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57) ABSTRACT 
Both amplitude and pulse width of pulses applied to 
the muscle are varied automatically, a given number 
of pulses being applied at a given amplitude and pulse 
width prior to increasing the amplitude. The given 
number varies with the pulse width. The amplitude is 
increased until involuntary muscle movement results. 
The same procedure is repeated at the subsequent 
pulse width. 

27 Claims, 9 Drawing Figures 
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3,810,457 
DAGNOSTIC APPARATUS FOR 

AUTOMATICALLY GENERATING AN 
INTENSTY-TME DAGRAM SHOWNG POINTS 

OF MENMUM ENVOLUNTARY MUSCLE 
MOVEMENT 5 

BACKGROUND OF THE INVENTION: 

This invention relates to a diagnostic apparatus for 
generating an intensity-time diagram showing points of 10 
minimum involuntary muscle movement as a function 
of amplitude and duration of electrical pulses applied 
to said muscle. 

It is known that when electrical pulses are applied to 
the muscles in a human body, and in particular when 15 
these pulses are current pulses, then a healthy muscle 
will respond to pulses having amplitudes larger than a 
given amplitude at a given pulse width by contracting. 
However, muscles injured by sickness contract at dif 
ferent values from those causing contraction in healthy 20 
muscles. Thus in order to diagnose illnesses certain in 
tensity-time diagrams are recorded showing character 
istic values at which the muscles contract. These dia 
grams give a good indication of the condition of the 
muscles. It should be noted that for this discussion the 25 
term intensity will be taken to mean the amplitude of 
the pulse applied to the muscle, while the term time will 
refer to the pulse width of the pulse applied to the mus 
cle. 
Diagnostic apparatus of the above-described type is 

known wherein the adjustment of the pulse width takes 
place automatically while the amplitude of the pulses 
is set by hand. The point at which the muscle contrac 
tion occurs is then recorded by means of a two coordi 
nate type recorder which is activated by means of a 
switch. 

35 

SUMMARY OF THE INVENTION 
It is the object of the present invention to furnish di 

agnostic apparatus for generating an intensity-time dia 
gram showing points of minimum involuntary muscle 
movement as a function of amplitude and duration of 
electrical pulses applied to said muscle, wherein the re 
quired amplitude adjustment as well as the duration ad 
justments are carried out automatically. 

It is a further object of the present invention that ap 
paratus of this type be combined with recording appa 
ratus which is both accurate and simple. 

It is a further object of the present invention to 
greatly decrease the time required to generate the 
above-mentioned intensity-time diagram. 
The present invention comprises adjustable pulse 

generator means furnishing a sequence of electrical 
pulses, each of said pulses having a determined ampli 
tude and pulse width. It further comprises first counter 
means connected to said pulse generator means for 
counting said electrical pulses and automatically 
changing the amplitude of said pulses following receipt 
of a given number of said pulses. Varying means vary 
said given number in dependence upon said pulse width 
of said pulses. Finally, stop means stop said first count 
ing means upon appearance of said involuntary muscle 
movement. 
The novel features which are considered as charac 

teristic for the invention are set forth in particular in 
the appended claims. The invention itself, however, 
both as to its construction and its method of operation, 
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2 
together with additional objects and advantages 
thereof, will be best understood from the following de 
scription of specific embodiments when read in con 
nection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING: 
FIG. 1 shows an intensity-time diagram; 
FIG. 2 is a block diagram of the apparatus of the 

present invention required for determining the rheo 
base; 
FIG. 3 is a block diagram of the portion of the appa 

ratus required for determining the chronaxie, 
FIG. 4 is a circuit diagram showing the control pulse 

generator; 
FIG. 5 is a circuit diagram showing the amplitude 

control control means; 
FIG. 6 is a circuit diagram showing the circuit means 

for changing the pulse width and pulse interval of the 
pulses furnished by the generator of FIG. 4; 
FIG. 7 is a schematic diagram of the sensor means for 

sensing the muscle contractions; 
FIG. 8 is a circuit diagram showing the recording ar 

rangement; and 
F.G. 9 shows the interconnection between counters 

12, 16 and 17 of FIG. 2. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS: 

A preferred embodiment of the present invention will 
now be described with reference to the drawing. 
FIG. 1 shows an intensity-time diagram as is to be 

generated by the present invention. The pulse width of 
the applied pulses is plotted along the abscissa, while 
the ordinate represents the amplitude of the pulses in 
milliamps. Associated with each of the pulse widths 
shown along the abscissa is a determined pulse interval. 
Thus for pulses having a pulse width of one second, the 
interval between pulses is two seconds and, therefore, 
the width/interval ratio 0.5. For a pulse width of one 
second and an interval of 2 seconds, the current inten 
sity is measured which is just barely sufficient to effect 
a minimum involuntary muscle movement, that is a 
contraction or twitching. The so-found valve is desig 
nated as the basic threshold or rheobase. It is desig 
nated by the letter A in FIG. 1. A second important 
point in the diagram is designated with reference letter 
B, which represents the chronaxie. For determining the 
chronaxie, the time interval is measured for which a 
current having twice the amplitude of the rheobase 
value must flow in order that the minimum involuntary 
muscle movement takes place (the time interval herein 
referred to is the pulse width of the applied pulses). A 
further value, designated by E in FIG. 1 is designated 
as use time and represents the pulse width required to 
cause a minimum involuntary muscle movement when 
the pulse amplitude is the same as that of the rheobase. 

The points mentioned above, as well as the curves 
connecting said points, can of course be derived from 
pulses having different pulse shapes. The curve desig 
nated by C was derived using rectangular pulses, while 
the curve having reference numeral D indicates a curve 
derived using pulses having a logarithmic shape. These 
curves and the rheobase and chronaxie values can be 
used to drawn conclusions about the condition of the 
muscles of the patient. 
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In FIG. 2, an electrode 10 is connected to the patient 
in order that the diagram described in FIG. 1 may be 
generated. The electrode 10 is connected to a current 
source 1 1 which has associated amplitude control cir 
cuit means. The current source 11 and the amplitude 
control circuit means associated therewith are con 
nected to the outputs yi-yn of amplitude control count 
ing means denoted by reference numeral 12. The am 
plitude of the current applied to the patient varies as a 
function of the count registered on the amplitude con 
trol counting means, that is on which the outputs yi-y 
is energized. Lamps 13 are connected, one to each out 
put y-y. These lamps thus indicate the count on 
counter 12 and thus the amplitude of the pulses applied 
to the patient. Each lamp lights when the output to 
which it is connected caries a '1' signal. The lamps 13 
are also shown again as part of the means indicating 
the point in the intensity-time diagram, 28. They are 
mounted in a lamp bank 32. 
The reverse counting input (R) of counter 12 is con 

nected to the output of AND-gate means 14. The for 
ward counting input (F) of counter 12 is connected to 
the output of control pulse counting means 17 whose 
input is connected to control pulse generator means 18 
through additional AND-gate means 15. The second 
input of additional AND-gate means 15 is connected 
via an inverter 19 to the output of AND-gate 14, 
whereby control pulses generated by pulse generator 
18 are transmitted to the counter 17 when the output 
signal of AND-gate 14 is a O signal. Under these condi 
tions counter 17 counts the pulses generated by pulse 
generator 18. When the number of so-counted control 
pulses is equal to a given number, counter 17 furnishes 
a counter advance signal to amplitude control counting 
means 12, thereby advancing the count on counter 12 
by one unit. This increases the amplitude of the pulses 
furnished by stage 11 to electrode 10. Further, it causes 
the next-following lamp 13 to light. The count of 
counter 17 at which the counter advance signal is fur 
nished in turn depends upon the output of counter 16 
herein referred to as timing counter means. 
The control pulses furnished by the pulse generator 

18 are also applied directly to stage 11. In this stage 
they operate switching means which cause the current 
pulses to be applied to electrode 10 with a frequency 
and a pulse width determined by the pulses furnished 
by pulse generator 18. The pulse width and the fre 
quency of the pulses furnished by pulse generator 18 in 
turn depend upon the output of the timing counter 
means, namely counter 16. 
The reset pulse counting means, namely a counter 20 

have an input connected to the output of AND-gate 14. 
A predetermined reset counting output terminal is con 
nected to one input of AND-gate 14, which causes 
AND-gate 14 to become conductive when counter 20 
has reached a particular count. Further, the forward 
counting input of counter 16 is connected to the prede 
termined reset counting output terminal of counter 20 
(designated 30 in FIG. 2) through an inverter 21. Thus 
as soon as a zero signal appears at the selected output 
of counter 20, counter 16 is advanced by one count. 
The second input of AND-gate 14 is connected to the 
output of second pulse generator means 22. Second 
pulse generator means 22 have an input connected to 
a switch 23, closing of which furnishes a reset signal 
starting said second pulse generator means. Power is 
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4 
supplied to the arrangement shown in FIG. 2 through 
a main switch which is not shown. 
The first input of AND-gate 14 is also directly con 

nected to the first input of a NAND-gate 24 to whose 
second input is applied one output of a bistable stage 
25 which is shown in FIG. 3 and will be described in 
greater detail in connection with that Figure. The out 
put of NAND-gate 24 is connected to the input of a 
second NAND-gate 26 to whose second input a photo 
transistor 27 is connected. This phototransistor is part 
of the fine positioning means for the table carrying the 
diagram and will be described in greater detail below. 
The output of second NAND-gate 26 is connected to 
the input of the control pulse generator 18. Pulse gen 
erator 18 is thus activated when the correct inputs are 
present for the NAND-gates 24 and 26. 

Pulse generator 22, counter 17 and counter 20 are all 
connected to stop means, here a switch 29 which is 
closed by the operator of the apparatus when the mini 
mum involuntary muscle movement is observed. Oper 
ation of switch 29 causes pulse generator 22 to be dis 
connected, and counters 17 and 20 to be deactivated 
and reset to zero. Alternatively (by switching a selector 
switch 29 from the position shown in FIG. 2 to a posi 
tion connecting terminal b of said switch to the remain 
der of the circuit), the arrangement can be automated 
even further by substituting another embodiment of 
stop means, namely automatic sensor means 30 which, 
as will be described in more detail below, furnish a 
pulse upon occurrence of the muscle contraction. The 
pulse of course operates exactly as does the closing of 
switch 29, but the arrangement 30 does not require 
anyone to operate the equipment and observe the pa 
tient. 
The above-described arrangement operates as fol 

lows: 
To start the equipment, switch 23 is closed. This 

causes pulse generator 22 to start generating pulses. At 
this point counter 20 is in its null position which is so 
arranged that the predetermined reset counting output 
terminal carries a I signal. This I signal is applied to one 
input of AND-gate 14 and therefore allows this AND 
gate to be conductive for pulses from the second pulse 
generator means. These pulses are therefore applied to 
the input of counter 20, where they continue to in 
crease the count on said counter, one unit for each re 
ceived pulse. The pulses appearing at the output of 
AND-gate 14 are also applied to the reverse counting 
input of counter 12, where they result in a reverse 
count of one unit for each received pulse. Thus counter 
12 is reset, until, at the most, its zero position is 
reached. 
For a predetermined count on counter 20, a O signal 

appears at the predetermined reset counting output ter 
minal. This causes AND-gate 14 to be blocked so that 
no further inputs are received by counters 20 and 12. 
Further, the O signal at the predetermined reset count 
ing output terminal of the reset pulse counting means 
20 causes counter 16 to be moved to the x, position. 
The xi output signal of counter 16 is used to move a 

table 31 which is part of the indicating means 28. The 
signal causes the table to be moved in a direction per 
pendicular to the axis of the lamp bank 32. This lamp 
bank, as previously explained, carries lamps 13. For 
greater clarity, lamps 13 are again shown in the lamp 
bank32. Table 31 has a paper, recording means, which 
carry the diagram shown in FIG. 1. The paper is spread 



5 
upon the table in such a way that each intersection of 
the vertical and horizontal lines is over a hole 33 in the 
table. Movement of the table in the direction indicated 
by the arrow in proportion to the signal x thus causes 
the x values to be generated, while the y value, that is 
the ordinate, is furnished by the lighting of one of the 
lamps 14. Thus when counter 16 is switched to furnish 
the x output signal, table 31 is driven by motor 34 into 
the position wherein the lamp bank is lined up with the 
x coordinate shown in FIG. I. When the table has 
moved into the correct position the hole 35 shown in 
FIG. 2 is lined up with a light source 37 and a photo 
transistor 27 and phototransistor 27 thus furnishes a 
signal to the second input of NAND-gate 26 which 
causes this NAND-gate to become conductive for sig 
mals furnished by first NAND-gate 24. The signal from 
phototransistor 27 is also used to stop the motor, 34, 
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which was obtained from pulses having a pulse width of 
one second and an interval of two seconds is, as men 
tioned above, designated the rheobase. 
For generating the next pulse on the diagram switch 

23 must again be activated. The previously reset 
counter 20 is furnished pulses through AND-gate 14 
for a forward counting operation, while counter 12 is 
simultaneously reset an equal number of steps. Counter 
12 may not be reset all the way to the value of y in 
order to speed the measuring process. The number of 
steps that counter 12 is reset is so chosen that one is ab 
solutely certain that the minimum muscle twitching will 
be observed. Experience has shown that it is sufficient 

15 

which moves the table. This will be described in more 
detail below. When the zero signal next appears at the 
output of counter 20, the control pulse generator 
means 18 are thus activated. At this point, pulse gener 
ator 18 commences to furnish pulses having a pulse 
width and pulse intervals determined by the output of 
counter 16. To correspond with FIG. 1, the first pulse 
width would be one second, and the first pulse interval 
two seconds. At this time counter 12 furnishes a y 
output which controls the amplitude of the current to 
be a relatively small amplitude of, according to FIG. 1, 
1 milliamper. 
Current pulses are thus applied to electrode 10 hav 

ing a pulse width and pulse interval determined by 
pulse generator 18 and an amplitude determined by 
counter 12. A number of identical pulses is applied to 
the patient in order that any muscle action may be ob 
served before a higher amplitude current is used. The 
reaction time of the observer observing the patient, if 
such be present, must of course also be taken into con 
sideration. Thus counter 17 counts the pulses furnished 
by pulse generator 18 and furnishes a counter advance 
signal to counter 12 only after a predetermined number 
of identical pulses has been applied to electrode 10 and 
thus to the muscle of the patient. Only when counter 17 
has reached a predetermined counting output, which, 
in turn, is determined by the state of counter 16, and 
no muscle twitching has been observed, is a counter ad 
vance signal applied to counter 12, thereby increasing 
the amplitude of the current pulses applied to the pa 
tient. From FIG. 1 it is seen that when the counter 12 
furnishes a county, the amplitude of the current in the 
pulses applied to the patient is 1.5 milliamps. Simulta 
neously with the furnishing of the counter advance sig 
nal to counter 12, counter 17 is reset. Further, the 
change in the count on counter 12 of course causes a 
different lamp 13 to light. Specifically of course the 
next lamp following the lamp activated by outputy 
will light. Again a predetermined number of identical 
pulses is furnished until counter 17, in the absence of 
a muscle twitch, again advances counter 12. The ampli 
tude of the current pulses applied to the muscle of the 
patient is increased until the minimum muscle move 
ment is observed and the operator of the machine oper 
ates stop switch 29 or, alternatively, the automatic stop 
means 30 are activated by the twitching of the muscle. 
This causes pulse generator 22 to be deactivated and 
counters 17 and 20 to be deactivated and reset to zero. 
The place on the paper may now be marked under 
which the lamp 13 is lit. This first measured value 
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to reset counter 12 by approximately six steps, since 
this will result in a current pulse amplitude which does 
not as yet cause muscle twitching. Reference to FIG. 1 
will show that for rectangular pulses the curve starting 
at the rheobase value at first is substantially horizontal. 
When counter 20 has again reached the position 

wherein a zero signal appears at the predetermined 
reset counting output terminal, the resetting of counter 
12 is stopped and counter 16 is advanced by one step. 
This again causes motor 34 to be activated and table 31 
to be moved to the next position. Again, the signal from 
photo-transistor 27 serves as a fine positioning signal 
which stops the motor and causes pulse generator 18 to 
be activated as described above. The holes 35 in the 
table of course are bored in such a manner that each 
of the holes indicates the correct positioning in the x 
direction. Thus line x, will be directly aligned with the 
lamp bank when the next signal appears on phototran 
sistor 27. The pulse width furnished by pulse generator 
18 now is the pulse width and pulse interval determined 
by count x on counter 16. This is a shorter pulse width 
and possibly also a shorter pulse interval. Again, pulses 
are applied to the patient with the pulse width and in 
terval determined by pulse generator 18. Again, the 
amplitude of the pulses depends upon the output of 
counter 12. This amplitude is increased as stated previ 
ously after a predetermined number of identical pulses 
has been applied to the patient. Upon observance of 
the minimum muscle movement either the response of 
stage 30 or the closing of switch 29 causes the counters 
and pulse generators to be reset and deactivated as 
stated above. The lamp lit along the line x, then indi 
cates the value of y which is to be entered on the dia 
gram. This process is then repeated for other points in 
FIG. 1. 
In order to find the value required for the chronaxie, 

the procedure is the following: As mentioned above, 
pulses of twice the amplitude as the rheobase are ap 
plied to the muscle and the pulse width is increased 
until the minimum muscle twitching appears. 
The portion of the apparatus for carrying out this 

procedure is shown in FIG. 3. First, start switch 38 is 
activated, causing bistable circuit means 25 to switch 
to the second stable state. Switching the bistable circuit 
means 25 also causes counter 16 to be advanced to its 
end count, namely count x1, at which the minimum 
pulse width is furnished by pulse generator 18. The 
output at counter terminal x 14 causes the motor to be 
energized, thereby moving table 31 into the position 
wherein point x is lined up with the lamp bank. The 
amplitude of the pulses applied to the patient is so ad 
justed that it is double the amplitude as was obtained 
by the rheobase measurement. Activation of the pulse 
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generator 18, following correct position of the table, 
then causes short pulses to be delivered to the patient. 
Again, a predetermined number of equal pulses is ap 
plied to the patient until the count on counter 16 is 
changed. As previously stated enough time must be al 
lowed, especially if the stop is manually operated, to 
allow the observer to see the muscle movement and to 
react thereto. 
The number of so-applied equal pulses depends upon 

the count on counter 16. This is accomplished by pro 
viding a counter 39 which counts the number of pulses 
furnished by pulse generator 18. The counter is preset 
to a number corresponding to the count on counter 16. 
When counter 39 reaches zero, it furnishes a pulse to 
counter 16 which causes this counter to count back 
wards by one unit. Simultaneously, counter 39 is again 
set to its initial condition corresponding to the new 
count on counter 16, causing pulse generator 18 to de 
liver a corresponding number of equal pulses having a 
slightly longer pulse width than the previously applied 
pulses. If no muscle movement is observed, the proce 
dure is repeated until such muscle movement is ob 
served, switch 29 is activated or unit 30 responds. The 
point on the diagram determined by the positioning of 
table 31 and the lighting of one of the lamps 13 can 
then be entered into the diagram. 
The apparatus has a "repeat' key which causes the 

whole process to be repeated automatically for any de 
sired point, so that the obtained values may be 
checked. 
The individual units shown in FIGS, 2 and 3 and their 

interconnection will now be described in greater detail 
with reference to FIGS. 4-9. 
FIG. 4 is a circuit diagram of control pulse generator 

means 18, pulse generator 18 comprises a monostable 
multivibrator having transistors 40 and 41. The base of 
transistor 40 is connected to the collector of transistor 
41 by means of a capacitor 42, while the base of transis 
tor 41 is connected to the collector of transistor 40 by 
means of a resistor 43. Base of transistor 40 is con 
nected through a resistor 44 to the common plus line 
45, while the emitter of transistor 40 is connected to 
the common minus line 46. The collector of transistor 
40 is connected through a resistor 47 to the plus line 
45. The emitter of transistor 41 is also connected to the 
plus line 45 and the collector of transistor 41 is con 
nected to the minus line 46 by means of a voltage di 
vider comprising resistors 48 and 49. The collector 
emitter circuit of a switching transistor 50 is connected 
in parallel to the base-emitter circuit of transistor 41. 
The base of transistor 50 is connected to the positive 
line through a resistor 51 and is also connected to the 
base 2 of a unijunction transistor 52, whose first base 
is connected to minus line 46. The emitter of unijunc 
tion transistor 52 is connected to a terminal 56. Termi 
nal 56 is connected to the collector of a transistor 54 
whose emitter is connected to minus line 46. Terminal 
56 is also connected to one terminal of a capacitor 55 
whose other terminal is connected to minus line 46. 
The collector of a transistor 53 is also connected to ter 
minal 56, while its emitter is connected to the plus line 
through a resistor 59. The base of transistor 53 is con 
nected to the tap of a voltage divider comprising a 
Zener diode 57 and a resistor 58. The output of second 
NAND-gate 26 is applied to the base of transistor 54. 
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The operation of the above-described pulse genera 

tor 18 is as follows: 
When a O signal appears at the output of second 

NAND-gate 26, which signal has approximately the po 
tential of minus line 46, then transistor 54 is blocked 
and capacitor 55 is charged through the collector 
emitter circuit of transistor 53 and resistor 59. The cur 
rent charging capacitor 55 of course is determined not 
only by resistor 59 but by the voltage divider ratio of 
the voltage divider having Zener diode 57 and resistor 
58. Under these conditions transistors 40 and 41 of the 
monostable multivibrator are in the conductive state so 
that substantially the full positive potential appears at 
the collector of transistor 41 and thus at the right-hand 
electrode of capacitor 42. Similarly, the left-hand elec 
trode of capacitor 42 is the potential determined by the 
minus line 46. When the voltage across capacitor 55 
reaches a predetermined value, the internal base resis 
tance of double base diode 52 is greatly reduced for a 
short time and capacitor 55 discharges through double 
base diode 52. Thus a negative pulse is applied to the 
base of transistor 50, causing this transistor to be 
switched to the conductive state. This in turn causes 
the base of transistor 41 to receive a positive signal, 
blocking transistor 41. This causes the potential at the 
collector of transistor 41 and thus at the right-hand 
electrode of capacitor 42 to become substantially equal 
to the negative potential available on line 46. The volt 
age on the left-hand electrode of capacitor 42 is still 
more negative than this value by approximately the op 
erating voltage. Thus transistor 40 is also blocked and 
remains blocked until capacitor 42 has recharged 
through resistor 44 to such a point that the potential on 
the left electrode is sufficient to switch transistor 40 to 
the conductive state. This causes transistor 4 to be 
come conductive again also and capacitor 42 recharges 
to its original potential. 
The above-described process is repeated when the 

voltage across capacitor 55 again has reached the value 
for causing unijunction transistor 52 to become con 
ductive. The voltage generated at terminal 56 to have 
a substantially exponential form. Corresponding to this 
exponential form, the output shown at terminal 60 and 
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terminal 61 is a rectangular pulse sequence, the ampli 
tude at terminal 60 being approximately twice the am 
plitude appearing at terminal 61. 
Changes in the pulse width and the pulse interval of 

the pulses are accomplished by changing the resistors 
and the capacitors in the above-described circuit. The 
pulse width depends at least in part on the values of re 
sistors 59 and capacitors 55, while the pulse interval 
depends at least in part on the value of resistor 44 and 
capacitor 42. How these are changed will be shown in 
the description of FIG. 6. 
With reference to FIG. 5, it will now be shown how 

the amplitude of the pulses applied to the patient is 
made to vary as a function of the output of counter 12. 
FIG. 5 shows the circuitry required for this purpose. 
Specifically, FIG. 5 shows the amplitude control circuit 
means, namely transistors 62 and 63 and the associated 
resistors as well as output switch means 60 and the sym 
bolically shown electrode 67. Transistors 62 and 63 
serve only as an illustration. A much larger plurality of 
such transistors would of course be used, namely one 
for each counting output of counter 12. Specifically, 
the emitters of transistors 62 and 63 are connected in 
common to the minus line 46, while the collector of 
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transistor 62 is connected to the emitter of a transistor 
66 constituting output switch means through a resistor 
64 while the collector of transistor 63 is connected to 
said emitter via a resistor 65. The collector of transistor 
66 is connected to the electrodes shown in symbolic 
form as a resistor 67 to the voltage source denoted by 
U2. The output of the pulse generator 18, namely termi 
nal 60, is applied to the base of transistor 66. 
The base of transistors 62 and 63 are connected to 

the respective counting outputs of counter 12 through 
resistors 68 and 69 respectively. Counter 12 may be 
any conventional counter and comprise bistable cir 
cuits in each counting stage. Further, each counting 
outputy-y, is connected to the base of a transistor 73, 
72, etc. through resistors 71, 70 respectively. The emit 
ters of transistors 73 and 72 are connected to ground 
potential, while the collectors are connected to the pos 
itive line through lamps 13. Transistors 73,72, etc., op 
erate as amplifiers. Thus when counter 12 furnishes a 
signal output y, transistor 73 becomes conductive 
causing lamp 13 to light. The lighting of the lamp thus 
indicates the state of counter 12. This in turn gives an 
indication of the amplitude of the pulses applied to the 
patient since transistor 63 is also put into the conduc 
tive state by a signal at terminal y and causes current 
to flow upon application of a pulse to the base of tran 
sistor 66 which current depends upon resistor 65. Thus 
the current flowing through resistor 67 (which symbol 
izes the muscle of the patient) has an amplitude de 
pending upon the state of counter 12 and a pulse width 
and interval depending upon the output of pulse gener 
ator 18. When the signal at counting output y 
disappears and the signal at counting outputy, appears, 
the amplitude of the current is determined by resistor 
64, since transistor 62 will then be conductive. 
FIG. 6 shows the circuitry which is required to 

change the pulse width and interval in dependence on 
the count of counter 16. It should be noted that termi 
nals a, b, c and d in FIG. 4 are the same as those shown 
in FIG. 6. The top line of FIG. 4 is the plus line, while 
the bottom line is ground potential. Referring now to 
FIG. 6, it is seen that the outputs x1, x2 ... xm of counter 
16 are connected in pairs to the inputs of OR-gates 74 
whose outputs are connected through base resistors 75 
to the bases of transistors 76. Although only two tran 
sistors 76 are shown for each element which may be 
varied (capacitor 55, resistor 59 and resistor 44) more 
of such transistors and associated elements may of 
course be furnished. In any case each count on counter 
16 results in the energization of at least one OR-gate 74 
for each of the above-mentioned elements. When a 
positive signal is passed through the OR-gate 74, the 
associated transistor 76 becomes conductive connect 
ing the associated element (for example 55') into the 
circuit. Since elements 59 and 44 do not have any con 
nection to ground potential, an additional transistor 76' 
must be provided for each of these components. Specif 
ically, the transistor 76 which is associated, for exam 
ple, with resistor 59', has a voltage divider circuit in its 
collector circuit. Connected to the tap of the voltage 
divider is the base of a transistor 76' whose emitter 
collector circuit is connected from the positive line 
(terminal b) to one terminal of resistor 59' whose 
other terminal is connected to point a of FIG. 4. When 
transistor 76 becomes conductive, the voltage at the 
base of transistor 76' drops causing this transistor also 
to become. conductive. This of course connects ele 
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10 
ment 59' into the circuit of FIG. 4. Resistors 44' are 
connected into the circuit of FIG. 4 in the same fash 
ion, except that the switching transistor which switches 
these between points d and c in FIG. 4 is labelled 76' 
in FIG. 6. It best becomes evident that with a circuit 
such as shown in FIG. 6, the width and the interval be 
tween the pulses furnished by pulse generator 18 as 
shown in FIG. 4 may be varied over extremely wide 
ranges. 
FIG. 7 shows one embodiment of the automatic stop 

means labelled stage 30 in FIGS. 2 and 3. The circuit 
shown in FIG. 7 shows a capacitive pickup 77 which is 
connected to the patient. The pickup, denoted by ca 
pacitor 77, forms part of a voltage divider whose other 
portion is embodied in a resistor 78. The voltage di 
vider tap of this voltage divider is connected to the 
emitter of a field effect transistor 79 whose output is 
smoothed by a low pass filter 80. The output of low 
pass filter 80 is in turn connected to the input of a 
threshold stage 81. When the threshold of threshold 
means 8 is passed, threshold circuit 81 furnishes the 
proper signal for deactivating pulse generator 22 and 
counters 17, 20 and 39. This signal of course results 
when the signal at the input of field effect transistor 79 
changes due to muscle contraction in the patient. 
FIG. 8 shows the control circuit for controlling motor 

34 which drives table 31. The direction of rotation of 
motor 34 is determined by the setting of a switch 34'. 
The remainder of the circuit is used to start and stop 
the motor. Specifically, both the forward and the re 
verse counting input of counter 16 are connected to the 
input of an OR-gate 82 whose output is connected to 
the switching input of a monostable multivibrator 83. 
An output of monostable multivibrator 83 is connected 
through a resistor 84 to the base of a transistor 85 
whose emitter-collector circuit is connected in series 
with a resistor 86 and a light source 37, here a gallium 
arsenide light emitting diode, the so-formed series cir 
cuit being connected from ground to the positive line. 
The emitter-collector circuit of a phototransistor 27 is . 
connected to plus line 45 by means of a resistor 87 and 
is further connected to the base of a transistor 89 
through a resistor 88. The emitter-collector circuit of 

45 transistor 89 is connected from positive line 45 to 
ground. Transistor 89 forms part of a bistable stage 
which also includes transistor 90 and resistors 91 and 
92. Specifically, resistor 91 is connected from the base 
of a transistor 89 to the collector of the transistor 90, 
while resistor 92 is connected from the collector of 
transistor 89 to the base of transistor 90. Further, the 
emitter-collector circuit of a transistor 93 is connected 
between the base and emitter of transistor 90, the base 
of transistor 93 being connected to the collector of 
transistor 85. The emitter of transistor 90 is connected 
to ground potential, while its collector is connected to 
the coil of a relay 91 whose other terminal is connected 
to plus line 45. Relay 91 controls contacts 95 which, 
when closed, short circuits motor 34. The above 
mentioned switch 34' which determines the direction 
of rotation of motor 34 is connected in parallel with 
said motor and contacts 95. 
The above-described circuit operates as follows: 
When a pulse is received at either the forward or re 

verse counting input of counter 16, that is when the 
count on counter 16 is changed in either direction, this 
pulse is transmitted through OR-gate 82 to the mono 
stable multivibrator 83, thereby switching this mono 
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stable multivibrator to the unstabled state. At this time, 
transistor 85 is blocked, blocking the current flow 
through diode 37 and therefore causing diode 37 to 
stop the emission of light. Therefore, no more light is 
received by phototransistor 27 and this transistor 5 
blocks. However, the blocking of transistor 85 has 
caused a positive potential to be applied to the base of 
transistor 93, causing this transistor to become con 
ductive. This causes a negative potential to be applied 
to the base of transistor 90 causing this to block. There- 10 
fore, relay 91 is deemergized and contacts 95 open. 
Motor 34 will commence to run in the direction indi 
cated by switch 34. This causes table 31 to move until 
a hole 35 in the rod 36 affixed to table 31 causes light 
to be transmitted from diode 37 to phototransistor 27. 15 
It should be noted that the time constant of monostable 
stage 83 is so arranged that diode 37 is again energized 
prior to the time that the next hole is positioned in front 
of diode 37. Thus phototransistor 27 becomes conduc 
tive and a negative signal is applied to the base of tran- 20 
sistor 89 causing transistor 89 and, therefore, transistor 
90 to become conductive. Thus current again flows 
through the coil of relay 91 causing contacts 95 to close 
thereby stopping motor 34. 
The interconnection between counters 16, 17 and 12 25 

is shown in FIG. 9. Two flip-flop stages 103 and 104 of 
counter 16 are shown. Flip-flop stage 103 has an output 
110 and a second output 111 while flip-flop stage 104 
has an output 112. Counter 17 further comprises two 
AND-gates, 107 and 108, two OR-gates 105 and 106, 30 
and a further AND-gate 109. The output of gate 109 
furnishes the counter advance signal to counter 12. 
Specifically, this signal is furnished on a line 114 and 
it must be noted that counter 12 advances each time 
the signal on line 114 changes from a zero to a one 
state. AND-gates 107 and 108 each have a plurality of 
inputs connected with specific counting stages of 
counter 16 as will be discussed below. The output of 
AND-gate 107 is connected to one input of OR-gate 
105 whose other input is connected to output 110 of 
flip-flop 103. Similarly, the output of AND-gate 108 
constitutes one input of OR-gate 106 whose other input 
is connected to output 112 of flip-flop 104. The outputs 
of OR-gates 105 and 106 constitute the inputs to AND 
gate 109 whose output, as discussed above, constitutes 
the counter advanced signal when changing from a Zero 
to a One State. 
The above-described arrangement operates as fol 

lows: 
Initially it is assumed that counter 16 has a specified 

output at output x1, that is for example a zero potential 
output. This indicates that two identical pulses are to 
be applied to the patient before any changes in ampli 
tude occur. Pulse generator 18 (after depression of key 
38) delivers a pulse sequence 116 to the input 102 of 
counter 17. 

Initially output 110 of flip-flop 103 carries a I signal, 
output 111 a zero signal and output 112 of flip-flop 104 
also carries a signal. Only output x of counter 16 car- 60 
ries a zero signal, that is outputs x2 ... xm all have a 'l' 
potential. Thus the output of AND-gate 104 is a "1" 
potential which does not serve to advance counter 12, 
as stated previously, this counter responds only to 
changes from "0" to "l' on line 114. 65 
As shown in FIG. 9, the first pulse in the first se 

quence 116 has a trailing edge 115. This trailing edge 
115 causes flip-flop 103 to flip, that is output 110 now 
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carries a “0” output, while output 111 is fliped from 
the “0” to the “1” state. The state offlip-flop 104 is un 
changed since this flip-flop reacts only to a change 
from “1” to “O." Both inputs of OR-gate 105 thus have 
a “0” signal which causes a “0” signal to appear at its 
output in turn causing a '0' signal to appear on line 
114. Counter 12 is not sensitive to change of state from 
“1” to "0." The trailing edge 117 of the second pulse 
in pulse sequence 116 again causes flip-flop 103 to flip. 
Output 110 therefore changes from a “0” to a "1" state 
while output 111 changes from a "l' to a “0” state. 
OR-gate 105 receives a “1” signal from output 110 and 
therefore furnishes a “1” signal to AND-gate 109. Flip 
flop 104 is sensitive to the change from "l' to "0" 
experienced at output 111 and therefore also changes 
state, that is output 112 changes from “1” to "0." Since 
its second input still carries a "1" signal, OR-gate 106 
continues to furnish a '1' signal to AND-gate 109 
causing the signal on line 114 to change from a "0" to 
a “1” state, thereby advancing counter 12 by one step. 

Thus counter 12 is advanced for every other pulse in 
pulse sequence 116. Once counter 16 has passed 
counting stage 4, all outputs x1, x2, x8 and x carry a 
positive potential which cause AND-gate 107 and 
therefore OR-gate 105 to furnish a 1 signal without in 
terruption. During the four subsequent pulses in pulse 
sequence 116 one of the outputs xs. . . is has a 0 poten 
tial. Thus the signal on line 114 will remain at 0. Fol 
lowing the fourth pulse flip-flop 104 changes state, 
causing a 1 signal to appear at output 112, which in 
turn causes a 1 signal to appear at the output of OR 
gate 106 and on line 114. This change from 0 to one on 
line 114 causes counter 12 to advance by one step. 
FIG. 9 thus illustrates how the given number of pulses 
applied to the muscle at any amplitude as determined 
by the state of counter 12 depends upon the counting 
state of counter 16. FIG. 9 only shows two stages of 
counter 17. Of course further stages will be required in 
a practical case. 
The interconnection between 18 and 16 and 39 of 

course can be carried out in an analogous fashion. 
Under those circumstances the counter indicated as 
counter 17 in FIG. 9 would correspond to counter 39 
of FIG. 3. The output of AND-gate 109 would be con 
nected to the counting input of counter 16, whose out 
puts x . . . xn would be connected to AND-gates 107 
and 108 as in FIG. 9. 

It will be noted that the indicating arrangement 
shown in the drawing and comprising table 31 which is 
moved perpendicular to the axis of a lamp bank 32 con 
stitutes only one possible embodiment. It is of course 
equally possible to record the results of the measure 
ments by means of known x-y recorders, the count on 
counter 12 constituting one coordinate while the count 
on counter 16 constitutes the other coordinate of a 
measuring point. Further, the points can be indicated 
by a field of light sources in which every possible point, 
namely all the intersections of lines xi to x with lines 
y toy are represented by a lamp. Logic circuit means 
can then be used to cause that particular lamp to light 
up which has the coordinate x corresponding to the 
count of counter 16 and the coordinate y correspond 
ing to the count on counter 12. 
While the invention has been illustrated and de 

scribed as embodied in a specific indicator and count 
ing circuit, it is not intended to be limited to the details 
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shown, since various structural and curcuit changes 
may be made without departing in any way from the 
spirit of the present invention. 
Without further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can 5 
by applying current knowledge readily adapt it for vari 
ous applications without omitting features that, from 
the standpoint of prior art fairly constitute essential 
characteristics of the generic or specific aspects of this 
invention and, therefore, such adaptations should and 10 
are intended to be comprehended within the meaning 
and range of equivalence of the following claims. 
What is claimed as new and desired to be protected 

by Letters Patent is set forth in the appended claims: 
1. Diagnostic apparatus for generating points of mini- 15 

mum involuntary muscle movement as a function of 
amplitude and duration of electrical pulses applied to 
said muscle for entry of an intensity-time diagram, 
comprising, in combination, adjustable pulse generator 
means for furnishing a sequence of pulses, each of said 20 
pulses having an amplitude and a pulse width; electrode 
means connected to said adjustable pulse generator 
means and adapted to be placed in operative proximity 
of said muscle for applying said pulses thereto; control 
means connected to said adjustable pulse generator. 25 
means for controlling said pulse width to one of a num 
ber of selectable pulse widths; first counting means 
connected to said pulse generator means, for counting 
said pulses and automatically changing said amplitude 
of said pulses following receipt of a given number of 30 
said pulses; varying means connected to said first 
counting means, for varying said given number in de 
pendence upon said pulse width of said pulses; and stop 
means for stopping said first counting means upon ap 
pearance of said involuntary muscle movement, said 
amplitude and said pulse width of said pulses of said ad 
justable pulse generator means at appearance of said 
involuntary muscle movement constituting the coordi 
nates of one of said points of minimum involuntary 
muscle movement. 

2. Apparatus as set forth in claim 1, wherein said stop 
means comprise manually activated switch means for 
activation by the operator of said apparatus upon ob 
servance of said involuntary muscle movement. 

3. An arrangement as set forth in claim 1, wherein 
said stop means comprise sensor means for sensing said 
involuntary muscle movement and furnishing a corre 
sponding stop signal. 

4. Apparatus as set forth in claim 1, wherein said ad 
justable pulse generator means comprise a source of 
current, output switch means for connecting said 
source of current to said electrode means when acti 
vated, and control pulse generator means for furnishing 
control pulses for activating said output switch means. 
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5. Apparatus as set forth in claim 4, wherein said out 
put switch means comprise semi-conductor switch 

aS. 

6. Apparatus as set forth in claim 4, wherein said con- 60 
trol pulse generator means comprise first timing means 
for determining the pulse width of said control pulses; 
and wherein said control means comprise additional 
timing means, and timing switch means for connecting 
said additional timing means to said control pulse gen- 65 
erator means for varying the pulse width thereof. 

7. Apparatus as set forth in claim 6, wherein said tim 
ing switch means comprise timing counter means. 

14 
8. Apparatus as set forth in claim 7, wherein said first 

counting means comprise amplitude control counting 
means furnishing counting output signals each signify 
ing a predetermined multiple of said given number of 
electrical pulses, and amplitude control circuit means 
connected between said amplitude control counting 
means and said source of current, for varying the am 
plitude of said electrical pulses in dependence upon 
said counting output signals. 

9. Apparatus as set forth in claim 8, wherein said first 
counting means further comprise control pulse count 
ing means connected to said control pulse generator 
means, for counting said control pulses and furnishing 
a counter advance signal advancing the count on said 
amplitude control counting means when the number of 
so-counted control pulses is equal to said given num 
ber. 

10. Apparatus as set forth in claim 9, further com 
prising first connecting means connected between said 
timing counter means and said amplitude control 
counting means for varying said given number in de 
pendence upon the output of said timing counter 
means. . 

11. Apparatus as set forth in claim 10, further com 
prising means resetting said control pulse counting 
means in response to said counter advance signal. 

12. Apparatus as set forth in claim 11, further com 
prising reset means connected to said amplitude con 
trol counting means for resetting said amplitude con 
trol counting means a predetermined number of counts 
in response to each activation of said reset means. 

13. Apparatus as set forth in claim 12, wherein said 
amplitude control counting means has a reverse count 
ing input; and wherein said reset means comprise sec 
ond pulse generator means for furnishing a sequence of 
reset pulses upon activation, reset pulse counting 
means for counting said reset pulses and for furnishing 
corresponding reset counting output signals, and means 
for applying said reset pulses to said reverse counting 
input of said amplitude control counting means and for 
blocking the application of said reset pulses to said re 
verse counting input in response to a predetermined 
one of said reset counting output signals. 

14. Apparatus as set forth in claim 13, wherein said 
means for applying and blocking said reset pulses from 
said reverse input comprise AND-gate means. 

15. Apparatus as set forth in claim 14, wherein said 
reset pulse counting means furnish said predetermined 
one of said reset counting output signals at a predeter 
mined reset counting output terminal; wherein said 
timing counter means has a forward counting input; 
further comprising inverter means connecting said pre 
determined reset counting output terminal and said for 
ward counting terminal of said timing counter means. 

16. Apparatus as set forth in claim 15, further com 
prising additional inverter means connected to the out 
put of said AND-gate means; and additional AND-gate 
means having a first input connected to the output of 
said additional inverter means, a second input con 
nected to the output of said control pulse generator 
means, and an output connected to the input of said 
control pulse counting means, whereby said predeter 
mined reset couting output signal causes said additional 
AND-gate means to become conductive and permit the 
application of said control pulses to the input of said 
control pulse counting means. 
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17. Apparatus as set forth in claim 16, wherein said 
stop means furnish a stop signal for terminating the 
operation of said second pulse generator means and for 
resetting said reset pulse counting means and said con 
trol pulse counting means. 

18. An arrangement as set forth in claim 17, wherein 
said stop means comprise manually activatable switch 

S. 

19. An arrangement as set forth in claim 17, wherein 
said stop means comprise electromechanical trans 
ducer means. 
20. Apparatus as set forth in claim 19, wherein said 

electromechanical transducer means comprise capaci 
tor winding means applied in operative vicinity of said 
muscle, circuit means connected to said capacitance 
pickup means to furnish an electrical signal in response 
to capacitance changes resulting from said involuntary 
movement of said muscle, filter means for filtering said 
electrical signal, and threshold means connected to the 
output of said filter means. 
21. Apparatus as set forth in claim 20, further com 

prising start signal furnishing means; bistable circuit 
means connected to said start signal furnishing means 
and having a '0' output connected to said timing 
counter means for setting said timing counter means to 
a determined count and a '1' output; NAND-gate 
means having a first input connected to said 'l' output 
of said bistable circuit means, a second input con 
nected to said predetermined reset counting outputter 
minal and an output connected to said control pulse 
counting means; and additional control pulse counting 
means for counting said control pulses and for advanc 
ing said timing counter means in response to a prede 
termined number of so-counted control pulses, said 
predetermined number varying as a function of the 
count on said timing counter means, said additional 
control pulse counter means having reset means for re 
setting said additional control pulse counting means 
upon receipt of said predetermined number of control 
pulses. 

O 

5 

20 

25 

30 

16 
22. Apparatus as set forth in claim 23, wherein said 

stop means furnish a stop signal resetting said bistable 
means to furnish said "O' output. 
23. Apparatus as set forth in claim 22, further com 

prising means interconnecting said stop means and said 
additional control pulse counting means for causing 
said stop signal reset said additional control pulse 
counting means. 
24. Apparatus as set forth in claim 1, further com 

prising means for indicating said points on said intensi 
ty-time diagram, said means comprising a plurality of 
lamp means each connected to a corresponding output 
of said amplitude control counting means, lamp back 
means for supporting said lamps, each in a predeter 
mined position relative to the other of said lamps, re 
cording means for having said intensity-time diagram 
inscribed thereon positioned to receive light from said 
lamp means, table means for supporting said recording 
means, and moving means for moving said table means 
in a direction perpendicular to said lamp bank means, 
to a position corresponding to the output of said timing 
Counter nean S. 

25. Apparatus as set forth in claim 24, further com 
prising fine positioning means for furnishing an exact 
adjustment of the position of said recording means rela 
tive to said lamp bank means. 
26. Apparatus as set forth in claim 25, wherein said 

moving means comprise motor means, wherein said 
table means has a plurality of markings in the direction 
perpendicular to the axis of said lamp bank means; and 
wherein said fine positioning means comprise sensor 
means for sensing said markings and furnishing a mark 
ing signal in response thereto, and connecting means 
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connecting said sensor means to said motor means for 
stopping said motor means in response to said marking 
signal. 
27. Apparatus as set forth in claim 26, wherein said 

sensor means comprise photoelectric sensor means. 
k k : sk 


