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ABSTRACT OF THE DISCLOSURE 

Coded symbols are formed of inks which have present 
one or more components of the code in the form of 
materials which when irradiated with certain bands of 
recoilless gamma radiation absorb it and reradiate it 
in all directions. The code may be presence or absence 
of a component, in which case the number of symbols 
which can be represented is 21-1, where n is the number 
of different components. In order to read out the code 
the symbol is irradiated with recoilless gamma radiation 
either with all of the wavelengths to which different com 
ponents respond or serially with individual ones, and if 
a particular component is present it absorbs its radia 
tion and reradiates in all directions. Detection can then 
be obtained by the detector responsive to the particular 
radiations. 

BACKGROUND OF THE INVENTION 

The problem of coding symbols or messages is be 
coming of increasing importance and is sometimes loosely 
referred to as a coding ink system, although symbols do 
not necessarily have to be formed of ?uids which would 
properly be called inks. In the co-pending application of 
Freeman and Halverson, Ser. No. 596,366, ?led Oct. 14, 
1966, and Ser. No. 437,866, ?led Mar. 8, 1965, and now 
abandoned, there is described an information encoding 
and retrieving system in which inks having di?’erent 
combination of components are used. The components 
are photoluminescent materials which under ultraviolet 
light or similar short wave radiation ?uoresce in different 
colors. Ordinary organic ?uorescers are often not suit 
able, at least for the only type of component, because 
they ?uoresce in too broad a band, and therefore in the 
Freeman and Halverson application it is preferred to 
have, as at least some if not all of the components, 
chelated lanthanide ions which under suitable ultraviolet 
illumination ?uoresce in an extremely narrow band. If 
chelated lanthanide ions are used with one or at most 
two organic ?uorescent compounds, it is possible to pre 
pare inks in which the presence or absence of particular 
combinations of components constitute the code for a 
symbol. Basically when using such coded inks, the number 
of symbols which can be represented are 2‘1-1, where 
n is the number of different components. It will be 
seen that if numbers only are needed, four components 
are suf?cient as this gives the possibility for 15 di?erent 
symbols. However, if letters of the alphabet are also 
to be included, it is necessary to have six components, 
which give 63 separate possibilities. With larger numbers 
of components an even greater number of symbols can 
be represented. 
The Freeman and Halverson application also describes 

using the components of the coded inks in more than one 
concentration, that is to say, absent, present in a low 
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concentration, and present in a much higher concentra 
tion, for example ratios of concentrations of 2 to 1. 
This gives a larger choice, because then the number 
of symbols is represented by 3L1, which permits 80 
symbols with four components. However, this larger 
number of components is achieved at the loss of sharp 
ness of resolution. If we consider that confusion as to 
whether a component is present in one level or another 
as representing a spurious signal, the problem is anal 
ogous to signal to noise ratio in electronic circuits, and 
for convenience this terminology will be used, it being 
realized of course that the expression is used in a some 
what looser form. When there are only two possibilities, 
that is to say, presence or absence, a very much higher 
signal to noise ratio is made possible. 
When considering the high signal to noise ratio modi? 

cation of components which are either present or ab 
sent, a problem has arisen with photoluminescent ma 
terials because there are only a limited number which 
are practical. Four can be provided easily, but even 
six presents a practical problem. The present invention 
provides multi-component coded inks with a much 
larger number of components than is readily obtained 
with photoluminescent components and utilizes a different 
mechanism for readout. Thus the high signal to noise 
ratio of coded inks in which components are either 
present or absent is retained with a possibility of a much 
larger number of components than is readily practical 
with photoluminescent materials. 

SUMMARY OF THE INVENTION 

Essentially the present invention utilizes characteristic 
recoilless gamma radiation from nuclei of diiferent ele 
ments or the same element in different environments or 
both. This is an example using variations of the so 
called Mossbauer eifect. This e?ect results when the 
nuslei are present in solid environments, such as dif 
ferent crystals, which influence their characteristic gamma 
radiation. It should be noted that these characteristic 
radiations are extremely narrow band. When these gamma 
rays strike the nuclei and environments of a component 
of a coded ink which has the same resonant frequency, 
the radiation is absorbed and re-emitted in random direc 
tions. 
Two di?erent types of readout are possible. In one type 

a gamma ray source produces the characteristic radiation 
frequencies of all of the components used in a particular 
coded ink system. The beam then strikes the symbol to 
be decoded and if any particular component is present, its 
characteristic resonant radiation is absorbed and re 
emitted in all directions, whereas if the component is ab 
sent the radiation passes on through in the same direc— 
tion of the beam. Radiation detectors, one for each com 
ponent, are arranged outside of the beam so that they en_ 
counter only radiations scattered or re-radiated from 
nuclei of components. The output of these detectors can 
be used with conventional readout circuitry to produce 
response according to the symbol of the particular code 
which is repersented. In general the detectors may be of 
two different types. In one case they are sensitive only 
to the extremely narrow band of gamma radiation of a 
particular component. For example, they may be provided 
with a window which contains all of the other compo 
nents, omitting only the particular component the pres 
ence of which is to be determined. As a result, each de 
tector will only respond if a particular component is 
present, and their outputs can be read out by suitable 
computer circuits of conventional design which will trans 
late the code of the symbols into the symbol desired. 
A second type of radiation detector depends on the fact 

that each narrow band of radiation corresponding to a 
component will have or can be made to have a somewhat 
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different energy. The detectors respond, substantially non 
selectively, to radiations in the bands of any of the com 
ponents present. However, the response will be different 
depending on the particular energy, and each detector may 
be connected to a suitable pulse height deter-mining circuit 
in a conventional multi-channel analyzer. A ?xed response 
in a band between minimum and maximum may be ?xed 
for each detector output or all of the detector outputs may 
be successively sampled by a sweep circuit which changes 
the pulse height response in a repetitive fashion and which 
then can actuate in suitable time sequence any desired 
readout mechanism, such as for example a synchronized 
oscilloscope, multi-channel recorder and the like. 
A second principal modi?cation of the present inven 

tion involves only a single gamma ray source and a single 
detector in the line of the beam produced. Now, however, 
the source is moved, for example oscillated, at various 
velocities which, by Doppler effect, causes slight displace 
ment in the wavelength or frequency of the radiation. This 
is the more usual application of the Mtissbauer effect. 
These di?ferent oscillating velocities are synchronized 
with circuits so that there are sequentially produced sig 
nals in which the presence of a particular component is 
shown by absorption, that is to say by a marked lowering 
in the signal. 
As in the Freeman and Halverson application, the 

coded inks can be applied either in unshaped forms of 
symbol or, if it is desired to read the message by visible 
light, the symbol may be suitably shaped and provided 
with a pigment or other color which can be seen visibly. 
This latter form of encoding sacri?ces, of course, secrecy, 
but is desirable for example in the case of account num 
bers on bank checks where it is frequently desirable to 
read the account number visually as well as by the gamma 
ray machine. In every case, one of the big advantages of 
the coded inks is retained, namely that the symbol is 
recognized regardless of its shape. which is of practical 
value since in many cases, of which the bank check ac 
count numbers is a typical one, if there is a careless tear 
ing out of the check certain of the symbols may be muti 
lated. Thus for example an 8 may look like a 9. The pres 
ent invention shares with the Freeman and Halverson in 
vention the advantages that in such a case the machine 
readout will give the coded symbol regardless of its shape 
and so will respond equally to symbols the shape of which 
may have been inadvertently mutilated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic representation of a system 
using a stationary multiple source of gamma rays with 
detectors placed out of the direct path of the beam; 

FIG. 2 is a diagrammatic showing of a movable source 
and single detector using the Mossbauer effect; 

FIG. 3 is a curve showing variations of velocity with 
time, and 

FIG. 4 is a graph of current response. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1 the gamma ray source is shown at 7 and is 
provided with the same number of nuclei, or nuclei and 
environments, as in the coded ink used, in the illustration 
six. Six typical components are as follows: Fe 57 in stain 
less steel. This is considered a reference radiation and the 
other components differ by energy expressed in terms of 
mm./ second of source movement to produce the different 
radiation from the reference by Doppler effect. The other 
?ve components are garnet, 0.25 to 0.3; ferrocene, 0.45; 
FeSn2, 0.78; ferrous titanate, FeTi2O5, 1.15; and ferrous 
oxalate, 1.3. The emerging beam from the gamma ray 
source contains the six different gamma rays as is indi 
cated. This beam strikes the coded item or symbol 8, and 
any gamma ray frequency which does not correspond to 
a nucleus present in the coded'symbol passes on in a 
straight line, as is shown. Where, however, a particular 
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nucleus is present, it scatters the radiation off in all di 
rections. 
Around the beam are located six gamma ray detectors, 

of which 1 and 4 are illustrated on the drawing corre 
sponding to frequencies 71 and 114. Each detector is pro 
vided with a ?lter, ?lters 11 and 14 being shown; each 
contains all of the nuclei except the one corresponding to 
the particular frequency to which the one corresponding 
to the particular frequency to which the detector is to 
respond. Thus ?lter 11 would have the nuclei of compo— 
nents 2 to 6 but would have no component 1 and the 
filter 14 would have no component 4. The electrical out 
puts of the gamma ray detectors, which are of conven 
tional design and therefore shown as blocks, are then 
read out by the conventional electronic circuits, reproduc 
ing symbols corresponding to the presence and absence 
of the particular components. FIGURE 1 would indicate 
a symbol which had components 1 and 4 but none of the 
others. 

It will be apparent that the response and the readout 
is unaffected by the shape of the symbol although, as has 
been pointed out above, if desired the symbol may be 
shaped and may have a pigment re?ecting in the visible 
so that visual reading can be effected if desired. The 
coded item ‘8 is then moved to the next symbol by con 
ventional intermittent lmoving means (not shown). It will 
be noted that the modi?cation represented by FIG. 1 has 
the advantage that there are no moving parts, except of 
course for the intermittent motion of the symbols, but 
it suffers from a multiplication of detectors and ?lters. 

If un?ltered detectors are used, as has been described 
brie?y above, a different type of multi-channel analyzer 
is of course required which may analyze pulse height 
or other responses resulting from different energies of 
the different scattered gamma ray bands. The choice of 
whether to use ?ltered detectors with relatively simpler 
readout circuits or un?ltered detectors or detector with 
more elaborate and sophisticated readout circuits is purely 
a matter of convenience which will be chosen in accord 
ance with the requirements of a particular use. It is an 
advantage of the invention that a considerable choice is 
available so that the best combination for a particular 
use may be chosen. 
FIG. 2 illustrates a second modi?cation utilizing the 

Mossbauer effect. Here there is a movable gamma ray 
source 9 ‘which is moved through different discrete veloci 
ties by a source driver 10. The motion is indicated on the 
drawing by the double arrow. FIG. 3 shows a cycle in 
which. the different velocities v1 to v6 are produced suc 
cessively. The time scale is enoromously exaggerated for 
clearness as of course the response of detectors is so fast 
that the duration of any particular velocity can be very 
short. 

After going through the six different velocities, the 
moving source comes to rest, as is shown on the ?gure. 
The coded item which is again shown at 8 intercepts the 
gamma rays at each different frequency v1 to v6, and 
there is a single detector 20 the output of which goes to 
a multichannel analyzer 21, the latter being synchronized 
with source driver 10 so that it switches in channel 1 
during the radiation of gamma ray corresponding to 
velocity v1, channel 2 corresponding to velocity v2, etc. 

FIG. 4 shows the effect and for simplicity of illustra 
tion corresponds to a symbol which contains all six of 
the components. It will be seen that there is a sharp 
minimum for each velicity v1 to v6. In other words, there 
will be a minimum signal on all six channels of the multi— 
channel analyzer. If, for example, components 2 and'5 
were not present in a particular symbol, there would then 
be maximum signals on channels corresponding to v2 and 
v5. The output from the multi-channel analyzer is trans 
lated into signals in the conventional manner. 

In FIGS. 2 to 4, as an example, the moving source can 
be Fe 57 in a stainless steel matrix, and of course the 
components of the coded ink would be six different iron 
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compounds each having a di?’erent resonance frequency 
for Fe 57, the resonance frequency corresponding to that 
produced by the six dilferent velocities of the source. 
The compounds described in connection with FIG. 1 
might be used as one typical example. 
The modi?cation of FIGURES 2 to 4 has been de~ 

scribed in connection with a single sequence of veloci 
ties. Obviously, of course, the sequence of velocities can 
rbe repeated at a repetition rate suitable, for example, for 
the horizontal drive on an oscilloscope or similar readout 
mechanism. In such a case the symbol would be repre 
sented by a curve on the oscilloscope face with minima 
at the points corresponding to the six different velocities. 

Reference has been made to a moving source. Since 
the Doppler effect is produced by relative movement be 
tween source and symbol, it is immaterial Whether the 
source is moved with a stationary symbol, the symbol 
moved with a stationary source, or both. For many pur 
poses, such as band checks, movement of the symbol to 
and from the source presents greater mechanical compli 
catioss than moving the source. Therefore, in many cases 
it ‘will be found preferable to move the source only. Of 
course the symbol is moved intermittently from one sym 
bol to another, but this is motion at right angles to the 
beam of radiation and has no in?uence on the Doppler 
effect. 
As the number of various nuclei, which of course in 

cludes isotopes, and of crystal environments is very great, 
no problem is presented with number of components in 
a coded ink; for example, it is possible to have thirteen 
different components, which would give a choice of 
symbols in excess of 8,000. When a very large number 
of symbols are to be encoded and read out, the second 
modi?cation shown in FIGS. 2 to 4 presents substantial 
advantages because there is only a single detector and 
the cost and spacing of thirteen detectors and ?lters 
around the beam, which would be necessary in the modi 
?cation of FIG. 1, is eliminated. Multi-channel analyzers 
of course can be built economically with a large number 
of channels, and so for a large number of components the 
second modi?cation presents real advantages, It will ‘be 
apparent that there is a wide ?exibiilty in use of the dif 
ferent modi?cations so that the best one can be chosen 
with all of the conditions of a particular use in mind. This 
is a practical advantage of the invention. 

I claim: 
1. A system for encoding and retrieval of the informa 

tion in which symbols are encoded with inks having vari 
ous combinations of presence and absence of a number 
of nuclei or nuclei and environments having di?erent re 
coilless gamma ray absorption and scattering resonances, 
which comprises an information retrieving mechanism 
comprising, 

(a) source means for generating a series of gamma 
rays of frequencies corresponding to the resonance 
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of each of the component nuclei, said means con 
stituting a source, 

(b) detection means for detecting radiations corre 
sponding to each of the components of the coded 
ink, 

(c) means for placing the symbols between the gamma 
ray source and the detection means, and 

(d) means for reading out the signals produced by de 
tection to identify the particular symbol. 

2. A system according to claim 1 in which the gamma 
ray radiation source simultaneously emits gamma rays of 
the frequencies corresponding to the resonances of all of 
the components of the coded ink and the detection means 
comprise gamma ray radiation detectors arranged to re 
ceive scattered radiation only, each detector producing a 
signal having a characteristic corresponding to the reso 
nance of a particular component. 

3. A system according to claim 2 in which gamma ray 
detectors corresponding to each component are provided 
with ?lters, each ?lter containing all of the other com 
ponents of the coded ink except the one which the de 
tector is to detect. 

4. A system according to claim "1 comprising a single 
source of gamma radiation and a single detector, means 
for interposing a symbol to be detected in a straight line 
from the radiation source to the detector and means for 
producing relative motion of the radiation source and 
the symbols through a series of velocities, each velocity 
producing by the Doppler e?ect a gamma radiation of 
the frequency corresponding to the absorption of a par 
ticular component of the coded ink. 

5. A system according to claim 4 in which the source 
is moved and the symbols remain stationary. 

6. A system according to claim 5 in which the output 
of the single detector is connected to a multi-channel 
analyzer and means are provided to synchronize the multi 
channel analyzer with the means for driving the source 
through the different velocities so that for each particular 
velocity signals will appear only on a single channel, 
‘presence of a component being indicated by minimum 
signal. 
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