Uw”‘«'l zl./?" .‘;,ﬂ. b %g : ﬁ

fl

\PEsNl A YN
) J {8 A "’"‘hj g”’% ’Q"! j
& L O i LS T A 8 b Bl

PR —

Navy Department - Office of Research and Inventions

cl-2 325

NAVAL RESEARCH LABORATORY
Washington, D.C.

* * *

Ship-Shore. Radio Division - Transmitter Section

DECT.ASSIFIED by NRL Confract
Declassification Team
Date: /2 Nov 2006

26 June 1946 Reviewer's nameis). _ &ﬁfﬂﬁﬁi oN
P HANAA

Declassification authority: ##fY DEAS

fullE, I Dée 20l

DETERMINATION OF RC~120-B
FACSIMILE ESUIPMENT

g |J‘ _"..\_| ’ LG~ = .Ii.l
y LA 2.5 7 /: ;;
’ : LAt -
- . Wa E\ w =/

- Report R-2885 -

. E ) I_,_}—'__.? /;_
CLASSTFIED: By authorit “ /{j-‘

J305a sl | e LA 7 of 2 e P

1 %:I'&d Fo e et Jgsg * *® * ¥ |3 f; S

A by- Eb Blisa GO‘dS 202? A S s B f B
DISTRIBU eraremMeENT A APPLIES
Further disiributicn zulhorized by,

R. B, Meyer - Head, PTransmitter SeCULOn o e i

v

L. A, Gebhard, Superintendent H. A. Schade,Commodore, USN
Ship-Shore Radio Division Director, Naval Research Labora

Preliminary Pages . . . &-h
Numbered Pages . =t 3
e e e s s B
PRt o G sl s s 2D
Distribution List . : s 1
iy ..’{f,--:r’ = ;"‘”311""5 e ‘
NRL Problem $977,6T DECLASSIFIED- -




Navy Department - Office of Research and Inventions

NAVAL RESEARCH LABORATORY
‘:’-'iaslh.ington’ Dacl

* * *

Ship-Shore Radio Division -~ Transmitter Section

1@“’»
26 June 1946 ‘m.;:"ﬁ“%
ud, 7
)
@ DETERVMINATION OF RC-120-B
£§‘ FACSIMILE ECUIPMENT
S\ CHARACTERISTICS
Ly By
A, D. VWatt
- Report R-2885 - -
I\ ALY
L1’¢ A ' a2
/) “ 8
([C2L RKL K
o l - r " "f -:..
Approved by: f *'*:]-- Lo I “f”->
R, B. Meyer - Head, Transmitter Section
L. A, Gebhard, Superintendent H. A. Schade,Commodore, USN
Ship-Shore Radio Division Director, Naval Kesearch Labora“

a-h

31
DECLASSIFIED

Preliminary Pages
Numbered Pages .
00168 o v s o« o
Fletes - + « o »
Distribution List . .

NRL Problem £977,6T - &



ABSTRACT

The operation of the RC-120-B Facsimile
Equipment is briefly described after which the
characteristics of the various component units
are presented so as to permit an evaluation
of each unit's effect on the overall system
characteristics. The system definition is
shown to be limited by the transmitter aper-
ture and the 1800 cycle carrier frequency.

It is also pointed out that an increase in
definition or speed of transmission is not
feasible over existing long distance radio
circuits due to multipath effects. The half-
tone characteristics of the various units

are combined to give the system halftone char-
acteristics in a manner which permits a quali-
tative evaluation of the distortion introduced
by the various units. The effect of random
noise is discussed as well as the optimum con-
trast range which is shown theoretically to

be around 15 to 20 db., Experimental evidence
is included which shows a range of 15 db to be
superior to the 8 db range normally employed
with this equipment.
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INTRODUCTION

2 As authorized by reference (a), the RC~-120-B Facsimile
equipment has been subjected to comprehensive tests and study to
determine its characteristics relative to operation over Navy
Redio Circuits. An attempt has been made to explain rather com-
pletely the basic operation of the RC-120-B since many of these
basic principles of operation are also used in other facsimile
equipments. The results of tests have been divided into a study
of the vaerious component units in order to determine the effect
on the facsimile signal from the scanning head, where the signal
originates, to the recording system, where the signsl is recorded
to form the received copy. A section on "System Characteristics"
has been included to give the overall characteristics of the
system in addition to covering the characteristics of the units
not specifically connected with only transmitting or receiving.
Appendix IV contains definitions of many of the terms which are
peculiar to facsimile. The section on "Transmission Circuits
Required" gives a qualitative view of the transmission require-
ments of the facsimile signals, and the limitations imposed by
radio and wire circuits. Although the discussion is brief, it

is hoped that the relationship between possible speeds of picture
transmission and the delay characteristics as well as band width
of the circuit will be seen.

24 This equipment might be used to transmit weather maps,
battle damage, plaps, diagrams, and news pictures.

- Bagic Description

: The RC-120-B Facsimile Equipment provides a means of
transmitting pictures, printed matter, or line drawings over radio
or wire circuits. The subject copy transmitted should be 7 x 8-5/8
inches; however, smaller copy may be transmitted if desired. At
the receiving end eny one of four methods of recording may be used;
they are: Teledeltos, Timefax, photographic positive, and photo~
graphic negative. The Teledeltos method uses a specially prepared
wax coated paper upon which the image is formed by means of an
arc. No additional processing is required after the completion

of the transmission. The paper is dry and reception is possible
under normal lighting conditions; however, only one copy is ob-
teined and the definition and halftone characteristics are poor.
The Timefax paper recordings are mede in the same manner as the
Teledeltos; however, at the completion of the transmission the
copy is in the form of a master copy which can be used in the
normal manner with the hectograph process to meke approximately

20 copies. The quality of these copies i1s not very good and half-
tone reproduction is not satisfactory. This method might be quite
useful for weather map reception. The photographic recordings are
of much higher quality; however, the reception must be in the dark
with a photographic safelight or else inside the lighteproof tent
furnished with the equipment. Normal photographic processes must
be used on the film or paper before the recorded copy can be
examined.
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Theory of Operation

k. Trensmission is accomplished bybreaking the picture up
into small elementary areass by meens of a scanning head which
systematically scans each elementary area of the copy to be trans-
mitted. The elementary areas are approximately 0,013 inch wide
by 0.011 inch high. The scanning is accomplished by placing the
subject on a 2-3/4-inch diameter drum which rotetes at 90 rpm

and is moved laterally by means of a lead screw with 96 threads
per inch. The scanning head consists of a lens and aperture system
which permits reflected light from a small area on the subject
copy to reach a photo-tube cathode. The amount of light reaching
the cathode is dependent on the reflection density of the area
being scanned. Plates 1 end 81 illustrate how the scanning head
is arranged.

54 The phototube is in one arm of a bridge modulator circuit
which amplitude modulates an 1800 cycle carrier. 4 contrast control
is provided which permits either positive or negative transmission
in addition to setting the "Contrast™ or change in signal level
resulting from scanning & black and then white area. When trans-
mitting "positive™ a black area Tresults in a maximum signal and

a white area in a minimum signal. The signal levels for "negative"”
transmission are just the reverse of "positive" transmission.

6. Transmission is accomplished either by direct wire lines
or by using the amplitude modulated 1800 cycles to modulate an r-f
carrier. This type of transmission can be used only with relatively
short eircuits where fading is not experienced. If long distance
transmissions are to be made, supplementary units must be used
with this equipment to change the amplitude modulated 1800 cycles
into some other form. At present there are two methods available
for changing the signal., The first is to change the amplitude
modulated 1800 cycles into a frequency-shift audio sub-carrier.
The second is to use the amplitude variations to shift the r-f
frequency of the transmitter. There are special units available
for both types of conversion, the CV-2/TX for sub-carrier fre-
cuency shift and the FSD for carrier shift. Reports on both of
these converters will be forwarded at a later date.

GENERAL MECHANICAL FEATURES

T The general mechanical design and construction of the
RC-120-B are not considered suitable for shipboard use. The chassis
construction which depends on the back and bottom for strength is
not considered desirable and in addition provisions have not been
made for satisfactory shock mounting. There are several places
which are very inaccessible such as the bottoms of the tube sockets
on the shelf at the rear of the equipment and on the side of the
oscillator unit. Both of these shelves can be seen on Plate 79.

The operation selector switch is also inaccessible.

8. The very fine threaded lead screw is not considered
desirable and since it is in a rather exposed position the chance

ammismy DECLASSIFIER-



of erit and dust getting in the leadscrew mechanism is also very
great.

9. The clamping bar on the drum is not considered as de-
sirable as the recessed bar supplied with the newer TXC-1 facsimile
equipments.

10. The exciter lamp and phototube mounting has several un-
desirable features. There is a considerable amount of flexibility
in the mount which makes it rather difficult to position the ex-
citer lamp accurately. This flexibility might also produce a
considerable loss of detail under conditions of extreme vibration.
4 satisfactory means of focusing the spot has not been provided.

It was necessary to remove the phototube and place an illuminated
reflecting surface in its place before the lens barrel and aperture
could be adjusted properly.

1ls The crater-lamp mount does not provide a satisfactory
means for adjusting the crater lamp and condenser lens so that the
crater-lamp imege appears at the objective lens. Focusing of the
light spot is also raether difficult since it depends on a trial
eand error method.

TRANSMITTER CHARACTERISTICS

Definition

12. The definition in a given direction is the minimum width
of line perpendicular to the given direction which will cause the
output of the circuit to change from ths steady state output of

the background condition to that attained for a larger area of the
same density as that of the line. Reference 2. For example, if

a black line on a white background is considered, and the contrast
range is set up for 12 db, the narrowest black line which will give
a 12 db ckange in signel determines the definition of the scanner.
The minimum definition obtainable is dependent on several factors
including the spot size and the number of scanning lines per inch.
The scanner spot size was measured by removing the phototube and
replacing it with a reflecting surface which reflected light from
the exciter lamp through the lens and aperture system into the drum.
The drum was moved to one side and a piece of exposed film placed
on it so thet it extended over the end, The spot was facused
while observing the image by means of a magnifying glass. After
the spot was focused its size was measured by means of a traveling
microscope and found to be 0,008 inch x 0.0105 inch with the nar-
rower dimension in the direction of scanning. Due to the short
focal length and large aperture size, the scanner focus is very
critical. Variations inpaper thickness, difficulty in focusing,
and the rubber mounting of the photocell which prevents accurate
positioning of the lens assembly all combine to make the effective
size of the scanning spot somewhat larger. Other measurements
indicete that this effective size is approximately 0.011 inch x
0.013 inch. The actual transmitter definition in the direction

of scanning is rather difficult to determine exactly because of the
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low ratio between carrier frequency and keying frequency. The
minimum definition that can be expected is 0.011 inch, and this
figure would have to be increased to 0.018 inch in order to be
sure that a carrier maximum would occur while the envelope was at
a maximum. This value is obtained by adding the length of one
cycle to 0.011 inch (see Figure 1, Appendix 1). The length of
one cycle is needed, since half-wave rectification is employed at
the receiver. The definition in the direction perpendicular to the
direction of scanning will be at best 0.013 inch if the line is
centered with respect to the scamning spot, and it is probable
that this will increase to 0.026 inch in most cases.

13. The output frequeney spectrum is dependent on the scanning
spot size, the rate of scanning, the material being scanned, the
contrast range, the carrier frequency, and the amplifier character-
isties. 4 theoretical investigation of the output frequency spec-
trum is included in Appendix I, where the output frequency spectrum
for a single isolated line is calculated and found to compare

rather closely with the measured spectrum included in Plate 4.

14, Measured output spectra are also included in Plates 2
and 3 for subject copy with alternate black and white lines where
the line widths are 0.045 inch and 0.014 inch. The output fre-
auencies were measured by means of a General Radio 736-A Wave
Anelyzer. This instrument has a band pass of approximately 4
cycles; however, since the dial calibretion is not very accurate,
a General Radio interpolstion oscillator was used to accurately
determine the position of each component. It must be realized
that the output spectrum is dependent on the subject copy; however,
it is evident that due to the finite aperture size, there is a
limit to the band-width necessary for satisfactory reproduction.
4An examination of the theoretical end measured spectra shows

that the side bands are down approximately 20 db from the first
side bands at 800 cycles out from the carrier. Neglecting the
side bands below 20 db, it would follow that the band pass re-
ouired is approximetely 1600 ecycles. Further evidence which
supports this value has been found by passing the rectified output
of the transmitter through a low pass filter, such as is done in
the CV-2/TX and FSD frequency shift converters, and recording the
output in the form of oscillograms. Several filters were available
and it was found that one with a cut-off frequency of 600 cycles
did not pass some very fine lines, These same lines were passed
by a filter with an 800-cycle cut-off with about the same contrast
range as the output of the transmitter.

15. An examination of the measured output spectrum reveals
that a considerable amount of second harmonic, 3600 cycles energy,
is present and that the third harmonic of the carrier is also pre-
sent. These frequencies contri bute nothing to the intelligence,
and are likely to cause adjacent channel interference. ZFrom this
consideration, and also that of noise in the receiver, it is ca-
sidered desirable that a satisfactory 1600-cycle band pass filter

be incorporated in the equipment.
' AQQIE
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Modulator Circuit

16. The modulator circuit (Plete 34a) consists of a bridge
with a phototube in one of the arms. The capacity between the cath-
ode and anode is balanced out by means of the additional anode and
Ri2. The output voltage which appears at the grid of the 7C7 is
dependent on the setting of the Contrast Control R45 and the il-
lumination of the phototube. The contrast control is so arranged
that it can vary the position of the null. This permits not only
variation in contrast range, but also selection of either positive
or negative transmission.

17. The halftone characteristics of this circuit are discussed
in Paragraphs 20 to 22 on Halftone Characteristics.

Amplifier and Output Circuits

18. The halftone characteristics of the amplifier are shown
on Plate 5. Although there is a considerable amount of nonlinearity
present, this exists outside the normally used range. The trans-
mitter amplifier freguency response is shown on Plate 6. From
this plate it is quite evident that the amplification of the low
frequency side bands in some cases is less than one half that of
the higher frequency side bands. This effect is very evident in
the measured output frequency spectra, Plates 2, 3, and 4. The
phase and delay characteristics are given in Plates 7 &nd 8, res-
pectively. In Paragraphs 60 to 63 the effects of phase and delay
distortion are analyzed, and it is shown that delay differences

of less than several tenths of a millisecond will not degrade the
facsimile signal, Plate 8 shows that the amplifier is well wi thin
this range.

19. Three Output Circuits are provided, which permit the
transmitter to be used with a wide variety of communications ter-
minal equipment. The follcowing table gives the output voltage
rance and load impedance for each circuit.

TRANSMITTER OUTPUTS

Output RMS Voltage Load
Circuit =10 db +2 db Ohms
Balanced Line 0.14 0.62 500
fmtr. jack 0.12 0. 54 200
Line jack 2.9 10.3 500

The balanced line terminals and Xmtr. jack can be seen quite plainly
in Plate 76. The line jack shown in Plate 78 is not of a desirable
type, since the plug can be plugged into the 110-volt line., This
usually results in damage to the associated equipment.

Halftone Characteristics

20, Before describing transmitter halftone character;stics,
a few of the terms used will be defined, and the desirability of
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using logarithmic secales for graphic presentation explained. Two
terms which will be used are "copy density" and "copy brightness.”
The copy brightness is a relative figure where very white, fixed-
out photographlc paper is taeken as a reference of 100 per cent,
the copy brightness of a particular subject being the per cent
light it reflects relative to the fixgd-out paper. The copy
density is expressed as D = logyg (192) where B is the brightness
in per cent. The reflection densitoﬁeter which was used to make
the density measurements employed an incident beam of light at

4L5° to the surface with a viewing axis normal to the surface. The
incident light was interrupted by means of a rotating shutter, and
the reflected light intensity was measured by means of a photo-
tube and amplifiers. A voltmeter with a logarithmic scale was
used to give density directly. The calibration of this densito-
meter was checked against an Eastman reflection type densitometer
and found to agree very closely. The reflection density range of
mogt photographic prints is from O to 1.6 or in some cases O to

1.

21. To properly interpret the significance of the transmitter
and receiver halftone characteristics, it is necessary to realize
thaet the response of the humen eye 1s approximately logarithmie,.
This means that a variation in light from 80 to 100 per cent will
give approximately the same visual effect 2s a change from 8 to
10 per cent. Consequently, a small variation of subject bright-
ness in the dark areas of a picture is much more noticeable than
the same brightness variation in the light areas. In order to
determine the visual effect of the circuit, the halftone charac-
teristics in many cases are plotted using log-log coordinates.

A linear plot of the circuit characteristics is also included in
most cases, since this type of presentation permits an essier
analysis of the circuit.

22, The transmitter halftone characteristies are shown on
Plate 5, using both linear and log-log presentatioen. The input
voltage was applied to the grid of the 7C7 modulator tube with a
3.3 meg-ohm resistor to ground in place of R50 and the phototube,
The nonlinearity of this circuit is not very great; in fact;

it 1s desirable except for the reverse curvature at the very low
levels, since throughout the rest of the range %here is a tendency
to compress the higher levels. The overall transmitter halftone
characteristics are shown on Plate 9. It can readily be seen

from the log~log plot that the derk greys of the picture are crowded
into a small portion of the output range. This is even more evi-
dent in the positive transmission characteristics. The result of
this compression can easily be observed by examining the shadow
areas of 8 transmitted picture and comparing it with the original.
For example; compare Plate 44 with 45. The effeet on the halftones
of a picture cannot be deduced from the transmi tter characteristics
alone; however, it will be seen later that unfortunately the trans-
mitter and receiver distortions are additive and the overall
characteristics reveal a very decided compressiom in the darker
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greys.

RECEIVER CHARACTERISTICS

Amplifiers and Input Circuits

23, Three input circuits are provided which permit operation
with a wide range of input voltages and input inMipedances. A list

of the input circuits, their corresponding impedances and required
signal voltages are riven in the following table,

RECEIVER INPUT CIRCUITS

Input Voltage required for +2 db Impedance
Circuit Min. Max, Ohms
Balanced line 0.009 0.10 500
Revr. jack 0.40 5.0 2500%
Line jack 0.009 0.10 500

¥ Note: This can be changed to 250 ohms for receivers with low
impedance outputs.

The receiver asmplifier uses the same circuit as the transmitter
amplifier with the addition of one or two tubes, depending on
the type of recording. All the messurements are for "record
photo™ unless otherwise designated. Plate 12 shows that the am-
plifier linearity is very good. The receiver frequency response
is better than that of the transmitter; however, it can be seen
from Plate 13 that the amplification at the lower frequencies is
considerably less than at the carrier frequency. Unfortunately,
the response is low at the seme end for both amplifiers, and the
result is additive. One advantage in having the gain low at the
low frequencies is that 60 and 120 cycle hum is not as likely to
be present in the output; however, this condition should not be
obtained at the expense of the facsimile signal sidebands.

24. The phase and delay characteristics, Plates 14 and 15,
show that very little degradation of the facsimile signal will be
caused in this circuit by delay distortion.

Recording Methods and Circuits

25 Two main types of recording are employed by the RC-120-B
equipment. They are "record photo" and "record direct". The
method of scanning in both cases is very similar to that when trans-
mitting, since the material used for recording is mounted on the
same drum that is used for transmitting. The relative merits of
each type of recording, and the characteristics of each, will be
covered separately in the following sections.

Photographic Characteristics

26, Although it is beyond the scope of this report to give
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more than a very brief description of the photographic processes, it
is considered desirable at this point to define some of the terms
used and describe a few of the properties of photographic materials.

27« Density. In general most photographic processes make use
of the properties of a photosensitive layer or emulsion to vary
the amount of light it transmits or reflects, the amount of trans-
mission or reflection depending on the exposure and processing to
which the material is subjected. There are two main types of sen~-
sitized materials - film and paper. The primary difference is that
the film has a transparent base and the paper has an opaque orf
translucent paper base. In general the film has a much faster
emulsion than the paper; i.e., the film is very sensitive to light
and the paper less sensitive. The reflecting characteristic of
the processed paper print is expressed as reflection density and
has already been defined in Paragraph 20. The light transmitting
properties of the film are defined in a similar manner as

Dg = logyg {;L%)

where X is the per cent of light passing through the film relative
to all the light striking the film. There are two ways of specify-
ing the density; they are "diffuse density" and "specular density."
Diffuse density is a measure of all the light transmitted through
the given film, while specular density is a measure of only the
light which passes through the film without change in direction.

The densities given in this report are diffuse densities as measured
by a Kodak Model B densitometer.

28, Characteristic Curves. One of the most important rela-
tions of photosensitive materials is that showing the relation
between the exposure of the material and the resulting density

of the silver deposit. Anh example of this characteristic is shown
in Plate 20, where the density vs. log exposure is plotted for
several types of film. The exposure is @ function of time and
light intensity and is approximetely equal to k x t x I, where k is :
a constant, t is time, and I is 1ight intensity. This relationship
is not exactly true, and the departure from it is called the "reci-
procity failure."” Reference 10, page 128. This failure is likely
to enter into sensitometric measurements of facsimile negatives,
since the time of exposure is very short compered to the time used
for ordinary sensitometric work. Several important characteristics
of the film can be found from its characteristic curves. The speed
of a given film determines its horizontal position on the graph,
while the slope is dependent on the density variation for a given
light variation. The slope of the straight line portion of the
curve is called "gamma" and in general, for a given film an in-
crease in development time gives a corresponding increase in gamma.
An example of this is shown in Plate 2l.

29. Spectral Sensitivity. Another important characteristic
of a photographic emulsion is its relative spectral sensitivity
or sensitivity to colored light. This sensitivity varies with
the type of emulsion, In general there are three main types of
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emulsions, they are: (1) ordinary or blue sensitive, (2) orthochro-
matic, and (3) panchrometic. The blue sensitive emulsions are
sensitive to blue and ultraviolet light; however, for practical
purposes the spectrum can be considered as being from 4L 000 to 5000
Angstroms, since the glass in most lens systems will not pass the
shorter wavelengths. Orthochromatic materials are sensitive to
green, as well as blue light, and have a spectrum of approximately
L0000 to 6000 Angstroms., Panchromatic materials cover, in general,
the entire visible spectrum of from 4000 to 7000 4ngstroms. It
should be noted that these are generalizations, and that the char-
acteristics of particular films vary considerably. For information
on particular film, it is desirable to consult the manufacturer's
data.

30. Photographic Films Employed. Two types of films are
used., They are: Transmission Type A and Transmission Type C
films. The Type A film is a blue sensitive emulsion on a trans-
parent safety base, which permits exposure through the base. The
Type C film is an orthochromatic emulsion on a safety base with an
antihalation backing. This film must necessarily be exposed from
the emulsion side. The characteristics of these films are com-
pared with commercial ortho, commercial pan, and panatomic X on
Plate 20. The Type C film appears to be faster than the Type A
at first glance; however, closer examination shows that there is
little difference in speed. Both of these films can be handled
under a Series 1 safelight, which is a fairly bright red light,

Sl Photographic Papers. There are many different types

of papers; however, we shall consider only a few of the pertinent
characteristics, such as surface, speed, and contrast grade.

The surface texture varies in two general respects: Character

of texture, such as smooth, fine grained, or rough; and the sheen,
or gloss, such as glossy, lustre, or matte. The available reflec-
tion density varies with the surface, and is greatest for the
glossy surface, which is used for the plates in this report. An
exception to this is the surface of the actual photographs of the
equipment, which are on a smooth semimatte paper.

32. The speed of photographic papers is in general less

than films and varies from the very slow contact paper, such as is
used in producing most of the plates in this report, to the very
fast enlarging paper, such as Royal Bromide, which can be used

to make photographic positives directly. Although this paper is
one of the fastest available, it is still too slow to give good
reproduction, as is shown in Plate 23.

33. The contrast of a paper involves two factors: density
range and exposure scale. A typical paper characteristic curve

is shown in the lower right-hand corner of Plate 24. The density
range is the range of reflection densities available, and varies
from approximately 1.8 for glossy surfaces to 1.2 for matte sur-
faces. The exposure scale is related to the range of light in-
tensities required to produce all the useful halftones from white
to black. Unlike negative materials, the slope of the characteris-
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tic curve does not vary appnreciably with development time. Instead,
Whe effective speed of the paper changes. An increase in develop-
ment increases the speed; that is, it moves the curve to the left
with little change in slope. The slope of the characteristic

curve varies with the grade of paper. Number O paper has the least
slope and Number 5 has the greatest slope. In order to obtain a
proper print it 1s necessary that the exposure range of the paper
equal approximately the density range of the negative. Normal
negatives require a contrast grade of approximately 2.

PHOTOGRAPHIC RECORDING

3L, The photographic materials are mounted on the drum in
the same manner as the subject copy. Type A film is mounted with
the emulsion side towards the drum, which permits the film on the
drum to be handled without fear of fingerprinting it. A sheet of
black paper is placed between the drum and the film emulsion to
reduce halation and keep the emulsion in focus. These sheets of
black paper are contained in the film box between each sheet of
film. Type C film is mounted with the emulstion side up, and it
is not necessary to use the sheets of black paper. The ease of
mounting either film is about equal, since in one case the black
paper must be mounted with the film, and in the other case the em-
ulsion side of the film is up and requires that greater care be
taken to prevent fingerprinting the negative.

355 The light source for exposing the films is a Sylvania
type R-1130 zlow modulator tube or crater lamp, which has the pro-
perty that the light output varies with the current through the
tube. The light from the crater lamp is passed through an aperture
and focused on the drum by means of a lens system. A view of the
crater lamp mount and lens barrel is shown in Plate 81. The size
of the projected spot is changed by screwing the lens barrel in
or out and then focusing the spot by loosening the clamping screw
and moving the whole mount in or out. The spot that is projected
on the drum was measured and found to be 00,0107 inches by 0.0074
inches. These measurements were made by exposing a sheet of Type
A film and measurine the resulting spot with a traveling micro-
scope, The spot size increases with increase of exposure, due to
halation. This effect can be noticed by careful examination of
an enlarged picture, The best spot size adjustment was found by
adjusting for no over-or-under lap on the medium grey areas. The
intensity of the spot varies considerably with the position of

the crater lamp, and the means of positioning the lamp are very
poor, To aid in adjusting the lamp, it was found desirable to
have a piece of tubing, which just slipped over the lens barrel.

A not too dense film was placed over the end of this tubing, and
the lamp was adjusted until the spot was in the center of the

film and did not change position when the tubing was moved in and
out. The mosaic structure of the received picture can be seen by
examining Plate 35, which is a 7-diameter enlargement. The rec-
tangles are approximately one 1800-cycle -wavelength long in the
direction of scanning, since halfwave rectification is used. The
apparent overlap is greater in the direction of scanning than it is
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between ad jacent scanning lines; however, the effect is not very
noticeable in the original size picture.

36. Receiver Definition. It has been shown in Paragraph 12
thet the best definition that can be expected at the transmitter
is 0.011 inch and that this value increases to 0.018 if the de-
finition is to be consistent regardless of carrier phase. A
careful examination of the horizontal lines on test chart No. 3,
clate 43, reveals that the lines start to reach maximum density
at approximately 0.011 inch, and that the density of the lines
vary as their sizes increase, until 0.018 inch is reached. After
0.018 inch width is reached, all the lines have at least part of
their width at maximum density, end this condition continues to
exist as the lines increase in size. This would indicate that the
definition of the receiver is as good as the transmitter and that
the multiple line definition is as good as single line definition.
The definition of the receiver can be varied somewhat by changing
the grade of paper and exposure times.

3. Receiver Halftone Characteristics. The density of each
elementary area is a function of the time intensity integral of the
exposure. Since the time of effective exposure is approximately
the same for the normal range of sienal levels, the exposure is
primarily a function of the light intensity, which is in turn de-
pendent on the current through the crater lamp. The average crater
lamp current vs. grid voltage of the 6AC5G driver is shown on
Plate 16. The film transmission density for both Type A and Type

C film vs. crater lamp average current is shown on Plate 17; how-
ever, it should be noted that this is effectively a semilogarithmic
plot. The receiver halftone characteristics from the input to

the film are shown on Plates 18 and 19 in linear and log-log plets.
There is a considerable amount of nonlinearity; however , the paper
and transmitter characteristics must be considered before making
any conclusions. The overall receiver halftone characteristics
are shown in Plate 22, where the paper characteristics are added
to the results of Plate 19. The effect the receiver has on the
overall halftones will be covered later in Paragraphs 41 to 43

on System Halftone Characteristics. The halftone characteristics
of the receiver, when using Royal Bromide, Aero Enlarging, and
Koda-Bromide papers directly, are shown on Plate 23, where it is
readily seen that their emulsions are not fast enough to make a
pleasing picture. The density at +2 db is only 0.56 for the Royal
Bromide, which is the fastest of the three and one of the fastest
paper emulsions available. Contrast grade Fl1 papers were used in
each case, since this is the fastest of the various grades. These
prints were all developed for 2 minutes, which is the maximum time
recommended, in 1:2 D72 at 68° F.

37a. The Receiver Halftone Characteristics indicate that the
recording spot light intensity is not great enough to stay within
the linear exposure range of the Type A film characteristic. An
increase in the available light output would be desirable since

it would permit operation on the straight line portion of the film
characteristic. It would alsc permit positive recordings of higher
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quality. The optical system could be improved to glve greater
efficiency since at present the diaphram, see Plate 1, permits
approximately only 0.15 per cent of the incident light to pass.
In addition the F/2.2 objective lens is not being fully utilized
sigci light is incident on only approximately one quarter of the
total area.

38. Color Pictures. It is possible to transmit color pictures
with these equipments by the color separation process. Three
feirly flat black-and-white prints are required at the transmit-
ting end. These should be made from the blue, green, and red

color separation negatives. The three prints are transmitted in
tke usual manner, care being taken to keep the conditions and pro-
cessing as constant as possible for all three prints. The nega-
tives at the receiving end should be developed to the gamma which
will give a pleasing print on Grade 2 paper, or a density range

of approximately 1, For most conditions this will require 5 or

6 minute development in 1:2 D72 at 68° F, of Type A film. The
received negatives are used to make wash-off reliefs, which are
employed in the usual manner, with process red, process blue, and
yellow dyes to make the color prints. For further information on
this process see Reference 10, Chapter XXII. It should be men-
tioned that the color printing process is very difficult and should
be undertaken only by experienced personnel in a well-equipped
laboratory,

Record Direct Characteristics

39. Teledeltos paper provides a means of direct recording
which produces a facsimile copy under normal lighting conditions
and which requires no further processing at the end of the trans-
mission. The definition is poorer than that of the photographic
recordings as can be seen by comparing Plate 50 with Plate 40.

A teledeltos copy of the White House Plate 44 is shown on Plate
51, and it can readily be seen that the halftone characteristics
of the teledeltos paper are also much poorer than the photographic
recordings. Compare Plates 45 and 51. The teledeltos paper is a
light grey wax~coated paper upon which the received images are
burned by means of a stylus, see Plate 85, which rests with a
slight pressure against the paper on the drum. The stylus is
normally in the position shown, except when the selector switch

is in the record direct position. when in this position a mechani-
cal lever system releases the stylus and a spring keeps it in
contact with the paper on the drum. The halftone characteristics
of the teledeltos paper are shown on Plate 23, where the paper
reflection density is plotted vs. the receiver input. Other char-
acteristics of the teledeltos paper are shown on Plate 26, where
the paper resistance, stylus voltage, and stylus current are all
plotted against receiver input wltage. This type of recording
permits rapid transmission of line drawings and printed material.
It also is possible to receive halftone pictures if the received
copy need not be very high quality. One of the other disadvantages
with this type of recording is that only one copy is received,

DECLASSIFIED — SH— 12 -

LW TR |



and rapid duplication is not possible.

L0, Timefax paper provides a means of producing multiple
copies from a master copy which is produced in the same manner as
teledeltos recordings. The Time Fax paper consists of a light

top coating, which is burned away by the current from the recor-
ding stylus when this current is high. There is a layer of dye
underneath the top coating, which is transferred to the hectograph
pad at the points where the top layer has been removed. Copies
are produced by placing the master copy face down on a very moist
hectograph pad for a moment. Removing and repeating the above pro-
cess increases the quality of the copies. The second time the
master copy is left on the pad for a minute or two to permit ade-
cuate transfer of the dye to the gelatin pad. Approximately 20
copies of the original can now be produced in the usual manner.

The definition obtainable with this process is very nearly the

same as that of the teledeltos. The halftone characteristics are
much poorer than with teledeltos paper, since the hectograph copy
is either blue or white, with almost no gradations. The electrical
characteristics are shown on Plate 27, and it can be seen by com-
paring this plate with Plate 26 that the stylus current for Time
Fax recording is much lower than with teledeltos recording. This
is due to the fact that the dynamic paper resistance of the Time
Fax is much higher. This type of recording is not considered

very desirable, since the hectograph copies are usually very light;
however, this could probably be improved, in which case the process
might be used to produce multiple copies of weather maps or simi-
lar black and white material.

SYSTEM AND GENERAL CHARACTERISTICS

System Halftones

hls The halftone characteristice of both transmitter and re-
ceiver have been discussed in their respective sections. The in-
dividual results are, however, of little value until they are
compared with each other to determine the combined halftone char~
acteristics of the equipment. A system with ideal halftone char-
acteristics would be one where the density of any point on the
recorded copy would be the same as that of the corresponding point
on the subject copy, irrespective of the range of the subject
copy. In practice, it is found that most systems depart from this
considerably. The amount of this departure is a measure of the
helftone distortion. The static halftone characteristics of the
system and the method used in obtaining them are shown on Plate
2L, where the characteristics of the transmitter, receiver, and
photographic naper are added together. Examination of the re-
sulting svstem halftone reveals that the darker hzlf of the subject
density range is compressed into 1/6 of the recorded copy density
range. 4+ rough examination of the transmitter characteristics
reveals that the upper half of the density range is compressed
into approximately 1/4 of the output éb rance. Applying the same
test reveals that the lower half of the recsiver db range is com-
pressed into a little more than 1/3 of the total film density
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range. This compression is more than compensated, however, over
this particular range, by the paper, which expands the lower half
of the receiver db input range into slightly more than the upper
half of the recorded copy density range. This would indicate
that most of the distortion was in the transmitter. However, a
closer investigation reveals that this is not entirely true.

L2, Consider the upper half of the subject density range
and follow this through the system. As stated before, the upper
half of the subject density range is compressed into the lower
1/L of the output db range. This 1/4 is still further compressed
by the receiver into aporoximately 1/9 of the total film density
ranze. The paper expands this 1/9 of its exposure range to 1/6
of the copy density range. From this analysis it would appear
that for this particular case and point that approximately 2/3

of the total compression is due to the transmitter and 1/3 due

to the receiver.

L3. The dynamic halftone characteristics of the system were
obtained by placing a calibrated step wedge on the transmitter

and recording with Type A film on the receiver. The transmitter
was set up for +2 to -6 db on the phasing ring, and the receiver
was set at +2 db for a maximum signal. Direct wire connection

was used between the machines and normal procedure was used through-
out the test., After processing the films they were used to make
several prints,and the densities of the one closest to the original
were measured on the reflection densitometer. The results of

this test are plotted on Plate 25, where they are compared with

the values obtained from Plate 24 for static characteristics.

The undesirability of this compression can readily be seen by com=-
paring Plates 44 and 45 in the shadow areas.

System Definition

LL. The overall system definition on photographic recording
is the same as that of the transmitter, or 0.018 inch in the di-
rection of scanning., This can be observed by carefully examining
Plate 43 with a magnifying glass. Examining the horizontal lines,
start at the left end and move to the right until a point is
reached where all the lines have at least some part of their
width at maximum density and that this condition continues beyond
this point. The line width at this point is 0.018 inch which is
the definition. Using the procedure described above on the verti-
cal set of lines, the definition in the direction perpendicular

to the direction of scanning is found to be very close to that of
the transmitter definition, or 0.026 inch.

&5 ‘ihen attemnting to apply the above procedure to the tele-
deltos paper, it is very difficult to arrive at any intelligent
conclusion. In view of this fact, it is considered desirable to
consider the resolution of the system as a factor of merit, the
resolution being defined as the number of lines per inch in a

given direction which the facsimile system will resolve as separate
lines. The numbers on test chart Number 3 are the line widths
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in thousandths of an inch, and this can readily be converted to
lines per inch, An examination of Plate 43 indicates that the
vertical resolution is approximately 135 lines/inch, and the hori-
zontal resolution is 115 lines/inch, while the 45 degree resolu-
tion is approximately 140 lines/inch. Applying the same analysis
to Plate 50a, we obtain a vertical resolution of 110 lines per
inch, a horizontal resolution of 100, and a L5 degree resolution
of 110 lines/inch for teledeltos recording.

Phasing Circuit Characteristics

L6. The phasing circuit provides a means of phasing the
receiving drum with the transmitting drum so that the clamping

bars at the receiving and transmitting ends pass the scanning

spot at the same instant. The machines are phased by scanning

the phasing ring at the transmitter and pushing the phasing

button at the receiver. This connects the incoming signal to

the phasing circuit, which 1s so arranged that a sudden increase

in signal level generates a pulse which releases the drum., This
occurs at the beginning of the white phasing mark on negative trans-
mission and occurs at the end of the white phasing mark on posi-
tive transmission. The receiver phasing stop is usually set so
that half of the clamping bar is in one end of the received picture
fgr gegative transmission and on the other end for positive trans-
mission,

L7. The phasing error was measured after first adjusting the
phasing magnet adjusting screw (see Plate 77). The optimum
length of clutch stop arm engaged by the trip armature was found
to be between 0,02 inch and 0,03 inch, which is slightly less than
the 1/16 inch recommended in the instruction book. The phasing
error was found by recording the phasing marks after phasing 15

to 20 times and measuring the maximum misalignment of these marks.
The per cent phasing error is equal to the maximum deviation divi-
ded by the drum circumference. For 12 db positive transmission
the error is 0,06 inch or 0.7 per cent, and for 12 db negative
transmission the error is 0.05 inch or 0.58 per cent.

48. If the receiver stop arm is adjusted to give optimum
phasing on negative transmission, the error introduced by positive
transmission would be equal to the width of the phasing mark, or
approximately 0.4 inch, which would mean that the effective picture
size would be reduced from 7x8 inches to 7x7.6 inches.

Db Meter Characteristics

L9. There are a number of undesirable inherent errors in the
set db meter. The fact that it reads differently when removed
from the panel is undesirable, since it prevents accurately con-
trolled results. One of the more serious errors introduced by

the meter is the fact that while on record direct, the stylus
voltage is not constant with a constant meter reading when the
gain control is varied (see Plate 28). This causes the teledeltos
recordings to be lighter than usual whenever it is necessary to
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set the receliver gein control above 50. The db meter calibrations
igr tgagsmit, record photo, and record direct are shown on Plates
and 11.

Fork Oscillator Characteristics

50, The fork oscillator unit supplies a signal of high fre-
cuency stability to drive the rotating drum. This 1800-cycle

signal is also used as a carrier for the phototube bridge-modulator
circuit, and as a signal source for the exciter lamp constant-
output emplifier. The frequency is dependent on a number of factors,
including temperature, humidity, barometric pressure, and amplitude
of vibration. Temperature regulation is not used; however, the
effect of temperature variation has been reduced by the construc-
tion of the fork. The amplitude of the fork oscillation is depen-
dent on the drive and an attempt has been made to keep this relative-
ly independent of line voltage variations. An examination of

Plate 31 shows that the oscillator is very stable in this respect,
since a variation of line voltarcsed from 105 to 125 volts in ap-
proximately five minutes resulted in a frequency change of 0.01
cycles, or 5.5 parts per million.

51, The oscjillator frequency was measured by recording the
one second impulses from WWV and messuring the skew, This pro-
vided a means of measuring the frequency to within 1 part per
million, provided reasonable care is teken in measuring the skew.
The effect of freouency deviation on skew is shown on Plate 29,
and 1t is possible to obtain the total skew in a piecture for a
given frequency difference by multiplying the corresponding skew
in inches per inch by 7.

524 The frequency of the oscillator can be varied over a
small range by means of Control R25, The physical position of
this control can be seen in Plate 77, and its location in the
cathode lead of the 7C5 fork driver is shown in the schematic dia-
gram,; Plate 34a., The frequency variation is obtained by varying
the drive supplied to the tuning fork, since an increase in ampli-
tude results in a decrease in frequency. The frequency deviation
obtainable in this manner is approximately 0.4 cycles (see Plate
29), A four and one-half hour stability run was made simultaneous-
ly on two equipments in adjacent rooms. The results of this test
are shown on Plate 30. The maximum frequency deviation of the

one equipment was 0.02 cyclea’ while that of the other was 0.08
cycles. These changes correspond to stabilities of 11 and 44
parts per million, respectively.

53. The effepts of temperature and humidity are shown in
Plates 31 and 32, where 1t is observed that an increase in temper-
ature causes a decrease in frequency. The decrease in freguency
with increpse in humidity 1s not as great as the change due to
temperature variation; however, the humidity does have a deelded
and falrly rapid effect on the frequency, The results of the
temperature run are summarized in the following table,
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VARIATION IN AMBIENT TEMPERATURE

Temperature Frequency
Change Change
°C Cycles Partg/million/°C.
-15 to O -0.011 i -0.4
0 to 20 -0.019 -0.5
Average: 0.65

Due to the fact that the transceivers may be subjected to fairly
large changes in temperature, humidity, and pressure it is con-
sidered desirable that the oscillator stability be improved in
these respects.

54. A change of tubes test was made on the oscillator for
each of the tubes connected with it. Four tubes were tried in
each case, with a resulting maximum frequency change of 0,023
cyeles. A tilt test was also conducted in which the equipment
was placed in various positions. The resulting maximum frequency
change was less than 0.01 cycles.

Drum Drive System

95 The rotaeting drum is driven by a synchronous motor
through a worm gear and friction clutch system. The motor and
drive assembly can be seen in Plate 77. The synchronous motor
has an extra winding and a set of brushes which are placed in con-
tact with a commutator for starting. The rotor is spring-mounted
to assist in synchronizing; and if these springs are not adjusted
properly, the synchronizing may be difficult. The worm on the
motor shaft is meshed with a fiber gear on the drive shaft, which
is connected to the lead screw and drum through a friction clutch.
This clutch vermits phasing, since the motor continues to run when
the drum is stopped for phasing. Incorrect adjustment of this
clutch can cause difficulty in phasing.

56. Gear pattern is not noticeable in the received copy.

It is probably eliminated by the small plano wire spring which
connects the drum to the lead screw. This is just inside the right
end of the drum looking at the front of the equipment. During

the tests a considerable amount of jitter appeared in one of the
machines, It was traced to the drum, and exemination revealed
that this small spring, which connects the drum to the drive shaft,
was broken. This allowed the drum to rotate freely over several
degrees between two stops. The jitter resulting from this broken
spring was very noticeable and it is considered desirable that
this spring be mentioned in the instruction book, and that failure
of this spring be included as one of the possibilities of intro-
ducing jitter.
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514 Horizontal motion is imparted to the drum by a lead
serew with 96 threads per inch. It is not considered desirable

to have this fine thread in such an exposed position; however,

the surface of the lead screw withstood very rough treatment with-
out apparent harm. The lead screw must be kept clean, since grit
on the lead s¢rew may cause jitter or skew in the recorded picture.

Transmission Circuits Required

58. The transmission requirements of facsimile signals are
very rigorous, since it is not only necessary that the density

of each elementary area of the subject copy be reproduced as
faithfully as possible, but also that the size and position of
these areas be very nearly the same as the original. Some of the
characteristics of the transmission circuits which must be con-
sidered in determining the fidelity of reproduction are: fre-
cuency band width and emplitude veriations throughout this band,
phase characteristics, interfering signgls present, fading, selec~-
tive fading, multipath effect, and echo effect. The last four
effects are mainly confined to radio circuits. The effect on the
received copy of each of the various transmission characteristics
will be considered briefly in the following paragraphs.

59. Band Width Requirementg. The facsimile signal has been
shown in Appendix to be an 1800-cycle amplitude modulated wave
with significant side bands approximately 800 cycles on both sides
of the carrier. This is the band width required for high quality
reproduction; however, it is possible to cut the side bands down
to 600 cycles with only a small loss in the resolution of the sys-
tem. An actual test with some frequency shift conversion equip-
ment revealed that with an 800-cycle low pass filter for the modu-
lating wave, the resolution was still approximately 135 lines/
inch and that this dropped to approximately 100 lines/inch when

a 600 cycle filter was used. It is desirable that the circuit
gain be fairly uniform from 1,000 to 2,600 cycles; however, this
factor is not exceptionally important, especially if the departures
are near the ends of the pass band.

Phase Characteristics

60. Phase characteristics of circuits transmitting facsimile
signals are very important. It has been pointed out previously
that the band width required is dependent on the speed of scanning
and the definition required. The phase characteristics which a
circuit must have are also dependent on the speed and definition.
If the steady state transmission characteristics of a circuit are
analyzed by comparing the phase of the output with that of the in-
put, we obtain a characteristic curve of phase shift in degrees
vs. frequency (see Plates 7 and 14).

61. In reference (7) it is shown that if the phase char-

acteristic is a straight line through the origin, or has a y inter
cept of n2%, where n is en integer, the circuit will not introauce
any phase distortion. In most transmission circuits the phase vs.

DECLASSIFIED SanEmr = B



frequency characteristic is not a straight line, and the amount
of departure from a straight line is some measure of the phase
distortion introduced.

62. In considering -the effect of phase distortion on the
RC-120-B facsimile signal, the primary interest is its effect on
the build-up and decay of the facsimile signal. This build up

and decay time is first of all determined by the scanning head
aperture size, An example of this build up and decay time is shown
in Plate 36, where an oscillogram of the output is shown. In
references (7) and (8) it is shown that if a sinusoidal voltage

is impressed for a short time at the input of a circuit with phase
distortion, the output will be longer than the input, due to the
fact that certain components of the wave are delayed longer than
others. The elongation that occurs is shown to be a function of
the differences in envelope delay time over the frequency range
required fogBthe pulse transmission, the envelope delay time being
defined as 3= where B 1is in radians, and w is equal to 2Nf where
f 1s in cycggs per second. The resulting delay is in seconds,
This formula can be simplified and expressed in degrees and cycles
as &0 | Experimental results are shown in these references,

which verify the above eonclusions.

63. Since the aperture limits the build-up time to approxi-
mately 1 millisecond, a delay distortion of up to 0.25 millisecond
would probably be permissible without apprecilable reduction in
system definition or resolution where the 0.25 millisecond is
the maximum delay difference throughout the band required.

6k. Interferihg Signals. The transmission circuits for high
quality reproduction should be relatively free from noise and inter-
Tering signals. In order to determine the experimental effect

of random noise on the quality of the received copy, a number of
transmissions were made with various signal-to-noise ratios. The
results of Plates 54 to 59 were asnalyzed by means of a paper strip,
which masked all but one character at a time. The number of
letters or characters of a given type size on a given plate which
could be determined with certainty were recorded, and this figure
was divided by the total number of letters or characters in the
particular group. This ratio is defined as the per cent read-
ability, and the results of this test are shown on Plate 33.

These tests were a2ll conducted at audio frequencies with a RBK
receiver as a noise source. The noise output is approximately a
random noise, with the exception, of course, that the peak ampli-
tudes are limited by the amplifiers. The peak-to-rms ratio of 2.3,
given in Table 9, is an approximation obtained by observing the
noise on an oscilloscope. This peak voltage is the maximum volt-
age which is not exceeded more than 5 or 10 per cent of the time,
The noise spectrum was enalyzed by means of the GR7364 wave ana-
lyzer, and the resulting spectrum is shown on Plate 33a. The
analyzer voltmeter varied between the limits shown in a somewhat
erratic manner.

65. Some theoretical considerations regarding optimum contrast
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range in respect to noise are included in Appendix III, It is
shown here that the optimum signal contrast range for a linesr
log-log receiver halftone characteristic is 15 to 20 db in most
cases. Experimental comparisons of 4, 8, and 12 db signal ranges
are included in Plates 69, 70, and 71, respectively, where the
signal to noilse ratio was held constant at 15 db. It cen readily
be seen that the 12 db range 1s superior; however, to ebtain this
range at the receiver it was necessary to overdrive the crater
lemp somewhat.

66. Fading, Multipath, and Echo Effects. These effects are
all present to varying degrees in most radio circuits. The degree
to which they affect the received signal is dependent on the fre-
cuency being used, the geographic location of the two terminals,
and the time of day, among other things. The origin of most of
these effects can be seen by observing Plate 34, where some of

the possible paths for transatlantic transmission are shown.

Yihen it is recalled that the ionosphere effectively consists of
several ionized layers, it can readily be seen that the mulipli-
city of paths becomes great. Since any particular path is subject
to variations in attenustion and length, it is possible for the
resultant of two or more rays to cancel or add, with wide varia-
tions in resulting signal strength at the receiver. This effect
is a type of "fading". Some types of "fading" can be combatted

to a certain extent by various converters, which change the AM
Tacsimile carrier to a frequency shift carrier. In addition to
fading, it is shown in Plete 34 that the arrivael time for the
various paths may differ as much as 3 or 4 milliseconds. This
amounts to 0.04 or 0.05 inches on the received copy, which is
equal to the height of the small 8-point type letters. It can
readily be seen that this type of transmission circuit will limit
the speed with which facsimile machines can transmit intelligence.
An example of this is shown in reference (5), page 16, where re~
ceived copy at different drum speeds are compared. In this illus-
tration it is evident that the scanning speed with this particular
transmission circuit must not exceed 10 inches per minute if type-
written copy is to be legible. This speed is slightly less than
the 13.1 inches per second scanning speed of the RC-210-B. It

is also pointed out in this reference that the amount of multi-
path delay is likely to be less at the higher frequencies (around
18 megacycles) than it is at the lower frequencies.

67. In addition to multipath effects, there are times when
echoes are very annoying. Plate 72 shows an example where the
return echoes are 0.2 inch behind the desired signal. Since the
transmitter and receiver in this case were fairly close to each
other, the echoes must be coming from a reflecting area approxi-
mately 1,400 miles away.

Power Supply Characteristics

68. The power supoly for the RC-120-B is contained in a sepa-
rate unit, which is connected to the transceiver by a 4-foot
flexible cable. The power supply is seen on the right of the
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transceiver in Plates 73 and 74. In addition to the regular plate
and filament supply, a constant output amplifier is also contained
in the power supply. This amplifier receives an 1800-cycle signal
from the fork amplifier and by means of a special regulator,
supplies a constant output of from 6 to 8 volts to the exciter
lamp. A view of the control. which determines the output voltage.
is shown in Plate 84. The regulated B+ is obtained from the re- °
gulator in the transceiver. The tubes for this regulator can

be seen in Plate 79, where they are located on the left end of

the shelf at the rear of the equipment. ;

Vacuum Tube Operating Conditions

69. The vacuum tube operating conditions for most types of
equipment operation are shown on Table 4. In general, most of

the tubes are operating within JAN limits; however, there are a
few exceptions. The 6ACS5G recording amplifier has 530 volts on
the plate when on record-direct. The JAN maximum is 275 volts.
The two 7C5 voltage regulator ballast tubes are operating with 250
volts between heater and cathode. The JAN maximum in this case

is 100 volts. In the power supply, the 7N7 amplifier section.

is operating with a plate voltage of 510 volts, which is in ex-
cess of the JAN 1imit of 330 volts maximum. The two 7C5 power
amplifiers in the power supply are operating with a plate voltage
of 520 volts, which is in excess of the JAN limit of 350 volts.
The 7L7 voltage regulator also in the power supply has 162 volts
between heater and cathode, which is in excess of the JAN limit

of 100 volts. These conditions are not desirable, since all tubes
should be operated within JAN specifications limits.

CONCLUSIONS

70. The RC-120-B provides s means of transmitting fairly
high quality pictures over radio and wire circuits. Extraneous
patterns such as are caused by lead screw and gear irregulerities
are not discernable in the recorded copy, when using a pair of
properly adjusted machines. Jitter is also so small that it can-
not he detected by the unaided eye unless one of the machines

has a dirty lead screw. In this case the jitter may become oOb-
jectionable. The system definition when using photographic recor-
ding is aporoximately 0.018 inch in the direction of scanning and
0.026 inch perpendicular to the direction of scanning. These
figures were obtained while using an ideal transmission circuit
with negligible delay distortion and very wide band pass. The
system definition is 1imited by the transmitter scanning aperture
end the carrier frequency. The latter limitation could be reduced
to one half by usine full wave rectification at the recorder in
place of the half wave rectification now employed.

T The halftone characteristics introduce a considerable
amount of distortion which is especially noticeable in the darker
grey areas. uost of this distortion is introduced by the trans-
mitter scanner and can be reduced by employing flat and light
grey subject copy. This, !'owever, is not a desirable solution in
most cases. Improvement of the system halftone characteristics

DECLASSIFIED NS -2



will probably require not only a change of the scanner character-
istics but also an increase in film speed or effective crater lamp
output since the receiver is now working on the toe or curved
portion of the film characteristic.

T2, The transmission circuits used with this equipment should

have a pass band of from 1000 cycles to 2600 cycles if the full

definition of the equipment is to be reslized. In addition the

delay distortion should be less then 0.25 millisecond where the

delay 1s expressed as dB and the distortion is the maximum devia-
au

tion encountered throughout the required frequency band.

3% For recorded copy with helftones the signal to noise
ratio should be 20 to 30 db or greater if the effect of noise

i1s to be negligible. At signal to noise ratios of 3 to 0 db the
recorded copy begins to become unintelligible. For black and
whi.e copy the signal to noise ratio may be as low as 9 to 12

db before the effect of the noise becomes apparent.

7. In order to minimize the effect of noise on the recorded
halftone copy it is desirable to increase the contrast range to

15 or 20 db; however, with the present film, crater lamp and opti-
cal system it is not feasible to increase the contrast range

above the present £ db value.

75 The transmission speed over radio circuits is found to
be limited by multiple effects rather than band width, and it
would be desirsble to have some means of rapidly changing the
scanning speed to utilize the maximum capsbilities of the trans-
mission circuit.

76. From an operational standpoint this equipment has a
number of disadvantages which are enumerated as follows:

(a) The necessity of operation in the dark for photographic
recording is considered undesirable.

(b) . The necessity of loading the subject matter and recording
medium on a cylindrical drum is considered undesirable.

(e) The type of construction and lack of shock mounting would
not permit sustained operation under conditions of severe shock
and vibration.

(a) The inaccessibility of some parts of the equipment is
not desirable.
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APPENDIX I

CALCULATION OF OUTPUT SPECTRUM
FACSIMILE SIGNAL

The output of the facsimile transmitter consists of an
amplitude modulated 1800-cycle carrier where the instantaneous
amplitude of the carrier is denendent on the density of the sub-
Ject being scanned. This output voltage Efo can be represented
by the following equation:

: Qo = F(d) sine ot (1)

where ®g is the 1800-cycle carrier and F(d) is a function of the
subject density, and the minimum and maximum voltages. By means
of a Fourier series or integral analysis, F(d) can be represented
by a dc component and a series of sine waves. It can readily be
seen that the output spectrum will be dependent on the subject
being scenned, and that there are a large number of possible
configurations. There are, however, several cases which would
enable us to determine the meximum band width required for satis-
factory transmission, One of the simpler, and yet significant,
cases 1s that of a single isolated line with a width equal to
that of the effective scanning aperture. This is theoretiéally
the narrowest line which will cause the transmitter level to
change the full amount,
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APPENDIX I

Figure 1 indicates the line and the type of output which can be
expected. The expected amplitude variation of the 1800-cycle
carrier is also indicated. This, of course, can vary somewhat,
depending on the relative phase of the carrier to the pulse.

-For purposes of comparison with the measured values shown
in Plate 4, a series of 0.0ll-inch lines spaced approximately 0.5-
inch will be considered. It will be shown later that the relative
emplitudes of the side bands are independent of the line spacing
and are dependent only on the width of the effective aperture,
which is equal to the line width, The amplitude of the various
components of a recurring triangular pulse can be represented by
the following eguation (Reference 9, Page 22):

25,1 B85

: =
y = -%—15- +;{QEBK sinz (n-ﬁ%) . Cos nx (2)
) (nﬁ%)z
A
izgﬁ is the average or dc value

AE is the maximum change in level
k is the ratio of base width to period of recurrence

n is the order of harmonic, and x is equal to 2x times the
recurrence rate.

The actual value of F(d) is y+ Epj, which gives the
following equation for F(4).

: ( 2(nsk) ]
F(d) = Epqp + 9Bk S.-:{AEK el { cos nx (3)

2 1 {
. k2 !
L (nfz) )
Before replacing F(d) in equation (1) with its value given in
equation (3), consider the following simplified equation.
éi= (Ege *AEk cos ®_t) sin Ot (4)
= Ego sin ®,t + 4Bk cos 94t sin 0.t (5)

By means of trigonometric identities, equation (5) can be rewritten
as follows:

E~H,, sin®. s+ ‘f—'%—kﬁ sin ("Jc'*“’x)ﬁ% sin(0 -0 )t  (6)
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APPEADIX I

From this and equetion (3) it follows that equation (1) cen be
rewritten as

A (QEK 2 i
ézf (Epin +‘:%§) sin © ¢ zszl_iﬂ sin (ggk) bt (mc+nmx)t
, I3V
L (RS=)2 (7)
D oty |
A > sin (0 - o0 )t
~ LU @ |

From the above equation the carrier emplitude 1is

Epint Q%E = 0,23 * 0.67 : 0.0LL 245 millivolts.where the measured

: Tk c: 1 The side
values of Bmin ¥ —2— -aré 0.23 and 0.67 respectively.
bands are seen to be symmetrical about the carrier and spaced by

the frequency equal to the recurrence rate %% - 24 cycles/sec.

Since K €< 1 the amplitude of the first side band is approxi-
mately equal to

LEk _ 0.67 x 0.0k - 3,.8 millivolts

The relative amplitudes of the side bands are proportional to

2 nik)
sin” (%5
TEE7

A plot of this is given in Plate 34d. A comparison of the measured
values with the calculated values is given in Plate 4.

An examination of equation (7) reveals that when k<< 1
the relative amplitudes of the frequency components are dependent
on the pulse width and independent of the spacing between lines,
provided, of course, the frequency in question is an integral
number of harmonics from the carrier. The relstive amplitude
at any frecuency f,; i1s a function of n x k where n is equal to
fy divided by the %undamentel frecuency and k is equal to the pulse
width divided by the period or separation between pulses. Combining
the two we get

T
nxk-s= . x Pulse width x fundamenta%
Tundamental Trequency frequency (8)
= £ x pulse width (9)
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APPENDIX I

where f; is in cycles/second and the pulse width at the base is
in seconds.

In the particular case we have been studying, the pulse
width is equal to twice the aperture size, or 1,7 milliseconds.
Equation (9) now reduces to

nk = £f; x 1,7 x 10-3 (10)

This cen be used in conjunction with Plate 34d to find the rela-
%ive amplitude at any frequency for a single isolated line.
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APPENDIX II

OPTIMUM CONTRAST RANGE IN REGARD TO NOISE

In considering the effect of noise on the recorded copy,
it is necessary to first determine its characteristics ang how it
affects the facsimile signal. Considering a facsimile signal with
an 1800-cycle carrier and a maximum modulating frequency of 800
cycles, it is readily apparent that a band pass of from 1000 to
2600 cycles is necessary at the receiver. If a filter is employed
which will just pass this band of frequencies, the noise components
on either side will be eliminated. Since this band is just slightly
over one octave wide, the resulting noise wave can be represented
approximetely by a sine wave with variable phase and amplitude.
Since the frequencies of the signal and noise voltages are nearly
the same, they can be considered as adding vectorily.

Go = (Esig + Enoise) Cos ¢ (1)

where ¢ is the instantaneous phase angle between the waves, Since
¢ and Epq3 e Will vory the same regardless of the contrast range
amployeg, ft can be assumed that o, the instantaneous value of
the sum of the two voltages, will be a function of the sum of the
noise meter and signal meter readings., To determine the visual
effect of nolse on the recorded copy when various contrast ranges
ere employed, several possible receiver halftone characteristics
are plotted on Plate 34c¢. In order to have a basis for comparison,
linear log-log characteristics are used in all cases. The four
straight lines which originate at the upper right hand corner and
slope downward to the left represent the receiver halftone char-
acteristics for 4, 10,20 and 30 db contrast range. The graph is
so constructed that all halftone characteristics pass through
point "A" which is meximum signal of 10 volts and O recorded copy
density. The point of intersection at the black or 1.6 snd of

the density scale determines the contrast range of the halftone
characteristic in question. It can readily be seen that the lihes
drawn represent only a few of the ranges possible and that inter-
mediate ranges lie between the given lines. Assuming a signal
with the intensity necessary to give a recorded copy density of
0.8 and a signal-to-noise ratio of 20 db, the input voltage will
be inside the range of E signal * one volt values. The shaded
area indicates the range of density variations probably for any
contrast range end it can readily be seen that this is least sround
a contrast range of 15 to 20 db. The curves labeled signal/noise
= 20 db, 1 volt, about density of 0.8 were obtained by first finding
the voltage required to give a density of .8 for each halftone.
cheracteristic then since the input voltage could be expected to
vary ¥ 1 volt sbout the mean, the corresponding density limits were
merked, The curves connecting these points are the two lines
bounding the shaded area. Since the eye responds equally to equal
density variations it is apparent that the most desirable case is
where the shaded area has the lease width. Curves are also shown,
which indicate the visual effect of noise at the minimum and maxi-
mum signal levels. 'hen the departure at maximum signal level
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is observed, it appears that a 30 db contrast range is most desir-
able; however, the increase in distortion at the minimum signal
level igs greater than the decrease at the meximum signal level.
This can be seen by means of the curve labeled signal/moise =

20 db, 1 volt above minimum signal, end the horizontal line 20

db below maximum signal. The 4D is the variation in density due
to noise and is the horizontal distance measured at the point of
intersection with the halftone characteristic in question. For

a 30 db contrast range the Afat the black end is 0.68 while at
the white end it is only 0.04. From this and the previous case

it is apparent that the optimum contrast range is approximately

15 to 20 db. The way in which the densities of the elementary
areas very about a mean value can be scen on Plate 68, which is

an enlarged portion of Plate 64. The apparent effect of the noise
is greatest in the darker grey areas, as is to be expected. It
should be noted that this snalysis applies only to receivers which
have linear or approximately linear log-log characteristics.
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APPENDIX TIII
RADIO INTERFERENCE FROM RC-120-B TRANSCEIVER

In order to determine the effect of the RC-120-B on ad-
jecent equipment, the following tests were performed with the
equipment in the "Direct Record" position, operating normally with
a +2 db signal input. Power was supplied to the equipment from
a 115-volt, 60-cycle source. 1800-cycle sudio was supplied from
an audio oscillator. Conducted interfesrence was measured across
the a.c. supply leads and across the audio leads. Radiated inter-
ference was measured at a distance of three feet from the equipment.

The results of the tests are given on Table 10, It was
noted that up to one megacycle the conducted noise was originating
in the power supply unit. Above one megacycle the conducted
noise seemed to be caused chiefly by the synchronous motor circuit.
The radiated noise originated mainly at the recording spark.
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APPENDIX IV
DEFINITION OF TERMS

Most of the terms defined here have been defined else-
where in this report, but are grouped here as a matter of convenience.
The definitions used are in general the same as are given in the
IRE Standards on Facsimile, reference 2, which should be consulted
for a much more extensive list of terms. The term "definition per-
pendicular to the direction of scanning" has a slightly different
meaning in this report than that given in reference 3, where it
is meassured by disengaging the cross feed mechanism and manually
moving the scanning head or drum to determine the width of the
narrowest isolated line on the subject copy for which the response
of output of the system will just reach the steady-state value
which is attained for a larger area of the same density as that
of the line,

The term "resolution”™ is not included in references 2
and 3; however, it is a term which is used on optical systems and
in photographic reproduction. Its use not only permits a rapid
overall evaluaticr of fscsimile systems. but it is almost the only
means that can be used to evaluate the detail obtainable when
using teledeltos recording paper.

: Contrast Rapse. Sometimes called "white to black ampli-
tude range". It is the signal voltage or current ratio of picture
white to picture black, or the reciprocal, et any point in the
system and is usually expresssd in decibels.

25 Definition (in a given direction). The width of the
narrowest isolated line of the subject copy perpendicular to the
given direction, for which the response of the sgstem (or portion
thereof under consideration) will just reach the steady-state
value which is attained for a larger area of the same density as
that of the line. In this report the normal feed of the machine
was used in measuring the definition in each direction considered.

3. Density. A measure of the light-reflecting or transmit-
ting properties of an area. 1t is expressed by the legarithm (base
10) of the ratio of incident to transmitted or reflected light.

k. Helftone Characteristics. A relation, usually shown by
a graeph, between the density of the recorded copy and the density
of the subject copy. This term is also used to relate the ampli-
tude of the facsimile signal to the density of the subject copy
or recorded copy, or the input vs. output of any circuilt which
affects the overall halftone characteristics.,

5e Index of Cooperation (International). The produyct of

the drum diameter by the number of scanning lines per uynit length.
It is necessary that this index be the same if two mechines are to
work together without introduecing lineal distortion of the plctures
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LPPENDIX IV

6. Jitter. The distortion in the received picture caused
by momentary errors in synchronism between scenner and recorder.
The presence of this distortion causes straight lines to become

Jagged in the recorded copy.

Vs Overlap. The amount by which the effective width of the
scanning spot exceeds the nominsl width of the scanning line.

8. Phase Distortion. That form of wave distortion in which
the relative delays (either phase or envelope) of the different
frequency components of the weve are changed.

black and white liues per inch perpendicular to the given direction,
which the facsimile system will resolve as separate lines. This

is ususlly measured by means of a set of convergent lines and the
resolution obteined by finding the point up to which all the

lines can beddetermined consistently as separate lines.

9. Resolution (in a given direction). The nuzmber of equal

10, Scanning. The process of analyzing successively the
densities of the subject copy according to the elements of a pre-
determined pattern or of synthesizing cofresponding densities in
the recording.

p i (8 Skew. The deviation of the received frame from rectangu~
larity due to asynchronism between scanner and recorder. Skew is
expressed numerically as the tangent of the angle of this deviation.

12, Underlap. The amount by which the effective width of the
scenning spot falls short of the nomingl width of the scanning line.
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TABLE 1
RC-120~-B FACSIMILE EQUIPMENT

Weights and Dimensions

Length Height Width VWeight

Unit Inches Inches Inches Pounds
l1 -CH- 117 26 19-1/2 13 107-3/4
(full)
1-Facsimile Transceiver 22=1/4 8 14 65-1/2
1-KC Coupling Coil 1/4
1-UC Coupling Coil 3/k
2-Instruction Books
1 - CH - 116 25-1/2 17 16 107 (full)
1-Power Supply 13 12-1/2 10-1/4 47-1/2
1-1000 Sheets of Teledeltos 7-1/4
2-Developing Tanks 3-1/4
1-Set Vacuum Tubes ( 2-1/1,
1-Set Special Tubes (
3-Pads of Message Paper 1-7/8
L - Case PH-410 30 13-1/2 13-1/2 68
Containing Photographic Equipment
1 - Bag BG-124 34 x 8" Pla. 18-1/4
Duffle Bag for Dark Tent
TABLE 2

RC-120-B FACSIMILE ECUIPMENT

Output Circuits and Voltages Available

Terminal Voltage (rms)

Circuit -10 db +2db Load Impedance
Balanced Line 0.16 0.69 500 ohms
Xmtr. Jack 0.15 0.60 200 ohms
Line Jack 355 i5 500 ohms
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TABIE 3
RC-120-B FACSIMILE EQUIPMENT

Input Circuits and Voltages Required

Gain Control Voltage Regq. Circult

Circuit Setting for +2 db Impedance
Balanced Line 10 , 702 0.10 , 0.009 500 ohis
Revr. Jack 30 ; 70 5.0 4 0.40 2500 ohmsl
Line Jack 10 , 70 0.1 , 0,009 500 ohms

1. Resr., impedance"can be changed to 250 ohms.
2. Maximum gain setting used because of effect shown on Plate 28.

TABLE 4
RC-120-B FACSIMILE E-UIPMENT

Potentials Applied to Electrodes of Vacuum Tubes

Power Supply PE-140-B Line Voltage = 115 V.
Types of Operation:

1. TRANSMIT - +2 db on meter.

2. SET RANGE - +2 db on meter.

3. RECORD PHOTO - No signal.

L. RECORD DIRECT - No signal.

5. HECORD PHOTO-PHASE CONTROL DEPRESSED - +2db signal.

Tube and Type of Voltages - Pin to Ground

Function Operation I 2 3 & 5 B T~ 38
7L7 : _

Fork Pick-up 1, .2, 3, & e 21 9y 2.7 80, © 2.7 %
7C5

Fork Driver be @4 354 gnd 245 245 N.C.N.C. 040 F
7N7

Fork Buffer 1, 2, 3, 4 gnd 6.8 167 0 O 175 6.4 F
7C7

1st Volt Amp 1, 2, 3, 4 gnd 47.5 65 O 0 D 2.2 F
7L7 .

2d Volt &mp 1, 2, 3, & gnd 90 67 2.0 N.C,-0.3 2.0 F
7C5

Trans.Output

Driver 1a 2453 gnd 250 250 N.C.N.C, 0 15.5 F
7N7 (1) (33

Driver end PO gnd 0 65-1.5-6 016.5 F

Meter “Amp 3 gnd 0 33 -0.2 0 0 18 F

L gnd 0 33 -0.3 025018.5 F
5 gnd O 65 -0.3 0 017.0 F



TABIE 4 (Contd)

Tube and Type of Voltages - Pin to Ground
Function Operation L 2 3 b 5 1 T 8
6AC5G
Recordg P.A, 3 N,C. Gnad 156 N.C, 06 ¥N.€, F 0
L N.C. gnd 530(3)N.C. 0 N.C, F 0
- 5 N.C. gnd 150 N.C.-0,2 N.,C. F 9,0
Vo%t%ggg Y 25 35 b gnd 225 245 80 N.C, 70 80( F
= i)
V.gésBallast 1y 25 3, & gnd 475 475 N.C. .G, 232 250 F
., Motor Amp. e 25 3 & gnd 250 250 N.C, N.C. O 16,5 F
5 gnd 250 250 N.C, N.C. O 15.5 F
2-6AC5G
Motor Amp P.A. 1, 2, 3, 4. N.C. gnd 440 N.C. -3(1)N.C. F 0
7L7 5 gnd 207 178 9.5 N.C. g 9.5 F
Phag%ng Amp 1. & 3. 4 md8 207 178 0 N,C. S F
&
Phasing Trigger 1,2, 3, &4 gnd 250 N.C 0 N.C. 55
Power Supply PE-140B - Tube Socket Voltages (DC) 115 V A.C.
1800 Cycle Regulator
757 3 gl I HE-246 B 0 1.6 X
Input Mixer 1 2 gnd 31 N.C,-2,6 157 -i1 1.4 F
N7 35 8 gnd 31 510(6) 0 -67 -67 0 F
Amp and Rect. Ly 2 gnd 19 L75 0 -300 =300 0 F
2-7C5 3, & gnd 520(5) 0 N.C, N.C, -6(1)9.32)F
Power 4mp 1, 2 gnd 480 250 N.C, N,C, Q. 26 F
7.7 T a0 © o HG, <42 6 F
Volt. Reg b 2 gnd -17 -3.5 -162 N.C.-162 -162 F
80 Efil A.C. Eac~Plates to gnd Edec Fil to gnd
Rectifier L.3 v. ‘610 v. 612 v.

(1) Indicates bias obteined through grid rectification,

(2) The two 7C5's in the P.A., for the 1800A:Regulator (PE-140-B)

- draw approximately 11 ma of grid current each when the set is
in Record positions. In these positions the screens are
grounded eliminating plate and screen current. Thus any
signal applied to the grids will be rectified as there will
be no cathode blas present.

JAN Max, 275 volts.
JAN Max. E 100 volts.
JAN Max, 3?5 volts
JAN Max. 330 volts

—
o F W
e S W W
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TABLE 5
RC-120-B FACSIMILE ECUIPMENT

A.C, Power Requirements

Condition and Line Input Power Factor
Type of Operation E I Ex1 Watts Per Cent
Transmit
+2 db into 500 ohms 110 2.15 236.% 210 88.9
Set ERange
+2db on meter 110 2415 236.5 211 89,2
Stand by 110 1,27 139.7 112 80.3
Record Photo
+2 db on meter 110 1.9 208.9 185 88.5
Record Direct
+2 db - Teledeltos 110 lafe . 195,58 170 86,9

TABLE 6

RC-120-B FACSIMILE EQUIPMENT

Effect of Voltage Variation on Transmitter and Receiver Outputs

Line
Voltage

103.5
109.3
115

120.7
126.5

Transmitter
Output
Volts

0.82
0.83
0.8L
0.8l
0.8L

Receiver
Crater jamp

Milliamperes

32,8
33
33.6
3.5
3545

Transmitter output = +2 db at 115 volts.
Receiver input - Constant = +2 db at 115 volts.

TABLE
RC-120-B FACSIMILE EQUIPMENT

Effect of Line Voltage Variation on Regulated Voltages

Line B+ Output Regulated 1800 cycles Regulated B+
Voltage Volts Output_« Volts Volts
103.5 450 5.85 255

115 480 6.0 253
126.5 530 505 252



TABLE 10
RC-120-B FACSIMILE ECUIPMENT

Radio Inﬁerference

Conducted Interference

Frequency Input to Audio Signal Radiated Inter-
Megacycles Power Supply Input ference Radiated
at 3 feet
0.16 50 1.5 2
0.24 80 L <
0.35 50 2 2
0.60 7 0 2
1.00 0 0 1
1.50 0 0 T
2.00 0 0 4
4 .00 1 : 1
6.00 e 1 T
8.00 13 1 T
10.00 70 1.5 ¥
12.0 500 14 2
15.0 110 7 1
20.0 477 53 T
30.0 f 150 150 34
50,0 ; 100 60 T
75,0 105 150 T
100.0 28 Ly 20
125.0 0 11 96
150,0 2 2 53
NOTE:

1, "T" denotes trace - too low toc measure
2. Conducted values in microvolts
3. Resdisted values in mocrovolts per meter
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TABIE 8
RC-120-B _FACSIMILE EQUIPMENT

General Specifications

Line Voltage 105/125 Volts.
AC 50/60 cycles or 6/8 volts D,C,

Power Consumption , 210 watts - 60 cycles
Index of Cooperation 264
Lines per inch 96
Drum Speed 90 r.p.m.
Drum Dismeter 2-3/L inches
Drum Length 7-1/4 inches
Film size and type 7 x 8-5/8 Type A or C
Amplitude Modulated Carrier 1800 cycles
Transmission Band required 1000 to 2600 cycles

< f < n E  ansan, sty e Sy

I/BIE 9 :

RC-120-B FACSIMILE EQUIPMENT

Signal to Noise Ratios

rms signal held constant at 0.3 volts.
Peak noise/rms noise equals 2.3.

Signal to Noilse Ratios db
rms/rms Pes eak

]
\ad
I
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MULTIPLE SIGNALS
OVER TRANSATLANTIC PATH

THE PRODUCTION OF MULTIPLE ECHOES BY BAYS
LEAVING THE TRANSMITTER AT DIFFERENT ANGLES.
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OSCILLOGRAMS OF TRANSMITTER OUTPUT

000 O S O

A - 0.045 INCH LINES

B - 0.022, INCH LINES

: it lqlll ! '“
C - 0.011 INCH LINES Wy TP, ", ‘*. N ‘. '.’ ‘I f vy

UL A D B R i 0ol vy

ARERL LU RRRA A A PP TR T T PP A 4....;......515;;'1
PLATRATRETRETA M L
J',':i,H.,\r.,J,,J',,fl,f.'.u”m'v“v i

ARRTRRRaRR

D - 0.0055 INCH LENES

AR RN NNNR R

LIPS | S 111 A

Miimmnmwmﬂwmm\ “

E - 0.045 INCH LINES

L1 T

| i m ﬂ“l LEALE I! M‘
e o WWWMMMWIMN,

1 ' My

G - 0.001 INCH LINES

"f"f"f"f‘"f ’fffffffffffff

1‘ g

LAY ~. v
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DEFINITION TEST CHART

EIGHTEEN POINT

abcdefghijklmnopgrstuvwxyz 1234567890
ABCDEFGHIJKLMNOPQRSTUVWXYZ&

abcdefghijklmnopgrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ&

1234567890

TEN POINT
abcdefghijkilmnopqrstuvwxyzfifffififlzce
ABCDEFGHIJKLMNOPQRSTUVWXYZ

TWELVE POINT
abedefghijklmnopgrstuvwxyz 123456
ABCDEFGHIJKLMNOPQRSTUVZ

»

&

EIGHT POINT
abedefghijklmnopgrstuvwxyzfiff Ifi e 12345678
ABCDEFGHIJKLMNOPQRSTUVWXYZ& EX

81X POINT

abedefghijklmnopgrstarwiysifAE fee
ABCDEFGHIJRLMNOPQRSTUVWXYZS E(E

1234567890

TYPEWRITER PICA TYFE TYPEWRITER ZLITE TYPE

abcdefghl jklmnopgrstuvwxyz  abcdefghi jklmnopgrstuvexyz

ABCDEFGHIJKLVNOPQRSTUVWXYZ  ABCDEFGHIJXIMNOPQRSTUVWXYZ

40 1/in. 60 1/in. 80 1/in. 120 1/in. 120 1/in. 140 1/in.
(T
e

==== == = —— S=— -

e — == —— | =

l

ORIGINAL OF TEST

CHART NO.
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DEFINITION TEST CHART

EIGHTEEN POINT

abcdefghijklmnopgrstuvwxyz 1234567890
ABCDEFGHIJKLMNOPQRSTUVWXYZ&

abéde‘f.‘gh.ijl;lmnopqrstuvwx.yz 1234567890
ABCDEFGHIJKLMNOPQRSTUVWXYZ&

TWELVE POINT TE_N POINT
abcdefghijkimnopgrstuvwxyz 123456  abcdefghijkimnopgrstuvwxysfififififiec
ABCDEFGHIJKLMNOPQRSTUVZ ABCDEFGHUKLMNOPQRSTUVWXYZ

EIGHT POINT

S'xman
Fghishh ST 7 e 123156759 !m-wqm'm!ﬂ“ﬁmﬂsﬁﬁﬁ

ABCDEFGHUKLMNOPORSTUVWEYZS 2& ABCDEFGHUEKLMNOPORSTUVWXYZE B

TYPEWRITER PICA TYFE TYPENRITER ELITE TYPE

abcdefghl jklmnopgrstuvwxyz abedefghijklmnopgrstuvexys
ABCDEFGHIJKIVNOPQRSTUVWEKYZ  ABCDIFGHIJXIMNOPQRSTUWIXYZ

40 1/in. 60 1/in. 80 1/in. 120 1/in. 120 1/in. 140 1/in.

'm N BB N
E N ERE

TRANSMITTED OVER WIRE CIRCUIT 12 db RANGE

DECLASSIFIED
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DEFINITION TEST CHART

EIGHTEEN POINT

abcdefghijklmnopgrstuvwxyz 1234567890
ABCDEFGHIJKLMNOPQRSTUVWXYZ&

ahcdéfghiiﬁlmnopqrstuvwxyz 1234567890
ABCDEFGHIJKLMNOPQRSTUVWXYZ&

TWELVE FOINT TEN POINT
abcdefghijklmnopgrstuvwxyz 123456  abedefghijklmnopgrstuvwxy:zfififlfifizce
ABCDEFGHIJKLMNOPQRSTUVZ ABCDEFGHUUKLMNOPQRSTUVWXYZ

EIGHT POINT

SIX POINT
abedelghiikimnoparstnresySSiBliea 123156780 abcdefghijkimnopratevwryziffifiMaee123 15678
ABCDEFGHIUKLMNOPQRSTUVWIYZS £ ABCDEFGHUKLMNOPQRSTUVWXYZA F(.
TYFEWRITER PICA TYFE TYPENRITER ZLITE TYPE

ebcdefghi Jklmnoparstuvwxyz  abcdefghijklmnopqrstuvexyz
ABCDEFGHIJKIVNOPQRSTUVWXYZ  ABCDEFGHIJXIMNOPQRSTUVWXYZ

40 1/in. %0 1/in. 80 1l/in. 120 1/in. 120 1/in. 140 1/in.

TR REER

Il
K
i

TRANSMITTED OVER WIRE CIRCUIT 8 db RANGE

DECLASSIFIED
- PLATE 38A



DEFINITION TEST CHART

Bookman No. 98

18-Point

ITMATTERS NOT HOW
Large Or Small The Job Is

14-Point

THE NEXT TIME YOU HAVE
a make-up job of any importance
pause a moment and $1234567890

12-Point

IT IS BEYOND DISPUTE THAT ALL
persons who look to an industry for their live-
lihood are interested in reducing $1234567890

10-Point

IT IS BEYOND DISPUTE THAT ALL PERSONS
who look to an industry for their livelihood are inter-
ested in reducing the cost of production $1234567890

8-Point

IT IS BEYOND DISPUTE THAT ALL PERSONS WHO
look to an industry for their livelihood are interested in reducing
the cost of production in that industry as far as $1234567860

5-Point

IT IS BEYOND DISPUTE THAT ALL PERSONS WHO LOOK TO
wn industry for their livelihood are interested in reducing the cost of pro-
iuction in that i ry as far as possible. Keeping this thought $1234567890

Tiffany Gothic Foundry

TWELVE POINT NO. 2
ABCDEFGHIKJLMNOP12345
TWELVE POINT NO, I
ABCDEFGHIJKLMNOPQRS123456

SIX POINT NO. 4
ABCDEFGHIJKLMNOPGQRSTUV1I234586

SIX POINT NO. 3
ABCDEFGHIJKLMNOPARSTUVWXYZ 12345867

SIX POINT NO. 2

ABCDEFGHIJKLMNOFQRSTUYWIYZ $1224887880

SIX POINT NO. I

ABCDEFOHILIKLMNOPOQRSTUVWXYZ

Typewriter Faces

EIGHT POINT REMINGTON NO, 70L

abcdefghijklmnopgrstuvwxys 1234567890
ABCDEFGHIJELMNOPQRSTUVWXYZ

TEN POINT REMINGTON NO. JOL
abcdefghijklmnoparstuvwxyzl23
ABCDEFGHIJKLMNOPQRSTUVWXYZ
TWELVE POINT REMINGTON NO. 7OL
abcdefghijklmnopqrstl23
ABCDEFGHIJKLMNOPQRSTUVW
ELEVEN POINT REMINGTON RIE. NO. I7L

abcdefghijklmnopqrst1234
ABCDEFGHIJKLMNOPQRSTUVWX

S123488TERO

TEST CHART NO. 2 ORIGINAL

DECLASSIFIED

i s

PLATE 39



DEFINITION TEST CHART

Bookman No. 98

1B-Point

ITMATTERS NOT HOW
Large Or Small The Job Is

i4-Point

THE NEXT TIME YOU HAVE
a make-up job of any importance
pause a moment and $1234567890
12-Point

IT IS BEYOND DISPUTE THAT ALL

persons who look to an industry for their live
lihood are interested in reducing $1234367890

10-Point
IT IS BEYOND DISPUTE THAT ALL PERSONS

who look to an industry for their livelihood are nter
ested in reducing the cost of production $1234567890

8-Point

IT IS BEYOND DISPUTE THAT ALL PERSONS WHO
look to an industry fur their hivelihood are intecested i reduc.ng
the cost of product:on in that :ndustry as far as L12345n 890

&-Point

IT IS BEYOND DISPUTE THAT ALL PERSONS WHO LODK TO
= industry for thew hivelihood are interested in reducing the o of pre

n that ind y as far as posaible. Keeping this thought §1 234547890

Tiffany Gothic Foundry
TWELVE POINT NO, 2
ABCDEFGHIKJLMNOP12345
TWELVYE POINT NO., 1
ABCDEFGHIJKLMNOPQRS123466
SIX POINT NO. 4
ABCDEFGHIJALMNCOPQRSTUVIZO458
SIX POINT NO. 3
ABCDEFGHIJKLMNCPRRSTUYWXYZ 1234567
SIX POINT NO. 2

ABCDEFGHIJALMNOPOQRETUYWEYT

51X POINT NO, 1

ABCDEFAN I/ MLMNOPARBTUYWETD

fiza48nTEND

Typewriter Faces

EIGHT POINT REMINGTON NO, JOL

abcdefgh: jkimbopqretuverys 1354567880
ABCDERCHIJRIMEOPQRSTUVWEYE

TEN POINT REMINGTON NO.
avedefgaijklanopgrstuvwxyzl123
ALCUEFGH LI KLMNOFGASTUVWXYZ
TWELVE POINT REMINGTON NO. JOL
abedeTghl jxlmnepqrstla2s
DEFGHIJELMKOFCRSTUVW
ELEVEN POINT REMINGTON RIB. NO. I',"I..

abcdefghi jklmnopqrstl1234
ABCDEFCHIJKLMNOPQRSTUVWX

FoL

FIRST TRANSMISSION OVER WIRE CIRCUIT 12 db RANGE

DECLASSIFIEL

PLATE 40



DEFINITION TEST CHART

Bookman No. 98

18 Poims

ITMATTERS NOT HOW
Large Or Small The Job Is

14-Poim

THE NEXT TIME YOU HAVE

a make-up job of any importance
pause a moment and $1234567800

12-Paine

IT IS BEYOND DISPUTE THAT ALL
persons who look to an industry for thear hive
lihood are interested in reducing $123456 590

10-Poiat

IT IS BEYOND DISPUTE THAT ALL PERSONS
who look to an industry for thetr Lvelihood are niter
eated in reducing the cost af production $1235456 7840

?

T

g8

BEYOND DISFUTE THAT ALl PERSONS WHO
an industry {0 ‘e " veliven! are interested n
comt of production o thet ndusicy a3 tar as

B

L8 Tk LTOI 1
$12345n K9

4

{

3
8

] YOND DISPUTE THAT ALL PERSUNS WHO LOOX To
for ther hivelhood are interested o redu- ng 1the a1 ol jus

i® thet adustry ss (ar & poseible Keepang thae rhought §1 71446 7890

I

Tiffany Gothic Foundry

TWELVE POINT NO. 2

ABCDEFGHIKILMNOP12348
TWELVE POINT NO. 1

ABCDEFGHIJKLMNOPQRSIZ3408
SIX POINT NO. 4
ABCDEFGHIJHLMNOPARSTUYIZS4DS
SIX POINT NO, 3
ABCOEFGHIJKLMNOPEGASTUYWXRYZ 195340807
SIX POINT NO. 2
ABLOEFGMIJRLENOPARSTUYWIYE

BIEZBLEITINO
$1X POINT NO. 1 ]
ASCREFrOR IALMNCPORBTUNEEYE er1seSae RN

Typewriter Faces
FILHT POINT REMINGTON NO. JOL

abcdefghijkimnopgrstuvwzys 1234587000
ABCDRPCREIJELMNO I

TEN POINT REMINGTON NO. 70L
atoriefghlijklmnopgrstuvexyzsl®3
ALTUEPGHIZ KLMNOPQRSTUVWEYZ
TWELVE POINT REMINGTON NO. 70L

ab rde«fghi jklmnopqrstl23
A LEFGHIJTKLMNOFQRSTUVW
ELEVEN POINT REMINGTON RIB. NO. I7L

abcdefghi jklmnopqrstl234
ABCDEFGHIJKLMNOPQRSTUVWX

RETRANSMISSION OF PLATE 40 OVER WIRE CIRCUIT {2db RANGE

DECLASSIFIED

PLATE 41



DEFINITION TEST CHART No 3
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DECLASSIFIED

ORIGINAL

G PLATE 42




DEFINITION TEST CHART Na 3
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TRANSMITTED OVER WIRE CIRCUIT 12i db RANGE - PAPER, NO. 4 AZO

¥ fis A PLATE 43



DEFINITION TEST CHART Na 3

= Qi

7

= 0%
— QY

I

TRANSMITTED OVER WIRE CIRCUIT 12 db RANGE - PAPER, NO. 5 AZO

DECLASSIFIED

PLATE 43A



WHITE HOUSE ORIGINAL

T DEGLASSIFIED  pLaTE 44
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TRANSMITTED OVER WIRE CIRCUIT 8 db RANGE, TYPE' A FILM

DECLASSIF
LT EEN PLATE 45



| & N f

iﬂn mw

TRANSMITTED OVER WIRE CIRCUIT 8db RANGE, TYPE C FILM

™ DECLASEIFIED

PLATE

46



WHITE HOUSE "FLAT". LOW CONTRAST RANGE ORIGINAL

DECLASSIFIED _, . ..



TRANSMITTER LINE VOLTAGE VARIATION 103, [i5, AND 126.5 VOLTS [N THREE STEPS

_ “=CLAS 1=  PLATE 52



=
INCT
LN

RECEIVER LINE VOLTAGE VARIATION 103, 115, AND 126.5 VOLTS [N THREE STEPS

DECLASS'™ ™D

PLATE 53



DEFINITION TEST CHART

EIGHTEEN POINT

abcdefghijklmnopgrstuvwxyz 1234567890
ABCDEFGHIJKLMNOPQRSTUVWXYZ&

abcdeflghiiklmnopqrstuvwxyz 1234567890
ABCDEFGHIJKLMNOPQRSTUVWXYZ&

TWELVE POINT TEN POINT
abedefghijkimnopgrstuvwxyz 123456  abedefghijkimnoparstuy wxy2 6 (ififlacee
ABCDEFGHIJKLMNOPQRSTUVZ ABCDEFGHUKLMNOPQRSTUVWXYZ

SIX PUINT EIGHT POINT
sbedefghijiisnsepgrauvorydififioe 113156758g  ebcdefghijbimnopgrstuvwrve B AR M ] 2355078
o i ABCDEFGHUKLMNOPQRSTI VR XY 74 Fil
TYPEWRITER PICA TYEE TYPENRITER ZLITZ TYPE

abcdefghi jklmnopgrstuvwxyz  abc: efghi?%ow“r§t1 VWX YZ
ABCDEFGHIJEKIMNOPQRSTUVWXYZ  ATCOIRGHIJEILNOPLEST WIXTZ

40 1/in. 60 1/in. 80 1/in., 130 L/in. 120 I/in. 140 1/in.

i =

Il
Ulului.lm

SIGNAL TO NOISE #2db - I2db CONTRAST RANGE

e Lo S LTI PLATE 54




DEFINITION TEST CHART

EIGHTEEN POINT

abedefghiklmnopgrstuvwxyz 1234567890
ABCDEFGHIJKL.MNOPQRSTUVWXYZ&

FOURTEEN POINT
abcdefghijklmnopgrstuvwxyvz 1234567890
ABCDEFGHIJKLMNOFQRSTUVWXYZ&

TWELVE FPOINT TEN POINT

abedefghijkimnopgrstuvwryz 123436 abedefghijkimnopgrstuywxyz 6 lfiflen
ABCDEFGHIJKLMNOPORSTLUVZ ABCDEFGHUKLMNOPQRSTUVWXYZ

SIX POINT E1GHT POMNT
sbedelghijbimeapgratarwa b NG Boe 2iasetseg  abedeighijhimnoparstuvwaysGERH M 1 2395675
ABCDEFGHURLMNOPORSTUNVWIYZS ¥7F l*BCDE!‘GHUKLMNUPOESTI VXY ZA Pl

TYPEWRITER PICA TYFR TYPENRITER =ZLITE TIFE
abcdefghi Jklmnopgrstuvwxyz  abciefghi Jk lmnoparstuvexyz
ABCDEFCHIJKIMNOPCRSTUVWXYZ  ASCURFGEIJYLENOPQLASTIVWXYZ

40 1/in. 60 1/in. 80 L/in., 1% I/in. 120 1/in. 140 1/in.

"HERR

SIGNAL TO NOISE 9db - 12db CONTRAST RANGE

il

DECLAS "™ %D

_ PLATE 55



DEFINITION TEST CHART

EIGCHTEEN POINT

abcdefghijkilmnopgrstuvwxyz

1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ&

FOQURTEEN POINT

abcdefghijkimnopgrstuvwivz

1234567540

ABCDEFGHIJKLMNOPORSTUVWXYZ&

TWELYE POINT
abedefghijklmnopgrstuvwxyz 123456
ABCDEFGHIJKLMNOPQRSTUVZ

SIX POINT
bedobgiit b SR R 154547500

ABCDSFGHIJRLACNOPQRSTUYWIYZS 58

TYPEWRITER PICA TYFE

abocdefghi Jkimnoparstuvwxyz
ABCDEFGHIJKLMNOPIRSTUVWXYZ

40 1/4n. 60 1/ia. 80 1/in,

Il

il =

SIGNAL TO NOISE 6db -

TEN POINT
abedelighsiklmnopgrstuvwry2fifiil e
ABCDEFGHUKLMNOPORSTUVWYYZ

EICHET POINT
sbedefghijlimnopgratuvwrve i UG e 1 211307
ABCDEFCHUKILMNOPORSTLY R 1Y 26 T

TYPENRITER ZITIE TIPE

abcdefghl Sk lnmopqr stuvwxyz
ARCOEFGHT JZLUNTPQRETIWIXTZ

139 1/in.

120 l/in. 140 i/in.

#rakgarst
¥

12db CONTRAST RANGE!

PLATE

56



DEFINITION TEST CHART

BIGHTEER FOINT

abedefghijkimnopgrstoywxyz 1234567890
ABCDEFGHIJKLMNOPQRSTUVWXYZ&

FOTURTFEN PGINT

- 1234567890

FOrs Shadc - e s Bl ""

40 1fim, wlfm euz/m. mx/u 12» 1;13. mun.

SIGNAL TO NOISE 3db =~ 12db CONTRAST RANGES

NEC 48 5 T fa
- DEGLAS D PLATE 57



SIGNAL TO NOISE Odb - 12db CONTRAST RANGE:

DECLAS” 7= PLATE 58




SIGNAL TO NOISE -3db 12db CONTRAST RANGE

DECLAS D

PLATE

59



MARINE BARRACKS ORIGINAL

NECLE “lEL pPLaTE 60



SIGNAL TO NOISE 30db - 8db CONTRAST RANGE

o | ‘{_‘@m?f”_”h d w
" DECLASS D PLATE 6l



SIGNAL TO NOISE 20db ~ 8db CONTRAST RANGE

s DECLASE™ "M . e



SIGNAL TO NOISE 15db - 8db CONTRAST RANGE

PLATE 63

D
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SIGNAL TO NOISE 12db - 8db CONTRAST RANGE

DFCLASS' ™

o MESTRICTED >

e - -
- ke = -
-‘ _ ] i ¥
' e 4 -
Ty ¥ :
w4 i et ey e

T, | e T

T ——

1 gl

T g p

PLATE

=< R

64



SIGNAL TO NOISE 9db - 8db CONTRAST RANGE

PLATE 65



um.w ey _u._..r_..d w,...b_ e _*n.,?ruj. By ?._M.{h.ﬂ‘_.ﬁf.w_ :

B ARLAEER 5, 7 ,___?%ﬁ_,..... _,h._.,m_..aﬁtu_.«r_i. e

. r - n-u

PLATE 66

SIGNAL TO NOISE 3db - 8db CONTRAST RANGE
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filid
edeaa |

SIGNAL TO NOISE Odb - 8db CONTRAST RANGE

PLATE 67

DECLASSIFIFD



ENLARGEMENT OF PLATE 64

PLATE 68
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P

4db CONTRAST RANGE SIGNAL TO NOISE 15db

DECILASS ™™ PLATE 69
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8db CONTRAST RANGE SIGNAL TO NOISE I5db

CN =i e g
RESTRICTED - DECLASSIF'" PLATE 70
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TRANSMITTED OVER POOR. RADIO CIRCUIT SHOWING ECHO SEGNALS

= = 5N P . an 3
.7 a B Ey d™ 2™ g
& § £y 4 ."ﬁ»‘jrr.' T %
o

P =9 ASS =

ORESTHICTEN - Ls " PLATE 72



PLATE 73

DECLASSIFIED



v, 31Vd

PHASING RING SHOWING WHITE AREA
ADJAGENT TO CLAMPING BAR

MOTOR JACK

RECEPTACLE FOR LINE PLUG



5 r!s 'ff"‘;t;:‘-:f-“:._ -
DECLASE ) S



g9, 3lv1d

START BUTTON
PHASE BUTTON

GAIN GONTROL

LATERAL FEED ENGAGING KNOB
LEAD SCREW

PHOTOTUBE LENS BARREL



FORK FREQUENCY CONTROL

FORK UNIT

o PHASING MAGNE T
ADJUSTING SCREW

L. 31vd

SYNCHRONOUS MOTOR
ASSEMBLY

CLUTCH ASSEMBLY



8L 31lvid

CRATER LAMP ASSEMBLY
GCLAMPING SCREW



DECLASSIFIFD

_b PLATE 79
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EXCITER LAMP
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CONDENSER

.......

“-__’M‘- : - 3
I P e e
\PHOTOTUBE HOUSING

PHOTOTUBE BARREL
GLAMPING SCREW

__.__4" L

RATER LAMP_ LENS
BARREL ADJUSTING RING

I8 31Vid



DECL

}'ﬁng? ';:{ - ‘L b

PLATE

82



Q=1

DECLASSIFITY o are 83




EXCITER LAMP
|VOLTAGE CONTROL

PLATE

84



DIRECT REGORDING/
STYLUS

PLATE 85



