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To all whom it may concern:

Be it known that I, CosmMo FARQUHAR, a
citizen of Great Britain, residing at Ruther-
ford, in the county of ﬁergen and State of
New Jersey, have invented certain new and
useful Improvements in Tables for Coding,
Decoding, and Checking Communications,
of which the following is a specification.

The invention relates to a cipher-book
comprising one or more tables for use in
coding, decoding, and checking communi-
cations, the term “book” being used herein
in its broad significance to apply to a single
sheet as well as to a group of sheets, and to
the latter whether they are bound or loose.

While the invention may be used in con-
nection with all transcribed communications,
it 1s particularly advantageous in connection
with cable codes; and in the further con-
sideration thereof its use in connection with
cable codes will be described, for with that
understanding of the invention its use in
connection with other communications will
be readily comprehended. I have selected
two well-known systems of codes as a means
of illustrating the use of my invention with-
out, however, intending in any way to be
limited thereby ; one, in which groups of let-
ters are used to indicate a message or a part
of a message, and the other in which groups
of numerals are used for this purpose. In
the latter system it is common practice in
code books to have equivalent letter desig-
nations for the numerical message cipher In
order that, if desired, the numerals can be
readily translated into letters. - My inven-
tion contemplates that when the numeral

system is employed this translation shall be"
made so that the resultant code message will"

be transmitted by letters rather than
numerals. , :
The present practice of the cable com-
panies is to permit a ten-letter combination
to be sent for a unit word price, provided

the combination constitutes a word which is

pronounceable by syllable. . One difficulty
with the present system is that the lettars
conmiprising the combination, whether they

are originally used or are the result of a
translation from numerals, have no natural

cotinection between them to assist it the
proper translation whether pronoureesble

by syllable or not. As a result, mistakes
commonly occur, both in the letters them-
selves and in the order thereof. There is 55
a great desirability therefore, for a means
by which ten-letter combinations can, be
made into self-checking pronounceable
words, and such is one of the objects of my
invention.

Furthermore, if a cablegram has been er-
roneously transmitted under the present
practice, it is necessary to cable back to the
sending station that there has been an error
in coding or in transmission and to recable 65
the message correctly. This delay and the
expense incident to correcting the errors are
very objectionable; and a further object of
my invention is the production of means to
aid in correcting an erroneous message, with- 70-
out the necessity of recabling the message
corrected.

In order that the invention may be the
more readily understood, a brief outline of
the common practice of coding and decoding 75
messages is now given. In the letter-
method, a common practice is to make use of
a combination of five letters as a code sym-
bol to designate the message desired to be
sent, or a 'ﬁ)art thereof, and to have each 80
of said five-letter groups, to which arbitrary
meanings have been assigned, vary from the
others by two letters. This latter is referred
to as a two-letter variation. When & mes-
sage is to be transmitted, it is reduced to 85
these five letter groups, and if two consecu-
tive groups can be combined into a ten-let--
ter group which is pronounceable by syllable,
this is done as above indicated.” If not a
unit word charge is made for each five-letter 90-
group. For example, it may be desired to
serrd the following cablégram, “Send power,
drawing and specification for Greece—send
forms of power for assignment of patent in
Austria” ‘The first part of this message in 95
a certain code may have been given the arbi-
trary letter combination abbed, and the sec-:
ond part, -the letter combination debdm.:
The combination of these, ‘abbeddebdm;. is
obviously: inpronounceable by syllable and - 108
must be sent as two words. Co bty

Supposing, however, that the last letter of
the first ‘grou;i‘ “d”, be replaced by 4 vowel,
as, for example ¢, and the last Yetter of the
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by, dor -example, the
vowel «7 it irédult 8f:such substitutioh . is
the combination abbeidebdu, a pronounce-
able word which can_be sent for the unit
worll ‘price. If ‘ntw, tire 'tottars %4 can also
serve as a dhedk on ‘the message o that its
correctness can be ascertained, and if at the
same time the sibstitition of these létters
for the fifth and tenth letters of the unpro-
wibisrftitn ‘doss not ‘iterfere

second group, ‘m’,

ndunable cv
with the proper decoding-thereof, a consid-
erable advance has been made in the art by
the {trafsmidsion of messages hy cede, and
such wdvandelis éne-of "the things whieh s

-accomplizhed by -y -irivention,

:Considering now the hunméral eodgmethod,
asdime-that 10 i desired 4o wénd. the follow-
infztmessage : ‘“Please applyfor an extension
of tithe—no modé]l has eome to hand”. The

20 first lp:alvrt of this message in a certain nu-

26

36:

40

45°

meral -eade - ey -have been i given the -arbi-
trary -numeral -eémbination 687384, and the
sectnd part the!numeral combination 04617,
In-the partieular tode tonsidered,.it- may be

Sfound -that the first of these groups of .au-

metals -is efpuivalefit to -the lctter group
abegm-and the second -nwmeral greup, to the
lsttergroup -Mopdn. These sombine-to.form
the cembination: whdgmiopdn, obviously an

-unpreneunceable - combination, ‘which . must

bessentons tAvo -wérlls. -If, however, the-last
letter, “m”, of the first group be replaced by,
forwe the ‘vowel a,4nd the abt-letter
‘45, of the -sedond group by, #ér  exam-
ple, “the “vowel w, the resultent ocombina-
tion is abegakdpdu, @ ipronounceable eom-
binatien, which -oan be -sent -for the -aumit
weord: ptice. It is-also cenmon:practice in
the numteral eipher codes t0 employ: the two-
letter variation in *the dquivelent lefter
groups So that'my inventien can! be applied
thereto -ss in the ease-of the -letter-eipher
chdes.

Assume -n8% the ‘first-of -the  illustrative
code -message ciphers, “obbeidébdu”, has
been -received s, for example, abileidebdu.
as widl -be fully ‘explained -Welow, thiserrer
can (b6 -at bufeb -detecbed by méans- of -my
checking ¢ systems. Having - discovered i this

50 ernat, theqdestion® artises how. 4t -ban be cor-

55.

restéd -withert ~bhe Necdssity - of . fBcabling.
As.statetl -bEfore, -onersf-the objects. of the
inwentionisEheproduttion of mdans for dis-
covoping sUoh i OFroT.

~As-an-emanipletef a- wariationin codes.of
the-ehefacters  refefred -to ammight -be  cited
the-:codesin Whish fotm-leter . .groups-are
emg dyved -ntbosd of fivedetter gronps. fIn
suth.

s indtbad of Feplacing: tholdest let-
601 tér-af-badhs

¥p,ia -letter weould: be added
at the end of eac . o
+In-#he ciphertbeek- of-the; pteferved: form
of4he invendién-tifere avd SBined numerical
eqividenisiforell of the possiblegreups of

two letters each,.and the book is divided.into
taBles. for roudy -use. In-one df the tdbles
are assembled in groups of two, all of the
letters which are used in transmnitting the
‘essaye itewlf ; in-andther ‘table -are astem-
‘bled i ‘twodebter groups the letters which
are intended ecither to be substituted for
certain of the letters of the message cipher
groups or to be added thereto, the groups
Eteiﬁg‘ﬁiven series of numerical equivatents:
and.in-the third table.are assembled in two-
letter groups the letters and numerical
cquivalents of the table first.referred. to'but
in a differenit manner, This table is pri-
marily “intended to.aid in detecting the er-
rors. of m wrongly trdnsinitted message, and
is-a.convenient.although not necessary sup-
plenient to the firstrmentioned table.

To aid in the understanding of my inven-
tion I have illustrated .in the ‘drawings
which -form a part of .this application ex-
aniples- of saiditables, but I do net wish to
be understood. to be-limited to the precise ta-
bles illustrated, -as ‘other tables, eomnbina-
tions, and numerical equivalents embodying
Yy invention may be devised by those skilled
in-the art. .In.these drawings—

Figures 1-and: 2-llustrate a. table in which
all-of -the letters of ‘the alphubet are com-
bined -alphabetieally in.all of -the possible
two-letter cembinations . thereof, ezch com-
bimation. beipg,given.an arbitary namerical
equivalent d?ﬁe,rfin.g Afrom that of any. other
combination. ‘These figures illustrate the
table which is intended, primarily for use in
connecdtion -with the letters of a cablegram
desigmating the message itself;

Figs.3,4,5, 6, and-7 illustrate-a table in
whiich' certain of the.letters of the -alphabet
are arramged in four columns of two-letter
groups, with a-series of atbitrary numerieal
eguivalents -assigned 140 the - corresponding
ge8ups-of--each oblumm, the numenals: being
artamged -in . eolwmns .in pumerical -erder
down “the ‘colesanhs. In -these fighres the
letter .columns .are Tepested to permit. of

iHastration herein. This table %5 prémarily.

foruige: fot substituting: edrinin: letters of the
chble message ecipher)groups, lor -for addi-
tioh rthéreto, 1bo- render them pronouncesble
ati@-self-cheekihg. ’

“Fg. 8 ilkastrates a table in -which ' the
two-letter groups of Figs. 1 and 2 (having
the-samé!mumdrical equivalents.as in.galid
&fﬂ’l\as) -ave -arsanged in. codumns and. lines

th the nuwinerioal -eqtiivalents Indicabted
pertly ‘wbdve-and  partly -at. the sside: of the
coltm#e. - The list'-0f imumerals: above . the
colunats -ihvdieates ‘the - thousands -and ~hain-
dreds values of the @iowps: in 'the ocolumns
bensath, and the numerals at theiside of the
columms indicate the-tems-and #nits walues
of #he: groups: in-the -Hnes adjacént. thereto.
Thiese igaves illusttatéa table which s in-
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tended Erimarily to aid in detecting the
errors of a wrongly transmitted message.

In the table of Figs. 1 and 2 the two-
letter groups are arranged alphabetically
according to their first letters, and the sec-
ond letters of the groups are arranged al-
Ehabetically with cach letter of the alpha-

et; and for convenience in use each series
thus formed is separated from the others
by spaces. Thus in the first series so spaced
off there occurs, down the columns, aa, ad,
ac, ad, and so on to and including az; in the
second series of groups there occurs da, bb,
be, bd; and so on to the end of the series.

Each two-letter group has been given a
numerical equivalent and although there is
no single two-letter group which has a
numerical equivalent as high as 1000, the
equivalents are conveniently expressed in
four figures; thus ae has the numerical
equivalent 495 expressed as 0495; ab, the
numerical equivalent 87 expressed at 008T;
%j, the numerical equivalent 1 expressed as
0001; @z, the numerical equivalent 0 ex-
pressed as 0000.

In the tables of Figs. 3 to 7 inclusive
there are four columns of two-letter groups
arranged with four groups in each line. In
the first column each group is made up of
two consonants; in the second column, of
two vowels, (considering ¥ a vowel) ; in the
third column, of a vowel followed by a con-
sonant; and in the fourth column, of a
consonant followed by a vowel. The two-
letter groups in each of the columns are
arranged alphabetically down the columns
with the same general arrangement as al-
ready described in connection with the table
of Tigs. 1 and 2. Thus, considering the
first column, there occur the two-letter
groups commencing with /, the consonants
combined therewith following in alphabeti-
cal order; for example, b, l¢, id, etc. This
is followed by the m groups, and the m
groups by the roups, etc. For con-
venience, each o tlglese letter columns are
designated in some suitable way as by the
legends, “Col. 17, “Col. 27, “Col. 87,
“Col. 4”. ’

The letter group columns are followed by
a series of numerical group columns in
which there are seventy-five different equiv-
alents assigned to the two-letter groups of
each line of letters. These numerical equiv-
alents start with 0 and advance numerically
one by one down the columns until they
have reached a sufficiently high fignre for the
purposes of my method, as shown, up to and
including 2699. For convenience in the use of
the table, the. equivalents are expressed in

four digits however large the equivalent may-

be, thus 0, aa, ¥, and &y each have as one
equivalent 0 (expressed as 0000} ; Ic, ae, ym,
Teu, as one equivalent 1, (expressed as 0001) ;

8

pg, tu, or, fe, as one equivalent 16 (ex-
pressed as 0016); all of these equivalents
being taken from the first column. As illus-
trating the other equivalents, which each
of these groups has from the other fifty-nine
columns, 20, aa, yi, ky, each has the equiva-
Jents 86 (expressed as 0036), 72 (expressed
as 0072), 468 (expressed as 0468), 900 (ex-
pressed as 0900), 1476, 1980, and 2664: le,
ae, ym, ku, each has the equivalents 145 (ex-
pressed as 0145), 433 (expressed as 0433),
757 (expressed as 0757), 1369, 1909 and
2593 ; pg, i, or, fe, each has the equivalents
268 (expressed as 0268), 844 (expressed as
0844), and 2572.

In the table of TFFig. 8, in which the two-
letter combinations have numerical equiva-
lents of the table of Figs. 1 and 2, the ar-
rangement is made with a view of working
from the numerical equivalent to the letter
group. Although the table is in two large
columns, it is obvious that the second large
column follows on from the bottom of the
first column, and in the discussion thereof
would be considered as one continuous large
column.

It has already been explained that none of
these groups have equivalents in the thou-
sands and that the equivalents of all of the
groups are expressed in four figures.

With this understanding, it will be seen
that there are seven columns of two-letter
groups. In the first column occur all of
the two-letter groups which have no equiva-
lents in hundreds; in the second column, all
of the two-letter groups which have equiva-
lents in one-hundreds; in the third, all
which have equivalents in the two-hundreds;
in the fourth, all which have equivalents
in the three-hundreds; in the fifth, all which
have equivalents in the four-hundreds; in
the sixth, all which have equivalents in the
five-hundreds; and in the seventh, all which
have equivalents in the six-hundreds. These
values are indicated above the columns re-
spectively as follows: 00, 01, 02, 03, 04, 05,
and 06. Thus for example the first two nu-
merals of the four-numeral equivalents of
az are 00 of bm, 01; of b, 02; Az, 04; 2n, 05,

Reading the table across the columns, in
the first Iine of two-letter groups occur all
of the groups which have no numerical
equivalents in tens or units; in the second
line, all which have no numerical equivalents
in tens, but the unit equivalent of which is
1; in the third line, all which have no
numerical eguivalents in tens but the. unit
equivalent of which is 2, and so on down
the column up to and including 99. Thus,
for example, the last two numerals of the
four numeral equivalent of az is 00; of Aj,
01; of da, 11; Az, T1; 2n, 99.

If the thousands and hundreds values of
the repeated two-letter groups chosen for
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HMustration, be combined with the tens and
units, values thereof, the following four mu-
meral groups are vbtained:

gz 0000,
be 0211,
hz 0471,
g 0599,

Referring now to the table of Figs, 1 and
2, it will be seen that these are the numerieal
equivilents there given.

To make use of the table of Fig. 8 in going
from numerical groups to letters, the line of
ficures is referred to for the thousands and
hundreds and the columns of figures for tens
and units. -Assume for illustration that it is
desired to find the two-letter group equiva-
lent of the numeral 0336. Referring to the
line of figures at the top of the columns, it
is scen that the letter group will occur in
the fourth column: referring to the column
of figures at the side of the letter groups
the numeral 36 is located. The two-letter
group desired will therefore he found in
the fourth colmmn in the line opposite 36
and is w2, On reference to the table of Figs.
1 and 2, it is seen that the equivalent of v
there found .is 0336.

For convenience, in the use of this table,
spaces are made between the lines 10 .and
11, 20 and 21, 30 and 381, and so on by tens:
this is obviously optional. | Furthermore, it
might be noted that the seéventh column is
not as long as the preceding six columns, but
stops with the two-letter group 2% and the
tens and units values 75,,as the values of
the two-letter groups of Figs. 1 and 2 are
then all accounted: for.

The method of cdding, decoding, and
checking cablegrams and the use of the ci-
?her—book proceeds along the following

ines:

Having coded the: message for transmit-
tal into the ordinary message gipber in ten-
letter combinations composed of two groyps
of five letters each, whether.from.a letter
code or from a numetal code tranglated into
letters, the, last létter of each group,form-
ing the ten-letter combination is-struck out,

and the first ’fourﬂ}et'ters of . each of said

grou%)s are paired off in the order found into
two-letter groups. The numeral eqiiva-
lents of each of these two-letter groups are
then pbtained from the table of Figs. 1 and

2 or similar tables, and added.

Next, turn to the table of Figs. 3 to 7
inclysive, or a similar table, and locate the
numezal group which is found by making
this addition. The letters to be supplied for
those. strugk out_from -the, ten-letier combi-
nations will be found in. the line in.which
this numeral group is located and must. be
chosen from the four two-letter groups in
that line. If the fourth letters %T he two

1,548,868

_groups. forming the ten letter combination-

are both vowels, the two-letter checking
roups should be chosen from column 1;
1f tthe - fourth letters of the two -lefter
groups forming the ten letter cormbination

are buth consonants, the two-letter checking.

groups should be chosen from colnmn 25 if
the fourth letter of the first group is a con-
sonant arld of the second group a vowel, the
two-letter chetking group should be chosen

from column 8; if the fourth letter of the

first group is a vowel and of the second
group a consonant, the two-letter checking
group should be chosen from column 4.

‘Having chosen the two letter checking group,

the first of the two lotters thereof 1s substi-

tuted for the' letter which was struck from
‘the end of the first imessage dipher and the

seeond of the two-letter checking group for
the letter whicly was stinck from the end of
the second ‘message cipher group, a ten-
letter combination which is pronounceable
and self-checking thus being formed.

To tlinstrate, consider the first example
given in the preamble, to wit,-abbed debdm,
strtke out the € of the first five-letter group
and the m of the second five-letter group.

" This Teaves-abbc debd, or, divided in accord-

ance with the above, &b b¢ de bd. The nu-
merical eqitivalents for these two combina-
tions found in the thble of Figs. 1 and 2,
added, are as - follows:

«b with the numerical equivalent 0087
41

be «© o« ¢ 0374

. ‘de 43 143 113 13 0352
bd « “ 113 1 0067
‘Making & total of 0880

Tarning now to 'the table of Figs. 3 to
7 inclusive, this total, 0880, is found about
half-way!down the tenth numeral column of
Fig. 4: and in the two-letter group line com-
mencinhg pg. ‘The fourth’ letter of each of
the two original message cipher groups.are

“bhoth consonants so that the two :letter

chetking group to be made use of in_suE—
plying the struck-out letters is #u, and the
message cipher to be sent would therefore
be abbeidebdu.

When a message cipher has been received, -

it. may be decoded .and checked in ‘the re-
verse of the order 6f cading and transmittal.
To see if it is correctly transmitted the fifth
and tenth letters of the combination .are
joined in the order of receipt in the message
cipher to form what is supposed to be the
original two-letter checking group. The re-
maining Jetters are grouped in twos, in the
order of receipt in, the message cipher and
their numerical equivalents from the table
of Figs. 1 and 2, er a similar table, and
added. The sum is located in the tables of
Figs. 8 to'7 inclusive, or a similar table, and
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the two-letter checking groups, of which the.
sum is the equivalent, referred to. If the

checking group made up from the message
cipher received, as just stated, is there found,
the checking shows that the cablegram was
correctly transmitted, and the further de-
coding is then proceeded with in the ordi-
nary manner except that the fifth letter of
each of the five-letter groups is not found in
the message cipher: but as in the systems of
codes assumed for illustration, there is
always a two letter variation: this does not
affect the decoding, which can readily be
done from the first four letters of each five-
letter group.

Obviously in the systems of codes where
the four-letter groups are emnployed, either
originally or as numerical equivalents, the
two-letter variation is not necessary and the
same general procedure above outlined
would be employed, except that instead of
replacing letters, the two-letter check group
would simply be added, the first letter there-
of at the end of the first four-letter group,
and the second at the end of the second four-
letter group.

Assuming, however, that in the cipher
message desired to be sent there is an uneven
number of groups so that there is an odd
group of five or four letters, depending on
the code system employed. The invention
is applicable to that condition as can read-
ily be understood; for instead of there
being four two-letter groups for addition to

ascertain the checking total, there are but.

two two-letter groups, and the last letter of
an odd five-letter group is replaced by the
checking two-letter group, or the last named
group is added to an odd four-letter group
in accordance with the cipher system em-
ployed.

Thus, as an illustration, assume that the
entire message desired to be sent is expressed
by the message cipher adbed. Proceeding in

the same manner as before, the numerical
equivalents of the first four letters of the.

group are found in the table of Figs. 1 and
2 as follows:

ab with the numerical equivalent 0087
b ¢ [ &“ (€3 113 0374
Making a total of 0461

Referring to the table of Figs. 8 to 7 in-
clusive, it is seen from Fig. 3 that 0461

is in the line commencing with 8k. The

fourth letter of the abbed group is a con-
sonant, and as there is no second group, the
two-letter checking group can be chosen
from either column 2 or column 8, and the
choice should be made in favor of the
pronounceability of the resultant message
cipher. In this case the choice would prob-
ably be made in the third column and the
message cipher combination would be abbees.

- proper. numerical equivalents, if t.

It is not deemed necessary to illustrate the
rocedure where the group is originally a
our-letter %lroup. The resultant siz-lefter

message cipher combination in either case

being pronounceable, obviously can be sent
for the unit word price and is inherently
self-checking as before described.

Taking up now the question of an error
occuring in the cipher words in transmission
or otherwise. e checking proceeds in
precisely the same manner outlined in re-
gard to the correct cipher message but it
will be found that instead of the numerical

‘checking equivalents of the cipher word

correctly transmitted totaling to the same
sum as the numerical equivalents of the two-
letter checking group, there will be a dis-
crepancy. Obviously the error may be
either in the message cipher proper or in
the checking group and the problem is thus
twofold: to discover, first, where the error
is, and second, what the error is.

The method of procedure can probably
best be understood by first giving an illus-
tration. Assume the same example as was
referred to in the preamble hereo , & €., that
the message cipher abbcideddu had been re-
ceived as abdeidebdu, that is to say, that the
third letter “5” had been received as “d.”
The total of the message cipher proper
equivalents ascertained from the table of
Figs. 1 and 2 as before, is obtained thus—

ab with the numerical equivalent 0087
114

dc B {1 [{4 114 0267
de “ « éf « 0352
bd €« @ @ 0067
‘ W ——
Making a total of 0773

Turning to the table of Figs. 3 to 7 in-
clusive, it is found that the two-letter check-
ing group received, iu, does not have this
numerical equivalent, but that the checking

group with this numerical equivalent is

either pk iy os or fa.
therefore wrong. . _
Assume that the error was in the message
cipher proper and that the checking group
tu is correct. The closest éu value to 0778
is 0772. The total of the messaﬁe cipher
at is the

particular value of 4 intended, is 1 in ex-
cess of the correct value. The numerical
equivalent of one of the two-letter groups of
the. message cipher proper is probably,
under_that assumed value of i, 0001 too
high, ‘and this 0001 should be subtracted
from each of the groups successively (or
until the error is found) to ascertain if the
resultant two-letter group having the recti-
fled numerical equivalent is likely to be the
one in which the error. occured. ~Thus, the
correct numerical equivalent of the first
two-letter group may have been 086, Re-
ferring to the tahle of Fig. 8 to ascertain

The cipher received is
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whitt the'two-letbet group: hﬁir{n}g- this nu--
[ 4

mie¥ical eqidvalenit!ig) it ‘s foundto’ be ur. -
To those Skilld in the ait; it is obviout'that

ur would rdrdly 1f 8¥er be sent as 4, sothat’
5 ascitined ertod cdd be dismissed: - Subtract-
“ing 0001 ‘frém’the nuherical equivaleftit of
the second 'two:l tél‘“%l"ou'ﬁ do, the result is
0986, Frommthe table of Fig. 8, the two-
lettét group haviiig thé numerical biutivdlent
16' 028615 found to be wgyshowinp another im-
probablé error.” Going’ to-thethird' group
aiifl subtrieting the assurliéd etror’ of 10001,
the result'is (0851 Fromi'the table of Fig.
8 the two-lettdt ‘hyvimg: the ntdlerical -
14 equivilent 0851 Is'fothd itd"be 4, “aHother
imprebable “error. Subttasting’ 0001 from
the numetical ‘equivalent of (6d; the “foutth
twoiletter group, andaséertaining’ the two-
letter ‘grotip hitviig: theé’ resultant nuribrical -
26 equivalent 8068, it is found tobé ull; another
imiprobable strot. Obvicusty, therefore, the:
wu value of 0772'is not'thé one iritendéd and
ancther ' valie' miust' be choser- The new
vilue mky e convenieritly ‘chosen by taking:
25 the valugd successively ‘before of suctessively
after the “0772," and ‘the' pécess: with"the
new value would be the sainp agiabove out-
lined: Without proldnging the illustration”
assume 'thit the process had' protested; with-
30 "oti{' restlt, to the nutlerical equivalent 0880."
" Wit this equivaldnt'the sum of ithe'cipher
messige proper is found’ to beOYOT too smibll.:
Add t%e,,_{)lO‘T to the numerical equivalent of
a®; 0087, ard the two-letter -group wjth the "
35 resultant numerical - equivalent, 0194, 1s
found from the table of Fig. 8 to be »f.
To those skilled in the art, the change from:
rf to ab is afopce seen to' be improbable.’
'Adding the 0107 to the de¢ numerical equiva-
40 lent, 0287, gettinigs 0874, it''is fouitdl frém the
tible of Fig. 8 thit the two-letter equivilent
is be, This at ‘once ' appeats to be the erfor
i‘xL'the message; as be %ié% t qnite probably
hkvs bbefi-sent as-de. - With' this asstanption
48 the ‘ciphdi’ messige corréetly ‘chittkg- el f, -
and if the resultant decotldd 'messge 19 a’
liksly ank to b réiived, the ‘efferican be'
aséﬁxféd‘td‘.bed » s9ered gnd coridctéd. As
ah e tfﬂpr%&ﬁﬁdﬁ‘m%roq&s ‘mdight’ be
50 %continipd with'the Tetbérd 4and b4, Butno
- Filkely > groups woild ‘result. Th!tha speeific
fldbtFation’ this i obviusly ‘unpedéssay’
Alétin@Criow thit the efror thag e In
thi-twa-1ettdt checkmg !
o i 8, S
abbtigettly,! Thetotal bf the mesia her "
gréﬁ%s Sper’isas bsgéyg;'-obs .‘-'ag'I‘ehi'nih_g"
to, thh t#hie of ‘Figd -3 te T inelufivg it 15
ot thiit 'y ‘doss not itve "this niridtical
so“eq&_‘%ﬁ%tfi. Am? erpér is thetefore: dfgesv--
qréé THe ch eldﬁlg ‘%‘x‘éﬁg,té 'hé''used 'when
* the"firth 1ét8E of ehlth belotlér photp is*
- coplonitht) B viipi thiy: niimepical “eqiftva-
Jent, ¥4 5u!’ Tha'éRuigs’ fRN a 4di4y i an
edoerror thitt might very prébiibly ' odtar, and -

sup an@ thiit ithe

1,%i8.868

if,! with the ‘errorcorrectéd: on'this assump-
tiogn, the decoded message is a likely one to
be received, it is fair to—assume tHat the
error has been discovered and corrected.
This is found to be the case in the particular
exarple ‘citéd.

The general rule; therefore, when the
ch‘ek:‘klng shows that o message cipher is in-
coireet, is to 'fitst endeavor to decode the
message cipher proper to see if the decoded
message is one likely to'be received. If the
error'is in ‘the message cipher ‘proper, this
would ‘be shown at once by the decoding:
either the decoditig will be found to be
impossible, or the decoded message will
miake ‘no sense, or will be ‘one not likely to
be ‘received. When any of these are true,
it iy’ fdir to assume that the check letter
grotip 1s correet. Then take various numeri-
cal equivalents of the check letter group
from the'table of Figs. 8 to 7 inclusive or
a simiilar table and add or subtract, as the
case may be, the difference between these
inidividual numerieal equivalents and the
sunl of ‘the cquivalents of - the two-létter !
groups in the message cipher ‘proper, to the
ninnetical equivalents of ‘each -of the two-
letter groups of ‘the message cipher proper
(or ‘until’ the error has been diseovered) :
ascertiin from the table of Fig. 8 or a simi-
lar table ‘the two-letter group of ‘which this
sum'‘or difference i the equivalent; and
cohtinuie with tha'process until' a two-letter
grouphas been ‘discovered; -for whieh':the
two-letter' group of the erroneous message’
is Efobkblytthefsubstifmm. Retwtite and de-
cotle the message onh 'this assuiiption. If
the resultant desodsd’ message is one likely
t6 be retéived it is fairto assume thit the
errér hug beett discovered. There is a possi-
bility that the process will resull in discov-
erhif niore than one two-letter group: which
might have been sent in the erronecus mes-
sagé ‘cipher received.  In such a case the
sovse’ of ' the messags’ and other elementd
latér té be'discussed will enable the receiver
to deterthine whichivof thé twotletber groups
is the correct one.

If, on the other hand, the first decoding
of ‘the message results in one which wad?115
likely to be received, it is fair to assume
that the errer: was ip: the checking group.

Tn such a case, take the sum of the numerical
e%uiva‘lmiﬂé ‘of lthe twotetter cipher geoups
I{;VOPE‘?Tahd"aS%MM whiit the equivilent 120
two-legtet chedltingtgréup! is from's atables
of Figs.'8 o 7 intlusive. - 11 this is found
to-ben gEstipofor ‘which! the ‘grou reesived
ebulld iliEelfy‘?' o srbatituted, it is fair to as-
sulifethht thetegroy has bestl disegvered and 1125

95

100

105

110

: at';hém»thér'messadgevqi her "propbi’tis ‘correbt :
e -

i$FnBt, probesd ay efors *outlined, -of' the
abqubilption' thit the ‘chisck “letter grSup. is
colréet, _ e

It mnst'be’ renienbered that iwhoncodes?130
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are adopted and made use of, the parties
employing them usually do so in particular
matters or lines of business and that when
code messages are thus employed the re-
ceiver of the message can usually tell
whether the message is one which the sender
would likely send: furthermore, codes are
generally worked out so that an error would
result in a cipher impossible of decoding or
a decoded message which would not make
sense. Consequently the sense of the mes-
sage is a factor upon which considerable
dependence can be placed. In making use
of the table of Fig. 8 or a simlar table and
in endeavoring to ascertain what are the
correct letters, in addition to the similarity
of the letters, the pronounceability of the
ten-letter group with the assumed corrected
letters therein, and the question whether the
second and fourth two-letter groups end
with a vowel or a consonant and conse-
quently whether the checking group would
be chosen from the first, second, third or
fourth columns of the table of Figs. 3 to
7 inclusive, are matters of considerable as-
sistance, and when taken in connection with
the sense of the message result in the figur-
ing out of the correct message.

ecause of the fact that the two-letter
groups and the numerical equivalents in the

tables of Figs. 1 and 2, and 8 are identical,

either of these tables (probably the:table
of Fig. 8) might be dispensed with, without
departing from the spirit of my invention,
but dispensing with either one of these
tables is not advised because of the resultant
great inconvenience.

The foregoing detailed description has
been given for clearness of understanding,
and no undue limitation should be deduced
therefrom, but the appended claims should
be construed as broadly as permissible in
view of the prior art.

What I claim as new and desire to secure
by Letters Patent of the United States is:

1. As a new and improved article of
manufacture, a cipher-book comprising a
suitable number of pages containing tables
for use in coding, decoding and checking
communications, one of said tables com-
prising in suitable arrangement groups of
letters with arbitrary numerical equivalents
for use in the coding and decoding of the
communications, and the other of said tables
comprising in suitable arrangement groups
of letters with numerical equivalents for
fise in connection with the letters of the
message cipher for the purpose of check-
ing the coded communications, substan-
tially as described.

2."As a new and improved article of
manufacture, a cipher-book comprising a
suitable number of pages containing tables
for use in coding, decoding and checking

‘communications, one of said tables compris-

7

ing ih ‘suitable arrangement groups of lot-
ters, each group having arbitrary numerieal
equivalents for use in the coding and decod-
ing of the communications, and the other
of said tables comprising in suitable ar-
rangement groups of letters, each group
having a series of numerical equivalents for
use in connection with the letters of the
cipher message for the purpose of checking
the coded communications, to the end that
pronounceable self-checking cipher com-
munications may be produced, substantially
as described.

3. As a new and improved article of
manufacture, a cipher-book comprising a
suitable number of pages containing tables
for use in coding, Ic)lecoding and checking
communications, one of said tables com-
prising in suitable arrangement two-letter
groups, each group having an arbitrary nu-
merical equivalent for use in the coding and
decoding of the communications, and the
other of said tables comprising in suitable
arrangement two-letter groups, each group
luving a series of numerical equivalents for
use in connection with the letters of the
cipher message for the purpose of check-
ing the coded communications to the end
that pronounceable self-checking cipher
combinations may be prodnced substantially
as described.

4, As a new and improved article of
manufacture, a cipher—book comprising a
suitable number of pages containing tables
for use in coding, decoding and checking
communications, one of said tables compris-
ing in alphabetical arrangement two-letter
groups, each group having an arbitrary
numerical equivalent for use in the coding
and decoding of communications, and the
other of said tables comprising in alpha-
betical arrangement two-letter groups, each
group having a series of numerical equiva-
lents for use in connection with the letters
of the cipher message for the purpose of
checking the coded communications, to the
end that pronounceable self-checking cipher
communications may be produced, substan-
tially as described.

5. As a new and improved article of
manufacture, a cipher-book comprising a
suitable number ofP pages containing tables
for use in coding, decoding and checking
communications, one of said tables compris-
ing in alphabetical arrangement two-letter
groups, each group having an arbitrary nu-
merical equivalent for use in the coding and
decoding of the communications, and the
other of said tables comprising two-letter
groups arranged in four parallel columns,
the groups proceeding alphabetically down
the columns, the corresponding groups in
each column having a series of numerical
equivalents, the said groups being for use
in connection with the letters of the cipher
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wessage for the purpese of checking the
coded conununications, te the end that pro-
nounceable self-checking cipher connnunica-
tions may be produced, substantially as de-
scribed. ‘

6. As a new and improved article of
wanufacture, o cipher-boak comprising »a
suitable nunber of pages containing t:%]vs
for use in coding, decoding and E‘%wcking
communications, one of said tables compris-
ing In alphabetical arrangenent in columns
two - letter groups, each group having an
arbitrary numerical equivalent, the said
groups being for wse in the coding and de-
coding of communications; one of said
tubles  comprising two-letter groups ar-
ranged in four parallel columms, the groups
proceeding alphubetically down the colunins,
the corresponding groups in each columu
having a series of numerical equivalents, the
said groups belug for use in connection with
the letters of the cipher message for the pur-
pose of checking the coded communicn-
tton=; and the other of said tables compris-
ing the two-letler groups and the nuneri-
eal equivalents of the first nuned tuble wr-
ranged in numerical order; to the end that
pronounceable self-checking  cipher com-
wmunications may be produced and if the
ganme contain errors, that the said errors may
be corrected. substantially as described.

7. Asanew and linproved article of manu-

Goples of this pafent may be obtained for

L, ik a0

factyre, g cipher-hogk comprising a suitable
nper of pages containing tal %(,s for use
in coding, decoding und’ checking communi-
cations, one of said tables comprising in
ulphabetical arrangement in. columns two-
leiter groups, cuch’ group having an arbi-
trary numerical e%iﬁraﬁent, the said' groups
heing for yse in the coding and decoding
of communications; one of said tables com-
prising two-letter groups arranged in four
arallel columns, the gioups proceeding al-
phabetically down the columns, the corre-
sponding groups in eéach colimn having a
series of numerical equivalents, the said
roups being for use in' conmection’ with
ége Jetters of the c:lrpher message for the pur-
pose of checking the coded' communications;
and' the otHer n’f said tables comprising in a
pluraliiy of columns the ¢wo-letter groups
and' the nunmerical eyuivalents of the fivst-
wuned table arranged in nuwnerical order,
the numerieal equivalent of cach group he-
mg expressed partly above the colnmms of
groups and partly at the side thereof, to the
end that pronounceable self-checking cipher
commuuications may be produced and if
ile same contain errors that the said errors
may be corrected, substantially as described.

Signed at New York, in the county of
New Y ork and State of New York, this 11th
day of Oct., 1916.

COSMO FARQUHAR.

five cents édul, by addresying the “Commissioner of. Patents,
Wastington, B ¢
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