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USE OF THE INSTRUCTION MANUAL 
ThiS instruction manual is an attempt to 

give the installation man , the operator, and the 
maintenance man the most complete and ac
curate information that is available. 

For the installation man : 
the description and performance 

characteristics section, 
the installation section, and 
the operating instructions section 

are requhed reading and the principles of mag
netic recording section will provide good back
ground. 

For the operator: 
the description and performance 

characteristics section, and 
the operating instructions section 

are required reading. Again, the principles of 
magnetic recording secUon will provide good 
background. 

For the maintenance man: 
the description and performance 

characteristics section, 
the principles of magnetic 

recording sectwn, and 
the individual component sections 

(i.e., tape transport, etc.) 
are required reading. 

Section 1 

INTRODUCTION 
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THE DESCRIPTION AND PERFORMANCE 
CHARACTERISTICS SECTION 

The description and performance charac
teristics section briefly describes the system, 
the components, their uses, and their perform
ance: characteristics. This section also describes 
additional related equipment that may be of 
value to the user, 

THE INSTALLATION SECTION 
The installation section provides all neces

sary information for properly installing and 
connecting the equipment. All mounting di
mensions are given for custom installation. 
Testing of the equipment afler installation is 
not covered in this section, but rather is cov
ered in the electronic assembly section . 

THE OPERATIN G INSTR UCTIO NS SECTIO N 
The operating instructions section describes 

the oper<l ting con troIs and their functions , d c;. 
scribes the ways in which the equipment can 
be used , and describes how to use the equip
ment. 

THE PRINCIPLES OF MAGNETIC RECORDING SECTION 

The principles of magnetic recording sec
tion provides the user and the mainlenance 
man with a basic knowledge of how a mag
netic recorcier works and the principles behind 
the major adjustments. 

1-2 

THE TAPE TRANSPORT SECTION 

The tape transport section describes the 
tape transport in detaiJ and provides all neces
sary maintenance adjustment procedures. The 
section also covers the replacement of parls. 

THE HEAD ASSEMBLY SECTION 

The head assembJy section describes the 
head assembly in detail and provides all neces
sary maintenance procedures . This section also 
covers the replacement of parts . Adjustm ent 
procedures . for Ihe most part, are covered in 
the electronic assem bl y section. 

THE ELECTRONIC ASSEMBLY SECTION 

The electronic assembly section provides 
the detailed theory of the eleclronics along 
with the maintenance procedures and S0111e' 

troubleshuoting hints. The lists of replacement 
parts are, of course, included. 

TH E ACCESSORIES SECTION 
The accessories section describes the acces

sories available for use with the system and 
describes their use in the system . The acces
sories are provided to simplify or extend the 
use of the system . 

THE INDEX 

(0 an attempt to give as complete a manual 
as possible, the index is included to aid in lo
cating the required jnform ~tion as quickly as 
possible. 

89-0131 
89-0144 
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AMPEX PROFESSIONAL AUDIO EQUIPMENT 

ONE YEAR WARRANTY 
Congratulations and th anks. You now own the fi nest instrument 0/ its kind in the world today. This equip
ment m ee ts standards 0/ perform ance, durab ility and reliability that surpass anything in its market. The 
warranty covering this equipment is valuable to you. 

This warranty is effective only when the warranty-regiMtration card is fully and properlll fil led and re
turned to the factory within ten (10) days of delivery. 

A validated one year warranty identification card wiU be returned immedi.ately to the purchaser to be 
used when in-warranty service is necetJIlarll in order to protect you within the terms of this warranty_ 

Before your unit left the factory , all phases of its performance were carefully checked by sensitive test 
instruments. This individual Am pex unit equaIled or exceeded a ll current specificat ions fo r its model. Hence, 
if prope rly used, it should meet your most exacting requirements. 

Should you experience difficulty in the operation of this equipment or should servicing of any kind be 
necessa ry, p lease contact the dealer from whom you p urchased it. 

If the equipment has been damaged in t ransit, you should repo rt the fact immediately to your dealer. 

Ampex reserves the right to modify or change the equipment, in whole or in part. at any t ime prior to 
de livery thereof, in order to include therein electrical or mechanical refinements deemed appropriate by 
Ampex, but without incurring any liability to modify or change any equipment previously delive red , OJ' to 
supply new equipment in accordance with earlier specifications. 

WARRANTY 
Ampex wa rraols 10 the oliginal u,ing pUlchaser that all now Plofess ional 
Audio EQuip ment shall b. free from defects in WOlkm,n,h ip and mate ri.1 
under nOlmal and prop" use 800 service for' period of one ye., from 
date or del ivery lo orig inal using Dure h .. <1 and agrees to repair or 
rep lace ,II parts (excepi tubes and ta pe) there of showing such defect s, 
subj ect to all of lhe following provi,ior.s. 

Alllp~x Warrlnty Dbli,ati •• 

(a) Parts rttumtd withi" Go9G O~1$ from Date Equlpllut Dtli.ered to 
Oricla'll Usin, Pur~hastr - All such defecHve parts wi II be re
paired or replaced at ~o cha rge for labor or mater ial s; 

Ib) Parts returud wit_in 91-365 Days Irolll Date Equ ip eot De livered 
It Drieinl Usi~1 Pur~hsfl - All such defecti ve parts wi ll be 
repaired or replac ed at no eh.,ge for material and a labor cha rge 
eQ ua l to actual labol CO$ts incurred in suc h repair or leplJcement. 

(c) In all wuruty trlnuctiollS the te sponsi bil ity of Amp" 'hall be 
limi ted to making 3 new 01 fac tor)'-reco oditioned replacement part 
ava ila ble to the dealer ; it is the responsibility of t e oeal er to 
repair or replace d~fective parts. 

Conditioas of Am,u W~lTaftty 

(a) Defedive eQuipment sh311 be retutn ed, tr;nsportation prep.a iO, to 
the Ampe , o"ler from whom the equipment w" o/iginal'y purchased 
unl ess <uch dealer agrees to inSolle et or repa ir ai purc!lJser' s 
pl' cm i ses~i3nd 

Ib) Warruty registntion tanl shall h.. .en fully and ,roperly 
filled aut ud retumed to th facto ry within ten (10) da,s lrem tlot 
la!e the &quipme"t 'illS d.liurod t. oriciul usil, ,urch'.lt'; 

(c ) PUrchaser, far warr~nty ' !ryice, must preseot one yelf wnranty 
idenliliGa!il1l CJnI ta AIII,ex Oealer; and 

(d) Purchaser ,h.1I not have used or allowed to have teon u,ed in 
the eQuipment any parts not supplied by Amp e, through its dealers 
(tap e and Y·acuum tutes ex cepted): and 

(e) Inspection <hall di sclose to Ampex's .. tisfaclion that the defects 
are as abo_. ~p eci f ie d and t hat the eQuipment h3!noi been 
., ter ed 01 epaired by other than f,c1ory appro.ed procedures, 
subjected to negligence , mis use or accident. 0' damaged by ex
cessive current or otherWise, or had its seriat number or any part 
thereof ,l le ted , defaced or remoyed . 

Exceptions to Ampex Warnnly 
la) Vacuum tubes carry the il respect ive manuracturer', warranlies and 

shatl be and are hereby e.elud ell fr om the pro,i sions of this war
rant y (.s 10 thi s item. no war"mty , e'pressed or implied, is made 
by Amp ' x): 

(b) Repl acement pans suppli ed under thi s warranty carry only the 
une' piled portion of tho original warranty. 

Sole Warranty 
This warranty is expressly in li eu of all other wa rranti." e'pressed or 
implied, and all othor obligations or iiabilities on the part of Ampex . 
flo perso n, including any aealsI, age nt or representative of Ampex, i, 
,uthori,ed to assume tOT Ampek .ny liability on ii! behalf or in its 
name ekeept to refe r purchas",s to lhis warranty. In no ",ont shall 
A mpc~ be liable for c r~ i ms, demands or damages of any na t" re, however 
denomin'ted; Ampex's sale warrant, liability shall be to Tepair defectiye 
items or to supply replar-ement parts in ac,ordanee wi th the terms Of 
thi s warranty . 
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GENERAL 

T he AM PEX Series 354 Magnetic Tape Re
corder / R.eproducers arc high qU;Jlity precisjon 
instrumcnts designed for the profession ~ll user 
who requires the finest and most faJthful re
cording and reproduction, 

A basic recorder /rcproducer in the 354 series 
consists of a upc transport for oper<.llion at 
tape speed pairs of 3 3/-1 inches per secane! (ips) 
amI 71/2 ips or 7 J/z and 15 ips: a lwo·tr8ck bead 
as~cll1bly for usc wIth the l/-)-inch magnetic 
tape; and an electronic assembly which can· 
tains two record a TlI plifJcrs, two reprod ucc' mn
plifiers, a bIas and crase oscillator, ~md a povver 
supply - :111 featuring etched boaI'd construc
tion, 

CCIR egualization can be obtained on [eguest 

when ordering eguipment. 

Sever:tl mounting arrangements are offered 
-console, two case portable, and rack mount, 
In tbe portable eyuipmenl) one case cootalIlS 

the lape lransport and the olher houses the 

eledronic assembly 

Section 2 

DESCRIPTION 
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PERFORMANCE CH ARACT ER I STI CS 

JI<\-lnch 

3%-7 Y2 ips 
71/2-15 ips 

Speed (/,PS) 
33jq 

7 liz 
~5 

Speec/ (ips) 

33/4 

71/2 
15 

Rt'spol7~e (Cycles per second) 
:-1= 2 db 40 to 8,000 
± 2 db 40 to 12,000 
± 2 db 30 to 18,000 

Pf;'ah Record Level to 
U m.lleiglaed NOIse (db ) 

50 
55 

Sa nl e as 71/2 ips 

Pea k rccord level is that level at which the overall (infJut to output ) 
total nns harmonic distortlOn does not exceed 3 percent when 
measured on a 400 cycle lone , N oise is m eas ured afte r erasing 
8. signal of peak recording level in the absence of new slgnaL Bias, 
erase and reproduce ampli fi er noise arc in clud ed in tbe m easure
ment. All ,C"equencies bet\·veen 50 and 1,5,000 cycles are m easured , 

Spe,d (Ipsj 

3:'/,\ 

7 1/2 

15 

Fluner and WQl:U 

(percentage 1771 s) 
.18% 
.14% 
.11% 

FJuttc" and wow measurements include all components between 
0,5 and 250 cycles. The figure quoted is for the reproduction of a 
relatlvely fl utter-free test tape and is meas u.red in accordance with 
American Standards Association standard number Z57.1-1954 . 
(Th e aJLernale non-s tandard m eth od of measunng flutter as de
scribed in Appen dix II of the ASA standard was previously u sed 
by Ampex in determining flutter speufica:lOns, ) 

Speed (IpS) 
3% 
71/2 

15 

f-Ioff Trac h 
(I71's ) (min) 

4 16 
2 8 
1 4 

T?(lO Track 
(/ns) (min) 

2 8 
1 4 

32 

The tClpe is acceierClted to full speed in Jess tllan 1/1 0 of a second. 

When upcraling at 15 :ps, the tape moves less than two inc1les 
after llw STOP i):llton is prc;sed, 

Accuracy 
(pCI cCl7 t({ge ) 

::t- .2 o/r 

ACCIII'(lcy 

(secol7d) 
± 3 ,6 

L<:'rl gth of Recording 
( /IlL/! 

30 
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Re'l('ind Time 

Controls 
Tape Motion 

Record Can trv! 

Tape Sperd 

Equaliza lIOn 

Reel Sm' 

Record Inputs 

Reproduce Outputs 

I-/e(ld HOlfSi179 

MOI1iloriI7[J' 
(aural ~ll1d vjsual) 

Power Req7ti.TC/l/(,11ts 
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Approximately 1 minute for a full 2,400 foot NAB reel. 

All tape motlOn is controlled by four pushbullons, PLAY, STOP, 
FAST FOR\,VARD and REWIND. 

,\ ~cp8.ra tc H ECORD button on the face of the electron ic assem bi y, 
when pressed. energizes the record relay which drops out when 
thl! STOP button is pressed. Selection of record channel( s) de
sired. is accumplished by the RF.CORD SELECTOR switch on the 
f'lcctrollic assembly . 

Tape speed can be changed by the TAPF SPEED SWiLCh. LOW or 
}-} lGH positions are used to sel('cl drive motor windings. 

Ali EQUALIZATION switch on the face of the electronic assembly 
provides a means for selecting LO\V or HIGH sreed egualIzation 
appropriate to the tape speed used. 

A HEEL SIZE toggle switch on the tape transport makes possible 
selection of the proppr tape tensiOnIng for the NAB 10J/z inch 
diameter reel or the LlA 5 lOch and 7 inch reels. 

Two inputs are supplied; one for each channel. With optional 
plug-in preamplifiers, optional plug-in transfoITIIers of supplied 
dummy plugs, the inputs can accommodate microphones , balanced 
lines or unbalanced lines respectively. A RECORD LEVEL control 
is included for each channel. 

+ 4 vu ± 0.5 db (Zero indication on the vu meter corresponds to 
+ 4 dbm into 600 ohms balanced or unbalanced.) 

The crase , record , and reproduce heads are contained in a single 
h ead housing (Sec SECTlO1'\ 7 on H EA D ASSEMB LIES ) . 

The signal on the tape ('<In be lllonitOH.'d while the equipment is 
recording Two phone' jacks ;,HC it vailablc to <lllaw mom taring the 
rccord input signaL or the OUlpUl sq::;nal from the reproduce head. 
A swjtch provides a means fol' maklll~ direct comparison betwepn 
the angina! program ,uld the recorded progralTl , Two 211z-inch vu 
meters arc provided for lcvcl comp~Hison and visu~l monitoring 
of each channel , 

Two track equipment reqUlres 2.5 amperes at 117 volLs ac, 50 or 
60 cycles. 
When Lhe Ampex Model 375 Precision Frequency 60 cycle ampli
fier IS used willi the equipment . power requirements are greater 
by 2.5 <1mpcrcs. 
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EQUIPMENT AVAILABLE 

Di.me11.s-i()n,~ and Weight T ten? 
(in,) (lb.) 

Rach Mount Tape Transport 

Electronic 
Assembly 

Console Console 

Two Case Tape Transport 
Portable Case (Equipment 

in Case ) 

Electronic Ass'y. 
Ca se (Equipment 

EQUIPMENT APPLICATIONS 

The Stereophonic Technique 

in Case) 

In stereophonic recording, two or more 
mkrophones, each transmitting its signal in
dependently, sample the complex wave-fronts 
of s01md ;(t separated POInts 111 a n imaglllary 
eLI rtain bet ween lhe performers and the in
tended audlcnce. A microphone at the left o( 
:1\1 orchestra picks up first and most strongly 
the instruments on the left. The right-ha nd mi
crophone, then . picks up first and most strongly 
the instruITIL;nts on the right. 

In the rcrWductlOl1 , the listener is faced 
with tWO or more loudspeakers, eacJl can
nCC'led through time and space \vi{h [he micro· 
phone corresponding. Each is located in about 
tbe same angular relation to him a~ the micro· 
phones were during recordjng, The speaker on 
the left reproduces first <llld most strongly 
the ~ounds which vvere nearest its micro
phone, while the speaker on the right does the 
converse. 

Mixture occurs only at Lhe lime of repro
duction , and performs a son of minor mi racle 
of n:-crcation. i\;ot only arc the instruments on 
the lel'l stronger from the left loudspeaker, but 
Lhey <.lre reproduced there momentarily eurlier 
than they ::ue heard, at a distance, in the right 
spc~ker. Since the reverse is going on between 
sOLlnet::; at the right and thc:ir speaker. there 
results 1I melting of sound between them, \,Vilh 
a strong sense of direction, the whole orches
U'<l seems ('0 be spread our before the audience, 
IV hen the m iXlllre is correc t. There is no hole 
in the middle ; indeed, in a perfecll y Jll icro
phoned and balanced presenta tion, a soloist 
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f-Jeight Of'pLh Widtl! WCIyl7t 

1 53'/'1 8 19 50 
(rack space) (behind r ac k) 

7 81/2 19 18 
(rack space ) (behind rack) 

48 (max) 281/'2. ( max) 2 (j liz 1:)0 

] 5 1/z 17 20l/" 69 

9 13 21 38 

('("In be made to appeal' exactly front and (cn
l'T. where there is no loudspeaker at all in <I 
two-chan nel prcsi...'n l"a lion, 

It is curious lhdt a cel'lain amount of left
hand sound mLlst be present in the ri ght -h<lJld 
speaker, subdued a little and dcl<lycd by dis
tance, of course, if the effects of ~preJd «(ud 
rC:1!ism arc to be h eard, When there is lHtle Of 

none of this llliXlllg, we he:11' a kind of musIcal 
ping-pong, which certainly may be Llsed syn
thetically by the dlfcctor for good novelty cf 
fect, but is unsuitable for m ost music al repro
duction , 

Th e balance of sound which places the so)o
ist In the middle must be established at the 
time or the rccordin 6. It might be thought. 
at ftrst. that errors in mkrophone placement 
might be compensated later in th e dubbing 
studio by raising or lowering the strength of 
one signal in relation to the other. Within lim 
Its, where the error W:1S only one of g<1in setting 
eluring the recording, it is true that this can 
be done . But after the r ecording is m ad e it is 
not possible to vary ind ividually the mulLiludc 
of small variations in the delay of sound from 
each of many ~ound sources to each of the 
microphones , so good micropb one placem ent 
at the time of recording i5 greatly to be de
sired . 

Some Applications Outside of Stereo 

'Iany examples ma y be given , Music and di· 
alogue for an el<lbor<1te pup pet-show h<1 v(' 
been recorded on one cha nnel of a two-cha nnell 
recorder , while acl\'ancc cues. and signab for 
entrances and effects h a ve been recorded on 
the other cb annel. Since' I he re is no possibillt \ 
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for one channel to get off synchronism from 
the other. every performance is letter perfect, 
every cue and every line on time. 

Such an arrangement is also used for a well
known ice-skating show. On one channel is the 
music for the performance. played into the 
auditorium's sound system . Synchronized, on 
the other channel . are the backstage signals. 
:'-Jot only are the performer calls recorded 
here , but metronome ticks, in perfect synchro
nIsm with the music whjcll will follow , permit 
all the performers to make their entrances , in 
perfect time with music which begins only 
when they are on stage. 

Reconstructing Historical Events 

The ability to record several dlfferent sound 
sources on tape, all simultaneous but unmixed, 
offers many other possibilities. Often lape re
corders are used to record sounds which can
not be repeated, either lJecflllse of cost or be
cause of their unique character An important 
occasion, perhaps an inauguration or confer
ence, cannot be rehearsed or repea ted, Yet a 
commentary on it , made simultaneously with 
the event , may be needed later to present a 
meaningful record. This, of course, may be rc
corded on a separate channt:1 on the same tape 
as the recording of the evel1l itself, when a 
multi-channel recorder is used, 

Often on such occasions it is n ot possible to 
make a perfect "mix'" of the several micro
phones \-vhkh lllay be used. Yet a perfect re
cording can be obtained later if each of several 
microphones or group~ 01' 111 icrophones arc fcel 
to individual channels foJ' separation and mix
ing later at leisu re in the studio, then to be 
dubbed to one-channel tape or disc. 

Scientific Uses 

In science and industry it is useful some
times to record simultaneously one or more 
sounds under study , or to present prevjously 
recorded sounds to separate locations r epealed
ly, always jn synchromsm , 1I1 exact tjme se
quence. i\n eff~ct may be recorded in one 
channel, while the operations producing that 
effect are ucscribecl on anotber channel. Or , 
in a psychological cxpcrjment, entirely differ
cnl sl1Jlluli may need to be presented simulta
neoLlsly to different subj ects, 

Educational Uses 
130th singlr-channe I standard recorders J nd 

mul ti-chllnnci machines have becn used to im
prove the d'ficicl1cy oj' l:ll1guage instruction. 
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In one language department , for example, 
each student is provIded with a standard tape 
recorder into which he plugs an e~uphon e A II 
the recorders reeei ve l he out jill l of a mas ter 
tape in the control room, on which is a senes 
of phrases or sentences spoken by an mstruc
tor, for students to imitate. 

Because the instructor lS on tape, his voice 
qualIty is the same throughoLlt, and h e n ever 
makes an error. Each student hears this ex
ample in his headphone as it is simultaneously 
recorded on his tape . With his own microphone 
the student then records h.lS .imi(ation after 
c8eb of the instructor's examples , Af ter the 
seSSion , each student rewmds his tape and 
plays back the entire sequence of the instruc
tor's voice followed by his own, in dJrcct com
parison. The tape can now be rewound and 
the lesson repeated , the master tape once again 
being fed to a ll students . While they r ecord a 
new version the previous recording is auto
matica lly erased. Each successive attempt of 
the student is m a de more nearly concct by the 
experience of h eanng hJmscH as others do. 

Binaumlvs, Stereo 

Stereophonic r ecording 'has received so 
Ttl uch atlen tion that the binaural techniq ue 
seems to be somewhat neglected lately, and 
most multi-channel recorders are called "stereo
phonic" recorders, Fortun;1tely, .1ny good quali
ty stereo machine of two or more channels 
will also srrve w('ll as a binaural recorder or 
reproducer, 

The binaural technigue implies the use of 
h eadphones or separate eilrpieces, which is 
usually impractical for commercial systems, 
Ye t for special purposes this technigue has its 
advantages. It nllght be said that stereophonic 
reproduction bnngs the scene of the sound to 
the listener, while binaural transmission takes 
the lis ten er to the scene of the sound, 

The binaural metbod takes into account the 
fact Lhal a suustanlial part of our human 
abilily to sense the direction of sound results 
from small differences in its character at one 
ear, compared with its char acter at the other. 
A whistle at our left not only strikes our left 
ear first, but is much weaker at the right than 
the left because OUI head deflects and absorbs 
it, Lower pitched sounds on the left will reach 
the left ear first , but be about the same level, 
only later, a t the right ear. In either case, ex
p erience has taught us how to interpret the re
sult and to know where the sound is comjng 
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from. It is interesting to find that very low 
pilched h um, without harmonic overtones , is 
almost im possible to locate. 

A binaural recorder uses two separate chan
nels, one fo r each ear. Two microphones are 
used , each of which has as nearly as possible 
the same pickup I ... haracteristics as one ear . 
They are separated approximately the dis tance 
between our ears by an artlficial head of much 
the same size and sound-absorption as a human 
h ead. T h is apparatus is then placed wherever 
we wish our eventual headphoned listener to 
seem to be when he plays back the binaural 
tape. 

In actual practice a matched pa1r of al
most any professional quality cardioid or one
direction microphones serve well , sepmated by 
a small pillow, their diaphra gms about si>. 
inches apart, facing opposite from one another 
and slightly forward . Eacll microphone then 
feeds its own channel on one track of the re
corder. In playback, that track which carries 
the left ear impression is fcd individually 
through amplifiers to the left headphone alone. 
the righl track to the right headphone. The ef
fecl is as if the listener has been transported to 
the location of the microphones, so far as 
sound is concerned. Of course , if he turns . the 
sound scene will tum Wilh him . 

This arrangem ent has special L1sefuln('ss in 
the recording of conferences . courtroom pro
ceedmgs, debates or other gatherings where a 
verbatim .. vritten tran scription will be needed 
later. If a simple Single-channel recorder were 
used, on ly the voice quali t y would identify the 
speaker, While with th e binaural recording hIS 
location as well would be apparent. In a sIngle
channel recording it is almost impossible to ex
tract one voice from a nother when two or 
more spea k ,ll once, yet with the binaural play
back we are able to exercise OUf normal power 
to selcCl ol1e at a time, then replay for each of 
the others. 

Sound-O n-Sound 

The phenomenal success of Les Paul and 
Mary Ford in their unique multi-voice records 
focused attention on the technique which they 
pioneered, and wh ich has great usefulness for 
vllicr purposes as well. 

In the earlIest days, "sound on sound" was 
accomplished with a single recorder , and a 
slIlglc-l.:ha nne! recorder at tllat, to producc 
thosc rClilarkablc masters on whlch Les 15 
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heard accompanying himself, many tImes 
over, while Mary becomes a vocal soloist ann 
~lll the members of the chorus behind her . 

The machine was unusual in one way only: 
its heads were arranged in an unusual mamwr. 
In a normal machine the tape passes first an 
erase head, which removes all previous record
ing , then a recording h ead, which impresses a 
new recording, and then a playback head. 
which independe ntly reproduces the newly re
corded pro~ram . Les and iVIary had a macbin c 
custom-built with the heads arranged Playback . 
Erase, and Record . 

Using this machine ,Les would record first a 
solo version of his music. This would go on the' 
tape through the recording head. J-Ie would 
(hen rewind the tapr. The playback amplifier 
was then connected jnto the recording ampli
fier, while Simultaneously being mixed wilh 
the output of Les' microphone preamplifier. 
He wore a pair of headphones which monitored 
the mixture going into the recording circuil. 
And then he \vould record an accompaniment 
[0 his own previously recorded solo, which he 
would hear in his headphones. The original 
solo would be copied along with the n ew part. 
Thus, the pJaybRck hl' :ld would feed out th e:> 
original solo line which would simultaneously 
be recorded with the new part a liltle further 
along the tape . 

The solo passage would then move past the 
crase head, leaving a dee1l1 t<lI)C for the record 
head to continue operarlon. T 1C process would 
then be repeated, again <ll1d again. until all of 
Les' guitar P,Il"ts and all of j\/Jary"s vocals had 
been collected. The diHiculty with this ar· 
rangement was thal it Huff anywhere ,lIon,C; 
the line would m<1ke alJ of rhe previous work 
useless, and it \-vould be J)(:cessarv to start over 
again. NCH'rthcles$ , for many sllccessful 1'1 ' 

ICi:1SCS, [his is how it was done . 

A better solution was to use two normal re
corders. In this case, the solo would start on 
one recorder. This would be rewound, the play
back fed to the recording circuit of the second 
recorder, mixed with the output of the micro
phone. On the second recorder solo and first 
accompaniment would be recorded together , 
but the first tape was not erased, and errors in 
stage lwo would not affect It. The third part 
was added by playing the second tape back 
into the first machine , while adding part three , 
<lnd so on. 

With the advent of two-track recorders, the 
recording of sound-on-sound became even 
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easier because it no longer required two re
corders , In this case, the solo would start on 
the upper track. This would be rewound, the 
playback fed to the recording circuit of the sec
ond track, mixed with the output of the micro
phone, On the second track, solo and flrst ac
companiment would be recorded together , but 
the first track was not erased, and errors in 
stage two would not affect it. The third part 
was adflcd by playing the second track into the 
first track, while adding part three, and so on. 

~eoolU) 

"'iC 
Chtl~,u~1 I 

1111'1: 

REPRQDVC{ 

cnon~ql l 

Df-----
MIC 

IAPt 

.... OO:R 

!'Nt-10 0' M~.351 

PHON<Slj 
REPROOvc.c (~ 

RtCQIID 

C~onn,1 1 

Sound-an-sound "With a stereo recorder 

]Jut even this arrangement has its disad
vantages. Fine as lhey are, magnetic recordings 
can be' subjected only to a certain number of 
successive dubbmgs before audible degrada
tion sets in. By the time the first voice on one 
of these tapes gets mixed onto the sec(lnd tape 
It is a copy; when it gels to the third tatJe, it is 
a copy of a copy, until, if eighteen parts are 
~dded it is a long chain descendant of its origi~ 
nal self. 

Several things happen to the sound . If. for 
example, tll e original recordings were La de
viate in frequency respon se only ± V'2 db from 
30 lo 15,000 cycles, thus, perhaps down 1/2 db 
al 30 and 15.000 cycles, then its copy on an 
equally f1t1t rrcorder would be - 1 at 30 and 
15,000, -]1/2 ill the third generation. and so 
on . until at eighteen generations the response 
would be -9 db a t 30 and at J 5,000 cycles. Any 
little bumrs or hollows in the frequency re
sponse curve would similarly be exaggerated . 

In wcll~designed recorders . whose noise de
pends solely on lape, noise also accumulates 
when generation <lfter genrration of copies 
arc made. The liaise i ncrca se. over the rn aster 
recording , follows the "square root of the sum 
of the squares" law. This means that the SIN 
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ratio decrease is 3 db in the firs 1 copy, and 
thal il will tola l 6 db at the 4th generation, 9 
db at the eighth generation, and 12 db at the 
16lh generation. Thus it is desirable to begin 
With great SIN ratio in the original , if the 
final release is to be several generations re
moved. 

Distortion collects, too, allh ough luckily it 
is not the arithmetic sum of the distortions oc
CUlTing with each successjve generation. either. 
T here is a limit to the dodges which can be em
ployed to make each recording ten or more 
times beller than it need be for single genera
tion copies. It would be much better if most 
parts could be kept separa le on their own origl
nal magnetic tracks, undiminished by mulliple
generatIOn copying, the ultimate number of 
genera lion s being held to two or three. 

EQUALIZATION CHARACTERISTICS 
General 

The follOwing paragraphs briefly describe 
the various equalization characteristics avail· 
able so that the user may choose the egualiz~
tion best suited to his application . Proper equal
ization requires th8 use of a reproduce equalizer 
which follows a standardized reproduce curve 
and a complementary record equalizer which 
is used to achieve fiat over-all response. 

Up to a certain frequency (in the neigh
borhood of 1000 to 2000 cps depending on tape 
speed), the ou tpu t of the reproduce head of a 
tape 'recorder will increase directly with fre
quency. A bove this frequency, the outpu t of the 
reproduce head decreases . The reproduce equal
izer produces a decaying slope that compensates 
for the increasing output of the reproduce head 
below trll' frequency at which peak output is 
obtained, The record equalizer is used to com
pensate for the decreasing output above this 
frequency, The equalizers have been designed 
to obtain an optimum in the overall record/re
produce system between si[?;nal~to-noise ratio on 
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Head output and compensating equalization 
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one hand and tape overload characteristics on 
the other and are related to considerations of 
the relative spectrum energy distribution of 
speech and music. 

Reproduce equalizers may be either fixed or 
variable . FIxed equalizers wIll follow the equal
ization curve within the tolerances allowed and 
for most practical purposes are adequate. How
ever , under certain circumstances such as cri
tical master recordings which may have many 
generations of copies, a variable equalizer would 
be more dc:sirable since it can be adjusted to 
follow the equalization curve exactly , overcom
ing the effects of small variables introduced by 
reproduce head differences and the like. There 
lS , of course, a disadvantage to variable equal. 
ization in that it can also be misadjusted where
as fixed equalizers can not . 

Record equalizers are always variable since 
the amount of equalization necessary to achieve 
fiat response will vary from machine to machine 
and will vary when tapes from different !)ources 
are used on the same machine.ln all cases , there 
is a corresponding record equalizer for each re
produce equalizer 

15 ips NAB Reproduce Equalization 

The 15 ips NAB (National Association of 
Broadcasters) r<"produce equalization curve is 
the American broadcast and recording industry 
standard . The equalization curve consists of 8 

6 db per octave decaying slope with a 3180 
microsecond low end time constant and a 50 
microsecond high end time constant. This curve 
is used for most of the master recordings made 
by the recording studios . 

7% IpS NAB Reproduce Equalization 

The National Association of Broadcasters 
has not set up a standard for 7112 ips . However, 
industry practice has been to use the 15 ips NAB 
reproduce cmve for 71/2 ips hence it is called 
the 71/2 ips 'JAB curve. This curve is used for 
all of the 7112 ips pre-recorded tapes (both two 
track :lnd four track) made in the United States. 

3% ips Reproduce Equalization 

Prior to the introduction of the 3% ipS pre
recordecl tape cartridge , industry practice was 
to u!-;c the 3% ips 200 microsecond reproduce 
curve. Tllis curve, which consisted of a 6 db pf:r 
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octa ve deca ying slope with a 3180 microsecond 
low end time constant and a 200 microsecond 
high end lime constant, provided good quality 
speech recordings but , because of limi ted signal
to-noise ratio , H was not adequate for good qual
Ity music recordings. When the tape cartridge 
was introduced, the high end time constant 'was 
changed to 120 microseconds. This change im
proved the signal-to-noise ratio considerably 
(with some sacrifice in overload characteris
tics) and (lllowed music recordings of passable 
quality to be made . The 120 microsecond curve 
is now used for all 33;4 ips record [ ngs , both 
carlridge type and reel-to-reel type. 

The choice between the 120 microsecond 
and the 200 microsecond time constant will de
pend on the number of recordings of each type 
in the user's tape library. If there are no 3 3/4 ips 
recordings in the library, the 120 microsecond 
time constant is preferred . 

15 rps AM L Equalization 

Tape nOlse, or "hiss" is perhaps the greatest 
limiting factor in the quality of present-day lape 
recordings . The noise generated by the tape can
not actually be reduced by any means outside 
of improving the cape itself However, an in· 
crease in the Signal-to-noise ratio can be ob
tained by increasing the signal level. As the in
put signal amplitude increases to a high level , 
however , the amount of signal actually recorded 
on the lape reach es a limit called saturation . 
At this point , the signal on the tape is much less 
than the input signal , or is compressed to about 
one-half the amplitude or less of the input sig
nal. Since this saturation level varies with fre
quency , a very uneven response is obtained 
when recording a t too high a level. If the high
frequency input leveJ js increased stiJl more 
beyond the saturation point, the signal on lhp 
tape decreases . This phenomenon is known as 
self-erasure . A high-level, high-frequency sign :ll 
not only erases itself as it is being recorded, but 
p,ntially erases any other tone which is also 
being recorded. 

The 15 ips Ampex Master Equalization 
(AME ) curve is deSIgned to obtain a somewhat 
better apparent Signal-to-noise ratio than is ob
tainable WIth the standard NAB equalIzation 
(see note) . It was found that a greater signal 
amplitude could be recorded in the 2000 to 6000 
cps region than is presenlly allowed by NAB 
equalization - without Significant increase in 
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overall distortlon. This region is the band to 
which the ear is most sensitive. 

NOTE 
The apparent signal.lo-noise ratio is 
increased by approximately 8 db al
though the actual measured signal·to
noise ratio remains un changed. Note 
also Owt the recorded siqnal amplitude 
is increased 0 N L Y in the 2000 to 
6000 cps band , thus alJoidmg self
erasure at high frequencies. 

The 15 ips AME curve is intended for in
ternal use in companies specializing in produc
ing "master" recordings and is not to he con· 
sidered as supplanting the NAB standard for 
commerci;llly released lapes . 

71;2 and 15 ips eel R Reproduce Eqllahzation 

The 7 liz and 15 ips CCIR equalization wrves 
are the European counter parts of t.Jle 7 1/ 2 and 
1;) ips NAB curves. The ccm curves and the 
NAB curves are not the same . The 7 Vz IpS CCIH 
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curve consists of a 6 db per octave decaying 
slope with a lOa microsecond high end time 
constant ami 110 low end equalization . The 15 
ips CCIR curve consists of a G db per octave 
decaying slope with a 35 lllicros(:cond high end 
time constant and no low end equalization. 
\l\ilJc'n 711z ips cern tar r is played back on a 
nwchine with 7)/2 ips NAB equcllization, it has 
the affect of decrc!1sing high frequency response 
by approximately 6 db . When a 15 ips CCIR tape 
is played back using 15 Jps NAB equalization, it 
has the affect of increasing high frequency re
sponse by approximately 4 db. When NAB lapes 
are played back using CCIR equalIzation, lhe 
opposite affects occur. 

NOTE 
The CCIR speCl{ications do n ot include 
a low c·/I.d time constant. HoweveT , the 
frequency response tolerances at the 
lou end are broad t.' 1If!ugh that most 
machines that do hCl'ue a low end time 
(017 stant are still within ec lR specifi
cations . ( Most monufaclwer's include 
the low end [nne constant .) 
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NOTE 

Before opcf({lillg 1I1 e eqt/iIJl)/clll rcnd 
(iUs S r~CTION AND SrCTION 4. 
OPERATION. 

GENERAL 

T he 354 Scries cquipll1Clll i:; shipped 
mounted in consoles or porLlblc C,lSCS ;-]j tel' 
a thorough inspection ~lncl pcrl'onn,lllce check 
at tIle r'lctory. In the event (h 'll lli e cCluipmcllt 
lS requested dis(1ssemblecL for customer 1':1ck 
mounting, all assembly h,lrclware is pro\·lded . 

INTERCONNECTING 

Sec the appropriate interconnecting dia
grams at the back of this section . 

MOUNTING 

Console Models 
To assemble the 

follows: 
console model proceed <lS 

Step 1: 

SI.ep 2 : 

Step 3. 

Inswll the tap(' transport in t)IC cab
inet frame , securing the 8 oval-nc8d 
screws and finishing washers . 
Place the two springs in the holes for 
the electronic assembly cabinet frame . 
Attach the two rails to th (' electronic 
assembly using the number 8 scrc\,vs . 

Section 3 

INSTALLATION 
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Saies 354 Recorder/ Reproc!7i<'cr- 3/4 Vie-w 

51 (' P 4: Slide l he ca bJJ1Ct back panel up and 
au t to allow con necl i 11 g of the a-c 
power cable and i'lug the input cable 
and the output cable into then recep
tacle" on the back of tbe electronic 

. assembly . 

SiI'lJ J. Install tll(: electromc assembly, tight
ening the fOLlr knurled nuts {o Ltskn 
i l to the frame . 

St('p 6 . Connect the captive head cables a t 
tbeir locations on the electronic ClS
sembl y. 

Step 7 : Connect the captIve CABLE TO 
ELECTRONICS to the electronic !is
sembly. 

Step R· Replace the back panel, making cer
tain that all cClbles run freely through 
th e semi-circular cut-outs at the bot
tom of the sliding panel. 

Two Case Portable Models 

·1 II( · two casc p(lilable models arc shipped 
ill " r('aely to operate condition, except for the 
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connectIOn of interconnecting ca bIes . Conven· 
ient rubber feet are IOl ~\ted at both ends of 
each case , and metal rests are provided on the 
backs of each casco To set up the equipment 
follow (hese steps : 

St ep 1: Arrange Ihe cases so that the mechan
ical clssembly case is to the right of 
the eleclronic as sembly case. 

Step 2. Unlatch and remove the top cover 
and the side access dour on th ' rn \~ · 
chanica I asscm bI y case. 

Step 3 . U nlatch :md remove tbe front find 
rear covers on the electronic assembly 
C8se. 

Step 4.· Uncoil the jntercon necting cables 
from behmd the cable access door on 
the tape transport case and plug them 
into mating receplacJ es at the rear 
of the electronic assembly. 

Slep S. Connect the a-c power, and the i.nput 
and Ol1 tput to the rear of the elec
tronic assem bly 

R (lch L ayou t. ( M odel 354 ) 
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Rock Mounted Models 
Vlount these versions of the equipment on 

a standard 19-inch relay rack with the mcchan
iced assembly above the main electronic panel 

POWER CONNECTION 

Connect the power cabJe from the Cl-C 

PO\iVLH input connector, J20, on the elecLrolllc 
assembly to rt convenien l 117 volt a-c povver 
source. 

OUTPUT 

A mating connector for LINE OUTPUT is 
supplied . The user must fabricate his own 
cables , using the connectors supplied with the 
recorder. 

Studio Line 

Plus 4 vu , 600 ohm line output, balanced or 
unbalanced , is available at line output connrc
lors J3 and ]4. A two-wire shielded cable should 
be used and should be wired to the supplied 
mating connector so that the two wires of the 
cable are connected to pins 2 and 3 and shield 
is connected to pin I. This will provide balanced 
output . If unbalanced OUlPllt is deSIred, a 
jumper should be wired bt:tween pins I and 2 
of the mating connector. 

High Impedance Amplifier Input 

Wire the mating connector so that pin 3 of 
lhe line output connector, J3 or J4 . is connected 
to the hIgh side of the ~lll1plj(i('l' input Strap 
pins I <lnc1 2 01' the lll~ltil1g connector for con· 
ncct ion to the ~~roL1nd side of the amplifier 
input. 

INPUT 

During this discussion refer to the foldout 
illuslration - Scllclllatic Diagr<:lm -ElcCll"OlllC 
I\-.scmblies al the back of' SECTION 8 

Microphone Input 

Any low impedance microphone having a 
nominal impedance belween 30 and 250 ohms 
c;)n be pJugged into the equipment. The use of 
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microphones requires that an optlonal micro~ 
phone preamplifier be inserted into transfonner 
socket 4J 15 (channel A) and/or 4J 16 (channel 
B). Wire the mating connector so that the mi
crophone is connected to pins 2 and 3 of the line 
input connector, ] 1 (channel A) or J2 (channel 
B; . The: cabJe shield must be connected to pin 1. 

High impedance microphones are not recom
mended for use in this equipment because, in 
general, the quality is nol satisfactory for pro
fessional work. 

Bridging a Balanced Studio Line 

Connect a balanced line to pins 2 and 3 of 
the input connector, ]I or J2. Pin 1 is ground. 
The phlg-in line input transformer must be' 
inserted into the tr:lIlsformcr socket . Rms inpul 
levels of /(:[0 to Illus fi ve dbm can be aCCOJll

modated. The load placed Oil the line is ap
proximately 20K ohms. 

Bridging on Unbolanced Source 

Connect an unbalanced line , radio tuner, 
etc, to pins 1 and 3 of the mput connector. 
Pin 1 is the ground Side. T he shorting bar must 
be inserted bctvveen pins 3 and 8 of thc tr<lns
fonner sockel. This connection provides a lOOK 
obm bridging input An rms progr(l111 voltage 
of one volt is ad equate 

PHONES 

High impedance head phones must be used. 
To monitor the incoming line or reproduce out
put, plug the high impedance pbones into phone 
Jack] 17 (channel A) or J 18 (channel B) on the 
amplifier face panel. To preserve low frequency 
response, feed into an input impedance of 50K 
ohms or higher. To preserve high frequency re
sponse, the ca bJe capacity should not exceed 500 
pfd total. 

60 CYCLE AMPLIFIER 

The Ampex Model 375 Precision 60 Cycle 
Amplifier can be plugged directly into (he 
equipment at J503S. No other connections an' 
necess;)ry. The Model 375 is used where power 
sources are erra tic an d t lll're is need f fJ r' <l pre
cision 60 cycle time base for driving the cap
stan. 
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CAUTION 

If this unit is llsed 'with the Recorder / 
Reproducer, the control circuit fuse 
F402 must be increased to 5 amperes , 

NOTE 

Do not remove the dummy plug 
PS03P unless the 60 cycles amplifier 
is conn ceted, 

OVERALL PERFORMANCE CHECK 

(Read SECTION 4, OPERAT ION before mak
ing these checks ,) 

Make the following equipment performance 
checks at the ti m e of installation and when 
necessary ther('aftcr: 

REPRODUCE (Playback) LEVEL 
REPRODUCE (Playback) RESPO-:\lSE 
REPRODUCE (Playback) NOISE 

MEASUREMENT 

RECORD CAI.1BRATION 
FREQUENCY RESPONSE 
RECORD ;\JOISE MEASUREMENT 
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NOTE 

It should be noted that this machine 
has bcC'n adjllsted at the Factory to 
produce frequency response within 
speci/ic(lliol1s w/-/l'/( recording on (11/ 

{/v('n(lje {-((PC, In {he last rCl!' YC(/l'S the 
171(J/7 frequency olllp11t frow l'(Ipe fws 
171/ proved I rem (' /ldously , l/l order to 
flec]) I}(tr'e wirh thesc improvement s, 
ill Ihe summer or 1959 Ampn: sel-

iecled a new "a(,('rage" (ape to adjust 
bias and record cqllalizaliol1. 

Compkte instructions for making the above 
checks are given in SECTION 8 ALIGl\'VIENT 
AND PERFORMANCE CHECKS. 

DISTORTION 

Overall di stortion can be measured by con
necting any standard distortion measurcment 
apparatus across tbe output . The readillgs from 
a wave analyzer or selective frequency distor
tion meter will be more accurate than those 
from a null lype instrument at 10wE'r distortion 
levels. Distortion readings arc somewhat dc
penden t on tape, A reading of 1 % is normal 
at operating level while a reading of 3% is 
normal at 6 db above operating level. Second 
harmonic di stortion is negli gl ble , meas u red 
distortion is predominately third oro<':1'. 

FLUTTER AND WOW 

Flutter and wow are produced by periodic 
irregularities 111 tape speed ami appear as fre
quency deviations in recording or reproduc.:tion. 
They can be measured by means of a calibrated 
flutter test tape (see "Accessorif:s" sE'ction) and 
a standard flutter bndge. Readings will be near 
or below 0,11 % rms at 15 irs, 0.14% rms at 
71/2 ips, and 0.18% at 3% ips, The Ampex plio 
mary slandard of m easurements is based on 
the use of a flutter meter callbrated to inuicate 
th e deviation from mean carner frequency of 
any rate between 0.5 and 250 cps expressed jn 
percent rms . 
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INTERCONNECTING 

Catalog From 
Cable Nllmber Qty RecC?]Jtacle Chassis 

A-c 2413-00 ( 1 ) J20 POWFR Electronic 
Assembly 

Power (1 ) J 19 TAPE EleCtTOnlC 
[n ter- TRANSPORT Assembly 

connectin g 

neproduce ( I ) J9 PLAYBACK Sleclronic 
Head eCh, A) HEAD Assembly 

Reproduce ( I ) JI0 P LAYBACK Electronic 
Head (Ch. B) HEAD A~~ embly 

Record (1) J7 RECORD ['.I ecl)'onic 
Head (Ch. A) HEAD Assembly 

Record ( 1) J8 RECORD Elec tromc 
Head (Ch. TI) HEAD Assembly 

Erase ( 1 ) .15 ERASE Electronic 
Head ( Ch . A) I Il.::AD Assembly 

Erase ( 1 ) J6 EH.ASl:: E.lectronic 
I-lead (Ch . B) i-lEAD As sembly 

IAPt !~M.~rOR' ASH"," r 
0111),,, h!!!o~h record hqodJ 

[([CIRONIC A;;fM8I Y 

8. ;.§l9~ TQJ "[QJ Cl rOle! 

""ood 
'tco rd 
hood 
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)) I"HI Q\rlpII' ).4 ,. ,~ 

l nterCOl1l7 ectin 9 

To 
Receptacle Chassis 

A·c Source 

CABLE TO Captive at 
ELECTRONICS Ta I Je Transport 

Captive at Tape Transport 

Captive at Tape Transport 

Captive at Tape T r anspurt 

Captive' at Tape T ransport 

Captive at T:lpe T r ansport 

Captive at Tape Transport 

f(! pfod ltC~ "C!'o d. 

cObl" Po 
al~(lfO"i~1 

"[2] ~ Q plQyba<l I I 
.... od' I J 

pO-yr 

'oj)~ 110111 po 11 }10 

II? 

Q Q 
110 

h"e- (" • .e 
.1 f1 
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Section 4 

OPERATING INSTRUCTIONS 

GENERAL 

T he 354 Seri es record er / reprod uce)'s arc 
,wailabJc for [\ \'0 track stcrcophonic opcr ,ltioll . 
/\\1 oper .. Hing conlrots a If.' located 011 the tape 
transport wHh the exception of the recorel COIl

lrol which is on the fronl panel of the elec
lronic assembly . When the remolc control unit 
is furnisheci, duplicate tape motion controls , a 
RECORD button. a RECORD INDICAT OR 
light and a TAPE MOTION inuicator lighl aTC 

mounted on the t('rnote unit. 
The equipment can accommodate the NAB 

101/2 inch diameter tape reeJs or the EIA 5 
and 7-inch reds. Provision is made for selec
tion of proper tape tensioning at the REEL 
SIZE switch on the tape transport for the 
LARGE or SMALL size reels. 

NOTE 
Tn the LARGE reel position both the 
rewind and take-up reels must be NAB 
type and in the SMALL reel position 
both reels must be ETA . 

Either of two capstan drive motor speeds 
can be selected at the LOW·HIGH TAPE 
SPEED switch on the tape transport. 

On the front panel of the elec tronic assembly 
are facilities for selting RECORD LEVEL, se
lecting the channel(s) to be recorded, and 
sel<:cting LOW SPEED or HIGH SPEED 
EQUAI.IZ;\TION . Two phone jacks (PI-laNES) 
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for monitoring, a RECORD button, two RE
CORD INDICATOR lighls , and a PO\t\fEn ON-

OFF switch are also JllOUJ Ited on the electronic 
assembly front panel. 

SUMMARY OF CONTROLS, SWITCHES AND INDICATORS 

Item 

POWER 

TAPE SPEED 

EQUALlZATION 

REEL SIZE 

RECORD SELECTOH 

RECORD LEVEL 

VU METER 
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Schematic 
Reference 

Symbol 

86 

S503 

S1 

5504 

54 

Rl 
112 

Ml 
1\12 

Location 

Electronic 
Assembly 

fronl panel 

Tape Transport 
con trol cluster 

Electronic 
Assembly 

front panel 

Tape Transport 

Electronic 
Assembly 

front panel 

Electronic 
Assembly 

front panel 

Electronic 
Assembly 

front panel 

Function 

Controls power to the electronic and mechan
ical assemblies, When power is on, capstan 
will rotale jf tape is properly threaded or the 
tension arm safety switch is mechanically 
closed. Tbe vu meter lamps light when power 
is on, and arc not affec ted by th e safet y switch, 
Provides a means for visually moniloring re
cord input level and reproduce output level. 

Determines spef'd of the capstan drive motor 
by high or low speed winding, Used in con
junction with EQUALIZATION switch S2. 

Used to select appropriate equaliz.ation Cir

cuitry for tape speed chosen . 

Adjusts tape tensioning circuitry for the reel 
size used. 

The switch is closed when (LARGE position) 
NAB 1Ol/2 inch reels are used . In the SMALL 
position the switch is open, connecting re
sistance R502 in series with the torque 
motors , thereby reducing holdback and take
up tension. 

PrOvides bi,\s <mel crase current to channel A 
only when il l ch;lllnci "A" position If HL
CORD bullon IS pressed , pro\'ides bias ann 
('rase current to channel B when in channel 
"H'" pOS/llOn if RECOHD butlon is pressed: 
provide,; bias and e[,ISe cunenl to both 
channels when in "A & B" position if H r
CORD bUllon is pressed ; (lnd docs nOI pro
vic k bi as or crase Cu rrcil t 10 ci t hcl' c) LUlncl 
when in either SAFE position rcgardlc~s of 
whether or not the RECORD button is 
prcssed. 

Adjusts record level. 

Provides a means for visually monitoring 
record input level and reproduce level. 

89-0131 
Issue A 



PLAY button 

RECORD button 

REWIND button 

FAST FORWARD 
hulton 

STOP bullon 

OL IIJl,l SI~LFCTOI~ 

S505 

SS 

S507 

5506 

S502 

S') 
s :; 

OPERATING TECHNIQUES 

Threading the Tape 

Tape Transport 
control cl uster 

Electronic 
Assembly 

front panel 

Tape Transport 
control cluster 

Tape Transport 
control cluster 

Tape Tr~lOsport 
control cluster 

Electronic 
Assembly 

front panel 

Thread the tape as shown in the illustration. 
Lnwind and inspect all new factory wound 
reels of tape by running them through in the 
FAST fORWARD mode. New lapes may bE' 
looped to the hub 111 such a manner that the 
tape will not come free at the end of th e reel. 
This will prevenl the safety switch (S501) 
from disengagIng the capstan idler from the 
capstan, which in turn results in a fiat being 
worn on the capstan idler wlwcl. (Any adhes
ive material accumuL.ltion on lhe reel hub 
may also keep the tape from coming free at 
the end of the rcel, and should therefore be 
removed with solvent.) 

Power 

POW!'I' is 'luppl)('d llnough power switch 
Sf; \Vhlch Illilst he' turned Oil to opcr ,lIl' the 
('1('( I ronic ~111d I1wch:lnic,d ;ISSCl11blic's, The 
1l1('l' 11;1 n ic.1I ;1 sS('J1l bl v ;t nel clec t ron iL ,)SSCI11 b I Y 

,11'(' il1c1II'ldll<llly rusl"cI by the 3 ,11llpCl'e' control 
cirCUit I'lI'iC fl ;Inc! tIl("' :\tS ampcl'c e1cctronic 
("\1'-.(' F2_ 

H~)[)(JI 

i'iS\lC /I. 

Conlrols tape motion in the reproduce 
(PLAY) and record modes, Interlocked with 
rewind and fast forward modes, 

Controls the record relay in the electronic 
assem bl y, Powc:r is a pplied to the bias erase 
oscillator when this button is pressed, The 
PLAY bullon must be pressed to put the tapC 

in motion before the record button is used. 

Controls the rcvvind rclay . Full a-c power 
is connected directly to the rewind (supply) 
motor when this bulton, is pressed , lhe rc
sistance H504 1S placed in the a·c circuit to 
tlw lake-up motor, 

Controls the fast forward relay. Connects full 
a-c power to tIlc take-up motor aTld places 
resistance lt504 in the a-c circuit to the 
rewind motor when this button is pressed 

When \ his lJu llon IS pressed, the br(l ke solen
Oids "mel all relays arc de-e n ergi zed . 

111 the HEPHODLCI': PO'-.ilioll. the \'-u I1lctcl'~ 
ili l lic'lC' the c,ign<111l'\cl ,11 tic -;e("oncl ,1I'Y 01" 
th(' outpul Il'allSfol'llll'J'. In (he RECORD 
position, (he \··LI 11)('(Cr'> inc\icdtC' a " flat" rC~ld
ing or the input <;ign<,) 

.. .. Il~ • ••• • .. , • • ~4 iii .7~.~. 

-:,:-9 ~ 0 o-~ 

Tope 1I11'('(/diny pnlfl 

Speed Swirches 

There ,He two switches assuciated with op
erating speed, The 18pe speed sWllch 550.3 dc
termine''; 111C speed of the capstan drivc motor, 
<lnc1 (-he equalilCllion ""vitc h S1 clnnges tlie 
CClLWUulIion In the amplifiers (lppropri<ltely 
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Tape Motion 

The tape motion is controlled by means of 
four push buttons labeled REWIND, FAST 
FVv'D, STOP and PLAY, 

PLAY OR RECORD 

The t:lpe is ,:,ct into plav motion at the speed 
,>elected bv the l:lpe specd switch when the 
PL!\ Y buttc))1 S.sO~ is prcssed, To change from 
pi;1\' to the rccold mode with (he tapc in mo
(ion, press (ile HECORD button S5 on (he Clef'

trollic as~emblv , 

STOP 
To stop the tape while it is moving in any 

mode, press the STOP button S502. The equip
ment will stop automatically if the tape breaks 
or runs off eith<:r reeL 

FAST FORWARD 
The equipment can be started in fast for

ward or switched to fast forward from any of 
the operating modes by pressing the fast for
ward button S506. 

REWIND 
The eguipm('nt can be started in rewind or 

switched to rewind from any of the operating 
modes by pressing the rewind button S507. 

NOTE 

117 usi17g eithcT the fast !orwaTd or 
rewind mode, it is de'<"irable to remove 
the tape {rom direct contact 7.(lith the 
heads by opening the gale of /lIe head 
([SS('lIl btll, This will reduce wear on 
the II cads aud prevellt tlie a_dele coal· 
inC] on the tape t!'Om dC'posiliug on 
//7(' heads Gud il7lpairing their per
(onnance, 

Editing and Cueing 

Indexing the tape as in editing or cueing, or 
wh e n approaching the end of the reel, is simpll' 
fied by holding dovvn a combmalion of buttons. 
1'(11)(' lllO( ion C(I n be red lleed by hold ing clown 
1 he LIst )'orvvard and rewind bullons slmultan
cOLlsI)" ,mel then all('fn<lling between the two 

4-4 

to control l,lpe direction. When tbe desired 
poin1 is fedehecl, the STOP button must be held 
down until the fast forward and rewin d but
tons arc released, 

CAUTION 

Never press the STOP and PLAY but
tOI7S in rapid sequence wilen the tape 
is tTO'vding at 111917, speed in the RE
WIND 01' FAST FORWARD modes. 
Tins wi.ll almost invariahly break the 
tape Sl17ce it does noL alluw the tape 
to "Lop before I_he capsta 11 idler lochs 
It to the capstan, 

Reproduce (Playback} 

To rep roduce <I previously rccmdcd 1:llx', 
pbcc the OUTPUT SELECTOR switch, S2 ur 
S:i or both , in the REP HO DUCE position, (hell 
st;nl the tape in motion as indic,lted u ncleI' 
PLi\ y, RECOHD SELECTOR switch, S4, should 
be in cill1l'i' of the lWO SAFr: po"itir))ls, 

Record 

To record a ne\V progralll OJ) prcyious ly 1 (' 

corded tapC'_ or on blank. tape, place the OUT
IjUT S E LECTOR switch, S'? or S3 or both, in 
[he RECOHD po:-,ition ;Inrl the RECORD S E
LECTOn SWitch, S4, in either of the SAF E 
po~ition", T urn (he HECORD LEVEL conlroL 
RIoI' R2 or both, clockwise unt il (he Jc\cl rcaels 
o (zero) on (he ,1<;SOCid[ed n! meter on (he 
)IIOSt ill (CIl"iC program pC clks, The progr:llll c<11l 
be audihlv IllOllltored through (,lther the phonc 
i,lCk<; (PI-JONES), .117 ,mel J18, or the line out 
conncctors (LINE OUTPUT), J3 ,mel ,)4 , be
fore the tape I:' in motion, This d irect monitor 
fca(ure allows the program to be set up (hrough 
(h c lll;lehinc wi thout actu ally recording ciLllin !!: 
the sel lip perioc\, 

When (he progr::1 l1l level lS prrJpcrlv ,.,c1. (um 
lhc RECOR D SELECTOn switch, S4 to the 
'A:- "A & B," or hB" posi tIOn ,1S applicdbk and 
S la rt the t a pc in mOlion as in d iCd ted 1I n(/('I' 
PLA Y- T hen press the RECORD bulton, S5 
T he RECORD i:\lDICATOR, DSl or DS2 0)' 

both, will noll' ~lolV ,lnd the cquii!l1lent IS )'c
l"ul'c\i 11 g, 
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BAS lC f10Nt'!!:"""(' ~)F' . I ':..~.h y (J.t ! ~y, \ ' 

MAGNETiC TAPE RECtHU)H~G 

Fundamental Theory And Design Considerations For Professional Audio Equipment 
Copyng ht 1960 by AMP EX CORPORA TJO 

FOREWORD 

This discli ~';ion 18 i T1t ended only as an inti ry III c
tion to magnetic tape recolding, an attempt to ex
plain the fundament:tl theory in the simplesl pos
sible l,~rms As in ::Iny stich endvilvor there will 110 

doubt be al·,:· as which 3re Oyr'l'-simplified, ;nd in these 
instancfs illS requrstcd that you rememher the bJ.sic 
objective staled above 

~llform~tiol1 presented hen; was obt8ined from 
vanolls sources by the Teclmic Ii Publication S'. elion 
of AM PEX PHOI'J' SSIO N f\L PRODl.,CTS Co, Allelio Dl\.'l
sion, In cluded in th e APPelldlX is a bibliography w hieh 
lIsts the Jlublished works used . Ocher sources Ill ilizc cl 
were AMPEX Englncning R<:>ports (not <lvailable for 
gCller~d d/l:-tribu t ioll) a n d p e rson al Inter Views wllli 
/ \ MPEX engin eering person n e l. 

GENERAL 

Let it be underslood to start Vv'it h that you ;ue not 
going to be boreel by the Jong, drawJl out, d::,,~ussion 
of tll," l1istor), of I;l J.gnctlc 'recorel in g \~ Ilic h 15 the 
sccrnin gJ y incv1ta ble prrfacc to an v ~! l tem plos to ex
plalJl the basic theory oj this pruc\:'s$, But ic seems 
pertincnt to [Joint out that the fil'st [latent Oll a lllag· 
lletic recorcli: ,g c1e vice W,\ ~ iss\\ccl SUTTl e GO yc a rs :J ';0 
ancl il V\'as originally <l.nticipa[(:cl tlwt its main use 
WO\ ilel bc 1 n t be [elcphonc a Illl (ele~. l'ilph incl \lstncs, 
~() 1l1agnctlc SOllnd 15 not <l. recent inIlO\'Jtioll, 

11 i~ :ilso interc:slin g to note th;ll probably th e 
first 1l1.lgnct1e recorcler lO \lse tape ( stecllape, that is ) 

instead of win' as I:h e recording mediulll was ch 
ve loped fw a motion p ie l urc applicd t ion, f\ bOll t 1920 
a British prod ucer 001 mecl Lou is Bla aner <leg ulJ"d 
patent righ ts to manufacture m ;) gnetic recording 
"Cjuipmen l for use in the entertainmen t field . His 
machine, t h e'jJ18 ttnerphone." supplied synchronous 
sound for some of the first [,llking plctures 111 Eng
Li;)d, 

Dr .. .! 

Typual prof cs sionaL q un u.tU rec:o rda/ I'e producer 111 

po7table case, Ampex Model P R-I 0-2 (Its ei.th er a P07-

t((hle carryi71G c(lse ur "'ill mOJl7lt w1t!imli mOc/1(icatlOll 
m n 'r! ornwl 19 ·inch /och . 
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A console mount('d Ampex Model 354, t IVO cha.nnel 
recordpr /1'e prodlil', 'T 

WHY MAGNETIC TAPE? 

There !lre many ;)dv!1llLages to recording 011 to· 
day's high quality magne tIc tape . using profe ssional 
grade equipment No othe r device can offe r com· 
parable fidelity of reproduction. Tape provjdes 111(' 

convenien('~ of Immediote playback without proces
sing, and the economy of being able to erase and reo 
record. It furnishes a large storage capacity in a 
minimum space, Technically one of its grea test attri
uutes is a gradual ov(:doad characteristic which ex
acts a minimulli penalty for slightly incorrecl record 
level adJustments, A uuio recordings ca n be stored 
indefinitely or replayed thou~allds of times with no 
deterioration of sign al. And tape still is the only prac
ticnl means of recording professional guailty stereo· 
phonic sound, though two track discs are used ex· 
tensively in home m usic systems, the original master 
recordings for those discs are made on tape. 

Magnetic recording has made possibJe the presen· 
tation of three, four, and six channel sound in the 
motion picture theater, In thl~ Jnslance, of course, 
the magnetic material is striped on film rather than 
on the usual pi3Slic bilcking, 
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BASIC COMPONENTS OF A MAGNETIC TAPE RECORDER 

Ma911etic Tape 

ModC'rn magnetic tape consists of a plaslic back· 
ifl !~ , on which IS deposite d a layer of m a gnelic ma
terial consis!ing of iron oxide p articl es suspended in 
a synthetic resin bin del , The iron oxide matelial is 
the "ctllal magnetization m edium, and since it is in 
lhe form of mlnUle partlcles the recordin g p rocess 
must depend on the size. shape. Ol'ienl<ttion, and uni· 
fOJ'm distriblltlOl1 of these par ticles on the tcJpe , 

'I1anufacturE'rs have gr' 'ell Iy i ncreaSE'd ! he gu alit y 
of magnetic tar<2 on.'1' the PelSI few yt -;: rs, but it reo 
m(lins tl'ue th:..t variations III lllagnclIzation within 
indi vidual wavelengths will OCCllr, The magJlil ude of 
Ihese \':lrialiolls will depen d on th e fac tors noted in 
the preceu;l1g paragraph, 

A random packing dl"]1sity of the oxide panicle !. 
will impose a ra n dom' V:ll'l;:ttJon of ,:lllplitude of a re
corded Signal. whIch \\ill appear a!. 'Io isc in the repro· 
duced output , Tn hi.gh frcquency applicZltion 5 , where 
only a surface layer of the tape IS lIlvohed . Ihe sign31· 
to·noise mlio will be pa rticu l;ll'ly Zlflecle(\ , 

If the backin g wh ich suppor ts I he medi um is nOI 
lInlform ill thickness. it wi ll crea te varia tions in Ihe 
de posit o f oxide cOZl ting at th e b,\sc. In low freq uen cy 
work the u nder laver s assume impar lance ;wd such 
variation III coating wJlt. Jf'alli. be repl'OdUCECd ;lS 

noise , 

All Y hck 01' uniformity III 11 1e coati ng impl tr'~ a 

13Ck of pr'- IfeCl flatness <It the tape surl'ace , so separ:l ' 
tion of the lape from the he:lds WIll vary, TIllS will 
affect the OUlput crtpabiHt ies ( see Freq ue ncy Re
sponse ) , Suit able polishing of the tape a ft er m anu 
facture will reduce this vari a tion, and some manu
faCtUrers an' now pre-polishing their p rofessiona l 
grade tape, This polishin g also minim i%.es head wear 
for eguipmpn! that will continu ally run new t::Ipe 
such as d 11 plicating systems [or the cOI1lJlJercial reo 
cording ind usr.ry. 

Tape width variations call alsocausc troll I ,Ie whcn 

I I It , ill iii f ......... I'T ... ·'r~~T·,..'r----

, I I I I I I I H-H-H-I-L-

I !I'III III . I' I I itFHf=JJA 

lC>OQ 

, 
I 

rR~O\JftJCY IN (f(lt~ pH ',Ht.ON() 

1011)(10 

---; 

lQ\100 

OD2. 

The dif{ erence in response bCI1((' (' n polished (c UTve 
A) and IInpolis/led (( ltfl)C B) ta.pe is indicated on thi.s 
graph. Readings were tuhen using new tape (rom thl! 
manuf actllrer (8) and again after mech a r7ical polis}z. 
ing by running tlu? oxided SlIr(ac('s against eacir other 
( A), 



the clearance on guides is limited to minimllm figures 
to obtain extremely accurate g-uiding , If tb~ width of 
the tape then exceeds tolerances. the guides will bow 
lhe tape, and it will again be lifted from contact with 
the heads, Slitting the tape must , therefore, be rigidly 
controlled . 

The binder materiaJ must be wear resistanl. This 
is not primarily a matter of ensuring the durability 
of the recording, but rather is to m inimize oxide de · 
posits on components in the tape threading path ( see 
Cleaning) . Of course , if the binder breaks down suffi
ciently to cause signal drop·outs it would affect the 
durability, but this w.ill be encounter ed normally only 
after prolonged use at high tape speeds not usually 
employed in audio work , 

There are several considerations concerning the 
iron oXIde particles which affect tape characleristJcs. 
These include the sae and shape of the p>uticles, and 
their physical orientation so that the axes of easy 
magnetizalLOn are longitudinal to the direction of 
recording , 

In addition to all the above, tape must hr strong 
enough to wil hstand the stresses it will undergo in 
normal operation , and pliable enough to follow the 
required turns In the tape thn;<l ding palh 

Recognizin g thai the quality of magnetic record
ing is today hmited by the properties of the tape, not 
the equipmenL, AMPEX recently entered the tape man
ufacturing field , It is felt that the association of AM
PEX and its subsi.d lary - Orr inci llS!ries Co. - will 
fL!SUlt in definite improvements in the art of magnetic 
recordmg. 

Heads 

No assembly in a magnet.lc recording system is 
more important than the heads , which convert lbe 
elec tr ical curren! La a m agnetizing for ce during the 
recording opera tion. then reconvert that magnetism 
to an elec trical cllnent during the reproduce mode, 
P rofession al <]uality equipment employs three separ-

COilS 

OQIV 

POLE PIECES 

ConstTuction " f a tlfPicn/ magnetic head , 

ate heads - erase > record , and reproduce - each 
especially designed to perform its specific function. 

Recording 

The operation of the record head is essentially the 
same as that of an electro-magnet. If we insert a co), c' 
of permeable material within a coil of W1re , then run 
a d irect current through that wire , we can set up an 
lOtense magnetic fieJd that will atlrac t any nearby 
material. thal is cap able of being magnetized , If in
stead of the direct curren t, we use an alterna ling cur
rent , we would first atlract then repel that m aterial 
(a t a rale controlled by the frequency of our a-c ) 
until it assumed a position that was neutral in respect 
to the alternating field . 

In a magnetic recording head the core is shaped 
like an incomplete ring - the discontinuity forms the 
head "gap" - which is inserted wilhlrl a coil of wire , 
When the signal to be recorckct i s converted to a J1 

ekctnc curren t and passed through the coil, a strong 
magnetic fidd lS created a cross the gap , If we now 
pass our magr)etic tape across the gap , the iron oxide 
parti cks in the tape will be magnetized in a pattern 
which lS a function of the instanta neous magnitude 
aod polarity of the original signal. Understand here 
that these: particles do not physically move, but are 
simply magnetized by the flux at the head gap so tha t 
ea ch individual particle contributes to on overall 
magnetic pallern, 

The wavelength of the signal recorded on lhe tape 
depends upon how far th e tape mo.ves during each 
complete alternatlOn of the signal curren t. For ex
ample , if we were recordin g 60 cycles at 15 inches 
per s~cond , e ach cycle would be recor ded on a 0,25 
inch segment of the tape ; if our frequen cy were 6000 
cycles and our tape speed 7 1/z inches per second, each 
cycle would be recorded on a 0.00 125 inch segment 
of the tape , Such computations may be continued for 
any frequenc y a t any tape speed by simply dividing 
the tape speed (in inches per second) by the fre
quency (m cycles per second ) , 

This brings up a point that sometimes confuses 
ind l.viduals accustomed to conSidering wave length 
and frequency as being practically synonomotls terms 
- that a cerlam wavelength can denote only one fre
quency or vice versa . T his cannot bol.d true on any 
device which employs a moving medium to store the 
informatlOn _ For example , say we record a frequency 
of 10,000 cycles at a tape speed of 15 ips . If we re
produce that tape at the same speed we will re-create 
our original signal; but jf we reproduce the tape at 
71/2 ips the sam e wavelength on the tape will result 
in a ~igllal of only 5 ,000 cps, if our reproduce speed 
is 33/.. ips our signal will be 2,500 cps . Similarly. jf 
we record 10.000 cps at 15 ips the wavelength is 1.5 
mils. if W I' record the same signal at 7 1h ips the wavc
length is .75 mil, at 3% ips the wavelength is .375 
mil. Thus . wavelength may vary for a constant fre
quency and frequency may vary for a constant wave
length, dependent on the speed of our medium. 
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In magnetic recording such dif!'('rentiation is im
portant, Certain losses - slJch J~ amplifier response , 
self-resonance of head windings, eddy cunent losses 
in h e ad cores, etc, - are fregueney-Liepenclent losses, 
Olhe rs - reproduce gap losses, head-to-tape sp:1cing 
losses, tape thickness losses, etc, - are wavelength
dependen t losses, 

E rflsing 

Our major purposes In erasing au; to obliterate 
any prior recordwg and to leave the tape quiet , so 
that it may bE' used again and again for different 
programs , Perm allen t magnets will do t he era~i n g 
job, but it is difficult to prevent these devices frllm 
magndizlllg the tape in on e directJon - a single pole 
on the magnet would magnetize the tape to sCltura
lion, an d a high noise level would result in the Sli bse
quent record ing, The common practice . therefore, is 
to sub,icc t the 1 ape to an ,l-C field which graduall y tn
creases tu a maxi m um Ill:: gni t ucle, [ben gt':lcl u allv de
crea ses to zero 

The t'ra s(> l,','acl fUllclions l.'x-aetly the SZlme as the 
record he a d. but it i~ constructed wit}l a relatjvely 
Jarge gap - wh i eh allows the; flu x to leak out over a 
relatively large longi tudinal area in the tapE' path 
We send a high frequency d-C signal to tbe head, As 
~. pomt on the t;)pe approaches !llt,- gap. the alternat
ing magnetic field gets stronger (111(1 stronger unlJl 
,I m aXlnlUlll magn it ude is reached di rectly at the gap 
Tllen as th e point recedes from the gap, toward the 
record h ead, the field grows weall,'c and weahT until 
it disappears, Remember here that we are talkllig of 
relativE' distances, and the erasing field will clisappe:ll' 
before our point orr t he tape approaches the record 
heRd , 

M arl71 cUe r('l'1'OdHcmg equipment in I he motion piCWTC 
Ihc((ter, Ampex instal,lation along the faT wall (al War
IIC/' Tilcclter, New Yorh City) provides six channel 
biCT('up/wlde soun.d, 
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R eprod u ci n g 

Although the reproduce he ad is constructed al
most the same as t he record head, it function s more 
like an electric generator, When we move a conducror 
through a magnetJc field, as we do in a gener ator, we 
mduce in that conductor a voltage whose amplitude 
and polarity elre functions of the magnitude and direc
tion of the magnetic field, We C8n, of <.:ou[se. acJneve 
the same results by pClssing the magnetic neld across 
a st ational'Y conductor. as the anI y req u i si te is tha t 
the conductor mLlst Cllt the lines of forc,~, (Note h''I'l' 
that , assuming a constant fteld, the amplitude of the 
induced voltage lS dependent upon the speed wlth 
wh.ich the conductol cuts the lines of force,) 

Similarly, when we move thE' recorded tape past 
the gap in a reproduce head , t be magneuc flux on 
the moving tape will imiucc a voit~lgE' ill the bead coil. 
This induced voltage will be propol'lionai to the num
ber of turns of wire on the head cod, the permeabllity 
of lbe COf(' materinl ({ lid ti,e lime rate of dlrrnge of 
til e 7710g llel ic {ill <. 

Assllll1ing ,\ constant ra pe speed across the heael. 
the last factor mcans tbilt tbe outpllt of ;1, given 1'8])\'0-

ducc h e :ld will increase directly willl freq\\encv (as 
freCjuency rises th ere is <1 grea ter rate 01' change of 
fiux across the head gap for a given tape speed) 

OQr1' 

Head. gap terminology u.sed ill lilis di.Scllssi.on (A) gap 
length (B) gap with (C) gCl1J depth. 

In l'eprod Llci Ilg in fonll:1tiol1 from d recorded t J pe 
one important factor is the climell~ .ion of the Tepro
duce hl',)d gap We have sCIOn that the magnetic flux 
on the movi.Jlg tape induces a voltage in the head 
coil, but what actually occ\\rs here is a little 1110rc 

complex tha:l that simpJe <;talement implies, 

Actually, the Aux l11ust tra vel to the coil through 
each br anch of the he8Q core ({olced 111 tot h:l t p''1ch 
by the high 1'elucti'lnce of the gap ) and nnlst l'csult in 
a volta ge differenlial across the coil if a Clll re llt is (0 

be created, Thcrefole, em inst:lJ'ltJneous di!Tei'ell('e 
in the magOltude of the moving flux mUSi e~ist acro~" 



the head gap. This means t.hat the gap must always 
intercept less than one com plele wavc!ength of the 
signal recorded on the tape ( see High Frequency Re
sponse) . However, if the gap is too small the flux will 
n ot be forced through the core to the coil, and signal 
level will be reduced. An optimum design, tailored 
to specific requirements of frequency response and 
level is thus necessary 

Tape Transport - General 

The function of the tape transport is to move the 
tape accurately across the heads at a precisely con
stant rate of speed . We can consider that all tape 
transports COIl sist basically of three m a.jor divisions 
- first a tape supply system, then a tape drive sys
tem , and finally a tape takeup system . These divisions 
can be likened to two reservoirs with a pumping sta
tion between them that removes material from aIle 
reservoir and adds it to the other. Most professional 
quali ty eq uipment employs three m otors (or their 
equivalents ) , one each for the supply system, dove 
system, and takeup system; however , if weight 01' 

volume is important (such as in portable machines) 
high quality results can be obtain ed by using one 
motor to drive the tape and employing mechanical 
couphng to the supply and takeup tumtahles. 

StlppLy and Takeup Systl'TnS 

Usually, the tape supply and tape takeup systems 
can be considered as identical assemblies, with the 
only probably differences being in the brake configur
ation ::Ind the conn ection to the power source. Torque 
motors (or their €<]uivalent) are used to drive the 
turntables directly_These motors are connected to 
rotate in opposite directions when power is applied 
- the supply motor opposing and the takeup motor 
supporting the normal direction of tape I notion. 

C Al'~T hN t(Hij;1 

(A?SlAM Oll~ 

Tl/pical lIrofessio )lill qlwlitl( tape transport showi71(l 
the top CO'II,PUIWllis 071 (111 AlIlpex Model 300. 

In the record and reproduce modes these motors 
act Simply to maintain proper tape tension and have 
no influence on tape motion , which is controlled en
tirely by the dnve system_ During this operation the 
supply motor imparts tension by opposing tape mo
tion, while the takeup m otor attem pts to turn slightly 
faster than necessary to wind in the tape from the 
drive system . 

In the f ast winding modes of Lape travel , the reel 
motors do control the tape mOLion . Here one motor 
is operated under full power and the other with re
duced power; the greater torgue of the motor under 
full power overcomes the Jesser opposing torque and 
tape is simply pulled from one reel to the other, again 
under correct tension . 

The Drive SysLem 

The drive system utilizes a synchronous motor 
coupled either direcLly or Lhrough a pulley arrange
m ent to the capstan. The circumference of the cap
stan and its rotational velocity determine the speed 
of the tape in the record and reproduce modes 

WhiJe tape speed is : 1 i' lt llCLiol1 only of the cap
stan, tape motio IIi II record and reproduce is insti
gated when a capstan id lel' (somel imes called a pres
sure roller ) clamps the tape between the capstan and 
itself, thus providing a surface against which the 
capstan can drive the tape . The capstan idler is nor
mally cOllplvd to a solenoid, which in tum is actuated 
by the play switch. This arrangement allows a "fast 
start" condition in which the capstan mOlOl' is operat
ing whenever power is applied to the equipment, and 
tape c:m be quickly brought to full speed whenever 
the play switch is pressed. 

Head-w-Tape Contac t 

Good head-to· tape comact and proper placem ent 
of the tape on the heads is extremely important. An 
inherent characteristic of magnetic tape recording is 
that the effective recording or reproduCing of a sign al 
on magnetic tape deteriorates with any spacing be-
tween the tape and heads Thus , any loss in good 
head-to-tape contact will result in impaired perform
ance - in recording there will be signal drop outs, 
in reproducing there will be a loss in frequency re
sponse. 

Tape Tracking 
If the tape does not · track cOlTectly across the 

heads, frequency response , phasing , and levrl will be 
affected. Two guides will thus bridge the head assem
bly . In professional qualit y eq uipment the positioning 
of the guides will ellsure good head-lo·tape contact 
and the accurate placeme nt of the tape. 

Tape Tnmspoll - DI'I ailed Discussion ~ 

Flutter and Wow 

Flutter (or wow) ]s the amount of deviation fHlm 
a m ean frequency , caHsed by anything in the system 
that will affect tape motion . 

* From "M ultichannel Recording For Mastering Pur
poses ", Journal of the A.L. S. , OClOber 1960 . 
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For instance, (0 consider an exaggerated example, 
if we were reproducing a sustained 1000-cycle tone 
at a tape speed of 7lh inches per second and that 
speed suddenly dropped to 6 inches per second our 
tone would be reduced to 800 cycles ; then as normal 
speed was again atLained the lone would ret1.lrn to 
1,000 cps. 

Dlfferentiating- between flutter and wow has his
torically been difficult , but speakmg generally we can 
consider that flutter consists of components about 6 
or 7 c}'cles per second, with wow components falling 
below that figure. (Normal flulter will extend to ap
proxim ately 250 cps, bUI tape scrape flutter is usually 
aboul 3500 cps. ") Flutter and wow can result from 
anything that afi'ects tape mUlion; allhough the drive 
system of a tr<lllSport is most commonly blamed i£ is 
not always at fault. 

Drive Requirements 
Designing a drive system uS\lally entails a com

prom ise bet weI' II low nUl ref f(:qu ire men ts all d the 
amount of money we' c:an expect in return. There are 
ways and means of producing rJ'anspons thac exhibit 
extremely low flutter; the accomplishment, however, 
is accolllpan ied by a high price, These ultra precision 
drives are usually employed only in certain instru
rnenwtion and data typ e recorders , with the cost pre
cluding theif use in other than very special appli
calions, 

CAPSTAN ASSEMHLY - First, the capstan shaft. A 
small , round shah seems guite simple n.nd haD111ess, 
but it can be a real trou blemaker. It III ust be round 
within small tolel'<lllces (0.2 mil) and mounted in its 
bearing it must exhibit minimum "rull-out" (again , 
0.2 mil) at the tape contact point. The ~haft must be 
corrosion resistant, and suffiCiently hard to with
stand wearing. 

The diameter of the capstan should be large 
enough to hold tape slippage and creep to a miJlimum, 
with a compromise nOlmally necessary between the 
diameter and the speed of the shaft. For a given tape 
speed an in crease in diameter demands a decrease in 
rOlalional speed, which in (urn requires more fly
wheel. 

We generally will use as much flywheel as the 
drive motor can h ,lIldle wh ill"' maintaining sync, this 
is simply a mlll/ I :! of filtering any cogging of the 
dnve molar> or other irregu la rities. As the mass of the 
flywheel increases, its efficiency in damping out high 
frequency irregularities improves, but It might start 
to acecntua le low frequency disturbances. If this 
occurs we must provide some damping 3rrangemC'll[ 

f or example, silicone coupling b(: lw,~en the shaft 
ancI flywheel . 

DRIVE MOTOR· The drive motor must be of the 
sYI'lchronOu5 type In order to maintain the necessary 
spt;ed accuracy. Hysleresis synchronous motors are 
usuall y em played rather than salient pole ( reluc
tance) types, although the lattn' i51ess expensive and 
prov iues lis good results insofar as flutter is con
cUlled. The reason for this preference is that the 
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hysleresis motor will sync a greater m ass and thus 
can handle a larger flywheel. 

Supply and Takeup Assemblies 

When motors are used in the supply and lakeup 
assembly they are usually of the induction type , with 
high resistance rotors . Reel motors must be as free 
from cogging as possible , because cogging in the hold 
back system has been responsible for many flutter 
problems that have been blamed on the drive assem
bly It would be nice if we could discover a reel motor 
whose torque would change with the lape diameter 
on the reel, th us providing a constant tape tenslOn 
throughout the reel of tape. ( \1a T1y constant tension 
devices have been used in the past, but those designed 
for audio equipment have not been too successful.) 

AMl'F;X is now using eddy current clutches on the 
turntables of some of the 1.1 t.est recorders. These de
vices provide complete] y cog-free operation ( depen
dent only on a well-filtered doc supp] y voltage) and 
thus result in improved flutter and wow, There are 
no commutators or slip ri Tlgs, therefore no replace
ment problem, and no rf interference is generated . 
Faster start times are realiz.ed because of the small 
mass , and an associated low inertia, when compared 
to the rolor of a conventional torque motor. 

The brakes , ~('neraJly associated with the turn
table assemblies, can be either of the mechanical Or 
dynamic type, At AMPEX , the feeling has always been 
that mechanical brakes are superior. With mechani
cal brakes, a self-limiting - or at kast a non-energiZ
ing - configuration should be used. Energiz.ing type 
brakes that are not limiting will give quite djfferent 
braking forces as lhe coefficient of friction changes 
with variations if I lemperature and humidity. 

Another consideration in designing the brake 
system is the differential. This differential , as applied 
to magnetic tape recorders , means the difference m 
braking force that exists between the two direc tions 
of turntable rotation - wHh the greater force always 
acting on the trailing tum table (in respect to lape 
motion). The differential is expressed as a ratio, 

Typicul mechanical brake assembly as used by Ampex, 
showing the fwo adjustment points. 



which is chosen ro prevent excessive tape slack being 
thrown in th,- stopping prorr'ss from t he normal or 
fast winding modes of oper ation , 

Reel Idlers 

Thp main purpose of the reel idlel is to isolate the 
heads i,om the disturb:mces ongJOating in the supply 
111otOI', by ta pe scraping agal11st the reel flangr's, by 
splices ,)s they leave 1111" reel. or by tape layers ~Iip· 
ping :lS the reel unwinds (This last effect may be 
Clulte prevalent if- tape is wound so fast thai air is 
trilpped be tw ee n the layers, thereby producing a very 
loose p<lck ) 

While the reel idler 11111111l117,e S &Llch disturbances, 
we lllust use care or wc will create more Autter tha n 
we eJiminare, Reel idlers shellll: have minimum rUll · 
au t, bea li ngs 11] U S\ be selectl:d for low noise and 
smoothn ess of 01)(:1'('Ition, and flywheels must be 
dv namically balan ced to close limlts, And the diam
eter of the idler and the tape wrap around it mLlst 
e nsure positive cou pli ng between the LIp\: and the 
idkr. As with the capstan flywheel. a damping a(
ra ngellleni J11lgh t be n ecessary, 

'1olln \J 11 g P;~ltes 

Mounting plates sholl I d be su fficien tl y rIgid to 
mailltnin a n:l lllJ::d f('Sun<lnCe above 300 cps - or 
n otably Irigller than tbe 60 and 120 cps exciting [re
Cl ue llcies which tcllllt from torque motors and drive 
motors, This ngielllY is most important in the a rea 
surrounditlg the red idl er, h eads and capstan, a ny 
flexure 111 this area will C;:I l,l se flutler. 

or course, ,llJOI her ['('[1son for Z1 rigid mou n ling 

plate i.> LO holel aJj[Tllme111 between tlle various CO)11 -
pon"nls lll'(( c01111'ol the tracking of th e tape, Tbis 
is morc llnporl ;lnl all 1/2 mch t<lpe or i-inch tape tha n 
it is wllh I/.I-inch 
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The most criticnl area of the transport for rigidity and 
flatness is shown by the shading, ' 

C" "Sf AN OM'I 'Y E M OJQ" 014 0 

Back view of a typical profession.al tape transport, 
Dashed line nlcilcates heavy mowlti71g crlsting em
ployed ,in area where rigid c01lstrr{ction is critica l , 
(Ampex Model 300_ ) 

Tape Guiding 

Next to Ruiter, Ollr most difficull problem of tape 
tl';1nSpOn design is Ihe tape guiding, CCllain desig n 
rules must be lollowed, All components in the tape 
threading path must be kept in aCClll'at(' :llignmcnt 
this means maintai nillg exactin g t okrances 011 the 
perpendicul ar ity and flatness of all slich components 
(turntables . r eel idlers, heads, capstans, etc, ) 

The capstan idler must hit the capstan squarely , 
or the tape w111 be diverted up or down , Tape gUldes, 
either rotary or flxed , should not be wo small in dwm
eter, and guide widths must be held to close toler
ances - normally not more than 2 mils over tape 
width and preferably less, Crape it ~\'l f is slit to a tol
erance of 0 to 6 mus under t he nominal dlm ension. ) 

Tape g uiding problems are multiplied when we 
use thin base tapes, T hi s is caused by the loss of stiff
ness at the edge and becallse we must use lower ten
sions with this type tape _ 

InCidently, if we have a wdl designed tape trans
port that has received good maintenance and sud
denly have tracking problems , we can suspect th e 
tape itself. A quick check on the tape is to stretch out 
an approximate three foot length beside a straight
edge, If it does not line up with the straightedge it 
has been poorly slitted, or stored on a poorly wound 
reel, and the best thing to do is dispose of it
quickly! 

Takeup Tension Arm 

T h e main duty of the takeup tensIon arm is to 
act as a tape storage loop and thus t ak eup any tape 
slack that occurs during starting, It also usually lllcor
porates a safety switch that automatically stops opel'-
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atian when tape is exhausted from the reel , or if the 
tape breaj{s, 

Operational Requiremrnts 

We must provide adequate torque for the fast 
forward and rewind modes , with the actual torque 
requirements varying with tlJ(? l::lpe WIdth. But we 
must bear in mind that excessive torgue might result 
in our exceeding the elastic limits of the m agnetic 
tape, and result in breaking or deforming the tape. 

The tape m ust be stopped without damage. The 
ela"tic limit of the tape again determines our m axi
mum bnkmg force. Since a minimum brake differ
ential /II ust be maintallled, (his fae tor also determines 
our 10weJ brakill g limit. 

We must also have reasonaLle start and stop 
times. 

Th erefore, we must provide uptimum torgue and 
braking force, adequate for fast winding and accept
able stan a n d stop tmles, but which wj)) not exceed 
the elastic strength of OUt medium. Typical values 
fo r a l/z-inch tape equipment would be 35-40 ounce
inches of torque , with a maXlmum braking force of 
approximately 30 ounces, m easured on a 21f.'l-inch 
radius ( N .A.B. reel hub) . 

TAPE TH READING - From the human engineering 
standpoint , tape threading paths using the wrap
aroun d principle are superior to (hose utilizing a 
"drop-through -the-slot" type. The utm ost efficien cy in 
threading tape would be provided by a transport that 
h ad a simpl e wrap-around path from supply reel to 
Ulkeup ree l , with no necessity for threadin g behind 
idlers , guides , etc. Unfortunately this perfection is 
impossible of achievement - al though it ca n be 
approached - because of the n ecessity for threading 
the tape between the capstan and the capstan idler . 
Of course , a transport em ploying a syst em of self-

M(lynr:tiC ('({ui.pment in the recording industry . Ampex 
f\lJrl(lc/ .'300-3 installed at United Recording SWdio$ , 
f-bll.ljw(}oa . 
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threading, wJlh reels compatible with those now 
existin g , offers a definite lmprovement. The threading 
pa th can then be en gineel'ed for optimum perform
ance of the equjpment, disregarding the human 
equation . 

TAPE WRAP - The amount of wrap-around the 
heads should be held to a minimum, because the 
build-up of tape tension will increase with the degree 
of h(~:ld wrap. Depending on the flexibility of the tape 
and the geometry of the hr'<ld , it is possible th a t a 
large tape wrap wi!! result in the tape bowing out at 
the apex of til\' head and losing contact at the gap. A 
wrap of 4 to G degli,es on each side of the head gap 
has proved quite sat i sf actory, 

Large tape wraps em degrees) around small diam
eters should be avoided. This is not only a case of 
holding tension build-up to a minimum While there 
are no qualitathl? data avaIlable it has been pToved 
that sharp bell ds around s ,fwll diametels result j,n 
measurable losscs of recorded high fl'eqllenc ies dlO'mg 
the /lrsL three ur four pLayb(IChs . 

Tape wrap around the reel idler must be sufficien t 
to ensu re a good , ~olid coupling between the tape and 
the idler. On AMPEX machines operating a.t 60 ,md 
120 ips , it has been nec('·<;sarY to groove the tape con
tactin g a rea of the idler pulley so that the air film is 
dispelled and good coupling is ensmed. The effect of 
insufficient coupling can be seen in the fast forward 
01' rewind modes of a standard recorder ; the air nlrn 
picked up by the fast moving tape acts as a cush)on 
and the idler barely turns. The air _film can be advan
tageous if we wish to operale in a fast winding mode 
without m echanically lifting the tape from the heads , 
but it proves quite troublesome at tim es ( especially 
when we are trying to get a good pack during a fast 
wind ing mod e using 1-1nch tape) . 

DRIVE LAYOUT - The he:lds , capstan and capstan 
idler should be arrallged so that th,.! tape from th e 
heads first contacts the C<lPSL<l n not the idler In those 
layouts where the tape fcom the playback head con
tacts the idler before reaching the c'lpslan, there will 
be flutter - caused by idler HIn-OtH, by variations in 
the hardness of Lhe rubber around the periphery, and 
by bum ps or voids in the (ire . 

\lUMBER OF COi\JPONENTS - The nu mbel of Lape 
contacting components should be be held to a m ini
r.1'Jm , becRuse every addition al part means more 
build-up in tape tension. This build-up is a fun ction 
of the number of tape contacting components , the 
degree of tape wrap around each , and their sudace 
roughness, The geometry of the layout mus t eliminate 
unncces~ary guide posts, idlers , etc . Tension build
up can also be reduced by m ount ing the n ecessary 
components on h:t1l bearings , or on olher types of low 
torq ue bearings. 

E Icc tronic Ci rc Ii its 

There a re three main electronic circuits whIch 
usually are provided - a record amplifier, a bias 
and erasr OSCillator , and a reproduce p reamplifier . 
Thl 'se will nonmllly be quite conventional audio 
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Typical two channel electro7lic (( ssembl.y. Ampex 
Model PR-10-2 professional recorder / TepTodliceT . 

cll'cuits. except for certa in m inor m odifications made 
necess,ny by the special application. (Note here that 
such necessar y items as line amplifiers , power am
plifie rs . loudspeake rs, microphones. mixers. etc . are 
not con sidered part of the magne tic recorder. ) 

Hecord Amp lifier 

The functi on of the record am plifier is to pre
~"I1( to the record h ead a signal current of proper 
amplitude for the recording process. T he record head 
is eSSClltiaJly an inductance whose impedance will 
vary (I ireedy with frequency . The m a gnetizing force 
IS dll'ectly related to the ,JlllOllnt of current which 
tlows in the head coiL so hi gh freq uencies would suf
fer if the rismg impedance of th e h ead COIL at the 
higher fregue ney were allowed to decrease the c orren t 
flow app reciably. Therefore , the output circu il o f the 
amplifier will present a rel atively high resistance in 
respec t to the head coil , which will now have a m inor 
effect on the complete circuit , a Virtually conSlant 
current condition is thus main tained reg~\l'dl ess of the 
frequ ency involved 

In order to further ensure proper recording of 
high frequ encies. the record anlplifier also contains a 
pre-em phasis circuit whICh essentially provides more 
amplifica tion as frequency rises . Because the repro
d uce curve h as been standardized, the pre-e mphasis 
circuit is adjusta ble to reproduce a Aat overall re
sponse when the reprod uce amplifier is seL on the 
standard curve . 

A-C Bias 
The normal magnetiza tion c urve of any ferro

magnetic material is extremely non-linear , with the 
slope ne ar the pOint of origin practically zero . Thea· 
retica lly we should be able to record in this region 
with no correctlon (it is suffiCiently linear) by m ain
tainmg signal amplitude at a sufficiently low level 
However, such a recorded signal would be so sm all 
thal the signal-to-noise ratio would be unacceptable. 

fly using carefully chosen values of doc bias we 
C<l1l util1 z,e the approximately linear portion of the 
curve in recording ;) limited range of alternatin g 
signal <lmplitudes. But lower basic noise and more 
linear results over <I greater r ange of signal levels can 
be accomplished by using an u-c bias voltage. Th e h e
que ncy of this Cl -C bias is not critical, but it should be 

several times that of the highest signal frvquency ( in 
AMPEX audio equipment the bias frequ ency is nor
mally 100 kc ) . 

F 'lOdamenlally, biasing with an a-c field is sim ilar 
to a long-known method of acbieving an "idea!" (or 
"anhysttl'ctic") magnetization. In this method. an 
alternating field of high amplitude is superimposed on 
an unidirectional field , Lhen the amplitude of the 
alternatin g field is gradually reduced to zero. The 
result is a re mnant magnetization that is a linear 
func tion of lhe unidirectional fi eld . The maximum 
amplitude of the alternati.ng field is unimpor t.ant as 
long as it exceeds a certain level, and the final state 
of magnetization will depend only on the value of 
the unidirectional field when the alternating field 
5t n: ngth falls below a certain level. 

If we assume th a t while a point on tlw moving 
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tape is within the gap n{ the Tecord head it is sub
jected to a high frequency alternating lield that is 
maximum at the center of the gap and decreases 
smoothly to zero on eiLher side. plus a signal field that 
looks like an unidirec tional field fot that instant , we 
can see the degree of similarity that exiSLS between 
the ideal m a gnetization method and an a-c blctsed 
magnetic recording 

As usual, however, there IS one major area of dif
ference . I II the ideal method, the unidlrectional field 
streng th is held constant while the alterna ting fidd 
decreases to zero . In magnetic recording both fH.:lds 
reduce at the same rate as the pOiTlt on the tape 
leaves the record gap, and the remnant m ,lgnetlZation 
on the tape will be determined by the signa L strength 
when the bia s reduces to the critical level. As a con
sequence, the remanent magnetIzation in recording, 
while linear, is always less than could be achieved by 
the ideal met.hod . Another result is that the amplitude 
of the bias Signal becomes important. because we 
find th at the recorded level falls tiS the bias is in
creased beyond a certaln value. This is explained by 
the fact that an excessive bias current can place the 
criLkctl bias field strength well beyond the trailing 
edge of the gap, wh~H' the signal fiel d strength is low. 
(Remeolher here lhat the on ly effective sign al field 
is that w hicn eXists where the critical bias fi e ld is 
located. ) 

U slIlg a-c bias, the OLltput of the system ca n be 
peaked a t any g.iven frequency by the proper adJust. 
ment of the iJias current. A compllcation arises in 
thal the bias current necessary to achieve maximum 
outPLlt at low frequencies will result in a decreased 
output a t high frequencies We therefore adjust the 
bias at ~. given waveleng lh of the signa] on the tape 
(see -Record Bias Adjustment) . 
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Reproduce Amplifier 

Preliminary amplification of the signal induced in 
the reproduce head is accomplished III the reproduce 
(or "playback") preamplifi('T. You will recall th a t the 
output of a reproduce head rises directly With fre· 
quency. This increasin g output is at an approxima te 
SIX db pe l' octave ra te ( a very technical way of sa ying 
that the voltage output doubles each time the fre· 
quency dou bles ) so an opposite c haracterislic is re· 
quired to obtain a Rat overall frequency response 

An integrating amplifier, which a ttenuates lising 
freq uencies at a G db per octave r ate, is thus lleceSS8.ry 
for the reproduce function . The NAB standard curve 
incorporates this lnt egra tin g amplifier modified by a 
rising frequency c haracteris lic ( or "post emphasis"). 
This post emphasis is achieved by an c-c circuit with 
a Lime constant dictal ~U by t ap~ spcr:d and set by 

tandards - for 1'x.::nTlple, NAB standards for 7112 or 
15 ips calls fo( a 50 11lIcrosecond time const aTi L 

which places the +3 db point at 3,) 80 C'ycJe~ 

FACTORS IN DETERMINING IMPORTANT 
OPERATING CHARACTERISTICS 

General 

The most importa nt operatin g charac leristic in 
any sound ~torage device are low dist ortion , high 
slgnal-to-noise. good frequency response , and low 
Huttcr and wow. The last was thoroughly covered in 
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the disCllssio.n or the tape transport, so we will treal 
the first three in this portion and then follow with 
addJtional tactoTs encountered in stereophonic reo 
cording, 

VT stortion 

DistortIOn in magnetic recordIng is a functi on of 
both the bias adjustment and (he recording level. We 
have already seen the effect of the bias voltage near 
the point of zero magnetization on the tape ( see 
Electronic Circuits) so in this we wi II cov er only the 
effect of the recording level. 

To achieve 3. maxim u m signa I to-noi se ratio , we 
wish to record at the highest possible sign al leveL 
But as we increase our recording level we w'iJJ even
tually reach the point where any further increase 
has little effect In magnetizing the tape. We have 
"saturated" the medium, and any additional current 
In the record head will sim ply give distortion , 

I n distortion caused by over-recording, the odd 
harmonics will stand out, with the third harmonic 
predommallng Our preva.lling standards define the 
normal recording level as the POlllt where there is a 
J % third harlllonic contcnt of the slgnal , and the 
m<l xnn 11 Ill. r,,;ordmg level as the point where there is 
a 3% third harmonic content 

Such a standard implies that the professional user 
will have equipment to adjust his recorder to meet 
these distortion speci fica tions, It is rare thal wave 
analyzers or distorUon me lers are availablr" therefore 
the calibration is usually made by using a sU'Il1dard 
tape (see Basic Adjustmenls) , 

Signal-To-Nurse Ratio 
JYlany factors complica te the signal·to-noise prob

lem , some of them entirely beyond any control of the 
manufac lUrer of magn e tic tape recorders, 

Fir~t i~ the tende ncy of both studios and "hi-fi" 
f;lll S 10 reproduce music at a grea ter volume than th at 
01' the origin:ll source, This, of course, also increases 
I he audible noise level. 

Then there is the fact that the average loud
~pcaker is deficient in response , and direcLional at 
h igh frequencies The deficient response sometimes 
results in (he user increasing the high frequency 
energy electricallv ( wi th an equalizing circuit ) 
<.luring the recording process . This extra high fre
quency cnergy increases the problems that exist in 
high frequency overloading , The directional pattern 
at high frequencies means that, if the average high 
frequency energy throughout the room is to equal the 
crwrgy at lower frequencies , (he high frequency 
(:nngy on (he axis or the speaker is higher than that 

of the mjddle frequencies, and the audible noise levr:1 
is increased . The noise coming f((lm a small area is 
also more nolicea ble than if it emanated from a large 
source, 

But probably (he major complic:llion is that the 
human ear is most sensiti ve to noise in the 1 to 6 kc 
area , and the noise below 100 cps IlJUst be very great 
before it is obj ectionable. T he usual meter indication 
conSlsts largei y of the low frequency component of 
noise , which 15 inaudi ble ; it is for this reason that a 
recorder which tests quieter thall another on our 
normal measuring devices sornetlmes sounds noiser 
when we actually listen to it (Significant noise meas
urements, th c' n ' fore , can be achieved only by uSi"g a 
weighting network with an inverse response to that of 
the human ear. ) 

But these are things we cannot control What 
can we do to get the best signal-ta-noise r a tio? 

Our major limiting factor today is the mubnetic 
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Typical spectTal noise densittJ of the system (da~'h 
line) and the equipment (sobd linc). Reading s taken 
on an Ampex full trach Model 351 at 15 ips . Noise 
spihes OCCUT at 60 , 120, 180, and 300 cps un both 
curves (that at 60 cps rises to -55 db and -575 db 
respectively). System nozse taken with tape in motion , 
eqUIpment noise with tape SlOpped , 

tape Our "system nOlse" (which i ncl udes the tape) 
is from 8 to 10 db hIgher than our "equipment noise" , 
A theoretical study has shown that an improvement 
in the noise characteristic of the tape should be 
possible by dt~ r.H::1sillg the size of the oxide particl es, 
and tape manufactllrers are experimenting with this 
theory , 

Assuming a given tape noise , we are mainly con
cerned with track width , track spacing (in multi
channel equipmen() , tape speed, and eq ualization , 

Track Width 

Where the maximum signal-to-noise raltO is nec
essary, wide tracks are desir able , but there are certain 
limitations, Economically , the amount of tape used , 
and therefore the COSL, increases roughly in propor-
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tion to lhe track width. Technically, beyond a certain 
track width it becomes djfficult to maint ain accurate 
azimuth alignment. 

If the signal-lo-nolse ratio is de termined by the 
medium itself, (the tape noise is at le a$1 8 to 10 db 
a bove the equipmen t noise) then 1 he sign;) I-La-noise 
of the system is VfopoJ'nonal to the square 1'001 of the 
Irack width . 

So, jusl how wide should Ihe trad be? As Ille 
tfae!, width increases, closet and closer mechanical 
tolerances must be he ld to maintain the sa me lj.near 
alignment accuracy. which de termines the azimuth 
alignment and therefore the high frequency r€sponse 
a nd stability. Experience has shown that, for 15 ips 
recording speeds, it is practit::ll La Iliaintain azimuth 
a lignment for track wid ths up to 250 mil5. ( For lower 
speeds, say at 7 1/2 ips, it is difficult to maintain azj
muth <llignment for tracks wider than 100 mils. ) 

Remembering our practical economic considera 
lions, we can put three 100 11111 tracks , separated by 
85 mils, on liz -inch tape (or six tracks on I-inch 
tape) The three track , 112-inch , equipment is widely 
used in recording maSler tapes, and has been ac
cepled as the best compromise bel ween tape utiliza
tion and track width . Djfferenl configurations of track 
width and spacing, wit h the relative signal-to-noise 
ratios of each , are shown in an accompanying illps
nation. 

Track Spacing 

Two crosstalk e ffects are known to occur At long 
wavelengths magne tic coupling occurs in reproduce 
between the signal recorded on one track and the 
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Typtcal crosstalk vs. freqllency curve on adjacent 
channels of an Ampex three channel Model 300 . Clw 1/.

nel 2 was recording al. normu/ operatmg level and the 
record head of Channell was connected. Normal bias 
and NAB equalization were used. 

reproduce h ead of the othel' Irack. At high frequen
circ:), the mutual inductance and capacit311ce between 
the two record heads causes the signal from one re
cord head to be present in the othel' record hea d , and 
therefore to get recorded on that other track . There
fore spacing and shielding be tween cores is impor
tanl in both the record and reproduce heads . Obvi
ously the closer logether the tracks the more coupling 
exists (assuming the same shieldin g). With good 
shielding , an 85 mil track-to-Irack spacing (llsed for 
Ampex 1/ 4 -inch two t(ack , and 112-inch three track 
recorders) is a good compromise - more spacjng to 
reduce crossta lk is unnecessary and would waste 
space, but any less would result in the increased 
crosstalk becoming audible above tbe noise. 
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Standard NAB post-emphasis curve faT 15 tps . 

Eq u a liza tion 

Reproduce: equalization has been standardized for 
some lime, wlCh the curve in general use specified 
by the NAB (standard equalization in Europe usually 
follows the CClR curve). Any pre-emphasis curve, 
therefore, must be tailored to the standard reproduce 
curve. 

It is the feeling at AMP E X. that the present NAB 
specifications are convenient curves, which give con
stant overall response through the tape machine 
using simple networks in both record and playback. 
The design at 15 ips has been very conservative with 
respect to overload capabilities, but the signal-co-noise 
ratio has been inadeqllate. Greater attention to the 
characteristics of the ear, the tape, and tIle music 



would prov i de a system with a greater signal-to-noise 
ratio. 

AMPEX engineers therefore devised a 15 ips equal
ization known as AM PEX Master Equalization (AME) 
wherein a post -empha~is is designed to minimize 
a udible n oise, and then the pre-emphasis is employed 
to make the overall system flat. AME admittedly 
trades overload margin for a lower noise level , and 
must be properly used to obtai n the intended results 
withou t distortion. It is intended for professional 
use, such a s the recording indu~try, and IS not to be 
considered as supplanting the NAB standard for pub
licly rel eased tapes 
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Thi.s 9 rapl7 shows how a flat o1Jerall r requcncy re
sponse is achieved . Curve A is Qn "ideal" rC'cord-Te
produce response . Curve B i.s the result of adding the 
standll.rd NAB post-emphasis to the ideal response. 
C arue C indicates the amOU7lt of record pre-emphasis 
neer/pr/ to achieve fiat resp()nse . As the post-emphasis 
cu,.vei~ established as a stundard, any deviation from 
the ideal )'espollse lIt'1.lSt be accompanied by a change 
in pre-emphasis. 

FREQUENCY RESPONSE 

Ii ead-T 0-Tape Conta.cL 

A knowledge of the effects of losing good head-lo
tape con tact will help us realize the importance of 
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Th.is ClITve indicates the reSH/t of poor head-La-tape 
contact as (l f rrnction of the mn0101t of separation and 
the siqn(l/ wavelength . 

maintaining good cOl1tact. The predicled loss in sepa
rating the reproduce head from the surface of the 
m edium is :),1.6 db PET wa velcngth s(!paratJon. Thus 
at short wavelengtlls, sa)' l/ Z mil (15,000 cps at 71/2 
i.ps), it takes vel)' Jittle space to re~ult in ~ 5 db loss 
in signal str(; nglh . When we remember that commen· 
surate losses also could occur in the record mode. 
it becomes evidrcnt why good contact is a Ill.ajor con
sideration in achievili>; top performance 1J1 a m agnetic 
tape recorder. 

Hrgh F requenC'?J Response 

Tn audio applications, and at tape speeds normally 
used in professional work, the high frequency re
sponse is :1lmOSl entirely limited by the (ape and mag
netic heads , in what are referred lo as "wavelength 
losses" . Despite numerous tomes attempting to ex
plain these losses they ate as yet nol fully ulJderstood , 
and we would be presumptuous if we attempted any 
explanation on this plane. 

As our high fn~quency requirement rises - in 
video or instrumentation applicati()ns - or as OUI' 

tape speed is lowered , we enter a region where the 
dimensions of the reproduce h ead gap, and the reso
nant frequency of the heads become important factors. 

Gap Effecl 

As shown on the accompanying diagram, when 
the r ecorded frequency rises to a degree where the 
reproduce head gap intercepts a complete wave
length of the signal on the tape , there can be no 
difference in flux magnilude ,1crosS the gap, and the 
head olltput will be reduced 10 zero. Prac tically, th is 
will occur at the "effective" g<1p length , which IS 

slightly longer than the physical length. For all prac
ticablv purposes thi~ effect causes the head output 
at this frequency and above to be useless . 
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Tn this illustratzon sinusoidal waveforms are used to 
denote the aver«<J<! stale of t!lpe magnetization and 
to indicate how the reproduce head gap derives a large 
output from a mer/ium wavelength si.gnal (A), a small 
output from a long wuvelength signal (8), or no output 
when the wavelength equals the gap length (C) . 

Two Illethods may be employed to counteract 
thiS "gap" effect - either the gap can be made 
smaller or the record-reproduce tape speed can be 
increased. We can reduce the dimension of the gap 
only so far an d re lain adequale signal levels and 
realistic manufacturin g tolerances, as this point is 
reached any furth er ex tension of hjgh fr equency re
sponse mllst be accompanied by a correspon ding in· 
crease In tape speed 
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The gap effect may be negligible when we are 
dealing with audio frequ (' Ilcies at 7V2 or 15 ips tape 
speeds For lI1slance, the AMPEX reproduce heads 
have a gap of 0.2 mil , and [he gap loss is unimpor
tant at the wavelengths involved. However. at lower 
tape speeds. or for instrumentation or video appli
catIOns where the high frequency requirements are 
greatly extended, H becomes a serious limitation. 

.1 .1 . ' .l.0.7.9 9 1. 0 

''''''0 Of C,"P LENCTH TO w,"VnEHCTIl 

O<J •• 

The los .~ that occurs when tlrr.· wavelength of the re
corded signal approaches the length of the reproduce 
head gap is mdicated on this graph. 

Head Resonance 

The coils of the heads are inductances wllich will 
resonate with lumped or distributed capacity in the 
circuit . At the resonant frequency of the reproduce 
head there is an increased output , but a sharp drop 
of approximately 12 db per octave occurs directly 
after thIS point Thus the resonant frequency must 
normally be outside the pass band of the system, 
or placed (in video and data recorders) a t the ex
treme upper limit so thot it actually provides a shelf 
at the point of resonance to exl.<;nd the response. 

As circuit capacitance is reduced to an absolute 
minimum , only one way remains to place the pOJnt 
of resonance at a higher frequency, and that is to 
reduce the inductance of Ihe he ad coil by employing 
a lesser number of tUfns of wire. A reduction in the 
number of turns , however, will reduce head output 
over the en tire frequency range, so a compromise 
des1gn must be provIded. 

Low Freq uency Response 

Low frequency response is almost completely a 
function of the effects generally known as "head 
bumps". This effect will occur in the reproduce mode 
at the low frequencies, as the r(;corded wavelength 
of the signal on the tape begins to approach the over
all dimension of the two pole pieces on either side 
of the head gap. In effect, the two pole pieces now 
begin to act as a second gap, because they can pick 
up magnetic flux on the tape quite efficiently. 

As our frequency decreases we may start to notice 
bumps and dips in lhe output of lhe head. The largest 
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bump will occur when one-half wavelength of the 
recorded ~igllal equals the combined distance across 
the two pole pieces, bUl there wi.1l be progressively 
smaller bumps at 1 V2 waveleng ths, 2 J/2 wavelE'llgllls , 
etc. Similarly the largest dip will occur when one 
complete wavdength of the recorded signal equals 
the distance across the pole pieces, <lod agalll there 
will be progressively smaller dips at 2 wavelengths, 
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FREOUENcY IN CYClES P€R seCOND "," 

UnCOTrect,:d head blimp curve prodllced CI.Tti{icially 
by excessive tape wrap around an experimental re
produce head. 

3 wavelenphs. etc. So as OUT frequency goes lower 
and lower the bumps and dips will ge t bigger and 
bigger. Below the largest bump, at liz wavelen gth, 
the output rapldly hils to ze ro . 

It is interesting to note the slmilanly between 
the head blimps at the low frequencies and the gap 
effect at the high freqU( 'llcles . When the head gap 
intercepts a complete wavelength we h ave no output; 
when the pole pkces imercept a complete waveleng th 
we have a decline in output. T he largest theoretical 
output occurs when the head gap intercepls one-half 
w<.i.velength, there is an increase in outpul when the 
pole pieces intercept one-half wavelength. There 1S of 
course one great difference - increasing the tape 
speed diminishes the gap affected by spreading the 
signal over a greater length of tape, but decreasing 
the tape speed dimishes the head bumps by shorten
ing the wavelength on the tape At 15 ips tape speed 
the head bump is a rather serious problem, at 71h 
ips the probJem is reduced , and at 3% ips it has 
practically disappeared . 

Good engineering design is the only way to al
levulle the head bump situaLion The physical configu
ration of the pole pieces and shields, and the angle 
of wrap of the tape around the head, can be designed 
so that the extremities of I he pol e piecrs are farther 
from the tape and cannol pick up the signal so readily. 
An ideal solution. but rather impracLlcal in today's 
compact 'equipmcnts, would be to make thl.: polt.: 
pieces 50 large thai no problem would c;xist down to 
10 or 15 cps. 

In any event, the head assembly must be designed 
so thelt the head bumps occur at the lowest possible 
frequency, so that if pOSSIble no more than one 



smooth bum p or dip is 10 the audio spectrum . We can 
then compensate for this in the electronic cir cuils . 

Additional Factors For Multi-Channel Recording 

For stereophonic recording we must add two 
additional factors - precise phasing between chan
nels and adeq uate cross-talk re jection. 

Phasing Between Channels 

The directional quality of stereophonic sound, or 
01' any sound we hear, is dependent on the ability of 
the brain to distinguish su bIle differences in phase 
and intensity as sound waves arrive first in one ear 
and then the other, If, in storing and reprodUCing 
sr(!n' f) sound, we destroy the normal phasing between 
channels , it will result in a most confUSing end 
product . 

When we are recording Jugely indrpendent 
sources on separate tracks of the tape, ph;Jsing is 
not too much of a problem. When tbose sources ;1 re 
not isolated - for example, when we are recording 
an instru meot on two channels sim ultaneously to 
achieve a center effect - it becomes more important. 
And when we are mixing and recombining in the 
recording industry to produC'e two channel tapes 
from a three channel master, it becomes quite critical, 

Phasing between channds is a function of the 
alignment of head gaps and the wavelenglh involved. 
Tolerances arc most critical at slower tape speeds. 

At the present state of the art, AMEPX multi· 
channel heads are m a nufactured so tha t :\ll record 
or reproduce head gaps wdl fall within two paralld 
Jines spaced 0 2 mils apart 

Crosstalk Rejection 

Crosstalk rejection acts the opposite of phasing, 
in thai it becomes more clitical as sources on s('pa· 
rate channds become more indepE'ndenl. When ad
jaccnt trarks are cOlllpletdy indepelld('nt , suC'h as Jll 

our presenr 4 track 1/ 1 inch (ap['s, crosstalk rejection 
on the order of 60 db in the midrange is adequate 
Regul ar stereo tapes ( 2 track on l/'1-ln ch tape) reo 
quire less n :.ieci ion 

Adequate shielding between heads, and maximum 
track spacing in cUlijunctirm with the practical 
compromises we have already covered ( see Signal-to. 

oise) are our major means of combating crosstalk. 
This entails a typical spacing bel ween tracks of 70-
100 mns. 

Head Assemblies 

Finally, we must take a quick look al the mag
netic heads. We have already seen the p recise toler
ances we must secure in aligning the different heads 
in a stack, The same careful preciSion m ust be taken 
to ensure the straightness of t.he individual gaps and 
their perpendicu!arily, if we are to achieve inler
changeability of tapes. 

r n older, sand w ich-t ype heads it was practically 
impossible to achieve the required lolerances , with 

the result that the master tapes could consistently be 
reproduced only on the equipment that recorded 
them and then not too sucessfully because of differ
ences in the record and reproduce head stacks . Quoted 
speCifications were thus at times inaccurate when 
tapes from one equipment were played back on an
other. 

The introduction of cast type heads, with taler· 
ances held by mechancial considerations, has allevi
ated this problem - but only recently . Today we 
should be able to play back tape from any recorder 
on any other comparable equipment, and do it wah· 
in guo ted specjfications 

The sandwich type he ;1 ds were constructed by 
completely assembling each individual head intended 
faT multi-channel use, stacklJ1g those heads one on 
top of the other, t he'll bolting them together. Tl was 
impossible to produce heads with consistent char
:1 cteristics; you can see that even a slight difference 
in tightening the bolts that held the head Logether 
could cause gaps lO be misplaced with respect to each 
other or the azimuLh of each head to be misaligned . 

Cas t heads are constructed by assembling, potting , 
and lapping the pole pieces separately. The two pole 
pieces are then placed in a rigid fixture and potted 
together. Using this technique, all gaps can be aligned 
within 0.2 mils with a maximum tilt of less th ;111 
three minutes from the perpendicular. 

BASIC ADJUSTMENTS ON MAGNETIC TAPE RECORDERS 

There are ce rtain bastc adjustments usually pro· 
vided on professlOnaJ quality magnetic tape recorders . 
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This graph shows the effect of head azimuth mis· 
alignment. Curoes A, B, and C were talten using a 75 
mil gap width at wavelengths of 1, .5, and .25 mil 
respectively . In Curve D a gap width of 250 mils and 
a wavelength of ,5 mil were used. 

15 



Unuerlying e:-rch of these adjustments is at least one 
of the principles of magnetic recording we have bet'n 
discussing , 

Head Azwiuth Adjllstmen~ 

It is important that the heads be aligned so that 
the gaps are exactly perpendicular to the top and 
bottom edges of the moving tape , If the gaps are 
sl allIed across the width of the tape we have created 
a silualion where the signal reproduced from \lIe 
uppf'r part of the tape is oul of phase with the signal 
from the lower pan of the tape , This phasing con
dition causes a cancellation of slgnal, accentuated 
at the higher frequencies Of course , if the record 
and reproduce head gaps on an mdividual single 
channel recorder were exactly parallel, it would make 
little difference if they were slanted slightly, as long 
as the equipment played only those tapes it had re
corded and as long as th.ose tapes were not to be re
produced on other equipment. l3ut us soon as we want 
interchangeability of lapes from machine to machine 
we must estabhsh a universal head alignment. Also, 
as we have seen, we cannot tolera te phasing prob· 
lems in stereophonic equipment. 

T he best method in procuring lhis alignment is 
to use a standard alignment tape , produced under 
stringent laboratory conditions , T his tape will be 
recorded with a head alignment signal, and the 
reproduce h ead is adjusted to give a maximum 
output of this signal. The standard tape is then re
moved, and the record head is aligned so the its 
recordings result in a maximum output on the pre
viously ahgned reproduce head , Both heads are thus 
set to a universal standard , 

Level Adjustments 

The volume level in reproduction is strictly a 
matter of personal preference , but the record level 
must be accurately calihrated if optimum noise and 
distortion are to be nlaintained , 'This is a~ain most 
easi\ y ac e-om plished by using a Sl<lndard ali gnmenl 
tape to set the reproduce level to a reference amp
litude, The record level is then cali bra ted to prod \lce 
this referellce pJayba ck level. 

The record calIbration can be set by using a 
distortion meter to measure the third harmonic con
tent, Normal record level is usually at a ) % harmonic 
distortion level , so i1 can I>e adjusted to thal value , 
However, distortion meters are seldom available in 
practice, the record level is nom inal, and different 
tapes may vary by ± I ( or even ± 2) db , Therefore the 
standard alignment tape procedUre is certainly ade
quate. 

Eqnaiiwtion Adj rls(ment 

A series of LOnes will be recorded on th e standard 
alignment tape so lhat the reproduce amplifier reo 
sponse can be set on curve, 

The risin g characteristic of the reprod uce head 
is lIol Oldy the consideration in achIeving an overall 
fiat respol1s~, there are certain wavelength losse s 

Hi 

which, as we have already stated, are not fully under
stood . Therefore. a certain variable pre-emphasis is 
employed in the recording process, which is adjusted 
to achieve a flat response when the reproduce ampli
lier is sel on a standard curve , 

The easiest way to set the playback response on 
curve 1S to play a standard alignment tape, and 
adjust the variable egualizing components for a flat 
response as the precisely recorded lones are repro
duced . Another widely used method is to use an audio 
oscillator and a vtvm lo actually follow the response 
curve proVlded with the equipment; this, however, 
does not allow for vanations in head characteristics. 

The record pre·emphasis is then adjusted for a 
flat overall frequency response through the previously 
standardiz.ed reproduce l;ystem , 

Record Bws Adjustment 

We make the high frequenc~ blas adJustml.:nt 
using a signal of specific wav('lrngth ( normally IS 
mils - 1000 cycle5 at J 5 ips , 500 cycles at 7J/z ips, 
elc,) at the nOl"mal tape operating level, The bias is 
set, whiJe recording this signal, to achieve a maxi
mum output, 

Because the output vs bias current is very hroad 
near the peak bias current setting, the adjustment 
is simplified by increasing the bias current unu1 (he 
output drops Jh d b then decreasing the bias until the 
output again drops V2 db ; the correct 5etting is the 
average of the over- and under·bi as. 

The maximum amplitUde point at the gIven wave· 
length will give low distortion and reasonable short 
wavelength losses, It is also comparallvely easy lo 
adjust and can be consistently repeated using simple 
test equipment. 

Beca use the m agnetization curve varies with 
d1fferent tapes , the bias voltage ideally should be 
aojusted each time the tape is changed - particu
larly jf (he change is to a tape from a different manu
facturer . However, this would normal1y be don e only 
when extreme fid elity was required, such as v .... hen re
cording a master tape for a commerCial recordillg com
pany. Usually, a carefully adJu5ted ··: lverage" bias set· 
ting will produce excellent results with a wide variety 
of tapes , 

T ape TenSIOn 

As indicated in our discussion of Tape Transporl 
Design , the tension of the tape as it winds th rough the 
sys lem is very important Proper tape guiding is , to a 
large degree, dependent on correct tensions. A good 
tape pack on the takeup reel is also delermined by this 
function . And very importantly , if tape is slored 
under excessive tension, it will tend to stretch; also 
the phenomenon known as "print tll[ol.lgh " ( where 
the m agnetic signal on one layer of tape on the reeJ js 
transfered 10 adjacen t layers) wlll be accentualed , 

Tape ten sian control in professional q uail\ y equip. 
ment is nOfmaJJy adjusted by varying lh( ~ resistance 
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Duplicating equipment at Magnetic Tape Duplicators, 
Hollywood, Ampex duplicating equipment produces 
copies of maste'r tapes at high speed with as many as 
ten copies prOd1(Ced with each nm of the master. 

in series with the ree l motor (or clutch) and thus the 
torque or the turntable. Measurement is made with 
a spring-type scale and adjusted to the manufacturer's 
specifications 

Brakillg Adjustment 

Ollr brakes control our stopping funclJon, and 
m usl be coneclly adj listed if we are Lo stop tape 
motion without thr owing loops (all tape tension 
imparted by the turntables is lost the moment we press 
the sLOp button). So we mUSL always have a grea ter 
braki ng force acti ng on the turntable which is supply
ing the tape than on the turntable reeling m the tape. 

~\1 echaniol adjustments, when' we control brak
ing forces , are pr.ovided for each turntable. In some 
cases we mUSl adjust for each direcLion of rotation of 
the rI!€l: in others, we wlll adJllst only for OllL: dif(~C
tion of rotation and the other directIOn will be auto-
1ll:1lically accept able. 

DCl nag ne tization 

If any of the components in our tape threading 
path become p \~ nnanentJy magnetizerl, we might par
tially erase any hlgh freq uencies r ecorded on the tape. 
If magnetization occurs at our magneLJc heads we can 
at least expect an increase in noise level . Some m ean s 
of demagnetizing these cOJrlponents must therefore 
be available . 

DemagnetizaLlOn is usually achieved lhrough a 
sm<lll, hand type , device thai is readily available on 
the open market or from (ape eqtllpment malwfac
turers. It is easily operated and very effective when 
used correctl y. 

Noise Balancc 

One of our greatest potential sources of noise is in 

our bias and erase oscillator If ther(, is any asym
metry from this circuit it wlll show up : IS a doc coni
ponent - capable of permanently magneti7.ing our 
record and erase heads and causing distortiOn and 
noise in our recorded signal. 

When we use a push-pull oscillaLor we can bal 
ance out any asymmetry by using a vanable cathode 
resistor common to each Lube in the circui t. This 
resistor is adjusted for a mlni m um noise as read 
a t the output of the equipment. 

Cleaning 

It does little good (0 buy profession al quality 
equipmL'lll if we allow accumulations of matter to 
build up on the t:1pe transpon. One of the easiest, one 
of the most Important, and probably one of the most 
neglected mainlenaJll'e procedures is the clpaning 
of the transport. 

T he major source of foreIgn materia1 on the trans
port is the magn etic tape , Oxide and lubnC~lJ I t from 
the tape will gradually accumulate on the compo
nents in thl.: tape threading path, and if it is not re
moved oUJ' equipmen t will not operate satlsfactorily 
- even though everyt hing else on the recorder is in 
perfect condition. For exampk, lf the accumulation 
is on our preCisely machlned capstan (or the capstan 
idler ) we w111 have excessive Hutler. If j( is on a tape 
gUiding component it is apt to cause a vibration 
in the tape , similar Lo the vibration that occurs 
when we pluck a violin string - and again , we will 
have excessive llutter. If it accumula tes on the heads , 
the tape will not maintain good contact, and our 
recorded level and /or frequency response wIll suffer, 

So we must ckan the transport on a regularly 
scheduled h.1sis, with each component in the lape 
threading path receiving attention , Bur we must be 

Magneti.c film tr(msports are 1I5ed extensively in the 
motion pictllre industry (or dubbing ma.ster sound 
tracks Here is the Ampex 35-mil film lra nsport insta.l
lation at Glen Glen.n Sound Slud"ios, Hollywood. 
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caTeful to 'use only the cleaning agent Tecommended 
by Lhe 1nanufac lu.TeT of Lhe eqllipment. This is ex
tremely import:nt in (' ,car.ing the heads , as some 
agents will damage those precise assemblies. 

will have been worthwhile . 

T hIs industry has been just born in the commer
cial sense, but it is already expan din g. Today we ::u-e 
using magnetic recording not only in audio, but also 
in digi tal and analog instrumentation applic<ltions, 
And recen tly we entered the age of m agne tic photog
raphy when we started pulling the television picture 
on tape. T he principles involved are the same, 
whether it is VIO EOTAPE * recorder, a theater sound 
system, a computer application, or a home installa
tion, We hope this discussion has aid::u you in under· 
standing those principles, 

CONClUSION 

In this discussion, we have tried to present the 
principles of magnetic recordin g in a way that will 
aid the persons who operate and m aintain the equip
ment. Most aspects of the process have been merely 
introduced, but if we have succeeded in imparting 
some realization of what is taking place in our align
men t and maintenance procedures the discussion ~T~,1 . AMI':"x Corporation 
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Section 6 

TAPE TRANSPORT MECHANIS--
GENERAL 

The tape transport mechanism provides tape 
motion for all modes of operation. Interaction 
of four basic assemblies and their associated 
components-the tape supply system, the tape 
take-up system, the tape drive system, and the 
control circuit-insures smooth, positive move
ment of the tape across the head assembly, and 
proper tape tension. All tape motion controls, 
a reel size selector, a safety microswitch and 
the head assembly are located on the tape 
transport. 

TAPE SUPPLY AND TAKE-UP SYSTEMS 
From the supply reel, on the Jeft side of the 

tC\pe transport as the operator faces the equip
ment, tape is delivered to the take-up reel when 
the PLAY or FAST FORWARD buttons are 
pressed, tape is rewound onto the supply reel 
when the REWII':D button is pressed. Proper 
tape tenSIOning is maintained during all modes 
by means of two inductlOTI torque motors. 

The reel. idler assembly on the supply side 
of the tape transport is composed of a pulley, 
a spring-pivot-mounted arm and a flywheel for 
smoothmg out transient speed variations in the 
supply turntable assembly. 

On the take-up side of the tape .transport, 
the tension arm assembly with a spring-pivot
mounted arm performs two main functions. 
The first function of this assem bly is to provide 
a small tape storage loop which prevents tape 
breakage during the starting and stopping of 
tape motion. Secondly, this arm is used to stop 
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Component and assembly callouts 

the machine if tension is lost due to tape break
age at the end of the tape or other failure. Near 
the base of the shaft on which the tension ann 
is mounted, a drive-lock pin actuates the safety 
switch (S501). 

Both the tape supply and take-up assemblies 
are composed of induction torque motors 
(B503 supply-rewind, B502 take-up), a turn
table mounted directly on each motor shaft, a 
brake housing assembly and a flange for 
mounting the entire assembly. Because the 
brake housings are mirror images of each 
other, these assemblies are not interchangeable 
although the motors are identical. The brakes 
are solenoid operated, remaining in the braking 
posltion until the brake solenoids K505 and 
K506 are energized at which time the brakes 
are reJ eased . 

During all operating modes, the two induc
tion torque motors B502 and B503 act as ten
sioning devices and in th e; fast forward and re
wind modes the motors respond to the com
mands from either pushbutton by alternately 
operating each motor at maximum torque in 
the selected function . 

The supply (rewind) and take-up induction 
torgue motors are so connected that when 
power is applied with no tape threaded, lhe 
turntables, fixed to their s:h;1fts, will rotate in 
opposite directions. The tDpe supply turntable 
will rotate clockwise and the ta pe take-up turn
table , counterclockwise. 

Motor torque in the reproduce and record 
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modes is ad.iusted to equality by the tensioning 
adjustment resistors (R503 TAKE-UP and 
R503 HOLDBACK) in series with each motor. 
In the fast forward mode, the torque of the 
supply (rewind) motor is reduced considerably 
by introduction of a series resistance (R504). 
In the rewind mode, R504 is in series with the 
take-up motor. Basic tape tensioning operation 
is shown in the illustrations. 

In the fast forward mode, the take-up motor 
operates at full torque, the supply motor at 
reduced torque, and the tape is pulled from the 
tape supply reel. Because the torque of the tape 
supply turntable motor (rewind motor) is ap
plied in the opposite direction to the turntable 
rotation, the tape is held under continuous 
tension as it is pulled from the reel. 

In the rewind mode, the supply motor oper
ates at full torgue and the take-up motor holds 
the tape under continuous tenslOn by its oppo
site and reduced torque. 

In Lhe reproduce or record modes, both 
torque motors operate at the same value of 
reduced torque . The tape drive capstan and the 
capstan idler, between which the tape is 
clamped, then determines the tape speE:cI, and 
the tensionmg system supplies tape or takes it 
up as metered by the capstan drive. 

From the point of view of the tape supply 
turntable, the capstan and idler action exerts. 
sufficient pull on the tape to overcome the 0p
posing torque of the supply motor, \-"hich con
stitutes the hold back tension. From the point 

Component and assembly callouts 
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of view of the tape take-up turntable, the cap
stan and idler action is feeding the tape to it. 
The tape is held under tension here, because 
the take-up rate exceeds the feed rate (a tape 
loop will be thrown on the righ t side of the 
capstan whenever any malfunction causes the 
feed rate to exceed the take-up rate). 

If a tape loop is thrown, or the tape breaks, 
the take-up tension afm will actuate the safety 
switch S501 and stop the equipment. The take
up tension afm is not a part of the tape tension 
system. Its function is to takeup tape slack, 
especially when starting, and to operate the 
safety s·witch. 

The reel idler assembly smooths out tran
sients in the supply reel system. For example, 
when starting the tape in the reproc1uce mode, 
the momentary strain transmitted through the 
tape to the tape supply turntable when the 
capstan idler forces the tape against the cap
stan is considerable. Under some circum
stances, this impulse tends to stretch or break 
the tape . A momentary decrease in holdback 
tension might be sufficient to start a transient 
oscj]]ation in the tape tension system which 
would be reflected as a periodic variation in the 
distance of the tape from the heads. This varia
tion might be of sufficjent magnitude to appear 
as an undesirable fluctuation in the signal level 
at the start of recording or reproduction. The 
reel idler arm absorbs most of the starting 
strain, and prevents or minimizes this type of 
oscillation. The reel idler pulley and flywheel 
provide additional stability in the tape tension 
system, by smoothing out such transients as 
motor torque fluctuations and irregularities 
due to faulty tape wrap on the supply reel. This 
is accomplished because the high inertia of the 
reel idler pulley and flywheel effectively isolate 
the reel assembly from the hrads. 

TAPE DRIVE SYSTEM 

The tape drive system js composed of the 
drive motor, the extended shaft of which forms 
the capstan, the capstan idler arm and idler. 
and the tape guides at the tape entrance ann 
exit within the head assembly. 

The purpose of the tape drive system is to 
transport the tape across the heads at a uni
form speed during the record and reproduce 
processes. By means of a hysteresis synchron-
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ous capstan drive motor (B50I) and a c:l.pstan 
idler, the magnetic tape is driven a t a cons tan t 
speed after power has been applied to the 
equipment and the PLAY button is pressed. 
(The drive motor has two sets of windings to 
provide two tape speeds, either of which can 
be selected at TAPE SPEED toggle switch 
S503 ). 

After the POWER switcll at the electronic 
assembly has been placed in the ON position 
and the tape is threaded actuating the safety 
switch, the drive motor opera tes con tinuousl y. 
its capstan awaiting the PLAY command (the 
RECORD function is selected at the amplifier). 
When the PLAY button is pressed, the capstan 
solenoid (K501) and the brake solenoids (K505 
and K506-releasing brake pressure) are ener
gizeJ. The capstan solenoid pulls [he rubber 
tired capstan idler wheel, which is mounted on 
a swivel type arm, against the tape, causing the 
tape to make firm positive contact WiLh the 
capstan . The tape is then driven at a constant 
speed across the head assembJy. 

BRAKE OPERATION 

Smooth brake operation is extremely im
portant in maintaining proper tape tension 
when stopping the tape. Because the holdback 
tension, supplied by the traJling turntable 
motor torque, is lost after the STOP button is 
pressed, maintenance of tape lC'nSlOn then be
comes a function of brake operation. The 
braking force acting on the turntable from 
which the tape is being [lulled (trailing Lurn
taLle) in any of the modes of operation must 
exceed the braking force acting on the t urn
table taking up the tape (the leading turntable) 
to prevent tape loops forming. 

One end of the brake band is fixed to [he 
cross head by a roll pin and two socket head 
cap scr(~ws whIch IS arracbecl 0 he anchor 
mounted on the brake housing. The other end 
is linked to the brake lever by a drivelock pin 
and IS free to move. When the brake solenoid 
is dc-energized, the brake tension spring acting 
on the brake lever draws the brake band 
against the brake drum. 

If the brake drum of the supply motor, as 
viewed from the brake 110using end, is rotating 
clockwise when the brake band is applied, the 
frictional force will cause the band to wr::tp 
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itself tightly around the brake urum as the 
brake lever end of thE~ band moves to the right, 
increasing hraking force. When the drum is 
rotating counterclockwise, the process is re
versed , causing the band to tend to pull away 
from the drum, decreasing the braking force . 

The ratio of tbr braking force in one direc
tion to the braking force in the other - the 
brake differential - is approximately two to 
one on this equipment. 

In all rnodrs of operation, the greater brak
ing force always acts on the trailing turntable, 
maintainmg the proper tape tension as the sys
tem is stopped . 

CONTROL CIRCUIT 

(Refer to schematic diagram-Tape Transport 
Control Circuits) 

Located in the con trol circuit box u nder
nea th the tape transport are all r elays, the ten
sion adjustrnent resistors, and electronic com
ponents such as the capacitors and resistors 
shown in the foldout ilJustration , Tape Trans-
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port Control Circui[s , with tllc exception of the 
three motor starting capacitors, the capstan 
solenoid, the brake solenoids and the safety 
microswitch (which arc mounted adjacent to 
the assemblies they serve). 

On the outside of the control circuit box 
receptacles are available for cables from the 
drive motor, supply motor, take-up motOr and 
control cluster. Female receptacles and plugs 
(cables not supplied) are also available for 
interconn ecting the tap e' transport and acces
sory units sucll as remote control panels and a 
precision frequency source when furnished. 

NOTE 
The special connector jumpe-r plugs 
supplied for receptacles ./503S 60 
CYCLE AMPLIFIER and J5025 RE
MOTE CONTROL m-ust be plugged 
into their 1'eceptacles 'when these ac
cessory lInits are not used because 
jllmpers in these plugs complete the 
necessary circuits in the system fnT 
proper operation. 
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Control circuit box 

All functional control of the tape transport, 
with one exception, takes place at the control 
cin.:uit switch assem Lly compriSing four push
buttons: REWIND, FAST FORWARD, STOP 
and PLAY. Two toggle switches REEL SIZE 
and TAPE SPEED are mounted at either end oi" 
the control cluster. The , ~ xception is the RE
CORD function which is controlled at the am
plifier. The safety switch (not an operating 
control) is moun ted under th e t:1 pc transport. 

Play 

When PLAY button S505 is pressed, play 
relay K502 is energized. Capstan solenoid K50l 
is energized through KS02-1. Contact sets 
1<502·}, KS03-1, KS04·3, and tbe normally 
closed STOP button S502 form a balding cir
cuit. Powel" is connected to the tllrntable red 
motors t)wough contact KS02-2 . Through can· 
tact 1<S02·3, D.C. voltage is applied to the 
brake solenoids K505 and K306. The reel 
motors are powered and the brakes are re
leased simultaneously, causing the cguipmen t 
to operate in the reproduce mode at the speed 
sekncd by TAPE SPEED S\VJTCH S503. 

Rewind 

When REWIND button S507 is pressed, 
rewind rclay K504 is energized and held in this 
condJtion by relay contact sets KS04-1, K503-3 
and the normally closed STOP button SS02. 
Contact set 1<504·2 connects the full a-c power 
directly to the rewind (supply) motor, and 
places R.504 in the a·c circuit to th(' take-up 
motor. The rewind motor thus operates at full 
t()fque and the take-up motor at reduced torque, 
and tape is pulled at a maximum speed from 
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the take-up to the rewind reel. Contact set 
K504-3 completes the d-c circuit to the brake 
solenoids at each reel assembly, thus releasing 
the brakes. 

Fast Forward 

When FAST FORWARD button S506 is 
pressed, fast forward relay K503 is energi7.cd 
and held through contacts KS03-1, K504-3 and 
the normally closed STOP button S502. Con
tact set K503-2 connects the full a-c power to 
the take-up motor, and places H.504 in the cir
cuit to the rewind motor. Thc take-up motor 
now operates at full torque and the rewind 
motor at reduced torque, causing the tape to 
be pulled at a maximum speed from the re
wind to the take-up rcC'!. 

Slop 

When the tape is moving m any mode and 
Ihe STOP button (S502) is pressed , the brqke 
solenoids and all reJays are dc-energized. The 
brakes are applied to both turntable mOlars . 
The capstan drive motor will continue to 
operate so long as the tape remains properly 
threaded. 

NOTE 

The l'ecoTd mode 1S not a tape motion 
control functIOn, but it is interlocked 
(md depende I1l 011 the P LA Y button, 
wluch ITlllSl be pressed before Uw 
record mode can be energized at the 
mnpilfi,er. 

Safety Inferlocks 

When the tape is moving in either of the 
higb speed modes (fast forward or rewind) 
it is impossible to switch to the play mode 
without first pushing the STOP button. In fast 
forward, contact K503-1 interlocks the play 
relay and capstan solenoid. In rewind, K504-3 
lS the interlock. 

CAUTION 

If the STOP and P LA Y buttons are 
pressed in too mpid a sequence when 
tlte: tape is in either fast winding 
mode, tape 1{1ill almost invariably be 
brohen or deformed . Always allow 
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time for the tape to stop completely 
when switchi.ng from either of the 
fast modes to play . 

Reel Size Switch 

SelecLion of proper holdback tension, de
pending on reel hub Slze, 1S made at the two 
position toggle switch labeled LARGE-SMALL. 
Holdback tension is not a constant in any mode 
of operation, varying directly as d function of 
the trailIng turntable motor torque, and in
versely as a function of the eflective trailing 
reel hub diameter (bub meter includes the 
tape wound on the hub). For a given torqu e: 
on the trajling motor, the holdback tension will 
increase as the effective hub diamc;tu of the 
trailing reel decreases. Reducing the torque on 
the trailing turntable motor will decrease the 
holdback tension. 

The holdback tension resistors for adjust
ment of take-up and rewind motor torque's 
are factory-set for NAB 10J/2 inch reels . If 
the smaller (7 or 5 inch ) EIA (former ly 
R.ETMA) reels are used, compensation for the 
overall increase in holdback tension must be 
made by placing the switch in the SMALJ, 
position. This places resistor H.502 in series 
with the take-up and rewind motors, thus re
ducing the torque of both m otors in any mode 
of' operation when L1w ETA reels are used . If it 
is desired to accelerate faster in the rewind or 
fast forward modes, the switch may be placed 
in the LARGE position during these modes . 
The REEl, SIZE switcll is a SPST switch placed 
across the resistor R502. It is closed when the 
LARGE position for 1Ol/2 inch diameter NAB 
is selected; and open (resistor R502 in the 
torque motor drcuits) when the SMALL posi
tion is selected. 

NOTE 

In the LARGE reel position both the 
rewind and take-up reels must be NAB 
type and in the SMALL reel position 
hoth reels must be ElA. 

NOTE 

The Catalog Number 5700 tape trans
ports used on earlier models changed 
PLAY tension only when in the 
SMALL reel positzon. 
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ROUTINE MAINTENANCE 

Carefully follow the routine rn aintenance 
program outlined below if proper performance 
is to be expected of the equipment at all times. 
It is recommended that an Operation and Main
tenance Log be kept. 

Cleaning 

Clean the capstan, the h ead faces and tape 
guides (laily. Clean the capstan idler wh C'el 
weekly. Great care must be taken to see that 
oil does not reach the rubber lire. Avoid, as 
much as possible , touching the tire with the 
fingers. 

The agent for cleaning AMPEX head assem
blies is a mixture of Xylene and 0.1 % Aerosol, 
and is available in 4 oz. llottles (AMPEX AUDIO 
Part No. 823) . Other solvents can have detri
mental effects on these precision parts . 

To clean any head assembly, wind a clean, 
lll1tless cloth on a wooden swab-stick and 
moisten with this mixture. Swab the h eads 
periodically to remove all dirt and accumulated 
oXIde deposited from some tapes. 

CAUTION 

Do not use any other solvents as there 
are some wl1ich may damage the lam
inations of the head assembly . Do not 
use metal swab-sticks . 

Clean] i ness of all parts of the tape drive 
mechanism is required for consistent optimum 
performance. Clean all parts except the head 
assembly using a lintless cloth moistened with 
Iso-Propyl alcohol (easlly obtained). This clean
ing is of particular importance because most 
tape manufacturers lubricate their tapes , and 
the lubricant will gradually form a coating on 
the components 111 the tape threading path 
which \\'iU result in a loss of positive drive at 
the capstan, flutter and wow, drop-outs or poor 
high frequency response. 

NOTE 

It is imperative that Iso-Propyl alcohol 
be used on the cleaning of the cap
stan idler wheel (rubber) and not 
the recommended XyLene cleaner for 
heads . 
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Lubrication 

The following parts of the tape transport 
mechanism require lubrication every three 
months , or after every thousand hours of oper
alion , whichever occurs Orst . 

CAPSTAN DRIVE MOTOR LUBRICATION 

Lubricate the upper sleeve bearing of the 
capstan drive motor with this oil or its equiva
lent: 

Caloil OC-II (AMPEX AUDIO Part No, 827), 
Standard Oil Company of California, San 
Francisco, CaUfornia. Class "c" 
Medium turbine oil, petroleum base with in
hibitor additives to Increase oxidization and 
corrosion preventlve properties, Essential 
e;}laracteristics are as .follows : 

Characteristics 
Viscosi ty in Cen t i
strokes at 1300 F 

)Jour Point 
Flash Point 

Required (Lirnit) 

40.0-48 .0 
2So F (Max.) 

3700 F (Min .) ~ 20° F 

Ther(' are two ways to lubricate the drive 
motor, the first of which requires its removal. 
The second , and simpler method, does not 
require removal of the motor. See alternate 
method . To remove the drive motor proceed as 
follows : 

Step 1: Unp lug the motor connector PS04P 
from its receptacle J 504S at the con
trol circuit box , 

Step 2: Remove the capstan idler by loosen
ing the Allen head screw on the idler 
arm and gently pulling the idler as
sembly away (the capstan idler must 
be removed because one of the mount
screws is beneath it) , 

Step 3: Support the motor in one hand and 
remove the four moun ting screws th a t 
hold it to the tape transport. 

Step 4: Now pull the motor free. 

Step 5: Locate the oj] hole which will be on 
the top or the side of the motor end 
bell. 

Step 6: Place not more than four drops of a 
recommended lubricant in the oil 
hole (OC-ll). 
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CAUTION 

Do not {Juer-IIlbricate . Wipe off excess 
oil . 

Step 7: 
Step 8. 

Replace lhe motor . 
Replace the capstan idler . 

CAUTION 
The capstan idler must be properly 
placed in relation to the tape . Thread 
tape on l"he equipment along the pre
scribed l"ape thr('Qd-path, and set the 
idler so that the tape travel is centered 
on the tire. Placement is not critical 
and visual alignment is adequate . 

Step 9: Readjust the capstan idler pressure 
if necessary (see Capstan Idler P7'es
sure) , 

The alternate method for drive motor lu bri
catlOn 1S : 

Step 1: 

Step 2 : 

Step 3: 
Step 4: 

Step 5. 

Step 6: 

Step 7: 

Gently pry up and remove the capstan 
dust cap . 
Before activating the safety switch, 
apply not more than four drops of 
lubrkant (OC-ll ) to the exposed 
bearing surface. 
Replace the capstan dust cap. 
Start the drive motor by placing the 
PO\VER switdl in the ON position, 
activate the safety switch and al
low the motor to warm up (requires 
about 15 minutes). 
Turn off the equipment when the 
warm-up period is complet r. , 
If the bearing appears dry after the..: 
motor has cooled, repeat t}H"? above 
procedure. 
Wipe the capstan dry of any excess 
oil that may have been applied acci
dentally. 

CAPSTAN IDLER LUBRICATION 

Gently pry the dust cap from the wheel hub 
( a knife blade can be used) and oil with not 
more lhan 3 drops of OC-ll. on the felt washer. 
Failure to perform capstan idler lubrication 
can result in the felt washer becoming com
pletely dry, and a dragging idler can contribute 
to flutter. 
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CAUTION 
DO NOT OVER-LUBRICATb or the 
wheel will throw oil in operation. If 
oil spills on the Tubber tire, clean it 
immediately with Iso-Propyl. Oil will 
deteriorate the rubber wheeL. 

NOTE 
The reel idler assembly, the take-up 
tension ann assembly and the take-up 
and re'wind motors contain pennan
ently lubricated bearings, and require 
no lubrication . 

Head Demagnetization 

Occasionaily, the heads may become per
manently magnetized through electrical faults 
in the amplifiers, improper use of the equip· 
ment, or by contact with magnetized objects. 
Magnetized heads may cause an increase of 
5 to 10 db in background noise levc:1, and can 
impair good recordings by partially erasing 
high frequencies. The full dynamic range of 
the equipment cannot be realizcd if the heads 
are magnetjzed. 

Any phenomena that tend to pUt large un
balanced pulses through the record head will 
ni agnetize it. Observe these precau tions and 
no difficulty should be experienced. Do not 
remove any tube from the record amplifier 
while the equipment is recording. Do not con
nect or disconnect the input leads or the head 
leads while recording. 
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Demagnetizating the heads 

Do not saturate the record amplifiers with 
abnonnally high input signals. Such signal~ 
would be 10 db greater than tape saturation 
or approximately 30 db greater than nonnal 
operating level. 

If it becomes necessary to test the heads 
with an ohmmeter, they must be demagnetized 
afterwards. 

If the heads become magnetized, proceed as 
follows using a head demagnetizer (AMPEX 

AUDIO Part N/? 820): 

Step 1: Place the equipment power switch in 
the OFF position . 

Step 2: Plug the demagnetizer into a 117-volt 
a-c source. 

NOTE 
If the pLastic coating wears off, place 
one layer of electrical friction tape on 
the demagnetizer tips . Scratching the 
heads will then be prevented. 

Step ,'1.' Bring the tips of the demagnetizer to 
within approximately lis-inch (if the 
demagnetizer tips are taped or 
covered, contact with the heads can 
be made) of the record head core 
stack, straddle the head gap and draw 
the demagnetizer tips up and down 
the length of the core stack three or 
four times. 

Step 4: Remove the demagnetizer slowly from 
the head stack to a distance of 3 or 
4 feet, thus allowing Hs a-c field to 
diminish gradually. This slow re
moval is r-xtremely important. 

CAUTION 
Do not unplug the demagnetizeT 
while it is near the heads; the collapse 
of its magnetic field may re-magnetize 
the head. 

Step 5: Re.peat Steps 3 and /1 at the reproduce 
and erase heads. 

Step 6: If necessary , repeat the process till 
complete demagnetization is effected 
in each case. 
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NOTE 
The erase head, 1lnder certain condi
tions , is susceptible to magnetization 
by spurious sources and can require 
dem.agnetization . 

If the capstan, tape guides or other metal 
parts be come magnetized, a few passes ot' the 
demagnetizer along their lengths and the slow 
withdrawing technique should be adequate. 

ADJUSTMENTS 
The mechanical assemhly is shipped from 

the factory with all ad.iustments set for correct 
performance. It should be unnecessary to 
change any adjustment before putting the 
equipment into service, unless shipping dam
age has occurred, In the course of wear in 
normal service, or in the event of component 
failure, and replacement of parts, some read
justments may be necessary. 

EqUipment Required: 
Spring Scale 0-16 oz . 
Spring Scale 0-80 oz . 
3;8-inch Nut Driver 
3j16-inch Screwdriver 
Nylon Lacing Twine or Strong String 
7 J IG-inch Socket Wrench 
5j 64-inch Allen Wrench 

IH.SI STOI! !tOt ";. .~ACII:. 

rtr-.l $ION R50 .s 
ISO OHMS .50 WAifS 

Control circuit box callouts 
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Take-up and Supply (Rewind) Tension 

Take-up and supply tensions are determined 
by the positioning of the sliders on resistors 
R503 and lL305 located in the tape transport 
control circuit box. The torque of both thr re
wind and take-up motors must be adjusted to 
between 5l/2 and 6 ounces as read on the 16 
oz. spring scale at ~AB reel hub diameter . 
Checking Lechniques are not difficulL and 
should be performed carrfully . 

Step 1: Place an empty 101/ 2 inch NAB reel 
on the tape supply turntable . 

Step 2. Place the POWER switch in the ON 
positlOn , 

Step 3: Place the REEL SIZE switch in the 
LARGE position. 

Step 4: Hold the take-up tension ann so that 
the safety switch is activated (a rub
ber band or piece of masking tape will 
hold the arm as though tape were 
threaded on the equipmen t) . 

Step 5 : Make small loops at both ends of a 
thirty inch piece of nylon lacing 
twine. 

Step 6: Attach one loop to the tape anchor on 
the reel hub and the otller to a 0 to I f) 

oz. spring scale. 
Step 7 : Press the PLAY button and allow the 

clockwise motion of the supply reel 
( torque motor tension) to draw a 
turn of twine onto the hub. 

Step 8: Make certain that the twine is now 
parallel to the plane of the top of the 
tape transport and that th e: twme is 
centered and not touching either 
reel flange. 

Step 9: Now, let the torque motor pull tIl e 
twine slowly onto the hub by follow
ing the torque motor force with the 
scale. 

Step ]0: Using this "following" technique, ob
serve the readings on the scale until 
a constant reading is obtained. 

Step 11: Tf necessary, adjust the slide on resis
tor R505 in the control circuit box 
until a scale readin:s between 5% and 
6 ounces is achieved, 

Step 12: A good check consists in placing the 
REEL SIZE switch in the SMALL pos
ition, then checking the torque using 
the same procedure as above. The 
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scale should mchcate tape tension as 
1 J/ :.! - 3 ounces. 

Step 13: Use the procedures in the preceding 
steps to check and adjust the take-up 
tension which is set at R503 (note 
tbat the reel on this side will move 
counterclockwise) . 

Brake Adiusfmenf 

Brake adjustment is made (with no power 
applied to the equipment) at the point shown 
in the illustration . 

Step 1: Place an empty 101/2 NAB reel on the 
tape supply turntahle. 

Step 2: Make small loops at both ends of a 
thirty inch piece of nylon lacing twine. 

Step 3: Attach one loop to the tape anchor 
on the reel hub and the other to a 
0-16 oz. spring scale. 

Step 4: Manually rotate the reel clockwise 
to wind several turns of twine onto 
the hub. 

'Step §: Pull the scale, making certain that 
the twine cloes not touch either flange 
of the reel. The turn t;:l bJe will rota te 
counterclockwise. Take a reading 
only when the turntable is in steady 
motion, because the force required 
to overcome the static friction will 
produce a false and excessively high 
initial reading. 

Step 6: Adj ust the supply and takeup motors' 
brakes for scale readings listed below. 
Pojnts of adjustment are shown by 
illustration. 

lOUR AT INS-1ANt 

If lfAVlS CAPS1.AN 

tOOP Of 1WIN( AROU~O !HAft 

~"'W'"' ~ S~Ml 
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Capstan idler pressure measurement 

Step 7: ~ow wind the twine on the hub by 
rotating the reel counterclockwise; 
pull, and take a rC!ading. The turn
table will rotate clockwise. 

Step 8: Repeat the entire process on the takc
up turntable. 

Tape 
WIdth 

1;4 inch 

SPRING SCALE READING 
Direction of Most 

Resgtancp. Sllpply 
COllnterc;lochwise 
Tnkeup Clockwise 

Direction of Least 
ReSistance - Supply 
CLockwise - T a keup 
Counterclockwise 

12. to 17 ounc~s 2: 1 ratio ± .1 ounce 
in accordance with 

High Side 

Capstan Idler Pressure 

T11€' capstan idler is forced agalnst tl'le cap
stan Ly the action of capstan solenoid K501. 
Idler pressure js supplied by the capstan idler 
pressure spring, and is adjusted by a lock nut 
on the capstan solenoid spade bolt. See the 
Illustration. Tightening the lock nut increases 
idler pressure until a point is reached where 
the solenoid will not bottom. At this point, idler 
pressure drops to a value which is inadequate 
to permit the capstan to drive the tape, and 
slippage will occur unless the nut is backed 
off. Excessive pressure also throws an unnec
essary load on the upper sleeVi' bearjng. of the 
drive motor . The recommended procedure for 
adjusting idler pressure is as follows. 

Step 1: Hold the take-up arm so that the 
safety switch 15 activated. 

Step 2: With the POWER switch in the ON 
position, press the PLAY bu t ton , and 
note whether the capstan solenoid is 
bottomed. (The capstan idler ca n be 
pushed off the capstan easily by 
pushing on the' idler arm, if the solen
oid is not bottomen) . If necessary, 
back off the lock nut until the solen
oid does bottom at 90 volts a-c when 
cold, or ] 05 volts when warm (after 
1/ 2 hour running). The pressure 
("dig" ) against the capstan shaft 
should be approximately 5 pounds. 

NOTE 

In the course of normal operation in 
the reproduce or record modes, the 
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temperature of the capstan solenoid 
will rise, and its d-c resistance will in
crease. Therefore, the minimum line 
voltage required to bottom the solen
oid when it is hot will be greater than 
that required when it is cold. If the 
equipment is operating on unusually 
low line voltage (below 100 to 1 OSv), 
sometimes encountered in areas 
where regulation is poor, the solenOid 
may fail to bottom after it has 
reached normal operating tempera
ture. It is advisable, therefore, to allow 
the equipment to operate i.n the repro
duce mode for about half an hour be
fore making any necessary solenoid 
adjustments. Thzs will allow the 
widest margi.n of safety with respect 
to line voltage variations. The solen
oid is factory-adjusted to bottom at 90 
line volts cold and 105 line volts hot. 

Step 3: If it is desired to measure capstan dig , 
press the STOP button at this point 
and select a piece of nylon lacing 
twine about 30 inches long and tie the 
ends together. 

Step 4: Slip the twine loop just formed be
tween the idler and idler arm so that 
the nylon rests against the idler shaft. 

Step 5: Attach the other side of the loop to 
a 0 to 80 oz. scale, letting the nylon 
twine remain slack. 

Step 6: Press the PLAY pushbutton, causjng 
the capstan idler to clamp against the 
capstan. 

Step 7: Pull tht: scale away so that the nylon 
twine is taut and makes a 90 degre~ 
angle with the idler arm . 

Step 8: Now, slowly pull the scale away with 
sufficient power to cause the capstan 
idler to leave the capstan, reading tht: 
scale at the instant the capstan idler 
leaves the capstan. The scaJe reading 
should be 5 lbs _ liz lb. If necessary, 
adjust the capstan dig at the point 
shown in the illustration. 

Replacement of ParIs 

All sub-assemblies of the tape transport me
chanism can be eaSily dismounted with the 
use of a screwdriver and a few small socket
head screw keys. 
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CAUTION 

Do not attempt complete disassembly 
of any of the sub-assemblies. The list 
of individually replaceable parts 
under each assembly listing in the 
parts list should he used as a gUide to 
disassembly limits . Replacement of 
parts other than those listed calls for 
precision work which should not be 
attempted in the field. Assemblies 
with defects in parts other than those 
listed as replaceable should be re
turned to the factory or to an Ampex 
A uthorized Service Center for repair 
or replacement. 

Write the Service Department for a proper 
authorized equipment return tag. Do :'\JOT ship 
unidentiA.ed parts to factory ; Ampex can as
sume no responsibility for their proper care 
or return under such circumstances. 

BRAKE BAND REPLACEMENT 

NOTf 

Brake Bands may be replaced without 
removing motor from tape transport 
on rackmount machines and deleting 
the first three steps. 

The most convenient method for changing 
the brake band is first to remove the entire 
motor assembly. 

Step 1: With a 7 j I6-inch socket wrench re
move the four mounting nuts and 
washers at the motor mounting 
plate, carefully holding the motor 
with one hand to prevent it from fall
ing. The turntable will remain at
tached to the motor assembly. 

Step 2: Take the motor to a convenient work 
area. 

Step 3.' Unhook the brake tension spring from 
the brake lever. 

Step 4: Remove the two screws holding the 
capacitor. Disconnect the capacitor 
wires at the knife disconnects and 
free the capacHor from the bracket. 
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SOLENOID STOP 

SOLENOID PLUNGER~ 
SOLENOID LINK 

STEP 7 

B RAKE HOUSING 

BRAKE TENSION 
SPRING (SHORT) 

BRAKE TENSION SPRING 

(LONG) STEP 3 

STEP 5 

BRAKE BAND 

SOLENOID BRACKET 

J;rahe band replrLcement 

Step 5: Remove the screws that hold the 
brake housing to the motor, noting 
the positioning of the washers, and 
spacers, and remove th~ entire hous
ing. 

Step 6: Remove the two cap screws holding 
one end of the brake band between 
the brake lever spring and the hous
ing using a 5j 64-im.:h Allen wrench. 

Step 7: Loosen (do not remove) the two cap 
screws at the end of the llrake baml 
next to the solenoid. 

Step 8; The brake band may now be removed 
taking caution not to lose the band 
leaf on the solenoid side. There js 
only one band leaf per assembly. 
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Step 9: Position the new brake band through 
the hole in the housing and place 
between the clamp and tighten the 
two cap screws loosened in Step 8. 

Step 10: Replace the brake housing, making 
certain that the spacers, the housing, 
the washers and the screws are re
placed in that order, and tighten the 
screws. 

Step 11: Insert the brake band between the 
band link and band link clamp. Re
place the two cap screws but DO NOT 
TIGHTEN. 

Step 12: Push the solenOId jn until it bottoms. 
Adjust the depth of insertion of the 
brake band between the bnk and 
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clamp so that the brake 
freely with no drag; 
screws. 

UTiON 

If the hand is set too forward in 
link, it wi.ll buckle sUghtly 

piu is bottomed 
hand. If condition exists 

may not bottom when 
solenoid is purpose of 
the band is to keep band from 

'1.vhen It buchles at the band 
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to screws 
removed in Step 5. 

Step 14: Hook the spring to 
lever. 4. 

15: the motor assembly 
screws that were removed 

PACKING FOR MOTORS 
In packing motors return to 

particular care to prevent 
shafts In transit. 

factory, 
bending of 
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REF. NO. 

ES01 
BS01 
E501 
B501 
C501 

P504P 

B502 

PS05P 
C512 

K505 

B503 

P506P 
C513 
C513 

PART DESCRIPTION AMPEX PART NO. 

TAPE TRANSPORT ASSE MBLY, 7-1/2 - 15 ips: GO cps; 
Co.t.11og No, 02-30970-01 

TAPE TRANSPORT ASSEMBLY, 7-1/2 - 15 illS: 50 cps, 
CaJolog No. 0?-30970-02 

TAPE 1'HANSPORJ' ASSEMBLY, 3-3/4 - 7-1/2 ips, GO cps; 
Catalog '10. 02-30970-03 

TAPE TRANSPORT ASSEMBLY, 3-3/4 - 7-1/2 ips: GO cps, 
Catalog No. 02- 3 09 70- 04 
MOTOn ASSEMBLY, Drive: 7-1/2 - 15 ips; 60 cps 
MOTon ASSEMJ3LY, Drive: 7-1/2 - 1S ips; 50 cps 
MOTOR ASSEMBLY, J)rive: 3-3/4 - 7-1/2 lpS; 50 clls 
MOTOR ASSEMBLY, Drive: 3-3/4 - 7-1/2 ips; GO cps 

CAPACITOR, Motor 
FLYWHEEL. Bodin" motor 
FL YWI-TEEL. A shland motor 
CONNECTOR. Plug: male; 6 contacts; Jones 

Part t\". P-':tlG-CCT-L 
FAN, Motor 
TAKEUY ASSEMBLY 

MOTOR ASSEMBLY, Ta.keup 
TURNTABLE 
PAD , Turntable 
CONNECTOR, Plug: 8 contact 

CAPACITOR, Motor: 3.75 mfd 
BRAKE ASSEMBLY 

HOUSI);G, Brake 
BAND, Bnlke 
LEAF, Brake Band; 1-1/8" long 
SPRING. Brake TenSion: long 
SPRING, Brake TenSion: shorl 
BOLT, Eye 
CROSSHEAD 
ANCH()lt 
SPACEl~ 

P IN, ltoll: L/8 in. dia. by 3/4 in. 19. 
SCRE W, MaclLinu: Cap; sock", hen.d, 4-40 by 

1/4 .in. 19, 
LINK, Brake Band 
CLAl\IrP , Brake Band 
LEVER, Brake 
Ph , Drivelock 1/8 i.ll. dia, by 1/2 ill. 19, 
Ph > Cotter: l/l G in. clia. by 1/2 in. 19. 
PIN> Cle vis: 1/8 .in. ilia. by 9/32 in. 19. 
SOLENOID, Brake 
STOP, SolenOid 
BRACKET, Solenoid 
l.l~l(, Solenoid 
CO NNE CTOR, Solderles.".; disconnect splice 

REWIND ASSEMBLY 
MOTllH ASSEMBLY, Rew.ind 

TURNTABLE 
PAD, Turntable 
CO NE CTOR, Plug: 8 contact 

CAPACITOR, Motor: 3.75 mid 
CAPACITon , Motor: 5 mid 
BRAKE ASSEMBLY 

HOUSlNG , B rake 
BA D, Brake 

312J.0-01 
31210-02 
31210-03 
31210-04 

9487-02 
91l1-11l1 

2212-01 

HS-012 
;,01-001 
9-151-0( 
6768-03 

61462-01 
05,~-00 

17313-01 
035-111 

17327-01 
171;}4-01 
17612-01 
61460-01 

322-01 
17323-01 
GQ5J7-06 
1'1324-01 
17325-01 
17322-01 
406-005 

470-008 
G9528-01 
69529-01 
G9530AI 1 
403-008 
401-005 
400-002 

69:, :.: 2- 0 1 
1732(;-() 1 

69527-0J 
69531-01 

111-008 
9452-04 
6768-03 

61462-01 
958-00 

17313-01 
035-111 
035-117 

17327-02 
17614-01 
17612-01 
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REF. NO. 

KGOG 

K501 
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PART DESCRIPTION AMPEX PART NO. 

LEA F , Brn.ke Band: 1-1/8 m. long 
SPRING, Brake Tension: long 
SPruNG, Brak" T"TIsion; short 
BOLT, Eye 
CRQSSHJ:;AD 

ANCHOR 

SPACER 
PIN, Holl: 1/8 in. dia. by 3/4 in. ,g. 
SCREW, MachirFoc cap; socket head; 4-40 

by 1/4 i.n. Ig. 
LINK, Brake Band 
CLAMP, Brake B~J1d 
I.E:VER, Brake 
PIN, D!'ivelock: 1/8 in. dia. by 1/2 in. Jg. 
PIN, Colter: 1/J6 In. dln. by 1/2 Ln. 19. 
PIN, Cl evis: 1/8 in. cJia. by 9/32 Ln. ig. 
SOLENOID, Brake 
STOP, Solenoid 
fll:"".CKET, Solenoid 
LINK, SolenoId 
CONNECTOR, Solclerless' disconnect splice 

ARM ASSEMBLY, Takeup tenSIon 
SPRING, Takeup tension arm 
GUIDE, Tape: 1/4 in. 
HOOK. Tape Guide 

REEL IDLER ASSEMBLY: 7-1/2 - 15 ips 
n.BEL IDLER ASSEMBLY: 3-3/4 - 7-1/2 IPS 

GUIDE> Tape 
PULLEY ASSEMBLY: 7-1/2 - 15 ips 
PULLEY ASSEMBLY: 3-3/4 - 7-1/2 ips 
BASE, Reel Idler 

FL YWAEE L , Reel Idler 
W1iEE L ASSEMBLY, Cal'~tan Idler: 7-1/2 - 15 ips 
WHEE L ASSEMBLY, Capstan Idler: 3-3/4 - 7-1/2 ips 

CAP 
RJ~G, Retaining: external; (or 0.250 i.n. dio.. 

shaft, Truarc Part No. 5100-25-S 
TUNG, Lock 
WAS IfF: R, Ca rn briC 
WASHE R, Shim: bro.~s; 0.250 in. lD by 0.437 in. OD 

by 0.002 in. thk. 
WASHE H > F el t 

ARM, Capstan Idler 
BUSHING, Capstan Idler Arm 
DUST CAP, Capstan: 7-1/2 - 15 ips 
DUST CAP, Capstan. 3-3/4 - 7-1/2 ips 

WASlll':H, Felt 
RJ:lG, H.etaLnLng: rubber; Plastic and Rubber 

Products Co. Part No. PRP6227-14, 209-70 
SOLENOID ASSEMBLY, Capstan Idler 

SOLENOID> Capstan 
BOLT, Eye· CapSUln 8olenoid 
STOP, Ca[lst:an Solenoid 
WASHER, Felt; 1/4 in. thJ<. 
SPRING, SolenOid pressure 
SPRING, SolenOId RB~urn 

GUARD, [l".qhbutton 
GUARD,H.·:o<Ol 

61460-01 
322-01 

i7323-01 
69517-06 
17321-01 
17325-01 
17322-01 

406-005 

470-008 
69528-01 
69529-01 
G9530-01 
403-008 
401-005 
400-002 

G9532-01 
17326-01 
69527-01 
69531-01 

171-008 
425-00 

309 /,6-01 
675-00 

69542-01 
1459-00 
4459-03 

257-00 
5893-00 
5893-01 

30840-01 
636-01 

30945-01 
30945-07 

5770-00 

430-004 
5772-00 
9482-01 

501-049 
5771-00 

372-01 
5755-00 
3506-00 
3506-01 
3583-02 

432-007 
5783-01 

670-00 
396-03 
388-00 

503-015 
G7G-Ol 

5757-00 
361-00 

5708-00 
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REF. NO. 

C502 

C503 

CG04 

C505 
C50G 
e507 

C508 
C509 
CSIO 
CSll 
J501S 

PART DESCRIPTION AMPEX PART NO. 

HARNESS ASSEJVU3T.Y, Switch 
CONl\f£CTOR, Plug, male; 21 contact 
SWITCH ASSj·:MBLY , Saf~l-y 
SIDE LD, Micr05Wltch 
SWTTCH, Not'mally closed (STOP) 
SWITCH, Normally u,lell (pLAY, fAST FORWAHO, 

REWTl'.'D) 
SWTTCI~. DPST (TAPE SPEED) 
SWITCH, SPST (1'1.E£ L SIZl::) 

CONTROL BOX ASSEMBLY 
CAPACITOH. Fixed: elect.rolytic; 150 mId; l~O vdcw; 

Cornell-Dubflier (':crt No. 15015 
CAPACITOR, Fixed: My'.'iT; 0.047 !Dtd; ±lO%; 

400 vdcw; SpragL!e Type 160P 
CAPACITOR, FIxed: paper; 0.25 mfd; "-20%; 

,~OO vdcw; A.,(.ron Part No. ML-4-25 
(Sllm£ as C503) 
(Same as C503) 
CAPACITOR, Fixed: paper, 0.01 mfd; ;,20%; 

400 vdcw; A stron Part No. ML-4-01 
(San'" as C 50 7) 

(Same as C 503) 
(Same as C503) 
(Same (lS C503) 
C01\)\ECTOR, Receptacle: fenlaJe; 21 contacts; 

5782-01 
145-022 
6582-00 
5730-00 
120-014 

120-013 
120-004 
120-005 
5703-03 

031-045 

033-234 

O:;:l-008 
033-234 
033-234 

033-005 
033-005 
033-234 
033-234 
033-234 

Jones Part No. S-321-AB 146-057 
. !5~ ' . CON'NECTciR:',Receplacle : fema.le; 10 conta.cts~. 

__ ~~~ , _ ___ 146-01~ __ 

J503S CONl'·lECTOR, Rece ptacle : female; 8 contacts ; 

J50~S 

JGOSS 
J506S 
KS02 

K503 
1<504 
P501P 

P502P 
PS03P 
1"504P 

P50SP 

P506P 
P507P 
R501 

R.502 

R503 

Ni04 

R505 

Jones Part No. S-308-AB 
CO~£CTOR, Heceptacle: female; 6 contacts; 

Jonc.~ Part No, S-306-AE 
(Same as J 503S) 
(Same as J503S) 
RELA Y, 3PDT: 115 vde coil; 10 amp contacts; 

Phil trot Part No. 33QA (l ) fAY) 
(Same rJ.S K502) (FAST FORWARD) 
(Sanle as K502) (p.P-WIND) 
CON:-\~CTOR, Plug' male; 21 conhd.s; 

Jon"". Part No. 1'-32J-CCT-L 
CONNECTOR., Plug (REMOTE DUMMY PLUG) 
CO~'NECTOR, Plug (60 CYCLE D{.:\IlMY PLUG) 
CONNECTOR, Plug: mtlle; 6 contacts; Jones Part 

No . P-30G-CCT-L 
CONNECTOR, Plug: male; 8 cont.acts; Jones Part 

No. P-30S-CCT-L 
(Same as P505P) 
(S:arne as P505P) 
l\.£SISTOR, Fixed: wi rewound: 10 ohl:,; ±10%; 

5 watt; Tru-Ohm Type FRL-5 
RESISTO R, Fixed: wixew ound; 75 oJun; ±S%; 

50 watt; Tl:'u-OJun Type FH-50 
HJ~S1STOR. AdJuslAble: wirewound; 150 ohm; ±5%; 

50 watt; TrtJ.-Ohrn Type AR-50 
RESISTOr{, Adjustable: wl,'ewound; 750 ohm; :105%; 

50 wrJ.tt ; Tru-Ohm Type AR-50 
(i:>.cme as RSO:» 

146-003 

146-004 
146-003 
146-003 

020-006 
020-00(3 
020-006 

145-022 
3461-00 
567-01 

145-012 

145-013 
145-013 
145-013 

043-156 

043-002 

0~0-011 

040-007 
040-0 tl 

6-17 



6-18 

REF. NO. 

f<30(3 

R507 

R508 
R509 
R5l0 
SR.'Ol 

PART DESCRIPTION AMPEX PART NO. 

R£SISTOR , Fixed: compositIon; 22 ohm; -10<;:,; 
1 watt; 1\'1]L-H-J 1.A . I ~c;:"l).(;F:'zOK 

RESISTOR , Fixed: composil1ol'l; 100 ohm; .:.10%; 
Ll2 watt, MJL,- R- UA :RC2.0GF lOlK 

(Same as R507) 
(Same ilS R507) 
(Sam" as R507) 
REC'l'll?IE R, SeleniUln: sIngle phase; half wave; 

General E~0Cll'ic Part No. 6HS25PI-I6ATO 1 

041-132 

041-038 
0 1. 1-038 

041-038 
041-038 

582-01G 

89-0131 
89-0144 
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115v AC FROM 
EL.ECTRON ICS 

ASSEMBL.Y 
~07P 

2 

SAFETY 
SWITCH 
5501 

JUMPER PLUG 
P503P 

7 8 
J503S 

REEL. SIZE 

) 

C~7 

" 
SPEED 
SWITCH 
5503 
, 

C~/06 
, , , 

~' J 
, 

, I , , 
SW ITCH 

l OWOI . 5504 , 

C501 
R502: ... f 

K503-2 

K502-2 

C~J4 R50e 

0 . , 

K504-2 

RELAY CONTACTS 

NORMALLY 
OPEN 

-H-

NORMAL.LV 
CLOSED 

, 
I HIGH 

CAPACITORS 

-1(-

CAPSTA.N MOTOR 
850 1 

L.OW SPEED 

1 -
HIGH SPEED J 

; 
,-- ~ 

n. K503-2 

R503 

R504 

n. K~~4-2 

R505 A' 

115V AC FROM 
ELECTRONICS 

ASSEMB L Y 
NEUTRA L P507P NEUTRAL. 

PS07? I 

SR50 1 

1/7 ( I .ID~I 

C510 

" 
TAKE- UP MOTOR 

8502 

C5~ 2 , . • 

REWIND MOTOR 
8503 

.: . . 

" 
C613 

CI~ II 

" 

2J 

SAFETY 
SWITCH 
5501 

R501 

J507P~ 

C502 

1>--- - - --- - - ---1t-( ----- .------. 
K50 3-3 1<504-1 

---#-----l:f--" 

• REW IN D 
----1.- S 5 0 7 

I FAST FWD 
----I...- 5506 

JUMPER PLUG 

R5IO L I 5502 
REWIND 1<504 -8_ P502P STOP 

C'0.~r------~~7 B~-~~~-" 
11 I J50 2S 

FAST FWD).' 1<503 

o--~~R~,NO~4-"C'0'+---------' 

KI5J4-3 ~503- 1 

A' " 

L PLAY 
-'-- 5505 R507 PLAY K502 

0- ~~~~~~-t 
CAP. SOL ~_N_O I O 

<'"' 

R506 ___ TO RECORD 
LVV\r----13 ---- RELAY CONTROL 

P501F' 

BRAKE SOL.ENOID K505 

BRAKE SOLENOID 1<506 

A_C CONTROL CIRCUIT D. C CONTROL CIRCUIT 

SIMPLIFIED CONTROL CIRCUIT SCH EMATI C 
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GENERAL 

The head assembly of an Ampex magnetic 
tape recorder is the heart of the equipment. 
Th e technical and detailed know-how required 
for the fabrication of these head assemblies has 
mad e Ampex the foremost manufacturer of 
magnetic recording equipment in the world 
today . 

In theory, a tape recorder head assembly is 
a simple device. In practice however, building 
a head assembly is a complicated task requiring 
extremely precise manufacturing techniques. 
There are three head stacks in an assembly
erase. record and playback. In recording, the 
erase head eliminates any previous recording 
from the tape . The record head puts a new sig
nal on the tape by magnetizing the iron oxide 
particles in the coating on the tape . In play
back , the magnetic flux in the moving tape in
duces a voltage in the playback head . 

The design and construction of these heads 
is extremely critical. Their surface9 are lapped 
to finishes so smooth that variations are meas
ured in wave lengths of light. In typical play
back h c )cls the gap is .00025 inch, which give 
an indication of the precision required in build
ing tl1c heads . 

Each of these heads is designed for a speCific 
function with. no compromise in the overall 
head assembly. Professional use demands top 
performance and there is no room for design 
compromise. 

SectiDn 7 

HEAD ASSEMBLY 
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The superb dcc;it',ll engineering and manu
fact uring care built into Ampex head assem
bli C's assurec; dependable long life and econo
m ica l opel ario n :1t th e ovv(>S{ cost per operating 
hOlll's, 

Head Assembly 

Tlw head assembly is housed in a die cast 
housing and contains three heads used in the 
ope)'ating process, The heads are respectively 
erase, record and playback as viewed from left 
to right when facll1g the machine, The gate on 
the: assembly holds the playback and record 
shield covers and the tape-lifting fingers. The 
function of the tape lifting fingers is to remove 
the tape from the heads when the gate is open 
during the REWI ND and FAST FORWARD 
oper,~tion. The tape rnay leave a deposit on the 
\leads if allowed to contact trlem :\t high 
speeds. Such a deposit will seriously impair the 
prrformance of the machine and should be 
guarded against by always opening the gJ.te in 
the FAST FOR\VARD and Ii.EWIND modes. 

If a deposit is Jeft. it may be removed hy 
xylene on a soft cloth or tissue, ~ever usc 
metal of any kind to touch the head surfaces 
The gate',; should never be all(}wcd to spri Il,~ 
shut, but should be closed gently. 

INDIVIDUAL REPLACEABLE HEAD PARTS 

Part Descript.io)1 

Gate spr~ng, two requi.red 
Gate pi.n, two required 
Glass rod, tape guide, ~/2-

Ampex 
Part Number 

27-0166-01 
16-0113 

21-0190-00 i.nch long, four relj,uired 
Gat~ assemoly (1/4<nch 

tape) 
Housing (1/4-inch tape) 
Screw, cover 
Screw, alignment 
=\)ut 

~03-011 0- 00 
29-0288-01 
40-0373 
40-0377 
42-0113 

Two-t I ac/, head (lsse I)) bly 
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Section 8 

ELECTRONIC ASSEMBLY 

GENERAL 

The eh"!ctronic assembly consists of a single 
chassis on which is mounted an etched board 
subassembly containing two record amplifiers , 
lwo reproduce amplifiers, a bias and erase oscil
lator , and the power supply . On the face panel, 
facilities are available for setting record levels, 
selecting high or low speed equalization cir
cuitry, and swHching output circuitry. Visual 
moniloring of reproduce and record levels is 
provided by the two vu meters on the face panel. 
Two phone jacks for aural monitoring are pro
vided on the face panel. Power on-aIr is con
trolled at the front of the assembly. A control 
for the record function, signified by accompany
ing indicator lights, and a record channrl srIec
tor completes the front panel ~rrangement. 

On the back panel of the electronic assembly 
chassis are all connecting and inter-connecting 
provisions for power input, line inpu t, line out
put, power to the tape transport, and head can· 
nections. Two screw-type fuse posts are also 
provided on the chassis back panel. 

8-1 



FILAMENT 
FILTER 
CHOKE 

HIGH VOLTAGE 
FILTER CHOKE 

SELENIUM RECTifiER 

(NOT SHOWNI 

vu 

RECORD SOCKETS FOR PLUG-IN 
EQUALIZERS ACCESSORY TRANSFORMERS 

AND PREAMPLIFIERS 

Location of electronic subassemblies 

RECORD AMPLIFIER 

The two record sc:ctions of the electronic as
sembly each consist of a two stage, hjgh gain, 
resistance coupled amplifier. Two triode-pen
trod es, V I an (1 V2 an d lh eir associ a ted circui t ry , 
form the stages of amplification for both chan
nels. To simplify the discusslOn, only channel 
"A", VI and its related circuitry, will be de
scribed. Channel "B" is identical except for ref
erence symbol nmnbers, 

When using an un ba lanced-bridging line in
put, the signal from j1 appe:1rs at the grid of 
tube V 1 a through transform cr socke 1 ]15, 
dummy plu g P15, potentiometer R 1, and resis
lor R3. Potentioml:ter RI provides a means of 
'o'etting RECORD LEVEL. Bias is attained by un
bypassed resistor R5. Capacitor CIa and resistor 
Ii:11 form a plate decoupJing network for the 
first stage of both channels, Capacitor C2, resis
tor n 11 a nd pOlen liometer R] 3 ( RECord CALI· 

8·2 

Brate) provide record calibration circuitry. Re
sistors R3 and R 7 estahlish nrgative fredback 
around VIa. Capacitor C2 in conj uncUon with 
resistors R 7, R 1] and potentlOmeter R l:"l pro
vides low frequency pre-emphasis. 

YO lfA Gf 
""d·1HH~ 

1;' 1 0-

);0""""&" 

10 litH 
.... MPll~IB 

RlCO"() H H CO~SfA~' ~C ~ t(O~ O c: uu HH 
PRI. tMfOHA,\rS -'MPtlllll 

NI rwO'" vII:! 
~OAWaA 

Block diagram, record circuil; 

NOTE 

When reading vu meter indications 
with the OUTPUT SELECTOR .\wiLch 

89-0131 
Issue A 



.) U;)J.m.) p nr'i3 1s 0 HXH; UG S.Tc>!\ qap ll[A aqnl 'C( 1A 
aq:11 .10 pu'(3 IO .llllQ.) JQ.l OJ SISBqd ll lJ-;).Td AJ Tat b 
-J·IJ q ~ILl ,~.m . SJ::J,:) U J lp ) [:\Q.ld . paJds ,)el l' ;'x,or 
pUt: q ~ rL[ '[OJ X.T.l! n,).l[.) S!Sl~ qc1 lllCl - c)Jd lq -iln rd J lLl 
')[JO:\\lJL\ S~-;l qdU1J -JJd lIl-Dr-lId a q) UI JJUl'. lS[~ l.l 

l' llJ5·no.<l J n I i\ JO 3[)()Lll 'J a Tl 0.1 q 1 i\ JO ppZl 
[O.T .J Lt OJ dIll BlQll.Tl1 1J.T AC( G T H ,(0 S!Sd .l pu e St{ 
J OlS!:'d{ SSO.D l' pado [J. \ ')P 5J'6 111 [0 .\ !.IT a.)UJ.lc1JJfP 
,)1[1 "\q P')P!:IOJd s~ q [i\ Jqn\ .IOJ S l; )8 '61 U .TO I 
-sT,')'( passed /\qu n q'jno.llp PDP: \;nd s! >p eqpJJJ 
0:\q BJlJ N 'L r H .LOISfS:)J pUB ' >I·'O'\\PU slSl:qd llld 

IOJ,)l1U Hl .. ln o 

• '~l'~'96 · 

" 
l nlll t01l 

I ~'H) W HVHl 

V ul1 SS1 

1 t: I (J-G\! 

-.) .1([ Ul-',j n-d ;)111 ' {oJ .1O.1I)I'dr,') l:~ nO ,IL[ l qIi\ 
J Cj III JO pp'j ')l] 1 01:Jlc1 nOJ r\'\(U Sf p:lI '3fS J q l 

'ld,?j1ld UJ)) LIJ})) ,/1) ,')SII(Jcl,,·,).l 'JDj) 
din filll() .pJY,)·1 WI,; ' ' 111J1)1),)I))IU ,UJJIII 

I!) I (i I) y Ii, I II 1/ ,) .1 U 11 O,IJ J) = .'I J) 11 b;l J J}) P 
-I).I([a .I Pill) S!S'UllilllJ,h ) Ic/ VI(!.) ,}. I ." IlIliO 

',S'II /~ '1IlU.U l ,l In III pJ.pJIIUO.) am ./,)1) 
-!jdIIlIJ ,)JIJp().ld.jl ,')1/1)0 SdU IJ] S' ().1l11 ~· J)1 

din plln .laUI!([,,'1) p.t(). ) ,i}_1 ,no .1 0 .l(jIJI\· 

IS.I1) ,>III filII/,! 'JI'.il/I~·od GijO:):{'({ alii III 

• lINHY)cl ---- '" 1I .. "~.i) 



to the record head that is directly proportional 
to the signal vol tage at the contra] grid. A 100 
kc bias signal current from the bias and erase 
oscillator output is coupled into the record head 
through capacitor C14. 

In the balanced-bridging line input arrange
ment. operation is identical to that for unbal
anced-bridging input except that an accessory 
plug-in transformer is used in place of dummy 
plug P15 so that one side of the signal input 
line will not be connected to chassis ground. 
When a microphone is used with the equipment 
an accessory plug-in transistorized preamplifier 
is used in place of the dummy plug. 

REPRODUCE AMPLIFIER 

The reproduce section of the electronic as
sembly is a resistance coupled audio amplifier. 
Two dual triodes are used to provide two stages 
of amplification and <I Single-ended push-pull 
output for each channel. 

'ff HOOVCC 
ttlAO g-. 

.10 .... 
t((o. ,o (I'(UII 

• >(hT .... Gl H >1>.'000" I if ~ .... ""'11"... ~OVAulMtOH ))~., 
"1 I f<II"wO~;c. r,,,x7 

Illtl 

A .... ~\~'IU ~ 

.. "''''' 

Block diagram, reproduce circuit 

Signals on tIle moving magnetiC tape induce 
voltages in the reproduce hear]' This induced 
voltage appears across resistor R37 and then 
the grid of tube V3a. Bias on this first stage is 
derived from the voltage divider network COD

sisting of resistors R49, R47 and R45. The am
plifier output of this first stage is coupled to the 
seconc.l stage grid through capacitor C24. Con
tact bias is used on V3b. Capacitor C23a and 
Icsistor R52 form a plate decouphng network 
for the first two stages. Reprodu'ce egualization 
is achieved by means of the plug-in egualizer 
network. 

The signal is now delivered to the push-pull 
output ~mplifier V4, the tube receiving the sig
nal through coupling capacitor C26, Play13ach 
LEVEL potentiometer R54 and OUTPUT SE
LECTOR switch S2 when the switch is in the 
REPRODUCE position. 

8-4 

t· 

1:1..:7 -~ I 

~ ;~:;~~ -l( T 11 H ~ L 
~~ I I" 

~ 

Simplified Schematic, Line Output Amplifier 

Operation of the output stage can be s}lOwn 
in the slmplified schematic diagram, Resistors 
RKI and HK2 establish biases for tubes VI and 
V2. With no input signal, the doc voltage drop 
across tube VI is controlled by the doc bias de
veloped across RK 1 and the d-c voltage drop 
across tube V2 is controlled by the bias voltage 
across RK2. 

When a positive going signal is applied to 
the grid of tube VI, the tube is driven toward 
saturation. This causes the voltage at the plate 
of tube VI to drop, which in turn ca llses the volt
age at the grid of tube V2 to drop. Since the load 
RL is coupled to the ca thode of V2 through coup
ling capacitor Cl and the grid of V2 is connected 
to the pia te of V 1 a signal voltage drop occurs 
across RK2 which causes tube V2 to be driven 
toward cutoff. When a negative going signal is 
applied to th(' grid of tube VI, the converse is 
true. 

In the actual circuit, shown in tbe foldout 
schematic diagram, resistor lR62 corresponds 
to RKl, resistor 1l{60 corresponds to RK2, tube 
1 V4a corresponds to VI, tube 1 V4b corresponds 
to V2, capacitor 3C30 corresponds to Cl, and 
transfonner 3T2 corresponds to RL. 

When the output of transformer 3T2 is tenn
inated in its characteristic impedance (i,e. 600 
ohms) , the output level would drop by 6 db if 
the basic circuit were used. To partially compen
sate for this affect, 7 db of negative voltage feed
back is applied to the grid circuit from the 
primary of transformer 3T2 to obtain a regula
tion of approximately 2 db. At the same lime, 
lhC' negative f~~dback obtams an improvement 
in distortion characteristics as well as stability 

89-0131 
Issue A 



of stage gajn. Capacitor lC28 compensates the 
output stage for flat high frequency response, 

BIAS AND ERASE OSCILLATOR 

A dual triode tube V7, connected as a push
pull oscillator, provides high frequency bias and 
erase currents , The output of each plate is 
coupled to the grid of the other triode section 
through taps on the oscillator transformer pri· 
mary. Any signal on thf! grid of either tube sec
tion will be amplified in the plate circuit of that 
section and coupled to tbe grid of the other tube 
section , The signal then will appear at the sec
ond plate and be coupled back to the first grid in 
phase with the original signal. Frequency of os
cilla tion of appr oximately 100 kc is determined 
by the inductance of the primary of transformer 
T4 and the effective capacity across the primary. 

The oscillator output is fed through HECORD 
SELECTOR switch S4 and through capacitors 
C21 (for channel A) and C22 (for channel B ) 
to the two-channel erase h ead. The oscillator 
ouput IS also fed to BIAS ADjust variable ca· 
pacitors C1 4 ( for channel A) and C15 (for 
channel B) where record bias current adjust
ments take place. 1')le bias signals are then 
mixed wilh the record signals and delivered to 
the two-channel record head. P1J.te voltage is 
supplied to the center tap of OSCIllator trans
former T4 thr ough relay contact lOB only when 
the equipment is in the record mode. 

NOISE BALANCE control , potentiometer 
R31 , in the oscHlator cathode circuils is adjusted 
to correct for any asymmetry in the waveform, 
which would cause random noise durIng repro
duction a od distortion vvhile recording. 

POWER SUPPLY 

Silicon rectifiers C R I and CR2 are used ina 
convenlional fuJI·wav(; voltage doubler rectifier 
circuit to supply plate power for all tubes in the 
electronic assembly as well as the RECORD 
INDICATOR lights OSI and DS2. Selenium rec· 
tifier CR3 is connected as a conventional full 
wave center tap rectifier to provIde de fllament 
voltage for all tubes except V7. 

The center tap of the V5 tuh(; filament pro· 
vides a ground for the dc fllaments . Even 
though this tube IS only used for the reproduc
tion of channel two, it must be in its sockel 1'01' 

proper operation of all functions . Ac power in· 
pI It is connected at J20 POWEll receptacle and 

89·0131 
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1S controlled by POWEH switch S6. The power 
is fcel through fuse F2 and impressed across the 
primary of power transformer Tl and also 
through fuse F1 to the tape transporL. 

There are three secondary windings on the 
power transformer - two for filament supply 
ami one for high voltage. One filament winding 
serves oscillator tube V7 and the panel lights , 
the second filamen t wi nel in g provides 12.6 volts 
de after rectification, and the other winding fur
nishes higb voltages for the plate supply. The 
plate supply ripple is filtered by a capacitance
input choke filter formed by choke Ll, capaci
tors C16b, C16c, and C35 ; additional fi ltering is 
supplied by the decoupling capacitors. 

High voltage is applied to the bias oscillator 
through record relay lOb. Whenever the PLAY 
butlon on the tape transport is pressed, approxi
mate)y 150 volts dc is available at pm 3 of ]19. 
When the RECORD SELECTOR switch S4 is 
in the "A" , "A&B" or "B" pOSition and when the 
RECORD button S5 is pressed, the de voltage 
is applied to the record relay coil . As Jong as the 
dc voltage is available at pin 3 of J 19 and as 
long as the RECORD SELECTOR switch IS in 
one of the positions mentioned above, contact 
KIa holds the record relay energized. When the 
STOP button on the tape transport is pressed 
or when the RECOHD SELECTOR switch is 
turned to on(' of the SAFE positions , the dc volt
age no longer reaches the relay coil , the relay 
lS de-energiz.ed ,\TId drops out. 

NOTE 
The RLCORD SELECTOR switch can 
be tHrned from one position to another 
dunng [-he recording process provwf'd 
that it is not tUTned to one of the SAFE 
positions , However, for click-fret: per
formance it is preferable to pre-select 
the selling of the RECORD SELEC
TOR for the mode of operation desired. 

ALIGNMENT AND PERFORMANCE CHECKS 

General: 

In the following alignment and performance 
checks , each dwnnel should be treated separate
ly except where nOled . In cases where, in the 
middle of a procedure, the second channel must 
be checked simultaneously with the first chan
nel , all steps preceding should be performed on 
Goth channels. 
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Equipment Required: 

AMPEX Standard Alignment Tape, Catalog No. 
01-31323-01.. ( See "Accessories" section.) 

Ac Vacuum Tube Voltmeler capable of indi
cating rms voltages of 0.004 or less . 

Audio Oscillator wIth stable output from 50 
cps to 15 kc. 

Earphones or Spe<lker - Amplifier for al.1r~d 
monitoring. 

Nutdnvc:r , number 8 (V4 inch). 
Reel of unrecorded tape . 
Small screwdrjv~r. 

13 I)'l~ 

HfClRONIC II 
ASSfMll Y 

B loch diagram , reproduce 
connections 

Reprodvce Alignment: 

CAUTION 

VTVM 

alignment 

The standard alignment tape used 
'in the following procedures may be 
partially erased if the record and re
produce heads are permanently mag-
1'Idiz.ed. Demagnetize the heads be fore 
proceeding . 

Step 1: Take off lhe head cover. 

CJJ 

\-

~ 

Step 2; With the eguipment connected as 
shown and all power switches in the 
ON position, thread the appropriate 
AMPEX standard alIgnment tape along 
the prescribed path . 

Step 3: Set the EQUALIZATION switch to 
the desired speed . 

Step 4: Place th e: OCTPUT SELECTOR switch 
in the REPRODUCl:~ position . 

Step 5: Start the standard tape . The first tone 
on all standard tapes is a reference 
level", 700 cycles for 71/ 2 ami 15 inches 
per second, and 500 cycles for 3% 
inches per second. Adjust the PLayBack 
LEVEL control to a convenient meter 
reading for checking alignment and 
response. 

Step 6: The next tone will be 15,000 cycles 
at 7 V2 and 15 inches per second, and 
7500 cycles at 3% inches per second 
for adjusting reproduce head align
ment. Take the number 8 nut driver 
and adjust the left hand stop nut on 
the reproduce head for maximum out
put on VU meter or VTVM. If the 
peak is broad adjust for minimum 
output variation. Because there are 
two heads in the head stack, make 
the azimuth adjustment for an aver
age maximum meter indication, ad-

SELECTOR 

/oIODH ],. 

PLAYBACK lEYH 

R rproduce alignment contTOls 
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justing first one head and then the 
other , and finally adjusting for the av
erage maximum meter in<iication. 

NOTE 

If the head azimuth is far Olit of allgn
ment (pOSSible if inexpenenced per
sonnel without proper eqmpment have 
auempted alzgmnent procedures ) mi
nOT peahs may be observed on both 
sides of the maximum, The proper set
ting is 15 to 20 db higher than these 
peahs . 

Step 7: Depending on tape speed, tones from 
I ;=; ,000 cycles to 30 cycles now will be 
reproduced from the standard tape. 
High frequ ency response (above 300 
cycles) should not vary more than 2 
db from the standard curve. 

NOTE 

\1\1 hen reproducl1lg AMl'EX standard 
alignment tapE's 077 muli'itrach equip
ment , the bass end of the [requer]cy 
spectrum will rise in response'. The ac
tual amount of rise will vwy with the 
widtl1 and location o( the trach. Tllis 
phenomena is present because th.e re
produce head "sees" additional flux on 
each side of the head at long -wave
lengths since (.he slalldmd tapes are 
recorded across tl7.e comple(,e 'wIdth of 
I,he tape. This fringing effect is not 
pr~'se llL when recording a (rack the 
smne width (IS the reproduce head , 

S I ep 8' Tll e next ton e to be beard on the 3% 
and 7 1/'2 inch per second standard 
tapes is a reference tone at operating 
level. (For 15 inches per second , re
wind the standard tape to th e' first 
tone ,) Adjust th e PlayBach LEVEL 
control to obtain a zero reading on the 
Vll meter or a + 4 dbm output on a 
VTVM. 

NOTE 

Do not clwnge /,/7i" playbach level set
tillg for the renwinder of the adjust
ments. Remove the standard (ape upon 
completion of tl7e reprod ace aligJl
ment. 
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Reproduce Amplifier Noise Measvrement: 

Slep 1 . After performiJlg the reproduce align
ment chC'( 'ks , stop the tape motion , 

Step 2. Read the noise Jevel on the YTYM. 
Joise should he below the level sp<:d

fi ed in the performance characteris
tics, Ina udiblC' low-freg uen cy hounce 
can cause the meter to read )lighcr 
tban performance characteristics- tol
erances , Disregard these momentary 
readings because they are frequencies 
far below the opera ting range , 

Record Amplifier Bias Adjustment: 

NOTE 

This adjustment should be made using 
('he brand and type of I.G11C tfwt nor
lnally will be Zlsed 011 the equipment. 

Slep 1: Place the OuTPUT SELECTOR switch 
ill the REPRODUCE posllion , 

Step 2 : Place the equipment in the record 
mocle al 7)/2 ips tape speed. 

Step 3: Set the oscillator frequency at 500 
cycles per second (cps) with an output 
of approximately 1 volt. 

NOTE 

Bias is set at a specific luavelength. if 
it is desired to set bias at ] 5 inch tapr 
speed, use a frequency of ]000 cps. 

Step 4: Set the RECORD LEVEL control at a 
position that will obtain an on-scale 
vu meter rrading. 

Step 5: With a small screwdriver, set the BIAS 
ADjust trimmer for a maximum read
ing on the vu meter. Then adjust the 
trim mer clockwise until the vu meter 
reading drops liz db . Measure the bias 
current with a VTVl\tl connected be
tween the BIAS METERING test point 
for the appropriate channel (test points 
arc labeled A and B) and COMmom 
(ground) ( current = voltage on meter 
--;- 100). Readjust the trimmer counter
clockwise until the vu meter reading 
again drops liz db. Measure the bias cur
rent, Set the trimmer at the median of 
the two bias current readings , 
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OUTPUT SELECTOR 

~ (I) MODEl B' 

RECORD Record ,'lmpUrer bias adjustmcnt contr()ls 81AS ADJUSTMENT 

RECORD CAlI8RATION OUTPUT SELECTOR 

• 
RECORO 

R fC01(/ level cal ibm Liml controls 

NOTE 
ProvIded that the head assembly and 
the type of lape is not changed, the 
median bias current reading found in 
step 5 may be used to res'et the bias 
curre'nt 'whenever the units is recali
bHIted, 

t he record level (see Reproduce Align
ment), 

Step 1: Set the pudio oscillator to 500 cps. 
Leave the OUTPUT SELECTOR 
switch in the REPRODUCE position . 

Record Level Calibra'ion; 
Step 2: Place the equipment in the record 

mode at 7)/2 ips tape speed , 

8.8 

NOTE 

1'11(: reproduce level must be calibrated 
'/1,\ j oq Sla ndard tape be fore calibrating 

Step 3: Set the RECORD LEVEl . control at a 
position that wiH obtain a zero reading 
on the VLl meter. 
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Step 4: Place the OC'l'PUT SELECT OR switch 
in the RECORD posilion . 

S[(' )7 5: Adjust the RECord CA r ,IBraLe poten
liomel('r for a zero vu read ing. 

Record Azimufh Adjustment: 

Stcp 1: Sel the audio oscillator at 500 cps, 

Step 2: Place the OUTI'L.~T SELECTOR switch 
in the RECORD position, 

Strp 3: Set the RECORD LEVEL control to 
obtain a vu meter reading of approxi
malely -20 (-]6 dbm on VTV\l ), 

Step 4: Place the OUTPUT SELECTOR SVVilCh 

in the REPRODUCE position . 

Step 5 : ~~t the audio oscillator lO 7500 cps for 
:.H· ; ips , 15 kc for 71/2 or 15 ips . 

Step 6: With the nut driver, rotate the adjusl
ment nut on the left side of the record 
head ( as the user faces the front of 
the eqUipment ) to obtain a maxim um 
VTVM reading. Several pe:lh m a y 
appear, bUL the maximum pf' :1 k is 
obvious because it is much greate r 
lhan the minor peaks, 

CAUTION 

The right hand nuts aTe factory set. 
DO NOT ADJUST THEM, RC'corci head (/zilllll til odin,! 177 enl 

OUTPUT SELECTOR 

MODH 354 

Recurd head ({zil7l uth con l,m/s 
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NOTE 
If it is desired to make this azimuth 
adjustment usin,q the VU meter in
stead of the VTVM, place the PLAY
BACK LEVEL control in the full 
clockw~se position and adjllst ihe azi
muth nut to obtain a maxim11m VU 
meter reading. 

Overall Frequency Response: 

To avoid tape compression , frequency re
sponse measurements at 15 ips tape speed 
should be made at leas t 10 db below operating 
level (- 6 dbrn ), at 33~ and 7Yz ips at least 20 
db below opc:r;:l ting level ( - 16 dbm ). The stand
ard alignment taprs arc r ecorded al a higher 
level to facilit a te reproduce m easurements only 
on the Vl.l m eter. 

Step J: 

St.ep 2: 

Step .3 .. 

5((:'])4: 

Place the OUTP UT SELECTOR switch 
in the RECORD position . 

Sc· t the audlO oscillator at 500 cycles 
::lnd adjus l the RECORD LEVEL con
trol to obtain a VTV1\1 rea ding of ap
proximately - J 6 dbm . 

Place the OUTPUT SELECT OR switch 
in th e REPROD UCE position . 

Placc· the equipment in the record 
mode ,'1t the desired operating speed. 

RECORD EQUALIZATION 

RECOR D 

Step 5. i\Iake a frequency response check by 
using at least ten discrete frequencies 
belween 50 and 15,000 cycles. The 
high fr eq ueney respon S8 1 t l£l y vary 
with tapes of differe nt manufaclurprs. 
This machine was adjusted at the lac
tory to give: optimum performance 
withl11 spe.c:i11cations with an average 
tape. The HECord EQUA I .izel controls 
may be re-adjusted to give the flattest 
possible response willl the tape you 
lntend to US(" The bias setting will ttlso 
change (he high frequency response , 
especially a( the lower tape sp(' C'cls 
(.'~% and 71/ 2 ips ;' Uefore adjLlsting 
the RECord EQ L A Lizer.s b e certain 
that th e bias has been correctly au 
j usted it S previou5l y described. 

CAUTION 
C lUI 17 gi11.q bi{(s J1l ay change the RECord 
l('vel CALlBr((/ion ?1'/Z7c/7 IIwy lequire 
re-adjll,ll7Il·lli ((s described earl1er in 
this S('Cl"iOIl. 

Record Noise Balance Adjustment: 

Step] . Position tIle RECORD LEVEL control 
for channel one completely counter 
clockwise. 

OUTPUT SELECTOR 

",01)11 35' 

- " ••• • - <. 
~. . ... , ... 

~ 

Frequ e l/clf response ((dj{(stment controls 
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'"AN"'''. -----

~ (I) MODII 314 

Noise bolance adj'llstment controls 

Step 2: Disconnect all inputs. 

Seep 3: Place the RECORD SELECTOR switch 
in the "An positi <)n . 

Step 4: Place the equipment in the record 
mode. 

Step 5: Plug a set of h eadphones inlo the mon
itor jack for channel one and listen 
for th~ minimum noise location while 
adjusting the noise balance control. 
Note the position of the slot on the 
nOlse balance control. 

Step 6: Stop the recorder. 

Step 7: Perfonn steps 1 through 6 for ell annel 
(~BJ). 

Step 8: Set the noise balance control to tlle 
position midway between the positions 
fou nd in step 5. The control slot should 
be within 45 degrees of a line parallel
ing the f a ce panel of the chassis. 

NOTE 
This adjustment is not critical (md 
noise will norm.ally not be fteard. This 
adjustment can , however, be u sed to 
balance oui. second harmonic distor
tion in the oscillator using a wave 
analyzer. If noise is present and can-
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not be nulled in eith.er steps 5 or 8, 
it indicaf.es excessive leakage in capac
itor C J 2 or C I 3, trouble in the oscilla
tor ci.rcuitry, aT magnetized heads and 
troubleshooting is indicated. 

Record Noise Measvrement: 
To translate VTVM readings iota specific 

Signal-la-noise ratios when tb ~ vu meter IS so 
calibra ted tllat zero vu corresponds to + 4 dbm 
output, add 6 db to obtain the output value from 
the 3% distortion level , arriving at a total of 
10 dbm . f-Iavlng made this computation, bear in 
mind that, although the noise reading taken on 
the VTVM is dbm , the measurement is a ratio 
which must include the 10 dbm computed to 
arrive a l the 3 % distortion level. Therefore, the 
VTYM reading must ue converted to the signal
to-noise ratio. 

Exampl~: 10 ( dbm , includes 4 dbm Ilormal 
level and 6 dbm lO the 3 % dis
lortion level ) 

-50 ( dbm, vtvm reading ) 
GO db signal-to-noise ratio 

Any reading below - 50 dbm meets per form
a nce characteristics specificaLJons of 60 db sig
nal-to-noise and satisfies the sl gn~:d-lo-nojse ratio 
deilnition. 
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VV METER CALIBRATED SO 
THA T ZERO EOUALS 

DBM 
-r 

+10-

" OBM OUTPUT 

T 
-'-0\3'rv 015T) 

+5---1-5 
+4 --- -6\I'rv OIST) 

o -10 

-5---1-15 

-)0--\-20 

-15---\- '-25 

-20--1-30 

SIN RATIO 
-25--1-35 

-30--\-40 

-35--1-45 

-40--1-50 

-45-[ I o5~ 

1
-46- 56 

-50-- -60 

-5~-1-1-65 

-so-l-L-70 
WHEN VTYM YOUR SIGNAL-TO-NOISe: 
READS THIS RATIO IN DB IS THIS 

Signal-to-nol se ratio computations 

'g 

RECORD 

AMPEX signal-lo-noise ratjo specifications on 
audio instruments define in decibels the ratio 
existmg uetween the level of a steady 400 cyc:le 
lone, recorded at a level al which distortion 
produced by the approach of tape saturation 
equals 3% total rms, and that level of total rms 
noise, in the band from 30 to 15,000 cycles, 
which exists in reproduction under the same 
gain conditions. 

AMPEX au rl io instrumenLs normally are cali
brated so that lhe vu meter reads zero level 
when reproducing a steady 400 cycle tone the 
level of which produc(;s 1 % lotal IillS distortion 
due to the approacJl of tape saturatlOn. 

A recorded 400 cycle tone at the 3% distor
tion level will be 6 db higher in level than the 
same tone recorded at lhe 1 % distortion level. 

Step 1: Place the OUTP UT SELECTOH. switch 
in the RECORD position. 

Step 2 : Set the audio oscillator at 100 cps . 

Step 3: Adjust the RECORD LEVEL control 
to obtain a VTVM reading 6 db above 
operating level (+10 dbm). 

Step 4: Record the 400 cps on a section of 
tape, nOling wh~re the recording be 
gins for later reference. 

Step 5: Disconnecl the oscillator, 

OUTPUT SELECTOR 

MODH 3S·. 

Noise mea SllTem en t controls 
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Step 6: Set the RECORD LEVEL control to 
zero ( fully counterclockwise ) . 

Step 7: Rewind the tape to the beginning of 
the 400 cps recording. 

Step 8: Erase the tape by recording with no 
input signal. 

Step 9: Rewind again to the beginning of the 
recording. 

Step 10: Place the OUTPUT SELECTOR switch 
in the P.EPRODUCE position. 

Step 11: Reproduce the tape, reading the 
VTY M , and checking the readillg 
against the table. 

MAINTENANCE AND TROUBLESHOOTING 

General Maintenance Information 

faithful adherence to the recommended 
ROUTINE MAINTENANCE found in SEC
TION 6 TAPE TRANSPORT MECHANISM 
and careful performance checks will insure 
excellent equipment operation . When the 
cleaning, lubricating and demagnetizing pro
cedures are followed as prescribed and the sys
tem is sel up according to the instructions in 
this manual, equipment performance should 
meet the high Ampex slandal cis . 

Neglect of maintenance procedures, such as 
failure to clean the capstan, the head faces 
and the tape guides daily can cause deficiencies 
that :lre reflected in the amplifiers. for in
stance, poor tape-to-head contact, due to tape 
oxide accumulations , will diminish high end 
frequency response . 

Improper head azimuth adjustment will also 
affect high frequency response. 

When the user suspects faults, the above in
formation should be considered, and, if satis
fied that the cause is in the amplifier, he then 
can begin troublesbooling. 

Progressive Maintenance 0# the Amplifiers 

Check B+ voltage at junction of filter choke 
Ll and capacitor C16b ; voltages measured will 
vary wi th line vollage, the voltages indicated on 
tile schem a tic diagram were measured with a 
117 voJt line voltage . Check ~:dl tubes using a 
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tube lester. Make certain that tubes are returned 
to same socke t from which they were removed . 
Check dc filament voltage to note aging of CR3. 
Clean the relay contacts by inserting a burnish
ing tool between contacts and pull it back and 
forth several times. 

Corrective Maintenance 

The first step in any corrective main tenance 
procedure is localizing the faulty circuit. If a 
tape recorded on the equipment itself does not 
reproduce correctly , the trouble can be in either 
the record or the reproduce circUlt. In this case, 
the faulty circuit can be identified by r~pro
dueing a standard alignment tape or a commer
cially recorded tape; if, while reproducing the 
standard tape, trouble slill exists the fault is 
in the reproduce circuit , jf the reproduce func
tion is normal, the fault is in the record circuit. 
A fun through of the alignment and perform
ance checks for the offending circuit will 
further isolate the trouble or may reclify it , 
and the faulty component or mechanical device 
then should be identified easily. 

Troubleshooting the Reproduce Amplifier 

A circuit for troubleshooting the reproduce 
amplifier is shown Gclow (see also, PARTS 
LOCATION PRINTED CIRCUIT BOARD SUB
ASSEMBLY, and fold out' SCHEi'vIATIC DIA
GRAM-ELECTRONIC ASSEMBLY ) . 

~ oo "

" " \ 

Cl,(TIO r; IC 
.... ~HNI .. 't 

,\"011 
if] 

TTOubleshooting the reproduce amplifier 

Disconnect lJw head cable at J9 (or J 1 0) 
when using this circuit. Using a vtvm probe and 
working back from the output toward the input, 
clwek Cit the grid and plate of r ach stage until 
the puint at which a sign~l is indicated on the 
vtvm , The trouble thell is probably in the stage 
immediately foJlowing that point. When the 
faulty stage is located , the individual compon
ents can be isolated by a check of resistances 
and voltages. Typical voltage values are shown 
on the foldout schematic diagram . After lhe 
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completion of any troubk"hooting procedures, 
usjng the circuit shown aLove . cbeck thl' repro
duce <lmphlier response agajnst the appropriate 
CUl'Ve to jnsure lhat the equipmC'llt conforms to 
perform (lJlcr c h ara e lensties. 

Trovbleshooting the Record Amplifier 

The circult for troubleshooting the record 
<1mpli ner IS s hovm below (see also, PA RTS 
LOCI\TION PRINT ED CIRCU IT BOARD SUB
ASSEMBLY, and fold out SCHEMATIC DIA
GRAM - ELECTRONIC ASSEMBLY) . 

""IJ'''O 
<HCIUMOt 

__ ---,'\ '<0" 

, •• cr'QN,e ......---D .,',,,,., ~ 

Troubles/70oting the r(:'corci amplifier 

Procccd , IS in troubleshootjng the reproducE: 
amplifier. Typie<ti vollagc t"c;'lclmgs arc shown 
on tbe foldout ~chcrnatic di{lgralll . lising the 
cjrcujt ;{bove,chcck the record amplJfier agamst 
the appropria te responsc curve. Response of the 
:11l1plificr should be chcck€'d with the bias oscil
lator tube removed from ils socket and the rc
cord relay energized. 

Servicing and Repairing Printed Circuits 

Because of the uniform wifing layout and 
transluccnt boards, printed circuits can be 
traccd more casily !llan conventional circuits , 
troubleshooting is less dIfficult. and any quali
fied person will be able to service and repair 
the cq Lllpment including replaCC)l1(,ll t of com
ponC'llts by following the: inslructlOns, sugges
lions and procedures in tbIS section The t 1.'8 n s
lucency of the board makes locating connec
tions and test poi 11 ts easier if a ligh t blilb is 
placcd underneath lhe circuit to be traced. 
Contlnuily checks and measurement of resis
tors , coHs and some types of capacitors can be 
made at the component side of the e tched 
board. Very small breaks in wiring can be lo
cated by means of a magmfying glass. The 
parts location illus lra lions and the schem a tic 
(lJa~ral11 in this section can be used to advan
tage when tracing ci rcui try, especially where 
tube sockets arc concerned. Pin numbers are 
plainly marked. 
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Precautions 

Be careful when r emoving components from 
the board to avoid damaging the components 
themselves or the copper foil wiring. If dam
age occurs, small breaks can be joined with 
solder, new foil can be cut to simulate the 
damaged sectior:s, and large breaks can be 
repaired with hook-up wire . When applying 
new foil, first remove all coatings such as flux, 
grease and wax from the damaged portion and 
place the adhesive side of the foil toward tbe 
board. With the tip of the smooth wedge
shaped soldering iron beat the new foil, sliding 
the tip slowly along the copper surhce for 
about a minute to cure the bond. 

Excessive pressure can crack the boards. Ac
cess to certain conlponents may not be possible 
when the boards are in the cli:1ssis To remove 
the board from the chassjs, remove the four 
mounting nuts carefully. Wben disconnectfng 
the edge-on harness connectors, make certain 
that the diagonal plIers grasping the individual 
connector ""ill not strike and break an adjacent 
compOnelll. To prevent this type of damage , 
insert a screw driver or similar protective de
vice between the diagonal pliers and the vlll
neraule component. A vise with protec ted jaws 
can be used to hold the boards while servicing. 
Avoid excessive pressure against the boards 
when using the vise. 

Anotlwr source of damage can come from 
overheating during the soldering process. Ex
cessive h eat can cause breaks in the bond be
tween th e board and foil, neceSSitating costly 
repair of the foil connections. Use 60/ 40 resin 
core solder, the meltIng point of whic}l is 3T) 
degrees F. Some soldering irons are available 
with tip temperature of 650 degrees F., but the 
more skilled repair man can speed up the sold
ering process by using an iron with a tip temp
erature in the neighborhood of 750 degrees F. 

Equipment and Tools R~quired 

Diagonal cutters 
Long-nosed pliers 
Pocket knife 
lA-inch nul driver 
Solder pick 
Small wire brush 
Pencil soldering iron 
60/40 resin core solder 
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Removing a Resistor 

A convenient method of removing resistors 
is to clip the leads with cutters, leaving suffi
cient wire at each point so that wifing termi
nals remain, New components can be soldered 
to thes~ remnant leads. 

Replocing the Resistor 

Make mechanical jomts by wrapping a turn 
of (!<lch new resistor wire around the remnant 
wires Idt from the old component. Perform 
the soldering quickly and efficiently. 

Solder Method of Removing and 
Replacing Components 

On the wiring side of the board at the com
ponent to be replaced, heat the connections 
with an iron until the solder melts. Quickly 
remove the iron and brush away the solder 
using the wire brush. Two or more beating 
passes may be required; but take special care 
to avoid excessive heat. 

Now the mechanical joint will be revealed. 
Insert a knife blade between the board and the 
exposed wire, and carefully raise the wire until 
it is perpendicular to the board and will come 
free in the next step. Again apply the soldering 
iron to the connection point while simultan
eously moving the lead back and forth until 
it breaks free of the molten solder. 

Take the replacement component, cut the 
leads to the desired length, insert them into 
the holes, bending the leads against tbe board 
to make mechanical connections, and solder 
the connections. 

Replacing Electrolytic Capacitors, 

Relays and Coils 

The replacement of these types of com
ponen ts can be accom ph shed as follows: 

Step]: With thc soldering iron, heat each 
connection and brush a way melted 
solder. Some parts may require pry
ing the mounting lugs perpendicular 
to the board in order to brush away 
the melted solder . 

Step 2: Trim lhe lugs as close as possible to 
the board. 

Step 3: Again apply thc soldering iron to the 
connections, brush away the melted 
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solder. 
Step 4. Insert replacement component and 

solder the connections. 

Replacing of Tube Sockets 

Step 1: With soldering iron, heat each con
tion and brush away melted solder. If 
the connections do not come free on 
the first pass, repeat the heating pro
cess until connections are broken. 

Step 2; With (1 pen knife inserted between the 
socket lug and wiring foil, bend each 
lug upward - except the grounding 
lug. 

Step 3: When all socket lugs have been freed 
f rom the wiring foil, heat the ground
jng lug until the solder melts and 
slowly pull the socket away from the 
board. 

ORDERING PARTS 

The purpose of 1 he parts list is to aid you 
in ordering rcp!<IC(!mcnt parts. Ampex can offer 
fast and efficicn l 5el'V ice in proyid i ng normall y 
replaceable parts of the components in the 
system when proper information is furnished. 
Parts listed according to the schematic refer
ence symbol, a descrjption of the pan and the 
Ampex part number. The Ampex Corporation 
offers some replacement parts that are not 
necessarily exact replicas of those used on the 
original version of the equipment; but these 
parts are interchangeable wilh the original 
parts. The description column names the part, 
its composition, electrical value and manufac
turer's number (or military specification when 
avallable ) - and the AMPEX PART NUMBER. 

Ampex part numbers are the exact designa
lion for all parts used in Ampex equiprnen t, 
For example, CAPACITOR, fixed: ceramic, .02 
uf + 80%-20%) 500 vdcw; SpraguE' Part No. 
36C205 will always bear the Ampex catalog 
number 54-0265. THIS IS THE N UMBER YO U 
SHOULD USE WHEN ORDERING REPLACE
MENT PARTS. The schematic reference num
ber should NOT be used for ordering purposes 
as it will vary with different equipment types . 
lnclude the following information when orcl(~r
ing parts : Eguipment Type, EqUipment Serial 
Number, Ampex Part Number, Description of 
Part. Example: 4 ea. 54-0265 capacitors for 
Series 354 . 
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REF. NO. 

leI 

lC2 

lC3 
lC4 

lCS 
3C6 

3C7 
3C8 

::lC9 
I CI0 

1Cll 
l C.12 

ICI3 
3C14 
3C15 
lCIS 

lCl7 

leIS 
lCl ~ 

3C20 

3C21 
C22 

lC23 

lC24 

IC 25 
3C26 

3C27 

lC2~ 

lC29 
lC30 

lC31 
lC32 

PART DESCRIPTION AMPEX PART NO. 

EL1::C'_'HONIC ASSEMBLY, 7-1/2 ips NAB - 15 ipS NAB: 
Catalog No. 0 2-9660L-01 

eLE CTRONIC ASSEMBLY, 7-1/2 ipa rem - 15 ips CCrR: 
Catal og No. 02-96601-02 

E LE C-rHONIC ASSEMBLY, 3-3/4 ips 120usec - 7-1/2 ips NAB: 
Catalog No. 02-96601-03 

ELECTRONIC ASSEMBLY , 7-1/2 ips NA;', - 1~ ips AM"C: 
Catalog No. 02-96601-04 
ELECTRONIC S UBASSEMBLY 05-0131-01 

CAPACITOR, F b (ed : e l ectrolytIC, 3 x 15 IY,fc\; 
450 vdcw 

CAPAClTOR, Fi .. "ed : ceramic; 0 . 05 mid: ".':0 -20%; 
500 vdcw; Sprague _l'art No. 5t: K-jj 

(Same as lC 2) 

CAPACITOR, Fixed: [lape l'; 0 , 068 mfd; ±l0%; 
4 00 vclcw; Spral?,ue Parl No . 891> 6S394 

(Same as lC4) 
CAPACITOR, VarUlble : trimmer; 50-240 .,fd, 

175 v,' <o w; A reo Pan No. 584 
(Sa me as 3C 6) 
CAPACITOH, Variable: trimmer; 19-160 pl(. 

17 5 vdc w; Arco P art No . 583 
(Sa m e as 3C8) 
CAPACITOR, F ixed: electr oly Ci c ; 2 mId; +80 -10%; 

450 vdcl' ; Sprag-lle Type DEE 
(Same as lClO) 
CAPACITOR, F ixed: myla r; 0. 47 mfd; :1;20%; 

400 V< !"w; Goodall Type GOOUPE 
(Same as lC12) 
(tiame ;<s 3C8) 
(Same as :;C;8) 
CAPACITOR. Fixed ele~tro.\ytic; 40 mfd; 4~O vdcw; 

10 III Cd; 450 vdcw; 40 lllfrl; ~50 vc!:,!w 
CAPACITOR, Fixed: ceramic, 2000 [lfd; ... 20%; 

1000 vc\cw; Spragne Part No. 33C12A2 
(Same as lC 17) 
CAPACITOR, Fixed: mIca ; 300 Old; ±5%; 2000 vdc w, 

Cornell Dubili e r l'art No . LAP 20T3 
CAPACITOR , Fixed: mi ca; 1270 pfrl ; :1;5%; 

2000 vdcw; Elmenco Type DM20 
(Sam e as 3C 20) 
;'ol Used 
CAPACITOR , FiX' J. electroly tic; 60-GO mfcl, 300 

vdclV; 40-40 mfd; "~OO vdcw 
CAPACITOR, Flxed: ce ramic; 0.02 mfd ; +80 -20% ; 

50 vclcw; Sprague P al't No . 36C20S 
(Same as 1C24) 
CAPAC1TOR, Fixed: mylar ; 0 _1 mId; ±10%; 4 00 

vdcw ; COl'nell-DlliJilierPart No. WMF4PIE 
(Same as 3C26) 
CAPACITOR , P:C·,ecl : ceramic; 56 pfd; :1;5%; 500 

vdcw; Ene Type 831 
(S ' ~lne as 1C28) 
CAPAC1TOR, F ixed : electroly ti c: 4 mfd; 1~0 vclcw, 

COl'ne\J-Dubilier Par1 No. NLP3G1 
(Same a s lC 30) 
CAPACITOR, Fixed : electrolytic; 25 mId; +100 -10%; 

10 vdcll'; Comell-Dubilier Part No . NLP259 

30770-03 

030-06G 
030-066 

OJG-299 
035-299 

0:;:-'-998 
038-998 

038-999 
038-999 

031-991 
031-991 

0.35-997 
035-997 
038-999 
038-999 

30769-05 

030-99~ 

OJO-99~ 

034-990 

034-964 
0:~'; -964 

30769 -07 

030-059 
030-059 

035-999 
035-999 

54-029~ 

54-0294 

55-00GG 
55-0066 

55-0065 

89-0131 
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Issue A 

lC33 
3C34 

]C35 

C3G 
tbru 
C40 

/ ~.:4 ] 

1C42 
:!C43 

2C4tl 
3C45 

3C4 G 
3C4 7 
4C48 

3C4 9 

3C50 
1C51 

4C52 
3CG3 
3C54 
lC55 
1CSG 
1C57 

1C 58 
leRI 
l CR2 
i ~:R3 

lCR4 
3DSl 

3002 
3DS3 

~D~; ' ! 

2Fl 

2F2 

2J1 

2.J2 

2J3 

2J.<, 
2.15 

236 
2J 7 

PART DESCRIPTION AMPEX PART NO. 

(Same as lC32) 

CAPACITOR, FlxeU : ce l'arnic; 0 . 01 mfti ; GMV; 500 
vdew ; rrie Part No. 611-.01 

CAPACITOn. F1Xed: e le ctrolytic ; 40 mfd, ; ~ O -10%; 
250 "dcw , Sprague Type DEE: 

Not Used 

CAPACITOR. F ixed: electrolytiC, 1000 m(d; .250 
-t U'i" . 1.) vdcw; Cornell Dubilier Part No. BRIIM- 15.l 0 

CAPACITOl{, lclxed: elec trol ytic ; 2000 mfd; 15 vde w 
CAPACITOR , Fi xed: paper; 0.004 7 mfd; ±200/0 ; 600 vrlcw ; 

Sprague Part No. 73P4 7206 
(Same as 2C43) 

CAPACltOR , Fixed : paper ; 0. 04 7 mfd; :1:20%; 1 00 vdcw; 
Cornell-Dubilier Pal t No . WMF4S4 7E 

(~'111e as 3C45) 
(Sa llie as 3C4 5) 
CAPACLTOR , F ixed: cer'c ,,1\C ; 0 . 02 mfd; GMV; 500 vcLclI', 

Erie Part No . 81]- . 02 
CAPACITOR, Fixed : el edrolytie ; 25 mld ; 6 vclcw, 

~prague Part No . 30D1 31A1 
(Same as 3C49) 
CAPACIT OR. , F ixed : elec tr o iy 'ic; 1 mfd ; +50 -10%; 

450 ,'dcw ; Sangu1l1o Part No. MT - 4S04 
(Same as 4C 51) 
(Sam e as 3C34) 
(Same as 3C34) 
(Same al; 3C34) 
~,un" as 3C3/ ) 
CAPACITOR, Fi;·::: j ; Mylar, 0 . 018 micl: d (1'," , 100 

vdcw; C;ornell-Dubii ier Type> WMF 
(Same as 1C ~7 ) 

DIODE . Silicon: CiOO ] )TV; RCA Typ" LN28G4 
(Sam e as lCRI) 
OlODE, Sili<'on: 50 nv; UJ~ Type 1NG07 
(Same as 4CH3) 
LAMP, Neon: mInIature; 1'< :<', El( l<.) l'l " l ':: rt ~,o . 

IBD- r;27l 
(Same a s 30S1) 
LAMP , incandesc ent · mlniatllre; G. 3 vae; 2 P IO ; 

GE Type 12 
(S~:une a s 3DS3) 
rUSE, CartrIdge; 3 amp ; 250 v; fa s t blow ; 

Llttelfuse P' .d No. 312003 
FUSE , Cartcld(!:, ': 0.75 amp; 125 v; s low blow ; 

Litle lfuse Part No. 313 . 7~O 
CONNECTOR, Receptacle: fr: male ; 3 contact; 

Cannon Part No . XLR-:: ·31 
(Same as 2.J 1) 
CO.T -I BCTOR , Receptac le: male; 3 contact; 

Cannon Part No. XLR- 3- 32 
(Same a s 2.J 3) 
CONNE CTOR, Receptac le: l11ule ; 2 contact; 

MS3102A-12S- 3P 
(Same as 2.J 5) 
CONNE CTOR , Re ceptacle : Illale ; 2 contact, 

MS31 02A-10S L- 4P 

55-0065 

030-002 

031-996 

031-034 
96147- 01 

035-028 
03 5-028 

03~ -985 

035-985 
035-985 

030- 001 

031- 140 
031-140 

031-009 
031-U1I9 
030- I)O ~ 

030 - 002 
030-002 
030-002 

54-029 1 
54-0291 
57-0012 
5,-0012 
57-0060 
S7-00GO 

61-0071 
61-007] 

060-04 1 
060- 04 1 

070-001 

070-048 

146-998 
146-998 

1': 7-999 

147-999 

143- 010 
113-01 0 

143-009 

8-~ 7 
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REF. NO. 

?,T8 

LJ9 

2J10 
3.]"11 

3J12 
:' i1 3 

3J 14 
·.fl5 

4.Jl G 
3J17 

3J18 
2319 

ZJ20 

4Kl 
'lLl 
4L2 
3M1 
3M2 
3RI 

3R2 
1R3 

1R4 
lR5 

l R6 
1R7 

lR8 
lR9 

1RLO 
3f:U 
31HZ 
:lR13 
3R14 

R15 
R1G 

1R17 

lR18 
lRI9 

1R20 
1R21 

lR22 
1RZ3 

II ~ °f ' ~ 

PART DESCRIPTION AMPEX PART NO. 

(Same as 237) 
CO~NECTOR , RecGP" ,cleo male; 3 contact, 

MS31 02A-10S-3l:' 
(Same as 239) 
SOCJ\ET . Tube: m Iniatme; 7 p in; mlca filled ; 

Cinch Part No. 7XM 
(Same as 3J 11) 
SOCKET, Tube: miniature; 9 pin ; mica tille d; 

Cinch P ar! No . 53F 12G21 
(Same as 3J 1.3) 
SOCKET, Tub,; OCL.",: m ica filled ; Cinch Pa.rt 

No . l 22728AlvI 
(Same as 4J 15) 
JACK , P hone: 3 conductor ; S1[;!>;e c losed cj rcult; 

CarLe r ParI No. J4 
(Same as 3J 17) 
CON NECTOR, R e ceptacle : femal e; G c ontacl ; 

J ones Part No. S-30 G-A B 
CONNECTOR, Receptacle: male; 2 contact; 10 amp ; 

250 v ; Hubbell P oxL No . 74G6 
REI..A Y , 3 pole double lhrow 
C H01<E, 5 . 5 h enry 
CHOKE , 15 m illih enry 
METER, VU 
(Same a s 3M1) 
RESISTOR, Vari able cOlllposition; l OO K ollJ1" ±10C)": 

2 \y; ."t , All en Bl'adley Pal'l No. JA1N056S104AZ 
(~ame as 3Rl) 
R";SISTQR, F ixed: c omposition; 47K ohm ; ±10%; 

1/2 watl; MlL-R-1lA :RC20l.;L-'473K 
(Same a s lR3) 
RESLSTOR , Fil>ed: com posi\' (m ; 2 . 2K ohm ; ±10%; 

1/2 watt; MlL-R-llll:RC20GF2ZZK 
(Sa.me as IRS) 
RESISTOR, F illed· composition; 1 m egohm; :1:5% ; 

1/2 watt; MIL-R- llA RC:~OGf105J 
(Same :'.S 1R 7) 

RJCSETQR, Fixed : C0111posiL,on, G8l" ohm ; :1:10%; 
1/2 watt; J\lIlL-R- llA :RC20GY683K 

(Same as lR9) 
RESISTOR, Fi x<'rl: lOOK (parl of 52-0138- 01) 
RESISTOR, Fixed : l OO K (parl o[ 52-0138-01) 
RESISTOH., Variabk: 400K (! ' arl of 52-01:! ~-U1) 

RESISTOR, Varlable: 'lOOK (p art of 52-0nB-Ol) 
Not Used 
Not Used 
RE SIS TO R, Fixed: composition; lK olull, :1:10%; 

l / <) w'ttl; l\llen Bradley Type C-B 
(Sa Ine as 1 in 7) 
RE SISTOR, Ie." ,,,,;: composition; 580 ohln, ±10%; 

1/ 2 walt; MIL-R-J LA:RC30GF5611( 
(~ ~.rne fiS IRIS) 
RJ::SlSTOR, Fixed : compos ibon; 22K ohm; :1:10%; 

2 walt; MlL-R-1LA :RC42G F223K 
(Same a.s 1R2l) 
RESISTOR, F ixed : compositionl 8. 2£< ohm ; ±10~~ , 

1 wall; MIL-R-llA :RC32GF822K 
(t';une as 1R23) 

143-009 

143-008 
143- 008 

150-021 
1,:;0-021 

150 -020 
150- 020 

150-010 
150-010 

143-024 
148-024 

14 6- 004 

147-013 
9GJ :; J-01 
06135-01 
96126-01 
%130-01 
96l30-01 

044-015 
O':-!-O 15 

Oill- OGB 
041-068 

041-052 
all l-052 

041-03] 

041-0 :5 1 

041-070 
041-070 

041-979 
041-979 

04 1-045 
041-04~ 

041-216 
041 - 21G 

0.'. 1-157 
041-157 

89-0 1:-1 1 
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Issue A 

3R25 

3RZ6 
IH27 

IH28 
3R29 

3H30 
1R31 

lR32 

1R33 
.1R~~ 

IR:;:; 
1) ~:-;(; 

:R37 

1R38 
lR39 

l R40 
1R41 

lR42 
IH43 

1R44 
lR4S 

lR'lG 
.iRA 7 

tR48 
lR49 

lR50 
lR51 

1R52 
lRS3 
3R54 
3R55 
-1TI56 

1RS? 

lR.58 

lR59 
lRGO 

!RGl 

lR62 
lRG3 

R64 

PART DESCRIPTION AMPEX PART NO. 

RESlSTUl1 , FiKed: C0111posltlon; 1801<:: ohm; ,1,10%; 
l watl, IVUL-H-1lA:RC32GF'lB4K 041-173 

(S.~nr. QS 3R25) 041-173 
ru::::illi'l'OR, Fixed : compositIon; 150K ohm; ±lO%; 

2 walt; MlL-R-1lA.RC 42GFlS4K 041-226 
(Same as lR27) 041-226 
RE SISTOR, FlxNt, composition; 100 ohm; ±5%; 

l/Z watt; MIL-R-llA:RC20Gfl01J 041-003 
(Sa me a s 3_R29) 
RESISTOR, Vaciable' comfl"~ltion, lK oh'lI ; ,1,20%; 

3 watt ; Cll.icago T()i()pholle Supply TYl'e UPE-200 
RESlSTOH, Fix,,,l: composition; 22K ohm ; ±5%; 

1/2 wat t; MIL-R-ll,A:RC20GF223J 
(Same as lR32) 
(Same as lRl?) 
(Same as IRt 7) 
RESISTOR, Fixed : composition; 470 Ohlll; ,10 ':;.; 

1 wall; MlL-R-llA:H.C32GfHIK 
RESISTOR, Pixed. com(lositlon; 330K ohm; ,,5%, 

1/2 watt; NIIL-R-llA:RC20GF334J 
(Sa me as IH37) 
RESISTOR , F ,xed ; wi )'-e wound ; 330j~ ohm;'''''''

lI2 watl. ; Cinema Type CE~lGE 
(Same as 1R39) 
RESISTO H , FiXed: cOmpoSl1.lon, 10 megohm; ±10%, 

1/ 2 watl, MIL-R-l.lA :HC20GFl06K 
(SU111e as IH'll) 
RESISTOR, FIxed : composition; 220K olun; , W,o; 

l/Z wa tt, I'illL -R-llA:RC20G F224K 
(Sam e a s 1R43) 
RESISTOR, FIxed: wir'ewound; z' ohm; ,;., '';; I/Z \\>';' ct, 

Intemationa,l Res is tance Corp Type J)W-l / Z 
(SillIle as 1 R-;:,:;) 

RESISTOR, "xed: wirewounu; 820 ohm ; ±5%; l/Z watt , 
Inte rnai.'on 'u Resistance Corp Type BW-l/ z 

(Sam e as lR47) 
RESISTO R, fix~'l: cnmposltlOo; 120K ohm; " 11.'-(0; 

1/ 2 ,vatl; MIL-H.-I.! A. :RC20CFl24K 
(Same as lR49) 
RESISTOR, Fix., " I: compo .• ilIon, 4. 7K ohm ' '\:10%; 

l / Z watt; ,\UL-R-1lA l{C20Gf'72K 
(Sanl e as 1R3) 
(Same as lR3) 
RE SISTOR, VarIable: 250K (part of :)2-0138---01) 
RESISTOR , Variable: 2501{ (part of 52-0138---01) 
RESISTOR , Fixed: composition; 270K ohm, ±lO%; 

1/2 walt; MIL-R-llA:RC20GI'274K 
(Sam e as t]{ 56) 
RESISTOR, Fixed: composItion; 3.3 n: l:s0h.m, ±10%; 

1/4 walt; Allen Bradley Type C-B 
(Sam e :181 ,',\58) 

HESISTOR , fixed' composHion; 750 ohm; ,1,5%; 
1/2 watt ; MIL-R-llA:RCZOG F751J

RESrST()l~, Fixed: composition; 470 ohm; ,1,10%; 
1/2 watt; MIL-R-llA:RC20GF471K 

(Same as lR61) 
(Same as lRGO) 
Not Used 

041-003 

044-99~ 

041-016 
041 -016 
041-079 
041-979 

041-1~1 

041 -028 
041-028 

043-995 
O~ 3-995 

041 -090 
041-090 

041-076 
041-07G 

0': J-996 
043-89G 

043-997 
043-997 

041-073 
041-073 

041-056 
041-068 
041-0G8 

041-077 
0'11-077 

041 -93'( 
041-937 

041-007 

041-011 
041-044 
041-007 

8-19 
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REF. NO. 

R6S 
lR66 

lR67 
3R68 

3JZG9 
3R70 
3R71 
lR72 

1R73 
R74 

lR75 

lR76 
lR77 
3R78 

3R79 
3RSO 
2R81 
4R82 

iR83 

381 
382 
3S3 
3S4 
3S5 

386 

4Tl 
3T2 
JT3 
IT'.! 
3TP1 
3TP2 
3TP3 
IVl 
IV2 
IV3 
lV4 
IVS 
IV6 
IV7 

... 

PART DESCRIPTION AMPEX PART NO. 

Not Used 
MSISTOR, 1"i;<oo: composHlon; 6.8« ohm; :1:10'10; 

1 walt; MIL-R-ll.A.:RC3ZGF682K 
(Same 3S 1 RGS) 

RESISTOR, Uxed: composition; 12K ohm; ±lO%; 
1/2 watt; MIL-R-UA:RC20GFI23K 

(Same as 3R68) 
(Same as 3R(8) 
(Same as 3R(8) 
RESISTOR, Fixed: composition; 2.2K ohm; ±10%; 

1 watt; MIL-R-1lA:nC32HG222K 
(Same a~ lR36) 
Nol Used 
MSISTOR, Fixed: composition; 1 megohm ; ±lO%; 

1/4 walt; Allen Bcadley Type C-B 
(Same as lR7S) 
(Same as lRol) 
RESISTOR , Fixed: composition; 100 olun; ±10%; 

liZ waH; IVrrL-R-llA:RC~OGFI01K 
(Same as 3R78) 
(Same a s 3Jt78) 
(Same a s 3R78) 
RESISTOR , F ixed: composition; lOOK otun; ±100,6; 

1 watt; MJ L-R-llA: RC32GFlO';K 
(Same a s 4R82) 
SwrrCH, EquahO';tlion 
SWITCH, Output Selector 
(Same as 3S~) 
S WITC H, Record Selector 
SWITCH, .Puslll'ulton : SPST ; norm ally open; 

momentary contact; Arrow Hand H Pact 
No. 33\Jl EPA 

SWITCH, Toggle: SPST, 6 am p; 1.25 V; Circle 1;-
P ilrt No . 1887-L2P 

TRANSFORMER, Power 
TRANSFORMER , Oull'ul 
(Same as 3T 2) 
TRANSFORMER, Oscillator 
JACK, Tip: rec!; E. F . Johnson Part ;';0. 105-802 
(Same as 3'( P l) 
JACK, Tip: black; E. F . Johnson P"cl No. 10()-803 
TUBE, Electron: Type 6A W8A 
(Same aC. 1 V1) 
TUBE, E'ectron: Typ" tZAX7 
TUBE, Electron: Type GDJ8 
(Same as 1 V3) 
(Same as IV4) 
TUBE, E l ec tron: Typ<; 12BH7 
BRACKET ASSEMBL Y, Equalization (with SoCkE;l.s 

Jll, Jl2, J13 and Jl4) 
BRACKET ASSEM BLY, Plug-in input (with sockets 

J1S and JIG) 
NUT, Sleeve 
BOARD ASSEMBLY (incilldes all Hems with preCix .1) 
PLUG ASSEMBLY , Input (Dummy) 
FUSE POST , Cartc1clge; Littelfuse P art No . 34 2012 
J-lOLDE R, P ilot Light 
KNOB, Storted 

041-156 
OH-156 

041-061 
041-061 
041-061 
041-061 

041-150 
041-141 

OH-%8 
041-9(j8 
041-044 

041-038 
()41-038 
()4 1-038 
041-038 

041-170 
041-170 

%138-01 
62-0147-01 
62-0147-01 

06109-01 

~ 20-013 

B2-0142 
96144-01 
96/37-01 
96137-01 

S8-0115-0l 
1~8-999 

HiI-9!'J9 
148-998 
012-099 
012-099 
012-024 
.,f;-l1077 

012-024 
56-0077 
012-1)65 

96092-01 

9611l)~-01 

21078-01 
96057-01 
17420-01 

085-001 
9(;140-01 

230-003 

89-013J 
Issue A 
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PART DESCRIPTION AMPEX PART NO. 

l)!OlCATOR ASSEMBLY, Hesel 
SOCJ(F.T, Tube : 9 pln 
SOCKET. Tui,c : octal 
SHIELD. Tube;: 9 pin; 2-3/8 in. high 
SHIELD. Tube : 7 pin: 2-1/2 in. high 
SHIELD, Tube: 9 piJ1: 1-15/113 in. high 
SHill I.J), 'I'tlbe: 9 pin: ventilal<!d 

3.75 (120 1I~ec)/7.5 NAB REPRODUCE EQUALlZER, Fixed· 
Catalog No. 96110-02 
CAPACfTOR, Fixed: mic,,; 750 pfd: 105%; 500 vdcw; 

Elmenco Part No . CM20C751J 
PLUG AND SHIt: I ,J): 9 pin; Vector Part No. G2. I-SF 
RESISTOR, Fixe d: composition; 6SK ohms; ±l%; 

1/2 watt: Electra Type DC-l/2 
RESISTOR, Fixed: composition; 16QK ohms; *1%; 

1/2 wael' Jo: lectra Type OS-LIz 
RES1::JTOR, Fixed: comp OS ition; B. 2 m egohm; :1;5%; 

1/ 2 watt: Ali en Bradley Type EB 
3.75 (120 usec) 17.5 NAB REPRODUCE EQUALIZE R, Variaule: 

Catalog No. 96110-03 
CAPACITOR, Fixed: mlca; 750 pfd;15%; 300 vdcw ; 

C-D type DC-IS 
RESISTOR , Variable : compos ition; 501'~ ohms ; ±20'," •. 

1/10 wall: Celltn.lab Type 1 
RESISTOR, Fixed : compos ilion; 47K ohms; ",5%: 

1/.) waH: MIL-R-11:RC07GF'·173J 
RESISTOR. I,' ixed, composition; 120K ohms; :1:5%. 

1/4 wall: Allen Bradl<:y Type CB 
RESISTOR, Fixed: compos ition; 6,2 m<:gohrn; :1:;:;%: 

1/2 watt: Allen i1ra dley Type B B 
RL ::;ISTOR, Variable: compos ilion; lOOK ohms; ±20%; 

1/10 walt: C.;:ntralab Type 1 
3 . 75 (200 usec) / 7. 5 NAB RE PRODUCE EQUALIZER , I";xed: 

Calalog No. 96114-02 
CAPACTTOR, Fixed: mica; 750 red; oLJ~G ; 500 vdcw: 

Elmenco Part No. CM20C751J 
PLUG AND SHIELD: 9 pill'. Vectoc Part No. G2 . I-8F 
RESISTOR, Fixed: composition; 6SJ( ohms; :1:1%; 

liz walt: Electra Type DC-l/2 
RESISTOR. Fi"ed: composition; 270K ohms ; :1:1%; 

1/2 watt: Electra Type DC-liz 
RESISTOR, Fixe\.!; composItion; 6 . 2 megoluu; :1:5% ; 

1/2 walt.: Allen Bradle y Type E B 
3 . 75 (200 usec)/7.5 NAB REPRODUC E EQUALIZER , Varirmle : 

Calalog No . 96111-03 
CAPACITOR, F ixed: mica. 750 pId; ±5'.(;; 300 vdcw: 

C-D Type DC-15 
RESISTOR, Variable: compm;i lion; 50K oluns ; ±20%; 

1/ 1 () watt: Centralab 'fwc 1 
ru::SISTOR, Fu(ed : cornposllio\); 471<. ohms; :1:5%; 

"/4 watt: MIL-R-ll :RC07GF473J 
ill::i::HSTOR. F ixed: compOSition; 220J( ohms; :1:5%. 

1/ 4 wa tt: Allen Bradley Type CB 
RESISTOR, Variable : comp osi tion; lOOK ohms ; :1:20%; 

1/ 10 watl: Ce ntralab T ype 1 
RESISTOR, FIxed: composition ; 6.2 m cgohm; ,,5%: 

1/2 watt: Alien Bradley Type EB 

50735-02 
:>0818-01 

150-078 
160-020 
100-999 
160-012 
,\60-9!J8 

034-144 
099-006 

0';2-088 

042-993 

0'H- ~J6S 

034-966 

044-989 

041-411 

O~ l-929 

041-%5 

0-1~-988 

034-144 
099-006 

042-088 

042-098 

0·11-965 

034-966 

044-989 

041-411 

041-930 

044-988 

041-965 

8-21 
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PART DESCRIPTION AMPEX PART NO. 

3.75/7.:5 NAB RECOHD EQUALIZER· Catalog No. ~6120-01 
CAPACITOR. Fi'<:oo; paps I' ; 0.082 mfd ; "-10%; 

100 vdew: vooilllll Type 6 G.3 UW 
PLUG AND SHIELD. 7 pin. Vector Part No. G2.2-8F 
RESISTOR, Fixed: composition; 47K ohm8; " :;'1\ 

1/2 watt: MJL-R-ll:RC20GF473J 
RESISTOR. l'ixed: compoSItion: l20 K ohms; ,,5%; 

l/Z watt: M1L-H-ll :RC30GFl24J 
RESISTOR, FIxed: compos.i.tion: SOOK ohm s; ±1 'Yo; 

liz watl: Electra Type DC; ·1/2 
7.5/15 NAJj REPRODUCE EQUALIZER, Fixed: CaLlog No. 

96111-0Z 
CAPACITOR, Fixed: nnea; 750 pfd: .' 5%: 500 vclew; 

Elmeneo Part No, C BZOC7:>1J 
PLUG AND SHIELD: 9 pLn. Vectol' Part No. 02. I-BF 
rmSISTOR, Fi..~<.:"·: c omposition; Gill( ohms, "1%; 

l / Z watt: El<: ~tra Type DC-l / 2 
RESISTOR, Fixed: composi.l.i.on: 3.3 megolun; ±5%, 

1/2 watt: MlL-R-l! :RC20GF3:;.jJ 
RESISTOR , Fued: compos.i.tion: 6.2 megohm; ±5%; 

1/ 2 waLt: Allen BI-auley Type EB 
7.5 / 15 NAB REPRODUCE EQUA LJZER. Va)' lable : Catalog i\~. 

96111-03 
CAPACITOR. Fix"d : lDica; 750 pfd; ~5%, 300 ydcw: 

c-C Type DC-15 
RF.SISTOR, Fixe<.l: compos.i.lion; 3 .3 megohm; ±:.; ';:I; 

1/2 wall: MIL-R-ll : RC20GF 335J 
RESISTOR, FiJ(scl. composi ti on; 5,2 megohm; ±5%: 

1/ 2 wall: Allen Br~_cUey Type EB 
RESISTOR, Fixed: composition; '.17K oh)1)s; ±5%: 

1/4 watL M1L-R-ll :RC07Gf473J' 
RESISTOR, Variable : compcdllon: 50K ohms ;0.20%; 

1/10 watt: Cenll' :J.iab Type L 

7.5/15 NAB ru::;CORD EQUA LlZER: Catalog No. 9612.1-01 
CAPACITOR, Fixed : papel'; 0.12 mfd; HO%; 100 vdcw; 

Goodall Type 653UW 
PLUG AND SHIELD : 7 pin: Vector Part No. G2. Z-8F 
lU::SISTOR, Fixed : compo5,lion; riSK ohms; ±-5%; 

1/2 w,,:t: M1J..-R-ll :I1.i;ZOCI·'li8.'lJ 
RESISTOR, Fix.ed: compos.i.tion; 30K ohms; ±5% ; 

1/ 2 walt: Allen BracUey Type E B 
RESISTOR, Fixed ' compos ILion; 751< ohms; ±5%; 

1/2 walt. A!lE)" B(acliey Type) BE 
RESISTOR. Fixed; corn pos ili,on; 270K ohms; ±l%: 

1/ 2 wall: Electra Type DC-l /Z 
7.5 NAB / 15 AME REPRODUCE EQUALIZEl1, Fixed : 

Catalog No. 96112- 02 
CAPACITOR, I·'ixed: mi ":1, 750 pfe!, ±5%, 500 vdcw. 

Elmenc o Part No, CM2QC7:JW 
CAPACITOR, Fixed: papozr ; 4700 pfd; ±2%; 200 ,-dcw: 

Goodall Type 6G3 UW 
CAPACITOR, Fixed: paper; tOOO pfd; ",2%; 200 velc\'r: 

Goo::iall Type 663U\V 
PLUC AND SHIELD : 9 pi.n: Vector Pact ::\0. G2.1-8F 
RESISTOR. Fixed: composition; :;.3 megohm: ±5%; 

1/2 watt: MlL-R-ll:RC20GF3:):)J 
HESISTOn. Fixed: coroposi llon; <17K ohms; ±1%; 

1/2 watt: Electra Type DC-l / Z 

035-977 
099-005 

041-020 

041-318 

042-102 

034-144 
099-006 

042-088 

041-4G4 

041-9G5 

03'1-966 

041-4G4 

041-965 

041-411 

041-989 

035-978 
099-005 

041-022 

041- 951 

041-949 

0,1 :;-098 

0.34-144 

035-992 

035-993 
099-006 

041-464 

042-086 

89-0131 
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REF. NO. 

89-0131 
Issue A 

PART DESCRIPTION AMPEX PART NO. 

RESISTOR, F ixed: composition; G8K ohms; ±l%: 
L/2 waH: MlL-H-10509A:RN15X6802F 

nr:SIS'l\)R. Fixed: composition; 12K ohms ; ±l %; 
1/2 watL: Electra TWe DC-l!2 

7.5 NAB/15 AME REPRODUCE EQUALIZE R. Variable ; 
Cak'llog No. 96112-03 
CAPACITOR, Fixed: mica; 750 pfd; ±5%; 300 vdcw: 

C-D Type DC-15 
CAPACITOR, Fixed: pape r; 4700 pfc1; ±2%; 200 vdcw: 

Goodall Type 6G3UW 
CAPACITOR, f'Lxed : paper; 1000 pfd; ±2%; 200 vdcw: 

Goodall Type 663UW 
l\'.·:SISTOR. Fi:.;ed: composUion; 47K ohms; ±1%; 

.lIZ wall: Electra Type DC-1/~ 
RESISTOR, Fi ""d : composition; 12K ohms; 1 %; 

1/2 watt: Electra Type DC-1 /2 
nESlSTOR, Fixed: composllion; 3 .. ' megolun; ';'5%; 

1/2 wat t: MIL-R-1l:UC20GF33JJ 
RESLSTOR, Vari a ble: composition; 50K ohIns; ±20%; 

lI10 watt; Centralab T ype 1 
RSSISTOR, Fixed: composition; 47K ohms, ±5%, 

):/4 watt: MIL-R-1l:RC07GF473J 
7. G 'lA n/15 AME RECORD EQUA LIZEH: Catalog No. 06122- 01 

CAPACITOR , Fil<ed: mi ca; 680 pid; ±2%; 500 v(\cw 
E lmenco Type CM15 

CAPACITOR, F ixed: pape, ; 0.12 mfct; ±10%; 100 vdcw: 
Goodall Type 663 UW 

PLUG AND SHIELD: 7 pln VeCLor Part No. G2 .2-8F 
RESISTOR. Fixed: compOSition; 150>{ ohms; ±5%; 

1/4 watt: A lien Bradley Type C II 
RESISTOR , Fixed: composition; :LOOK ohms; :tl%; 

liz watl: Electra Type DC-1 /2 
RESlSTOH. Fix.ed : composition; 75K ohm s; 0,5%; 

1/4 watt : 1I11en Bradley TWe C B 
RESISTOR . )'",,,,,<1 composition; SOK ohms; ±5%; 

1/4 waLt; Allen Bradley Type C'Tl 
RESISTOR, 'Fixed: compos illon. 3301{ ohm s; ±1%; 

1/2 waLt:Electra Type DC-1/ 2 
7.5/ 15 CCIR REPRODUCE EQUALlZER. Fixed: Catillog No. 

9G1l3-02 
CAPACITOR. Fi l<ed: mica; 750 p[(l; ±5\'\: 500 vdcw: 

[Im enco Part No. CM20C 751J 
PLUe AND SHIE LD: 9 pin: Vector Par t No. G2 . l-8F 
HESISTOR . Fixed: composition; 47K ohms ; ±l%; 

1/2 watt: Electra Type DC-1 /2 
HESLSTOR. Fixed: composition; 120J( ohms; ±l%; 

l /2 watt: MIL-R-I050!JA . RN15RIZOSF 
RESISTO.~, Fixed' compOSItion; 8.2 megohm. ±5o/.,; 

1/2 watt: MI L-R-11 :RC20GF825J 
7.5/15 ccrn REPRODUCE EQUALIZER , Variable: 

Cala[,.:; No . %1.13-03 
CAPACITOR, Fixed: mica; 750 pfd: .',5%; 300 \'Clew: 

C-D Type CD-15 
RE :;fSTC R . Fix.",d: composition; 82K ohm~: . ,~f;!.r ; 

1/4 wall: Allen Bradley Type CB 
RESL'i":OR, Variable: composition; 5DK ohms; =20~,; 

1/lO watt: Cenll'alab Type 1 

042-136 

042-990 

03<J-9GG 

03~-992 

035-a93 

~12-086 

042-~90 

041-4(;4 

044-939 

041-411 

034-125 

035-978 
099-005 

04! -934 

042-092 

041-935 

041-933 

042-100 

1134-1 -14 

099-006 

042-086 

042-117 

041-423 

034-066 

(;~1-927 

044-98~J 
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PART DESCRIPTION AMPEX PART NO. 

RESISTOR, Variable: composition; lOOK ohms; ±20%; 
1/10 waH: Cenlralab Type 1 

ImSISTOR, FJ.xed: composition; 33K obms; ±5%; 
1/4 watt: Allen Bradley Type cn 

RESISTOR, Fixed: composition; B. 2 megohm; =5%; 
1/2 waU: MIL-R-ll;RC 20GFB25J 

7. S/t5 cem RECORD EQUAlJZER: Catalog No. 96123-01 
CAPACrrOR, Fixed: mi(,a.; 50 pfd; ±S%; 500 vdcw: 

Elm(mco Part No. CM20C500J 
PLUG AND SI-lillLD: 7 pin: Vector Part No. G2. 2-SF 
RESISTOR, Fixed: composition; 16K ohms; ±5%; 

l/Z walt: Allen Bradley Type En 
RESISTOR, Fixed: composition; IBOK oh.ms; ±1%; 

1/2 watt: Electra Type DC-I/Z 

044-988 

041-926 

041-423 

034-046 
099-00~ 

041-950 

042-096 

89-0131 
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GENERAL 
1 'he accessori I'S descnbed on the followin g 

pages R.re designed lo add to the versa tility of 
the ba~ic unit or to aid in keeping the unit in 
the best possible opClating condition , 
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REMOTE CONTROL UNIT 

The operation of the tape transport mechan
ism can be remotely controlled by a Remote 
Control Unit. The Catalog No. 01-96510-01 unit 
is supplied in a metal case, completely wired 
(includes a 30 foot interconnecting cable) and 
ready to plug into the remote control connector, 
]116S, on the transport. The Catalog No. 01-
96520-01 unit is mounted on a flat plate for 
installation in studio consoles. The unit is com
pletely wired but does not include the inter
connp-cting cable. 

i lsI ... t" J P J G1 e' 
~,~, 'j 

'J 

0)01 

Remote Control Unit 
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PLUG-IN MICROPHONE PREAMPLIFIER 

General 

Two plug-in microphone preamplifiers are 
offered for use with the PR-IO recorder/re
producer. Both preamplifiers are for use with 

Plug-in Microphone Preamplifiers 

low impedance microphones. One preamp1ifier 
(Catalog No. 01-96440-01 ) provides 40 db of gain 
while the other (Catalog No. 01-96440-04) pro-
vides 60 db of gain . (See "Equipment Applica
tions" in the Description Section.) 

40-db Preamplifier 

With the 40-db microphone preamplifier 
plugged in the system, low impedance micro
phones with relatively high output levels from 
-50 dbm (2.4 mill ivolts) minimum to -25 
dbm (43 millivolts) maximum can be accom
modated to provide normal record levels . This 
preamplifier is designed specifically for extreme
ly close pickups with high level microphones. 

The preamplifier is a conventional single
stage voltage amplifier with a transformer in
put. The only unusual porti.on of tbe circuit is 
the partially by-passed cathode which improves 
the overload characteristics of the amplifier . 

60-db Preamplifier 

With the 50-db microphones preamplifier 
plugged in the system , low Impedance micro
phones with relatively low output levels from 
-70 dbm (0.23 millivolt) minimum to . -35 
dbm (] 3.7 millivolts) maximum can be accom· 
modated to provide normal record levds. This 
preamplifier is designed as the general purpose 
preamplifier for most of the normal micro
phones used and for most of t.he standard pick-

Issue A 

ups. It will overload when used for extremely 
close pickups with high level microphones. 

The preamplifier is a conventional two-stage 
voltage amplifier with a transfoDner input. The 
only unusual portion of the circuit is the use of 
negative feedback from the plate of the second 
stage to the cathode of the first stage and the 
use of the positive feedback from the cathode 
of the second stage to the cathode of the first 
stage. In additlon to improving the overload 
characteristics of the amplifier , the negative 
feedback is part of a bleeder network that pro
tects the tubes from accessive voltage surges 
when power is first applied to the preamplifier. 
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HEAD DEMAGNETIZER AND HEAD CLEANER 
The AMPEX head demagnetizer , Model 

No. 820, quickly demagnetizes the record, re
produce and erase heads to achieve reduced 
noise and distortion. The demagnetizer neutraJ
izes the residual magnetizing induced in the 
heads by transients from speech, music and 
noise thus preventing partial high frequency 
erasure of the tape. The demagnetizer consists 
of an a-c magnet with pole pieces shaped to 
fit the contour of the heads. Operation of the 
demagnetizer is described in the HEAD AS
SEMBL Y section. 

The AMPEX head cleaner, Model No. 
823, is specially formulated for use with 
AMPEX heads . Do not use any other solvent on 
the head assembly as some will damage the 
material whieh binds the head laminations to
gether. The head cleaner should not be used 
on plastic parts such as the head cover. Clean
ing of the heads is described in the HEAD AS
SEMBL Y section. 

Qo,a 

Head Demagnetizer 

TEST TAPES 

The AMPEX test tape mentioned in the 
"Checkout and Adjustment" section is specifi
cally designed for use with machines operating 
at 71f2 inches per second using NAB equaliza
tion. Under certain circumstances, particularly 
for "Master Recording", it may be desirable to 
calibrate lhe machine with the test tape de
signed for the specific speed and equalization 

Issue A 

concerned. The following table lists the various 
1f<l-inch test tapes. 

Equalization 
15 ips NAB 
71f2 ips NAB 
3% ips 120 p'sec 
3% ips 200 p'sec 

Catalog No. 
01-31311-01 

~ 01-31321-01 
" 01-31331-01 

01-31334-01 

The 15 ips test tapes contain the foLLowing 
information in the sequence indicated. 

1. A 700 cps tone at operating level for re
duce gain calibration and reference. 

2. A 15,000 cps tone at operating level for 
reproduce head alignment. 

3. A series of tones (12kc, lOkc, 7.5kc, 
5kc, lkc, 500c, 250c, 100c, SOc, and 30c) 
at operating level for reproduce fre
quency response measurements . 

The 7]12 ips test tapes contain the following 
mformatioI) in the sequence indicated. 

1. A 700 cps tone at 10 db below operating 
level for reference. 

2. A 15,000 cps tone at 10 db below operat
ing level for reproduce head alignment. 

3. A series of tones (12kc, 10kc 7.5kc, 5kc, 
2.5kc, Ike, 250c, lOOc, and 50c) at 10 
db below operating level for reproduce 
frequency response measurements. 

4. A 700 cps tone at operating level for re
produce gain calibration. 

The 3% ips lest tapes contain the follOWing 
information in the sequence indicated. 

1. A 500 cps tone at 10 db below operating 
level for reference. 

2. A 7,500 cps tone at 10 db below operat
ing level for reproduce head alignment. 

3. A series of tones (5kc, 2.5kc, 1 kc, 500c, 
250c, lOOc and 50c) at 10 db below op
erating level for reproduce frequency re
sponse measurements. 

4. A 500 cps tone at operating level for re
produce gain calibration. 
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Ampex Test Tapes 

In addition to the alignment tapes, Ampex 
also produces level set tapes and Hutter test 
tapes. The flutter test tapes are used for check
ing equipment flutter in accordance with Ameri
can Standards Association standard number 
Z57.1-1954 . These tapes consist of a 3000 cycle 
tone (with 0 .03% or Jess flutter ) which is re
produced on the machine being checked and 
the flutter of the machine is measured using a 
standard flutter bridge . ( The flutter introduced 
by the tape is negligibk. ) Flutter test tapes are 
listed in the following table. 

Speed Catalog No. 
3% ips flutter test ... '. . ... . .. . 01-31336-01 
7l!2 ips flu tter lest ......... . .. . . 01-31326-01 
15 ips flutter test ........ . , . . . , . 01-31316-01 

The level set tapes are used to properly sel 
the reproduce level of a tape machine when 
calibr ating the record portions of the machine 
or when the machine is to be used in conjunc
tion with other equipment that requires a spe
cific input. These tapes are recorded at "nonna!" 
operating level and are listed in the following 
table . 

Speed Catalog No, 
3% ips 500 cps level set ..... , , . 01-31335-01 
71/ 2 ips 700 cps level set ... .. . . .. 01-31325-01 
15 ips 700 cps level set. , .. , . , , , . 01-31315-01 

The test tapes arc valuable tools for ensur
ing proper operation of the equipment, but only 
if the tapes aTe cared fOT pToperly , Like any pre
recorded tape, the test tapes are sensitive to 
magnetic fields, which if sufficient in intensity, 
will erase or partially reduce the carefully ad
justed magnetic orientation of the tape coating, 
those rendering the tape useless. 

The.: area in which the test tape is to be used 
or stored should be surveyed for equipment 
which might set up fields of a nature which 
might affect the accuracy of the tape. 

The high f requency signals of the tape can 
also be partially erased by a record , reproduce 
or erase head , or a tape guide which is strongly 
magnetized. Moreover, accurate reproduction 
of the signals on the test tape is not possible 
when used with a magnetized head . To pre
clude any possibility of this type of damage, 
the heads and all metallic objects in the tape 
path should be demagnetized before using the 
test tape, 

The tape should be stored away from hot 
radiators, am plifier chassis, or electric la mps 
which might cause the tape to deform. \Vhere
ever possible, the tape should be stored on edge, 
In hot weather, a tape laid flat will tend to 
"settle" to the lower side of the reel causing an 
edge "wrinkle," which is conducive to flutter . 



MIXER ASSEMBLY 
The MX-35 mixer assembly (Catalog No. 01-

96910-01) is a compact four posilion, two chan
nel mixer with unique switching facilities found 
only in expensive custom designed studio con
soles. Special coupling connectors are provided 
to give additional facilities where up to four 
MX-35's can be coupled together with overall 
master gain controlled by the last unit in the 
system. Each mixer position has a reset indica
tor which permits return to a previous level 
and is supplied with a key switch which feeds 
channels "A" or "B" or BOTH. In the latter 
position) this permits feeding the solo mike 
(as in the case of stereo recording) equally to 
both left and right channels while other mikes 
are feeding either the left or right channels. 
Above mixer positions No.3 and ~o. 4 are two 
additional keys to select mike or line input from 
appropriate receptacles located on the back of 
the unit. All switching regardless or comhina
tion main tains proper balance and isolation 
between channels . 

The MX-35 operates from four low imped
ance microphone inputs and two unbalanced 
line inputs: (balanced input when using No. 
58-0116-01 pI ug-in transformer)! feeding two in
dependent program amplifiers controlled by a 
two gang master gain control. Advanced de
sign amplifier circuitry permits vc:ry high input 
and output levels wilhout distortion. Power 
supply is self-contained and aU heaters are fed 
by a dc supply. Conservatively rated compo
nents maintain quality and long operating life 
without need for service or repair. 

Although designed primarily to feed AMPEX 

Professional recorders, this unit can be used 
with other audio recorders and sound equip-

Rack layout (shown with Ampex 354 tape re
corder) 

ment such as speech input systems, public ad
dress or sound systems where unique control 
facililies of the MX-35 make it a flexible audio 
tool. 

The operaling instructions for the MX-35 
Mixer Assembly are contained in Ampex in
struction manual TM-2010. 
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Input 

input Impedance 

Outputs 

Gain 

Frequency Response 

Noise 

Distortion 

Crosstalk RejecUon 

Controls 

Connectors 

Power Input 

Tubes 

Dimensions 

Finish 

Accessories 

Specifications 

Four microphone level inputs and two Line bigh level inputs incorpo
rating high level mixing. 

Microphone; 200 ohm non-terminating; lioe : 100 k ohms bridging. 
(With optional plug-in balance line transformer 20,000 ohms.) 

Two, 1 volt normal; 30 volts maximum unbalanced to feed hridging 
input of recorder. 

With internal and external control settings at maximum, - 67 dbm 
on any mic channC'l or· 27 dbm on any line channel will produce 1 volt 
output. I volt input to the PR-IO electronics corresponds to ° vu. 

± 1 db 40 to 15,000 cycles 

65 db below signal for inputs of - 55 dbm. This represents a noise 
equivalent to an input signal of -120 dbm. 

At 500 cycles, less than 0.3% with - 43 dbm mie input level, 1 v output 
level; less than 1 % with - 29 dum mic mput level, 25v outpullevel. 

65 db at 500 cycles, 50 db at 10 kc. 

Four Allen-Bradley pOLS (calibrated step type available on special or
der); master gain (two gang) po t; key switches for selection of mic 
or line on two input positions; key sWitches for channel A, both or · 
Channel n on each mixer position ; AC line switch; mixer coupling 
switch (located on the back of the chassis) . 

Rugged "XL" type on all inputs and outputs except mixer coupling 
strip. 

105-125 volts, 50-60 cycles, 30 walts, 

Six EF86's and one 12AV7 

5-7/ 32" H, 1 9" L) 5-3 /l. 6" D (for 5 %" rack space or porta blc case). 

Brushed stainless steel wHh grey knobs. 

Plug-in balanced bridging line input transformer ( Cat. No. 58-0116-01), 
and plug-in balanced matching line input transformer (Cat. No. 
58-0116-02) . 



CARRYING CASES AND CONSOLES 

Tape Transport Cm'Tying Case 
The portable tape transport carrying case, 

Catalog No. 03-0154-01> is specially designed 
to house the 354 tape transport. A special door 
on the side of the case is provided for all neces
sary interconnections between the tape trans
port and the electronic assembly and allows the 
tape transport to be operated in either a horizon
tal or vertical position. Special ducting in the 
case is designed to provide adequate ventilation . 
Air circulation within the case is such that the 

Canying Cases 

equipment actually runs cooler in the case than 
in free air. 

Electronic Assembly Carrying Case 
The portable electronic assembly carrying 

case, Catalog No. 15-0211-00, is specially de
signed to house the 354 electronic assembly. All 
necessary interconnections are provided for by 
removing Lhe rear panel from the case. 

Console 

Console Assembly 
The console assembly,Catalog No . 

15·02J.1·00, is designed to house the 354 tape 
transport and electronic assembly as a complete 
and easy -to -opera te unit. Facilities for easy 
maintenance of the equipment are provided. 
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