
MAGNETIC \ TAPE RECORDER 

HAROLD LINDSAY* And MYRON STOLAROFF 

Design dehils of a new high-fiddity insfrumen+ for exacfing applica+ions. 

M U O R  BMFEASIS in &b- 
iag the hp magnetic-tape 
reowda* been an the pro- 

dnction of- m n r p m d  mrdinga 
w i t h  xekbiE& and amthity of per- 
formance to smttiafy the moat rigid pro- 
f d a l  &dnrda Pmdmtim rndd 
2004 &own in Fig. I, hBB the follow- 
ing capabiIities: 
a Pvll wwfagc of the ~~c spectrans 

(21  db from 30 to 15,WM cps). 
b. Law d * M .  From input to om- 

par &minds ths -ern ahom 4 per 
ccltt i n r d d a t h  diwwtion d p k  
meter mding--with. hamanic h r -  
tion not exeesding 5 per cent 10 db 
Itbow pwL meter reding. 

G G r d  dynmnic rmge. The m a l l  
anweightd no& level d the n p ~ m  
(mtasund 8a from 30 to X5,m cpaE 
is 60 db below full nmdnlntim, or 5 
pa wnt h m i e  &to&. 

The a h i c a n c e  of the above stab+ 

o w e d  only under earefi~lly- 
conhlIed Labomtory mnditiom. 
Or* - 

Another advantage of tape record- 
ing mlta from the gentle omload 
cbaractdstic. Unlike other methods 
of recording, tape distortion inereas 
grltduaiy as the signal l e d  is in- 
e r e a d  to the mint of saturation. Be- 
cam of t&, a m ? ~ ~  % d e n t  wer- 
loads do not breakup and there- 
fore do not spoil the program. This 
feature allows considerabIe latitude in 
setting up for-rec~rding and elimi- 
n a b  the -ity for rigid monitor- 
ing of tbe input signal. 

Other o a ~ n g  feat- of mag- 
netic-tap recording---such as m a -  
nencg of record without deterioration. 

~implicity of editing, and re-use of the 
medium, have been amply m d  in 
previou literature. 
b c a d u D . i d h  
, The electronic s y ~ t e m  d s t a  of 
four plug-in chamis unib: the pmer 
 upp ply, h relay cbas~k for ~ n t r o l l i n g  
all operations, the reomding mnplifier, 
and the playback arnpl%r. The in- 
put of the lecording ampl* and the 
output of the playback amplifEer are 
150 or 600 ohms. The whole chaseis 
assembly i s  resiliently mounted. 

The power supply consists of a 2g0- 
volt pla~voltage solvce for the erase, 
bias, and playback output tubes, and 
a rqgdated 300-volt supply for the re- 
cording and plagback d i h ,  the 
millator, and erase and bias screens. 

mmki is- tha t  reproduction om this 
qrkm. b, for dl pradtical gnrposss, 
substanti* perf& Tfle trse deep 
arate m d i n g  and *a& heads 
and ampMem dlom -tially in- 
&antaneoue monitoring and makee 
pm%Ie extremely mitical c~mps+na 
between redordiags and original pro- 
-rnparkm dish cannot & 
~ d i b  made with & spkm~. Such 
il ooplwriso~wbera the ouBut o$ tbe 

~ r n  the term aA-B TesL" The in- my & - - 
Wniw 8- ie fed into the d m .  
The monitoring ampliiier i s  then w* on fha A* 
bridgad alkraaly across the recorder tap r d w .  
input and output terminals. 

When live programs are recorded- 
mjng the best pmibla input equip- 
,merit--and when monitoring with the 
b k h ~ u a l i t ~  s m p w  and ~ p d m  
DBtema, critical listenma have not 
been able to determine which js the 
orkinal program and which the repro. a 
$"tion. Comparable r d h  with othar 
$&hods of reoording cangeneralb be - 
.L 
? ~ f i s ~ n t T s ,  Antper Electric Cwp., hi 
p w *  
F 
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In addition, there ia a d-o SImmnt  up- 
ply for the playback amplifier, s 36- 
volt a-c2+output to prQvide-thm& a 
selenium rectifier-24 voltn d-c for all 
relaya and selenoida, and b e n t  anp 
ply for aU tuba 

The e w a t i a l  problem in the remrd- 
ing amplser ia ta cwv& the signal 
voltage into pmpartional current in, 
the head. This is a m p I i e h e d  by tbe 
circuit ehowm in Fig 2. A 6AGT was 
chosen for the output tube because 
of ita high mutual conductam. The 
current output of this tube ia further 
increased by a transfarmer. The aec- 
o&ry current is fed back through 
the cathode of the output tube. This 
amurn that the current through tbe 
reoording head is proportional to the 
signal voltage and is free of diahrtion. 
Ample'umktorted recording current h 
provided for aw of the commonly- 
avaiIable tam under any desirable 
mode of operatidn. 
The deeign of erme and b h  cir- 

cuita is extremely critical from tbe 
~tandpoint of achieving the lowa t  pos- 
sible tape noise. With a properly- 
designed eyatem, the midual tape 
noise cawed by erase and biaa cur- 
rents will be below that of & play- 
back amplifier. X t  has b m ~  f o d  &at 
the quieht m u r e  mn ba made by 
placing tba entk mIl of '#ape in a 
powerf u1 gradually-decreasing 80cgde 
field. The erase and b k  currents in 
the reoorder should not nwmurably 
increase the no& larrel of the tape 
above that obtain4 by th is  tw of 
tank erasum. Thk result is ilchieaed 

Fig. Z Gwi) of k d p u 5  &age of 
f ie  mcmding mnpliftw- Cumnt. fwd- 
backmaiq~man+shawnhere& 
utes to pmpwtianaliiy af head current 

by proper design of and d l e n t  
current wavebom. 
The actual d n g  ix€ the biaa i~ not 

critical as the hseame n n d i M  ontpnt 
ie obtained (4 .  pet cent i n h d u l a -  
tion digtortion) ova- a wide variation 
in bias MLpwnt once a d&ih minimum 
value ia ex@. Overdl m i t i v i t g  
ie redud with h@er bias, RB it taka 
greata recording current lm snppIy 
the mme output, but since the m r d -  
ing amplifier has ample capacitg &k 
is of no mmquenee, bias i~ nor- 
mally set dightly above that value giv- 
ing m u m  output for constant re- 
cording input and chus is conmdem* 
set by ear. At lower tape speeds tbe 
bins Betting bwma more critical, 
high valuea of b i a ~  reduce the high- 
frequency response. 

There is one biaa wing which, at 
&t, seems very attractive. It t m d y  
m u m  at a value kf bbiae jut belaw 
the current giving 4marimum v n s a .  
and mdte in a dip in tb over-all 
intmmdulation &tortion The &- 
ting is 'quite critical, but, for the 
same Iimiting distortion, 8-db higher 
ontgnt can be obtained. Because of 
this apparent 'increase in dynamic 
rangq the bjae was alwags adjusted to 
this value duting the early &agw of 
this development. However. it haer 
since ken hisooved that this &ihg 
reaulta in a p m  overload character- 
istic. Whea A-B te& wme made it 
wae found that, at the point where 
differences between program and m 
production could be ddmkd, the out- 
put level was high= with the higher 
bias current in mite of the fact that 
the critical ~etting mnlted in 8db 

Fig. 3. V i w  of unitr wopended fmm 
+op plah shows rewind assembly, I& 
rear, capstan drive, cenkr, and takeup 
assembly, rigk rear. Brakes can be 

seen below both +urnfable drives. 

higher measured dynamic r a m  
Therefore, the dip mtting waa a h -  
dond. -- 

The main problem on playback ia  
tn obtain best &d-*nise ratio. 
The &mum signal obtainable 
from a given d d g n  of. playback head 
b limited by capacitive loading of the 
bead at high frequencies. Therefore, 
&i maximum nuder of turns ia 
p l d  on the head for which loading 
does not occur within the h i r e d  fre- 
quency range. h u s e  of the tremen- 
doutl amplMcation rquired for the low 
frequencies, gmat caw has been taken 
ta eliminate hum piclhrp, The play- 
back head ie contained in tm 
mu-metal shield mna with a copper 
can in between, and fhe entire' head 
placed in a cast-iron bend housing. 
Matching am cover ths front af the 
playback bead when the head gate ia 
cloaed info the plwing position Dinect 
cnrrent is used o n  tube f i m t a  to 
diminate hum fmm tbia wtlrce. 

Wide-raege hquency response ia 
not a pmblem at 30 inch- per s e ~ *  m 
15,000-cpe maponae is readily 
at lowar ape&. However, wmi+ 
able equalization is n-rg b 
achim flat mpme h a m  the vdt- 
age induced in the playback head ia 
proportional to frequency and k a n m  
of demagnetization deck3 in the *pa 
at ehorter wavelength& For maximum 
signabtrt-noise ratio, the m r d i n g  CUF- 

sent mugt be equalid to provide 
aqua1 probability of overload at all fie 
quencies. The exact nature of thia 
equslieath rsquiree careful ptu& MI 

the energy & ~ t r i b u h  of program ma- 
terial may vary widely with diEerent 
t y p ~  of pick-upe. This probtem h a  
now been studied for , a coneiderable 
time and i E  has been fonnd that the 
low-fquency end can be bmtd  5 db 
at W ips with a Wmicmsemnd p 
mphaak on the high end without 
over1oad under a wide varie* of pro- 
gram material. The playback mnpliiiw 
38 equalid to provide flat o v d  
t-ee. 

Several vtrrietim of tap are now 
available in this aounhy. In gmers1, 
the lower-fdrce tapes have p r o d  mob' 
satiafacbry fot broadcast applicatio@ 
beau* they are easier to erase and 
more quiek and have lowex modulation 
naiae. Tam in this category am 
made by Audio D&m, h., and ?din- 
nesota Mining & Mfg. Co. (Type ?)- 
Type BR is outstanding becauss of 168 

uniform mating which ~ u I t n  &t fo? 
modulation noim and extnemeIy mi- 
form -tic properties and outpflL 
In the IatteF propem, this tape 3~ 
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passegl -plea obkned horn CSemany 
where thle method of reoording saw 
its early cbe1opment. 

Higher ooercive-fom tam, such ae 
Xnnemta T y p  A- or lbpe 3, have 
~O-db higher output for the s m  die- 
ortion but atso hava greatm mduh- 
tion noise and are diff i l t  to maintain 
quiet. Agreatddofreeear*hiabe- 
ing C O ~ I ~ U &  to impmve hpe char- 
actmistica further and promising re- 
edte have dreads hem obtained. They 
hdicah  that the dynamic range of the 
medium will oontinuaIly improve. 

Tatra %r.d 
Use of the %in. d m d t s  

some jmtidcatioa Verg exceZIent w- 
suits have bee;n obtfined at half this 
4. In fact, it is poasible to ,obtain 
flat rqmme to 15,000 cpa wi th  the 
game intrvmodul.atioa and 
unw&hbted noiw level a5 quoted fox 
the 30-in. w. Te &in 16,- 
rmponse m u i m  154b additional gsin 
at  l0,W cyclee in the playback ampli- 
fier, whiah brisgs up the hies level and 
harmonik distortion acoordiwb. The 
meaelzred noiae level is not i n d  
k o n m  the no% in the- Bystem oonsiata 
primarily of lm-£rique~y oompo~enta 
and at 30 inchee pw BW. the hisa k l  
is more than 15 dt, below t$e a~mpon- 
enh  which produrn the noiae re~ding. 
Whjie it irr atill impossible to distin- 
wish m r d e d  material from the orig- 
inal in A-3 tala at  16 inch- p e ~  wz, 
the higher him can be detected on the 
repr0auction during quiet paaaqges 
f k  rnonihng  at original o d ~ e t r a  
Ievel. 

B m m ' o f  tbe higher . n b h  I d .  
and -a diatertim, it ia not 
practical to make xe-mr- at the 
lower epeed aa tbae d&den& a m  
doubled in thp copy. T l ~ d m e ,  for 
the higheatqnality recmdinga which 
can be bemrded without -bte 
deterioration, 80 per' eec. is in- 
dicaM as the k t  ohice. 

Further advantm of the higher 
rmed are M foUowa: 
a BxkmeEy low hb8 lewi .  u- 

though the measured noise level 
ia the aa at 15 i n c h  per- 
m, ~ U B B  of the ear cbarac- 
terlstic at IQW lev&, the nohe 
hckgnund aetnPrllg h a d  on 
program is p r e d o h t l y  hrbe 

, and tape h 8 .  Thsrefore, at 30 
' inch= tha "lietening" dgnamic " 

range is comiderably greab. 
b. Ease of editing. At 30 inch-, 

it is m b l e  to mnooe syllables 
from worda or clicks and pop% 
from a reding without dia- 

/turbing the actual program. This 
would be difficult or i m w i b l e  

Fig. 4. Capsfan drive khider r e i f i d  cwphg,  a b v s  motar, and crank- 
a&aM idler which presses +ape against driving shaf+, above top pi&. 

Assembly is adjusfsble for +ape aliinmeet. -- 

a B d f -  of f r e p m c p  w- @ta, h bra- apratiom, the 
-8. At m o l y  Bhort wit* UBB of machines in close vhroniam 
1- the -nee of tape in pairs, to ~ f f d  complete p m  
varies . ~ i i d e r a b I y  behveen rolls protaction. 
and even within a single roll. That the handZing of the n-ly 
At 30 incbeeI the sborteet wme hbtantial quatiti- of tape required 
le@ wed is &ill long enough 
not to exhibit t h e  inoonsia- 
temcies; T h i  b p r o d  by the 
fact that d available C a p ,  
thoqgh varying g~eatly in mag- 
netic pm+eg;give exactly the 
same f~equerrcg respmea with no 
change in equalization at p0 

inches per sec. 
d Idepend+es of bias eeCtkg. Ba 

erpEained a b o q  the bise aek- 
ting is not &tical an8 at 30 
inchen high vdud of biaa do .not 
affect the bigh,-uemy re- 
~ponae. At Bhortm wave- 
Ie& the ma tends to er- 
high frequencies and i& ie IXEXS- 

mry to wt the bias mom &ti- 

e- . 
e. C;kea;tst abXW of w k  The 

30-inch erpeed ~ d b u *  -tly 
t~ the aehieveamtt of a w d y  
tape motion, d t i n g  nn& 
M b  wow and flutter content 
even in tbe meBt sImEq3tibla 

order for r e c d b g a  made rw 
one machine to pIsy bLkL on an- 
other wifhmt Zoeing high- 
frequemq ssepo~ee, all the g a p  
of mrdjng and playback beads 
must be very c r i t i ~ ~ l l y  aligned 
perpemdicnlat to the tape. The 
h i g h  the sped the h critical 
is this adjustment. At 30 inchea, 
&em in little danger of Geads bw 
coming miaalignd as they wear. - -s 

A spchronous drive with very mi- 
tiye tape coupling chm&rktics gives 
p w a c k  time r q d m i b l e  ta 0.5 sec, 

half hur of promam time. Thin 

for highquality &ommince mi& be 
dtimtI y mnvenient to -ti& ptaati- 
ca1 requirements, v w  high rewind md 
faat-forward mdea of operation ham 
been provided. These Bpesds have bean 
made G great as pwible without er- 
&ng the m d m u m  aafe opwathg 
tenaion for the tape daring a d e r a -  
tion and without reaching tempera- 
tures when paasEng over tam guides 
that would cause ~tbermoplastic defor- 
mation of the- tape. 

Total rewind time for 88 minutes of 
program material is apprmbatdy 1 
minute, 45 m. This same rate of 
speed ia available ae tb f a s t - f o d  
mode of operation and is particular4 
naefuI where it ia -required to pick up 
selections withthin a program. During 
these high-speed functions the tape 
will, at timea in i& tramport from one 
reel fo another, acquire velocities of 
about 7SO inchas per aee. Stopping . 
the tam re&, t~rmtb1es, &., W ~ ~ I I  

d i n g  at t h e  speeds requires mty 
d d v e  a d  wnsiatent brakes- Thes 
are capable of making a  top from 
maximum reeling qed in 5 sec, or 
from normal playing a p d  in 0.9 

.The drive aygtem emmi& of a re- 
movable snpply and take-up & each 
mounted on a twa tnb ie  carried on the 
vmtiwlly-ding sba* of tbe r e  
wind and takeup drive aasembliea; a 
mpsknative a-bly with ite t a p  
locking idler; a reel idler; and compsn- 
mting tenaion arme. 
On the b a n  Magn~phan,  tape 

was reeled onto plain huba withnut , 

aide flanga and was thus r e m d  
from the quipmnt  rms a aolidly- 
packed elf-aupprting roll. In the de- 
sign of the Ampex machine it was 
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neceeaary to take into account the fact 
that the reels were to hold over 50 per 
cent mare tap than M-hoa 
mela and would eenmuentfy be much 
less safe to handle as self-sopporting 
rolls. BncordinglJT, tape ie handled on 
-18 mmisting of a plaatic hub {Cin. 
diam by 3/8-ie thick) mounted on 
a single 14-ia, diam. (0.050-in. thick] 
aluminum flange - providing, when 
wound to within 3/8 in. of full diam- 
eter, atarage epam for 5440 fi. .of 0.002- 
in. thick m x d i n g  ta-6 min. of 
continuam program time. 

In opmdbn on the &, t J m ~  
reeIe are p l a d  on tamtablea m&np 
a central exkn&d oentering-spindle 
and three equally-apad drive pim. 
The csnt8rin.g spindle is mmmhat 
10- thgn the drive pine to facilitate 
centering and positioning of the reel. 
The hub three equally-gpaoed 
5/8-in. diam. holea, each centered with 
xmpect to a corresponding bnge-drive- 
pin (3/1%) hole. A r d i d l p p l a d  
tapmeasurn slot 2138in. wide con- 
n& each of the tif&-in. diam. hub 
holes with the hub periphery. 
In theding, the tape ia held be- 

tween thumb and index hger to form 
a short nru~ow Imp, the 'short end of 
which is next to the hub, and inserted 
through a hub slot and over a drive 
pin t o  form a hitch. Thia threading 
hitch ia rapiw done and is aelf-freeing 
on runat. 

While this type of *eel d m  not ra- 
quire a hold&wn device, editing 
h o b  are provided. They slip on the 

portion of the spindle projecting with the differential action, p ~ d m  a 
through the reel hzlb and are pin- braking sy~tarn allowing rapid g* 

kepdTo the hub for mamud zed- without tape being broken or w a r u  
ing of tape in editing and threading. from the throwiug of s l d  loup. a 
Drhrrrmndkdm springeuergieed h k e s  offer cweidw- 

The rewind, or snpply-reel aeaemblg, able advantage here over the use of 
b a t e d  to the b& of top plah d 9 n a i o  bra&ng- Reels nre not ~ Q O  free 
of the tecordex, ia illw*fited in Fig. tO turn but mma reaietanm 
3. oonsista of a s p e e i a ~ g - ~ i p n ~  the removd of tape. mi is particu- 
vertically-mounted ballbaring two- lady impoltant when the ntachinss are 
p h  apa~ie-w indudion motor IUed in 'peration wber% at 
with . double daft -miotrs and mt, the will not 1- teneion d 
hnged end m d c a l  b i g n  of stdl the m d i m e  through opeagtion of 
$be motor ia tht dm- the tawrunout h k h  a-iaed with 
torque .is developed at or near - the takeup 

 peed to effect a uniform tape bnsion function of m m *  
throughout the =I. upper &w shown in Fig. 4 is to main- 
sew- as a means of attachment ta the tain m n h q  of * & d* - 
gupporting structure whiIe the Iower mrding and ~Iasback omation& This 
Aange carries the brake m b l y .  ie. effected by the me of a qnchronolllr 

Braha a m  spring-~~QpIisd d wle motor dri~ng, thmugh. a r nwbmi~  
noid-ml& e m I & a d 4 n d i l r u m  mha a ~ ~ ~ ~ g r ~ ~ ~  

stan &aft. This runs in preci~ion a the * bch currid On the bm.ss bea.ioss, gnw,Ved 
lower motor ahaft extension. The brake 
design has been worked gut ta &ect maphited and provided with a gen- 

R diEexentid braking ratio of approxi- e ' ' ~  lubrica* sy8tem. A 'losP 
mutely 2:1, using the self-Fgieing coupled nondip drive from to 
efiect of band map, ~ n d  and take- tam is by chp ing  the hp 

up asmnbliea {whicb are euhntial lg  between a rubber-tired ball-bswing 

identical otherwise) are arranged so idler and the capetan ~urfaw. me 
their hrakea are aeE-energizing in op- idler is carrid on the e d  of a bell- 
mite direetiona Gf mtatibn end in cia& arm and is aoImid opera& 
such order tbat - w r d l -  of which I n d u d i ~  s ~ n h ~ ) ~  motor. ap 
dir~tion the tapa is tramling, the stan shaft h o u e i ~ ,  idler 
reel supplgiw the  ape ~ l l  a l w m  re- with b e a f i ~  and l i n b ,  solmid, 
mive tbe st- bsaldng action. motor capacitor, aad temtinal  trip, 

~ b ~ i ~ ~ ~ l y  he wee murrt omh in com~lek  m b l s  i s  mounted on 

u n h  and t h i ~  ia a~wned bg the mle- a m m o n  base p l a h  Thia is aua- 

mntmt whi.cb. when mmbined w d e d  on the under aide of the main 
tup plate with 8 p r i ~ ~  spherical- 
cone jointa arranged for &tical ad- 
' justment of tape t r d n g .  

Fig. 5. Uosaq of && unifr dPom flw mngsmen) wi+h had& 0, eiaee dde of dbaalIs 
and mud for indm a d  mimvuL hfim bsct ~ta )e  is h d  and 1-ted hm,j housing. ate the 

*ibra+im-mamted. arms. T b  one on the left ia amci~ted 
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