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pulse represeutatwn would hafve a wrdth equal to a pe-— . '

- riod of message paper travel of the line width.
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cation by facsimile transmission and more particularly

scanning means.

~ In facsimile transmission of | ptcterlal subject matter
linear. amplrﬁcatlon of the facsimile signals is desirable
in order to insure accurate reproduction of the. subject
copy In a. system' arranged to transmit preterlal sub-
ject matter, aperture distortion produced in the phute-

~ electric - transducer will ‘generally not be of a serious
‘character and may be compensated for with ceuveutioual'

methods.

In facsimile transmission of me‘saage copy, on the

other hand, a nonlinear amplitude response. character-

~ istic favoring small amphtude signals is desirable to com-
- pensate for deficiencies in ‘subject copy. A system ar-.
ranged to opérate in this manner will tend seriously to
accentuate aperture distortion effects so that- blurrmg of
~letters - attributable to aperture dlsfortreu wrll beceu‘!e“_-

highly objectionable.
In the conventional optical scanner employed ‘with

to facsimile transmission apparatus employ1nu Optleale_-g'

It is seen then that these various scanning circum-

- stances result in a widening of ‘the intelligence pulses due
to the finite cross sectional area of the scanning aper-

ture. - As is well known in the art, this distorted widen- |
1ug of the pulses is termed aperture distortion. |
In the transmission of message copy a non-linear am-

_plltude respouse ‘characteristic favoring small amplrtude_

signals is desirable to compensate for the varyrug shades
of ‘marked areas on the copy. However, in providing
such a system havmg non-linear amplitude response, the
effect of aperture distortion is accentuated, in that the
intelligence pulses are further widened as- will beceme
apparent hereinafter. It is to this geueral problem that-
the present invention is directed.

Accordingly, it is an object of the 1nveutren to pre-
vide new and improved apparatus for trausmtssmu ef

| facsumle telegraph mgnala
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More particularly, it is an. ob]eet of the invention to

- provide facsimile transmission apparatus having a non-

25

30

35

3 facsimile transmitter, the light -beam reflected. frem

the message copy passes through an-aperture in an opaque

disk to impinge upon a light sensitive. detuee In an
ideal scanner the light beam defined by. the: aperture
would be of an infinitely small cross sectional area.
However, in a practical system, since the aperture is
of a finite cross sectional area, the light beam will scan

.-the paper at a point having a fixed or predetermined
It is this cross sectional arca of the light heam:.
T 45

area.
that causes aperture distortion. o
Con51der for example, a marked elemental area’ eu

- the circular aperture an intelligence pulse starts to form. -

40

linear amplitude response and in Wthh aperture dts-

+ tortion effects are compensated.

Another object of the invention is to prmude faesumle
telegraph apparatus of the above type wherein a linear-
amplitude response suitable fer pretorial suh]eet ruat-

3 ter may selectively be provided.

Further objects of the uweutlon Wl’ll appear from the:'

~ following description.

In accordance with ‘the invention, these objects are

- achieved by pruv1d1ug an_electronic ampltﬁer coupled
‘to. the scanning means -and having a nonlinear ampli-

- tude response characteristic at which low amplitude sig-
nals are amplified by a'larger amount than high ampliz
tude signals, means to differentiate the amplifier output .
signals to produce a compensating signal having a mag-
nitude substantially equal to the magmtude of the effec- .
tive aperture- distortion components and in phase oppo- .
‘sition -thereto -and means to combine the amphﬁer out-

put. signal and the compensating signal to produce a

- facsimile output srgual substantially free of aperture dlS-, C

tortluu components. - JERE
- The invention will now be descrrbed in greatet detall

wrth reference to the appended drawing in which: -~

Figs. 1 and 2 illustrate a eempeusated facsimile am-—-

B pltﬁer-modulator in accordance with ‘the mvention.
the message copy, as the mark comes into the view of

Then as the message paper moves a distance equal to

the width of the elemental area the circular aperture is-

filled and the intelligence pulse is at its peak. Then as
the' message copy continues to move the elemental area

will leave the view from the aperture and the. intel-

ligence pulse will decrease to its cut off point. Thus, it
is-seen that a particular marked elemental area will re-

~sult in an intelligence pulse equal to almust tw1ee the

width of thé area. =~ - o -'
- All of the marked areas on the ruessage copy are uot
of the same density.. of blackness but rather of different

shades of gray. ‘When a gray elemental area comes into

the scauutug area ‘the phutetube will not react as rapid-

ly as in the case of a -black area. - Also, as the gray

- mark leaves the scanning area the phetotuhe will cease.
. reacting soorer than it would were the mark a more re-

~ flective black area.

It is seen then that the width of the
resulting intelligence pulses will depend UpOIl the den-

sity of the marked areas. | |

Another case in which the finite area of the scanning
aperture distorts the resulting pulse is when a thin black
line is scanned havmg a width less than that of the ele-

mental scau,umg area.
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Referring’ now to the drawmg and more partwularljt to
Frg 1, there is shown a photocell 10 arranged to te-

- ceive ltght supphed by a lamp 11 and reflected from a
20 - transmitting copy sheet 12 having the subject matter to

~ be transmitted delineated thereon. ‘The light beam re- ...
flected from the copy sheet 12 passes turough a crreular- o

aperture 8 in opaque plate 9.

- The cath-

posed between the cathode of phutoeall 19 and ﬁround |
When the light beam from lamp 11-is reflected frem a

" marked area of copy sheet 12, the intensity of illumina-
 tion.impinging on photoc ell 10 decreases, so that a nega-
~ tive voltage pulse is produced at the cathode: of photo-;

70

The phototube will react as long

as the hne is within the scanning area although a true -~

ar Cell10 and applied to the control grid of tube 14.
" aneode of tube 14 is coupled to source P1 through are-
sistor.16, while the cathude thereof is coupled to. ground -
-threugh a biasing resistor 18. ‘The screen grid of tube -

14is maintained at the proper eperatlug potential turouah '

The

a . Voltage divider network c:omprlsmg resistors 19 and

-20. . The anode of tube 14 is coupled to the coatrol grid =
of sharp cut-oﬁ trmde Mphﬁer tube 21 threugh a ea-_ S

The anode of photocell 1@ is euupl d tu a sourcé of SR

-pusrtwe peteutlal P1 thruugh a voltage divider uetwarl{_-_ﬁ"* -

~ comprising a resistor 13 and a resistor 17. |
ode of photocell 19 is connected to the control grid of -

a pentode aruphﬁer tube 14; a resrstor 15 being inter-



D
pacitor 22, a grid resistor 23 intercoupling the grid of
tube 21 and ground.

The anode of tube 21 is coupled to source P1 through
a large resistor 24, while the cathode thereof is cou-
pled to ground through a biasing reststor 25. The anode
of tube 21 is coupled to the control grid of a secoand
sharp cut-off triode amplifier tube 26 through a capaci-
tor 27. The control grid of tube 26 is coupled to ground
through the parallel combination of a resistor 28 and
a rectifier 29. Tube 26 is connected as a cathode fol-
lower, a load resistor 30 intercoupling the cathode there-
of and ground. The cathode of tube 26 is also con-
nected in degenerative relationship to the cathode of
tube 14 through a switch 31 and a variable resistor 32.
A negative voltage pulse appearing at the control grid
of tube 14 is repeated at the control grid of tube 21 as
a positive pulse, at the control grid of tube 26 as a nega-
tive pulse and at the cathode of tube 26 as a negative
pulse. |

It is frequently desirable that the amplifier exhibit a
good low frequency response to frequencies as low as 2
cycles. To achieve this low frequency response, the time
constants of resistor-capacitor combinations 22—23 and
27—28 should be, respectively, approximately two sec-
onds. Good high frequency response to frequencies In
excess of 5000 cycles is achieved by not by-passing re-
sistors 18, 19 and 25.

The facsimile signal background level, which is lost by
using capacitor coupled amplifier stages, is restored
through the use of rectifier 29 in the grid circuit of tube
26. Rectifier 29 is so poled as to conduct when the copy
sheet background is being scanned. In this manner,
the background level is clamped to ground potential and
a ground potential reference level is provided irrespec-
tive of the copy sheet background shade.

Since both tubes 21 and 26 are sharp cut-off tubes and
since resistor 24 in the anode circuit of tube 21 is given
a high value, signal levels above a predetermined value
will drive tube 21 to plate current saturation and tube
26 to plate current cut-off. This predetermined signal
Jevel is set by proper selection of the circuit parameters,
“which are preferably chosen so that tube 26 operates near
cut-off. Operation near cut-off provides a proportionate-
ly large change in output signal strength for weak input
signals than for strong input signals. In this manner,
poorly defined subject matter will be reproduced sub-
stantially as darkly as well defined subject matter.

Operation of tube 26 near cut-off, with the resulting
nonlinear amplitude response, as described above, is de-
sirable for message transmission to compensate for de-
ficiencies in subject copy.
torial subject matter, however, a linear amplitude re-
sponse is desirable. The linear amplitude response is
achieved through the use of degenerative feedback se-
cured by closing switch 31, thereby connecting resistor
32 between the cathodes of tubes 14 and 26. The amount
of feedback is adjusted by adjusting the value. of re-
sistor 32 so that tube 21 is not driven to plate current
saturation and tube 26 is not driven into- plate current
cut-off. In this manner, a substantially linear amplitude
‘response is secured without a serious shortening of the
coupling circuit time constants. - |

If adjustment of the triggering level, i.e., the lowest
signal level at which tube 26 will be driven close to plate
current cut-off, is desired, switch 31 may be maintained
closed when message copy is to be transmitted. In this
condition, adjustment of the value of resistor 32 will set
the triggering level. | )

Operation of the amplifier in the triggered manner, in
which even a very small signal results 1n a large output,
seriously increases the effect of aperture distortion, re-
sulting in a widening of all lines. Since tube 26 is biased
near the cut-off voint and operates on the non-linear
part of its characteristic, the incoming intelligence pulses
applied to the grid thereof will trigger this tube for a

In the transmission of pic-
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period depending upon the amplitude and width of each
pulse. That is, a pulse of high amplitude or greater
width will cause tube 26 to be triggered for a longer pe-
riod of time than a pulse of low amplitude or shorter
width. Therefore, the negative pulses appearing at the
cathode of tube 26 will be further exaggerated in width.
Thus there is a further distortion of the intelligence pulses
as they pass through tube 26 which is a direct result of
the aperture size. It is seen then that the pulse ap-
pearing at the cathode of 26 has been widened by aper-
ture distertion at the opaque scanning plate and photo-
tube and further exaggerated in width i1n passing through
the amplifier. The total widening or distortion of the
pulses due to these elements is referred to herein as ef-
fective aperture distortion. This widening effect causes
the openings in recorded letters such as a, e and b to be-
come closed, making reading or even identification dif-
ficuit. |
Means for narrowing lines, thereby compensating for
undesired effective aperture distortion, is provided through

tubes 46 and 41, rectifier 42 and the associated circuit

elements.
The distorted or widened output signal across resistor

- 39 appears across a resistor 43 and is applied to the con-

trol grid of tube 46 through a resistor 44. This dis-
torted or widened output signal is amplified and inverted

by tube 40. The anode of tube 40 is coupled to the con-

trol grid of tube 41 through a capacitor 45. The con-
trol grid of tube 41 is coupled to ground through a re-

sistor 46, such that the capacitor 45 and resistor 46 form

a differentiating network which converts a positive volt-
age pulse at the anode of tube 40 into a positive-going
voltage peak at the control grid of tube 4i. The volt-

age peak occurs at a time corresponding to the leading

edge of the voltage pulse at the anode of tube 40.

The control grid of tube 41 is returned to-ground po-
tential through a rectifier 42 and a voltage divider net-
work comprising resistors 47 and 48. Rectifier 42 1s so
poled as to suppress the negative-going voltage peaks re-
sulting from differentiating the trailing edge of the pos-
itive voltage pulse at the anode of tube 48. |

The positive voltage peak at the control grid of tube
41 is repeated at the cathode thereof and applied to re-
sistor 43 through cathode follower resistor 49. It is evi-

dent that two signals appear across resistor 43.- One

signal is a negative voltage pulse from the cathode of
tube 26 and the other a positive-going voltage peak from
the cathode of tube 41.

equal magnitudes, effectively a small portion of the lead-
ing edge of the negative voltage pulse is cancelled. = Ac-
cordingly, the output signal which is derived from re-
sistor 43 and which is applied to the modulator on Fig.
2 through a conductor 50, is narrower than the signal
developed at the control grid of tube 26.

gering action described above, is compensated and the

lines marked on a recording copy sheet are give_n_ t}le-'
proper width without losing the increased sensitivity

provided by the triggering action. . el
Referring now to Fig. 2, a tube 60 together with 1ts

associated circuit elements forms a carrier frequency

oscillator. The carrier frequency output is applied to a
balanced modulator 61 comprising rectifiers 62, 63, 64
and 65, through a transformer 66. The narrowed facsi-
mile signal is applied to modulator 61 through a poten-

tiometer 67, the tapping of which is connected to con-

ductor 50. | R

The modulated output signal is applied to the control
orids of a pair of push-pull amphiier tubes 68 and 69.
The output of tubes 68 and 69 Is again amplified 1 a
push-pull power amplifier stage COMPprising tubes 76 gnd
71, the output of which 1s applied to a transmission line,

Since the voltage peak occurs |
at the same time as the leading edge of the voltage pulse,
and since they are of opposite polarity and substantially -

In this man-
ner, aperture distortion, which is accentuated by the trig-

il i
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radio transmitter or other communication link through an

oufput transformer 72.

A positive bias voltage is applied to modulator 61

through a pair of series connected resistors 73 and 74
coupled across the secondary winding of transformer 66.

This positive bias voltage cancels the bias voltage im- |

pressed on potentiometer 67 due to cathode currents of
tubes 26 and 41 of Fig. 1.

threshold control. -
While the invention has been described in a specific

The positive bias applied .
through resistors 73 and 74 may, if desired, serve as a

10

embodiment thereof and in a specific use, it is not de- -

sired that it be limited thereto, for obvious modifications

thereof will occur to those skilled in the art without de-
parting from the spirit and scope of the invention as set
forth in the appended claims.

What is claimed is: _.

1. Facsimile telegraph apparatus comprising optical
scanning means adapted to scan a transmitting blank

having the subject matter delineated thereon to produce

signals of generally rectangular voltage pulses having

effective aperture distortion components, an -electronic

amplifier having an input and an output, the amplitude
response characteristic of said amplifier being nonlinear

‘whereby low amplitude signals above a given level are
amplified by a larger amount than high amplitude Sig-
nals, means coupling said scanning means to said ampli-

~fier input, vacuum tube means connected to said ampli-
fler output whereby the signal pulses are inverted, differ-
enfiating means connected in the anode circuit of said
vacuum tube means whereby compensating pulses are pro-
duced, cathode follower circuit means connected to said
differentiating means, means intercoupling said amplifier
output and said cathode follower whereby the facsimile
signal pulses at said amplifier output are combined with
sald compensating pulses to produce signals substantially
free of effective aperture distortion.

15

20

6

- 2. Facsimile telegraph apparatus comprising optical

scanning means adapted to scan a transmitting blank

having the subject matter delineated thereon to produce

signals of - generally rectangular voltage pulses having
effective aperture distortion components, an electronic

~ amplifier having an input and an output, said amplifier
- comprising a first electron discharge tube having a sharp-
cut-off characteristic and being coupled to said scanning

means, a second electron discharge tube having a sharp
cut-off characteristic and being coupled to said first elec-
tron discharge tube, biasing means connected to said
second electron discharge tube whereby said second tube
is biased to operate in the neighborhood of plate current
cut-off whereby said amplifier is given a nonlinear ampli-
tude response characteristic at which low amplitude sig-
nals are amplified by a larger amount than high ampli-
tude signals, vacuum tube means connected to the output.
of said amplifier to invert the signal pulses, differentiat-
ing means connected to the anode circuit of said vacuum
tube means whereby compensating pulses are produced,

cathode follower means connected to said differentiating

means, means intercoupling said amplifier output and said
cathode follower whereby the facsimile signal pulses at

- 'said amplifier output. are combined with said compensat-

25

ing pulses to produce signals substantially free of effective

~ aperture distortion..

30

35

2,649,501

Refel;e:ﬂgés Cited in the file of this p.a,'tent-
UNITED STATES PATENTS

2,210,390 Weathers Aug. 6, 1940
2,315,362 Wiseetal, . ____ Mar. 20, 1943
2,366,363 Shonnard .. .__._______._ Jan. 2, 1945
2,376,034 Collings ... ___________ May 15, 1945
2,579,475 Curtis - Dec. 25, 1951

Cope " Aug. 18, 1953



	Drawings
	Front Page
	Specification
	Claims

