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This invention relates to a method and means
for compensating for distortion in signal cur-
rents and particularly to the distortion produced
on the reproduction of signal currents from a

5 variable density photographic record of sub-
stantially constant gamma.

The object of the invention is, by electrical
means, to compensate for the distortion in the
reproduced signal currents.

10 A feature of the invention is the insertion
of an amplifying network in the transmission
channel of the signal currents to modify the
reproduced signal currents.

Another feature of the invention is a variable

15 mu tetrode amplifier with feedback to modify
the characteristic curve of the amplifier.

Another feature of the invention is a circuit
connection cooperating with the tetrode am-
plifier to produce 2 logarithmic characteristic.

o0 Another feature of the invention is a second
tetrode amplifier cooperating with the other am-
plifiers to produce an exponential character-
istic having a desired exponent.

A further feature of the invention is a means

95 for rapidly and easily measuring by electrical
means the gamma of a distorted variable density
record of substantially constant gamma.

In the conventional variable density method of
recording signal currents, the exposure of the

30 film is restricted to the region of correct ex-
posure, which, by definition, is the region in
which the logarithm of the exposure is linearly
proportional to the logarithm of the opacity
produced after development. The ratio of the

35 logarithm of the opacity to-the logarithm of the
exposure is known as the gamma, and, in this
case, the gamma of the record is substantially
constant. On reproducing such a record, the
licht passing through the film is linearly pro-

40 portioned to the transmission of the film. As
the transmission of the film is, by definition, the
reciprocal of the opacity, the logarithm of the
reciprocal of the transmission will be linearly
proportional to the logarithm of the exposure,

45 that is, the ratio of the logarithm of the trans-
mission to the logarithm of the exposure will
be equal to the negative of the gamma, com-
monly called the negative gamma. Thus, when
an original record of this character is repro-

50 duced, the reproduced signal currents will be
distorted, because the light passing through
the film in reproduction is not linearly propor-
tional to the light falling on the film in the
original exposure.

55 TUnder normal conditions, the original record

(CL 179—100.3)

is not reproduced, but is photographically
printed on to a reproduction print and by proper
control of the printing operation, the distor-

‘tion in the original record is corrected by a

counter-distortion - due to the photographic
characteristics of the print, so that the signal
currents reproduced from the reproduction print
are substantially undistorted. Under certain
conditions, it is advantageous to be able to re-
produce the original record, and thus save the
time taken to print and develop the reproduc-
tion prints. In the production of many feature
films, the director wishes to have the sound
played back as soon as possible after the original
record is made, to decide if the record is satis-
factory. Naturally, the signal currents repro-
duced during the playback must not be distorted
or a false opinion of the original record will be
formed.

In the present invention, the original record
may be played back as soon as it is developed,
the distortion in the reproduced signal currents
being corrected by the counter-distortion in
the reproducing channel due to the special am-
plifier, While the present invention is particu-
larly fitted to compensate for the distorted sig-
nal currents reproduced from an original rec-
ord, the invention is not limited to this use but
is applicable to the correction of similarly dis-
torted signal currents derived from any other
source.

In the known method of recording sound,
the acoustic waves are transformed into elec-
trical waves and supplied in substantially un-
distorted form to the recording device, which
produces a corresponding variation in the
recording beam impressed on the film. The
negative record thus produced is developed to a
gamma related to the anticipated gamma of the
positive, usually having a value of about 0.5.
Positive prints are made of this negative and
developed to a gamma such that the overall
gamma (the product of the gammas of the nega-
tive and positive) is substantially unity. Ow-
ing to the distortion produced by the photo-
graphic processes used, such a negative cannot
be reproduced in a regular reproducing channel.
The distortion in the negative is compensated
by an inverse distortion produced by the de-
velopment of the positive, so that the positive
is substantially undistorted. The present in-
vention may be used, in recording, to produce &
materially different result. The undistorted
electrical waves are supplied to the- corrective
network adjusted to produce a known distor-
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2
tion equivalent to the distortion produced by
the negative. The distorted waves are sup-~
plied to the recording device and modulate the
recording keam. The resulting record is then
developed to & gammsa which is the reciprocal
of the exponent of the distortion introduced
by the network, and may be reproduced without
distortion in a regular reproducer. Prints may
be made of such records, without distortion, if
the prints are developed to a gamma of plus
unity.

In accordance with the present invention, an
original variable density record is scanned in
known manner and the reproduced distorted
slgnal currents supplied to a communication
channel having a resistor in parallel relation to
a variable mu teirode vacuum tube shunted
across the communication channel. The output
circuit of the tetrode is arranged to feed back
into the input circuit so that the exponential
characteristic " of the tetrode is modified to a
logarithmic characteristic. The signal currents,
modified by the communication channel, are
supplied tc a thermionic amplifier; having a
linear voltage amplification characteristic. The
output of the amplifier is supplied to a variable
resistance in parailel relation to the input circuit
of a second variable mu tetrode. By adjust-
ment of this variable resistance the effective
‘voltage amplification of the linear amplifier may
be made equal to the reciprocal of the nega-
tive gamma of the original record, that is, the
positive gamma which would be required to pro-
duce an undistorted reproduction print of the
original record. The output of the second
tetrode will then be the undistorted signal cur-
rents.

A direct current meter may be placed in the
output circuit of either tetrode. In order to
adjust the circuit, let an original record of a
sinusoidal signal current be scanned and the dis-
torted signal currents be applied to the corrective
network. I%is well known that a sinusoidal func-
tion integrated over a complete cycle is zero.

5 Thus, the variable resistance in the input of the

tetrode may be adjusted until the direct current
meter shows a steady deflection. The output
of the network is then an undistorted sinusoidal
current. The setting of the variable resistance
will be a measure of the gamma of the record
reproduced and may be calibfated in terms of
negative gamma.. The invention may thus be
used to measure the gamma of a record.

While the invention is of peculiar utility in
correcting the distortion due to an original photo-
graphic record, the invention is not limited to
this use, but is applicable to the correction of any
distortion of signal currents which has a definite
exponential characteristic. Also, while the vari-
able mu tefrode forms a convenient device hav-
ing an exponential characteristic, it is apparent
to those skilled in the art that other devices may
be used, and that the invention is in no way
limited to the variable mu tetrode.

In the drawing, Fig. 1 shows in schematic form
8 simple embodiment of the invention. Fig. 2
shows in schematic form another embodiment
of the invention,

In both Figs. 1 and 2 light from a source [0
is focused by an optical system represented by
the lens {{ on a photographic film carrying a
record. The record on the film 12 is one in
which the photographic density is linearly pro-
portional io the logarithm of the original ex-
posure, that is, the gamma of the record is
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constant. Records of this character are well-
known in the art and the record may, for ex-
ample, ke a negative record of sound accom-
Panying 'a motion picture.  The invention is,
however, in no way limited to such a record but
is applicable to any photcgraphic record having
the characteristic that the density 1s linearly pro-
bortional to the logarithm of the exposure. The
film 12 is traversed at constant speed in known
manner by. the sprocket I3 and the scanned
area is defined by an opaque slotted plate 14.
The area scanned may be further defined by a
slit operated in conjunction with the lens sys-
tem 1!, The elements described above form a
known method of scanning a developed photo-
graphic record but the present invention is in no
way Hmited to the particular scanning device
disclosed which is intended to be merely illus-
trative of any suitable scanning method.

In Fig. 1 current from the battery {8 Hows
through the resistor 19 to the heater elements
of the thermicnic devices 3 and | and then
through ground hack to the battery {8,  Current
flows from the battery 20 through the resistor 24

thence through the heater of the thermionic de- ¢

vice 2 to ground back o the hattery 20. A
polarizing potential is supplied by the battery 14
to the anode of the photoelectric device 15 and
tc the screen grid of the thermionic devices i
and 8. The battery 22 supplies a biasing potential
to the control electrede of the thermionic devices
I and 2. 'The battery 23 supplies a polarizing po-
tential to the control elecirode of the thermionic
device 3.

In Fig. 1 the light impressed on the photo-
electric cell 5 causes g current, varying in ac-
cordance with the transmission of the film 12,
to flow from the battery 14 through the cell 15
and the resistor 4 to ground and thence back to
the battery 14. The current flowing in the re-
sistor 4 causes a difference of potential to be
developed across the resistor which is applied
between the cathode and control electrode of
the thermionic device .

The thermionic device | is preferably an active
transducer having an exponential relationship
between the output current or voltage and the
input voltage such as the variable-mu. tetrode
described in an article “Reduction of distortion
and cross-talk in radio receivers by means of
variable-mu tetrodes” by S. Ballantine and H. A.
Snow, Proceedings of the Institute of Radio
Engineers, vol. 18, No. 12 December 1930, page
2102. Such devices are well-known in the art

and in the present system may have the form 5

of a variable-mu screen grid tetrode. The vary-
ing potential difference across the resistor 4
causes a- varying potential difference to be de-
veloped across the resistor § which is fed back
through the resistor § and the capacitor 69 to the
resistor 4. The voltage fed back threugh the
capacitor 60 opposes the potential difference
developed across the resistor 4 and due to the
exponential characteristic of the device I the
voltage fed back is not linearly related to the
input voltage. The potential difference developed
across the resistor 4 as modified by the poten~
tial fed back by the device | is applied to the
input circuit of the amplifier 2 where it is linear-
ly amplified and produces a potential difference
across the resistor 8 which is applied through
the capacitor 24 and produces a potential differ-
ence across the resistor 9.

As will be explained more fully hereinafter
the potential difference developed across the re-
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sistor 9 is in the form of the difference of two
logarithmic voltages. The potential difference
developed across the resistor 8 is applied to the
input circuit of the thermionic device 3 which
has the same exponential characteristic as the
thermionic device |. The thermionic device 3
exponentially amplifies the logarithmic voltages
developed across the resistor 9 and supplies them
through the transformer 25 to a utilization circuit.

By operating the key 26 the anode current of
the device 3 flows through the meter 27. If the
anode current of the device 8 is a pure sinusocid
the current integrated over a complete cycle will
be constant and the meter 27 will indicate a cur-
rent without any fluctuation. The resistor 9
may thus be adjusted until the meter 27 gives
a constant indication. Under these conditions
the output of the device 3 is an undistorted
sinusoid. The setting of the variable resistor 9
will then be a measure of the gamma of the
record being scanned at the time.

In Fig. 2 current flows from the battery 29
through the variable resistor 30 and thence
through the heater elements of the thermionic
devices 31, 32, 33, and 34 to ground and thence
back to the battery 29. The thermionic devices
31 and 23 are linear amplifiers which may be, as
shown, the well-known screen grid amplifiers.
The thermionic devices 32 and 34 are active
transducers having an exponential character-
istic between the input voltage and the output
current and may be as shown screen grid vari-
able-mu tetrodes. The thermionic devices 32
and 38 are respectively equivalent to the devices
{ and 3 in Fig. 1. The thermionic device 33 in
Fig. 2 is equivalent to the thermionic device 2
in Fig. 1. The difference between Fig. 2 and
Tig. 1 resides largely in the preliminary amplifier
31 and in the way the voltage is fed back to the
input of the amplifier 31. Current flows from
the battery 25 through the photoelectric cell 36
thence through the resistors 37 and 38 and the
hester of the thermionic device 234 to ground
then back to the battery 35. The modulated light
falling upon the photoelectric cell causes a fluctu-
ating difference of -potential to be developed
across the resistors 37 and 38 varying in accord-
ance with the transmission of the record 12. The
battery 39 supplies a polarizing potential to the
screen grid of the thermionic device 3. Current
flows from the battery 48 through the resistor 21
and the batteries 42 and 43 thence through the
thermionic device 31 from the anode to the
cathode and then through ground to the battery
40. The varying potential differences supplied
to the control electrode of the thermionic device
3{ cause the current flowing through the resistor
41 to vary in accordance with the applied voltage
and produce an amplified potential difference
across the ends of the resistor 41, The cathode of
the thermionic device 32 is connected to the up-
per end of the resistor 41 while the control elec~
trode of the thermionic device 32 is connected
through the heater of the device 34 to ground and
thence through the battery 48 to the lower end
of the resistor 41. The potential differences de-
veloped across the resistor 41 are thus applied
bhetween the cathode and control electrode of the
thermionic device 32. Current can flow from the
battery 44 through the anode-cathode circuit
of the thermionic device 32 thence through the
resistor 41 and battery £8 to ground, thence
through the heater element of the thermionic
device 34 and the resistor 38 back to the battery

3

44. The varying potential difference applied be-
tween the cathode and anode of the thermionic
device 32 will cause the current flowing in the
anode circuit to vary. 'This variation in the cur-
rent flowing in the anode circuit of the device 32
will cause a potential difference to be developed
across the resistor 38. 'This potential difference
opposes the potential difference developed in the
resistors 37 and 38 by the current flowing through
the photoelectric cell. Due to the exponential
characteristic of the thermionic device 32, the
potential differences developed across the re-
sistor 28 are not linearly related to the potential
differences developed across the resistors 37 and
28 by the photoelectric cell current. Thus, due
to the feed-back from the thermionic device 32
the input voltage applied between the control
glectrode and cathode of the thermionic device
3! is modified and this modified voltage appears
in an amplified form across the resistor &f in
the output circuit of the thermionic device 3.
The potential difference developed across the re-
sistor 81 is applied across the variable resistor
45, A controllable portion of the potential differ-
ence developed across the resistor 45 is applied
between the control grid of the thermionic device
33 and ground. As the cathode of the thermionic
device 83 is grounded this variable voltage is
effectively applied between the control electrode
and cathode of the device. The battery 46 ap-
plies the usual biasing potential to the control
electrode of the thermionic device 33. The bat-

‘tery 47 polarizes the screen grid. Current can

flow from the batteries 49 and 48 through the
thermionic device 33 to its. cathode and thence
through ground and through the resistor 58 back
to the battery. The variations in this current
produce a potential difference between the cath-
ode of the thermionic device 34 and ground. The
battery 49 places a polarizing potential upon the
screen grid of the thermionic device 34. As the
control electrode of the thermionic device 34 is
connected through battery 51 to ground the fluc-
tuating potentials produced across the resistor
B0 are effectively applied between the control
grid and the cathode of the thermionic device
34. The battery 51 places the usual biasing po-
tential upon the control electrode of the ther-
mionic device 34. The output of the thermionic
device 34 is applied through the transformer 52
to a utilization circuit. The resistors 53, 54 and
the capacitor 55 may be used to correct the high
frequency response of the transformer 52, The
battery 58 supplies power for the anode circuit
of the thermionic device 34, The setting of the
variable resistor 45 may be adjusted until the
output current of the thermionic device 34 is a
pure sinusoid. Under these conditions the dis-
tortion due to the characteristic of the film rec-
ord is completely compensated. The setting of
the variable resistor 45 will be a measure of the
gamma of the record.
Let

m=rthe instantaneous modulation applied to the
recording light beam

y=the slope of the characteristic of the film
record

fo=the steady current flowing in the photo-
electric cell

i1==the instantaneous current in the photoelec-
tric cell

it may be shown from photographic theory that
(1)

j=1pm=Y i
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In Fig. 1, let

egz==the input voltage applied to device 2
ipi=the output current of device I
Rpi=the internal impedance of device |

then, neglecting the small impédance of the
capacitor 60,

2

. . Ri--R
efy=11Ry—ipr Ry 6—+‘£1>

Ry+ Ry
R4(R8+Rp1) (3)

Ry R;

Due to the potential difference from the feed-
back current opposing the potential difference
due to the photoelectric cell current the resultant
potential difference egz will be very small com-
pared to 41Rs and may be ignored.

The characteristic of the exponential trans-
ducer | may be expressed as:

Cregi+K

1Ry —egy=ip;-

ipi=10 *
where Ci and K are constants.

Also the potential difference applied to the in-
put circuits of the devices | and 2 is the same,
that is:

. eg1=egsa

Thus from (1), (3), and 4)

10C1eg2+KR (RZ_I—Rpl)

fom™"Ry= R+ R
; R+ R,
Cieg,+ K=log g l—I_—l_Rpa] m‘“f)
Bt R _K
egg— = log "R +Rp1) -log m C (5)

As the device 2 is a hnear amplifier, and the
impedance of the capacitor 24 may be made
small, the voltage egs applied to the input circuit
of the device 3 will be:

edy=—egyp R Ry (6)
8 #H Ry(Ri+ Ry Rps)+ Re(Rs + Rpy)

The exponential transducer 3 may have the
same characteristic as the transducer {, thus

ip3=10016g3+K1 %)
Let
R+ Ry
X =R, T &m:
X— Ry Ry
P R(Rr+ Ryt Rpo) + R(Rs - Rps)
Then from (5), (6), and (7)

ips=10 — Xy-log (i X1) + Xoy log m~+ K1+ X,) =
(io'Xl) - Xz-m’y'XZ.l OK(I + XZ)

Thus for no distortion ~-Xs=1, that is

Ry-Rs I
M R(R:F R T Rps)+ Re(Bs T Rpy) v
This result may evidently be attained by a
suitable choice of Rs, Ry, Rs and the adjustment
of Re. The setting of the variable resistor Rs
will also evidently be a measure of the gamma
R+ Rpr

of the record.
i~ R ©

After adjusting Ro

The first two parts of this expression are a
constant current which is modulated by the third
part. As the modulation m is to the first power,

2,084,119
the output current is a faithful copy of the orig-

inal recording current and the distortion due
to the record has been compensated.
In Fig. 2, let
egi=input voltage to amplifier 31
ipz=output current of tetrode 32
ega=input voltage to tetrode 32
and let the characteristic of the tetrode 32 be:

an

ip2= 10
Then
eg1=11(Ry- Ras) —ipy Ry

il(Ra7+Ras)—eé1=R38'100eg2+K
eg1 < <ii( Ry Rs)
. Ryt Ry _loceé2+K
"\"Rs /T

From Equation 1:

i Ryt R38>.m_7= 10Ce&+K
Ry

Cegy+K=log ("0'1%%?8"”_7) 13)

Now the voltage eg: is the potential difference
developed across the resistor 41 and this is ap-
plied across the resistor 45. A portion of this
potential difference, depending on the setting of
the slider on resistor 45, is applied to the input
of the amplifier 33. Thus,

eg3=X-egs
Then, from (13)

R37;;R38> }é ~ylog m— KCL{ (15)
If this Equation 15 is compared with Equation 5,
it will be noted that the two equations are iden-
tical in form, the only difference being in cer-
tain constants, which may be selected, if desired,
to produce identical conditions.

Let

a2

edy=— log

u3=the amplification factor of amplifier 33
Rps=the internal impedance of amplifier 33
egs=the input voltage to tetrode 34.

e o0
eg, €83y Rps (16)
Also, let the tetrode 34 have the characteristic
ipy=1 OCeg4+K
Let
R37 R38
= 138771 fisg
X3 R 17
— e NE0_
Xi=ug R, (18)

From (15), (16), (17), and (18)
_10——X-X4 log (i, X3)+X- X,y log m

+K(1+X.X))

= XX, XXy K(1+ X-X)

= (i X3)
For no distortion v-X-Xs=1, that is

-1
X-Ryyr 5 Rp =

=5 (19)
This result may be obtained by adjusting the
value of X, that is, the setting of the potentiom-
eter 45. The setting of the potentiometer to pro-
duce sinusoidal current in the output circuit will
then be a measure of the gamma of the record
being reproduced and may be calibrated in terms
of gamma,.
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When X is adjusted,

1 1
. Ry T K('—y+1>
1p4—[1'0(R37+ Rys) 10 m (20)

Tt will be noted that Equation 20 is identical
in form with Equation 9, the only difference be-
ing in certain constants.

The circuit shown in Fig. 2, while more compli-
cated than the circuit shown in Pig. 1, has certain
advantages, as the current from the photoelectric
cell is amplified before being applied to the feed-~
back circuit, and the elimination of the capacitors
80 and 24 rendars the circuit more easily respon-
sive to steep current waves and transients. In
g practical embodiment of the circuit disclosed in
Pigure 2, the devices 3{ and 33 were Western
Wlectric 259—A vacuum tubes, the devices 32 and
24 were Western Electric 283—A vacuum tubes
and the transformer 52 was a Western Electric
150—A outpub transformer. ~The resistors shown
had the following values: 30 was 3 chms; 87 was
1 megohm: 38 was 100C ohms; 4! was 45,000
ohms; 83 was % megohm; 53 was 7,000 obms; 53
was 20,000 chms and 58 was 50,000 ohms. The
various batteries had the following voltage with
respect to ground, 886 minus 34.5; 51 minus 16.5;
29 minus 12: 48 plus 54; 38 and 47 plus 67.5; 42
plus 77; 48, 44, 48 and 56 plus 144 and 43 plus 167.
The above values are merely illustrative of one
practical embodiment of the invention and -do
not in any way limit the scope of the invention.
From the formulae given in the preceding pages,
many other combinations of the circuit elements

" shown may be formed into an operative network.

The impedance across the input circuit of the
amplifier 2 in Fig. 1 has been shown as a resistor
& and similarly the impedance across the input
circuit of the amplifier 8! in Fig. 2 has been
shown as two resistors 27 and 38. When resistors
are used in these places, the amplification of the
complete circuit will be the same for all fre-
quencies. If, in addition to the feature of cor-
recting all the amplitudes for the distortion due
to the gamma of the record, a discrimination is
desired between different frequencies, then these
resistors may be replaced by any suitable fre-
aquency discriminative impedances.

What is claimed is:

1, In a communication system for signal waves
having a negative exponential distortion, & com~
munication channel containing an active trans-
ducer having a linear input-output transconduc-
tance characheristic, an impedance connected in
parallel relation to the input of said transducer,
a second active transducer having an exponen-
tial input-output transconductance characteris-
tic in parallel relation with said impedance,. &
degenerative connection from the output to the
input of said second transducer, a variable im-
pedance in the output circuit of said first trans-
ducer, and a device actuated by the voltage devel-
oped across said variable impedance.

2. A corrective network for signal waves having
a negative exponential distortion comprising, in
combination, an impedance conducting said
waves, an active transducer ‘having a linear in-
put-output transconductance characteristic con-
nected across said impedance, a variable imped-
ance in the output circuit of said transducer, a
device actuated by the potential difference devel-
oped across said variable impzadance, & second ac-
tive transducer having an exponential input-out-
put transconductance characteristic connected
across the input of said first transducer, and a

5
degenerative connection of said second transduc-
er to effectively modify said exponential charac-
teristic to a logarithmic characteristic.

3. In a communication system for distorted
signal waves, a communication channel contain-
ing an active transducer having a linear input-
output transconductance characteristic, an im-
pedance in parallel relation to the input of said
transducer, & second active transducer having an
exponential input-cutput transconductance char-
acteristic in parallel relation with said imped-
ance, a degenerative connection from the ocutpub
to the inputb of said second transducer, a variable
impedance in the output circuit of said first
transducer, a third active transducer having an
exponential input-output transconductance char-
acteristic in parallel relation with said variable
impedance, and 2. device actuated by the output
of said third transducer.

4. A corrective network for signal waves hav-
ing a negative exponential distortion comprising,
in combination, a resistor conducting said waves,
an active transducer having a linear inpui-out-
put characteristic connected across said resistor,
a second active transducer having an exponential
input~output characteristic connected across said
resistor, o degenerative connection of said second
transducer to effectively medify said exponential
characteristic to a logarithmic characteristic, a
variable resistor in the output of said first trans-
ducer, a third active transducer having an ex-
ponential input-output characteristic in parallel
relation with said variable resistor, and a device
actuated by the output of said third transducer.

5. A corrective network for signal waves hav-
ing a negative exponential distortion comprising,
in combination, a resistor conducting said waves,
a, vacuum tube having a linear transconductance
characteristic connected across said resistor, a
variable resistance in the ouiput circuit of said
vacuum tube, a second vacuum tube having an
exponential transconductaince characteristic con-
nected across said variable resistor, & device ac-
tuated by the output of said second tube, a third
vacuum tube having an exponential transcon-
ductance characteristic connected across said
first resistor, and a degenerative connection of
said third tube to effectively modify said expo-
nential characteristic to a logarithmic character-
istie. o

6. The method of reproducing an original vari-
able density record of substantially constant
gamma, which comprises producing a signal cur-
rent varying in accerdance with said record, de-
riving a voltage varying as the difference between
the logarithm of a constant current and the log-
arithm of the modulation in the current, linearly
amplifying said voltage, adjusting said amplifica-
tion to equal the reciprocal of the gamma of the
record, exponentially amplifying the adjusted
output and reproducing the output of said expo-
nential amplification.

7. The method of reproducing au original vari-
able density record of substantially constant
gamma which comprises producing a signal cur-
rent varying in accordance with said record, pro-
ducing a voltage varying with said signal current,
exponentially amplifying said voltage, degener-

_ating said amplified voltage to produce a voltage

varying with the logarithm of the signal currents,
linearly amplifying said logarithmic voltage, ad-
justing the degree of amplification to equal the
reciprocal of the gamma of the vecord, exponen-
tially amplifying the adjusted output and repro-
ducing the output of said exponential amplifica-
tion.
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8. The method of measuring the gamma, of an
original variable density photographic record of
substantially constant gamma which comprises
producing a voltage varying in accordance with
said record, deriving an amplified voltage vary-
ing as the logarithm of said voltage, exponential-
ly amplifying said amplified logarithmic voltage,
observing the unidirectional component of said
exponentially amplified voltage, adjusting the de-
gree of linear amplification until said unidirec-
tional component is of constant magnitude and
deriving: the gamma from said degree of linear
amplification. .

9. The method of reproducing an original
variable density record of substantially constant
gamma which comprises producing a signal cur-
rent varying in accordance with said record, de-
riving a voltage varying as the difference between
the logarithm of a constant current and- the
logarithm of the modulation in the current,
linearly amplifying said voltage, exponentially
amplifying the output and reproducing the out-
put of said exponential amplification and ad-
justing the linear amplification of said voltage
to equal the reciprocal of the gamma, of the record
under which condition the output of said ex-
ponential amplifier is undistorted.

10. The method. of reproducing an original
variable density record of substantially con-
stant gamma which comprises producing a signal
current varying in accordance with said record,
producing a voltage varying with. said signal cur-
rent, exponentially amplifying said voltage with
degeneration to produce a voltage varying with
the logarithm of the signal current, linearly am-
plifying the logarithmic voltage, exponentially
amplifying the output of the linear amplifying,
reproducing the output of the exponential am-
plification and adjusting the linear amplification
of the voltage to equal the reciprocal of the
gamma of the record under which condition the
output of the exponential amplifier is undis-
torted.

11. The method of correcting an electrical
wave having a negative exponential distortion
which comprises deriving a voltage varying as
the difference between the logarithm of a con-
stant wave and the logarithm of the modulation
in the wave, linearly amplifying said wave, ex-
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ponentially amplifying the output of the linear
amplification, reproducing the output of the ex-
ponential amplification, and adjusting the linear
amplification to equal the reciprocal of the ex-
ponent of the original distorted wave.

12. The method of ‘correcting a negative ex-

ponential distortion of an electrical wave which -

comprises deriving a voltage varying in accord-
ance with said wave, exponentially amplifying
said voltage, degeneratively feeding back a por-
tion of the amplified wave to produce a voltage
varying as the difference between the logarithm
of a constant wave and the Jogarithm of the
modulation of the original wave, linearly ampli-
fying said logarithmically varying voltage, ex-
ponentially amplifying the output of said linear
amplification, supplying the output of said sec-
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ond exponential amplification to a receiver and .

adjusting the degree of linear amplification to
equal the reciprocal of the exponent of the dis-
tortion of the electrical wave.

13. A corrective network for signal waves hav-
ing a negative exponential distortion compris-
ing, in combination, means for deriving a volt-
age varying in accordance with said waves, a
variable-mu tetrode controlled by said voltage
and having a degenerative feedback connection
to produce an output voltage varying as the dif-
ference -of two logarithmic voltages, means for
controllably, linearly amplifying said outptt volt-
age, a second variable-mu tetrode controlled by
said output voliage, a circuit for -utilizing the
output of said second tetrode and means for con-
trolling the degree of linear amplification where-
by the output of said second tetrode is substan-
tially undistorted.

14. A corrective network for signal waves hav-
ing a negative exponential distortion comprising,
in combination, a resistor conducting said waves,
a variable-mu tetrode controlled by the voltage
developed across said resistor, a degenerative
feedback connection of said tetrode, a linear am-
plifier controlled by the output of said tetrode, a

.variable resistor for controlling the effective am-

plification of said linear amplifier, a second va-
riable-mu tetrode controlled by the output of
said linear amplifier, and a device actuated by
the output of said second tetrode.
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