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(57 ABSTRACT 
In a video signal play-back circuit connected so that a 
play-back signal from a magnetic head may be applied 
to an amplifier circuit through a resonance circuit 
which consists of an inductance element and a capaci 
tance element, a resistor for adjusting the quality factor 
Q of the resonance circuit is connected between one 
terminal of the resonance circuit and one output termi 
nal of the amplifier circuit, thereby to reduce thermal 
noises which develop from the Q adjusting resistor. 

360/67 

14 Claims, 3 Drawing Figures 

  



U.S. Patent Apr. 29, 1986 Sheet 1 of 2 Re. 32,132 

4. +V 
FIG. I. - - - - - - - - 

AA/OAP AA77 18 

2 3 0-7 

Ossi is 
-- - - - - : 

4. - 

FIG. 3 
-6O MEASURED BAND WIDTH 2kHz 

2 3. 4. 5 6 7 
FREQUENCY (MHz) 

  

  



U.S. Patent Apr. 29, 1986 Sheet 2 of 2 Re. 32,132 
  



Re. 32,132 
1. 

VIDEO SIGNAL PLAY-BACK CIRCUIT 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to a circuit which plays back a 
video signal recorded on a magnetic recording medium 
such as magnetic tape and magnetic disk. More particu 
larly, it relates to an equalizer circuit which bestows the 
compensation of a frequency characteristic on a signal 
played back by a magnetic head. 

In magnetic recording and play-back apparatus such 
as video tape recorders (VTR) wherein a video signal is 
recorded on a magnetic recording medium and played 
back therefrom, the video signal is generally subjected 
to frequency modulation and recorded as a frequency 
modulated signal. The frequency-modulated signal has 
the frequency characteristic degraded in the processes 
of recording and play-back with the magnetic recording 
medium and a magnetic head. Specifically, the level of 
a lower frequency region below the carrier frequency 
of the frequency modulation rises, and the lower side 
band component of the frequency-modulated signal is 
emphasized. 
When the frequency-modulated signal having under 

gone such a degradation is demodulated as it is, the 
level becomes higher in a higher frequency region of 

- the demodulated signal. In an extreme case, a phenome 
non called inversion in which the original signal can no 
longer be played back takes place. The inversion is 
attributed to the fact that the level of the lower sideband 
wave becomes higher than the level of the carrier wave. 
In the play-back, a very unsightly picture frame ex 
pressed as the burst of a picture frame is reproduced. 
Apart from the above, the so-called modulation noise 

which the magnetic recording medium has adds to the 
noise of the frequency-modulated signal in the processes 
of magnetic recording and play-back, so that the signal 
to-noise ratio of the demodulated signal is degraded. 

In the conventional magnetic recording and playback 
apparatus, an equalizer circuit is usually provided 
which compensates for such degradations occurring in 
the processes of recording and play-back, for the pur 
poses of flattening the frequency characteristic of the 
demodulated signal, preventing inversion, and enhanc 
ing the signal-to-noise ratio. 

It is considered that the processes of magnetic record 
ing and play-back involve no change in the phase char 
acteristic even if they involve a change in the amplitude 
characteristic. As the equalizer circuit, therefore, a 
circuit needs to be employed which uses a delay circuit, 
the phase characteristic of which is flat and only the 
amplitude characteristic of which varies. Such an equal 
izer circuit is adopted in a VTR for broadcast. 
The equalizer circuit using the delay circuit, how 

ever, has a complicated arrangement and becomes ex 
pensive. Accordingly, in VTR's for industrial use, do 
mestic use etc. for which importance is attached to the 
simplification of the arrangement, it is common practice 
to ignore some change in the phase characteristic and to 
adopt an equalizer circuit of simple arrangement em 
ploying a resonance circuit. 

In case of employing the resonance circuit, a thermal 
noise develops from a resistor which is connected in 
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2 
order to adjust the quality factor Q of the resonance 
circuit. The thermal noise is quite small in comparison 
with the noises which are generated in the processes of 
magnetic recording and play-back. In general, noises 
which arise in the whole play-back circuit including the 
resonance circuit are about 10 dB lower than the noises 
which arise in the processes of magnetic recording and 
play-back. The noises of the play-back circuit are usu 
ally negligible. 
On the other hand, in order to raise the practicability 

of the industrial and domestic VTR's, the reduction of 
the quantity of consumption of a magnetic tape has 
recently been endeavored by diminishing the width of a 
track on the magnetic tape, and therewith, shortening 
the recording wavelength on the tape as is formed by a 
signal to be recorded. The shortening of the recording 
wavelength lowers the relative velocity of a tape head, 
decreases the diameter of a rotary cylinder for rotating 
the magnetic head, and is effective to miniaturize the 
apparatus. 
The diminution of the track width and the shortening 

of the recording wavelength enhance the recording 
density, which inevitably lowers the output signal of the 
magnetic head. In an example wherein the track width 
of approximately 100 um in a prior art system is dimin 
ished to 30-60 un and wherein the recording wave 
length of approximately 2 um is shortened to approxi 
mately 1.5 um, the output signal of the play-back head 
lowers -. As a result, the magnitude of the noises 
generated in the processes of recording and play-back 
and the magnitude of the noises of the play-back circuit 
become roughly equal, and the noises of the play-back 
circuit, especially the thermal noise from the resistor in 
the resonance circuit employed as the equalizer circuit, 
cannot be ignored. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a video sig 
nal play-back circuit in which the thermal noise devel 
oping from the resistor connected for adjusting the 
quality factor Q of the resonance circuit is reduced. 

In order to accomplish the object, this invention con 
sists in a circuit wherein an amplifier and a resonance 
circuit comprising an inductance element and a capaci 
tance element are connected, characterized in that the 
resistor for adjusting Q is inserted between an output 
terminal of the amplifier and one terminal of the reso 
nance circuit. 
The other objects and features of the present inven 

tion will become apparent from the following detailed 
description when read in conjunction with the accom 
panying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a connection diagram of a typical prior art 
play-back circuit, 

FIG. 2 is a connection diagram of a play-back circuit 
according to this invention, and 

FIG. 3 is a graph showing in comparison the mea 
sured results of noises in the circuits of FIGS. 1 and 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In order to facilitate understanding of this invention, 
a typical prior art play-back circuit will first be de 
scribed with reference to FIG. I. 
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In the figure, numeral 1 designates a magnetic head, 
numeral 2 a rotary transformer for deriving a signal 
from the rotating magnetic head, numeral 3 a boosting 
transformer for boosting a signal voltage, and numeral 4 
an amplifier circuit. These components are connected in 
cascade and make up a play-back amplifier and equal 
izer circuit (hereinbelow, termed the play-back circuit). 
The signal from the magnetic head 1 is led to input 
terminals 5 and 6 of the amplifier circuit 4 through the 
rotary transformer 2 as well as the boosting transformer 
3. The amplifier circuit 4 takes the form of a cascode 
amplifier in order to prevent input capacitance from 
increasing due to the Miller effect. A play-back circuit 
output is obtained at an output terminal 7 of this ampli 
fier circuit. 
As the inductance of the resonance circuit, that 

which is present at the terminals 5 and 6 mainly by the 
inductance of the magnetic head 1 may be used. The 
capacitance of the resonance circuit is made up of a 
stray capacity 9 which includes the input capacity of a 
transistor 8, the capacity of wirings, the capacity of the 
magnetic head, etc., and a capacitor 10 which serves to 
adjust the resonance frequency. Further, it is necessary 
to bring the characteristic of the resonance circuit near 
to a predetermined equalization characteristic. To this 
end, a resistor 11 is connected, and the quality factor Q 
of the resonance circuit is set by adjusting the resistance 
value thereof. In many actual examples, the resonance 
frequency is set between 4 MHz and 5 MHz, and the 
value of Q between 2 and 4. 
The amplifier circuit 4 is the basic cascode amplifier 

circuit generally and extensively employed, and in 
cludes transistors 8 and 12, a biasing source resistor 13, 
high frequency by-pass capacitors 14 and 15, resistors 
16 and 17 for applying d.c. voltages, and a load resistor 
18. 
This invention reduces the thermal noise of the resis 

tor 11 in the circuit of FIG. 1, and an embodiment 
thereof is shown in FIG. 2. In FIG. 2, the same constitu 
ents as in FIG. 1 are assigned the same reference numer 
als, which are not repeatedly explained. 
As previously stated, the play-back circuit of this 

invention is characterized in that a resistor 19 for adjust 
ing the quality factor Q of the resonance circuit is con 
nected between a terminal of the resonance circuit (the 
input terminal 5 of the amplifier circuit) and the output 
terminal 7 of the amplifier circuit. A capacitor 20 serves 
to cut off direct current. This capacitor can be dis 
pensed with in some arrangements of the amplifier cir 
cuit. 

In this case, the gain of the amplifier circuit is made 
sufficient, and the resistance of the resistor 19 is set to be 
higher than the resistance of the resistor 11 in the circuit 
of FIG. 1. 
The reason for such a setting is that a negative feed 

back circuit is formed of the resonance circuit and the 
amplifier circuit through the resistor 19. By exploiting 
the effect of this negative feedback, an apparent resistor 
can be connected between the terminals 5 and 6 as in the 
circuit of FIG. 1. Specifically, the resistance of the 
resistor connected anew is set to be greater than the 
resistance of the resistor in the circuit of FIG. 1 approxi 
mately to the amount of the negative feedback. 
Owing to the above connection, the signal-to-noise 

ratio is improved as explained below. When a field 
effect transistor is adopted as the transistor 8 of the 
amplifier circuit 4, the noise of the transistor is occupied 
by the thermal noise of the drain-source resistance on 
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4 
the output terminal side of the transistor, and it seems 
that no noise exists on the gate side being the input 
terminal. Therefore, the signal-to-noise ratio is im 
proved by the effect of the negative feedback. Further, 
the signal-to-noise ratio at the terminal of the resonance 
circuit at the time when the negative feedback is applied 
may be considered identical to the signal-to-noise ratio 
at the time when the negative feedback is not formed by 
rendering the mutual conductance of the transistor 
zero. In this case, the signal-to-noise ratio is improved as 
compared with that of the circuit in FIG. 1, by the 
magnitude of the square root of the ratio of the value of 
the resistor connected anew with respect to the value of 
the resistor in the circuit of FIG. 1. This is because, 
concurrently with the increase of the resistance of the 
resistor, the level of the signal rises at the same ratio, 
while the voltage of the thermal noise which the resis 
tor generates rises according to the square root of the 
ratio. 
The signal-to-noise ratio (S/N) of the play-back cir 

cuit according to this invention will now be more con 
cretely compared with the signal-to-noise ratio (So/No) 
of the circuit of FIG. 1. 
The resistance of the Q adjusting resistor 11 in the 

circuit of FIG. 1 is set to be R0, and the resistance of the 
Q adjusting resistor (the apparent resistor between the 
terminals 5 and 6 as formed by the negative feedback) in 
the circuit of this invention is assumed to become R1. 
The thermal noises which develop in the respective 
resistors are VK Ro and VK R1 (where K denotes a 
constant). 

Putting R1/Ro= G (where Ge1), the quality factor 
Q of the resonance circuit of this invention becomes G 
times the quality factor Q of the circuit of FIG. 1, and 
hence, also the signal S is G times, that is, S = G So. On 
the other hand, regarding the noise N, 

kr --NG 
so that 

N=VG No 

Accordingly, the signal-to-noise ratio of the circuit of 
this invention becomes: 

So -- = \G. S./N 
Wo N. O 

SN = 

This is improved to VG times the signal-to-noise ratio, 
So/No of the circuit in FIG. 1. 
As specific data, the inductance of the magnetic head 

1 is made 1.5 uh, the boosting ratio of the rotary trans 
former 2 is made 2, the boosting ratio of the boosting 
transformer 3 is made 2.5, and the resonance frequency 
and the quality factor Q of the resonance circuit are 
respectively selected to be 4.4 MHz and 3. At this time, 
the resistance (e.g., 120 k)) of the resistor 19 is set 
sufficiently higher than the resistance (e.g. 8 kS)) of the 
resistor 11 in the circuit of FIG. 1 in order to obtain the 
same resonance characteristic. As a result, the impe 
dance of the gate terminal of the transistor 8 rises, and 
the signal voltage rises, so that the signal-to-noise ratio 
is enhanced, 
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FIG. 3 shows the actually measured values of the 
noise levels of the circuit of the embodiment in FIG. 2 
and the known circuit in FIG. 1. A curve a indicates the 
noise of the present invention embodiment, and a curve 
b the noise of the known circuit. It is understood that 5 
the noise could be reduced about 3 dB by the circuit of 
the embodiment. 

In the above description, the construction of the mag 
netic head portion has been exemplified as the rotary 
head type employing the rotary transformer. Besides 10 
the example, there are various constructions including 
one employing a slip ring instead of the rotary trans 
former, one of the fixed head type, etc. Needless to say, 
in any of these cases, the equalizer circuit employing the 
resonance circuit can be similarly formed, and this in- 15 
vention is applicable. 

I claim: 
1. A video signal play-back circuit comprising: 
a magnetic head which detects a video signal re 
corded on a magnetic recording medium; 20 

a resonance circuit which is electrically connected to 
said magnetic head so that the signal picked up by 
said magnetic head may be applied to said reso 
nance circuit, and which includes an inductance 
element and a capacitance element including a 25 
variable capacitor for adjusting the resonance fre 
quency of the resonance circuit for equalization of 
the frequency characteristic of the signal play-back 
circuit; 

an amplifier circuit having a field-effect transistor of 30 
which the gate terminal is connected with said 
resonance circuit to provide a high input impe 
dance to said amplifier circuit; and 

means for adjusting a guality factor C of said resonance 
circuit without any substantial increase in thermal 35 
noise of said resonance circuit, said means comprising 

a variable resistor which is connected between one 
output terminal of said amplifier circuit and one 
terminal of said resonance circuit and which 
serves to adjust a quality factor Q of said reso- 40 

nance circuit has a value of resistance which sets the 
quality factor O of said resonance circuit at a value 
between 2 and 4. 

2. A signal play-back circuit according to claim 1, 
wherein a capacitor for cutting off direct current is 45 
connected in series with the Q adjusting resistor. 

3. A signal play-back circuit according to claim 1, 
wherein an inductance which said magnetic head has is 
included as said inductance element of said resonance 
circuit. 50 

4. A signal play-back circuit according to claim 1, 
wherein the Q adjusting resistor has a resistance value 
R1 which is greater than a resistance value Roin the case 
where it is connected across said one terminal of said 
resonance circuit and a reference terminal in order to 55 
attain the same resonance characteristic. 

5. A signal play-back signal according to claim 1 or 7, 
wherein the Q adjusting resistor has a resistance value 
R1 which is greater than an apparent resistance value 
Robetween said one terminal of said resonance circuit 60 
and a reference terminal when said Q adjusting resistor 
is coupled in the circuit in order to attain the same 
resonance characteristic as if a physical resistor Rowere 
coupled between said one terminal of the resonance 
circuit and said reference terminal. 65 

6. A signal play-back circuit according to claim 5, 
wherein said reference terminal is coupled to ground. 

7. A video signal play-back circuit comprising: 

6 
a rotating magnetic head which detects a video signal 

recorded on a magnetic recording medium; 
a rotary transformer which derives a signal from the 

rotating magnetic head; 
a boosting transformer which boosts a signal from 

said rotary transformer; 
a resonance circuit which is electrically connected to 

said boosting transformer in order to improve a 
frequency characteristic of an output signal of said 
boosting transformer and which includes an induc 
tance element and a capacitance element including 
a variable capacitor for adjusting the resonance 
frequency of the resonance circuit for equalization 
of the frequency characteristic of the signal play 
back circuit; 

an amplifier circuit having a field-effect transistor of 
which the gate terminal is connected with said 
resonance circuit to provide a high input impe 
dance to said amplifier circuit; and 

means for adjusting a quality factor C of said resonance 
circuit without any substantial increase in thernal 
noise of said resonance circuit, said means comprising 

a variable resistor which is connected between one 
output terminal of said amplifier circuit and one 
terminal of said resonance circuit and which 
serves to adjust a quality factor Q of said reso 

nance circuit has a value of resistance which sets the 
quality factor Q of said resonance circuit at a value 
between 2 and 4. 

8. A video signal play-back circuit comprising: 
a rotating magnetic head which detects a video signal 

recorded on a magnetic recording medium; 
a rotary transformer which derives a signal from the 

rotating magnetic head; 
a boosting transformer coupled to a secondary coil of 

said rotary transformer to boost a signal from said 
rotary transformer; 

a resonance circuit which is electrically connected to 
said boosting transformer in order to improve a 
frequency characteristic of an output signal of said 
boosting transformer, and which includes an induc 
tance element and a capacitance element including 
a variable capacitor coupled across a secondary 
coil of said boosting transformer for adjusting the 
resonance frequency of the resonance circuit for 
equalization of the frequency characteristic of the 
signal play-back circuit; 

an amplifier circuit having a field-effect transistor of 
which the gate terminal is connected with said 
resonance circuit to provide a high input impe 
dance to said amplifier circuit; and 

means for adjusting a quality factor Q of said resonance 
circuit without any substantial increase in thermal 
noise of said resonance circuit, said means comprising 

a variable resistor which is connected between one 
output terminal of said amplifier circuit and one 
terminal of said resonance circuit and which 
serves to adjust a quality factor Q of said reso 

nance circuit has a value of resistance which sets the 
quality factor Q of said resonance circuit at a value 
between 2 and 4, wherein the Q adjusting resistor 
has a resistance value R1 which is greater than an 
apparent resistance value Ro across the variable 
capacitor of said resonance circuit when said Q 
adjusting resistor is coupled in the circuit in order 
to attain the same resonance characteristic as if a 
physical resistor Ro were coupled across the vari 
able capacitor. 
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9. A video signal play-back circuit comprising 
a magnetic head which detects a video signal recorded on 
a magnetic recording medium and produces an output 
signal representative of said video signal 

a resonance circuit which is electrically connected to 
receive the output signal of said magnetic head, and 
which includes an inductance element and a capaci 
tance element including a variable capacitor for ad 
justing the resonance frequency of the resonance cir 
cuit for equalization of the frequency characteristic of 
the signal play-back circuit by compensating the fre 
quency characteristic of the output signal of the mag 
netic head 

an amplifier circuit which amplifies a signal from said 
resonance circuit and 

means for adjusting a guality factor O of said resonance 
circuit without any substantial increase in thermal 
noise of said resonance circuit, said means comprising 

a variable resistor which is connected as a negative feed 
back resistor between one output terminal of said 
amplifier circuit and one terminal of said resonance 
circuit as a resistor for said resonance circuit which 
has a value of resistance which sets the guality factor 
Q of said resonance circuit at a value between 2 and 4. 

10. A video signal play-back circuit comprising 
a rotating magnetic head which detects a video signal 

recorded on a magnetic recording medium and pro 
duces an output signal representative of said video 
signal 

a rotary transformer which derives a signal from the 
output signal of the rotating magnetic head 

a boosting transformer which boosts a signal from said 
rotary transformer 

a resonance circuit which is electrically connected to said 
boosting transformer in order to improve a frequency 
characteristic of an output signal of said boosting 
transformer to thereby compensate the frequency 
characteristics of the output signal of the magnetic 
head, wherein said resonance circuit includes an in 
ductance element and a capacitance element includ 
ing a variable capacitor for adjusting the resonance 
frequency of the resonance circuit for equalization of 
the frequency characteristic of the signal play-back 
circuit by the compensation of the magnetic head 
output signal frequency characteristic 

an amplifier circuit which amplifies a signal from said 
resonance circuit and 

means for adjusting a quality factor O of said resonance 
circuit without any substantial increase in thermal 
noise of said resonance circuit, said means comprising 

a variable resistor which is connected as a negative feed 
back resistor between one output terminal of said 
amplifier circuit and one terminal of said resonance 
circuit as a resistor for the resonance circuit which has 
a value of resistance which sets the guality factor 2 of 
said resonance circuit at a value between 2 and 4. 

II. A video signal play-back circuit comprising 
a rotating magnetic head which detects a video signal 

recorded on a magnetic recording medium and pro 
duces an output signal representative of said video 
signal 

a rotary transformer which derives a signal from the 
rotating magnetic head 

a boosting transformer coupled to a secondary coil of 
said rotary transformer to boost a signal from said 
rotary transformer 

a resonance circuit which is electrically connected to said 
boosting transformer in order to improve a frequency 
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8 
characteristic of an output signal of said boosting 
transformer to thereby compensate the frequency 
characteristics of the output signal of the magnetic 
head, wherein said resonance circuit includes an in 
ductance element and a capacitance element includ 
ing a variable capacitor coupled across a secondary 
coil of said boosting transformer for adjusting the 
resonance frequency of the resonance circuit for equal 
ization of the frequency characteristic of the signal 
play-back circuit by the compensation of the magnetic 
head output signal frequency characteristic 

an amplifier circuit which amplifies a signal from said 
resonance circuit, and 

means for adjusting a quality factor Q of said resonance 
circuit without any substantial increase in thermal 
noise of said resonance circuit, said means comprising 

a variable resistor which is connected as a negative feed 
back resistor between one output terminal of said 
amplifier circuit and one terminal of said resonance 
circuit as a resistor for the resonance circuit which has 
a value of resistance which sets the quality factor O of 
said resonance circuit at a value between 2 and 4, 
wherein the O adjusting resistor has a resistance value 
R1 which is greater than an apparent resistance value 
Ro across the variable capacitor of said resonance 
circuit when said 2 adjusting resistor is coupled in the 
circuit in order to attain the same resonance charac 
teristic as if a physical resistor Ro were coupled across 
the variable capacitor. 

2. A video signal play-back circuit comprising 
a magnetic head which detects a frequency nodulated 

video signal having a predetermined carrier frequency 
and recorded on a magnetic recording medium, 

a resonance circuit which is electrically connected to said 
magnetic head so that the signal picked up by said 
magnetic head may be applied to said resonance cir 
cuit, and which includes an inductance element and a 
capacitance element including a variable capacitor for 
adjusting the resonance frequency of the resonance 
circuit for equalization of the frequency characteristic 
of the output signal of said magnetic head, the reso 
nance frequency of said resonance circuit being equal 
to or higher than said carrier frequency, 

an amplifier circuit amplifying an output signal of said 
resonance circuit and 

means for adjusting a guality factor Q of said resonance 
circuit without any substantial increase in thernal 
noise of said resonance circuit, said means comprising 

a variable resistor which is connected between one output 
terminal of said amplifier circuit and one terminal of 
said resonance circuit and which has a value of resis 
tance which sets the quality factor O of said resonance 
circuit at a value between 2 and 4. 

13. A video signal play-back circuit comprising 
a rotating magnetic head which detects a frequency 

modulated video signal having a predetermined car 
rier frequency and recorded on a magnetic recording 
medium, 

a rotary transformer which derives a signal from th 
rotating magnetic head 

a boosting transformer which boosts a signal from said 
rotary transformer 

a resonance circuit which is electrically connected to said 
boosting transformer in order to improve a frequency 
characteristic of an output signal of said boosting 
transformer and which includes an inductance ele 
ment and a capacitance element including a variable 
capacitor for adjusting the resonance frequency of the 



Re. 32,132 
resonance circuit for equalization of the frequency 
characteristic of the output signal of said boosting 
transformer, the resonance frequency of said reso 
nance circuit being equal to or higher than said carrier 
frequency, 

an amplifier circuit amplifying an output signal of said 
resonance circuit, and 

means for adjusting a quality factor 2 of said resonance 
circuit without any substantial increase in thermal 
noise of said resonance circuit, said means comprising 

a variable resistor which is connected between one output 
terminal of said amplifier circuit and one terminal of 
said resonance circuit and which has a value of resis 
tance which sets the quality factor Q of said resonance 
circuit at a value between 2 and 4. 

14. A video signal play-back circuit comprising 
a rotating magnetic head which detects a frequency 

nodulated video signal having a predetermined car 
rier frequency and recorded on a magnetic recording 
medium, 

a rotary transformer which derives a signal from the 
rotating magnetic head 

a boosting transformer coupled to a secondary coil of 
said rotary transformer to boost a signal from said 
rotary transformer 

a resonance circuit which is electrically connected to said 
boosting transformer in order to improve a frequency 
characteristic of an output signal of said boosting 
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10 
transformer, and which includes an inductance ele 
ment and a capacitance element including a variable 
capacitor coupled across a secondary coil of said boost 
ing transformer for adjusting the resonance frequency 
of the resonance circuit for equalization of the fre 
quency characteristic of the output signal of said 
boosting transformer, the resonance frequency of said 
resonance circuit being equal to or higher than said 
carrier frequency, 

an amplifier circuit amplifying an output signal of said 
resonance circuit, and 

means for adjusting a quality factor Q of said resonance 
circuit without any substantial increase in thernal 
noise of said resonance circuit, said means comprising 

a variable resistor which is connected between one output 
terminal afsaid amplifier circuit and one terminal of 
said resonance circuit and which has a value of resis 
tance which sets the quality factor Q of said resonance 
circuit at a value between 2 and 4, wherein the Q 
adjusting resistor has a resistance value R1 which is 
greater than an apparent resistance value Ro across 
the variable capacitor of said resonance circuit when 
said Q adjusting resistor is coupled in the circuit in 
order to attain the same resonance characteristic as if 
a physical resistor Ro were coupled across the variable 
capacitor. 

3.2 x x x . 


