~

United States Patent

(111 3,596,008

{72] Inventor Marvin Camras
Glencoe, 111
{21] AppLNo. 649,256
[22) Filed June 27, 1967
[45] Patented July 27, 1971
[73] Assignee IIT Research Institate
Chicago, 111 .
Continuation-in-part of application Ser. No.
528,934, Feb. 21, 1966, now abandoned y
and a continuation-in-part of 545,050, Apr.
25, 1966, now Pateat No, 3,484,546, dated
Dec. 16, 1969, ‘
—_—
[54] VIDEO TRANSDUCING ELECTRIC CIRCUITS
27 Claims, 14 Drawing Figs.
[52} US.CL.................. e e, 179/100.2,
178/6.6 A, 330/21, 179/100.2 K
(511 10 Cheeoe G11b 5/44,
HO04n 5/78, HO3f 1/34
[50) FieldofSearch................. .~ " 179/100.2,

100.2K, 171; 178/6.6 A; 330/21

[56] References Cited

UNITED STATES PATENTS
3,160,824 12/1964 Stair................... 179/100.2
3,316,360  4/1967 Coleman, Jr.etal. ........ 179/100.2

OTHER REFERENCES

Transistor Circuits for Magnetic Recording by N. M.
Haynes 1964 - Howard Wisams and Co., Inc. Indianapolis, In-
diana page 122

Primary Examiner—Bernard Konick
Assistant Examiner—J. Russell Goudeau
Attorney—Hill, Sherman, Meroni, Gross & Simpson

ABSTRACT: Monochrome and color television recording and
playback circuitry for coupling with a standard broadcast
receiver. Recording signals supplied to the recording head
without further amplification, and with circuitry for maintain-
ing a good visual display during recording, and circuitry for
phase correction and pulse modification, Playback circuitry
for reduced thermal noise, phase correction and improved

response. Frequency modulation sound on video track.
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VIDEO TRANSDUCING ELECTRIC CIRCUITS
CROSS-REFERENCES TO RELATED APPLICATIONS

The present application is a continuation-in-part applica-
tion based on U.S. Ser. No. 528,934 filed Feb. 21, 1966 (now
abandoned) and Ser. No. 545,050 filed Apr. 25, 1966 (now
U.S. Pat. No. 3,484,546 issued Dec. 16, 1969).

Reference is made in compliance with the requirement of
35 U.8.C. 120 to my copending applications Ser. No. 389,021
filed Aug. 12, 1964 (now U.S. Pat. No. 3,469,037 issued Sept.
23, 1969); Ser. No. 401,832 filed Oct. 6, 1964 (now U.S. Pat
No. 3,495,046 issued Feb. 10, 1970); Ser. No. 407,402 filed
Oct. 29, 1964 (now U.S. Pat. No. 3,513,265 issued May 19,
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. 545,050 filed Apr.
25,1966 (now U.S. Pat. No. 3,484,546 issued Dec. 16, 1969).

The disclosures of each of the aforementioned pending and
abandoned applications is hereby specifically incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

An important problem in the magnetic recording art relates
to the need for a television recording and playback system
which can be manufactured at a reasonable cost and yet which
will provide quality recording and playback of television
signals, and particularly color television signals and the as-
sociated audio signals.

SUMMARY OF THE INVENTION

This invention relates to a wide band transducing system
and method, and particularly to a system for recording and/or
reproducing black and white and color television signals.

In a preferred embodiment of the present invention three
demodulated signals from a conventional color television
receiver are transmitted by the circuitry of the present inven-
tion to a magnetic tape recorder. Preferably the magnetic
transducer heads embody features of the above-identified
copending applications. Thus each playback head unit
preferably has high and low impedance windings thereon with
resonant frequencies selected so as to provide a significantly
increased range of useful output frequencies. A specifically
designed fully transistorized playback amplifier is preferably
associated with each head unit for providing in conjunction
with the high and low impedance windings a relatively uniform
response over the required frequency spectrum.

For maximum economy it is preferred that the playback
head units also be used for recording. Preferably the demodu-
lated signals are supplied essentially only to the respective low
impedance windings during recording. Further economies
(and improved shielding during playback ) may be achieved by
providing a housing of magnetic shielding material for the
head units which also serves as part of crossfield magnetic cir-
cuits for the respective head units. The crossfield magnetic
circuits are preferably energized by respective electrical con-
ductors arranged to extend along the sides of the head units
and adjacent the record medium path at the transducer gaps
for optimum operating efficiency and for maximum simplicity
in construction.

The head units and circuit concepts of the present invention
may be applied to various transducer configurations such as
the right angle or skew angle rotating head configurations
wherein the head units scan successive right angle or skew
angle tracks on a longitudinally moving, relatively wide record
tape. An important contribution of the present invention,
however, resides in a system for transducing color television
signals by means of stationary head units which scan longitu-
dinal tracks on the record medium. For example, a system has
been devised and successfully operated for recording and
playing back broadcast color television signals on a Y%-inch
magnetic tape record medium with provision for more than
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2 :
one program on the same tape. Using the preferred head con-
figuration, and preferred electric circuitry, such color televi-
sion signals may be recorded and reproduced with scanning
speeds of the head relative to the record medium of the order
of 120 inches per second or less and with the use of low-cost
tape transports, comparable in cost to present home (non-
professional) type sound recorder transports. Head-to-tape
scanning speeds of 60 inches per second or less are feasible
using the teachings of the present invention, in contrast to
head velocities of the order of 1500 inches per second which
are typical for present rotating head systems.

it is an object of the present invention to provide an
economical television transducing system such as would be
particularly suitable for home or educational uses.

Another object of the invention is to provide a wide band
transducer system capable of effective transducing of signals
with frequency components extending into the megacycle

range at head scanning speeds of 120 inches per second or
less.

A further object of the invention is to provide a system and
method for effectively and economically transducing color
television signals; and also to provide such a system which
need have an upper frequency response limit of only 2 mega-
cycles per second or even 1 megacycle per second.

‘Still another object of the invention is to provide a system
for recording and/or reproducing television signals together
with the related audio intelligence which is readily connected
with present commercial broadcast receiver circuitry; and also
to provide such a system for color television signals which
requires only three video transducer head units, or less.

Yet another object of the invention is to provide a system
for recording and/or reproducing television signals such as
those which may be obtained from present commercial broad-
cast receivers, with the use of a low-cost tape transport and
stationary head units scanning the tape in the direction of tape
movement; and also to provide such a system for color televi-
sion signals.

Another and further object of the invention is to provide a
system for recording and reproducing color television and
audio signals with the use of broadcast receiver circuitry and a
minimum number of additional low-cost transistors of the
order of 12.

Yet another and further object of the invention is to provide
a color television record-playback system having great sim-
plicity of operation with only a record-play switch and a tape
transport selector being required (a color balance control
being optional).

The objects of the aforementioned applications for patent
are also applicable to the present disclosure and are specifi-
cally incorporated by reference at this point in the present
specification.

It is also an object to provide simple means for phase error
correction in video recording and/or playback circuitry.

A further object resides in the provision of a television
recording and/or playback system with a high gain, low noise
amplifier operable at relatively low tape speeds and with rela-
tively narrow head widths.

Another object resides in a method and apparatus for high
fidelity recording and/or reproduction at low cost.

A still further object is to provide a transducer system which
is relatively insensitive to record speed variations.

Still another and further object of the invention resides in
the provision of a relatively inexpensive and simple system for
recording audio signals associated with a color video signal.

Other objects, features and advantages of the present inven-

‘tion will be apparent from the following detailed description

taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electric circuit diagram showing a television
recording and playback system in accordance with the present
invention;
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FIG 2 is an electric circuit diagram showing a modified
magnetic playback amplifier in accordance with the present
invention;

FIG. 3 is an electric circuit diagram illustrating a further
modified magnetic playback system in accordance with the
present invention;

FIG. 4 shows an electric circuit diagram illustrating a
further magnetic playback amplifier in accordance with the
present invention;

FIG. § shows an electric circuit diagi'am for a magnetic
recording and playback system which may include the amplifi-
er of FIG. 4;

FIGS. 6A and 6B together show an electric circuit diagram
for a magnetic recording and playback system for color televi-
sion signals in accordance with the present invention, the cir-
cuitry Jf FIG. 6B being located below the circuitry of FIG. 6A
as illustrated;

FIG. 7 shows graphically response curves as a function of
frequency particularly with reference to the system of FIG. 1;

FIG. 8 illustrates further response curves utilized in explain-
ing the operation of the video amplifier of FIG. 1;

FIG. 9 illustrates a modification of the output stage of the
amplifier of FIG. 3;

FIG. 10 illustrates a preferred tape transport configuration
for the previously illustrated systems;

FIG. 11 is a circuit diagram illustrating a means for phase
correction during recording operation;

FIG. 12 is an electric circuit diagram showing a phase cor-
rection circuit used directly at the head windings; and

FIG. 13 shows diagrammatically television signal waveforms
which are useful in explaining the operation of the circuit of
FIGS. 6A and 6B.

DESCRIPTION OF THE STRUCTURE OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1 there is illustrated recording and
playback electric circuitry which is specifically adapted to
record and playback monochrome video signals when used in
conjunction with a conventional television broadcast receiver.

The various switch contacts are shown in the recording
position which they would assume in carrying out a recording
operation on a magnetic record tape. The magnetic trans-
ducer head assembly is diagrammatically indicated as includ-
ing a first winding 19 having a relatively large number of turns
and a second winding 11 having a lesser number of turns. The
head assembly preferably is constructed as disclosed in my
copending application U.S. Ser. No. 628,682 filed Apr. 5,
1967, (now U.S. Pat. No. 3,534,177) and the disclosure of this
copending application is incorporated herein by reference in
its entirety. In the preferred construction, the magnetic head
comprises a ring-type core with the first winding 10 encircling
a base portion of the core, and the second winding 11 wound
on top of the winding 10 and thus being more closely coupled
with the signal flux from the record medium at the coupling
gap of the magnetic head, and particularly at relatively high
signal frequencies where flux in the magnetic core is opposed
by eddy currents. Winding 11 is placed such that there is rela-
tively a minumum of leakage in its coupling with the signal
flux from the magnetic record medium at the coupling gap,
and which leakage is substantially less than that with respect
to the winding 10. .

In FIG. 1, a broadcast television receiver is indicated by
dash line rectangle 20 and includes a horizontal output trans-
former 21, resistors 22—30, inductor 32, capacitors 41—-46,
diode pair 48, sound trap 49 and tubes 51 and 52.

As an example, the circuit components may be arranged in
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a circuit similar to that of the Zenith commercial broadcast
television receiver chassis No. 14L.30. Having reference to this
specific receiver (and referring to certain commercial parts by
the use of the manufacturer’s notation placed in parenthesis),
conductor' 61 would be connected to the intermediate
frequency second detector component (T4) of the 14130
chassis and to video peaking circuit parts such as (L5) and
(RS), while conductor 62 would lead to parts such as (C33)
and (V8) of the sync separator circuitry of the chassis. The
normal connection between conductor 61 and the left side of
resistor 23 is broken, and conductors 63 and 64 are connected
with the now separated circuit points. The tube 51 is identified
in the chassis as (v6A) and is a type 6GN8 tube section
providing the video frequency amplifier stage of the receiver.
The sound trap 49 is identified as component (T5) in said
chassis, and circuit point 65 may lead through conventional
circuitry to the cathode, for example, of a picture tube (V15)
of said chassis identified as type 19CRP4. Conductor 66 in
FIG. 1 may be connected with the plate (pin 8) of tube (V8)
of the chassis which is a type 6HS8 tube performing the func-
tions of automatic gain control and sync clipping. The tube 52
is identified as (V10A) in said chassis and is formed by one-
half of a type 6KD8 tube. The horizontal output transformer
21 is shown as being provided with a single-turn winding 68
connecting with a conductor 69 such that negative pulses are
supplied by 69 during horizontal blanking. The output of the
video amplifier tube 51 is supplied to a conductor 70, and con-
nections are made to the horizontal control circuitry 171 as-
sociated with tube 52 as indicated by conductors 71, 72 and
73. Preferred values of various components are tabulated
below by way of example and not by way of limitation with
components which have been added to the commercial
receiver circuit and components whose value has been
changed suitably indicated.

TABLEI(FIG. 1)

Resistor Resistance Value (Ohms)
22 68,000
23 330
24* 1,500
25+ 3,300
26 330,000
27 330,000
28 1,000,000
29 150,000
30+ 100,000
Inductor Inductance Value
32¢ 100 microhenrics
t0 316 microhenries
Capacitor Capacitance Value
41* 100 micromicrofarads
42 51 micromicrofarads
43 51 micromicrofarads
44+ 390 micromicrofarads
45+ 390 micromicrofarads
46 470 micromicrofarads

*new component added 10 14130 Chassis
**value of component changed from that of the 141.30 Chassis

With respect to the receiver 20 of FIG. 1, the conventional
chassis No. 14L.30 had a resistor (R8) at the location of induc-
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tor 32 and has an inductor (L7) at the location of resistor 24.
The former components (R8) and (L7) are replaced by the
components 32 and 24 in the system shown in FIG. 1. The re-
sistor 25 is placed physically near takeoff point 74, from which
the video signal is derived for recording, the takeoff point 74
being located between inductor 32 and resistor 24. Thus re-
sistor 28 is physically substantially nearer to circuit point 65 at
the output of the video amplifier of the conventional chassis
than to the adapter circuitry located in a separate junction box
80 and to which conductor 70 connects. The resistor 25
reduces the loading effect of the record head circuitry con-
nected with conductor 70 on the conventional video circuits,
so that a good picture may be observed on the receiver picture
tube (V15) while a recording operation is taking place.

The conductors 63, 64 and 69—73 are connected with com-
ponents of a junction box indicated by the dash line rectangle
890, and the junction box 80 is preferably mounted on the
television receiver 20. The junction box 80 contains resistors
8188, inductor 90, capacitors 91—96 and diodes 98—160.

The preferred values for these components are tabulated
below: :

TABLEII(FIG. 1)

Resistor Resistance Value (ohms)
81 22,000
82 470,000
83 680,000
84 470,000
85 10,000
86 3,300
87 56,000
a8 1,000,000

Inductor Inductance Value
20 {100 microhenries

Capacitor Capacitance Value
91 0.1 microfarad
92 0.002 microfarad
93 0.47 microfarad
94 390 micromicrofarads
95 160 micromicrofarads
96 200 micromicrofarads

Diodes 98, 99 and 100—Type 1N463A

The circuitry of the junction box 80 may be connected with
conductors 110—112 in FIG. 1 by means of a plug and socket
connection, the socket member being secured to the junction
box 80, and a suitable plug being associated with a cable car-
rying conductors 110—!12. The connections that lead from
the TV set components to the junction box 88 preferably ter-
minate in a plug and socket at 69, 63, 64, 70, 71, 72, 73. Thus
TV sets may be provided inexpensively with a few connections
and a socket; and the junction box added only if used with a
recording or playback system. Connections such as 64, 70,
etc. may be made to adapters which fit under the tubes of the
TV set. The circuitry at the upper part of FIG. 1 may be
disposed closely adjacent to the video tape recorder including
the recording head previously referred to having windings 10
and-11. These circuit components may include a direct cur-
rent power supply component generally designated by the
reference numeral 115, a bias frequency oscillator component
generally designated by the reference numeral 116, and a
playback preamplifier component 117.
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The various circuit elements in the upper part of FIG. 1
have been given reference numerals between 120 and 161, or
combined letter and number reference characters such as
1-R1 (where the initial number refers to the figure number in
which the circuit element is located), and the preferred
parameters are summarized below:

TABLE Il (FIG. 1)

Resistor Resistance Value (olims)
120 1,800
121 4,700
122 27,000
123 27,000
124 2.7
125 2.7
126 100
127 10
1-R1 2,200,000
1-R2 120,000
1-R3 2,200
1-R4 18,000
1-RS 1,000,000
1-R7 560
1-R8 470
1-R9 10,000
1-R10 2,700
1-R11 150
1-R11A 150
1-R13 120
1-R13A 22
1-RI1S 680
1-R18 220
1-R18A 22
1-R19 470
Inductor Inductance Value
1-L1 10 microhenries
1-L3 5.5 microhenries
130 24 microhenries
Capacitor Capacitance Value
13 300 micromicrofarads
132 100 micromicrofarads
133 820 micromicrofarads
134 50 micromicrofarads
138 50 micromicrofarads
136 0.05 microfarad
137 8 micromicrofarads to 80
micromicrofarads
138 1,000 microfarads
139 1,000 microfarads
i-Ci 20 microfarads
1-C2 20 microfarads
1-C3 Q.01 microfarad
1-C4 0.07 microfarad
1-C4A 0.003 microfarad
1-C§ 20 microfarads
1-C6 0.01 microfarad
1-C8 0.01 microfarad
1-Clo 0.005 microfarad
1-Cl1 0.47 microfarad
Transistor Type
1-Q1 2N4250
1-Q2 2N3860
1-Q3 2N3860
1-04 2N3860
150 40407
15t 40407

Diodes IN463A

Transformer primary 152—14 turns No. 18



3,596,008

7

A.W.G. center tapped, ‘%-inch diameter by l-inch long
Sccondary 153—24 turns

No. 30 A.W.G. coupled to primary winding

Hum balancing loop 161— 1-inch diameter loop with one or
more turns depending on location with respect to hum fields
Head Paramcters:

Winding 10 has 450 turns of 048 AW.G. with an in-
ductance of 4800 microhenries.

Winding 11 has 150 turns of 044 A.W.G. with an in-
ductance of 670 microhenries.

The head gap is about 25 microinches long.

Connections are series aiding for windings 10 and 11 during
playback.

Recording current is about 1 to 2 milliamperes peak to peak
for the signal, and about 25 to 50 milliamperes bias current
peak to peak at 4.7 megacycles per second.

Tape speed is 120, 60, or 30 inches per second.

A t. pe with an extra smooth surface, either of audio or of
instrumentation grade is preferred.

The output of the power supply component 115 at conduc-
tor 155 may have a direct current potential of 20 volts. The
operating frequency of oscillator 116 may be in the neighbor-
hood of 5 megacycles per second.

During recording, the switch contact arms are in the upper
positions as indicated in FIG. 1 and designated by the letter
“R.” During playback, the switch contact arms are in the
lower playback position marked by the letter ““P.”" In record-
ing mode, the video signal including the horizontal
synchronizing component and the vertical blanking com-
ponent, that is a conventional composite monochrome signal,
may be supplied via conductors 61, 63 and 64 to the grid of
tube 51. The output of tube 51 is supplied through resistor 25,
conductor 78, conductor 112, secondary 153 (with capacitor
132 in parallel) and conductor 159 to the head winding 11,
the upper end of which is grounded through shielding 160 and
hum balancing loop 161. The high frequency bias signal is sup-
plied to the primary 152 by oscillator 116 and is superimposed
on the video signal at the sccondary winding 153.

During playback operation, with the switch contacts in the
lower position, head windings 10 and 11 are connected in se-
ries aiding relation to the input of the preamplifier 117. With a
series aiding connection, the low frequency components of the
recorded signal produce voltages in windings 10 and 11 which
are additive with respect to the input of preamplifier 117. The
output of the amplifier 117 is supplied via conductor 162 and
conductor 111 to the grid circuit of tube 51 for amplification
and display on a conventional television receiver display tube.

The resistor 120 is connected across head winding 10 to
suppress undesirable *‘ringing” or resonance peaks which may
occur in the head circuit, and to reduce internal impedance of
the head circuit.

Connected with conductor 64 during playback operation is
a clamping network 170 including diodes 98, 99 and resistor
81 which are connected to winding 68 on the horizontal out-
put transformer 21.

The horizontal stabilizing circuitry 171 at the input of the
tube 52 in FIG. 1 receives the reproduced horizontal sync
component from the magnetic record medium so as to control
the sweep rate of the horizontal sweep signal for the deflection
system of the television receiver cathode-ray tube. Horizontal
synchronizing pulses from a sync pulse separator of the televi-
sion receiver are applied to line 66 in FIG. 1.

The description of clamping and stabilizing circuits in Ser.
No. 401,832 (corresponding to the circuits 170 and 171) is in-
corporated herein by reference. These are especially valuable
in handling video signals having imperfections arising in the
record-reproduce process.

FIG. 2 shows a modified input stage for the playback circuit
of FIG. 1. Other portions of the recording and playback
system of FIG. 2 correspond to those of FIG. 1, and the show-
ing in FIG. 1 and the description of FIG. 1 is hereby specifi-
cally incorporated as disclosing the system of FIG. 2, except
for the modifications. The following table summarizes the
preferred parameters for the components actually illustrated
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in FIG. 2 (other preferred values being as found in Tables 1, I1
and III):

TABLE1V (FIG. 2)

Resistor Resistance Value (ohms)
2-120 3,300
2-121 4,700
2-R2 390
2-R3 330
2-R4 1,500
2-R5 200,000
2-Ré6 10,000
2-R6A 100,000
2-R7 100
2-R8 220
2-R9 2,200
2-R10 1,500
2-RI0A 10
2-R13 82
2-R13A 22
2-RI1S 820
2-R18A 5.6
2-R18 180
2-R19 470
Inductor Inductance Value
2-L3 5.5 microhenrics
Capacitor Capacitance Value
2-131 200 micromicrofarads
2-C2 25 microfarads
2-C3 0.02 microfarad
2-C4 20 microfarads
2-C5 50 microfurads
2-Cé6 0.1 microfarad
2-C7 25 microfurads
2-C8 0.005 microfarad
2-C10 0.003 microfarad
2-C11 0.47 microfarad
Field effect transistor 2-Q1—Type 2N4222A
Transistor 2-Q2--Type 2N3856A
2-Q3—Type 2NIBS6A
2-Q4—Type 2N3856A
Hum balancing loop 2-161—1-inch diameter loop
The other data may correspond to that given in Table 11

beginning with the data under “‘Head Parameters” and con-
tinuing to the end of Table IL.

The circuit of FIG. 2 has a higher input impedance than that
of FIG. 1. Its low input capacitance reduces the head loading
at high frequencies, while its low noise level at low frequencies
improves the signal to noise ratio.

In FIG. 3, the overall system corresponds to that of FIG. 1
but is modified by disconnecting output line 111 of FIG. 1
from line 162 and interposing a phase correction stage
generally designated by the reference numeral 300. Thus line
3-162 in FIG. 3 which corresponds to line 162 in FIG. 1 is
connected with the input of the phase correction stage (and
also to feedback line 3-1624), and line 3-111 in FIG. 3 which
corresponds to line 111 in FIG. 1 connects the output of the
phase correction stage with capacitor 92 in the junction box
80.

The head parts in FIG. 3 may correspond to those in FIG. 1
and include a core 320 having a coupling gap 321 and
windings 3-10 and 3-11. Resistor 3-120 corresponds to re-
sistor 120 in FIG. 1. The switch circuitry and recording cir-
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cuitry not shown in FIG. 3 may correspond to that in FIG. 1. inductor Inductance Value
Component 322 in FIG 3 may represent the corresponding Lt 16 microhennies
parts 1-C1, 1-L1, 1-Q1. 160, 161, 1-R1, etc. up to the input 413 5.5 microhenries
of 1-Q4in FIG. 1. :
The' preferred values of the parts actually shown in FIG. 3 5
are tabulated as follows: Capacitor Capacitance Value
4-C1 20 microfarads
TABLEV (FIG.3) 4-C3 0.01 microfarad
10 4-c4 0.2 microfarad
4-C3 20 microfarads
Resistor Resistance (ohms) 4-Cé 0.2 microfarad
4-C8 2200 micromicrofarads
. (0022 microfarad)
3-RS 1,000,000 4-C9 300 micromicrofarads
3-R18 220 is 4-C10 1500 micromicrofarads
3-RIBA 22 (.0015 microfarad)
3-R1% 470 4-C11 47 microfarad
301 22,000
302 10,000 Transistor 4-Q1—Type 2N3563
303 220 4-Q2—Type 2N3860
304 220 20 4-Q3—Type 2N3860
305 0 to 5000 4-Q4—Type 2N3860
Capacitor The data for the head .parameters in the system of FIG. 4
may be the same as given in Table II.
310 20 microfarads 25 mFIG.S, magnetic head 500 is shown as comprising a mag-
an 0.0012 microfarad netic core 501 having a front coupling gap 502. The frlagnetif:
head may have the structure described in my copending appli-
cation Ser. No. 628,682 filed Apr. 5, 1967 and may include a
Transistor 30 first winding 510 having a relatively large number of turns en-
circling the core 501 in the region of gap 503 and may have a
3-04 Type 2N3860 second winc!ing 511 with fewer turns and i!'\ c!oser proximity
32 Type 2N3856A to the coupling gap 502; for example, the winding 511 may be

The other data may correspond to that given at the end of
Table Il beginning with the heading “Head Parameters” and
continuing to the end of Table Il ‘

In FIG. 4, the system of FIG. 1 is contemplated except for
the introduction of a phase correction stage 400 in association
with a transistor 4-Q3, corresponding to transistor 1-Q3 in
FIG. 1. Thus the preceding stage associated with transistor
1-Q2is connected with stage 400 in the same way as it is con-
nected with the 1-Q3 stage in FIG. 1. Resistor 4-R10 in FIG. 4
is connected to the previous stages in the same way as resistor
1-R10 in FIG. 1. Conductor 4-162 in FIG. 4 connects with
capacitor 92 just as shown for conductor 162 in FIG. 1, while
resistor 1-RS and the associated conductor leading to the
emitter of 1-Q1 are omitted for the system of FIG. 4. The low
frequency output of the FIG. 4 amplifier is reversed compared
to that of FiG. 1, which may be counteracted by head
switching as in FIG. § in place of the switching shown in FIG.
1.

The following table gives preferred values for the com-
ponents illustrated in FIG. 4.

TABLE VI(FIG. 4)

Resistor Resistance {ohms)
R-R1 150,000

4-R3 1,500

4-R4 120,000

4-R? 390 (adjustable)
4-R8 820

4-R9 10,000

4-R10 4.700

4-R11 220

4R13 120

4-RI3A 33

4-R14 010 5,000
4-R1S 680

4-18 50

4-18A 22

4-R19 470
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in closer proximity to the coupling gap by having at least a
portion of most of the turns thereof closer to the coupling gap
than any of the turns of winding 510. Thus, the closer proximi-
ty may be achieved by winding 5§11 being wound on top of the
winding 5§10 where winding 510 encircles the base portion
501a of the core 501. The windings 510 and 511 may be ar-
ranged for connection in series aiding relation with respect to
frequency components below the resonance frequency of
winding 510 during playback operation when FIG. 5 switching
is used with the amplifier of FIG. 4; or 510 and §11 may be
connected in series opposition when FIG. § switching is used
with the amplifier of FIG. 1. Switch contacts 531—533 are
shown in their upper record positions in which positions a
recording signal supplied to conductor 5-159 corresponding
to conductor 159 in FIG. 1 is supplied to one side of winding
511 while the other side is grounded. During playback mode,
the input to video preamplifier 534 is connected with windings
510 and 511 with the same polarities as in FIG. 1. Thus, the ar-
rangement of FIG. 5 provides for the inverting of the video
signal during recording relative to the playback polarities, in
comparison with the arrangement of FIG. 1. The switch con-
tact 533 is optionally arranged to ground the input line 535
leading to amplifier 534 during recording and to ground the
recording signal line 536 during playback.

When the circuit of FIG. 5 is applied to the system of FIG. 4,
the windings 510 and 511 are in series aiding relation during
playback operation, capacitor 521 may correspond to capaci-

- tor 4-C1 in FIG. 4 and the components of amplifier 534 may

65

© 70
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correspond to the components between 4-C1 and 4-162 in
FIG. 4. Components corresponding to 160 and 161 in FIG. 1
may also be used for this circuit.

In general, the switching of FIG. 5 may be used with any
recording and playback system where otherwise a phase rever-
sal would occur as between the recording signal supplied to
the system and the reproduced signal delivered by the system,
with reference to the polarities of FIG. 1. In any given system
either the switching of FIG. 1 or the switching of FIG. § will be
appropriate.

Referring to FIG. 6B, the lower part of the drawing may
represent a conventional color television receiver 600. More
specifically, the receiver 600 may comprise an RCA Model
CTC16XH color television chassis with certain modifications
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as hereafter described. Except as specified, the circuit shown
in FIG. 6B corresponds to the Model CTC16XH chassis.

The conventional components shown in FIG. 6B have been
generally given reference characters similar to those given in
part b of the fourth figure of my copending application Ser.
No. 528,934 filed Feb. 21, 1966, but prefaced by the number
six (representing the sixth figure of the present application).
The conventional components of receiver 600 are tabulated in

“the following table.

TABLE VIl

Componcnt Chassis CTC16XH

Designation
6-142 322
6-R312 R312
6-V303 V303 Third Picture I-F
6-V202 ' V202 Sound Demodulator
6-V704 V704 *X" Demodulator
6-150 L705
6-151 R763
6152 C731
6-VT06A V706A (R-Y) Amplifier
6-V7078B V707B Blanker
6-L307 L307
6-VIMA V304A First Video
6-143 T102 High Voltage Transformer
§-V708 V708 Third Video
6-RS01 R50!
6-R523 R523
6-R158 R522
6-R159 cs17
6-160 Cs518
6-V502 V502 Horizontal Oscillator
6-153 L704
6- 154 R764
61558 C726
6-V706B V706B (B-Y) Amplifier

Presently preferred values for the new components within
the region of receiver 600 as well as for the other components
in the system of FIGS. 6A and 6B are given in the following ta-
ble.

TABLE VIII

Resistors: 1
6-R1=39K 2 6-R37=5600
6-R2=150 2 6~-R38=47K
6-R39=470K
6~-R40=18K
6-R42=47K
6~R43=100K
- R44=5600
6-R45=10K
6-R46==1,5)M
6-R47=15M
6-R11=4702 6-R48=10K
6-R12=4702 6-R49=5600
6-R13=350 (one watt) 6-R50=10K
6-R14=22? 6-R51=4700
6-R15=3300 2 6-R52=10
6-R16=10K * 6-R33=65K, I Watt
6-R17=1902 2K
6-R18=33? M
K, 1 Watt
TK
6~-R58=2700
6-R5%=5600
6-R60=27K, 1 Watt
6-R61=6200

6-R36=470K

8-R105="560

Capacitors

Electrolytics:

6-C1=25 microfarads 6 volts 2
6-C2=15 microfarads 25 volts 2
6-C4=60 microfarads 3 volts 2
6-C5=250 microfarads 3 volts 2
6-C12=500 microfarads 25 volts
6-C13=500 microfarads 50 volts
6-C13A =500 microfarads 50 volts
6-C13B =20 microfarads 150 volts
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Disc ceramic:
6-C3=.005 * microfarad
6-C6-=.005 2 microfarad
6-C7=.05 2 microfarad
6-C8=100 2 micromicrofarad
6-CO=500 2 micromicrofarad
6-Cl4A =mica trimmer 5-80 volts micromicrofarads
6~-Cl4B=mica trimmer 5-80 volts micromicrofarads
6-C14C=mica trimmer 5-80 volts micromicrofarads
6~C15=.001 (mica) microfarad
. 6-C16=300 micromicrofarad
6-C17 =300 micromicrofarads
6-C18=.05 microfarad
6-C22=200 micromicrofarads
6-~C24=.002 microfarad
6-C25=.05 microfarad
6-C26=200 micromicrofarads
6~028=200 mieromicrofarads
6-C31=.01 microfarad
6-C32=.002 microfarad
.2 micromicrofarads
.2 micromicrofarads
05 2 microfarad
6-C36=.001 (4K V) microfarad
6-C38=150 micromicrofarads
6-C39=.03 2 microfarad
6-C40=15 micromicrofarads
6-C101=5 micromicrofarads
6-C102=5 micromicrofarads
6~C103= 10 micromicrofarads
6-C104=10 micromicrofarads
6-C105=,02 microfarad
6-C106=.02 microfarad
6-C107=.05 microfarad
6-C108="50 mica micromicrofarads
6-C109=mica trimmer 9-180 micromicrofarads
6-C110=220 mica micromicrofarads
6-C111=120 mica micromicrofarads
6-C120=20 micromicrofarads
6-C121=500 micromicrofarads
6-~C122=10 micromicrofarads
6-C123="500 micromicrofarads

Paper (200 volts):

6-C23=.25 microfarad
6~C27=25 microfarad
6-C29=25 microfarad

Induetors (microhenries):

6-L7=2402
6-L8=550
6-L9="550
6-L10=3
6-1.101=7.1-12.5

6-L6B =100 6-L102=7.1-12.5
6-L6C =100 6-L103=51-102
Diodes:
6-D1=A13A2 6-D5=A13D2
6-D2=A13A2 6-D3=1N463A
6-DIA=A13A2 6-D4=1N463A
6-D2A=A13A2
Transistors:

6-Q1 through 6-Q10=2N3856A.
6Q11 and 6-Q12=7A30 (G.E.)

Switches:

8 pole double throw, Centrallab PA-1025 (in 6-74 and 6-380)
8 pole double throw, relay, Phillips 67DP R 8C3 (6-RC1)
8 pole double throw, relay, Allied T154-6C (6-RC2)

Power Transformer:
T1—Pri. 115 volts, Sec. 35V. 200 ma.

I'The resistors are half-watt or one-quarter watt carbon resistors unless
otherwise noted. Values are in ohms except when folowed by a “K”
which stands for kilohms, or when followed by an “M” which stands
for megohms.

2 Located in Y video channel including amplifier 6-74 of FIG. 64.

DISCUSSION OF FIGS. 1,7 and 8

FIG. 7 shows a curve 701 in a solid outline representing the
overall gain of the system of FIG. 1 as a function of frequency
while curve 702 illustrates a similar response characteristic
obtained with the following modifications of the system of
FIG. 1: 1-R8 270 ohms, 1-R11 120 ohms, 1-R13A 6.8 ohms,
1-R18A 8.2 ohms, 1-R18 270 ohms, 1-R11A 50 ohms, 1-C3
0.017 microfarad, 1-C4 0.05 microfarad, 1-C8 0.005
microfarad, and 1-C10 0.0015 microfarad. The adjustments
in the values of 1-R13A, 1-R18A, 1-C8 and 1-C10 affect
high frequency response.

Curves 701 and 702 were taken by connecting a signal
generator in series with the ground side of winding 10 of the
playback head of FIG. 1 and by measuring the output at the
collector of 1-Q4.

The direct coupled amplifier circuit of FIG. 1 is highly sta-
ble because of the direct current feedback path from the out-
put stage 1-Q4 through 1-R18A, 1-L3 and 1-R10 to the
second stage 1-Q2, and from the second stage through 1-R1
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to the input of stage 1-Q1, and also from the collector of 1-Q4
through 1-RS5 to the emitter of I-Q1 The negative feedback
circuitry is also effective at relatively low frequencies (below
1000 cycles per second) to progressively reduce the response
of the amplifier as a function of input frequency as frequency
i decreased, reducing hum and fluctuations that would other-
wise be annoying. The use of the NPN-type transistor 1-01
for the first stage and the PNP-type transistor for the following -
stage 1-Q2 improves the biasing condition by providing a low
direct current voltage of only about 1.6 volts at the base of the
second stage 1-Q2.
The first stage 1-Q1 operates at low collector current and
voltage to give a high input impedance and low noise level.
" The input impedance may be adjusted for optimum loading of
the head circuit by varying 1-R2. A reduction in the value of
. 1-R2 decreases the input impedance of the amplifier stage
1-Q1. The stage 1-Q1 has a response which rises as frequency
decreases from approximately 8 kilocycles per second to ap-

—

—

0

5

proximately | kilocycle per second, and a substantially level 59

response at high frequencies. This is desirable because the
head output voltage is extremely low at low frequencies, while
an attempt to boost the high frequencies at the first stage
1-Q1 would increase the input capacitance and lower the
resonant frequency of the head circuit. The circuit constants
for the first stage 1-Q1 shown in FIG. 1 and tabulated in Table
Ill, supra give optimum operation with an equivalent source
resistance of the order of about 2000 ohms, which is optimum
for the head used at the highest frequencies in the useful
range. For example, the input stage 1-Q1 is “matched” to an
equivalent head resistance of about 2000 ohms (measured at
frequencies above about 100 kilocyles per second) so as to
give minimum noise. Thus, if the noise-figure of the first stage
is measured as a function of resistance values connected
across the input to the first stage, the minimum noise-figure
will be observed for an input resistance of the order of 2000
ohms. By utilizing a head providing an equivalent source re-
sistance of the order of 2000 ohms, optimum operation may be
realized. In this sense, the input stage of the video amplifier 117
of FIG. 1 Is “matched” for minimum noise to the effective
source resistance of the playback head.

The second stage 1-Q2 has a rising response as frequency is
decreased at frequencies between about 35 kilocycles per
second and 1.5 kilocycles per second and which response as a
function of frequency overlaps the rising response region ex-
hibited by the first stage 1-Ql1. Also the middie high frequen-
cies, for example in the region of 15 kilocycles per second, are
boosted by the network in the emitter of 1-Q2 including
1-C4, and the highest frequencies are boosted by capacitor
1-C4A.

The third stage 1-Q3 has a rising response as a function of
input frequency as frequency is increased at the high frequen-
cy end of the amplifier range due to capacitor 1-C8 and re-
sistor 1-R13A. For example, this third stage provides a rising
response at frequencies between about 100 kilocycles per
second and 2 megacycles per second or above. The fourth
stage 1-Q4 has a steep rise as frequency is increased at the
high frequency end of the spectrum due to the resonance net-
work 1-C10, 1-L3, 1-R18A; followed by a drop (due to
1-1.3) in the response at frequencies above the useful range of
the recording system. This steep rise is useful in compensating
for the rapid drop in the output from the magnetic playback
head at the highest frequencies. The fall off above this range in
response as a function of frequency makes the amplifier more
stable against oscillations and parasitics, and reduces the am-
plifier noise.

The amplifier 117 has been described in terms of bipolar
transistors, but vacuum tubes may be substituted, the plate bf 7
avacuum tube being analogous to the collector of a transistor,
the grid analogous to the base, and the cathode analogous to

"the emitter. Similarly for field effect transistors where the
drain, gate and source are analogous to the collector, base and
emitter, respectively.
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In FIG 1, the successive amplifier stages 1-QI through
1-Q4 are direct coupled, the first stage comprising a PNP
transistor 1-Q1 directly coupled from its collector to the base
input of the NPN transistor 1-Q2. The first stage 1-Q1 has its
collector operating at a voltage of the order of 1.6 volts. Thus
there is a direct current coupling path between the collector of
1-Q1 and the base of 1-Q2, between the collector of 1-Q2
and the base of 1-Q3 and between the collector of 1-Q3 and
the base of 1-Q4.

FIG. 8 illustrates by means of the curve 801 the relative gain
of the first two stages of a video amplifier, similar to stages
1-Q1 and 1-Q2 in FIG. 1, as a function of input frequency. It
will be observed that the gain exhibits a rising response as a
function of frequency as frequency is decreased for relatively
low frequencies below about 100 kilocycles per second. Curve
802 illustrates the gain as a function of input frequency for the
last two amplifier stages of a video amplifier, similar to stages
1-Q3 and 1-Q4 in FIG. 1, and from which it will be observed
that the last two stages exhibit a rising response as a function
of frequency as frequency is increased at relatively higher
frequencies in the range from about 100 kilocycles per second
to about 1 megacycle per second. It will be noted that a curve-
generally as shown at 701 in FIG. 7 would be obtained by su-
perimposing curves 801 and 802. Curves 801 and 802 are
representative of the relative frequency response which would
be obtained from stages 1-Q1 and 1-Q2, and from stages
1-Q3 and 1-Q4 in FIG. 1. The drop at frequencies below 1000
cyclesin FIG. 7 is due to the negative feedback.

DISCUSSION OF THE EMBODIMENT OF FIG. 2

The field effect transistor 2-Q1 has an input stage with a'
higher input impedance and a lower noise level than the-
bipolar stage of FIG. 1. The drain of 2-Q1 operates at a much
higher voltage than the collector of 1-Q1. To compensate for
this, a network 2-R5 and 2-C4 drops the voltage to the base of;
2-Q2. A similar network 2-R6 and 2-C7 is used between:
2-Q2 and 2-Q3. These allow the benefit of direct coupling
and overall direct current and low frequency feedback
(through 2-R10 and 2-R6A) while avoiding the need for a
high voltage supply and excessive dissipation. The capacitors
2-C4 and 2-C7 allows a faster drop off in response as a func-
tion of frequency at extreme low frequencies, contributing to
stability. Optionally, 2-R2 and 2-C2 and 2-R6A may be
omitted, the source of 2-Qi being connected directly to.
ground. :

DISCUSSION GF THE EMBODIMENTS OF FIGS. 3 AND9'!

In correcting the frequency response of the tape and head in
the short wavelength high frequency region a phase advance
occurs in the region where effective tape thickness equals or
exceeds half the recorded wavelength. For example at a tape
velocity of 30 inches per second and and effective magnetic
layer thickness of 0.2 mil (1 mil = 0.001 inch), the effect oc-
curs for wavelengths 0.4 mil or shorter, and for frequencies
equal or greater than: f=v/A=30/0.0004=75,000 cycles per
second, where fis the frequency, v is the tape velocity and X is.
the recorded wavelength:

This phase advance may be corrected by the circuits of FIG.
3, FIG. 4, FIG. 11 or FIG. 12. Correction is also achieved by
head windings oppositely connected in which case FIG. 1 or-
FIG. 2 are useful alone, or the additional correction of FIG. 3,
FIG. 4, FIG. 11 or FIG. 12 may be applied. In FIG. 3 the low'
frequencies are passed by the emitter of transistor 312
through resistor 305 to the output 3-111 with no appreciable
phase change as compared to the input at the base of’
transistor 312. Highest frequencies are passed by capacitor
311 and approach 180° lagging phase with respect to the input
at the base of transistor 312. At the frequency where the
reactance of capacitor 311 equals the resistance of resistor
305 the phase shift is 90° lagging, and this is set in the
midrange where correction is desired. Resistor 305 is shown
adjustable so that setting may be varied. An RL circuit may be
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used 1n place of the RC circuit 305, 311. In this case a resistor
such as 305 is substituted for capacitor 311 at the collector of
transistor 312, and an inductor L is substituted for resistor 305
at the emitter, this arrangement being generically indicated in
FIG. 9, the inductor L being located at 901 in FIG. 9 and hav-
ing the same reactance as the former capacitor 311 had at the
frequency of 90° phase shift. The elements at 305 and at 311
in FIG. 3 or at 901 and at 902 in FIG. 9 may be interchanged if
a reversal in phase is desired. In all cases a lagging phase shift
is obtained with increasing frequency.

Resistors 393 and 304 in FIG. 3 and at 903 and 904 in FIG.
9 need not be equal. In fact it is preferable that the resistor
303 or 903 be greater than the resistor 304 or 904 so that the
stage give a net gain at high frequencies for FIG. 3, or at low
frequencies if 305 and 311 are interchanged or for the ar-
rangement of FIG. 9.

A peculiar and undesirable distortion has been found in the
correction circuit of FIG. 3 due to charging of capacitor 311
through resistors 303 and 304 (as well as 305) when the
transistor 312 becomes less conductive, as for example when a
step function drives the base of 312 in a negative direction.
This distortion is remedied by making the sum of the re-
sistances of resistors 303 and 304 small compared to the re-
sistance of resistor 305. While distortion is reduced when the
sum of the resistances of resistors 303 and 364 is equal to the
resistance of resistor 305, it is advantageous to make the sum
less than half the resistance of resistor 305, and preferably
about 0.1 the resistance of 305 or less. The resistor 305 and
capacitor 311 may take a range of values as long as the
product of the resistance and capacitance remains constant to
give the desired frequency of 90° phase shift; however their
impedance should be low compared to the load at 3-111 into
which they operate, preferably 0.5 to 0.1 or less of the load
impedance.

Low internal impedance of the source that is attached to the
reactance element 901 in the phase correcting circuit of FIG.
9 is most important. Thus it is preferable that the reactance
element, for example a capacitance, be connected in the
emitter circuit of transistor 908, which emitter circuit has a
lower internal impedance than the collector circuit, especially
if a small resistor is used in the emitter circuit. The internal im-
pedance of the driver stage for the phase correcting circuit of
FIG. 9 can also be lowered by a feedback connection take
from the collector and/or emitter, prior to the phase elements
such as 901 and 202, the feedback being connected to a lower
level stage of the amplifier. A push-pull emitter follower stage
for dividing the phase circuit is another alternative; this can be
of the complementary symmetry type.

An alternative to the phase correction methods described
above is to operate the television record/reproduce system
with a falling response of output as a function of frequency in
the high frequency region where the effective thickness T of
the magnetizable layer of the record tape is greater than A/2.
A drop of 2 to 6 decibels over octave was found to give excel-
lent pictures, this being obtained with the system of FIG. 1 and
for tape speeds of 30 to 60 inches per second. Even at a
steeper falloff, good results were obtained. A combination of
the phase correction method and the falling response method
is recommended as the best compromise, where phase cor-
rection by circuitry is made in the wavelength region where
tape thickness becomes greater than one-half the recorded
wavelength of the high frequency picture components; and
where the falling response is used in the highest frequency
range corresponding to recorded wavelengths 0.2 to 0.1 as
long as the T=A/2 criterion. (T=A/10 to A\/20). Such results are
obtained with the circuits of FIG. 3, 4, 6A, 6B and 11 when
operated at 30 to 120 inches per second with commercial
tapes.

DISCUSSION OF THE EMBODIMENTS OF FIGS. 4 AND 5

FIG. 4 shows the phase equalizer incorporated at the output
of an intermediate stage 4-Q3 in a manner which gives “‘direct
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coupling™ to the following stage at direct current and at low
frequencies; and therefore allows overall feedback as previ-
ously described. The resistances of 4-R13 and 4-R15 in rela-
tion to the resistance of 4~R14, and the impedances of 4-R14
and 4-C9 in relation to each other and to the input impedance
of 4-Q4 are preferably as explained previously in reference to,
FIG. 3. For example, 4-C9 may be 500 micromicrofarads and
4-R14 may be a potentiometer variable between 0 and 5000
ohms and set at about 2000 ohms depending on head-gap-
tape-wavelength conditions.

Since 4-Q3 of FIG. 4 does not give a phase reversal at low
frequencies, the switching of FIG. 5 should be used at its head
circuit to provide a reversal. Thus, the circuit of FIG. 4
represents an embodiment of the video amplifier 534 of FIG.
5. The capacitor 4-C1 would replace capacitor 521 in this em-
bodiment. Stage 4-Q3 gives a net gain at high frequencies,
collector resistance 4-R15 having a higher value than emitter
resistance 4-R13.

As shown in FIG. 4, the emitter resistor 4-R13 of 4-Q3
feeding phase circuit 4-C9, 4-R14 is bypassed by capacitor
4-C8. Bypassing is complete when resistor 4-R13A is zero, or
is partial if 4-R13A has appreciable resistance. The bypassing
action takes place preferably in the neighborhood or above
the f, region of 4-C9 and 4-R14 where the impedance of
4-C9 equals the resistance of 4-R14. Advantages are that
extra gain is obtained so that a stage of amplification can be
eliminated; also the phase correction can be modified in a
desired manner.

DISCUSSION OF THE EMBODIMENT OF FIGS. 6A, 6B
AND 13

FIG. 6 gives details of a color video recording playback
system. Only the Y amplifier is shown, the X and Z amplifiers
being connected with conductors 651 and 652 shown at the
right of FIG. 6A and being associated with 621 and 623 at the
left of FIG. 6A in the same way as illustrated for the Y amplifi-
er 6-74 and conductors 653 and 622.

During recording specially shaped pulses are introduced
into the head circuits. These are obtained from tap No. 3 in-
dicated at 610 in FIG. 6B on the flyback transformer 6-143
through a network consisting of 6-C36, 6-C120, 6-R56 and
6-R53. The Y recording head circuit receives pulses through
resistor 6-R55 which enhance the horizontal blanking pulse.
The circuit shows supplies a relatively broad flat topped pulse
of head current such as indicated at 1389 in FIG. 13. The pul-
ses shown at 1300 resemble the blanking pulses, and make the
horizonta! circuits more immune to picture signals that
overshoot into the sync region and which are rectified by the
diode 6D3 at the playback output. Thus, if the picture signal
from tube 6-V708 arriving at function point 61 in FIG. 6B
has a waveform as indicated at 1301 in FIG. 13, the resultant:
television recording signal supplied to conductor 6-34 in FIG.
6A will be generally as indicated at 1302 in FIG. 13. The pul-'
ses delivered through 6-R55 are about 8 to 10 microseconds
wide, approximating or even exceeding the blanking interval,
these pulses as indicated at 1300 being especially useful in
overcoming sync timing distortion caused by excessive am-
plitude of picture information such as indicated at 1303 in
FIG. 13 that reaches or exceeds the blanking level.

In the X and Z recording circuits the networks 6-R47,

' 6-C34 and 6-R46, 6-C33 give a more complex transient

waveform of pulse current, which resembles very closely the
pulses superimposed by the TV receiver 600 onto the color
signals from 6-V706A and 6-V706B, but are of opposite
polarity. The pulses from 6-R47, 6-C34 and 646, 6-C33 thus
cancel the superposed TV receiver pulses. This preserves
color balance, and prevents overload and modulation of sound
signals.

In FIGS. 6B, the inductance 6-L8 reduces the relative high
frequency loading at the takeoff point 662 where the receiver
600 is tapped for the Y recording head signal, and acts in a
way similar to resistor 25 in FIG. 1. The network consisting of
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6-R51, 6-C122, 6-1.8, 6-R57, 6-C121, 6-L9, 6-C123 and
6-R58 has been found particularly advantageous in securing a
flat response without overloading. In FIG. 6A, the network
6-L7, 6-C39 and 6-R20 in the emitter of Q3 provides a broad
peak in the frequency response centered in a midregion of
about 50 kilocycles per second, correcting for a deficiency of
the head response in this region.

The inductance 6-L1 of low distributed capacitance is in-
corporated directly at the base of 6-Q1. This acts in conjunc-
tion with the relatively higher base capacitance to prevent
pickup and rectification of radiofrequency fields which are
otherwise troublesome in this type of amplifier. The in-
ductance 6-L1 and associated input wiring is sensitive to low
frequency magnetic fields, for example motor hum. This is
counteracted by a balancing loop such as shown at 161 in FIG.
1 located close to 6-L1, adjusted to balance out the low
frequency pickup. Alternatively 6-L1 may be of two sections
in hum bucking relation, or may be toroidally wound.

The same arrangement applies with respect to inductor
1-L1 and balancing loop 161 in FIG. 1.

DESCRIPTION OF FIG. 10

FIG. 10 illustrates the tape path configuration which may be
utilized with the previously described systems such as the
system of FIG. 1. The head assembly 1001 may be of the
preferred construction previously referred to wherein the
mounting blocks (35) and (36) of the head assembly of my
copending application Ser. No. 628,682 filed Apr. 5, 1967 are
formed of coin silver or Sterling silver. The magnetic record
tape 1882 travels along a path determined by fixed guides
1603—1686. If a plane is imagined such as indicated at 1007
extending parallel to the plane of the guides 1004 and 1005, it
will be observed that the tape forms an angle of about 18° rela-
tive to the plane 1887 where the tape moves into contact with
the head 1001 and where the tape leaves contact with the
head. The angle referred to is indicated at 1008 in FIG. 10 by
dash lines. The capstan 1018 for driving the tape 1602 past the
head may be located on the shaft of a reversible motor and be
arranged in relation to the capstan pressure roller 1011 as
described with reference to the ninth figure of my copending
application Ser. No. 528,934, and this disclosure is incor-
porated herein by reference. A wiper pad 1012 of felt or the
like engages the active (oxide) side of the magnetic tape 1002
for the purposes described with reference to the damping pad
(922) shown in the eighth figure of my copending application
Ser. No. 401,832, and this disclosure is incorporated herein by
reference in its entirety. In the illustrated embodiment, the
wiper pad 16012 may be dry rather than impregnated with
molybdenum disulfide and/or graphite. The tape tension
preferably would not exceed 2.5 ounces for the particular
system contemplated in FIG. 10 in order to minimize head
wear. Higher tensions are feasible if increased head wear is ac-
ceptable. For the system of FIG. 1, there may be 10 channels
across the width of the tape where the tape 1002 is one-fourth
inch wide. An alternative is a four-channel system on a %-inch
tape where the head pole pieces have twice the width, As
described in the previous application, capstan 1010 is
preferably effective to provide uniform motion in each
direction of movement of the tape 1602 across head 1001 so
that only a single capstan is required driven by-a reversible
constant speed motor.

DESCRIPTION OF THE EMBODIMENT OF FIG. 11

FIG. 11 shows a circuit for introducing phase correction
during the recording process. A high voltage transistor 1100
which may be RCA type 40424 is preferably located at the
adapter box 80, FIG. 1 or in the television receiver 20 itself.
By way of example, terminal 11-74 in FiG. 11 may be con-
nected to takeoff point 74 of FIG. 1 or to line 65. Resistor
11-25 in FIG. 11 may then correspond to resistor 25 in FiG. 1,
and conductor 11-70 corresponding to conductor 70 in FIG. 1
leads via capacitor 93, components 85, 94 and 86, 90 and con-
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ductor 112 to the recording head. By way of example, capaci-
tor 11-C1 may have a value of 0.5 microfarad, resistor 1101
may be adjustable and may be set to a value for example, to
provide a collector current of transistor 1160 of about 40 mil-
liamperes. Resistor 1102 may have a value of 500 kilohms, re-
sistor 11-R1 may have a value of 1600 ohms and resistor
11-R2 may have a value of 1600 ohms. Resistor 11-R3 may
be adjustable between 0 and 10 kilohms, while capacitor
11-C2 may have a value of 160 micromicrofarads. The
transistor 1100 is provided with load resistance of relatively
low value in both the emitter and the collector circuits, a re-
sistor 11-R3 and a reactance 11~C2 being connected in series
between the emitter and collector and having relatively high
impedance in the operating frequency range compared to the
load resistances. The output is taken from the junction of the
series resistor 11-R3 and reactance 11-C2.

DESCRIPTION OF THE EMBODIMENT OF FIG. 12

FIG. 12 shows a phase correction circuit used directly at the
head windings. The head may correspond to that described in
connection with FIG. §, the head 1200 comprising a core
1201 with a coupling gap 1202 across which a magnetic tape
record medium moves as indicated by the dash line 540 and
the arrow 541 in FIG. 5. The head is provided with windings
1219 and 1200 which may have different numbers of turns as
described in connection with the other embodiments. The
windings 1210 and 1211 may be in series aiding relation at low
frequencies with the juncture between the two windings at
ground potential as indicated in FIG. 12. By way of example,
winding 1210 may have 450 turns and a resistance of 79 ohms,
while winding 1211 may have 150 turns and a resistance of 13
ohms. As a second example, windings 1210 and 1211 may
have 150 turns and 50 turns, respectively with resistances of
11 ohms and 2.3 ohms. One or both of the windings may be
damped, a damping resistor being indicated at 1220 across
winding 1210 in FIG. 12. The circuit of FIG. 12 has the ad-
vantage that the resistances of the head windings may be quite
low. The windings are connected with a network comprising
capacitor 1221 and resistor 1222, the output of which is con-
nected to the input of a field effect transistor 1224. By feeding
the output of the network 1221, 1222 into a field effect
transistor 1224, the impedance of resistor 1222 may be rela-
tively high in comparison to the total resistance of the
windings 1210 and 1211 in series. Further, the capacitance of
1221 may be selected so as to provide a capacitance reactance
equal to the impedance of resistor 1222 at a desired frequency
within the operating frequency range of the transducer system
including head 1200. The RC network shown within the dash
rectangle 1225 may be replaced by other types of phase cor-
recting circuits, as for example the parallet T, bridged T or lat-
tice networks. Thus, if the upper terminal of winding 1211 if
termed terminal 1, the lower terminal of winding 1210 is
termed terminal 2, and the two right-hand outputs of nétwork
1225 are termed terminals No. 3 and 4, the upper input to the
transistor 1224 being designated terminal No. 3, then a lattice
network might be interposed between the windings 1210 and
1211 and the transistor 1224 by inserting impedances Z1
between terminals 1 and 3 and between terminals 2 and 4, and
by connecting impedances Z2 between terminals | and 4 and
between terminals 2 and 3. An important advantage of incor-
porating the phase correction network 1225 directly at the
head winding terminals (either for a recording head or for a
playback head, or for a recording and playback head) is that
neither head winding terminal 1 or 2 has to be grounded, and
thus a lattice-type network can be used. A lattice network is
the most general and most flexible, but cannot have both its:
input and output sides grounded. With the arrangement as
shown, the side of the lattice network remote from the head
windings can have one terminal grounded (terminal No. 4) as
is usual when operating into an amplifier, and the head wind-
ing terminals of No. | and 2 may be floating relative to ground
potential. As an example of a lattice-type network, the im-
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pedances Z1 can by capacitors of equal value betwcen ter-
minals No. | and 3 and between terminals 2 and 4, and the im-
pedances Z2 can be resistors of equal value between terminals
| and 4, and between terminals 2 and 3. The “crossover
frequency” is the frequency where the capacitive reactance
equals the resistance. The head case indicated at 1226 is
preferably grounded, but insulated from the windings 1210
and 1211. For a lattice-type network the line 1228 extending
from the juncture of windings 1210 and 1211 to ground would
be omitted since the windings should not be grounded.

Where the network of FIG. 12 is used for recording and
playback record-play switching can be provided at the side of
network 1225 remote from the head windings.

GENERAL DISCUSSION

Head windings may be connected in series aiding relation at
low frequencies, and this will be the correct polarity when the
windirgs are used in the systems of FIGS. 1, 2 and 3. Alterna-
tively «. single winding head may be used corresponding to the
winding 11 of FIG. 1, with a shorting link replacing the wind-
ing 10 and resistor 120. In this case, a damping resistor may be
added in parallel with the single winding corresponding to
winding 11 in FIG. 1. The same single winding arrangement is
useful in the system of FIG. 2 or FIG. 3. To use the system of
FIG. 4 with a single winding in the same way, the head
switching shown in FIG. 5 should be utilized (by replacing
winding 510 and resistor 512 with a shorting link), this ar-
rangement reversing the recorded polarity with respect to the
playback polarity. If the head windings are used in series op-
posed polarity at low frequencies then the switching of FIG. 5
should be substituted in the systems of FIGS. 1, 2 or 3. This
head connection gives high frequency phase correction. A se-
ries RLC network (resistance, inductance and capacitance in
series) in an emitter circuit such as shown in the emitter cir-
cuit of transistor 6-Q3 in FIG. 6 may be required to correct a
deficiency at midfrequencies of the order of 50 kilocycles per
second to 500 kilocycles per second. The system of FIG. 4
may be used with the hezd winding switching arrangement of
FIG. 1. The systems of FIGS. 3 and 4 give additional phase
correction. In general, a single winding head may be used in
the systems disclosed herein as utilizing series aiding winding
connections.

The components shown herein as fixed in value may be
made adjustable, for example capacitor 1221 in FIG. 12 or re-
sistor 1222 may be adjustable if desired.

The sound recording and reproducing systems found in the
previous applications referred to herein can be utilized in con-
junction with any of the systems disclosed herein. The disclo-
sures of each of the aforementioned copending applications
relating to the recording and playback of audio signals are in-
corporated herein by reference in their entirety with respect
to each of the systems as described herein.

In the system of FIG. 1, the bias oscillator 116 which
operates during recording draws an approximately equal or a
greater current from the power supply 115 in comparison with
the current supplied to the playback amplifier 117 during
playback operation, so that the power supply loading does not
rise substantially in either the record or the play position of
the record-play switch of FIG. 1. Thus the danger of damage
to the filter capacitors 138 and 139 is avoided.

Having reference to the second paragraph at the 41st page
of my application Ser. No. 528,934, the resistor (R19) which
is included in the X and Z amplifiers (75) and (76) would be
located as indicated for the resistor -R19 in FIG. 6A of the Y
amplifier shown herein.

The values of various components of the systems disclosed
herein are given by way of example only and not by way of
limitation.

PREFERRED HEAD CONSTRUCTION

The head of my copending application Ser. No. 628,682
filed Apr. 5, 1967 is particularly advantageous for recording
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of television signals, and it has been found that coin silver (90
percent silver, 10 percent copper) or sterling silver (92 per-
cent silver, 8 percent copper) core mounts are advantageous,
electrically because of high conductivity, and mechanically
because of good wearing properties and freedom from con-
tamination of the tape surfaces. This type of head is specifi-
cally disclosed herein as being used in each of the record
and/or playback systems disclosed or referred to or incor-
porated herein.

The heads disclosed herein may be 20 mils wide, allowing
10 tracks to be recorded on %-inch wide magnetic tape. An al-
ternative would be a head width of 44 mils and four tracks on
Ys-inch wide tape.

Another less expensive alloy for the core mounting blocks
of Ser. No. 628,682 is an alloy containing approximately |
percent silver and 99 percent copper.

The circuits and preferred values of components in the X
and Z playback amplifiers for the system of FIGS. 6A and 6B
may be the same as given for the Y amplifier 6-64 herein ex-
cept as follows. In place of resistor 6-R10 of amplifier 6-74,
the X and Z amplifier may each use a potentiometer adjusta-
ble between 0 and 50 ohms. Inductor 6-L3 is replaced by a
conductor with essentially zero inductance in the X and Z am-
plifiers. While components corresponding to 6-R20, 6-L7 and
6-C39 are advantageous in the X and Z amplifiers, the
requirements are less critical in these amplifiers, so that such
components have been omitted in the system of FIG. 1 as
referred to herein. Capacitor 6-R14 and capacitor 6-C9 have
also been omitted in the X and Z amplifiers since highest
frequency response is not so important.

In FIG. 6A, the network 6-R20, 6-L.7 and 6~C39 in the
emitter of Q3 provides a broad peak in the frequency response
centered in a midregion of about 50 kilocycles per second,
correcting for a deficiency of the head response in this region.

The original circuit of receiver 600, FIG. 6B, has been
broken in a number of points as will be apparent to thosc
skilled in the art, for example at the locations indicated by a
small “x”* and the separated circuit points are selectively con-
nectable by means of relay contacts such as indicated at 601—
605 which are under the control of relay coil 6-RC2 of a six-
pole double-throw relay. At other places in receiver 600 of
FIG. 6B, tube elements, circuit components and conductive
connections are not shown for the sake of simplicity since
such elements remain unchanged from the standard circuit.

it may be noted that capacitor 6~C36 connects with a ter-
minal 610 of horizontal output transformer 6-143 which is
designated as terminal number 3 in the commercial chassis.

The components in the lower dash line rectangle 6-380 in
FIG. 6A include preferred circuitry for the video bias com-
ponent 6-18 as well as the bias frequency trapping networks
6-C14A, 6-L6A, 6-C14B, 6-L6B, and 6-C14C, 6-L6C and a
power supply circuit 6-5.

A tape transport control circuit is indicated by a dash
rectangle 6~253 which may correspond to that shown in the
17th figure of my copending application Ser. No. 493,271, In
an actual embodiment of the present invention, however,
supply and takeup reel motors are used with special torque ro-
tors to provide drag on the supply spindle depending on the
direction of tape travel, instead of the half-wave rectifier and
variable resistor which provide direct current drag in my
previous disclosure.

The circuitry in the dash line rectangle 6-255 in FIG. 6B
may be termed the adapter or coupling circuitry and consists
of a junction box that receives a cable from the recorder unit
(represented by block 6-380 in FIG. 6A and contains circuitry
that is best located adjacent the television receiver 600 to
minimize undesirable capacitance or stray coupling, and to

simplify the cable connections, In other words, the adapter

circuit 6-255 is physically disposed closely adjacent to the
conventional video circuit components indicated at 600 in the
lower part of FIG. 6B.

The adapter circuitry 6-255, FIG. 6B, includes preferred
circuit elements for the equalizing circuits 6-R35, 6-C26;
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6-R30, 6-C22; and 6-R38. 6-C28 Also included is preferred
circuitry for the clamp circuit which comprises components
6-C24, 6-R32, 6-D3, 6-D4, 6-R34 and 6-C25. A stabilizing
circuit 6 256 is indicated at the lower right of FIG. 6B and is
associated with the horizontal control circuit of the receiver
circuitry including elements 6-R501, 6-R523, 6-R158,
6-C15% and-6-160, 6-C31, 6-R42 6-R43 and 6-1.32.

The operation of the video head units such as indicated at
6-28 in FIG. 6A in relation to the other circuitry of FIG."6A
will be readily understood by a consideration of the disclosure
of my copending application Ser. No. 493,271.

The overall function and operation of the circuitry of FIGS.
6A and 6B will in general be apparent from the foregoing
description and from the disclosures of my aforementioned
copending applications. Certain significant features of the il-
lustrated circuitry will now be referred to in detail.

Referring to FIG. 6B, resistors 6-R37 and 6-R40 (of
adapter 6-255) in the circuit coupling the color playback
preamplifiers to the R-Y and B-Y amplifiers in the TV
receiver 680 set the clamping levels of the (R minus Y) and (B
minus Y) amplifiers 6-V786A and 6-V786B, respectively, by
loading the grid circuits and thus determining the grid currents
that flow as a result of pulses in the cathode circuits of the am-
plifier tubes 6-V7B6A and 6-V706B. The pulses are fed from
the plate of a tube V787B of the conventional chassis to the
cathodes of tubes V706A and V706B. Resistors R37 and R40
may be adjustable with values of 5600 and 18,000 ohms,

- respectively, having been found to give a white background
when no color picture is present. Without these resistors the
playback color balance is seriously upset.

During recording, negative pulses from terminal 3 of the
winding indicated at 6-145 of the horizontal output trans-
former are fed to the recording head circuit 6-380 through
components such as series capacitor 6-C36, series resistor
6-R53 and RC network 6-R56, 6~C120. These components
shape the negative current pulses from the horizontal output
transformer so that they effectively neutralize similar pulses
from the output of the color amplifier tubes 6-V786A and
60V706B. If the latter pulses are not cancelled they will be
recorded as part of the color signal, and upon playback these
pulses will upset the operating levels of the color circuits, giv-
ing incorrect color rendition. Also the presence of these un-
necessary pulses tends to limit the recording levels or to over-
load the magnetic record tape. Alternatively it is possible to
counteract during playback the effects of the color signal pul-
ses if these are not neutralized. This may be done by applying
a corrective bias to the grid or plate circuit of tubes 6-V706A
and 6-V706B or the grids of the picture tube. It is preferable,
however, to record the color signals without their blanking-in-
terval pulses, or with these pulses greatly reduced, and this
mode of operation has been illustrated in FIG. 6B.

Switch 601 is in series with cathode resistor 6-R312 of tube
6-V303 and renders this IF stage inoperative during playback
to prevent feedthrough of broadcast signals from interferring
with the tape playback operation.

Inductor 6-L8 in the receiver circuitry 680 of FIG. 6B
reduces loading of the television signal circuits by the connec-
tion to the recording head circuit, reduces interference from
the high frequency bias circuit, and serves to increase the am-
plitude of the high frequency components of head energizing
current because of a series resonance effect with the video
head circuit capacitance. Resistors 6-R44 and 6-R49 in the
adapter circuit 6-255 similarly serve in the (R minus Y) and
(B minus Y ) recording head circuits.

In FIG. 6A, power supply circuit 6-5 includes a bridge cir-
cuit giving an output voltage of 35 volts to the bias frequency
oscillator circuit 6-18.

The three head units associated with X, Y and Z playback
amplifiers, respectively, and with conductors 21, 622 and
623 during recording, may correspond to those shown in the
third and fifth through eighth figures of my copending applica-
tion Ser. No. 528,934, and the disclosure pertaining thereto is
incorporated herein by reference. The energization of the
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crossfield windings such as 6-30, FIG. 6B, of the respective
head units may be carried out as described in said copending
application.

The circuitry of FIGS. 6A and 6B is converted from the
recording mode illustrated to the playback mode by actuating
the record-play selector relays associated with coils 6-RC1
and 6-RC2 to shift the associated contacts from the “R" to
the P positions. In playback mode the two video windings of
each video head unit such as windings 6-24 and 6-64 are con-
nected in series with each other with the phases of the voltages
induced therein (at low frequencies) either in phase or 180°
out of phase. A series opposing relation has been disclosed
and described in detail in my aforementioned copending ap-
plication including Ser. No. 493,271. In this case, the overall
circuitry is arranged to provide an improved response charac-
teristic taking advantage of the fact that the high impedance
windings such as 6-64 are resonant at a relatively lower
frequency such as at about 50 kilocycles to about 250 kilocy-
cles per second while the low turns windings such as 6-24 are
resonant at a much higher frequency such as at about 2 mega-
cyctes per second. The two video windings of each video head
unit in series complement each other thereby extending the
total frequency response. By way of example windings 6-24
and 6-64 may have 200 turns and 1200 turns, respectively.

With the series opposing relationship between windings
6-24 and 6-64, during playback at low frequencies the output
of winding 6-24 subtracts from the output of winding 6-64
reducing the output of winding 6-64 by perhaps 20 percent,
which is not significant. At frequencies above resonance of the
high turns winding 6-64, the output of this winding reverses in
phase and aids the output of winding 6-24. At still higher
frequencies above the resonance of winding 6-24, the output
of winding 6-24 reverses phase and again is of opposite phase
relative to the output of winding 6-64; however at these
frequencies the output of winding 6-64 is insignificant.

The phase shift in the playback amplifier such as 6-74 as-
sociated with the windings 6-24 and 6-64 is the reverse of that
of the combined windings (as a function of frequency) so that
an overall smooth phase characteristic (constant time delay)
as a function of frequency results at the output of the amplifier
6-74, except at the very lowest and highest portions of the
spectrum. Thus, the overall effect of the recording and
playback system of FIGS. 6A and 6B is to produce at the out-
put of the playback amplifiers color video signal components
having essentially the same phase relationship as the original
component signals supplied by the receiver 608 during record-
ing. Further, the frequency components of each color com-
ponent signal such as the signal supplied by playback amplifier
6-74 have the same phase relationships as the corresponding
frequency components of the original signal.

The response of the playback amplifiers as a function of
frequency is purposely made to drop rapidly at frequencies
below about 300 to 600 cycles per second in order to reduce
hum and low frequency transistor noise, giving important
economies since it is not necessary to use elaborate shielding
or expensive low-noise transistors in the playback amplifier
circuitry. It has been found that boost in amplitude response
as a function of frequency of perhaps 3 decibels to 10 decibels
at frequencies above the low frequency cutoff, for example a
boost in the frequency range from 600 cycles per second to

. 3000 cycles per second, is beneficial in giving a smooth time

delay characteristic at low frequencies, that is in giving a rela-
tively constant time delay over the entire useful video range
when this feature is used with the transducers and circuitry as
described.

The pedestal setting or clamping circuit including capacitor
6-C24, resistor 6-R32, resistor 6-R34, capacitor 6-C25 and
diodes 6-D3 and 6-D4 further removes hum components, sets
the sync pulses at the correct level, and biases the video ampli-
fier 6-V304A in the television set to the proper operating
value.

It will be understood that during playback of a recorded
video signal, the reproduced signal will be supplied to the grid



3,596,008

23

of amplifier tube 6-V304A. and that the plate of the tube
V304A is coupled to succeeding stages of video amplification

', via existing circuits. The color television receiver 600 of

course.includes an image reproducing device such as a tricolor
television tube.
- At the highest frequencies of the effective bandwidth of the
record-playback . system, the playback amplifiers provide
~ adequate amplitude compensation in conjunction with the
recording equalizer circuits, but phase compensation at these
highest frequencies may not be exact. Such lack of exact
phase compensation at the highest frequencies has been found
to be very practical in an economical recorder, the result
being a shift in fine structure of the image which is barely
noticeable. If desired, satisfactory compensation at these
highest frequencies of the order of 1 megacycle per second
and higher can be accomplished by additional circuits such as
shown in FIG. 3 or FIG. 4.

An overall response may be obtained in each video channel
generally as indicated in the 16th figure of my copending ap-
plication Ser. No. 493,271. The high frequency response of
the X and Z playback amplifiers may be reduced by changes
as indicated in the table of component values and elsewhere in
this application. There the response was shown as extending to
2.2 megacycles per second at the high end from about 300 cy-
cles per second at the low end. This may be termed the band-
width of the amplifiers. However, the pedestal setting circuit
effectively extends this to DC (direct current). The normal
recording level was approximately 35 to 40 decibels above the
broad band noise level. These characteristics are considered
satisfactory for a low-cost, nonprofessional recording unit.
The frequency response indicated in the 16th figure of the
copending application results in a playback picture image
quality of acceptable level. It is found, however, that in the
recording process a rising response or amplitude level of
recording current as a function of the frequency with constant
input to the video amplifier stage (6-V304A or 6-V708,
6-V706A and 6-V706B) in the region from 10,000 cycles per
second to 100 kilocycles per second is beneficial, and this ris-
ing response characteristic is provided by the recording cir-
cuits 6-R48, 6-R35, 6-C26, 6-R45, 6-R30, 6-C22; and
6-C50, 6-R38, 6-C28 for the respective video channels in the
illustrated embodiment. This rising response characteristic for
the recording circuits is indicated by curve in the 10th figure
of my application Ser. No. 528,934.

With the transducer head units of the types illustrated in the
fifth through eighth figures of application Ser. No. 528,934, a
normal operating level of signal current of about 1.0 milliam-
peres peak-to-peak in the 200-turn winding such as 6-24 is
satisfactory. Saturation begins at about 4 to 8 milliamperes. A
bias current of about 12 milliamperes may be superimposed
on the signal current in the head unit 6-20, and bias currents
of about 20 milliamperes may be superimposed on the signal
currents in the other head units, where the bias frequency is
about 2.8 megacycles per second. The exact frequency is ad-
justed by adjusting capacitor 6-C15 to prevent interference
with the television set circuits. The values of bias current of 12
milliamperes and 20 milliamperes at a frequency of about 2.8
megacycles per second may be utilized in the absence of any
bias current to the windings such as 6-30.

When the crossfield windings such as 6-30 are energized, a
current in the range from 1 to 5 amperes r.m.s. at the bias
oscillator frequency may be employed and the bias currents to
windings such as 6-24 may be reduced to about half the values
given above, and a higher bias frequency may be used as for
example 4.2 megacycles per second to 4.4 megacycles per
second, or a bias frequency above 4.6 megacycles per second
may be used.

If the crossfield windings such as 6-30 are not used, a lower
bias frequency is required and the overall response is not as
good.

In the illustrated embodiment as in the embodiment of my
copending application Ser. No. 493,271, the recording level
may be of the order of 8 to 10 decibels below tape saturation.
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The playback amplifier 6-74 and the similar X and Z am-
plifiers are generally similar to the playback circuit shown in
the 18th figure of my copending application Ser. No. 493,271.
This circuit includes a negative feedback network between the
collector of 6-Q2 and the emitter of 6-Q1 and serves to pro-
vide a phase shift compensating for the phase shift which oc-
curs in the head response at and below the crossover region
centering about the resonant frequency of the high impedance
winding of each head unit such as the high impedance winding
664 of the head unit 6-20.

Referring to the ninth figure of my copending application
Ser. No. 401,832, the above-mentioned negative feedback
network which includes 6-R15, 6-RS, 6-L2 and 6-C3 and
which extends between the first two stages of video amplifica-
tion in FIG. 6A (together with 6-C9, 6-R14; 6-C6, 6-R18;
6-C39, 6-L.7, 6-R20; and 6-1.3, 6-R12, 6-C7) is designed to
provide the phase correction in the curve designated 680 in
the region designated by reference numeral 682. The phase
shift as a function of frequency provided by the feedback net-
work which includes resistor 6-R 135, resistor 6-RS and induc-
tor 6-L.2 in parallel, and capacitor 6-C3 together with the
above-mentioned networks compensates for the phase shift in
head response in the region of resonance of the high im-
pedance winding such as winding 6-64 for the head unit 6-20.

The maximum overall gain of the video amplifier circuit
such as 6-74 varies between about 100 and 10,000 as a func-
tion of frequency. Actually the transistorized circuit shown
herein and in the 18th figure of my copending application Ser.
No. 493,271 gives greater high frequency response and higher
gain than the vacuum tube circuit shown in the | 7th figure of
said copending application.

The difference in circuit constants as for example 6-R15,
6-L2, 6-C3 in FIG. 6A and in the corresponding circuit of
Ser. No. 493,271 accounts for the deeper valley in response of
the latter which drops to an amplification of only about 15 at
150 ke. to match a different head characteristic.

The high impedance windings such as 6-64 of the head units
are loaded by resistors such as 6-R6 but are not connected
during recording and become effective during playback, in the
illustrated embodiment. These head windings such as 6-64 are .
shunted by resistors such as 6-R6 to flatten the resonance
response characteristic of each high impedance winding at the
resonance frequency of this winding with respect to the as-
sociated circuit capacitance. The low impedance winding of
each head unit, such as winding 6-24 of head unit 6-20,
(together with the associated high impedance winding) is
damped by the input resistance of the first transistor 6-Q1
which input resistance is comparable to the impedance of
winding 6-24 at medium and high frequencies within the
range of the system. The input impedance of transistor 6-Q1 is
determined by the networks connected to its emitter and va-
ries with frequency. The two conductor double-shiclded cable
generally designated by the reference numeral 6-340 con-
nects the head unit'6-20 to the input circuits and prevents
hum and extraneous signal pickup by the two conductors and
inner shield within the cable.

Inductance 6-L1 removes radiofrequency pickup of energy
being broadcast from local transmitters which pickup might
otherwise overload the input circuits.

Unless otherwise indicated, each of the features described
‘herein with respect to the head unit 6-20 and its associated
video amplifier 6-74 applies also to the other head units and
to the X and Z playback amplifier components.

The direct current operation points of the transistors 6-Q1,
6-Q2 and 6-Q3 are stabilized by negative feedback to the
emitter of transistor 6-Q1 via the circuit leading to resistor
6-R2, and by feedback via the circuit to the base of transistor
6-Q1 through resistor 6~R1. The high degree of feedback
makes the circuits insensitive to variations in transistor
characteristics, supply voltage, temperature, etc. The capaci-
tor 6-C5 bypasses the feedback network 6-R8, 6-R9 as-
sociated with the feedback circuit including 6-R2 allowing the
amplifier to have normal gain at operating frequencies above
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about 300 to 800 cycles per second while substantially reduc-
ing the overall amplifier gain at frequencies below about 300
to 800 cycles per second relative to such normal gain and thus
reducing hum and instability. In the circuit specifically dis-
closed herein, capacitor 6-C$§ has a capacitance value of 250
microfarads. Lower values of capacitance for capacitor 6-C5
in relation to the values of resistors 6-R8 and 6-R9, as for ex-
ample 60 microfarads, will raise the frequency below which
the amplification drops rapidly; and just above this higher cu-
toff frequency, the amplifier will exhibit a rather broad peak-
ing of the response characteristic as a function of frequency. A
rise in response of this kind constitutes a desirable feature
from the standpoint of improving the transient and phase
response, where the low frequencies are cut off.

The frequency and phase response of the playback amplifier
6-74 is shaped by the feedback circuit including network
6-R15,6-C3, 6-R5 and 6-L2, so as to given a strongly falling
characteristic in the range from about 300 cycles per second
to 100 kilocycles per second, the response peaking in the
neighborhood of 600 cycles per second and then sharply
falling (so far as the effect of feedback circuit is concerned)
until the frequency reaches a relatively low value at a frequen-
cy of 100 kilocycles per second. The effect of the feedback
circuit together with the effect of resistor 6-R14 and capacitor
$-C9 in the emitter circuit of transistor 6-Q1, the effect of re-
sistor 6~R18 and capacitor 6-C6 in the emitter circuit of
transistor 6-Q3 gives an overall response characteristic to the
amplifier 6-74 as a function of frequency which exhibits a
very sharply rising response of increasing slope in the range
above about 300 kilocycles per second to the upper limits of
the system which upper limit may be in the range from 1.5
megacycles per second to 4.5 megacycles per second.

As previously described, when the windings such as 6-24
and 6-64 on the head unit 6-20 are connected in “bucking”
relation with respect to low frequencies, the phase of the in-
duced voltage in winding 6-64 undergoes a reversal as a func-
tion of frequency as the frequency is increased through the
resonance value for the winding 6-64, so that the induced
voltage in winding 6-64 aids the induced voltage in winding
6-24 at high frequencies between the resonance frequency of
winding 6-64 and the resonance frequency of winding 6-24.
The amplifier frequency response and phase response is
shaped to complement that of the head, giving smooth
response, uniform delay, and a good transient response over
the frequency spectrum of interest.

1t has been found that an advantageous characteristic may
also be obtained from a series aiding connection of a low im-
pedance and a high impedance winding such as windings 6-24
and 6-64 of head unit 6-20 if certain criteria are met: (1) the
resonant frequencies of the windings must be spaced properly;
and (2) the resistive loading especially on the high impedarnce
winding such as 6-64 must be enough so that phase reversal of
the net output from the windings does not take place in the
transition frequency spectrum where both windings are con-
tributing substantially to the output.

If winding 6-64 is reversed to give series aiding operation,
the phase of the output from the preamplifier 6-74 will be
reversed. An additional stage of amplification will restore the
correct phase, or other suitable change in the circuitry may be
used as for example the switching in FIG. 5.

Referring to FIG. 6B, the diodes 6-D3 and 6-D4 in the
clamp circuit are preferably of the silicon junction type having
a very high resistance in the forward direction until the for-
ward potential exceeds about 0.5 volt to 0.7 volt. This feature
has been found very advantageous, as it allows a precise
setting of the sync pedestal level and still permits the picture

signal to make large excursions without clipping. An example ,

of a preferred type for diodes 6-D3 and 6-D4 is the IN463A.
The horizontal sync pulses from the plate of the tube
6-V304B (pin 3) are supplied to the clamp circuit via capaci-
tor 6~C38. The magnitude of the pulses is about 12 volts peak
(relative to ground). The clamp circuit including diodes 6-D3
and 6-D4 sets the negative level of the output video signal
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from the playback amplifier 6-74 as well as providing a direct
current bias for the video amplifier tube 6-V304A in the
television receiver 600 during playback operation. As in-
dicated in FIGS. 6A and 6B, only one clamp circuit is pro-
vided in the system, and this is preferably associated with the
output of the monochrome playback amplifier 6-74. With this
arrangement, it will be apparent that the system of FIGS. 6A
and 6B may be utilized to record and play back monochrome
broadcast television signals as well as color signals. This takes
place automatically when recording while the TV set 600 is
picking up a monochrome signal. By switching out of the cir-
cuit the X and Z heads during recording and playback, and
setting the head 6-20 to cover successive channels including
those which would otherwise be used by the color signals,
more recording time is obtained on a given roll of tape.

The flutter in the tape transport may cause deviations in the
desired rate of the synchronizing pulses in the reproduced
video signal. FIG. 6B indicates at 6-256 modifications in the
horizontal control circuit (associated with tube 6-V502) of
the television receiver. These modifications enable the
horizontal sync circuits of the receiver to follow any devia-
tions in the reproduced sync pulses.

When the cable is unplugged from the adapter circuitry
6-255 the receiver circuitry 600 may be utilized indepen-
dently on the circuitry of FIG. 6A to receive and display
broadcast television signals. In this case, the switches of the
adapter circuitry 6-255 are placed in record mode. If the vari-
ous switches are relay operated, as shown, their normal posi-
tions would be in the record mode, and unplugging of the
cable 6-256 would deenergize the relay or relays to automati-
cally place the adapter circuitry 6-255 in the record mode.
Suitable relay coils are indicated at 6-RC1 and 6-RC2 in FIG.
6B and these relays are shown as being energized from the
power supply 6-5, FIG. 6A, via conductors 640 and 6-327.
The relay coils preferably control each of record-play selector
switches, moving the switches from “R” to *“P” position when
energized. Simply by way of example when the cable is cou-
pled to the adapter 6-255, the relays may be energized to
place the circuitry of adapter 6-255 in playback mode by ac-
tuating the record-play switch controlling the contacts in FIG.
6A. The circuitry of FIG. 6A is preferably adjacent the tape
deck, and the selector switches of FIG. 6A are ganged for con-
joint manual operation. Thus all of the record-play switches in
both the recorder and TV set are shifted by operating a single
control.

During recording the component of magnetic biasing flux
produced by the crossfield windings such as 6-30 should have:
the proper phase relation to the component produced by bias
frequency current in the recording windings such as 6-24.
This may be accomplished by tuning capacitor 6-C37 as-
sociated with crossfield conductor 40 in FIG. 6A. The capaci-
tor 6-C37 forms part of a circuit having a series resonance in
the region of the bias frequency, so that the phase of the bias
current may be advanced or retarded by tuning capacitor
6~C37 from one side of resonance to the opposite side. In
some cases it is found advantageous to increase the in-
ductance of the X-field circuit by inserting an inductance in
the lead 6-40. Alternatively, a phase shifting network may be
inserted in conductors 640 and 6-41 of the crossfield bias
circuit or in the signal winding bias circuit associated with the

- secondary windings of transformer 6-L10.

For bidirection tape transport, an alternative mode of
operation is with the bias field component produced by cross-
field winding 6-30 having a phase angle of approximately 90°
relative to the bias field component produced by the winding
6~24, so that the bias frequency magnetic field associated with
each head unit will be similar in each direction of movement
of the magnetic tape.

The circuit values of a different successfully operating
system in accordance with the present invention are givenina
tabulation in my application Ser. No. 528,934, and the disclo-
sure of this system is incorporated herein by reference in its
entirety as a further embodiment. As will be apparent to those
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skilled in the art the capacitor (C29) in the tabulation at the
43rd page of said application Ser No. 528,934 should have a
value of 0.25 microfarads in conformity with the value of
capacitor 6-C29 given herein

Capacitor 6-C15, FIG. 6A, is adjustable from 100
micromicrofarads to 1000 micromicrofarads; a typical setting
is approximately 500 micromicrofarads, where the oscillator
frequency is 4.2 megacycles per second. R

Capacitor 6-C35 bypasses high frequencies and is as-
sociated with the B+ lead 6-335 energizing each of the
playback amplifiers; its value may be 0.05 microfarad.

The resistor 6-R17 and the corresponding resistors in X and
Z playback amplifiers may be of adjustable value and may be
adjusted to set the direct current operating bias of the am-
plifiers.

The cable may have a plug for fitting into a socket on the
chassis of adapter circuit 6-2585.

In certain cases in the foregoing tabulation, a single value
has been given for a variable capacitor or resistor. This single
value represents a selected operating value. Suitable ranges of
adjustment for these variable components are listed as follows:

6-R10 0 to 50 ohms

6-R37 0 to 15,000 ohms

6-R40 0 10 25,000 ohms

6-R46 0.5 to 3 megohms

6-R47 0.5 10 3 megohms

6-C33 4 micromicrofarad to 16
micromicrofarads

6-C34 4 micromicrofarad to 16
micromicrofarads

6-R17 50 ohms to 2,000 ohms

6-C18 200 micromicrofarads to
2,600 micromicrofarads

6-C37 100 micromicrofarads to 1,000
micromicrofarads

6-C10% 9 micromicrofarads to 180
micromicrofarads

6-RS55 200 nitohms to 10 megohms

Referring to FIG. 6B, the resistors 6-R31, 6-R36 and
6~R39 serve to maintain the upper terminals respectively of
capacitors 6-C23, 6-C27 and 6-C29 at direct current ground
potential (while the circuitry is in the playback mode) so as to
prevent surges through the associated head windings during
switching. These coupling capacitors have appreciable direct
current potential across them during recording so that in the
absence of the resistors, a charging of the capacitors would
occur through the associated head windings when switching
the circuitry between playback and record mode. Such cur-
rent surges through the head windings would tend to produce
residual magnetization of the head cores. (Such residual mag-
netization has various detrimental effects including noise and
possible partial erasure of a signal recorded on the record
medium. ) Referring to the circuitry of FIGS. 6A and 6B, it will
be observed that the video windings such as 6~24 have their
upper terminals at direct current ground potential in the
recording mode so that no current surges to the head windings
will be produced where the upper terminals of the capacitors
are maintained at direct current ground potential during
switching.

It has been found that unmodified X and Z matrixing of the
reproduced Y-R and Y-B signals as indicated in FIGS. 6A and
6B gives excellent results, particularly when color controls
corresponding to the variable resistor 6-R10 in amplifier com-
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requires no power amplifiers other than those already in the
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In the specific circuit illustrated in FIGS. 6A and 6B, the
principal color controls are variable resistors in the emitter
circuits of the third transistor stage of the X and Z playback
preamplifiers, (the variable resistors corresponding to the
variable resistor 6-R10 of the playback circuit 6-74.) These
two principal color controls are preferably ganged on concen-
tric shafts which are frictionally engaged with each other so
that the gains of the X and Z color amplifiers increase or
decrease together as the knob assembly is turned; yet either of
the concentric knobs may be turned individually by holding
the other one back. These two controls are sufficient to
change the picture from normal coloring to exaggerated color
intensity, or to a light tint, or even to a monochrome rendition,
according to taste. Alternatively, only the X amplifier may be
provided with a variable resistor having a manual control knob
on the user’s external panel, the resistor corresponding to
6-R10 of the Z amplifier either having a preset value or being
a fixed resistor of desired value.

Additional control of the color image during playback of a
recorded tape is effected by adjustment of resistor 6-R37 and
resistor 6-R40, FIG. 6B, which are used to set the background
color. While these resistors may also be controlled from
manual knobs on the operator’s external panel they are not
used as often once they have been set. The operation of the il-
lustrated system is therefor simplified by placing the operating
controls for resistors 6-R37 and 6-R40 at the side or in the
back of the assembly rather than at the operator’s panel. Al-
ternatively resistors 6-R37 and 6-R40 may be replaced by
fixed resistors having values of about 2000 to 20,000 ohms de-
pending on the design of the television receiver circuitry and
the associated wiring.

The lower value of bias frequency of approximately 2.7
megacycles per second described herein which is in the
frequency range of the video signals supplied to the receiver
circuitry 600 had previously been considered to be too low to
be operative; a bias frequency of four to five times the upper
limit of the recording range being ordinarily considered op-
timum, or in any event it was considered that the bias frequen-
cy should be well above the upper limit of the recording range.
It has been found, however, that a bias frequency of approxi-
mately 2.7 megacycles per second allows the use of high
frequency bias with heads that would be unuseable at higher
bias frequencies because of excessive losses and head satura-
tion. This relatively lower bias frequency also allows the use of
high frequency bias where bias of adequate amplitude would
be impossible at higher bias frequencies. With the use of bias
signal isolation means (such as wave traps such as 6-C14A,
614 L6a) the relatively lower bias frequency of approximately
2.7 megacycles per second is useable without appreciable in-
terference with the television circuits.

FIG. 6B illustrates a particularly advantageous circuit
6-350 for recording the sound which accompanies the picture
information. In FIG. 6B the standard commercial broadcast
color television receiver 600 is indicated as supplying a sound
signal on a 4.5 megacycle per second frequency modulation
carrier at conductor 6-371, and for supplying a 3.58 megacy-
cle per second carrier at conductor 6-372. By way of example
in an RCA Model CTC16 color television chassis, conductor
6-371 may be connected to pin 1 or sound demodulator tube
6-V202, while conductor 372 may be connected to pin 7 of
the X demodulator tube 6-V704. The various selector
switches of the circuit of FIG. 6B are shown in their respective
record positions indicated by the letter “R.” For playback
mode, the switches are switched to the ‘P position. The cir-
cuit uses the 3.58 megacycle per second crystal controlled
oscillator of the color television receiver 600 to heterodyne
the 4.5 megacycle per second frequency modulated sound to
0.92 megacycles per second, the latter being a carrier that is
readily recorded by means of a relatively low speed video tape
recorder such as shown in my copending application Ser. No.
528,934. For playback, the 0.92 megacycle per second
frequency modulated sound carrier may be changed to a
sound signal by an appropriate discriminator and detector, or
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for simplicity may be heterodyned back to 4.5 megacycles per
second and the circuits of receiver 600 are utilized for
demodulation. With the switches in the record (R) position,
circuit 6-L101, 6-C108 tuned to approximately 4.5 megacy-
cles per second is connected to the base of transistor 6-Q10
which may be a type 2N3856A. The circuit 6-L102, 6-C111
is tuned to 3.58 megacycles per second and is connected to
the emitter circuit of transistor 6-Q19. The circuit 6-L103,

6—C110, 6-C109 is connected to the collector during record-

ing and supplies as much as 70 volts peak to peak signal in the
0.92 megacycle tank circuit that is coupled via capacitor
6-C103 to one of the recording head circuits, which may be
the Z color signal recording head circuit.

During playback the switches are in the P position, connect-
ing the base of transistor 6-Q10 which again acts as a mixer
circuit to the 0.92 megacycle per second tank circuit including
inductor 6-1L.303 and capacitor 6-C110. It has been found
that different tuning is optimum for playback as compared to
recording, so that capacitor 6-C169 is disconnected during
playback. For example during recording the tank circuit
6-L103, 6-C109, 6-C110 may be peaked at a frequency
above 0.92 megacycles per second so that its output voltage at
0.92 megacycles per second is 50 percent of the peak value;
and similarly 6-L 101, 6-C108 may be peaked at 4.5 megacy-
cles per second, or at a frequency above 4.5 megacycles per
second such that its output voltage at 4.5 megacycles per
second is 50 percent of peak value. During playback inductors
6-L101 and 6-L103 are adjusted for minimum distortion and
good volume of sound. The 4.5 megacycle frequency modu-
lated output is thus fed via capacitor 6-C102 and conductor
6-371 to the TV set sound discriminator, detector, audio am-
plifier, and loudspeaker. It has been found that the sound and
color signal do not interfere with each other when recorded
and played back on the same magnetic recording track. How-
ever, filter elements may be used to isolate the sound carrier
from the video if desired. The conductors 6-377 and 6-378 in
FIG. 6B connect to terminals designated by the circled num-
bers 8 and 15 in the cable between the recorder and TV set in
the present system and in the system of application Ser. No.
528,934 filed Feb. 21, 1966 in which this sound system may be
used. Another sound channel for stereo may be used with the
other color channel.

Having reference to FIG. 6A, the tape recording and
playback circuits and the record-playback video coupling cir-
cuits component 6-380 of FIG. 6A may be used for the circuit
illustrated in the fourth figure of my copending application
Ser. No. 528,934. In this latter case, the audio circuitry of
FIG. 6B would preferably be located in the adapter circuit
'{255) of part b of the fourth figure of said copending applica-
tion. Conductor 6-377 would lead to conductor number (8)
of cable (256) of said part b. Thus conductor 6-377 would be
connected to the juncture of inductor (L6C) and conductor
(38) of part a of said fourth figure, so that the audio signal on
the 0.92 megacycle per second carrier would be supplied
through secondary winding (23¢) to conductor (39). The con-
ductor (39) would then connect to a head unit such as in-
dicated at (22) in the first figure of said copending application
through a selectar switch having record and play positions as
indicated in said part a. The winding (26) would have its
upper terminal grounded through a record-play selector
switch in the same way as illustrated for winding (24) in said
parta.

During playback, the aforementioned selector switches
would be in the play position so as to connect windings (26)
and (66) of the head (22) shown in the second figure of said
copending application to a playback amplifier such as in-
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playback amplifier (76) would supply the playback signal to
conductor 6-378 of FIG. 6B whereupon the sound signal on
the 0.92 megacycle carrier would be coupled through capaci-
tor 6-C104 to the tank circuit 6-L103, 6-C110. The resulting
sound signal with a 4.5 megacycle per second carrier would be
supplied through capacitor 6-C102 and via conductor 6-371
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to the television set 600, for example to pin 1 of sound
demodulator tube 6-V 202 of the RCA Model CTC16 chassis.
Conductor 6-372 would be connected to pin 7 of the X
demodulator tube 6-V704 of the same chassis so as to receive
the 3.58 megacycle per second signal which heterodynes with
the 0.92 megacycle per second carrier to give the 4.5 megacy-
cle per second modulated sound signal.

Referring to FIG. 8 A, conductor 6-383 serves to couple the
output of the B-Y amplifier tube 6~V706B of said chassis to
the Z recording head. In this case conductor 6-384, FIG. 6B,
leading from the receiver 680 would be connected to pin 6 of
tube 6-V706B of said chassis. Similarly, the reproduced and
amplified color video signal on conductor 6-386 is connected
to capacitor 6-155 and pin 7 of 6-V706B. In part b of the
fourth figure of said copending application conductor 6-386
would connect to conductor (216) which leads to a-capacitor
(155) and then to pin 7 of the tube V706B of said chassis.

With this arrangement, the separate audio head, audio am-
plifier and audio biasing system of said copending application
could be omitted.

it has been found advantageous for noise reduction to con-
nect a series inductor and capacitor between the plate of
audio output tube V106 and ground, of said chassis, the induc-
tor having a value of about 0.15 henry and the capacitor hav-
ing a value of about 0.0025 microfarads.

The foregoing specific circuitry is, of course, simply given
by way of specific example. The embodiments disclosed with
respect to the 13th figure of my copending application Ser.
No. 545,050 filed Apr. 25, 1966 are incorporated herein by
reference.

Referring to the embodiment of the 13th figure of my appli-
cation Ser. No. 545,050, a sound and color picture was
recorded and played back using the circuit specifically
described as wherein the various components had values as
follows: (R1), 0—560,000 ohms; (R2), 15,000 ohms; (R3),
470 ohms; (R4), 560 ohms; (RS5), 470 ohms; (C3), 0.02
microfarads; (C4A) and (C4B) each 9 micromicrofarads to
180 micromicrofarads; (C5), 9 micromicrofarads to 180
micromicrofarads; each of (C6A) and (6Cb), 80
micromicrofarads to 480 micromicrofarads;, (C7), 0.02
microfarads; (C8A), 10 micromicrofarads; (C8B), 10
micromicrofarads; (C9), 0.05 microfarads; (C10), S
micromicrofarads; (C11), 5 micromicrofarads; (L1), 28 tumns;
(L2), 28 turns; (L3), 24 turns below the tap and 50 turns
above the tap; (L. 1) and (L2) being wound on a Y%-inch diame-
ter by 1 inch long powdered iron coil form, and (L3) on a
three-eighth inch by 1 inch long powdered iron coil form. The
small capacitances (C10) and (C11) couple the high frequen-
cy TV receiver circuits to the shielded cables which are part of
the turned circuits of said 13th figure with negligible
disturbance to the receiver circuits.

Referring to the embodiment of the 13th figure of Ser. No.
545,050, detuning of the tank circuits during recording leads
to implitude modulation as well as frequency modulation
being recorded on the magnetic record tape of component
(375). This has been found beneficial in some cases. The
sound circuit may be modified to generate its own oscillations
in case the 3.58 megacycle per second source is not available
(as in monochrome TV sets) or in case a different frequency is

.desirable. This may be done by inserting a few turns at (L4) in

the collector circuit of (T1) and coupling them to coil (L2),
with proper feedback polarity to produce oscillations tuned by
(L2) and (C5) to a desired frequency such as near 3.58 mega-
cycles per second. Switch (S5) is opened for this mode of
operation, and lead (372) is not used.

It will be understood that while specific frequencies, etc.
have been used in various examples for clarity, others may be
chosen that utilize the illustrated principles advantageously.

It will be apparent that many modifications and variations
may be effected without departing from the scope of the novel
concepts of the present invention.

I claim as my invention:
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I A magnetic video playback system comprising a video
amplifier for coupling to a magnetic playback head to amplify
a reproduced video signal, said amplifier comprising a plurali-
ty of stages connected in cascade by means of coupling cir-
cuits each providing a coupling path for direct current, and
means comprising a negative feedback circuit between certain
of said stages for substantially reducing the response of said
amplifier for input frequencies below about 1000 cycles per
second. .

2. The system of claim 1 with said negative feedback circuit
providing a feedback path for direct current between said cer-
tain stages.

3. The system of claim 1 with said amplifier having at least
three stages including an input stage and an output stage, and
said feedback circuit extending from said output stage to said
input stage.

4. A magnetic playback system comprising a magnetic
playback preamplifier having a plurality of first stages and a
plurality of second stages following said first stages, said first
stages having means providing a rising response as a function
of input frequency as frequency is decreased at relatively low
frequencies, and said second stages having means providing a
rising response as a function of input frequency as frequency is
increased at relatively high frequencies greater than said rela-
tively low frequencies, said first stages including an input stage
for coupling to a magnetic transducer head and having a
response which rises as a function of frequency as frequency is
decreased at said relatively low frequencies, and which is sub-
stantially level at said relatively high frequencies.

5. The system of claim 4 with said preamplifier including a
stage having means providing a rising response as a function of
input frequency as frequency is increased for intermediate
frequencies generally intermediate the range of said relatively
high frequencies.

6. The system of claim 5 with said relatively low frequencies
comprising frequencies less than about 100 kilocycles per
second, said relatively high frequencies comprising frequen-
cies above about 100 kilocycles per second, and said inter-
mediate frequencies being in the neighborhood of about 500
kilocycles per second.

7. A magnetic video playback system comprising a magnetic
playback head having a first playback winding with a first
resonance frequency generally within a frequency band ex-
tending from about 50 kilocycles per second to about 250
kilocycles per second and having a second playback winding
connected in series with said first playback winding and hav-
ing a second resonance frequency substantially higher than
said first resonance frequency, said first and second playback
windings being operable for supplying a reproduced video
signal having a broad bandwidth substantially exceeding 1
megacycle per second, said head having a deficiency in head
response at a midband frequency substantially in a midregion
of the bandwidth which midregion comprises midfrequencies
of the order of 50 kilocycles per second to 500 kilocycles per
second, a video amplifier for coupling to said first and second
playback windings in series of said magnetic playback head to
receive said reproduced video signal having said broad band-
width, said amplifier comprising a transistor amplifier stage
with an emitter circuit having resistance, inductance and
capacitance providing a series resonance effect substantially
at said midband frequency and at a frequency in a midregion
of the input frequencies 1o said amplifier to correct for said
deficiency in head response.

8. The system of claim 7 with said emitter circuit comprising
a network consisting of an inductance, a capacitor and a re-
sistor in series exhibiting series resonance at a frequency of
about 50 kilocycles per second.

9. In a magnetic video playback system, a magnetic
playback head for scanning a magnetic record medium having
a video signal recorded thereon to provide a reproduced video
signal, said magnetic playback head having a first winding
resonant at a first relatively lower frequency and having a
second winding connected in series therewith and resonant at
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a substantially higher frequency, said head exhibiting a rapid
drop in output at the highest frequencies of the reproduced
video signal, a video playback amplifier for coupling with said
magnetic playback head to receive the reproduced video
signal therefrom and including a transistor stage having a com-
pensating circuit connected with the emitter thereof, said
compensating circuit comprising capacitance, inductance and
resistance in series and exhibiting series resonance at a
frequency of the order of 2 megacycles per second to compen-
sate for said rapid drop in the output of said magnetic
playback head.

10. In a magnetic transducer system for video signals, a
phase correction circuit comprising a transistor having an
input for receiving a video signal requiring phase correction,
and having load resistances in its emitter and collector cir-
cuits, and a resistor and a reactor in series between the emitter
and collector of said transistor and each having relatively high
impedance in the operating frequency range compared to said
load resistances, said resistor and said reactor having at their
junction an output circuit point for supplying a phase cor-
rected video signal.

11. The system of claim 10 with the sum of the resistance
values of said load resistances being less than one-half of the
resistance value of said resistor.

12. The system of claim 10 with the sum of the resistance
values of said load resistances being about 0.1 the resistance
value of said resistor.

13. The system of claim 10 with said phase correction cir-
cuit having a load impedance of predetermined value con-
nected with said output circuit point, and the resistance value
of said resistor being less than about one-half the value of said
load impedance at the frequency where the impedance of said
reactor equals the impedance of said resistor.

14. In a video transducing system, a magnetic playback ap-
paratus comprising a magnetic record tape having a mag-
netizable layer of predetermined thickness and having a video
signal recorded thereon by means of a recording system hav-
ing a predetermined response characteristic including respec-
tive frequency components corresponding to recorded half
wavelengths greater than and less than said predetermined
thickness, and magnetic playback circuitry connected with
said playback apparatus for receiving a reproduced video
signal therefrom corresponding to the video signal recorded
on said magnetic record tape, said playback apparatus
together with said circuitry exhibiting a response as a function
of input frequency which has a falling characteristic with in-
creasing frequency for relatively high frequency components
corresponding to recorded half wavelengths less than the
thickness of the magnetizable layer.

15. In a video transducing system, a magnetic playback ap-
paratus comprising a magnetic record tape having a mag-
netizable layer of predetermined thickness and having a video
signal recorded thereon by means of a recording system hav-
ing a predetermined response characteristic including respec-
tive frequency components corresponding to recorded half
wavelengths greater than and less than said predetermined
thickness, and magnetic playback circuitry connected with
said playback apparatus for receiving a reproduced video
signal therefrom corresponding to the video signal recorded
on said magnetic record tape, said playback apparatus
together with said circuitry and in conjunction with the

‘predetermined characteristic of the recording system exhibit-

ing a response as a function of input frequency which has a
falling characteristic with increasing frequency for relatively
high frequency components corresponding to recorded half
wavelengths less than 0.1 the thickness of the magnetizable
layer.

16. In a magnetic video playback system, a magnetic
playback head for scanning a magnetic record medium having
a video signal recorded thereon to provide a reproduced video
signal, said magnetic playback head having a first winding
resonant at a relatively lower frequency and a second winding
resonant at a substantially higher frequency and connected in
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series therewith such that the outputs of the windings are of
opposite phase at frequencies below the resonant frequency of
the first winding, a video playback amplifier for coupling with
said magnetic playback head to receive the reproduced video
signal therefrom and including a transistor stage having a com-
pensating circuit connected with the emitter thereof, said
compensating circuit comprising capacitance inductance and
resistance in series and exhibiting series resonance at a
frequency within the operating frequency range of the amplifi-
er.

17. The system of claim 16 with said compensating circuit
exhibiting series resonance at a frequency of the order of 50
kilocycles per second. .

18. The system of claim 16 with said compensating circuit
exhibiting series resonance at a frequency of the order of 1
megacycle per second.

19. A playback system comprising:

a playback head having output winding means resonant at a

predetermined resonance frequency,

said head having input means for receiving input frequency

components both above and below said predetermined
resonance frequency, and producing at the output wind-
ing means corresponding output frequency components,
and

signal translating means having an input coupled to said out-

put winding means for receiving said corresponding out-
put frequency components therefrom, having an output,
and having a compensating negative feedback circuit in-
terposed between the input and output thereof for tend-
ing to equalize the shifts in phase introduced between said
head input means and said output.between frequency
components below said predetermined resonance
frequency and frequency components = above said
predetermined resonance frequency.

20. A wide band transducer system comprising

a transducer head having an output and having a frequency

response characteristic with a maximum at a given
resonance frequency,

means for supplying a wide band input to said head includ-

ing frequency components above and below said
resonance frequency to produce at the output of said
head an output signal having corresponding output
frequency components, and

a translating circuit coupled to said transducer head for

receiving said output signal therefrom without a substan-
tial amplification thereof and including a negative feed-
back network providing a shift of the order of 180°in the
phase of the output frequency components above said
resonance frequency relative to the phase of the output
frequency components below said resonance frequency.

21. A wide band transducer system comprising

a transducer head having an output and having a frequency

response characteristic with a maximum at a given
resonance frequency,

means for supplying a wide band input to said head includ-

ing frequency components above and below said
fesonance frequency to produce at the output of said
head an output signal having corresponding output
frequency components, and

a translating circuit coupled to said transducer head includ-

ing a negative feedback network for tending to correct for
the relative phase shifts introduced into said output
frequency components by said head prior to substantial
amplification of said output frequency components.

22. A transducer system comprising

a magnetic transducer head scanning a magnetic record
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medium to electrically reproduce a range of signal

frequencies including relatively low frequencies, inter-

mediate frequencies and relatively high frequencies, and
translating means coupled to said magnetic transducer head

for receiving said range of signal frequencies therefrom
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and comprising a cascaded series of amplifier stages a
plurality of which have respective networks therein each
providing a substantially higher gain at said relatively high
frequencies and at said relatively low frequencies in com-
parison to its gain at said intermediate frequencies.

23. A wide band transducer system comprising

a transducer head having an output and having a frequency
response characteristic with a maximum at a given
resonance frequency,

means for supplying a wide band input to said head includ-
ing frequency components above and below said
resonance frequency to produce at the output of said
head an output signal having corresponding output
frequency components, and

a translating circuit coupled to said transducer head for
receiving said output signal therefrom with a substantial
amplification thereof and including a resonate feedback
network providing a shaft of the order of 90° in the phase
of the output frequency components at said resonance
frequency relative to the phase of the output frequency
components substantially below said resonance frequen-
cy.

24. A transducer system comprising

a magnetic transducer head for coupling to a magnetic
record medium to electrically reproduce a recorded
video signal, and

signal translating means for coupling to said transducer
head to receive the reproduced video signal therefrom,

said signal translating means having a response charac-
teristic as a function of frequency with a substantial boost
in low frequency response for a moderately low frequen-
cy range of the order of 800 cycles per second to 8000 cy-
cles per second, and with a rapid fall in response below
said frequency range and a relatively low response at rela-
tively low frequencies below about 800 cycles per second,
and which frequency response characteristic is substan-
tially flat from about 16,000 per second to about 300
kilocycles per second.

25. A transducer system comprising

a magnetic transducer head having a winding for coupling
to a magnetic record medium to reproduce a signal
recorded thereon, said winding exhibiting resonance at a
resonance frequency,

a playback amplifier for connection to said head and
providing a frequency response characteristic in conjunc-
tion with said head which is substantially flat from about
16,000 cycles per second to said resonance frequency of
said winding and which thereafter rises at an increasing
rate.

26. A wide band transducer system comprising

a magnetic transducer head having a record medium path
with a coupling region at which the head is coupled to the
record medium path to introduce signal flux components
into said head in accordance with a wide band signal
recorded on the record medium,

said head having a low resonance winding providing a
resonance effect in its response to said signal flux com-
ponents at signal frequencies intermediate the bandwidth
of said signal flux components, and

output means coupled to said low resonance winding and
comprising a negative feedback network having a phase
response characteristic as a function of frequency for
compensating for the phase response characteristic of the
low resonance winding ir the region of said resonance ef-
fect.

27. A wide band amplifier for use with a transducer having
high and low impedance signal windings coupled thereto
wherein said amplifier includes:

a frequency responsive negative feedback network included
in said amplifier circuits to provide a signal phase shift
which corresponds to the phase shift which occurs in said
windings as playback signal frequency changes.



