed for constant tension 
lL. -I are not a panacea either. The closed-loop servo type of system has the 
! Q. following traits: 

lu 

:>

1. Requires mechanical sensing arms-...I 6 
2. Uses DC brush motorsa I 
3. Can be plagued by hunting~ ::::l 

-J -Q 
The mechanical sensor arms pose rigidity and perpendicularity problemsI..JlI) 

j 	 which affect tape path and Can offset much of the advantage of uniform tension. 

Dynamic Torque Control 

The system described herein avoids these problems by using phantom 
sensing to provide open-loop programing of tension. When the capstan in 
metering tape at constant linear velOCity, the angular velocity of each 
reeling motor Is inversly proportional to its instantaneous tape pack radius. 

N 

Angular velOCity information is acquired from each reeling motor by 
~ a 60 a perture strobe affixed to the motor rear shaft. A printed board 
::> 
t? 	 assembly (see figure 3) mounts the four reed switches per motor used in the 
H .... 	 logic circuit and the photo-transistor strobe-reader. The photo.transistor 

pulses are current amplified on the board and passed on to the input of the 
dynamiC torque control card; see figures 4 and 5. 

Here, digital to analog conversion is accomplished resulting in a 
negative DC voltage approximately proportional to reeling velocity. This 
DC signal is used in totality for 15 IPS and divided by two for 30 IPS sO 
that the tension will be the same for 15 or 30 IPS. The DC signal now 
passes through the empty reel tension control and on to the gate of an 
N channel fET. Full reel tension control is achieved by source-biasing 
the FET. The amplified DC at the FET drain is mixed with about \ volt of 
60 Hz AC. The mixed signal is applied to the base of a Darlington connected 
emitter follower. The emitter load is a Wheatstone bridge consisting of 
two resistors and two filiament lamps. At a certain DC current in the emitter 
follower, the bulb resistance will be such that the bridge will be balanced 
and no differential output will exist. Thus the output from the differential 
op-am~ will be zero. On either side of this balance point the op-amp will 
put out a Signal whose phase (00 or 1800 ) will depend on the DC level at 
the emitter follower base. 
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This AC output of the op-amp is amplified by a complementary-symmetry 
emitter follower power amplifier and applied thro~gh the logic board to 
one end of the torque motor windings. In Play, the logic circuit connects 
the other end of the torque motor windings to a fixed 50 volt AC source. 
This method results in minimum dissapation and complexity in the amplifiers 
because only the correction power is developed electrnically and not the 
total torque motor power of about 70W per motor • 

Play tension adjustments require only a screw driver and spring-scale 
and are conveniently made from the front of the deck. Strobe count values 
just slightly inside of the extremes produced at empty and full reel 
situations are Simulated by a test switch which Injects these signals 
directly Into both torque-control boards. After setting the empty and 
full reel potentiometers, the tensions will remain with 5% at any tape pack 
radius. The benefits in the area of speed regulation are sustantial. The 
total pitch. variation in a recorded l5KC tone from full to empty supply 
reel Is le~ than 10 Hz. This is 0.U77.. Also tape path and wow and flutter 
don't substantially change during a whole tape reel. 

During threading the 50 volt AC is not applied to the torque motors • 
The motors are driven only by the amplifiers. In this mode the sensor and 
amplifier chain function as a closed-loop velocity servo to provide a 
reeling "Idle" of about one revolution per second. The Idle limit diodes 
limit ldle torque to prevent spooling onCe tape is threaded and prevent 
"back-slope" runaway. By proper selection of the arrangements for the FET 
voltage supply, the tensions in Play and Idle modes can be made immune to 
line voltage fluctuations over the rather wide range of 105 to 135 volts. 
This is effected by the modulator reducing its drive as supply voltages 
increase. 

The dynamic torque system provides runout braking also. The strobe
output signal is digitally divided and rectified to bias on a transistor 
amplifier chain whenever a perSistent velocity exists (even a very slow 
one). This chain is connected by the logic circuit to the emitter follower 
power amplifier and applies 30V DC to the motor run Winding. This results 
in smooth ~ositive electronic runout braking with no transistor dissipation 
once velocity is arrested. 

Electronic Fast Start 

Elimination of tape-tensioning arms and use of only rigid roller guides 
is possible because of three factors: dynamic braking, the mild Idle torque 
present for keeping tape taut during Stop (after the short mechanical brake 
pulse is complete), and the electronic "fast-start-slewing" circuit. 
Referring to Figure b, a pair of high-voltage transistors bypass the fast
start resistor which is across pins 7 and 8 or the card which is partially 
shown. When Play commences, the fast-start relay transfers the take-up 
motor to this circuit operated from the 117 volt AC line. The timer 
transistor Q2 allows the lamps of the eptic-link isolators to decay over 
about a three second period. The photo-cell goes to high resistance 
removing base current from Q3 and 04, smoothly. This phases out the by
passing effect of Q3 and Q4 on the fast-start resistor. The voltage on 
the takeup motor will have thus decayed to the point where the fast-start 
relay can transfer the take-up motor back to the Dynamic Torqu~Control 
Circuit without inducing a tape tranSient. 
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Alldio Engineering Society Tape Recording Seminar Oct. 6, 1971 

To he aS8uren of O[lti:1UITI perforrqance of motors rmd trans~orts, 
we firnly recomillend collaboration betw~en the Engineer designing 
the ta!:1e transport and the ITlotor manllf acturer. The motor can be 
de s j gned in the least llnCOl1.1!:1romi. sing lTlanner regarding ~Jerf or:nance, if 
the motor Engineer has a transrort available to him. 'r7e llrge the 
an~roach narticularly with regard to capstan motors. 

Properly sp2cifying A.C. motors to drive tape transports is easier 
having facts and handy formulae available. 

Hithin the magnetic saturation limit the locked rotor torque of 
a motor varies as 

~ 
~ 

= Ttx T 
\ E } 

E= Orj~jnal Design Voltae;e T = Torque At Original Desi~n Volts 
Ef Altered Voltage Level T, = Resul tan t Torque On Al tered Voltage 

A~rlying a torque [,wtor of ].~nmm characteristics to a transport 1 

tape tension can be varied to the desired level and the motor 
torque i n mediately determined. 

Is the motor safe to operate continllously at the torque and 
tension desired? 

The temperat1lre rise lS determined by the change in ~vinding..resistance. 

RH ( 234.5 + T ) -(23 LI.5 + T,) = De~ Centigrade 
RC 

RH = Resistance after o!:1eratinr: at least p .; hrs 

RC = Resistance stablized at ambient temflerature 

T = Ambient at Hhlch RC was taken 1 in Deg Centigrade 

rr\ 

.1., = l\mbient at ~" hich RH was tal~en, In Deg Centigrade 
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Reluctance synchronous motors are not practical in multispeed 
designs. The rotor is very similar to a rotor for an asynchronous 
machin~, except that reluctance baths have either bcen [lunched 
in as a lrunination or machined i~ on the assembled rotor core~' 

Synchronous motors of the hysteresis type nre not effected by 
the rotor & stator slot combination because the rotor has no 
slots. Multipseed motors . are practical. 

In selecting a hysteresis motor usually reference is made to 
one drivin~ a similar transport, for a starting point. 

The motors must have sufficient torque to: 

1. 	Override any torque perturbations in the transport. 

2. 	Prevent any fly 1;.,rheel from oscillating or hunting due 

to loan or line voltage transients. 


The minimum torque that CElTI be used to provide the pCrfOrl.1Fl.nCe 
in transport is the ideal approach. VTh.en one is concerned 
with maintaining accurately n series of concentric parts as 
a motor is, any distortion due to temperature is fatal. Capstan 
diameters for a direct drive @ 3 3/4 1.P.S. should be held to 
.0001" run out and .0002"in tolerance. Hir;-h temperature 
operation could cause the run out to change far beyond 
specifications. A typical direct drive capstan motor Hill 
have a temperature rise of approximately one degree centigrade 
per watt @ 3 3/4 1.P.S. }~intaining ~ low operating temperature 
assures long life of the bearings and insulation. Tests ~how 
13,200 hrs at an averaze of 10 lb rAdial load ~vithout periodic 
lubrication. Even at 2 times the normal capstan puck pressure. 

The synchronolls torque of a Hell desi~ned hysteresis motor 
will vary as the s~,are of the input voltage chan~e. This 
is, true of sin;31e speed motors, but not of multispeed motors 
because -the relative magneti.c saturation of. one rotor energized 
by tvlO or three pole grouping for tHO or three speeds is 
completely different. In practice the rotor is designed so 
that the minimum cross section of cobalt is used to achieve 
the desired torque resulting in minimum ,input pmver. 
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NORTRONICS 


magnetic recording

reference list 

As a service to its customers, Nortronics presents 
a list of publications and books dealing with the 
theory and practice of magnetic recording. The 
complete technical library should be stocked with 
all or most of the following titles. 

RECORDING THEORY AND PRACTICE 
(SEMITECHN ICAL) 

ABC'S OF TAPE RECORDING. Crowhurst. 96 pp. Non
technical. (Howard Sams Publication No. 20395) $1.50 

TAPE RECORDING FOR THE HOBBYIST. Zuckerman. 
160 pp. 1968 (Howard Sams Publication No. 20593) $3.95 

TAPE RECORDERS - HOW THEY WORK. Westcott & 
Dubbe. 234 pp. 1964. Excellent general-purpose semi
technical reference for audio recorders. Goes into motors, 
heads, circuits , equalization, etc. (Howard Sams 
Publication No. 20290) $2.50 

PRACTICAL GUIDE TO TAPE RECORDERS. Audell's. 
277 pp. 1965 (Howard Sams Publication No. 60127) $4.95 

RECORDING THEORY AND PRACTICE 
(TECHNICAL - GENERAL) 

MAGNETIC RECORDING TECHNIOUES. Stewart. 
270 pp. 1958. Basic reference and text . (McGraw-Hi//) 

MAGNETIC TAPE RECORDING. Spratt. 369 pp. 1964. 
Basic reference and text . (Temple Press Books Ltd., 
London, England) 

PHYSICS OF MAGNETIC RECORDING, VOL. II. C.D. 
Mee. 270 pp. 1964. Fundamental theory and concepts, 
much on magnetic tape. (John Wiley & Sons) 

MAGNETIC TAPE RECORDING. Athey. 326 pp. 1966. 
Mostly on instrumentation recording, with many photos 
and descriptions of special ized recorders for space probes, 
etc. (NASA No. SP-5038, National Aeronautics and 
Space Administration, Washington, D.C.) Order from: 
U.S. Government Printing Office, Washington, D.C. 
20402. $1.25 

MAGNETIC RECORDING IN SCIENCE AND IN
DUSTRY. Pear. 450 pp. 1967. Principles, recording 
media, transports, accessories, analog, digital, drums, 
discs and control applications. (Reinhold Publishing 
Corporation, New York) $19 .50 

DIGITAL MAGNETIC RECORDING. Albert Hoaglund. 
154 pp. 1963. Theory of magnetic recording as applied to 
the digital field; media, mass storage, heads, writing, 
reading, etc. With mathematical treatment. (John Wiley) 

MAGNETIC TAPE INSTRUMENTATION. Gomer Davis. 
263 pp. 1961. Instrumentation and digital recording. 
Basic reference. (McGraw-Hi//) 

MAGNETIC RECORDING HANDBOOK. Howard and 
Ferguson. 50 pp. 1966. Application notes on FM record
ing. (A.N. 89, Hewlett Packard, Mountain View, 
California 94040) 

MAGNETIC RECORDING THEORY FOR INSTRU
MENTATION. Lowman and Angerbauer. 112 pp. 1963. 
Application Notes and Theory on analog and digital 
recording. Used as basis of a course on instrumentation 
recording theory. (Ampex Corporation Training 
Department, Redwood City, California 94063) 

CIRCUITRY FOR 

MAGNETIC RECORDING 


TRANSISTOR AUDIO AMPLIFIERS. Dwight Jones and 
Richard Shea. 267 pp . 1968. Basic theory of transistors 
and F ET's, amplifiers, equalization and feedback, plus 
practical operating circuits. Includes an excellent section 
on tape recording amplifiers and functional circuits on 
stereo recording and playback amplifiers. (John Wiley & 
Sons) 

ELEMENTS OF TAPE RECORDER CIRCUITS. Herman 
Burstein. 223 pp. 1966. (Gernsback Library) 

HANDBOOK OF TRANSISTOR CIRCUITS. Alan Lytel. 
200 circuits on counters, timers, flip-flops, amplifiers, 
oscillators, etc. (Howard Sams Publication No. 20399) 
$5.50 

INDUSTRIAL TRANSISTOR CIRCUITS. 111 pp. 1968. 
(Howard Sams Publication No. 20245) $2 .75 

VIDEO 
RECORDING 

VIDEO RECORDI NG. Julian Bernstein. 268 pp. 1960. 
Semi-technical basic reference. (John F. Rider Public
ations) 

TELEVISION TAPE RECORDING FUNDAMENTALS. 
Harold Ennes. 256 pp. (Howard Sams Publication No. 
20065) $5.95 

SERVICING AND REPAIR 

OF RECORDERS 


TAPE RECORDER SERVICE MANUAL AND 
TROUBLESHOOTING WORKBOOK. Robert Marshall. 
128 pp. 1962. (Chilton Company, Philadelphia) 

"TR" TAPE RECORDER SERIES MANUALS. Over 50 
service manuals (TR -1, TR-2, etc.) issued on a continuing 
basis, from 1958 to present, covering U.S. and foreign 
reel-to·reel, Cartridge and Cassette record/playback (not 
play-only) machines. Each volume has complete index by 
models of all recorders covered previously. (Howard W 
Sams & Company, Indianapolis, Indiana) $4.95 each 



SERVICING AND REPAIR 
OF RECOROERS 

"HTP" SERIES, HOME TAPE PLAYER SERVICE 
MANUALS. (HTP-1, HTP-2, etc.) This manual series 
covers machines which play pre-recorded tape cartridges, 
but which do not make recordings. Included are those 
using the er1dless-loop 8-Track Stereo ("Stereo-8") and 
4-track stereo cartridges, plus the CASSETTE type 
reel -to-ree: cartridge players. Home players only are 
covered - see Auto Radio series below for automobile 
tape players. (Howard W Sams) $4 .95 each 

"AR" SERIES, AUTO RADIO AND TAPE PLAYER 
SERVICE MANUALS. (AR-l, AR-2, etc.) Covers Cart
ridge and Cassette type auto tape players along with 
radios. Each manual has complete index by model. 
(Howard W Sams) $4.95 each 

NORTRONICS TAPE HEAD REPLACEMENT AND 
CONVERSION GUIDE. 6TH EDITION. Full listing of 
thousands of U.S. and foreign tape recorders by model 
numbers, with recommended NORTRONICS replace
ment or conversion heads. Also cross-indexed by original 
head part number, showing equivalent NORTRONICS 
head model. (NORTRONICS COMPANY, INC., 8101 
10th Avenue North, Minneapolis, Minnesota 55427) 
$5.00 for Complete Guide. Free for Condensed Guide. 

STANDARDS 
MAGNETIC RECORDING 

NAB REEL·TO·REEL MAGNETIC TAPE RECORDING 
AND REPRODUCING STANDARD. 30 pp. 1965. 
(National Association of Broadcasters, 1771 N-Street 
N.W, Washington, D_C. 20006) 

NAB CARTRIDGE TAPE RECORDING AND REPRO
DUCING STANDARD. 27 pp. 1964. Two and three· 
channels on l/4-inch tape cartridges for radio station 
applications. (Above address) 

RIAA STANDARDS FOR MAGNETIC TAPE 
RECORDS, E-S. 4 pp. 1969. Covers primarily home 
entertainment 1 /4-i nch pre-recorded tapes; reel -to-reel 
and endless·loop cartridges. Two, four, and eight-track 
dimensional information is presented. (Record Industry 
Association of America, Inc., One East 57th Street, New 
York , New York 10022) 

IRIG TELEMETRY STANDARDS NO. 106-66. March, 
1966. (Defense Documentation Center for Scientific and 
Technical Information, Cameron Station, Alexandria, 
Virginia 22314) 

"DIN" GERMAN INDUSTRIAL STANDARDS (Deuche 
Industrie Normen). Complete series of European stand
ards on tape, heads, system performance, etc. In 'German, 
with many items available in English Translation. Write 
to: USASI, 10 East 40th Street, New York, New York 
10016 for listing and prices. 

LIST OF PUBLISHED STANDARDS RELATING TO 
MAGNETIC SOUND RECORDING. March, 1966. Fairly 
complete I isting which includes S.M.P.T .E. standards on 
8 mm., 16 mm. and 35 mm . magnetic sound stripe, plus 
various foreign and U.S . Government standards. (J.G. 
McKnight, AMPEX CORPORA TlON, P. O. 1166, Los 
Gatos, California 95030) 

1. TEST TAPE APPLICATIONS. 2. LEVEL AND 
FREQUENCY RESPONSE STANDARDIZATION IN 
MAGNETIC SOUND RECORDING. Morrison and 
McKnight, 1967. Two pamphlets with articles reprinted 
from the Journal of the Audio Engineering Society. 
(Ampex Corporation, P.O. 1166, Los Gatos, California 
95030) 

(Electronic Industries Association, 2001 Eye Street N.W., 
Washington, D.C. 20006) Minimum $1.00 per order : 

RS-288 AUDIO MAGNETIC PLAYBACK CHARAC
TERISTICS AT 7-1/2 IPS. 1963. $0.50 

RS- CP-II . (EIA Co-Planar Type II.) CASSETTE 
TAPE CARTRIDGE STANDARDS. Under consideration; 
to be issued in 1970. 

RS-264 MAGNETIC RECORDING TAPE CARTRIDGE 
DIMENSIONS. (Endless-loop type). 1962. $0.50 

RS-224 MAGNETIC RECORDING TAPES. 1959. $0.60 

RS-332 DIMENSIONAL STANDARDS - ENDLESS 
LOOP MAGNETIC TAPE CARTRIDGES, TYPES EL-1, 
E L-2, and E L-3. 1967. $1 .60 

RS-342 MAGNETIC TAPE, ELECTRICAL RESIST
ANCE COATING, RECOMMENDED TEST METHOD 
OF. 1967. $1.40 

RS-346 TYPE A REELS AND HUBS FOR MAGNETIC 
TAPE. 1968. $0.80 

RS-347 1/2 INCH TYPE B PLASTIC REEL. 1968. 
$0 .80 

RS- EIA OPEN REEL REPRODUCER TEST TAPE. 
(From S.P. 1030) For 7.5 and 3.75 ips tape speeds, 
includes reference level, azimuth and frequency response 
measurement sections. To be issued in 1970. 

RS-338 STANDARD FOR UNRECORDED MAGNETIC 
TAPE FOR REEL-TO-REEL INSTRUMENTATION. 
1967. $0.50 

RS-362 TE NSI LE PROPERTIES OF MAGNETIC 
TAPE - TESTS. June, 1969 

COM PAN Y. INC. 

8107 Tenth Avenue North Minneapolis, Minnesota 55427 

Phone : (612) 545-0401 

THIS FORM SUPERSEDES ALL PREVIOUSLY PRINTED No. 7288 FORMS PRINTED IN USA FORM NO. 7288 D 
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DESIGN CONSIDERATIONS TO INSURE 

INTERCHANGEABILITY OF RECORDING TAPE 


As the variety of magnetic recording tapes increases, questions are being asked about tape similarities and differences. 
What are the basic differences between the popular types of tape? Is it possible to interchange the different types of 
tape without sacrificing performance? How can I achieve maximum performance from my recording system using 
a specific tape? 

Because of the large variety of professional and home recording syst ems, each of them built to individual manufac
turing specifications with different settings and adiustments, it would be impossible to list all the specific differences 
for each system . Quality magnetic recording tape is manufactured to established spec ifications and its performance 
is predictable and easily measured. Reviewing some of t he individual properties and characteristics of recording 
tape will show us what the tape is capable of reproducing with specific inputs. Observing some of the similarities 
and differences in performance will show some of the requirements for optimization of the recording system to take 
advantage of the individual characteristics of each tape. 

For convenience this paper will cover the three most 
popular types of magnetic recording tape. 

\Ve will consider "standard" recording tape as a refer
ence 
other tapes. 

and will use it as a basis of comparison for the 

Classification 
Example of 

Commercial Number 

Standard 
Extra-play 
Low Noise 

#111 , 102 
# 150, 190 & 200 

#201,202, 203 

TAPE PROPERTIES 

Magnetic recording tape receives and retains magnetic 
signals from the recorder head. The thin layer of ferric 
oxide, coated on a polyester or acetate backing is the 
substance that reacts to magnetic signals. The magnetic 
properties of an oxide coating are the basic factors which 
determine the differences between tapes. Certainly, the 
thickness of the oxide coating, the application and purity 
of the oxide, particle size and orientation, and the type 

and thickness of the backing are all variables , but for 
this discussion we will be concerned with the magnetic 
properbes. Future SOUND TALK Papers \\;ill explore 
the types of backing and the physical parameters of tape 
more completely as separate subjects. 

The parameters which identify the fundamental mag
netic differences between tapes are the intrinsic magnetic 
properties of Coercivity, Retentivity , and Remanence. 
The intrinsic magnetic properties are the measurements 
of magnetic flux interaction with the tape's coating; and 
the coatings ability to receive and retain the magnetic 
signal. 

COERCIVITY 

As a strict definition, coercivity is a measure of the mag
netic flux intensity required to return a magnetic mate
rial from saturation back to zero. Practically speaking, 
it represents the flux intensity or magnetic field strength 
required to record a magnetic signal onto the tape. A 
high coercivity tape requires a greater flux intensity (a 
higher signal and bias level from the recorder head) to 
record on the tape. An example is low noise tape which 



has a coercivity measurement of 315 oerstcds (a unit of 
measure of magnetic field strength). In comparison, 
standard tape has a coercivity measurement of 270 
oersteds which indicates a lower flux density is required 
to record on this tape. The extra-play tape has an even 
lower coercivity of 260 oersteds which shows that this 
tape will respond to an even lower flux density levcl. 
The coercivity of a tape is a function of the basic oxide 
particles used to form the dispersion that will ultimately 
become the coating. Coercivity, therefore, is a measure 
of the magnetic field strength required to establish mag
netism in the coating. 

RETENTIVITY 

Now that we have magnetized a section of tape with a 
signal from the recorder head, the next tape parameter 
is concerned with how much of the signal, in terms of 
magnetic strcngth, is retained in the tape coating the 
instant it leaves the influcncing field of the recorder 
head. This is known as Retentivity; which is the measure
ment of the number of flux lines (or gauss) per square 
centimeter of the coating crOSS section (width of tape 
and the coating thickness). 

Although some tapes respond to a magnetizing signal 
output more readily than others , they all will retain the 
resultant magnetic impulse indefinitely. Retentivity is 
primarily a magnetic property of the coating dispersion 
(particle size, density, and composition) without refer
ence to the tape size, and it varies with the particular 
coatings used for recording tapes. A typical retentivity 
measurement for standard tape is 920 gauss (a unit 
measure of magnetic induction or quantity value of mag
netic flux). The dispersion used for a low noise tape has 
a retentivity of 790 gauss which is lower than standard 
tape. The extra-play tape has an extremely high reten
tivity of ll20 gauss. Each dispersion used in the manu
facture of the three basic tapes has a different value of 
retentivity. This value however, defines one of the 
properties of the dispersion before being coated onto a 
backing. A more meaningful measurement to th e user 
would take into account the result of applying the dis
persion in a given thickness to a particular width of 
backing. Since the majority of recorders use a li" wide 
tape, the industry developed a parameter with thc W' 
as a constant. This is known as remanence. Since the tape 
width is a constant , the two immediate variables are 
coating thickness and dispersion type. 

REMANENCE 

Remanence is the achlal magnetic signal retention as 
applied to a specific tape cross section. For our purposes, 
we will regard remanence as the induced magnetic flux 
remaining in a l:''' wide tape after a 10ngitlIdinally ap
plied field is reduced in intensity from 1000 oersteds 
to zero. This is explaincd simply by saying that a J.;" wide 

tape will have retain ed the recorded magnelic signal and 
will exhibit a magnetic field of its own . nw remanence 
propcrty therefore, is what the playback hcad is mag
netically eXJ1"<:ed to 

As previom' \ , 1' 0" " the retentivity of th (· three basic 
oxide dispersiolls are all quite different. From this, one 
might expect different results in terms of playback. But, 
by carefully controlling the application of the coating, 
thc remanence value can b e l'~t<1blishcc1 at a desired 
point. To assure proper interchangeability of the three 
tape types, the coating variables are structured so that 
the remanence value is the samc for all three tapes. 
EACH OF THE THREE TAPES IrAVE A REMA
NENCE MEASUREMENT OF 0.64 FLUX LINES PER 
).~ Il'\CH WHICH ASSURES A MAGNETIC COM
PATIBILITY AND PLAYBACK INTERCHAl'\CE
ABILITY BETWEEN ALL OF THE THREE TAPES. 
\Vhilc the control of the remanence value allows the 
tapes to be interchanged, the differences in coercivity 
and oxide retentivity require slightly different magnetic 
signal input levels during recording to fully exploit the 
abilities of the different tapes. Some of the differences 
that the tapes exhibit and the corresponding machine 
adjustments for maximum perfonnance will be shown 
in the following paragraphs. 

TAPE CHARACTERISTICS 

The differenccs in the magnetic properti es are reflected 
in the particular characteristics which each tape exhibits. 
Assuming a tape speed of 7 .5 ips, some of the charac
teristic differences can be easily shown in the frequency 
response curve for each tape (Figure 1). These curves 
were generated on a good quality profcssional machine 
and show the difference in both the low and the high fre
quen cy response. To establish these response curv es, the 
recorder was adjusted for maximum performance using 
the standard type of tape. The record level , bias, and 
record equalization were set to achieve the best response 
possible from this machine with standard tape. The indi
vidual magnetic properties of each different tape became 
apparent in the differing output and response when each 
is nm without readjusting the machine. 

RESPONSE 

The ideal response curve would assume a straight line 
from the low to the high frequencies, but is limited by 
the recorder electronics. I'\ote that the standard tape 
(which had the optimum settings ) is nearly level until 
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FIGURE 1. FREQUENCY RESPONSE - TAPE AND RECORDER 



the high frequency roll off. The extra-play tape, with 
slightly lower coercivity, shows a slight increase in high 
frequency response but has a sharper roll off. The high 
coercivity, low noise tape shows a slight decrease in 
sensitivity at low frequencies but has a prominent in
crease at the high frequencies with less roll off. Figure 1 
shows only a comparison of typical response for the three 
tapes, but from our discussion of coercivity, one will 
remember that each tape required differences in the 
input signal level. The desired frequency response for 
either high or low frequencies , for each particular tape, 
can be achieved by changing the bias and record equal
ization levels. Variations in the bias and equalization 
settings and the corresponding changes in output will 
be shown in later paragraphs. 

It is possible to design a recording tape for maximum 
output at either high frequenci es (short wavelength) or 
low frequencies (long wavel ength) by formulating dif
ferent coating dispersions. Variabl es would be coating 
thickness, coercivity, and retentivity. In the design of 
Audible Range Magnetic Tape the challenge lies in the 
ability to produce a tape that is capable of uniform out
put over the broad range of wavelengths from less than 
)2 mil to more than 30 mils . A factor which can affect 
response is the smoothness of the surface coating. A very 
smooth coating surface insures maximum contact with 
the recorder head th erefore allowing a maximum of 
magnetic signal changes to interact on the tape. Minute 
variations in the coating surface, as found occasionally 
in low quality recording tapes, will create variations in 
the head-to-tape contact which will change the magnetic 
flux level and will affect the playback signal from the 
tape to playback head. 

While discussing tape response, it would be well to 
mention that recording tape sees the recording in terms 
of wavelength and not frequency. This is understand
able wh en one considers that there are two variables 
that affect the recording process. One is the frequency 
that is being recorded, the other is the relative speed of 
the tape passing the recording head . Suppose that a tape 
is travelling at 7!i ips , and that a 7.5 kHz signal is being 
recorded. This means that 1000 cycl es of information 
are packed on each inch of tape. The distance encom
passed by each complete cycle is 1/ 1000 inch . The wave
length of this recording is 1 mil. 

Expanding the previous example, we find that doubling 
the frequ ency 1.5 kHz will cause 2000 cycles of informa
tion to be placed on each inch of tape. This renders a 
recorded wavelength of if mil, as each individual cycle 
takes up .0005 inch of tape. If we reduce the tape speed 
to 3~~ ips , and leave the frequency to be recorded at 7.5 
kHz, we once again will be recording a Ji mil signal. If 
both the fr equency and the tape speed are doubled , the 
tape will see no change in recorded wavelength. 

Since the information is recorded on the tape coating 
magnetically , it could be viewed by applying a nne 
metallic powder to the tape and viewing it with a mag
nifying glass (Figure 2 ). l\:otice the variations in mag
netic pole density, th e low frequ encies are widely spaced 

(long wavelength) and the high frequencies are packed 
very close together (short wavelength). When record
ing at the short wavelengths, the coating which becomes 
magnetized for each cycle of information; must faithfully 
establish each set of poles without disturbing the pre
ceding pole. When the magnetic poles are very close 
together the coating's ability to receive and hold magne
tization (coercivity and retentivity), without influence 
from adjacent magnetic fields is very important. The 
oxide dispersion must be carefully prepared and appli ed 
to assure correct coating caliper, coating density , coating 
surface smoothness, as any variations will create changes 
in the magnetic properties and the sensitivity. 

FIGURE 2. MAGNETIZED PORTION OF RECORDED TAPE 

SIGNAL TO NOISE 

Another important tape characteristic is the signal to 
noise ratio. Tape noise is strongly influenced by the 
particular type of oxide coating. Specially designed low 
noise oxide and precise manufacturing control allows 
the production of tape with a greatly improved signal 
to noise ratio. A comparison of standard and low noise 
tape shows a difference of 6 db at 500 cps to the upper 
limits of the audible spectrum (Figure 3) . Low noise 
tape, as you recall from earlier paragraphs, has a high 
coercivity coating. This is a basic property difference 
of the special low noise oxide. Tape noise is a very low 
level signal and may be masked by the recorded sounds 
but does become critical during quiet musical passages. 
This extension of the dynamic range is important for 
full ndelity enjoyment. For maximum purity of repro
duced sound , the use of low noise tape is recommended. 
In addition to the benefit of noise reduction, the coating 
properties of this tape give greater ndelity and response 
in the high frequency region of recording. 
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FIGURE 3. NOISE BY 'Il·OCTAVE BANDS 

PERFORMANCE 

Because of the different coatings available, magnetic 
tape is manufactured to meet a variety of recording 
requirements. Although the Audible Range constitutes 
a challenge because of the frequency bandwidth, an . 
important factor is the production of tapes which are 



compatible to each other on the large variety of record
ing systems available. As previously shown, each par
ticular type of tape has its individual magnetic proper 
ti es which respond, in terms of maximum performance, 
to specific input levels. 

BIAS 

Figure 4 shows a typical example of optimized bias 
settings for each of the three tapes. Some of the recorders 
now in use have a fixed bias level which cannot be 
changed, but the majority of them offer some co~trol 
over bias level. As part of the basic design, each recorder 
manufacturer establishes a bias level which is adjusted 
for a particular recording head and a laboratory tape. On 
any recorder care should be taken in making bias adjust
ments , and the recommendations of the recorder manu
facturer should be followed. Profess ional recorders have 
specific adjustments for bias and equalization, and these 
adjustments can be made with more ease. Because of 
the large variety of recorders available, each with their 
own specifications, no attempt has been made to indicate 
bias level on the graph in Figure 4 in terms of achwl bias 
current. 
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Bias level is indicated as a percentage of that which is 
proper for standard tape; the standard tape value being 
100%. The percentage value relationship will hold gen
erally true for all recorders . In a comparison of the bias 
current vs. output curves, note that the output in db is 
th e same for each tape, but notice also the difference in 
bias level requirements. The high coercivity low noise 
tape requires additional bias for a given output in com
parison to the standard and extra-play tapes which re
quire less bias. 

BIAS AND FREQUENCY 

As can be seen from the graphs in Figure 4, the recom
mended peak bias for a given tape type is that point 
where the 2 curves cross. VVith standard and extra-play 
tape as bias is decreased below the recommended peak, 
the short wavelength output will be increased but the 
long wavelength response will suffer. If the bias is in
creased , the long wavelength response will be improved 
at the expense of th e short wavelength. It is interesting 
to note that the high coercivity coating used in the low 
noise tape has essentially the same bias requirement for 
both low (15 mil wavelength) and high (1 mil wave
length) frequ encies. This tape, although requiring 
greater input drive, allows a bias setting which compli
ments both the high and low freq uencies. 
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fiGURE 4. BIAS AND WAVELENGTH RESPONSE 
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Recalling the discussion of magnetic properties, it was 
stated that the coercivity measurement represents the 
flux intensity or magnetic field strength required to 
record a signal on a section of tape. To maintain a specific 
output level, a high coercivity tape requires a greater 
input signal level and, in comparison , the lower coerciv
ity tape requires less drive. Notice, though, that in all 
cases the bias requirements for a given tape type do not 
constitute a major change in the recording system. To 
compensate for the differences in tape sensitivity, th e 
equalization settings of the recorder can be adjusted so 
the frequency response curve will achieve thc desired 
overall flat response. Figure 5 shows the result of opti
mizing bias and equalization for each tape type and the 
effect this has on the other two tapes. To achieve perfect 
results these can be adjusted, but because the amount 
of change in record level, bias , and equalization is only 
minor, the average outputs from the different tapes do 
not vary widely from each other. The three tapes can 

be interchanged without any severe decrease in overall 
performance. 

Flat response can be attained, within the limits of the 
recorder amplifiers, with specific input settings. As 
shown in Figure 5, the plotted sensitivity range for the 
differen t tapes is about 3.5 db. The differences in bias 
and equalization for flat response for a specific tape will 
create slight response differences for the other tapes . The 
response curves exhihited by each tape show that a 
compromise setting can be used so that all the tapes will 
produce a similar and relatively flat res ponse curve. The 
recommended compromise setting for tape interchange 
is at a bias setting of the standard tape (100%) or just 
slightly higher. With a bias setting of 105 to 1l0%. the 
three tapes will achieve a similar response with less than 
l.5 db difference. 'With this compromise setting, the 
e'lualization can remain at a point that was proper for 
the standard tape.----_e_---

SUMMARY 

The three most popular types of magnetic recording tape 
do exhibit individual magnetic properties which are a 
function of the oxide dispersion forming the tape coat
ings. For maximum performance with a particular tape, 
the recording system can be adjusted for optimum bias, 
record level, and equalization. Because the individual 
differences are not extreme, a compromise setting can be 
used so the tapes can be interchanged without appreci
able Joss in performance. By using a recording tape 
which is properly designed and manufactured, an in
crease in overall performance can be attained without 
sacrificing tape-to-tape and tape-to-recording system 
compa tibilities. 

If at any time additional information on this topic is 
desired , it is available by simply writing to: 

Product Communications 

Magnetic Products Division 

3M Company 

3M Center 

St. Pau l, Minnesota 55101 


Additional copies of thi s paper are available from your 
3M representative, or by writing to the address above. 

magnetic Products Division 3m
LITHO IN U.S.A. WITH 3,.... OFF"SET PLATE. 
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POLYESTER AND ACETATE FOR 

MAGNETIC RECORDING TAPE BACKINGS 


Within th e magnetic recording industry, only audible mn.!!,G recording tape is available with both polyester and 
acetate as a backing material. It is interesting to note that th c recording tapes used for other applications such as v 

video, instrumentatioll. (lnd computer rely almost entirely Oil flolyester backing materials. Fa]' these applications 
polyester is the prefcrred suustrate becat/se of two basic pl'Ojicrties, stability and strength. Th ese properties are also 
of definite intcrest to th e audible range recording industry, so this isslle of SOUND TALK will compare the perform
ance of both Ji olyester olld cellulose ([cetate film il1 terlllS of their tlse as backing materials. Some of the physical 
parameters lchich define the basic properties will also be discussed. 

During its extcnsive life, mc1gnetic recording tape may 
be subjected to a variety of environmental changes. Th e 
temperature and humidity, which are constantly chang
ing, will affect th e backing material used in all recording 
tapes. The tape backing, during these changes, will 
expand or contract. This change in physica l dim ens ion 
affects its wind-stability and ultimately its overall life 
expectancy. These finit e variations created hy environ
mental changes arc reRected in th e basic property of 
stability which, as we will describe, is different for the 
two backing materials . During the use of recording tape, 
the stresses and strains which the tape receives will 
vary. The ability to withstand these forces is determined 
by the physical strength of the backing material. Th e 
two materials being examined exhibit subtle differences 
that we can observe by various tes ting techniques. 

STABILITY 

A basic requirement of a backing material is to maintain 
its dimensional stability when subjected to changes of 
tempera ture and humidity. Differences which do occur 
and can be measured when comparing the two materials 
are expansion , cupping, and wind stability. 

EXPANSION COEFFICIENTS 

them. Thc thermal coefficient of polyester is 2 x 10 -·' 
inlin/o F. The coefficient of acetate is 3 x 10':; in / in/ OF. 
\Vc mu st concluue that neither material is detrimentally 
sensitive to temperature changes. Even though polyester 
expands only two -thirds as much as acetate , the numbers 
are so small that th e result is rather unimportant . 

The significant uifference in materials, however, lies in 
thei r moisture or hygroscopic coefficients. Polyester 
expands or contracts at the rate of 6 x lO n in / in /%RH. 
Aceta te on the other hand has a coefficient of 50 x 10-f1 
in/in /%R. H. Although these, too, are rather small num
hers , noti ce that polyester is 8 times less sensitive than 
acetate to changes in relative humidity. As an example, 
let's use these expansion or contraction rates to determine 
how the length of two 7200 foot rolls of tape will change 
when the RH changes 60%. The thickness and width will 
also change the same percentage, bu t this change will be 
negligibl e when compared to the absolute change in 
length. On e of the rolls will be 1 mil polyester and the 
other 1 mil acetate. 

From the following computation , notice that a 60% 
change in Helative Humidity creates a change in length 
of the polyester tape of about 2)~ feet. 

Length (Poly. ) 

= [6 (10-li) nnit change/ %RH.J x 7200 ft. x 60% RH. 

= 6 (7.2) (6) (1O~) ft.
The thermal and hygroscopic coefficients of expansion 
"f p<l"h n1 <l ~pri".1 rl p fln p ~"n1P "f ~hp rliffp rp nf"'p~ hph.vppn 



Usin g the same formula .. notice that under the same 
conditions the acetatc sampl e chan ged ove r 21)2 feet. 

Len gth ( Acet. ) 

= [50 ( 10 ") unit change/% R H.] x 7200 ft . x 60% R.H. 

= 0.5 ( 7 .2 ) (6 ) ft. 

= 21.60 ft. 

At 15 ips, this would amount to a 2 sec. difference, a 
negli g ibl e change , in the runnin g ti me o f the polyester 
ro ll. Th e acctate, howcvn, ch anges ab oll t 17 seconds. 

CUPPING 

Th e m oisture sensitivity of acetate a lso shows up in 
another manner. A short, sin g le s trand of acetate tape, 
if exposed to a wide range of Rela ti ve Humidity , will 
no t rema in Ra t through thi s range. Th e tape will have 
a tende ncy to curl across its w idth . Ohserving a cross 
sectional view of tIll' tape end , as in Figure 1, you would 
no te the amount of cupping is nwaSllred in d q.>;recs o f 
arc ( Rat tape is taken as zcro ) . Samples tested at 15, 
.50 , a nd 85% RII. showed the amount of cupping is 
rela ted to the relative humidity 1(,\,(' 1. A typica l 1)& mil 
aceta te tape measures 4 ° at 15%, I) a t 50~~ , and 16 " at 
85%. Thus the acetate may Clip h adl y a t high humidities 
whil e remaining relatively Aat h e low .50%. The acetate's 
change in cupping throughout this 70% HI1. range was 
12 ° whil e the polyester changes less th an 10. The wason 
for acetate 's change is its abso rpti on and loss of moisture 
th a t callSt'S a diffcTcntial in exp ans ion a n(1 contraction 
w h en compared to th e magne tic la ye r. 

Anothe r typc o f cupping a pparatus measures the heig ht 
o f the arc . This dis tance can b(' ascertained hy viewing 
th e ed ge o f th e sample throu gh a ca lihra ted mic roscope 
eyepiece. Regardless of the measurement , cupping is 
cO ll s id c red detrim e n tal b ec allsv it di s rupts h ea d to 
ta p e contact. 

A,< Meo ~ ulCm c nt 

-~-
t 

'r mih 

FIGURE 1. CUPPING 

WIND STABILITY 

Anoth r'l' important hlIIllidi tv dre C' ~ L; ap p l rcnt 111 t l ,(, 
tigh tn ('~s of a roll OJ' tape All aC('( ;Hf~ . ,, ' _ , ',\ .. t.". , I C 

mod erate te llsi ollS ' \ · i ~.l : ' (" I ~V'h r Ir fl i ,' , ) ' I :~ lL 1. aTI 

normal room temperature w ill b eeol:;'e ve ry loose \\h('n 

the H.H. is raised to 95%. At 5% RH. and normal room 
tempe rature the same roll becomes very ti ght. For a 
duplicato r with a 7200 foot bulk roll, a loose wincl makes 
the roll quite diffi cult to handle hecause tht' roll may 
fall apa rt. A ti ght wind may cause the roll to h eeo me 
di shed , m ak in g it cliffi cult to handle on the dupli e<1ting 
slaw's. T he ti ght wind could cau se stresses w ithin the 
roll tha t may result in p ermanent phys ical di stortion. 

A roll of polyes te r will not exhibit tlt ese e lwnges ;1fter 
be ing submitted to the same range of conditions. Seasonal 
chan ges m ay crea te e ith e r loose and tight winds of 
aceta te bulkpack rolls lwcall se of the da y to da y chnllges 
in relati ve h um idity. Some Llsers may consider en viron
mentally regulatl-'d storage areas for acetate tap e . Th e 
wind sta bil ity o f polyester, with respect to cha nges in 
relative humiclity , is much more predictable than acetate. 

STRENGTH 

Allo lh l'l' impo rtallt property of mag net ic recording tape 
is its a hilit y to \\'iths tancl s tresses and st ra ills w hich 
occm d II ri ng lI se. Thc si mplcs t nwtltocl o f a cOll1pa rison 
Iw twcen tI lt' t\\'o hacking mate ria Is is to S lI bjed them 
b o th to a se ri es o f tes ts which d e te rmine tensil e s trength 
d u ring te nsion and th c ir shock tcnsil e s treng th to w ith
s ta nd a sudd en application of s tress. Still another 
streng th parameter is the ahility of th e; hacking to 
with sta nd minor damage and aging a nd s till remain 
in usa b le condition. 

TENSILE STRENGTH 

The te nsile s treng th test is accomplished h y a ttaching 
a ta pe s tra nd to two fi xtures or jaws , one is s tati onary 
a nd o ne is capa bl e of h e ing moved a t a cons tant sp eed 
( fi gure 2 ) . T he te nsion imposed on the s ta ti o na ry jaw 
is meas ured b y a force transducer as the mova hl e jaw 
p ll i ls on the sa lllpk. Th e output of th t' transduce r pro
vi d t·~ a ll electri cal si gnal which d eRec ts th e pen o f a 
chart reco rd tT in proportion to th e force . Th e ch a rt 
pap C' l' is moved in proportion to th e di stance the movahle 
jaw trav els, thus generating a force versus elongation 
curve . The curve shows th e backin g's strength when 
su bjec ted to a constant rate of elonga tion. 

F igure 3 is a graph of typical samples of IJ.l mil polyester 
and ace ta te tes ted on the appara tu s a t 50% n.H. Even 
th Ol lg h thi s curve represents 50% RH. th e polyester 
would h e essentiall y the same a t an y humidity h ecause 
p ol yes te r 's s tre n g th is virtu a ll y una ffec ted h y th e 
prese nce or absencc of mois ture . Durillg this tes t a 
typi ca l po lycster sample elonga tes 100%. This is a dece iv
d ig fi gure, however , b ecause mag netic recording tape is 
lI se less once it has stretched h eyond 5%. The knee of the 
curve appears at approxima tely thi s 5% point. Below 5%, 
the h acking's elasticity allows it to return to essentially 
til e sam e length and shape as wh e n it was under 

11 0 tension. Beyond this knee a t .5%, the film is perma
nen tl y di storted. After the 5% point , th e tape continues 
to Il'I'lgth en without additiona l force for a short time, 



then more force is required to reach the hreaking point. 
Finally, hreakage occurs at approximately 100%. This 
percentage can vary from ahout 90 to 150%, but 100% 
is typical. 
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FIGURE 2. TENSILE STRENGTH TESTING APPARATUS DIAGRAM 
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fiGURE 3. TENSILE PROPERTIES Of 1Y2 MIL BACKING 

During the comparison test of a 1)2 mil acetate tape 
sample, notice that the acetate also stretches, llut not 
nearly as much as polyestt'f. Breakage occurs after 2.5% 
elongation. Also, this breakage figure "aries considerably 
dqwnding on both the edge quality of the tape and th e 
relative humidity. The pennanent deformation point 
(yield point), is aga in approximately ,')5i': the same as 
pol yes ter. Eu t aboll t 1.5 to 20~ less forct' is required to 
permanently distort acetate. For 1Jz mil polyester bases, 
the 5% point is reached at about 6 Ibs. per J~ inch. For 
lJ~ mil acetate, it is only about 5 Ills. per ).; inch, :\'otice 
that under the conditions of test ( normal room tempera
ture and 50Yt' R.I-!. ), acetate and polyes ter hoth stretch, 
hut the acetate sample is permanently deformed at 20% 
lower force. 

Figure 4 shows how 1 mil polyester and acetate tapes 
compare. The same general relationship exists between 
the two different 1 mil bases as with the H, mil bases 
as previously illustrated. The major difference lies in 

the forces requ ired to stretch and break the tapes. Since 
the base materials will withstand an estahlished constant 
force per cross-sectional area, the th inner cal i per ta pes, 
having rl'duced cross-sectional areas, will stretch and 
breClk at lower forces. 
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FIGURE 4. TENSILE PROPERTIES 1 Mil BACKING 

Thl' effect of temperature on the 5it yield point of l)~ 
mil acl'latc and polyestcr is showll in figure 5. At low 
telilperatures, both tapes require morC' force to reach 
Lll'rmaJJC'nt deformation thaI! they do at room tempera
ture . The higher the tC'l11pcraturr , the lower the required 
torce. :\otice the two lines are paralh'l , indicating that 
hoth lIlaterials are affected to about the same degree. 
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FIGURE 5. TEMPERATURE EFFECTS ON 5% ElONGATION POINT 

Sinc(~ acetate is hygroscopic (absorhs moisture) , it has 
different tensil p properties at different humidities, As 
an example, F igu re 6 illustrates the tensile properties 
of lJf mil acetate at three different humidities. The tests 
were made at 15%, 50%, and 80% R.H. with a constant 
72°F, temperature . At 85% R.H. , acetate stretches much 
easier and elongates much further than it does at 50% 
R.H. At 15% RH. , acetate becomes more brittle and will 
break sooner although it requires a slightly higher force 
to reacb permanent deformation . At high humidities the 
acetate absorhs moisture which "plas ticizes" the back 
ing, allowing it to becom more flexible; and, therefore, 
it is more subject to stretching. 
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FIGURE 6. ACETATE TENSILE PROPERTIES AT DIFFERENT 

RELATIVE HUMIDITIES 

SHOCK TENSILE STRENGTH 
Shock tensile is a test that evaluates how tapes will react 
to sudden stresses which often can be the cause of 
breakage. A special instrument is used to apply the forces 
required during the test. Figure 7 is a simplified drawing 
of the stress application which corresponds to the Mili 
tary Specification W-T-0070 testing methods . A weight 
(or pendulum), attached to a radial arm, is raised a 
number of degrees and allowed to fall and strike a tape 
sample. The weight , angle, and rCidius are determined 
so that the tape sampl e at th e bottom of the Clrc is struck 
with 0.59 ft.-Ihs. of energy. 
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FIGURE 7. SHOCK TENSILE TEST APPARATUS DIAGRAM 

The comparison of tapes tested on this apparatus is done 
by measuring the distance the weight travels after break
ing the tape sample (angle XO). If the sample breaks 
without absorbing any energy, neglecting the frictional 
losses in the appa ratus, the weight will swing to the 
same height ( or angle) as that of its initial position. The 
difference in the angles, before and after striking the 
tape , allowing for frictional losses, yields a calculable 
Clmount of energy that is Clbsorbed by the tape before 
it breaks. 

The average energy absorption figures for acetate are 
0.43 ft.-lbs. for Hi mil thickness and 0.30 ft.-Ibs. for 1 miL 
As previously mentioned, because of plasticizing, these 
figures are ex tremely dependent upon the TIelCitive 
Humidity. At lower humidities acetate will ahsorb less 
energy a~d at higher humidities it Clbsorbs more. Dcpend
ing on Clmbient conditions, the tape will tend to either 
plasticize or embrittle. The more moisture, the more 
plasticized it becomes and the more it stretchcs before 
breaking. The stretching Clction of the tape ahsorhs thl' 
energy of the falling pendulum. At 95% R.H. , hoth 1 mil 
and Hi mil acetate material will stretch enough to ahsorh 
100% of the pendulum force and will not break. 

During this test comparison, the polyester material of 
hoth 1)2 mil and 1 mil thickness ahsorhed the entire 
pendulum force without Lreaking. regardless of the 
relative humidity. 

"WEAK" EDG ES 
A "weak edge" can occur if a tape has llt'el1 poorly slit 
during manufacture or damaged in handling. The edge 
is apparently minutely broken or nicked, and , thcrefore, 
has a weak point. To evaluate the effect of the damage 
to the strength of tape, we took a known good sample 
roll of 1)~ mil acetate. Preliminary tests wcre performed 
to assure that it would ahsorb a minimum of 0.4.'3 ft.-Ihs. 
and stretch normally before breaking. The tapes' edge 
was then deliberately drllnaged with a 5 mil nick. using 
a sharp razor bladc and a microscope with a calihrated 
eyepiece. The edge-nicked samples were then tes ted. 
The damaged tape absorbed only 0.07 ft.-lhs. of energy 
before breaking. No stretching was ohserved, amI the 
break occurred where the edge nick had been placed. 
\Vith 5 mils of edge damage, th e tape ahsorhed less 
than 20% of the energy that it would have if it had good 
edges. Repeating the same experim ent with 1)2 mil poly
es ter samples, it was found that thp damaged samples 
did not break. 

To additionally verify the effect of minor edge damage, 
static tensile tests were made on samples of the same 
acetate and polyester rolls. The polyestcr samples 
exceeded the 5% permanent deformation point. The ace
tate samples broke after they elongated about 3%. 

Edge damage may be the result of substandard slitting, 
as occasionally is found in poor qllality recordi ng tape. 
\Veak edges also can he the result of improper trans
port guiding, causing the tape to scrape a reel flange. 
Damage can also he caused hy thc hending over of a 
slightly exposed tape edge in a scattered ,,·ind. or by 
rough handling during thread-up and editi ng. In all 
probability , the main cause of acetate hreakage is 
attributable to damaged edges - the direct result of 
improper handling. 

AGING 
Cellulose acetate film , as used in magnetic rccording 
tape , contains a plasticizer which is necessary to provide 



the required flexibility at all relative humidities. It was 
discovered that old acetate tapes become brittle because 
of the gradual loss of the moisture and plasticizer over 
many years time. In an attempt to verify this effect, 
shock tensile tests were made on artificially aged rolls 
of tape. The rolls were aged by placing them in a 150"F. 
oven for 1,000 hours, which , in th e ch emi cal industry, 
is known to be the equivalent of about 2 to 3 years of 
normal aging. In a comparison between these "aged" 
rolls and "un-aged" control rolls from the same lot , it 
was discovered that the strength of the aged rolls was 
almost J~ less than that of the un -aged rolls. This verifies 
previous theories about aging and the loss of plasticizer, 
causing the acetate to become more brittle. It was found 
that moisture can be returned to the tape hut that the 
acetate film wou Id never be as fle xible or as strong as it 
was originally. Since polyester does not contain a plasti
cizer, it does not exhibit this "aging" phenomenon. 

( 

CONCLUSION 

Because of the greater stability and strength, polyester 
film is the preferred type of backing for many applica
tions . Although acetate type backings are considered by 
some as prefemble for editing purposes, the polyes ter 
must be considered bctter for operational reasons . For 

original mastering and duplicating masters, it is impor
tant that a recorded tape remain useable in spite of 
relatively rough handling. Physical distortion caused by 
changes in humidity that could be encountered during 
storage cannot be tolerated in conditions which require 
precise playback. In duplication , it is important that 
hrcakage does not occur ei ther during start-up or during 
operation. Generally speaking, polyes ter backing mate
rials offer greater reliability and a largcr safety factor 
against problems that can be both time consuming 
and costly. 

If at any time additional information on this topic is 
desired, it is available by simply writing to : 

Product Communications 
Magneti c Products Divisi on 
3M Company 
3M Center 
St. Paul, Minnesota 55101 

Additional copies of this paper are ava ilable from your 
3M representati ve, or by writing to the address above. 

magnetic Products Division 3m 
LI TH O IN U SA W ITH 3M OFFS T PLA.TES 
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SPLICING TAPES AND THEIR PROPER APPLICATION 

An ideal splice is one that, when properly made, will remain intact for an indefinite period of time. Its mechanical 
strength is the first consideration, but there are other areas that may be counted iust as important. There must be an 
absolute minimum of "a dhesive escape" around the edge of the pressure sensitive tape used to make the splice, and 
the splice itself must not cause an audible disturbance on playback. With these three basic considerations in mind, 
let's investigate the factors and precautions that become part of the d esign of a splicing tape by the manufacturer 
and the fundamental rules and possible pitfallsu:ith which the operator must be concerned. 

DESIGN REQUIREMENTS 
\"'hen designing any pressure sensitive tape , the two 
obvious components are the backing and the adhesive 
coating. In the development of a tape suitable for splic
ing magnetic recordings, both of these components were 
chosen with great care. 

The backing had to be tough and durable while being 
as thin as possible. For this reason , paper was not suit
able; and plasti c was choscn. Both acctate and polyes ter 
are currently being used. 

Developing an adhesive coating suitable for splicing 
tape was even morc invol ved . Here , three basic qualities 
must be carefully eva luated. These arc known as (1) 
shear adhesion, (2) pt'el back or ASTM adh es ion, and 
(3) thumb appea l. 

Shear adh esion can be defined as thc adhes ive's res ist
ance to being parted from the surface to which it is 
adhered ",hen pulled in what is commonly ca lled the 
shear direction. Figure 1 demonstrates this by showing 
a piece of splicing tape being tes ted for its shear strength. 

MAGNETIC TAPE COATING 

FORCE '-lACKING !J))W})}!Ili1i11U1!lIIi!lililllillwtvaa1VV 'll~4S~;';'61--' fORCE 

BA CK ING 

FIGURE 1. SHEAR ADHE SION (CREEP) 

Peel back or AST~l adhesion is , as its nam e implies , a 
measure of the adhesivc's resistance to l)eing peeled 
away from tlw surface to which it is adhered. Fig\\re 2 
graphically demonstrates how this tt-st is performed. 

MAGNETIC TAPE COATING 
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FIGURE 2. ASTM ADHESION (PEEL BACK) 

The next property is "thumb appeal" or "quick stick." 
It is the quality of the adhesive to actually feel sticky. 
Oddly enough, it is not a particularly important quality 
as Far as the strength of the bond is concerned, but it 
is a quality that is rea dily noticeable to th e user. There 
seems to be an "old wives' tal e" that has led some users 
to believe that "the sticki er it feels, the better it will 
hold." This is not necessarily true when talking about 
splicing m8gnetic recording tapc. 

If the thumb appeal is high , th e peel back adhesion 
might be improved to some small degree, but this advan
tage must be paid for in two ways, neith er of which can 
be tolerated. First of all, with a sticky adhesive the 
probability of it leaking out from around the bond is 
greatly increased. This "oo7.e," as it is called, can be 
disastrolls if it is permitted to ex ist in splicing tape. The 
adlH'sive oozing from under the splicing tape will tend 
to hond one layer of recording tape to the next layer 
in the roll. Tlw result, when attempting to re-use the 
recorcling tape, would be possible removal of the oxi de 
coating or complete blocking at that point in the reel. 
Secondly, with an increased "thumh appeal," the shear 
strength of the splice is reduced. This is evidenced by 
a d egree of parting of the once tightly butted ends of 
the rcco rding tape and referred to as "creep." Not only 
willcrE'ep manifes t itself as an absence of program matc



rial or a dropout; but now with the parted joint in the 
recording tape, the exposed portion of adhesive causes 
the additional problems that we cited above when we 
discussed ooze. This, then , is why a properly designed 
splicing tape does not feel very sticky. 

SIZE CONSIDERATIONS 
Having d efined some of the terms, we are nOw ready 
to examine the splice itself. There are several variations 
in splice geometry from which one can select the com
bination best suited to the conditions of use. These 
include the size of the spliced area and the angle at 
which the tape ends meet each other. 

Initiall y, it would be well to discuss the length of a 
splice and the effect it will have on strength . The length 
of a splice is dictated , basically, by the amount of curva
ture it will have to sustain in its path from reel to reel. 
(Figllfc 3A). 

When tl1(> recording tape passes around the sharply 
curved surface of a gil ide as pictured in Figure 3B, there 
is a tendency For the leading edge of the splicing tape 
to continlle in its original direction. It is, in effect, 
attempting to peel itself away from the recording tape. 
"'e arc now back to one of our three previously dis
cusscd adhesive parameters , that of peel back or ASTM 
adhesion. \\'ith a given splicing tape, the amount of 
peel h8ck is decided in manufacture and, of course, is 
constant. The length of the splice has no effect on the 
tendency to peel but is important for another reason. 

FIGURE 3A & 3S. SPLICE LENGTH AND BEND RADIUS 

As shown in Figure 4, a short splice may tend to loosen 
wh en suhjected to a tight bend because the area of peel 
Illay (''(tend far enough into tlw tape's boncl to completely 
fret' one end of tI lt' recording tape. 

FIGURE 4. ENLARGED VIEW OF LOOSENED SPLICE 

A longer splice will exhibit the same amount of peel but 
the area of peel in this case does not extend all the way 
to the recording tape junction. The bond at the junction 
is essentially undisturbed, and the splice passes the guide 
successfully. Of course, once the spliced area is wound 
on the take-up reel, the leading edge of the splicing tape 
that tended to peel is resecured to the recording tape by 
the pressure of the succeeding wraps as they are wound 
onto the take-up reel. 

While it is impossible to assign a set of definite numerical 
values, generally speaking, use a long length splice if 
small radius bends or turns are expected. 

As mentioned earlier, the tendency to creep is dependent 
on the shear strength of the splicing tape adhesive. The 
force that opposes this shear strength is, of course, the 
amount of tension the tape encounters on the transport 
and while wound on the reel during storage. The amount 
of shear strength is constant for a gi ven splicing tape. 
H subjected to a constant tension , the important valiable 
affecting creep is then the area of the bond. The larger 
the bonded area, the better will be the creep resis tance. 

A splicing tape with poor adhesive shear strength could 
he used if the area of the splice were greatly increased. 
Since the width dimension is limited by the recording 
tape, the area could only be increased by additional 
length. We could imagine a spliced bond 2 or 3 feet 
long, but that, of course, would be almost impossible 
to execute mechanically. Since the program material may 
drop in level as much as 4 db in the area of the bond 
because of the change in flexibility, the shorter the splice, 
the less disturbance there will be during playback. It is, 
therefore, important that the splicing tape chosen for 
use has high adhesive shear strength so the spliced length 
can he kept short. 

SPLICING TAPE WIDTH 
Much has been said and written about lIsing splicing tape 
that is the same \vidth as the recording tape and that 
which is somewhat narrower. It would be well to examine 
some of the variables and draw some conclusions. 

FULL WIDTH UNDERWIDTH 

A. B. 
, 

C. D. 
, 

, 

FIGURE 5A·S·C·D. SPLICING WIDTHS 

Wh en lIsing the full width splicing method, such as 
shown in Figure SA, care must be taken to trim the 
splicing tape exactly at the edges of the recording tape. 
H the splicing tape is poorly trimmed (Figure SB) , the 
overhanging adhesive coated splicing tape is apt to 
adhere to an adjacent layer on the reel, causing a problem 
similar to that encountered with ooze. Even though some 
splicing jigs are deS igned to cut an arc into each side 



of the splice, as shown in Figure 5C, to insure against 
the possibility of overhang, this does not completely 
eliminate the chances of some adhesive oozing out of 
the edges. 

Figure 5D illustrates a splicing tape somewhat narrower 
than the tape to be spliced . This technique offers a num
ber of advantages with no apparent disadvantages. Since 
the splicing tape does not extend to the edges of the 
recording tape, overlap - as mentioned earlier - is no 
longer a problem. A simple splicing jig can be used 
because there is no need to undercut the spliced area in 
an hour-glass configuration . Notice that the use of a 
somewhat narrower splicing tape does not appreciably 
sacrifice the overall bonding area when compared to full 
width splicing tape that has been undercut. 

RECOMMENDED SPLICING METHOD 
In conclusion, let's examine the preparation of recording 
tape prior to the actual application of the splicing tape. 

The most desirable method is to cut the recording tape 
to be spliced at an angle of 45° to 60 ', measured with 
respect to the tape edge. As the angle increas es above 
60' towards a perpendicular cu t, the amount of electrical 

disturbance is increased because the head sees the dis
continuity at the junction as an abrupt change. 

The shallower the angle, the less will be the amount 
of disturbance. But, as the angle is decreased below 45', 
the pOinted corners of the recording tape become vulner
able to being peeled back or debonded . 

Regardless of the type of splice used, the first and 
possibly the most important consideration is cleanliness . 
The hands should be free of all dirt, dust, and oils as 
one fingerprint on the oxide can drop the output several 
db. Also, contamination of the recording tape backing or 
the adhesive of the splicing tape will usually reduce the 
strength of the bond between the two and can result in 
premature failure. After carefully placing the recording 
tape in a splicing jig, it should be cut as carefully as 
possible, using a sharp, demagnetized razor blade. When 
handling pressure sensitive splicing tape, care should be 
taken not to handle the adhesive more than is necessary. 
After carefully laying the splicing tape down so as not 
to disturb the alillnment of the splice, the finger should 
be rubbed over the tape to promote intimate contact 
between the two pieces. Then to remove the air pockets, 
using the Rat of the fingernail is recommended. The selec
tion of the proper splicing tape and the use of correct 
splicing techniques will assure you of a clean , long last
ing splice with no audible discontinuities . 

If at any time additional information on this topic is 
desired , it is available by simply writing to: 

Product Communications 
Magnetic Products Division 
3M Company 
3M Center 
St. Paul , Minnesota 55101 

Additional copies of this paper are available from your 
3M representative, or by writing to the address above. 

magnetic Products Division 3m 
LITHO I N U .S .A. W ITH 3M OFF S ET PL ATE S 
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Much of the world's entertainment and historical elJents are being preser pcd all II/agnctic r('('ordillg tape. Profcssional 
recording studios and tape duplicators, historians and educators, audiophiles and hallie recordisls are all cOllcerned 
about th~ permanence and recoverabilitu of the inforlllation that is inl)isihl!! slored on a tT/in plastic rilJlJOn. 

The preservation of both operating and historical recordings is th e prillwrt! COllcel'll. Bill, another fa('/or of rcal ill/
portance is the prevention of damage to the recording tape, not ;/1.11 so the infor/l/ation will he safeguarded hut so 
that the maXinll.l1l1 lise mau be ohtai1led from everu reel of tape. Both of these faclors are CCOIIOIIli!: ill noillre. 

ff stored information is unrecoverable because of either lack of safegllards bu operating personnel or I1w;or cate/s
trophe during storage, the resllit cOllld he anulhing from tCII1J>oraru inconGellience to a ('ollll)lele loss of a recording 
library. If reels of tape are failing hefore their normal life cxpcctaHeu, operating expcHsc is inrrcased Of course, 
this, too,is 1tndesirahle. 

This iss1le of SOUND TALK will discuss in depth the considerations and practices that 3M COilipallU co nsiders of 
greatest importance to the IIser of magnetic recording tape. If elJeru one of the ilion!! SlIggestions were follOtced 
completely, an ideal situation would exist. Since 11Ian!! recording facilities will function adequately with less than 
the ideal, YOtl may wish to adopt only a portion of the recommendations. SOll1e of the precautions may he consid
ered too time-consuming or too costly for a given application. In short, it cal1 he said that the overall performallf'e 
of magnetic recording is directly proportional to the 
HANDLING & STORAGE. 

THE BASIC FACTS 
Modern magnetic tape coatings have the ahility to retain 
the intelligence placed on them during the recording 
process for an infinite amount of time. The recorded 
information does not tend to fade or weaken with age. 
It is essentially permanent and will remain unchanged 
until actually altered hy an external Magnetic Field. 
This erasing of the tape may be done intentionally, 
so that the tape can he used for anothcr recording, or 
accidentally, hy opcrator error or poor storage proce
dures, Later in this paper tl1e matter of accidental era
sure will he more fully discussed. 

Even though the magnetic signal will not deteriorate, 
the physical properties of the recording medium are 
susceptible to damage. As a general rule, the problems 
encountered with recording tape performance are pre
dominantly physical in nature, Therefore, it is impor
tant to preserve the tape in a form that will make it 
physically possible to recover the recorded information 

care that is exercised in the two important topic areas: 

when needed. Poor handling hahits or faulty procedures 
can rencler a tape useless hecausc of physical damage. 
A great d ea l can he said ahout th e physical preservation 
of recording tape; and to make the information more 
meaningful , each of several topics will he treated scp
arately. 

THE RECORDING AREA 
Ideally th e equipment room of a recorcling studio or 
profeSSional recording facility should approach, as close
ly as possihle, a "clean room" environment. By deBn ition, 
this area is characterized hy the ahsence of normally 
expected airborne dust and lint. The design of the 
recording equipment area should he sllch that reason
ahle control of temperature and re lativ(' hllmitlity can 
he exercised. Variations of temperature shoultl he hekl 
within -+- 5 ° F. of a pre-selec ted value and thl' relative 
1111midity should he kept constant to within -1 ·10%. In 
hroad terms, this would be a temperature in th e 70's and 
a relative humidity of about 40%. 



FIGURE 1. ENLARGED VIEW OF DUST CONTAMINATION 
ON A REEL OF TAPE. 

It is doubtful that smoke will contaminate the tape, but 
ashes can . Therefore, smoking should not be allowed 
directly over the machines or when handling tape. Food 
and drink should also be prohibited. Minute food par
ticles can easily be transmitted to the tape and tape 
decks from the operator's hands. A spilled drink will 
contaminate not only the tape but also seriously affect 
a machine's operation. 

The integrity of the equipment area should be main
tained by periodic cleaning of shelves and floors. When 
vacuum equipment is used for cleaning, the exhaust 
from this unit must be located outside the room . 

Aside from the direct benefits gained from a well main
tained, clean, temperature and humidity controlled en
vironment, the psychological effect upon the employees 
is of great importance. It is found that operators exer
cise more care and are more concerned with quality 
when working in an environment such as just described . 

vVhen recording on location or at home, it may be 
difficult to control the surrounding environmental con
ditions. Contamination (dust, dirt, debris) can enter the 
tape transport and cause tape damage. The only positive 
method of preventing contaminated tape is to eliminate 
the entry of foreign material into the machine. It is 
recommended that the recorder (and playback unit ) 
always be covered during storage and as much as pos
sible durin g operation. Some equipment manufacturers 
provide, or have available, some type of dust cover 
which covers the tape drive mechanism and effectively 
seals out contamination . Many of the protective covers 
permit the machine to be operated while they are in 
place and are ideal for use in uncontrolled environment. 

TAPE STORAGE 
The temperature and humidity of the tape storage area 
should closely approach that of the work area. The 
smaller the environmental change experienced by the 
tape , the better will be its operation and reli ability. As a 
general rule, a temperature between 60 0 and 80 0 F . and 
a relative humidity between 40 % and 60% is recom
mended. If the environmental conditions of the storage 
area vary widely from the recording area, allow time 
for the tape to reach temperature and humidity equili
brium before putting it into use. 

FIGURE 2. EXCELLENT STORAGE METHOD FOR 
WIDE WIDTH PROFESSIONAL TAPES. 

Recording tape, especially cartridges and cassettes, 
stored or casually laid on the dashboard or in the glove 
compartment of an automobile can be damaged by the 
heat generated by strong sunlight. The molded cases 
used for some cartridges and cassettes can be perma
nently distorted if subjected to high temperatures. Both 
cartl idges and cassettes LIse splices within their tape 
rolls which can be affected by heat . The splices may 
separate, and the adhesive may soften and "ooze" from 
the edges of the splice and stick to adjacent tape layers . 
The exposure of the splice adhesive will a Iso collect any 
contamination present in the case, causing additional 
problems. 

Protection from accidental erasure while in the storage 
area is easily accomplished and is, ironically, of little 
concern. There are two reasons why this is true. First of 
all, fields strong enough to cause erasure are just not 
normally found in an "office or home" atmosphere. 

Secondly, if the tape is kept as little as 3 inches aw.1V 
from even a strong magnetic source, this spacing shoilld 
be sufficient to offer adequate protection . During stor· 
age, the tape must be enclosed in a container (original 
box, plastic case, tape canister) for several reasons. One 
reason is to provide protection from physical damage. 
Another reason for using a container is obviously protec
tion of the reel from dust. 

FIGURE 3. TAPE STORAGE AT HOME. 



The closed containers should be placed into storage on 
edge, so that the reel is in an upright position. While 
they may also be stored individually, lying Rat, tape 
boxes should never be stacked so high that there is a 
possibility of crushing or distorting the bottom container 
from the excess ive weight of the stack, since this could 
causc edge damage to the ree l of tape in that canister. 
For long term storage, additional protection from dust 
ancl moisture can he gaincd by sealing the container in 
a plastic hag. It is generally considered good practice to 
clean the container hefore using it so that dust that has 
accumulated during storage will not contaminate the 
recorder or tape. 

FIGURE 4. OBVIOUSLY THE WRONG WAY TO STORE TAPE. 

The care C'xercised in preparing t,lpCS for storage is 
every hit as important as the excellence of the storage 
area. Of primary importancc is the way the tapc is 
wound on the ree l, since poor winding can rcsult in dis
tortion of the tape's hacking. 

A wind tension that is rela tively low is recommencled. 
Three to four ounces per )~ inch of tape width is suffi
cient to render a firm , stahlc wincl on an NAB huh or 
reel configllration. This tension , while great enough, does 
not result in high pressures within the roll that could 
permanently distort the backing. Backing distortion , 
caused by ex treme pressures within the tape pack, may 
res ult if a roll of tape wound too tightly is subjected to 
an increase in temperature while in storage. 

FIGURE 5. CINCHED TAPE. NOTICE DISTORTION OF TAPE LAYERS. 

Just as there is the possihility of prohlems if the tnpe 
tens ion is too great, too Iowa wind tension can C1use 
difficlllty too. If the wincl is too loose , slippa~c C,1n OCCllI' 
between the tape layers 011 thc rcel. This "cinching," as 
it is calleel, can distort the tape hy callsin~ a series of 
creases or folds in the ;Hea that has slipped. \Vhen the 
roll is IInWOUJl(\, the surface will be wrinkled. \Vhen an 
attempt is made to usc the tapc a~aill, thl' wrinkles and 
creases will disrnpt the llccessary intimate contact lw
tween the tape ane! th e hcad. Because the tape is re
peatedly lifted from the 1H':lcl, th e result will he :l series 
of signnl variations. If the tape is properly rC\',!Q llne! im
lllcdiately after cinching, there is a good possihility that 
the information may be saved . 

FIGURE 6. TAPE DAMAGE CAUSED BY CINCHING. 

THIS STRAND OF TAPE 


CLEARLY SHOWS THE WASHBOARD-LIKE WRINKLES. 


Some recorders now in use do not have a method of 
adjusting wind t( 'nsion ; therefore , (;,1[C mllSt he taken 
while operating these machines. Sellsible operation of 
"Fast Forward, I1ewind and Stnrt" controls can eliminate 
the sharp stress loading associated with startin~ nntl 
changing tape directions. Tape distortion and "cinching" 
can he reduced hy allowin~ ,1 minimulll slack loop when 
threading and starting thc machine. It is aiso good prac
tice to allow the spinning tape ree ls to completely stop 
before changing tape direction. 

A long with propcr tension, another important consickra
tion is wind "quality." The successive layers of tap C' 
should be placed on the reel so that they form a smooth 
wind with no ine!ividual tape strands exposed. A smooth 
wincl offers the advantage of built-in edge protection. 

FIGURE 7. SCATTERED WINO. INDIVIDUAL TAPE STRANDS 

ARE EXPOSED AND VULNERABLE TO DAMAGE. 


A scattered wind will allow individual tape edges to 
protrude above the others. Since there is no support for 
these exposed strands, they are vulnerable to damagc. 

It is sometimes suggested that tapes in storage be re
wound at specific intervals, sllch as every 6 to 12 months, 
to relieve internal pressu rcs. This would be recommend
ed for tapes of marginal quality or for those with other 



than heavy duty binder systems. For modern day tapes 
with polyester backings and advanced binders, this 
periodic rewind might not be necessary. 

A good practice, however, is to select a random sample 
from various areas of the library for visual inspection . 
The reels chosen can be examincd for loosc winds and 
dust accumulations. They should be checked for rippled 
edges and other signs that indicate the prescnce of phys
ical distortion. If anything is found that indicates a 
problem may exist, additional samples should be in
spectcd to ascertain what percentage of the lihrary may 
be affected. 

If t~e above recommendations concerning thc storage 
enviionment and the actual preparation for storage are 
followed, no serious prohlems should he encollntereu 
even in long term storage. 

WHEN TAPES ARE SHIPPED 
It is sometimes desirable to send recorded tapes from 
one location to another. There are certain prccautions 
that apply to the shipment of recording tapes that should 
be followed to insure safety in transit. 

Logically, the first consideration would he the physical 
protection of the tape while being transportcd . The outer 
shipping container into which the tapes are placed must 
afford the necessary strength and rigidity to protect the 
tape or tapes from damage caused by dropping or crush
ing. Whilc a container that is 100% water-tight would 
not be necessary, it must nevertheless providc a reason
ahle degree of water resistance. It should, for example, 
be capable of protecting the contents from being dam
aged if, during shipping, it is left on a loading dock in 
the rain. 

While it is good practice to always secure the free end 
of a reel of tape, it is particularly important when pre
paring reels for shipping. A short length of pressure 
sensitive tape is all that is necessary. 

While the purely physical shipping precautions are not 
uniq ue to magnetic tape but are considered good prac
tice in preparing any item of value for transport, there 
is another consideration that is of prime importance. 
Since the tape is a carrier of magnetic information, 
measures must be taken to protect the reels from acci
dental erasure. 

Laboratory conducted tests have determined what 
would constitute adequate protection from stray mag
netic fields of a magnitude which may possibly be 
encountered in transit. It was found that field strengths 
within the tape of 50 oersteds or less caused no discern
ible erasure. 

The average bulk degausser, purposely designed to 
produce a maximum external field that is used to erase 
tape while still on the reel, produces a field of 1500 
oersteds. Sources of magnetic energy to which tape being 
shipped might be subjected would be motors, genera
tors, transformers, etc. These devices are designed to 
contain their magnetic fields to accomplish some type 
of work. With this in mind, it is safe to assume that field 
strengths of more than 1500 oersteds would not be en
countered in ordinary shipping situations. 

Because field intensity decreases rapidly with distance 
from the source, the 50 oersted point (mentioned earlier 
as not affecting the tape) is reached at a distance of 2.7 
inches from a 1500 oersted source. From this it can be 
secn that the easiest and least costly method of obtaining 
erasure protection is by insuring a degree of physical 
spacing from the magnetic source. It is suggested that 
tapc heing prepared for shipment be packed with bulk 
spacing material such as wood or cardboard between 
the tape boxes and the aliter shipping container. 

Based on the infOlmation in the paragraphs above, 3 
inches of bulk spacing should give adequate protection 
and virtually eliminate any potential for erasure. This 
magnetically protective spacing can also be justified be
calise of the excellent protection gained against physical 
damage to the contents. 

Tape in transit may be subjected to temperature ex
tremes. Temperatures as low as -40 0 F . might be en
countered in the cargo hold of high Bying aircraft. A 
temperature of 120 0 F. could be encountered in a motor 
vehicle in the summer sun. It must again be emphasized 
that all incoming tape should be allowed to reach en
vironmental equilibrium before being used. 

GOOD OPERATING HABITS 
The container in which the tape is stored is probably 
the cleanest area in the recording studio; and, of course, 
this is the reason that tapes should remain in the box 
until actually placed on the tape deck and be retlUned to 
the container immediately after use. To maintain the 
cleanliness of the container, it should be closed when 
the tape has been removed for use. 

The hub is the strongest and most stable part of the 
reel. Always handle the reel by the hub and not the 
flanges. If this single fact is remembered, you will never 
be guilty of squeezing the reel Banges together when 
picking up a roll of tape or when handling it. 

I t has been said that careless handling and poorly ad
justed tape decks are the two predominant reasons why 
tapes fail prematurely. If strict attention is paid to these 
two areas, immediate benefits will be noted in increased 
tape life, and the threat of information loss will be 
substantially reduced. 

When handling tapes, use utmost caution to insure that 
the tape does not become contaminated by fingerprints. 
Simply stated, fingerprints are nothing more than de
posits of body oils and salts . These oils will not attack 
the oxide-binder system, but they will form excellent 
"holding-areas" for dust and lint. 

Fingerprints on the backing are just as serious as on the 
coating because dirt deposits will transfer from the 
backing of one wrap to the coating of the next wrap on 
the reel. When a reel that has been contaminated in this 
manner is put into use, the tape deck itself can be affect
ed and wjlJ spread this contamination to other clean 
reels of tape that are used after the dirty reel. 

This is one of the reasons for stressing the importance 
of visually inspecting the tape deck after each roll of 
tape is run to determine if cleaning is necessary. If the 
deck hecomes contaminated with dust or wear products 



from the tape, complete contamination of an entire roll 
of tape can easily be the result. Contaminants can collect 
on heads and guides and be dumped along the backing 
or coating surface of the tape. This contamination will 
then be wound into the reel under pressure, causing it 
to adhere firmly to the surface. Each one of these de
posits will appear as a dropout or group of dropouts 
the next time the tape is used . 

Tape contamination caused by fingerprints can be re
duced by remembering not to touch the tape unneces
sarily. Frequent cleaning of the tape deck will reduce 
the chance of spreading contamination from one reel of 
tape to others in the library. A cotton swab or lint-free 
pad moistened with Genesolve-D (an Allied Chemical 
Trademark) or Freon TF (a DuPont Trademark) or 
similar cleaner is recommended for cleaning all com
ponents along the tape path. If other typcs of cleaning 
agents are used, they should be given time to thoroughly 
dry before loading the tape. This will prevent damage, 
should the cleaner have any tendency to attack the mag
netic tape. Accumulation of tape wear products on the 
transport can be largely eliminated by using a high 
reliability tape. 

Empty reels should be thoroughly inspected and cleancd 
before winding tape on them for storage. Reels with hub 
damage, such as a plastic burr, or with dirty hubs can 
cause tape distortion exactly as outlined in the preceding 
paragraphs. Maintaining reel integrity cannot be over 
emphasized since valuable information can be lost, not 
because of tape failure but because the tape was dis
torted by a dirty reel. 

One of the most serious and more common forms of tape 
failure is generally categorized as edge damage. Dam
aged edges can be caused by the reel, the tape deck or 
the operator. A broken or badly distorted reel can quick
ly damage a tape. The effect of a broken or cracked 
Range is easily noticed since the tape will exhibit a 
series of nicks or mutilated areas along one edge, and 
the cause can be eas ily detected because of the obvious 
defect in the reel. A bent or distorted reel, however, can 
also cause damage to one or both edges if the tapc is 
allowed to rub against the Range when being used. A 
similar type of edge damage will also occur if any of the 
deck components are misaligned. 

FIGURE 8. SEVERE EDGE DAMAGE. 

NOTE THE WAVELIKE WRINKLES ALONG EDGE OF TAPE. 


Either of these faults can resu It in complete failure of a 
roll of tape. Not only will the edge track be lost, but 
the debris generated from the edge damage can be 
redeposited onto the surface of the tape across the entire 
width. An examination of the edges of a tape that has 
been damaged in this manner would disclose an accumu
lation of backing oxide debris. 

FIGURE 9. MICROSCOPIC VIEW OF A DAMAGED EDGE. 

AFFECTED AREA EXTENDS ABOUT 15 MILS INTO TAPE. 


While this type of damage is serious, it is sometimes 
difficult to ascertain its cause or even to notice the effec t 
until the damage is severe. Operators mLlst acquire the 
habit of physically inspecting the deck in the area of the 
guides and heads for an excess ive build-up of oxide or 
backing debris. This is generally the first clue that some
thing is wrong. Excessive dropouts on an edge tra ck or 
loss of high frequcncies may also indica te that an align
ment or tracking problem exists . 

It is also good practice to observe the physica I condition 
of the tape. A sure sign of devcloping edge damage 
would be a lip or distOItion on the edge hcing injured. 
\Vhen wound on the reel, the effect of this lip will be 
cumulative and can stretch the backing. The stretched 
backing will be rippled and will not conform to the 
recorder heads the next time the reel is usccl. 

If tape in this condition is properly rewound immC'di
ately before being put into storage, it may he possihle to 
salvage the roll. If this is not done, the hacking will be 
permanently stretched and will not recover. This will 
result in the entire roll having to be discarded. 

Operating personnel should use care in handling the 
reels of tape. It is important that the reel be picked up 
in a manner that will not cause the Ranges to be 
squeezed together. When the rcel is mounted on the re
corder, pressure should be applied only to the hub and 
never to the flange. If the flanges are forced aga inst the 
tape, this could result in edge damage. This is parti
cularly true if the roll has a scattered wind, since the 
exposed edges of the misaligned strands can be folded 
over and creased. 

FIGURE 10. PROPER METHOD OF MOUNTING A REEL ON A DECK. 

APPLY PRESSURE TO THE HUB AND NOT THE FLANGES. 


It is strongly recommended that operators be constantly 
on the alert for signs of potential trouble. This can best 
be accomplished by understanding what to look for and 
by making continuing inspections of both tape and deck 
a habit. 



FIGURE 11 . IMPROPER HANDLING OF TAPE REEl. 

SQUEEZING THE FlANGES MAY CREATE SERIOUS TAPE DAMAGE. 


MAJOR CATASTROPHE 
The discussion, to this point, has been devoted to pre
cautions and suggestions involving the day to day rou
tine use of recording tape. Topics have been explored 
concerning areas in which the tape is used and stored 
and recommendations for operator education have been 
made. The final area of concern, while a remote possi
bility, is nevertheless of utmost importance because it 
affects not just a single reel of tape or an isolated re
corder but the entire recording operation. This section 
will be devoted to two forms of major catastrophe: Fire 
& Nuclear Radiation. 

For a substance to bum, there must be a breakdown of 
the organic materials contained in it. The organic ma
terials in Magnetic Tape are the plastic backing and the 
binder. To burn, these must first vaporize - thus in
creasing their exposure to the oxygen in the atmosphere 
- and then rapidly oxidize to form light and heat. An 
ample supply of oxygen is required to sustain burning. 

Since Magnetic Tape contains no "built-in" oxidizer, it 
cannot bum in the absence of air. Simply stated, its be
havior can be closely compared to the way in which 
a tightly wound roll of paper would burn. 

While the "self-ignition" temperature of polyester backed 
tape is in the neighborhood of 10000 F., temperatures 
below that pOint can still cause damage. Polyester film 
will shrink 1 Y2 % at .300 0 F . and 25% at 325 0 F. Acetate 
film, because of its sensitivity to heat, will exhibit greater 
shrinkage and backing distortion and is more susceptible 
to hea t damage than polyester. If a roll of tape is heated 
to the approximate temperatures listed below, certain 
effects would be noted when the roll had cooled. 

250 0 F . - Backing distortion. 
320 0 F. - Softening of both the backing and 

binder with some "blocking" or ad
hesion of adjacent layers. 

550 0 F. - Darkening and embrittlement of the 
backing and binder. 

1000 0 F. - Charring of the backing and binder. 

'When charring occurs, the tape cannot be unwound from 
the reel, since it will flake when touched. The tempera
ture limitation of present day tapes is a function of the 
organic components and not a function of the gamma 
ferric oxide. 

Winding and storing magnetic tape properly will lessen 
the possibility of damage in the event of fire, since tape 
is a poor conductor of heat. It is sometimes possible to 
recover information from a tape receiving slight fire 
damage by carefully rewinding it at minimum tension. 
The information it contains should be transferred im
mediately to another reel of undamaged tape. 

We recommend the CO z- type of fire extinguisher for 
combating burning magnetic tape. CO2- is clean and this 
type of extinguisher contains no chemicals that could 
harm the tape. If water reaches the tape, it will probably 
not cause complete failure but there may be some evi
dence of "cupping" or transverse curvature. The amount 
of "cupping" will depend on the quality of the wind, 
backing material and the length of time the roll was 
exposed. If the wind is loose or uneven, the water can 
more easily reach the oxide surface and the cupping will 
be more pronounced. The tape should be removed from 
the water as soon as possible and certainly within 24 
hours. 

After removal, the rolls should be allowed to dry on 
the outside at normal room temperature and then be re
wound a minimum of two times. This will aid the in
ternal drying and will also help the rolls to return to 
equilibrium faster. If moisture is allowed to remain 
within the roll, severe blocking can be the result. 

If a temperature increase is also incurred while the 
tape is water soaked, steam or at least high humidity 
will be present. This is more likely to cause damage 
than water alone. A temperature in excess of 1300 F. 
with a relative humidity above 85% may cause layer to 
layer adhesion as well as some physical distortion . 

Once again, the importance of keeping rolls of tape in 
their containers must be emphasized. The container, if 
closed properly, will help keep the water spray of a 
sprinkler system from reaching the tape. 

To prevent fire involving magnetic tape, store tape in a 
non-combustible area and make sure that no combustible 
materials are stored in the vicinity. An example of a 
"non-combustible" area would be a room with metal 
shelves and sheet metal walls. For maximum fire secur
ity, store magnetic tape in a fireproof vault that is ca
pable of maintaining a desirable internal temperature and 
relative humidity for a reasonable length of time. 

As a general statement, it can be said that magnetic 
tape will be unaffected by Nuclear Radiation until the 
dosage approaches a level 200,000 times greater than 
that which would cause death in 50% of the exposed 
humans. Radiation of this level (100 megarep) would 
tend to increase the layer-to-Iayer signal transfer or 
"print-through" by about 4 db but would not prevent 
information retrieval. 



Nuclear Radiation at the above level will also have some 
physical effect on thc tape coating and backing. The 
backing will show significant cmbrittlement, and it is 
expected that thc wear life could be rcduced by as much 
as 60%. It is reasoned that whatever Elcctro-~"ragnetic 
Field might result from a nuclear detonation would not 
be of sufficicnt intensity to adversely affect the tape; 
therefore, the threat of signal erasure is virtually non
existent. The effect of Neutron bombardment would no 
doubt be limited to activation of the iron-oxide in the 
coating. This would produce a radioactive isotope that 
itself might become a source of further radiation, but 
it is theorized that such activation would not produce a 
change in the overall magnctic properties of the coating. 

Radioactive dust or fallout is not capable of producing 
the dosage necessary to adversely affect magnetic tape. 
Thc recommendations made earlier to protect the tape 
from normal contamination are applicable, as well. 

Recent laboratory tests concerning exposure of recorded 
tapes to x-ray have determined that the recordcd signal is 
not affected by even severe exposure to this source of 
radiation. The tests involved a commonly us cd recording 
tape with scveral different frequencies recorded on it. 

The x-ray machine was operating with 200 MA at 110 
KY, and a 6 second exposure time at a 36 inch distance 
was used. Testing and measuring thc signal output be
fore and after exposure indicated no signal loss or 
degradation. 

As can be seen from the above discussion, when speak
ing of major catastrophe, heat and fire damage are con
sidered much more serious than the cffects of radiation. 

Under proper storage conditions, magnctic tape has the 
ability to retain intelligence for an indefinite pcriod of 
time; of greatest importance is the physical preservation 
of the medium so that adequate head to tape contact 
can be maintained when the tape is again put into use. 

H at any time you have specific questions about this 
topic, simply write to: 

Product Communications 
Magnetic Products Division 
3M Company 
3\J Center 
St. Paul, .Minnesota 55101 

Additional copies of this paper arc available from your 
:3M rcpresentative, or by writing to the address above. 
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AUDIO STANDARDS LISTINGS: 


Standards Organizations 

NOle: The editors are pleased to present this new department on standards infor
mation affecting the day to day interests of the audio engineer. We are indeed 
fortunate to have two people whose work has brought them into the standards 
field . They are H. E. Roys, Chairman and J. G. McKnight, Vice-Chairman 
respectively of the Standards Committee of the Audio Engineering Society. 

INTRODUCTION 

As an aid to workers in the audio field, the AES Stand
ards Committee is compiling and will publish lists of 
existing standards. These will contain industrial, govern
mental, national, and international standards on the 
measurement, specification, and standardization of var BS: 
ious audio components and systems-general systems and 
measurements, electroacoustic transducers (microphones, 
loudspeakers, and headphones), sound recording (disc, 
tape, and film), etc. 

Because new technology is continually developing, all 
standards are subject to periodic review and users are 
cautioned to obtain the latest editions from the various 
standards organizations. These listings will mainly reflect 
the information given in the latest catalogs at the time 
they are compiled. Standards known 
vision are indicated by an asterisk (*) . 

10 be under re
CCIR: 

Lists will be compiled from the catalogs of the follow
ing standards organizations. 

ANSI: American National Standards Institute, 1430 
Broadway, N.Y. 10018, USA (formerly 
USA Standards Institute, USASI, formerly 
American Standards Association, Inc., 
ASA). ANSI does not originate standards 
itself, but rather provides procedures for es
tablishing national standards called "Ameri
can National Standards" based on a con
sensus of those substantially concerned with 
the scope of the corresponding standards. 
ANSI has approved a number of audio DIN: 

standards sponsored by EIA, IEEE, and 
SMPTE. Most foreign and international 
standards are distributed in the USA by the 
ANSI. Write ANSI for the current free 
catalog of ISO, IEC, and American National 
Standards. 

ARD: Arbeitsgemeinschaft der Rundfunkanstalten 
der Bundesrepublik Deutschland (Associa

tion for Radio Stations of the German Fed
eral Republic). The Standards are published 
for ARD by the Institut fUr Rundfunktech
nik, 2000 Hamburg, Mittelweg 113, West 
Germany. 

Standards published by British Standards 
Institution (BS!), British Standards House, 
2 Park Street, London W.I, England. BSI 
Sales Branch, Newton House, 101 Penton
ville Rd., London N.I, England . These 
Standards are available in the U .S.A. 
through ANSI. Write BSI for the following 
Sectional Lists: SL 10, Acoustics; SL I, 
Cinematography; SL 26, Electrical Engi
neering; and SL 29, Nomenclature. 

International Radio Consultative Committee, 
International Telecommunication Union, 
Place des Nations, Geneva, Switzerland. The 
texts of CCIR recommendations and reports 
are published in the documents of the 
Plenary Assemblies of the International Ra
dio Consultative Committee, every three 
years. The volume on Broadcasting and Tel
evision (Study Group X and others) sells 
to non-members of CCIR for approximately 
$6 including packing and postage, and may 
be ordered directly from the ITU at Geneva. 
(Not available from ANSI). 

Standards published by Deutscher Normen
ausschus (DNA) (German Standards Com
mittee). Tbis organization formulates the 
Deutsche Industrie Normen (German In
dustrial Standards, DIN) which are widely 
used in Europe. Although t he titles will be 
given here in English, the original standards 
are, of course, all in German. Some of the 
Standards are also available in English trans
lations, sometimes very literal, indicated by 
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"EjDIN." These standards are sold by 
Beuth-Vertrieb GmbH, I Berlin 30, Burg
grafenstrasse 4-7, West Germany. Standards 
in German, and the "EjDIN" translation, 
are avail able in the U.S.A. from ANSI. 
Some of the standards are available in un
official translations in finished form, indi
cated "EjU-f," and some in very rough 
draft form, "EjU-d," from J. G. McKnight, 
Ampex Corp., Mail Stop 26-01, 401 Broad
way, Redwood City, Calif., 94063, USA . 
Write Beuth-Vertrieb GmbH for the "DIN 
Normen-verzeichnis fUr die heimstudio-, 
rundfunk-, magnetton-, verstarker-, und 
phono-Technik, einschliesslich elektroakus
tischer Wandler lind Messtechnik " ( "DIN 
Standards List for 'high fidelity', radio, mag
netic recording, amplifier, and phonograph 
engineering, including electroacoustic trans
ducers and measurement techniques") (in 
German) . 

EIA: 	 Electronic Industries Association, Engineer
ing Department, 2001 Eye Street, N.W., 
Washington, D.C. 20006, USA. Some EIA 
standards have been approved as ANSI 
standards. Write EIA for the current free 
catalog of standards. 

IBTO: 	 International Broadcasting and Television 
Organization, (OIRT in French), Lieb
knechtova 15, Prague, 5 Czechoslovakia. An 
international organization of several East 
European, Asian and African nations, and 
Cuba. 

lEe: 	 International Electrotechnical Commission, 
1, rue de Varembe, Geneva, Switzerland. 
Standards listed in the ANSI catalog and 
available in the USA through ANSI. 

IEEE: 	 Institute of Electrical and Electronics En
gineers, Inc., 345 East 47th St., New York, 
N.Y. 10017, USA (formerly AlEE and 
IRE). These Standards are available from 
the IEEE, Order Department. Write IEEE 
for the current free catalog. Some IEEE 
standards have been approved as ANSI 
standards. 

ISO: 	 International Organization for Standardiza
tion, I, rue de Varembe, Geneva, Switzer
land. Standards listed in the ANSI catalog 
and available in the USA through ANSI. 

JIS: 

MRIA: 

NAB: 

PPI: 

RIAA: 

SMPTE: 

Standards published by the Japanese Stand
ards Association (JSA) , 1-24 Akasaka 4, 
Minato-Ku, Tokyo, Japan. The Standards 
are available in the U.S.A. through ANSI. 

Magnetic Recordi.ng Industries Association. 
Merged with EIA in 1965 ; no Standards 
issued. 

National Association of Broadcasters (also 
called NARTB at one time), Engineering 
Department, 1771 N . Street, N.W., Wash
ington, D.C. 20036, USA. Standards for use 
by the USA broadcasting industry. No cata
log. 

Philips Phonographic Industries, Baarn, The 
Netherlands. PPI publishes a widely used 
company standard on cassette recording . 

Record Industry Association of America, 
Inc., One East 57th St., New York, N.Y. 
10022, USA. Tape and disc record stand
ards. No catalog. 

Society of Motion Picture and Television 
Engineers, 9 East 41st St., New York, N.Y. 
10017, USA. These Standards are published 
in the Journ al of the SMPTE in their draft 
and finally approved forms . The approved 
Standards are available from ANSI only. 
Write SMPTE for the current free index to 
SMPTE Standards. 

USA FED.: 	United States of America, Federal Specifica
tions. Procurement standards for Federal 
agencies. 

a) Bureau of Ships, Department of the Navy 

Standards can be ordered from Naval Ship 
Engineering Center, Code 6665.2M, Wash
ington, D.C. 20360, USA . 

b) General Services Administration 

Standards can be ordered from the General 
Services Administration's regional offices in 
Boston, New York, Washington (D .C.), At
lanta, Chicago, Kansas City (Mo.), Dallas, 
Denver, San Francisco, and Auburn 
(Wash.), USA . 

UTE: 	 Union Technique de I'Electricite, 20, rue 
Hamelin, Paris (16·), France. Available in 
the USA through ANSI in French only . 
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Magnetic Tape Sound Recording 

INTRODUCTION 

This list is part of a series of lists of audio standards 
that is appearing in the AES Journal. The full listing of 
the standardizing organization names and addresses ap
pears on pages 317 and 3 I 8. 1 

Arrangement is by the subject of the standard: 
I. 	General Standards (where one document includes 

several of the subjects) 
2. 	 Glossaries, symbols, etc. 
3. 	 Recording and reproducing equipment specifications 
4. 	 Measuring and adjusting recording and reproducing 

equipment (including test tapes) 

.5. Tape 


5.1 	 Specifications 
5.2 	Testing methods 

6. 	 Containers for tape 
6.1 	 Reels 
6.2 	Cartridges 

7. 	 Tape Records 
8. Miscellaneous 

Within a subject, entries are alphabetical by the stand
ardizing organization . EIA Standards which are also 
ANSI Standards are, nevertheless, listed under EIA. 

Prices of foreign standards from ANSI are approxi
mate and should be verified with ANSI before purchase. 
A dash in the "price" column indicates that the standard 
is not available for sale from that source. 

1. 	 GENERAL STANDARDS 
(Including glossaries, recording and reproducing 
equipment, measurements, tape, containers, and tape 
records in one standard.) 

The following two standards are for recording and re
producing equipment and records for professional pro
gram exchange. 

Publish- ANSI 
er's Price Price 

lEC Publication 94 
Magnetic Tape Recording and Reproducing 24 Swiss $9.60 
Systems: Dimensions and Characteristics. francs 
Third edition, 1968. 
Amendment 1 

(Changes which replace the "surface induc

1 Audio Standards Listings: Standards Organizations, J. 
Audio Ellg. Soc. 18,317 (1970). 

tion" specification of recording character- Pub. ANSI 
istics with a "recorded tape flllx character- Price Price 
istic") ( in preparation . ) 

Addition 1 
Tape cassettes for domestic use: twin-hub, 
four-track , mono-stereo compatible (in 
preparation). For the time being, see 
Philips Phonographic Industries, "Tape 
Cassette, Twin-Hub Four-Track Mono/ 
Stereo Compatible for Domestic Use" (4th 
Revision, Oct. 1968) . G PG 670. 4/ 4. (Pub
lished in J. AES 16, 430-435, Oct. 1968). 

BS 1568: 1960 + Amendment 
PD 5962. Dec. 1966 

Ivfagnetic Tape Sound Recording and Re 6s $2.75 
production (Dimensional Features) . 

The following two standards are for recording and re
producing equipment and records for use by the USA 
broadcasting industry. 

NAB Standard 
Magnetic Tape Recording and Reprodllcing Available 
(Reel-to-Reel) (April 1965). on request 

NAB Standard 
Cartridge Tape Recording and Reproducing Available 
(Oct. 1964). on request 

2. 	 GLOSSARIES, SYMBOLS, ETC. 
(See also Sec. I, General Standards) 

ANSI S1.1-1960* 
Acoustical Terminology (Sec. 8: Recording $6.00 
and Reproducing) . 

ANSI Y32.2-1967 
Graphic Symbols for Electrical and Elec- $6.00 
tronics Diagrams 

DIN 40 700: Part 7 
Graphical Symbols for Magnetic Heads 2.50 DM $2.65 
(Sept. 1957). E/ U-f 

DL"I 45 510 
Magnetic sOllnd recording: Terminology; 6.40 DM $3.60 
German, English, French (Draft, Feb. 
1969) 

IEC Publication: 50 (08) 
International Electrotechnical Vocabulary: 10 Swiss $8.00 
Electroacoustics (Sec. 08-25: Recording francs 
and Reproduction). 

" Standards known to be under revision are shown by an 
asterisk. 
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3. RECORDING AND REPRODUCING 
EQUIPMENT SPECIFICATIONS 
(See also Sec. 1, General Standards) 

DIN 45 500 

Pub. 
Price 

ANSI 
Price 

Part 4 
"High Fidelity" Home Equipment: Mag- 2.50 DM $2.65 
netic tape recording and reproducing sys
tems (Oct. 1967) 

DIN 45 511: 
Tape Recorders: 
Part 1 
Tape recorder for recording on magnetic 4 OM $3.00 
tape with 6.3 mm (0.25 in. ) width, me
chanical and electrical specifications (Draft, 
March 1969) E / U-f and El DIN of March 
1966 issue . 
Part 2 
Tape recorder for 3- or 4-track recording 4 OM $3.00 
on magnetic tape with 12.5 mm (0.5 in.) 
width, mechanical and electrical specifica
tions (Draft, March 1969) 
Part 3 
Tape recorder for 4-track recording on 4 OM $3.00 
magnetic tape with 25.4 mm (I in.) 
width, mechanical and electrical specifica
tions (Draft, March 1969) 

EIA RS-288 (1963) 
Audio Magnetic Playback Characteristics $0.50 
at 7.5 in/s . 

JIS C5550-1967 
Magnetic Tape Recording and Reproducing 360 yen $3.20 
Equipment (in English). 

USA Fed. Specs. W·R·00168a (GSA-FSS) 
Recorder-Reproducer, Sound (Magnetic No charge for 
Tape Type) (March 1968) single copies 

USA Fed. Specs. W·R·170a 
Recorder-Reproducer, Sound (Portable, $0.10 
Battery Operated) (May 1966). 

W·R·170a Interim Amendment-2 (GSA·FSS) 
Interim Amendment (March 1968). No charge for 

single copies 

USA Fed. Specs. W-R-0001404 (GSA·FSS) 
Recorder-reproducer, sound (portable, No charge for 
battery operated , cassette type) (August single copies 
1968) 

4. 	 MEASURING AND ADJUSTING RECORDING 
AND REPRODUCING EQUIPMENT (Including 
Test Tapes) 

(See also Sec. 1, General Standards) 

ARD 
Basic Specifications for Magnetic Sound 5 DM 
Recording Equipment, and General Direc
tions for their Adjustment (June 1965). 
German only. 

DIN 45 513 
DIN Test Tapes 
Part 1 
76 cmls (30 ini s), 6.3 mm (.25 in) tape 2.50 D.M $2.65 
width (Apr. 1968). El DIN 
Part 2 
38 cmls (15 in / s), 6.3 mm (.25 in) tape 2.50 DM $2.65 
width (Oct. 1967). El DIN 
Part 3 
19 cmls (7.5 inis), 6.3 mm (.25 in) tape 2.50 DM $2.65 
width (Oct. 1966). El DIN, E IU-f. 

Pub. ANS[ 
Part 4 Price Price 
9.5 cmls (3.75 inis) , 6.3 mm (.25 in) tape 2.50 DM $2.65 
width (Jan. 1968). ElDIN 

Part 5 

4.75 cmls (1.88 inis) , 6.3 mm (.25 in) 2.50 DM $2.65 
tape width (Mar. 1966). ElDIN-for 1962 
issue only. 
Part 6 
4.75 cmls (1.88 in/ s), 3.8 mm (150 mil) 1.90 DM $2.55 
tape width (draft, Mar. 1967). 

DIJ'.' 45 520* 
Magnetic Tape Equipment: Method for 2.50 DM $2.65 
Measuring the Absolute Magnitude and the 
Frequency Response of the Remanent Mag· 
netic Flux of Magnetic Recording Tape 
(Sept. 1957) E / U-f. 

DIN 45 521 
Magnetic Tape Equipment: Measuring the 2.50 DM $2.65 
Crosstalk Ratio of Multi-track Equip
ment (Oct. 1963). 

DIN 45 524 
Evaluation of the tape speed of magnetic 
tape transports (draft, March 1969). 

EIA .... 
EIA Reproducer Test Tape (Open-reel) 
for tape speeds of 7.5 in /s (19 cm/s) and 
3.75 in l s (9.5 cm/ s) (in preparation; now 

Standards Proposal 1030) 


IBTO Recommendation .... 
OIRT Reference Tapes for tbe Internation
al Programme Exchange. 

.liS C5551·1966 
Testing Methods for Magnetic Tape Equip- 360 yen $3.20 
ment (in Englisb). 

UTE C97-110 
Electroacoustics: Magnetic Tape Record- 14 French $4.90 
ers for Semi-Professional or General Pub- francs 
lic usage: Characteristics and Methods of 
Measurement (July 1966). 

5. 	 TAPE 
(See also Sec. 1, General St andards) 

5.1 Specifications 
DIN 45 500 

Part 9 
"High Fidelity" Home Equipment : Mag
netic tapes (draft, Sept. 1966). 

DIN 45 512 
Part 1 
Magnetic Tapes: Mechanical properties 2.50 DM $2.65 
(Aug. 1968) 

EIA RS-355 (1968) (ANSI C83.45·1969) 
Standard Dimensions for Unrecorded Mag- $0.60 $0.60 
netic Sound Recording Tape 

USA Fed. Spec. W-T.0070/ 1 
Tape, Audio Type, Cellulose Acetate Base No charge 
(Apr. 1963) 

USA Fed. Spec. W·T-0070/ 2 
Tape, Audio Type, Polyester Base (Apr. No charge 
1963) 

5.2 Testing Methods 
DIJ'.' 45 512 

Part 2 
Magnetic tapes: Recording performance 3.80 DM $3.00 
characteristics (Draft, Feb . 1969) 
(Aug. 1968) 

http:Mag-$0.60
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DIN 45 519 	 Pub. ANSI 
Measuring Methods for Tapes: Price Price 

Part 1 
Print-through (Oct. 1955). E/U-d 2.50 OM $2.65 

Part 2 
Signal to DC-Noise Ratio (Oct. 1955). 2.50 OM $2.65 
E/U-d 

DIN 45 522 
Test Methods for Magnetic Tapes: 

Part 1 
Measurement of the coefficient of friction 2.50 OM $2.65 
(Dec. 1968) 

Part 2 
Measurement of flexibility (Aug. 1968) 2.50 OM $2.65 

Part 3 
Measurement of nominal strength (Aug. 2.50 OM $2.65 
1968) 

Part 4 
Measurement of longitudinal curvature 2.50 OM $2.65 

EIA RS-339 (1967) (AJ.~SI C83.35·1968) 

Recommended Test Method-Layer-To- $0.60 $0.60 
Layer Adhesion of Magnetic Tape 

EIA RS·342 (1967) (ANSI C83.36·1968) 
Recommended Test Method-Magnetic $1.40 $1.40 
Tape Electrical Resistance Coating 

EIA R5·362 (1969) (ANSI C83.56·1970) 
Recommended Test Method-Tensile Prop- $1.20 $1.20 
erty of Magnetic Tape 

USA Fed. Spec. W-T·0070 
Tapes, Recording, Sound and Instrumenta- No charge 
tion, Magnetic Oxide Coated, General 
Specifications for (Apr. 1963). 

6. CONTAINERS FOR TAPE 
(See also Sec. 1, General Standards) 

6.1 Reels 
DIN 45 514 

Magnetic Tape Equipment: Reels, Cine- 2.50 OM $2.65 
Type (Mar. 1961). El DIN, E/ U·f 

DIN 45 515 
Magnetic Tape Equipment: Hub (Mar. 2.50 OM $2.65 
1955). E l DIN 

DIN 45 517 
Magnetic Tape Equipment: "Disassemble
able" Reel (Identical to ElA and NAB 
"Type An reeL) 

Part 1 
Hub, flange, screw, and nut (Oct. 1963). 4.00 OM $3.00 

Part 2 
Adaptors (Oct. 1963). 2 .50 OM $2.65 

EIA RS·346 (1968) (ANSI C83.38-1968) 
Type A Hubs and Reels for Magnetic Tape $0 .80 $0.80 

EIA RS·347 (1968) (ANSI C83.40.1968) 
Y2 Inch Type B Plastic Reel for Magnetic $0.80 $0.80 
Tape 

EIA RS·351 (1968) (ANSI C83.39·1968) 
Type B Plastic Reel for Magnetic Tape $1.00 $1.00 

USA Fed. Spec. W·R·175b 
Reels and Hubs for Magnetic Recording $0.05 
Tape, General Specification for (May 
1967) . 

USA Fed. Spec. W·R-175/ 1b 
Reels, standard, plastic, and fiberglass, $0 .05 
5/ 16-inch center hole (May 1967) 

6.2 	 Cartridges Pub. ANSI 
Price Price

EIA RS·264 (1962) 
Magnetic Recording Tape Cartridge Di $0.50 
mensions 

EIA RS-332 (1967) (ANSI C83.45·1969) 
Dimensional Standards-Endless Loop $1 .60 $1.60 
Magnetic Tape Cartridges, Types I, 2 and 
3. 

EIA ..... . 
Magnetic Tape Cartridge-Co-Planar Type 
CP-2 (Compact Cassette), Dimensional 
Standards (in preparation; now Standards 
Proposal 1055) 

7. TAPE RECORDS 
(See also Sec. 1, General Standards) 

CCIR Recommendation 261·1 
Standards of Sound Recording for the In See intro
ternational Exchange of Programs, Single duction 
Track Recording on Magnetic Tape 
(1966). Vol. 5, p. 13·15. 

CCIR Recommendation 408-1 
Standards of Sound Recording for the In See Intro
ternational Exchange of Programs, Two duction 
Track Stereophonic Recording on Magnetic 
Tape (1966). Vol. 5, p. 23-24. 

EIA ..... . 
Endless-Joop cartridges with eight-track 
stereophonic records at 3.75 in / s (in prepa
ration; now Standards Proposal 1065) 

EIA . .... . 
Endless-loop cartridges with four-track 
stereophonic records at 3.75 in/s (in prepa
ration; now Standards Proposal 1066) 

EIA ..... . 
Compact cassettes with four-track monol 
stereo compatible records at 1.88 in/s (in 
ration : now Standards Proposal 1067) 

EIA ..... . 
Open-reel four-track stereophonic records 
at 3.75- and 7 .5 in / s (in preparation; now 
Standards Proposal 1068) 

EIA RS-224 (1959) 
Magnetic Recording Tapes (Rev. of REC $0.60 
138 and REC 132) 

mTO Recommendation 24 
Magnetic Tape Recording for the Inter
national Programme Exchange 

RIAA Bulletin E-5 
Standards for Magnetic Tape Records No charge 
(Feb. 1969). 

RIAA ..... . 
Standards for Multitrack Magnetic Tape 
Duplicating Masters (preliminary draft, 
May 1967). 

8. MISCELLANEOUS 
DIN 45 523 

Remote Control by Signals from Magnetic 
Tape Recorders (Jul. 1968). 

DI.t~ 45 525 
Evaluation of the Time Period During 
Which Batteries May Be Used in Magnetic 
Tape Recorders (draft, May 1968). 

EIA REC-133 (1949) 
Magnetic Recorder Combined with Home $0.50 
Radio Receivers (reprinted June 1954). 
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AMPEX CORPORATION LABORATORY REFERENCE 
 AMPEXPROFESSIONAL AUDIO 
TEST TAPESPRODUCTS DIVISION ALIGNMENT / TEST TAPES 


PRICE SCHEDULE A497 SUPERSEDES A395 EFFECTIVEJULY 1, H 

ALIGNMENT 

WIDTH 
(INCH) 

SPEED 
(IN/S) 

EQUALIZATION 
(TIME CONSTANTS) STANDARD TRACKS CATALOG 

NO . 

SUGGESTED 
USER 
PRICE 

1/4 

3.75 
90ps&3180/-ls 
120 ps & 3180 pS 
200 pS & 3180 pS 

NAB 
EIA ' 
Amp ex ., . • 

Full 
Full 
Full 

4690037-01 
01-31331 ·01 
01-31334 -01 

S 23.957.5 

50 pS & 3180 pS 
50 pS & 3180 pS 
50ps&3180ps 

70 ps & co 

NAB 
NAB 
NAB 

IEC' " 

Full 
2 

1&3 
(of 4) 
Full 

01-31321-01 
4690010-01 
0131321 -04 1 

4690014 ·01 

15 
50 ps & 3180 pS 
50 ps & 3180 pS 
35 pS & . 

NAB 
NAB 
IEC 

Full 
2 

Full 

01-31311 -01 
4690009-01 
01-31313 -01 

60 3200 Series Duplicator Special Full 6878 44.00 

1/2 

7.5 50ps&3180ps 
70ps& = 

NAB 
IEC 

Fu II 
Full 

01-31321-05 
4690015-01 

38_50 

15 50 pS & 3180 pS 
35 pS & 

NAB 
lEe 

Full 
Full 

0131311 -05 
01-31313-05 

F 

7_5 

50 pS & 3180 pS 
70ps& or 
70 ps & 00 

NAB 
IEC 
IEC 

8 
Full 

8 

4690007 -01 
4690032-01 
4690021 -01 

150.00 

50 pS & 3180 pS (B LM -2 00) 
50 pS & 3180 pS (BLM -2 00) 

NAB 
NAB 

8 
8 

4690007 -02 \ 
4690041 - 01 ~ 

165 .00 

15 

50 pS & 3180 pS 
50 pS & 3180 pS 
35 pS & 00 
35 pS & 00 

NAB 
NAB 
IEC 
IEC 

Full 
8 

Full 
8 

4690005-01 
4690006-01 
4690031-01 
4690020-01 

150.00 

30 
17.5 pS & 00 5 

17.5ps&00' 
AES 
AES 

Full 
8 

4690048-01 
4690042-01 175 .00 

22 

7_5 

50 ps&3180 ps 
50 pS & 3180 ps 
70 pS & 00 
70ps& oo 

NAB 
NAB 
IEC 
IEC 

Full 
16 

Full 
16 

4690025-01 
4690022-01 
4690036-01 
4690034-01 

275.00 

15 

50ps & 3180 ps 
50 pS & 3180 pS 
35ps&00 
35 pS & 00 

NAB 
NAB 
lEe 
lEe 

Full 
16 

Full 
16 

4690024-01 
4690018·01 
4690035-01 
4690033-01 

30 
17.5 ps & 00 5 

17.5 ps & 005 

AES 
AES 

Full 
16 

4690047-01 
4690039-01 325.00 



FLUTTER 

WIDTH 
(INCH) 

SPEED 
(IN/S) 

FREQUENCY 
(Hz) 

UNWEIGHTEC 
RMS 

FLUTTER (% ) 
TRACKS CATALOG 

NO. 

SUGGESTED 
USER 
PRICE 

1/4 

3.75 
3000 
3150 

<003 
<0.03 

Full 
Full 

01-31336-01 
4690013-01 

$23.957.5 
3000 
3150 

<0 03 
<b.03 

Full 
Full 

01-31326-01 
4690012-01 

15 
3000 
3150 

< 003 
<0 03 

Full 
Full 

01 -31316-01 
469001101 

LEVEL 

WIDTH 
(INCH) 

SPEED 
(IN /S) 

FREQUENCY 
(H z) 

LE VE L TRACKS 
CATALOG 

NO . 

SUGGESTED 
USER 
PRICE 

1/4 
7.5 
15 

700 
700 

Operati ng 6 

Operating
6 

Full 
Full 

01-31325-01 
01-31315-01 $19 .50 

PROGRAM SEQUENCES 

IN /S FREQUEN CY 

ALIGNMENT 

REPRODUCER OUTPUT 
VOLTA GE LEVEL 

DURATION 

3.75 

500 H z 
7.5kH z 
5 kHz 
2 .5 kHz 
1 kHz 
500 H z 
250 Hz 
100 H z 
50 H 7 
500 H z 

10 dB below op~rating level 
10 dB below operating leve l 
10 dB below operating lev el 
10 dB bel ow operating lev el 
10 dB below operating level 
10 dB be low operating level 
10 dB helow operati ng leve l 
10 dB below operating level 
10 dB below operating level 
Operati ng level" 

15 seconds 
30 seco nds 
10 seconds 
10 seconds 
10 seconds 
10 sec onds 
10 sec onds 
10 seconds 
1 0 se l~o nd5 
15 second. 

15 & 
30 

700 H z 
15 kH z 
12 kHz 
10 kH z 
7 .5 kH z 
5 kHz 
2.5 kHz 
1 kHz 
500 Hz 
250 Hz 
100 H z 
50 H z 
30 Hz 

Operating I evel o 

Operating leve l 
Operating level 
Operating level 
Op era ting level 
Ope rating leve l 
Op eratin g leve l 
Operating level 
Op erating level 
Operating lev el 
Operating level 
Operating level 
Operating level 

15 seconds 
30 seconds 
10 seconds 
10 seco nds 
10 sec onds 
10 seconds 
10 seconds 
10 seconds 
10 seco nds 
10 secon ds 
10 seconds 
10 seconds 
10 seco nds 

NOTES 

1 . Has additional l -min , 3-kH z signal at operating level as first tone . 

2. One·inch tapes, except for 4690041-01, hav e t w o times the duration 
sho wn , and two-inch tapes hav e four times the durati on sho w n . 

3 . Tape 4690007 · 0 2 ,. Identica l to 469000 7 01 . except i s re COrded on 
back -treated tape . 

4 . Tape 4690041 ·01 has the fo llowing program and leve ls at 7 '1, in/s: 
durations sho w n are at 240 in /s: 

a. 700 Hz , operating lev el , 12.5 secon ds. 
b. 700 Hz, 10 dB below ope ratin g lev el, 7 .5 seconds . 

c, 10 kH z, 10 d B below operating leve l , 1 2 .5 secon ds. 

d. 5 kHz , 10 dB be lo w op era t i ng level, 5 secon ds. 
e . 2.5 kHz , 10 dB belOIN operating le v el, 5 sec onds. 
f. 50 H z , 10 d B belo w operating le v el, 5 secon ds. 

5 . Time COnStants fo r 30 in/ s are per AES proposal , vo lume 19, page 68 , 
Jan . 1971 . 

ALIGNMENT 

IN /S FREQUEN CY REPRODUCER OUTPUT 
VO LTAGE LE V EL DURATION 

700 Hz 10 dB bel ow operating leve l 15 seco nds 
15 kH z 10 dB below operating level 30 seconds 
12 kHz 10 dB below operati ng leve l 10 seconds 
10 k Hz 10 dB below operating level 10 sec onds 
7.5 kHz 10 dB be low operating level 10 seconds 
5 k Hz 10 dB below operating leve l 10 seconds 

75 2. 5 k Hz 10 dB below operating level 10 seconds 
1 kH z 10 dB below operating level 10 seconds 
500 H z 10 dB be low operating level 10 seconds 
25 0 H z 10 dB below operating level 10 seco nds 
100 H z 10 dB below operating level 10 seconds 
50 Hz 10 dB below operat ing level 10 seconds 
700 H z Ope rating leve l6 15 seconds 

FL UTTER 

3.75 
7.5 
15 

2 dB dbove operating level 
2 dB above operating level 
2 dB above operating level 

30 minutes 
15 minutes 
7.5 minutes 

L EVEL 
r- r-7.5 Operating lev el 6 10minutes 

15 Operating leve l6 5 minutes 

6 . O PERATING LE V EL, at 500 and 700 Hz , corresponds to a tape 
flu x per un i t w idth of 185 nano webers/mete r ( Refer to . McKn ight , 
John G., " Flu x and Flu x· Fr equency Measurements and Standardlzatior 
in Md9n et ": Recordin g," Journa l of the SMPTE, Vo l. 78 , June 1969 , 
pp 4 57 ·472.) 

7. All ta pes are suppli ed i n bo x es , on the fo llolJving si ze and type reels : 
o ~· in .: 7 · in ., plasti c, 4 In . hu b 

a Catalog No . 6878 . 8-in ., NAB 

o Y~ · in .: 8·in " NAB 

a I - in '. B · in., NAB 

o 2-ln. 8 ·ln ., Precision (10. 5 · ln . precision for 30 In/ s) 

8. A ccon1panying each tape IS a techn ic al bro c hu r e describ ing the use 
and ca r e of the tape . 

9. Special Test Tapes : Contact your nearest Ampex representative for 
price and deli v ery information . 

10. Ampex Corpo ration reser v es the right to change prices without 
notice and w ithout obligation. These prices supersede all prev iou S pri 
stated or implied. 

Ampex Corporation . Profes sional AudiO Product s Di viS ion 
I 401 BroadwayAMPEX 

Redwood City. Californ'a 94063 

U . S. Sales Offi ces in: CALIFORNIA , Los Angel es ( 2 13) 74 5·9 373. Sa n Fran c l$co (41 5) 1 738 61 • GEO RGI A. Atlant a (404) 633·4131 • ILLINOIS, Chi cago 



MM-1000 Seri'es 
RecorderI Reproducer 

SPECIFICATIONS 

[	 AMPEX ·j 

The Sound Revolu t ion has brought with it sweeping 
changes in approach. Mastering now calls for much 
greater operational flexibility in recording equip
ment. And the MM-1 000, a mu Itichannel recorderl 
reproducer f rom Ampex, was conceived to lead the 
revolution. 

The MM- l 000 is a professional audio tape recorder 
designed to handle one· inch or two-inch tape with 
remarkable reliability. It is basically a 16-channel 
machine, available in both 8·channel and 24-channel 
configurations as well. Machines can be expanded 
or reduced by eight·channel increments to any of 
the three configu rations. 

SPECI FICATIONS 

Tape Speeds (Dual) : 
7.5 and 15 ips or 15 and 30 ips 

Number of Channels: 
8·, 16- or 24-channels 

Signal-to-Noise Rat io: 
7.5/15 ips or 15/30 ips; 

8· and 16·channel, 60 dB min . 
24--channel , 55 dB min . 

Peak record level to unweighted noise (30 Hz to 
18 k Hz) . I ncludes bias, erase, and playback 
ampl ifier noise using Ampex 404 Series tape 
or equivalent . 

Frequency Response (Overall): 
30 ips: ±2 dB, 50 Hz to 20 k Hz 
15 ips: ±2 dB, 30 Hz to 18 k Hz 
7.5 ips: ±2 dB, 40 Hz to 15 kHz 

Erasure (Selective erasure on each channel): 
7.5/15 ips and 15/30 ips: 
8-- and 16·channel, 70 dB 
24--channel, 50 dB 

Flutt er: 
15 and 30 ips below 0.08% rms 
7.5 ips below 0.1 0{, rms 
percentage of total flutter is measured by the 
methods of the ASA 
257.1.1-1954, in a band 0.52200 Hz, while 
reproducing an Ampex flutter test tape 
(flutter on test tape less than 0.03%) 

Th ird Harmonic Distortion: 
7.5/ 15 ips and 15/ 30 ips: below 1.1 % at normal 
operating level. 

Crosstalk: 
50 dB minimum, 8· and 16·channel at 500 Hz. 
45 dB minimum, 24-channel at 500 Hz. 

Playback Output: 
+4 dBm into 600 ohms, restrappable for +8 
dBm output, balanced or unbalanced. Maxi
mum +28 dBm before clipping. 

Record Input: 
lOOK unbalanced bridging with dummy plug 
supplied or 20K balanced bridging with plug· in 
transformer supplied with each electronics. 
-17 dBm to produce recommended operating 
level. 

Electronic Adjustment s: 
Accessible f rom front: equalization, reproduce 
level, record level, record calibration, reproduce 
calibration, bias adjustment, bias calibration, 
erase adjust, SEL·SYNC® " system level and 
bias t rap adjustments. 

Heads: 
8-track head stacks have adjustable azimuth, 
16· and 24-track head stacks are fixed azimuth. 

Indicators: 
1. 	 Illuminated t ransport controls. 
2. 	 "Red" record, "Yellow" non·record, "Green" 

SEL·SYNC system. 

(Specifications continued on overleaf.! 
·SEL·SYNC is an Ampex trade name. 



Timing Accuracy : 

±0. 1% (±1.8 seconds in 30 minute record time) 

for a reel of tape recorded, rewound and played 

back on the same unit; ±0.2% from unit to 

unit. 


Tape Position Index: 
Reads hours, minutes, and seconds with repeat 
accuracy of ±O. 1 % (15 ips only). 

T iming Reference: 
If capstan is driven from ac motor, ac line 
is standard . If dc capstan motor is used, the 
reference is an external frequency standard, or 
an internal crystal accurate to 0.01%. Variable 
frequency accessory is available. 

SALES 
OFFICES 

CALIFORNIA 
500 Rod ier Drive 
Glendale 91201 
(213) 245·9373 TWX No. 910-497·2268 
120 Independence Drive 
Menlo Park 94025 
(415) 367·3861 TWX No. 910·378·5920 

GEORGIA 
1680 Tully Circle. N.E. 
Atlanta 30329 
(404) 6334131 TWX No. 810·751·8586 

Tape Width: 

One-inch and two·inch wide NAB reels. Ampex 

Series 434 (1 .5 mil) or 444 (1 .0 mi l) low-noise 

mastering tape recommended. 


Equalization: 
All standard models supplied with NAB or 
IEC (CCIR) equalization . 

Rewind T ime: 
1.4 minutes to rewind 10Y,· inch reel using 
2-inch, 1.5·mil tape. 

Start Time: 
Tape at full speed in less than 0.5 second. 

ILLINOIS 
10 King Street 
Elk Grove Village 60007 
(312) 4394600 TWX No. 910·222·2864 

MARYLAND 
7222 47th Street 
Chevy Chase 20015 
(301) 652·1881 TWX No. 710·824.()409 

Power Requirement s: 
117 volts, 50 or 60 Hz. 
MM-l 000-S 0.65 KVA MAX. 
MM-l 000- 16 0.85 K VA MAX. 
MM· 1 000-24 1.1 KVA MAX. 

Dimensions: 

Height : 65.0 inches 
Width: 42.3 inches 
Depth: 27 .5 inches 

Sidecar rack for MM· ' 000-24; 
Height : 65.0 inches 
Width : 25.0 inches 
Depth : 25.0 inches 

Weight: 
MM-l000-S approximately 500 Ib 
MM-' 000- 1 6 approximately 630 Ib 
MM-1000-24 approximately 750 Ib 

NEW JERSEY 
75 Commerce Way 
Hackensack 07601 
(201) 489·7400 TWX No. 710·990-S143 
(In New York. Phone 736·6116) 

TEXAS 
1615 Prudential Drive 
Dallas 75235 
(21 4) 637·5100 TWX No. 910·861-4967 

Ampex Corporation, Professional Audio Products DivisIon 
401 Broadway AMPEX 
Redwood City, California 94063 

Buenos Aires, Argentina • North Sydney, Australia • Rio de Janeiro, Brazil • Rexdale, Ontario. Canada • Bogota. Colombia • 
Reading. England • Boulogne, France • Frankfurt/ Main. Germany • Hong Kong. B.C.C . • Tokyo, Japan • Bei rut, Lebanon • Mexico City. Mexico • 
Zamenhofdreef. Netherlands • Johannesburg. South Africa • Sundbyberg. Sweden • Lugano. Switzerland 

AM PEX OFFERS TRAIN ING IN ALL PROF ESSIONAL AUDIO PRO D U CTS LITHO IN U .S.A .-A484-2-71 


