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3 Claims. 

The present invention relates to electrocardio 
graphs primarily although certain aspects of the 
invention may be applied to other devices where 
similar problems are encountered. 

Essentially an electrocardiograph is a heart 
diagnostic instrument through which a tape is 
pulled continuously when the device is in opera 
tion and upon which tape a curve is drawn to 
indicate substantially the electric potential 
changes between different parts of the body due 
to the heart action. 

Essential elements of Such a device, therefore, 
are the tape storing, handling and pulling rech 
anism, the tape marking device, a high gain ann 
plifying system for actuating the marking device, 
a plurality of electrodes for attachment to the 
patient, together with their attendant cables, and 
a Switching arrangement for connecting these 
cables in different combinations to the armplifier. 
Most of these components are assembled within 
a chassis and a case is provided to house the 
equipment. 
One of the objects of the present invention is 

to provide Such an instrument with an improved 
tape handling mechanism which is particularly 
advantageous when used With a paper base tape 
of the type now commonly employed. 
An additional object is to provide an arrange 

Enent which automatically places upon the tape 
When the instrutinent is in operation an indicia, 
Which is permanent and which tells the operator 
whether or not the tape was being pulled at a 
uniforn) and proper speed, and which of certain 
Combinations of electrodes were used for obtain 
iing the curve on the tape. 
Yet another object is to combine with the 

mechanism last mentioned above a novel addi 
tional marking Schene for placing upon the tape 
indicia to indicate unusual combinations of elec 
trodes beyond the capacity of the automatic 
mechanism to indicate. 

In amplification of the above it is more specifi 
cally an object of the present invention to provide 
mechanism for marking the tape with a second 
line, that is in addition to the line indicating 
the heart potential, this second line indicating 
Which combinations of electrodes were used in 
obtaining the heart action curve and also for 
indicating by means of pips in the second line 
at regularly Spaced intervals whether or not the 
tape handling and pulling mechanism is or was 
functioning properly. 

Still another object is to provide a novel and 
convenient tape handling and pulling mechanism 
Which is easy to thread. 
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And another object is to provide a novel air 
rangement in conjunction with the tape handling 
mechanism which keeps the tension of the tape 
passing through the machine substantially uni 
form regardless of changes in the characteristics 
of the tape due to changes in humidity or age or 
spool diameter. 
Other objects and advantages will become ap 

parent from the following description of a prer 
ferred embodiment of our invention which is 
illustrated in the accompanying drawings, in 
Which: 

Fig. is a side view of an electrocardiograph 
embodying the present invention, the mechanism 
being removed from the case so as to show its 
essential structure. In this view portions of the 
apparatus, Such as the amplifier, for instance, 
have been eliminated since their construction is 
not essential to ain understanding of the present 
invention; Fig. 2 is a plan view of a portion of the tape 
used by and marked in the machine shown in 
Fig. 1; 

Fig. 3 is a top view of the electrocardiograph 
illustrated in Fig. 1: 

Fig. 4 is a vertical transverse sectional view 
Which may be considered as taken substantially 
along the line 4-3 of Fig. 1 in the direction indi 
cated by the arrows; 

Fig. 5 is a longitudinal vertical sectional view 
which may be considered as taken substantially 
along the line 5-5 of Fig. 3 in the direction indi 
cated by the arrows; 

Fig. 6 is a top fragmentary view drawn to 
las'ger Scale of a portion of the mechanism illus 
trated in Fig. 3 so as to show its construction 
and operation in greater detaii; 

Fig. 7 is a vertical fractional sectional view of 
a portion of the mechanism drawn to large 
Scale So as to illustrate a portion of the linkage 
mechanism for marking certain indicia, upon the 
tape passing through the device; and 

Fig. 8 is a detail vertical longitudinal sectional 
View which may be considered as taken substan 
tially along the line 8-8 of Fig. 1 in the direction 
indicated by the arrows. 
The electrocardiograph which forms the sub 

ject of the present invention has its working 
mechanism largely enclosed within and sup 
ported by rectangular generally open framework. 
It comprises a flanged botton plate supported 
upon rubber bumpers or feet 2. This bottom 
plate is connected to upstanding sheet metal side 
nerinbers 4 with portions cut out therefrom to 
reduce Weight and to provide openings as needed. 
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At the top the frame is braced by longitudinal 
and transverse struts 6 and carries a top plate 
8. Since the frame per se is not the subject 

of the present invention and any suitable fragile 
will do, the specific frame here shown need not 
be further described. 
Within this frame and at One end thereof the 

left end as seen in Figs. 1 and 3 there is a Sega 
rate Subframe upon which the galvanometer and 
tape pulling and handling mechanism is mount 
ed. This subframe is made up of a rigid cast . 
base 20 Somewhat less than half the width of 
the bottom plate G which is fastened by screws 
thereto. The casting 20 carries at one side an 
upstanding plate 22 about half as long as the 
chassis at about the middle thereof. This plate 
is arranged near one end of the frame and ex 
tends from top to bottom. It, together with a 
Similar but longitudinally shorter outside plate 
24, bolted to the other side of the subframe 28, 
acts to Support the tape handling mechanism, 
aS an integrated rigid structure. 
A horizontally and transversely disposed tape 

Supporting tube 2 is mounted upon the vertical 
plate 22 low down and toward the left, as seen 
in Figure 1. It has an external diameter slightly 
Smaller than the internal diameter of the spool 
27 upon which a roll 28 of recording tape 2s is 
Wound So that the spool of tape may be easily 
slipped over the tube 28. Once in position it is 
retained by a Spring loaded detent 30 which pro 
jects from the end of the tube 25 and SlapS lig 
Wardly across the end of the tape spool. 2. 
From the top of the roll, the paper tape 29 

passes rearwardly over a horizontal, transversely 
disposed pin 32. This pin projects from and is 
fixed to the plate 22. The pin per se is best ob 
Served in Fig. 4 where it will be seen that its 
outward end has a head 34 of a diameter some 
What larger than its stem, while its inner end 
similarly is provided with a collar or enlarge 
ment 36 of approximately the same diameter as 
the head 34. The stem portion of the pin 32 
between the collar 3S and the head 34 is sightly 
longer than the width of the paper tape 29 which paSSes thereover. 
The tape is confined against the pin 32 be 

tween the head and collar by a keeper or ten 
Sioner 38. This tensioner is made up of a flat 
plate 40 with portions of its side edges bent over 
at approximately right angles to form flanges 42 
to give it greater stiffness. It rests against the 
upper Surfaces of the head 34 and coliar 3G near 
its right hand end and has this extremity bent 
downwardly to form a tab 34 which lies just 
beyond the pin 32. The paper tape is therefore 
caused to pass over the pin 32 and thence down 
Wardly around the end of the tab 43, and thence 
sharply upWardly in a manner to be pointed out. 
presently in greater detail. 
The left hand end of the keeper 8 or more 

properly these ends of its side flanges 42 are 
pivoted to a horizontal cross pin 46 which has 
its ends fixed in the vertical plate 22, and an L 
shaped subframe member 48 which is supported 
in a manner to be discussed presently. The ten 
Sioner 40 is therefore free to pivot upwardly and 
down Wardly about the pin 4S. At its left hand 
end beyond the cross pin 46 the end portion of 
the plate 40 is bent downwardly at about right 
angles and thence to the right to form a trans 
verse Spring seat or abutment 58. A pair of side 
by side coil springs 52 have their left ends fixed 
to a transverse rod 54 also secured to the vertical 
plate 22. These springs pass downwardly around 
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4. 
the abutment 50 and thence upwardly where 
their opposite ends 55 are hooked through open 
ings in the plate 40 well beyond the cross pin 46. 
Since these springs are under tension they will 
resiliently hold the free end 44 of the paper ten 
sioner 30 against the pin 32. A transverse pin 
5 projects from the rod 54 and Serves as a han 
dle to rotate the rod 54 to adjust the tension of 
the springs 52 and hence the paper speed which 
should be constant with very narrow limits. 
An L-shaped sheet metal bracket 58 has one 

end bent over and Secured to the lower Surface 
of the plate 40 as by rivets 6C. This bracket ex 
tends downwardly in a plane parallel to the back 
ing plate 22 from the tensioner 38 and thence 
curves toward the right as seen in Fig. 5 into a 
position somewhat beyond the pin 32, and is 
provided at its end with a transverse headed pin 
62. This headed pin 62 fits a longitudinal slot 
6 in a downwairdly extending sheet ninetal arm 
66 which is provided for pulling upwardly on the 
pin 62 So as to lift the end of the arm 58 and 
thence to raise the tab 44 of the tensioner 38 
into a position well above the cross pin 32. The 
purpose being to facilitate threading of the tape 
23 through the tape pulling mechanism as will appear Subsequently. 
The L-shaped side Support bracket 48, previ 

ously referred to, is in the same plane as the side 
plate 24 and may be considered as an extension 
of this plate with a curved slot 49 formed there 
between. It is disposed with one arm of the L 
in a generally horizontal position, this portion 
of the arin being fixed by screws 70 to a pair of 
parallel transverse rods 54 and 68 which are se 
cured at their opposite ends to the Vertical plate 
22. The right hand portion of the bracket 48, 
indicated by the numeral 2, inclines upwardly 
toward the right and has its upper end secured 
by a pair of ScreWS T4 to the outward end of a 
horizontal transversely extending rectangular 
bar S (Figs. 5 and 3) anchored at its inner end 
to the plate 22. This transverse bar 6 also car 
ries a dull knife edge 8 secured thereto in face 
to face relation with the thin edge uppermost. 
The tape 29 is passed over this edge and thence 

downwardly around a driving roll 89 which will 
be described more specifically subsequently. At 
present it is Sufficient to note that it is journalled 
to rotate about a horizontal transverse axis which 
extends between the vertical plate 22 and the 
bracket 48, and that the rotating axle for the 
roll 80 passes through the plate 22 where it is 
connected to the output shaft of an electric motor 
and speed reducing gear box unit 82 mounted 
upon the back of the plate 22. This motor is of 
the synchronous type and drives the roll 80 at 
a constant speed of 30 revolutions per minute. 
The tape is pressed against the driving roll 80 

by an idling roll 34 which is comprised of a layer 
of soft rubber formed about an axle 86 jour 
nailed at its ends in a pair of overhanging arms 
88. These arms which are parallel are formed 
of sheet metal and are Spaced apart a distance 

5 somewhat greater than the width of the paper 
tape 29. They extend from the idling roll 84 in 
a generally left hand direction for a short dis 
tance and thence upwardly and toward the right 
to a position. Somewhat above the knife edge 8 
and thence to the right and downwardly such 
that their opposite ends are pivoted to a cross pin 
99 which extends between the plates 22 and 24. 
The two generally J-shaped arms 88 are cross 
braced at intervals to maintain spacing and ap 
proximate alignment by means of transverse rods 
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92, 94 and 96. One of these rods. 94, which is 
Spaced. Somewhat to the left of the top of the 
knife edge 8, is formed of an electrical insulat 
ing material, since it is also used to manipulate 
a pair of electrically heated styluses and might 
short circuit the stylus leads were it formed of 
metal. The construction and arrangement of 
these styluses will be pointed out presently. 
The pivotal connection between the arms 88 

and the rod SS are formed by a pair of slots 93 
in the right hand ends of the arms 83 which 
Straddle the rod 9t. The slots have a width to 
fit the rod 93 and a length such that the airns 
83 and roller & can move backwardly and for 
Wardly as well as pivotally relatively to the rod 
90. These slots incline upwardly and to the left; 
So that as the right hand ends of the aris S3 
slide toward the right, they also move down 
Wardly with respect to the rod 9. 
At a point Sonewhat below and to the left, of 

the rod 93, the arms 88 are connected to the ends 
of a pair of coil Springs it which extend down 
Wardly to the right and have their opposite ends 
attached to screws 2 fixed in the plates 23 and 
24. The angle of action of these springs is such 
as to tend to cause the free ends of the arms 88, 
that is the ends attached to the idling roll 34, to 
be swung downwardly and to slide toward the 
right under the influence of these springs. The 
extreme lower free ends of the arms 33 beloy the 
roll 84 are bent sharply outwardly to form tabs 
04 which rest against the sides of a pair of short 

transverse pins or abutments (S. fixed to the 
plates 22 and 48. The action of these tabs against 
the pin 06: limits the downward hovement, of 
the idling roll 84 such that further action of the 
Springs 99 causes a sliding movement of the 
arms toward the right, thus squeezing the idling 
roll 64 against the face of the paper tape opposite 
the driving roll 80. 

After the tape has passed between the rolls 89 
and 84, it crosses a small table 8 supported by 
the bars 54 and 68 previously referred to which 
directs the tape to the outside of the machine at 
fe. The tape is preevnted from bunching up 

On the table 88 by an overlying transparent 
plastic guard 2 which is hinged at its outward 
end to pins 4 carried in Small brackets 6 fixed 
to the top of the table 08. Because of this hinge 
connection the inner end of the guard may be 
tilted upwardly to facilitate threading the tape 
thereunder after which it may be pushed down 
into the position shown in Figs. 5 and 2, for in 
stance. As shown in Fig. 3 the central portion 
of the guard f2 in the region of its outwardens 
Inay be cut away as indicated at 8 to permit, 
free insertion of the operator's finger to facilitate 
alignment of the end of the tape across the 
table and beneath the guard 2. 

This tape handling mechanism insures the 
tape moving. Smoothly at proper speed and since 
the tensioning apparatus works against an in 
termediate portion of the tape, the tension is 
not affected by the size of the roll and thus gives 
more accurate control than is customary. 
To the right and slightly below the insulated 

Spacer 94 a shaft, 2 extends transversely be 
tWeen the vertical plates 22 and 24. It is jour 
naled in these plates and is provided with a knob. 
22 at its outward end beyond the plate 24 by 
means of which the shaft 2 may be manually 
rotated. This shaft at about its midpoint carries 
a cam 24 best seen in Fig. 5 which is secured 
thereto by means of set screws 26. i he can is 
in the free position as shown in Fig. 5 with the 
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6. 
Camming "Surface. 28 out of contact with the 
Spacer 94. This camming surface is generally 
Spiral in form so that as the shaft 20 is rotated 
in a clockwise, direction, the camming surface 28 
is brought against the spacer 94 and with con 
tinued rotation forces the spacer 94 upwardly 
and to the left. The extreme end of this cann 
ming surface is formed to provide a stop 3 
Which is brought against the under surface of 
the Spacer 94 and limits the rotational travel of 
the can f24. 
The angle made with the horizontal by a line 

through the Spacer 94 and the rotatable shaft 
f2 is less than that made by the spring 20, with 
the result that when the knob i. 22 is rotated in a 
clockwise direction and the cam surface 28 is 
brought against the spacer 94, further rotation 
at first causes the arms 88 and roller 34 to be 
shifted toward the left without the roller being 
appreciably lifted. This movement is accom 
modated by the slot 98 which embraces the pin 
90. After a predetermined degree of travel of 
the arms 38 to the left the lower ends of the slots 
98 impinge against the pin 90 and further travel 
of the arms 88 to the left is inhibited. Upon ad 
ditional rotation of the knob 22 the cam 24 
lifts the spacer 94 arcuately, the center of ro 
tation being at the pin 90. When the stop 30. 
is brought against the spacer 94 the arms 88 
have been lifted into the phantom line position 
shown in Fig. 5. Since the portion of the cam 
ming surface 28 immediately adjacent the stop 
E30 is flat or slightly reentrant with respect to 
the shaft 2, the cam is locked with the arms 
88 in the uppermost position. That is, once the 
arms have been raised and the stop 30 has been 
brought against the spacer 94, the spring O) will 
not return the arms 88 to their lowermost posi 
tion. This over-center action of the can enables 
the knob. 22 to be released after the arms are 
raised so that both hands can be used for thread 
ing the tape through the machine. 

it will be seen that the idling roller 84 presses 
the tape 29 against the driving roll 8 Well below 
its center line, thereby insuring good frictional 
driving engagement and that the linkage just 
described automatically insures that simple ro 
tation of the knob. 22 in a clockwise direction 
will shift, the idling roll 84, approximately hori 
Zontally to the left Well clear of the roll 8 before 
lifting it, thereby preventing binding and scuffing 
of the tape. 
The rock Shaft 20 also carries an arm 32 

which inclines downwardly and to the left and 
at its lower end is connected by a pin 34 to the 
upper end of the link 66 previously referred to. 

Thus, it will be seen that when the knob. 22 
is rotated in a clockwise direction. So as to cause 
the can 24 to lift the roller 84, this rotational 
movement of the Shaft 29 also causes the arm 
32 to lift the link 66. After this link has been 

lifted a short distance the lower end of the slot 
64 is brought against the headed pin 62 so that 
continued rotation of the shaft 2 causes the 
link 66 to lift the right, in and end of the arm 58, 
thereby lifting the tensioner 38 away from the 
Cross pin 32. In its uppei'nost position the con 
nection between the arm 32 and link 66 
passes the centerline of the shaft 26 so that the 
action of the springs 52 do not tend to reverse 
the rotation of the knob i. 22 when it is released. 
To permit this the upper end of the link 66 is 
offset Somewhat to the right so as to avoid its 
inpinging against the shaft 29. 
As best seen in Fig. 3, the right hand end of the 
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base casting 20 supports a galvanometer 38 
which is energized by the amplifier circuit of the 
device. The responsive element of this galva 
nometer is connected to a rotatable shaft 38 
which projects vertically at the top of the galva 
nometer and is there connected to a stylus, indi 
cated generally by the numeral 40. 
This stylus consists of two arms 42 formed of 

spring wire which in general form a sharply acute 
triangle with the base ends connected to a trans 
versely extending insulating strip 44. The cen 
ter of this strip carries a pin 46 which projects 
to the right, and through a transverse hole in 
the end of the shaft 38 and is there Secured by 
a set, screw in the end of the shaft. At the left 
hand end of the stylus the two arms 42, one of 
which is a half inch or so longer than the other, 
are connected to the two ends of a short strip 
48 of electrically heated resistance ribbon which 

is horizontally disposed and rests against the top 
Sulliface of the knife edge 78. The two arms or 
wires 2, which are insulated from each other 
therefore serve both to support the heating ele 
ment 8 and act as the electrical leads for con 
ducting current, through this ribbon. Although 
it is not shown in the drawings, the right hand 
ends of the wires 40 are soldered to flexible pig 
tail leads Winich are connected to any suitable 
source of electric power at comparatively low voltage. 
These Wires or arms f42 lie directly above the 

insulating Spacer 94 which conects the idler roll 
arms 88. Thus, when the knob f22 is rotated and 
lifts the arms 88 and spacer 94, this spacer will 
be brought against the lower Surfaces of the wires 
42 at a point just behind the resistance ribbon 
48. The result is that the ribbon 48 is lifted 

from the vicinity of the knife edge 8 at the same 
time that the roller 84 is moved well away from 
the driving roll 8 and simultaneously with the 
raising of the tensioner 38 from the cross pin 32. 
To load the instrument with tape therefore the 

rol of tape is inserted with its spool opening over 
the top of the detent 38 and With the inside end 
of the roll inclined downwardly. Then as the 
outer end of the roll is noved downwardly to a 
horizontal position it depresses the detent 30 and 
sips easily over the tube 26 with the detent 30 
held down by the inner Surface of the Spool. 27. 
The roll is pushed straight inwardly until the 
detent 39 Snaps upwardly beyond the end of the 
spool. 2. The Spool should be inserted So that 
the tape pays off of the roll from the top in a di 
rection toward the right with the sensitive surface 
of the tape down. 
With the knob. 2 rotated as far as it will go in 

a clockwise direction thereby clearing the tape 
path through the mechanism, the tape is passed 
to the right over the pin 32, up through the slot 
49, over the upper surface of the knife edge 78, 
and thence downwardly between the driving roll 
80 and the idling roll 84. The end is then passed 
across the table 8 beneath the guard ff2 and 
out of the machine at 0. To facilitate the lat 
ter part of this operation, the guard 2 should 
be tilted upwardly as previously explained, and 
the operator's finger should be passed into the 
tape opening at the left hand edge of the machine 
into the clearance space provided in the guard 

2 at 8. The knob i. 22 is then rotated in a 
counterclockwise direction. So as to lower the ten 
sioner 38 into position against the pin 32 while 
simultaneously lowering the ribbon f 8 of the 
stylus 40 against the portion of the tape pass 
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ing over the knife edge 78. At the same time 

8 
the idling roll 84 clamps the tape against the 
driving roll 80. This completes the threading operation. 
When the machine is placed in operation the 

driving roll 80 revolves in a counterclockwise di 
rection thereby pulling the tape from the roll 29 
and passing it to the left and across the table 08 
and out of the machine. Since the tape 29 is 
brought over the top of the pin 32 and thence 
sharply downwardly around the end 44 of the 
tensioner 38, considerable friction is placed upon 
the tape at this point. However, as the tensioner 
38 is raised, the friction introduced at this point 
will be less because the tape 29 then will be 
brought over a smaller portion of the circumfer 
ence of the pin 32 and will make a less sharp 
angle between the pin 32 and the lower end 44 of 
the tensioner. Therefore, by proper adjustment 
of the tension introduced into the system by the 
Springs 52, any tendency of the tape to resist 
movement through the machine to too great an 
extent will be accompanied by a slight lifting of 
the lower end 44 of the tensioner 38. This lifting 
Will continue until the amount of tension intro 
duced by the springs 52 is exactly balanced by the 
amount of drag on the lower end 44 of the ten 
Sioner by the tape passing therearound. The 
resistance of movement of the tape through the 
nachine or in other words, the tension effect 
which draws it snugly over the top of the knife 
edge 18 will therefore remain substantially con 
stant even though the spool. 28 changes in diam 
eter as the tape is consumed. Further, radical 
changes in humidity which sometimes affect the 
characteristics of the tape will have very little 
effect upon the tension of the tape at the knife edge 8. 
The tape which the Specific machine here de 

Scribed is designed for and therefore the type 
Which it is preferred to use is one made of paper 
having a White surface upon which black mark 
ings are made when heat is applied thereto. 
This tape forms no part of the present invention 
but is available and usually comprises a paper 
ba-Se Which is colored black and upon which an 
extremely thin heat sensitive white surface is 
coated. The application of heat breaks down 
the surface coating and eXposes the black back 
ground. Inasmuch as the tape is drawn upon 
by the ribbon of the stylus, which slides back and 
forth along the area, where the tape passes over 
the knife edge 8, it will be seen that the arcuate 
motion of the tip end of the stylus will be con 
verted into a straight line marking transversely 
of the tape. Although photographic tape or tape 
which is drawn upon by a pen could be used in a 
machine of this type, the use of a heat sensitive 
tape together with the heated stylus has the ad 
vantage of providing immediate markings, thus 
differing from the photographic tape which has 
to be developed. Also it is less messy and more 
quickly available for use than a pen and ink ar rangement. 
The rearward-edge of the vertical plate 22 car 

ries a blacket 59 which extends to the right and 
is offset somewhat toward the tape 29 and at itS 
right hand end has a boss 52 which is drilled 
vertically to journal a shaft 54. This vertical 
shaft may be rotated from side to side and at its 
upper end carries a second stylus 56 which is 
exactly similar to the stylus 40. The ribbon 
f 48 of this stylus also rests upon the portion of 
the tape passing over the knife edge 48, but well 
toward one side thereof so that the markings 
made by this stylus are in the margin portion of 
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the tape beyond the central Zone marked by the 
stylus 40. The ribbon . 48 of this second stylus 
may be energized in parallel with the circuit 
Which energizes the stylus 4). 
This second stylus, as will be pointed out in 

greater detail presently, is for the purpose of in 
dicating to the operator that the tape is not sip 
ping and also which of several sets of leads are 
connected to the patient. In the furtherance of 
this marking, the marginal portion of the tape 
carries numbers from 1 to 4 which define Zones 
spaced successively inwardly from the edge of the 
tape. This is best seen in Figure 2. An e3ain 
ination of this figure Wiil show a continuous lilae 
drawn through the numerals 1 thereby iindicat 
ing that the main trace on the tape is obtailed 
from the number 1. connection of the electrodes. 
Fhe mechanism to be described is so arranged as 
to shift this line 60 automatically so that it 
passes through the appropriate set of runerals 
depending upon the electrode connections. Since 
there are four sets of nuYnerals, positicning of 
this line automatically takes care of four dif 
ferent sets of electrode connections. Occasio;n- 
ally still other arrangerients are used in making 
an electrocardiograin and a scheme of coding 
these additional-connections is provided and will 
be described. In the interest of unifornity, this 
additional coding is done. normally only when the 
line is in number 4 position. 
An examination of the line 66 in Fig. 2 also 

shows evenly spaced pips 2. These pips aire 
formed in a manner to be described by linkage 
to the driven roller 88, the roller inaking two pips 
for each revolution. Since this roller revolves at 
a rate of 30 R. P. M., it will be seen that the pips 
are made at the rate of one each second. There 
fore, if the pips f2 are evenly spaced on the tape, 
it indicates that the tape has advanced an equal 
distance for each second of operation and fur 
ther, the heart rate may easily be determined 
from the tape if desired. 
The vertical shaft 54 and also the similar 

shaft 38 projecting from the top of the gaiva 
nometer 36 have been described as being coin 
nected directly to the stylus. This is a satis 
factory arrangement but it requires that the 
pressure of the stylus ribbon on the tape be ad 
justed by springing the wires 56. In the interest 
of convenience in adjustment, the stylus is con 
nected in each instance to the shaft in the foll 
lowing manner. By reference to Figure 5 it will 
be seen that the upper end of the shaft, Sé 
above the boss 52 is divided with the two adja 
cent ends of the shaft Connected to the two aris 
of a U-shaped spring metal member 6. This 
spring metal U-shaped piece is oriented with the 
U-bend toward the writing end of the stylus 
while the two free ends project some distance 
beyond the shaft 54 in the opposite direction. 
The two shaft members 54 ray be connected to 
the spring metal member 64 in any suitable 
manner, such as by swaging. 
The lower arm of the spring metal member ad 

jacent its free end is tapped to receive an ad 
justing screw f66 which extends through an 
opening in the upper leg of the U-shaped men 
ber Such that, as the screw 66 is rotated from 
above with a screwdriver so that the thread ad 
vances into the tapped opening in the lower leg, 
the head of the screw compresses the U-shaped 
spring metal member thereby tilting the upper 
shaft portion 54 relative to the lower shaft por 
tion. The effect is to raise or decrease the pres 
sure on the writing end of the stylus. Similarly, 
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10 
backing off the screw lowers the writing end of 
the Stylus and increases its pressure upon the 
tape. 

he lower end of the shaft 4 below the 
bracket 5 is connected to a lever 68 which ex 
tends at approximately right angles to the stylus 
in a direction toward and slightly beyond the 
Vertical partition 22 and at its opposite end is 
connected by a vertical pin '8 to a link 2, 
Which extends toward the left behind the parti 
tion 23 where it is pivoted by a horizontal pin 
A to a vertical plate 16 at a point near its 
upper edge. 'ihis plate E6 is in turn pivoted by 
a horizontal pin 8 to a vertical lever 89 at a 
point below and to the left of the pin 8 as seen 
in Fig. 5. This and some of the last above de 
scribed connections are better shown in Fig. 7 
in which the left to right orientation is reverse 
since Fig. shows the back of the plate 22. Re 
ferring further to Fig. 7, the lever 89 extends 
approximately Wertically and has its lower end 
pivoted by a horizontal pin 82 to the partition 
22 some distance below the plate 6. The ex 
treme right hand end of the plate as seen 
in Fig. 7 is tapered so as to form a thin exten 
Sion or strip 84 at its top edge. This extension 
is bent at right angles to form a tab 86 which 
extends through an opening 88 in the partition 
22 above the motor shaft where its lower edge 
rides upon a, cam 93 fixed to rotate with the driv 
ing roll 8. This cam is circular excepting that 
it has two oppositely disposed notches i32 which 
allow the tab 36 to drop nonentarily each half 
revolution of the driving roll 8. Close following 
of the can 9 by the tab 8 is insured by a coil 
tension spring 94, one end of which is hooked 
through a hole 96 in the lower left edge (Fig. 7) 
of the plate E6 while the other end is looped 
around the lower end of the vertical pin 70 
which connects the ever 58 to the link f. 
Now if it is assumed that the upper end of the 

lever 89 is held stationary, thereby fixing the 
pivot point, 78, the periodic dipping of the tab 
86 will pull upon the link i2. Since the link 
2 is periodically jerked slightly to the right, as 

seen in Fig. 7, this in turn pulls the end of the 
lever 68 and rocks the shaft $4 in a counter 
clockwise direction as Seen from above. the ulti 
mate result is to cause the stylus ribbon 88 to 
be jerked slightly toward the center of the tape 
nonentarily, thereby producing the in Wardly di 
rected pips 62 previously referred to and illus 
trated in Fig. 2. : . The upper end of the lever 80 is pivoted by a 
transverse horizontal pin 98 to a link 209 which 
extends generally horizontally to the right with 
a quarter twist therein, as seen in Figs. 5, 1 and 3. 
The quarter twist in this link indicated at 292 is 
'simply for the purpose of having the right hand 
portion of the link lie flat horizontally while the 
left hand portion thereof is in a vertical plane. 
This link 200 extends almost to the right hand 
end of the inachine and there is pivoted by a pin 
204 to the mid point of a horizontal lever 206, 
one end of which is pivoted to a vertical pin 208 
fixed to one of the chassis members near the 
back thereof. In order to insure proper guidance 
for the link 292, it is provided with two longitudi 
nal slots 20 and 2 i2 spaced well apart which 
slip over vertical pins 24 and 26, respectively. 
This is best shown in Fig. 3. The outer end of 
the lever 206, that is the end toward the front 
of the case, is pulled toward the left as seen in 
Fig. 3 by a coil spring 28 hooked through a hole 
220 in the lever 206 in a position somewhat for 
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ward of the pin 204. The opposite end of this 
Spring is Secured by a Screw 222 fixed in the chas 
sis. The tendency therefore is for the lever 206 
to be swung in a clockwise direction so as to push 
the link 200 toward the left. 
The extreme forward end of the lever 206 car 

ries a vertical pin. 224 With a Small roller 226 
journaled thereon as may be Seen in Fig. 1. This 
roller presses against the edge of a disc cam 
228 disposed to the left thereof and mounted upon 
the shaft 230 of a rotary tap SWitch having a 
knob. 232. This tap SWitch may be moved to any 
of a number of positions and When So moved 
serves to connect the several patient leads in 
various combinations. The specific SWitch and 
circuit for accomplishing this is not shown since 
it forms no part of the present invention and 
suitable circuits for this purpose will be apparent 
to anyone skilled in this art. So far as the pres 
ent invention is concerned, it may be aSSumed 
that the switch, when rotated fully in a clockwise 
direction, comes against a stop and then When 
rotated in a clockwise direction, Successively 
Snaps to positions in which the patient's leads are 
connected in combinations simply referred to for 
convenience as 1, 2, 3, 4 and others beyond 4. 
When the above Switch is backed off against 

its stop, the portion of the cam 228 farthest from 
the switch shaft 230 is brought into contact with 
the cam following roller 226. This is the cali 
brate position. When the tap SWitch is Snapped 
from the calibrate position to the No. 1 position, 
the roller 226 still rides upon the portion of the 
cam. 228 farthest from the center of rotation of 
the shaft 230. In these two positions, therefore, 
the end of the lever 206 nearest to the front of 
the case is as far toward the right as seen in 
Fig. 3 as it is under any conditions. The link 
200 therefore may be considered as being pulled 
to its farthest right position. By referring to 
Fig. 7 in which the orientation is reversed, it will 
be appreciated that the link 200 there shown is 
pulled farthest to the left and that therefore 
the upper end of the lever 80 is the farthest to 
the left of any position it ever assumes. This 
brings about a general shifting of the plate 76 
and link 72 toward the left (Fig. 7) with a con 
sequent rocking of the lever 68 and shaft 64 
in a clockwise direction as seen from above, which 
Swings the stylus 56 and ribbon 48 carried 
thereby to the position shown by the line 60 in 
Fig. 2. That is with the line drawn nearest to 
the edge of the tape and SO aS to paSS through 
numerals 1. This indicates to the operator, 
therefore, that the patient's electrodes are con 
nected in the No. 1 manner. 
When the tap switch 232 is Snapped to the 

No. 2 position, the cam. 228 is shifted in a clock 
Wise direction slightly so as to cause the roller 
226 to drop against a portion of the cam indicated 
by the numeral 234 which is closer to the tap 
switch shaft 230. This causes the forward end 
of the shaft 206 to be moved somewhat to the 
left, as seen in Fig. 3, thereby carrying along 
With it the link 200 and the linkage connected 
thereto and just described in connection with 
the No. 1 position. Ultimately this causes the 
stylus ribbon 48 to be shifted inwardly some 
what so as to draw its line through the numerals 
2. Additional inward steps 236 and 238 on the 
cam (Fig. 6) permit the cam follower 226 to 
move inwardly to the No. 3 and No. 4 positions as 
the rotary tap Switch is Swung to the No. 3 and 
No. 4 electrode combinations. This in turn causes 
the stylus to draw its line through the Nos. 3 or 
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12 
Nos. 4. The shape of the cam 228 is such that 
beyond the point 238 the can Surface is circular 
SO that as the tap SWitch is moved beyond the 
No. 4 position, no movement of the stylus takes 
place. Conveniently, however, the cam surface 
can have an abrupt rise at 240 to Serve as a stop 
to limit rotation of the cam when this abrupt 
rise is brought against the roller 226. 
From the above, it will be seen that the tape 

is autornatically coded for any combination of 
leads from 1 to 4. Additional coding beyond the 
No. 4 position is accomplished as follows, it being 
observed that the Stylus position for combina 
tions beyond the No. 4 position is such as to draw 
the line through the numerals 4. If desired, of 
course, an additional step On the can could be 
used for shifting the Stylus into a blank position 
in Wardly of the numerals 4 on the tape although 
no Sufficient advantage in doing this appears to 
justify such a provision. By referring to Figure 
7, it will be seen that the left hand upper end of 
the plate 76 is provided with a tab 242 which 
would extend straight upwardly excepting that 
it is bent over at right angles So as to form a flat 
horizontal Striker Surface extending away from 
the partition 22. Directly above the striker Sur 
face 242 the cover plate of the instrument carries 
a downward extending tubular member 244 which 
houses a push rod 246, a portion of which ex 
tends above the upper end of the tubular member 
242 to serve as a push button. The push rod 246 
is somewhat shorter than the inside length of 
the tubular member 244, the lower end of which 
has an unwardly extending shoulder 248 through 
which a sten 250, Simaller in diameter than the 
push rod 246, extends. Below the shoulder 248 
the stem 250 is provided with a head 252 So as to 
form a second shoulder which is brought against 
the lower end of the tube 244 by a coil spring 254 
housed within the lower portion of the tube. One 
end of this coil spring bears against the shoulder 
248 while the other end presses upwardly against 
the lower end of the push rod 246 into which the 
upper end of the stem 250 is threaded. The lower 
end of the head 252 of the stem 250 is disposed 
just above the horizontal striker surface 242 at 
the end of the plate 76. 

This arrangement is such it will be seen that 
the push rod 242 is normally urged to its upper 
most position by spring 254 but when the upper 
end is depressed, it brings the head 252 against 
the striker Surface 242 and urges it downwardly 
a short distance, thus rocking the plate 76 in 
a counterclockwise direction about the pivot 
point established by the pin 78. This pulls the 
link 2 toward the left as seen in Fig. 7 so as 
to swing the stylus ribbon 48 toward the margin 
of the tape shown in Fig. 2. In other words, 
Whereas the notches 92 in the can 90 rock 
the plate 76 in a clockwise direction, thereby 
causing pips 62 which point inwardly on the 
tape, nonentarily depressing the button 246 will 
Similarly cause pips pointing OutWardly. 

If the operator therefore has taken all of the 
electrocardiograms that he desires with the elec 
trodes connected in positions 1, 2, 3 and 4 and 
wishes to take an additional reading with some 
further combination of electrodes, he simply 
moves the rotary tap switch beyond the No. 4 
position into a position giving a known com 
bination of electrodes which is desired and then 
codes this particular connection by depressing 
the button 246 momentarily according to any 
code of his own choosing. In other words, he 
can use One or more short pips combined with 
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one or more long dashes which to him will signify 
whatever combination of electrodes is being 
used. 
As to details of mechanical construction, it Will 

be seen by referring to Fig. 1. that the lever 
36 is connprised of two strips arranged One 
above the other With the link 20 connected be 
tween then. The two links 236 also embrace 
the two faces of the roiler 226 previously men 
tioned, which is of Smailier diameter than the 
Width . Of the lever 26. Inasmuch as the can 
228 is SoineWhat thinner than the roiler 226, a 
portion of the edge of the can 228 is Oyerlapped 
on its top and bottom faces by the edges of the 
two strips 28. The roller 22 S is therefore pre 
vented from slipping off the face of the cam 228. 
Also, the pull upon the end of the link 2G by 
the pin 204 is in alignment with the center of the 
roller 226, ina. Sinuch as the strips 26 lie above 
and below the link 223 as Well as above and 
below the roller 226. There is, therefore, no 
tendency for looseness of either of the pins 204 
or 224 to permit deflection or bending of either 
to the side Which could cause the position of the 
stylus ribbon 48 to give an inaccurate reading. 2; 
The driving roll 8 has been generally de 

Scribed and its use in the combination indicated. 
It may be formed and arranged in any suitable 
nanner but the specific design used in the 
presert apparatus is illustrated in Fig. 4. Here it 
will be seen that the shaft, 258, which extends 
from the electric motor and reduction gear drive 
unit 82, extends into a sleeve indicated general 
ly by the numeral 263. This sleeve has a cup 
shaped recess 232 in its opposite end to take the 
outer race of a ball bearing 264. The inner race 
of this bearing is fitted to a stern 26 S, the Outer 
eild of Which extends through the front - 
shaped bracket 2 and is secured thereto by a 
nut 268. The sleeve 266 therefore is supported at 
its outer end by the ball bearing 262 and stem 
26S, while its inner end is piloted upon the motor 
shaft 258. 

Drive for the sleeve 269 is effected through one 
or more set Screws 20 which extend radially : 
through the sleeve 260 and bear against, a flexi 
ble shaft 269. The flexible shaft 269 is crimped 
to a short length of tubing 25 which is splined 
to the motor Shaft, 258. The result, is that even 
though there is no perfect alignment, between the : 
end of the notor shaft and the end of the sleeve 
260 carried thereby, nevertheless any weaving at 
this point will not loosen the driving connec 
tion between the sleeve and the notor shaft 
Since the drive is transferred to the sleeve through : 
the flexible shaft 269. This sleeve is covered 
by a Soft composition rubber coating 22 which 
forms the driving Surface for the tape and this 
coating is relieved as at 27 over certain cir 
cumferential portions of its area in order to per 
nit tabs 23 formed at the end of the table 8 
to be curved upwardly in the spaces provided by 
these relieved areas which prevent the tape pass 
ing rear Wardly beneath the driving roll rather 
than across the table where it, belongs. The 
circumference of the extreme inner end of the 
sleeve 250 is forined to provide the cam surface 
99 previously referred to. Longitudinal posi 
tion of the roller 88 on the shaft 258 is effected 
by means of a pair of C-shaped split rings 24 
and 276 which are in face to face relation, one 
of these rings being Snapped into a groove on 
the shaft 258, while the other ring 274 similarly 
Snaps into a groove in a cup-shaped recess in 
the inner end of the sleeve 260. 
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In order to line up the ribbon 48 of the stylus 

56 at the proper starting position so that it will 
trace its line through the appropriate numerals 
at the margin of the tape, it may be necessary to 
shift the stylus slightly from side to side to 
achieve proper positioning. This is facilitated by 
the connection between the stylus shaft 54 and 
the lever 63 which has previously been described 
as connected thereto. The lever 68 is slotted aS 
at 280 from the end With the hole which emi 
braces the shaft 5i almost to the opening at 

The 
portion of the lever 38 which embraces the 
shaft 54 is therefore springy and forms a light 

The degree of friction be 
tween the lever 68 and the shaft 54 is ad 
justed by a clainping screw 282 which extends 
transversely through the two arms of the lever 
at approximately its mid point. By tightening 
this screw the two arms embracing the shaft 
S. may be Squeezed together so as to achieve 
any degree of friction desired. 

Normally the Screw Will be adjusted until it is 
tight enough to in Sure that no relative nove 
inent between the stylus shaft and the lever 68 
Will take place unless the Stylus is grasped at 
a point, close to the shaft 5é and twisted With 
the intention of purposely causing slipping be 
tween the shaft $4 and the lever 68. 
Although the operation of the apparatus form 

ing the subject matter of this invention has 
been described in detail as seened appropriate 
along with the description of the various con 
ponents, a brief general description of itS Op 
eration will now be given. 
When it is desired to place the apparatus in 

operation the detent 33 is depressed and a roll 
of tape slipped over the end of the tube 26. When 
the roll is in position the detent will Snap 
outwardly and prevent the roll from being With 
drawn accidentaly. The knob 22 is then ro 
tated in a clockwise direction as far as it Will 
go, thereby moving the idling roll 34 away from 
the driving roll 80 while simultaneously lift 
ling the styluses 56 and 3 out of the Way of 
the tape path. At this time also the tensioner 
38 is raised away from the pin 32. 
When the knob has been rotated all the Way 

in the clockwise. direction, it will remain locked 
in this position. The tape is then led from the 
roll over the pin 32, up through the slot Á9, over 
the top of the knife edge 8, down between the 
driving roll. 89 and idling roll 34, across the table 
: 8, and out of the machine at S. This is done 
with the guard 2 in raised position. With the 
tape thus placed, the knob 22 is rotated in the 
counterclockwise direction so as to bring the 
idling roll 84 against the tape opposite the driv 
ing roll 80 while simultaneously lowering the ten 
Sioner 38 and styluses f4) and 56. Preferably 
then the motor 82 is switched on by whatever 
means is provided and runf or a period long 
enough to permit the tape to center itself in the 
driving mechanism. The lead Selector SWitch 
232 is then rotated as far as it Will go in counter 
clockwise direction and the ribbon 48 of the 
stylus 56 is then checked to make Sure that it is 
dirawing its line through the numerals 1. If not 
the stylus is grasped near the stylus shaft 54 and 
Sprung one Way or the other, thereby slipping the 
clutch connection between the lever 68 and the 
shaft 54 until proper positioning is achieved. If 
either of the styluses is not bearing against the 
tape with the proper pressure, the adjusting 
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screw 66 of the particular stylus is rotated One 
way or the other to achieve this adjustment. 
From this point onward as the machine is in 

operation the stylus ribbon f 48 will draw a line 
through the appropriate set of numerals l to 4 
to indicate the 1 to 4 positions of the tap Switch 
knob. 232 which in turn selects certain combina 
tions of electrode connections to Which these 
numbers are assigned. If any connections of 
electrodes in addition to those represented by the 
numerals 1 to 4 are desired, the tap Switch knob 
232 is turned to the appropriate position and ad 
ditional code markings are made upon the tape 
by depressing the button 246 to form the desired 
number of OutWardly directed pips in the line 
drawn by the Stylus ribbon 48. 
Meanwhile rotation of the driving roll 80 will 

be accompanied by the formation of in Wardly di 
rected pips in the line drawn by the stylus rib 
bon 48 at the rate of one pip for each half revo 
lution which in the present instance is one pip 
each second since the driving roll rotates at 30 
revolutions per minute. While the instrument is 
operating, the galvanometer 36, which is con 
nected to the electrocardiograph amplifier will, 
through the medium of the stylus 40, draw the 
characteristic electrocardiogram upon the cen 
tral portion of the tape where it may easily be 
correlated with the trace drawn by stylus ribbon 
48. 
Although our invention has been described in 

connection. With a specific embodiment thereof, 
it will be appreciated that additions thereto and 
variations therefrom may be made without de 
parting from the Scope of the invention. 

Having described Our invention, what we 
claim as new and useful and desire to secure by 
Letters Patent of the United States is: 

1. In an electrocardiograph having tape pull 
ing mechanism including a rotatable driving roll 
in frictional engagement with said tape for ad 
vancing said tape and SWitching means movable 
to a plurality of positions for connecting said 
electrocardiograph to a plurality of electrode 
combinations, means for indicating on said tape 
What combination of electrodes is connected to 
Said electrocardiograph and also for recording 
indicia, which indicates whether or not the tape 
is being advanced properly, the last said means 
including a stylus for drawing a line upon said 
tape, means connected to said switching means 
for changing the position of Said stylus depend 
ing upon the position of Said switching means so 
that said stylus draws a line in different positions 
on said tape depending upon the position of said 
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switching means, and means actuated from the 
driving roll for momentarily disturbing the posi 
tion of said stylus periodically as said driving roll 
rotates. 

2. In an electrocardiograph having tape pull 
ing mechanism including a rotatable driving roll 
in frictional engagement with said tape for ad 
vancing said tape and switching means movable 
to a plurality of positions for connecting said 
electrocardiograph to a plurality of electrode 
combinations, means for indicating on Said tape 
What combination of electrodes is connected to 
said electrocardiograph and also for recording 
indicia which indicates whether or not the tape 
is being advanced properly, the last said means 
including a stylus for drawing a line upon said 
tape, means connected to said SWitching means 
for changing the position of Said stylus depending 
upon the position of said Switching means so that 
Said stylus draws a line in different positions on 
Said tape depending upon the position of said 
Switching means, and means for momentarily 
disturbing the position of said stylus periodically, 

3. In a recording instrument, tape advancing 
mechanism, a Stylus and stylus actuating mech 
anism for drawing on Said tape, movable Switch 
means for connecting said stylus actuating mech 
anism to a plurality of stylus operating circuits, 
a Second stylus for drawing on said tape, a mem 
ber movable with said switch means, linkage 
means actuated by said movable member in some 
of its positions for changing the position of said 
Second stylus according to the setting of said 
Switch, manually actuated Supplementary mark 
ing means for momentarily disturbing the posi 
tion of the last said stylus at the will of the op 
erator, and means for momentarily disturbing 
the position of the last said stylus according to 
uniform time intervals. 
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