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I - 1.TRCOLDUCTION i1~

In megnetic scund recording, a wire or tape is pulled
pest & recording head end receives a magnetization corresponding
to the audio being fed to the recording head. The magnetized
tape can subseguently be pulled past & playback hesd, in which
it induces a replica of the signsl which magnetized it.

The first commercia} megnetic sound recorder was the
"Telegraphone” introduced by Foulsen in IS<0» This device
employed a stssl wire about C.0LO inches in diemster, but was
seriously limited by a poor signel-to-noise ratio end a high
wire speed, The "Blattnerphone", introduced seversl years &go,
uses a steel tape about 0.003 inches thick end 53/8 inches wides
This tape, running &t I00 meters per minute, cen reproduce up
to about B0UC cyeles per second, but the volume range and signal-
to-noise retio ere somewhat insdeguate, sc that its principle

employment is in redic browzdessting in Englend gnd on the Continent

where it is used only for voice and heavily monitored dance ‘music,
These gystems employ & longititudinal magnetization process, with
pole pieces arranged is shown in Figure I, Bell Telephene
laboratories heve developed a cross-megnetization system, with
poles arranged es in Figure 2, This enables the recording to be
mede zeross the tape, so that tepe speed can be reduced to iz
inches per second for recording up to 6000 cycles per second.

& volume range of 35 db. wes mede possible by the improved
gignali-to-noise retio of this system, The current western
wlectric snd Bell System magnetic recorders use this principle.
During the war, the Armour Reseerch Foundation hes deve loped an
extremely light-weight wire reccrder which, however, has no
provision for constant wire speed, and 1s still not a high~
fidelity recording equipment.

The most outstending recent advance in the field of
magnetic recording hes probebly been made by the German
hllgemeine Llectricitats Gesellscheft (4EG) in its development
of the Magnetophon and Tonscireiber serics, which record on
plestic topes about 0,04 mm. thick end & mm. wide, either
coeted or improgncted vwith micrcscopic perticles of mogrstic
meterianl, The VMegnetophon series was first introduced chout
1957 and subscquent models have incorporated improvemonts in
performsnce till the present eguipment is the stenderd high-~
guality recording system used throughcut Germeny in the radio
broedcesting service. For militcry use the Tonschreiber gseries
provide models with spccimlized fecllities for intcrecept,
porteble use and other epplications,
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The excellent performence of the letest Magnetophon
recorders is due to the use of the plastic tepe recording
material, to the use of an improved system of recording and
erasing with supersonics, erd to &n excellent mechanical
construction, insuring ebsolute constancy of tape speed,

These magnetic tape recordsrs represent the only
signilticant cevelepment in +this recording field by the
Germansg. It is known thet Lorenz producsd smzll numbers of
coenventional wire recorders for dictaphone and epeech
recording, but their performance was not outstanding and
they had no significance in militery or high quality
commercial recording.
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11 - TYPES OF GRRlah Tiark RECORDLAS ;-

Megnetophon Series

The commercial Magnetophon was Tirst intrcduced sbout
1957, and subseguent models heve intrcduced one basic mechanical
chenge and one significant electrical change. he first medel
to zchieve much use wes the H T.2, & heavy, immobile machine in
a plywcod cabinet, which also contained the speaker and asmplifier,
4 portable version known es the K3 was later introduced, but this
wzs soon followed by a mechenicelly improved pgrtable mzchine, the
Kli, vwhich remains the standard pertsble eguiprment, Several
thousand of these have been produced, end they heve found wide-
spread use in radic stations, Heichspost monitoring serviees, and
other recording a, piicaticns. For particular applicetions, small
numbers of special models have been built. One exsmple is the
RE7 R2h dwiliingsgerate built for the Reichspost. This was
basically the mechenical portion of twe Kl models &nd a specisl
electrical panel, arranged to provide continuous, semi-autometic
recording for monitoring purposes.

The latest model in service is the Megnetophon X7,
which is a semi-fixed installetion used by the brosdcasting
service &s their standard sound recording system. The mechaniecsl
Portion is usually mounted in & table, with the elecirical
circuits in & stenderd rack nearby. This is the model which
incorporates an improved erssing and recording process to provide
what is probesbly the finest commercisl recording system in
&xistence,

Tonschreiber Series

Three besic militery recording sets have been produced
by «l&, under the nems "Tonschreiber®. The most elsborate is the
"Tonschreiber b*, which prevides line voltege operstion, verisble
tope speed and specizl intercept facilities. The "Tonschreiber cf
is & small, battery opersted set for front-line use, It is
constructed in two czses : a recorder which is spring-driven, and
a playback cese which is battery-opereted. The *"Tonschreiber 4"
is a larger, battery operatsd portable set, intended for field
intercept, but includes no specisl im ercept features and hes &
fixed tape spoeed.

Further details on the various modeis of the Megnetophon
ond Tonschrsiber will be givern folléwdnz the discussion of the
principles and practises follpwed by 4EG in this recording system.
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111 — LVALUATICH OF Ti RLCTANG oySTa :-

A Magnetophon recording i1s ready for use the instant
it is made, and mey be monitcored during the recording. The
tape can bs ®resed and reccrded an urlimited number of times
and cen be played back thousands of times without detecteble
deterioration in quaiity. TUnlike mechenicel end photogrophic
processcs, recording ed justments ere not critieal end ovsr.
moduletion merely produces & graducl incresse in distortfion eas
the magnetization curve becomes non-linezr, The fape can
reedily be edited, cut, spliced and corrections made by re-
recordi ng eny unsatisfactory portions. The tepes &re easily
hendled and shipped without feecr of breskage. & I000-meter
roll of tape, some IO inches in dismster and weighing &bcut the
same as 2 twelve-inch shellec records, gives over 20 minutes
pleying time on the high-fidelity mechines, but this may be
doubled or quedrupled when slower tape speed is used, with a
corresponding decrease in the available frequency range,

It mey be noted that the esrly ts_e meteriazls tended
to deteriorzte plysically efter long storege, bocoming brittle.
They seem to maintain their wmagnetic chorscteristics permanently,
howsver, and 1t appesrs that the lstest i-pregneted plastic
tepes do not suffer this aging. 4also, the mechines are designed
with typicel Germen thoroughness, ond appcar heevy and complicated
by smerican engineering prectices. In some models the tape
thresding eppeers unnecesserily difficuls,

The latest high-fidelity Megnetophon Type X7 has a
uscful dynemic volume range of 65 to 80 db, & frequency range
of 25 to 10,600 cycles per second, and the signal-to-ncise ratio
is for &ll practical purposes thet of the sssccieted amplifiers,
The preceding models of the Magnetophon and "Tonsclreiber" seriss,
using D.C. erasing, have a signal-to-noise retio of sbout . -38 db.
and are limited Ly the associcted amplifier equipment to @
maximum frequency renge of about 50 to 5500 cyelecs per second,
when o tape speced of 77 centimeters per second is employed,
Certzin medels zre restricted to an even smaller freguency range
by slower tepe speed, or by band-pass recording cmplifisrs,

In apprzissl, it may be stated that tle latest high-
Licelity Magnetophen offers performence not surgessed in any
commercial equipment, end hes, in addition, features not offered
by any other system, However, the earlier D0 erasing models and
the "Tonschreiber” series, while presentinz certein special features
and adventages, sre inferior in gquality to other availeble systems,
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1V = MAGIET@EON RRCERWING FROCESS 3

The Magnetophon megnetic recording process is similar
to the longititudinal system sheown in Figure I, and conzists of
three stages : preperstion of the tape (erssing), recording, and
playback,

Freépsring the tape (erssing)

The tape 1s prepared for recording by erasing any
gigrel on it, and placing it in magnetically neutral condition.
1t may be erased by magnetizing it to saturetion with a strong
field from & D.G, energized megnet, or by "degaussing" it with
a strong high-frequency magnetic fisld much zs a jeweler de-
magnetizés a watch, This latter process is & recent development
which is incorporsted only in the latest model Magnetophon, If
high frequency erasing is used, the tepe is left in a megneticelly
neutral condition, If D.C, eresing is used, the tape lezves the
eresing coil in a satureted condition, and is brought approximately
to neutral during the recordivg by passing 2 small direct current
through the recording coil in addition to the audis signel.. .

The D.C. srasing heed shown in Figure 3 is used in 2ll
Tonschreibers and in all Megnetophons, except the letest high-
frequency erasure model, It is fed 'with well-filtered D.C. from
e high-veltege supply, or from batteries, and & typicel srrangement
may be seen leter in this report in the circuit diesgrem of =
recording squalizer,

The high frequency eresing head appearsto be & recordng
heed a2s seen in Figure 3, modified by & brass shim in the gap,
to give a gep-width of some I5 millimeters, ond by usge of & low-
impedence winding to facilitete metching to the high-frequency
source, The coil is fed in series rescrnesnce from a single 6 watt
tetrode self-excited oscillator et a freguency of ebout LC IL,
and receives enough energy to run slightly warm, In & menner
analagous to the optical slit limitation in rmotion picture scund
recording, the gep in the ercsing coil is too grest for the super-
sonics to record, end the tepe is left in ¢ neutrzl state as it
Passes out of the field of the erasing head. The deteils of this
eraser will be found leter in the report, in the circuit of the V7b
recording amplifier,
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In the D.C. erasing systems provision is mede to
switch an inductance cepacity netvork ecross the erasing
and reecrding coils when the recording circuit is switched
offs This lets the coils release their stored energy in é&n
oscilletory discharge, effectively de-megnetizing them to
prevent any effect on tepe which may be run past them, 1In
the high-frequency eystem this preecuuUtlon 18 Huv w=e-sr-—e.

The supersonic -erasing process leaves the tape in
e very guiet condition, but the D.C+ erasing end neutrelizetion
lsaves & rether high noise level,

is meterials undergo megnetic changes 1n steps, or
increments, rather than smoothly &and continously, the lower
noise level produced by the supersonlic erasure probably occurs
becouse the inerements are smeller end more frequent in this
case then in the D.C. method,

Figure i} gives a disgramatic comparison of the

eresing, recording, and playback sequence &8 sccomplished by
the D.C. procsss and es dome by the high-freguency system,
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necorains

In 2ll models of the Mronetophion and Tonschreiber,
recording is accomplished with 2 hesd such s is shown in Figure
, Wwith & recording slit of 0,02 mm width betuecn the polepieces,
he only epperent veristion between the recording hecds used in
ifferent mechines is in the impedence of the coil windings.

[aTN == LS}

~udio sigroels, fed 3o the ceil, produce o megnetilc
field szcross the peccrding slit which veries in accordance with
the zudio current in the ccil. &5 the tape passes across the
recording head, it szsumes & mezgnetizetiion corresponding to the
ficld mcross the slit &t thet instent. Thus, the recorded tape
mey be thought of as resembling a vericble density movie sound
trock, with the density veristions reploced by megnetic virietions,

If the tape hes been prepsred for recording by the LD.C.
ercsing process, it errives st the recording coeil in & scturcted
conditicn, ond to bring it to rmognetic neutral, the recording coil
is fed & direct current of helf the velue rnecessery to sstureste the
tepe in the opposite diresctinn, Thus it is returned approximetely
te neutral during recording. This "premsgnetizotion® current
during recording clsc serves to ¢get the tape "in motion" magnetic-
ally, reducing the inertia whiech the cudioc signel musi overcome,
The required current varies with ecch recording head =nd the
proper velue, destermined by cxperiment, ie notcd o the hesnd,

when the tope has been erased by the supersonic process,
it arrives &t the recording head in & megneticelly neutral stete,
Bovever, if s2n attempt is mede to record merely by feeding cudio
to the hesd, considersble distortion results, duc to the "incrtis"
of the tepe, snd to the megnetization oeccuring in steps,; or
increments., This distortion can be eliminasted if, in addition
to the zudio signel, the recording heed is fed 1 supersonic
signal of sufficient smplitude to "agitcte" the tepe, overcoming
its magnetic inertia, This technique, used in the K7 Meognetophon,
gives &n exceptionally good signal to nolse rotio and mekes
possible the splendid dyremie range of this set,.

The detsils of the superscnic rocording circult moy be
seen later in the scheretic of the V7b recording smplifisr, &4 6
wett self-excited tetrsde oscillitor is used, opercting ¢t a
fregquency of 80 to ICO 0., This frequeney, which is not critical,
is made veriable to ture with a pejsction filter intended tc keep
the superscnics out of the eudio clhennsls, The omplitude of
superscnics fed 1o the recording hesd is contrelisble, end is
steted to hove en optimum velue for the best signel-to-noise
retio,
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The emount of cudio poucr necded far reccrding is
exceedingly small., In scme of the Tonschroiber scries, sufficient
pover for recording is obiained dirselly from the headphone
cutput of ¢ redic receiver, or even from the telophone lines,
but in the Megnetophon series, the signal is taken ct lov
impedence from an epmplifier, through egualizing netuorks,

Aecording ngualization

5 the field strength across the recording slit is
groportional to the current in the coll, and the coil pressnts
an inductive loed, it is fed from e beem-totrode in the Msznetephon
to appreozeh constant-current operetion. Tuis gives an essentislly
flet recording cheracteristic up to the freguency st which an
aspreciable chenge in the signal cycle occurs during the time the
tape moves g distance equal to the slit width. &bove this
point, the high frequenciss zre sccented in recording to compensecte
for the loss that occurs due to the width of the slit, correspond-
ing to opticel slit loss in motion picture recording., In
addition, since tape noise end emplifier noise lie predominantly in
the higher frequency regicn, it hes been found thet the overall
sigraleto.noise retisc can be grestly improved by pre-emphesizing
the high frequencies irn recording, with e corresponding ettenustion
in playbsck, This ie practiced ir the Megnetophon recording
arpiifiers and squalizer curves ond circuit detsils may be obteined
from the descriptions of spscific sets., It is typical practice
to provide an oversll recording curve in which the current at 9 EC
ig from i tc 12 decibels above the I KU value,

I lavback

Faiosotimbnl

211 Tonschrelbers and Megnetophons use playback hesds
+hich appesr identical to the recordinzg heed shown in Figurs 3,
and seem to differ only in the impedence of their windirgs., «hen
e megnetized taps is pulled pest this hesd the csil delivers a
voltege which is a replica of the siznal that megnetized the tape.
# tape recorded with o constent current-versus~frequency
cheracteristic, delivers a plaovback output veltage which rises
with frequency, as the tepe cnd pleybock heed may be regerded as
& genercting system in wilen the output veltage is e funetion of
the rapidity with which the flux chenges oceur,

I'layback wouslizoticn

To compenstte for the rising pleybveck charecteristic,
e€nd the high eccentustion introducceé ir recording, a simple
resistence~cepacity equeliization circuit is incorporsted in the
pleyback amplifier, 4 typicel circuit is shown in Fizurs 18, with
the charzcteristic response curve produced. Certain rmodels of the
Megnetoplion elso include resonant equslizetisn circuits, o boost
the extreme bess range, or to sccure a sharp cutoff of the hizh
ende. Deteils of the vericus arrengements may be found in the
schematics of the playback amplifiers,

=



» Vodecedlachanital oyStens .

The mechanical system in the YMaznetophons and Ton.
schreibers serves it pull the tepe pest the head et a2 constent
speed in recarding and playbsck, snd to rewlnd in the reverse
direction, usually at a much higher speed. 411 models of the
Magnetophon use almost identical mechenical systems, but three
different errangerents are found in the Tonschreibers. &
view of the basic Maghetophon mechanism may be seen in Figure 10
in the description of the Zwillingsgerste. The tepe, in self-
suprorting rolls om metal hubs, is pleced on horizontzl flat
aluminum discs for playing. The fecd hub mounts directly on
the shaft of & commutetor-type series-viound wotors The fzke-
up hub is mounted directly on & similar motor, The tepe is
pulled psst the head et constent speed by a synchronous wmotor,
and the two previously noted motors serve mersly to pey out and
take up the tape under tension. The foed moter 1s energized at
reduced power during recording or playback, when it serves zsg
g brakes. During rewind, the syncehironous molor is disengaged
from the tape, the feed motor crergized at full power, &nd the teke~
up metor de-ensrgized, The llegnctophon mechanisms are fitied
vith zslencid brakes wiich drop in instently on svitching off,
to prevent slsck in the tepe. 4 governor on esach serics-wound
motor prevents them running avway if switehed on without locd,
Series-viound feed ecnd teke-up motors sre used to secure a
torque-~vs-~speed curve which would kecp ths tape under feirly
conztent tensicn throughout & reel, The synchronous constent.
speed motor is Fitted with & blower to cool ltsclf and the other
two motors,

The seme basic mechenism hes served es the foundstion
of all models of the Mzgnetophon from the nT-2 to the lstest
model, indiceting that its performence is setisfactory., It is
uncerstocd that some brotdcast sictions heve expericernced over-
heating itroubles when the set was built into s console without
full ventilation, end it is noted thet & rodio frequency filter
syster hes been built in to euppress interference from the motor
brushes., Descriptive litersture notes that the slov speed of
the fued end teke-up mobtors is ret conducive to long brush life,
but the usersz do not menticsn troudle fro- lais couse,

The Magnsiophon mechenism gives sbsolutely vwouless,
flutter-free perforronce, &nd even the most criticel eppreisal
will find nothing to cridticize in the results zchieved by it.

In all Tonschreibers, the tape is used on reels similer
to motion picture recls, to allow operetion in any position and
~ake tape hendling eesier in field operation, Mechenical brakes
are used to provide film tension and prevent coasting.
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In the verieble-speed Tenschreiber b, the tape 1s
pulled past the heed by en 4C motor on which the supply voltege
is mdjusted to bring it eiproximately to the correct speed,
ond it is locked into step with a smell synchronous motor driven
by a varisble~freguency audioc oscillator,

In the Tonschreiber ¢ the rccarding is done with e
spring-driven flybollegoverned motor which pulls the tope end
also drives the teke-up reel through a belt. The reccrding
unit does not rewind. The pleybeck urit has a battery-driven,
reversible flyball-governed motor which pulis the tape end
drives the reels through belis,

The Tonschreiber d, which has the record snd playbcck
facilities in one case, hes a batiesry-driven flyball-governed
motor to supply power.

=1 0=




V o« IETAILS OF MaGILICHHOLD i~

Yagnetophon 5712

Thig recorder is a very esrly model of the Magnetopnon,
It was housed in & ply woed bex abaut 90 em long, 60 cm wide end
120 centimeters high: The cabinet contained a loudspesker in the
front, behind waich were control relays and the amplifier equip-
ments The mechanism was in the top eof the cszbinet bensath & ply
wood 1id, While the Tonschreiber series mey be eperaied with the
face ofithe mechanism horizontal er verticel, this set, like all
Vegnetophons, was designed far nrrizontel eperation ongy. The
diegram, Figure 5, shows the laymut of the main components. 4
pair of spindles I,2 provide mounts fer the supply speol and teke
up. & film to be played passes from the supply reel arcund
roller 3 to the recerding and playback cclils 4 and 5 respectively.
The signals generated in ecll 5 sre pessed to the amplifier for
reproduction end the tape is vound about the hub 6. Yo reels are
employed. The tepe im viound sufficiently tight to be removed,
with the hub, s a self supporting disc when tasken from the
machine, Wwhile the teke up hub 6 is driven by a directly coupled
series commutator type motor the tape is actuslly driven at
constant speed past the sound head by & syncironous motor be tween
whose sheft I6 and a rubber idler I7 the tape must pass. &4
third motor, identical with the first, provides s direct coupling
to the supply spindle, This is actuslly the rewind moter. 1t is
the same type motor as thaet on the take up but it rums in the
reverse direction when energized, Lven when the tape is running
forward the rewind motor is energized by lew voltage. 1his
sssures a uniform tension in the tepe as it is belng run through
tue machins,

aach of the three motors contsins within its frame &
brake drum end felt lined band which is applied instantly by
relesse of & solencid individually mcunted on each motor when
the power is removed. This meintains the tepe in uniform
tension, preventing formation of loops and consequent snapping
¢f the film band. The rewind and teke-upy motors alsc cont&in
puilt-in ccaxial £1v bell governor to prevent thelr running
avay when not loaded, This could cceur with possible destruction
of the motor since tiey ere of the "series type*. The
"Tonmotor® or synchronous film propulsion motor-contains the
aforementicned brake plus & fan which circulates air to the
other tvo moters as «ell &5 itself, by means «f an air duct
system. { See the illustrations of %he internal construction
of the RPF R 2h Zwillingsgerate, since this srrangement is
sti1l in use at the prescnt time),

Four control buttons are provided, Pressure of the
Widergebe {play-back) bytton 9 propels the film forwarded by
energizing all three brake solenoids, end aepplying full 220
volts %o the "Tommotor® (film drive motor)end the take up mator.
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The rewind motor is energized at leow voltage under these
conditions. Depressing the Halt (siop} button IO mechanieally
unlocks the previous button and mechanically unlocks the
previous button and the mechanism instantly comes to a stand~
still. Depressing the Ruckiauf button 7 deecnergizes the take
up motor completely and applies full voltage to the rewind
motor while again energizing the three breke solenoids. 4
fourth solencid which brings the rubber idler into play with
the tommotor sheft is left dencrgized in the rewind position,
This enables ths tepe to be speedily rewound to the ieft
spindle,-

To record it is necesssry to press the hufnahme (record§
8 button. This drives ithe tape forward in & menner similer to
that previcusly desecribed, but & fifth solenoid is ensrgized
which rotates the recarding playback head through & small
angle about the pivot 11. This brings the erasing coll 12 and
recording coil 4 into ccntact with the tape. 4% the same time
releys are operated which reconnsect the emplifier to the recordsr
and supply the erasing coil with direct current for satureting
off the previous recording. & required oG component is previded
for the recording coil, The reccrding, reproducing and erasing
coils are covered by & hinged 1id I3 vhich must be opened to
threed the apparatus. The playing time scale I5 is rotated to
clear the roll ef tape by turning knob Ik.

See Magnetophon K4y and R7 for deteils of the methed
of actuzlly recording the signal in this mechine. This is the
same method employed in all Vagnetophons and Tonschreibers,
except the R7,

The rolls ~f tape empleoyed in the HIZ machine are
I000 meters in length, and are run &t 77 cm per second, This
provides 2 running time of 22 minutes, The limitetions of this
mechine vwere narrov froeguency band and high signal to noise ratio,
The mechine uas uscrul to L0000 cycles, but the 5/N ratio vas only
30-%5 db, "The cheracteristic noise of such & machine is a
rushing sound similar %o the noise produced by letting weter run
in & bethtub vwhen the listerner is outside the bethroom with the
docr closed between" ., 4t or inapt, the description serves to
illustrite the ennoye#'m  of such limiited voluns rengs.

Megoretephon K5

The first important porteblc mechine was the K5, This
vas made up in three boxes, the lergest contaeining the mcchanism,
whi ¢h wes identicsl with thet of the nT2, shown in Figure 5, A
second box contained the amplifier end a third housed thc loud-
speaker, The completed machine was much the same as the Ki in
physical appearance, Ferformance vwas about thc same as the HTZ.
With their limited signel-to-ncise range music coulid not be
satisfectorily recorded excopt for test purposes, the disturbing
reminder of water running into ths bethtub remsining a
desillusioning effect, 12



Magnetophon kb

4 change in mechanicel design was iraugurated prior
to the introduction of the Ki. Figure & shows an outline of
the face of this mechiney The principle differerces are the
inclusion of the playback jreamplifier I and & modified sound
head 2. 4 flywheel lesded roller 3 is used in place of the free
roller formerly employed and imppoves the velocity consteney
of the tepe, The playing time scale is eliminated and an improved
fastener is employed te hold the tape hubs onto the spindlss,

The preamplifier is buillt inte the reasr of the carrying
case and adds some depth to the box since the mechenlsm frame-
work is of ths seme dimensicns es thet of the K5, The pre-
smplifier employs two metal type tubes as pentodes, with DS on
the filements derived from a bridge selenium rectifier. Removal
of a srall covsr between the tape pletiens revezls itwo controls,
One of these is a tone control snd the other is &n output lovel
contrel, The tone control zcts to change the level of the high
freguencies only. The inclusion of the preemplifier within the
framework of the mechenism was epparently brought about in erder
to provide & highllevel.cubtput. for’deccreased noise, It enablies
the meehanism to be used to provide & level of sbout 1/2 volt
at 10,00C oims er 10 mv &t 200 olms without using eny external
equipment, Machineés tested by this office hsve not been
v articularly gquiet, however., Tube hiss ari 50 cyclss hum heve
been much hizher than the level measured in a high gein broad
band kmerican emplifier employing selected 63J7 tubes as pentodes
in the first tvwo stages,

The seund heed in the Kl is readily replaced by
locsening the tue screws 4-i. The head lifts off as a unit contain.
ing the three coils, the eraser 5, recarding coll &, and play-
back coil 7.

The ercsing coll and one of the recordor-reprogucer
coils, which are identical in all respects cxcept impedance were
previocusly shown in Figure 3, The core of the erusing coll is
of soft iren and hes resligeble retentivity, The construciion
is streightforverd, tic sttompt being to produce & meximun ficld
strength et the gup betvesn the peles.

The rscording and pleybeck coils ore more interesting.
They are wound on special bekelite bobbins whieh are piaced on
lemineted crescent shaped corss. The meterizl of waich the core
is composed must hove very low retentivity and the leminations

-15-



are extremely thin., 4 bronze spacer forms a gap et the icp of
6,02 mm when tveo such forms sre asscrbled into the completed unit,
but a much lerger sir gpp is provided et the botton of the
assembly,. This scems t6 vary somewhat with different coils,

being about I/L millimeter eversge length. The entire coll
agsembly is less then an inch in diameter and its tuo coil

ant core elements sre clamped rigidly into 2 unit by smell

dis cest covers et front and rear., 4s previcusly stated the
sound head conteins tywio. such coil assemblies and the erzsing

coil, 511 ere isclated by magnetic shields and & small cover
vhich lesves plenty of clesrance for the tape to pass through

tie heed but vhich isolates the recording coil from the reproducer,
The complete heed cerries six pin conreciors which plug into the
freme of the mechine whern the heed is put in plece, The tape

runs at all times in contact with all these colls. There is no
rotation of the head to bring the erssing and rscording coils

into play when a recording is ito be made, #s was done in the HIZ,
The advanteges of easy interchangeability and mechenicel
simplicity mske this & vorthy inprovement over the earlier
mechiness &n added adventzge of the newsr head is that it permits
instantaneous playback monitoring, if & seperate emplifier is
available since & reccrding cen be erased end snother put on the
tape and immediately played, all in cne operation, The builte

in pre-zmplifier hes & headphone output for use in monitoring during
recording. .

The response charecteristics of this machine are highly
improved cver the former units., The curves show & rising overall
response up to 5000 cycles., Useful response is still to te obtained
at 6000 cycles but beyond this freguency the response is not good,
Ibw frequency response is completely setisfactory. The machine
is not suiteble for high quality music recording because of one
serious factor., The signsl to noise ratio is not adequate to give
s ussful volume range. Tne limitstions of Ht2 and K3 epply with
but little improvement, Freguency stability of the drivs mechanism
is excellsnt, cfowever, indiceting thet the mechanism previously
designed vas entirely adeguate to be erployed in the never mnodel,

This is & wvery procticsl machines & large number of
them were used militerily for monitoring redio programs end
communications ard recordins of secret conversetions and interrogats
ions vere made by interested bodies, using this model.

The ¥ model is furnished vwith seperate amplifier, and
loudspecker cases, The amplifier is of low pover culput, 2 single.
pontrode tube being usedto operete the loudspeaksr. Four inputs
are provided for signal sources. These e€ngole various input

] b



impedances and levels to be matched to the amplifier. 4 good
quality moving coil, dural diaphragm dynemic microphone is
furnished and is carried in a compartrment in the amplifier
Case,

Figure 7 shows a complete Kl machine assenpled,
rezdy for operstion and Figure 8 is the schematic of the
playback pre~amplifisr, showing the equalization circuits.

Figures I0 end Il, in the section describing the
HF7 R2h Zwillingsgerate, give exeslliant views of ths
mechanism, whicl is virtually identical in the ¥4 and
Zmillingsgerats,,

nl 5-
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Magnetophon fPF R 2h ¢willingscerate,

In Germeny the telephone and telsgraph facilities
are provided by the Goverrment Ministry known es the Reichs~
post. & number of machines were manufactured for recording
purposes to provide speciel featurdas not aveilable in the
rermal Kl model, but which were required by this organiza-
ticn.

One of these machines is illustreted in Fizurs 9
It is attractively finished in the standard grey of the Felchs-
post apparatus, while the machincs are essentially the seme
zs those of the K, the amplifying eguipment is entirely
contained in the "Verstarker" unit. The compartment at the
rear is given over to a series of relays and DG power supply
beneath the disl znd feeler finger seen in Figure I0. Wwith
the added relsys and feeler this machine rmay be remotely
started and stopped, switched to the =econd machine at the end
of a reel of tepe, and left in a standby condition with the
tape drive motor running (Tonrolle sheft running) but without
the tubber roller engazed (Cummiandruckrolle) sc that the
tape mey be run only when an %incoming" signal is received,
Cther desireable features are sucn things as automztic contacts
which stop the machine immedistely should the teape break and
an alarm bell built into ezch machine for werning of the run-
ning out of film. Figure II shovs the interior of the
mechenism with the relay and feeler cassette removed. This
cessette space is that nermelly aillotted to the preamplifier
in the Kb,

In theZdwi llingszerate the pre-magnstizetion aurrent
meter is located to the Tight of the emplifier panel instsed
of on the panel of the mechanism as in the K., The rmeter to
the left i3 a volume indicetor. The amplifier is designed to
work from & telephcne line @nd into & line con playback,
Input and output impedances ars tuercfore arranged for 600 chms.
The playback level is only 2.0 Nepers ~aximum which is nct enough
%o drive & loudspeeker but is overly sufficient for feeding a
telephone line. The frocuency Longs of this appsratus is
limited by & berd peca riiter Lo wishin the bend of 300 te
270C cyeles, within 5 dba The devics 13 thus seen to be one
designed strictly for telephens gocrvice,

"‘"16"
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K5 Magnetophon

Information on this equipmernt is incomplete, It is
knewn that this is a permanent installetion used by the Broad-
casting stetions and is now fitted for supersonic operation,
4n instsllstion consists of two console-mounted mechanisms
almost identical to the K4 witheut a presmplifier with record-
ing, erssing and playback circuits rack-mounted in panel form
nesrby.

1+ is believed thet this equipment was first produced
as a high-grade IC set for limited use in broadcasting, and
wes leter modified by the Reich Rundfunk Gesellescheft ( Germen
Broadcasting gystem) for supersonic operstion. Limited inform-
stion en this set indicates that the first production was cerried
out by the broszdcasting system, and later, hsxG took ever produc-
tion. This set is seid to have been produced in I942, which is
four years after the K7 and three yesrs after the X6. It 1is
thercfore probable that the dete refers to the time when ARG
began production,

The only circuit aveilable is thst of the pleybeck
preamplifisr. This is given ir Figure 12, It is noted that this
preamplifier, tc minimize tube noise, uses an inpnt transformer
ratio of 62 to I from the pickup coll to the grid of the first
tube, and omits the equalizing circuit previously used before
tHs tube, so that it operates st the highest possible signal
level. Two rescnent equalizer boost circu.ts and & simple RO
circuit sre used between the stages, and a low-pass filler 1is
used in the ocutput stage cutting off at 15,000 cycles To prevent
any possible hetr:dyning with the supersonies wsed in recording
and erasing,

~17-
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b Magnetopiorn

{ Note : It is possible that this equipment is
referred to as R6 or some other nomenclature, as it is a
pertable set).

Informaticn con this set is also incomplets., It
is known to be a batiery-eperated portable set, intended
for mebile recording of news events, ete, in breoadcasiing
service. 4 circuit of the playback preamplifier, the
only schemstic available on this set, is shown in Figure 13,

end Figure 14 gives the response characteristics,

It appears that this equipment used D.C. eresing
end recording, It was produced by 4EG in I939. The stendard
militery tube, RV I2 P 2000, is used in this set, and once
egain, to secure guiet eperation, all eqgualization is placed
after the input stage, with the sxception of & condenser
across the input transformer secondary, to give a slight
boost at 5,000 cyeles,prior itc a rether sharp cutolf,

~18-
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K7 Magneiophon

This is the equipment currently produced by ARG
and in service at broadecasiing stations throushcout Germeny,
It is the opinicn of the auther that, all fectors concidered,
this system provides the finest comrercial reccrding fseilitles
in existence for breoadcesting and similar applicetions, Imper-
tant features are the simplicity of the recording technigue,
the excellent frequency and volume renge of the equipment,
and the sdvantcges offered by the unigue plastic tape recording
material,

A48 has been previously noted, recording tochnique is
extremely simple, The principle conslicretions cre to equsalize
properly, and teo weteh the volume lovel., Unlike other systems,
however, bricf over-modulation has no serious consegucenecs, as
it causcs & gradusl incresse in distortion, and considcresble
over-modulation cen be tolerasted before distortion bocomes
objecticnablc, In this systom therc is no equivslent of the
crossover cncountered in dise recording, or the light value
clesh found in £ilm recording. ke abscnee of moving parts
in the sudio system simplifies edjustment problems, Furthermore,
in event of & misteke in rccording, it is only nccesscry to

erese end repeat the unsatisfectory portion; and no tzpe need

be losts A further advantege is thet the recording is ready

for immediste playback without further proccssing, ond the sume
tzpe can be re-~uscd an unlimited number of times by crasing and
ro-recording.

The X7 systcm s installed in brosdcsasting scrvice is
scpable of a freguency range of 25 to I6,000 cps, wWith g volume
renge of as much as 80 db under good condivions, This performance
ig believed to be superior to thet of eny system in commercicl
use in the U.o. '

Turthermore, & number ef wévinte, 3 ore presented by
the use of plastic tepe for recerding. This is & rclatively
incxpensive meterial in comperison with stoel vire, steel tope,
film, or dises. The rscoxdling ducs not appecr do detericrate
with age, Some of the corliy fapes scem to become brittle aftew
scverel years storacge. tub it is belicved thuet the loter
metcrisls do not suffer frem this troublc. The tape is readily
cut end spliced with scisscrs and fust-drying ccment, end the
resultont splice is inasudicble in ploying. Non-magnetic lecders
ars oveileble on which titles end deto can be written for
referencs, The extreme thinness of the tepe; and the moderate
specd 6t which it is run allow about 22 minutes playing time
from & lightweight roll some ten inches in dismeter, The roll
is ¢asily hendled, cecupics smell space, &nd may be shipped
vithout denger of breskege, It is not demnged by dust, ond the
rocent tepe moterials sre net inflamable.

-] Gee



X7 Magnefophon

This is the equipment currently produced by ARG
and in service at breadeasting stetions threoughout Germeany,
It is the opinion of ile auther that, all facters ennsidered,
this system provides the finest comrercilal reccrding facilities
in existence for broadcesting and similer applications, IMper-
tent features esre the simplicity of the recarding technique,
the excellent freguency and volume range of the eguipment,
and the sdvanteges coffered by the unigue plastic tape recording
material,

A5 has been previously noted, recording technigue 1s
extremely simple, The principle considcrstions ere to egqualize
properly, and to watch the volume lovel., Unlike other zystems,
however, brief over-modulation has no serious conscgucenccs, as
it ceusecs a gradusl ircreasc in distortion, snd considcrable
over-modulation can be tolerzicd bofore distertion bocomes
objectionablc, In this cystem there 1s no equivelent of the
crossover cncountered in disc recording, or the light velwm
clesh found in film recording., The abacnec of moving parts
_in the audio system simplifies sdjustment problems, Furthermore,
in event of & mistcke in recording, it is only nccessary to

erese and repeat the unsatisfectory perticon,; and no tape necd

bc losts 4 further cdvantege is thet the rcecording is reedy

for immediste playback without further proccssing. end the some
tape can be re-~used &n unlimited number of times by cresing and
re-recording.

The K7 systcm ez installed in broadeoziing service is
cupable of a freguency range of 25 to 10,000 cps, %With & volume
rengs of a8 much as 80 db under good condisions, This performance
is believed to be superior to thet of sny system in commercial
use in the U.o.

Furthermore, & number eof advonts 3 gre presentcd by
the usc of plestic tepe for rccordirg. This is & relatively
incxpensive mzisricl in compariscon vith steel vwirs, stcel tope,
film, or discs, The rccording duees not cppecr te deteriorote
With sge., Some of the cariy tapuo svem to Mecome brittle ofter
several years storage. btut it is belicwved thet the leter
meterisls do not suffer frem this trouvlcs The tape is readily
cut and spliced with scisscors and fredv-drying cerent, end the
resultant splice is insudicbie in pioyving. Non-megnetic lecders
ere availeble on which titles and dote con be written fer
reference, The extreme thinness of the topo; and the moderete
speed t which it is run sllow cbout 22 minutes playing time
frem & lightwelight roll some ten inches in dizmcter, The roll
is easily handled, cecupics smell spacc, ond may be shipped
without dcnger of breskege., It is not demoged by dust, end the
rocent tepe moterials cre not inflemable.
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Thue, rmegnetic recording processss o8 preeticed in

the K7 Magnetophon would seem wortihly of eleoscst investigetion
with & view to widespreed use in the Stetes.

The historical beckground »f this model is not elgcr,
Indicctions cre thet this was introduced by G oes on ilmproved
version of the K5 permanent instelletion for brosdcasting, wbout
1938, &t thet time 1t was & 5.C, erasing system,; of comewhat
wider roenge and better signal-to-nolse retic ther the previcus
equipments, Circuite of the D.C. model recording equalizer
are eveilable, and are given in Figure 5. It seens, however,
thet this system es well s the K5 verc medified by Reichs
Rundfunk personngl for supersonic operetioD, snd the revised
system wus put into producticn by 4l In 1942, The circult of
the recaraing emplificr, eraser, and "pre.magnetozstion”
oseillator used in the reviscd set are shown in Figure 16. The
nomenclature, V7b, suppcrts the belief thet this is & replacement
of the D.C. recording equelizer. 4 circult of the pleyback prée—
amplifier. V7, is included, &nd this bears the dote 1938, (Fig 18)
stgzesting thet it is the cne used witn the 0.C. equipment
originelly in*troduced by &bd, HesSponsc curves of the smplifier{Fig!
shev o performance quite edsquate for the high~quality eguipment,
but it is possible thet the previously d..cribed V5 preemplifier
of the K5 Megnetophon is used with the rovised set in broadcast
scrvico, since it fits the seme pencl, end ves developed by the
Reichs Rundfunk personnel concurrently with the V7b recording
anmplifier, -

The meehanical system of the K7 Magnetophon 1s almost
icenticel to the basic chnessis shown in Figures IC cnd II. sgein
the frometork is shorter cs the reer preamplifier chessis is
omitted. Two nf these mechenisms ore conscle-mounted, with gloss
tops closing over each mechine to make an cimecst silent
instcllotion. The essoeisted elcetrical circuits cre reck and
penel mounted nearby.

The principles of supcrscric ercsing ond recoraing
were discussed in on carlier seation of this report. There ore
some points of interest in the circults of the crasing and
rccording cmplifier, ir Figureld . The three Hubes, type BAII,
cre 6 wett tetrodesrmessly cguivelert o the 6%E, The crosing
sscilistor feeds the coil throsgh o foI step-down transformer,
wiith ¢ condenser used %o serics-resonitc the head, The
fregucney is cbout 35 to 40 Xo, znd is not eritical, The
recording oscilletor, opsretivg, &t 80 to 70 KO, is ccupded
to the recording coil thruugi @ s all condonscr, and © simple
prrallel-resonort filier is used to Koop cpprecicble high
prequener o'rent out of the esudioc ouiput btrensformer. The

=52 0=-
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oscilletor freguency is verisble over a small range to tune to
this filter. The screen voltege is also adjustable to control
the emplitude of superscnics, which is stated to have en optimum
value for best signal-to-noise ratio., The sudio zmplifier is
designed to teke the output from any flct-response lovi-impedence
source, equslize i1, and feed the recording coil., The tube,
cperating s a pentode, approcches constent current feed of the
coil. Tnls is cquivalent to inerezsing the feed voltsge proper-
tionately with freguency, sinec the coil is an inductive load,
In adciticn to this, the trensformer input to the stoge is
bridged with a resoncnmt boost tuncl to 9 KV, used to compensate
for slit¥ loss. This is varieble, end is capable of inercasing
tne recording current et © EC by as much cs I2 db over the I KO
value, The curves of this amplificr erc given in Figure
The amplifier c¢ircuit includes & built-in meter, with rectifier
and three-position switeh to check erasing current, recordl ng
current and provias monitoring of the sudio level during recording.
This office hod modified & ¥l Mognetophon for supersonic operation
to substantiate the results achieved with this system ond
investigate the effect of vorious fectors. The modifieation is
reletively simple and so irmproves rcsults thot 41t  is worth
performing on any set intended for usc vhere guality is =
consideretion,

The K4 head assembly wes dmodified by substituting for
the IC ercsing coil 2 modified recording o pleyback heesd, This
was prepared by re-vinding the colls with lerge (approximetely
e 22) wire to eneble feeding &t high frequency, «nd by inscri-
ing & brass shim in ths slit to give & gep of about I.5 milli-
meters, This coll was mounted on an improvised brocket in place
ol the DC.o coil,

brzsing current wes supplied by a single 6V6 opersting
s & sclf-exclted oscillster of the tuncd grid type, ot =
frequency of chout J0 BD. The inductence used was sn iron-dust
pot, end the crasing coll vas conneeted zeross the grid winding
and series resonated vi*h a condenscr, It is essential to feed
the erasing coil sufficient encrgy to erase svery vestize of the
brevious roucording, tub this een casily be deone if the 6V6 is
matehed to its locds o sceond 6V6 in anidenticel circuit,
opereting &t 80 tc 10C IC wos uwsed to supply $he recording super-
scnies, This wes lightly coupled to the rocording eoil through
& srell condenser, and @ smell choke inscrted in tie line beaek
to the audio source, to ruduce the supersonics fed back to  the
audio cireuits. The high-frogqueney current fed  to this coil
vas maede variable, but our limited trials inpdiceted thet the set-
ting was not critiecul, once & certain minimum level wos achieved,



I+ is possible that further investigetion vwiould indicate an
optimum smount, It is certzin, howsver, thet the current
used for recording is only & froction of thet used in erasing,

Results achieved with this sctup were extremely
encouroging. Tape noise was reduced to the point, where nolse
origineting in the prearmplifier wes the limiting fector. Our
meesurcments indiceted that & volume range »f atout 60 &b was
achieved,



VI .. DESCRIPTION OF TORSCHREIBES SERLIS @

The Tonschreiters are military versisns of the Megnetophor
They use the seme magnetic tape, and the srasing, recording
and playbeck heads ere almost identicsl, The essential
¢ifferences are found in the mechanisms and the packaging, The
Tonschreibers weére used for front-line recording of events I r
broadcasting, and for interce.t of teslephone, radic and
teclepraphy. The Tonschreiber was especially edepted for the
intercept role,

In chmmon with most German equipment this series is
heavily built by american standards,. It would appeaer thet re-
engineering could reduce the complexity end weight considerably,
but it must be concluded that the Germans have praduced & line
of prectical recording equipments which sh-uld fulfill service
requirements,

Tonschreiber b

The Tenschreibsr b was desigred for use in intercept
and de-coding service, where s:rme source °f alternating current
wes availeble,

T, facilitete the intercept end deciphering application,
it was considered desiresble to produce & reccrder in which the
tape speed could be mainteined posiiively at any value betueen
9 and I20 centimeters per second, To do thus, 1t beceme necessory
t- rely on the stability of & verisble sudio oscilletor to provide
locking tone for & phonic wheel rmotor. This motor is on the
shaft of tiue tppe propulsion drive but does not provide the
running torgue which is furnished by a motor opereted from 50
cyele meins through & traensformer. Changing the frequency of
the oscillator by rmeans of & multiposition tep switch is
azccomplished by & knob on the cogbr-l penel which changes the
taps on the 50 cycle trensforrer as well, This chenges the
excitation of the mains motor so thet it tends to run the drive
st o speed apprximeted thet zt which it will be held by the
gynechronous phonic wheels To provide the phonic wheel with
sufficient locking energy the oseilldtor is amplified by a
push-pull stage using the German IS5-50 tubss. 411 this
construction mekes a heavy unit end onc far more bulky than
the American viire recsrder or “"amertype" mechine, elthough the
aveileble choice of speeds may be enywhere within the above
limits, & ratioc of I5 %5 I in accurately meintained tape
velocities, Flyball governcrs »r verisble friction drives cemnnot
produce such constancy, of course.
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The take-up spool is not driver from either of these
motars. & third motor operated from meins supply provides, through
friction drive, & meesns of %taking up the trpe on either the
receiving reel or the rewind, The inv.lved mechanleal linkage
end switching system applies power to the third motor only and
engages it to the rewind spindle +hen the contrsl lever seen at
the bottom of the machine is pushed to the left, Wwhen pusihed to
the right from the neutral positisn the lever applies pover to
the sare motcr which is now coupled to the take-up spindle., «t
the same time _ower is epplied to the tape propulsisn motor and
12 the oscillstor emplifier where it causes the phonic wheel 1o
lock the latier motor into c-onstent speed. « rubver idler is, &t
the seme time, brought intc crntoet with the tape propulsion
motor spindle., The tepe running between the tuc is thercfore
driven &t corstant spced. To reccrd, & second lever must be
cperated, but this can only be d<ne at the samec time the control
lever is moved from neutral to “forwerd" positisne This
proeludes involuntary erssing of the tepe. The lever springs
t5 norral when the main-contrsl is restored o neutral, &«
tachometer indicetes the truc running speed of the tape. =
fourth motor is used to drive e playback rescanncr which is
made in the form of & s+zll cylinder er-und which the tape must
slip en route to thae take-up spscl. This cylinder is rotsted by
the mator and ss the tape is driven past it, the rescenner, which
ecntains four pick-up coils 90 degrees spart, scans the tape iIn
short segments, but et & velseity higher than the sctual,velocity
of the tepe itsclf. Since ssme of these four coils is in csntect
with the tupe at any instant, the tape is continually reproduced.
The rate of reproducticn of information contained on the tepe 1s
a functinn of the true running speed of the tape, but the piich
is a functicn of the difference in speed of the tape and the
scenning coil. Thus the tepe may be slowed down to enabls code
recordings ts be deciphered, but the piteh cen be retsined to
creble this to be resdily accomplished. Similarly speech may
be slowed down without lowering the pitch o f the speakers vilce.
This enebles trenscriptisns to be mede dirsctly by tvypewriter or
longhend,

with its f-ur ~otors and specicl features the ~echenical
unit weigns 76 pounds. The drive nseillator with its LS50
amplifiers end eudio recoraing and pleybeck emplifiers ere in a
secnd box weighing 8{ pounds. 4 third box conteins a spare record-
ing heed end films. 7The quality =f recording obtainsble is not
very gosd. Tae eignal to poise retin ig poor, due to ‘ape ncise
end inductiosn into the tcudio circuits of the locking oscillator
tone, It right well e used far code or spesch,

Py ¥ P



Use ~f the machine fir deleyed broadesst spplicetinns
in the rilitery service, similar t- those uses t3 vihich the
f iemour” wire rec-rder hes been put by our swn Inress would not
ve advised. Of considerable annsyence 1s the indueti.n due to
the phonic wheel synchronizing tone sincc this is high ensugh in
pitch to produce an objectisnable tuhine® in the loudspecker or
headphones,

The moehenical contrel spplies brekes to the reels when
the mechenism is sicppeds. If not properiy oper: ted thess ney nob
zct fgst enough, Tpe result is thet the teape is cllowed t fom
& slack loop efter power is removed and bef-re the brakes are
epplieds This usually results in & broken tape. Repalr, while
readily asccamplished with gquick drying cement, is annoying and
may ceuse serious delays and lost rec-rding time.

It may be c-ncluded that this machine is feirly ¢ifficult
ts operete end thot training ™ay be required t° sssure sctisfact-ry
results, It may be compered o 8 16 mm, s-und pr-jector in
difficulty »f threading end ~perating.

T~nachreiber b L

+hile this is essentially the sere device as Tnschreiber
b, it is known that ne minor difference is the emplayment of an
sutput transformer betwesn the 15.5C tubes end ph-nic wheel motor.
The model b wes megufzctured with high impedance push-pull m-tor
windings insulated i~ withstand plate plus signal potentiel since
they were connected directly %° the tubes. The chengs from mode 1
b t- b I wes sppaerently meds simetime in 1942-43 due, n? d-ubt,
+- insuletizn bresk-down,

i more deiailed descriptizn of the eircuits of this
equipment may be f-und in EZIS repsrt, Murber ERIS I1.12, which
should be -bteinsble fr-m Intelligence Brench, Office ~f the
Chicf Signel ¢fficer, wer Department, waeshington, D.G.

& pileture of the set in sperating nosition 18 given in
Figure g0

Tonschreiooer ¢

This is & smell epperetus interocd for poriable use in
the field where minirum veight is imp-rtart end power mey nat he
aveilable, The “C* is reslly two seperete machines, &5 Seell in
Figure L. The Sc¢ {4) unit, (sufnahme or rec-rd)is the rsccrder
and d-es not provide playbeck facilitiss, Lt is crmpletly self
o mbained in & box 22.5 x 34.0 x 22,3 om, welshing 26,4 pounds.

-2 -



&+ see~nd box conteining 36 reels is 20,2 x 34.0 x 20.2 em. in

size and veighs 21 pounds. The rec rder itsclf employs no
amplifier &nd ¢ ntains a flashlight battery which pr-vidcs current
for & telephone micr-phone nrrmally carried in o compertrment at
the rear ~f the csse., Terminals provide rec-ording fecilities

for radi- -r other external s-urce. The tape 1s propelled by
spring motor ot I2 centimeters per sec-nd., This enables
inte¢lligible specch ree-rding and c-mpletely satisfactory record-
ing -f c~de t-nes under IRCO cyeles,; 2000 cyeles can be rec-rded
and reprodused &% this tape spoed, but not in the presence of sirong
signals of lower freguency. It must be reslized that very little
energy is roquired in maznetic recording, It is thus peossible

t- ermplay the micrsph-ne -r externzl low level signals dirceily
without the use of @ recnrding smplificr., A DC component must

be pr-vided in the rec-rding coil whensver recxdings are Mmade.
This is ~btained from the self c-ntained battery. It is thorefore
cssential that the battery be installed even though the misrophone
may not be employed, In using the e (&) unit, the film is un-
wound by the spring drive at a constant speed contr-lled by a
f£lybsll governor. sfter the tepe passes through a drive r-ller
it is vi~und on a take-up-~sp--1 which is coupled by a fricti-n
cluteh t» the spring mechenism., It can be seen that even in

this sirwle mechine pains ere takern t- assure constent linesr
specch of the tape. This is in sharp conirast t> the wmerican
wire recorder wherein ¢ natant anguler speed of the take-up-

sp>ol only is attempted. This results in the linear wire spped
being a funetisn of instantancous dismster »f the spiole Further-
mcre no atterpt is made in the smerican neeiiine to stabllize

the speed 3f the take.-up-sps-l, & rubbcr belt is used itn drive
the take-up., S-ch a drive is an alm2et certain way of intr-duc-
ing speed cscillati-ns in the driven system, This, of c:urse,

ig sne »f the princinle »cassnsd why the «marrican wire recorder

is c-mpletely unsulteble for music,

When & tape is recorded c-rpletelw it nmust be placed
an the sec-nd machine of the S¢ Tanschreiberr, This is, as scen
in the illustreti-n, of spyrixiretely the serme dimensi-ns as the
Se (4), but is electrically driven from batteries c-ntained in
enother bax, This mechine, complement of tine Sc (&), is called
the 5S¢ (n), (Widergzabe or playback), It comteins & three
stage amplifier, operated fr-m the batteries which pr-vide motsr
power and erasing current s- thet e tepe maw be prepared Tor the
Sc (&) machine efter it is completely trenscribed,
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The Sc Tanschreiber is & gond plece »f German e-nstruction
a-1lidly Built and vuggzed sn-ugh t: rﬂths and eTy T neh trant.
ment . wresionp meroleedlarios sl oo LT T,
and pr:dufo mocheni ooy Sorm ol ocanl
and is unsuiteble for music roenrding bsesuss of 1ts
freoquency resprnso and signal tz noise ratis,
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Tomasweiber d

T- pr'"Ld e lzvger mochine with bl th rec-rding and
playbeck facilitice yet -perated from a 12 vilt DO soures, this
mechine vwas deveanedg Tt is of about the eeme dimensi-ns as the
rmechaniam unit of T nsabreiber b, full details ere net known, but
it owe vides o siazle dows specd and ws net fitfed with the unique
plbeh resiored oL the Tonsehroiber b Since phonic wheels drive
is net empluyed, n~ high power wscilletor amplifien 1is required
and the machine is cerrespancingly much lighter in welght, The
azssociated elecefrical cireuits are contained in the case with
the running mechanism, 4 se_srate cass conveins the nickel .1
cadmium botieries. and g third csse contalns speres and
approximatcly 20 resls of tepe. Tnis equipment uses & plug-in
hzad assembly i1denticsl with the Tonschreliber b,

L



Tonschreiber b.

Figure 20
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Appendix 4

~ THE MAGIETCPHECN MLETHCD -

This appendix is & trﬁnslation of an article by
Professor Dr. Sgzerth and Ix. Lubesk, of the I.G. Farben
plaat which prodused the tape used in this system. The
article discusses some pheses of the development history
of this system, and presents a sumrrary of its advintages
and uses,

4 short discussion is given on the materials and
manufacturing processes used in making the tepes, It 1is
considered by this office that the Luvithsrm Tars, described
in the lest section, is considerably superior Yo the
garlier types.

The avthors of this article may be regarded as
authorities on this subject,

I.G. FaE3UNIWDUEARIE &G
Camera Fliant

THE MAGNRT PECH MAUTHOD
I) Sunvey.

The magnetophon method is besed on essentielly the
same physical process as the ragnetic steel wire cr stesl
tepe methed. In both sases the cuwrrdnts coming from the
microphone are amplificd and sent through magnet coils; the
scund carrier, which can be megnetized, 1s carried in front
of these coils &t an even speed, In both cases the record
may be listened to during recording, and as often afterwerds
as desired. In both cases the record may be erased any number

of times and may be completely or partiaslly replaced by ancther,

Compered to the steel scund carriers, the magnetophon tape
has the following advantages :

1) The magnetophon tape is lighter than steel tape for the

same playing time.

2) The megnetcphon tape is cheaper then the steel sound
carriers,
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31 The Magnetophor anvaratus .
wccording to 1ts use the spporstus has been dbuilt in
different models 2

I} The sirmplest apievsius is s'milar %o a sultease, easy
to carry. sSo thot it nay be sallen sbout by @ person on
foot for purposss of repor bing .

2) The dictation machine is more elsbormte: it may also
" Te used to reccrd conferences, In additisn to the high
speed reverse mocheniam on ell egulpments, there is also
& remote control desvice; provisisn for telephone
connecticn, eto.
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3) The maghetophoh allows essentially better recording
quality.

i) The megnetophon tape is worn less by the a peratus,

5) The magretophon tape may be cut et will, end easily
spliced togcther like motion picture film, so thet
records from different rolls may easlily be fitted
together, &t the seme time, the magnetophon tepe is
tough enough to resist easy breaksge.

6) Notes may be written cn the tape designating the
whole roll or certain parts of it,

tn account of these advantages, e following fields
of use are open tc the magnetophon method *

1) Dictation
2) Records of conferences, trials, broadecastings, etc,

3} Use for broadcast tranemissicns ( the method has already
widely replaced clder techniques in German broad-
cssting).

L) Use as a tape phunogreph for emeteur reproduction.

5} It is clesr thet the mcthod mey be used wherever
mechenical-slectric or photographic scund recording has
been uscd in the past.

There is no doubt that the magnetophon meticd
is decidedly at the head of &1l scund recording methods; &t
present microphones, amplifiers, and loudspecakers are not
capable of completely reprecducing the frequency rangs and
dynamic response of the magnetophon, This was not the case to
the same extent with mechaniesl and photographic methods,
Compared with the latter recording process, this system has &
maximum of simplicjity.

2) Historical Development

The basic idea of the method was originated by V.
Poulsen (I1900). & certsin Mr. Pfleumer, privale person at
Dregden, received a patent in I930 on the ideas to use a paper
or cellulose tape on which irsn dust is spread by means of a
cerent, instead of the steel material previously used, This
development was taken up by 4kG,Berlin,and L . Ferben,
FrankfurtMain, soon after with the intention of developing
2 sound recording and reproducing method whiich could be



3

4)

For broadcasting purposes, a number of eguipments with
especially high quality were menufactured. The freguency
range of these equipments extends from 25 %5 TO000 e/s,
the dynemic range to 65 or 70 db, and can be brought to
8C db, Distor+tisn is less than &

#n amsteur apraretus was planned which was +- be much
simpler. and similar to the Reporter eguipment, and was
to e used as g phenograph in private and publie houses,
elc. Tb wes %o be used only for reproduction, not for
recording,

In addition to the above, AEG menufecturedibhre: special

types for the Viehrmacht

5)

6)

7)

The trench equiptent (Tonschreiber &) a reparter’s scund
recorder of veiy smell dimensions with a clockwsrk drive,

The haversack spparatus {Tonschreiber D) a& heavier type,
also used for reparting purposses,

The Tonschreiber B, & special apparatuys with & particular-
ly constant tape speed 3d justable from I0 to I25 cm/sec
(necessary for deciphering high speed telegraphy). In
addition, this device pasrmits speech to be sl-wed down 2
to 5 times without lowering tihe soung level, The

lengvage remains easy to vnderstend, This ig of use for
the convenient iranscriptisn of dictetion, speeches, ete,

Bxcept for the above menti-ned differences in cunstruction,

€ll Magnetsphons have the follsviing in ecwmon »

I

amplifier

2) Motor drive operating the wind and rewind of the tepe,

3

The very precise tape speeds are 77 cm/sec for high
precisicn equipment, 25 em/sec for dietation squipment,
and I0 cm/sec for the trench equipment.

The magnet heads 3 In reccrding, the magnetophon tepe
8lides scross the erasing hsad, which magnetizes the tape
up t> its highest value of magnetizetion, and s> wipes out
ell previcus regords, Next to it, eand in the same
movement. the tape passes the recording head, It conteins
two eoils placed ar~ung ring shaped magnets, through which
the emplified micrcphone currents flow. The gap beiween
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.02 mm and is slightly convex so that
de ecrosss the recording head in close
raEyY ragvetic fie}a i“Tmnu etwsen the
L1y apscrbed by vhe ive leysrm of the
cgmetic, and 1‘ v E in it a residesl
A distribuned aaC?rding to the fraquency
the zigral. soccording to the a3c tast
the re~rrd and She guellby asmandsd.
of R poentdtng herd rTevelve a dlirset or

ey siternaioog roweart onto whish
rnodetation v ltago is "~nvr1~“"1 Repradasiiorn may be
excented 0 the same onavs s *hy erasing and vecorde
Ing wab the Teoirdlns nes svwitoned off aud the
wENINE NeEG oonnanted prarer thraugh an

th& 1/:11,‘& 2T

'L

The racnt, d
by the tsrs pdues
fregusney and ang
the ssms way o8 &

nead o in vhish the masnetic Tistds produced
ning surrenlbs, whienl crrrespond in
surpeabs, M5 hullt in

L2 ol W
Y e TE
FAF S . .

wHas 4o
compets vuiersto-d
from th9 5iarT VL B tharough.

This t oo e

; &b Trefert. has a width of & mm oand
& thickosss of 2.04 T3 o, =na i35 as & rrle, prepered in
spoals o% TOGs meTirg,  Lhes Lnﬂguh wlaye fov aboun 20 mirutes
on the ronning sguipment o and ot 70 miautes on the slow,
The sposis have the gener=. eppearance and diamater of thick
phonogravh reerrds, and have @ plastic hub with a hole which
fits -n%o The piste of thz equlprent.

The aotive laver. 5,00 L2 D 02 rm, is supp>rted by
g celluicse acelate tlm, Tre ackive Jayer consists of 90%
Megnetit and i75% cement.  The supparbing tape and magnetit
layer are prodvcsd in one -~psration. and Jrom botches of
material large snouzh to nanufachure 00 rolls,

The magnet’t 18 produced in a wet process by a het
oxydizing vreciniisbion +f an iron.Il.sulfade szlutizn. The
precipitate is washed, dricd. and mads intc powder, hsated if
necessary, and very thorovghly mixed with tize cementing agent
in a ball-mill,
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The grain size when lying flat is about 0,002 mm, &nd
is contralled microscopically and by snalysis of sedimente The
homogeneity of the mixture end thethichness ~f the ective lsyer
( the optimum thickness is f-und experimentally) are »f great
importance.

The finished tape is repeatedly tested for tensile
strength sensitivity, freguency rosponse, distoriion, erasibility,
attenuation, and dynamic range,

In eddition to the cellulsse acetate, tepes of
Luvitherm vere menufactured &t Iudwigsheven, which. 82 as to
differentiste them from the first %ype ealled C-tapes, wera
merked with the letter L. The principsl difference, compared
tc the C-tape is thet instead of using a su,porting film, the
megnetit is directly imbeddsd in the Iuvitherm leyer, so that
the tapes c-nsist of only one layer. Practical experience has
sh-wn thst this tape hes & smewhet higher resistance to bresk-
ing,

B-th types of tapes can be repr-~duced up te 10,000
times without loss of quality.

Frofe Dr. Bggerth,

Dr. Lﬁbeck.
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-~ Type "C" ¥agnetophon Tape -

This tepe, which is charscterized by a smooth shiny rear
gide, and a dull active surface, has a tendency to become
brittle with aging. *ith this tepe, beckground nolse
limits the dyramic range to about 50 to 55 db,

- Type "i* { Luvitherm) Tape -

This taepe can be reccgnized hy its light ten color, ldentical
eppearance of all gurfaces, and extrems plisbility, It
contains the magnetic meterial unifermly impregnated in

the plastic. +ith this tape, background noise is low

enough to allow a dynsmic range of 65 to 75 or sven 52 db,

~ Figure 22 -
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