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Design details of a new high-fidelity instrument for exacting applications. 

M
AJOR EMPHASIS in uesign
ing the Ampex magnetic-tape 
recorder has been 011 the pro

duction of unRnrpassed recordings 
with reliability anu continuity of per
formance to satisfy the most rigid pro
fessional standards. Production model 
200A, shown in Fig. 1, has the follow
ing capabilities: 

s. 	Full coverage of the audible spectrum 
(±1 db from 30 to 15,000 cps). 

b. 	 Low distortian. From input to out· 
put terminals the s~stem shows 4 per 
cent inlermodulation distortion at peak 
meter reading-with harmonic distor· 
tion not exceeding 5 per cent 10 db 
above peak meter reading. 

c. 	Great drnamic range. The over-all 
unweighted noise level of the system 
(measured flat from 30 to 15,000 cps) 
is 60 db below full modulatioo. or 5 
per cent harmonic distortion. 

The significunee of thc above statc
mell ts is tllllt reproduction on this 
system is, for all praetical purposes, 
substantially Jlerfect. The use of sep' 
arate 1"8col"ding and playback hca(ls 
and amplifiers allows essentially in
3tantancoUS monitoring and makes 
possihle ,'xtrclIlcl.v critical comparisons 
betwecn rCl'orllings alld original pro
grams-·comparisons which ennnot be 
readilv Illmle with other systems. Such 
a com'pnrison-whcrc tho output of the 
rceorrler is diredly eompared with the 
materia 1 being 1"('('or<l(>(l-h"s been 
gi\'cn til(' tprlll "A-B Test." Thc in
coming signal iH fer! into the recorder. 
The ~llollito1"illg" amplifier is then 
hridgpd alt"rlllltPly across the 1"",,01"(1er 
input and Olltput tcrrninnk 

\Vhen li\"(· pI'og'rams arc rccorded-
using thc bps! p(li;sible input equip
mCllt-Hml wllell llH,uitoring with the 
l,ighest-(jllalit.v l1l11plifim' nlHI spea":er 
,;,"stems. critieal listellf'lS have not 
b'ecn nhle to determine which is the 
original program amI whidl the repro
duction. ('omparable results with other 
lIlethouH of recording- call gcnerally be 
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obtained only under carefully-
controlled laboratory conditions. 
Ov.1Ioad Characteristic 

Another advantage of tape recoru
ing result, from the gelltl(' overload 
characteristic. Unlike other methods 
of recording, tape distortion incrmEt:~ 
graduaiiy as the signal level is in· 
creased to the point of saturation. He· 
canse of this, se\-ere transient over
loads do not cause breakup and there
fore do not spoil the program. This 
feature allows consi,lernblc latitude in 
setting up for recording and elimi
nates the nece~sity for rigid monitor
ing of the input signal. 

Other outstanding features of mag
netic-tape n-cording-such as penlHl
nency of reeor,] withol1t deterioration, 

silllplicity of editing, and re-use of the 
Illc.lium, have been amply covered in 
previous Ii tcrature. 
Recorder Details 

The electronic system consists of 
four plug-in chassis units; the power 
supply, a relay chassis for eOlltrolling 
all operations, the recording amplifier, 
and the playback amplifier. The in
put of the reeording amplifier and the 
ou tput of the playback amplifier are 
150 or GOO ohms_ The whole chassis 
as.embly is resiliently mounted. 

The power supply consists of u 360
volt platc-\"oltuge source for the erase, 
bias, an,l playhaek output tubes, and 
a regulated :300-volt supply for the re
cording anu playback amplifiers, the 
oscillator, and erase and biils screens. 
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In addition, there is a doc filament sup
ply for the playback amplifier, a 36
volt a-c output to provide--through a 
selenium rcctifipr-:?4 volts d-c for all 
reluJ-s and selenoids, and filament sup
ply for all tubes. 

The essential probh:m in the record
ing amplifier is to COllyert thc signal 
voltage i11to proportional current in 
the head. This is accomplished by the 
circuit shown in Fig 2. A 6AC7 was 
chos('n for the output tube because 
of its high mutual conductance. The 
current output of this tube is further 
increased by a transformer. The sec
ondary current is fed back tbrough 
the cathode of the output tube. Tllis 
assures that the current through the 
recording head is proportional to the 
signal voltage and is free of distortion. 
Ample undistorted rc('ording current is 
flrovided for any of the cOImnonl.r
available tapes und..r allJ' desirable 
mode of operation. 

The design of erase and bias cir
cuits is extremely critical from the 
standpoint of aehiedng the lowe"t pos
sible tajle noise, With a properly
designed system, the residual tape 
noise caused by erase and bias cur
rents will be below that of the play
back amplifier. It has been found that 
the qUiet(lst erasure ean be made by 
placing the entire roll of tape in a 
powerful gradually-decreasing 60-cycle 
field. The erase and bins currents in 
the recorder should not weaRurahly 
increase the noise level of the tape 
above that obtained by this type of 
tank erasure. This result is achieved 

Fig. 2. Circuit of the output stage of 
the recording amplifier. Current feed
bade arrangement shown here contrib
utes to proportionality of head current. 

by proper design of heads and exc(>llent 
current waveforms. 

The actual setting of the bias i& not 
('ritieal as the same undistorted output 
is obtained (4 per ('!?nt intermoduln
tion distortion) on'r a wide variation 
in bias current onC'e a definite minimnm 
\"alue is exceeded. Over-all sensitivity 
is rcduced with highcr bias, as it takes 
greater recording current to supply 
the same output, but "inee the record
ing amplifier has ample capacity this 
is of no consequence. The bins is nor
mally !'et slightly abo\'e that value gh'
ing maximum output for constant re· 
cording input and thus is conveniently 
set by ear, At lower tape speeds the 
bias setting b('eomes more critical, 11, 

hip:h valu('s of bias rcduee the high
fre'lllen('~' response. 

There i~ one bias setting which, at 
fir,t. s(,('ms very attractive. It usually 
O(;CUTS at a value of bias just below 
the current g-i\'ing lIlaximum response, 
IllId results in !I dip in the oYer' all 
intcrmoclulatioll distortion. The set
ting is quito eriti('al, but, for the 
SHme limiting' distortion, 8-db higher 
vUtPllt can be obtained, Because of 
this apparent inNease in dynamic 
range, the billS was nlwnys adjusted to 
this value duriug the earb' stagl's of 
this de\'elopment. However. it has 
sinee been discovered that this setting 
results in a poor overload charaeter
istic. When A-B tests were made it 
was fOllnd that, nt the point where 
differeneps between program and re
production ('ould be detected, the out
pnt le'l'el \\'OS higher with the higher 
bins ctlrrt'llt in spite of 11,(, fad Ihut 
tl,e {'ritieal setting reslllted in 8-db 

Fig. 3. Capstan drive includes resilient 
coupling, above motor, and crank· 
actuated idler which presses tape 
against driving shaft, above top plate. 
Assembly is adjustable for tape 

alignment. 

lllf,C1H'r ll!(,th,nl'r·d (t,nUlllJi;:' fill!'.':'!' 

Theref(,re. the dip s('tting was al,an
doned. 
Playback Noise 

The main problem (,n playhack j" 

to ,,],tnin bpst "ign!ll-to-noi~e rurL., 
The maximum "ig-nn1 ohtninahle 
from a gi\'pn (lpsign of playhack head 
is linlitpd hy ('upaejtjy(> loading of tIle 
head athigh frp'ln''l1cies. Tl;ereforc. 
the maxilllum Il llln her of turns is 
placed 011 the hcnd for which loading 
does llot openr within th" desired fre
quene:;' range. Becanse of the tremell
dous ampIifieution required for the low 
frequencies, grf'at care has been tnkcn 
to eliminHte hum pickup. The play
haek head is cOlltnined in t\\'O 
ron-metal shield eans with n ('opper 
can in between, and the entire hom] 
placed in a cast-iron head honsing. 
Matching caps cover the front of the 
playback head when the head gate is 
elosed into the Illa.ving position. Dire"t 
current is used on tnbc filnments to 
eliminate hum from this sonrce. 

Wide-range frequency reSIlonse is 
not a problcm at 30 inches per sec., as 
15,000-eps resjlonse is rendily "lhtainc,l 
at lower speeds. However, consider
able equalization is necessary to 
achieve Hat response because the volt
age induced in the playback head is 
proportional to frequency and because 
of demagnetization effects in the tape 
at shorter wavelengths. For maximum 
signal-to-noise ratio, the recording cur
rent must be equalized to prm·idc 
equal probability of overload at all fre
quencies. The exact nMnre of this 
equalization requires careful study liS 

the energy distribution of program ma
terial may \'ary widely with different 
types of pick-ups. This jlroblem has 
now bepn studied for a considerable 
time and it has been found that tIl(' 
low-frequency end can be boosted 5 db 
at 50 ejlS with a 50-microsecond jlre
emphasis on the high end without 
overload under a wide variety of pro
gram material. The jlla~'baek amplifier 
is equalized to provide flat over-all 
response. 

Tape Types 

Several varieties of tape are now 
available in this country. In general, 
the lower-force tapes have pro\'oo most 
satisfnetory for broadcast applieations 
becanse they arc eMier to erase an,1 
more quiet. and have lower modulation 
noi."". Tapes in this catcgor~' arc 
made by Audio De\'ic{~s, Inc., and :Min
nesota Mining- & 1ffg. Co. (Type RR), 
Type RH is outstanoling because of it~ 
uniform coating which results in low 
modulatioll noise and extremely uni
form magnetic properties and (lUtPll!. 
III the latter property, this tape "m
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pusses samples obtainud from (:('rlllllm
where this method of recording Sa\V 

it-	 ('arly development. 
Higher coercive-force tUl'e;;, such ns 

1rirme~ota Type A or Type B, lian' 
1n-d\> highm' output for the same dis
tmti"" hut alHo have greater llloduln
lion noise and nre difficult to maintnin 
'1uict. A greut deal of research j" be
ing 	conducted to improve tupe clwr
acteristics further and promising re
sults have already been ohtained. Ti,!',' 
indicate that the dynamic range of tl)(, 
medium will contimwlly improve. 

Tape Speed 

Use of the 30-in. speed warrunts 
some justification. Very excellent re
sults have been obtaine'd at half this 
speed. In fact, it is flo,;sible to obtaill 
tlat response to 15,000 cps with thc 
same intermodulation distortion and 
unweighted noise lcvel as quotcd for 
the 30-in. speed. To obta ill 15,000·cps 
response requires 15-db additional gain 
at 10,000 cycles in the playback ampli
fier, which brings up the hiss level and 
harmonic distortion accordingly. The 
measured noise level is not increased 
beca use the noise in the svstem consists 
primarily of low-frequen~y components 
and at 30 inches per sec. the hiss level 
is more than 15 db below the eompon
ents whieh produce the noise reading. 
While it is still impossible to distin
guish recorded material from the orig
inal in A-B tests at 15 inches per sec.• 
the higher hiss can be detected on the 
reproduction during quiet passages 
when monitoring at original orchestra 
le,e!. 

Because of the higher noise level 
and harmonic distortions, it is not 
practical to make re-recordings at the 
lower speerl as these deficiencies arc 
doubled in the copy. Therefore, for 
the highest-quality recordings which 
can be rc-reeorded without detectable 
deterioration, 30 inchcs per sec. is in
dica ted as the best choice. 

Further advantages of thc higher 
spced are as follows: 

a. 	 Extremely low his.~ level. Al
though the measured noise level 
is the same as at Hi inches per 
sec., because of the ear charac
teristic at low le,els, the noise 
baekground actually heard on 
programs is predominantly tube 
and tape hiss. Therefore, at 30 
inches the "listening" dynamic 
range is considerably greater. 

b. 	 E(1.~e of editing. At 30 inches, 
it is possible to remm'c syllables 
from words or clicks and pops 
from a recording without dis
turbing the actual program. This 
would be difficult or impossible 
lit lowcr speeds. 

Fig. 4. View of units susp,mded from top plate shows rewind assembly, left rear, 
capsian drive, center, and takeup assembly, right rear. Brakes can be seen below 

both turntable drives. 

e. 	 Cniformity of irequcncy re
.~ponse. At extremely short wave
lcngths the response of tapc 
"aries eonsiderabl,v between rolls 
and ('Ycn withill 11 single roll. 
At 30 inches, the shortest wave
length used is still lung euough 
not to exh ihi t these inconsis
tencies. This is proved by the 
fuct that all a,-uilable tapes, 
though yarying greatly in mag
netic pruperties. giye exuct ly thc 
same frequency responsc with Jl() 

change in equalization at 30 
inehes per see. 

r!. 	 Independence of bias selling. As 
explained above, thc bias set
ting is not critical and at 30 
inches high values of bias do not 
affect the high-frequency re
sponse. At shorter wave
lcngths the bias t('nds to era,c 
high frequencies and it is neces
sary to set the bias more criti 
cally. 

c. 	 Greater stability of motion. The 
30-inch speed contributes greatl~
to the achievement of a steady 
tape motion, rcsulting in unde
tectable wow and flutter content 
even in the most susceptible 
program material. 

f. 	 Head alignment les.~ critical. In 
order for recordings made OIl 
one machine tu play back on an
other without losing high
frequcncy response, all the gaps 
of recording and playback heads 
must be very critically aligned 
perpendicular to the tape. The 
higher the speed the less critical 
is this adjustment. At 30 inches, 
there is little dnngcr of hca!js be
coming misaligned as they wear. 

Mechanical Features 
A synchronous dri.-e with very posi

tive tape eoupling eharacteristics gives 
playback time reproducible to 0.5 sec. 
per half hour of program time. This 

permits, in broadcast operations, the 
UBC 	 of machincs in elose synehronism 
in 	 pairs. to afford complete program 
protection. 

That the handling of the neccssaril.Y 
,ubstantiul quantities of tapc re1luired 
for 	high-quality performancc might be 
suffieiently convenient to satisfy practi 
cal 	requirements, very high rewind and 
fast-forward modes of operation have 
uccn provide!!' These speeds hal'c been 
made as great as possiblc without ex
ceeding the maximum safe opcrating 
tension for thc tape during accelera
tion and without rcaching tempera
tures ,dwn pussing oyer tape guides 
lhat would cause thermoplastic defor
mation of the tape. 

Total rewind time for 36 minutcs of 
prof,'TDm material is approximately 1 
minute, 45 sec. This samc rate of 
"pced is available as the fast-forwurd 
Illode of operation and is particularly 
\;seful where it is required to pick up 
selections within a progruIlI. During 
these high-speed functions the tarc 
will, at time>; in its transport from onc 
reel to another, acquire veloeitics of 
about 760 inches per sec. Stopping 
the tape, rcels, turnables, etc., when 
traveling at these speeds requires very 
effective and consistent brakcs. They 
are eapable of making a stop from 
maximum reeling speed ill 5 sec., or 
from normal playing speed in 0.2 scc. 

The uri,-e system eonsists of a re
movable supply and takc-up reel, each 
mounted on a turntable carried on the 
vcrtically-extending shafts of the re
wimj ant! takeup drivc assemblies; a 
capstlln-drive assembly with its tape
lo(,king hllcr; a reel idler; and compen
sating tension arms. 

On the German )Ingnctophon, tape 
was reeled onto plain hubs without 
side flanges amI was thus remoyed 
from the equipment as a solidb-
pndwd sclf-~Ul'l'ortiIlg roll. In the de
,ign of the Ampex machine it was 
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necessnry to take into account the fact 
that the' reels were to hold o,er 50 per 
cent more tape than Magnetophon 
reels and would consequently be mneh 
Ie,s safe to handle as self-supporting 
rolls. Accordingly, tape is handle,l on 
rcels consisting of a plastic hub (4-in. 
diam. by 3/S-in. thick) mounted 011 

a single 14~iu. ,liam. (O.050-in. thick) 
nluminum f1nnge providing, when 

.wound to within 3/8 in. of full diam
, 	 etcI', storage spuec for MOO ft. of 0.002

in. thick recor,ling' tupe---3G min. of 
continuous program time. 

rn operation 011 the recorder, these 
reels are placed on turntables carrying 
u central extcnded centering-spimllc 
and three equally-spa('cd drive pins. 
The centering spindl,~ is somewhat 
longer than the drive pins to facilitate 
('entering and positioning of the reel. 
The hub carries t Im:e equally-spaced 
5/S-in. diam. holes, each centered with 
r~spect to a eorresponding f1ange-drive
pin (3/10) hole. A radiall.v-placed 
tupe-measurc slot 3/3:l-ill. wide con
nects each of thc ii/S·i n. diam. huh 
holes with the hub periphery, 

III thrcadillg. the tare iA held h('
twcCIl tlllllllb awl illdL'X finger to form 
a short narrow 1001', the short cnd of 
which is next to the hub, and inserte,1 
through n hub slot ami over a drive 
pin to form a hitch. This thrca,lillg 
hiteh is rapidl,v done and is self-freeing 
on rUllout. 

'\11ilc this tHlc of reel ,1"<,, not re' 
quire a hold-down device, e,liting 
knobs nre provi,led. Th('~' slip 011 the 

portion of the spindle projccting 
through the reel hub and are pin
kp.vcd to the hub for mallua) reel
ing of tape in editing and threading. 

Drives and Brakes 
The rewind, or 8uppl.v-re('1 assembly, 

loeated to the left rcar of the top plate 
of the rc,~order, is iIIustruted in Fig_ 
3. It consists of a specially-desi!,tned 
vertically-mounted ballbearing two
phase capacitor-type induction motor 
with double shaft extensions and 
flanged end bells. Electrical oesi,m of 
the motor is su<:h that the maximnm 
torque is developed at or near 7ern 
spced to effect a unifonn tape tension 
throughout the reel. The upper flange 
s<'rves as a mcnns of a ttaehmellt to thc 
snpporting structure while the lower 
flange "arries the brake assembly. 

Brakes are spring-applied und sole
noid-released external-band-and-drum 
type, the drum being earried on the 
lower motor shaft extcnsion. The brake 
desi1-t1l has been worked out to effeet 
a differential braking ratio of l:lpproxi
matcly 2 :1, using the self-energizing 
elTeet of band wrap. Hewind and take
U\, as~emLlies (which are substantially 
id"ntieal otherwise) arc arranged "" 
tlll';r brakes are sclf-energizing in op
I""i te di rl,etiollS of rotation nnd in 
bueh order that reg-:wllcss of wl,i,']' 
,liredioll tllC tape is tl'!1Vcling, the 
rpcl 8'1] 'l'l~'ill"l' the tape will always re
eeiy{' the ~tt'ong('r bl'uIdllg' netioll. 

Oh\ioll';]~' thc brakl's lllllst operate ill 
uniso1l llnd this is assured hy the sole
Hoid control. \\'hich whcn combined 

\ Fig. 5. Closeup of chassis units shows plug-in 
and crank for insertion and removal. Entire 

vibration-mounted. 

arrangement with leadscrew 
base plate is shock and 

with the diffcrential action, provides a 
braking system allowing rapid stops 
without tape being broken or snarled 
from the throwing of slack loops. The 
spring-energized brakes offer conairler
uhle ad"!Intllge here over the usc of 
dynamic br"ldng. Reels are not too free 
to turn but offer some resistance to 
the remonl) of tape. This is particu
larly important when the machines are 
used in remote operation where, at 
.est, the tupe will not lose tensiol! nnd 
stall the lIlachine through operation of 
the tape-runout switch associated wi th 
the takellp tension arm. 

The function of the capstan-drive 
assemhly shown in Fig. 4 is to main
tain cOllstaney of tape speed during re
cording' and playback operations. This 
is effected by thc nsc of a svnchronous 
motor driving. through a 'mechanical 
filter system, a precision-ground cap
stnn sbaft. This runs in precision 
bronze sleeve bearings, grooved and 
graphited and provided with a gcn
erons lubricating system. A close
('()Upled non-slip drive from capstan to 
tape is obtained by clamping the tape 
hetween U rubher-tired bail-bearing 
idler and thc eapstun surfaee, The 
idler is carried 011 the end of a bell
crank arm and is solenoid operated. 

IucllHling synchronolls motor, cap
stun shuft and housing, capstan idler 
with hearings and linkages, solenoid, 
lllotor capllcitor, I1nd terminal strip, 
the C'olllplete assembly is mounted on 
a common hil~e plate. This is sns
pemled 011 the under side of the main 
top Illate with spring-loaded sphcrieal
COllC joint~ arranged for critical I1d
justlllent of tape tracking. 

On either side of thc centrally
located hcnd housing nre the tension 
arms. The ant) on the left ii! associated 
with the reel idler ",hilt) the right-hand 
arm is combin('d with a eutoff switch. 
The spring-loaded tension arms serve 
to momenhlrily "qnaJize sudden 
ehanges in tension during starting or 
stopping and the lesser f1uetuHtion~ re
sulting' from the paS>lllge of a spliee. 
Tlw.,· nl,;o pre~erv(' ten"ion Oil the tape 
while the equiplllent ill at rest. 

Maintenance 

Ease of scrvieiug and maintenance 
has becn proyided ill the al'nlll!wment 
of the functionally-styled frollt~'l<'Ce,,'
type console. Furtbcr, the general de
sign facilitates simple rellloval of unit,; 
for replucement by spares. All "hils;;i" 
units arc with,]rHwn frolll their plug
in l'ollnections and replaee,] hy the 
eombined action of a speeial iemlserew 
and crank. The complete hea,l hous
ing is nl,;o of plug-in design-held in 
plnee by a pair of crunk-operated 
screws. 


