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1 

Our invention relates to the art of transmit­
ting intelligence by facsimile signals and its prin­
cipal object is to provide a system using a port­
able transmitter adapted to communicate with 
a distant receiver through a radio channel. Our 
facsimile system is primarily designed to operate 
under severe conditions such as would prevail, 
for example, in a field of hostilities where a sol­
dier in an advanced position has to send vital 
information to headquarters quickly and accu­
rately. 

The portable sending equipment of our system 
comprises essentially a facsimile transmitter and 
a radio transmitter, each enclosed in a case with 
a self-contained power unit which operates from 
a small storage battery. The entire equipment 
can be easily carried about, the radio transmit­
ter on the back and the facsimile transmitter by 
a handle like a small traveling case. The fac­
simile transmitter is a small compact piece of 
apparatus wholly self-contained and designed to 
be produced at low cost, being made as simple 
and light as possible. 

Our facsimile transmitter has been devised to 
operate with a conducting paper on which the 
subject matter to be transmitted (such as a map, 
sketch, diagram, and the like) is marked with a 
pencil of soft graphite. After the information 
has been written on a sheet of this paper, the 
operator mounts the sheet on a rotary drum 
where it is scanned by an electric stylus. The 
pencil markings are conducting (that is, of low 
resistance) as compared with the high imped­
ance of the unmarked paper and cause the stylus 
to produce voltage variations in· the grid circuit 
of a vacuum tube. These voltage variations rep­
resent the scanned copy and are fed into the 
cathode circuit of the radio transmitter which 
sends the signals to the distant receiver. 

Our facsimile transmitter includes a novel ar­
rangement for producing a phasing pulse to start 
the recording operation of a receiver in phase 
with the scanning operation of the transmitter. 
This phasing arrangement comprises a commu­
tator adapted to generate a phasing pulse in the 
grid circuit of the keying or modulator tube of 
the facsimile transmitter at each revolution of 
the scanning drum. The phasing pulse is sent 
out during the brief interval in which the trans­
mitting stylus crosses the unmarked area at the 
overlapping ends of the sheet on the drum. 

The receiving- equipment embodied in our sys­
tem to record the signals coming from the fac­
simile transmitter over a continuous-wave radio 
channel was designed to operate over a wide 
range of input signal level. For this purpose we 

2 
have provided a recording amplifier of novel con­
struction and operation. This amplifier com­
prises a series of vacuum tubes of such char­
acteristics and interstage coupling that the am-

5 plifier automatically shapes the pulses of weak 
and strong signals into a substantially uniform 
A. C. wave which passes into the recording cir­
cuit at the proper level. This means that signals 
varying in strength over a wide range are re-

10 corded with practically the same density, The 
novel circuits and control devices by which we 
accomplish this result will be fully explained in 
due course. 

Our system operates either with start-stop 
15 phasing or with synchronous phasing, and either 

one of these phasing operations can be brought 
into use by the receiver attendant to effect the 
best recording, results. In our present embodi­
ment, we use a recorder in which a continuous 

20 sheet of recording paper is traversed by a scan­
ning stylus in a reciprocating movement. While 
this type of recorder is broadly old (see Wise and 
Parrott Patent No. 2,311,803, February 23, 1943), 
our machine involves certain new features which 

25 are adapted for operation either on start-stop 
or on synchronous phasing. 

The synchronizing of the reciprocating stylus 
in the recorder is accomplished by a synchro­
nous motor which can be selectively controlled 

30 by the attendant either to operate continuously 
in synchronism with the scanning drum at the 
transmitter or to operate at a speed slightly 
greater than that of the transmitter with phas­
ing corrections once for each revolution of the 

35 transmitting drum. When atmospheric condi­
tions make the start-stop phasing operation un­
reliable, the attendant merely throw a switch to 
let the stylus motor run continuously and ad­
justs an oscillator to cut the motor speed down 

40 to transmitting synchronism. 
This double phasing or synchronizing opera­

tion of the recorder assures correct copy even 
under unfavorable atmospheric conditions. Fur­
ther, the oscillator adjustment done by means of 

45 a variable condenser enables the attendant at the 
receiver to get the stylus motor into synchro­
nism with any one of a number of transmitters 
where the scanning speed is liable to vary in the 
different machines. This fine adjustment of the 

50 stylus motor speed in the recorder is important 
when it is considered that the portable trans­
mitters of this system are necessarily low-cost 
outfits built to run on a 6-volt battery and it is 
not to be expected that the scanning speeds in 

55 all machines would be exactly the same. 
In this introductory part of the specification, 
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3 
we have not attempted to point out all the novel 
features and practical advantages of our inven­
tion, for those will be fully explained in connec­
tion with the accompanying. drawings which illus­
trate an embodiment of our invention as actually 
built and operated. In these drawings: 

Figs. 1 and 2 together represent a top view of 
the transmitter used in our system, these two 
figures joining along the line A-A; 

Fig. 3 is a longitudinal section on line 3-3 of 
Fig. 2; 

Fig. 4 is a transverse section on line 4-4. of 
Fig. 2 with the stylus carriage in forward or op­
erative position; 

Fig. 5 is similar to Fig. 4 with the stylus car­
riage thrown back to rest position; 

Fig. 6 shows an enlarged section through the 
stylus carriage on line G-6 of Fig. 2; 

Figs. 7 and 8 are sectional views on lines 1-7 
and 5-8, respectively, of Fig. 6; 

Fig. 9 is an exploded view of the stylus mount­
ino-· 

Fig. 10 is a section on line IO-l!l of Fig. 1 
showing the mounting of certain vacuum tubes 
used in the transmitter circuits; 

Fig. 11 is a section on Une I l--l I of Fig. 10; 
Fig. 12 shows a transverse section on the line 

12-12 of Fig. 2; 
Fig. 13 is a section on line 13-13 of Fig. 12; 
Fig. 14 is a transverse section on line 111-14 

of Fig. 2; 
Fig. 15 is a section on line lli-Hi of Fig. 14; 
Fig. 16 illustrates an example of a sketch to 

be transmitted from an advanced position in a 
field of action to headquarters; 

Figs. 17 to 20 are diagrammatic views of four 
successive positions of the phasing commutator 
and scanning drum of the transmitter during a 
phasing interval; 

Fig. 21 is a developed plan of the successive 
stylus positions shown in Figs. 17 to 20; 

Fig. 22 shows in an exaggerated way how con­
ducting marks are made by a soft graphite pencil 
on the insulating top surface of a transmitting 
blank; 

Fig. 23 is a diagram of the transmitter circuits; 
Fig. 24 is a simplified detail of the transmitter 

circuits; 
Fig. 25 is a modification of Fig. 24; 
Fig. 26 shows a top view of the portable fac­

simile receiver used in our system; 
Fig. 27 is a front view of the receiver; 
Fig. 27A represents an enlarged section on line 

27A of Fig. 27; 
Fig. 28 is an enlarged left end view of Fig. 26 

on line 28-28; 
Fig. 29 is an enlarged section on line 29-29 of 

Fig. 26; 
Fig. 30 is a front view of Fig. 29 looking from 

left to. right; 
Fig. 31 represents a transverse section on line 

31-31 of Fig. 26; 
Fig. 32 shows an enlarged detail of the stylus 

carriage used in the receiver; 
Fig. 33 is an enlarged detail of the stylus 

mounting; 
Fig. 34 is a cross-section on line 34-34 of 

Fig. 33; 
Fig. 35 is a diagram of the receiver circuits; 

and 
Figs. 36 and 37 consist of wave diagrams which 

indicate roughly the progress of signal waves of 
different levels through the recording amplifier. 

4 
The transmitter 

The transmitter we used in a practical embodi­
ment of our facsimile system is illustrated in Figs, 
1 to 25 of the accompanying drawings. We shall 5 first describe the mechanical construction of the 
machine, then explain the circuits which pro­
duce and amplify the facsimile signals as the 
stylus scans the subject copy to be transmitted. 

Referring to Figs. 1, 2 and 3, there is a hollow 
10 base or chassis 12 of sheet metal on which a main 

casting 13 is mounted and secured in place at 
the corners by screws or bolts 14. The casting 
13, preferably of aluminum, has three vertical 
plates or risers 15, 16 and l7. The plates 16 and 15 17 are rectangular (Figs. 4 and 12) but the left 
plate i5 is cut away at 15' (Figs. 3 and 15) to 
provide access to certain parts, as will appaar 
later. The vertical plates 15 and ! G are con­
nected at the rear by a rib 18 and another rib 20 19 connects the plates 16 and 17. The elements 
I 5 to 19 are integral portions of casting 13 which 
constitutes a unitary supporting frame on the 
base of the machine. 

A rotary shaft 211 is journalled in plates I (i and 
25 17 (Fig. 3) and supports a scanning drum 21 

which is a metal cylinder (usually a piece of 
aluminum tubing) supported on a pair of metal 
end disks 22 and 23. These disks are mounted 
on shaft 20 by means of bushings 24 and 25 

30 through which the shaft passes loosely. The 
bushings 24 and 25 together with the parts 
mounted thereon are locked in position on shaft 
:rn by a key 26 at one end and a nut 27 at the 
other end. The key 26 is a slotted disk seatad 3!i in a groove in shaft 20 and forming an abutment 
for bushing 21!. A thrust washer 2:l prevents 
unnecessary friction of slotted dis!{ 2i.l against 
the bearing in plate 16. The right end of drum 
shaft 20 is screw-threaded at 29, so that the ad-

40 justment of nut 27 locks the drum assembly to the 
shaft to rotate therewith as a unit. A lock 
washer 30 holds the nut 27 in adjusted position. 

It should be pointed out that the drum parts 
21 to 25 are separate pieces which are separately 

45 mounted on shaft 20 as the latter is slipped into 
position from the left through supporting plate 
16 to 17. It is only when the nut 21 is fi.naliy 
tightened that the assembled parts 21 to 25 are 
united into a single structure mounted on shaft 

50 20 and rotatable therewith. The parts compris­
ing the drum are of good conducting metal which 
is permanently grounded to the frame of the 
machine. 

The left end of drum shaft 21J extends beyond 
55 the plate I G and carries two gears 31 ~md 32 

which are locked to the shaft by set screws 33. 
The large gear 31 is permanently in mesh with a 
pinion 34 fixed on the shaft of a small synchro­
nous motor 35 which is mounted on plate l 5 by 

60 screws 36. The operation of motor 35 is there­
fore always accompanied b.y rotation of the drum 
2 l at the required speed. In this particular ma­
chine, as used in our system, the scanning speed 
of the drum is low (for example, 50 R. P. M.) . 

65 Because of certain limitations inherent in the 
small portable facsimile transmitter which was 
designed for economy, our system gives a more 
dependable operation at low transmitter speed. 
Of course, in the broader use of our transmitter 

70 the scanning speed of drum 2 I can be raised to 
the required degree by varying the transmission 
ratio between the driving motor 35 and the drum 
shaft 20. 

The drum 21 is adapted to support a sheet of 
75 paper 37 on which the subject matter to be 
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. transmitted has been recorded in conducting 
marks or characters. An example of a record 
conceivably made by a soldier in advanced posi­
tion on a field of action is illustrated in Fig. 16 
which requires no description. As shown in Fig. 
22, the blank 37 is an especially prepared sheet 
of paper comprising a base stoc!c 38 of conduct­
ing material or impregnated with such material 
(for example, carbon) and a top layer 39 of 
porous insulating material. This top layer may 
be a coating of suitable powder adapted to be 
scraped away or penetrated by the point of a 
writing instrument 40, such as a pencil of soft 
graphite. 

Fig. 22 illustrates in an exaggerated way how 
the graphite pencil 40 makes conducting marks 
41 on the insulating layer 39. Those marks, if 
properly made, penetrate to the conducting base 
38 and make contact therewith. As we explain 
it, the minute particles of soft graphite scraped 
off the pencil by virtue of the pressure exerted 
in the process of writing fill the microscopic 
pores of the insulating layer 39 with conducting 
material which constitutes the record to be 
transmitted. We have, then, a sheet of paper 
with a conducting base stock and an insulating 
top surface on which the subject copy is written 
in conducting marks or characters. The un­
marked area of the top surface 39 of the sheet 
may be called the background on which the 
marks appear. 

The subject sheet or blank 37 is held on the 
drum 21 by spring garters 42 and 43 which roll 
easily along the drum to keep the sheet tightly 
wound up for scanning. As shown in Figs. 2 
and 3, the end disks 22 and 23 of drum 21 project 
sufficiently beyond the drum to prevent the gar­
ters 42 and 43 from slipping off. 

The upright cross plates 16 and 11 support a 
horizontal rod 44 on which a stylus carriage SK 
is slidably mounted in operative relation to the 
scanning drum 21. The ends of rod 44 are pro­
vided with resilient bumpers 44' (such as felt 
or rubber) to act as stops for the carriage. The 
construction of stylus carriage SK, as shown in 
Figs. 4 to 9, comprises in the main a bottom plate 
45, an upper strip 46, a channel piece 47 and a 
block 48 of insulating material. The bottom 
plate 45 has a pair of depending ears 45' which 
have holes to receive the guide rod 44 in a 
smoothly sliding fit. The strip 46 has a pair of 
upstanding ears 46a and a depending tail 46b 
at the rear. A half-nut 49 is attached to the 
underside of plate 45 by screws 50 and 50'. The 
screw 50 also passes through the strip 46, which 
is secured to plate 45 by two additional screws 
51. These screws also secure the channel piece 
47 on top of strip 46. The ears 46a of strip 46 
support an insulating finger piece 52 at the end 
of a cross pin or screw 53 for easy manipulation 
of the stylus carriage. 

The insulating block 48 carries a cross pin 54 
which is pivoted at its ends in the sides of chan­
nel piece 47. An adjustable bearing 55 (Fig. 8) 
makes it easy to mount the block 48 for a float­
ing pivotal movement. This block has a groove 
48' for receiving a spring strip 56 which is 
clamped in place by a plate 51, a screw 58 and 
a thumb nut 59. The spring strip 56 is bent 
down at its front end to hold a stylus GO, which 
is a short piece of steel wire fixed in position by 
solder 61 or otherwise. 

It will thus be seen that the stylus 60 is piv­
oted on the insulating block 48 and is held by 
the spring strip 56 at the correct angle for scan-

ning, as shown in Figs. 4 and 6. The weight 
of block 48 and the parts mounted thereon de­
termines the pressure with which the stylus 60 
bears down on the paper, this pressure being very 

5 light. For convenience the block 48 may be 
called the stylus holder. 

When the stylus carriage SK is down in scan­
ning position as illustrated in Figs, 4 and 6, the 
half-nut 49 engages a feed screw 62 which is 

10 journalled in the cross plates 16 and 11 in paral­
lel relation to the drum 21. The left end of feed 
screw 62 extends beyond the plate 16 and carries 
a large gear 63 (Fig. 2) which meshes perma­
nently with pinion 32 on the drum shaft 20. 

15 It is thus clear that when the synchronous mo­
tor 35 is energized it drives the drum 21 and the 
feed screw 26 simultaneously at their respective 
predetermined speeds as required in any par­
ticular installation. The finger piece 52 serves 

20 as a convenient handle for moving the stylus 
carriage to the two positions shown in Figs. 4 
and 5. When the carriage is thrown back, the 
half-nut 119 is clear of the feed screw 62 and the 
carriage is free to be shifted by hand along the 

2;; guide rod 44. 
We do not depend on the weight of the stylus 

carriage SK to hold the half-nut 49 in firm en­
gagement with the rotating feed screw 62 during 
a scanning operation. A constant downward 

30 pressure is exerted on the half-nut by a ten­
sioned U-shaped leaf spring 64, which is fas­
tened at its lower end to the base casting 13 by 
an insulated screw 65 (Figs. 2 and 4). The upper 
end of spring 64, which is usually of Phosphor 

35 bronze, is attached to the stylus carriage by 
means of an insulated connection shown best in 
Fig, 6. 

A screw 66 is mounted on the tail extension 46b 
of strip 46 and insulated therefrom by washers 

40 or bushings 67 and 68 of Bakelite or similar ma­
terial. A right angled connector having arms 69 
and 711 (Fig, 2) is mounted on bushing 67 by the 
screw 66. The upper end of spring 64 is con­
nected to arm 69 in any practical way, as by a 

40 conducting link, and the arm 70 is connected to 
the rear end of clamp 57 by a flexible conductor 
11, which is soldered in place at both ends. It 
will be seen from this that the stylus 60 is elec­
trically connected through the spring 64 to the 

50 insulated binding post 65, this connection being 
part of the stylus circuit to be described later. 
The spring 64 is preferably enclosed in a flexible 
insulating sheath 72. 

The electrical spring connection 64 also per-
55 forms the mechanical function of assisting to 

hold the half-nut 49 pressed down against the 
feed screw 62, as will be clear from Fig, 4. As 
the stylus carriage slides along the drum 21 from 
left to right during scanning, the upper end of 

60 spring 64 moves with it and the constant upward 
pressure of the attached spring tends to rock the 
carriage forward (leftward as viewed in Fig. 4) 
about the guide rod 41!. This spring action main­
tains the half-nut 49 in firm driving contact with 

65 the feed screw 62. It is to be understood that the 
leaf spring 64 is sufficiently flexible to follow the 
movements of the stylus carriage. 

A comparison of Figs. 4 and 5 shows that when 
the carriage SK is down in scanning position, the 

70 stylus holder 40 is free to rock about its pivot 54 
(Fig. 8) so that the stylus 60 is in pressure con­
tact with the sheet on the drum. When the 
carriage is thrown back, the stylus holder rocks 
down with respect to the bottom plate 4!i until 

75 the front end of arm 56 rests on the tip of the 
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))late, as shown in Fig, 5. The carriage will not 
stay automatically, in thrown-back position be­
cause it is overbalanced toward the drum 2,1 by 
its own weight and by the pressure, o.f spring 64. 
We have therefore, J:,rovided means for locking 5 
the stylus carriage in raised or rest position when 
required. 

Looking at Figs. 12 and 13, there is a stiff 
spring latch '13 secured to the rear edge of plate 
fl by screws 14. This latch extends leftward in 10 
spaced relation to rib I 9, and terminates in a 
divergent tip, 13'. When the stylus carriage SK 
is in raised position and is pushed toward the 
right, the tail 46b of the carriage frame rides 
along the rear rib l !l and is guided by the di- 15 
vergent tip 13' into automatic engagement with 
the la,tch 1'3 (Fig, 5). The carriage is now sus­
tail).ed in raised position, leavL11.g the drum 2 ! 
free for reloading. By merely shifting the car­
riage to. the left, the operator releases it from the 20 
latcl;l 73 so that it can be lowered to scanning 
position. 

Since our transmitter is a portable machine 
that may receive rough handling in transport, it 
is desirable to lock not only the frame of the 25 
s.tYius carriage in raised position, as above de­
scrihed, but also the stylus holder ,ll) which nor­
mally swings loose on the carriage frame. For 
.this purpose we provide a senarate spring Iatcl:J. 
15. (Figs. 12 and 1.3) which is shown as a hori- 30 
zontal extension of an upright strip 78 attacb,ed 
to plate 17 by the screws. 7~. When the stylus 
carriage is sbifted i.n raised posit.ion to the ex­
treme right, t.he spring latch 1'li engages the top 
of thumb nut 5!l and bears down on it, so that 35 
the stylus s,rm !i,!J is 11,eJ.d pressed against the tip 
of the carriage plate ll5 (Fig. 5). In this way 
the .e1,1tJ1:e s_tytus caxriage SK is locked as a unit 
in_ raised posJtion 1,0 that no part of it can flop 
arom::i,cl d.uring 11,andling 01· transporting of the 40 
ni.achine. 

As seen in Fjgs. 3, 14 and 15, a commutator 
.r,ing n is attached to the face of gear 31 on the 
l.e{t end of drum shaft 2!]. The rirrn· n, of good 
con_dw:>ttng TI1E)tal, is mou_nted on a ring 18 of 

4.-, 
insulating material, such as Bakelite, which car­
ries a me.t<1,l bm:hi,ng 79.. Tbe nested annular 
.parts 77-78-l!l are forced together i_n a tight 
:qt to form a unitary s.tructure which i.s secured 
to ge'.lr 3 I by screws &O passing through the insu,- 50 lat()d, ring 7_0 .• An illSl_J]ating disk 81 is placed 
];!et.ween, the gear 3 f ai1(l the ring 77 to insulate 
the latter completely from the machine. • 

'.l;'he 1Jng '17 is fo_rmcd with a recess 8Z in which 
a contaqt s:::gment ra i.s fin21ly sea.ted and i.nsu- 55 lated by a JiB,i~1g or spacer 84. The parts 83 and 
84 are preferably cemented in place by shellac or 
other suitable a,dhesivc. A screw (l5 passes radi­
all?tl1rou.gl;J. th.e segment 83 and through the ri,ngs 
78 and l!l into contact with shaft 20, whereby 69 .the seg:ment is perrrianently grounded to the 
1netal fra_mework of the machine. 

'I'l;l,e ri11g 77 and segment C3 are engaged by a 
pair qf brushes or contact :Qngers G6 and Sl which 
are mounted on a, suitable bracket 88 secured to 6,5 
the plate· I ti by screws !l9. The free ends of con­
tacts BG and f.ll ::ixe so spaced that they just en­
gage the ends of the grounded segment 03 at the 
same time. For distinction we shall designate 
the elements P.5 and ll'i as the phasing contacts. 70 

As shown in Fig, 2, which is a top view of the 
front portion of the transmitter, the drum 21 has 
a line 90 scored down its length parallel with its 
axis. There is a certain angular relationship 
k>etween tl,:J.e line 90, which engineers call the 75 

8 
phasing line, and the commutator segment 83. 
When the operator mounts a sheet ol.l the drum, 
the top of the sheet is to the left and the left 
edge 91 is placed to coincide with line 90, while 
the right edge 92 of the sheet overlaps the left 
edge. This precise mo.unting of the sheet on the 
transmitter drum is. necessary for the proper 
framing of the facsimile copy recorded at the 
receiver. As we shall explain later, the phasing 
operation takes place during the interval when 
the stylus 60 crosses the blank space on the sheet 
between the borders 93 and 94 of the rectangle 
95 which contains the subject matter to be 
transmitted. 

Ob;viously, the, angle between the phasing line 
9.0, and_ the commutator segment 83 will depend 
upon the position of contacts of 86 and 87, which 
may be mounted differently in other designs of 
our machine. The, best way to explain this. rela­
tionship is to say (see Fig. 14) that when the 
phasing line 90 is on top, the contact 87 has just 
begun to engage the grounded segment sa. T.he 
reason for this will appear in. the coming descrip­
tion of the phasing operation. 

The rear portion of the she.et metal base 1,2, 
that is, the portion. exten.ding b.ack of the casting 
!3·, as shown in_ Fig. 1, serves as a moun.ting for 
the larger elr,ctric<1J ele_me!'lts oJ t)1e transmitter 
circuits, such as a vi!:rra:tor 96_, a. condenser unit 
9}, a transf_orm_e_r 9,8, :1,_ rect:ifl_er tq))_e 99, and a 
keying tube lOO. The circuit connections for 
these part;;_ will be ell'.p~ained in: the description 
of Fig. 2.3. 

'.l;'he small el_ectrical parts of the transmitter 
circuits are housed in the shallow chamber f,O l 
o( l?a::,e ·12: a.s_ shown in Fig. 3. All th_e parts 
mounted in chamber IO I are not illustrated in 
the drawing, for in the actual machine this 
chamber contains 1:esistors, condensers, binding 
posts., f.use.s al).d the necessary wiring. In Fig. 3, 
tlle )}al'ts l 02. and- i 0.3 may be taken as represent:­
ing the contents of charnber I() i. 

Figs. 1, 10 and 11 show suitable nrovisions for 
sµpporting the vacuum tubes 99 and !O!l in firm 
position against vibration .• There is a post I 04 
fixed on base 1.2 by s, screw I 0\1. and on this post 
are mounted a clamp 1.06 for tube 99 and another 
clamp ! 0.1 for tube ·, OD. Each clamp is a sheet 
metal arm provided with.. a bushing l.C.ll and l.09, 
respectiyely; which are slidably mounted. on post 
l 04. for vertical adjustment. The post has two 
flattened sections ! l O a1iranged at right' angles 
to recei:v:e the enq.s of thumb screws f !2 and I l3. 
The free e.nd cf ea.ch clamp 106,-l !l7 is bi'oadened 
to ~arm a. ring of spring teeth 11.11, adapted to 
engage the associated tube in firm pressure con­
tact, as determined .by the vertical adjustment 
0£ the clamps on pos.t Ul4. This elastic clamp~ 
ing of the tubes in their sockets holds them in 
safe condit_ion dur.ing transportation and han,­
dling of the transmitter. The thumb screws 
I l2,-! !3. not or1ly Qlamp the tub.es in safe posi­
tion but can be loosened sufficiently to permit 
lateral swingi11g of the c_lamps out of engage­
ment with the tubes, as when it is necessary to 
re:Qlace a tube. Any other practical supporting 
means for tubes 9,9 and. I 00 may be used. 

As shown in. Figs. 1. and 3, the base I 2 is cut 
away at the left re.ar corner to support a small 
rectangular casing I 15 which extends upward 
and_ provides a compartment for battery leads 
and output cables l 16 when the transmitter is 
n.ot in use. The casing l l 5. can be shaped from 
a .single piece of- shel':lt metal and, secured to the 
base bjcone or more screws U 7. • 
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A curved guide plate 118 (Figs. 3 and 12) ex­
tends beneath the drum 21 closely concentric 
therewith to direct the sheets downward and for­
ward around the drum, as indicated by the dot­
ted line 118'. The guide 118 is a sheet metal 
piece secured at its sides to the casting plates 
16 and 11 by screws 119. At its front edge, the 
paper guide 118 rests on a pair of brackets 12 0 
which may be integral extensions of the guide 
plate or attached thereto as separate posts. 
Screws 121 secure the brackets 120 to the casting 
113. We utilize the screws 121 to attach suitable 
clips 122 for holding graphite pencils 123 or like 
instruments with which the messages are written 
on the blanks. Extra pencils can be stored in the 
cable compartment 115. 

It is best to keep a constant load on the scan­
ning drum 21 and for that purpose we provide a 
brake 124 (Fig. 3) which is a cylindrical block 
slidably mounted in plate 16 and pressed against 
the drum end by a spring 125. This spring is an 
L-shaped blade secured to casting 13 by a screw 
126. The upper end of spring 125 carries a pin 
121 arranged to project into a hole in block 124 
in a sliding fit. A screw 128 mounted in plate 
116 is used to regulate the pressure of spring 125 
against the brake block 124. The parts arranged 
between the plates 15 and 16 are enclosed in 
a sheet metal hood or cover 129 (Fig. 14) which 
is attached to the top of the plates by screws 
129' for easy mounting and removal. 

The phasing operation at the transmitter (Figs. 
17 to 21) 

The theory of our novel phasing operation from 
the transmitter end of our system will be under­
stood from Figs. 17 to 21 which are of diagram­
matic simplicity for clearness. We have already 
explained how the sheet 31 is folded over the drum 
for scanning. In Figs. 17 to 21 we shall assume 
that the drum 2 I and the commutator ring 17 
rotates synchronously in a leftwise direction as 
indicated by the arrows. In Fig. 21, it will be 
convenient to assume that the flattened out sheet 
31 is stationary and that the stylus 60 moves 
rearward (away from the observer) along the 
straight path 130, which may be regarded as the 
starting line of the stylus. 

With the sheet 31 properly mounted on the 
drum 2 I , and with all other preliminaries taken 
care of, the operator places the stylus 60 any­
where on the starting line 130, which is a little 
to the left (that is, just outside) of the adjacent 
top border 95 of the mounted sheet. When the 
stylus reaches the point SI, as shown in Fig. 17, 
the angular position of the commutator ring 11 
is such that the leading contact 86 is still en­
gaging the ring and the trailing contact 81 has 
just started to ride over the grounded segment 
83. This segment is shown in these diagram­
matic figures as being insulated from ring 11 by 
air gaps 131 and 132 which represent the insu­
lation 84 in Fig. 14. A wire 133 connects the 
stylus 60 with the leading contact 86 and a 
line 134 connects the other contact 81 with the 
control grid 135 of the keying tube 100. This 
tube, as will be explained later, controls the out­
put of the radio transmitter associated with the 
machine. 

For the present it will not be necessary to go 
into the operation of tube I 00 in the transmit­
mer circuits, as that will be taken up in the de­
scription of Figs. 23 and 24. We need only men­
tion at this time that when the grid 135 is 
grounded through segment 83 a steady maximum 

10 
direct current passes through the plate circuit 
of tube I 00 which in turn causes the radio trans­
mitter to send out a radio frequency signal. This 
steady signal endures for the length of the seg-

6 ment 83; that is, as long as the contact 81 ride::! 
over the grounded segment during the rotation of 
the drum. 

When the stylus reaches the position S2 in 
Fig. 18, the contact 81 slips off the segment 83 

10 and removes ground from the grid circuit, there­
by permitting normal negative bias to reach the 
grid 135 and cutting off the signal. This is the 
moment when phasing occurs, as will be ex­
plained in the description of the recorder cir-

15 cuits in Fig. 35. 
While the stylus moves from position S2 to 

position S3, as shown in Fig. 19, minimum di­
rect current flows through the keying tube 100. 
At this point both contacts 86 and 81 engage 

20 the ring 11 and the stylus is connected to the 
grid 135 of this tube. Scanning of the intelli­
gence area within the border 95 of the sheet now 
begins and lasts until the drum 21 and phasing 
ring 11 are in the position shown in Fig. 20, where 

2J the contact 81 has just left the ring 11 and 
opened the circuit of grid 135. Continued rota­
tion of the drum brings the parts back to the 
starting position shown in Fig. 17, whereupon the 
phasing steps of grounding the grid and opening 

3t, the grid circuit are repeated as previously ex­
plained. 

It will be seen from the foregoing description 
that the commutator 11 sends out a phasing 
pulse or signal for each revolution of drum 21 

:i., during the brief interval when the stylus 60 
traverses the vacant space between the border 
lines !)4 and 93 of the sheet where its edges over­
lap. In this way the two machines are put in 
phase at the beginning of each revolution of 

4.u transmitter drum 21. The part played by the 
receiver in this start-stop method of phasing will 
be described in connection with Fig. 35. 

A few words should be said about the location 
of the stylus positions SI to S4, which may be 

4J regarded as representing time intervals during 
the phasing cycle at each revolution of drum 21. 
The points S3 and S4 are spaced equidistantly 
(about one-eighth of an inch in the machine we 
used) from their respective border lines 93 and 

50 94. The point SI is spaced from the point S4 
a distance equal to the width of the insulation 
between ring l7 and segment 83, so that SI fol­
lows S4 almost instantaneously. 

Considering the angular relationship between 
55 the successive stylus positions SI to S4 and the 

grounded segment 83, it is clear that the stylus 
fill takes control of the keying tube I 00 shortly 
before it reaches the intelligence area (position 
S3, Fig. 19), so that the plate current in the tube 

60 will fluctuate in response to the scanning of the 
copy within the area 95'. This stylus control 
of tube I Otl is maintained until shortly after the 
stylus leaves the message area (position SI, Fig. 
17) when the stylus is disconnected from grid 

65 I 35 and the grid is grounded, causing a steady 
maximum direct current to flow in the plate cir­
cuit of tube l!lO. This steady maximum cur­
rent lasts until the stylus crosses the overlap 

70 of the sheet to position S2 (Fig. 18) which is 
slightly beyond the overlapping edge 92. At this 
point ground is removed from grid 135 and nor­
mal negative bias talrns control of tube I 00, caus­
ing steady minimum direct current to flow in 

76 the plate circuit. 
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1!'0 summarize the .successive steps of the auto­
matic phasing operati0n as depicted diagram­
matically in Figs. 17 to 20 for each revolution 
of the drum, we have the following conditions: 

12 
point l5G from which a connection goes to the 
grid. 

1. Assuming the .cycle to start at point S.I o 
(Fig. 17), the circuit of stylus 6.0 is open and the 
grid 135 is grounded, whereby a steady signal or 
pulse of maximum direct current flows in the 
plate circuit of keying tube I 00. 

A pair of ~.-esistors 156 and 157 in combination 
with the condenser unit 97 (in reality two con­
densers within a cylindrical casing) constitute 
a resistance-capacity filter associated with rec-
tifier !l9 to provide D. C. grid and screen poten­
tials for tube , 00. These potentials are deter­
mined by resistors 158 and 159, which are con­
nected in series across the lines 151 and 153. 
The resistors 158 and 159 constitute a voltage 

·2. This signal lasts until the stylus reaches 10 
position 82 (Fig. 18) when the grid-to-ground 
circuit and the stylus circuit are both broken. 
This is the transition point from signal to no­
signal and is the .phasing moment of the system. 

divider and the resistor 159 is adjustable by a 
tap .159' to regulate the voltage as required. The 
res-istor 158 determines the potential for the 
screen grid 152 and resistor 159 provides the 
grid bias. The heater current for tube I DO comes 

It should be noted that the phasing moment 15 
occurs after the stylus has slipped off the double 
thickness of the .overlap of the sheet. from the battery leads 149. 

3. When the stylus reaches the position S3 
(Fig. 19) it is connected to the grid 135 of tube 

The plate 160 of tube 100 is connected to an 
output lead 161 and the other output lead 162 is 
grounded. The cathode 163 is connected to lead 
f 62 which goes to point 154 between the resistors 
158 and 159. The conductors 161 and 162 consti­
tute the output cable of the keying tube I OD and 
this cable is connected to the cathode circuit 

100 and is ready to begin the scanning of the 2.0 
message in the intelligence area 95' of the sheet. 
(We are assuming here that the .stylus has moved 
over into the message portion .of the sheet an the 
rotating drum, as indicated by the .dotted line 
130' in Fig. 21.) 25 of the R. F. oscillator tube in the portable radio 

transmitter 165. -4. The stylus passes out of the message area 
at .each revolution of drum 21 shortly before it 
reaches position S4 (Fig. 20), when the grid-to­
ground circuit is opened. From the point S4 the 
stylus now repeats the successive positions shown 30 
in Figs. 17, 18 and 19 for the next phasing cycle. 

It is not necessary to show or describe the de-
tails of this transmitter because such devices 
are well !mown and understood. So we need only 
mention that tl1e transmitter 165 contains an 
oscillator tube I SG, a crystal 167 connected to 

The transmitter circuits (Figs. 23-25) 

As we said before, all electric power for the 
transmitter comes from a small storage battery, 
which is indicated in Fig. 23 at 136. The bat­
tery leads go to the vibrator '96 and a suitable 
power switch 131 is included in one of the leads. 
This switch is usually mounted on the base of 
the machine, as shown in Fig. 2. The vibrator 
9.6 ·is a standard commercial unit well known to 
electrical engineers and requires no description. 

A transformer 138 comprises a primary coil 
1.39 and two sec0ndary coils 140 and 141. The 
primary 139 receives the output of vibrator 96 
which converts the battery current (usually six 
volts) into a 110-volt, 60-cycle alternating cur­
rent. The secondary 140 drives the synchron­
ous motor 35, which is shown here as being of 
the drum type. A resistor 142 and condenser 
143 serve to improve the wave shape of the al­
ternating current supplied to the motor. A phase 
shifting condenser 144 is ,employed in the start­
ing winding of the motor, which runs at constant 
speed to drive the drum 21 and the phasing 
commutator 17. 

The secondary coil 14 I supplies alternating 
current to the full-wave rectifier tube 99, which 
is mounted on the base of the machine (Fig. 1). 
This tube contains the usual elements consist­
ing of two plates or anodes 145 and 146, a cath­
ode 147 and a heater 148. The latter receives 
current from the battery conductors 149. A 
condenser 150 connected across the secondary 141 
serves to reduce excessive voitage peaks and 
sparking at the vibrator contacts. 

The cathode 147 of rectifier tube 99 is con­
nected by a wire 151 to the screen grid 152 of 
the beam-power keying tube I OD, which also is 
mounted on the base of the machine, as pre­
viously explained. The middle point of the sec­
ondary 141 is connected by a wire 153 to the 
control grid 13 5 of tube HJ O through a resistor 
154. For purposes of description, the wires 134 
and 153 may be considered as being joined at 

the control grid of the tube, and an oscillator 
tank 168 connected to the plate of the tube. The 
plate circuit of keying tube I 00 is completed 

33 through the output cable I 61-162 and the cath­
ode circuit, returning by way of the grounded 
and shielded side of the cable. The signals pass­
ing through the plate circuit of tube I DO are sent 
out by the radio transmitter on its assigned car-

40 rier, as will be understood without iurther ex­
planation. 

Let us now see how the scanning of the mes­
sage on sheet 31 by the stylus 60 controls the 
keying tube lilO. For this description we shall 

,JG refer to the simplified diagram of Fig. 24 which 
is really a part of Fig. 23 in rearranged form for 
easy understanding. The numerical voltages 
indicated in Fig. 24 are merely by way of example 
to show the positive and negative relationships 

50 between the conductors. Thus, the grounded 
conductor 162 is negative with respect to the 
plate conductor 16 I but is positive with respect 
to conductor 153 which is at negative voltage. 
Although the given voltage numbers were ac-

55 tually used in one embodiment of our system, 
those numbers are not to be taken in a restric­
tive sense but solely for purposes of description. 

The five voltages indicated in Fig. 24 by the 
symbols VI to V5 represent the following 

60 conditions: 
The voltage VI between the points 164 and 

159' is determined by the setting of the poten­
tiometer tap 159' and is the negative bias volt­
age applied to the control grid 135. Once this 

65 voltage has been adjusted it remains constant. 
The voltage V2 between lines 151 and I 62 

across the resistor 158 represents a suitable po­
tential maintained between the screen grid 152 
and the cathode f 63 of tube I 00. This screen 

70 grid voltage primarily determines the amount 
of current that will flow in the plate circuit of 
the tube. 

The voltage V3 between the screen conductor 
151 and the negative conductor I 53 across the 

75 entire resistor 158 and a portion of potentiom-
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eter 159 is obtained from the rectifier 99 of the 
facsimile transmitter, as explained before. This 
voltage supply between the screen grid 152 and 
cathode 163 is relatively constant. 

The voltage V4 between the control grid 135 5 
and cathode 163 is a variable negative quantity 
depending upon whether the stylus 60 is on 
a mark or on clean paper, as we shall Presently 
explain. 

The voltage V5 between the conductors 161 10 
and 162 is obtained from the radio transmitter 
165 and will vary in proportion to variations in 
voltage V4. 

Referring to Fig. 24, the effective resistance as 
measured across the thickness of the scanned 15 
sheet between the stylus point 110 and the 
grounded point 171 (which actually is the metal 
drum 2 I ) will be called the paper resistance. 
Obviously this resistance is highest when the 
stylus is on clean paper-that is, when touching 20 
an unmarked spot on the insulating top layer 
39, and is lowest when the stylus is on a 
conducting pencil mark 41. 

It should be noted that the paper resistance 
is in shunt to the grid-cathode path 172. When 2;; 
the stylus 60 scans an unmarked spot, there is 
only a minimum flow of plate current in tube I 00 
because the paper resistance is very high and 
the control grid 135 is at a very negative po­
tential. This minimum or no-signal current also :rn 
flows through the oscillator tube 166 of the radio 
transmitter, since the plate cathode path of tube 
160 constitutes a series resistance in the cathode 
circuit of tube 166. The value of this minimum 
current, which is primarily determined by the :i;; 
adjustable resistor 159, is just sufficient to keep 
the crystal 161 in the radio transmitter 165 vi­
brating at all times so as to maintain the oscil­
lator tank I 68 in an oscillating condition, but 
this minimum current is not high enough to 4.U 
operate the radio transmitter for facsimile trans­
mission. This minimum or no-signal current 
may be called the "keep alive" current for the 
radio oscillator. 

When the stylus 60 rides over a conducting 45 
marlc 4 L the paper resistance is so low that the 
control grid 135 is grounded and is therefore at 
zero potential. This allows a maximum cur­
rent flow across the plate-cathode path in tube 
I DO and facsimile signals are sent out by the 50 
radio transmitter 165 corresponding to the marks 
on the scanned sheet. How those signals affect 
the distant receiver will be explained at the 
proper time. 

In describing Fig. 24, we assumed that the 55 
stylus 60 was directly connected to grid 135 of 
tube I 00. This condition remains during the 
scanning of the message when the phasing con­
tacts 86 and 87 are both on ring 71, as shown in 
Fig. 23. During the phasing operation, as we oo 
have seen, the grid 135 is grounded while the 
stylus passes from point SI to S2 (compare Figs. 
17 and 18) and during this grounded condition 
of the grid there is a maximum current flow in 
tube I OD. This high current, as already ex- 05 
plained, causes the radio transmitter to send out 
a signal which lasts until the grid-to-ground cir­
cuit is opened (Fig. 18). It will be seen, then, 
that grounding the grid during the phasing op­
eration nroduces an effect similar to that which 70 
occurs when the stylus passes over a marked area 
during the scanning cycle, except that grounding 
the grid by segment 83 produces a slightly higher 
current than the scanning of marks by the stylus. 
This difference in current is present because the 7 0 
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resistance of a mark on paper with a conduc­
tive body is slightly higher than a metallic path 
to ground. 

We prefer to use an amplifier tube of the 
beam-power type because these tubes in gen­
eral have a low screen-grid current, high efficien­
cy and a high power output. By using a screen 
voltage of high value (V2 is indicated as 165 
volts in Fig. 24) we can make the plate current 
relatively high, which is desirable in our system 
because the plate voltage is limited to a low value 
(for example, 55 volts) by the characteristics of 
the small portable radio transmitter 165. 

The best operation of the radio transmitter 
f65 requires a large plate current swing in tube 
I 00 and that requires a maximum change in 
the grid voltage. For this purpose the bias volt­
age VI is so adjusted by potentiometer 159 that 
the tube I 00 is almost cut off when unmarked 
areas or background specks on the sheet are 
being scanned, and a low current is flowing. 
When a conducting mark is being scanned, the 
paper resistance is so low as compared with the 
resistor 154 that the grid 135 is grounded and 
this decrease in negative voltage V4 allows the 
tube to pass a high current which causes the 
radio transmitter 165 to send out corresponding 
facsimile signals. In effect then, the tube 100 is 
turned on when the stylus is on a mark and is 
turned off when the stylus is on clean paper. 

A modified form of keying network involving 
our invention is shown in Fig. 25. Here, as in 
Fig. 24, the screen grid 152 is connected to the 
plus terminal 114 and the control grid 135 is 
connected to the negative terminal 175 of the 
power supply from rectifier 99. This voltage, as 
heretofore stated, is fairly constant. The cath­
ode 163 goes to the grounded wire 176. An ad­
justable resistor f'll of high value is connected 
between wires 153 and 116 in shunt to the stylus 
60. The resistance of element I 71 is very high 
relatively of the resistance of a pencil mark in 
the stylus circuit. 

The value of resistor 117 is so adjusted that, 
when the unmarked background of the paper is 
under scanning, the voltage between lines 153 and 
176 will either hold the current in tube I 00 to a 
minimum value or cut the tube off completely. 
A rheostat 178 connected across the output leads 
161 and 162 may be used to maintain the low cur­
rent of tube I 00 during background scanning to 
a minimum "keep alive" value for the purposes 
previously explained. 

When pencil marks are being scanned, the re­
sistance between the stylus 50 and the grounded 
drum 21 is so low that the high resistor 111 is ef­
fectively short-circuited a,nd the control grid 135 
is grounded. The voltage between lines 153 and 
176 is thus reduced to a very low value, while 
the voltage between lines 151 and 176 increases 
nearly to the full potential of the power supply. 
As a result of this great increase of the voltage 
of screen grid 152 and the removal of negative 
grid bias, the tube becomes highly sensitive and 
the plate current is made very large. This signal 
output is sent to the radio transmitter 165 

We would call particular attention to ·~ low­
pass filter associated with the screen grid 152 in 
Fig. 25, this filter comprising resistors 119 and 
I 81! in line 151 and condensers 181 and 182 con­
nected between the screen grid and the cathode 
I 63. This filter slows down the build-up of the 
screen-grid voltage and thereby prevents or re­
duces the transmission of background of the high­
frequency impulse type, such as spots on the 
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papel', for instance. It goes without saying that 
this filter should be so designed that the finest 
lines scanned by the stylus will be transmitted 
without deterioration. A fixed resistor ! 83 of 
chosen value is inserted in line 184 to act in com- 13 
bination with the adjustable resistor 171 as a 
voltage divider to furnish the proper grid bias 
and screen-grid voltage so as to give the tube the 
desired sensitivity. 

of the paper which is thereby always supported 
smoothly on the platen. 

The supply roll 2 l I is carried by a rotary shaft 
212 which is supported in notches 213 of plates 
1513 and I 89 at the rear of the machine (Figs. 28 
and 31). These open bearing notches permit easy 
removal and renewal of the paper supply rolls. 
A friction pad 2 11'! carried by a spring arm 2 i 5 
is constantly pressed against a ring or collar 2 I 6 

The recorder (Figs. 26 to 34) 

The facsimile recorder used in our system 
operates \vith a reciprocating stylus which records 
on a continuous sheet. A facsimile recorder of 
that type is disclosed in the Wise and Parrott 
Patent No. 2,311,803. Our present machine, as 
will appear, embodies certain improvements over 
the apparatus of that patent. The recorder here­
in disclosed is a portable self-contained machine 
requiring only a separate power supply unit. 

Referring especially to Figs. 26, 27, 28 and 31, 
the hollow base 18 5 of the machine carries a 
casting 186 which constitutes the main support 
of the recording mechanism. The casting ISG, 
usually of aluminum, comprises a bottom plate 
I 87 and a pair of upright sides I 88 and 189 run­
ning transversely of the machine. A web I 90 
connects the sides in front and has integral lugs 
191 projecting forward to receive fastening 
screws 192. The side plates 1!!8 and IS!l are pro­
vided each with bracket arm I 93 and l 9i:!, respec­
tively, projecting forward and upward at a cer­
tain angle. The bracket arms 193 and I !l4 may 
be integral with the side plates or attached there­
to as separate pieces. 

A metal platen 195 is mounted on a shaft f 96 
which is journalled in the cross plates l 38 and 189 
of the main casting. A small motor 197 is con­
nected to shaft 196 through a suitable reducing 
drive which is represented in Figs. 26 and 28 by 
gears numbered 198 to 2 DI. The gear 198 is fixed 
on the motor shaft 202 and the final large gear 
201 is on the platen shaft 196. The motor 197 
may be any suitable step-feed device for actuat­
ing the platen 195 intermittently from line to line 
at predetermined intervals, or it may be an ordi­
nary motm- for turning the platen continuously 
at very low speed during a scanning operation to 
give the desil'ed line spacing. 

In the receiver shown in the drawings, which 
illustrate a machine as actually constructed and 
operated, the motor l 91 is a small step-feed de­
vice obtainable in the marlrnt and not neces­
sary to explain in detail. For the purposes of 
this description it will be sufficient to point out 
(referring momentarily to Fig. 35, upper right 
corner) that the motor 197 comprises a solenoid 
203 adapted to operate an arm 204 which carries 
a pawl 205 arranged to actuate a ratchet wheel 
206 on the motor shaft 202. Every time the sole­
noid 203 is energized, the ratchet wheel 206 is 
kicked ahead one tooth and this motion is com­
municated to the platen 195 in greatly reduced 
ratio. This advance of the platen is usually of 
the order of 0.01 of an inch, which is the dis­
tance between two scanning lines. 

The platen 195 is provided with peripheral pins 
201 at each end arranged to be engaged by per­
forations 208 and 209 in a continuous sheet of 
recording paper 210 which is wound on a supply 
roll 211. It will be observed that while the round 
perforations 208 fit snugly over the pins 207, the 
other perforations 209 are axially larger than the 
pins, thus allowing for variations in the width 

10 on shaft 212 as a continuous load thereon to lrnep 
the paper taut as it unwinds. Grooved rollers 
2 l 7 (usually of Bakelite) mounted over the platen 
l!l5 straddle the pins 207 to hold the paper in 
driving engagement with the pins (Fig. 31). 

lll These retaining rollers are supported on studs 
218 attached to the cross plates 188 and ! 89. 

It is clear from Fig, 31 that as the olaten 195 
is rotated by the motor 197 <whethe1: intermit­
tently or continuously) the pins 207 pull the 

20 recording paper 210 off the supply roll 211 and 
move it around. the drum toward the rear of the 
machine. A hand wheel 2 ! 9 on the left end of 
shaft 196 permits manual advance of the uaoer 
for a purpose that will appear later. The -di;iv-

25 ing conditions between shaft 196 and motor 197 
s,re such as to permit this manual operation of 
platen 195. 

Referring particularly to Figs. 27, 28 and 31, 
the slanting arms I 93 and 194 carry insulating 

:rn blocks 220 and 22 f, respectively, which are at­
tached by screws 222 and 223. These blocks sup­
port a pair of rails 224 which form a track for 
a slidable stylus carriage 225. The rails 2?.4 are 
channel bars facing each other to form a cham-

3;; ber 2?.G and slightly spaced to provide a slot 227 
for the carriage. The left end of track 224 is 
secured to bloc!{ 220 by a screw 228 (Fig. 28) 
which passes through both rails and an interposed 
spacer 229 into the block. The thickness of spacer 

4v 229 determines the width of slot 227. 
The right end of track: 224 is supported in a 

special way so as to leave the chamber 226 and 
slot 227 unobstructed for the insertion of the 
stylus carriage 225. As best illustrated in Figs. 

45 27 A and 31, a bracket 230 is secured to the top of 
plate 189 by screws 231 and this braclrnt has a 
depending extension 232 to whkh an L-shaped 
insulating block 233 is attached by bolts 234. A 
screw 235 secures the upper rail 224 to the bottom 

50 of block 233 and a screw 236 fastens the lower 
rail to the top of block 221. The screw 235 also 
acts as a binding post for the insulated metal 
track 224. 

The stylus carriage 225, which is operatively 
supported on traclt 2211, is best shown in Fig. 32 55 on a greatly enlarged scale for clearness. There 
is a thin metal plate 237 provided. with cylindrical 
projections 238 so dimensioned and arranged as 
to guide the plate through the track chamber 

60 2:!li in a smoothly running close :!it. The guide 
pieces 238 may be hollow buttons which are se­
cured in pairs on opposite sides of plate 231 by 
a pin 239 (Fig. 31). An integral extension 240 
on carriage plate 237 supports a spring arm 241 
which carries on its free end 2l!2 a small metal 65 tube 243. A simple way to attach this tube is to 
coil the free end 242 of arm 241 around it and 
solder it in place, as shown in Figs. 32 and 33. 

Through the center hole of tube 243 passes a 
70 wire 224 which is bent out at its ends 245 and 

246 to lock it in place. This wire, which may be 
a piece of piano wire, turns freely in tube 243 
but without wobbling and the upper end 245 con­
stitutes the recording stylus of the machine. The 

75 turning movement of stylus 245 is limited by a 
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stop bracket 241' secured to arm 241. This brack-
et has a slot or recess 248 through which the 
stylus 245 projects and the two sides of this slot 
constitute stop shoulders against which the stylus 
bears as it trails across the paper on the platen l'.i 
in its forward and return movements. This will 
be better understood when we explain the opera­
tion of carriage 225. 

The carriage plate 231 extends through the 
slot 227 in track 224 as can be seen in Figs. 27 IO 
and 31, and the inclination of the track is such 
that the stylus extends radially toward the platen 
I 95. This mounting of the stylus in front of the 
platen leaves the paper exposed for easy reading 
of the recorded copy as it rises from the scanning 15 
stylus. The parts comprising the stylus carriage 
225 are made of good conducting metal (such as 
brass or bronze) and the metal track 224 keeps 

18 
The wheel 260 carries a tooth 215 which 

projects radially beyond the periphery (Fig. 30) 
to engage a stop arm 276 pivoted at ·2n on a 
bracket or frame 278. This frame has an exten­
sion 279 (Fig. 27) secured to the front upright 
253 of casting 252 and carries a magnet 280 for 
operating the arm 276, which is of soft iron or 
else has an armature piece attached to it. When 
the magnet 230 is energized, it moves the arm 
276 out of contact with stop 215 and thereby re­
leases the wheel 260 for operation by the syn-
chronous motor 250. A coil spring 281 normal­
ly tends to rock the arm 276 clockwise int-0 the 
path of stop 2'!'5. A set screw 282 may be used 
to adjust the normal position of arm 276. The 
magnet '280 will be designated in the description 
i:1.s the phasing magnet for reasons that will ap­
pear later. 

The drive wheel 260 carries a pin 283 at the the moving stylus 245 electrically connected to 
the binding post 235. 20 back (Fig. 28) arranged to operate a switch arm 

284 which is part of a unitary switch .device 285 
mounted on the upright 253 by means of a 
bracket 286 (Fig. 26). The switch 285 may be of 

We shall now describe the mechanism for oper­
ating the stylus carriage 225 along the rectilinear 
track 224. Referring to Figs. 26 and 27, at the 
right of the machine there is a casing 249 which 
contains a synchronous motor 250 with its shaft 25 
251 extending upward. The casing 249 supports 
a casting which has a base plate 252 and a pair 
of uprights 253 and 254 arranged in front and 
back, respectively. These uprights support a 
transverse shaft 255 which carries a gear 256 30 
arranged to mesh with a pinion 257 on the motor 
shaft 251. 

As seen in Fig. 29, the front end of shaft 255 
has fixed thereon a hub 258 which has an axial 
groove or recess 259. A wheel 260 is mounted 35 
on hub 258 between a pair of friction washers 261 
and 262 which are slidable on the hub but locked 
against rotation thereon by means· of keys which 
enter the groove 259. 

A metal disk 21!3 is secured on the front end of 40 
hub 258 by screws 26/l and another disk 265 is 
slidably and rotatably mounted on the rear end 
of the hub. A spider spring 2GS or the like is 
mounted on shaft 255 between the disk 265 and 
a collar 267 fixed on the shaft. The spring 266 

45 
constantly pushes against the disk 2E5 so that the 
wheel 260 is firmly held between the washers 
261-262, which thus constitute a friction clutch 
for yieldably connecting the wheel to the syn­
chronous shaft 255. This friction drive permits 

50 
the wheel 250 to be held stationary during certain 
intervals, as we shall presently explain. 

The wheel 260 operates the stylus carriage 225 
through a cord or string 268 (preferably a length 
of fishing line) which is attached in any practic2,l 55 
way. In the present instance one end of the cord 
is fastened to a slotted lug or clip 26!! on wheel 
260 (Fig. 30) and the other end is hooked in a slot 
210 of carriage plate 231 (Fig. 32). It is clear 
from Fig. 27 that leftwise rotation of wheel 260 60 
winds up the cord 268 and pulls the stylus car­
riage from left to right. Since the driving wheel 

any approved type found in the market, so that 
no description of the switch is necessary. We 
need only say that the switch 285 is normally 
open and is closed when the pin 28'3 moves the 
arm 284 rearward (to the left in Fig, 28). When 
the switch arm 2811 is released by the pin 283, it 
automatically moves forward t-0 open position. 

A word should be said about the angular re­
lationship of the three parts 211, 275 and 283 
carried by the peripheral portion of the stylus 
drive wheel 260. Referring to Fig. 30, when the 
tooth 215 is in stop position '215', that is, when 
the wheel 260 is held stationary, the tripper 211 
is in vertical position 271' and the pin 283 en­
gages the switch arm 2811 to close the switch 
285. This position of wheel 263 is shown in Fig. 
27. The cord 268 slips off the wheel 260 and 
the stylus carriage 225 arrives at the end of 
its forward movement just before the tripper 211 
in Fig. 30 reaches the vertical position 271 ', when 
the wheel is stopped by the magnet arm 216. The 
slipping-off position of the cord is indicated at 
268' in Fig. 29. The wheel 260 is held in sta-
tionary position until the phasing moment of 
the machine when the magnet 280 is energized. 
The phasing operation of the receiver will be­
come clear when we reach the circuit diagram 
of Fig. 35. 

The moment the cord '268 slips off the drive 
wheel 260, the stylus carriage 225 is automatical­
ly snapped back to starting position at the left, 
as shown in Fig. 27, by a retractor mechanism 
mounted on the left end of the ms.chine. Re-
ferring to Fig. 28, a rod 281 is rigidly supported 
at its ends in brackets 288 and 289 on the side 
plate 188'. The front bracket 288 is mounted 
on the front end of the slanting arm 193 and 
the rear bracket 289 is secured to the face of 
plate 188 along its rear edge. The stationary 
rod 281 has wound thereon a coil spring 290 of 
the shade roller or torsion type which has its 

260 is operated by the synchronous motor 250, the 
latter may be called the stylus motor and we shall 
designate it as such hereinafter. 

As shown in Figs. 29 and 30, the wheel 260 car­
ries a tripper 27 l which is an angle piece formed 
with a cam edge 212 and adjustably held in place 

65 rear end attached to a collar 29 i fixed on the 
rod. The front end of spring 2911 is fastened 
to a reel 292 rotatable on rod 21.li and arranged 
in alignment with the drive wheel :mo. The reel 

by a set screw 273 passing through a slot 214 in 
the wheel. When the cord 268 encounters the 70 
tripper 211 as the wheel rotates, the cam edge 

292 carries a cord ·293 which is hooked at its outer 
end in a slot 294 of the carriage plate 231 (Fig. 
32). 

272 pushes the cord laterally off the wheel at a 
predetermined moment. This will be more fully 
explained when we describe the operntion of the 
machine. 

As the stylus carriage 225 is moved forward to 
the right by the wheel 260, the reel 29?. pays out 
the cord 293 and its rotation winds up the tor-

75 sion spring 290. When the cord 268 is pushed 



2,647,945 
19 

ofi' the wheel 26!1 by the tripper :n I, the tensioned 
soring :mo instantly whips the stylus carriage 225 
b-ack to starting position. In the particular form 
of recorder we are describing, the motor 250 is 
so geared to wheel 260 that it tal{:eS the stylus 
approximately only one second to move from 
start to finish of one line and baclr to start of 
the next line. A cross-pin 295 (Fig. 26) in track 
224 forms a stop to limit the return movement 

20 
circuits which prepare the machine for opera­
tion. A phasing switch 315 l1as two positions, 
one for start-stop phasing and the other for 
synchronous phasing. Lil{ewise, an oscillator 

tS switch 3 I G has two positions conespcnding t'.l 
the positions of the phasing switch 315. For 
start-stop phasing the oscillator switch is in 
position 316a and for synchronous phasing it is 
placed in position 313b. 

of the carriage, which is cushioned by felt or 10 
otherwise. 

A lmob 3 ll controls an oscillatm condenser 
bY a vernier arrangement comprising a dial 3 I !l 
and a pointer 3 HJ. The dial 3 Ill is operated di­
rectly by the !mob 317 and the pointer 3 ! 9 is 
geared to the dial in a greatly reduced ratio. I:1 

During the reciprocating movements of car­
riage 225, the stylus 245 automatically adjusts 
itself to a trailing position, as will be clear from 
Fig. 33. When the stylus travels forward (from 
left to right) it trails as shown in full lines, and 
during the return movement it trails in the 
dotted position 245'. The spring arm 241 allows 
the stylus to adjust itself automatically to either 
trailing position by a rockLT1g or toggle motion 
which is limited by the slot 248. This novel 
mounting of the reciprocating stylus makes it 
unnecessary to lift it ofI the paper during the 
return of the stylus carriage and lower it again 
for the scanning movement, thereby simplifying 
and speeding up the operation of the machine. 

As seen in Figs, 26 and 28, there is an electro­
magnet 296 mounted on a post or bracket 291 
projecting upward from the base plate 252. The 
magnet frame 298 .carries an insulating block 
299 which supports a pair of contacts 300 ar­
ranged to be closed by an armature 30 I when 
the magnet is energized. A spring 3!i2 norm.al-
ly holds the armature away from the contacts 
300 which we shall designate as the starting 
switch for the synchronous motor 250. The cir­
cuit connections of magnet 296 and switch 300 
will be explained in the description of Fig. 35. 
We usually put a cover 303 over the casting 
plate 252 to enclose the magnetic switch assem­
bly and other parts mounted on the casting. 

As the endless sheet 210 is fed rearward off 
the platen 195 during a recording operation, it 
passes over an inclined apron 304, as shown in 
Figs. 26 and 31. This apron consists of a sin­
gle sheet of metal shaped to have an angle bar 
305 fitting over the rear corners of plates 193 
and 194 to which the bar is secured by screws 
306 and 307. The apron 304 extends down close 
to the platen 195, its terminal edge being indi­
cated by the dotted line 308 in Fig. 26. A cutter 
bar or knife 309 is attached to the apron 304 
parallel to the platen I 95 and slightly spaced 
from the apron by small end pads 3IO (Fig. 31) 
so that the paper passes between the knife and 
the apron. The front edge of cutter bar 309 is 
turned up to facilitate the insertion of the paper. 
To tear off a recorded message the attendant 
grasps the free edge of the sheet and pulls it 
along the cutting edge of the knife 309. The 
hand knob 21 !l enables the attendant to ad­
vance the sheet until all of the recorded copy is 
beyond the knife before tearing it off. 

Behind the casing 249 and the parts it supports 
is another casing 311 which contains various 
electric devices used in the recording amplifier 
circuits of Fig. 35, where those devices appear 
in diagrammatic outline. At this point we shall 
only describe the manual control elements 
mounted on the top panel 3 12 of the casing 311, 
as best shown in Fig, 26, for operating the de­
vices in the casing. 

A switch 313 connects the power unit of the 
machine to a source of A. C. power. A start but­
ton 3 14 enables the operator to energize certain 

15 the particular machine we built and operated, 
this ratio was 20 to 1; that is, the dial 311 rotated 
ten times for a half circle movement of the 
pointer 319. By adjusting the knob 3 l7, the op­
erator can vary the speed of the synchronous 

20 motor 250 for start-stop phasi.ng operation. 
There are two additional finger pieces and as­

sociated dials on the control panel 3 I 2 marked 
320 and 321 for adjusting certain potentiometers 
in the recording amplifier. The finger piece 320 

25 controls a noise rejector and the other finger 
piece 32 l controls the recording level of the re­
ceived signal voltage. The various operations of 
the manual controls shown on panel 3 l 2 in Fig. 
26 will be fully described in connection with the 

30 circuit diagram of Fig. 35. 
The hollow base ! 85 of our portable receiver 

also carries the various electrical parts fer cer­
tain electronic units included in the operational 
circuits of the machine. Turning to Fig. 26, we 

35 see a number of vacuum tubes and tnmsformers 
mounted on the rear portion of the bs,se to the 
left of the control panel 312. These electrical 
parts are divided into three groups representing 
a recording amplifier 322, a phasing amplifier 

,JO and control unit 3:23, and a synchronous motor 
amplifier 324. 

In this particular system the recording ampli­
fier 322 has five vacuum tubes numbered 325 to 
329 and a signal output transformer 33!1. A gain 

-1a> control dial 331 is also mounted on the base fo1· 
regulating the power level of the transformer 
330 to which the recording circuit is connected, 
as will appear later. 

The phasing amplifier and control unit 323 has 
50 two vacuum tubes 332 and 333 mounted on base 

185 together with a phasing control dial 331; 
which regulates the control grid bi.as of tube 
332 which is a pentode. It may be stated here 
that the adjustment of dials 331 and 33,J is done 

r,::i at the factory and constitutes a permanent main­
tenance adjustment which is not sunncsed to be 
disturbed by the operator. • -

The synchronous motor amplifier 324 has three 
vacuum tubes 335, 336 and 331 and an output 

oo transfDl'mer 338 which feeds the synchronous 
motor 250 housed in the adjacent casing 240. 
The parts comprising the electric connections 
for the units 322, 323 and 3211 are contained in 
the shallow chamber 339 of base 18G (Fig. 27), 

65 such parts including the necessary condensers, 
resistors, electromagnets, connections, and so 
forth. In Fig, 27 we have represented a few of 
those parts in conventional outlines 340. 

70 It will thus' be seen that our recording ma­
chine is a portable compact unit complete in 
itself except for the power supply which is con­
tained in a separate portable box. This power 
unit is not illustrated in the mechanical views 

75 because it is a well known standard device, bu~ 
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it is indicated schematically in the circuit dia­
gram of Fig. 35 which is now to be described. 

The recorder circuits (Fig. 35) 
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36 I and the control grid 364 include a D. C. block­
ing condenser 325a, a resistor 325b, a grid bias 
condenser 325c, and a high resistor 325d which 
controls the discharging time .of the bias con-

6 denser. Aload resistor 325e constttutes the input 
impedance of the amplifier. 

Resistors 325/ and 325g determine the value 
of the voltage impressed on the screen grid 364a 
of tube 325 from the supply conductor 359 which 

The power for the operation of the circuits of 
the recorder comes from a conventional source of 
115-volt 60-cycle alternating current indicated in 
Fig. 35 by a pair of bus bars A and B which feed 
into a power unit 34 I for furnishing direct as well 
as alternating current of the required voltages. 
As this power unit is a well known electric device 
we need only say that it includes a transformer 
342, a rectifier 343 with the usual filter, and the 
conventional voltage regulation. 

10 in this case ii:: at +250 volts and which also 
supplies power to the plate 3Gllb of the tube across 
a resistor 325h. It is important to point ou:t that 
in this particular application of tube 325 the 
voltage on screen grid 364a is of low value as 

The transformer 342 comprises a primary coil 
344 and three secondary coils 345, 346 and 341. 
The primary coil 3114 is connected to the bus bars 
A-B by leads 348 and 349. The secondary 345 
goes to the input terminals 350 of the rectifier 
343 which has two output terminals 351 and 352 
of direct current. Both of those terminals have 
positive potential and for distinction we shall re­
fer to 351 as the 400-volt terminal and to 352 as 
the 250-volt terminal. This last-named voltage 
is regulated. Toe return 'Circuit of the rectified 
voltage is through the grounded terminal 353. 
Let it be noted that the voltage figures just given 
(like all others in this description) are men­
tioned merely as examples of actual voltages used. 

The secondary coil 31!6, which usually gives 
about six volts, goes to the filaments of the var­
ious tubes used in the receiver circuits. The third 
secondary coil 347 supplies the power (usually 12 
volts) to the starting motor 35/l over lines 355 
and 356. Actually the motor 354 is a structural 
part of the synchronous motor 250. These two 
motors are embodied in a single piece of appara­
tus which is available in the market. 

The recording ampUfi,er 
We have already mentioned that the recording 

amplified utilizes five vacuum tubes numbered 
325 to 329. The characteristics and interstage 
connections of these tubes are such that the am­
plifier not only amplifies the received signals but 
also performs the automatic functions of power 
level control, noise rejection, signal wave shap­
ing and the uniform limiting of signal output 
with a wide variation of input level. The first 
three tubes 325, 326, 321 are pentodes with a 
novel form of coupling and operation to be pres­
ently described. Tubes 325 and 326 have a re­
mote cut-off, while tube 327 has a sharp cut-off. 
The fourth tube 328 of the amplifier is a dual 
triode which operates as a limiter and wave shap­
er of signals over a wide range of input level and 
frequencies. The final tube 329 is a beam-power 
tube connected to the output transformer 330 
which supplies the recording voltages to the 
stylus 245. The plate ,circuits of all the tubes 
325 to 329 are connected to the 250 volt D. C. ter­
minal 352 of the power unit through lines 357, 
358 and 359. The conductor 360 represents the 
common ground of the tubes. 

At the input end of the recording amplifier is 
a jack 36 I into which is plugged the shielded 
output cable 362 of a portable radio receiver 
333. The spring contact of jack 361 is connected 
to the control grid 364 of tube 325, which is 
therefore operated by the input voltages picked 
up by the radio receiver. These voltages com­
prJse not only the facsimile signal voltages sent 
out by the radio transmitter I 65 but also the 
lower noise voltages which modifiy the signal 
wave. T'.he .circuit connections be.tween jack 

15 compared with the plate voltage. For example, 
in the present embodiment of our invention the 
resistors 325/ and 325g are of such vr.lues as to 
fix the voltage on screen grid 36/la at 1 or 2 
volts positive. This low screen voltage and the 

20 value of resistor 325h are the chief factors that 
so determine or adjust the operating character­
istics of tube 325 as to make its cut-off more 
gradual and therefore cause the recording ampli­
fier to worlr with a wide variation of input signal 

Z5 strength. 
As we saw in the description of the transmitter 

end of our system, a phasing pulse is sent out 
by the radio transmitter l 68 at each revolution 
of drum 21 and a signal pulse is transmitted 

30 every time the stylus 60 scans a black mark on 
the message copy. Each phasing pulse and scan­
ning signal picked up by the radio receiver 363 
charges the condenser 325c across the low resistor 
~25b vei·y rapidly to the maximum amount for 

:i::; the particular signal level of the moment. This 
condenser charge is impressed on the control grid 
3GIJ of tube 325 as a negative bias which deter­
mines the amplification of the tube. 

On weak signals the charge on condenser 325c 
•ltl is smRll and therefore the negative bias on grid 

364 is low, whereby the amplification of tube 325 
is correspondingly high. When strong signals 
are received, the charge on condenser 3il5c is 
high and the resulting high negative grid bias 

45 keeps the amplification of the tube down. In 
consequence, the tube 325 amplifies weak signals 
to a greater degree than strong signals, so that 
the output of the tube is fairly constant for a 
wide variation of signal input. For weak signals 50 the tube 325 amplifies the whole wave, with the 
negative pulse slightly compressed. For moder­
ate and strong signals the tube 325 compresses 
progressively more of the negative pulses with 
increasing signal strength. This action of tube 55 825 on weak, moderate and. strong signals is 
illustrated in diagrams Al, Bl and Cl of Fig. 36. 

While the charging time of the grid bias con-
6enser 325c is very short, the rate of discharge 
is comparatively low due to the high value of 60 resistor 325d. In the present form of our system 
as :terein set forth, the charging time of con­
denser 325c is less than the duration of a phasing 
pulse sent ou:t by the transmitter, and the dis-

65 charging time endures for at least one revolution 
of the transmitter. drum 21 (that is, for one 
scanning line). For this purpose we use a con­
clenser.of large capacity (say, 0.1 mfd.) and make 
the resistor 325d of high value (say, 10 megohms). 

70 We mention these figures merely by way of ex­
ample. 

With the charging time of condenser 325c less 
than the duration of a phasing pulse, it is cer­
tain that the condenser charge will always reach 

75 full value during a phasing. pulse at any signal 
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level. In this case it is necessary to make the 
discharging time of condenser 325c cover at least 
one turn of the transmitter drum 2 I for the 
following reason: As we have seen, a phasing 
pulse is sent to the recorder once for each revolu- 6 
tion of the transmitter drum 2 I for a brief dura­
tion of time and this pulse places a negative 
bias voltage on grid 364 of tube 325. Now, if 
fo:· the remainder of a scanned line no black 
marl~s are encountered by the stylus 6!l, there 10 
is an absence of signals and (without special 
provisions) the bias voltage on grid 364 would 
decrease, the amplification of tube 325 would in­
crease, and any noise present woulcl be passed 
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(say, minus 0.5 volt) and with very low plate 
and screen voltages. The plate voltage (6 to 8 
volts positive) is determined bv the value of 
resistor 326e and the screen v~ltage is deter­
mined by the voltage divider consisting of resis­
tors 326/ and 326g, these figures being given 
merely as practical examples. The signals com­
ing from tube 325 charge the condenser 326c 
which applies a negative bias to the control grid 
326a across a resistor 326b. The condenser 326c 
is connected in series with a resistor 326d to form 
a grid limiting circuit which has a much more 
rapid time constant than the grid leak circuit 
of tube 325. Consequently the tube 325 passes 
on the more positive portion of the signal wave 
while rejecting the negative portion. As the 
signals entering tube 326 increase in level, they 
are increasingly more limited because of the 
value of resistor 32!:ib and the characteristics of 

on for recording. To prevent this from happen- 15 
ing we m::1ke the discharge time of condenser 
:t25c long enough to keep sufficient negative 
bias on gricl 3611 for one scanning line, so that the 
amplification of tube 325 is held down to a point 
where noise signals will not pass. 2() the tube. The effect of tube 326 on weak, mod­

erate and strong signals is illustrated in diagrams 
A2, B2 and C2 of Fig. 36. 

The elements :J2l'lb, 325c and 325d constitute a 
grid leak combination which determines the bias 
on grid 3G/J of tube 325. Since this tube is of 
the remote cut-off type, its amplification varies 
with the effective grid bias, which in turn varies 25 
with the strength of the input signals. The time 
constant of the grid leak combination 325b~ 
325c-325d is such that the bias on grid 364 
when once established decreases rather slowly 
but increases rapidly. As the signal increases, 30 
the current flowing to the grid 361! increases cor­
respondingly and thus charges the condenser 
325c, so that a negative bias is applied to the 
grid by the voltage drop across the resistor 325d. 

The operating characteristics of tube 325 (as :iii 

determined by the slope of its transfer char­
acteristic curve) are such that strong or large 
signals are amplified proportionately less than 
weak signals. As indicated in diagram Bl and 
Cl of Fig. 36, the positive peaks of increasing 411 

signals are compressed by the resi.stor 325b which 
acts as a limiter to dissipate excess voltage and 
thereby prevent severe noises from varying the 
signal output of tube 325. The resistor 325b 
performs the additional function of slowing down 45 
the charging time of condenser 325c. This pre­
vents sudden strong bursts of local static from 
interfering with the passage of normal signals 
which will record as soon as the D. C. bias applied 
momentarily to condenser 325c by the static 5o 
burst has drained off. 

It is a characteristic of tube 325 that it op­
erates with a signal rejection rate which in­
creases with increase of signal. This is indi­
cated in diagrams B! and Cl of Fig. 36 by the 55 
horizontal lines x and x' which represent each 
the time interval between the beginning of a 
cycle and the instant when plate current flows 
through the tube. For all but the weaker sig­
nals, tube 325 rejects the incoming wave until 00 
the signal voltage rises to a point where the 
plate draws current. That is to s:w, the tube 
325 rejects any signal voltage lower than the 
grid bias voltage and the interval during which 
the signal voltage rises to the level of the bias 65 
voltage is represented by the lines x and x' in 
the wave diagrams. For the purposes of de­
scription we may regard the lengths of lines x 
and x' which increase with rise in signal level, as 
denoting roughly the signal rejection character- 70 
istics of tube 325. 

The output of tube 325 is passed to the second 
tube 325, which operates as a limiter for all but 
the weakest signals which are slightly amplified. 
The tube 326 operates with a low negative bias 76 

The characteristics of tube 326 include the 
function of decreasing the signal rejection rate 
with increasing signal level. This, it will be 
noted, is the reverse of the rejection character-
istic of tube 325. That is to say, while tube 325 
has a rejection rate which increases with in­
creasing signal level, the second tube 326 operates 
with a rejection rate which decreases with in­
crease of signal. The result of this automatic 
compensation feature is a more nearly constant 
ratio of signal passed to signal rejected. 

The output of tube 326 goes into the third 
tube 32 7, which i.s of the sharp cut-off type and 
operates with a fixed cut-off bias which is ad­
justable to the proper value by a potentiometer 
3SS to remove the residual noise from the input 
signals. The potentiometer 365 is regulated by 
the fingerpiece 32 0 on the control panel 312 (Fig. 
26). A condenser 327c and resistor 327d form 
a conventional interst:cJ,ge coupling for the grid 
321a, but the time constant of 327c-327d is very 
short as compared with that of 325b-325c-
325d. 

The tube 327, which operates beyond cut-off, 
passes only those signals that are above the 
minimum voltage determined by the grid bias set­
ting of potentiometer 365. This will be under-
stood from diagram A3 of Fig. 36, where the 
input wave coming from tube 326 i.s indicated by 
a2 and the fixed negative bias of tube 327 is 
denoted by the line b2. The tube 327 does not 
start to conduct until the wave a2 reaches the 
bias level b2 after an interval measured by the 
line x, the meaning of which was previously ex­
plained in connection with tube 325. In other 
words, the third tube 327 passes only those por­
tions of the signal wave which are positive be-
yond the fixed negative bias on grid 327a and 
those passed-on portions of the signal wave are 
positive pulses of approximately rectangular wave 
shape. The negative pulses of the signal waves, it 
will be recalled, are eliminated in tubes 325 and 
326. Therefore, what we are passing through 
the third tube 327 are positive signal pulses of 
approximately rectangular shape, free of all 
deleterious noise and substantially uniform, as 
indicated in the wave diagrams A3, BJ and C3 of 
Fig. 36. 

The fourth tube 328 is a double triode used as 
a grid-limiting over-driven amplifier to limit the 
higher signals passed by the third tube 327 in 
excess of the minimum signals. The tube 328 
receives the rectangular signal impulses from 
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tube 321 through a differentiating network com­
posed of a condenser 328c and a resistor 328d, 
which changes the rectangular positive wave into 
sharp positive and negative pulses by the charg-
ing and discharging of the condenser. This will 5 
be understood by electrical engineers without 
further explanation and we need only refer to 
diagrams At'!, B4 and C4 of Fig. 37 as illustrating 
the approximate shape of the differentiated wave 
before passing into the tube 32!!. 'The condenser 10 
charge flows to the grid 328a through a resistor 
328b which limits the peaks ·of these positive 
and negative pulses so that they are shaped .into 
a more uniform A. C. wave. The output of:'the 
left side of tube 328 is indicated by the diagrams 15 
AS, B5 and C5, and the output of the right side 
of tube 328 (that is, the final output of this tube) 
is indicated by the diagrams A6, BS and CG. 

Comparing the widely varying signal .input of 
the first tube 32 5 with the output of the 'fourth 20 
tube 328 (diagrams A6-B6-Cll) we see the.ef­
ficient operation of the amplifier in converting 
transmitted signals, fluctuating over a wide range, 
into recording signals of relatively uniform en­
ergy content. The final output of limiter tube 2:; 
328 .passes through .. a voltage divider .network 
which contains a gain control 366 and a record 
level control 36"1 for the .final tube 329. The.gain 
control 366 is a potentiometer adjusted at. the 
factory by means of the dial 331 .mounted on ,the :w 
base of the receiver (see Fig. 26). . The. record 
level. control 361 is a potentiometer regulated ,by 
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a small reduction , of· -voltage on -the recording 
stylus will not appreciably -lessen the <black den­
sity of the recorded"mark. As· a result, weak 
signals passing through our amplifier are recorded 
with practically the same -density as strong sig­
nals. 

The time constants-of the-interstage couplings 
containing the condensers -326c, 327c and 328c 
have large values 0 so that the low -frequency com­
ponents of-signals passreadilythrough the ampli­
fier, which operates on frequencies of wide audio 
range (for•example,-between 1000 and 4000 cycles 
per second). With respect to the noise removing 
function -of our amplifier, the circuits are so de­
signed that noise of less 'than half. a signal am­
plitude will not appreciably detract from the re-
corded copy. 

In descf'ibing the opera:tion -of- our recording 
amplifier we •have-referred to signals of different 
strengths or levels as weak; moderate and strong. 
We realize that these terms are merely relative 
and it would be impossible -to give any set of- ac­
curate figures applicable to every. embodiment of 
our invention. However, we can give a fairly 
good idea of. what.we regard. as. weak;.,moderate 
and strong signals by. considering. what-we actual-
ly did in the particular apparatus we-a-re.describ­
ing as illustrative ·of our. :invention. We. :so. de­
signed our. recording amplifier that_ the:minimum 
input voltage on. which it. will operate satisfac­
torily is of the order-of:0.2 volt,.and,.we assumed 
that the maximum signaVvoltage received would 
be about 40. volts. Weak signals may be said to 
be .those of such .low. voltage. (in. this .. case;_ up::.to 

the fingerpiece 32 I on the control. panel 312 :to 
effect a vernier adjustment. of the·gain. required 
by any particular machine. 

The final tube 329 of our recording amplifier 
is a conventional beam-power tube which ampli-

35 0.5 volt) that the. ,first .tube., 325 passes-both the 
positive and .negative.,pulses, although a __ portion 
of the negative pulses-may be compressed. Those 
signals in which.the tube:~25 clips off,a_portion:of fies the received signals to the ,required-strength. 

The output of tube 329 is a fairly constant A, C. 
voltage which goes into the_ primary coil. 368 -of ,10 
transformer 33(!. The recording voltage .induced 
in the secondary coil 369 of this transformer is 
impressed on the stylus 245 which produces,niarks 
on the electrosensitive paper 210 in a manner well 
understood by facsimile engineers. 45 

It will be apparent from the foregoing descrip­
tion that our facsimile recording amplifier differs 
materially in construction and operation fr.om 
prior amplifiers used.in radio receiver circuits .for 
automatic volume control. As is well known,_in 50 radio receivers it is necessary to maintain distor­
tion at a minimum and that limits the range of 
satisfactory operation of the receiver. -Further­
more the output of radio receivers actually- in­
creases with an increase of input signal, although 55 the rate of such increase is somewhat cut down 
by automatic volume control. 

In our novel recording amplifier we are con­
cerned only with black and white signals (that is, 
with signal and no-signal), intermediate tones not 60 being important. Therefore our amplifier had to 
be designed in such a way as to maintain the en­
ergy content of the output recording signals rela­
tively constimt over a wide range in input level. 
In other words, distortion of the signal wave 65 shape in -our equipment is unimportant as long 
as the black marks are recorded with approxi­
mately constant density for weak and strong sig­
nals. To cite specific figures by way of illustra­
tion, the particular form of recording amplifier 70 herein disclosed was designed to operate with a 
signal input variation of 45 decibels and the values 
of the condensers and resistors used in the tube 
circuits were so chosen that a change of at least 
40 decibels in the input level will produce a change 75 in the recording level of less than 2 decibels. Such 

the positive peak and eliminates_ a. part of the 
negative pulse, we refer: .to. as moderate. signals 
which vary;det us say, between 0.5 and 5.0, volts. 
-Signals of:higher voltagec:may :be:.designated :as 
strong or large signals for the :purposes. of: .this 
specification. It .. goes without saying. that the 
above figures are, put ,forth:merely_,as examples 
and . do not imply any restriction . on the scope of 
our invention. As for the wave diagrams of Figs. 
36 and 37; it.will be understood that:these are not 
of mathematical accuracy and were drawn as 
rough approximations ,of changes, in the signal 
waves as they .pass from one_ .tube to the next in 
the recording amplifier. 

The Phasing operation 

In describing the operation oLthe _ •recording 
amplifier we .. assumed,_that .:the_ recording-stylus 
245 was.running.in Phase wi,th,the scanning 
stylus ,GO of the transnlitter .. We shall :now;ex­
plain how the transmitting and recorging mech­
anisms of the two _machines .are • autoinatically 
started in phase and.maintained in that relation­
ship until the , entire, message has . been- ,scanned 
and recorded. - -

The output line 3:lll of the limiter tube- 328 is 
connected to a conductor 371 which.goes through 
a condenser -37 l' into the control,grid 372 oftube 
332 in. the phasing amplifier 323. This tube is a 
pentode with a sharp cut-off and with a grid bias 
control 373 which is a .. potentiometer set to_ the 
proper value at the factory by means ofdisk..334 
(Fig. 26) as previously mentioned. -It should be 
noted that the recording amplifier is tapped by 
the input phasing conductor 37 I at a point where 
the A. C. signal voltageis constant, reduced to the 
desired level, and 'divested of noise frequencies. 

The output of tube 332 in the-phasing amplifier' 



2,647,945 
27 

goes to the grid 374 of tube 333 which is a thyra­
tron of well known construction and operation. 
The cathode 375 of tube 333 is connected to the 
output lead 376 which goes to the contact 377 of 
phasing switch 315 on control panel 312. The 5 
other contact 378 of switch 315 goes to conductor 
358 which (let us remember) is always at a posi­
tive D. C. potential of 250 volts. The plate cir­
cuits of both tubes 332 and 333 are connected to 
conductor 358 by a wire 379 with a resistor 38!l in 10 
the plate circuit of tube 332. A condenser 38 I 
is connected between the plate of tube 332 and 
the ground wire 382. A condenser 383 is inserted 
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the control grid 372 of tube 332. The relay 387 
being energized by the closing of switch 285, a 
positive voltage is applied to screen grid 386 just 
prior to the phasing pulse so that the tube 332 is 
placed in a standby condition. Therefore, when 
the phasing pulse is received by grid 372, the tube 
332 draws current and a voltage drop occurs 
across the resistor 380. In consequence the pre­
vious high voltage charge in condensers 381 and 
383 is considerably reduced, so that a voltage 
negative with respect to the cathode 375 is ap-
plied to grid 374 of tube 333 which thus remains 
inactive for the duration of the phasing pulse. 

Now, when the phasing signal is removed from in the connection 384 between the plate of tube 
332 and the grid of tube 333. rn grid 372 (which happens when the phasing con­

tact 87 moves off the segment 83 in Fig. 18), the 
tube 332 stops drawing current and plate voltage 
rises instantly. The condenser 381 charges to 

Turning baclc for a moment to the phasing op­
eration of the transmitter, as depicted diagram­
matically in Figs. 17 to 21, we saw that a phasing 
signal of maximum voltage is sent to the radio 
transmitter 165 during the interval in which the 20 
phasing contact 87 crosses the commutator seg­
ment 83. This phasing signal is superimposed on 
the output of radio oscillator 168 and is picked up 
by the radio receiver 363, which is supposed to 
have been tuned to the carrier wave of the radio 25 
transmitter. It should also be remembered that 
the phasing signal is transmitted once for each 
revolution of the transmitter drum. 

When the phasing signal enters the recording 
amplifier, it goes to the control grid 354 of the 30 
first tube 325. In passing through the amplifier 
the signal is freed of noise and is limited to the 
proper value, so that the operation of the phasing 
circuit is independent of noise frequencies and 
variations of signal level within the operating 3G 
range of the system. When the phasing signal 
is tapped off the output of limiter tube 328 by 
conductor 371, it is impressed on the control grid 
372 of tube 332. 

In the absence of a phasing signal, the control ,10 
grid 312 is connected to ground through a re­
sistor 385 so that the tube 332 is not passing cur­
rent and acts like an open circuit. Under those 
conditions the condensers 38 I and 383 are 
charged to practically the full voltage (say 250 45 volts) of line 358 which is connected to the D. C. 
terminal 352 of the power unit 34 I. The potenti­
ometer 313 is so set by the dial 334 on control 
panel 312 that the tube 332 is normally biased 
beyond cut-off. This tube will operate only 50 when positive voltage is applied to its screen grid 
386 and that happens only when a relay 387 
is energized to close a contact 388 in the screen 
grid circuit. The relay 381 is energized from 
the power source A-B only when the pin 283 55 on the clutch wheel 26D closes the switch 285 dur-
ing the phasing moment of the machine. 

Referring to the gaseous tube 333 in the phas-
ing amplifier, its cathode 375 is connected to the 
junction point 389 of resistors 390 and 391, which 60 
are connected between the line 319 and the 
grounded wire 382. The output lead 376 of the 
phasing amplifier goes from the junction point 
389 through a condenser 392 to switch contact 
377. The grid 374 of tube 333 is connected to 65 
the grounded wire 382 through a resistor 393 and 
is biased negatively with respect to cathode 375 

+250 volts through resistor 380 and condenser 
383 charges similarly through resistors 380 and 
393. This results in a high positive surge across 
resistor 393 to grid 374 of tube 333, which there­
by triggers and discharges a high plate current 
to cathode 375. This momentary current pro­
duces a high voltage surge across resistor 39D and 
through condenser 392 to the phasing mag-
net 280. 

The operation of magnet 280 moves the arma­
ture 276 away from stop 275 to release the clutch 
wheel 260 (Fig. 27) which pulls the stylus car­
riage 225 from its initial position straight across 
the paper for one scanning line. As soon as the 
stop 275 is moved past the armature 276, the 
magnet 280 is deenergized and its armature drops 
back into the path of tooth 275, which engages 
the armature. at the end of each scanning line to 
stop the stylus carriage and permit its return to 
initial position for the next scanning line. 

The reason why the phasing magnet 280 is 
energized only for a moment upon the cessation 
of the phasing pulse is due to the following condi­
tions: When the tube 333 fires, as above ex­
plained, the resistor 391 is short-circuited by the 
tube, so that the voltage on cathode 375 increases 
almost to the D. C. voltage of line 358. As a re­
sult the voltage on grid 374 becomes negative 
with respect to the cathode voltage. Since cur­
rent will flow in tube 333 only as long as the grid 
is more positive than the cathode <which is only 
for a short interval at each phasing operation), 
the tube ceases to conduct after the passage of 
the current surge therethrough and the phasing 
magnet 280 releases. 

We have previously explained that the starting 
motor 354 for the stylus motor 25!l is energized 
upon operation of magnet 296 which closes the 
switch 3GiJ. One side of this magnet is connected 
to lead 3!M of the power supply terminal 351 and 
the other side of the magnet goes by wire 39:i' 
to one contact of a normally open switch 395. 
The other contact of this switch is grounded at 
391!. When the start button 3!4 is operated, the 
switch 395 is closed to energize the magnet 296 
which in turn closes the circuit of starting motor 
3541 from the secondary coil 3/J7 of transformer 
3iJ2 through conductors 355-355, switch 300, and 
a switch 308 closed by the start button. It will 
be noticed that the switches 300 and 398 are in 
series in the circuit of starting motor 354. This 

by the voltage divider 39D-391. Consequently, 
this tube will fire only when a higher positive 
voltage is applied to the grid. 

Assuming that the synchronous stylus motor 
70 added safety feature causes the manual release 

of start button 31 ll to deenergize the starting 
motor instantly, even if the magnet switch 30tl 
should be slow to open due to a delayed release 

250 is running and that the drive wheel 260 is 
held locked by the armature 275 of magnet 280 
(Fig. 27) let us see what happens in the tubes 332 
and 333 when a phasing signal is impressed on 75 

of armature 3 0 I. 
Before pressing the start button 31 II the oper-
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ator makes sure that the toggle switch 315 is in 
forward position (as shown at 315' in Fig. 26) to 
close the contact 318 (Fig. 35). This connects 
the magnet 280 to the D. C. power terminal 352 
and l(eeps it energized to hold the armature 376 5 
out of the path of tooth 275, so that the wheel 
2!l0 is free to turn. This removes the load of 
the friction clutch 26 l-262 (Fig. 29) from the 
synchronous motor 250. Consequently, when the 
start button 3 ! 4 is operated, the stylus motor 251J 10 
(for the moment in load-free condition) is quickly 
brought up to a speed slightly above synchronism. 

The start button 3 I 4 also controls a normally 
closed switch 399, one contact of which is ground-
ed at 396 and the other contact goes by wire /JOO 15 
to the cathodes of the two beam-power tubes 336 
and 337 in the motor amplifier 324. With the 
switch 399 opened by the operation of start but-
ton 3 l 4, ground is removed from the cathodes of 
tubes 336-337, which are thus rendered inopera- 20 
tive and take the synchronous power supply from 
motor 25!!, which is thereby allowed to come up 
to speed more easily by the starting motor 354. 

When the button 3 14 is released, the starting 
motor 354 is disconnected by the opening of switch 25 
3.98, and the closing of switch 399 restores ground 
to the cathodes of tubes 336-337, which now op­
erate in push-pull arrangement to energize the 
output transformer 338. As a result, the stylus 
motor 250 instantly coasts down to synchronous 30 speed at which it is maintained by an oscillator 
unit i!!l ! , now to be described. 

The oscillator llO I is a standard device obtain­
able in the market and well known to electrical 
engineers, so we have indicated in Fig. 35 only 35 such parts of the oscillator as are required for 
this description. It will be recalled that the con­
trol panel 3 ! 2 (Fig. 26) has a finger piece 3 ! ti 
adapted to occupy either of two positions 3 i ua 
and 31Gb. The meaning of those two positions 
will be clear from the oscillator diagram in Fig. 40 

35 where the switch 3 ! 6 controls an inductance 
coil 402. In position 3 ma the switch includes 
all of inductance 402 in circuit, while in position 
3 I I.HJ of the switch only a p2,rt of the inductance 
is included. 45 

The frequency of the oscillator il,!H is deter­
mined by the inductance 4!J2 and two condensers 
4!l3 and ll34. The• condenser ~03 is variable by 
means of knob 311 on the control panel 3 i 2 to 
permit adjustment of the oscillator frequency. 60 
For this description we may assume that in switch 
position 3 Hia the osciilator frequency band is 
715-810 cycles per second for synchronous opera­
tion of the recorder, and in position 3 Hib the fre­
quency band is 840-950 cycles. for start-stop op- 65 
eration. 

A conductor 4!i5 connected to lead 357 supplies 
D. C. plate voltage to a tube 40f:i which sets up 
sustained cscillations in the circuit comprised by 
the narts /l02-4!l3-40I!, as wm be clear to elec- 60 
trical experts without detailed description. The 
output lead 401 of the oscillator goes to the plate 
408 of the twin triode 335 in the synchronous 
power amplifier 321, already described. The tube 
335 amplifies the oscillator frequency and sup- M 
plies voltage to drive the tubes 336 and 331 
through connections well understood in devices of 
this kind. The output transformer 338 is ap­
proximately tuned for the frequency band used 
by means of a condenser 409. 70 

In summary, then, we can say that the fre­
quency output of oscillator 40 ! is amplified to 
the required level by the amplifier 3.24 to operate 
the stylus motor 250 at a predetermined synchro­
nous speed for either kind of phasing operation. 75 

30· 
It will be remembered that the. relay 387 is 

energized when the switch 285 is closed by the 
pin 283 on the drive. wheel 260. The operation 
of this relay automatically performs several func­
tions. We have already mentioned that the clos­
ing of contact 388 puts D. C. voltage on the screen 
grid 386 of tube 332. The relay 381 also oper­
ates a contact 4 Ill and a make-and-break assem­
bly comprising a tongue 4.1 l, a pivoted arm 412 
and a fixed contact 4 I 3 to which the recording 
stylus 245 is connected. The pivoted arm 4 I 2 is 
connected to one side of the output coil 369 of 
the recording r,mplifi:er and normally engages the 
contact 413 to close the stylus circuit. When the 
relay 381 is energized, the armature tongue 4 I I 
throws the arm I! 12 to open position. 

The normally open contact 410 is connected at 
one side to solenoid 203 of the ps,per feed motor 
! 97 and the other side of that contact goes to 
the. junction point 414 of a network comprising 
a condenser 4 I 5 and two resistors 4 ! 6 and ll I 1. 
The conductor 3S4 which is connected to the D. C. 
terminal 3.51 goes to the junction point 418 be­
tween the resistors 416 and 4 n, whereby the con­
denser l!Hi is charged from the high voltage sup­
ply through resistor tl 16 which cuts down the 
current in magnet 203. 

When the contact I! Ill is closed upon the ener­
gization of relay 381, the highly charged condenser 
ll l 5 discharges with a surge of current through 
the magnet 203, which gives the ratchet wheel 
2,IIS a kick and thereby steps the.paper ahead one 
line. This happens during the return of stylus 
carriage 225, as will presently be explained. The 
bleeder resistor 4 I 1 limits the peak no-load volt­
age from the power supply. 

The relay 387 is not energized during a record­
ing operation, so that the contacts 412-413 hold 
the styius circuit closed to record the incoming 
facsimile signals on the electrosensitive sheet 21 rJ. 
Facsimile recording by means of an electric 
stylus is so well known that an explanation of 
it would be superfluous. When the relay 381 is 
energized during a phasing operation, the tongue 
4 U engages the contact arm ii 12 before it moves 
the latter to open position. Consequently, the 
output of the recording amplifier is transferred 
from the stylus 245 to a grounded resistor 4 I 9. 
The reason for thus interrupting the stylus cir­
cuit when the relay S!H is energized will be clear 
from the following description of the receiver 
operation in the phasing and recording functions. 

Operation of the recorder 

We are to suppose that the attendant is listen­
ing with a pair of earphones plugged into the 
radio receiver 363 for a prearranged code sig­
nal from the transmitter to start his machine. 
We shall further assume that the recorder has 
already been adjusted as to power level, noise 
rejection, etc., and is in condition for facsimile 
reception. On hearing the start signal the at­
tendant first closes the power switch 3 i 3 to ener­
gize the power unit 341. This puts hes,ting cur­
rent on the filaments and high D. C. voltage on 
the plates of the tubes in the recording system, 
which is thereby placed in stand-by condition. 

With the oscillator switch 3 16 in position 31 Ob 
!for start-stop phasing, the attendant throws 
the toggle switch 315 forward on contact 370 to 
energize the phasing magnet 280. This releases 
the drive wheel 260 and takes the clutch load off 
the stylus motor 250. The next thing the at­
tendant does is to press the start button 314 and 
hold it· down briefly, whereby the starting motor 
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354 fa energized and the synchronous power is 
taken off the stylus motor 250 by the removal of 
ground from the cathodes of tubes 336-331. 
Consequently, the load-free motor 250 is driven 
above synchronous speed. It does not matter 
that the stylus carriage 225 is drawn at this time 
across the paper; for there is no voltage in the 
stylus and no recording takes place. 

When the motor 25:J speeds up (it takes but a 
couple of seconds) the attendant releases the 
start button 3 f 4, whereby the starting motor 354 
is disconnected and the motor 25() automatical-
ly coasts down to the synchronous speed fixed 
by the frequency output of oscillator 40 I. That 
frequency, it will be recalled, is accurately deter­
mined by the combined adjustment of switch 
316 and condenser knob 3 l 7 on the control panel 
312. 

It may be stated here that the start-stop phas­
ing method is always used unless static is so ex­
cessive or operating conditions are so poor that 
severe fading of the phasing signals makes it 
necessary to resort to synchronous phasing. In 
that event, the attendant turns the oscillator 
switch 316 to position 316a and leaves the toggle 
switch 315 on contact 318 to cut out the phasing 
amplifier 323. We shall proceed on the assump­
tion that the receiver is set for start-stop phas-
ing for which it was primarily designed. 

With the stylus motor 250 running at syn­
chronous speed upon release of the start button 
314, the attendant now throws the toggle switch 
8 Hi on contact 3 7"/. This releases the phasing 
magnet 280 and subjects it to the control of the 
phasing amplifier 823. Upon release of magnet 
280 the stop arm 276 moves into the path of tooth 
275 on clutch wheel 261!, which is now held against 
rotation and the stylus carriage 225 remains in 
its initial position, as shown in Figs. 26 and 27. 
The receiver is now ,;vaiting for the phasing pulse 
from the transmitter. When that pulse is re­
ceived, the phasing amplifier is conditioned for 
action and upon cessation of the pulse the mag-
net 280 is energized to release the wheel 260. 
The stylus 245 is now pulled across the paper and 
records the facsimile signals that come over. 

Let us bear in mind that the stylus drive 
wheel 260 is stopped once per revolution after 
moving the stylus one scanning line across the 
paper. At the stopping point of wheel 260 the 
stylus is released and is pulled back by the spring 
290 to start position (Fig. 26). At the same time 
the switch 285 is closed and energizes the relay 
38"i which puts screen voltage on tube 332 of the 
phasing amplifier, opens the stylus circuit and 
energizes the magnet 203 to feed the paper 2 IO 
ahead for the next scanning line. The switch 
285 remains closed until the phasing magnet 
283 is energized. The receiver is now ready for 
the next phasing signal which comes from the 
transmitter once per revolution of the scanning 
drum 21 and commutator n, as we have seen. 

To make sure that the phasing pulse will al­
ways be received when the recording stylus 245 
is in start position for the next line, this stylus 
operates at a linear scanning speed slightly 
faster than that of the transmitting drum 21 
with respect to stylus 60. This difference in 
speed enables the recording stylus to get through 
first-that is, to reach the end of a line before 
the transmitting drum completes its scanning 
revolution for that line of recording. Therefore, 

By the time the stylus 245 has reached the new 
start position, the magnet 2!l3 has stepped the 
paper ahead one line. It should be noted that 
during the return of the stylus carriage 225 and 

5 while the stylus is at rest at the beginning of a 
new scanning line, the stylus circuit is held open 
by the energized relay 387. 

It is to be observed that the phasing amplifier 
323 is not operated by facsimile signals, although 

10 these also pass through the tap line 371 to the 
grid 312 of tube 332. The reason why facsimile 
signals have no effect on the phasing amplifier 
is due to the fact that the relay 307 is not ener­
gized during a recording operation, so that the 

15 circuit of screen grid 38"1 of tube 332 remains 
open and the tube stays inoperative. Only at 
the end of each scanning line is the relay 387 
energized to place the phasing amplifier 323 in 
condition to be operated by the next phasing 

20 signal when the stylus carriage 225 is at the be­
ginning of the next scanning line. 

We have, then, a facsimile recorder con­
structed to operate with slow scanning strokes 
and quick return strokes of a reciprocating stylus 

25 and designed to phase at the beginning of each 
line of copy. The slow variations in transmitter 
and recorder speed are thus corrected for each 
line, so that progressive drifts do not show up in 
the facsimile copy. If the receiver attendant 

30 should find during a transmission under syn­
chronous operation that he is getting copy with 
weaving lines, he simply turns the condenser 
knob 317 on control panel 3 l 2 to adjust the 
frequency of oscillator 40 I until the signals are 

35 recorded in a straight line. 
For synchronous phasing, which is used only 

'Nhen atmospheric conditions make start-stop 
phasing unreliable, the attendant turns the 
oscillator switch 316 to position 31 Ga and throws 

40 the toggle switch 3 I 5 on contact 318. The switch 
position 3 I Sa decreases the oscillator frequency 
to lower the speed of motor 250 and the forward 
position of switch 315 keeps the phasing magnet 
280 energized. As a result of this setup, the 

,is clutch wheel 260 is driven continuously and the 
recording stylus 245 operates in phase with the 
transmitter scanning mechanism without any 
stop period at the beginning of each line. Thus, 
by having novel phasing apparatus adapted to be 

110 instantaneously adjusted for synchronous or 
start-stop operation, our receiver is capable of 
recording good copy even under severe conditions 
of operation. 

As will be understood from the appended 
115 claims, certain features of our invention belong 

to the sending end of our system and other 
features pertain to the receiving end, but this 
does not mean that all novel features must be 
embodied in the same system. On the contrary, 

60 in the broader aspects of our invention, some 
features can be used without others to secure 
the practical advantages inherent therein. Re­
garding the transmitter end of our system we do 
not herein claim broadly the idea of scanning 

611 graphite pencil marks on electrically conduct­
ing paper with an electric stylus. 

While we have shown and described certain 
specific apparatus and circuit connections, our 
invention is not to be regarded as restricted to 

70 the details set forth, for the novel features of 
our facsimile machines and system are capable 
of various other embodiments within the scope of 
the claims that follow. the recording stylus 245 is yanked back to start 

position for the next line and waits there for a 
very brief interval for the next phasing signal. 75 

We claim as our invention: 
l. A i"acsimile system comprising a transmitter 
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and a recorder adapted to be operatively con­
nected; said transmitter having a rotary scan­
ning di:um and an electric stylus for scanning a 
message sheet on said drum, a keying tube at 
the transmitter, a commutator operated syn­
chronously with said drum, said commutator 
comprising an insulated metal ring provided with 

34 
marked space, means for grounding said control 
grid when the stylus scans a mark in the intel­
ligence area of the sheet, whereby said keying 
tube passes a high current and sends out fac-

5 simile signals, and apparatus at the recorder 
automatically energized in response to the cessa­
tion of a received phasing signal to place the 
recorder in operative condition for recording· the an insulated metal segment which is grounded, a 

pair of spaced brushes arranged to engage said 
rinwand segment, one of said brushes being con- 10 
nected to the stylus and the other brush being 
connected to the control grid of said keying tube, 
means for sending a phasing signal of definite 
duration through said tube when the first brush 

facsimile signals that pass through said tube. 
4. A facsimile system comprising a transmitter 

and a recorder adapted to be operatively con­
nected, said transmitter having an electric stylus 
to scan an electrically conductive sheet bearing 
marked and unmarked areas of low and high 

is on the insulated ring and the other brush is 
on the grounded segment, circuit connections 
including said control grid and commutator ring 
for causing said tube to pass facsimile signals 
only when the stylus sc::rns a mark on the mes­
sage sheet, and apparatus at the recorder auto­
matically energized in response to the cessation 
of a received phasing signal to place the recorder 
in operative condition for recording the facsimile 
signals. 

2. A facsimile system comprising a transmitter 
and a recorder adapted to be operatively con­
nected, said transmitter having a rotary scan­
ning drum and an electric stylus for scanning 
a sheet on the drum, said sheet having a rec­
tangle thereon which defines the available intel­
ligence area of the sheet, the end portions of 
the supported sheet overlapping to provide an 
unmarked space outside the intelligence area, a 
commutator assembly at the transmitter oper­
able synchronously with said drum, a Keying tube 
at the transmitter having a control grid con­
nected to said stylus through said commutator 
assembly when the stylus passes over said intel­
ligence area, said commutator assembly includ­
ing contact means for automatically grounding 
said grid when the stylus passes over said un­
marked space, the grounding of said grid caus­
ing said tube to send out a phasing signal of 
definite duration, connections whereby said com­
mutator assembly causes said control grid to be 
grounded when the stylus scans a mark on the 
sheet, whereby said keying tube passes a high 
current and sends out facsimile signals, and 
apparatus at the recorder automatically ener­
gized in response to the cessation of a received 
phasing signal to place the recorder in operative 
condition for recording the facsimile signals 
that pass through said tube. 

3. A facsimile system comprising a transmitter 
and a recorder adapted to be operatively con­
nected, said transmitter having a rotary scanning 
drum and an electric stylus for scanning a sheet 
on the drum, said sheet having a rectangle there-
on which defines the available intelligence area 
of the sheet, the end portions of the supported 
sheet overlapping to provide an unmarked space 
outside the intelligence area, a commutator rotat­
able synchronously with said drum and having 
an insulated grounded segment, a pair of spaced 
brushes mounted to engage said commutator, a 
keying tube at the transmitter having a control 
grid connected to one of said brushes, whereby 
said grid is grounded each revolution of the 
drum when said one brush engages said grounded 
segment, the other brush being connected to the 
stylus, circuit connections whereby said tube 
passes current and sends out a phasing signal of 
definite duration when the grid is grounded, the 
angular relationship between the stylus and the 
brushes being such that said phasing signal is 
sent out when the stylus passes over said un-

15 resistance respectively, an amplifying network 
at the transmitter provided with a keying tube 
whose grid is normally so biased as to cut off the 
tube, phasing means at the transmitter adapted 
to ground said grid periodically for a definite 

20 interval, whereby a high current passes through 
said tube to send out a phasing signal of certain 
duration, circuit connections responsive to the 
scanning of a mark for grounding said grid and 
thereby causing a signal current to flow through 

25 said tube, an amplifier at the recorder having an 
input tube and a control grid which receives the 
phasing pulses as well as the scanning signals 
passed by said transmitter keying tube, and 
apparatus at the recorder automatically ener-

30 gized in response to the cessation of a received 
phasing pulse to place the recorder in operative 
condition for recording the scanning signals that 
pass through the output circuit of said amplifier. 

5. A facsimile system comprising a transmitter 
35 and a recorder adapted to be operatively con­

nected, said transmitter having electric scan­
ning mechanism in which a stylus operates on 
electrically conductive paper having marked and 
unmarlrnd areas which offer, respectively, low 

40 and high resistances from stylus to ground, an 
amplifying network including a keying tube, 
means for connecting the stylus to the control 
grid of said tube during a scanning operation, 
a source of voltage supply for said tube, the plate 
circuit of said tube constituting the amplified 

45 signal output of the network, means for impress­
ing a negative bias on the control grid of such 
value that the tube will not pass a signal current 
when the stylus is on an unmarked area of high 
resistance, said grid biasing means including a 

50 resistor which causes the control grid to be prac­
tically grounded when the stylus scans a mark, 
contact means for periodically grounding said 
grid for a definite interval independently of the 
stylus, circuit connections whereby the grounding 

55 of the grid by said contact means causes the tube 
to pass a phasing signal of certain duration to 
said output and the grounding of the grid by a 
scanned mark causes the tube to pass a scanning 
signal, a condenser at the recorder so connected 

60 in the system as to be charged by said phasing 
and scanning signals, a phasing circuit at the 
recorder energized in response to the charging 
of said condenser by a phasing signal, and a 
recording circuit energized in response to the 

65 charging of said condenser by a scanning signal. 
6 .. A facsimile system comprising a transmitter 

and a recorder adapted to be operatively con­
nected, said transmitter having scanning mech­
anism which includes a rotary drum for sup-

70 porting copy to be scanned, means in the trans­
mitter for generating a phasing pulse of definite 
duration at each revolution of the drum, an am­
plifier in said recorder having an input circuit 
which contains a condenser adapted to be charged 

75 by phasing pulses, means whereby said condenser 
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is fully charged in less time than the duration of 
a phasing pulse and is discharged for the period 
of at least one revolution of said drum, and 
means whereby said slow discharging time of 
the condenser prevents the passage of noise 
signals through said amplifier. 

7. A facsimile system comprising a facsimile 
transmitter provided with scanning mechanism 
which includes a rotary drum for supporting 
copy to be scanned, means for generating a 
phasing pulse at each revolution of ss,id drum, 
in combination with a facsimile recorder having 
a vacuum tube amplifier for receiving the scan­
ning signals and said phasing pulses, and cir­
cuit connections whereby each phasing pulse and 
scanning signal received by said amplifier im­
poses a negative bias on the control grid of the 
input tube of said amplifier in accordance with 
the received wave level, said connections in­
cluding a condenser-resistor circuit with a time 
constant sufficient to maintain the negative 
grid bias due to a phasing pulse for one revolu­
tion of said drum, said negative bias holding the 
amplification of the input tube down to a point 
where no background of noise signals will pass 
even when no mark on said copy is scanned for a 
whole turn of the drum. 

8. A facsimile system comprising a trans­
mitter provided with scanning mechanism which 
includes a rotary drum for supporting copy to 
be scanned, means for generating a phasing 
pulse of definite duration at each revolution of 
said drum, a recorder having a vacuum tube 
amplifier with an input tube for receiving the 
scanning signals and said phasing pulses, con­
nections whereby each phasing and scanning 
signal received by said amplifier imposes a neg­
ative bias on the control grid of said input tube 
in accordance with the received wave level, said 
connections including a condenser-resistor cir­
cuit of such values that the charging time of the 
condenser is less than the duration of a phasing 
pulse and the discharging time covers substan­
tially one revolution of the transmitter scanning 
drum, a recording circuit connected to the out­
put tube of said amplifier, a phasing circuit 
connected to said amplifie1· at a point between 
the input and output tubes, and automatic means 
whereby the phasing pulses are prevented from 
affecting the recording circuit and the scanning 
signals are kept out of the phasing circuit. 

9. A facsimile system comprising a transmit­
ter and a recorder adapted to be operatively 
connected, an electric stylus in said transmitter 
for scanning a message sheet mounted on a 
rotary drum, a synchronous motor for operating 
said drum from a local power supply, means 
for sending out a phasing pulse of certain dura­
tion at each turn of the drum, an electric stylus 
in said recorder mounted for reciprocating move­
ment across a recording blank, a synchronous 
motor energized from a local source of power 
for operating said recording stylus, an adjustable 
oscillator at the receiver for regulating the speed 
of said recording motor so that the recording 
stylus reaches the end of a line before the trans­
mitter drum completes its revolution for that 
line of recording, and apparatus in said recorder 
controlled by a received phasing pulse for caus­
ing the recording stylus to start each scanning 
line at the same moment as the transmitting 
stylus, so that slight variations in the relative 
speeds of said motors during the scanning of a 
line are compensated for at the start of each 
line, said apparatus including a relay energized 

36 
during a phasing pulse to hold the circuit of the 
recording stylus open while said stylus is at 
rest at the beginning of a new recording line. 

10. A facsimile system having a transmitter 
f5 and a recorder adapted to be operatively con­

nected, a rotary scanning drum at the trans­
mitter, means operable synchronously with said 
drum for sending out a phasing pulse at each 
revolution of the drum, a stylus at the recorder 

10 mounted for reciprocating movement across a 
blank, apparatus at the recorder controlled by 
said phasing pulse for causing start-stop op­
eration of the recording stylus, said apparatus 
including a device for determining the linear 

15 recording speed of said stylus, and means for 
adjusting said device to operate the recording 
stylus in synchronism with the scanning drum 
independently of said phasing pulses. 

11. In a facsimile system having a transmitter 
20 and a recorder adapted to be operatively con­

nected, means in the transmitter for sending out 
a phasing pulse of definite duration prior to 
the message scanning of each line for causing 
start-stop operation of the recorder, line scan-

.25 ning mechanism in the recorder, a motor for 
driving said scanning mechanism, means for 
stopping said scanning mechanism at the end 
01' the message scanning of each line, a pl1asing 
amplifier in the recorder having an input tube 

30 and an output tube, means including said motor 
for periodically placing said input tube in op­
erative condition at the end of the message 
scanning of each line and prior to the arrival 
of a phasing pulse, means to apply the phasing 

:i., pulse to the input tube to effect energization 
thereof when said input tube is in operative con­
dition, means for energizing said output tube 
in response to and at the instant of the cessa­
tion of each of said pulses, and start mecha-

4U nism for said scanning mechanism energized by 
the operation of said output tube. 

12. In a facsimile system having a transmitter 
and a recorder adapted to be operatively con­
nected, a scanning drum at the transmitter ro­
tatable at synchronous speed, means for send-45 ing out a phasing pulse of definite duration at 
each rotation of the drum, a stylus in the re­
corder mounted to reciprocate across a blank 
for line-by-line recording, start-stop phasing 
apparatus at the recorder controlled by said 60 timed phasing pulses after each line of recording 
to start said stylus for the next line in synchro­
nism with said scanning drum, ancl manually 
operable switch means at the recorder for dis-

55 connecting said phasing apparatus to operate the 
recording stylus synchronously with the trans­
mitter drum independently of said phasing 
pulses. 

13. In a facsimile system having a transmitter 
60 and a recorder adapted to be operatively con­

nected, a synchronously driven commutator at 
the transmitter, said commutator having a phas­
ing segment of prescribed length, contact means 
for said commutator, circuit connections includ-

65 ing said contact means for generating a phasing 
pulse for each revolution of the commutator, the 
duration of said pulse being determined by the 
length of said phasing segment, a stylus at the 
recorder mounted to reciprocate across a blan!;: 

70 for line-by-line recording, driving means for said 
stylus, start-stop phasing apparatus at the re­
corder controlled by said phasing pulses, ancl 
means whereby said apparatus starts the stylus 
for each recording line when said contact means 

76 leaves the phasing segment. 
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14. !n a facsimile system having a transmitter 
and a recorder adapted to be operatively con­
nected, scanning mechanism for said transmitter 
including a synchronously driven drum, an elec-
tric stylus in said recorder mounted for recip- 5 
rocating movement across a sheet for line-by-line 
recording of the received signals, a synchronous 
motor at the recorder for operating the recording 
stylus at a linear speed slightly greater than the 10 
scanning speed of said drum, means at the re­
corder operable automatically at the end of a 
recorded line for returning the stylus to start 
position for the next line, start-stop phasing 
mechanism at the recorder, phasing means at 15 
the transmitter so timed as to start sending out 
a pulse of definite duration when the recording 
stylus is in start position for the next line, and 
means whereby said mechanism starts the for-

38 
ward movement of the stylus upon cessation of 
the phasing pulse. 
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