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[57] ABSTRACT

A longitudinal scan transducmg apparatus for use with
a television receiver comprising a magnetic transducer
head having transverse conductors for supplying high
frequency- bias, tape transport features ‘including a - .
damping: pad- acting on the tape adjacent the head for -
damping high frequency vibration: at the head, head
shifting and tape reversal features,.and television set
adapter circuitry for supplying a wide-band video sig-
nal and for stabilizing reproduced sync signals.

2 Claims, 19 Drawing Figures

753a =




PATENTEQ JUL 161574 3,824,619
SHEET 1 OF 6 | '

..........

4L UL

NSO\
ol TIQ\
N

NN
NN

77777,

|V//

- o ———

TSV TR e P A s

INVENTOR

Marywr = Camras

\;@ MYﬁw fé«.& /%‘:

APFYORNEYS



PATENTED JUL 161574 3,824,619

SHEET 2 Of 6

" INVENTOR

- | ﬁar}/ﬂ Camras

< - BY -

ATTORNEYS



3.824,618

SHEET 3 OF 6

PATENTEDJILTE 1974

sei T

22l 1100810 ¥01D313a | _
| oNizt | LT Tal _ ‘ ‘
Nomonwis| . | olany _ EE
o , ; lm rr
110281 AT - 21| &7 #S! I 0 Z d
. . nw \:ﬂ.xrw_% e w..m_ _ §<.~ Wun\l.mobu,,._,.a . s _ e
950 OIlm_thcllo 1 4 _ d ) . . Y
. 5 L 10410 fede s WNDIS _
IH 498! a 311S0dW0D Jo3an |

S/

INVENTOR

@/ !
ORNEYS

Marvrr Camras

b

P



PATENTEDJUL 161874 | 3,824,619

SHEET 4 OF 6
LF Ll =9
+360 —
Lere ¢
+180 e S
Loy S-s75
E o s
\— &8/
-380
FREQUENCY o

 AMPLITUDE

ookl kil

DRIVE
SPRING




3,824,619

PATENTED JUL Y 61974

SHEET & OF 6

LP6-
14

W =g m\l\\ S
\,m.m. & MNV\% ’
nm.m\udﬁn 264 L v
286 -
= I18p [1 -
iy > < .




PATENTEDJUL 161974 13,824,619
| SHEET B OF 6 |




3,824,619 -

S
TRANSDUCER SYSTEM

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application is a continuation-in- part of
my pending applications Ser, No. 848,992 filed Aug:
11, 1969, now abandoned, Ser. No. 34,504 filed May
4, 1970 (now U.S. Pat. No. 3,705,954 issued Dec. 12,
1972), and Ser. No. 62,601 filed Aug. 10, 1970 (now
U.S. Pat. No. 3,683,107 issued Aug. 8, 1972). My ap-
plication Ser. No. 848 992 isa d1v151on of my applica-
tion Ser. No. 401,832 filed Oct. 6, 1964 (now U.S. Pat.
No: 3,495,046 issued Feb. 10, 1970). My application
Ser. No. 62,601 is a streamlined continuation of my ap-
plication Ser No. 528, 934 ﬁled Feb. 21, 1966 (now
abandoned).

Reference is made to my earlier applications Ser. No.
401,832 filed Oct. 6, 1964 (now U.S. Pat. No.
3,495,046 issued Feb. 10, 1970), Ser. No. 493,271
filed Oct. 5,-1965 (now U.S. Pat. No. 3,531,600 issued
Sept. 29, 1970), Ser. No. 528,934 filed Feb. 21, 1966
(now abandoned), and Ser. No. 649,256 filed June 27,
1967 (now U.S. Pat. No. 3,596,008 issued July 27,
1971); the subject matter of Ser. No. 401,832  being
continued in my copending divisional application Ser.
No. 848,992 filed Aug. 11, 1969; the subject matter of
Ser. No. 401,832, Ser. No. 493,271 and Ser. No.
528,934 bemg continued in my copending streamlined
continuation application Ser. No. 62,601 filed Aug. 10,
1970; and the subject matter of Ser. No. 649,256 (now
. U.S. Pat. No. 3,596,008 issued July 27, 1971), being
continued in Ser. No. 34,504 filed May 4, 1970, as a di-
vision of Ser. No. 649,256; the filing dates of said ear-
lier applications being claimed herein and all of said ap-
plications being referred to herein pursuant to 35
U.S.C. 120.

'SUMMARY OF THE INVENTION |

This invention relates to an improved transducer sys-.

tem and method for recording and/or reproducing elec-
trical signals particularly both audio and video signals.
Also, this invention relates to an improved transducer

system which is adapted to:receive mtelllgence signals
to be recorded from a television receiver during a re-
cording operation and/or plays back the recorded intel-
ligence signals by means of a standard television re-
ceiver during a playback operation.

In one type of magnetic recording system, a lengthy
magnetizable record medium, such as a tape having a
magnetizable layer, is drawn across an electromagnetic
transducer head assembly at substantially a uniform lin-
ear velocity. A preferred head assembly for such a sys-
tem includes a magnetic core having a- non-magnetic
gap over which the medium passes and which:is pro-
vided with suitable elements to produce a magnetic
field across the gap which field varies in accordance
with a first intelligence signal. A second form of intelli-
gence may be impressed on the magnetizable record
medium transverse and on either side of the first intelli-
gence signal. This is accomplished by a second mag-
netic core so positioned and arranged as to provide two
non-magnetic gaps over which the medium passes. The
pole portions of the first core are preferably so posi-
tioned and arranged that the medium passes over first
one pole and then across the gap and then over the
other pole, while the pole portions of the second core
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_hour or more of recording on a seven-inch reel of one-
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are preferably so positioned and arranged that the me-
dium simultaneously passes over the two transverse
gaps.

The present mventlon is also concerned with a video
playback system wherein the record medium travels at
relatively high speeds and the video signal is recorded
on each of a substantial number of narrow audio-video
channels extending lengthwise of the direction of travel
or the record medium. An-embodiment in accordance
with the present invention is capable of producing an

quarter inch.wide magnetic record tape while avoiding
the complexity and expense of a rotatmg type scanning

“head such as previously employed. in the art.

During the recording operation, current is caused to
flow in the exciting elements in accordance with the
time variation of the intelligence to produce a time-
varying magnetic field in the core. The lengthy magne-
tizable medium is subjected to an influence of this field
as it is drawn therethrough, and magnetization is im-
parted to incremental lengths of the medium in accor-
dance with the time variations of the intelligence, thus
causing variations in the degree of magnetization. of the
medium along its length in accordance with the time
variations of the intelligence. Also during recording of
audio-video intelligence signals and sweep synchroniz-
ing signals an appropriate high frequency biasing signal
is preferably applied to the transducer head. A similar
arrangement may however be used with direct current
bias, or.in special cases without bias.

During reproduction, the lengthy magnetizable me-

. dium is drawn across the same or a similar head assem--
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bly to set up a flux in the core member thereof in accor-
dance with the degree of magnetization of the medium
along successive incremental lengths as it is passed
across the gap of the magnetic core. The resultant time
varying flux induce a voltage in the coil or other flux
sensitive means with which the flux is coupled. This
voltage may be amplified and suitably reproduced to
provide audio and video intelligence and synchronizing
signals suitable for the operation of a commercially
available television set. )

The present invention is also concerned with provid-
ing a transducer system having a sufficiently broad fre-
quency response as to enable a high degree of accuracy
in the reproduction of video signals applied thereto. To
realize the full advantages afforded by the electromag-
netic transducer head, improved electronic circuitry is
also provided. For example, the electromagnetic trans-
ducer head may be provided with a high frequency bias
winding on either side of the non-magnetic gap used for
recording video intelligence. Although other methods
of providing high frequency signals to an electromag-
netic transducer head are well known in the art, the
method employed by the present invention allows a
higher a.c, bias frequency than could otherwise be used
which gives a lower noise level and avoids “beating”
with the signal. This is of special advantage with video
and other wide band recording. The transducer head
which is preferably employed in the system of the pres-
ent invention shows a substantial savings in space and

material while maintaining the same or better results

" than electromagnetic transducer heads constructed

65

heretofore. »

Since the electromagnetic transducer head is to be-
used in a recording system having a plurality of longitu- .
dinal channels impressed on the record medium, the
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‘head is advantageously provided with substantially
symmetrical recording properties sothat recording can
take place in éach direction of movement of the record
‘medium across the head. :

‘The present invention is also concerned with provnd-

ing means for automatically and selecnvely posmonmg

an electromagnenc transducer head in scanning rela-
tion to successive channels as the direction of move-
ment of a lengthy record medium is successively re-
versed. Preferably, means are also provided so that the
transducer head may be positioned manually with re-
spect to a desired channel on' the record medium, and
a suitable tape channel indicator is incorporated with
and responsive to transducer head movement.

The transducer system of the present invention is also
concerned with an end-of-tape control means whereby
tape movement may be stopped and reversed at desired
intervals.

The tape sensing system of the present invention is
also concérned with providing improved electronic cir-
cuitry having a broad frequency response and capable
‘of receiving intelligence signals from, and applying in-

5

telligence signals to a television receiver and which uti-

lizes existing television receiver circuitry with a mini-
mum of modification.

It is therefore an object of the present invention to
provide-a novel method and means for recording intel-
ligence on a record medlum and/or reproducmg re-
corded intelligence.

Another object of the present invention is to provide
a novel electromagnetic transducer head.

Yet another object of the present invention is to pro-
_ vide a novel electromagnetic transducer head which is
constructed and arranged so as to scan an audio track
on either side of the video track.

Another object of the present invention is to provide
a novel means by which effective high frequency bias
in the megacycle range can be applied to a magnetic
transducer head to improve the characteristics of video
recording. This means can also be used with heads or
other lower frequency recordings, particularly to allow
a very high frequency bias which is advantageous in
achieving lowest noise levels.

Another object of the present invention is to provide
a transducer head of improved symmetrical construc-
tion so as to be operable in either direction of travel of
the record medium.

Still another object of the present invention is to pro-
vide an improved means for recording and playback of
video signals having a wide frequency response.

Yet another object of the present invention is to pro-
vide novel means by which hum-bucking is provided
during playback of the record medium.

A further object is to provide a playback head for
television signals having a means for suppressing cross-
talk between adjacent audio and video tracks.-

A more specific object of the present invention is to
provide an improved electromagnetic transducer head
consisting of two-or more magnetic cores, all of which
lie in different planes and which may or may not have
electromagnetic interaction therebetween.

A further more specific object of the present inven-

tion is to provide a novel transducer system in which

the intelligence applied thereto may be received di-
rectly from a commercially available television set, and
in which the playback signal from the transducer sys-
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4
. tem may be applied to the same or a different commer-
c1ally available television set. .

A still further more: specific object of the present in-
vention is to provide a transducer system of improved
characteristics for recording intelligence with high fre-
quency components of a magnitude such as is required
for proper reproduction .on commermal televxsnon Te-
ceivers and the like. '

Other objects, features and advantages of the presem
invention will be apparent from the following detailed
description taken in connection with the accompanying
drawings.

IDENTIFICATION OF PATENT DISCLOSURE
INCORPORATED HEREIN BY REFERENCE TO
--SHOW A.LATER 'EMBODIMENT

In order to show a later embodiment of the present-
invention, the sixth figure and the:description thereof

“in my U.S. Pat. No. 3,686,433 issued Aug. 22, 1972 is

incorporated herein by reference.

BRIEF DESCRIP’I‘ION OF THE ACCOMPANYING -
DRAWINGS

FIG. 1 is a somewhat diagrammatic view of an elec-
tromagnetic transducer head with certain parts broken
away and indicating an embodiment in accordance
with the present invention; '

FIG. 2 is a somewhat diagrammatic top plan vxew of
the embodiment of FIG. 1;

FIG. 3 is 2 somewhat diagrammatic vertical secuonal
view of the embodiment of FIG. 1; -~ : '

FIG. 4 is"a diagrammatic fragmentary plan view of a
magnetic record tape and illustrates diagrammatically
the recorded fields of a composite audio-video channel
and the relationship of adjacent channels havmg such
recorded fields.

FIG. § is an enlarged fragmentary view of the mag-
netic recording gap region of the head of FIG. 1,

"FIG. 5A is a diagrammatic view showing preferred
details of construction for the embodiment of FIG. §
and 1llustratmg the magnetic field components pro-
duced by energization of one of the cross field conduc-
tors of FIG. 5;

FIG.6isan enlarged fragmentary view of an embodi-
ment of the present invention showing another arrange-
ment of biasing conductors for the head of FIG. 1;

FIG. 7 is a circuit diagram illustrating an audio-video
recording and playback circuit for the electromagnetic
transducer head of FIG. 1,

FIG. 8 is a diagrammatic plan view of atape transport
system for the embodiments of FIGS. 1-7;

FIGS. 9 and 9A are graphical representations show-
ing the phase shift obtained from respective video coils
of the transducer head shown in FIGS. 1-3 as the fre-
quency applied thereto increases, and showing the out-
put as a function of frequency, respectively;

- FIG. 10 is a schematic wiring diagram showing circuit
connections and component arrangement used during

-a playback operation with the recording system of FIG. -

FIG. 11 is a schematic wiring diagram showing an al-
ternate embodiment for use in place of the circuit of
FIG. 10; -~

FIG. 12 is a schematic wiring dxagram ofa preferred
horizontal sweep control circuit for a television re-
ceiver to be used for recording and playback of video
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signals in conjunction with the system of the present m—
vention;

FIG. 13 is a schematic wiring diagram of an alterna-
tive horizontal sweep output circuit for use in place of
the circuit of FIG. 12; v

FIG. 14 is a diagrammatic elevational view of a trans-
ducer head positioning and tape channel indicating de-
vice for use in the transducer system of FIG. §;

FIG. 14A and 14B are diagrammatic plan views
showing details of the embodiment of FIG. 14; and

FIG. 15 is a somewhat diagrammatic representation
of an end-of-tape signalling arrangement.

FIG. 1 illustrates a composite audio-video magnetic
transducer head generally designated by reference nu-
meral 10, and which is energized to produce a compos-
ite video and synchronizing track between two audio
tracks on the record medium 11 as described hereinbe-
low. The composite head is constructed and arranged
so as to have an outer protective casing 12 surrounding
the magnetic.core members 13 and 14 and the electric
windings thereon. The magnetic core member 14 is uti-
‘lized for the recording and reproduction of the audio
tracks and is provided with a pair of windings 17 and
18 which, by way of example, can have 1,500 turns of
conductive material each to provide an overall substan-
tially flat frequency response over the audio frequency
range. The non-magnetic gap spacers 20 and 21, FIG.
2, which are disposed between the end portions 14a
and 14b of the magnetic core 14 and portions of the
side walls of the magnetic core 13 are so arranged as
to produce an audio-frequency record track of 2 mils
width on either side of the magnetic core member 13.
Holding the record medium 11 in movable contact with
the transducer head 10 is a pressure pad 15 of resilient
material which is movable toward and away from the
transducer head by suitable mechanical or electrome-
chanical means and in operative posmon is resiliently
urged toward the head. -

Provided between the polar portions of the magnetic
core member 13 is a non-magnetic gap spacer 23. The
gap defined by the gap spacer 23 provides a video sig-
nal track midway between the audio signal tracks. By
way of example, the gap spacer 23 may have a dimen-
sion of 50 micro-inches in the direction of movement
of the record medium.

The magnetic core member 13 has located thereon
video frequency signal coils 27 and 28 which have dif-
ferent and overlapping frequency characteristics,
thereby providing the broader frequency response re-
quired for video signals. By way of example, the coil 27
may comprise 1,000 turns of conductive material while
the coil 28 may comprise 200 turns of a similar conduc-
tive material, and one lead of each coil 27 and 28 may

be connected together while the output signal is ob-

tained from the other leads of the respective coils.

In the preferred embodiment,; however, only the coil
having 200 turns is used for recording video signals,
while the coil having 200 turns together with the coil
having 1,000 turns are used in series for playback of the
video signal. To further increase the frequency re-
sponse of the transducer head during playback, coils 27
and 28 are connected so that their induced voltages at
low frequencies are opposing each other. The coil 27
will provide an adequately strong signal -output at the
lower frequencies because the opposing output of coil
28 is too small to appreciably affect the output of coil
27. However, at the high frequencies, above.the reso-

6

~ nance of coil 27 (with its own-and with circuit capaci-
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tances), the phase of the output signal from the coil 27
is shifted by an amount approaching 180° and thus adds
to the output of the high frequency coil 28, which is
below its own resonance at this higher frequency. If still
a broader frequency response is required from the

transducer head 10, a third coil may be added to the

magnetic core 13, which may have fewer turns than

- coil 28 and which will also be assisted by the phase re-

versal of the coils resonant at lower frequencies. To still
further increase the high frequency response of this
transducer head 10, a ferrite shunt 47 may be placed
centrally of the magnetic core 13 wnh one end thereof
in proximity to the gap 23, :

The transducer head 10 has extending along the op-
posite side walls of the pole piece 30, FIG. 5, a pair of

conductors 31 and 32, which are preferably No. 22

A W.G. enamel coated conductors. Connected be-
tween the upper ends of conductors 31 and 32 is a No.
32 to No. 36 A.W.G. conductor 35, which is inserted
into a recessed portion 36 of the pole piece 30. The
conductor 35 has a diameter which is about 100 times
the longitudinal dimension of the gap 23. The recessed
portion 36 is provided with rounded edges 38 and 39
which serve to prevent unwanted recording fields due
to the conductor 35 at the corners of the recessed por-
tion 36. A pair of conductors 41 and 42 are provided
along the side walls of the pole piece 43 and have con-
nected between their upper portions a conductor 485,
which is inserted into a groove 46 of the pole piece 43.
The conductors 35 and 45 are preferably polished to
give a continuous surface for the tape as indicated at
35a in FIG. SA. _

The conductors 35 and 45 are symmetrically ar-

ranged on the pole pieces 30 and 43 in such a manner
as to provide symmetrical recording characteristics in
either direction of travel of the record medium. Also
the conductors 35 and 45 can be arranged in such a
manner as to allow the application of biasing currents
of lower amplitude to both conductors 35 and 45 simul-
taneously while the record medlum moves in either di-
rection.

Preferably one or the other of conductors 35 or 45
is energized, depending on the direction of travel of the
record medium, by a high frequency bias current which
by way of example, may have an amplitude of approxi-
mately 1 ampere at a frequency between 3 and 15
megacycles; preferably a frequency is used which itself
and the harmonics of which will not interfere with the
operation of the television set. During one mode of
operation, the conductor 35 may have generated there-
about a magnetic field which enters the pole piece 43
substantially at right angles thereto as indicated in FIG.
5A. This establishes an arc shaped magnetic field in the
region above the gap as indicated at A in FIG. 5A,
modified by a semicircular field of greater curvature
due to the component of flux of the conductor which
is carried by the core which traverses the gap, such as .
indicated at B in FIG. SA. The magnetic field generated
by the intelligence signal to be recorded resembles the
B component. Therefore a composite magnetic field is
produced by both the bias magnetic field and the intel-
ligence signal magnetic field. The composite magnetic
recording field has a relatively sharp gradient as to the
longitudinal bias-frequency component thereof at the
trailing side of gap 23. An alternative method for apply-
ing high frequency bias to the signal magnetic field is
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to introduce the high frequency signal to the video re-
cording coils 27 and 28 and this component may be in
addition to the field supplied by the conductor 35. If
both fields are used it may be advantageous to select
the polarity of the two components or to shift the phase
of one with respect to the other.

The flux produced by the bias conductor 35 is prefer-
ably of a frequency at least several times that of the in-
telligence frequency. Alternatively, a direct current
bias may be supplied to the conductor 35 and/or wind-
ings 27 and 28 so as to cause the video frequency com-
ponent of the applied signal to be recorded on the rela-
tively linear, positively stoping portion of the Br versus

. H curve of the magnetic material of the tape 11. In this
case the tape may be presaturated before reaching the
recording head. The high frequency bias for the audio
portion of the transducer head 10 is obtained from the

horizontal sweep generator of the television set and is

applied directly to the audio coils 17 and 18.
Alternately, the biasing conductors of the present in-

vention may be constructed and arranged in a manner

as shown in FIG. 6. The magnetic core member 13 has

10
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located at each side-of the recording gap 23 a pair of

transverse slots 55 and 56. Inserted in slots 55 and 56
is a rectangular cross-sectioned conductor 57 arranged
as shown in FIG. 6; When a current is passed through
the conductor'57 a magnetic field is produced about
the condtictor §7 in such a manner as to provide a cross
- field biasing effect in the region of recording gap 23.
The magnetic:cross field biasing which is produced in
the region of the gap 23 is proportioned to the differ-
ence between the magnetic field produced by conduc-
tor portion 57a and the magnetic field produced by
conductor portion 57b. That is, the magnetic field in
the region of gap 23 in oersteds (H) is equal to

H=(0.41/R,) — (0.41/R;)

where I is equal to the amount of current in amperes
passing through the corductor portions 574 and 57b
and R, and R, are the respective distances of the con-
ductor portions 57a and 57b from the gap 23 in centi-
meters.

One of the primary advantages realized by the loop
configuration of biasing conductor 57 is that a greater
ratio of cross field m.m.f. to recording gap m.m.f. is ob-
tainable. In certain practical configurations the record-
ing gap m.m.f, would otherwise be too great. Another
advantage is that the cross field falls off as 1/R? instead
of 1/R, where the average distance R from conductors
to gap is large This. gives a better cross field and re-
duces its erasing tendencies beyond the record gap.
The inverse square relation may be seen from:

H=(0.41/R,) = (0.41/R;) =[(0.4R; — 0.4R,)/R, R)(I)

= [0.4(R, — R))/R, R,1(I)

" In a given head the spacing between the conductors is
R; — R, which is a fixed constant A. When R, and R,
becomes large compared to their spacing they may

each be replaced in the denominator by their average
R. We then have

= (0.44/R¥)(I)

showing that H varies mversely with R2. This compares
with a single conductor where
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8

H=04I/R

Similarly if the conductors are looped back and forth
n times, the field falls off as 1/R".

In the above examples the core permeability is as-
sumed infinite, so that the field about the conductors
above the head is twice as great as if the core were ab-

sent. By way of example, the conductor portions 57a

and 57b may each be 4 mils across, and the distance
from gap 23 to conductor portion 574 may be 4 mils,
the distance between conductor portions 57a and 57b
also being 4 mils. Although the hairpin 57 is shown
herein as being a rectangular cross section conductor
it'is not to be constructed in a limiting sense. By using
rectangular conductor, a greater cross sectional area is
realized thereby allowing a larger current to flow in the
conductor portions 57a and 57b. However, a circular
or ribbon crosssection conductor will work equally
well. Also, the hairpin loop construction as shown in
FIG. 6 is not limited to use in recording video intelli-
gence; it can work equally advantageously on the mag-
netic core-14, FIG: 3, for the recording of audio intelli-
gence. When high frequency biasing of audio intelli-
gence is obtained in this manner, a greatly improved
signal to noise ratio can be had, biasing frequencies in
the megacycle range being practical. In the preferred
embodiment of the present invention the. magnetic core
member 13 may have located thereon slots and loop
hairpins, similar to hairpin 57, on both sides of the re-
cording gap 23. In this manner recording of video intel-
ligence is obtainable on one track while the record me-
dium moves in the direction of arrow 58 and then on
another track while the record medium moves.in the
direction opposite to the direction of arrow 58.

Another advantage realized by the use of the multiple -
cross field conductors such as 57a and §7b.is that the
concentrated magnetic flux in the area 59, between
conductor portions 57a and 57b, serves to erase a given
channel of the record medium before it passes over the
recording gap 23. .

- The net bias field produced by the conductor por-
tions 57a and 57b is thus superimposed on the flux pro-
duced by the video coils 27 and 28 in the region of the
record gap 23.-Because of the very close proximity of
the erase flux, in area 59, to the record gap 23 it will
be noted that there is a semicircular field set up by the -
combined fields about conductor portions 57a and 57b
which extends over into the region of the record gap
23. It can be seen therefore that the loop hairpin con-
figuration shown in FIG. 6 serves not only to erase the
record medium just before recording thereon but also
to provide an advantageous biasing field in the region
of record gap 23,

As shown in FIG. 2, the outer casing member 12 can
be constructed of three portions 47', 48 and 49. Case
member 47’ is provided with a cavity 50 to receive one
end of the magnetic core pole piece 43 and coil 28,
while the case members 48, 49 have symmetrical cavi-
ties 52 and 53 to receive the audio frequency magnetic
core 14, audio coils 17 and 18, part of the video core
30 and video coil 27. Although the electromagnetic
transducer head 10 has both-audio and video recording
sections and also provides a high frequency bias cross
field, the construction is such as to allow the transducer
head 10 to be of minimum physical dimensions. _

FIG. 4 illustrates a portion of the magnetic record
medium 11, which in its entirety may be one-fourth
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inch wide and form a 7 inch diameter reel of tape. The
tape may have recorded thereon a series of ten chan-
nels two of which are indicated at 61 and 62. Channel
61 comprises two audio tracks 64 and 65 and one video
track 66 between the audio tracks. The recorded fields
of the video track 66 are directed longitudinally of the
direction of movement of the record medium 60 as in-
dicated by the arrow 67, while the recorded fields of
the audio tracks 64 and 65 are preferably directed at
right angles to the direction of travel of the record me-
dium 60 as indicated by arrow 68. By way of example,
the width of the audio tracks 64 and 65 may be 2 mils
each, while the width of the video track 66 may be 15
* mils, providing a total width of 19 mils for the tracks
recorded on one channel of the record medium 11. The
unused portion of the tape between adjacent channels
such as 61 and 62 is represented by the blank area 69
and is 6 mils in width. With the dimensions mentioned
hereinabove the center to center distance: between
tracks is 0.025 inches thereby providing 10 channels on
a % inch tape. To obtain the necessary channels from
the tape 11, the transducer head 10 is moved in the di-
rections indicated by arrow 19, which is transverse to
the direction of tape travel.

In order to produce a video track portion 66 having
a'width of about 15 mils, the width of the magnetic pole
pieces 30 and 43, FIG. 5, and the transverse dimension
of the gap 23 defined by the pole pieces should be ap-
proximately 15 mils. The transverse gap, defined be-
tween poles 14a.and 14b of audio core 14 and the adja-
cent portion of video core 13, should have a dimension
at right angles to the direction of travel of the record
medium of about 2 mils to provide audio tracks of 2
mils width as described in connection with FIG. 1. The
thickness dimension of the pole 14 which dimension is
in the direction of tape travel is preferably selected to
provide anull in response torecorded wavelengths cor-
responding to the horizontal sweep frequency of the
video signal being recorded. Thus if A is the recorded
wavelength of the record tape corresponding to the line
frequency and n is an integer, the effective thickness of

the pole 14 in the direction of travel of the record me-

dium should be n A. This gives a null in the response of
the head of FIG. 1 in the audio circuit which tends to

prevent interferences between the audio and video sig- -

nals on the tape. If the thickness of the pole 14 is pres-
ented by the letter W, the tape velocity by the letter V,
and it is assumed that the line frequency is 15, 750 cy-
cles per second, then W equals nV/15,750.

The record tape 11 is driven in the direction of the
arrow 16 across the transducer head of FIG. 2 by any
suitable tape transport mechanism. By way of example,
if a % inch wide tape of audio grade material is moved
at a speed of 110 inches per second, with 20 tracks and
a seven inch reel, the playing time will be between 40
and 120 minutes depending on the tape thickness. Pic-
ture quality will be improved further by proper use of
microgap and cross field heads. Higher tape speeds are
also feasible since the playing time is still adequate
even when reduced by a factor of two or three.

The thickness dimension of the audio recording poles
144 and 146 in FIG. 2 is selected to give a null in re-

sponse at the line frequency so as to tend to prevent in-’

terference between the audio and video signals on the
tape during playback. The audio circuit bias may be de-
rived from the television receiver sweep circuits so as
to avoid interference and eliminate the need foran os-
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cillator. In the specific circuit illustrated, a capacitor
can be used to tune the head windings 17 and 18 to res-
onance preferably at a harmonic of the sweep fre-
quency, for example 47.25 kilocycles per second for a
line frequency of 15,750 cycles per second; or to the
fundamental frequency of 15,750 cycles per second.
The drive for the tape may comprise any suitable
drive for translating the tape 11 first in the direction of
the arrow 16 while one channel of the tape is being
scanned and then for translating the tape in the oppo-
site direction as an adjacent channel on the tape is
scanned in the opposite direction and so forth. The
head 10 is preferably shifted laterally, as indicated by
arrow 19, betweén the scanning of the successive chan-
nels at successive reversals of the direction of drive of
the tape ‘11 so that only a single head assembly is re-
quired. The tape drive preferably includes an auto-
matic reversal system- having switches actuated by
means near the opposite ends of the tape 11 to initiate
a reversal cycle. The actual reversal preferably auto-
matically takes place during a vertical blanking interval
so that it is not visible in the reproduced picture. The
changeover is preferably controlled by the vertical syn-
chronizing signal recorded on the tape. The repro-
duced vertical sync signal which causes tape reversal
would be the one following actuation of the tape sens-
ing switch. Each tape sensing switch may be actuated
by electrical contact material adhered to the tape near
one of the opposite ends thereof. An electronic gate
Cerl.!lt could be opened by a flip-flop-circuit if placed
in a “‘set” condition in response to actuation of one of
the end of tape sensing switches; the gate would then
transmit the next reproduced vertical sync pulse to ef-
fect tape drive reversal. Instead of electrical contact
material on the tape to signal the approach of an end
of the tape, a special changeover signal may be re-
corded on the tape which when reproduced will be

. transmitted to the electronic ﬂip-ﬂop circuit to set the .
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flip-flop.

In a simple version the recorder can be reversed and
moved to the next channel by manual control such as
a pushbutton in which case it-is convenient to have a
warning-indicator to alert the operator of impending
changeover. This can be a neon lamp voltage divider.
Resistors Rx and Ry (FIG. 15).are adjusted to give a
voltage such as 75 volts which will not ignite the neon
lamp but which will keep it on once ignited. When the
tape conductive tab shorts out Rx the lamp has 150
volts (or more) across it, igniting it easily. The operator

‘then has a minute for example, to choose an opportune

time for changeover. The light is extinguished when:
ever the changeover button is opéerated. '

Suitable channel width erase heads may be provided
ateachsside of the transducer head 10 and may be ener-
gized alternately in: accordance with the direction of
tape movement so as to insure an erased channel prior
to recording regardless of the direction of tape move-
ment. Such channel type erase heads would have a
width.of about 23 mils for the example given. An addi-
tional demagnetizing head of width to erase the entire
tape could be provided for reducing the noise level be-
tween tracks. In the examplé given such an erase head
would have a width of at least about 250 mils.

FIG. 7 is a circuit diagram illustrating an audio-video

- recording and playback circuit for use in conjunction

with the transducer head 10 of FIG. 1. As shown in -
FIG. 7, the record medium 11 is moved across the
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transducer head, which is represented by the video
‘magnetic core 100 and the audio magnetic core 101, to
induce audio or video intelligence in appropriate signal
coils durmg the playback operation, or to have the
magnenc particles on the record medium 11 magne-
tized in response to magnetic fields produced by the
signal coils -during recording operation. A commer-
cially -available television set 104 is used to supply a
video signal to coil 105.-Also provided by the television
set 104 is the audio signal which is applied to coils 111
and 112 of the audio magnetic core 101 through the
line 115. The coils 111 and 112 are series aiding to pro-
vide the audio recorded pattern on the audio- tracks
shown in FIG. 4. Providing the high frequency biasing
signal to the magnetic core 100 is a high frequency os-
cillator 117. The oscillator- 117 may have a fundamen-

tal frequency in the range between.3 and 15 megacy-

cles per second, and preferably has an output whose
fundamerital and harmonic components will not inter-
fere with the operation of the television set 104.

As illustrated in FIG. 7, the high frequency bias for
the audio signal is generated by the horizontal output

3,824,619
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circuit 119 of the television set 104. The high voltage

saw tooth waveform of the television horizontal sweep
generator transformer of circuit 119 is-applied to audio

122 and line 115. The sawtooth waveform of the televi-
~ sion sweep output circuit 119 has a frequency of
15,750 cycles per second, which is well above the us-
‘able audio frequency range of the commercially avail-

.25
coils 111 and 112 through resistor 121, selector switch"

30

able television set 104, The resistor 121 provides for an -

adjustment of bias amplitude to the optimum level in
accordance with known principles and also in conjunc-
tion with capacitor 128 shapes the bias waveform
closer to a sine wave. The capacitor 128 in conjunction
with the inductance of the audio coils 111 and 112 pro-
vides a tuned circuit which is preferably resonant at a
harmonic of the sweep frequency, for example at the
third harmonic or 47.25 kilocycles per second. As an
alternative, the circuit comprising capacitor 128 and
windings 111 and 112 may be tuned to the fundamental
. frequency which under present standards s 15,750 cy-
cles per second. As a further alternative, a series of

pulses may be applied to the windings 111 and 112 of

. a constant amplitude and of a relatively high frequency
substantially above the audio range to provide the bias
signal. In any event a high frequency bias signal may be

superimposed on the audio signal from the amplifier-

stage 130 of television set 104, The output of the audio

amplifier stage 130 is connected to the coils 111 and ~
112 through variable resistor 132, switch 122 and line’

115. During the playback operation of the recording
system, switch 122 is actuated and makes contact with
the contact 133, thereby providing an audio playback
~ signal through an auxiliary audio amphﬁer 135 to the
audio circuit of the telewsnon reciever 104 including
.speaker 136.

For purposes: of 1llustratlon, the selector switches
122,137, 138, 140, 141, 142, 143 and 144 are shown
in the record position andmay either be separately ac-
tuated or preferably ganged together for simultaneous
actuation. The high frequency bias conductors 150 and
151 are selectively connected to the high frequency os-
cillator-117 by means of a forward and reverse switch
139. The high frequency bias signal is removed from
the video transducer head core 110 during playback
operation by ‘means of switch 137.
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The video intelligence applied to the video winding
105 of core 100 is obtained from a video output ampli-
fier 154 of receiver 104 which in turn has its input con-
nected to a composite signal detector 155. The signal
received by the television set is amplified by a video in-
termediate frequency amplifier stage 156 in the televi-
sion receiver 104. The video output from amplifier 154
is applied to a basic correcting network comprising ca-
pacitor 158 and resistor 159 and through a resistor 160.
The voltage developed across resistor 160-is applied to
a correcting network comprising capacitor 162 and re-
sistor 163. After ‘the video intelligence has passed
through the correcting networks, it is applied to coil
105 through switch 140 to produce a video frequency
magnetic field in the path of the record medium 11.

The s-ynchronizing circuit 165 located inside the tele-

wvision receiver 104 will provide the necessary horizon-

tal synchronizing s:gnals for the horizontal output stage
119,

The video output amplifier 154 transmlts the vertical
and horizontal synchronizing signals which are’ re-

‘ceived from the opposite signal detector 155 so that the

synchronizing signals are recorded on the video track
by the video core 100. In this manner the television re-
ceiver 104 can then again be synchronized during play-
back to obtain a steady video reproductlon on the tele—
vision receiver 104. .

During the playback operation of the audio- v1deo re-.

cording system, all the selector switches are placed in

the playback position indicated by the letter P in FIG.

" 7. This action will remove the high frequency bias from

conductors 150 and 151. Also during the playback
operation the video ampliﬁer 154 is disconnected from
coil 105, and coil 170 is connected in series with the
coil 105. Coil 170 is resonantat a lower frequency than
coil 105..

As the record medium 11 moves over the transducer
head during playback the audio signal received from
the record medium is transmitted by coils 111 and 112
to the standard audio amplifier 135 and then to the
audio amplifier stage 130 of the television receiver 104.
However, the video portion of the playback signal in
coils 105 and 170 is coupled to the amplifier 110 whose
output is in turn connected to video output amplifier
154 and synchronizing circuit 165 of the television set
104.

A resistor 180 may be connected in series with wind-
ing 170 of the video core 100 to prevent undesired res-
onance effects during recording. For convenience the
resistor.180 may actually be connected across windings
105 and 170 in'series. A resistor 181 may be connected
across winding 105 of the video core 100 by means of
switch 114 during playback to prevent undesired reso-

nance effects of the winding 105,

The audio intermediate frequency amplifier and dis-
criminator component 172 serves to supply an audio
frequency. input to amplifier 130 during recording, but
is not utilized for playback in the illustrated embodi-
ment.

The video playback amplifier 110, shown in FIG. 7,
illustrates a circuit for use in cooperation with the
transducer head represented by cores 100 and 101. In
this circuit, video intelligence from the coils 105 and
170 in series is applied through a line 175 and capacitor
176 to the base electrode of transistor 178, which is the
first stage of the wide band video amplifier 110. A low
B+ voltage is connected to a terminal 179 and a portion
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thereof is applied to the base electrode of transistor -

178 through the voltage divider network comprising
resistors 182, 183 and 184. The low B+ voltage from
terminal 179 is also applied to the collector electrode
of a transistor 178 through equalizing circuit 187,
which comprises a parallel network consisting of a re-
sistor 189 and a capacitor 190 connected to a series cir-
cuit consisting of a resistor 192 and an inductor 193.
The output of transistor 178 is then applied to the grid
electrode of tetrode tube 200 through capacitor 201. A
resistor 203 is connected between the grid electrode of
tube 200 and ground. The screen grid of tetrode 200

. has applied thereto a substantially higher voltage.

through a terminal 205; however, the voltage applied
to the screen grid is preferably lower than the plate
voltage of tetrode 200. A biasing network comprising
a resistor 207 and a capacitor 208 in parallel is con-
nected in the cathode circuit to tetrode 200, The high
voltage for. the plate electrode of tetrode 200 is ob-
tained from terminal 210. The terminal 210 is con-
nected to tube 200 through an equalizing circuit 212
consisting of an inductor 213, a series resistor 213’ and
a parallel resistor 214 and capacitor 215,

The output from the second stage of amplification is
then applied through capacitor 220 and through net-
work 221 which comprises a capacitor 222 and resistor
223, to the grid electrode of tetrode 225, The grid elec-
trode of tetrode 225 has connected thereto an equaliz-
ing circuit 227, which comprises a parallel combination
of capacitor 229 and resistor 230 and a series combina-
tion of inductor 232 and resistor 233. A biasing net-
work which comprises a parallel combination of capac-
itor 237 and resistor 238 is connected between the
cathode of tetrode 225 and ground. Connected to the
screen electrode of tetrode 225 is a reduced B+ voltage
- through terminal 240. The B’ voltage applied to the
plate electrode of tetrode 225 is obtained from termi-
nal 241 which connects with tetrode 225 through in-
ductor 242 and resistor 243 in series.

The output from the third and final stage of amplifi-
cation of the video amplifier 110 is applied through ca-
pacitor 245 and to a diode 247 and inductor.248 in se-
ries and to a resistor 249 shunting the diode and induc-
tor. The output from this shunt arrangement is coupled
to the video input of the television receiver 104 by line
250 and switch 141. ‘

3,824,619 -

10

20

25

30

35

40

45

Although the first stage of amplification of the video

amplifier 110 is shown herein as a transistorized circuit,
it will be understood that a vacuum tube amplifier can
be used equally well. In the embodiment of FIG. 7, the
first stage transistorized amplifier has component val-
ues as follows: '

COMPONENT VALUES
0.15 microfarads
0.05 microfarads
0.02 microfarads

COMPONENT
Capacitor 176
Capacitor 201
Capacitor 190

Resistor 184 10k ohms
Resistor 183 10k ohms
Resistor 182 150k ohms
Inductor 193 250 microhenries
Resistor 192 3.3k ohms
Resistor 189 18k ohms.~
Resistor 186 1000 ohms

FIG. 8 illustrates a particularly low cost tape trans-
port system for the video recorder of the present inven-
tion. In the illustrated embodiment, the record medium
11 travels from a supply reel 301 to a take-up reel 302.
The tape path between the reels is past tape guides 304
and 305, past the transducer head 10, between a cap-

50

, 14
stan 307 and a pinch roller 308 and past tape guides
309 and 310. The supply spindle 320 is preferably
driven by an induction motor 321, the mechanical cou-
pling between the motor and the spindle 320 being in-
dicated at 322. Similarly an induction motor 324 is
preferably coupled to the take-up spindle 325 by means
diagrammatically indicated at 326. A reversible motor
330 preferably has the capstan 307 and capstan
flywheel 331 directly on its shaft indicated at 333.
Brake means are indicated at B, and B, for supplying
a braking force to the supply and take-up spindles 320
and 325. The brake shoes such as diagrammatically in-
dicated at B; and B, may act on brake disks secured to
the shafts 320 and 325, for example. A brake for the
capstan motor 330 is indicated at B;, and preferably the
brake Bj is- automatically applied, .for example by
means of a compression spring when the capstan motor
is deenergized, the brake being automatically released,
for example by means of solenoid 340 upon energiza-

“tion of the capstan ‘motor in either direction of opera-

tion. .

The system is operated in the forward direction by
placing the double pole, double throw reversing switch
means 342 in its left harid forward position as viewed
in FIG. 8 and by closing the forward switch 343. Under
these conditions, the capstan motor 330 is energized to
drive the capstan 307 in a counterclockwise direction |
of rotation so as to move the record medium 11 at con-
stant speed from the supply reel 301 to the take-up reel
302. The take-up motor 324 is energized to drive the
reel 302 in the counterclockwise direction so as to wind
the tape 11 on the reel 302 as it is delivered thereto
from the capstan 307. The supply motor 321 receives
a undirectional current from alternating current supply
lines L1 and L2 through rectifier 345 and resistor. 346.
The direct current energization of the motor 321 is in
such a direction as to provide a drag tending to resist-
rotation of the supply reel 301 in the counterclockwise
direction. ‘

In the illustrated embodiment, when a stop button is
depressed, the stop switch 340 and forward switch 343
are opened, brakes B1, B2 and B3 are applied, and the
pinch roll 308 is shifted in the direction of arrow 348
to disengage the tape 11 from the capstan 307.

When a reverse button is actuated, switches 340 and
350 may be closed, and reversing switch 342 placed in
the right hand position. At the same time, brakes B1,
B2 and B3 are released and the pinch roll 308 is actu-
ated to engage the tape 11 with the capstan 307. The
supply motor 321 is now energized with alternating

" current through reversing switch 350 to drive the reel

55

60

65

301 in the clockwise direction, while the capstan 307
is also driven by motor 330 in the clockwise direction
so as to feed the tape 11 at uniform speed past the
transducer head 10. The motor 324 is energized with
direct current under the control of rectifier 345 and re-
sistor 346 so as to resist rotation of the take-up reel 302
in the clockwise direction. .

It has been found that tape motion is actually steadier
when the tape is driven in such a direction that the cap-
stan 307 precedes the head 10, as compared to the nor-
mal arrangement where the capstan pulls the tape past
the transducer head. It is found that a half wave silicon
rectifier such as indicated at 345 furnishing 150 to 300
milliamperes gives a smooth drag even without filtering
and without any overheating of the motor. Filtering can
be added, if desired, however. .
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In the pushbutton operation described, only one op-

erating button can be pressed at a time, and must be
reset by the stop button before a further button ¢an be
depressed. The stop button engages brakes B1, B2, B3
and releases the pinch roll 308. The head is shlfted to
the next channel each time the motion of the tape 11
is reversed. Thus in the illustrated system, the head is
indexed to channel 2 at the completion of the forward
motion of the tape, to channel 3 at the end of reverse
motion of the tape and so forth. After the tenth channel
has been played, the tape 11 is fully wound on the sup-
ply reel 301, and the head 10 may beé returned to its ini-
tial position for engagement with channel No. 1 of a
succeeding tape. The resistor 346 serves to provide an
adjustment for the tension of the tape between the reel
from which the tape is being unwound and the capstan.
The guides 304, 305, 309 and 310 may have grooves
therein with a dimension substantially corresponding to
“the width of the tape 11, i.e., one-fourth inch, so ato de-
termine accurately the position of the tape for each po-
sition of the head 13. As illustrated in FIG. 2, the head
assembly 10 may have a tape contacting surface of suf-
ficient width so that the tape 11 is supported in each of
the ten positions of the head corresponding to scanning
of the 10 channels on the tape 11. A channel indicator
may be coupled with the transducer head 13 so as to
indicate the channel being scanned by the transducer
head.

The tape recordmg system of the present invention
has a preferred video recording and playback circuit
which is shown in. the FIG. 10. The circuit of FIG. 10
is primarily concerned with the video intelligence and
synchronizing signals and therefore the audio portion
of the transducer head is not shown. The audio portion
of the system and the details of the video head may be
considered as substantially the same as for the corre-
sponding parts of the system shown in FIGS. 1-7.

As shown in FIG. 10, the magnetic record medium 11
is moved across. the transducer head, which is repre-
sented by the video magnetic.core 400 and which has
mounted thereon a pair of video coils 401 and 402, The
record and playback circuit of FIG. 10 is utilized with
a commercxally avallable television receiver indicated
at 404,

Referring to FIG. 10, record-playback selector
switches 408, 406 and 407 are shown in the playback
position so as to connect the coils 401 and 402 in the

- series. With the switches 405-407 in the playback posi-
tion, the coil 401 is shunted by a resistor 410, while the
coil 402 is shunted by a resistor 411. Resistors 410 and
411 are connected across the coils 401 and 402 respec-
tively to suppress undesirable “‘ringing’ or resonance
oscillations which  may occur in the coils during the
playback ‘operation. When the switches 405407 are
placed in the record position, the coil 402 has a resistor
412 connected thereacross by switch 407 through line
414 and 415, and only the coil 401 is energized through
the line 414 from the television receiver of 404. Alter-
natively, coil 402 may be short c1rcu1ted durmg record-.
ing.

A video amplifier tube 416 of the telvision receiver

404 has the output signals thereof connected to the re-
cord terminal of a selector switch 418 through a capac-
itor 419. The signal from the tube 416 is applied to a
parallel network comprising capacitor 420 and resistor
421 through a line 422 durmg the record operation of
the system
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A high frequency bias signal is applied to the primary
winding 425a of a transformer 425 from a high fre-
quency oscillator 426, A capacitor 423 is connected
across the primary winding 425a. The oscillator 426 is
energized- when a selector switch 427 is placed in the
record position, to supply the riecessary-direct current
operating voltage to the high frequency oscillator 426.
The secondary 425b of transformer 426 is connected to
a cross field conductor 429 of head 400 which prefera-
bly is arranged as shown in FIG. 6. Also during the re-
cord operation of the tape recording system, a switch
contact 428 is connected to a line 430 in the television

receiver 404 to supply the usual composne video signal

to the tube 416 from the broadcast receiving circuits of
receiver 404.

To facilitate cOnstruction of the tape recording sys-
tem of the present invention; and adapter box 433 is
provided for connection to the television receiver 404
preferably as a plug-in unit although the components

within box 433 may altematively be individually wired
“into'the circuit of set 404, Plug in connections are.dia-

grammatically indicated at-435-439,

During the playback operation of the system, all the
selector: switches 405-407, 418, 427 and 428 are
placed in the playback position indicated by the letter
P in FIG. 10. This action will remove the high fre-
quency bias from the transformer 425 and will also pre-
vent the television receiver 404 from receiving-any in-
telligence 51gnal other than that from. the record me-
dium 11.

As the record medium 11 moves over the transducer
head 400 during a playback, the video and synchroniz-
ing intelligence from the coils 401 and 402 is applied
through a line 441 and a capacitor 442 to a base elec-
trode of the transistor 443, which is the first stage of
amplification of the wide band amplifier shown in FIG.
10. A low direct current supply voltage is developed at
circuit points 445 by means of a voltage divider 469,
471 in conjunction with a filter capacitor 472, This
voltage is applied to the base electrode of the transistor
443 from a voltage divider network comprising resis-
tors 448 and 449 via a resistor 450. The low supply
voltage at circuit point 445 is also applied to the collec-
tor electrode of the transistor 443 through a compen-
sating circuit 452 which comprises 4 parallel network
consisting of a resistor 454 and a capacitor 455 con-
nected in series with a resistor 457 and an inductor
458.

A biasing resistor 460 and a feedback capacitor 461 .
are connected to the emitter electrode of the transistor
443 to provide the necessary operating bias. The out-
put of transistor 443 is then applied to the grid elec-
trode of a pentode tube 464 through a capacitor 465
and an inductor 466.

A grid return resistor 468 is connected between the

. gride electrode of the tube 464 and ground. The screen-

gride of the pentode 464 is supplied with positive volt-
age by virtue of thie connection of a resistor 473 be-
tween the screen grid circuit and power supply terminal
475'. The pentode 464 is biased by a cathode resistor
474, A capacitor 475 shunting resistor 474 is shown in
dotted outline since it may be omitted from the circuit
with some reduction in gain, or a small value of capaci-
tance (about 0.001 microfarads) may be used for high
frequency ‘emphasis while accepting reduced gain at
lower frequencies. A direct current supply voltage for
the tube and transistor circuits is obtained from a ter-



3,824,619

17

minal 475". The terminal 475’ is connected to the plate
electrode of tube 464 through a compensating circuit
476 consisting of an inductor 478, a series resistor 479
and a parallel network including a resistor 481 and' a
capacitor 482.

The output of the second stage of amphﬁcatxon is
then applied through a parallel network consisting of

an inductor 483 and a resistor 484 and therefrom -

through a capacitor 485 to the control grid electrode
of a pentode 487. The parallel network consisting of
inductor 483 and resistor 484 comprise a compensating
or correcting circuit. Connected between the control
electrode of pentode 487 and ground is grid return re-
sistor 488. In the cathode circuit of pentode tube 487
is a variable biasing resistor 490 which serves as a gain
control for the output of the amplifier circuit shown in
FIG. 10. Shunting the variable resistor 490 is a capaci-
tor 491, which may be omitted entirely with some re-
duction ofgain, or a small capacitance may be used for
high frequency emphasis. The screen grid electrode of
pentode 487 is also connected to the resistor 469. A ca-
pacitor 492 is connected between the screen grid elec-
trodes of pentodes 464 and 487 and ground for bypass-
ing the screen grid electrodes. The supply voltage is ap-
plied to the plate electrode of pentode 487 through a
compensating circuit 493 comprising an inductor 494,
a series resistor 495 and a parallel network consisting
of a capacitor 496 and a resistor 497. Both the pen-
todes 464 and 487 have their suppressor .grid elec-
trodes connected directly to their respective cathode
electrodes as shown in FIG. 10.

The output from the third and final stage of amplifi-
cation of the amplifier shown in FIG. 10 is applied to
the television receiver 404 through a capacitor 498, an
inductor L2 (not shown) and a conductor 500a.of
cable 500. Connected between capacitor 498 and in-
ductor L2 is a clamping network 502 including a series
diode 503 connected to a parallel circuit including a
resistor 505 and a capacitor 506, and a diode 507 con-

nected in series to a-resistor 508 which, in thru, is con-

nected to a winding 510 on the flyback transformer
404.

To minimize the effects of stray signals in the ampli-
fier circuit, the chassis of the television receiver 404 is
connected to the chassis of the amplifier circuit
through a conductor 5005 of the cable 500. The ampli-
fied signal from the last stage of amplification is applied
to the control grid of tube 416 of the television set 404
through a paralle! network consisting of a resistor 515
and an inductor 516 when switch 428 is in the playback
position.
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In the preferred embodiment of amphﬂer circuit de- -

~ scribed hereinabove, the component values are as fol-
lows:

COMPONENTS COMPONENT VALUE
Capacitor
. 442 0.15 microfarad
461 50 microfarads
455 0.01 microfarad
465 - 0.01 microfarad
475 0.001 microfarad
485 0.005 microfarad
492 10 microfarads
491 0.001 microfarad
498 0.002 microfarad
496 0.05 microfarad
506 . 0.05 microfarad
419 1 microfarad
420 85 micromicrofarads
472 50 microfarads
Resistor

412 ' 22,000 ohms
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410 3,300 ohms
411 33 K ohms
421 22 K ohms
450 10 K ohms
449 10 K ohms
448 150 K ohms
460 1 K ohm
457 200 ohms
454 18 K ohms
- Resistor .
468 150 K ohms
474 68 ohms
469 47 K ohms
471 65 K ohms -
479 5,200 ohms
488 150 K ohms
Variable Resistor 490 50 to 250 ohms
Resistor
: 495 1.5 K ohms
497 10 K ohms
508 10 K ohms
505 470 K ohms
515 10 K ohms
Inductor
. 458 " 100 microhenries
466 250 microhenries
478 100 microhenries
483 - 250 microhenries
494 100 microhenries
L2 250 microhenries
. 516 250 microhenries
Transistor
443 Type 2N 708
Tube 464 Pentode 6 GM 6
Tube 487 Pentode 6 GM6
Diode 503 IN34A
Diode 507 IN34A

B+ (Voltage applied at terminal 475') equals about 250 volts d.c.

An alternate embodiment of recording and playback
circuitry is shown in FIG. 11. FIG. 11 is primarily con-
cerned with transducing video intelligence and syn-
chronizing signals and therefore the audio portion of
the transducer head is not shown. The audio portion of
the system and details of the video head may be consid-
ered as substantially the same as the arrangement
shown in FIGS. 1-7. '

Asshown in FIG. 11, the magnetic record medium 11
is moved across a tranducer head, whicli is represented
by a video magnetic core 550 having mounted thereon
a coil 551 and a coil 552. During recording a commer-
cially available television receiver 554 is used to supply
video intelligence and synchronizing signals to the coils
551 and 552. The srgnal from television receiver 554 is
applied to the head via a line 553 a secondary winding
555 of a transformer 556, and a parallel network con-
sisting of resistor 558 and capacitor 559. A variable ca-
pacitor 560 and an inductor 561 in series are con-
nected between line 553 and ground: A resistor 562 is
connected between the lower terminal of coil 552 and
ground. Record playback selector switches 556 and
567 are connected to coils 551 and 552 for selecting
different operating conditions during recording and
playback

A high frequency bias oscillator 568 has the output
thereof applied to the primary winding 569 of the trans-
former 556. A portion of the high frequency energy ap-
plied to transformer 556 is coupled to a biasing coil 570
on.the video magnetic core 550 from a secondary wind-
ing 571 on the transformer 556. Operating voltage is
applied to the high frequency bias oscillator 568
through a record playback selector switch 574. The .
coil 570 is preferably arranged as 1ndrcated in FIG. 5A
at 35 or in FIG. 6 at 57.

In the playback mode of the circuit shown in FIG. 11,

-video intelligence and synchronizlng signals from the

coils 551 and 552 are applied through a line 576 and
capacitor 578 to the base electrode of a transistor 57,
which is the first stage of a wide band video amplifier.
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A low direct current supply voltagé is applied to a line
579and a portion of the supply voltage is applied to the

base electrode of the transistor 577 through a network -

comprising resistors 580, 581 and 582. The low supply
voltage from line 579 is also applied to the collector
electrode of transistor 577 through a compensating cir-
cuit 585 which comprises a parallel network consisting
of a resistor 586 and a capacitor 587 and a series circuit
consisting of a resistor 589 and an inductor 590.

The output of transistor 577 is applied to the control
grid of a pentode tube 592 by means of a coupling ca-
pacitor 593 and a compensating network consisting of
a resistor 595 and a capacitor 596 in parallel and a cir-
cuit' 599 which comprises an inductor 601, a resistor
602, and a resistor 604 and a capacitor 605 in parallel.
The screen grid of tube 592 is connected to resistors
607 and 608 and to a resistor 609. A capacitor 611 is
connected across the resistor 608 to ground potential
for removing any unwanted high" frequency compo-
nents from the line 579, while a capacitor 613 is con-
‘nected between a line 614 and ground potential for by-
passing the screen grid of tube 592. A biasing network
comprising a resistor.615 and a capacitor 616 in paral-
lel is connected to the cathode circuit of tube 592. The
pentode tube 592 has the screen suppressor grid
thereof connected directly to the cathode electrode as
shown in FIG. 11.

A direct current supply voltage is apphed to a termi-
nal point 620 and therefrom to a compensating circuit
621 through a resistor 622. Connected to a point inter-
mediate the compensating circuit 621 and resistor 622
is a capacitor 625 for shunting alternating current sig-
nals to ground which might otherwise be impressed on
the supply voltage source. Compensating circuit 621
comprises a parallel network consisting of a resistor
626 and a capacitor 627 which is connected to a series
network con51stxng of a resistor 628 and an inductor
629.

The output from the second stage of amplification is
then applied through a coupling capacitor 631 and an
inductor 632 to the control electrode of a pentode 635.
Connected between the coupling capacitor 631 and
ground potential is a resistor 636.. Connected to the
cathode circuit of tube 635 is a biasing network consist-
ing of a resistor 638 and a bypass capacitor 639. The
substantially reduced direct current potential on line
614 is applied to the screen grid to tube 635 through
a line 640, while the suppressor grid of tube 635 is con-
nected directly to the cathode electrode as shown in
FIG. 11.

The output from the third and final state of amplifica-
tion of the video amplifier shown in FIG. 11 is applied
to a compensating circuit 642 comprising a parallel
network consisting of a resistor 643 and a capacitor
644 and a series network consisting of a resistor 646
and an inductor 647. The output signal from tube 635
which has been developed across the compensating
network 642 is propagated through a coupling capaci-
tor 650 to a clamping circuit 652, which clamps the
amplified video signal at a predetermined level for opti-
mum operation of the televison receiver 554. The
clamping circuit 652 comprises a resistor 633, a capaci-
. tor 654, an inductor 655 and a diode 656. The substan-
tially reduced supply voltage from line 614 is applied
to the clamping circuit 652 through a resistor 657. The
output signal from clamping circuit 652 is applied to
the control grid of a video amplifier 660 of the televi-
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sion receiver 554 via a’coupling capacitor 661, a lme
662, selector switch 663 and a control grid resistor 664.
Also connected to the resistor 664 is a capacitor 666
and a resistor 667. The resistor 653 may be a variable
resistor to provide a suitable video gain control. How-
ever, if automatic video gain control is desired, the au-
tomatic gain control voltage from the television re-
ceiver 554 can be applied to the grid of tube 635
through resistor 636.

As is shown in FIG. 11, when the tape recording sys-
tem is in the record position a selector switch 668 is
connected to the plate electrode of tube 660 through
a coupling capacitor 669, thereby applying video and
synchronizing signals to the winding 551 through the
transformer secondary winding 555. Also applied to
the winding 551 is a high frequency bias signal from
secondary winding 555 which cooperates with the high
frequency biasing signal from transformer coil 571 in
producing an effective bias field.

In the alternate embodiment of the amplifier circuit’
shown in FIG: 11 as described heremabove the compo-.
nent values are preferably as follows:

COMPONENT COMPONENT VALUE
Capacitor :
559 85 micromicrofarads
578 0.15 microfarads
584 .50 microfarads
587 0.02 microfarads
593 . 0.047 microfarads
. 596 50 micromicrofarads
605 0:003 microfarads
616 100 microfarads
611 50 microfarads
627 0.05 microfarads
631 0.0 microfarads
613 10 microfarads
639 100 microfarads
625 8 mijcrofarads
650 0.05 microfarads
644 0.1 microfarads
654 50 microfarads
661 0.25 microfarads
669 4 microfarads
560 5-80 micromicrofarads
Resistor o
5 24 K ohms
581 10-K ohms
582 10 K ohms
580 150 K-ohms
. 583 1 K ohms
586 18 K chims
. 589 3.3 K ohms .
595 12 K ohms
<602 270 ohms!
604 47 K ohms
615 68 ohms
607 47 K ohms
608 65 K ohms
" 609 22 K ohms
628 4.7 K ohms
636 150 K ohms
638 60 ohms
600 4.7 K ohms
626 7.5 K ohms
622 I K ohm
646 3 K ohms
643 5/K ohms
657 300 K ohms
653 0-150 K ohms
558 22 K ohms
665 470 K ohms
lnductor 590 250 microhenries
601 250 microhenries
629 - 250 microhenries.
632 - 500 microhenries
647 100 microhenries
655 250 microhenries
561 . 250 microhenries
* Transistor 5§77 2N708
Tube 592 Pentode 6GM6 or 6CB6A
Tube 635 Pentode 6GM6

For optimum operatlon of the television receiver
used with the tape recording system of the present in-

vention, a synchronizing signal of sufficient amplitude
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and of proper phase is necessary to provide a uniform
horizontal sweep signal for the deflection system. By
way of example, and not by way of limitation, FIG. 12
- shows a preferred modification of the horizontal con-
trol circuit of a Zenith television receiver Model No.
14130 for the purposes of the present inivention. Hori-
zontal synchronizing pulses from a sync-pulse separator
of the television receiver are applied to a line 700.
These sync-pulses may have an amplitude of 50 volts
negative. A record-playback selector switch 701 has
one stationary contact thereof connected to the control
grid of a tripde tube section 703. The triode tube sec-
tion 703 forms a part of the horizontal sweep oscillator
circuit used in the television receiver. During playback
operation, the negative horizontal synchronizing pulses
on line 700 are applied to the control grid of tube sec-
tion 703 through a capacitor 705, a resistor 706 and the
selector switch 701 as indicated in FIG. 12. However,
when the movable contactor of selector switch 701 is
in the record position, the horizontal control circuit of
FIG. 12 operates under relatively normal conditions to
synchronize the horizontal sweep oscillator of the tele-
vision receiver by means of broadcast signals received
from a television transmitting station.

During playback operation of the system, the nega-
tive synchronizing signal from the sync-separator is also
applied to a phase detector 708, comprising a pair of
end-to-end diodes 710 and 711, a pair of resistors 713
and 714, and a capacitor 715. An input capacitor 716
is connected between the line 700 and a terminal point
717, and capacitors 718 and 719 are connected be-
tween the anodes of the respective diodes 710 and 711
and ground potential:

The diodes 710 and 711 are preferably of a configu-
ration used by certain manufacturers of television re-
ceivers, that is, two diodes in a single container having
their cathodes connected together and a lead con-
nected intermediate the cathodes to provide a single
encapsulated unit having three leads extending there-
from. The symbol used in FIG. 12 represents-such a
three terminal unit. However, it can be seen that two
individual diodes can be used in the horizontal control
circuit of FIG. 12 by connecting their cathodes to-
gether and to terminal point 717. . .

To increase the speed of response of the horizontal
control circuit, a capacitor 721 is connected in the cir-
cuit and has one end thereof connected to the switch
701 and the other end thereof connected to the output
of the phase detector 708 at a terminal point 722, The
capacitor 721 is shunted by a resistor 725 through the
selector switch 701, while one end of resistor 725 is
connected to ground through a first series network con-
sisting of a resistor 726 and a capacitor 727 and
through a second series network consisting of a resistor
728 and a capacitor 729. The tube section 703 has the
cathode electrode thereof connected to ground poten-
tial while the plate electrode thereof is connected to a
direct current supply potential through a plate load re-
sistor 730.

The output of tube section 703 is applied to the con-

trol grid of a pentode tube section 733 through a pair .

of capacitors 734 and 735. The tube section 733 forms
the other part of the horizontal sweep oscillator of FIG.
12. A portion of the direct current bias developed on
the grid of the pentode 733 is fed back to a terminal
point intermediate resistor 726 and capacitor 727
through a resistor 737. From a point intermediate ca-
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pacitors 734 and 735 the output signal of tube 703 is
also applied to a tuned circuit 738 consisting of a ca-
pacitor 740 and an inductor 741. The tuned circuit 738
is also connected to the grid electrode of pentode 733
through a resistor 743, The cathode of pentode 733 is
connected to ground potential through a portion of in-
ductor 741, which is defined by a tap 745, thereby pro-
viding the necessary feedback to the tuned circuit to
sustain oscillation thereof. The screen grid electrode of
pentode 733 is connected to a positive voltage which
is somewhat less than the positive voltage applied to the
plate electrode of the same tube. The plate electrode
of the oscillator tube section 733 is connected to a volt-
age source, one having a potential of about 600 volts
DC, through a plate load resistor 747. A wave form
shaping circuit consisting of the resistor 747, a capaci-
tor 748 and a resistor 749 forms a sawtooth wave for
driving the horizontal output tube to which the circuit
is coupled by means of capacitor 751. :

Indicated at 753 is a portion of a flyback transformer
incorporated in the horizontal deflection system of the
television receiver. Highly positive pulses of approxi-
mately 300 volts are generated at winding 753a of the
flyback transformer 753. Winding 753a is connected to -
a terminal point 754 of the phase detector 708 through
aline 755 and a para]lel network consisting of a capacx—
tor 756 and a resistor 757.

The operation of the horizontal control circuit of
FIG. 12 when the selector switch 701 is in the record-
position is virtually unchanged from that which the
manufacturer had intended for receiving television sig-
nals which have been transmitted by a television trans-

" mitting station. However, when the selector switch 701

is in the playback position, as shown in FIG. 12, the
speed of response of the horizontal control circuit is -
greatly increased to enable compensation for any high
speed flutter in the motion of the record medium. The
positive 300 volt pulses from flyback transformer 753
represents the horizontal oscillator sweep frequency
and this is compared by the phase detector 708 with a
synchronizing pulse applied to the phase detector from
line 700. If the horizontal sweep oscillator of FIG. 12
tends to run too fast, the phase comparison circuit 708
causes the control grid of tube segment 703 to become
more positive which, in turn, increases the effective-
ness of capacitor 734, which is shunted across the oscil-
lator tuning capacitor 740 through the plate to cathode
circuit of tube segment 703. The increased tuning ca-
pacity tends to decrease the oscillator frequency in a
corrective manner to the synchronizing frequency of
the hoirzontal synchronizing pulses applied to line 700.

To provide proper compensation for flutter in the
tape recording system, the capacitor 721 and resistor
728 are incorporated. These components enable the
grid electrode of tube segment 703 to sense the effect
of phase errors between the 300 volt pulses from the
flyback transformer 753 and the 50 volt negative pulses
from the sync-separator circuit almost immediately. To
further increase the speed of response to phase errors,
it is preferable that the capacitor 705 and resistor 706
be connected between the line 700 and the grid elec-
trode of tube segment 703 for superimposing a direct
trigger pulse through the horizontal control tube 703
and therefrom to the grid electrode of horizontal oscil-
lator tube section 733. A change in phase of the pulse
from phase detector 708 will immediately affect the
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discharge point: of the horizontal oscillator to give a
higher speed correction of flutter in the tape recordmg
system For optimum stability of horizontal control cir-
cuit in FIG. 12 the ratio R1/R2 should preferably equal
the ratio C2/C1, where R, and R, refer to the resistance
values of resistors 706 and 728 and C1 and C2 refer to
the capacitance values of capacntors 705 and 729,
" The horizontal control circuit of FIG. 12 has great
economy since only two resistors and two capacitors
are required-to modify the original horizontal control
circuit of the television receiver. The added resistors
are resistor 706 and resistor 728, while the added ca-
pacitors are capacitor 705 and capacitor 721. In some
instances, it may be desirable to reduce the values of
capacitors 718 and 719 to further increase the speed of
response of the horizontal control circuit.

In the horizontal control circuit of FIG: 12 the com-
ponent values are preferably as follows: .

' COMPONENTS
Capacitor. 705
Capacitor 715
Capacitor 716

"Capacitor 718 .
Capacitor 719
Capacitor 721
Capacitor 727
Capacitor-729

* Capacitor 734
Capacitor 735
Capacitor 740
Capacitor 748
Capacitor 751
Capacitor 756

COMPONENT VAL UES
100 micromicrofarads
" 51 micromicrofarads
51 micromicrofarads
390 micromicrofarads
390 micromicrofarads
200 micromicrofarads
0.047 microfarads
470 micromicrofarads
1000 micromicrofarads
470 micromicrofarads
3300 micromicrofarads
0.005 microfarads
0.005 microfarads
4.7 micromicrofarads

Resistor 713 330 K ohms
Resistor 714 330 K ohms
Resistor 706 750 K ohms- -
Resistor 725 1'megohm
Resistor 726 150 K ohms
Resistor 728 150 K ohms
Resistor 743 - 100 K ohms
Resistor 730 68 K ohms
Resistor 737 10 megohms
Resistor 747 120 K ohms
Resistor 749 12 K ohms
Resistor 757 150 K ohms
Tube segments 703 and

Type 6 KD8"
733 .

‘Still another method of reducing the effects of flutter
in the tape recording system of the present invention is
shown in FIG. 13. Here a co'mpensating signal is ap-
plied to the beam deflection circuit of the television re-
ceiver for correcting the beam deflection signal. Nega-
tive horizontal synchronizing pulses are applied to the
horizontal deflection circuit of FIG. 13 through a line
800 and therefrom to a balanced phase detector 801
through a capacitor 802. The balanced phase detector
801 consists .of a pair of end-to-end diodes 805 and
806, a pair of resistors 807 and 808 shunting the diodes

" 805 and 806 respectively, a capacitor 809, and a pair

of capacitors 811 and 812 connected between the an-
odes of the respective diodes 805 and 806 and ground
potential. ;

.The output of phase detector 801 is applied to the
control grid of a tube 815 through a variable resistor

‘816. Connected to one end of variable resistor 816 is

a resistor 817 which is connected to a negative bias
supply. The variable resistor 816 and resistor 817 form
a voltage divider network which provides the necessary
width control of the horizontal sweep signal from tube
815, A filter capacitor 819 is connected between a
point intermediate .the variable resistor 816 and fixed
resistor 817, and ground potential thereby preventing
high frequency signals from appearing across the nega-
tive bias supply: The cathode and suppressor grid of
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‘tube 815 are connected to ground, as shown in FIG. 13,

while the screen grid electrode of tube 815 is con-
nected to a positive voltage which is of some potential -
less than the supply potentlal applied to the plate of the
same tube.

The horizontal sweep s:gnal from the output of tube
815 is applied to a primary winding 821 of an output
transformer 822. Connected between the primary
winding 821 and supply terminal 824 is a filter capaci-
tor 825 for preventing high frequency signals from ap-
pearing across the supply. A secondary winding 827 of
the transformer-822 has one end thereof connected to
a capacitor 828 while the other end of wmdmg 827 is
connected to a high voltage positive supply through ter-
minal 829. Also connected to the terminal point 829 is
one end of a flyback transformer 831 and one lead of
a capacitor 832, while the other lead of capacitor 832
is connected to capacitor 828 and to the horizontal de-
flection yoke 835, Connected between a tap 836, of the
deflection yoke 835, and one end of the. deflection
yoke 835 is a capacitor-837. The capacitor 837 and the
horizontal deflection yoke 835 are connected to a tap
839 on the flyback transformer 831 through a line 840.

The upper lead of the horizontal flyback transformer
831 is connected to a high voltage rectifier, not shown,
the output-of which supplies the necessary high voltage
for the picture tube of the television receiver. A lead
843 from the flyback transformer 831 is connected to
the damper circuit of the television receiver, while a-
lead 844 of the flyback transformer 831 is connected
to the horizontal output cxrcmt of the telev1s1on re-
ceiver.

The signal to be compared with the horizontal syn-
chronizing pulses applied to line 800 is derived from a
winding 846 on the flyback transformer-831 and posi-
tive pulses therefrom, corresponding to the horizontal
oscillator frequency, are applied to the phase compara-
tor circuit 801 through a line 847 and a parallel net-
work 848 consisting of a capacitor 849 and a resistor
850. As the phase comparator 801 senses a difference
in phase relationship between the two horizontal rate
signals applied thereto, the charge on capacitor 811
will vary thereby changmg the bias applied to the grid
electrode of tube 815 which, in turn, will vary the am-
plitude of the compensating sxgnal applied to the out-
put transformer 822. :

Although the flutter compensation circuit shown in -
FIG. 13 is more complex than that shown in FIG. 12,
it can be used in television receivers in which flutter
compensation'such as provided by capacitor 721 in
FIG.12is lmpractlcal The flutter compensatmg circuit
shown in FIG. 13 is preferably used in addition to a
usual horizontal control circuit, or in addition to a
modified horizontal control circuit such as illustrated in

FIG. 12. Where the control circuit of FIG. 12 is also

- utilized, the critical resistance-and capacitance values

60

for the components of FIG. 13 may be chosen to com-
plement the deficiencies of the other control circuit.
For example the circuit of FIG. 13 can respond to the
higher range of flutter frequencies above the range that
is controlled by the control circuit of FIG. 12. By way
of example in the embodiment of FIG. 13, capacitor
832 may have a value of 0.15 microfarads while capaci-
tor 828 may be a 5,000 microfarad low voltage electro-

lytic capacitor.
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The curves 675 and 676 in FIG. 9 illustrate the rela-
tive phase of the signals obtained for example from the
coils 402 and 401, respectively, of the magnetic core
400, FIG. 10, as a function of frequency. The same re-
lationship preferably applies to the playback heads of
the other embodiments. Curve 680 shows the desired
characteristics of the playback amplifier for providing
a zero phase difference at- the output of the head-
amplifier system over the frequency range of interest.
The curve 675 may represent the response of a winding
such as 402 having 1,000 turns where the curve 676
represents the phase relationship for a wmdmg such as
401 having 200 turns. -

In FIG. 9A, curve 683 represents the output from a
coil such as 402 as a function of frequency while curve
684 represents the output amplitude from a coil such
‘as 401 as a function of frequency, of .course assuming

" a constant amplitude input to the head 400. The dash
line 685 indicates-in a general way the total response

of the windings 401 and 402 together in the frequency.

range between the resonant frequency of coil 402 indi-
cated by the vertical mark 686 and the resonant fre-
quency of the coil 401 indicated by the vertical mark
687. It will be observed that the output amplitude is
substantially higher than- would be the case with. the
coil 402 alone.

© As indicated by comparison of FIGS. 9 and 9A, the
phase reversals of curves 675 and 676 occur at the re-
spective resonance frequencies of the coils (where the
amplitude of the signals induced in the coils is at 2 max-
imum). The region 678 of the curve 675 corresponds
to the resonant frequency of the coil 402, for example,
while the region 679 of curve 676 corresponds to the
resonant frequency of the coil 401.

In the compensating circuit 452 at the output of tran-
sistor 443, FIG. 10, for example, the inductor 458 in
conjunction with capacitor 455 is especially selected to
provide a phase reversal in curve 680 at the resonance
frequency of winding 402 as indicated at 682. The rela-
tive values of resistor 457, capacitor 455 and inductor
458 are critical for proper amplitude and phase correc-

tion. The resistor 457 and capacitor 455 may be pro--

vided with a trimmer adjustment means so as to adjust
the frequency and amplitude characteristics at region
682 of curve 680. Also, the inductor 458 may be pro-
vided with a trimmer-adjustement 50 as to be adjustable
toa precxse value giving the optimum changeaver fre-
quency in coincidence w1th the phase shift obtained by
the coil 402.
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vided with trimmer adjustments as mentioned herein-
above in connection with FIG. 10.
To illustrate another means for compensatlng for

- phase reversal of signals from the transducer head, the

capacitor 596 and resistor 595-in conjunction with in-, -
ductor 601 and resistor 600, in the input circuit of tube

. 592, FIG. 11, will contro] the location of the reglon 681

of the curve 680

Shown in FIG. 14 is means for automatically posi-
tioning the transducer head 10 in alignment with suc- -
cessive channels on a record medium. The transducer

‘head may include a casing generally designated by ref-

erence numeral 850 secured to a threaded body mem-
ber 852; or the transducer head casing 850 and the
threaded body member 852 can be constructed in a sin-
gle unit. A threaded adjusting screw 855 is threaded

. through the 'body member 852 and rotatably mounted
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It may be noted, that means for compensating for the

_ phase reversal obtained from the coils such as 401 and
. 402 may be provided in any one or more of the ampli-
fier stages in the playback amplifier. As shown in FIG.
7, the second amplification stage of tube 200 has a re-
sistor 213’ and a capacitor 215 which control the posi-
tion of the changeover region 682 of the curve 680,
while the inductance value of the inductor 213 in the
second amplification stage also affects the position of
the region 682 of the curve 680 in FIG. 9. The location
of region 681 of the curve 680 is affected by the paral-
el network consisting of capacitor 222 and resistor 223

55
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in the input circuit of the third and final amplification

stage of the playback amplifier shown in FIG. 7 and
also by the values of inductors 193, 213, 232 and 242.
Either or both of the compensating network 187 and
the compensating network 227, FIG. 7, may be pro-
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through a chassis ‘member indicated at 856. At the
upper end of the adjusting screw 855 is a knurled knob
857, which is provided for manually positioning the

" transducer head in alignment with the first or any de-

sired channel on a record medium.

To prevent undesirable rotational movement of the
transducer head while the adjusting screw 853 is rotat-
ing, a tang 859 is provided on the body member 852
and in slidable engagement with a slot 861 located in
a stationary member 862 of the tape recorder. How-
ever, other means for preventing rotational movement
of the transducer head during rotation of the adjusting
screw 855 may be provided.

Secured at the lower end of the adjusting screw 855
is a ratchet wheel 868 which is engageably aligned with
a locking pawl 866. The locking pawl 866 is pivotedly
secured to the chassis member 856 by a pin 868. As
shown in FIG. 14B; the locking pawl 866 can move

-about the pin 868 in the directions indicated by double

headed arrow 869 between a position engaging a stop

'869a and a position engaging a stop 869b.

A driveshaft 870 of a spring operated drive motor
871 extends through the chassis 856 and is secured to
a shaft portion 872 of adjusting screw 855.- Mounted on
the shaft 870 is a gear 873 which engages gear teeth
875¢ of an indicator assembly 875 which is rotatable on

.a shaft 874, As the transducer head is positioned at a

given tape channel by the drive motor 871, the gear
873 rotates the geared indicator 875. The gear ratio be- -
tween gear 873 and the indicator 875 is such that the
indicator will rotate about 36° during the movement of
transducer head 850 between each successive channel-
on the record medium, The tape channel indicator 875 .
is preferably provided with a disk portion 875b having
numerals to indicate the tape channel position of the
transducer head, as shown in FIG. 14A. An indicating
pointer 876 is used to indicate the numeral of the indi-
cator 875 which is to be read. To place the transducer
head in- alignment with tape channel number 1, the

knurled knob 857 is rotated clockwise to rotate the

geared indicator 875 counter-clockwise until the first

 tape channel is indicated by the pointer 876. This ac-

tion winds the spring of motor 871. When the trans-
ducer head is being positioned manually by rotation of
knob 857 in the clockwise direction the ratchet 865 is
rotated clockwise as seen in F1G: 14B so that the arcu-
ate portions 865a are turned toward the pawl fingers
866a and 866b and come'in slidable contact therewith.
When the rotation of the knurled knob 857 is discon-
tinued, the spring motor 871 will rotate the ratchet 865



| 3,824,619

v 27
in the oppdsite direction a slight amount until one of
the radial faces 8655 of the ratchet teeth becomes en-

28.

wherein:the grooves 878 are 0.019 mch across, while

- the lands 879 are 0.006 inch aross.

gaged with the pawl finger 866b on the pawl 866. This

action will lock the ratchet wheel 865 against the pawl
866 and prevent the adjusting screw 855 from turning
further in the counterclockwise direction and w1ll accu-
rately position the transducer head.

‘By way-of example, when the transducer head is in
the first tape channel position, and the record medium
may be moving in the forward direction with the pawl
finger 866b abutted against one of the ratchet tooth ra-
dial faces 865b which one face may be specifically des-
ignated 865c. When the record medium reaches a
point near its énd of travel, a signal is generated to call
for a reversal in the direction of travel of the record
medium. Actuation of the tape drive control to reverse
mode may momentarily shift pawl 866 in the counter-
clockwise  direction against-the action of a tension
spring 877. In so doing, the member 866b is brought
out of locking engagement with the one face 865c of
the ratchet 865 while another face 8654 is engaged by
pawl finger 866a as spring motor 871 drives the wheel
865 in the counterclockwise direction. Release of pawl
866 allows spring 877 to return the pawl to a position
‘against stop 869b as spring motor 871 completes the

rotation of the wheel 865 to the position where pawl

finger 8665 engages radial face 865e.

The ratchet 865 and pawl 866 are constructed so that

each oscillation of the pawl 866 as just described allows
a predetermined rotation of the ratchet wheel 865 cor-
responding to movement of the transducer head be-
tween successive channels. As the transducer. head
reaches the second channel position, for example, the
radial face 865e¢ of wheel 865 will engage the pawl
member 8665 to stop further rotation of the adjusting
screw 850 by the spring motor 871. As the record me-
dium reaches a point near the end of travel in the re-
verse direction a signal is again generated calling for a
change. in the direction of travel of the record medium.
The pawl 866 once again is momentarily moved to its

20

FIG. 18 illustrates diagrammatically a warning indi-
cator circuit for indicating the approach of the end of

the tape. A gunde member with a tape engaging face

885 of metal is incorporated in the transport mecha-
nism shown in FIG. 8 and may correspond to one of the
tape guides 304, 305, 309 or 310. Flush with the guide
member surface 885 are electrical contactors 886, 887
and 888. The forward and reverse selector switch 890
has one. stationary contact thereof connected to the
electrical contact 888 through a line 891, while the
other stationary contact of selector switch 890 is con-
nected to the electrical contact 886 through a line 892.
The electrical contact 887 is connected to ground po-
tential through a line 893. Actually the entire surface
885 is preferably grounded. The contacts 886 and 888
may be insulated from surface 885 as indicated at 8894
and 889b. The contact 887 may be an mtegral part of
surface 885.

One end of a record medium indicated at 895 has a

~ metallic contact- 896, which when passing, over the
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position against 869a and then released, advancing the -

transducer head to the next successive tape channel po-

_sition. This action will continue until all channels of the
record medium have been scanned.

The transducer head 10 is preferably provndedthh

a plurality of grooves 878 which are separated by lands

879, The number of grooves 878 on either side of the

magnetic recording ared 880 is preferably equal to one

less than the number of channels provided on the re--

cord medium. The center-to-center distance -between
-adjacent grooves 878 may be 0.025 inch in the case of
10 channels on a % inch wide tape. In this manner, the
width of the groove 878 may be equal to the width of
the recorded track on the record medium 11, FIG. 1,
while the width of the lands 879 may be equal to the

width separating adjacent tracks of the record medium.

Therefore, as the record medium moves across: the

transducer head, one track of the record medium will

. be passing exactly over the magnetic recording area
880 defined by poles 30 and 43 of the core 13 and poles
20 and 21 of the core 14, FIGS. 3 and §, while the re-
maining tracks of the record medium will be passing ex-
actly over the grooves 878, thereby reducing the

-amount of wear of the record medium in the area of the

recorded intelligence. By way of example, and not by
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guide 885 will bridge the electrical contacts 887 and -
888 thereby indicating the approach of one end of the
record medium and provide a signal to call for reversal
of the direction of travel of the record medium and po-
sitioning of the transducer head 10, FIG. 14, for coop-
eration with the next succeeding tape channel. The op- -
posite end of the record medium indicated at 897 has

a metallic contact 898 which when passing over the

surface 885 will bridge the ‘contacts 886 and 887,
thereby providing a signal calling for a further reversal
in the direction of movement of the record medium;

A direct current supply voltage is applied to a termi-
nal 900 and therefrom to a neon lamp 901 throdgh a
resistor which hasa value of resistance Ry and is desig-
nated .by the reference numeral 903. A resistor 905
having a value of resistance Rx is connected in series
with the neon lamp 901 and the resistor 903 across the
potential source connected to terminal 900. The values
Ry and Rx of resistors 903 and 905 may each be 1 meg-
ohm, for example. Shunting the neon lamp 901 isare-
sistor 902 which provides for current flow through-re-

sistors 903 and 905 prior to the time when resistor 905
is short circuited by one of the contacts 896 or 898 on
the tape. The resistance value of resistor 902 may be
such in comparison with values Rx and Ry that the volt-

age drop across resistor 902 is insufficient to initiate

conduction in neon lamp 901, but will maintain con-
duction in lamp. 901 once initiated by the tape contact

896 or 898. Switch 907 is momentarily actuated each
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time a forward button 908 or a reverse button 909 is
depressed to change the direction of movement of the

~ tape and/or each time a stop button 910 is actuated.

The momentary closure of switch- 907 removes the
holding voltage across lamp 901 and thus renders the
lamp non-conducting. Contact 890 is shifted to its

_ righthand position indicated by the letter R in response

60

way of limitation, the preferred embodiment of the

above invention ‘incorporates a transducer - head

to actuation of reverse button 909 to cause the tape to
be moved in the direction of arrow 16. :

- Thus in a manual system, the operator may depress-
stop button 910 when the lighting of lamp 901 indicates
the approach of an end of the tape. The tape movement
is thereafter reversed by depressing the appropriate
button 908 or 909 to unlatch the stop button and thus
close contact 340, to close switch 343 or 350, respec- .
tively, and to place switch 342 in forward or revérse po-.
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sition, respectively. By way of example actuation of
stop button 910 may close contact 907 against the ac-
tion of a compression spring 912 and unlatching of the
stop button 910 may allow contact 907 to open.

Referring to the circuit of FIG. 7, while as prev1ously
described the values of inductor 213 resistor 213’ and
capacitor 215 may control the position of the change-
over region 682 of the curve 680 shown in FIG. 9, in
a circuit in accordance with FIG. 7 which was actually
constructed, the values of inductor 232, resistor 233
and capacitor 229 were the critical values for determin-
ing the frequency at which the changeover region 682
of curve 680 occurred. In the embodiment of FIG. 7 as
in the other embodiments, all of the switches necessary
to place the system in condition for recording or play-
back mode may be coupled for simultaneous actuation
in response to manual .operation of a single record-
playback lever or knob or may be under the control of
respective manually operated play and record buttons
of the momentary type or of the latched type (where
. operation of one button unlatches the other button). In
the record mode, the broadcast television receiver 104
is preferably in condition for receiving and displaying
a broadcast television signal whether or not a magnetic
recording operation is also actually taking place. -

Referring-to FIG. 7, a mixer component 9185 is pro-
vided which ‘is arranged to couple energy from the
audio circuit to the video circuit, from the video circuit
to the audio circuit, or to couple energy in both of
those directions simultaneously. The mixer component
915 may also include suitable phase adjustment means
and amplitude adjustment means in each direction of
coupling so-as to serve to counteract any stray coupling
from the audio circuits of the transducer head into the
video amplifier 110 and/or to counteract any coupling
from the video portion of the magnetic head into the
audio circuits.

Referring to FIG. 8, the reference numeral 920 illus-
trates an erase head which may be selectively energized
with  high frequency erasing current to erase all 10
channels of the record medium simultaneously, for ex-
ample in advance of the recording on a first channel of
the record medium as the tape is wound from the sup-
ply reel 301 to the take-up reel 302. A guide pin may
be provided as indicated as 921 so that the tape 11 does
not touch the pressure roller 308 after the tape leaves
contact with the capstan 307. A damping pad is prefer-
ably located as .indicated at 922 in FIG. 8 in sliding
contact with the tape between the capstan 307 and the

head 10. The damping pad 922 may be of felt or other

absorbent material for damping out high frequency vi-
brations in the length of tape between the capstan 307
and the head 10. Such vibrations are harmful in video
picture reproduction. The damping pad 922 may be in

sliding contact- with the magnetizable surface of the °

tape 11 as illustrated in FIG. 8 or may be in engage-
ment with the non-magnetic backing material of the
tape. The pad 922 may be impregnated with molybde-
num disulfide and/or graphite.

It has also been found advantageous’to impregnate
the pressure pad 15 shown in FIG. l with molybdenum
disulfide and/or graphite.

The capstan motor 330 may operate at a speed of the
order of 3,600 revolutions per minute and may have
the flywheel 331 directly on the motor shaft which
shaft is integral with the rotor of the capstan motor.
The capstan roller 307 may be immediately adjacent

—
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the surface of the flywheel 331 at the side of the
flywheel remote from the capstan motor 330.

In an actual embodiment the capstan brake B3 was
mechanically linked to the push buttons for actuation
to released condition upon depressing of button 908 or
909 and to braking position upon depressing of push
button 910.

A single winding such-as provided by conductor 35
supplies both the A and B components of the cross
field, referring to FIG. 5A of the present application.
Further, with the head of the present invention a hum

‘bucking construction may be used during playback.

The core 13 shown in FIG. 1 may be formed of two
identical core halves abutting at the gap spacer 23 and
at the junction indicated at 190, for example, for eco-
nomical tooling. The head of the present invention pro-
vides effective high frequency bias in the multi-

.megacycle range which is. especially . important. for

video recording. The head of the present invention can
be made to operate in both directions of tape travel
preferably with selection of the X-field winding 150 or
151 by means of switch 139; however a conductor such
as 35 at only one side of the gap may be used to supply.
bias for recording in either direction of movement of
the record medium across the gap. Using a conductor
such as 150 at the trailing side of the gap as the tape
travels in the reverse direction still has an advantage
ovr a conventional head since a higher bias frequency
can be effectively used with a conductor such as 35 or
150 near the tape path than with a conventional bias
winding.

The embodiment of FIG. 6 hereof is specifically dis-
closed as incorporating the audio magnetic circuit 14
of FIG. 1 and the other components of the embodiment
of FIGS. 1-5. As previously described, the use of very
high frequency bias in the megacycle range gives lower
noise in the recording of audio frequency signals and
other signals.

It will be understood that an important concept of the
present invention resides in that frequency components
may be supplied to the winding 105 during recording
which are above the resonant frequency of the head
coil 170 taken with its self-capacitance and any parallel
circuit capacitance. Also during playback, the coils 105
and 170 supply frequency component above the reso-
nant frequency of coil 170 to the amplifier 110 which
is responsive to such frequency components and trans-
mits the same to the cathode ray tube of the receiver
104 for effective reproduction. By way of example, fre-
quency components may be effectively recorded which
are at least three times the resonant frequency of the
winding 170 and may, for example, effectively record.
components having a frequency of five or more times
the resonant frequency of the coil 170. Similarly, dur-
ing playback, the coils 105 and 170 may respond to fre-
quency components equal to at least three times the
resonant freqeuncy of the coil 170 and including fre-
quency components equal to-five times the resonant
frequency of the coil 170, for example.

During recording, frequency components above the
resonance frequency of head coil 170 could be sup-

* plied to head coils 105 and 170 connected as for play-
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back in FIG. 7, that is in series with coil 105 producing
a magnetic ﬁeld opposing that of coil 170 at frequen-
cies below the resonance frequency of coil 170; but the
use of a coil having only a few turns and a high reso-
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nance frequency such as coil 105 alone is preferred
during record operation of the head.

Where the winding 170 has the relatively large num-
ber of turns, the winding 105 will provide the relatively

greater voltage during playback at the highetr frequen-

cies, while the. winding 170 will predominate at the
lower frequencies. The resonance frequencies of the
two windings may be such that the windings are effec-
tively connected in series bucking relation with respect
to low frequencies. A shunt path may be provided in
the magnetic circuit. for the small winding by-passing
the larger winding. If the windings 105 and 170 are
made with equal turns they may be connected in. paral-
- lel during recording and in series during playback: Or
one may be used for recording, and both in series for
playback. Magnetic keepers of magnetically soft mate-
-rial may be provided in contact with the adjacent inac-
tive channe]s on each side of the gap 23 so asto reduce
cross talk.
. With respect to the audio magnetic core arrangement
illustrated in- FIGS. 1-3, it will be observed that the
audio fields recorded on the record medium as indi-
cated in FIG. 4 while producing aiding output voltages
in the audio coils 17 and 18 tend to cancel each other
with respect to the. video coils 27 and 28.

To summarize by way of example suitable parameters
for the illustrated embodiments, the tape 11 may have
a magnetizable layer indicated at 11a in FIG. 3 with a
thickness of 3 to 12 microns or 0.12 to 0.5 mil. The
tape coercive force may be approximately 275 oersteds
and the remanence By may be approximately 1,000
gauss. The tape may move at constant speed in the
range between 60 and 120 inches per second. The pres-
sure pad 15 may be of a smooth felt and may be urged
agamst the inactive surface of the tape 11 by means of
a spring arm 15a with a light pressure. The gap 23 may
have a dimension in the direction of tape movement of
50 micro inches and the ¢ore 13 may be formed of %
-mil permalloy laminations having a width of 1/16 inch
and stacked 1/64 inch high. The core may provide a
magnetic circuit of approximately square configuration
having a dimension of 7/16 inch on each side. The
winding 27 may have 1,000 turns of No. 44 A.W.G.
wire and the winding 28 may have 200 turns of No. 40
A.W.G. wire. The inductance of the 200 turn coil may
be approximately 1 millihenry while the inductance of
the 1,000 turn coil may be approximately 25 millihen-
ries. The bias field conductors 35.and 45 may comprise
No. 34 (A.W.G.) wire polished at the top surface as in-
dicated at 35q in FIG. 5A and disposed at a distance
from the gap 23 of 4 mils. A bias frequency between 2
and 15 megacycles per second may be utilized and the
current supplied to the conductor 35 or 45 may be in
the range from one-half ampere to 2-amperes. The sig-
nal current supplied to the winding 28 may be in the
range from 1 to 4 milliamperes measured peak to peak
of the current waveform. The embodiment of FIG. 6
may be entirely similar in utilizing No. 34 wire flattened
as indicated at 35¢ in FIG. 5A and with the surfaces
such as indicated at 354 in sliding engagement with the
active undersurface of the magnetizable layer of the
tape 11. For the case of two conductors as indicated at
57a and 57b in FIG. 6 with a center to center distance
from the gap 23 of 6 mils and 14 mils, respectively, the
current supplied to the conductor 57 may be in the
range of from four to ten amperes measured peak to
peak of the current waveform. The frequency is again
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between 2 and 15 megacycles per second. Of course,
it will be understood that the cross field conductors
such as 35, 45 and 57 may be of ribbon configuration,
or may have multiple turns so long as the proper rela-
tionship is established between the cross field compo-
nent indicated at A in FIG. SA and the gap field com-
ponent indicated at B. Generally for recording of video
frequencies such as television signals the gap 23 may
have a dimension in the direction of tape movement in
the range between about 30 and 90 microinches. The
audio core section 14 may be formed from permalloy

“laminations 0.014 inches thick and 1/16 inch wide.(the

width dimension being in the horizontal direction for
the vertical legs associated with windings 17 and 18 in
FIG. 3, for example). The laminations forming the
video core may also be 1/16 inch wide, referring to the
horizontal dimension of the vertical legs associated
with coils 27 and 28 as viewed in FIG. 1, for example.

‘The windings 17 and. 18 may each have 1,500 turns of

No. 46 (A.W.G.) wire.

By way. of example, the housmg parts 47 ! 48 and 49
indicated in FIG. 2 may be of non-magnetic metal such
as bronze or non-magnetic stainless steel. The conduc-
tors such as 35, FIG. 5A, may be secured in the grooves
such as 39 by means of a layer 417 of epoxy resin, for
example. The imbedding material 417 may be undercut
at each side of the conductor 35 so that only the sur-
faces 30z and 35q are exposed for sliding contact with
the undersurface of the magnetizable layer 11a of the
tape 11. :

It is considered preferable to polish the surfaces such
as indicated at 304, 354, and 43a in FIG. SA with a
heating current supplied to the conductor 35 or to the
conductor 57 in FIG. 6 or with the head otherwise-
heated to its operating temperature. :

Referring to FIG. 10, the primary winding 425a of
transformer 425 is preferably part of the tank circuit of
the oscillator 426. The primary winding 4254 and the
capacitor 423 are tuned to resonate at the frequency of
operation of the oscillator 426 and are brought close to
the head core 400 so that the secondary circuit in¢clud-
ing secondary winding 425b and cross field conductor
429 may have substantially the minimum practical im-
pedance. In other words, the leads connecting the sec-
ondary winding 425b and the cross field conductor 429
have a minimum length, the long leads being in the pri-

‘mary circuit between the tank circuit and the remain-

der of the oscillator indicated at 426.
It has been found advantageous, a]though optional,
to connect a capacitor 930 across resistor 411. The ca-

- pacitor 930 when employed is connected acorss. the
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winding 402 during playback.
By way of example, capacitor 930 may have a value

of 35 micro microfarads.

During recording operation, a resnstor 412 is con-
nected across the winding 402. Resistor 402 may have
a value of 22,000 ohms, for example.

In FIG. 10 if the head characteristics are controlled
closely taking into account the effect of resistors 410
and 411 and capacitor 939, if present, the values of ca-
pacitor 455, resistor 457 and inductor 458 may be fixed
at appropriate values relative to such head characteris-
tics -and trimmer components omitted.

The parallel network of inductor 483 and resistor
484 in the circuit of FIG. 10 are preferably selected to
provide a high frequency series peaking circuit.
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In the circuit of FIG. 10, during playback operatlon,
the output of the playback amplifier is supplied via a
capacitor 666 and a resistor 667 to a conventional au-
tomatic gain control circuit 933 which may be that of
the Zenith 14L30 chassis previously referred to. The
plate of the automatic gain control section of the auto-
matic gain control and sync. clip tube of said 14L30
chassis (Type 6HS8) may be connected. to lead 935 in-
dicated in FIG. 10 which leads to one contact of a
switch 937. A capacitor 938 is connected between line

5
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The foregoing examples of specific values of the vari-
ous components of the clamping circuit and of various
rearrangements and modifications are, of course, by
way of example only and not by way of limitation.

In operation of the circuit of FIG. 10 in the playback
mode, the winding 510 of output transformer 511 of

~the television set 404 supplies a waveform as indicated

935 and a line 939 of the circuit. When the switch 937 -

is in its upper position, the lower end of resistor 488 is
grounded, while when the switch 937 is in the lower po-
sition, the lower end of the resistor 488 is connected to
line 935 to receive gain control signals from the auto-
matic gain control circuit 933 of the television set 404,

The clamping circuit of FIG. 10 has the following fea-
tures

1. It provides bias for the video amplifier tube 416 of
the television set 404,

2. It allows transients in the signal to pass without
substantial rectification. Such rectification would cause
picture and sync. distortion.

3. The clamping circuit is non-critical as to shift in
clamping interval due to flutter in the signal repro-
duced from the record medium.
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4. The circuit operates stably in conjunction with the

flutter stabilizing circuit of FIG. 12.

5. The circuit uses a minimum of inexpensive parts.

6. The circuit does not require additional transform-
ers, amplifier stages, delay lines, trigger circuits or the
like.

7. The clampmg circuit does not shift the picture por-
tion of the signal appreciably or require a special set-
ting of the horizontal operator hold control (control-
ling the inductance of inductor 741, FIG. 12) for play-
back as compared to norma) operation of the television
set 404,

The circuit point indicated at 942 in FIG. 10 within
the television set 404 is connected with a source of 250
volts d.c. voltage through variable resistor 965 (FIG.
11) which may have a value of about 1'to 5 megohms,
a 120,000 resistor 966, and a 22,000 ohm resistor 967,
A further resistor is indicated at 944 in FIG. 10 in shunt
with the branches of the clamping circuit 502. Resistor
944 may have a value of 300,000 ohms to provide a net
shunting resistance of about 250,000 ohms taking into
account the loading of resistor 944 by the components
within the television set 404 previously referred to. The
value of resistor 944 of 300,000 ohms is selected where
capacitor 498 has a value of 0.003 microfarads, induc-
tor 499 has a value L] of 6.2 millihenries, resistor 505
has a value of 470,000 chms, capacitor 506 has a value
of 0.047 microfarads, resistor 508 has a value of 22,000
ohms and the pulses from the output transformer 511
via winding 510 have peaks of minus 7 volts occurring
at the horizontal line rate.

Components 503, 499 and 506 of the first branch of
the clamping circuit 502 may be in series.in any se-
quence. Resistor 505 may be ‘placed across inductor
499 and capacitor 506 instead of across capacitor 506
only. In the second branch of the clamping circuit com-
ponents 507 and 508 may be interchanged in position
in the circuit. Resistor 505 and ‘capacitor 506 may be
omitted (shorted out) if a bias voltage is not required
for the video amplifier stage 416.
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at 946. The seven volt negative peaks of the waveform
occur at the line rate and produce a negative current
flow through the series circuit including components
508, 507, 499, 503, and component 505 and 506 in
parallel. Circuit point 947 in FIG. 10 becomes nega-
tively charged with respect to ground by approximately

-2.5 volts. Circuit point 948 is momentarily driven to

about minus 2.75 volts due to the negative current
pulse through diode 503. Circuit point 947 remains es-
sentially at minus 2.5 volts at all times, while circuit
point 948 drops to minus- 2.5 volts after the negative
current pulse has terminated. The presence of diode
503 clamps circuit point 948 which is directly coupled -
to the grid of tube 416 in the television set to 2.5 volts
negative at the end of the negative actuating pulse of
current produced by the peaks of the waveforms 946.
The end of each actuating pulse occurs approximately
at- the end of the horizontal blanking period, after
which a positive going picture signal is transmitted
through coupling capacitor 498. The picture signal can
change the potential of circuit point 948 in a positive
direction up to a potential of zero volts at which.diode
507 becomes conducting. Similarly the signal is not re-
stricted if it does not swing below minus 2.5 volts. Thus
picture signals up to 2.5 volts peak potential can be ac-
commodated. Each horizontal line of the picture signal
starts with respect to a minus 2.5 volt reference poten-
tial which is established by the clamping circuit at cir-
cuit point 948. The bias or reference potential may be
made more negative by increasing resistor 505, by de-
creasing the value of resistor 508, or increasing the am-
plitude of the pulse voltage waveform 946; and the bias
or reference potential may be made less negative by op-
positely changing the aforementioned values. The in-
ductance of inductor 499 offers a high impedance to
composite signal transients which are present in the
type of video system described (due to high frequency
emphasis, phase shifts, etc.) thus minimizing rectifica-
tion by diode 503. Rectification by diode 503 would
otherwise cause distortion and sync. shift. The induc-
tance 499 also reduces clipping of the sync. peak am-
plitudes when the clamping circuit 502 is actuated at
time intervals corresponding to the back porch of the
video waveform. :

A resistor for example having a value of 5,000 ohms
may be used in place’ ‘of inductor 499, but the inductor
has been found to give better results. Resistor 508 has
an effect for positive peaks of the composite video sig-
nal similar to that provided by inductor 499.

The resistor 944 together with the parallel resistance
of the television circuit 404 discharges coupling capaci-
tor 498 to some extent during the line scan interval. A
time constant of about 750 microseconds for capacitor
498 and its discharge resistance including resistor 944
is a good compromise, (corresponding to the product
of 250,000 ohms and 0.003 microfarads), with a range
from 200 to 2,000 microseconds being practical. The
discharge circuit provided by the resistance including
resistor 944 reduces low frequency noise, shades the
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prcture and has been found to reduce distortion and
sync. shift.

The degree of clamping action may be mcreased by
reducing the value of resistor S08 or by increasing the
pulse peaks of waveform 946, the value of resistor 505
being reduced correspondmgly to maintain the speci-

- fied bias.

The proportlons set forth in the above example have
been found advantageous, since too strong a clamplng
action may affect the sync. adversely by suppressing
the vertical sync. for example.

The clamping circuit of FIG. 10 may be inverted and

positive pulses supplied by means of a winding such as
510 if clamping of a negatlve going picture signal is de-
sired.

The resistor 412 which may have a value of about
22,000 ohms is shown as an alternative to short circuit-
ing the winding 402 which has the relatively large num-
ber of turns, during the recording operation.

Referring to FIG. 10, and particularly to the televi-
sion circuit 404 utilized during recording operation, it
will be observed that resistor 664 associated with the
grid of tube 416 is connected with certain components
of the:television circuit only when the selector switch
428 is in the record position. These components asso-
ciated with line 430 have been indicated as comprising
the' detector circuit 950 which is a. standard part of
chassis 14130 and has its input 951 connected to the
third L.F. stage of chassis 14L.30. Line 430 is aiso con-
nected to component 953, 954 and 955 of chassis
14L30. In chassis 14130, resistor 953 has a value of
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1,500 ohms and resistor 955 has a maximum value of

2,500 ohms. The tlelevision set is in condition for nor-
mal operatlon whenever switch 428 is in the record po-
sition, whether or not switch 418 is also actuated to re-
cord position. A broadcast television signal may be
viewed on‘the television set 404 whenever switch 428
is in the record position, and ‘the received broadcast
signal may be simultaneously recorded on the record
medium 11 when switch 418 is-in the record position
also.

In chassis 14L30 output line 958 of the video ampli-
fier 416 is connected to the cathode ray tube of the set
404 without further amplification stages. .

Referring to FIG. 10, the tank circuit comprising ca-
pacitor 423 and transformer 425 may be tuned to the
bias frequency which, for example may be 2.75 mega-
cycles per second. -

Referring to FIG. 10, résistor 481 may typically have
a value between 3,000 ohms and 10,000 ohms, Capaci-
tor 482 may be adjustable. between 0.001 microfarads
and 0.5 microfarads to correct for various individual
heads associated with the circuit of FIG. 10. In other
words capacitor 482 may. be adjusted to take account
of manufacturing tolerances and the like in the manu-
facture of individual heads as generally illustrated, for
example, in FIG. 1, FIG. 6 or FIG. 10 and associated
with the circuit of FIG 10.

With respect to the circuit of FIG. 10 where clampmg
is to occur at the back porch of the composite video
signal, it is desirable to increase the intensity and/or
width of the pulses supplied to the clamping circuit 502
from the winding 510 during the vertical sync. inter-
vals, thereby keeping the sync, level of the clamped
composite picture signal more nearly constant.

Referring to the circuit of FIG. 11, the movable plate
of capacitor 560 is preferably grounded. Capacitor 560
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and inductor 561 are tuned to the frequency of the high
frequency bias oscillator component 568 to keep the
high frequency bias signal out of the circuits of the tele-
vision set 554, By way of example, capacitor 560 and
inductor 561 may be resonant at 2.75 megacycles per
second where this is the frequency of oscrllator compo-
nent 568. '

A resistor 960 which may, for example, have a value
of 500,000 ohms is preferably connected between the
record terminal of selector switch 668 and ground.

In the circuit of FIG. 11, resistor 600 may be omitted,
depending. on . the - compensatlon characterrstlc re-
quired.

The resistor 653 in FIG. 11 is used mainly for adjust-
ing the low frequency phase shift (although it does af-
fect the gain of the video circuit).

In one embodiment in accordance with FIGS. 11, ca-
pacitor 605 had a value of 0.003 microfarads while re- :

“sistor 602 had a value of 270 ohms, giving a time con-

stant of 0.81 microseconds. This represented the mini-

mum time constant for the various compensating cir-

cuits of the specific embodiment. Capacitor 605 may,
however, have a value as low as from about 0.001 to
0.002 microfarads.

Various components of the: conventlonal circuitiden-
tified as the 14L.30 chassis have been indicated in FIG.

11 including a resistor 962 and capacitor 963 in the

cathode circuit of tubes 660, and resistance elements

965,.966 and 967 leading to a source of B+ voltage
(supplymg a voltage value of 250 volts D.C. Resistor
967 and the B+ source connected therewith are by-
passed by a 4 microfarad capacitor (not shown). -

Referring to FIG. 12, a capacitor 970, a resistor 972
and a diode 973 are indicated as being Connected to the
input line 700 of the circuit. This circuit' when inter-
posed between the minus SO volt sync. pulses and. the
horizontal control circuit attenuates the vertical pulses
which otherwise tend to affect the modified control cir-
cuit of FIG. 12 during the vertical blanking interval.
The original circuit of chassis 14L30. responds too
slowly for the vertical -pulses to change its frequency
appreciably.

In FIG. 12, components 737, 726 and 727 serve to
supply_negatlve bias voltage to the grid of tube section
703, this negative bias being tapped from the negative
grid voltage of the oscillator section 733. It will be un-
derstood by those skilled in the art that the tube section
703 serves as a reactance tube for controlling the oscil-
lator frequency of the oscillator tube section 733. Sec-
tion 733 is a Hartley type sine wave oscillator, with coil
741 tapped at 745 and a capacitor 740 forming the fre-
quency determining circuit tuned to approximately
15,750 cycles per second. A movable permeable core
in the coil 741 enables trimming of the frequency, this
core being moved by the “horizontal hold” knob of the
television set. The upper part of coil 741 is coupled to.
the grid of tube section 733 through .capacitor 735,

* with a grid leak resistor 743, for example .of 100,000
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ohms, developing the negative bias. Resistor 737 may
have a value of 10 megohms, for example The Jower
part of the coil 741 which is grounded forms part of the
anode or screen portion of the oscillator circuit, with
the cathode connected to 745 being at an intermediate
potential.

The winding 753a of transformer 783 corresponds to
the winding connected to resistor 121 in FIG. 7 for sup-
plying line rate pulses to the audio core section of the
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head which may correspond to the head of FIGS. 1-3.
This has been indicated in FIG. 12, It will be under-
stood that FIG. 12 may be associated with the head of
FIGS. 1-3 of FIG. 6 including the audio core section
and additionally with the circuit of FIG. 10 or FIG. 11.

The winding 753a gives 300 volt positive pulses, but

these pulses are integrated by capacitor 719 in con-
junction with resistor 757 so that the wave shape at cir-
cuit point 754 is a sawtooth. The small capacitor 756
sharpens the sawtooth peak to give more sensitivity.

With respect to the relationship R1/R2 should prefer-
ably equal C2/C1 as previously mentioned with respect
to FIG. 12, it should be understood that the presence
of resistance 726 and capacitor 727 will modify this re-
lationship to some extent.

Where the values of capacitors 718 and 719 have
been reduced compared to their values in the 14130
chassis, the decreased values have been found to have
a negligible effect on the normal operation of the tele-
vision receiver when the switch 701 is in the upper re-
cord or inactive position.

Although it is most economical to use a modlﬁed cir-
cuit such as that-indicated in FIG. 12 in the television
set as indicated, a separate horizontal stabilizing circuit
along the lines of that shown in FIG. 12 may be utilized
instead. As previously indicated resistor 743 is a grid

leak resistor and does not have much coupling effect
between coil 741 and the grid of tube section 733.

For maximum pleasure in viewing without using
keepers, the head of FIG. 14 would be indexed two or
three channels for example about 75 mils at each rever-
sal of tape movement, using a wider tape or using a
fewer number of active channels for a given width or
tape. Where keepers such as 978 are used, grooves may
be provided in the keeper material as indicated in solid
outline at 878 in FIG. 6, preferably spaced to clear re-
corded tracks in all positions of the head as previously
described with respect to FIG. 14.

To reduce the interference wheére closely spaced
channels are used, the keepers may be ungrooved to
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By way of example, the head may be indexed only 35
mils at a time where such keeper strips and magnetic
shielding of the transducer head are employed.

With the embodiment actually illustrated in FIG, 6,
with or without keepers the conductor length 57a may
be 4 mils from gap 23, and may itself have a width of
6 mils. The layer 417 shown in FIG. 5A may add an-
other mil so that the receiving grooves for conductor
lengths 574 and 57b may each have a width of 7 mils.
The spacing between the grooves for conductors
lengths 57a and 57b may be 4 mils, so that the outer or
remote edge of the groove receiving conductor length
57b may be 22 mils from gap spacer 23. Audio cores
14a and 14b may be spaced about 1/16 inch from the
gap spacer 23 and may have a width of about 15 mils,
so that the outer or remote edge of the audio. core is
about 62 mils from the gap spacer 23. Each half of the
video core 13 has a dimension in the direction of tape
movement of about 156 mils, in this example. It will be
understood that FIG. 6 is not in exact proportion since
the audio poles 14a and 14b are actually about twice as
wide as conductor 57 and are spaced from conductor
57b by about 3/64 inch (40 mils or about 6 times the
width of conductor 57).

In FIGS. 8, 14B and 15, pushbuttons 908, 909 and
910 have been indicated diagrammatically with dash
lines indicating a mechanical coupling of the push but-
tons with switches 340, 343 and 350 in FIG. 8 and with
switch 907 in FIG. 15, Similarly in FIG. 15, solid lines
969 and 970 represent a one way coupling between
pushbuttons 908 and 909 and-switch contact 890.
From the position shown in FIG. 15 it may be assumed
that if the stop button 910 is depressed, reverse button
909 will be released, but contact 890 will remain in the
reverse position shown. Thereafter, when forward
pushbutton 908 is depressed, switch contact 890 will be

- moved by mechanical link 969 to its left hand or for-
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provide ‘a. continuous tape-contacting surface. com- -

pletely contacting the recorded areas (both audio and
video) of adjacent channels. For-éxample keeper strips
on respective sides of the video core 13 may preferably
cover the entire tape confronting surface of the head

- . casing and be separated by a distance only 11 mils

greater than the active channel width. Thus for an ac-
tive channel width of 19 mils, the spacing between the
keeper strips may be about 30 mils. For example, the
audio pole faces such as indicated at 14a and 14b in
FIG. 6 which actually contact the tape may have a di-
mension of about 2 mils to leave a space of about 3.5
mils from the edge of the adjacent keeper. The pole
faces 14a and 14b may have dimensions in the direction
of tape movement of about 20 mils. The curved ends
980 and 981 of conductors 57 and 57’ may be ground
off to fit within the 5.5 mil space between the audio gap
spacer 2 and the edge of the adjacent keeper strip. Sim-
ilarly the portions such as 982, 983 and 984 of conduc-
tors 57 and 57’ may be ground off to fit the 5.5 mil
space. The keeper strips may be formed of 2 mil thick
“Permalloy”’. A shield case of similar material may sur-
round the remaining sides of the housing parts 47, 48
and 49 and overlap the outer margins of the keeper
strips which margins would be clear of the tape path.
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ward ‘position. When the stop button 910 is next de-
pressed, forward pushbutton 908 will be unlatched but
the contact 890 will remain in the forward position. Of
course, movable switch contact 890 could be replaced
by two contacts one coupled with the forward button
908 and the other coupled with the reverse button 909
to establish the same circuit conditions when the re-
spective buttons are depressed.

The lever 866 may be suitably coupled to the push-
buttons so that it is moved from its position against stop
8690 to its position against stop 869z and then allowed
to return under the impetus of tension spring 877
whenever the drive is changed from the forward to the
rewind direction or vice versa, to the next channel by
this oscillation of the lever 866. By way of example, if
the stop button must always be actuated before reversal
of the direction of movement of the record medium,
the stop button 910 may be mechanically coupled to
the lever 866 as indicated by the dash line 971 in FIG.
14B. Provision may be made to uncouple or lock out -
the mechanical coupling 971 in in case it is desired to
drive back and forth while the head remains in scan-
ning relation to a given channel.

Of course a relay may be realized in place of the neon
lamp circuit of FIG. 15 so as to automatically actuate
the stop button 910 and then the other of the forward
and reverse buttons so as to automatically reverse the
direction of movement of the tape ard index the scan-
ning head. Alternatively, automatic reversal during
playback may take place in response to cues placed on
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the record medium during recording for governing the

- automatic playing of a'succession of channels. Where

the record medium is in the form of an endless loop, the
tape drive need not be reversed, and the head may be
indexed between successive channels in the manner
disclosed in out U.S. Pat. No. 2,857,164 issued Oct. 21,

1958, the-disclosure whereof is 1ncorporated herem by
- reference.

In an apparatus which has been constructed and suc-
cessfully operated, which may be termed the demon-
stration apparatus, the head configuration corre-
sponded to that described with respect to FIG. 1, but
utilizing a pair of cross field conductors as indicated at
57 and 57’ in FIG. 6. That is, the casing conformed
with-the one shown in FIGS. 1, 2 and 3 and the audio
core arrangement conformed with that shown in FIGS.
1, 2 and 3. The winding 27 comprised 1000 turns of
No. 42 A.W.G. wire, while winding 28 consisted of 200
turns of No. 40 A.W.G. wire. The winding 28, however,
had a shorter axial extent than the winding 27 and was
arranged near the pole piece 974 on the leg 975 so that
the center with respect to the axial direction of the
winding 28 was closer to the scanning gap 23 than the
center of the winding 27. The winding 27 had an induc-
tance of about 27 millihenries and a resoriant fre-
quency-in the range from 200 to 400 kilocycles per sec-
ond. The winding 28 had an inductance of about 1.1
millihenries and a resonant frequency of about 2 mega-
cycles per second. The gap spacer.23 had a dimension
in the direction of tape movement of about 50 micro-

“inches. The video core 13 was formed of % mil Permal-
loy laminations as indicated in FIG. 6. The two pole
pieces 974 and 976 together defined a length dimen-
sion of the core 13 of about 7/16 inch, while the legs
975 and 977 each had a long dimension of about 7/16
inch.

The cross field conductors 57 and 57’ were arranged
symmetrically with respect to the gap spacer 23 with
the first length portion such as 57a being spaced 4 mils
from the gap, and the two length portions such as 57a
and 57b having a separation of 4 mils. The conductors
were substantially semicircular in cross section and had
a diameter corresponding to that of No: 34 A W.G.
wire, or approximately 6 mils. The detailed arrange-
ment of the cross field conductors with respect to the
video core is as illustrated in FIG. SA with epoxy resin
imbedding material as indicated at 417 undercut as in-
dicated at 979 in FIG. 5A. The active face of the mag-
netizable layer 11a of the tape record medium was in

sliding contact with the surfaces of the cross field con--

ductors corresponding to surface 35z in FIG. 5A.

The core part indicated at 47 in FIG. 1 was not pres-
ent in the demonstration apparatus. The video core 13
had a transverse dimension of about 15 mils to prov1de
a 15 mil wide video track such as indicated at 66 in
"FIG. 4.

The audio core 14 comprised a single lamination
about 15 mils thick. The audio gap spacers 20 and 21
were each 2 mils thick and of brass material. The audio

windings were 1,500 turns each of No. 46 A W.G. wire..

The audio.track such as indicated at 64 and 65 were
thus approximately 2 mils thick to provide an overall
track width of about 19 mils.

" The pressure pad indicated at 15 was of smooth felt
material and pressed against the inactive surface of the
record medium 11 with a light spring pressure.
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The tape transport for the demonstration apparatus -
was as illustrated'in FIG. 8 using a damping pad'922. of

_felt impregnated with graphite and molybdenum disul-

fide. A pin as indicated at 921 was also utilized as well
as the electric circuit shown in FIG. 8 and the brakes
B1, B2 and B3.

The audio bias was supphed to the audlo wmdmgs 17
and 18- as illustrated in FIG. 7 and in FIG: 12 at 121,
122. The audio bias frequency was thus 15,750 cycles
per second.

The video bias was supplied as illustrated in FIG. 11
both to the selected cross field conductor 57 or 57' de-
pending on the direction of tape movement and to the
video winding 28. In-other words, the secondary wind-

ing 571 in FIG. 11 was connected to the cross field con-

ductor 57 in FIG. 6 when this conductor was crossed ~
first by the record medium, and the winding 571 was
connected: to the cross ﬁeld conductor 57’ when the

. tape moved in the opposite dlrectlon and crossed. the
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cross field conductor 57 first.

The current supplied to the active cross field conduc-
tor was approximately 2 amps peak to peak at 2.75
megacycles per second as measured by a commercial
current probe in conjunction with an oscilloscope. The .
bias frequency current supplied to the winding 28 dur-
ing recording had a value of about 20 milliamperes
peak to peak at-2.75 megacycles per second as mea-
sured by the commercial current probe in conjunction
with the oscilloscope. The video current supplied to the
winding 28 including the synchronizing pulses had a
value of from 1 to 4 milliamperes peak to peak as mea-
sured by the current probe in conjunction with the os-
cilloscope. The frequency spectrum measured by the
commercial probe extended from about. 20 cycles per
second to more than 10 megacycles per second.

The record media used with the demonstration ma-
chine were % inch premium grade audio and instru-
ment tapes having a coercive force of about 275 oer-
steds and ‘a By of about 1,000 gauss. The tape was
moved at a speed of about 120 inches per second.

The electric circuitry utilized during recording and
playback corresponded to that illustrated in FIGS. 11
and 12 except that the clamping circuit of FIG. 10 was
utilized in:place of the clamping circuit of FIG. 11.
More specifically, the component of FIG. 11 between
points 980, 981 and 982 were omitted, and the clamp-
ing circuit arrangement beyond point 984 in FIG. 10
substituted therefore. The components 944, 51§, 516
of FIG. 10 as well as the components 510 and 511 from
FIG. 10 were also utilized. The automatic gain control
line 935 was not, however, utilized in the demonstra-
tion apparatus. The recording circuit including compo-
nents 669, 960, 560 and 561 of FIG. 11 were utilized
in the demonstration apparatus instead of the corre-
sponding component of FIG. 10.

In the modified embodiment of the amplifier circuit
of FIG: 11 which has been adopted for demonstration
purposes, the component values are preferably as fol-
]ows

COMPONENT

COMPONENT VALUE
Capacitor o ;
559 85 micro microfarads.
560 5~80 micro mlcrofarads
"~ 578 0.15 microfarads
584 50 microfarads
587 0.02 microfarads - -
593 0.047 microfarads
- 596 50 micro microfarads
605 0.003 microfarads
616 100 microfarads - .
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611 50 microfarads

627 0.05 microfarads

631 0.01 microfarads

613 10 microfarads

639 100 microfarads

625 " 8 microfarads

644 0.1 microfarads

669 4 microfarads
Resistor

562 24 K ohms

581 . 10K ohms

582 .10 K ohms

580 150 K ohms

583 1 K ohm

586 18 K ohms

589 3.3 K ohms

595. 12 K ohms

602 270 ohms

604 47 K ohms

615 68 ohms

607 47 K ohms

608 65 K ohms .

609 22 K ohms

628 4.7 K ohms

636 150 K ohms

638 60 ohms

626 7.5 K ohms

622 1 K ohm

646 ~ 3 K ohms

643 4.7 K ohms

558 22 K ohms
Inductor

590 250 microhenries

601 . 250 microhenries

629 250 microhenries

632 500 microhenries

647 100 microhenries

561 100 microhenries
Transistor 577 2N708
Tube 592 - ' Pentode 6GM6 or 6CB6A
Tube 635 Pentode 6GM6 or 6CB6A

(Parts {rom FIG. 10 substituted in place of Parts 650, 654, 661, 653,

657, 656, 655, 665 in FIG. 11)

COMPONENT
Capacitor 506
Capacitor 498
Capacitor 656

COMPONENT VALUE
0.047 microfarads '
0.003 microfarads

0.01 microfarads

Resistor 508 22,000 ohms
Resistor 505 470,000 ohms
Resistor 51§ © 4,700 ohms
‘Resistor 667 68,000 ohms
Resistor 664 330 ohms

6.2 millihenries
250 microhenries

Inductor L1,
Inductor 516

Diode 503 IN34A
Diode 507 IN34A
Inductor L2

omitted

It will be noted that in the actual demonstration cir-
cuit, resistor 600 of FIG. 11 is omitted. The capstan
motor in FIG. 8 in the demonstration apparatus oper-
ates at the same speed in each direction of rotation.
The indexing means illustrated in FIG. 14 is not used
in the demonstration apparatus, and the spacing be-
tween channels is selected as desired. With a close
channel spacing, without the use of keepers as de-
scribed in connection with FIG. 6, some interference
may be observed between the channels, although the
video information is accurately reproduced. The inter-
ference between channels is, of course, avoided by
choosing an adequate spacing between adjacent chan-
nels as described in ‘connection with FIG. 6.

The playback frequency response for the demonstra-
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tion apparatus including the head (but not the tape)

was flat from about 16 kilocycles per second to the res-
onant peak frequency of the head, the response there-

60

after rising at an increasing rate to the upper useful fre- -

quency limit of the -system. Thus, the playback fre-
quency response was flat from about 16 kilocycles per

second to approxnmately 300 kilocycles per second, the 65

response thereafter rising at an increasing rate to ap-
proximately 2 megacycles per second. The head had
xrregularmes (peaks and valleys) in its response curve
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due to pickup at points other than the main gap (such
as edges of the head core) and the dimensions of the
head core were such that these irregularities occurred
at frequencies below 15,750 cycles per second. In the
demonstration apparatus, the clamp circuit of FIG. 10
operated with a signal polarity such that the sync.

-pulses were negative. Of course the clamp circuit can

be reversed for an opposite polarity signal.

" To illustrate the flutter reduction obtained in the
demonstration apparatus using the circuit of FIG. 12,
the following tabulation may be given mdlcatmg gener-
ally the results observed.

Flutter Fréquency, cycles per o .
second Ratio of Reproduced Flutter with
Circuit of FIG. 12/Flutter with

Original Circuit in same TV Set

10 0.14
20 0.13
30 0.06
60 0.05
120 0.07
180 0.12
300 0.15
600 0.23
900 0.50
1200 0.75
3000 0.80
10,000 0.80

The motor 330 having the capstan 307 on the shaft
thereof may be of the hysteresis synchronous type, but
where economy is paramount an induction type may be
used, in which case the induction motor is preferably
operated with an air gap flux density of about 7,500
gauss or less, being less than about half the normal op-
erating density of such motors. This has been found to
eliminate rotor speed fluctuations at harmonics of the
power line frequency, which speed fluctuations were
otherwise so severe that a satisfactory picture could not
be recorded.

In FIG. 1, the 200 turn winding 28 is physically
shorter and is placed higher on the core legs than the
1,000 turn winding 27. That is, the top of the winding
28 as viewed in FIG. 1 is above the top of the winding
27 as viewed in FIG. 1.

The capacitor 990 in FIG. 8 is, of course, for the pur-
pose of shifting the phase of the energizing current in
one winding of the motor 330 as compared to the phase
of the energizing current in the other winding of the
motor. Actuation of the switch 342 from one position
to the opposite position changes the phase relationship
by about 180° to cause rotation of the motor in the op-
posite direction.

The playback circuit of the demonstration apparatus
including the head provides a substantial useful low fre-
quency response down to at least about 800 cycles per
second. The response below this relatively low fre-
quency drops off at an increasing rate which reaches a
rate higher than 6 decibels per octave. There is a sub-
stantial boost in low frequency response in the region
between about 800 cycles per second and about 8,000
cycles per second. Thus there is a substantial boost in
low frequency response at frequencies directly above
the low frequency cutoff value of about 800 cycles per
second.

It will be observed that the time constant for capaci-
tor 721 and resistor 728 in FIG. 12 is about 30 micro-
seconds. The time constant for capacitor 705 and resis-
tor 706 is about 75 microseconds. The time constant
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for capacitor 719 and resistor 714 is about 130 micro-
seconds; and the time constant for capacitor 718 and

resistor 713 is about 130 microseconds also. Capacitor

720 and resistor 728 have a time constant of about 75
microseconds, matching 705 and 706.

3,824,619 -

In the demonstration apparatus it is considered that

the time constant provided by capacitor 721 and resis-
tor 728 is of greatest importance.

It has been found that interference between the high

frequency bias and the television picture signal durmg
- recording is reduced if the bias oscillator frequency is
adjusted to certain exact values where beats are mini-
mized. (For this reason capacitor 423 ‘in FIG. 10 is
preferably a variable capacitor.)-

With’ a balanced audio head arrangement as illus-
trated in FIGS. 1-3 of the present case, the audio bal-
ance may be established by shifting the tape laterally
and a laterally adjustable tape guide is indicated at 993,
- 994 in FIG. 2 for this purpose. '

In general the time constants of the correction net-.
works in the various embodiments are -considered. of

" substantial importance and the illustrated values given
herein represent good choice for such time constants.

Compensation is preferably provided in the earliest
stage as in FIGS. 10-and 11 to prevent distortion of high
level signals.by the amplifier. Although the equalizing
circuits in FIGS. 10 and 11 resemble video amplifier
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coupling networks in some respects, the values of resis- -

tance, capacnance and inductance chosen for the illus-
trated circuits as given herein are w1dely different from
conventional video amplifier circuits, and give sharp
c»hanges in frequency response over the useful spec-
trum;. in contrast to a relatively flat response which is
the objective of ordinary video compensatmg net-
works.
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Compensanon for flutter may be effected’ by usmg
the output of a discriminator or frequency comparison
circuit as in FIG. 13 or FIG. 12 to control the width of

‘the horizontal scan in the display tube, as by narrowing

the width when the playback is too slow, and increasing
the width when the signal is too fast. The width may be
controlled by modulating the screen voltage of the hor-
izontal output tube, or by modulating the high voltage
applied to the display tube, according to the output

from the frequency comparison circuit.

In FIG. 11 the circuit point b common to 650 and 661
assumes a positive potential with respect to ground, de-
pending on the potential of 614 and the relative values
of 657 and 653. Capacitor 654 also assumes-practically
the same potential. The composite video and negative
going sync. applied to this circuit point & through 650
may swing the circuit point b in the positive direction
with-minimum loading since this places a reverse volt-

age across diode 656. However when the signal swings
in the negative direction, diode- 656 becomes conduct- . -

ing and offers a low impedance to'ground through 654.

‘The 'signal is thus clamped at its negative sync. level.

Rectification of the negative sync. tips lowers the po-
tential of 654 (and of b) momentarily, but 654 regains
its charge through 657 during the interval between
sync. pulses. The discharge rate of point b through 653 -
is nearly independent of the signal because it is deter-

‘mined mainly by the bias which is added to the signal.
“The bias may be 5 to 10 times as great as the signal, or

even higher. This arrangement gives a clamping action
independent of variations in the picture, especially in
portions of the cycle where the signal is becommg more
positive; and provides uniform shading of the picture.
The degree of discharge may be regulated by adjust-
ment of 653. Inductor 655 minimizes clipping the lead-

. ing edge. of the sync. pulses.. Coupling network 661,

The time constants chosen in FIGS. 10 11 and 12,

" for examiple, are unique and important for telev1s10n
recording and the like. . -

In FIG. 7, the peaks of the reproduced s1gnal prior to
integration are so high that they are clipped, with. con-
sequent distortion.
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Bias frequencies from 3 to 15 megacycles per second '

have been advantageously employed with the conﬁgu-.

ration of FIG. 6.
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It is' contemplated”that the demonstration apparatus

may be successfully operated at a lower speed such as
60 inches per second, for example. - '

In the circuit of FIG. 10 dlode 507 may be shorted
out.

A head such as shown in FIG. 1 may have apprecia-
ble pickup during playback near the core ends where
the tape 11 makes first and last contact with the video

core 13. This is minimized by the use of keepers as pre-.

viously described with reference to FIG. 6, by sloping
the head-at an angle and lifting the tape out of contact
with the core ends, rounding the core ends; etc: If the
core dimension from gap to end are made long enough,
the effects of .this plckup occurs at frequencies below
the line frequency, causing minimum interference with
the reproduced signal. Thus the core should be long

enough so that a recorded wavelength corresponding to.

15,750 cycles per second is not picked up appreciably
by the core ends compared to the pickup at the main
gap. For a tape speed of 120 inches per second this-cor-

" responds to a recorded wavelength of 0. 0075 inches
approx1mately :
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665 transfers the clamped signal to the TV set w1thout
substantial distortion.

The recording circuits are essennal]y flat to below 10
cycles per second in voltage response, with negligible
phase shift to below 60 cycles per second. At low and
medium frequencies the picture voltage waveform in-
cluding normal sync. pulses is transformed faithfully -
into a current waveform by 558, 421, or 163; into a
magnetic flux waveform by head 550, 400 or 100; and
recorded as a variation in flux on tape 11.

At the highest frequencies; capacitors 559, 420, 158,
and 162 compensate for shunt capacity of the head, im-
pedance rise in its windings, core losses, losses in the
recording circuits, etc. to maintain the recording. flux
wave as a faithful r'eproduction of the composite signal.

A preferred condition of recording head response. is
when the voltage across the head winding rises in direct
proportion to frequency at frequencies high enough so
that head winding resistance is negligible compared
with its reactance. When this condition is achieved the .
current in the heads described in this speciﬁcation rises
with frequency to a:certain degree.

The 6GM®6 tube is suitable for A.G.C. operatxon, as
its amplification varies with grid bias.

- The demonstration apparatus used a hysteresis syn-
chronous type capstan motor. v

As an alternative to driving the head from the output
of the TV set video amplifier, the amplifier in the re-
corder could be used for.this purpose. For example,
during recording the grid of 635 can be connected to
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the TV set at its video detector or to the cathode circuit
of its video amplifier, or to its plate circuit through a
step down voltage divider. Line 553 would then be con-
nected to the plate circuit of 635 during recording, in-
stead of to the plate circuit of the TV set video ampli-
fier. This arrangement reduces loading of the TV video
amplifier, eliminates some connections, and reduces
the impedance level of the signals in the cable.

In addition to the warning signal indicator of FIG. 15,
one may record a special signal on the tape at the end
of each channel at the time the record is made, to mark
the various points of reversal and channel changeover.
During playback these signals may automatically actu-
ate the reversal and channel changeover, to give con-
tinuous playback without any manipulation on the part
of the operator. ‘

The simplest clamping circuit, shown in FIG. 7, com-
prises 245, 248, 247, 249, This is poled for a. p1cture
signal with positive- gomg sync. pulses .

While the audio pole pieces have been illustrated as
directly recording the audio frequencies, they can be
used instead for recording a carrier modulated by the
audio signal, which carrier would be demodulated for
playback.

In place of the vacuum tubes, transistors could be
used without altering the function of the associated cir-
cuits.

The neon lamp is actuated well in advance of the tape
ends and remains lit, so that during recording the oper-
ator may choose an appropriate reversal point depend-
ing upon the program material. A relay should operate
automatlcally before reaching the very ends of the tape
in case the operator neglects the changeover. During
playback the reversals preferably take place automati-
cally at the points where changeover was made in the
recording process.

In regards to reducing the reflected capacitance
across the head to the lowest possible value, it may be
desirable to omit 458 and/or 466 and obtain an equiva-
lent effect elsewhere in the circuit.

If no additional grid bias is desired from the clamping
circuit, 505 may be reduced to zero, and 506 elimi-
nated.

A.G.C. line 935 may similarly be connected to 468,
or to both 468 and 488.

The following are objects of the invention.

1. Circuit and head combination that gives high out-
put and signal-noise ratio even with a very narrow track
width, allowing more tracks on a given width of tape.

2. Signal circuits that give adequate correction for -

video (and radar) recording, using direct recording.
- 3. Faithful reproduction of recorded waveforms over
a video frequency spectrum.

4. Economy of tape usage as well as of mechanism
and of circuitry to give a practical home recorder for
video.

5. Stabilization of p1cture signal that enables the use
of an inexpensive drive.

6. Stabilization that tolerates considerable flutter
during recording and/or playback.

7. Treatment of signal that compensates for defects
in the magnetic recording and/or playback process of
a video signal including hum pickup, inherent tape
noise, amplifier noise, deficiencies of heads and tapes,
rate of change playback effects, phase shifts, etc.
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8. Reproduction of a steady picture from a video sig-

“nal which has a relatively high degree of frequency or

amplitude modulation due to drive instability.

The time constants of the RC and L networks in the
amplifier circuits of FIGS. 7, 10 and 11 and in the stabi-
lizing ctreuits of FIGS. 12 and 13 are important in-pro-
ducing the desired results in recording and reproduc-
tion of the picture. These may be calculated readily
from the tabulated values, and important limits of these
are indicated in some of the appended claims.

It will be apparent that many modifications and varia-
tions may be effected without departing from the scope
of the novel concepts of this invention.

I claim as my invention:

1. In a transducer system including a broadcast tele-
vision receiver having a horizontal oscillator for con-
trolling generation of an output horizontal sweep fre-
quency signal and having a Eorlzontal control circuit
including a shunt output network developing a control
signal thereacross for controlling the frequency of said
horizontal oscillator, said horizontal control circuit in-
cluding a phase detector for comparing the phase of the
output horizontal sweep frequency signal with input
synchronizing signals, and a series circuit including a
series resistance connecting the output of the phase de-
tector with said shunt output network, said shunt out-
put network including a capacitor therein,

a record medium having a recorded signal compris-
ing periodic synchronizing signals which recorded
signal when reproduced is subject to flutter condi-
tions occurring over relatively short time intervals
due to flutter in the motion of the record medium
and to average drift conditions occurring over sub-
stantially longer time intervals,

a playback head for scanning the recorded medium
and electrically reproducing the recorded signal,
and

circuit means for coupling to said playback head for
receiving the reproduced signal and for supplying
the reproduced synchronizing signals to said phase
detector,

wherein the 1mprovement comprises

said series circuit including capacitance means in
parallel with said series resistance, and said shunt
output network including resistance means in se-
ries with said capacitor, such that said horizontal
control circuit corrects both for average drift con-
ditions of the type encountered under broadcast
television reception conditions, and for flutter con-
ditions occurring over said relatively short time in-
tervals due to flutter in the motion of the record
medium,

the time constant of said capacitance means of said
series circuit and the resistance means of said shunt
circuit being such as to provide a substantial in-
crease in horizontal picture stability in the pres-
ence of flutter conditions resulting from flutter in
the motion of the record medium, in comparison to
the case where the capacitance means and resis-
tance means are omitted.

2 In a transducer system according to claim 1,

wherein said television receiver includes a horizontal

- synchronizing separator for supplying horizontal syn-

chronizing pulses to said horizontal control circuit, the
improvement comprising a filter interposed between
said horizontal synchronizing separator and said circuit
means for substantially attenuating pulses occurring at
a vertical synchronizing rate of said receiver, said cir-
cuit means being substantially insensitive to pulses at
said vertical synchronizing rate from said horizontal
synchronizing: separator, except for the presence of

said capacntance means and said resistance means.
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