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THE RECORDING MACTTNE

Todls 10 vory ginilor in layvout ond consbtruction to the
H.T.5. r~coruﬂ“, but the miin motor is cynehronous and the
trke-up cnd rowind spools are drivoen by induction motors. ‘The
lattor nre vory satisfactory in opuratlon, and the addition
of a switeh giving two Jorvnrd and two rovorse spoods
focilitates cditing, The maln moter, however, is rathor
doeficient in torgus and i% rill net syachromisc if thoe pressurc
on the muther 1dlor whoel is too great or if the toemporsture
or the linc voltanc is low. When the machine is first.
storted Trom cold 1% usunlly £alls to synehronizo until
aftor several minutes running nnd during thic timo the fapo
speed Tluectuates widoly

e i} B

A rougch timdng indicentor is goar driveon from an idler
wheel which suides the tope on to the btoke-up gpool. The
cdge of this idleor is 1llumirnndcd by o ncon lomp comncehod
ceross the mnins input, and is pailnicd to form o stroboscopc
givirg o o8 stionaey '“tturn at 300 r.p.m., cerreaponding to

apce spocd of 77 cm./scc. Tho purposs of thoe stroboscopo
is net eloar, for tho tnpe spocd ennnot Lo ndjusted, cxeocopt
by changing the driving slesve on the main motor, snd fallure
the motor to synchronise is indicated eclearly cnoush by
¢ charcetorisetic noizc from tho motor.

Ag on the HT.3. mackine thore is o safs tv eateh in the
form of a horigorinl plunger which rmust bo moved before the
"Roeord” push button enrn bo doprosscd. This iﬂ to prevent
tho "Roecord" button boing roved inadvertently, for this would
cnerglac the wriping hond and so deatroy any recording that
might be on thoe tnpe. On the K.7 the gafoty eoteh is plnesd
in = reecesns in tho top plate so thnt the operater's action
in releasing it munt bo vory doeliburnte. Tone brrles fitied
to the motors nre similar to thosc on the ILT.3. mochine but
the operanting solonoids sre rounte d virticnlly =20 ns to
facilitate brolko odjustmont.

Mocong cre nrovic.d for plocing o cus mork on o toape and
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for using bhis marl fo cuntbrol bhe stording of another machlno a0 that
roproduction froa two or nore ecdozceutive tapos may bo linked together
wlthout the ehaonge from the ond of one to the beginning of the other
heing totac able, © Ag the rocording on one spool nears completion
a Mmuzreled kob is rotofod nad this pleces a piloce. of sticky metal foil
on the setive surfrec of the tepo. At tho same $ime it oporatos a
switeh vhich, by meenag of a roloy unit, starts reeerding or a second
moeline,  Whon roproduction of the first spool nears completion the
motal foil prnsscs the roproducing licad and thon short eircuits a palr ;
of ccntacts, so cpurnting the rolay unit and starting the socond
nachinc, If $his wechine ins boon oot vo, stotdeonary, but with the
coinndng of the recordiig oa the sccond npoql elone to the roproducing
hcad, thoen provided that the $ape reaches full specd guickly aftor
awitehing ion, reproduetion from the two machincs will be synchronised
ond one oy be switehod into eilrenit and the othcr cut at any
convenicnt fime until the spool on the £irst machinc is finished.
As only onc meehing was nvuailable it wms not pogsible to test the i
offcetivoncss of the arra npcmont in dporation. )

The powsr consunption of the wmcording jmchlﬂ when running is
220 vols-runps.  The wiring dicgran is showm in Fig.l.

YOAD ASSEVELY

Tha reeordings, rveproducing and wiping hends and the easing in
which they ore azsenbled are all sinilar to those used on the
Magnetophon HLT.8, but in the EK.7 only the roproducing hoad is.
mnetierlly « seroenod.  Algo the alipnment of the recording and-
roprodueins hoads can bo adjustod whilec the mechine is running by moans
of serows wiiieh projscet throush the top of thoe easing and rotate the
teporad woelhors on whiel {hw Linds are elampsd. This-is an important
iwprovemont, for on tho H.T.3, cquipnent, adjustment of the head

alisumont waa botll tedioug and uncertain, unlcss a travelling
micrescops was availablc, For actisfactory oporation of a single
machine it is sulricient if the alignmont of the reproducing and
recording heads correspond, but if 1% is roguired that the reeordings
from several mochianes shall be intoerchengaable it is, of eoursc,
nceessery 1o cnsure that the aligwont of all thoe reccording hoads is
idertical, .

The K.7 recordor is also provided with a rotraetable guide which
mny be usud to 1ift the tave out of conbacet with $ho heads when

rowinfivg, and by this ricans woar o1 ths honda can be reduccd, . ?

UEG APLITTER U0

o The esplificer undt do dividedl lato $wo parts, Boelow is thao
monitor or microphoro eoplifice vith its solf-contiined mains unit, and
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‘with a "top-tip" ciréuit (rosonant QE aprroximately 10 ke/s)
is

i
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above it is an sssembly OHEaLkL:g {i} tho reuordin; amplif
together with the bias and wiping oscillators (168 ke/s and
42 ke/s respectively), (2) the reproducing amplifier and (3) a
mains unlt, Zech of these thres vrits hed a pluz connector and
the threc are mounted tO“GtﬂuL in & lteol chassis which, lire

the monitor amplifior, =lides into o stcol Pramoworic carrying tho
sockets and lntcr—connoctlnm wirlrf

U #

THE RECORDIHGJAMPLIFzgg

4s shown in Fig.2 tho recording amplificr has throo s

conncetod budwoon the first two.  Tue Troguoney cnura“tu
obtained with three scttings of the “top-tip™ consrol arc shown
in Fig.Z and tho harmonic contont of ths curront through tho
rocording hosd ot various lovels ie shown in Fig. 4. Ths input
impodance 1o sonsibly constart ot 200 ohms. zod ot full gain an
input of 6 db. above 0.775 volts is roguircd to give tho maximmm
reeording currcnt of 5 mA,

The two oseillators that cupply the bies an ¢ wiping
currcnts have tuned anodc eircuits with zerconed eoils and thoir
froquoncics arc locked in the. ratio of 4: 1 {1638 ke/s and 42/s).
By this means tho production of zudible heterodync notes, which

1d the
co

& -.

. woro troublesome on the H,T.S. cquipment, lLas boen avoidod., No

mcans arc provided for adjusting the wipine current and the 110 ma
obtaincd on thiz oguipment appoarcd to bo rdther insdoguato since,
aftor wiping, traces of a previous recording could still be heard

amongst the background noissc. The bias eurrent wos also not

“ad juspable but the valuc of 10 mA (hnt wae obtainod ecppoarcd to

be satisfactory. Tho auwdic ecurrent was sct to the valuc
irdicated by the marking on the meber, l.c. b0 o moximum currcont
of 5 mA.

An uwnurusl areangoement of tho brld—o”tlodb cireuit of tho
output valve of the recording ”mpllflcr should Lo note
Wien the machin. is‘not- rccordlng the H.T, supply i3 Mwitchcu
from the anodc‘uo the eothods eircuit whore it produccs o
bias of-mbout £0 volts. This arrangoment is apparontly adonted
so that, syritehing to the "Rocordh condition, tho compnratively
slow dlsCJp“wo of the 1,04F condonscrs C,58 “ud C.57 {Fig.2) will
snsura o graduesl rise of anodc eurrent anrd provent surges which
might magnotise tlec reeording hced. Mo switching is provides
betwoon tho meltflur ond the roeording hend, whercrs on the H,TLS.
cquipmont o switeh in this position wns crranged to closc afser
tho H.T. supply lnd becn conrcetad to the recording amplificr.



THE REFRODUCING AMPLIFIER

This awmplifier, the circuit diagram of which is shown in Fig.5,
has two stuges, followed by a low pass filter for removing supersonic
Frequencies.  The amplifier ineludes a frequency weighting network,
but the 6 db. per octave slope of the frequency characteristic that
is required o compensate for congstant current recording is cobtained
by malking the input inpodance low compared with that of the
reproducing hoad. As tho responsce dopends greatly on the impedances
of the repreducing head the freoquency characteristics shown in Fig.6
woere taken using the Gorman test proccdurc, that is to say by injecting

in scéries with the reproducing hoad a voltage proportional to frequency. -

The variable "top-tip" control, which consists of a serics tuned
cireuit comnccted betwien anodc end ground; opetrates by varying the
foedbaclk on $the first stan: and its effeet is shown in Fig.6. 1% was
Tound that, owing to Millor offeet, the gain control also varies tho.
Irogquency characteristics to somc extent, and this also is shown in
Tip. 0O,

Before the equipmont'arrived here the input transformer, which
ves inadeqnatoly serconcd, had beon replaced by an cquivalent "BBC type
in o mmetal box, and 1t was found that this had reduced hum by 14 db.
It sias »bscrved 3lso that althoush the valves are’ elastically mounted
mieropnony was troublosomr unless some vibration isolation was
iﬂturpased_7otwcun tho amplifisr and the recording machine.

The output impodnnce of the amplificr is approximately 200 ohms.
an& the output level ot 1 ke, for linc-up is 10 db. below O. 775 volts.

THE h.Al" UNET

Thig unit delivers o smootmgdHeT. supply of 240 V. 66 mA for
the rccoluin; and reprodueing arplificrs and an A.C. supply of 5.3 Va2 A,
for the velve heators. - As shown.in Fig. 5 it is of fairly
convontlonal design but the usc of a 25 WF reserveir condenser with a
valve reetificr is unusual. Tt smoothing, however, is rather
inadoquato for the hum lovel a2t the ocutput of the rocording amplifier
wns reduecd miore thnn 10 db. whaen the rceording and reproducing
anplificrs were fod from & 3BC moins unit.

TE‘TTCRQPVOYE OR HONITOR  AMPLIFTIR

This is a two steze amplifior with a self-conbained mains unit
arnd it can be used either to food the rocording amplifier from a
microphono or to feed n loudspenker for comprehensive checking. The
output impedance is 15 ohime. and the maxinun gain 80 db. As shown on
the circuid dingram of Fig. 7 o peak prog rqmme moter is ineluded but its

L 2




time conot: rre sonmowhat difforont From those of +ha BBU peak
ProZramnia . . Soparate twe position switchos are p¢01iuo Tfor
inserting a buss tip when tho amplificr is uscd for monitoring

and for inscrting o bass cut whon it is used as = microphonc
amplificr, Thc cffoct ¢f thosc controls on tho froquoney _
charactorietic 1g shown iz Figs. 8 and 9 which nlse indicatcs  how
-the frequency rosponses vary with tho position of the soin control,

-!IJ
tor ho
.5

.OVERALL PERFORMANCE

Moasurcrent of the signal to noisc ratin showed that tho
noise voltnpe in the output was approzimatoly 43 ¢éb, below maxizun
signal lovel (35 ab. bolow line-up).  This relatively hich lovel
of noisc volir» is not prltquly dus to tho tapc 1tuolf but
to hum producud in wvarious purts of the cguipmeont, It was found
that inserting a 100 ¢/s hizh pass filter reduced the backsround

‘noisc by 10 cb. and it wogs only whon the cut~off frogquency wes
raiscd to above 800 o/s thnt the baclkeround noise was preatly
roduced, This is porhaps not surprising whon it is remembersd
thot the noise lowvel 1s brought to its present valuc only by
adjustmoent of a hum bucking c¢oil which reducos the noise voltogze

by 15 db. This coil is comieetod in sorics with the reproducing
hond but is nounted remotely from it and clese to the main

motore When listening fo the roproduction of msic, the background
noise 1s gorornlly less disturbing than the high value of the noise
voltage would suggest, for the buckzround is low pitched and

fairly steady so that while it is obvious enocugh when comparing

a recording with the incoming programme, it is eacily forgotten or -
accepted as part -of the original signal. I% 1s usualiy more .
noticeable when reprodueing speech. In all cases the anncyance
value of the baclkground noise is very dependent on ths listsdning
level for there are low froquency rumbles, the loudness of which
~incrcases rapidly as the listoning leowvsl is raiscd.

Fig. 10 shows the total harmonic distortion whon tonoes of
20C ¢/s and 2500 c/g tonc wore rccorded at various levels and as a
more comprchensive cheek on quality listening tosts wore carricd out
on a varivty of types of programmc materisl., As the freguency
characteristics of both thc reeording and reprodueing smplifiors
aro variablc at the higher frequoncics, {(Figs., 2 and 6) tosts werc
made at approximntoly the extremes at whieh a s*n51bly Tlat
ovoerall rogponse could bo obtaincd.  The resulting recording
characteristics (variation of rocording hond currcnt with
frequoncy) are shovm in Fig. 1la and the corrcsponding ovorall
rosponacs in Fig.1lb. It was not possibly to obtain o complotely
Tlat response ot the higher froquoncics with the oxisting controls
though this would clearly bo pOS”lblu with more suitable woeighting
networka,



Listening tosts carricd out with beobh rosording claracteristics
showmn in Fig, 102 showed ro striking difforonss 4n the resulis
obtaincd, though on the whole the chavacteristic shown in curve 1
(maxirum "top-tip") was preforrod. . This might bo merely because the
overall response was o Littlo better: - It is noleworthy thot no
significant difforsnce in backpround noiso was observed boiween onc
rocording ehrracteristic and the other, and $his confirms that high
frequency nolsc from the tapo is a nceligiblo part of the total
background noisc, Tho rocording lovel wng not eritical since the
inercase of distertion with lovel wyns very gradual.

g
R

Genernlly spocking the quality of roproduction was found to be
very good though 1t was observed, whon rocording high quality
programme, that thors was a gensral and characteristic kind of
distortion, which 4id not vary vory much with the signal level, Mo
cbyious "wow" was prosent bub it was cvident on comparison with a
simultancous roproduetion of o 78 r.p.m. disc being cut on the Type D

recorder, that the Mogastophon specd constaney was inforlor and its
Tepreduction was less cloan. Wovoertholeoss, %he quality obtalned from
the Magnotophon was high enough fox thege deficioncics to be noticeable
only whon recording a vory high quality programme.  Listening o music
at modoréto levels the backeround noise was satisfactory but at

highar listening lovels, or when reproducing specch, the backeground
noizs wns noticcable,

CONCLUSIONS

Yho porformancs of the Ko7 cguipmert is sligh€ly better than that
‘of the H.T.8. and while the qunlity is inforior to the best that can
bo obtaincd from dises it is good cnmoush for =11 purposes oxecpt
for fairly criticzl listening o recordings of high quality programmes.
Tho roocons for the supsriovity of the performancs of tho K.7 over
the H,T.S. Magnotophon are not at proscnt known, for measurements of
the amplifisr. distortions o not indicetc any gignificant improevement
in tlils rospoct.

Tt might be possiblc with some modification to reduce the glight
distortion of tho oyuipment, but the extent to which this might be
precticable could be detoermincd only by an investigation of tho
reenstic rocording procoss. It would appear to be comperatively
cesy, howover, to climiretc the morc important defects of o
relatively high hum lovel and barely sdequate specd constaney by
suitable redesign. The cquipment is by no means up to BBC standards
as rorards hum level and microphopy, and, of course, the variation of
arplifior frequoney charactoristic with the setting of the gain
econtrol is & forburc el would nct normelly be tolerated in a BEC
design.
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3ile the porformance is sabisfactory for nearly all purposcs
the cquipment is hardly suitable for oporntional use without some
‘modifiertion. TFor cxamplo, the rocording and roeproducing
charnctoristics and the elipnmont of the recording and reproducing
heods are ol sdjustablo, and, as it would be cssential for
rocordinss mode on difforent machincs fo be intorchanseable, it
would at thc lonst bo neccssary Yo provide moans for standardising
tho adjuwstments and for locking the controls in the appropriata
positions., ~In addition %o replacing or improving the sereening
of the roproducing amplifier input transformer, which has alrcady
boon mcntioncd, i% would zlsc be neccssary to change tre input
transformor of thoe recording amplificr and the cutpuvt transformer
of the roproducing amplificr %0 suit the BBRC lire impodance of
800 chag. e recording amplificr would then requirec a linc-up
lovol inpub of approximatcly + 3 db.. and tho roproducing
amplifisr would delivor a line-up lovel of approximstely - 5 db. to

WL Kke

(H, L. Kirke)

MES




\w&, ” | ON VHIWVD
TE09 'ON 13X20a MuOM
, O /.
o o7/ IERE ~ON Os
| —oer/ oL 7 'SON 3NV
]

[ O LT VA« CT ] DAL 'ON TIOW WS

Y NE S1108 Wld 40 "ON -V.1OL

I LA

: a
—DAr AT VAo S CANGT T~ Dner 73720207

N I e N YR = ZAT/ T ILL

ST Ee7TT T 40 NOILONAOHdIY WTIHOMDIN

NOILJ3S OIHAV¥DOLOHd
301440 AYINOILVLS W'H




T g

THE, MAGNsTUPHON SOUND RECUHDING
AND REPHOUUCLNG SY ST

Reported by:

M.J.L.PULLING
Superintendent Engineer(ﬁecordlng)
British Broadcasting Corporation
London, W.1l.

BIOS Trip No: RAT 43.

BIOS Target Numbers:
See page No.l.

BRITISH INTELLIGENCE OBJECTIVES SUB-COMLTIEE

32 Bryanston Square,W.l.




TABLK UF _CUNILENTS

- SuMMARY

- DESCRIPTION UF SYSTEM

- HI1STurY OF DEVELUPMENT

1
2
3 - APPLICATIONS
4
5

- DESCRIPTION OF EXISTLNG
MUDELS OF MAGNETOPHON

(1)
(2)
(3)
(4)

(5)

(6)
(7)
b
(9)
(10)

(i1)
(12)

EQULPMENT

FT3
Tonschreiber b
Tonschreliber ¢
Tonschreiber d
Tonschreiber £

AlOUU L4U (also
knovm as HE3)

R26

K4 (RHG designation
r24)

H1S (#HG deslgnation
ri22a)

K7

Kassettengerat
Machine for Recording
on a Quarto Sheet

6 - THE TAPK

-~ PATENTS

- REFERENCES

_continued—

Page Nos
1 -3
3 - 7
7 - 8
8 - 9
9 - 29
10 - 11
11 - 43
13 =15
15 - 16
16
16 -~ 17
‘17 ~ 138
18 -~ 19
:LZ - 27
27 -2
26 - 29
29 |
30 - 32
32
~ 34



Sub;oct :

)

i 4
: i

;o
‘ot

TABLE OF CONTERTS (Contimed)

APPEEDD( 1. Notes on the nanuracture of
. - Magnetophon Tape. (i) - (xx).

APPENDIX II. Document “G". The ARG Hagmtophon
Model K7. (Translation) (xxi) 1

APPENDIX III. Document "L®, Description of the
Magnetophon Types Kii, HTS and K7.
_ (Tranalation) (xxix) l1-9,
APPENDIX IV. Docment wp¥%,  The Magnetophon, its
' roperties and fields of use.

, f ranslation) (xxxix) 1 -
AFPENDIX V. . List of Patents. (141) (lvi:l).
APPENDIX VI. Parts 1ist ror Magnetop

(1v111) - (1:11)
Figures. Photographs Nos: 3, 4, 5, 6, 7, 8,
10, 11, 14 and 17.

Diagrams: 1, 2, 9, 12, 13, 15, 16,
18 and 19.

Persommel of Tean
¥.J.L.Pulling iBritiah Broadcasting Corporation)

E,M.Payns Electric & Musical Industries Ltd.)
H.E,Parker. Ministry of Supply)

Leew FD 1181{0/,97
o




-1 -
1 SUMMARY

Tnis report describes a system for the recording and
reproduction of sound, making use of the well-known magnetic
princliple, whieh has feen developed in Germany both before
and during the war. '

During the war an improvement in performance has
Peen achieved and the quality of reproduction of speech.
and music now obtainable by means of this system is of a
high order and, it is claimed, consistently better than
that achieved with other systems.

There are two principai noveltles, firstly the use
of supersonic frequency A.C, for bilassing (premagnetising)
as well as for wiping {erasing) and secondly the use as
recording medium of a tape whose magnetlsable layer consists
of a dispersion of iron-oxide particles in a plastic
materlial. It should be noted that the use of A.C. for
biassing was being developed at about the same time in the
U.S.A., notably by the Armour Research Foundation of the
Il1inols Institute of Technology, Chicago, though the
recording medium in this case was a thin steel wire.

These two new features in combination have resulted
in improvements in fregquency response, harmonic distortion
and in the relative strengths of programme and background-
noise (signal/noise ratio).

The firms principally concerned in the development
Weret—

Allgemeine Elektricitéﬁs Gesellscnaft (AEG)
for the machlne C7/214, C9/714.

. 1.G.Farbenindustrie (1.G.Farben)
for the tape c7/511, €9/1121.

Magnetophon G.m.b.H, 39 Kari strasse,Berlin,
which was formed as a subsidiary by AEG
‘and I.G.Farben, and in which each had a
50% interest, for the exploltation of
the systen. c7/5612, C9/475.

important contributions to the development were
made also by the Relchs Rundfunk Gesellschaft (BHG) -
the German Broadcasting organisation - apd in particular
by its chief engineer, vr.H.J.von Braunmihl and by Dr.

Walther Weber (deceased).
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A conslderable number of different types of
Magnetophon equipment has been manufactured for wvarious
more or less specialised purposes and others are either
‘Just coming to frultion or in contemplation. Some use
A.C. for wiping and blassing, whilst others use the older
method employing D.C. These different types are described
in Sectlion 5. , :

In December 1945 the pesition regarding manufacture
in Germany (excluding the: Russian zone which, of course,
was not Investigated) was that no manufacture of any model
was In progress. In the factory of AEG, 35 Drontheimer

'strasse, Berlin (French Sector) assembly of about 3u

machines type K7 was in progress. Most of the parts for
these were avallable but 1t was stated that further pro-
duction would be impossible until fresh tools, etc. had
been made. Steps have been taken by the Binistry of
Supply towards obtaining a number of these, to be made
avallable to interesied parties when received in U.XK.

+ No attempt has been made to assess what stocks there

may be of any types of HMasgnetophon recorders amongst

captured enemy equipment. It is known that a number of
the high quality machines {(mostly type HIS) are in use
by Nordwestdeutscher Hunkfunk (North West German Radio)
and by Radio Frankfurt and 1t 1s almost certain that some

- of these are in the hands of the broadcasting authorities

of ex-enemy-occupied and heutral countries. 1t is also
known that a number of the lower gquality macnines (A 10UV
L 40 and probably Tonschrelber b) are in use by British
Army Signals for monitoring purposes. The Royal Navy
have slso taken conslderable interest in the Magnetophon
and it is probable that they have a number in use. Small
quantities of wvarious types have reached U.K. and are -
mostly in tne hands of the Services and other Govern-
mental organlsations.

The development of the tape has passed through
three clearly defined stages: the earliest type pro-
duced, type C, used black magnetite (Fe5u4) whilst the

later type L used red magnetite (Fe€§3). Both thess
é most

types were homogeneous. Type LG, recent, conslsts
of a fcarrier” layer of non-magnetlic materlal, basically

polyvinylchloride, which is coated with a thin layer of

red magnetite dispersion similar to that used in the
type L. : :
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In December 1945 tape was beilng manufactured only
at Wald Michelbacnh in the U.S. Zone, where the output was
of the order of 3,000 reels per montn, type LG. There
has been talk, however, of setting up a plant for producing
this tape at the I.G.Farben factory at Trolsdorf in the
British Zone. '

‘Enquiries were made about patents, from which it _
appears that & considerable number have been granted, from
1930 onwards, and a number of appllcatlons are still out-
standing. Section 7 contains information on the numbers
of the patents and applications and other details. Quite
apart from any question of rights in these patents, some
are of interest in themselves for the technical information
which thev reveal. ‘

_ Consideration was given to the desirability of-
recommending the evacuation of plant in connection witn

these instruments. It was concluded that there was little

point in this as the machines appear to be of straight-
forward design and the manufacture of similar machines
should be within the capabilitids of an organisation
accustomed to high-precision mechanical construction..

Tne amplifiers and equalisers employ normal known technlque
and are in no way speclalised. Mechanical drawings of
the Magnetophon type K7 mey become available 1n B.1.V.S.
Library and,as mentioned earlier, samples of this equipment
may be obtained by the Ministry of Supply.

The manufacture of the tape is rather more specilal-

13ed. A detalled description of the method of fabrication

and materials used 1s given in this report (Section 6
and Appendix A) but 1t may well be that a closer
investigation on the spot will be necessary.

_ It appears to us that 1f the Magnetophon system
is to be exploited to any extent in V.K,., 1t will be highly
desirable to adopt common standards for the magnetic and
physical characteristics of the tape, and also for such
matters as tape speed, design of tape spool centre boss

and method of attaching this to the machine.

2 DESCRIPTION OF SYSTEM

As has been mentioned in Section 1, some types of
Magnetophon employ the D.C. method for wiping and blass-
ing whereas others use A.C. The D.C. m.ethodi in which
the recording medlium 1is magnetised to saturation by the

et o



4.

D.C. in the wiping head and 1s subsequently brougnt to

a "working point"™ on the llnear portion of the B/H curve

by the D.C. in tne recording head, is well-known and it

1s not proposed to describe it further here. A detalled
discussion is to be found in the Journal of the institution
of Electrical kngineers, Vol.B2 No.495 dated march 1938
in a paper by A.kE,Barrett and C.J.F.Tweed entitled "Some
Aspects of Magnetic Recording and its Application to
Broadcasting".

- The use of A.C., for wiping and blassing is a newer
development, references to which are to be found in
items (4), (5) and (7) of Section 8. A brief description
of this method as used in the magnetophon follows, and
relates in particular to type HTS which 1s a high-qualilty
model for recording and reproduction.

The head assembly is shown in fig.lp from which it
will be seen that the wlping, recording and reproducing
heads are mounted side by side. The tape passes the
wiping, recording and reproducing heads, in that order,
at a speed of 77 cm/sec. The heads are all approximately
similar in that they are annular in shape and are mads
of laminated permeable metal. Bach comprises two
symnetrical parts, each part carrylng half the turns.
Each has a gap in the part of the surface' in contact with
the tape, the gaps beihg V.5, U.U45 and V.02 mm. for the
wiping, recording and reproducing heads respectively.

Wiping current at 35 to 40 kc/s is fed to the

wiping head and biassing current at 80 to lUu kcys is fed

to the recording head. The audio frequency currents
fed to the recording head are superimposed upon, and do
not modulate, the blassing current.

Conslder now a particle of the tape as 1t passes
the wiping head. = Across the gap of the wiping head 1is
set up a magnetic field with a maximum in the middle
of the gap and falling rapldly away on both sides. A
magnetic particle passing across will undergo, owing to
the altéernating nature of the field, a continually rever-
sing magnetisation, first in a steadily increasing fleld _
and, after the middle of the gap, in a steadily decreasing
one (see lower part of fig.l). By. a sultable cholce
of the frequency of the wiping current in relation to
the speed of the tape and to the width of the gap it
i1s possible to ensure that at some point of its Journey
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. across the gap the pérticle 1s magnetised to saturation;

thus ensuring that the effect of any previous magnetlisation
is obliterated. 1In the upper part of fig.l the process

1s traced out (for the sake of clarity, only the decreasing
field 1s shown). As the particle enters the field, ever
increasing hysteresis curves are described until, at the
middle of the gap, saturation conditions are reached.

After thls the particle follows continuously decreasing
hysteresis curves to the origin. The recording medium
thus leaves the wipling head in a completely demagnetised,
i.e. non-magnetlc, state.

The particle now approaches the recording head.
Suppose first of all that no audio frequency current 1s
flowing in the recording head. The effect of the biassing
current will be very simlilar to that of the wiping current

" in the wiping head and the tape will consequently leave

the recording head in a completely demagnetised state.
Such a non-magnetic medium should not induce background
noise in the reproducing head.

" 1f now there is superimposed on the bilassing current
a sinusoidal audio-frequency current of the same amplitude,
the field experienced by the particle during its passage
past the recording head gap will take the form shown in
the lower portion of fig.2 {(H.¥.field + A.F.field).
During the comparatively short time that the particle
takes to pass the gap, the audio-freguency fleld is
assumed to be constant and for the purpose of fig.2 1is

- taken at 1its peak value. Owing to the asymmetrical

nature of the curve about the X-axis, the particle now
does not leave the field in a demagnetised state, but with
a certain remanent magnetisation. iln the upper portion
of fig.2 are traced out the corresponding hysteresis
curves from the time the particle enters the field of the
recording head in a demagnetised state (point P) until
tne time when it leaves the field (point Q). The
remanent magnetisation, of which the length PQ 1s a
measure, 1s closely proportional to the instantaneous
value of the audio-frequency current in the recording _
head over a wide range of amplitudes and 1t is upon this
fact that the success of the A.C. blassing system largely
depends. ' ' '

The initial megnetisation of a ferro-magnetic
material takes place according to the primary B-H curve.
This curve is characterised by its non-linearity near
the origin and, after a comparatively short linear

portion, its deflecticn into the saturation curve.
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Tnis curve as it stands, cannot be used for recording
purposes owing to 1ts marked non-linearity. The use

" of an alternating current for biassing can be considered

as having the effect of linearising the primary curve

to such an extent that it is possible to record from

the origin with small harmonle distortion. A most
important factor is the magnitude of the blassing current.
The optimum value is that corresponding to a point at the

top of the linear portion of the primary B-H curve.

Tne assumptlion of constancy of the audio-frequency
field during the time taken for a particle to pass through
it, though Justified in the case of low audio-fregquencies,
is no longer entirely true when the freguenecy is high,
say in the neighbourhood of lu,uuvu ¢/s. At such fre-

quencies there may be a noticeable change in phase and

therefore in amplitude during the time the particle is
passing through the field. This results in a reduction
of the degree of remanent magnetlsation produced by
frequencies of this order as compared with low audio-
frequencies of the same amplituds. To compensate -for this
it is usual to insert corrector clrcuits in the recording
amplifier in order to pre-emphasise progressively the
higher audio-frequencies before they reach the recording
head. '

Considér now the effect of the tape on the repro-
ducing head. 1f no audio-frequency has been present in

‘the recording head, the tape will, as stated above, be

completely demagnetised and thus will induce no e.m.f's

in the reproducing head coils. Any recorded audio
frequency will, however, set up corresponding e.n.fts in
the coils. Tne only qualification of this statement
relates agaln to the higher audilo-frequencies, the recorded
wavelength of which becomes comparable with the gap width.
At 10,000 ¢/s, for example, the gap width is approxi-
mately a quarter of the recorded wavelength. -Ihis
results in the induced e.m.f. being less than it would
be for the same modulatlon amplitude at a much lower
frequency, say luu c/s. - The progressive attenuation -

of the higher audio-fregquencies due to this factor 1s
compensated for by correction circuilts in the reproducing
gmplifier and there resultis & substantially flat overall
frequency characteristic between the input of the
recording amplifier and the output of the reproducing
amplifier up to approximately 14,000 ¢/S.
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The chief merit claimed for the A.C.wiping and
blassing method is the considerable reduction in back—
ground nolse, by virtue of which 1t 1s. possible, whilst
restricting the peakt amplitude of the recording signal
to a value for which the harmonic content 1s less than
4%, to improve the signaiénoise ratlo to a point at which
the noise 1s unobjectionable 'even in the quieter musical
passages. 1t 1s claimed for the HTS model, using type L
tape, that the ratio of peak signal to background noise,
when measured with the interposition of an aursi
sensitivity network, is 55 db.

Dr.von Braunmihl has stated that the full adventuges

- of the A.C.wiping and biassing method in reducing back-

ground noise cannot be realised with a metaliic recording
medium. According to him it is necessary that the
medium should consist of discrete particles such as are
used 1n the composition of the Magnetophon tape. 1t

is further claimed that there is merit in reducing the
thlckness of the magnetisable layer, as has been déne in
the type LG tape. '

3 APPLICAT LUNS

The uses to which the system has been put in
Germany and elsewhere are as follows:-

- (1)  office dictating and transcribing machine
(type FT3 and Tonschreiber f)

{2) (Wehrmacht) recording of high-speed telegraph
signals: reproducing these at a slower speed
‘with faeilities for restoration of original
pitch (Tonschrelber b)

(5) Honitoring telephone conversations (Tonschreiber
b and A 10UV L 4V) '

{(4) (Wehrmacht & HKG)} recording and reproduction
of speech - reportage etc. - in clrcumstances
where some sacrifice of quality is permissible
in the interests of extreme portability of the
apperatus, ease of operation znd abllity to
operate without mains supply (Tonsehreiber c
and H.Z6)



(5)

(6)

(7)

(8)
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(German Navy) recording and reproduction of
speech from Intercommunication telephone :
system on board ship, etc. (Tonschrelber A 1U0U
L 40, also known as RE3) ' ,

(Wenhrmacht & RRG) recording and reproduction

of speech - reportage ete. - in circumstances -
where mains supply 1s not avaliable but portability
e.g. In a Volkswagen or Jeep is required, to-
gether with quallity sulteble for broadcasting
(Tonschrelber d)

(RRG) recording and reproduction of speech
and music for broadcasting (type K4) ~ '

(HEG) recording gnd reproductlion of speech and
music for broadcasting, when the hilghest
standards of qualilty have to be met ‘(types
HTS and K7) ,

Tne following uses and applications are:either in
process of development or have been considered:-~

(9)
(10)
(11)

(12)

in f11lm studio tecnnique far a varlety of
purposes e.g. rehearszl, sound injection and
in the limit for ail recording up to the stage
when soursd and picture have to be married.

for stereophonic recording and reproduction,
by recording two side-by-side tracks on the
same tape

for sale to the public, either as part of a
radlo recelver or separately, using cassettie
loading

for recording on a sheet, instcad of on a tape,
so that the recording can be sent by letter
post.

4 HISTORY OF DEVELOP&QEE

The Magnetophon in its original form was developed
and marketed by AEG of Berlin several years before the
war, primarily as a dlictating machine end was proviced

with the

facilities necessary for that purpose. The tape

was developed and produced by I.G.Farbenindustrie at
Ludwigshafen, the development work dating back to 1928



The basic advantages of the method were appreciated.
by the RhG who themselves undertook some development work
with the object of adapting the method to-the requirements
of broadcasting. This resulted in the prodnction in
1938/39 of type K4. ' '

, During the war a number of different types were
developed by AEG for the armed forces, principal of which
were Tonschrelber b, ¢ and d and type A 1000 L 40.

At the same time, the RuG were working on the use of
A.C. instead of D.C. for wiping and biassing. The o
successor tc the type K4, known as type HIS, embodied the
A.C. system and was first produced about 1942.

The HTS equipment appears to have been made in
considerable gquantitles and was widely used in the latter
part of the war in the broadcasting centres 1n Germany
and in a number of such centres in oecupied sotintries.

At the very end of the war a uew type of tape (1G)
was beginning to replace the earller type (L) and a new
model in the K4 - HTS series was about to be manufactured.
This was designated K7 and contained a number of detail
improvements, both in performance and ease of operation.

" The combination of the LG tape. and K7 recorder/reproducer
represents the farthest advance in the Magnetophon
development to date. 3

STING S

Tne information which it has been possible. to
obtain both from sources inslide Germany and from '
investigations made in Great Britain varies considerably
between one type and another. In this section some
information is given. about each of the Yfollowing types:-

(1) Fi3

(2) Tonschreiber b
(%) Tonscqreiber ¢
(4) Tonschreliber d
(5) Tonschreiber £

' (6) A 1000 L 4U (also known as RE3)



"'lU'- . '

(7) R26
(8) k4
(9) BIS
(10) K7

" (11) Kasettengerit
(12) Machine for recording on a quarto sheet.

The above list does not claim to be comprenensive;
there may well be ‘other types in existence about which
no information has so far been obtained-

Type HIS has been singled out for more detsiled
treatment tnhan the rest, as being a high quality model
about whiich a considerable amount is known. '

(1) XI3

rurpose: For office use, as a dictating machine:
recording the proceedings of meetings, conferences,
trials, etc.: recording telephone conversations.

NB: Nu MUDEL UF THE FT3 HAS BEsN iNSPeCIED: LHE
FULLUWLING DETAILS A T2KsN FRUM AN AEG BRUCHURE
ENPITLxD "BESCHREIBUNG FUK AEG-MAGNETUPHON-GERAT
MUDELL FT3", A CurY UF WHICH 1S AVAILABLE LN
B.I.0.S. LIBRARY. - |

Description: The equipment consists of the follow-
ing parts:- a cabinet containing the machine, a
single amplifier used eiltner for recording or repro-
duction and a loudspeaker: a control unit for the
office desk: & microphone: & control unit for the
typist's desk: a palr of headphones. rower
requirements are 220 v., 5V c¢/s, 250 watts.

The machine comprises two motor-i-Zven turntables,
tape-driving motor, head assembly contalning wiping,
- recording and reproducing heads, idler rollers, and
the followlng controls:- main on/off switch, switch
for connecting either to the desk control unit or
to the typlst!s control unit, device for indicating
how much of the tape has been used and buttons for
nouick forward run® and ®Qulck rewind® and "Stop".
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Thne office desk control unlt has buttons for '"kngagedw,
"Record", =Reproduce®, ®"Rewlnd® and »Stop? with
appropriate indicator lamps, switches. for "Microphoney/
telephone" and. "Loudspeaker/neadphones®, a modulation
meter and volume control. connections are provided
for microphone, headphones or loudspeaker.

The typist'!s desk control unlt has buttons for ®sReproduce®
and *Rewind/stop". A control at the right-hand

sice changes over from loudspeaker to headphone
reproduction. Une on the left~-hand side controls the
duration of rewind when, for example, it is desired

to repeat a few words.

Facilitles are provided whereby several offices,

each with microphone, control unit and loudspeaker
and/or headphones can be connected to the same machine.
As soon as the *rngaged" button in any office 1s
operated, the Ykngaged"™ lamps 1in all offices are 1lit.

Performance: No information available.

(2) ZIonschreiber b

rurpose: For Wenrmacht use in the field: to enable
nigh~speed telegraph signals to be recorded from the
output of a receiver, and subsequently reproduced at
a slower speed: facllities for restoration of pitch
of the reproduced signal.

Description: Tne equipment is designed to operate
from A.C.y 230 V., 50 ¢/s. It is made up in three
transportable units eacn approximately 1lo¥% x 134" x LlU¥.
une unit contains the machine, the second the .
amplifiers and power supplies and the tnird contains
tools, spares and spools of tape. All three units
are in heavy-duty military-pattern cases and the

first two are designed to be clLamped together, the
machine unit on top of the amplifier unit (see fig.3).

fhe Machine unit contains the following elements
(see fig.4):~ motors and drive mechanism for the 2
spools; motors for driving the tape; switcn which
sets the madhine in operation for either recording,
reproducing or rewinding (7); tape speed meter (4);
head assembly containing wiping, recording and
reproducing heads; pitch-restoring head(LLl).
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Tne Amgplifier Unit contains recording amplifier,
reproducing -amplifier, mains unit and a nine-frequency
oscillator. - '

The followlng three points are worthy of mention:-
(a) Wiping and biassing is by B.C., not.A.C.
(b) Kine tape speeds are available namely:-

9,15,18,26,36,52,72,104 and 120 cm/sec.

The nine-frequency oscillator is controlled by
two knobs on the front panel, one a cogrse (20)
and the other a fine control (21). The output
of the oscillator is amplified and used to

drive a synchronous motor which, in turn, drives
the tape, the tape being pressed against the
motor spindle during operation by a rubber -
idler (2). The main effort required to drive the
tape is howaver provided by a separate motor,
coupled to the shaft of the synchronous motor
via a rubber idler: thus the principal function
of the synchronous motor is to hold the speed

of the tape constant at ome of theé nine speeds
mentioned above. -

(c) The piteh-restoring head is an lhgenious
device, the use of whiéh 1s optional. Its
purpose 1s to enablie a recording whiceh has
been made at a high speed to be reproduced at
a8 low speed but none the less to be .reproduced
‘at its original pitch so as to avoid 1oss of
intelligibility -which might result from the
reduction in piteh corresponding to the '
reduction in speed. This pitch restoring
head takes the form of an idler roller. .When
it 1s desired to use this the tape 1s looped
over it and makes contact with it over about
& quarter of the total circumference. In this
"ldler" are formed four reproducing heads, the
gaps of which appear on the surface of the -
idler at 90° intervais around 1ts circumferenca.
Thus only one of these heads is in contact
with the tape at any one time. This assembly
is rotated by a separate motor behind the
panel, the latter being operated by a control
on the front of the panel (12). The ‘speed
of rotation of the head assembly is entirely
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independent of tne tape speed. A gradual
clockwise movement of the control first of all .
disconnects the normal reproducing head from

the reproducing amplifier and substitutes in

i1ts place the commutated output from the piltch-
restoring head whereby at any instant the
reproducing amplifier receives the output from
that one of the four heads which is in contact
with the tape. Further movement of the control
gradually speeds up the motor and causes the
four reproducing heads to "scan® the tape at

a gradually increasing speed. As the speed

of the scanning increases so does the apparent
plteh. It 1s interesting to note that the
reproduced modulation consists of an integration
of short-period "scans®™ by each of the four
heads in turn and that this scanning takes

place backwards, i.e. the relative motion of
heads and tape ls opposite to that which normally
occurs during reproduction.

The speed of rewinding is such as to enable the tape
to be rewound at considerably less than the time taken
for forward running even at 120 cm/sec.

Performance: At all speeds the response in the lower
register falls off sharply below 25V ¢/s. This 1is no
~doubt intentional, as bass-cut circuits are found in
both recording and reproducing amplifiers. A tape
speed of 1lu4 cm/sec. gives a level response between
250 and 7,000 ¢/s but high frequency response falls
off badly at all speeds below 72 cm/sec.

(3) ZLonschreiber ¢

Purpose: For recording telegraph signals or speech
under eonditions in which lightness of weight and
compactness are the prime considerations: ~for use
where malns supply is unlikely to be available: for
purposes in which the recording and reproducing
instruments can be separate.

Description: There are two separate units, one a
recorder ‘and the other a reproducer. tach of these
consistes of two separate parts, normally clipped to-
gether, as follows:-

Recorder ) hegroducer );
Compartment for reels of tape) Battery compartment)
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The intention is that the recorder shall be used
1in the field", tapes recorded thereon being taken
back to base to be replayed on the reproducer.

Both units are in military type containers, eacn

1747 pigh, 144" wide and 83" deep. Tne recorder’ _
weighs 58 1bs. and tne rerroducer 51 1lbs. so that each
unit is capabie of being carried by one man, either

on the back or, sub-dlvided, by hand.

The recorder 1s adapted to record eitner from a
receiver output or from a microphone which is in-

"~ corporated. Tne tape speed is 18 cm/sec., at which
speed there 1s a serious reduction in response at
the higher audio-frequencies as compared with the
=shandard® tape speed of.77 cm/sec. A smaller tape
than normal is used, having a playing time of about -
12 minutes.

The recorder is driven by a spring motor which can
be wound while the machine is in operation: a

bell rings as soon as the spring is hatf unwound.
This unit has neither wiping nor reproducing heads,
At belng assumed that only tape which has been pre-
viously wiped will be used. D.C. biassing current
in the recording head is provided by a 43 v. dry
battery, thls also providing current for the carbon.
microphone. There is no amplifier, the receiver or
microphone output being fed to the recording head
vie & simple filter network. There is no means of
monitoring the signail beling recorded, elther visually
or aurally.

The reproducer contains both wiping and reproducing

_ heads. A two-position control causes the tape to
run elther forward or backward. In the forward
running position, the output of the reproducing head
is fed to an amplifier and thence to headphone sockets.
In the other position, the tape runs back at a much
nigher speed. There is a further control which
interlocks with the main control and when this 1s
operated D.C. is supplied to the wiping head and the
tape is wiped during the rewinding process. A tape
on being received from the recorder unit must first-
.of all be rewound. After being played through, the
normal procedure would no doubt be to wipe on the
second rewind.
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" The batteries consist of a 12 v. accumuiztor and a

U v. dry battery. The motor is a D.C. commmtator
motor driven by the 12 v. battery. A conventional
3-stage amplifier is used, all three valves being
type RV 12P2000. Lt includes a certain amount of
frequency correction. Llts heater supply is derived
from the accumuiator and its H.T. supply from the dry
battery. The accumulator also supplies current to
the wiping head.

Performance: Speech quality is not good, due no
doubt to- the low tape speed. It seems likely howeve.
that the equlipment is intended principally for the
recording of morse signals.

(4) Tonschreiber d

Purpose: For the use of reporters, War Correspondents.
ete. -for use in conditions where a mains supply is
untikely to be availabje: commonly installed in a
vehicle. .

Description: Tne design is evidently a development

of the Tonsechreiber b. In the case of two models
inspected, this consisted of two unlts mounted together
in a metal frame, the whole having been installed in a
Volkswagen.

The left-nand unit contains machine and reproducing
amplifier whilst the right-hand unlt contains recording
amplifier, microphone mixer, level indicating meter and
cuelng arrangements apparently intended for communication
with a commentator who may be at some distance from the
equipment. o

The general construction of the machine 1s along the
gsame lines as the Tonschreiber b. Battery supplles
for the left-hand unit are derived from a 12 volt
accumulator, H.T. supply for the reproducing amplifier
being provided by a vibrator fed from the accumulator.
Tne consumption 5 3 amps. for the machine and .45 amps.
for the amplifier. The tape speed 1s approximately
77 cm/sec., the speed of the motor belng controlled

by a centrifugal interrupter mounted as a unit on

the end of the motor shaft. A pilot lamp on the front
panel receives a voltage from the interrupter and
flickers when the correct speed is obtained. Both
wiplng and biassing are by D.C., pre-set controls belng

provided for these at the rear of the machine.
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The recording amplifier in the right-hand unit has
inputs suitable for moving coil, crystal or carbon
microphones. The ‘moving coll and crystal inputs
‘@éach have a single pre—amplifier and matching unit,
feeding 1nto separate potentiometers and thence into
a three-stage amplifier, ail the valves of which are
type RV2, 4P700. Headphone and output terminals are
provided. Tne unit 1s operated from a 180 v. dry
H.T. battery and a 2.4 v. alkaline L.T. accumulator.
H.T.consumption is 6 mA, and L.T. 30U mA.

Perforgance: The frequency response was found to be

level +-4.db between 5V and 7,00l ¢/s. There is a
gradual .rise of 4 db between 50 and 1,00v ¢/s, with a
further rise of 4 db to 5,000 ¢/s above which the

response falls away rapidly.
(5) Zongchreiber f

Une model only of this has been very cursorily
inspected. ULt 1s evidently intended as a dictating
machine and in this sense 1s a successor to the FT3.
it uses’A,C. for wiping and biassing.

(6) A0V 44u (also ggoﬁn as RE3)

- Purpege: . Used by the Germany Navy'fdr recording and

reproduction of speech from communication telephone
systems on board shlp, etc. : :

-Description: A singie mechanical assembly consisting
of machine; recording amplifier, reproducing amplifier
and controls is mounted in a wooden framework. :
The main panel is horizontal. The equipment is
designed to operate from A.C. 230 v. 50 ¢/s.. Tne
recording speed is 77 cm/sec. but the’ speed of
reproduction is continuously variable up to a maximun
of lgu em/ sec. Both wiping and blassing currents
-are D.C. ) : : ' ' _

Operation of the machine is controlled by four
press-buttons at the front of the panel, labeiled
respectively PREWIND®, PRECORD®, "REPRODUCE" and
L)L Tnree A.C/D.C. commutator motors are used,
one driving each of the two turntabies and the third
_driving the tape. The latter also drives a fan for
cooling all three motors. - _

CRRR e
N
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-.Iwo automatic trips are provided when recording only.
-The first, to stop the machine when the supply spool
is empty, 1s actuated by an arm pressing on the outside
of the reel: thls arm also operates an indicator
showing what length of tape has been unwound. The
second, which depends on the insulation provided by

the tape between a pulley and a spring arm, stops the
machine in the event of a tape breakage. :

The recording and reproducing amplifiers are in one
unlt which 1s detachabie from the main frame.

Performance: The speed constancy is satisfactory

for speech-but barely good enough for recording and
reproducing music. The overall frequency responsa is
level + 3 db between 50 and 7,000 ¢/s. There is a
rise of 4 db between 50 and 20V ¢/s: thereafter
response 1s level to 1,000 c¢/s with a rise of 2 db to
4,00V ¢/s, above which frequency there is a rapid fail
off,

(7) R26

Purpose: For ®"front line" reporting by broadcasting
and other commentators: for use in conditions where
minimum weight and operation by batterles are essential.

Description: The equipment consists of three units:
the -first -contalins the machine, recording and repro-
ducing amplifiers and oscillators; the second contains

a 12 v. accumulstor and a 90 v. dry battery, micrephone
and spares; the third contains 36 reels of tape.

The two principal units weigh 33 and 50 1bs respectively
and can be clipped together if desired. The whole
equipment 1s designed to be carried by two men.

The machine is driven by a spring motor. The speed
of the tape 1ls approximately 25 cm/sec. and the
standard reel of tape used in this equipment gives a
recording time of 1V - 1% mins. A.C. 1s used for
biassing but no facilitied are provided for automatic-
ally wiping the tape before it reaches the recording :
head. it is assumed that all tape used will have .
been previously wiped with A.C. and a coil suitable
for connection directly .to 230 v. 50 c¢/s., A.C. mains
is provided so that any necessary wiping may be '
carried out on the machine itself nmat base¥.
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Performance: Speed constancy is good.enough for
speech but not for music. Tne frequency response
range is from about 5u to 5,500 c¢/s. .

(8) K4 (RRG desienation k24)

Purposg: For high quallty recording and reproduction

for bproadcasting: for use in conditions where trans-
portable equipment is desirable but mains supply is
avallabie: for use in conjunction with another

gimilar machine for the retdérding and reproduction of con-
tinuous programmes of long duration. :

NB: NO SAMPLx OF THIS MODEL HAS BEEN EXAMINED IN
U.K. Foi THE PURPUSE UF THIS HEXOKT: . THE FULLOWING
INFORMATION 1S .DERIVED FROM WRiTTEN MATIER PARTLY
FRUM AEG AND PARTLY FRUM RRG. .

Description: Tne equipment is mounted as a complete
unit in a earrying case which contains the machine,
recording equaliser, reproducing equaliser-amplifier
and mains unit. The overall dimensions are 183" x
183* x 124% and the weight 1is 123 1bs. Thne equipment
is designed to operate from A.C. 230 v. 50 c¢/s, power
¢onsumption being 30U watts. D.C. wiplng and biassing
are used. :

The machine unit contains three motors. TIwo of these
drive the turntables and are serles commutator motors.
The third, a split—phase motor, drives the tape at

a constant speed of 77 cm/sec. both when recording

and when reproducing. All these motors are fitted
with magnetlcally operated band brakes which ensure
rapid deceleration when the STUP button is pressed.

D.C. both For wiping and biassing is derived from the
mains unit. The value of blassing current is
indicated on a meter mounted on the front panel. An
adjacent potentiometer with screwdriver ad justment
enables the blassing current to be adjusted to the
required value. ' ' :

Uperation is by means of four push-buttons labelled
respectively ®REWIND", "RECORDY, MREPRODUCE" and
ngSTOr®. The rewind speed 1s approximately four
times the normel forward running speed and the tape
can be-made to travel at high speed in the forward
direction by simultaneous operation of the MREWIND"

‘and ®370P* dbuttons.
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When using two machines for a recording of longer
duration than one reel, it is usual to start the
second machine a minute or so before the end of the
tape on the first machine. In this way identical
modulation appears for about one minute at the end of
reel 1 and at the beginning of reel 2 and similarly
for reels two and three and so on. In order to

Join up successive reels when reproducing, a method
commonly employed is to use a palr of headphones in
which the individual earphones are split, each being
fed from one machine. Tne second machine 1s started
up during the minutets overlap so as to be slightly
ahead of the first machine and the two are brought
into step, as Jjudged by earphones, by pressing the
TSYNCHRUNISE" button on machine 2, this button having
the effect of slightly slowing down the tape driving
motor of that machine. As soon as gynchronisation
has been effected, the reproduction circuit is switched
from machine 1 to machine 2, whereupon reel 1 is
stopped, rewound at high speed, and replaced by reel
3 and so on. .

The input impedance of the recording equaliser is
approximately 200 ohms as is also the ocutput impedance

of the reproducing amplifier.

Performance: No Information available.

(9) HIS (BKG designation il22a)

Purpoge: For high quality recording and reproduction
of speech and-music for broadcasting: for use under
conditions in which the equipment is to be permanently
installed: for use in conjunction with another
similar machine for the recording and reproduction of

continuous programmes of long duration.

Deseription: The equipment consists of the following
urits:- :

(a) Machine unit, incorporating -

(b) Head assembly, type HTS (HRG designation R7a)
(¢} Recording amplifier V7b.

(d) Reproducing amplifier V5.

(e) Mains unit N7b.

Fig.5 shows the units assembled in a rough cabinet.
For broadcasting purposes, a cpuplete installation
will normally consist of two such equipments pogether
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with ancllliary apparatus such as microphone amplifiers,
programme meter, monltoring amplifier, loudspeaker,
control panel, meter panel and jackfieid. -

(a) hine Upit: Figs. 6, 7 and 8 are three views
[} he machine unit. Fig.9 is the wiring disgram
(1t should be noted however that the order in
which the terminals are shown in the diagram ‘
does not correspond with the order in which they
are mounted on the apparatus).

Un the upper side of the motor board are the
tape winding plates, tape guides, head assembly
and control buttons. Un the under side are
three motors and the contacts operated by the
control buttons.

The two tape winding plates are driven by separate
A.C. motors for forward running and for rewind-
ing. These motors are series wound, to make

the tension of the tape more or less independent
of the reel dlameter. To prevent the motors
from running away when the reel is empty,
centrifugal brakes are fitted at the lower

end of the spindles. The maximum speed 1is ‘
about 800 r.p.m. The third motor is the main
drive motor. Tnis 1s a powerful governed
-induction motor with a speed of 1460U/1480 r.p.m.
which drives the tape at a uniform speed of

77 cm/sec.

The motor associated with the unwinding plate
exerts a pull in the opposite direction to the
main drive motor, tilms keeping the tape taut;
at the same time, the motor driving the other
plate tends to drive this, at all reel dla-
meters, at such a speed as to malntain in
tension the tape between 1t and the.spindle of
the main drive motor. ' '

Rewinding takes place at about 7 times the
forward running speed; in this case the main
drive motor, although running, takes no part
in the operation as the rubber-faced pregsure
roller (see fig.6) 1s not engaged.-

Rapid forward running can be acnieved by press-
ing the BREWIND" and "S1lup" buttonssimultaneous-
ly. For rapld forward running or rewinding -
the centrifugal brakes of the motor concerned
are rendered inoperative by an interposed
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Magnetophon Sound Hecorder and Reproducer, Type HIS

General view, showing machine, mains unit (N7b),
recording amplifier (V/b) and reproducing amplifier
(¥95) mounted in rough cabinet.
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Magnefophon Sound Recorder and Reproducer, Type HTS

Machine, from rear. This shows the tape passing
from the "REWLND® turntablie (right) past a spring-
controlled guide and round an idler pulley to the
head assembly. The latter can be withdrawn from
the machine plate by removing the two slotted screws
at either end. The tape passes in' successiaon the
wiping, recording and reproduelng heads (the hinged
plate covering the two latter is here seen open).
It then passes. between the spindle (the top of
which can be seen) of the main drive motor and a
rubber-faced pressure roller, past another spring-
controlied guide to the ®WiINDW turntable. Top
left can be seen the mains swicch and two fuses,
also a button which slows down the tape during
reproductlon: this is used with a 2-machine
Instaliation to bring the two machines into step
during the overlap period of two successive reels
of a multi-reel programme. Top right can be

seen two of the four operating buttons. From
right to left; these are the "REWLND™ .(shown
operated), ®RECOHKD® and (nidden from view)
"REPRUDUCE® and¥STOPY,

=il e T
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FIGURE 7 .

Magnetophon Sound Recorder and Heproducer, ‘Type HIS

Machine unit: rear view from below. The turntable
driving motors (¥WLND® left and ¥REWLND®™ rignt)

are seen and between them the solenoids operating
the band brakes. Below the left-hand of thnese 1s

a third similar solenoid which operates the rubber-
faced pressure roller, pressing it against the
spindle of the main drive motor when either "RECURD®
or ®REPRUDUCE"™ button is pressed. Towards the
bottom on the right can be seen the leaf contacts
which are operated by the push-button controls.

The layout of the cooling system is also clearly
seen.




FIGURE 8

Magnetophon Sound Recorder and Heproducer, Type HTS

Machine unit: front view from below. Above the
base plate is the head assembly (R7a is the HRG
type No.) On the left, above the terminai block,
is the control mechanism operated by buttons ahuva
the base plate (the left-hand button, "REWLND®#,

is shown operated). The main drive motor is
clearly seen, a screening plate having been removed
For this purpﬂse. At the base of the motor is

a fan which provides a stream of cooling air for
all three motors. To the right of this and

slightly above 1s the solenoid which operates &
band brake on the main drive motor.
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free-wheel. If this free-wheel were not fitted, a
smatl reei, at the rapld rate, would be endangered
ag soon as the diameter of the unwinding reel became
less than the diameter of the winding reel; 1if the
centrifugal brakes came into play at this point

(as they would but for the free-wheel) the tape
would snap.

In order to bring the tape to rest quickly when the
"STUPR button is pressed, the motors are fitted
with band brakes. Wnilst the apparatus is in
motion the bands are held away from the brake drums
by relays. When the ®STUP" button ls pressed, the
magnets are disconnected and the brakes bring the
motors to rest rapidly.

To the lower end of the maln drive motor spindle is
attached a blower for cooling this and the other two
motors; the air current is led through tubes which
are clearly visible in fig.7. Fresh air is drawn
in via an acoustically damped chamber from a hole

at the bottom of the cabinet. The warm ailr 1s
biown out through a slit in the back of the cabinet.

The machine operates from 220 v. 5U t/s, the
maximun power consumption being 25u VA, A 4-amp
fuse ig included in each conductor, these belng
situated on the night-hand side of the motor-board.
The complete assembly 1s eartned via an earth
terminal at the back of the cablnet.

Dimensions:
Wlth w1nding plates in position. 244" x 153"
* removed: 174" x 123"
Overail heignt Iln
Weight: 66 1bs.
{b} Head on H7a):

'nis -1s shown ig.lu. The heads -from left
to right (the order in which they are passed
by the tape), are:-

Wiping Head
Recording Head
Reproducing Head

These three heads are housed in an oblong
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FIGURE 10

netophon $o Recorder and HKeprodu e HI

Head assembly, inverted and with cover plate,
screening recording and reproducing heads during
operation, removed.- The heads are respectlvely
(L. to r.) wiping, redéording and reproducing. Two
tape guldes can be seen, one to the left of the
wiping head and the other between recording and
reproducing heads. Klectrical connections to the
heads are made. by .means of the pins seen behind the
recording and reproducing heads.



FIGURE 11

Magnetophon Sound Recorder and Reproducer, Type HTS

Recording amplifier, type V/b. This uses 3 valves
type ELll. In addition to providing the necessary
amplification and frequency response correction of
the programmes to be recorded this unit generates
alternating current at 35 to 4u kc/s for the wiping
head and aitso current at 80 to 100 ke/s for the
recording head. A 3-position key and a meter seen
on the right enable wiping, blassing or programme
current to be read. Un the left of the vaives are
controls adapted for screwdriver adjustment, for
frequency response (above) and gain (below).
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casting to which high permeability covering pliates

-are fitted to provide electro-megnetic screening.

The whole head assembly is easily interchangeable,
being withdrawn from the machine plate by removing
the slotted screws at either end (see also fig.6)

The heads, which sre annular in shape, are made of

laminated permeable metal. Each ring comprises

two symmetrical parts, each part carrying haif the
turns. The wipipg head has a gap of about V.5 mm
with a copper spacer. ‘The recopding head gap is
0.045 mm. + 10% and the reproducing head gap

0.02 mm. +-10%. Tne recording head is fitted with
an additioenal gap of 0.3 mm at the rear to reduce
residual magnetism caused by strong surges.

‘The current in the wiping head is about 150 mA at
'35 - 40 kec/s3 it sheuld not fall below 120 mA.

The recording head carries a bilassing current of
1v mA peak at 8 - 100 kec/s: peak audio frequency
current at 1 kc/s is 5 mA. .

C a atas— ]
(1) Wiping Bead
2 x 75 turns -
- Inductance: 2.V + 0.2 mH. when new

1.5'mH approx. " worn

(11) Becording Head

2 x 150 turnms
Inductance: 7.0+ 1.0 mH, when new
‘ 5.0 mH approx. " worn

(111) Beproducipg Head

2 x 250 turns :
"Inductance: 80 + % mH. when new
55 mH approx. ® worn

Weight: 2.2 1lbs.

(c) Record ifier V7b: A general wview of

. this i3 -shown-in flg,ll and thé circuit dlagram
in fig.12. It contains also & frequency
.correction network and oscillator velves for
producing the wiping and biassing currenj:s.

;
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The amplifier and correction network are shown
in the upper part of circuit diagram. . The andio-
frequency input having a peak value of 1.5 v.

is applied to the terminals of the input trans-
former from a low ilmpedance source. After

belng stepped up by the 1:1U transformer, the
voltage is applied to the grid of an EL11l welve
vie a voltage divider. The fixed portion of this
(5) 1s by-passed by a corrector circult designed
to give a variable tip-up to the higher audio-

- frequencies, depending on the adjustment of the

variable resistor (2). The potentiometer(6) is
used as a galn control. Thne EL11 is pentbde-
connected, using its comparatively high internal
resistance to produce a constant cnrrent independ-
ent of frequency (neglecting the correction |
circuit) in the recording head, which is effectively
inductive. un the output side 1s a rejector
gircuit (12,13%) to keep out H.F., The peak audio-
frequeney current at 1,000 c/s is about 8 mA.

Tne input impedance of the amplifier 1s 1,500
ohmg at low and middlie aundio-frequencles, falli-
ing at high frequencies to 36U ohms with the
corrector at its maximum, or to 65V ohms with
the corrector at its minimm. Variation of
input impedance with frequency under botn these
conditions 1s shown in the lower dlagram of
fig.17%. :

The lowest input voltage which will produce a
current of 8 mA in the recording head is V.5 v:

‘for higher values of input voltage the correct

ocutput current ls obtained by adjusting the
potentiometer (6). At the higher audio-
frequencies the output current can be varied
by adjustment of the corrector. Tne frequency
response curves for the extreme settings of

the corrector control are shown in the upper

diagram of fig.l3.

When the PRECURD® button is pressed, contacts
12 and 13 close and connect the recording head
to the amplifier. . These contacts must close
after H.T. has been switched on via contacts
23 and 24: this is acnleved by sultable
adjustment of the contacts, and prevents the

ng on of the H.T.

"precording head-beinglmagnetised by surges
ci _
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Wiping current is generated by an EL1l valve with
regenerative feedback. The fregquency of this
current, which should be at least 120 mA, 1is
between 35 and 40 kc/s. Coupling to the wiping
head is effected by a 4:1 step-down transformer.
The coupling condenser (18) 1s tuned with the
inductance of the wiping head to the frequency of
the wiping current. The wiping head 1s permanent-
ly connected. _ '

Biassing current.1s generated ¥y a third Elll
valve. Tne arrangement is shown in the bottom
right-hand corner of the circuit diagram. The
frequency of fthis current is between & and 10U
kc/s and can be varied by means of the condenser,
{356): ths current can be varied between 5 and
15 mA by adjusting the screen volts. The blass-
ing current is superimposed on the audio-frequency
current via the coupling condenser (34).

- The values of audio-frequency, wiping and
blassing currents can be read on the meter (39)
by setting the selector switch (42) to the
appropriate positions. '

Power 1is derived from the mainsg unit N7b. The
heaters are permanently connected under standby
conditions but, ‘as already explained, H.T. is
only applied to the valves when the ¥RECORD®
button 1s pressed. To avold voltage fluctuation
of the mains unit under no-load conditions, a
dummy resistive load is connected across contacts
23 and 22. H.T. consumption is 10U mA at 285 v:
heager consumption is approximately 2.7 amps.

at 6.3 v. o '

Ripple voltage 1s approximately 1U mV measured
across resistor 14.

Digensiops:
193" x 43" x 63%

Welght:
- 11 Lbss
(d) Reproducing Amplifier V5: A general view of

this ‘is shown in fig.i4 and a circuilt diagram
in fig.15.  its function is to amplify the
output from the reproducing head and also to
introduce frequency correction.
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The voltage from the reproducing head 1s stepped .

up in the ratio of 62.5:1 and applied to the grid
of the first valve, type EFl2. Tne secondary of
the transformer is loaded with'a .5 megohm
resistor, this tending to level .out ‘the frequency
characteristic which would otherwise rise with
frequency. Further correction is provided
between the first and second stages by & voitage
divider comprising resistor (20) and condenser
(21} in-series with the resistor (22). To boost
the highest and lowest frequencles, there are

two resonant circuits in series with one another,
shunting the anode circuit of the first valve.
Tne high frequency boost can be controlled by

the .5 megomm resistor (10). This adjustment
appears as the left-hand control on the fromt
panel (fig.1i4). '

The second stage consists of an EFl2, triode
connected. . In the anode circult of this valve
is a filter witn a cut-off fregquency of approxi-
mately 15,000 c¢/s.’, whose function is to
suppress any stray beat frequencies which may
be produced by the H.F. oseillators in the
recording amplifier.

Tne output is matchéd into 20U chms. Galn is
controllable over a range of 7 db by means of
the resistor (%2): this appears as the rignt-
hand control on the front panel (fig 14).

Power is derived from the mains unit N7b. Toe
valves are heated with D.C. and as the D.C. °
source has a high internal resistance, removal
of one valve will increase the heater voltiage
on the other to 1V v., khereby endangering it.

Tne input impedance of the amplifier is
approximately 1V ohms Independent of fregueney.
The output impedance however depends on setting
of the gain control (32) and varles between
200 and 700 ohms.

As has aslready been pointed out, gain is
dependent on frequency. Wanen making a measure-—
ment of the overall gain of the amplifier,

e special input circuit must be used as shown
in fig.l6. This consists of a V.l mfd.
condenser in series with a resistor of 2 ohms.
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; FIGURE 14

Magnetophon Sound Hecorder and Heproducer, Type HIS

Reproducing amplifier, type V5. Tnis uses two
valves type EF12, It amplifles the programme
picked up by the reproducing head and applies the
requlisite frequency response correction. un the
ieft and right of the panel respectively can be
seen the screwdriver-adjustment controls for
frequency response and gain.



X H
F N 0
IR
:W Ml
< 3iw
MJMMV
Nas
S o
vg Shy W
S Lm/m
U s AW
T itww
n\\ *\ !. K.!.m
vog A §294 s &4
©@ | @ 5@ S
7 Pl .mﬂ lm
_H4d & ..ra.
/e © m
© M S
44 S
Y
I
~
] X
lll.-mu.



91 "DI4

]

oo oK 00X wx oo oK o
i A
1 > -
b1 209 %w — P
% —& M— O ——
Joonsy "= 1710

 GA SAIDSIoQDIIPIN SIP Ay ZUINbELY

§Z~

7B

0i -



FIGURE 17

Magnetophon Sound Recorder and Reproducer, Type HTS

gains unit, type N7b. This uses a single rectifying
valve type EZLZ2. The unit supplies H.T. and L.To
current for both recording and reproducling amplifiers.
On the panel can be seen the two mains fuses, mains

switeh and neon indicator lamp.
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The voltage deveioped across this resistor

is applied in series with a reproducing head ‘to
the input of the amplifier. Tne output should
be Loaded with a 200 ohms resistive load and
the gain control set at maximum. Under these
conditions the overall gain at 1,000 c¢/s should
lie between 15.5 and 21 db.

Tne freguency response is measured in a similar
way, by applying to the inpul terminais of the
auxiilary eclrcuit a sinusoidal voltage of constant
e.m.f. at all frequencies. Fig.lt shows the
frequency response which should be obtained at
each of three settings of the frequency correctio
control. :

fiippie voltage shouid not exceed V.35 mV and
nolse voltage should not exceed 0.15 mV measured
across the output.

Dimensions:
194" x 41" x 63"
VWeight:

(e)Mains upit N7Db: A general view is shown in
fig.17 and -citrcult diagram in fig..8.
Tne mains unit operates from A.C. 220 v. Su c/s

and supplles power to both recording amplifier
V7b and reproducing amplifier V5.

A rectifier valve type EZ12 is used and there
are three civcuits, one for H.T., one for the
heaters of the recording amplifier valves and
a third for the heaters of the reproducing
amplifier valves.

H.T. for the recording amplifier 1s taken off
at the point b, the maximum drain being 12v mA
at 285 v. Under recording comditions points

b and ¢ are connected via contacts 235 and 24:
under all other conditions b is connected to

a, thus by-passing the H.T. through the dummy
load (1L3.) This connection is made via contacts
22 and 2% when the ®RECUKRD" button 1s released.
Part of the H.T. is passed through further
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filters to the reproducing amplifier, the drain
in this case being 6 mA at 220 v. A D.C. supply
of U,4 amps at 6.3 v. for the heaters of the
EF1251s produced by a selenium bridge rectifier.
An A.C. supply of 2.7 amps. at 6.5 v. for the
heaters of the valves of amplifier V7b is provided
direct from a secondary winding of the mains
transformer.

The input to the transformer primary is 75 VA
at 220 v. :

Di onps:
19?-: ’43":: 11w
Wﬁigg;:

'ﬁ' ibs.

%g;{g;ménggz Frequency response 1s level within + 3 db
rom 50 to-3,00U0 ¢/s. Wnen the level of a sinusoidal
&nput at L,000 ¢/s is adjusted so that the total
harmonic content 1is not greater than 4%, the ratio of
peak signal/background noise, measured via an aural
sensitivity network, should be at least 55 db.

(10) §7

Purpose: High quality recording and reproduction of
speech and music for broadcasting: for use under
conditions in which the equipment is to be permanently
installed: for use in conjunction with another similar
machine for the re¢ording and reproduction of con-
tinuous programmes of long duration.

NB: THIS TYPE IS A DEVELOPMENYT OF THe HYS AND NO MUDEL
HAS SO FAR BeEN INSPECTED.  THi FOLLUWING DET:11LS ARE
DERIVED FRUM LNFORMATIUN SUPPLIxD BY AEG:—

Description: The equipment is in the main similar to
type HIS -though a number of detail changes and improve-
ments have been made. The principal of these are

as follows:-— _

{a) Eddy-current motors are used instead of
series commutator ‘motors, for driving the
two turntables.-

{b) A control is provided on the motor-board which
enables the speed of the tape to be continuously
varied from full-speed forward to full-speed
reverse. 1his enables a particular spot in
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the modulation to be tocated quickly and
should thus facilitate editing.

{(c) A tape indicator is provided in the form
of a clock and 1s driven from the right-
hand guide roller. The scale indicates
elapsed minutes and seconds.

(d) There is a proposal to provide a fully
automatic method of synchronous changeover
between successive reels on reproduction.
1t 1s not known whether this has yet been
develaoped to a satisfactory state.

(e) Screening of the heads has been improved.

‘(f) A means 1s provided for disengaging the
tape from the head assembly during rewinding,
thereby reducing wear on the heads.

(g) The bilassing frequency 1s approximatuly
20U kc¢/s as compared with 80 - 1uu kes/s on
the HTIS.

The circuit diagram is shown in fig.l19. A larger
scale verslon of this together with a list of
component values is avallabie in B.i.U0.S.Library.

-‘Performence: The frequency response is said to be

tevel + 2 db between 5V and 10,00V ¢/s. At the same
time 1t 1s stated that when a sinusoidal input at

1,000 ¢/s 1s adjusted 1n level to give a total harmonice
content of not more than 3%, the ratic of peak

signal/background noise, measured via an aural
sensitivity network, is at least 6U db.

(1) Kassettengerst:

e: For reproduction only, not recording: for .

" domestte use employing a continuous loop of tape

anclosed in a cassette.

Description: A model was demonstrated at the Eigl
factory of AEG. This was 1n an early experimental
form and design work was belng contlnued.

The overail slze was approximateiy 9" x 9% x 7«.

The tape was contained in a flat metal cassette

9" x 5% x 4% thick with a rectangular window of about
2% x 1" in the centre. This contained a spool of
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some 5UU metres of tape in an endless band, a free

loop of the tape being brought out from
of the spool, carried across the window

the centre.
and around

pulleys to the outside of the spool. The turns of
tape were freely wound so that they would siide easily

over each other. A 1light driving force
the tape exposed in the window drew the

of tape around at a fairiy steady speed.
of tape was driven by a rotating metat c

applied to
whole length
The loop
vlinder 3.6 mm.

in diameter, on the -spindle of a small 1,500 r.p.m.
synchronous motor pressing the tape against a hard
rubber roller, the tape running at 28 cm/sec.

The body of the apparatus housed an amplifier, mains
unit and small loudspeaker. From the centre of the

top panel there stood up by a fraction o
Magnetophon annuiar reproducing head.
was located on pegs on this top panel so

f an inch 8 -
Tne cassette
that the

user could easily slip the tape loop into its correct

place over the reproducing head. Lasse

‘be readily interchanged. The tape speed of 28- cm/sec..

involved considerable attenuation of the

ttes could

upper fre-

quencies and it is probable that there was a cut-off

at about 4,00u ¢/s. There appeared to

be mechanical

aifficulties caused by friction of the turns of tape
siiding over each other. “nis produced varlatlons
of tape speed with consequent varlations in the piteh

of the reproduced sounds.

{12) Mec for Hecor ' o _Sheet:

%g:pose: To enable recordings to be made in a form
T whieh they can be sent by letter-post and

conveniently filed.

Description: No modeL of this instrument was .seen

and -1t -appears doubtful whether 1t has even got beyond
the drawing-board stage. The idea, apparently, 1s
to use as recording medium a sheet of the material
from which the Magnetophon tapes are cut. The
method of recording 1s to move the recording head to
and fro across the sheet whilst the latier is drawn

siowly past the head in. a direction at right-angles
to the direction of motion of the head 1ltself. For

reproduction the sheet would be #scanned
reproducing head moving in an exactly si
the recording head.

n b‘ya
milar manner to

k!
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6 THE TAPE

Appendix I gives details of the composition of the
three types of tape C, L and 1G. This 1s derived from a
paper written in German by Dr.Pfiaumer (or ¢fleumer) of
LG Farben and translated into English by Dr.von Braunmihl.
No attempt has bheen made to edit this translation.

_ So far as could be ascertained, the only type of
tape now being manufactured in Germany 1s the latest type,
LG. A brief description of the method of manufacture is
. as follows:-

At the factory of IG Farben at wvudwigshafen, poly-
vinyl chloride, whitened with Titanium White, is rolled
into sheets 60 cm. wide, 400 metres long and about

«U5 mm. thick. The sheets are drawn under tension
over a series of four electrically heated rollers in
order to stretch the sheet longitudinally, its width
being reduced to 32.5 cm. and 1ts length increased to

1l km., the thickness being reduced slightly to _
approximately .04 mm. There are four heated rollers,
the first one being at 180° C. and the others revoliving
a little faster and being heated to a slightly greater
temperature, increasing progressively, the final

speed of sheet being 1 km. per hour. This operation,
known in Germany as nluvitherming®, appreciably increases
the tenslle strength of the tape in a longitudinal
direction.

The stretched sheet is delivered in roils 1 km. long
and 32.5 cm. wide to a garage 1n the village of
Aschbach near Wald Micheibach, where themagnetisable
layer 1s applied. This red-brown layer consists of
ferric oxide rolled on to one side of the tape only.
The oxide mixture is also obtained from IG Farben,
ludwigshafen, made from ferrous sulphate FeSu, treated
with ammonlac Na,OH, producing a black oxide

FexU, which is héated to 28u° C. or 30u® C., becoming
reé—%rown.

This material 1s milled to a fine powder and air-
blown through a fine mesh sleve into containers, the
particle size being 0.2 to 1 micron. Tne resultant
fine powder 1s mixed with an egual quantity of p.v.c.
powder and a small proportion of solvent and plastifier
at Ludwlgshafen, being despatched in the form of

small lumps (%" - i"). '
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At Aschbach the Jumps are finely milled in a ball
mill and made up into a fluid paste as follows:-

Iron oxide mixture 40 parts
Benzol 10 b
Tetranydrofuran 15 "

The sheet coating piant is about 1v metres long and

1 metre wide, consisting of a serles of rollers for
handling long lengths of sheet. At the input end
there 13 a spreading device with a bridge pilece for
leveliling off the coating of oxlde mixture to a
constant thickness. The mixture is held in a hopper
and is kept constantly mixed by means of a small
motor-driven paddle right up to the moment of trick-
iing into a trough located immediately above the '
sheet. Tne thickmess of deposit is .015 mm. A
thick deposit gives a shorter magnetic working

range, whilst a cthinner deposit results in inadequate
magnetisation. Tne coated sheet is drawn through a
5-metre long tunnel, througn which a current of hot
air (about 25° ) is constantly drawn, at a velocity
of 5 cmfsec. (taking five hours to run througn 1 kilo-
metre length). ~

The tunnel opens out into a large chamber about

2 metres square to form the final drying stage.

About 16 metres of sheet are spirally wound round
little rollers in about four turns, starting from the
outside and working inwards, the sheet debouching

from the centre of the chamber at right-angles to

the main tunnel throungh a narrow slit, after whici

it is wound up on a bobbin driven by a slipping ciutch.

There are thus about 20 metres of sheet in the drying
tunnel and chagber at any time, each portion of the
sheet taking about 6 minutes to pass through completely.

There was no evidence of the use of a travellling
band carrier to assist the sheet tnrough the drying
tunnel.

Tne coated sheet 1s tnen taken to the village of
Wald michelbach to another shed where 1t 1s siit into
strips 6.5 mm. wide, some 40 strips being cut from
the sheet at a2 time by circular rotating knives on
paper slitting machine. Kach strip 1s wound up
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on one of a set of spegial cores clamped axially on
a mandredt.

Each spool of tape is then inspected visually for

fiaws, such as intermittent spreading of the oxlide, and
wound on to the commercial core for shipment. Faulty
patches of tape are cut out and the ends Joined together
in a few seconds by scraping away the oxide with a
rezor blade and sticking with eyclohexanone.

kiectrical tests are made on eacn tape by running the
tape through a machine similar to a Magnetophon recorder
‘and reproducer, the tape being magnetised with a known
voltage in the recording head and a trace of the
reproduced voltage from the reproducing head being

made visually. This test is carried out at 1,0vu,
5,000 and 8,0uu c¢/s,

Spools of tape are finally boxed in sfout cardboard
for shipment.

7 PATENTS

Information about patents is incomplete. Appendix
V. gilves a 1llst of Patents issued up to and including
June 3rd, 1944, which 1s believed to be complete {List A).
Photostat coples of all of these will be made available at Board
of Trade, German Division(Documents Unit},Lansdowne House sBerkeley Sq.,W.1.

A number of additional patent applications have
been filed, mostly in the name of Braunmihl and Weber,
and 1t 1s possible that patents have been granted in
respect of some of these. Llist B of Appendix y gives
as much information as is at present available on these.
Photostat coples of a few of the applications referred
to in’'this 1list will be made available at the Board of Trade,

German Division (Documents Umit}, Lansdowne House, Berkeley Sq. ,W.1.
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APPENDIX 1

Notes on the manufzcture of Magnetophon

tape, by Dr.rflaumer of I.G.Farben,
transiated by Dr.H.J.von Braunmuhl.
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HBeport on fabrication of netophon Tap

The development of sound recording with the Magnetophon
process represents a common work of the AEG/Berlin and the
1G/Ludwlgsnafen. The AEG speclally dealt with tne problem
of the recording apparatus and the different types developed
whereas the IG made the investigations concerning the
recording tape and introduced its fabrication on a large
scale. :

Tne electromagnetic method for sound recording is very
old. At first a steel wire or steel tape was used for
recording. This method was sufficient for pure dictat-
ing purposes, but not for the requirements for the
reproduction of sound involved by the development of
broadcasting. Utmost absence, of background noise and
greatest sensitivity from 10007) to 10,000 c/s showld be

reached. The first experiments to replace the steel -

tape by a film of artificial resin were undertaken as -
early as in 1932, but not before 1939 a tape was avallable,
the properties of which corresponded to a higner degree |
of guallty as to the pureness of tone and Ege dynamic !
range (proportion of noise to sensitivity)™ ). Ine main
development and the general introduction of the Magnetophon
process in German Broadcasting took place during the war.

For different mllitary purposes special apparatus had
to be developed e.g. the types b, ¢, d, RE3 and the HF-
type X7 . There were built: knapsack apparatus, sultcase
recorders for the reporters of the "Propaganda Companies®,
listening devices, etec. Exact indications, whicn type
of recorders were used for different purposes cannot be
given by us, because these orders went to a great part
under ¥Wsecret™ to the 4EG without informing us. Inform-
ations thereabout cen be given by Dr.Schepelmann of tne |
Magnetophon-GmbH, at this time in Hamburg {could be reached
via "Verkaufskontos der LG-Farbenindustriett). Ine type
for German Broadcasting was - as far as we know - the
recorder RE3. The latest development 1s represented

+) 1u,000 ¢/s must be an error (The translator) |

++) Not qulte correct; seems to be an abbreviation
taken from checking prescriptions elaborated by the
former RRG (The translator). '
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by the HF-recorder K7. This recorder corresponds
practically to all wishes as to a natural reproduction,
and that also by the faet that the quality of tapes
was more and more improved durlng continuous and
difficult developing efforts.

Selling of the apparatus febricated by the AEG. and
the tapes manufactured by 1G was effected by the
Magnetophon GmbH, Berlin. This organisation was a
pure selling company with a funds of KM 40u QUU.- at
which the AEG and the IG participated 50% each. In
the same manner, the profit of this company, which had
also to effect the whole advertising work, was sub-
divided with 50% between the mother-nouses, non regarding
the values of materials furnished by each of them.

The 3 steps of development of the tape were:

I+) Qlder step: Tape type C, two layer tape on the
Cellite-basis (Acetyle-cellulose) coating process.

11 step: Tape type L, single layer tape In the
Luvitherme basis. (Polyvinyle-chloride}
Rolling process.

I11l Latest step: Tape type LG, double layer type.
nrolling and coating process. ,

This development was completed not before the last
days. Before giving details, the different types
may be characterised as follows: '

I- Type &

Acetylecellulese is dissolved in Acetone. The
viscous solution is filtered and then coated upon the
infinitive coppér tape of a cogting macnine, 2u m. long,
the coated tape being about 55 cm. broad. ~ The basic
£1lm layer dryes on the copper tape and after having
passed the machine at a length of about 4 meters, the
Magnetite, dispersed 1n acetone-acetylcellulose 1is coated
upon 1t. ~ The whole tape is rolled up after complete

drying.

+) The complicated chemigal. expressions are taken more
or less as they are 1n the original report.

e ik
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II - Type'l {single layer ;apgj

For type L, Igelite PCU is utmost finely ground to-
gether with Magnetite in the proportion v : 50 and sifted
by an air stream. Upon a heated rolling device the mixed

- powder is rolled 4 - 5 times, then brought on a heated

calander to the form of a film and flnally stretched with
a speclial machine in the proportion of 1 : 2% (Luvithermed).

IIi -~ Type LG

igelite PCU 1is rolled like normal insulating films
ag indicated in II. only with addition of 1% dioxlde of
titane. Upon this raw film a dispersion of magnetite
in two parts of tetrahydrofurane and one part benzole
witnh MpP-40U material (mixed polymerisate of wvinyl-chlorid
and vinylisobuylether) is coated by means of a speclal
cecating machine developed by ourselves.

1 - magnetophon Tape Type &
a) the basic layer

Required basic materials: Cellite
Acetone pure
Phenylphosphate
ralatinol v

Lellite:
~Chenmical characker: About 23 times acetylized

cellulose. Used marke:lL 1uuU.

Preparation: Cellutose is treated with
anhydrid of acetic aclde
snd “Bisessign,

Proverties: Dry, granulated material,
dlssolvable in acetone.

Application: Groundmdaterial for the basic
layer.

Furnisher: Dormagen.
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Acetone Pure:
Furnisher: Hochst. |
Phenylphosphate:
Che 1 character: Triphenylphosphate
properties: | Nearly white material
A ation: In an admixture of
14-15% to Ceilite
Furnisher: Bitterfedld.
Pajlatimol U
themical character: Dimethylglykolakhtélate.
Pr on: "Weresterung! of phtale~
acid with dimethylglykoie.
g;gpgiigggz _ Thickly liquid material.
Application: ln an admixture of about

2%% to Cellite (referred
to the dry material) as a
Smoother.

sher: Ludwigshafen.

b) The Magnetite Dispersion

Uri al materialg: Collodium wool, aicohole
' humid.
Acetone
Phenyl-phosphate
Palatinol v
Uil Hhizimus
Magnetite.

Collodfum wool:

Chemical character: Nitro-cellulose with ca
cker 11% nitrogen. Usesd are tre

types £ 950 and E L250.
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Preparation: | Slow nitration of cellulose
Frope : Humid flooked material;
ca 65% dry substance.
Application: Imbedding material for
- Magnetite

Furnisher: kilenburg.

Acetone

rhenyl-phogphate see a) basic layer

ralgtinol U

il rhizinus:
Chemical charagter: Oxy-oll-acid-glycerine~-

ester. Vegetable oil.

Application: In a 40 - 45% admixture
to collodium wool (referred
to the dry material) as
a smoother.

Furnlsher: utto Aldag, Hamburgy
Braunliage.
Magnetite:
Cnemical character: Magnetizeble ferri-oxyde

Fezu3 = P—iron-0xyde.

Preparation: From erystaliic ferro sulfate
(F9504 20) {Furnishers:

Oppau near Ludwigshafen resp.
Bitterfelrd/Saxonia)

25% ammoniac-water
(Furnishers: Oppau) and
ammonium nitrate (Furnishers
Uppeau)

From a sclution of ferro-
sulfate snd ammonium

nitrate in water, ferri-
ferro-oxyde (bLack magnetitel)
is produced by 25 emmonliac.
{Formerly, when manu-
factvring tepes, the black




Properties:

Applicsetions:

Furnishers:

(vi)

Magnetite (=Fe_0 ) crystall-
ing with crystél-water, was
used. The recording on these
tapes could not be wiped out
later on; therefore now,;gg

Magnetite at 28U - 290° ¢ -in

a)

b)

presenece of air, it is trans-
f6rmed into red Magnetite
(practical pure ferri-oxyde),

‘the crystal water of tne

black Kagnetite being elimin-
zted.

Micro-crystatiic magnetizable
powder of red brown colour.
Dismeter of the original
particles less than 171000 mm.
Specific weight about 4.5.

Tne very fine grained powder
has the tendency to agglomate
during the different pro-
cedures of its production.
Therefore it has to be finely
ground and filtered in an air-
stream before use.

For the production of Magneto-
phen tapes in Ludwigshafen
and Wolfen/Saxonia

Under the name of "Polimag®
for grinding and polishing
optical glass

The material wes furnished
to: Carli Zeiss, Jena, Camera-
plent, munich. Optical
WOrks, Nitsche and Gunther,
Rathenow. Emil Busch &G,
Optical lndustry, Ratnenow.
uptica! wWorks G. Rodenstock,
Munich. Voigtlinder & Son AG,

Brunswick. krnst Leitz, UGmbi,

Optical Works,VWetzlar.

Ludwig shafen.
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~ Capacity: : Witn the installations in
: Ludwigshafen and 5 work
days a week there can be
produced:

1V mo tot)
maximum 12 mo to

1f the double guantity is
needed, additional apparatus
have to be used. :

Special attention has to be paid as to the best quality
of the Magnetite. The dlameter of the particles has to be
smaller than 1/1000 mm. in any case, otherwlse considerable
complications would occur in the fabrication of the tapes.
As a matter of fact, for the L type tapes, the film woulid
become porous, and for the C type tapes, so called casting
grooves would be seen. In both cases, the tape surface
would not become smooth enough; in consequence of that
the background nolise will rise considerable and the dyhamic
range diminish in the same proportion. Therefore experi-
metal rollings and mlcroscopic counting of the secundary
particles 1s indispensable, before new production charges
are used. . The percentage of secundary particles should"
be less than 10%.

Production Method

The cast as well of the basic layer as of the magnet-
isabie surface is effected in a continuous process with
a speclal machine of the type likewise used for the pro-
duction of photographic films. Upon an endless copper-
tape the casting soiution (a) is spread in a certain
thickness. - Then, the tape passes a drying chamnel (air
stream and tape movement in opposite directions), where
tne acetone used for the solution of the Celllte evaporates;
it is regained in a refrigerating system. At that spot
of the dryimg channel, where dyying of the basic layer
is nearly perfect, a second coating system is installed,
by means’ of which the Magnetlite dispersion (b) is coated
upon the basie layer. The flim with its msasgnetisable
gurface continue to pass the drying channel.

+) The translator is not familiar with the expression
“mo toW
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At its end, the touble-layer tape is taken off and
rolled up. After having dryed completeiy, the tape is
cut, re-rolled, checked and confectlonned.

The casting of film is a pignest precision work, it
requires the strictest observation of all ngeessg;x condi-—

tlons and fhe most exsct handling of coating machine.
Special attentlion is to be paid to the properties of the

Magnetite and the productlon of Magnetite dispersion.

Laps

1 "charge™ = 1lou0 m = 8U tapes type C requires a
casting time of & nhours.

When the machine will be used witn maximum effect - whereby
the casting time could be reduced eventually - a maximum
production of SUVUU tapes per month could be reached.

These indications include the time necesszry for cleansing
and repairing etc. of the coating machine.

In July 194% the tape manufacturing installation in
Ludwigshafen was completely destroyed by an explosion. !
The production of the C type tapes was then transferred j
to the IG/¥olfen (Saxonia). Non regarding some "individual®
changements, 1t is to be supposed that in Wolfen the
principle of coating might have been the same as in
tudvigshafen. No details can be giwven cancern-
ing the capacity of the Wolfen instaflation in this
moment. According to some uncontrolled informations
1t is sald to be destroyed. The production of the C
tapes is smaller compared with the former machine in
Ludwigshafen, because the machine in Wolfen is shorter
and narrower &nd its tape speed slower.

1] — netophon Tape Tvpe L
Original materisls: Igelite PCU type GH for L
Magnetlte
IG-wax &

Stablilsator C

Igelite PCU type GH for L:

Chemical character: Polymere‘vinyle-chiorid
Preparation: From acetylene and

HSalzsaure® (Vinyle-
chlorid) and subsequent
thermic. ploymerisation.
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Properties: White, smooth powder. Can
) be formed into very rigid
foils by rolling, melting and
expanding (Luvithermisation).

Application in tape As baxic layer and imbedding

manufacturing: material for the Magnetite.
| Magnetite:
(see under i)
16 Wax ¥
Chemical charactexr: Mentane acid, estered with

astnylene~glycole.

Properties: Medium solic, feebly yellow
coloured artificizl resin.
melting range 85 - 1uu® C.
Soapable.

Application: In 3% admixture to Igelite
as sliding material in the
rolling and luvlitherming
process of the ilgelite-Magnet-
ite mixture.

Furnisher: Gersthofen.

\billsator C:

hemical ¢ acter. Diphenyle~tnio-"Harnstoffn
Properties: White, crystallinic powder
Apvlications: In a 0.3% admixture to‘IgeLite

for diminishing the nSalz-
sdure" production in the
finished foil.

Furnisher: Héchst.
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step:

step:

step:

Step:

step:
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Scheme of Frocess

45% Igelite PCU, type GH for &
55% Magnetite, finely ground

mixed in mixdrum during 4 - 6 hours.

';gelite—gégné;ite mixture:

Filtering in an air stream, three fractions.
Efficlency: about 8U% fine material. The _
rest of less fine particles is retransferred
to the process, so that the overall efficiency
is 95 - 97%

dgelite-Magnetite mixture, filtered (ca S8 -
61% Magnetite) : -

Addition of iG-wax E, Stabilisator ¢, regula-
tion to a Magnetite content of 5VU%, mixing
for 3~ 4 hours, finally filtering.

Rolling-mixture, filtered (8504 Magnetite)

Rollin% witn a pre-roll. Rolling to a film
at 180° C. Luvitherming on an expanding
machine at ca 26uU° C.

Masnetophon tape ock g

(per block 1u00 m.)

Cutting in tapes of 6,5 mm. widtn and re-roll-—
ing.

Magnetophon tapes, tyve L
(per tape ca 500 g)

Blectromagnetic testing, confectionning
(addition of bobbles etc. and packing).

Commerclal ware, type b
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pfficlency and Capacity
The tabie below gives an idea about the efficiency.
Losses are due to rolling and to luvitherming (about 5 -

10%), the rest is connected with the cutting and rercliing
process. '

mMgt.tapes Cut' Tapes Mmagne- Koll- LG-mgn. uix—~ magn.

type L tapes in therm ing mixture ture tape
_ block mix- filter- unfilt- type
ture ed ca ered 1
Suk kg  Sorkg
pleces pleces pieces kg kg kg kg xg
I : ™
100 131 145 | 72,51 8o . 7u,3{ 73,8 50
76 oo | 111 | 55,5 61 | 53,61 56,5 38
68 U luo | 5u,u | 55 43,3t 50,7 34
136 180 200 {1ou,u { 11u 96,5 | 1ul,3 68
124 164 182 { 91,0 | Luu 87,8 92,2 62
142 187 | 208 {104,0 |114 | 100,0) 105,0| 7L
134 177 197 | 96,5 | 108 95,u | 1u0,u 67
2000 262 | 292 (146,0 | 16u | 141,0] 149,u| 1uu

Weight of the tape: ca 500 g per roll

Cgnacity:

868 tapes

Per day: 70U kg roliing mixture

Within a 20
days working
periogd: 14,000 kg rolling mixture

17,360 tapes.
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With a higher speed, the volume can still be railsed
without reducing the quality of the tapes. 'Therefore
a maximum production of 2V,000 commercial tapes per
month could be realised.

Regulrements for raw materials
for lOLOOQ tapes, type L

According to the efficlency table, the following
materlial 1s needed:-

Magnetite 4,000 kg
lgeiite PCU 3,868
iG-max B 120 n
Stabilisator C 12 n
[4
Mixture 8,000 kg
Furnishers: Ludwigshafen till February 1945

On account of a bombardment, the whole aggregate,
consisting of pre-rolling machine, calander and
luvitherning installation was brought to Gendorf near
Munich, where it has been repaired. Besldes that,
similar installations are available in Troisdorf {(near
K&1n), Follenfabrik Firth-Forchnhelm (near Nirnberg)
and in Eilenburg (Saxonla), but with these instailations,
till now only insulating-luvitherm films have been
produced.

Tne cutting machines and the re-rolling devices,.
as well as the whole confectionning accessories were
transported to WH.d-Michelbach.

I1if - Magnetophon tape Llypeg LG

magnetophon tape type LG is a two-layer film as the;
type C with the difference, that type LG bases upon
Luvitherm. The basic layer is a Luvitherm film (G 4v),
coloured with Titane white. While for type ¢ tne basic
and magnetisable layers are made on the coating maciine
in ong single coating process, there are required two
separate processes for type LG which are:-

(&) the.fabrication of the titane-wnite coloured
basic layer with Wealander® and stretching roll.

p—"
.
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(b) the coating of the Magnetite layer upon the
basic film.

(a) The basic filp : btyvitherm G 40

Basic material required: Igelite PCU, type GH for L
IG - wax &
Stabilisator C
Titane white extra T

Igelite PCU type GH for L)

IG-wax B
Stabilisator C ysee under LI

Titane white %

C cgl char ar: Titane dioxyde
apglgcatiog: 2% of it mixed witn

Igelite PCu to colour the
elsewese glass clear basic
film for better disting-
uishing the sensitive side
of the Magnetophon tape.

Furnispher: Leverkusen.
Fabrication of the basic layer see scheme of process
| (b) Magnetite layer

Original materigl: Vinoflex MP 400

Magnetite, sifted
Plastomoll TAH
solution medium E 13 N

inoflex 1} Q0
Chemical character: Mixed polymerisate from

vinylcnlorid and vinyl-
isobutylaether at a pro-
portion of 3 ¢ 1.

Preparationvs Vinylchlorid (furnisher:
Schkopau or Rheinfelden)
and vinylisobutylether
(furnisher: tudwigshafen)

. are polymerilised at the
presence of an emulgating
medium with a certaln pH-
%%gétion by phosphate at
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Properties: Pure white, granulated powder.
Application: As a medium for enclosing and

: fastening of the Magnetlte _
Furnishex: Ludwigshafen.

Magnetite, filtered:
see under Magnetophon tape type L (L11)

Plastomoll TAH:

Che chargcter: Ester of pp tniodlbutter acid
with sethyhexanole. Esterfying
of thiodibutter acid and
aethylhexanole according to
usual methods with sulfuric
acid as a catalisator. -

Properties: Yellow coloured, heavy boiling
liquid. Boiling point 23V -
297° ¢/20 mm. Hg.

Application: 4% of it added to the vinoflex
MP-400 Magnetlte mixture as
smoother.

Furnisher: Ludwigshafen

Solution ged N:
Chemical character: Mixture of 17,5 parts metn-

anol, 30 parts aethylacetate
and 52,5 parts of methyl-
acetate.

lications: Attenuating and plastifying
medium for the production
of the rolling mass ‘

Fu sher: : Hoenst.

Production of the roller mass sese

scheme © Qce
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Ihe coating dispersion:
Uriginal materials: Rolling mass {(see above)
_ Tetrahydrofuran '
Benzole

Ietre drofuran:
C al ter: 4 x hydratéd furane

Preparation: Acetyitens and formaldehyd

' are turned tc butindiol, which
is hydrated to butanediol.
Tne watery butanediol is turned
to tetrahydrofurane at a
pressure of 1LOU atm. and a
temperature of 3000 C with
phosphor aclde as a catalisator
and distilled.

Properties: Usual soivent with very good
solving ability. Boiling
point 65° ¢, poisonous.

Application: Solvent for vinoflex MP 4U0.

Furnisher: Ludwigshafen.

Benzole

Application: In a mixture with tetrahydro-
furane as solvent for vino-
flex uP 400

Furnisher: Benzolverband

production of the coating disperSion
See schege of progess

Scheme - Proce
a) sic layer Igelite PCU type GH for L:95%
IG-wax E: 3%
Titane white extra T: 2%

Rolling on pre-roller and
calander at about 180°C.
Luvitherming on heated stretch-
ing roller.

Basi¢c bLagyer (= Luvitherm G4U
G40 = stretched,
0,04 mm.thick)
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b) Rolling mass: Vinofiex MP 40U: 2(?
Magnetite: 76%
Plastomoll:TAH: 4%

Solvent E L3 N (as required)

Knead one hour, subsequentl
roll 1V times.

;; | Holling Mass
|

¢} Coating dispersion: Rolling Mass
20 parts rolling mass in 7,5
- parts of tetrahydrofurane and
I 5 parts benzole stir in a
closed kettle for 36 hours
and filter through-.a 10,00U
meshed sieve

Coating dispersion o
d} Production of the tape:Coating dispersion (¢} on basic

layer (a). Coat over, dry,
wind up (see for apparatus)

Magnetophon tape blocks type LG
Cut out and re-roll.

kagnetophon tapes type LG

Yest,confectionate:

Commercial ware, tvpe LG

Apparatus:

The coating machine was constructed by the 1G/
tuawigshafen and built according to experiments in the
laboratories and set up in Aschbach/Udenwald.

The most essential part of the cocating machine is a
pneumatic pulling table through which the coated tape 1is
taken with by means of a vacuum immediately behind the
coating place by an endless transportation band running
over rolls. Thus the baslc tape coated with dispersion,
which swells by the solvent and becomes stretchable,
is exposed to a short times stretching load oniy in a
namid state. To get a plain surface of the basic tape

below the coating device it is fixed over the topline
of a rotating roller.
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Tne thickness of the coated layer upon the dried tape
amounts to 0,01u — U,015 mm. The drylng is firstly made
on a path of three meters lengtih at room Bemperature,
a@joining in 2 drying-cupboard &t 23 - 257 C by circulating
alr.

Capaclity:
Dugration of coating: 5 hours per 100U m.
in 24 n 3000 m. = 3 rolls
L r0ll represents about 3V
tapes.

Production a day: ca YU tapes
Production a month: about 2700
tapes type LG

General properties of the types C,L & LG

Tne three types of tape C, L, LG mave a widtn of 6,5 mm
and a length of 100U meters at a thickness of vV,045 -
0,U5 mm.

The 1uQ0 meter tape gives a space of 2V minutes time
for recording and for reproducing. Therefore the tape
passes ‘the msgnetising head with a speed of about OU cm/sec
~ during reproduction.

ALl tapes give only little background nolse conpared
with disc reproduction, infinitive reproducabllity without
diminishing the quality of tone, very high frequency range
(stili more than 1U,000 c¢/s) and compared witn the steel
wire no wiping of the high frequencies when stored.

cutting end sticking as pieased.

The production of the tapes type C in an ever constant
gquality is difficult. The quality depends in a wide
range upon the guality of the Cellite used and the nitro-
celiulose, whieh are not constently unifornly chemically
pure as they are made of a natural material, the cellulose.
In the facturing there are aiways great fluctuations of
the magnetic properties. The great mechanic lcad often
causes tape bursts. Also against crack loads the tapes
partly are very sensitive in an uncontrollable mgnner.
The sensibiiity against temperature between - 20~ L and
+ 50° C is a good one. There are no symptoms of an

~ influence of the time.
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For a new use & recorded tape is well to be wiped, there
is also practically no magnetising of meighbour-isayers
while belng stored. :

The production of tape iype L is the most simple, shortest
and most efficient of all three -types. The galn of the
production is very constant, as tlie basic products are no
natural materiais and can be made and tested as chemical
pure - )

The electromagnetic qualities -are very high, as weil as
the tapes of this type have not any sensibility against
temperature and time. But compared with type C they have
above all a very high mechanic stability and are absoluteiy
unbreakable. :

The tapet of the most novei type LG were elaborated in
a. lopg lasting work. The manufacturing 1s not qulte as
simple as that of type L, whereéas they satisfy the highest
clazims with reference to the reproducing, purity and absence
of disturbance of sound and tune. The dynamic is about
10 t1il1 .12 db bhetter than that aof the other tapes, the
frequency characteristics are almost straight lines and
1lie very ciose together. Their bursting stabiilty is still
mech higher than with type L.

Besides that it is impossible to confound front and
backside, as the backside 1s uncoated and white coloured
by the admixture of oxide of titane. Also the backslde
can be written and marked with fat-pencils.

As a mtter of fact the fabrication of this type 1s
unob jectionabie not before the last days, after the machine
repeatedly had been worked up and better developed to
warrant an unobjectionable working.

It is to be expected, that also at a continuous .=
fabrication the. good constant qualiity obtained until now
will be_guaranteed.

C dium:
Sticking medium.used for

Type C Cohesan

Type L ) Cyclonexan
Type IG)
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Testing of the Tgpes:

Two or three tapes are taken from all series of

fabrication and tested concerning their magnetic properties

It is tested: _
1) Range of modulation
2) Sensibility at 1,000 c/s
5,U00 ¢/s
8,000 ¢/s
3) Moduwlation leveld
4) uwever of background noise
+)
The difference between 3 and 4 is the dynamic.

5) Equability of the tape

Confectionning s

For selling and conveyance each tape is marked with

a number of fabrication as a control number. A bobby,

fitting for the tape plates of the device 1s put in and

then the tape is packed up between two pasteboard discs
in a pasteboard box or envelope.

'30 tapes are placed into a conveyance box.

a s} t of the Magneto

. Year Total delivery of belivery of Magnet-

(1 X - 30.IX) tapes from iG/Ludwh. ophon sets by AEG
and Wolfen
Ky pleces
1959740 9350 379
1940/41 6330 02
1941742 21,200 70
'1942/43 2,000 _ 844
1943744 ,000 937

+) Not quite correct from the physical point of view
(The translator).
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As far as known last year the manufacturing of :
Magnetophon sets at the AEG Berlin extended to the follow-
ing 5 types:

Soundrecorder "b Apparatus with varlable tape . ,
speed for the "Wehrmacht". ;

n A Portable knapsack apparatus
with spring driven motor
(recording only) for “Wehrmachtf
and broadcasting.

ol ngn Apparatus for reportage cars.
of "Wehrmatht® and broadcasting
H TREAY Special apparatus for the
Navy
" WKy " Apparatus for high quaiity

muisic recording and repro-~
ducing for broadcasting.

vonveyance:
{see -Appendix)

Statement of the stores of tapes and halfway
proiucts existing in Waid-michelbach on July

Oth, 1945
Magnetophon tapes type b ~ about 6,000 km
among them ready for conveyance on
July 1Uth 3,000 km

Magnetophon tapes type LG

Tapes ready ——
Raw material (white basilc layer

and rolling mass) for about 12,000 kn.

(inclusively coil bobbies & packing material)

Signed: Dr.Pflaumer
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PRINCTPLE OF OPERATION

When recording, the signal e,m,.f's delivered by the
pre—-amplifier are fed via the recording equaliser-
amplifier to the recording head, across the gap of which
they produce an alternating magnetic field, This in
tuwrn induces in the tape, as it passes the head, =
remanent magnetisstion which induces in the reproducing
heed corresponding altemating e.m,f's, The e.m,f's
are fed via the reproducing equeliser-amplifier to s
monitoring amplifier and loudspesaker,

The chief npovelty in the recording method in the X7
spparatus lies in the use ¢f alternatins current of
super-audic frequency both for wiping and for premasgnetisa-
tion, by which mesns a considerasble improvement in quality
of reproductlcn has been achieved by comparison with the
earlier types in which direot current was normally used
for both these purposes,

When recording, the tape first of all passes the
wiping head, the strong slternating megnetic field of which
magnetises the tape to sstursticn and thus obliterates any
previcus magnetisation which it may possess.

Since the tape, as it paszes from the gap or the
wiping head, experiences a gradually decreasing and
alternating magnetic field, it leaves the head in a
completely non-magnetic state and in this conditien 1%
rzaches the recording head. In the absence of signal
modulation, s well ss during pauses in speech or musiec,
the ssme process is repeated at the reocording head, except
that, on.accoumt of the narrower gep in the recording head,
the rise and fall of the magmetic field must be more rapid,
This necessitates a higher frequency for pre-magnetisation.
As before, the tapé lgaves the head in a campletely non-
magnetioc state, which explains the remarksbly low level of
background noise,

The audio frequency signals are superimposed on the

‘High (super-asudio) frequency in the recording head, causing

a displecement of the null or working-point in sympathy
with the eudio freguency signals, whlch thus appear on the
tape as remanent magnetisation.

The reproducing head then picks up the sudioc
frequencies in the same manner as in the earller d.ce types
of machine, ,



TACHIICAL DESCRIPTION

The Magnetophon model K7 is nommally supplied
mounted in a box, because it is often required to be
moveble, When permenent installetion is required, it
can be mounied either on a table or on a rack or in a
cabinet, ' '

The complete equipment comprises four items:-

1 "‘machine unit

2 amplifier unit, comprising frequency correcting
mmplifiers (equaliser—eamplifiers), monitor
amplifier and connectors. )

3. loudspesker

I, box containing auxiliary equipment.

In the case of permanent instellations the
apperatus cen slso be used in conjunction with existing
emplifiers, The manitor amplifier, connectors and
loudspeaker can then be omitted and ths equaliser-
amplifiers only, without mounting, sre supplied,
Similarly, item 4 can, if desired, be supplied without
the moving coil microphone,

Machine Unit

This comprises the motors and other necessary
parts for driving the tape, also the head assembly,
switch and other operational controls, ‘

The drive is effected by three motors, Commutator
less eddy-current motors are used Tor driving both the
right- and left-hend turntables, described respectively
as 'wind' and frewind! motors, whilst a synchronous motor
(the tdrive! motor) is used to draw the tape past the
heads at a constant speed both when recording and
reproducing, The tape is driven by pasasing bstween a
hardened steel spindle and a rubber idler which is held
pressed against the spindle, The tape apeed is
determined, both when recording and when reproducing,
solely by the synchronous drive motor, and is constant.
The drive motor is of adequate size, so that even with
slight changes in mains voltage an absolutely steady
spesd is ensured, The function of the wind and rewind
motors is to wind up the taps on the right and left
turntables respectively,
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When running forwerd (recording and reproducing) the.
wind motor causes the right hand turntable to wind up the
tape fed to it by the drive motor, the rewind motor acting
simply as a brake 2o a3 to ensure an even tepsion in the tape
as it is fed to the head assembly. The speed of both wind
and rewind motors chenges, of course, as the size of the reels
changes, The new mathod of construction of the eddy-current
motors ensures sn absolutely steady tension of the tape end
freedan from Jjerks, There is no possibility of trouble due to
wear or dirt, as ococurred with the commutsator motors in
earller equipments,

When running 'back, the left turntable is driven at a high
speed while the right hand one is braked, The drive motor is
idle since the rubber idler roller is switched to the rewind
position,

The "forward/backward" switch permits a steady jerk-free
transition from full speed backwsrds, to slow speed beckwards,
stop, slow speed forward and full speed fomrd,_ which is of
value when sesrching for a particular spot in the taps, This
additionel facility provided in the K7 equipment will be
par‘t:.oularly appreciated in cases when recordings have o be
edited by cutting end rejoining,

411 motors have magnet-controlled band brakes. The bands
- are specially wide and stable so as to give an increased
useful lif'e, The taking up of the brakes, which has to be
undertaken frequently in the initial period of service of the
epparatus, can be conveniently dene by hand wilthout removing
the apparatus from its housing.

In order to check the accura.oy of the tape apeed, the
right hand guide roller is provided with stroboscopic markings
so that the tape speed can 'be checksd independently of the
drive motor. :

A further facility which will be apprecisted in operating
the machine is the new type of tape indicator which is in the
form of a-clock and is driven from the right hand guide
roller, The scale indicates elapsed minutes end seconds.

For ln.nk_'mg tapes, with a 2~machine installation, as well
as for synchronising with a cine film, a marking device is
prowmded Small peper tabs which can convey informetion
‘either in writing or by colours, cen, by mesns of this device,
be attached to the tape as it goes past, e:uther when record:.ng
or when reproducing. Since these tabs are sln.ghtly larger
¥han the breadth of the tape, they projeot from the rolled
spool and the msrked pleces can be -quickly spotied. '



-t

On the left hand side of the machine plate is a row of
press buttons for "Record", "Reproduce", "Stop" and Rewind".
There is e simple interlock to pguard against unintentional
operation of the "Record" button. Chokes and condensers are
fitted to prevent eny high frequency interference dus to the
operation of the buttons.

A mains switch and two fuses are provided in the supply
to the machine se as to isolate the complete motor assembly
from the mains, The conmection of the mschine unit to both
equallser—ampliflars is effected vis temminal strips which
are easily accessible from the front without dismentling the
equipment.

The only novelty in the head 'assembly, which conteins
one wiping, one recording end one reproducing head, is
considerably improved scresning from stray hum fields,

In spite of this improved screening, the threading of
'the tapes is made easy and convenient by virtue of a suitable
disposition and wide spacing of the couponent parts. FPFurther,
the head assembly is equipped with means to eneble the tape

to be disengaged from the heads for rewinding., If use is nade
of these means, as a regular practice, wear on the heads is
considerably reduced.

The circuit connections to the head assembly asre made vie
a blade coannector and a specially screened terminal panel
which is likewlse resdily sccessible without the necessity for
‘dimmentling any perts. The connections to the head assembly
can be exposed for inspecticon and testing, while the equipment
"is in operation, by the removal of a cover plate,

The Amplifier Unit

In order to obtaln a frequency response which is uniform
over s wide range of frequencies, the apperatus is prov1ded
‘with both a recording and a reproducing equaliser-emplifier,
- These, together with the monitoring amplifier, aré built into

a box.

The equaliser part of the equipment comprises the
recording equaliser-emplifier, the reproducing equaliser-
amplifier and the mains wnit common to both. These three
slements are assembled in a chassis, and each of them is
separately connected, through a blede connector, to the chassis
wiring,
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The recording equeliser-amplifier is equipped with two . ’
valves type I¥ 12 and three type EF 1L, and has three
amplification stages., O(ne velve generates wiping current at
4O kc/sec and snother premagnetising ourrent at 200 ko/sec.

A potentiomater.f‘or level adjustment is accessible fram
the front panel, 4An internal potentiometer is provided, for
frequency response correctiom.

A meter mounted on the front panel enables wiping
current, premagnetising curremt or modulation curremt to be
read, according to the setting of an adjacent. switch,

The reproducing egualiser-amplifier has two stages of
amplification (EF 12) and its input im connected direct to
the reproducing head, Two potentiometers, accessible fram the
front panel, serve for equalisation of level and for .
edJustment ¢f freguency response, These adjustments are not
intended to be used as volume control or as tone contrel but
solely for equalisstion of level when operating with more than
one set of equipment and for campensating for slight
differences in frequency response due for instanoce to
differences between individual heads,

The mains unit uses & rectifying valve type EZ 12. On
the front plate of the mains switch are mounted a fuse and a
hum eliminator, '

For microphone recording and for reproduction through
headphones or loudspeskers, the supplementary or monitoring
amplirior provided with the camplete aspparatus must be used,
in socordance with the signal-voltage figures given in Soctlon

II1. | |
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TIT. ELEOTRICAL & OTHER DATA

1. Dimensions & weights

Dimensions (mm) Weights (kg)

Machine Unit 580 x 370 x 345 42,5

. Recording & Reproducing
equeliser-amplifiers, and . :
mains wnit 520 % 133 x 320 ?

Yonitor amplifier 520 x 133 x 320 103
Connection Uhit . 520 x 66 x 320 ?
Loudspeaker | 475 x 270 x 500 14

Auxiliaries Box 520 x 326 x 230 143

2. Power Supply

230 v, 50 c/s, 250 watts (approx,) as follaws:-

Machine Unit 165 watts
Equeliser Thit 31 "
Monitor amplifier 35 0w
Loudspeaker 17 "

2.8 watts

3. Tape
Spsed 77 cm/sec.
Duration of reel 20 minutes approx.
Iength of reel 1000 metres
Breadth of tape 6.5 mm.,
Thickness of tepe 0,05 mm,
Tensile strength -
of tape 1 ke.

Dimensions of reel 280 mm.dia, x 10 mm.high
Dimensiong of reel '
with packing 305 x 305 x 20 mm.

Weight of teape &

patking 1 kg. epprox.




4, Imredances & levels

(a) Recording:

Input impedence - equsliser 200 ohms
~ amplifier 200 "
Input voltsge for full
modulation - egualiser 1.5 v,
- amplifier C,1 v - 10 mV.

(b) Reproducing

Load impedence at output

of equaliser 200 ohms
Output- impedance - amPl;fier 15 "
" voltsge - egusliser. LO mV
- amplifier L v,

" powsr ~ amplifier L watts

5e Overall Performence _

Frequency response fram recording
equeliser-amplifier via, the tape to ‘

the reproducing equaliser-amplifier 50 = 10,000 o/s

+ 2 db
Signal/noise ratio 50 db
Peak signal/noise ratio (us:_ng aural
sensitivity network) &0 db
Distortion at 1000 o/s _ 3% |

Note: - Equaliser inputs and outputs are symmetrical
end non-earthy: the manitor amplifier has one
gide earthy.
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Description of the Magmetophon Types K4, HES & X7:

All three types of apparatus are used for the recording
and reproduction of mownd, In the cass of the Type K¢
equipment, wiping snd premagnetising are effected by direct
current, whilst in the case of the HTS and K7 types these
operations are performed by high frequercy ocurrent.

Type K4

In the X4, the mschins unit is driven by three motors,
Two of thege drive the turmtables to which the apools of
tape are fixed, and are Beries-connected commutator motors,
One of these (forward winding motor) drives the right-hand
turntable and the other (rewinding motor) the left-~hand
turntebls, The third, a single-phase condense¥® motor, is
deaoribed as the main driving motor, its function being to
convey the tape at a constant apeed past the appropriate
magnetie system both when recording and when reprocduoing.

The wiping of the tape is effeocted by direct ourrent
which is generated in the msins unit asscolated with the
machine unit, The premagnetising current for the recording
head i likewise derived from this mains unit, The value
of the premagnetising ourrent is indicated on a meter
mounted on the front panel, An esdjeocent potentiometer
(with sorew-driver adjustment) enables the premagnetising
current to be regulated to the prescribed valve,

A set of four push-button controls is provided, ss
follows;:~ '

.

W
Reco

Reproduce

Rewind (high speed)

Stop

e €A B

The tape oan be made to travel at high speed in the forward
direction by simuitanecus operation of the "rewind" and “stop®
buttons, '

The ccmplets X4 comprises the following parts:-

i, Machine Unit containing the recording equaliser which
no valves, the reproducing equaliser whiach is
equipped with two valves type EF 12 and the mains wnit
ocmason. to both,
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2. Linear %hﬁer type V4, having an input unit which is
adjustable to suit different source oonditions, This
unit has four pairs of imput plugs for 80, 200, 10,000

and 50,000 ohms. respectively, A modulation meter
indicating peak values is provided,

S, Moving Coil Loudspeaker with its own rectifier

The T4 smplifier can be dispensed with if an alternative
amplifier is available, and the same applies to the loudspeaker.

e HPS

The HTS is an intermediate type between the X4 and X7,
It is ifntended for use in oonjunction with existing auxiliary
smplifiers and comprises the following two parts:-

1. JMachine Unit, similar in construction to that of the X4
except That & synchronous motor is amployed instesd of
the single-phase condenser motor, An sbsolutely steady
rate of travel of the tape past the magnetic system is
thereby ssaured, 1In oontradistinction to the X4, the
wiping and premagnetising currents fed to the magnetic
system are high frequency ocurrents and are generatad
in the equaliszer unit described in greater dstail under 2.

2. Egqualiser & high fre enerator wit, oomprising

a) a aon valves type EL 1l which is

in paxrt the recording equaliser and also generates the
high frequenocy wiping and premegnetising current

(b) the reproduwcing equaliser equipped with two valves
type EF 12 ,

.(o) the mains wnit ocommon to (a) and (b) equipped with
one valve type EZ 12,

The valuve of the wiping, premagnstising snd modulation

currents can be read on a meter mounied on the front panel of
the recording egqualiser,

Iype X7

The X7 embodies s rnumber of improvements bssed on
experienoce gained with the HTS,

The campletes X7 oocmprises the following four parts:-
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Msokine Unit in which two brushless eddy current motors
are -pﬁy_oa, instead of the cammutator type motors used
in the K4 and the HPS, to drive the turmtables., The
main driving motor is a synohronous motor, as in the

case of the HPS, This srrangement emsures an absolutely
oonstant speed and steady travel of the tape, and is not
subject to trotbles dus to wear and dirt, suoch as cocur
with motors of the ocommutator type.

The motor band brakes working on the servo principle are
partiocularly genercusly dimensioned and of sturdy
consiruetion, and consequently of long life., They are
adjustable by hand, without the use of special implements,
and without removing them from the casing,.

The push-button control affords greater convenlience of
opersticm than that provided in the sarlier types. A
eontrel switoh marked "Vor - wnd Ruwcklauf* (forward and
reverse runing) provides for a mooth transition from
high speed forward, through slow speed foxrward, stop,

to slow speed reverse and on to high speed reverse, and
vice versa, as an aid to looating a desired point on the

‘tape, . This arrsngement is extremely useful when editing

A strobosoopde devioe associated with the sight-hand
pressure roller enables a running check to be kept om the
speed of the tape, 7The neon lsmp in front of the
stroboscopis pattern serves at the same time as mains
voltage indicator,

All switches are equipped with imterference suppreasors
to eliminate high frequency interference,

A novel type of tape meier is also provided and enhances
still further the ease of operstiom, It 1s in the form
of a olock, the disl being marked off in minutes snd
ssconds, The pointer moves. clockwise when the tape
travels foﬂardgo apd snti-olockwise when the tape motion
13 Teversed, The meter is menually adjustable to sero
irrespective of the position of the tape,

For ouweing purposes, when making a changeover from one
machine to another, provision is made for marking any
desired poinmt om the tape, For this purpose, =mall
paper tabs, which can oomvey information either in writing
or by ocolours, can be -attached to the tspe while in
motion duriang recording or reproduction., The tabs are
wider than the tape and cgasequently project sbove the
surface of the wowmnd tape spool,
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Ths head assembly oomprising the megnetic system is
provided, in this type, with very oconsiderably improved
soreening against magnetic hum fields, Neverthsless,
the dimensioning and spacing of the soreeming is such
that insertion of the tape is made esssier rather #hsn
mpore diffioult., An additional devioe is provided to
onsble the tape to be disengsged from the heads during
rewinding, in order to save waar on these,

In order to enable the requisite cperational checks to
be carried out directly st the heads, their lesads are
taken to a speocially screened terminal panel, After
removal of a oovering plate, tests and measurements can
be carried cut while the apparatus is in operstiom,

lifier Unit, ocoworising recording and reproducing
equalisers mains wnit, monitoring smplifier and
oconneoting strip, The equaliser system and the
monitoring smplifier are sach mownted in a separate
chassis apd sre oomnected to the chassis wiring by
blade oconnectors, SN

The recording equaliser (equipped with two valves type
EF 12 and three type EF 14) contains also the electirioal
equipment for generating the high frequency wiping and
premagnetising owrrents, A potentiometer, for lsvel
adjuetment, is acoessible from the front panel.

~ The reproduding equaliser has two smplifying stages (two

valves type EF 12). Two potentiometers mounted on the
front panel serve for level equalisation (balancing)
and for frequency correction, when using two or more
equipments,

 The mairsunit uses a rectifier valve type EZ 12, Attached

to the front panel are a mains switch, fuses and a hwm
eliminator, A meter, likewise mounted on the fromt panel,
indicates wiping, premagnetising and modulation current,
acoording to the setting of a awitoh.

Louvdspesker, similar in oonstrustion to that used in the

L 4

Acoessories box, oontaining toola and spares needed in
; e apparstus, Some spare reels of tape are

also provided.



' COMPARATIVE TECHNICAL DATA

1. GENERAL

2,

Power supply required

Overall frequency
response, with tolor-
ances

Hean signal/noise
ratio (without aursl
sensitivity network)

Pesk signal/noise
ratio (with aural
sensitivity network)

Distortion at 1,000 ¢fs

MACHINE UNIT
Power reguirements

Types of motor -
(a) turntable motors

(b) main drive motors

Mains indicator
Mains switch

Metering
Dimensions (olosed)

Dimensions (open &
with tape supporting
plates in positiom)

Weight

-5

K4 HTS X
220 volts, 50 ofs
50-6,000 o/s 509,000 ¢/s 50-10,000 o/s
+ 5 +35db + 2 db
- - 50 db
38 db 55 db . 80 ab
5% o %%
2/300 V.A. 165 w, 185 w,

series, ocmmu~ Series,ccimu~trushless,

tator

singie phase,
capacitor

- 3-pole

Fremagnet-
ising current

475x470x3525
o,

6840x470x325
BEL,

57 kg.

tator non-synchron-
ous

synochronous synchronous
- neon lsmp
2-pole 2-pole :

600x560x55C 580x370x35C
ma, mm,

640x420x550 640x420x550
ma, NEl,

45 xg. 42.5 kg,



S. AMPLIFIER UNIT

(#) Reoording equaliser/

(®)

" Qutput impedance
(separate output

aplifier

Input impedance

Input voltage for
full modulation

Gain oontrol

Frequency response

oontrol

Meteoring

Velves

Dimensions

Weight

Reproducing equaliser/

SImD ier

edapted for headphones)

gutput voltage
sceross 200 ohme

Gain oontrol

Prequency responie

oontrol

Valves

- Dimensions

Weight

). Brs j ¥4
200 obms 200 ohms 200 cohms
1.5 v 1.6 v 1.5 v
- yes yes
- Jeos yes
- Wiping, pre- wiping, pre-
magnetising magnetising
& modulation & moduletion
current current
- 5 EL 1) 2 EF 12
3 EP 14
(see ++ p.6) 500x120x205  (3¢® +4 DP.6)
i,
" 8 kg. "
200 ohms 200 ohms 200 ohas
10 mV 30 my 40 mv
- yea ‘yoa
o= yes. yos
2 12 2 EF 12 2EFR
(ses ++n8) B500x120x305 (300 ++ p.6)
» 8 kg »



i

+ (Translator's note: There appesrs to be scme doubt sbout
the input impedance of the smplifier wsed in the HES
equipment, The ERG Techmical Instruction Manual eleovly
shows this ss 1500 olms over the greater part of the
frequency range.,)



(c) Mains Unit
Power requiremsnts
Fuses
Mains indicator
Switch
Valves

Dimensions

Weight

Xé HTS X7

- 100 V.A. 100 V.A-.
- 600 mA 600 mA
- neon lamp neonlamp
- 2-pole 3-pole
- 1¥z 12 1112

(see ++ belou;)ﬁoo:l:lm5 (see ++ below)
=

15.5 kg "

++ Dimensions (2)+(d)+{0) (see under (8)+(b)+(o)
: 355x240x550 individual 560x365x400
o, wits) ma,
++ Weight 18 kg » 35 kg.
approx;
(d)Monitoring
. Aop or
Powsr requirements 85 wattis - 35 watts
Input impedance 680,200, - 200 ohms
- 10,000 or
50,000 chms
Input voltage 0.5 wy,0.5 mV - 0.1 - 10 m¥
I00mY or 2Ve =
Output impedance 15 ohms - 15 olms
(separate output '
adapted for
headphones)
Qutput voltage 4V, - 4V
Output power 2 watts - 2 watts
Tone control top dip -

(1 ) ba=s di&g
ass
vhm reproduoing
(1i1) top &ip

when reprodusing.



Valve

Switoh
Metoring

4, LOUDSFEAEER
Dimensions

- Weights
5. ACCESSORIES CABINET

Dimensions

Weighta

-

K w

1 each - 1 each -
AY7 AW7

AH1 AHL

AlA AL4

AZ1l AZl

2-pole 23-pole
peak meter | peak meter
470x280x500 470x280x500
ma, mn,

14 kg (approx)

14 kg (approx)

520x326x250
ma,

14.5 kg
(spprex, ) -

. .
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THE MAGNETOPHCH,

its properties and f'ieldsr of use,

This is a paper written by Dr, Hans Joachim von Braunmuhl,
dated June 10th 1945, He gave his lrcation at that time

a3 3peinshart, near Zschenbach, Oberpfalz and addressed

the paper to the appropriate authority in the U.3. Cccupying
FPorces. The originel was in German, the attached being

a translation by J. G. Arengo-Jones and M. J. L. Pulling, BRC.

January 1946



The Magnetophon, its propertiea and fields of use.

The Magnetophon is a modern megnetic sound recording
device which uses as recording medium a nerrow thin tape on
which the sound frequencies are recorded magneticelly by
means of a ring-shaped recording head. The magnetisation
thus produced in the tape can then be picked up by means of
a similar ring-shsped reproducing head and reproduced es
many times as desired, '

Technicians were already at work on the magnstic recording
of sound as early as 1900, The names of Poulsen, Stille and
Blattner may be mentioned, They used as recording medium a
steel wire and later a narrow steel tape, The apparatus thus
produced was adapted for various purposes. A considerable
improvement in quality was later achieved, so that the BEC,
for example, used the "Blattnerphone" to a large extent in
their radioc programmes, According to publications available
in Germeny the U.S.A., in particuler the Bell Labcrateries,
have recently reverted to magnetic sound recording and have
achieved considerable success using both steel tape and thin
steel wire, The American developments apparently have as
their object the production of transportable equipment with
a long playing time.

By contrast to the equipment just mentioned, instead of
a relatively heavy steel wire or tape, the Magnetophon uses
as recording medium a tape which is thin, light, reasonably
strong, easily cut and rejoined, fireprocf and cheap to
manufacture, Such a recording medium, whose properties, as
will be shown below, have a decisive influence on the
construction and operation of the apparatus, has a noteworthy
advantage over both steel wire and steel tape,

: The Magnetophon in 1ts original form was developed by the
ARG of Berlin and was put on the market some years before

the war. It was mainly thought of as a dictating mechine

and was accordingly provided with the facilities necessary

for that purpose. The tape recording medium, whose

characteristics are defined in basic patents by Pfleumer,

was developed and produced by I, G. Farben Indusirie at

Ludwigshafen. 4+

This state of affairs led naturally to a close
collaboration between AEG and IG which during the war
resulted in the formation of the firm Magnetophon GmbH,
39 Karl Stresse, Berlin,

Although the Magnetophon, as already mentioned, was
designed primarily as a dictating machine and was equivalent
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in terms of quality to an average gramophone record, the
method had so many basic advantages, even by compariaon
with gramophone records, that consideration was given to -
its use for other purposes as well, The credit for
giving & considerable impulse at this Juncture belongs

to the Technicel Department of the RRG (Reichs Rundfunk
Gesellschaft) as being the part of the German
Broadcasting organisation responsible for technical
~developments and their applications. ++

Within the ‘RRG organisation the Research Laboratory,
under the direction of the author, took an ever incressing
.interest in the Magnetophon and adapted it to the varied
requirements of Broadcasting,

+ (Late.r, the AGFA Company of Wolfen near Bitterfeld,
under the direction of Prof. D. Eggert, participated in

- this work with considerable benefit to the production of
the tape.)

++ (It should be realised that the technical responsibility
of the RRG was restricted to the chain of equ:.pment from -

. microphone to the imput of the lines going to the

- trensmitters, whilst the German Post Office managed the line
distribution network and the radio transmitters,)

In the course of this work, which occuplied a steadily
growing proportion of the laboratory, the undersigned
aucceeded, in collaboration with Dr. Walther Weber, since
deceased, in inventing a fundamentel improvement in the
magnetic recording process, This improvement consiasted
in causing the audio-frequency medulation current to act
upon the recording medium simaltaneously with high
frequency alternating current, during the recording
precess, The success of this expedient was guite
astonishing in regard to extension of the frequency range,
to reduction of non~linear distortion, and, in particular,
to elimination of background noise, The invention was
at once made the subject of appropriate patent applications .
filed in the names of Dr. von Braunmuhl and Dr. Weber,

The inventors, with the consent of the RRG, concluded

a royalty agreement with the ARG, in respect of their patent
applications, which in the meantime had: increassed to
fourteen in number, and in respect of further collaboration
with the manufacturing firm. +

The great improvement thus effected at one stroke led
to the large scale adoption of the new process throughout the
RRG, in the middle of the war. Up to that tims, the RRG
had relied mainly on discs for recording purposes; they were
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largely displaced, however, by the Magnetophon in a
remarksbly short space of time, in spite of the obstacles
to conversion resulting from wartime conditions. From
then on, the Magnetophon was used in the great majority

of all transmissions, In fact, it was used so extenaively
that even parts of programmes that could perfectly well
have been done 'live' were, as a regular practice,
recorded on Magnetophon tepe and fed therefrom to the
transmitters, for reasons of convenience or for other
reasons, This practice resulted of course in the building
up of an extensive archive of programne material offering
a very wide choice of matter for repetition purposes.

The undersigned, who occupied a responsible position
in the RRG from the year of its inception, 1929, onwards,
does not remember any technical advance being greeted with
such enthusiasm as the Magnetophon, The reason is to be
found in the high quality of reproduction and the ease of
handling peculiar to the Megnetophon. The quality of
reproduction achieved iz indeed so high that there is no
appreciable difference as compared with direct trensmission.
Even when a direct and instantaneous comparison is made
between a 'live' programme, and the same programme heard
via the Magnetophon recording and reproducing system, a
practised ear can detect no difference in quality.
Conssquently, it was Justifiable to regard a Magnetophon
recording as a fully equivalent substitute for a live
transmission. The quantity of Magnetophon tape used by
the RRG mccordingly rose to 5000 kilometres per month.

The high frequency Magnetophon thus represents a novel
sound recorder capable of meeting the highest demands and of
competing in the first instance with the disc method
previocusly used by the RRG as well as with other known high-
grade recording methods, the foremost of which are the steel
tape method, the photographic film method and the Philips-
Miller system. Purely from the point of view of quality,
comparison with these methoda gives the following datae;~

+ (Foreign spplications were filed in most countries,
claiming the Convention date of the corresponding
original applications in Germany. )

In the stationary sets, the Magnetophon has a
tape speed of 77 cm/sec, and with high frequency recording
there is no difficulty in covering the frequency range with
which brosdoasting is concerned, namely up to 10,000 cycles
per sec. It is. however, in principle guite possible to
extend this freguency:renge up to 20,000 c/s and beyond, as
has actually been done (Claims of this nature were made, about

S S P
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the year 1934, by competent American suthora, in reapect :

of high quality stereophonic sound reproductlon, also
for sound film purposes),

Tt has proved possibls, with the Magnetophon, to
reduce background noise to - 60 db, relative to peak
modulation.” This means that the disturbance voltage
amounts %o only JEh o the effective voltage end is
therefore imperceptible even in critical musical passages |
and in periods of silence, In arriving at these data _ !
- a value is adopted for admissible non-linear distortion !
which corresponds to the accepted requirements for high !
quelity reproduction. i

_ .By contrast, the average commercial disc, in
conjunction with one of the usual types of pickup, has a-
frequency range up to about 5,000 ¢/8 and a dynamic range
of at the most 40 db. This means that the needle noise
amounts to at least 1/300 of the effective modulation, that
is to say the voltage is ten times as great as in the case ‘
of the high~frequency Magnetophon. (This difference of i
1:10 is highly significant. It has been proved, by
subjective observation, that a disturbance noise amounting
to 1/100th of the effective modulation is felt to be
unpleasant, while a reduction by a further factor of 10
brings about such complete freedon from noise that any
further reduction of background noise is of no interest,
even for the most exacting requirements}.

For photographic film it ia claimed that a frequency
range up to about 8,000 ¢/3 can be covered. Experience
shows, however, that this value is seldom attained.
Moreover, difficulties of a fundamental nature are ;
encountered in any attempt to raise the upper frequency
limit, Background noise also varies within wide limits,
depending partly on the nature of the recording method
used (push-pull recording, automatic ground noise
reduction etc), but is probably, on an average, at best
- /0 dbh, !

Furthermore, optically scanned film is subject to
rapidly increasing background noise, owing to mechanical
scratching and the effects of dust. This drawback is
completely eliminated in the Magnetophon method., It
has been demonstrated that even after the thousandth
playing, the background noise in reproduction from
Magnetophon tape is not increased. The reason for this
is simple and obvicus; scratches, dust, etc, have no
magrietic effect at all, and only magnetic particles can
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have any influence on the reprodncing head. Particles
of magnetic matter are of course extremely rare.

A comparison with the Philips-Miller system leads to
results similar to those described above in connection
with photographic film, Some years ago, a very carefully
prepared comparative teat was carried out in the RRG
laboratory between the high-frequency Magnetophon and a |
Philips-Miller apparatus which had been checked by experts
from the firm of Philips, who also handled it during the
test. For the purpose of the comparison, the same
material was recorded on the two sets of apparatus
simul taneousaly and in precisely similar conditions. The
reproduction from the Magnetophon tape was indisputably
the better,

The comparisons described above relate primarily to the
prhysical properties of the various methods. From the point
of view of practical use, a number of other considerations
of a practical and economic nature are of decisive importance.
It would be beyond the scope of the present paper to meks a
complete and exhaustive comparison in respect of all such
considerations, The present study will therefore be limited
to the characteristic features of the Magnetophon system.

A technical expert will be able without difficulty to make the
appropriate comparisons with other methods and systems.

The Magnetophon tape is light in weight (a thousand
metres weighs sbout 500 gms), flexible, of adequate tensile
strength, non~inflammable, insensitive to dust, fingerprints
~and the like, It is easily cut and can be stuck together
with any ordinary adhesive: Joins produce no sound in
reproduction. - The tape is cheap to produce (1 Pfennig per
metre) and can easily be produced in guantity (particularly.
by the Luvitherm procesa). The only inherent disadvantsge,
for certain purposes, is that the magnetic record is
invisible. :

The Matnetophon apparetus, owing to the light weight
of the tape, can be built with considerably lighter moving
parts than comparable photographic film apparatus and does
not need, as the latter does, light-proof enclosure of the
recording elementg, '

The Magnetophon has the great advantage over photographie
film, that no intermediate chemical treatment is required.
The tape can be pleyed immediately after or even during
recording.

SO VU S S
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The recording and reproducing heasds are subject to
slight wear, their average working life being approximately
400 houra., The replacement of a worn head is an S
extremely simple operatiocn. .

Compared with discs, the Magnetophon method has all
the advantages of any strip type recording system,
particularly as regards duration of reproduction and the
possibility of editing by cutting and Joining together,

a possibility which is ruled cut in the case of diacs,.
The cubting and sticking together of Magnetophon tape is
particularly simple as compared with other methods using
strip média. - The most conclusive proof of the ease and
reliability of operation of the Magnetophon equipment is
that the RRG brought the high-frequency Magnetophon into
gservice in the middle of the war and that it was generally
operated by women after only a short period of training.
It will have been noticed in foreign countries how few
breakdowns occurred, although almost all transmissions,
including the most complex and difficult programmes, were
transmitted from Masgnetophon tape.

Spheres éf Application of the High-
frequency Magnetophon

A. TFor broadcasting and related purposes, for which
both stationary and portable sets msy be required.

B. For the highest quality of reproduction, particularly
when the sterecphonic effect is required.

C. TFor talking pictures (picture-synchronised recording
and reproduction). ‘

D. As s substitute for discs in a wide range of uses,

A. Brosdcasting:

As already outlined above, the major improvements in
the Magnetophon were evolved in the leboratories of the RRG
and this being so, it was natural that development took
place along lines which took the requirements of broadcasting
into account. It is not necessary to go into details.
guffice it to say that the quality of reproduction achieved
3s such as to provide a perfect substitute for live
transmissions. The following uses therefore suggest
themselves; :
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Recording orchestral or dramatic performances
anywhere and at any time, i.e. without the necessity of
bringing an orchestra or performers to the studio.
Production centres could be set up, as in the film
industry, in which a large number of recordings could
be made and kept in reserve for use in broadcesting.

Such production centres would be set up and equipped to
suit the needs of the artists employed. The possibilities
. of development in this direction are unlimited and would
lead to the functions of a broadcasting centre becoming
reduced to those of a control room handling the recordings
supplied from the production centres. All that would
remain to be produced in other broadcasting studios would
be topical and spoken matter.

‘Recordings could alsc be made in existing concert
halls, theatres and the like, although in this case the
special requirementa of broadcasting would not always be
satisfied g0 well as in the proposed production centres.
Decisions in this matter would be left to artistic rather
than technical advisers,

A further range of uses results from the possibility
of making the Magnetophon apparatus in portable form An
appropriate design was worked out during the war by
engineers of the RRG laboratories. A set was produced the
dimensions of which are about helf those of a military
knapsack., This contained all the necessary equipment and
required only a microphone and a box of batteries to make
it ready for operation. In the intereats of compactness,
and in view of the fact that the demends in the matter of
quality are not so great in the case of a miniature set, the
tape speed was reduced to 18 - 25 em/sec.  In spite of this,
with the high frequency method, there is still cbtained an
upper frequency limit in excess of 6,000 c/s and the back-
ground noise level corresponds to that achieved with the
stationary sets. These data show that even the miniature
set is greatly superior to the disc and particularly to the
ultra-thin disc hitherto used for portable recording and
reproducing apparatus. The record duration is 10 minutes
(compared with 20 min., in the case of the stationary apparatus)
and has proved fully adequate for all purposes for which a
portable set is required. The use of two standard tape
speeds (77 cm/sec, and 18 = 25 cm/sec,) is not in itself a
disadvantage, and in fact corresponds to the conditions .
obtaining with sound films which are likewise produced for
two speeds, the normal film speed of 90 ft/min. and the
miniature film speed of sbout 36 fi/min. Records made on
Magnetophon tape at different speeds can easily be combined
for reproduction, by dubbing. Dubbing in this connection
presents no additional difficulty, since dubbing represents
the normal copying method. ' ’
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B. Stereophonic reproduction:

It is one of the special advantages of the Magnetophon,
that it can be used for obtaining stereophonic reproduction
effects, and, moreover, without the necessity for any
appreciable modification of the apparatus. Stereophonic
reproduction is obtained by using two or more microphones
placed in different positions in the recording studio and
making a corresponding number of recordings on the same medium
through separate recording channels. On reproduction, these
sound tracks are scanned separately but simultaneously and
fed, separately, to a corresponding number of appropriately
placed loudspeskers. The result is a stereophonic effect
which differs materially from that of single channel
reproduction. Apart from incomparably greater richness of
sound, a spatial effect is obtained and each sound appears
to come from a certain direction as it would under conditions
of direct listening. Experiments have been carried out in
this field for the past ten years in America; publications
in American gscientific journals have testified to the astonishe
ing improvement in reproduction obtained by it., The author
had an opportunity of discussing personally with the
conductor of the Philadelphia Orchestra, Dr. Lecpold Stokowski,
the details of the American experimenta,

The high-frequency Megnetophon is particularly well
suited for use in stereophonic reproduction.. The technical
requirements are extremely simple. It is merely necessary
to substitute a dual head assembly for the normal recording
head assembly, each half of which is supplied with the
audio-frequency signals derived from one of the microphone
channels. The same procedure is adopted for reproduction,
It goes without saying that in order to obtain the full
advantages of the Magnetophon method, even in single channel
recording, but more still in connection with stereophonic
recording, it is necessary to use loudspeakers of the highest
quality., As a result of research quite independent of that
carried out on the Magnetophon, most successful results were
obtained by the engineering department of the RRG with a so-
called "Broad-band" loudspeaker which represents a declsive
advence on any known type. Detells of this are ocutside
the scope of the present paper.

The use of stereophonic recording enables a binaural )
effect to be obtained and thus to provide artistic reproduction
of such high quality, that it can be regarded as a substitute
for direct listening even by the most exacting audience.

This was alsc the conclusion arrived at by the American

’ 11
investigators, led by Dr. Hervey Fletcher of the Be
Laboratories, in what has become known as the Philadelphia-
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Washiggton experiment, in which an orchestral performsnce
in Philadelphia was stersophonically reproduced in a concert
hall in Washington, with very great success,

Two-channel reproduction in broadcasting would, of
course, in present circumstances, involve considerable
complications, since two carrier waves and two receiving sets
would be required. Thia problem will, however, beconme
soluble with the development of the technique of ultra-
short waves and freqguency modulation. But even now,
stereophonic reproduction by Magnetophon is worth
conaidering for the purpose of relaying a high quality
musical performance to places where such performances are
not normally available, Whilst it is theoretically
possible to do this by feeding the moduletion signals
through cables of the requisite construction and high
quality to the place where reproduction is required, this
is undoubtedly more complicated and less economical than
the method of using a tape recording at the place of
reproduction.

Stereophonic reproduction will also introduce the
Magnetophon to all places where orchestrashave in fact
played, but where no particular value is attached to the
actual physicel presence of the orchestrea themselves, for
instance in restmaurents and cafes, dance halls and the like -
that is to say, placea where an appreciation of the msic
does not depend on the ability to watch the misician, or
where the orchestra is in any case hidden from view, There
is scope here immediately for stersophonic reproduction by
Magnetophon, Co :

The critical music-lover who at present has to make do
with the inadequate quality of single chamnel réproduction
from discs will also be highly interested in the artistic
possibilities of stereophonic reproduction by Magnetophon.
The far-reaching difference between ordinary reproduction and
stereophonic reproduction must be heard to be properly
appreciated,

The relatively high cost of recording rather than the
cost of the tape which is cheap, Buggesta that it would be
preferable to think of Magnetophon records as a commodity to
be hired out rather than sold. The necessary organisation
for that purpose would have to be created.

The ARG, as manufacturers of the Magnetophon, took a
step in this direction in the latter years of the war by
founding the "Tonband G.m.b.H", of Berlin, which also carried
out copying on a commerclal basis. Owing to the difficulties
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created by the war, however, the general objects of the
Tonband G.mb.. were not advanced beyond the initial
stages, Even so, the quality of stereophonic
Magnetophon recordings was 8o mich superior to those
obtained by all other available recording methoda that
the RRG regerded it as their duty, in recent years, to
make recordings by this method, particularly of the
masterpieces of classical music, to be kept for the
benefit of future generations.

Ce Talking Pictures:

At first it may appear to be a digression to propose
the use of the high-frequency Magnetophon for producing
the sound-track of talking pictures, since photographic
film is necessary in any case for the picture record, aso
that it seems obviously advisable to record the sound
photography slso, Closer acquaintance with the practice .
of - sound film technique reveals, however, that picture and
aound are recorded, in moving picture production, in the
first instance on separate films which are only at a later
stage combined to form a single films So long as the
sownd-track is not combined with the picture film, it is
therefore perfectly practicable to employ a non-optical
recording method for the sound-track. It is, in fact,
advisable to do 8¢ provided that a recording method is
available which is superior to photographic sound recording.
Such a method is now available in the high-freguency

Magnetophon.
It will be clear that for this purpose the Magnetophon

' needs certain modifications to adapt it to the conditions of

sound film technigue, for example the use of a wider tape
with perforations, in order to ensure perfect synchronisation
between picture and sound.

That there is a need for such development of existing
practice is clear from the fact that in recent yeers the
German sound film industry has been paying close attention
to this very problem. In Americe experiments have also been
carried out in this direction. In these latter experiments,
high quality discs were used as the primary recording medium;
this medium, however, has serious drawbacks when used in
conjunction with a film type picture record, in particular
in respect of editing and cutting.

D. Use in the home:

The advantages desoribed above of the high-frequency
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Magnetophon suggest the use of thné%ophon recordings

as & substitute for gramophone records for private use.
Its use would be limited to conditions in which a mains
current supply is available, The Magnetophon would
therefore not replace the gramophone for use, for
instance, in the open air, on boats, excursions and the
like. It is, bowever, becoming increasingly popular

to obtain reproduction from discs with the aid of an
electric pickup in conjunction with an existing wireless
receiving set. For this purpose it would be easy to
design a suitably inexpensive Magnetophon apparatus, more
particularly since it would only beneedsl for reproduction.
The longer playing time obtainable would be of great
advantage, particularly for reproducing serious msic
such as symphonies, and offers a great improvement on
existing expedients for effecting the change-over from one
disc to the next every four minutes.

Labelled commercisl Magnetophon recordings could be
distributed eithsr for sale or for hire. It would alsc be-
possible to arrange for consumers to return unwanted .
recordings to an establishment where they could be wiped, !
used for fresh recordings or copied (to order) and returned ;
to the owmeras, The handling of the reproducing apparatus
would be as simple as that of existing ministure film
camaras or projectors.

Copying:

Magnetic recordings cannot be duplicated mechanically,
as in the case of dises, nor photographically as in the case
of sound films, but can only be copied by dubbing. In view
of the exceptionally high quality of Msgnetophon recordings,
however, this does not amount to a disadvantsge. Experience
has shown that the reproduction quality of = dubbed copy is
indistingulishable from that of the original, The great
advantage of dubbing is that a single parent machine can be
coupled to any desired number of satellites, so that a large
number of copies may be obtained in a single operation. The
above-mentioned Tonband G.m.b.H. operated successfully for.

a long time with their original battery of five satellite
equipments. It woild also be perfectly possible to design
a special multiple apparatus for producing copies by dubbing.
Hitherto, however, there has been no call for such an
spparatus.

Conclusionsa:

‘The work of developing the high-frequency Magnetophon,
carried out by the RRG in collaboration with the AEG and the
IG, can be regarded as completed in all essentials. That
the process has been developed to the point of commerciel :
maturity is proved by the fact that the Germsn broadcasting |

o B S
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system has been making use of it in recent years, almost
exclusively and on a very large scale, Its adoption
resulted in a great improvement in the quality of
transmission and a considersble expansion of programme
production facilities,

The apparatus has proved to be reliable and convenient
to operate. The novelty of the method entails the
necessity for keeping a very close check on the manufacture
of the equipment, on the production of the tape, the quality
of the individual parts, and so on. It is also necessary
to carry out further development, particularly in regard
to accessories and simplification of operation,

The copying method is capable of being still further
improved, particularly in the direction of greater economy.

The use of the high~frequency Magnetophon for sound
films end for private use has hardly even begun,

There is, therefore, a great deal of technical work
still to be done, to ensure that the Magnetophon shall be
able to fulfil all the technical purposes which it ia
undoubtedly destined to fulfil, quite apart from the
extensive organisation required for the following activities;-

Manufacture of the eqguipment
Manufacture of the tape

Production (artistic and technical)
Copying, and

Distribution

. The undersigned submits this paper to the American ‘
suthorities in occupied Germany in the expectation of arousing B
their interest in further development in the Magnetophon
fields At the same time, a3 the actual invenior of the [
high-frequency Magnetophon in collaboration with a number of !
co-workers who were all active for a number of years as
experts in this field, he begs to offer his services in ;
connection with such further development, . J

(sgd) H, J. von Braunmuhl
10,6445,




List A.
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APPENDIX ¥

This is a catalogue of patents granted in respect
of the Magnetophon and its associated tape, which
1s believed to be oomple'be up to issue date

June 3rd 19%4.

Liat B,

This contains as mich information as it has been
poasible to collect concerning additional
epplications, some of which may have resulted in
the grant of patents.

The sources of the above infomation were a8 followgiw

(1)

(2)

(3)

A patent file held by Dr. Schmidt, Patent
Director of AEG, at 150 Hohenzollexrndamm,
Berlin (British Seotor), from which most
of the infomation contained in List A was
obtained.

A damaged file held by Dr. Schepelmann of
ARG, Hohe Bleichen, Hamburg (British Zone}.
This contributed some of the information
given in List B.

Information provided by Dr. H. J. Von Braunmihl
of Rundfunk Technische Zentralstelle, 41a,
Kirdorfer Strasse, Bad Homburg, Nr. Frankfurt,
U.8. Zone, which is embodied in List Be
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LIST B:- PATKNI APPL;CATlUQﬁ, SOMis U
WHICH -HAVE BREN GHANTKD
APPLICATIUN FiNAL
No. Date. No. Class
| B.186470 28. 2.39 42¢g
B.18647 1. 3.39 n
4L,10172 Zi. 8.40 u
L.10213%4 16.10,40 u
L.102699 1940
B. 191047 26, 6.40 - 42g
B.191304 27. ;.40 743411 | "
B.19132L 29, 7.40 57a
B.191690 3. 9.40 42g
B.19.1841 20. G.4 =
B.192212 25.10,40 n
B.192221 26.10.40. 57a
L.103047 1941
? 1941 745587
B. 193741 27. 3.41 42g
B.19%814 29. 3.41 n
B.1947L3 27. 6.41 u
B. 195250 15. B.41 s
B.196102 30. 9.41 "
L.1oBue?7 1942 B
B.197119 11. 2.42 "
B. 197512 16, 3.42 n
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PARTS LIST FOR MAGNETCPHON MODEL Ko7

(Reference Drawing AEG/AT/Mgt.403178N

Fig.19)

Des cripti on of Part

CH
C52
C53

C55
C56
C57

Tubular Condenser

Tubular Condenser

Tubular Condenser

Tubular Condenser

Tubular Condenser

Paper Condenser

Paper Condenser
Condenser
Condenser
Condenser
Condenser

Electrolytic Condenser

Electrolytic Condenser

Paper Condenser

Tubular Condenser

Electrolytic Condenser

Paper Condenser

Paper Condenser

Paper Condenser

Electrolytic Condenser

Paper Condenser

Paper Condenser

Paper Condenser

Electrolytic Condenser

Paper Condenser

Tubuler Condsnser

Paper Condenser

Elecirolytic Condenser

Paper Condenser

Paper Condenser

Paper Condenser

Paper Condenser

Paper Condenser

Electrolytic Condenser

Electrolytioc Condenser

Paper Condenser

Paper Condenser

Paper Condénser

Paper Condenser

1 uF/40/500 V.,
1 uF/10/500 V.
1. uF/10/500 V.
1 uF/10/500 V.

»1 uF/10/500 v,
0
0

10 uF/350/385 V.
25 uF 350/385 V.
1000 /500

250 pF/20/500 V.

/8 v.
B 0,5
B

0,05_ 500

50 uF 6/8 V.
2500 /500

2500 /500

B 4 /250

10 uP 250/275 V.
500 /700

50 pF/20/500 ¥,
1000 /500




Circuit
Ref,

€58

(11x)

Description of Part

. Electirolytic Condenser

Tubular Condenser .
Tubular Condenser
Paper Condenser

Paper Condenser

Paper Condenser
Paper Condenser -
Electrolytic Condenser
- Copdenser
Electrolytic Condenser
Elecirolytic Condenser
Paper Condenser
Tutular Condenser
Electrolytic Condenser
Paper Condenser
Electrolytic Condenser
Paper Condenser
Blectrolytic Condenser

Electrolytio Condenser

Electrolytic Condenser
Paper Condenser
Tubular Condenser
Tubular Condenser
Choke

Choke

Choke @
Choke

Choke

Choke Coil

Choke

Choke

Choke

Choke

Choke

Choke

Mains Choke
Hectifier
Rectifier
Rectifier
Rectifier

Meter

Keter

250 uF 30/35 V.

250 p¥/20/500 V.
250 pF/20/500 V.
1000 /500

0,01 /250

1000 /500

2500 /500

25 uf 6/8 V.

250 uF 6/8 V.

10 uF 100/110 V.
B 2 /250

0,1 uF/10/500 V.
250 uF 12/15 V.
B 0,2 /250

10 uP 30/35 V.
B 2 /2%

10 uF 350/385 V.
10 uF 350/385 V.
25Q uF 12/15 V.,
B 1 /160

5000 pF/20/250 V.
0,1 uPF/10/250 V.

212750 ngo O,‘“{- Cu.Lc
5200  Wdg. 0,06 Cu.L.
1800 Wag. 0,1 Cu.L.
1,000 Wdgs 0,07 Cu.L.
1350 Wdg. 0,18 Cu.L,
260  TWag. 0,3 Cu.L.



. Cirouit
Ref.

~—

vwmWnnl
W oN

(3x)

Description of Part

Wiping Head

Reocording Head

Replay Head

Magnetic Breke for Main
‘Motor

I@mﬁchﬂrﬁmﬁmr

_ table Motor, left-

Magnetic Brake for Tum-
table Motor, right

Magnetic Brake for Rubber
. Pressure Roll
Main Motor
Turntable Motor, left
Tarntable Motor, right
Adjustable Resistance
Adjustable Resistance
Adjustable Resistance
Adjustable Resistance
Adjusteble Hepistance
Potentiometer
Adjustable Hesistance
Relay
Valve
Valve
Valve
Valve
Valve
Valve
Valve
Valve
Indicator Lamp
Valve
Valve
Valve
Valve
Switch (2-pole)
Switch
Switch ) Pe-wind
Switch |
Switch - Record
Switch - Replay

Be=BE8
T TIA

-
w

TN

pos.log.

N

EEEE EHEEEHEE
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Circuit

Ref. Desoription of Part
84 . Switch (2-pole)
86 Switch
38 Switch )
89 Switeh
510 Switch
311 " Switch
811 Fuze 2,5/250
512 Fuze 2,5/250
S13 Fuze T 1/250
815 Fuze (in U.13)
816 Fuze 1/250
U1 Mains Transformer
U3 Input Transformer
T4 Cutput Transformer
U6 Imput Transformer
vz Output Transformer
U8 H,P, Transformer
us9 H.F, Transformer
U11 Input Transformer
12 Cutput Transformer
U13 Mains Transformer
W4 Resistence 0,25 W Da 100 Ohms 5
- W2 Resistance 0,25 W Da 100 Chms 5
w5 Resistance 0,25 W Da 100 Ohms §
w7 Resistance 0,25 W Da 100 Chms 5
w8 Resistance 250 Ohmas 35 W
W9 Resistance 200 Ohms 25 W
W10 Resistance 600 Ohms 25 W
W11 Resistance 600 Chms 25 W
w2 Reaistance 200 Olmns 25 W
Wk Resistance 1200 Olms 25 W
W18 Resistance _ 300 Chms 35 W
w19 Wirewound Hesistance . 0,5 W Da 4 Ohns 5
we2 Resistance 0,25 W Da 2 M.Ohms 5
w23 Resistance 0,25 W De 50 k.,Ohms 5
Wol. Resistance 0,25 W Da 2 k,0hms 5
w25 Resistance 0,25 W Da 300 k.Ohms 5
W26 Resistance 0,25 W Da 100 k.Chms 5
w27 Resistance 0,25 W Da 20 k,Chms 5
w8 Resistance 0,25 W Da 1 k,Ohms 5
W29 Resistance 0,5 W Da 20 k,Otms 5
w30 Resistance .
W33 Realstance 0,25 W Da 500 k.Olus 5
Wik, Resistance 0,25 W Da 20 k,Olma 5



Circuit
Ref,

W35
W36
w37
w38
w39
w0
W
- W43
W4l
W5
W6
wa7
w8
e
W50
w51
w52
w53
W54
w55
w56
W57
W58
w59
W60
W65
W66
we7

we9

LI
w72
W73
Wik
W75
W76
w77
W7€
Wi9
W80
W&

w83

Desgription of Fart

(1xi4)

Resistance
Resiatance
Resistance
Resistance
Resistance
Resistance
Resistance
Hesistance
Resistance
Resiatance
Resiatance
Resistance
Resistance
Resistance
Resis¥ance

Wirewound Resistance

Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance

Wirewound Resistance
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