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ABSTRACT: Readout process and apparatus for reading 
coded symbols in a code in which the components are narrow 
band photoluminescent compositions. The'symbols, on suita 
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ble substrates such as paper tape, labels on cans, bottles and 
the like, are illuminated by ?ashes from a xenon tube with an 
ultraviolet transmitting ?lter. The ?ashing tube is aimable so 
that it can be directed either on a window in front of which 
tape containing the symbols is passed or through another win 
dow onto containers with labels and the like. Suitable optics 
are moved into position so that the different locations of the 
substrate do not change the image path length. When the sym 
bols are illuminated with successive ultraviolet ?ashes, they 
luminesce in the visible in the different narrow band colors 
corresponding to the different components and this is imaged 
on a ?lter wheel having the same number of ?lters as there are 
components: four for numerical work or six for alphanumeric 
work. After passing through the filter wheel, the visible beam 
is imaged on the cathode of a photomultiplier tube. The ?lter 
wheel also is provided with magnets which open switches con 
necting the photomultiplier tube to different circuits for each 
?lter and also generate a trigger pulse which triggers the 
?ashes of the, xenon tube in synchronism with the positioning 
of each ?lter by the rotation of the wheel. 
The signal from the photomultiplier tube passes through 

ampli?ers, one for each ?lter, and into logic circuits, which 
provide for gates to select the particular signal from aparticu 
lar ?ltered beam and also start readout at the beginning of a 
symbol and reset after the ?lter wheel has made a second full 
revolution during which no signals are received. Response of 
each ampli?er is delayed about 20 psec. so that the extremely 
short-persistence ?uorescence from ‘such compounds as opti 
cal brighteners and the like has died out and response is only 
from the slower decaying photoluminescence of the narrow 
band code components. 
The logic circuits send out coded signals corresponding to 

the code to display mechanisms, such as Nixie tubes, or a per~ 
manent recording, such as a solenoid driven typewriter of the 
computer readout type, or both, or to a solenoid driven 
diverter for de?ection from a conveyor system. ' 
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DETECTION OF MIXTURES OF NARROW BAND 
PHOTOLUMINESCERS 

BACKGROUND OF THE INVENTION 

Photoluminescent coded inks have been described and 
claimed in the Freeman and Halverson U.S. Pat. No. 
3,473,027, Oct. 14, l969 and a modi?cation in which some of 
the symbols are short-life ?uorescers, and these are distin 
guished from thelonger-decay-time photoluminescent materi 
als of the other components, are described and claimed in the 
US. Pat. No. 3,412,245 of Halverson, Nov. 19, 1968. 

Various readout mechanisms involving illumination of the 
coded symbol are described in the above patents. There is, 
however, a demand for automatic apparatus and process for 
the rapid readout of symbols on various substrates, such as 
paper tapes, labels on containers, and the like. 
The Freeman and Halverson and Halverson patents above 

referred to describe the use of narrow band ?uorescent com 
ponents in the coding, such as chelates oflanthanide ions hav‘ 
ing an atomic number greater than 57, lanthanide-doped inor 
ganic ?uorescers, such as vanadates, and the like. All of these 
narrow band ?uorescers have time constants of the mul 
timicrosecond range, such as 10 to some hundreds of pr 
seconds as contrasted to the extremely short half-life or time 
constant of the ?uorescence of certain organic compounds, 
such as optical brighteners, which have a time constant of the 
order of a small fraction of a microsecond. As described in the 
Freeman and Halverson patent, codes which depend on the 
presence or absence of a particular photoluminescent com 
ponent provide a choice of symbols represented by 21-], 
where n is the number of components. This provides 15 sym 
bols for straight numeric work with four components, 63 sym 
bols for alpha numeric operations with six components, and 
the like. 

SUMMARY OF THE INVENTION 

The present invention involves an improved automatic 
process and apparatus for the readout of photoluminescent 
coded symbols, such as those described in the two applications 
above referred to. The components to be used are the ones 
having a moderate half-life. This is for the reason that many 
substrates, such as papers, contain blue ?uorescent materials 
which have the extremely short time constants of from l0‘7 to 
10‘8 sec. Under certain types of nomenclature the moderately 
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long half-life materials might be referred to as phosphorescers . 
instead of ?uorescers, but throughout the remainder of this 
application the more general term “photoluminescers” or 
“photoluminescence” will be used. 
As it will appear from the more detailed description below, 

a wide variety of apparatus elements may be used in practicing 
the present invention, so that the invention may be considered 
both as a process for readout and as a broad apparatus. In 
general, from the apparatus aspect it will appear that the 
present invention is a combination of elements which are not 
individually new things. 

Essentially in the present invention a substrate having a se 
ries of coded symbols, such as a paper tape or sheet or labels 
on containers, such as bottles or cans with labels, or printing 
of the photoluminescent coded symbols directly on their sur 
faces are passed in front of the reading mechanism, either con 
tinuously or semicontinuously. ln the case of labels on con 
tainers, such as bottles and cans, the container may move in 
termittently and then be rotated for reasons which will appear 
below. 
A flash tube of short-wave radiation, such as a xenon tube 

with an ultraviolet transmitting ?lter which does not transmit 
the visible is triggered to ?ash at predetermined short inter 
vals. The ?ash is directed to illuminate successive small mark— 
ing areas on the particular substrate from which the symbol is 
to be read, a marking area being de?ned as a small area in 
which a symbol in the different photoluminescent components 
is imprinted. A symbol may be in the shape of a number, letter 
or a small area of no special shape having the coded com~ 
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2 
ponents. Each ?ash, which is of short duration, for example of 
the order of 2 or 3 p. sec., is quite intense and causes the com 
ponents of the symbol in the marking area to photoluminesce 
in their particular different wavelengths, which can be in the 
visible or in some cases in the near infrared. Since the com— 
ponents have half-lives ofa number ofp. sec, they continue to 
luminesce for a number of p. secs. after illumination has 
ceased. The photoluminescence is optically imaged in a beam 
passing through successive ?lters, preferably on a ?lter wheel 
rotating at reasonable speed, for example of the order of 1,000 
rpm. or a few thousand r.p.m. There is provided one ?lter for 
each component which passes only the photoluminescence 
from that particular component. The preferred components 
which contain lanthanide ions of atomic number greater than 
57 are all relatively narrow band photoluminescers and, there 
fore, the ?lters can be quite narrow in their wavelength band 
response, interference ?lters being a useful type. After passing 
through the ?lter, the radiation is imaged on the cathode of a 
photomultiplier tube or other sensitive detector of radiation in 
the visible and/or the near infrared. 
The ?lter wheel carries magnets which perform two func 

tions: one is to produce a signal pulse which, if necessary after 
suitable ampli?cation, triggers a ?ash from the xenon tube 
when a particular ?lter associated with the magnet is in the 
light beam from the substrate back to the photodetector; the 
magnets also perform an additional function in the preferred 
form of the invention, that is to say, they switch in ampli?ers 
for a number of channels corresponding to the number of 
components. Alternatively inputs can be switched into a single 
ampli?er or a smaller number of ampli?ers. The magnets also 
produce signals for timing and initiating readout. Another 
magnet which actuates a switch only once during a revolution 
of the ?lter wheel starts the readout cycle so that it makes no 
difference which particular ?lter ?rst receives visible photolu 
minescence. The actuation of these devices or those perform 
ing a similar function need not be from elements physically 
mounted on the ?lter wheel, as they can be from any source 
which is synchronously driven therewith. However, because of 
the great simplicity of magnets and magnet operated switches 
associated with the ?lter wheel itself, this modi?cation is 
preferred and presents many practical operating and construc 
tional advantages. 
The output from the anode of the photomultiplier tube or 

other photodetector contains the information from some one 
of the components. The cutting in of a single channel when a 
particular filter is in the beam demultiplexes the signal due to 
that particular component. This is preferably effected by 
suitable gate circuits which receive timing pulses. 
A very suitable form of gate circuits which lends itself to 

compact integrated circuit structure, involves disabling the 
circuit output until the gating pulse is received. These types of 
gates will be referred to as disabling gates, abbreviated DG. 
These are only typical ways of cutting in a particular channel 
when a corresponding ?lter is in place. Following the gating, a 
symbol is examined for its threshold level to eliminate spuri 
ous responses and this circuitry also preferably shapes the 
resulting pulses. Each pulse is then divided into a positive and 
an inverted or a negative pulse, one polarity being used for 
selection of a particular mark and the other for character 
storage. in the circuitry there is also included a suitable delay 
so that sampling of the photomultiplier output occurs only 
after a certain time interval from illumination has passed such 
that short time constant photoluminescence, such as for exam 
ple from optical brighteners in paper, has died out. Delays 
may be of the order of around 20 p. sec. and can provide for 
the channel being kept open for a suitable readout time, for 
example of the order of 50 u sec. The delay mechanism can be 
a one-shot, (monostable multivibrator), which will be ab 
breviated OS, and this is preferred. 
When there has been a full revolution of the ?lter wheel 

after the start of readout, the pulses in the various channels, 
depending on whether there was a component present or not, 
are stored, for example using ?ip-?op circuits, which will be 
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abbreviated FF. After a full revolution a gate pulse causes the 
?ip-?ops to ‘ transmit their stored signals, after suitable 
manipulation if desired in buffer ampli?ers, to a decoding 
matrix of conventional design which can put out outputs cor 
responding to the number of symbols, for example l5 in the 
ease of a four component code or 63 in the case of a six com 

ponent code. These outputs can then be displayed, for exam 
ple by means of Nixie tubes, or may operate solenoids on an 
electric typewriter to produce printout in the conventional 
manner used with printout typewriters for computers. Both 
modes can, of course, be used at the same time depending on 
the selection by suitable switching. 

After a full rotation of the ?lter wheel at a blank location 
between inked areas where there is no symbol and therefore 
no signals in any of the channels, a reset pulse is generated 
which resets the ?ip-?ops and the other circuits for the 
readout of the next marking area. It will be noted that while a 
single full revolution of the ?lter wheel will have sampled all of 
the channels corresponding to the number of components, it is 
by no means necessary that this should be limited to a single 
revolution. Thus, for example, if the ?lter wheel makes more 
than one revolution, it simply repeats the character storage, 
making possible redundancy with increased reliability at the 
expense, however, of the number of symbols in the marking 
areas which can be read in unit time. For most purposes the in 
creased reliability provided by redundance is not essential, 
and in such preferred cases a single revolution or a single sym 
bol storage is preferred. 

In the case of paper substrates, such as tape, it will be noted 
that the spacing between symbols is what produces resetting, 
because in the space, which must be of a size comparable to 
the dimensions of a symbol marking area or at least as large as 
the geometrical area sensed by the optical system, there are no 
components, and this is what actuates resetting. lf printout is 
chosen, the typewriter may print continuously on tape or, if it 
is desired to print on an ordinary sheet, an additional suitable 
symbol for carriage return may actuate the corresponding 
solenoid. 
Where a series of labeled containers are moved, the con 

tajner is generally rotated after being brought into position in 
the image plane of the ?ashes. At this setting of the apparatus, 
there will be a different readout and/or display if there is a 
wrong label. The present invention really ceases with readout, 
but of course where a wrong response is given, conventional 
comparator circuits can give a signal, such as an alarm, for 
throwing a container out of the normal path of the properly 
labeled containers or for any other purpose. The design of 
such operations is not changed by the present invention and 
therefore forms no part thereof and will not be described in 
detail below. However, it should be pointed out here that the 
nature of the reader which can be used to produce such addi 
tional results is an advantageous additional factor of versatility 
or ?exibility. Needless to say, other functions may also be 
preformed by the signals where desired. 
The speed of operation of the present invention depends 

both on the time constants of the components and on the relia 
ble operating speeds of the elements used. In general the 
mechanical elements, such as the rotating ?lter wheel, will 
prove to be the limiting factors as the electronic circuitry is 
capable of responses orders of magnitude more rapid. With 
reasonable operating speeds, for example a filter wheel turn 
ing at 1,200 r.p.m., symbols can be read at the rate of 10 per 
second, and if it is desired to have visual display, this is suf? 
ciently fast so that the persistence of vision permits a satisfac 
tory visual readout. In the case of labels, for example a label 
having a l2-symbol message, which is frequently encountered 
in pharmaceutical labels, it is possible to read labels in l or 2 
seconds, which permits quite rapid examination of labeled 
containers. The operation is entirely automatic and the relia 
bility is high. 

It should be noted that a rapid readout of purely photolu 
minescent coded symbols is obtained and the symbols can be 
entirely secret as the photoluminescent components are color 
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4 
less under visible light. This has a number of advantages in the 
case of labeling. However, for certain purposes, for example 
for bank checks, there is an advantage in being able to read 
specially shaped symbols visually as well as by photolu 
minescence. ln such a case the symbols may be imprinted in 
inks which contain a pigment so that the symbol can be read 
visually as well as under ultraviolet illumination. This added 
advantage, where it is desired, is not unique with the present 
invention but is fully described in the applications above 
referred to. It is, however, an advantage of the present inven 
tion that the rapid automatic readouts and/or printouts can be 
obtained without any sacri?ce in the advantageous versatility 
of photoluminescent coding, 

ln the Freeman and Halverson patent referred to above, it is 
brought out that in order to get the maximum of reliability, the 
quantum cf?ciency of the photoluminescent components 
should be high so that a strong, narrow band signal is 
produced that minimizes interference due to other ?uorescent 
or phosphorescent materials in the substrate. ln the Freeman 
and Halverson patent the choice of particular photolu— 
minescent materials is given in terms of a ?gure of merit. The 
same considerations apply when the present invention is used, 
but it is noted that the intensity of the ultraviolet ?ash from 
the xenon tube is very high and, therefore, there is usually 
available suf?cient energy so that in some cases photolu 
minescent components may be used which are not quite as ef 
ficient as might be needed in the Freeman and Halverson 
code, where lower energy ultraviolet readouts may sometimes 
be encountered. Nevertheless, there is still an advantage in 
choosing photoluminescent components having good cf?cien 
cies or ?gures of merit. 

It will be noted that since readout is by ?ashes with only one 
?lter interposed at a time, only a single detector is used, and a 
highly sensitive photomultiplier tube can economically be em 
ployed. This is a distinct advantage as any system involving 
digital electronic circuits always operates with maximum ef 
fectiveness when it has strong inputs, and this is true of the 
ampli?ers and their electronic elements that are used in the 
present invention and which operate with great reliability as a 
result of the relatively strong electrical signal produced by the 
highly sensitive photomultiplier tube. It is, of course, possible 
to use other photodetectors, provided they have the required 
sensitivity and low noise, but since there is plenty of room for 
photomultiplier tubes, the compactness of other photodetec 
tors, such as solid-state photodetectors, is not required; and, 
therefore, the use of highly sensitive photomultiplier tubes 
constitutes a preferred modi?cation of the present invention. 
In this connection, it should be pointed out that there are cer 
tain narrow band photoluminescent compositions which lu 
minesce in the near infrared and for which some of the 
modern special infrared-sensitive photomultiplier tubes, such 
as those employing cesium in the cathodes, are desirable. The 
infrared photomultiplier tube is no better than one which only 
responds to the visible or ultraviolet, but the possibility of hav 
ing a wider choice of coding components is a very real ad 
vantage, especially where six or more are used, as are needed 
in alphanumeric systems. 

In the Freeman and Halverson patent it is pointed out that it 
is possible to have the code represented by absence or 
presence in more than one different signal level. The formula 
for the number of symbols would then be represented by X"~—l 
, where X is one more than the number of levels of coded com 
ponent; in the case of two levels, this is, of course, 3"—l. The 
precision and accuracy are not as high as when there is a 
presence and absence situation, and for most purposes, where 
suf?cient components are available, this is preferred. Exactly 
the same situation, of course, applies in the present invention. 
it can be used for reading out more than one level. In the case 
of two levels, this would mean that in the storage part of the 
memory there would have to be a pair of signal amplitude 
responsive elements with different thresholds adjusted for the 
anticipated levels of response of each component in the sym 
bols. 
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Throughout this speci?cation and claims the term “time 
constant" or “decay half-life“ will be used in a strict sense as 
meaning the time between points of one-half the peak lu 
minescence. These points are passed, of course, in the rise of 
luminescence after illumination and then in its decay. The 
terms will be used in no other sense. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a horizontal section through the optics of atypical 
readout mechanism; 

FIG. 2 is an elevation of a ?lter wheel; 
FIG. 3 is a cross section along the line 3-3 of FIG. 2; 
FIG. 4A is a side view of the mask and mounting plate for 

reed switches; 
FIG. 4B is a pair section along the line 4B~4B of FIG. 4A; 
FIG. 5 is a pair of curves of luminescent intensities of a 

short-time constant fluorescer, such as an optical brightener, 
and a longer time constant, narrow band photoluminescer cor 
responding to a component of the code; 

FIG. 6 is a block diagram showing production of positive 
and negative pulses from the readout; 

FIG. 7 is a block diagram of mark selection, character 
storage, display and printout utilizing the pulses from FIG. 6; 

FIG. 8 is a schematic of an integrated circuit; 
FIG. 9 is a plan view looking up at the integrated circuit; 
FIG. 10 shows connections of FIG. 9 as a DC; 
FIG. 11 shows connections of FIG. 9 as a FF; 
FIG. 12 shows connections of FIG. 9 as an OS or delay ele 

ment; 
FIG. 13 is a schematic of an inverter stage; 
FIG. 14 is a schematic of connections to the ?ash tube; 
FIG. 15 is a schematic of a trigger pulse generator; 
FIG. 16 is a block diagram with a partial schematic, con 

stituting the timing pulse generator portion of the circuits of 
FIG. 6; 

FIG. 17 is a schematic of one of a series of channel am 
pli?ers; 

FIG. 18 is a schematic of character storage reading gate cir 
cults; 

FIG. 19 is a schematic of one of the threshold level and 
pulse shapers for the channels; . 

FIG. 20 is a block diagram in more detail of a portion of the 
circuits of FIG. 6; 

FIG. 21 is a block diagram ofa sequence timer; 
FIG. 22 is a block diagram in more detail of the character 

storage and buffer ampli?ers of FIG. 6. 
FIG. 23 is a block diagram ofa decoding matrix. 
FIG. 24 is a block diagram of display circuits, and 
FIG. 25 is a schematic of typewriter printout circuits. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIGS. 1 to 5 illustrate the optics of the present invention. In 
the illustrative example a four-component code is shown, 
which permits 15 different symbols and is su?icient for nu 
merical readout. For many purposes an alphanumeric system 
is more desirable with six components and 63 symbols, but as 
the additional components merely multiply elements in the 
drawings, the simpler four-component system will be 
described in order to avoid confusion and unnecessary repeti 
tion. 

FIG. 5 represents curves of a fast decaying photolu 
minescent material, such as an optical brightener, which is in 
solid lines, and a component which has a typical longer time 
constant, in dashed lines. This corresponds to a component 
having terbium as the lanthanide ion determining the green 
photoluminescence. 

FIG. 1 is a cross section through the optical readout box. A 
xenon strobe light 11 provided with a focusing lens 61 and a 
?lter 12, both of which pass ultraviolet light but the ?lter does 
not pass visible light, is mounted on a bracket 13 which is 
hinged to turn into either oftwo positions. The bracket has an 
extension 14 on which is mounted an auxiliary lens 10. Beam 
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6 
imaging lenses are present 15. The bracket 13 can be turned 
to either of two positions, one of which, shown in full lines on 
FIG. 1, directs the beam out through a window 60 adjacent to 
which can be mounted a tape transporting mechanism to 
move a printed tape. As the device is of simple well-known 
construction, the details of which, as such, form no part of the 
present invention, it is not shown, but a piece of the tape is 
shown at 62 which is struck by the beam from the ?ash of the 
tube 11 whenever it occurs. When the bracket 13 is moved 
into its left-hand position, the beam is projected out through 
window‘59, the beam imaging lens shown in dashed lines 15 
being used. At the same time, the auxiliary lens 10 is brought 
into the beam coming through the window 60. This lens com 
pensates for the change of path length, because when the 
beam goes out through the window 59 it impinges on a con 
tainer, (not shown), which is moved past it at a considerable 
distance, for example 8 to 10 inches. The position of the con 
tainer is such that the photoluminescence from its coded sym 
bols passes through the window 60. Since this path is con 
siderably longer the auxiliary lens 10 is thrown into the beam 
and compensates for the change in path length. 
The photoluminescence coming through window 60, re 

gardless of whether originating from the substrate 62, or in the 
other position of the bracket 13 coming in from a container at 
some distance and passing through the auxiliary lens 10, then 
passes through an imaging lens 18 and another 9, the beam 
going on through a window 29 in a mask 17 and thence 
through a ?lter wheel 25. In the position shown in the cross 
section in FIG. 1, this is a portion of the ?lter wheel which is 
solid, as will be described in conjunction with FIG. 2. The 
?lter wheel is turned at 1,200 rpm. by the motor 28 and suc 
cessively brings in data relating to a, B, y, and 8 to correspond 
with the code in which the four components are similarly 
labeled. This code is represented by the following diagram, 
where P represents presence and~—represents absence of the 
indicated components: 

Active components 

a 5 'Y 5 

lxwswooummwootow 
II 

The four components ‘are the following compounds: 
at dysprosium (dipivaloylmethide)3(trioctylphosphine ox 

ide), 
[3 terbium (tri?uoracetylacetonate)3(trioctylphosphine ox 

ide )2 
'y samarium (tri?uoracetylacetonate)3(trioctylphosphine 

oxide)2 . 

8 europium (tri?uoroacetylacetonate)3(trioctylphosphine 
oxide)2 

It will be noted that for the 10 digits only IOof the available 
symbols are used, those corresponding to 11 to 15 being used 
for various other functions, such as a carriage return in the 
case of a typewriter printing out on a page, X, hyphen, period, 
and equal mark. 
The ?lter wheel 25 carries four magnets 30 which are 

spaced around the periphery in particular spatial relations to 
the ?lters. There is also provided another magnet 31 on the 
face of the wheel. These are more clearlyshown in FIG. 3. Let 
us assume that the ?lter a in front of the window 29 of the 
mask 17. It will be noted that as the cross section line in FIG. 2 
goes through the ?lter wheel at its center in the relative posi 
tion where it is in FIG. 2, no ?lter shows. However, when the 
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wheel has turned so that ?lter a is in the beam from the lens 9, 
as is shown in FIG. 1, luminescence corresponding to com 
ponent a passes through, and is re?ected by the mirror 27 
onto the cathode of the photomultiplier tube 26. Accordingly, 
the output of the photomultiplier tube will contain a signal 
corresponding to this component. If the bracket I3 had been 
turned into the left-hand position the same result would have 
occurred, but the photoluminescent beam would have come 
from a more distant container instead of from the substrate 
62. 

FIGS. 4a, b, show a detail ofthe mask 17. It will be seen that 
there are mounted on this mask at 90° angles four pairs of reed 
switches 20 to 23, A and B. Each pair is actuated only when 
the magnet 31 approaches them, which occurs only when the 
particular ?lter is in the luminescence beam. In addition, there 
is a single reed switch 63 at the top which is actuated by each 
of the magnets 30 in turn; in other words, it is closed 4 times 
during a revolution of the ?lter wheel or every time a ?lter is 
thrown into the beam, regardless of which ?lter it is. This sin‘ 
gle reed switch is used to produce triggering pulses which 
trigger off ?ashes of the xenon tube. The other switches 20 to 
23 are connected into separate channels, as will be described 
below, and are only actuated during the time a particular ?lter 
is in the beam. In other words, as the ?lter wheel turns, each 
time a ?lter is in position a ?ash is triggered off and the two 
particular switches of a pair 20 to 23 corresponding to that 
?lter are closed. As these switches act as commutators, they 
will sometimes be referred to in further description and on the 
drawings as commutating switches. 

It is necessary that each time a symbol is to be read from a 
particular marking area on the substrate 62, or on a label on a 
container if the bracket 13 is thrown into its left-hand posi 
tion, there must be a full revolution of the ?lter wheel. If the 
symbol has a single component there will only be a signal from 
the photomultiplier tube when the ?lter corresponding to the 
component is in the beam. On the other hand, if a particular 
symbol, such as the symbol corresponding to the equal mark 
or 15, has all four components, there will, of course, be four 
signals in the photomultiplier tube as each ofthe ?lters succes 
sively comes into play. 
Turning now to FIG. 6, which shows a trigger pulse genera— 

tor 58, that will be described in greater detail below, it will be 
seen that the ?lter wheel generates four signals in a revolution, 
which cause the trigger pulse generator 58 to trigger four 
?ashes in the ?ash lamp 11. Also, there is an output to a timing 
pulse generator 50. The schematic of the trigger pulse genera 
tor 58 is shown in FIG. 15 and is self-explanatory, the values 
for voltages and other components being as given. It will be 
noticed that there are two transistors 64 and 65 which amplify 
the input signals in the customary manner. 
The timing pulse generator 50 is shown in partial schematic 

in FIG. 16, which also shows a series ofcircuit elements, some 
of them being triggered pulse generators, marked OS, and 
others being inverters, INV. The inverters are conventional 
transistor circuits shown in schematic in FIG. 13 with their 
particular output waves. The triggered pulse generators, OS, 
are one—shot multivibrators and are integrated circuits, the 
schematic of one of which is shown in FIG. 8 with the pin con 
nections in FIG. 9. To produce the required delays, the pulse 
lengths are set by RC circuits which are provided as shown in 
FIG. 12. The amount of delay depends on the values of these 
components, and these values are shown for the various one 
shot multivibrators in FIG. 16 to give the particular delays. It 
will be seen that the ?rst one-shot multivibrator triggers the 
second, which in turn triggers the third after a delay of 20 a 
sec. The fourth is triggered 50 1.1. see later, and provides a 25 p. 
sec. inverted timing pulse which goes to the switches 20A to 
23A. In other words, these switches can only be turned on 
after the delay set forth, and of course only one switch at a 
time is turned on when the magnet 31 on the ?lter wheel 25 
closes the particular reed switch, as has been described above. 
Somewhat before the pulse to the commutating switches A, 

there is a gate pulse to the gate circuit 40, which will be 
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8 
described below. In the meantime, the photomultiplier 26 has 
been receiving signals each time a ?lter came into the beam 
and the ?ash tube ?red provided there was present the cor 
responding component. The output, of course, is'multiplexed 
for all four channels and is fed through the other commutating 
switches 203 to 238 of the pairs. This results in demultiple'x 
ing,’ and the demultiplexed signals are ampli?ed by ampli?ers 
56. 
The schematic of one ampli?er is shown in FIG. 17 for the 

channel corresponding to the a component, and as indicated 
this is duplicated in the other three. The ampli?er input signal 
wave appears at the left of the ?gure, and it will be seen that it 
is a negative going signal which rises rapidly to a peak when 
the lamp ?ash occurs and then gradually dies off exponen~ 
tially. It will be noted that the response of the switches 208 to 
238 and their respective ampli?ers are not delayed, in other 
words, the signal comes through as soon as the ?ash occurs. If 
there were present photoluminescent materials in the marking 
area of very short time constant, for example optical 
brighteners with time constants of the order of 10‘7 or 10"‘ 
sec., these signals would also come through. However, it is 
desired that there should be no ?nal response until suf?cient 
delay has been introduced, and this is effected by the gate 
pulse, shown in FIG. I6. 
The gate circuit 40 is shown in schematic in FIG. I8. When 

ever the gate opens in any particular circuit, the signal in this 
channel goes to a threshold level and pulse shaper 57, the 
schematic for one channel being shown in FIG. 19 and of 
course duplicated for the other channels. The purpose of the 
threshold level is to prevent signals coming out below a certain 
intensity. These signals in each channel are then fed to inver 
ters so that, as will be seen from FIG. 6, there are pairs of 
signals, one positive and one negative, for each channel. 

FIG. 7 shows that the positive pulses from FIG. 6 go into a 
mark selector, shown in FIG. 20. The positive signals pass 
through 200 as one-shot multivibrators into dual AND gates 
which also receive the positive timing pulses. The mark selec 
tor develops an output pulse only after four contiguous zero 
signal level inputs. The output from the mark selector starts 
the sequence timer 34, shown in FIG. 21. 
The negative signal pulses from FIG. 6 go into a set of four 

AND gates in the character storage section 33, which is shown 
in more detail in FIG. 22. The gates are only opened when 
there is both an inverted signal and a gate pulse from the 
sequence timer. Each opened gate sets a storage ?ip-flop 33. 
The mark selector output also resets the storage which takes 
place at the time the sequence timer is started, (FIG. 7). As 
soon as the sequence timer output has conditioned the gates, 
the ?ip-?ops 33 receive and store any signals present. These 
signals are fed through buffer ampli?ers 37 to the decoding 
matrix 36, as is shown in FIG. 7. 
The mark selector operates when there has been a complete 

revolution of the ?lter wheel after the first pulse from the 
photomultiplier tube which is high enough to pass through the 
threshold level circuit 57. There is a delay in the ?rst OS, 
shown on FIG. 21, of 50 [1.8. The second OS of FIG. 21 causes 
a gate pulse to feed to the gates of the character storage 33 
and the gates remain conditioned for 50ms. at least a full 
revolution of the ?lter wheel 25. The signals on all four ?ip 
?ops are ampli?ed in buffer ampli?ers 37. The ampli?ed 
signals from the storage ?ip-?ops then enter the decoding 
matrix 36, which is shown in FIG. 23. Depending on the par 
ticular settings of the ?ip-?ops which have been fed on 
through the buffer amplifiers 37, this results in decoding. It 
will be noticed that there are 15 AND gates, which are labeled 
DUG on FIG. 23. This ?gure merely shows the gates for the 
symbols ll, 14 and 15, but of course there are 12 additional 
ones. The 15 outputs then go to Nixie drivers 38 and a Nixie 
display 39. The block diagram for this portion of the elec 
tronics is shown in FIG. 24, and the result is that the Nixie 
tubes for l0’s and Is display in the conventional manner. 

It will be noted on FIG. 21 that an 80ms. gating pulse ena 
bles the solenoid drivers 35 of a typewriter 66 which are 






