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AUTOMATIC LIMIT SWITCH SYSTEM FOR SCINTILLATION DEVICE AND METHOD OF OPERATION
ABSTRACT

A scintillation scanner having an automatic limit switch 
system for setting the limits of travel of the radiation detec
tion device which is carried by a scanning boom. The automatic 
limit switch system incorporates position responsive circuitry 
for developing a signal representative of the position of the 
boom, reference signal circuitry for developing a signal repre
sentative of a selected limit of travel of the boom, and com
parator circuitry for comparing these signals in order to control 
the operation of a boom drive and indexing mechanism.



AUTOMATIC LIMIT SWITCH SYSTEM FOR SCINTILLATION DEVICE AND METHOD OF OPERATION
ABSTRACT

A scintillation scanner having an automatic limit switch 
system for setting the limits of travel of the radiation detec
tion device which is carried by a scanning boom. The automatic 
limit switch system incorporates position responsive circuitry 
for developing a signal representative of the position of the 
boom, reference signal circuitry for developing a signal repre
sentative of a selected limit of travel of the boom, and com
parator circuitry for comparing these signals in order to control 
the operation of a boom drive and indexing mechanism.
Cross References to Related Patents and Patent Applications 

Canadian Patent No. 851,286 
fco Carl J .  Brunnett et al, entitled, "Scintillation Recording 
Device," issued on September 8, 1970, and assigned to the 
assignee of the present application.

Canadian Patent Application No. 145,384 
to Carl J. Brunnett et al, entitled "High Speed Color Printer 
for Scintillation Scanner," filed June 22 , 1972 and assigned 
to the assignee of the present application.

Canadian Patent Application No. 136,633 
to Carl J. Brunnett et al, entitled "Automatic Calibration 
System for a Scintillation Device and Method of Operation," 
filed March 9 , 1972 and assigned to the assignee of the 
present application.

This invention pertains to the art of scintillation 
devices for providing graphical presentations of the level of 
radioactivity over an area, and more par ticularly, a control 
system for automatically limiting the distance of travel of a 
boom which carries a radiation detection device in a scintilla
tion scanner.

Generally, in the operation of a scintillation scanner.



a scintillation probe is supported on a boom which reciprocates 
along a series of parallel rectilinear paths to cover a pre
determined area of examination. A light source and a stylus 
are also carried by the boom to reciprocate along paths of 
travel of the probe. The light source and stylus are coupled 
through appropriate circuitry to the scintillation probe to 
produce graphic images formed by a pattern of dots, on both a 
film and a sheet of paper, of the levels of radiation activity 
being measured.

10 In the medical use of a scintillation scanner, a radio
active isotope is administered to a patient. Isotopes exhibit 
the characteristic of concentrating in certain types of tissue 
with the level of concentration dependent upon the type of 
tissue. These different levels of concentration result in 
different levels of radiation activity which, when measured 
and graphically presented, provide a basis for medical diagnosis. 
The levels of concentration of the isotopes are not only diffe
rent in different tissues of a single organ, but are also diffe
rent between similar tissues in similar organs. For this reason, 

20 the levels of maximum concentration, or maximum radiation activity
may vary over a wide range for different organs or even for two
similar organs.

If once a scanning operation is begun it is decided 
that the limits of travel of the radiation detection device 
should be increased or decreased due to the particular sizre of 
an organ under examination, it is normally necessary to stop 
thé scanning operation, reset the limit switches, and commence 
another scanning operation. As is apparent, this procedure of 
terminating a scanning operation, readjusting the limit switches,

30 and again commencing a scanning operation, is quite time consuming
The present invention is directed toward an automatic 

limit of travel system for the scanning drive mechanism in a



scintillation scanner and method of operation, thereby over
coming the noted disadvantages, and others, of previous systems.

One aspect of the present invention is the provision 
of an automatic limit switch system for setting the limits of 
travel of the radiation detection device which is carried by 
support structure in the form of a boom in a scintillation scan
ner. The automatic limit switch system includes position respon 
sive circuitry for developing a position signal representative 
of the position of the boom, reference signal circuitry for 
developing a reference signal representative of a selected posi
tion of limit of travel for the boom, and comparator circuitry 
for comparing these signals in order to control the operation of 
a boom drive and indexing mechanism.

In accordance with another aspect of the present in
vention, the automatic limit system includes a second reference 
signal circuitry for developing a second reference signal repre
sentative of a selected limit of travel of the boom in an oppo
site direction, and a second comparator circuitry for comparing 
these signals in order to limit the distance of travel of the 
boom in this direction.

In accordance with another aspect of the present in
vention, the reference signal circuitry includes an oscillator 
circuit and counter for developing the reference signal.

FIGURE 1 is a perspective view of a scintillation 
scanner which may be used in conjunction with the automatic 
limit switch system of the present invention;

FIGURE 2 is an electrical schematic diagram illustra 
ting in detail the circuitry of the automatic limit switch sys
tem of the present invention.

Reference is made to FIGURE 1 which generally illus
trates a scintillation scanner 10 including a housing 11 which 
is supported on a mobile base 12. A plurality of wheels 13 sup
port the base for movement.



A plurality of control modules 14 are mounted in the 
housing and have front panels which are generally aligned with 
the front wall 15 of the housing 11. The control module 14 
includes various control circuits which may be adjusted for opera
tion by an operator. The scanner also includes a conductor 16 
which transmits signals from a scintillation probe 17 to a color 
printer apparatus 19 to the electronic body of the instrument.

Probe support structure in the form of a boom 22 is 
supported in the upper portion of the housing 11. The boom 22 is 
supported for transverse and longitudinal reciprocation on a 
carriage structure, and, as illustrated, the boom 22 supports 
the scintillation probe 17 and the color printer 19. A scan 
and indexing control circuit for causing the boom to reciprocate 
longitudinally in any of a wide range of selected speeds, as 
well as circuitry for transversely indexing the carriage at any 
selected distance within a wide range of distances, is included 
in the control module 14.

For a more complete description of the operation of 
a scintillation scanner, including a description of the operation 
of the control circuit for controlling the movement of the boom 
and a description of the operation of the color printing appara
tus, reference is made to the above-referenced patents and patent 
applications.

As illustrated in FIGURE 2, the probe support boom 22 
is mechanically connected to an automatic limit switch circuit 
AL-l having its output terminals connected to a scan and index
ing control circuit 23. The automatic limit switch circuit in
cludes an astable multivibrator 0-1 which is coupled to a pair of 
six-stage counters C-l, C-2. The output terminals of the counters 
C-l, C-2 are respectively coupled to a pair of digital-to-analog 
converters DA-1, DA-2, and the output terminals of the digital- 
to-analog converters DA-1, DA-2 are respectively connected to the



input terminals of a pair of amplifiers 24, 26. The output 
terminals of the amplifiers 24, 26 are in turn respectively 
connected to one of the pair of input terminals of a pair of 
comparators 28, 30. The other input terminals of the compara
tors 28, 30 are coupled to the movable contact of a positioning 
potentiometer P-l, and the output terminals of the comparators 
28, 30 are coupled to the scan and indexing control circuit 23.
The output terminals of the comparators 28, 30 are also fed back 
to logic circuitry including a pair of flip-flops FF-1, FF-2 

10 for controlling the operation of the counters C-l, C- 2. The
flip-flops FF-1, FF-2 are actuated to initiate a counting opera
tion by the counters C-l, C-2 by a right and a left margin limit 
set switch LS-1, RS-2.

More particularly, the probe support boom 22 is mechani
cally connected to the movable contact of the potentiometer P-l. 
One of the stationary contacts of the potentiometer P-l is 
electrically connected to a positive 5 volt supply source and 
the other stationary contact of the potentiometer P-l is connect
ed to a negative 5 volt supply source.

20 The left margin limit sat switch LS-1 is a momentary
single-pole switch having one of its terminals connected directly 
to ground and the other terminal connected to the "set" terminal 
of the flip-flop FF-1. The flip-flop FF-1 is comprised of a 
pair of OR gates 31, 32 each having one of its output terminals 
fed back to one of the input terminals of the other OR gate.
The output terminal of the flip-flop FF-1 is connected to the 
input terminal of the counter C-l which is comprised of six J-K 
flip-flops 34, 36, 38, 40, 42, 44. The output terminal of the 
flip-flop FF-1 is connected in common to the "J" and "K" terminals

30 of the J-K flip-flop 34, and the "1" terminal of each of the flip-
flops 34 through 42 are respectively connected to the "toggle" 
terminal of the following flip-flop.



The "toggle" terminal of the J-K flip-flop 34 is con
nected to the output terminal of the oscillator circuit 0-1.
The oscillator circuit 0-1 takes the form of an astable multi
vibrator . More particularly, the oscillator circuit 0-1 includes 
a pair of NPN transistors 46, 48 having their emitters connected 
in common to ground. The base of the transistor 46 is coupled 
through a capacitor 50 to the collector of the transistor 48, 
and the base of the transistor 48 is coupled through a capacitor 
52 to the collector of the transistor 46. In addition, the 
collector of the transistor 46, the base of the transistor 46, 
the collector of the transistor 48, and the base of the transistor 
48, are respectively coupled through one of four resistors 54,
56, 58, 60, to a positive 5 volt supply source to properly bias 
the transistors for oscillation. A capacitor 62 is coupled b e 
tween the positive 5 volt supply source and ground.

The output signals developed by the oscillator circuit 
0-1 are obtained at the collector of the transistor 48 and are 
applied through an amplifier 63 to the "toggle" terminal of the 
J-K flip-flop 34. The "reset" terminals of the flip-flops 34- 
44 are connected in common to the "set" terminal of the flip- 
flop FF— 1.

The "0" terminals of each of the flip-flops 34 through 
44 are connected to the digital-to-analog converter DA-1. The 
digital-to-analog converter DA-1 is generally comprised of a 
resistive ladder network. More particularly, the "0“ terminal 
of the flip-flop 34 is connected through a resistor 64 to a 
juncture point 65 between a pair of resistors 66 and 68. The 
other terminal of resistor 66 is connected directly to the posi
tive 5 volt supply source, and the other terminal of the resistor 
68 is connected to a juncture point 67 between another pair of 

resistors 70, 72.
The other terminal of the resistor 70 is connected to



the "0" terminal of the flip-flop 36, and the other terminal 
of the resistor 72 is connected to a juncture point 7 3 between 
a pair of resistors 74, 76. The other terminal of the resistor 
74 is connected to the "0" terminal of the flip-flop 38, and 
the other terminal of the resistor 76 is connected to a juncture 
point 78 between a pair of resistors 80, 82.

The other terminal of the resistor 80 is connected to 
the "0" terminal of the flip-flop 4 0 , and the other terminal of 
the resistor 82 is connected to a juncture point 84 between a 

10 pair of resistors 86, 88. The other terminal of the resistor 86 
is connected to the "0" terminal of the flip-flop 42 and the 
other terminal of the resistor 88 is connected through a resis
tor 90 to the "0" terminal of flip-flop 44. Also, a juncture 
point 91 between the resistor 88 and the resistor 90 is connected 
to the "non-inverting” input terminal of the amplifier 24.

The inverting input terminal of the amplifier 24 is 
connected through a resistor 92 to the positive 5 volt supply 
source, and the output terminal of this amplifier is fed back 
through a resistor 94 to the inverting input terminal of the 

20 amplifier.
The output terminal of the amplifier 24 is also coupled 

through a resistor 96 to the inverting input terminal of a com
parator 28. A parallel-connected resistor 98 and capacitor 100 
are connected across the input terminals of the comparator 28, 
and the non-inverting input terminal of the comparator is con
nected through a resistor 102 to the movable arm of the potentio
meter P-l.

The output terminal of the comparator 28 is fed back 
through a resistor 104 to the non-inverting input terminal of 

30 the comparator, and the output terminal of the comparator is 
also connected to the input terminal of another amplifier 106.
The output terminal of the amplifier 106 is connected to the 
scan and indexing control circuit 23. This output terminal is



also fed back and connected to the "reset" terminal of the 
flip™flop FF-1.

The right margin limit set switch RS-1 is also a momen
tary single-pole switch having one of its terminals connected 
directly to ground and the other terminal connected to the "set" 
terminal of the flip-flop FF-2. The flip-flop FF-2 is comprised 
of a pair of OR gates 131, 132, each having one of its output 
terminals fed back to one of the input terminals of the other 
OR gate. The output terminal of the flip-flop FF-2 is connected 

10 to the input terminal of the counter C-2 which is also comprised 
of six J-K flip-flops 134, 136, 138, 140, 142, 144. The output 
terminal of the flip-flop FF-2 is connected in common to the 
"J" and "K" terminals of the J-K flip-flop 134, and the "1" 
terminal of each of the flip-flops 134 through 142 are respec
tively connected to the "toggle" terminal of the following 
flip-flop.

The "toggle" terminal of the J-K flip-flop 134 is also 
connected to the output terminal of the oscillator circuit 0-1. 
The output signals developed by the oscillator circuit are also 

20 applied through the amplifier 63 to the "toggle" terminal of the 
J-K flip-flop 134. The "reset" terminals of the flip-flops 134 
through 144 are connected in common to the "set" terminal of 
the flip-flop F F - 2 .

The "1" terminals of each of the flip-flops 134 through 
144 are connected to the digital-to-analog converter DA-2, The 
digita1-to-analog converter DA-2 is also generally comprised of 
a resistive ladder network. More particularly, the "1" terminal 
of the flip-flop 134 is connected through a resistor 164 to a 
juncture point 165 between a pair of resistors 166 and 168. The 

30 other terminal of resistor 166 is connected directly to the 
positive 5 volt supply source, and the other terminal of the 
resistor 168 is connected to a juncture point 167 between another 
pair of resistors 170, 172.



The other terminal of the resistor 170 is connected to 
the "1" terminal of the flip-flop 136, and the other terminal 
of the resistor 172 is connected to a juncture point 173 b e 
tween a pair of resistors 174, 176. The other terminal of the 
resistor 174 is connected to the "1" terminal of the flip-flop 
138, and the other terminal of the resistor 176 is connected 
to a juncture point 178 between a pair of resistors 180, 182.

The other terminal of the resistor 180 is connected to 
the “I" terminal of the flip-flop 140, and the other terminal 

10 of the resistor 182 is connected to a juncture point 184 between 
a pair of resistors 186, 188. The other terminal of the resis
tor 186 is connected to the "1" terminal of the flip-flop 142 
and the other terminal of the resistor 188 is connected through 
a resistor 190 to the "1" terminal of the flip-flop 144. Also, 
a juncture point 191 between the resistor 188 and the resistor 
190 is connected to the non-inverting input terminal of the 
amplifier 26.

The inverting input terminal of the amplifier 26 is 
connected through a resistor 192 to the positive 5 volt supply 

20 source, and the output terminal of this amplifier is fed back
through a resistor 194 to the inverting input terminal of the
amplifier.

The output terminal of the amplifier 26 is also coupled 
through a resistor 196 to the non-inverting input terminal of 
the comparator 130. A  parallel-connected resistor 198 and 
capacitor 20Q( are connected across the input terminals of the 
comparator 30, and the inverting input terminal of the compara
tor is connected through a resistor 202 to the movable arm of 
the potentiometer P - l .

30 The output terminal of the comparator 30 is fed back
through a resistor 204 to the inverting input terminal of the
comparator, and the output terminal of the comparator is also



connected to the input terminal of another amplifier 206. The 
output terminal of the amplifier 206 is connected to the scan 
and indexing control circuit 23. This output terminal is also 
fed back and connected to the "reset" terminal of the flip-flop 
FF—2 .

In the operation of the automatic limit switch system, 
the scintillation probe 17 is moved to a position chosen to be 
either the right or left extremity of travel of the probe. since 
the boom 22 is mechanically coupled to the movable arm of the 

10 potentiometer P-l, the potentiometer develops an analog voltage 
having a value which is representative of the position of the 
scintillation probe.

If the probe is moved to the desired right extremity of 
travel, the right margin set switch RS-1 is depressed to reset 
the flip-flop FF-2 which in turn resets the J-K flip-flops 134 
through 144. When the switch RS-1 is released, clocking pulses 
from the astable multivibrator oscillator 0-1 are applied to 
the "toggle" terminal of the J-K flip-flop 134. These clocking 
pulses cause the six stage counter C-2 to commence counting.

20 The signals which are developed at the output terminals
of the counter C-2 are applied to the digital-to-analog conver
ter DA-2 to thereby develop an analog signal representative of 
the number of pulses which have been counted. The analog signal 
developed b y  the digital-to-analog converter DA-2 is then ampli
fied by the amplifier 26 and is applied to the non-inverting 
input terminal of the comparator 30.

When the counter C-2 develops a signal through the 
digital-to-analog converter DA-2 and amplifier 26 which is 
slightly greater than the signal developed by the potentiometer 

30 P-l, the comparator 30 is actuated from one state to the other 
state. Upon actuation of the comparator 30, a signal is applied 
through the amplifier 206 back to the flip-flop FF-2 to reset 
the flip-flop and terminate the counting operation.

- 11-



Upon termination of the counting operation, the signal 
applied to the non-inverting input terminal of the comparator 
30 becomes a reference signal to prevent travel of the boom 
past the position of the right margin.

In order to set the left limit of travel, or margin, 
the scintillation probe is moved to a desired left extremity 
of travel, and the left margin selector switch LS-1 is depressed. 
The left limit reference signal is then obtained in a manner 
similar to that described previously with respect to the right 

10 limit of travel signal and is applied to the inverting input
terminal of the comparator 28.

Once the limits of travel or margins have been set, the
scanner is energized for normal operation. A s  the scintillation 
probe moves to an extremeity of travel, either right or left, 
the signal developed by the potentiometer P-l attains a value 
sufficient to actuate either the comparator 28 or the comparator 
30 depending upon the direction of travel. Once the appropriate 
comparator has been actuated, the output signal from the compara
tor is applied to the scan and index control circuit 2 3 to termi- 

20 nate travel in the direction of travel, index the boom for one 
increment of travel in a direction perpendicular to the scan 
direction, and commence a scan in a reverse direction.

Although one embodiment of the invention has been des
cribed and illustrated, it is apparent to one skilled in the art 
that various changes and modifications may b e  made without de
parting from the spirit and scope of the invention.



THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUS
IVE PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. In a scintillation scanning device comprising
a housing structure, a detector support structure movably sup
ported by said housing structure, reciprocal drive means being 
operatively connected to said detector support structure for 
reciprocally driving said detector support structure in a longi
tudinal scanning path, transverse drive means being operatively 
connected to said detector support structure for moving said 
detector support structure transversely in a scan indexing path, 
a radiation detection element supported at one end of said 
detector support structure, the improvement in an automatic 
limit of travel system comprising: position responsive means
for developing a monitor signal having a value representative
of the position of the radiation detection element; reference 
signal circuit means for developing a limit signal having a 
value representative of the position of a limit of travel of 
said detector support structure; comparator circuit means 
coupled to said position responsive means and to said refer
ence signal circuit means for developing a control signal when 
the value of said monitor signal attains a predetermined level 
with respect to the value of a said limit signal, said comparator 
circuit means being coupled to said reciprocal drive means and 
to said transverse drive means for applying the control signal 
to said reciprocal and transverse drive means to thereby terminate 
travel of and index said detector support structure.

2. An apparatus as defined in Claim 1 including 
second reference signal circuit means for developing a second 
limit signal having a value representative of the position of 
a second limit of travel of said detector support structure; 
second comparator circuit means coupled to said second position

A



responsive means and to said reference signal circuit means for 
developing a second control signal when the value of a said moni
tor signal attains a predetermined level with respect to the 
value of a said second limit signal, said second comparator 
circuit means being coupled to said reciprocal drive means and 
said transverse drive means for applying a control signal to 
said reciprocal and transverse drive means to thereby terminate 
travel of and index said detector support structure.

3. An apparatus as defined in Claim 1 wherein said 
reference signal circuit means includes a clocking circuit means 
for developing a train of pulses, counting circuit means coupled 
to said clocking circuit means, and actuator means for actuating 
said counting circuit means to receive a said train of clocking 
pulses.

4. An apparatus as defined in Claim 2 wherein said 
reference signal circuit means includes clocking circuit means 
for developing a train of pulses, counting circuit means coupled 
to said clocking circuit means, and actuator means for actuating 
said counting circuit means to receive a said train of clocking 
pulses.

5. An apparatus as defined in Claim 3 wherein said 
counting circuit means includes binary counter means, and said 
reference signal circuit means includes digital-to-analog con
verter means interposed between said binary counter means and 
said comparator circuit means for converting signals developed 
by said binary counter means to signals of analog form.

6. An apparatus as defined in Claim 4 wherein said 
counting circuit means includes binary counter means, and said 
reference signal circuit means includes digital-to-analog con
verter means interposed between said binary counter means and



said comparator circuit means for converting signals developed 
by said binary counter means to signals of analog form.

7. An apparatus as defined in Claim 5 wherein said 
reference signal circuit means includes gating means for deacti
vating said counting circuit means after said counting circuit 
means has been activated when the value of a signal developed
by said digital-to-analog converter means attains a predetermined 
value with respect to the value of said limit signal.

8. An apparatus as defined in Claim 6 wherein said 
reference signal circuit means includes gating means for deacti
vating said counting circuit means after said counting circuit 
means has been activated when the value of a signal developed
by said digital-to-analog converter means attains a predeter
mined value with respect to the value of said limit signal.

9- A method of setting the limit of travel of a 
radiation detector in a scintillation device comprising the steps 
of: generating a reference signal having a value representative
of a selected extreme position of the radiation detector; moving 
the radiation detector to a position away from said selected ex
treme position; driving the radiation detector in a direction 
toward said selected extreme position; developing a position 
signal having a value representative of the position of the 
radiation detector; comparing the value of a position signal 
with the value of the reference signal; and, reversing the 
direction of movement of the radiation detector when the value 
of the position signal attains a predetermined value with 
respect to the value of the reference signal.

10. A method of setting the limits of travel of a 
radiation detector in a scintillation device comprising the 
steps of: positioning the radiation detector at a first



extremity of travel; generating a first limit signal having a 
value representative of the first selected position of the 
radiation detector; generating a first reference signal having 
a value of a predetermined level with respect to the value of 
the first limit signal; positioning the radiation detector at 
a second selected extremity of travel; generating a second 
limit signal having a value representative of the second selec
ted position of the radiation detector; generating a second 
reference signal having a value of a predetermined level with 
respect to the value of the second limit signal; driving the 
radiation detector in a direction toward said first selected 
extremity position; developing a position signal having a value 
representative of the position of the radiation detector; com
paring the value of the position signal with the value of the 
first reference signal; terminating movement of the radiation 
detector when the value of a position signal attains a predeter
mined value with respect to the value of the first reference 
signal; driving the radiation detector in a direction away 
from said first selected extremity position and toward said 
second selected extremity position; comparing the value of 
the position signal with the value of the second reference 
signal; and terminating movement of the radiation detector 
when the value of the position signal attains a predetermined 
value with respect to the value of the second reference signal.

11. A  scintillation scanning device comprising a 
housing structure, a detector support structure movably support
ed by said housing structure, reciprocal drive means operatively 
connected to said detector support structure for reciprocally 
■driving said detector support structure along a longitudinal 
scanning path, transverse drive means operatively connected to 
said detector support structure for moving said detector support



structure transversely along a scan indexing path, a radiation 
detection element supported by said detector support structure, 
the improvement in an automatic limit of travel system compris
ing: position responsive means for developing a monitor signal
having a value representative of the actual position of the 
detector support structure; reference signal circuit means 
for developing a limit signal having a value representative of 
the position of a selected limit of travel of said detector supp
ort structure; comparator circuit means coupled to said position 
responsive means and said reference signal circuit means for 
developing a control signal when the value of a said monitor 
signal attains a predetermined level with respect to the value 
of a said limit signal; and control circuit means coupled to 
said comparator circuit means for, upon receipt of a control 
signal, controlling said reciprocal drive means to terminate 
travel of said detector support structure.

12. An apparatus as defined in Claim 11 including 
second reference signal circuit means for developing a second 
limit signal having a value representative of the position of 
a second limit of travel of said detector support structure; 
second comparator circuit means coupled to said second position 
responsive means and to said reference signal circuit means for 
developing a second control signal when the value of a said 
monitor signal attains a predetermined level with respect to 
the value of a said second limit signal, said second comparator 
circuit means being coupled to said reciprocal drive means and 
said transverse drive means for applying a control signal to 
said reciprocal and transverse drive means to thereby terminate 
travel of said detector support structure.

13. An apparatus as defined in Claim 12 wherein 
said reference signal circuit means includes clocking circuit



means for developing a train of pulses, counting circuit means 
coupled to said clocking circuit means, and actuator means for 
actuating said counting circuit means to receive a said train 
of clocking pulses.

14. An apparatus as defined in Claim 13 wherein said 
counting circuit means includes binary counter means, and said 
reference signal circuit means includes digital-to-analog conver
ter means interposed between said binary counter means and
said comparator circuit means for converting signals developed 
by said binary counter means to signals of analog form.

15. The method according to Claim 9 wherein said 
steps of moving and driving are in first and second opposed 
direction and said step of reversing the direction includes 
the step of incrementing the radiation detector in a direction 
transverse to the first and second directions.

16. A scintillation scanning device comprising:
a) movably supported radiation detector means;
b) a reciprocal drive mechanism for reciprocally 

driving said radiation detector means along a longitudinal scan
ning path;

c) a transverse drive mechanism for indexing said 
radiation detector means along a scan indexing path transverse 
to said longitudinal scanning path; and,

d) an adjustable automatic limit of travel system
having

i) position responsive means for developing 
a position signal having a value .representative of the actual 
position of the radiation detector\means;

ii) a reference signal generator for develop
ing a limit signal having a value representative of the position



of a selected limit of travel of said radiation detector means;
iii) comparator means coupled to said position 

responsive means and to said reference signal generator for 
developing a control signal upon a predetermined relationship 
between said limit signal and said position signal; and,

iv) control means responsive to the control 
signal for controlling said reciprocal drive mechanism to termin
ate travel of said radiation detector means.
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