ern recor

LMOST a half century ago Vic-
A tor Poulsen, well known in his
day as a conscientious inves-
tigator of electronic phenomena, de-
veloped a method of magnetically
recording speech upon steel wire. But
it was not until scientific advances
overcame some of the limiting factors
encountered by Poulsen and his as-
sociates, that magnetic recording was
able to take its proper place among

Ho %2

Bt *F::;' 1. Complete assembly of the
Caltron magnetic tape recorder.

the electronic equipment which is do-
ing so much to speed the war's end.

The principle upon which Poulsen
founded his “telegraphone” remains
the basic principle used today in the
several types of magnetic recorders.
Essentially, his method was to draw a
steel wire rapidly past a pair of pole-
pieces surrounded by coils carrying
the electrical components of audio
speech impulses. Variations in these

Fig. 2. Rear view showing the mechani-
cal chassis containing the recording tape.
tape mechanism, and recording head.

speech currents would impress a cor-
responding magnetic pattern upon the
wire, and when the wire bearing this
magnetic pattern was again drawn
past the pole-pieces, a current, cor-
responding to the variations in the
original speech current, would be re-
induced in the coils surrounding the
pole-pieces, and utilized for audio re-
production.

Recording Mediums

Steel wire was usually used as a re-
cording medium in the earlier types
of magnetic recorders. During its
travel past the pole-pieces, the steel
wire would tend to rotate about its
axis, thus constantly altering the re-
lationship of the wire’s magnetic pat-
tern to the recording and reproducing
pole-piece faces. To minimize distor-
tion occasioned by this effect, the re-
cording and reproducing pole-pieces
were placed rather far apart. This
however, then made it necessary to
draw the recording medium past the
pole-pieces at a very high rate of
speed in order to record and repro-
duce the higher audio frequencies
which do not exert too definite cur-
rent variations upon the coils sur-
rounding the pole-pieces. Thus, ex-
cessive speed of the recording me-
dium’s movement became of primary
importance.

In Poulsen’s time this fact presented
mechanical difficulties which were
hard to overcome. The steel wire
traveling past the pole-pieces at high
speed soon wore the pole-piece faces
away. Also, it was almost impossible
to construct pole-pieces so that they
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Various views of the Caltron magnetic tape recorder, showing position of all controls and component parts. Coded paris
are, 1, "magic eye” indicator tube: 2, elapsed-ime indicator; 3. nameplate: 4, selector switch; 5, power switch and volume
control: 6, microphone jack: 7, remote-speaker phone-jack: 8, unit speaker “on-off”" switch; 9, serial number plate; 10, loud-
speaker; 11, speaker box; 12, back plate: 13, power input cable; 14, mechanical chassis; 15, amplifier; 16, recording tape;:
17, recorder pole and housing: 18, tape drive motor assembly: 19, tape idler pulley: 20, tape spacer assembly: 21, idler
drum assembly; 22, tape lubricaling system: 23, tape drive drum assembly: 24, rod-guides: and 25, wire separators.

would ride securely against, and
smoothly along, the wire. The tend-
ency of the wire to rotate about its
axis increased the difficulty of main-
taining good contact and good con-
tact was important for irregularities
caused the magnetic reluctance of the
wire’s flux path to change so that the
strength of the recorded signal varied
and an excessive amount of noise was
introduced.

In 1900 Poulsen secured a patent on
the use of steel tape as a recording
medium. The use of tape instead of
wire eliminated many of the trouble-
some features of magnetic recording
systems. Tape permitted the use of
smaller guide pulleys than was advis-
able with steel wire, thus enabling
over-all dimensions of recorder cases
to be smaller without cramping, and

_ without exceeding the bending fatigue
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limits of the recording medium itself.

Steel tape eliminated the snarling
difficulties encountered with wire, and
prevented the effects of the wire's

Fig. 7. Recording head showing magnetic
steel tape passing through pole-piece
contacts, The arrow between the pole-
pieces shows direction of tape travel

tendency to rotate about its axis.
Therefore, the most important advan-
tage gained through the use of tape
instead of wire as a recording medium,
was that the magnetic patterns im-
posed upon the tape during the record-
ing process would occupy the same
position relative to the pole-pieces dur-
ing reproduction. This one factor made
excessive tape speed relatively un-
important and put magnetic recording
well within the scope of sound me-
chanical design.

Advantages of Magnetic
Recording

Magnetic tape recording differs from
other methods in many respects. Since
no processing of the recording medium
is required, the record may be repro-
duced without delay. As the only ef-
fects upon the recording medium are
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electronic, the tape may be used over
and over again for new records. It
is only necessary to subject the tape
to a strong neutralizing magnetic field
to obliterate a record and prepare for
another recording, and this is usually
conveniently accomplished when a new
recording is replacing an old one.

When temporary recordings are de-
sired, magnetic tape recording has
many advantages over other methods.
It is very convenient for use where
short delays in reproduction are de-
sired, as, basically, the entire equip-
ment is self supporting. All that is
required is the tape, the recording and
reproducing tone head, and audio
amplifier, and the mechanical units
needed to operate drive motors and
other rotating components.

There are no moving parts in the
modulating unit of a magnetic re-
corder. (The modulating unit corres-
ponds to the cutting stylus of a me-

Fig. 8. Complete wiring diagram of the Caltron magnetic tape recorder.

chanical recording system.) The dif-
ficulties of obtaining high-frequency
response due to the effect of inertia of
the cutting stylus is therefore elim-
inated, thus making great fidelity of
reproduced tones possible.

Magnetic tape recording systems are
subject to the same difficulties en-
countered in eliminating “flutter”
which is present in other types of re-
cording methods, but mechanical vi-
brations due to motor drives and other
moving parts of the recording system
need not be considered as they have
no effect upon this purely electronic
method of registering recordings,

The special alloy, high permeability
steel tape used in modern magnetic
recorders cannot be easily scratched;
may be handled and exposed to any
kind of light, and subjected to large
temperature variations without de-
creasing its efficiency or adversely af-
fecting it in any way. When the tape

is properly wound and securely fixed in
its operating position, it is not liable
to damage or breakage during trans-
portation of portable equipment.

The greatest demand for magnetic
tape recorders is for use as training
devices. In schools and veterans’ re-
habilitation centers, they record, for
immediate analysis, accents, and
dialects. Aircraft crews are trained
by magnetic recorders to distinguish
orders and instructions through the
simulated din of gunfire and scream-
ing, and other blasting battle noises.
In rehabilitation centers veterans
exercise unresponsive vocal cords with
this “voice mirror,” and many a man
in the Armed Forces owes his life to a
conditioned reflex action to a specific
sound, developed by constant training
with these devices.

Throughout this country and at
many foreign bases which our Armed

(Continued on page 138)

This unit is designed to

record, reproduce, and erase sound impulses which are applied electronically to a magnetic steel tape.
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T 110 V. 60 v
Cy, Cox—.I-pfd., 400-v. cond. Rg—3500,000-0hkm pot. My—Motor (timing clock)
Ca, Cr—25-pfd., 25-v. elec. cond. Ry—1000-0hm, Y4-w. res. My—Motor (tape drive)
Ci—25-pfd., 250-v. elec. cond. Rio, R1e—100,000-0hm, Ys-w. res. P1—Speaker plug
Cs, C10—.005-ufd. mica cond. 19, Rig—500-0Am, Ya-w. res. P.—Tone head plug
Cqy, C11—.01-pfd., 400-v. cond. R—1500-0hm, Y;-w. res. Py—110-v. plug (drive motor)
Cg, Ci5—.05-ufd., 400-v. cond. Ris, Rog—3500-0hm, Ya-w. res. Swy—6.p.3.p. selector switch
s» Ci0y Ci7—3-section elec. cond. Ri—150,000-0hm, V5-w. res. Swo—S.p.s.t. switch on volume control
Cq4—.001-pfd., mica cond. Rey;—300,000-0hm, 1-w. res. Swa—S5.p.s.t. switch
Cig—51-ppfd. mica cond. J,;—Shorting-type microphone jack Ti—Input trans.
Ci6—8-pufd., 350-v. elec. cond. Jo—Shorting-type external speaker jack To—OQutput trans.
Ry, R;1—500,000-0hm, V5-w, res. Jo—d-prong socket (recording head) Ty—Power trans.
Ro—2500-0hm, Ys-w. res. J+—4-prang socket (speaker) T—O0scillator trans,
R3s—100-okm, Y5-w. res. J=—110-%, receptacle (drive motor) V1—68J7 tube
Ry, Ryg, Ryg—1I-meg., Ya-w. res. L,—Erasure coil Vo—6SQ7GT tube
Rs—50,000-0hm, l/%-w. res. L—Voice coil Vi, Vs—6V6GT tubes
Rg—200,000-0hm, Ya-w. res. Ls—Hum-bucking coil V—6ES5 electric-eye tube
” R—51,000-0hm, Y5-w. res. Sp—Loud Speaker Ve—6X5GT rectifier tube

34

RADIO NEWS



1MO0-VOLTS AC from
DIRECT CURRENT

with KATO XKONVERTERS. Furnish
standard 110-volt AC from 32, 110, or
220-volts DC. Good deliveries on sizes
350 through 1500 watts.

PIONEERS IN THE BUILDING
OF SMALL ROTARY CONVERTERS

Katolight Rotary Konverter, 225 Watt

Good deliveries on 5, 7%2, 15 and 25
KW AC generators. Mfgr.'s DC genera-
tors, motor generators, frequency chang-
ers, high frequency generators.

Kato's entire production at present
must be confined to orders with priorities.

KATO ENGINEERING CO.
120 Rock Street Mankato, Minnesota

We're still up to our ears
in critical war work but
when the war's won we
will again be ready

. .To DESIGN, DEVELOP

and MANUFACTURE . .

Radio Receivers and Transmitters

Industrial Electronic Equipment
Airport Radio Control Equipment
Marine Radio Telephone Equipment

Your inquiries will receive immediate action

[SL“) RADIO MEG.

CORPORATION
ISLIP, L. I., NEW YORK
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and the entire device simply acts as
the front end of a superheterodyne,
using the FM receiver as an i.f. ampli-
fier. This unit is provided with its own
tuning dial. When connected to a pre-
war FM receiver, the receiver must
be tuned to 42 megacycles and the sta-
tions in the new band tuned in on the
converter.

In the event that a shift is made in

| FM frequencies, prewar FM receivers

will be able to operate during the shift
by switching the converter in or ouft,
depending on whether the desired sta-
tion is operating at its old frequency
or has shifted to. its new location.
The present plans of the company
do not include the manufacture of
these units, the development work
having been done merely as an indi-
cation that such a unit is possible and
could be manufactured in quantity
should the frequency shift make the

| existing 390,000 receivers obsolete.

Magnetie Recording
(Continued from page 34)

Forces occupy, magnetic tape record-
ers are in constant use for these, and
other purposes. In any circumstance
where only temporary recordings are
required, magnetic tape recording is
the best method available from the
standpoint of high fidelity, economy
of operation, and sturdiness.

Modern Magnetic Recorders

Modern magnetic tape recorders
have reached a high degree of per-
fection in both design and construc-
tion for specific applications. The rep-
resentative recorder shown in Fig. 1,
is a portable unit designed to record,
reproduce, and erase sound impulses
which are applied to its recording
medium consisting of a special alloy,
magnetic steel tape. This tape is car-
ried in an endless series of intricate
loops around idler drums and past the
recording and reproducing pole-pieces.

A full minute’s recording can be ap-
plied to the tape, held intact, or played
back. A recording upon the tape will
be automatically erased upon begin-
ning a subsequent recording but will
be indefinitely retained until the new
recording is applied to the tape. No
servicing or adjustments between re-
cordings is necessary.

All voltages required to operate the
equipment are obtained from a built-

| in power supply and the equipment is
| designed to operate from a 110-volt,

60-cycle, single-phase, alternating-
current power source.

Operation of the recorder illustrated
is exceedingly simple., Four controls
are provided; a 6ES5 “magic eye” indi-
cator tube is used to indicate the
proper recording level at which a sig-
nal should be applied to the equip-
ment’s microphone in order to make a
satisfactory recording. A dual-purpose
power switch and volume control is
used by the operator to turn the

equipment on and off and also to con-
trol both recording and playback vol-
ume levels, and a three-position
selector switch provides for the selec-
tion of recording, playback, or stand-
by operation.

An elapsed time indicator which
serves to indicate the amount of un-
used recording space available on the
recording medium, consists of a re-
volving pointer index driven by a
motor synchronized to the recording
tape so that the pointer travels around
a circular scale of twelve divisions as
the tape passes the recording and re-
producing pole-pieces.

A closed-circuit microphone jack
enables a high-impedance microphone
to be connected to the equipment for
recording purposes and a built-in
electromagnetic loudspeaker, housed
in a box lined with cellular acoustic
insulation to minimize resonating ef-
fects, is provided to permit recordings
to be played back. Provision is made
through a closed-circuit phone jack
for the connection of an external
speaker or earphones. A switch con-
nected across the speaker input lug
permits the selection of either the
built-in or external speaker.

Principles of Operation

Basic principles of operation of the
recorder, shown in Fig. 1, are not very
different from those used by Poulsen
many years ago, but more specifically,
the 6V6 oscillator tube of the record-
er's amplifier circuit supplies a 25-
kilocycle frequency which is applied
through a pole-piece assembly contain-
ing two electromagnetic pole-pieces,
to the recording medium, a steel tape
carried in an endless loop past the
pole-pieces. The purpose of this ap-
plied frequency is to return the tape
to a neutral magnetic condition thus
minimizing distortion and keeping the
noise level at a low value.

During the recording process, elec-
trical impulses from the equipment’s
microphone are amplified in the ampli-
fier circuit and applied as an audio-
frequency current to the coils sur-
rounding the recording pole-piece.
The variations of these audio-fre-
quency electrical impulses cause cor-
responding variations in the magnetic
field of the pole-piece. As the re-
cording tape is subjected to the pole-
piece’s magnetic influence, these varia-
tions establish a magnetic pattern cor-
responding to the audio-frequency
electric impulses in the recording tape.
These impulses will be retained by the
tape until erased.

A second pole-piece assembly which
has a d.c. potential applied to its coil,
applies a unidirectional magnetic
field to the recording tape as it passes.
This field intensity erases the varia-
tions of the magnetic pattern in the
tape, returning it to the correct con-
dition for subsequent recording. The
tape is subjected to this erasing proc-
ess just before the recording process’
impulses are applied to it and this may
be considered the normal method of
operation during recording.
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Capacity— _
Individual Operator

SOLDER POTS

for 110 volt AC or DC

Available in two sizes—Model 200
with 1% pound capacity and Model
250 for 2 pound melts. They are
particularly adapted to tinning small
wires and leads, and similar opera-
tions. A single-heat, porcelain nickel-
chrome heating element heats the
Element c1n be quickly and in-

pot.
expensively replaced when necessary.
Can be had for 220 V. operation.
Low Cost!

Economical! Efficient!
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The erasing process is automatic,
and because the tape, being endless,
will continue in its revolution past
the point at which recording began,
it will be seen that if a recording ex-
ceeding the limit of the tape’s capac-
ity (one full minute) is applied, the
beginning of that recording will be
erased and replaced with that portion
of the recording which exceeds one
minute. By observing the position of
the elapsed time indicator’s pointer,
the operator can maintain a constant
check on the unused time available
during a recording and so prevent
overlapping recordings.

During the process of playing back
a recording, the variations present in
the tape’s magnetic pattern induce an
audio-frequency current in the repro-
ducing pole-piece as the tape passes
by it. This audio frequency is ampli-
fied in the amplifier circuit of the
recorder and fed through the speaker
voice coil for audible reproduction.
The action of a hum-bucking goil which
is connected in series opposition with
the reproducing pole-piece’'s coil, pre-
vents extraneous a.c. fields from pro-
ducing a hum in the playback.

When a recording is to be retained
but the equipment must be left in op-
eration, the recording and reproducing
pole-piece assemblies and the erasing
pole-piece assembly can be discon-
nected from the circuit while the tape
continues to travel. The elapsed time
indicator will continue to indicate the
tape’s movement and by observing the
pointer’'s position the correct moment
to commence recording or to play back
a recording, can be determined.

Reference to the schematic wiring
diagram, Fig. 8, will clarify details
of the changeover switching arrange-
ments.

Rasic Mechanical and
Eleetrical Components

As is true in the case of most elec-
tronic equipment, classification of
major electrical and mechanical com-
ponents is quite difficult due to the
fact that each must be considered in
direct relationship to the other. In
the main, however, the major me-
chanical features of the recorder
shown in Fig. 1 are concentrated in
the tape recorder chassis. This chassis
contains the tape drive motor assem-
bly; lubricating system, recording
tape, tape guide assemblies, and the
heart of the magnetic tape recorder;
the recorder pole and housing. The
recorder poles and housing are usually
referred to, as in the case of mechani-
cal recorders, as the recording head.

A shaded pole induction motor is
connected in parallel with the primary
of the amplifier power transformer
and the 110-volt power source. This
tape drive motor's shaft rotates at a
constant speed of approximately 1690
r.p.m. and drives the flywheel of the
tape drive drum at a proportionate
speed of 268.5 r.p.m. This flywheel
thus imparts a speed of 140 feet per
! minute to the endless, special alloy,
| high permeability magnetic steel tape

Fig. 9. Interior view of the recorder
cabinet. The amplifier chassis is on the
left, and the speaker unit and speaker
box which is lined with acoustic insula-
fion is on the right-hand side of the
cabinet. The mechanical chassis, which
houses the recording tape, tape mecha-
nism, and recording head, is not shown.

upon when the recordings are im-
pressed.

This tape, which possesses an ex-
tremely high bending fatigue limit, is
.002 inch thick, 140.5 feet long, and
.046 inch wide. It passes in an end-
less series of 38 loops around three
idler drums, each of which is mounted
on two “oiless” bronze bearings. The
tape is guided in tracks during its
rapid revolutions by three sets of tape
spacer assemblies each consisting of
38 brass spacers and 39 phosphor
bronze washers and a tape idler pulley
is provided to maintain a constant ten-
sion on the tape to take up slight
variations which would otherwise
cause uneven recordings.

The recording tape is constantly
lubricated by a system consisting of
an oilpan and wick feed tube which
oils the surface of the tape drive drum.
Qil is applied to the recording tape as
it passes around this drum and the
oil accumulation is removed by the
pole-pieces in the recording head as-
sembly as the tape brushes past them.
This surplus oil then drips into the oil-
pan and drains through the wick feed
tube to be again reapplied to the
drum and tape. This method of lub-
Fig. 10. Recording head removed from
its housing. The guide washers which
maintain the tape in its proper path
through the pole-piece contacts can be
seen clearly at the ends of the tubular
spacer supports. The two coils in juxta-
position to these guide washers are the coils
for the recording-reproducing pole-piece
and the erasing pole-piece respectively.
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rication serves to adequately lubricate
the tape over long periods of time.

Recording Head

The recording head assembly con-
tains the recording and reproducing
pole-pieces and the erasing pole-piece.
It is in this assembly that electric im-
pulses received from the amplifier are
converted into magnetic impulses and
are impressed upon the tape during
recording, and during playback, the
tape’s magnetic impulses are con-
verted into electrical impulses. The
erasing pole-piece erases the varia-
tions of the magnetic field in the tape,
thus returning it to the correct condi-
tion for subsequent recording.

Each of these assemblies’ pole-pieces
consist of two sections. The upper
section of the erasing pole-piece is con-
structed of ¥{g-inch thick special high-
permeability iron, and the lower sec-
tion is of .005-inch thick brass. The
upper and lower sections of the record-
ing and reproducing pole-pieces are of
laminar construction, .003 inch silicon
steel against .050 brass. Each pole-
piece bears a coil which, when current
is applied to it, induces a magnetic
field in its pole-piece.

A hum-bucking coil is connected in
series with the recording head voice
coils to counteract the effects of ex-
traneous magnetic fields in the voice
coils, This hum-bucking coil's mag-
netic field opposes that of the voice
coils’ and cancels out all undesired
variations in the magnetic field in-
tensity in and around the voice coils.
In this manner the effects of outside
interference are eliminated.

Amplifier Unit

The record’'s amplifier is a conven-
tional resistance-coupled amplifier
employing three stages of audio am-
plification. Its function is to supply
power for recording operation and to
raise the volume of a reproduced re-
cording to convenient audio level.

The amplifier utilizes a 6SJ7 vacu-
um tube as the first stage of voltage
amplification and a 6SQ7 as the sec-
ond stage. As the 6SQT7 is a multiple
purpose tube, its diode section rectifies
the output voltage applied to the 6E5
tube which serves as the “magic eye”
indicator tube. The power amplifier
stage uses a 6V6 vacuum tube and an-
other 6V6 tube serves as the oscillator
supplying the frequency of 25 Kkilo-
cycles which is applied to the magnetic
coils of the recording head to main-
tain a field intensity in the recording
tape sufficient to counteract distortion
and reduce the noise level. A 6X5
tube is used as a rectifier in the am-
plifier’s power supply.

The loudspeaker used in conjunc-
tion with this equipment has a field coil
resistance of 2,500 ohms and its voice
coil's impedance is 4 ohms. Either a
high-impedance, matched-output, dy-
namic-type microphone or a high-im-
pedance crystal microphone may be
used.

While many refinements were added
to the magnetic tape recorder dis-
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cussed in this article, and many ob-
stacles had to be overcome in the de-
sign and specification limitations of
this equipment, the basic principles
utilized are those developed by Poul-
sen during the early days of the
twentieth century. It is a safe surmise
that magnetic recording is even now
a long way from its ultimate develop-
ment and its applications are still
mainly unexplored. But just as mag-
netic tape recording is still in the
experimental stages of its evolution,
just so is all recording still in its in-
fancy, and who is to say that some day
the spoken word, in the form of re-
cordings, may not ultimately replace
the written word for the transmission
of ideas?
30

For the Record
(Continued from page 8)

are all being prepared, fully aware of
restrictions set forth by the Army and
Navy Security Boards, and even
though lacking in certain technical dis-
cussions future articles will present
highly authentic facts and will reveal
other information which will enable
the reader to gain considerable knowl-
edge of the subject matter.

As far as security permits, we will

endeavor to show how radar will be |

used by the postwar amateur and ex-
perimeter for his host of intriguing
experiments and practical uses.

Our London representative is also
gathering material from British
sources and the English version will
also be included in later issues.
Throughout the present war there has

been a very close liaison between the |

American and British military in the |

development of radar devices.
tremendous military success has been
due in great measure to the finesse of
radar and Radiolocator systems.

Our readers will recall that there
was a sudden reduction in the num-
ber of ships sunk by Axis submarines.
While we cannot reveal the effective
range of radar equipment used to com-
bat enemy submarines, we do know
that the use of radar has heen highly
successful. In fact, in the original
Rapio NEws story, August 1941, Page
40, is a statement by the author, “In
fact, speaking about its use at sea,
Radiolocators may be the answer to
the submarine menace!!” Just what
has happened since that prediction
was made is now history. The answer
can be found on the bottom of the
Atlantic and Pacific Oceans.

‘N ANY of our readers have written
A asking us to resume the'In-
ternational Short-Wave column. If
the letters continue to come in at their
present rate, we will again present in-
formation of specific interest to short-
wave listeners. It is our policy to give
our readers what they most desire.
Therefore, we invite all those who are
interested to drop us a postcard...O.R.
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LETS GET THE ADMIRAL
HIS HORSE /
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al U. 8, Navy Photo
Admiral Halsey has his eye on a fine
white horse called Shirayuki.

Some time ago, at a press conference,
he expressed the hope that one day soon
he could ride it.

The chap now in Shirayuki’s saddle
is Japan’s Emperor—Hirohito.

He is the ruler of as arrogant, treach-
erous, and vicious a bunch of would-be
despots as this earth has ever seen.

Well, it’s high time we finished this
whole business. High time we got the
Emperor off his high horse, and gave
Admiral Halsey his ride.

The best way for us at home to have
a hand in this clean-up is to support the
7th War Loan.

It’s the biggest loan yet. It's two loans
in one. Last year, by this time, you had
been asked twice to buy extra bonds.

Your personal quota is big — bigger

| than ever before. So big you may feel

you can’t afford it.

But we can afford it—if American
sons, brothers, husbands can cheerfully
afford to die.

ALL OUT FOR
THE MIGHTY 7" WAR LOAN

ZIFF-DAVIS PUBLISHING COMPANY

This is an official U.S. Treasury advertisement—
prepared under auspices of Treasury Department
and War Advertising Council
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