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PREFACE

In these notes, we discuss four string-figures: Brochos, Osage Diamonds,
Crows Feet, Bear. Our discussion and analysis of these four figures is pitched
at a fairly technical level, in order to illuminate the distinct, but related,
"ideas" in string which they represent. And, to that end, we discussmany fig-
ures closely related to each -- the more closely related the figure, the more
detailed our discussion of it. Thus, in the case of figures peripheral to the
central "idea" behind a given string-figure, only the construction itself will
be given, and comparisons drawn therefrom.

The purpose behind these researches is twofold: (:). To explicate the
"structure" underlying the set of all string-figures by exploring their inter-
relations, and (:). to "conserve" string-figures uniguely, in a manner not here-
tofore possible, through the development of an unambiguous formal language for
their discussion. These matters are to be developed in easy stages, using the
figures themselves as examples which drive and motivate the evolving theoretical
complexity. ’

Let us discuss topic (:)., above, with a little more particularity. If
one imagines the set of all string-figures to be represented by distinct la-
beled points, or "dots", on a large white sheet of paper, and draws differently
colored lines between pairs that a. look alike, b. are made in similar manner,
c. share a common opening, d. belong to the same peoples, etc., then the whole
"structure" will emerge as a multicolored "tapestry" of dots plus various types
of interrelations. One of our purposes is to make explicit those lines of this
tapestry that are determined by the structure and construction of the string-
figures, themselves. In particular, we shall not seek to investigate those
interconnecting lines whose existence is predicated on the grounds of geography,
anthropology, or psychology.

And we may use the above "tapestry"-analogy to discuss the topic of (:),
above: Conservation of string-figures. If one reads a particular author's
construction of a complicated string-figure, usually ambiguity as to the in-
dividual steps involved abounds! In most cases, a representation (picture,
schema, ideograph) of the finished product prefaces this description, to let
you know when you have correctly resolved these ambiguities; and, in a fair
percentage of these cases, the representation itself will be incomplete, or
incorrect (with respect to internal string-crossings, for example). The hope
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here is, of course, that one (and only one) of the string-positions whose con-
struction "goes something like this" has a representation "that looks something
like this". And for the great authors (e.g. C.F. Jayne, H. Maude) this usually
works; for the lesser authors (e.g. F.D. McCarthy) it rarely does. If we circle
in red each dot representing a string-position in our tapestry which corresponds
to a possible interpretation of an ambiguous construction {(and, hopefully, one
of these will be the intended object of the description) the resulting red
"cloud" of dots is what is really conserved by the author. The second object

of these notes is to develop a language of constructions and representations of
s&ing—fimes which uniquely conserves a given string-figure -- and provably so.

There are about 100 string-constructions given in these notes, the majority
of which come from well-recognized sources in the string-figure literature;
these are documented by a bibliographical reference which is sufficient to ex-
actly specify an unique entry in the author's earlier "Bibliography" (Storer, T.:
STRING-FIGURE BIBLIOGRAPHY. Bulletin of String Figures Association, No. 12,
Tokyo (1985). pp. 66), More recent, or peripheral, references appear with com-
plete citation herein. Also, finally, several figures appear without any source-
documentation, under the epithet "contemporary”. These are figures in current
usage in the world, as encountered and recorded by the author from a wide variety
of sources. They are included for reasons of comparison, completeness, or gen-
eral interest not represented in the standard literature on the subject. All
figures included herein have a direct bearing on the "ideas" in string represen-
ted by the parent four: Brochos, Osage Diamonds, Crows Feet, Bear.

The notes, themselves, may be read at several "levels". The shallowest is
to "skim" through, like a novel, eschewing all formalism, to get an idea of what
the subject is like, and what demands are to be made of the reader. Next is a
reading to learn how to make ~ 100 pretty string-figures; here the minimal pre-
requisite is the mastery of the string-figure (constructional) Calculus, intro-
duced in Section 1; "Symbology", and augmented throughout the development of the
subject. This is based on the classical "function notation" of Mathematics/Sym-
bolic Logic, and should pose no serious problem to the interested reader, being
essentially self-contained. At the next level -— what (from the present perspec-
tive) string-figures "really" are — attention should be paid to both the Calcu-
lus and the associated linear sequences (in the context of the string-figure
schemata), from which the beauty and power of the model we have here adopted
will emerge. At vthe deepest level, only t;he Calculus and the associated linear
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sequences are the fundamental constructs, and the Appendices address problems
of existence and uniqueness for the formal system so developed.

In conclusion, the author views these notes as "Chapter I" of an extended
opus devoted to the formal aspects of string-figures. Our intention, in future
“chapters", is to discuss- related constructs (e.g. string-tricks) while contin-
uing to illuminate the great ideas, or "resonances" in the string, in conjunc-
tion with the development of the formal language prerequisite to their elabora-
tion. We shall also pursue the questions of completeness, consistency, and re-
dundancy for the model at that time, matters whose inception is to be found in
the present manuscript. )

On a more personal note, in 1958 -- having learned some 20 string-figures
from my Grandmother (all she knew!) and, perhaps, another dozen from my friends
while growing up -- i discovered the little pamphlet by R. Rohrbough (ed.):

FUN WITH FOLKLORE, with its two figures, Takapau and Brush House, taken from
J.C. Andersen: MAORI STRING FIGURES. I could hardly believe my good fortune --
that very educated and learned people had actually written about such things --
and i devoured all the literature i could get my hands on. After learning my
thousandth or so figure, i began searching for a book or article which spoke to
the beautiful "system" which i dimly apprehended underlying these disparate
string-figures -- to no avail. The wordy ramblings of collectors were too im-
precise to satisfy, and topological Knot-Theorists apparently dismissed the en-
tirety of the string-figures of the world as "trivial". And, although i learned
a great deal from both groups of writers, i hungered for an approach which was
neither too weak to be effective, nor so powerful that it identified (and as
"trivial®, at that) all the objects of my insatiable interest. And, since such
a work still does not exist, to my knowledge, i have decided to write one,
chronicaling my development of such a system over the ensuing years. Most of
the theoretical material of the present notes, "Chapter I", was completed by the
early 1960's, but not in the context of the present four string-figures discussed
herein. These four string-figure "resonances" have here been chosen for the in-
troduction of this formal system because they embody nearly perfect substitution
instances of the gmeralizations fundamental to the emergent theory, at each

step of the way. This is the meaning behind the earlier assertion that the
string-figures, themselves, are used to "drive and motivate the evolving theory".
I feel that, had such a work been available to me, many years ago. i would now
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know much more about string-figures than i do; and it is for just such a young
person as i was then that the present notes are intended. 1 hope some of the
love, joy, and wonder i find in the beautiful world of string-figures will be
conveyed to you as you read through the following pages: that you will adopt
and develop those ideas which you find fruitful to your viewpoint, and cast
aside those that have no relevance to your own interests. Comments are cor-
dially invited, and should be sent to the author at

‘Mathematics Department

University of Michigan

Ann Arbor, Michigan (48109)
U.S.A.

e g RIR
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1. SYSTEMOLOGY

String-figures (Cat's Cradles) are constructed in a closed loop of string,
the ends being knotted or spliced to form a circle.

Fig. 1

A good starting-length is 2 to 2.5 meters, but often longer (or shorter) strings
will be required for the more complicated figures of certain cultures.

in order to discuss string-figures in an unambiguous way, we must address
two problems: 1. Description of the final (and intermediate) positions, and
2. Method of construction, i.e. how to proceed from one position to the next.
The former, itself, has two aspects: 1A. The string's interrelationships to
itself, i.e. internal crossings, loopings, etc., and 1B. the string's relation-
ship to the supporting frame; usually, the hands. The latter will be developed
via "functional" notation; the operators being the body-parts (usually the fin-
gers) involved in the manipulations necessary to pass between consecutive po-
sitions, and the arguments being the actual strings which are to be so manipu-
lated. In the following, we shall address these two problems simultaneously,
developing the necessary terminology as we proceed.

Initially, we restrict ourselves to the hands and their constituent
parts (i.e. The Frame), whose names we assign following anatomical taxonomy.

IB --(both) hands

IL -- Left hand
L1l -- Left thumb
L2 -~ Left index
L3 ~- Left middle finger
L4 -- Left ring finger
LS -- Left little finger

R -- Right hand
R1 -- Right thumb
R2 -- Right index
R3 -- Right middle finger
R4 ~- Right ring finger
R5 -~ Right little finger
These will (initially) be the functors in our djscussion of Methods of Con-
struction. Later, as needed, we shall add other body-parts to our list of
functors; e.g.
M -- mouth
W -~ wrist
T -=- great toe

et cetera.
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The reference, or Normal position (# ) for the hands in the construction
of the string-figures will be palms facing one another, fingers pointing up;
the whole frame is relaxed, fingers moderately spread and just slightly bent,
or curled.

# -- hands in normal position

It will be noticed that, in normal position, the geometric distance between
‘the tips of, say, Ll and L2 is about that between L2 and LS; this motivates
the following schema for normal position:

Here, the view is from directly above the hands -- held in normal position —-
as if the frame-owner peeked over and looked directly down thereon, the thumbs
being nearest the body, the little fingers being furthest away. Only the "tips"
of the fingers appear in the diagram -- as this is all that is required for a-
while. Note that, so oriented, the labeling of the individual digits is im-
plicit, and will be omitted in future specific schema.

Now, let's put the string on the hands. The initial position of the
string on the hands -- at the start of a string-figure —- is called an Opening,
which we shall abbreviate by "O."

O. -- Opening

A particularly useful opening for the construction of string-figures is Open-
ing 1 (0. 1).
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.1z Pass the string, from the near side of L1, around behind L1 and
across the Left palm; then behind and around LS. The string then
passes to the far side of RS, around and to the near side of RS, and
directly across the right palm (towards you); then behind and around
Rl and then directly across to the near side of L1, and the original
point of the string. [ Fig. 37]

We remark that the string is usually retained near the base of the fingers --

a fact elided by the schematics -- and is held tightly enough that there is no

"slack"; that is, the hands extend slightly to absorb any slack, but not so

tightly as to preclude manipulating the strings.

| -- extend hands to absorb slack

Let us now examine the string-frame structure of 0.1 with an eye to
developing the constructs necessary for the description of string-manipulation.
It will be useful in this regard to partition the string into labeled arcs. )
In the following figure, the index, middle, and ring fingers of both hands have

Q. ©,

A i

Al 1R50

@
@
g (&

been suppressed for clarity.

©rs

LS

® © e

o L1

—t—rt N
6 ©® © U

Fig. 4: 0.1 - partitioned

We view the position 0.1 as inducing a 16 - partition of the string,
the elements of which (arcs) have been labeled consecutively from (z), begin-
ning at the near side of L1 and proceeding clockwise around the string. We
shall name these arcs according to their geometric proximity to the frame
(and, later, to each other):

D . Lln -- the near Ll-string (arc)
@ . Lld -- the dorsal Ll-string (arc)
3. L1f -- the far Ll-string (arc)
4 . Ip ~-- the L palmar string (arc)
(s) . 15n -- the near LS5-string (arc)
6 . 15d -~ the dorsal LS-string (arc)
@ . L5f ~-- the far LS5-string (arc)
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9. R5f —-- the far RS-string (arc)
. R53 -- the dorsal R5-string (arc)

%. RSn -- the near R5-string (arc)
. Rp =-- the R palmar-string (arc)
. R1f -- the far Rl-string (arc)
. Rld -- the dorsal Rl-string (arc)

Rin -- the near Rl-string (arc)
The fourteen (of the sixteen) ares: thus designated have been so named on the
basis of bilateral specificity; that is, @ through @ appertain to the left
half of the frame (i.e., L), while (3) through (9 appertain to R. The re-
maining two string (arcs), i.e. @ and @ , are connectors of these two
halves and, as such, transcend the IL/R specifics.

st :L5f-RS5f -~ the stra\ight string (arc) running from the far side of

L5 to the far side of R5.
@ s; Rin-Lln -- the straight string running from the near side of Rl
to the near side of Ll.

Or, in the absence of possible confusion (e.g. competing strings), as in this
case, we simply suppress the bilateral specificity:

5f -- the far little finger string

1n -- the near thumb string
This should be regarded as a "shorthand" for the previous arc—designation, in
the following sense: Initially, we focus on the left half of the frame and
the prescribed interlacing of the string thereon; next, we shift our focus to
the right half, and the analogous problem. Upon completion, we broaden, or
widen, our focus to the whole configuration of frame plus string. It is in
this "lifted" perspective that the position emerges as a far 5 string, a near
1 string, plus two palmar strings (on either side). We emphasize that the
ability to lift perspective from the bilaterally specific to the wholistic --
and to "delift" back again ~- is of paramount importance in the successful
construction (and analysis) of string-figures, and often must be accomplished
several times in the construction of a single figure . Finally, we remark that
each position gives rise to a string partition, i.e. the partition for one po-
sition does not necessarily "carry over" to a subsequent position; in general,
we must start from scratch with the new position. Further, we shall not con-
cern ourselves with problems concerning the "size" of the elements of a given
partition (e.g. in Fig. 4, where does @ end and begin?) since the ensuing

-5~

manipulations will be indifferent to such concerns (with respect to the resulting
positions); and we shall customarily suppress elements of the (finest possible)
partition induced by a position, exhibiting only those relevant to the manipu-
lations involved in passage to a subsequent position.

In the following, it will be useful to designate certain concat€nations
of (some of) the arcs of a partition arising from a given position as loops.
In general, if "F" is a generic body-part (usually, a finger) then by the "F-
loop” will be meant the arcs Fn, Fd, and Ff (unordered triple). We shall desig-
nate this by

oo --- loop

For example, referring to Fig. 4, we have

Lo — {®, @, 6}

15w -— 0. ©. @}

rsw-— (D @ @)

Rlo-— 0. @ . G} -
And, in general, every string-position will have constituent, identifiable loops.
By slight abuse of notation, when no confusion can arise, we may refer to larger
sub~constructs as loops as, e.g. in Fig. 4, "the left thumb-little finger loop ":

e — (@, . @, @ ©®. ®. O3,

rise — §0. @ D @ O @ B -

This is as,customary in the string-figure literature. Here is another example:
is

The partition is
L2n @

L23d © R14
L3f ® =mn

s; L3f-Rif s; Rin-L2n

R1f

OOV
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(Note: There is no L2f nor L3n string). We have

e -— . @ O}
we — o0 © OL- .

We now initiate the discussion of Problem 1 (Description of string-posi-
tions) using the previously developed constructs. We wish to develop a "local"
linear description of string positions, from which the associated schema is un-
ambiguously recoverable. To that end, we imagine an ant crawling along the arcs
of a given string-position. For example, in Fig. 4, with starting-point on the
arc Lln, proceeding in a clockwise direction, our ant's itinerary would be

= 11, L5, RS, Rl, L1; L5, RS, ...
to unlimited repetition. Thus the 4 - sequence

> Li, L5, R5, R1 &
with the understanding that the first symbol in the sequence follows the final
symbol -- the string is a closed loop -- is closely associated to the schema of
Fig. 4 ... as are the sequences

= RS, R1, L1, L5 W

jJ=» 11, R1, R5, L5 B

= 15, L1, R1, R5
there being eight such schema~-equivalent sequences in all. For definiteness, we

(different starting point)

(counterclockwise orientation)

pick one of these as canonical of all such sequences arising from a given string-

position -~ there will be more (or less) than eight such, in general -- accord-
ing to the following two conventions (concerning "starting point" and "orienta-
tion" respectively):
Convention Seq. 1: If LF is the left-hand finger nearest you which is
incident with the string (often this will be L1), the starting point for
'the associated linear sequence will be a point on the LFn-arc.
Convention Seqg. 2: The string orientation will be in the direction from
the given IFn arc towards LF (which will then be the first entry in
the associated linear sequence); i.e. "clockwise".
We remark that severd string-figurees include positions in which the string
is incident with R only; i.e. Lis free of the string. Séf_hese conventions
will have to be emended subsequently; initially, however, the above will suf-
fice to produce an unique linear sequence associated to a given schema. For
example, the linear schema associated to Fig. 5 is
= L23, 1 @
The first topic of major consequence for the development of linear

(different starting point and orientation),
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sequences associable to string-figures is that of internal string
crossings, a matter to which string-manipulation is anything but indifferent;
we begin with an extended, illustrative example. 7

A
O

o) RY
o Ra
B.
o) RS
o R2
° o JRI
D.

/

La
L
GY
_ 1.1@r

Ll

o

Fig. 6: Crossings

Fig. 6 gives the schemata for four similar string positions, differentiated

only by the nature of two (simple) internal string-crossings (O -ed in Fig.

6, X). They may be constructed from Fig. 3 (i.e. 0.1) as follows:

H. 0.1: Pass L2 to right and pick up, on its back (from below) the
Rp-string: # |

0.1: L2 pick up Rp from belcw (cf. H) # pass R12 down tilru L2m

and away to pick up L5f between them; bring this string back towards

you and up through L2wm and, releasing L5, replace this string on

L5 # rotate R5m 360’ away from ym; t

1w

————

.'rhis may be accomplished, for example, by temporarily grasping RSn and RSf
between L1 and L2, then rotating RS -- together with its loop — away and
down, then back towards you and up to its normal position. (Release L1 and
L2 at the completion of the move).
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C. 0.1: L2 pick up Rp from below # pass R12 down thru L2em and to-
wards you ‘to pick up Lin between them, draw this string away from
you and back up thru L2om and, releasing L1, replace this string on
Ll ¢ rotate Rlw 368 towards you #|

D. 0.1: R2 pick up Lp from below # pass L2 to right and down into
R2w, then pick up Rp from below # release R2|

On each of these figures, in turn, we perform the exact same sequence of man-
ipulations:

L1l pick up L2n from below (this will give two loops on L1; keep these
well-separated, the "new" loop being uppermost) # R1 pick up R5n
from below # on both hands, individually (i.e. one at at time) lift
the lower 1@ over the upper, and drop it on the palmar side of the
(respective) 1 -- i.e. releasing this loop; the teeth may be used to
facilitate this manipulation # release L2|

Note that four very dissimilar string-positions result! And, in applying
these manipulations to Fig. 6, g, it makes a great difference whether L1 picks
up L2n to the left of, or to the right of its crossing by the Llf-string.

Of course, the intent of the string-partitioning is to pick out the first al-
ternative by the indicated manipulation; but, had the second alternative been
"mistakenly" adopted, a fifth string-position results -- different from each
of the previous four! Our conclusions, based on this extremely simple example,
are that -- in general -- string-manipulations are strongly dependent on inter-
nal crossing-types, and hence these must be carefully differentiated in our
future development of the subject. Restatement, irftermspf the "Ant crawling
along the string” analogy; passing above another string (or below, or around,
etc.) is as distinguished an event on his itinerary as is an interaction with
the frame, and must be so recorded by the linear sequence associated with his
journey.

Motivated by the foregoing discussion, we add nodes to the schema corres-
ponding to a given string-position for each internal crossing; these will be
generally designated by an "X" (to differentiate them from the nodes of the
frame ). Thus the four distinct (manipulation-inequivalent) string-positions
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of Fig. 6 may be initially schematicized by

R
©
Ly -

Fig. 7: X-augmented schema

with associated linear sequence

|=> 11, x1, x2, L5, RS, x2, L2, X1, R1 &
The four distinct string-positions of Fig. 6 are then discriminated by local
information about the nature of the string self-interaction (crossing-type)
at each of x1 and x2. The simplest case, exemplified by the current example(s),
is where exactly two strings (arcs}are involved, and one merely passes over (0)
Eor under (U)j the other; this will be denoted a simple crossing. The asso-
ciated linear sequence is, then, uniguely modified by appending the appropriate
symbol (® or U) to the crossing-entry of that sequence. For example, the four
distinct string-positions of Fig. 6 are uniquely specified by the following
modifications td@:he above linear sequence:

Fig. 6. H: |= L1, x1(U), x2(0), L5, RS, x2(®), L2, x1(®), Rl =
E: = L1, x1(U), x2(®), 1S, RS, x2{U), L2, X1{®), Rl &
E ¢ |= 11, x1(®), x2(V), L5, RS, x2(®), L2, x1(U), R1L &
E : = L1, x1(®), x2(®), LS, RS, x2 (U), L2, x1(U), RIM

We postpone, for awhile, a discussion of string-crossings which are not simple,
either because more than two strings are involved, or because a simple parity
description of the interaction is insufficient. As a simple example of the
latter complication, consider the schema

Fig. 8: x1 is not simple
which is obtainable from Fig. 3 by the manipulations
0.1: L2 pick up Rp from below # 1. pass R12 down thru L2e and towards
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you to pick up Lln between them, draw this string away from
you and back up thru L2e and, releasing L1, replace this string
on Li # 2. Repeat Step 1: 3. FRotate R1 720" towards you #|
The schema associated to this string position should be
= L1: x1(2): x2(U): L5: R5: x2{@): L2: x1(2): Rl #
where the 2 — mod:i’.fiers to the crossing x1 are not——matters of simple parity
but must, in general, refer to a "dictionary" of crossing-types for well-
definedness. We shall develop these matters subsequently, in context, when
they become appropriate.
lemma 1: let n be a generic natural number. If xn is a simple cross-
ing in a given string-position, then the node xn appears exactly twice
in the associated linear sequence. Further, the two appearances are
demarked by opposite parities.
Proof: Definitional ®

In certain cases, a given simple crossing will be "cancellable".
Consider the following examples:

x4

B
" Fig. 9: Extension-cancellable crossings
These three schema, having respective associated linear sequences
B: |=> Ll: L5: x1(®): x1(U): R5: Rl &

: > Ll: L5: x1(®): x2(®): RS: Rl: x2(U): x1(U) m
: > Ll: L5: x1(®): x2(@): x3(P): x1{U): RS: Rl: x2(U): x3(U) M
all have B #, but not |. In fact, upon applying | to the three illustrated
string-positions, we see that they all "collapse” to 0.1 (Fig. 3). Such cross-
ings are said to be extension—cancellable. 1In the following it will be observed
that several important classes of string-manipulations depend upon the temporary

0 e

creation of extension-cancellable string-crossings for their successful comple-
tion. These matters are all extremely compatible with the current notation,
and will be developed in context. For the nonce we content ourselves with the

i
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following elementary observations: First, we say that two entries in the lin-

ear sequence associated to a given string-position are (undirected) adjacent if:
i}. -one is the first,the other the last, entry in the sequence —

or ii). one immediately follows the other in the sequence.

Second, after Lemma 1, each simple crossing in a given string-position occurs

exactly twice in the associated linear sequence; for definiteness in the follow-

ing, we shall "tag" these occurrences with a superscript 1 or 2 according to

their order of appearance in the canonical segquence.
adj --- adjacent.

For example, the linear sequence associated to Fig. 9, B, would then be

> w1: s xt M@ x2XMe): rs: ri: x2 2y x120)

Finally, if n is a generic natural number and xn is a simple crossing in a given

string position, we shall write 1(xn"lly and 1(xn(2)).for the parity of the
crossing xn in the associated linear sequence. We remark that Lemma 1 asserts

sxn't) £ vt

one of these being @, the other U.

’

Lemma 2: Let n be a generic natural number.
A. If xn is a simple crossing in a given string-position, and
xn(l) adj xn(2),

then the crossing xn is extension cancellable.

B. If xn and x(n+l) are simple crossings in a given string position
which satisfy -
i), ) ady xeny
i), 2 adj xmen'?
i), 20t = cotned™) £ 2@ = sxne)(?),

then the crossings xn and x(n+l) are extension-cancellable.
Proof: A. Here the crossing xn is locally homeomorphic to

_xm

which is extension-cancellable.
B. Here the crossings xn and x(n+l) are locally homeomorphic to

. Xm/-—‘\x‘m_") - .

which are extension—cancellable @&
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We remark that Fig. 9, A is an example of Lemma 2, A, while Fig. 9, B is an
exanple of Lemma 2, B. Note that application of Lemma 2, B-type cancellation
to the schema of Fig. 9, C essentially reduces that schema to that of Fig. 9,
A, which is, itself, exte;sion-cancellable. Compare

Fig. 10: Two-step extension—cancellation

which Lemma 2, A-type cancellation essentially reduces to Fig. 9, B which, as
previously observed, is cancellable. Note that we have restricted—ourselves,
here, to simple crossings; we must examine the coefficient of friction (M)
for the string under manipulation to decide whether or not the (non-simple)
crossing in a string position with schema

_13_
It remains to discuss the string-partition induced by a string-position

which contains crossings (whether simple or not). To that end we reconsider
the schema of Fig. 6, H, with its two simple crossings:

Ls

Fig. 12: Stylized reprise of Fig. 6, H.

Complete information, here, is afforded by the associated linear sequence
[here "tagged" for future reference:]

w1 xaMw: x2Pwy: s rs: %2 @) L2: x %) R1 M

The string-partition induced in Fig. 12 is indicated --- every node accounts
for two elements of the partition (its "local-neighborhoods"), ordered by
"near" and "far" in the case of the fingers, and by "-" and "+" for the cross-

ing nodes, in the direction of orientation (travel along the string), which is

indicated --- plus the arcs which connect these node-neighborhoods (e.g. @ ,

@ , or @ ). As before, the arcs are labelled consecutively in the direction
of travel, although =~ in the diagram -- most of the labels have been suppressed
in an attempt to salvage what little clarity there remains. The respective arc
(element) names are, thus, specified; explicitly

Fig. 11: Conditionally cancellable crossing @ Lin @ LSn @ Lof
is extension-cancellable. For /q,zo , the crossing x1 is so cancellable; @ L1f 11)  15f @ L2n
for M=A4 the crossing x1 gives a knot' upon |. We feel that information @ s; Ll-x1 @ of @ P
as to the modal string-figure string of a specific culture may be gleaned from @ xl(l)- @ RSE 52 x'1(2)_
an analysis of those non-simple crossings which it customarily treats as exten- @ ’ﬂu)" 14) R5n @ x1(2)4
sion-cancellable or non-cancellable. ® s x1-x2 15 s: R5-x2 (24) s: x1-R1
@ =21 ae) . x#2)- (25) mut
o . D D e
*Kknot is one of the most objectionable four-letter words, @ si x2-15 s; x2-L2 @ in
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the "object" (argument) of this action. For example, consider the following
Note, first, that the arc-names may be directly read-off from the associated string-manipulation applied to O.A.:
linear sequence, and that the crossings require their superscript "tag" for )
well-definedness of their respective node-neighborhoods (else @ and @,
for example, would be name-indistinguishable). Also, these "tags" have been

Pass L1 away over all intermediate strings (i.e. L1f, L2n, and L2f) and
pick up on its back, from below, the L5n string (arc).

suppressed on those straight strings which are node-connectors (e.g. @,@, We shall symbolize this in the calculus by ﬁ(_LSn) - Note that the arrow over

@: @, , @ , and ) as uniqueness, here, obviates further discrim- the finger symbolizes both the direction that L1 moves (i.e. away from you) and
the path (i.e. over all intermediate strings). The line below the object string

(i.e. the argument) symbolizes that this string is to be picked up from below.

ination. They are, however, reqguired for definiteness in a handful of "path-
ological” string-positions, which will be handled as special cases in the

following. Finally, non-simple crossings on three (or more) arcs will re- Similarly,

ceive superscript "tags" 1,2, and 3 (etc.), and an unique naming of partition- %(@) = Pass R5 towards you over all intermediate strings (i.e. RSn,

elements will, in every case, obtain. R2f, R2n, and R1f) and pick up on its back, from below, the Rln string. Note
We now begin the development of a functional notation, or calculus, that ﬁ(&S_f_) is well-defined, but ﬁ(&f_) is not; as R2 passes away

of string-figure manipulation. As with the linear-sequences formally asso- from you, it never encounters the Rif-string: for completeness, we shall con-

ciable to given string-positions, currently in its initial stages of .develop- sider this to be the "empty-functor", §.

ment, the development of the string-figure calculus will take place in consis- Now we consider the notation Q;(L_Zf):

tent stages, whose growing "evolutionary" complexity will mirror the increas-
ing manipulational complexity of the sequence of figures chosen for the sample
space. It will be convenient to have a canonical string-position example to

pass L1 away from you (over its own far-string, L1f) but under all re-
maining intermediate strings (i.e. only L2n, here) and pick up on its back, from

s below, the L2f-string.
illustrate the concepts to be introduced and, for this, we employ Opening A (0Q.A).

The first parenthetical phrase in the above string-manipulation brings up our

—-L5 = first convention for the class of manipulations under discussion.

e . Co . Convention Calc. 1: A functor always passes over strings incident with
L2 C' it (if any).

This means independent of the away/towards direction and the under/over orien-

tation. When we have occasion to effect a manipulation contrary to Convention

Fig. 13: Opening A (séhema) Calc. 1, we shall employ a special notation, delineated below. Thus,
0.A:: |= Ll: x1(®): R2: x2(@): L5: R5: x2(U): L2: x1(U): Rl @ &5(RIf) = Pass RS towards you (over its own near-string, RSn) but

under all remaining intermediate strings (i.e. L2f and L2n) and pick up
on its back, from below, the R1f string.
In general, for generic finger F, and string, s,

This is constructible from 0.1, as follows:

O.A. = 0.1: R2 pick up Lp from below #

Pass L2 to right and down into R2w, )
then pick up Rp £rom below #]| [?(g) =z Pass F away over all intermediate strings (if any) and pick up

. on its back, from below, the s-string.
The first class of manipulations we shall consider is moving a finger to a par-

ticular string and picking up that string, from below, on its back. Note that
the f;nger involved is the "actor" (functor), and the string to be picked up is

et cetera.

We now consider functor paths which are more complicated than the simple
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"over (or under) all intermediate strings." Beginning with the string-position
Q.A, again, consider the string-manipulation

Pass L1 away over (L1f, convention, and) L2n, but under L2f and pick up

L5n from below.
We symbolize this by

T (wan) : LY (Lsm),

and "read" it

Pass L1 away over all strings up to, and including, the L2n string, con-

tinue passing L1 away under all (remaining) intermediate strings until

you come to the LSn-string, which L1 then picks up, from below.
Here, the absence of a "bar" below (and, eventually, above) the argument L2n
implies that it is an intermediate string in a (more complex) manipulation;
the colon, ": ", may be read "continue"; then L1, having gotten as far as (over)
the L2n-string, proceeds under the remaining strings between its present posi-
tion and the object-string, L5n -- which it then picks up, from below. Simi-
larly, from O.A again, the complex manipulation implied by the notation

5 (R2f) : p5(R2n) : T (R1n)

may be readil}\j,nfetred, if not so easily accomplished, by a R unused to such
complicated maneuvers.

The last example, above, brings up an interesting point leading to our
second convention: Consider the string of symbols

0.a:: FE(R26): g5 (R2n): RE(RIn) 4|
Question: How many strings does R5 pick up in the course of this manipulation?
That the Rln-string is to be picked up is clearly indicated by the notation;
but what about the R2n-string? The more difficult move (in terms of the manual
dexterity involved) is what is intended; Only the Rln string is to be picked
up by R5, and this is to be drawn back under R2n (which is not, therefore, re-
tained by R5) to #. The contrary situation would have been encoded

0.a:: §8 (R2£): g5 (R2n): FE(Rin & Ron) 4]
i.e. all strings picked-up in a manipulation appear explicitly as "barred"
arguments. Further, in even more complex situations, all confusion is elim-
inated by the convention

Convention Calc. 2: The symbol " #" at the end of a functor string

means that the given functor returns to normal

position along its outgoing path.
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In particular, it picks up no intermediate strings unless explicitly so in-
dicated.
It remains to discuss the case where a functor picks up its argument
(on its back) from above. For example
O.A: ij(i?f) #! = 0.A: pass L2 away over all intermediate strings
including LSf, then dipping L2 down and slightly to the right, en-
gage LSf (from the far side and above) on its back, thus picking up
this string #|
Functionally, this is equivalent to
0.A: E?(Lég # twist upper L2o 180 away from you #|
Similarly, the meaning of
o.a: T3(iin) #]
may be gleaned from its functional equivalent
0.A: YE(_Ll_n) # twist upper L2o 180 towards you #|
Finally, we define
0.A: RY (REm) 4|
by its equivalent
O.A: RT (RSn) # twist upper Rl 188 away from you #]
That is, passing a finger away and picking up a given string from above is
equivalent to passing the finger away and picking upthat string from below,
followed by a half-twist. away of the resulting upper loop of the manipulat-
ing finger. The analogous statement with each (underlined) "away" replaced
by the words "towards you" also obtains.
Finally, we may combine the foregoing concepts to produce symbol-strings
like
0.a: LT (L2m): LL (50 4]
whose meanings, by now, should be apparent, if not so easy to effect, manually
This "function notation" is amazingly versatile, and is as easy to encode as
it is to decode ("read"). Further, as will be seen, it lends itself as well
to the situational aspect of string-manipulation (i.e. the "effect" of a given
movement) as to the descriptive. A simple observation about encoding: Con-
sider the string-position produced by
0.A: release both lm's #]
and suppose we now wish to
Pass L1 away and pick up, from below, the L2n-string.
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Question: In the absence of intermediate strings (between L1 and L2n), is
this movement to be encoded

I (L2n) or Ly (L2n) ?
Either is correct in this situation, as "Pass Ll away [over/under all inter-
mediate strings j and pick up L2n from below" makes internal reference to the
empty set; so the "arrow" in the notation gives directional information only,
in this case.

The Calculus so far developed is bilaterally specific when, in fact, the
majority of string-figures are made with both hands operating simultaneously,
and in concert. We may lift our perspective from the bilaterally specific to
the wholistic by employing a "split-level” notation. For example:

I'E) (L5n) /release L5@®
0.A: ¢ |
ﬁ (R5n) release R5@

This is used to indicate that the manipulations ﬁ> (L5n) and if(RSn) are to be
effected simultaneously. We shall adopt the convenient shorthand

N 7 wsn)
17 (5n)

~ (/2 (®Sn)
emphasizing this wholistic perspective. Similarly

release L5m
release S = .
release RSam
Thus, wholistically, the above example may be more cleanly written, without
ambiguity,

O.A: T>(5_n) 4+ release 5o |
Of course, the second move in the sequence
7 (L2f)

O.A: — t release 5o |
RI (R5n)

requires a bilaterally specific perspective for its completion — in the
absence of symmetry —- and the notation admits no obvious shorthand; and should
not. But we cannot refrain from mentioning that the éymbol-string
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frd
0.A: IT(L2f) # RLU (RSn)# release So|
may be thought of as performer's vision of a manipulational sequence in the
*
early learning stages, while

£ (L2f)

0.A: 4 release 5m|

R1” (RSn)
might represent a subseguent stage of assimilation when it is realized that,
in the second step, the thumbs pass away, over, and pick up s; L2f-R5n on
either side of the central strings. Thus the notation can be made to mirror

a "developmental” aspect of string-figure constructional awareness, to this
extent.

It is apparent from the string-figure literature that different collec-
tors consider diverse constructs of the string-positions associable to a given
culture as fundamental-whether the native practitioners did or not. Of course,
many of these attitudes undoubtedly sten\from the pioneering work of Rivers &
Haddon on the recording of string-figures; one of these, whose ubiguitousness

mandates mention, is the following: Consider the sequence, considered earlier,
0.2:: 1 (2n): 1 (5n)4]
This is variously rendered as
O.A:: Thumbs away over and down through the 2m: 1, (5n)#|
which, perhaps, emphasizes "loops" as a distinguished string-figure sub-con-
struct. Bowing to this viewpoint, we introduce the alternate notation of
0.A:: T L2@): L (5mt|
whose second entry is self-explanational in this context. Similarly, we have
the alternates ) )
0.a:: 1h2w): T (smi|
X o.aer 3 (2m: T sn|
P o U
*
We shall always put L's manipulation above R's in this split-level notation.
By analogy with linear sequences, if we consider an ant crawling along the sym-

bol-string as he reads it, he encounters manipulations for his left "hand" to
his left, and those for his right "hand" to his right.
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and
o-a:: $lm): 56t

for 0. S0 S0
et cetera. Note that the second entry of
0.a:: THo): T (sn)4]

is undefined, and will be consideredto be §, et cetera.

We conclude our discussion of the initial stage of string-figure calculus
with a purely wholistic construct; a given hand manipulating strings on the other
hand. Let F be the generic finger, s the generic string; we define

L=.F>(§) — pass LF toright over all intermediate strings (if any),
and pick up the Rs string from below

ﬁ(ﬁ) — pass LF to right, over, and pick up Rs from above

g(g) — pass LF to right, under, and pick up Rs from below

et cetera. And
ﬁi‘(g) —— pass RF to left, over, and pick up Ls from below
g‘(i—s ) — pass RF to left, under, and pickup Ls from above,

et cetera: Note that "double-arrow right", => , means "pass indicated functor
to right" -- the under/over orientation being defined positionally, as before —-
while "double-arrow left", <=, means "pass indicated functor to left". Thus
0.r = 0.1: Rapt ILZ|R): L2 (Re)#|
Usually, but not always, a right functor will pass to the left; a left functor,
to the right.
The foregoing initial development of a string-figure Calculus has produced
(in potentio) many string-positions which have no associated schemata (or, there-
fore, linear sequences) under their current, limited definition. In particular,
schemata presently make no provision for multiple loops on a given functor --
a situation which we now remedy. For example, consider the sequence

0.A: L1 (LSn)#]
which produces two loops on L1. We shall always consider multiple loops on a

finger to be well-separated —- unless explicitly indicated to the contrary --
and, new loops added to a given finger under manipulation will become uppermost.
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Thus, in the position resulting from the symbol-string under consideration,
L1 has a lower loop (ﬂle) and an upper loop (uLle). To schematicize this
string-position we split the L1 node into a lower (le) and an upper (uLl)

node, viz.

Fig. 14: Multiple Lloo's

all of whose crossings are simple. The associated linear schema is, now,
that associated ordinarily to such a (well-defined) schema; in this case

[=> fLi: x1(®): R2: x2(@): uLl: x3(): x4(P): L5: RS: x4(U): L2:
x3{U): x2(U): x1{(U): R1 B

from which a string-partition may be read-off in the usual way. In general
if, in a given string position the generic finger, F, has the generic nat-
ural nutber n loops we name these -- beginning at the base of F and pro-

ceeding to the tip -- as follows:

n Fo's

1 Fo

2 XF@, uFm

3 XF@, mFam , uFo

4 Yo, m Fo, mFo, uFo®

5 fFo, m Fo, mFo, nfo, uFo
n QFw, mlFm, m2F®, ceny mn_zl-‘cn, uFo
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We remark that we know of no string-position arising from a native culture in
which n>3 and the loops must be kept distinct; with n=3, the number so known is
fewer than 20. The notation above, however, is sufficiently general to allow
for that possibility, or to allow for modern invention. The schematization
for the case of multiple loops intended here (a convention) will be made clear

from a consideration of the following schema-frame for a supposed string-position

in which L1 has 2 loops, L2 has 1, L5 has 2, RS has 1, R2 has 3, and Rl has 2:
Q15 RS

L2

uld

B4R . RRA

Fig. 15: Schema-frame for multiple loops, I.

The given string-position (here only hypothetically specified) is then imposed
on this frame, and the uniquely associable linear sequence (with all crossings)
read off. This is the "ordinary" schema which would be associated to a crea-
ture having 5 fingers on his L, and 6 on his R ~- those fingers being "named"
as in the above diagram. Note also that, "for clarity", the nodes resulting
from the split of a given (finger-)node are kept more closely grouped -- near
the original (unsplit) finger-node's usual frame-position —— compared to the
distance between distinct finger-nodes (say, L1 and L2, in the original frame).
Finally, in each such grouping, note that the loops lowest on the given finger
appear lowest on the page, in the diagram. Finally, let us suppose that the
sequence %(L_Sn)ll were applied to whatever string-position is suspended on
the above frame. Then the resulting frame would have to be
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Fig. 16: Schema-frame for multiple loops, II.

The "new" loop on Ll must become the uLle (of Fig. 16) while the old uLlwm of
(Fig. 15) has been "demoted" to the mLlw (of Fig. 16); i.e. we adopt the "alias"
viewpoint, here: The same loop (the one above the “constant" ,QLla:) changes
names between Fig.s 15 and 16. Again, the resulting schema is "ordinary" (for
a six-fingered creature) and has an associated linear sequence: the latter in-
duces an unigue string-partition, which provides the well-defined arcs necessary
for unambiguous string-manipulation (Calculus). Some manipulations on multiple
loops are among the most fundamental maneuvers common to string-figure prac-
titioners the world over, a matter to which we now attend.

The first of the loop-specific operations to be considered is how to get
out of one. We shall restrict ourselves to the case of <3 distinct loops on
a given finger, but the generalization to n-loops will be immediate. We employ
the notation

@ -— release.

As usual, let F be the generic finger.

Case 1: F has exactly one loop -- the Faw.
Here

3 Fo -- 1ift Foo over the tip of F, and drop it on the palmar side.
This will, in general, create a hanging @ -- i.e. “"slack" strings in the cen-
tral design which may (or may not) be absorbed by |.
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Case 2: F has exactly two loops -- 9!-‘0) and uFa.
Now
OuFo --- lift uFo off of F and drop it on the palmar side
exactly as in Case 1, above. However,
0 QF@ ——- with 1 and 2 of the opposite hand, temporarily remove uFm
(so that there remains only a single Fo): [JFm: replace for-
mer wFo (held by 1 and 2 of opposite hand) #
That is, the ’Fco is released "below" the uFm; this is the precise meaning of -
DiFCD in the split-node schema for F .

Case 3: F has exactly three loops -—- ?Fcn, mF@, and uFa.
Bere
OuFo --- same as for Case 2
OnFeo --- with 1 and 2 of opposite hand, temporarily remove uF®
(so that there remain two Fo's, fF® and uFm):
[QuF® (as in Case 2): replace former uFam (held by 1 and
2 of opposite hand) #
DRF ——- with 1 and 2 of opposite hand, remove mFa and uF® (leaving
a single Fm):
[OFw: replace former mFam and uF® (held by opposite hand)
onto F, maintaining their relative positiohs to each other #
Again, all above symbols take their definition from the exact meaning of Case
1 (OJFo) applied to the appropriate split-node schema. Two remarks are in
order; first, if F has no incident loop, we consider [JFm to be § Second,
by slight abuse of notation, we shall use

O F = release all loops on F.

In particular, when F has exactly one loop,
OFo = [JF.

Finally, in Case 2, above, a significant variation of "0 RF‘(D" is so common to
string-figure manipulation as to warrant its own notation:

N --— Navaho.
When F has exactly two loops -- RF@ and uFm, we define

NF = with 1 and‘z of opposite hand, seize the ﬂr-‘n-string and lift
the lF@ up and over the uFm, and drop it on the palmar side #.
Note that, in every case of releasing a loop from a finger, the loops which
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remain loops on that finger (if any) are subject to renaming via the conven~
tion (page 21) before subsequent manipulation.
The second of the loop~specific operations is the twist:

> -—— twist 186 away from you
¢ ——— twist 18F towards you.

For example, consider the manipulation string
O.A: >L2m #]
The second movement is accomplished as follows:

>L2a0 = Seize L2o between Rl and R2 and lift it off L2: (looking

directly at Lp) turn this loop over 186 clockwise, and replace
it on L2 #
Similarly,
<L2@ = Seize L2m between Rl and R2: [JL2: turn this loop over 186
counterclockwise: replace loop on L2 #
By analogy -- remark this difference carefully --
>R2a0 = Seize R2m between L1 and L2 : [JR2: (looking directly at Rp)
turn this loop over 188 counterclockwise: replace on R2 4
Note: 1looking at Lp, clockwise is "away from you" when B are in #; looking
at Rp, counterclockwise is "away from you when B are in #. Thus, finally,
<R2m has the same definition as that for >R2m, with the word "counterclock-
wise" replaced by "clockwise". To easily recall which of the symbols —— > or
< -- means "away from you", and which "towards you", return to the analogy of
the ant crawling along the symbol-string for a given manipulation as he reads
it; when he encounters the symbol "> ", he sees it as an arrowhead, pointing
"away" from him -- the symbol "< ", as an arrowhead pointing "towards" him.

In like manner, we may easily effect the twist of a given loop on a finger
incident with multiple loops: using the other hand, carefully remove all loops
(if any) on the finger above the loop to be manipulated, perform the indicated
twist on that loop, and carefully replace the original loops on the given fin-
ger. This is the precise meaning of the indicated twist on the split-node
schema for the finger in question.

Some notational shorthands and conveniences:
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If F is a generic finger,

> LFm®

>FD = 95 pro

as is usual for split-level notation, while
>> Fo = > Fo: >Fm®

Note that >>RFm, for example, is easily accomplished by seizing RFn and RFf
between L1 and L2, and then rotating RF away, down, back towards you, and up
to ¥ (OL1 and L2). When F has only one loop —- or, later, when F has mul-
tiple loops that need not bdmaintained as distinct -- we shall abuse notation
slightly, in the usual way, by writing

>>RF = seize all RF strings, close to RF, and rotate RF away,
down, towards you, and back up to # (releasing all
seized RF strings).

et cetera. As a final remark, if F has no loop, we consider the instruction
<Fo to be § (etc.)-

The last of the loop-specific operations to be considered in this initial
stage of the subject is the translation of loops. The devéloplmnt will parallel
that of the functor calculus but, strictly speaking, loops are not functors,
but constructs (arc concatenations). Consider, by way of example, the manipu-
lational symbol string

o.a: Sup#01l.
This has the effect of translating the lm to 2 where,since 2 already has a
loop, it becomes the u2m. We shall occasionally substitute the symbol string

0.A: - 2 #]
for the previous notation. Here

{@—> 2 = pass the lgp away over all intervening strings

(if any) and place it, as a loop, directly upon 2.

We shall extend the convention that all new strings picked up by a given func-
tor become uppermost on that functor (unless otherwise noted) to the present
situation, whence remarking that the pew 2o is to be the u2m will be redun-
dant. Similarly, with the starting-position

0.A: Im—>3: [B—>24 R’ (B4 LA (RIo) 8|
we shall define the 5 translation
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%(3@): §Q —>1 = pass the 5o towards you over the 3a, con-
tinue, pass 5@ towards you under all remaining strings
(here, the 2w) and place it, as a loop, on 1,
by direct analogy with the previous functor-notation. Similarly, the unique
meanings of the manipulations
ot (20): S 14
>im —>3|
and the composite
>iey (2m) : la ->4¥|
should now be clear.

We shall also use loop-translation for intra-functor loop manipulation:
Suppose that the generic finger, F, has exactly two incident loops, }th and
uFw. we write

ﬂF‘m —> uF® = pass {Fm over uF® to the tip of F.
Thus, in effect, QF‘m and uwFo change places -- the lower loop passing over the
upper. For the contrary situation, we write "uF® —> {Fo" where, again, the
2[“CD and uFo change places —- this time the upper loop passing over the lower.
The convention is this: The loop to be moved always passes over the unmoved
loop (as well as all intermediate loops, if any). Hence

NF = {Fo— wo:[juFe.

OiF® = uwFo - | Fo:JuFo.

This, essentially, concludes the bilaterally specific translation of loops.

There is a fundamental wholistic loop transference known as the "exchange"
Consider a string-position in which both RF and LF have a single loop each.

By
X F (R) = exchange F loops, passing right over left

we shall mean the manipulation
Bend RF and LF towards each other slightly; ﬁ(LF_d) on tip
of RF (i.e. above the RF®m already retained there):[JLFa#
£ (uRd) : g(_l@)ﬁ (releasing §RF@® -- over uRFm) |

This exchanges the Fm's, the left F® having passed through the right.

In like manner,
X F (L) = Bend RF and LF towards each other: I.-?(Rr‘d) on tip
of 1r: QRFD ¢ TF(ua): gE(QFa) # (DfLFo- over ulFwm) |

As a check on our understanding of the exchange moves, we perform the sequences
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O.A: X2(L) #/|,

which produces two non-simple crossings in the resulting central design, versus
O.A: X2(R) #],

which falls apart.

The last topic to be considered in this initial development of loop spe-
cific manipulations is that of the direct cross-hand transfer. To that end,
let F be the generic finger, and suppose that LF has a single loop, while RF
has no loops. Then

LFo => RF = TF)(Fo): O 4],
thus transferring the LFa to RF. When LF and RF have multiple distinct loops,
the above symbol remains defined under the conventions that the loop which moves
always passes over all loops above it (if any) on the same finger, and that any
new loop picked up by a finger becomes the uppermost loop on that finger (if,
indeed, there are any such loops). Similarly, if RF has a single loop, while
LF has none then, by symmetry, we define

RFmd =—> LF = ﬁunrco): OFRF #],
Thus transferring the RFe to LF.

End Stage 1 Development

-29-

BIBLIOGRAPHY: FORMAL SYSTEMS AND NOTATIONAL SHORTHANDS

Amir-Moéz, A.R.: MATHEMATICS AND STRING FIGURES.

Amir-Moéz, A.R. & J.D. Hamilton: ART AND MATHEMATICS OF STRING FIGURES.
Firth, R. & H.C. Maude: TIKOPIA STRING FIGURES.

Holden, A.: ORDERLY TANGLES.

Kamiya, K.: VARIATIONS OF JACOB'S LADDER.

Maddison, R.: STRING FIGURES.

Michelson, T.: FOX PHYSICAL ANTHROPOLOGY.

Natubori, K.: CATS CRADLE FOR ONE PERSON.

Noble, P.D.: STRING FIGURES: Reply to R. Maddison: STRING FIGURES.

A CONTRIBUTION TOWARDS A SHORTHAND NOTATION FOR FIELD-WORKERS

RECORDING STRING FIGURES.
STRING GAMES AND PAPER BEQUIVALENT MODELS.
Read,R.: AN ABBREVIATED NOTATION FOR RECORDING STRING FIGURES.

Rivers, W.H.R. & A.C. Haddon: A METHOD OF RECORDING STRING FIGURES AND TRICKS

Roth, W.E.: STRING FIGURES, TRICKS, AND PUZZLES OF THE GUIANA INDIANS.

Walker, J.: CAT'S CRADLES AND OTHER TOPOLOGIES FORMED WITH A TWO-METER LOOP

OF FLEXIBLE STRING.



L1. THE BROCHOS

The oldest known string-figure in Western literature is attributed to

the Greek Heraklas, about the first century A.D., in a manuscript entitled

"Brokhos". And, although the original work did not survive, it is extensively

cited -- perhaps reproduced in translation -- in the medical treatise Jatrikon

Synagogos by one Oribasius of Pergamum.
X3 M
¢

."7.\5\/;’
xis %9

Pig. 17: Brochos (sling)

= Ll: x1(®): x2(U): x3(U): x4(U): x5(D): XG((D]{ X7(U): xB(U): x9(0):

x10(U): X2(@): x11(U): LS: x12(U): x13(®): x4(P): x5(U): RS5: x6(U):
X14 (@) : x10(@): x15(P): x16(U): x1(U): x11(P): x12(P): x13(V):
x3(0): x14(U): x7(P): Rl: x8(D): x9(U): x15(U): x16(Q) @

. Although we cannot know Heraklas' method of construction, the figure may be

simply made as follows:

0.a: T 264 T 1| Tlf2m): L (56)#05] > w2 —> 5:024| (gently),

We propose to analyze this figure constructionally, by sequentially illuminat-

*

ing each of its intermediary string positions;

cf. Fig. 13
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> L1: x1(®): R2: x2(®): L5: RS: x2(U): L2: x1(U): 1 W

Fig. 18.11: Brochos, 0.A: I  (2f)#

|[= fL1: x1(®): x2(U): x3(U): R2: x3(d): uRl: x2(D): x4(P): L5: RS:
X4(U): x5(@): uLl: x6(P): L2: x6(U): x5(U): x1(U): ,f’Rl.

>

Fig. 18.III: Brochos, O.A: 1 (2£)% S (fif)4

eRY

|=> ,?Ll: X1(U): X2(P): uL2: x3(U): x4(U): x5(U): x6(U): x7(U):fR2:
X7(®): uRl: xB(P): x9(P): x10(P): x3(P): L5: RS5: x11(P):
X5(@): x9(U): x1(P): uLl: le(Q)):,?LZ: x12(U): x2(U): x10(U):
x4(®): x11(U): uR2: x6(®): x8(U): {R1 W
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-
Fig. 18.IV: Brochos, 0.A: T (26)4 T (f1f)4 D1} R
= Fig. 18.VI: Brochos, 0.A: 1 (2614 T (R0)#r11| ThRem: 1 (5640 5]
B QL2: x1(0): x2(@): x3(U): RS: L5: x3(0): x4(0): x5(0): fR2: x6(U):

x7(U): x2(U): uL2: x1(U): x7(@): xB(P): x5(U): uR2: x4(V): |=) Li:
xB(U): x6(0) W

X1(@): x2(U): x3(U): x4(U): x5(@): xG(Q)):,QRZ: x7(U): x8(U):
x9 (@) : x10(U): X2(P): x11(VU): x12(U): uL2: x12(@): x13{(U):
X14(0): x4(P): x5(U): x15(P): uR2: x15(U): x6(U): X16(D):
X10(®) : x17(®): x18(U); x1(U): fL2: x11(®): x13(P): x14(U):
x3(P): x16(U): x7(@): Rl: xB(P): x9(U): x17(U): x18(0) W

. L - . .
Fig. 18.v: Brochos, O.A: T (2004 T(Qun#p1| T(fam): L (SE)4 Fig. 18. ViL: Brochos, 0.n Dot St 01l Tlfe: L0 5|

> 08 — 5
B> Ll: x1(@): x2(U): x3(U): x4(U): x5(U): L5: x5(®): Xx6(P): x7(D):

x8(®): x9(P): AR2: X10(U): x11(U): x12(P): x13(U): x14(U): ! > L1: x1(@): x2(U}: x3(U): %4(U): x5(P): x6{P): R2: x7(U): xB(U):
x15(U): x4(®) uL2: x3(P): x15(@): x16(U): x7(U): x18(9): | x9(@): x10(U): x2(@): x11(U): L5: x12(U): x13(D): x4(P): x5(U):
x19(P): uR2: x20(P): x18(U): xB(U): x13(P): x21(D): x22(U): ‘ R5: x6(U): X14(0): x10(0): x15(P): x16(U): x1(U): L2: x11(P):
x1(U):  L2: x2(®): Xx14(0): x16(P): x6(U): x23(P): RS: x23(U): i X12(@): x13(U): x3(@): x14(U): x7(®): R1 xB(P): x9(U): x15(U):
%20 (U): x19(U): x9(U): x10(®): Rl: x11(®): x12(U): x21(U): . x16(0) M

x22(0) = \
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The final manipulation for the figure, [J2#| (gently), produces the schema of
Fig. 17, and the associated linear sequence there displayed.

Let us examine the effect that the individual manipulations of the con-
struction have on the constituent loops: There are three (pairs -- R & L) of
these to be considered, the lm, the 2@, and the 5o (cf. Fig. 1B.I: O.A).
First, on O.A,

Brochos, > S g . I =
oten 1 Dot St 01 = olee: 1ge6: fo— 2]
That is, the sequence of moves on the left, above -~ occurring as the "first

step” of the construction of Brochos -~ has the loop-specific effect of passing
the lm away, down through the 2@, away under its far string (2f), then back
up towards you and over that string (2f) directly back to 2, where -- since

2 already has a loop -- it becomes the u2®. Secondly, on this figure (and on
0.A),

hos, > 5D
gi:; (275 } Tl (Q2m) L5604 as| = ><‘>___@T(22®): o —> 1#|

That is, the left-hand sequence effects the loop-specific translation of twist
the 5o 186 away from you, under all intervening strings and up through the
{2a3; continue passing the 5m towards you over £2n and directly onto 1.

Finally, the penultimate move is

Brochos,} >u2a —> S|,

Step 3

which is already loop-specific. We remark that Steps 1 and 3 combine to give

a motion of the lm, namely
> 1o | (2m) : i = SH|

which is exactly analogous to the motion of the S5,
>sm 1i20): 55 — 14

Thus, if we didn't have to worry about how the functors (here, fingers) were
to effect such a manipulation, we could directly view the "heart" @f (this
construction of) Brochos as the beautiful, simultaneous, sequence

—
>idl(2@): 1l —>5
Brochos, . .
PHooron } 0.A } : (2]

=Rt >§2T(2®):§;—);
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In actuality, of course, this simultaneous sequence is impossible to realize;
that's why, in the construction, the 1w has to "get out of the way, and rest
(on 2) for a moment" while the Se completes its movement. The lap then contin~
ues (with a twist) to its appointed destination (on 5). But we view the con-
cept of the "Heart"-sequence as a gedanken-experiment of fundamental importance
in the deeper understanding of the string-figures of the world; one which
would, perhaps, lend itself well to a computer-graphics realization.

Now let us make precise the sense in which the two manipulation sequences

@ >iBlw): 1@ — 5
and

@ >sotw: o — 1

are "analogous" in the context of O.A. First note that an imaginary line J
connecting L2d to R2d is a line of reflection™ for the 2-dimensional schema
of the string-position 0O.A:

Fig. 19: A reflection-line symmetry for O. A.

wWhat this means is that, essentially,* from each point P on the figure below ‘e,
if a perpendicular be dropped to gand extended an equal distance beyond, the
terminus of this perpendicular will again be a point, Q, of the figure; and
conversely. Thus viewed, the 5@ is the X -reflection of the 1w, and the mo-
tion >5o is the { -reflection of the motion > lm, et cetera. The nature

of the analogy between the manipulation sequences @ and @, above, is now
clear:

(). >setem: a1
is the ,?—reflection of

®- >BYem: 1@ s,

on O.A.

The concept of "symmetry" is a useful one for string-figures in general.
__——O._——

*

i.e. with ideal hand-positions.
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For example, perform O.A on the hands and imagine yourself viewing this string-
position from the far (little-finger) side of the hands. From this perspective,
the "Heart"-sequence for Brochos appears to be

< 1@t (2w): 18— S
0.A: : 02|
<Sm 2@ so—> 1
Thus, if we readopt our more usual "near-side" viewpoint and perform the above
manipulation-sequence, we strongly conjecture that a string-position "very
like" Brochos will result. In fact, we obtain

S A

x3

Fig. 20: A pseudo-Brochos

with associated linear schema
B L1: x1(U): x2(@): x3(U): x4(@): x5(U): x6(U): x7(D): x8(D): x9(V):
x10(U): x2(U): X11(@)LS: x12(M): x13(U): x4(U): x5(P): R5:
X6 () : x14(U): X10(@): x15(U): x16(D): x1(D): x11(U): x12(V):
x13(P): x3(@): x14(D): x7(U): Rl: xB(U): x9(P): x15(P): x16(V) B
And, of course, this figure "is" Brochos -- if we elide the fine points of
internal crossing-types. Considering these "fine points", however, we see
that the figure isn't the Brochos, nor can it be obtained from that figure
by a rigid motion; the parities of the crossings just can't be made to cor-
respond exactly. We remark that if, in ‘the "Heartsequence for pseudo-Bro-
chos (Fig. 20), we replace O.A by

oa' = 0.1: I (re)t BYram): g2

{i.e. just like O.A, except the Rp-string is taken up first) the resulting
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figure is related to the Brochos by a rigid motion [:rotate the figure 188
in its plane :[ Since the example accompanying Fig. 6 has shown that, in gen-
eral, string manipulations are anything but indifferent to the matter of in-
ternal crossing-types, we shall have to attend carefully to such details, in
the future. For the present, however, we content ourselves with an alternate
construction of pseudo-Brochos, popularly known as "The Eclipse” (see, e.g.
W.W. Rouse Ball, Figure No. 11); the mouth (M) is required for the construction:

Eclipse: ©0.A: 1 (5£)4 05| Sn# D1 21M@) (near m): D]

N2| (gently).

Before continuing with our look at the Brochos, we pause to introduce an
alternate extension of this, and a great many other, important, beautiful string-
figures. It is variously known as "pindiki", "Caroline Extension", etc. and, al-
though it requires not a little practice to gain dexterity with it, this is well
worth the time and effort involved, as it affords a dramatic unfolding of the
centrél design for final display. The description below is from Kathleen Had-
don ({Artists in String, p. 156):

'pindiki' is a native name for the final extension of many figures. It
consists of passing 2 proximal to 1f and bringing them up through the lm, so
that this string makes a half-turn around their tips, at the same time keeping
1 closely pressed against 2 to hold 1f firm. Then extend the figure by turn-
ing B palms away from you.

We shall adopt the notation
P --- Pindiki,
To display the Brochos via the Pindiki, we proceed as follows:

Make the Brochos: > im —> 24 1(sn & 2n)#02 P

Note: The above symbol sequence gives the exact construction of the Nauru fig-
ure "Sun" (Ekwan Ib.; Honor Maude, .The String Figures of Nauru Island, No. 52):

o Tt S a0 Thf2e): 350405 > u2é —> 5:[024] (gently):
>ie—> 2t L(sns 2402 P



...38_

-39-

\/__

/ \

Fig. 21: Ekwan Ib.

[ime “plate" is from C.F. Jayne, String Figures, Fig. B864.] Here we at once Fig. 22: Double-Brochoi Construction
gain new insight into the Brochos and, at the same time, illustrate the string/ The crossing-parities are elided in the above schema, but are explicitly given
frame interaction of the classic Pindiki position. Strings are tighter, neater; by the associated linear sequence:
the central figure crisper, more geometrical, a "Jouble diamond" ~- and the 16 J=> L1: x1(®): x2(U): x3(0): x4(U): x5(D): x6(B): x7(D): xB(D): x9(D):
original simple-crossings have more apparently grouped themselves into four x10(U): x11(U): x12(®): x13(@): x14(U): x15(U): x7(U): x16(D):
(complex) crossings, consisting of two obviously related pairs [left-right and : x17(U): x18(D): x19(U): x2(@): x20(U): L5: x21(U): x22(D): x4(0):
top-bottom]. We shall pursue thesg matters later; let us now return to a more 1 x5(U): x23(U): x24(@): x14(D): x13(U): R5: x12(U): x25(P): x8(U):
construction-oriented approach to the Brochos. [ %26(0): x27(U): X16(U): x28(U): x3(U): x22(U); x21{P): x20(P}:

Let n>1 be the generic natural number; let us agree that, if a sequence x1(U): x29(U): x30(D): x19(P): x28{(P}: x6(U): x23(D): x24(U):
from t:xhe string-figure Calculus is enclosed in square brackets —- raised to X15(@): x25(U): x11(0}: R1: x10(®): x9(U): x26(U): x27(D): x17(D):
the n= power -- then the sequence of moves within the brackets is to be per- x18(U): x30(U): x29(P) @
formed n times, consecutively. For example, suppose we insert such brackets And, when this double-Brochoi figure is extended via the Pindiki technique, i.e.

into the Brochos construction as follows:

: —>
Make the Double~Brochoi: > 1w —> 2# 1(S5n & 2n)#d2
o.a: [ T4 S faeean] Thkeoo): 456 4005] >wId—> 5°: 24| (gently). >

we find, after some minimal rearrangement of the central design,
This will be taken as a shorthand for the lengthy symbol-string

o T 2ot S dan 01| TLzm: 3 50405] > 28 —>5: T 260)4 S 1)
O1f TdR2e): L (5£)405] >uIad—> 5:[124| (gently)

et cetera. Similarly, we shall obtain -- for the corresponding "Heart"-sequence —-

—>
>io{ (2o): 1o, —> 5
0.A: o 22|

>5mh (2m): 5o —>1

Now, if this sequence of manipulations is followed with string on hands, the
resulting figure is

Fig. 23: Two Double-diamonds
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Thus, Fig. 21 represents one double-diamond, Fig. 23 represents two double-dia-

monds and, in general, the manipulation-sequence

o.a: [T 261t §aien] Tdifom: 3 (5£)405] >uzd—> 5]": 024 (gently):

>i@—>28 L (sn & 2m# 02 P

will produce any number, n, of double-diamonds, length of string permitting.
As in the case n=1, the symmetric "Heart"-sequence for n=2,
2

AgMow) : i 5
: 02|

O.A:
S | (2m): s@—>1

produces a pseudo-double-Brochoi; the difference in this case (and for n even,
in general) is that this figure is related to the double-Brochoi by a rigid
motion Erotate the figure 188 in its plane:]. The pseudo~double-Brochoi is
known to the Maori as "Koura" [Andersen, Maori String Figures, No. 13), where

it is constructed thus:

Koura: O.A: <<5: 1’ (5n & 5£)# 7 (Q1£)4D1| N2| (gently)

As an interesting final remark in this direction, if we construct the "Heart"

sequence for Koura directly, we find
0.A: <<5m:: i@ (20): 1oy (50): f@) (20): J@ = 1::002| (gently),

an interesting alternative to that announced above. [Ngt_:_e_: The use of the
double-colon, "::", above, indicates that the manipulational symbol-string so
encapsulated is a single, complex movement {here, of the lm), whose descrip-
tion requires a multiple, extended phrase. ]

It remains to give a detailed "crossing-analysis" of the construction of
the string-figure the Brochos (Figs. 18, I-VII, and 17). And, in this context,
the information gained from our previous observations must be considered some-
what "superficial"; the insights gained therefrom will, nevertheless, be very
useful to the present, more fundamental, investigations.

We begin by investigating the passage from Fig. 18.1 [QPD to Fig. 18.I1
[_—Q.A: ? (_z_g)ﬂ. Here 1 has picked up 2f — to become an ulwm -- as a prepara-
tional step for the passage of ﬁ&(&m): lag (2f): fo- 2. clearly,

Fig. 18.1 Fig. 18.X
x1 — x1
x2 > x4
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and the crossings x2, x3, x5, x6 of Fig. 18.X created by I’(g)i are tem-
porary; in the sense that they will "disappear" when 1 ultimately relinquishes
its loops in Fig. 18.IV. We shall refer to such crossings as "constructional® --
C—crossings -~ and think in terms of the analogy of the scaffolding of a build-
ing under construction. Crossings which appear in an intermediate string-posi-
tion that maintain themselves to the final string-position in the sequence, will
be referred to as "structural" -- S-crossings. It is too early to decide whether
crossings x1 and x2 (Fig. 18.1) are C-crossings or S—crossings for the Brochos.

) Consider, next, the passage from Fig. 18.I [0.A: T’(g)ﬂ to Fig. 18.1II
[0-a: ?(g)# 7 (91£)#]. Here the original 1f-string has completed the journey
relative to the 2w, that the entire lw is destined to take (upon completion ’
of the move, i.e.[J1]). The fate of the crossings of Fig. 18.I under the in-
dicated string-manipulation is easy to determine:

Fig. 18.1 'Fig. 18.HI Fig. 18.1 Fig. 18.Im
x1 -_> x4 x4 — x9
x2 — %3 x5 e d x11
x3 —_—> x7 X6 —_— x12

and the crossings x1, x2, x5, x6, x8, x10 of Fig. 18.Il are created by the move
T (J2£)# applied to Fig. 18.I.

The passage from Fig. 18.II to Fig. 18. IV, under [J1|, is an interesting
exercise in "schema-chasing", whose crossing-specific results are

Fig. 1B.1N Fig. 18.1V Fig. 18.1I Fig. 18.1V
xl1 - x1 c. x17 — ¢
X2 v d x8 x8 —_ x5
g x3 — ¢ x99 —> x3
x4 — x6 x10 —> x4
x5 —_ %2 C. x11 — ¢
X6 —> x7 €. x12 —> ¢

Here, for the generic natural number, n, we have signified that the crossing
xn disappears under the given string-manipulation (here, D1|) by the notation
xn — ¢; thus xn was a C—crossing in the previous figure. We remark that
{xB, x'l} and {xll, x12} are pairwise extension-cancellable by (several appli-
cations of ) Lemma 2.B. Thus, the observed temporary nature of the crossings
%2, x3, x5, x6 of Fig. 18.H has been validated:



~42-

Fig. 18.1 Fig. 18.10 Fig. 18.1V
%2 - - x3 @ o i o )
*2 * ¢} Lemma 2.B
%3 - x7 -— ¢
el 11 s
x> * ¢ Lerma 2.B
x6 = x12 = ¢

The passage from Fig. 18.IV to Fig. 18.V, under T>,L(?2m>): L (5E)4 effects

the alias transformation

Fig, 18.1V Fig. 18.V Fig. 18.1V Fig. 18.V
X1 Ll x16 x5 - x8
x2 - x14 x6 —_ %13
x3 —_> X6 x7 —_> x15
x4 —_> x7 X8 —> x18

while creating the crossings x1, x2, x3, x4, X5, x9, x10, x11, x12, x19, x20,
%21, x22, x23 [ Note: There is no crossing numbered x17 for reasons which are
none of your business:[. Now, clearly, crossings x11, x12, x13, x21, x22 are
S-crossings -- comprising, as they do, the double-diamond's involvement with
the In-string in the final figure (Fig. 17) -- while, equally clearly, x5 and
x23 (of Fig. 18.V) are C-crossings, destined for cancellation under the inevit-
able U5]. Equally apparent is the fact that, upon the move [{J5, the crossings
X2, X6, X9 -- being three separate crossings of 5n with 5f -- will collapse to
a single crossing of the fL2f and the S(sz strings. The exact alias crossing-

transformation is given below:

Fig. 18.V Fig. 18.VI E“ig. i8.V Fig. 18.V1
x1 —> x1 x12 > x9
x2 - %3 x13 —> x10
x3 - x4 x14 —> X1l
x4 s X2 x15 —_> x12

C. %5 b [ x16 b x13

c. x6 —> [ xi8 — X15
x7 el x5 x19 ol x14
x8 - X6 x20 —> x16

C. x9 —_ f x21 —_ x17
x10 — x7 x22 el x18
x11 = " x8 ¢ x23 — $

Here x5 and x23 are each extension-cancellable by Lemma 2.A, while {xﬁ,x'.)}

~43-

are so cancellable by (several applications) of Lemma 2.B. In Fig. 18. VI,
all crossings except x12, x15 are S-crossings. - o
The penultimate step of the figure, from Fig. 18.VI to Fig. 18. VI via

> \3 -> 5 effects the transform

Fig. 18.VI Fig. 18.vI Fig. 18.VI Fig. 18.vI

x1 —> x1 x10 —> x10
x2 —_-> x2 x11 > x11
x3 > x3 c. xi12 - [

x4 —> x4 x13 -—_ x12
x5 - XS5 x14 —> x13
%6 —_— %6 €. x15 - [

x7 - x7 X16 - x14
x8 —_> x8 x17 —_> x15
X9 —> x9 x18 —_ x16

and every crossing which remains in Fig. 18.VI is structural.

The final step, from Fig. 18.VI to Fig. 17 (the Brochos) via [J2 is triv-
ial -~ delete L2 and R2 from the linear sequence associated to Fig. 18.VI to
get that associated to Fig. 17 —- and the alias crossing-transformation is
the identity.

The above “"crossing-analysis" of the step-by-step evolution of the string-
position the Brochos suffers from the "defect" of being strongly schema-depen-
dent in its derivation of the alias crossing-transformations associated to each
of its steps; when -- from the present perspective —- the fundamental constructs
involved are the linear sequences (uniquely identifying the static string-posi-
tions) and the symbol Calculus (uniquely specifying transitions between string-
positions). Of course it is realized that the schemata are extremely handy
"visual adjuncts” to these theoretical constructs -- which, for example, are
easily apprehendable by all, provide geometric insight, and make it relatively
sinplé\to learn "new" figures -- and so they will never disappear from this de--
velopment of the subject. But our reliance and dependence on them should
(and will!) abate -- and finally disappear -- as knowledge and fluency with lin-
ear sequences and the Calculus increases. While we feel it is premature to
launch into a full-blown discussion of such matters at the present time, a
few elementary remarks now will motivate and add insight to the subsequent de-
velopment, concept evolution, and notation introduced.
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A big clue as to how this independence of schemata is to be achieved
comes from a closer examination of the transition from Fig. 18.Il to Fig. 18.1V
via 01|, a "release” move. What must occur in this dynamic is that -- in the
linear sequence associated to Fig. 18.II — we
@ pelete 1 —- i.e. erase fLi, uLl, {Rl, uRl from the linear sequence
associated to Fig. 18.IH;
@ Delete all extension-cancellable crossings;
@ Rearrange the resulting sequence according to the “canonical” con-
ventions, if necessary.
The result must be the linear sequence associated to Fig. 18.1V -- or a sequence
"equivalent" to it, in a sense yet to be defined. Similarly, for the passage --
say -- from Fig. 18.I (O.A) to Fig. 18.0, a "pickup" move, we gain insight by
considering the "inverse" transformation -- from Fig. 18.I to Fig. 18.1 via
Dulw -- a "release" move again. In the linear sequence associable to Fig.

18.1; i.e.:

@ H QLl: x1(@): x2(U): x3(U): R2: x3(0):)6{1: x2{®): x4(®): L5: RS:
x4(U): x5(0): }.\L/l: x6(®): L2: x6{U): x5(U): x1(U): JR1 B

we first delete the ulm I_—and drop the premodifiers from the expressions for
the remaining l@m in the sequence] to obtain
v ¢ Y
@ P u: X1(0): %207+ %3 (07 R2: %3 (01% %2(0): x4(@): L5: RS: x4(U):
w: L2: ﬁ(ﬂl\ﬂ x1(U): R1 R
o\ ¢ 4
Next, we use Lemma 2 to delete all resulting extension-cancellable crossing
Eiere ixz,xB} and {xS, xﬁ}—_] to obtain

() B L1: x1(®): R2: x4(0): L5: RS: x4(U): L2: x1(U): R1 @

which, apart from the "name" for the crossing x4, i=s Fig. 18.I: O.A. The
"trick® here is to proceed back up this chain of linear sequences — i.e. in
the other direction, from Fig. 18.I (0.A) to Fig. 18.I -- via insertion of the
nodes uLl and uRl at the appropriate places in some linear sequence "equivalent”
to the one for Fig. 18.I1. Note: Here, we may replace "equivalent" by "can-
.cellation-equivalent” because the situation is so simple; a more general type
of equivalence between linear sequences is required, in future. The sole clue
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as to which of the many sequences ultimately equivalent to that for Fig. 18.1
is tdpe chosen, and to where in that sequence the nodes uLl and uRl are to be
inserted, is the Calculus transform-manipulation uniquely specifying passage
from Fig. 18.I to Fig. 18.1I; i.e. ?(_2_{)#. This uniquely specifies the par-
tition-element 2f — itself uniguely specified by the linear-sequence -- and so
establishes "pointers" in the sequence associated to Fig. 18.1I:

+
> Ll: x1(P): R2: x2(@): L5: R5: x2(U) :¢L2: x1(U): R1 @&

Further, since 1 has a single loop, and 1 is nearer you than is 2 (i.e. 1<2) -—-
and, in fact, 2-1=1 is also relevant — a single Lemma 2.B-type extension-can-
cellable crossing is to be inserted just before ~- and just after -~ each of R2
and L2 in the above sequence. Irrespective of the "names" for these (four) in-
serted crossings, we obtain the linear sequence @ (page 44). The new nodes,
uRl and ulLl are to be inserted between the nodes of these cancellable crossings
in the obvious way; this gives the desired linear sequence of Fig. 1B.I ( @,
page 44 . We shall content ourselves, for the nonce, with these two examples
of linear-sequence modification by the manipulational Calculus; we shall return
to it in developmental stages as more and more appropriate groundwork for it
has been laid.

As a final topic to be introduced in the context of this figure, the Bro-
chos, we return to its Pindiki extension Fig. 21, and the comments following

that figure.

Fig. 24: Two-colored Brochos ( + Pindiki)

Here there is a (black) central loop — from the left -~ and a (red) central
loop — from the right; and these have four points of involvement with each
other, and the near and far straight-strings of the figure. In terms of the
ongoing "Ant crawling along the string"” analogy, he encounters four "freeway
interchanges" during his round trip -- designated here as X1, X2, X3, X4, re-
spectively, — through each of which he passes a total of three times. We
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shall refer to these as cggglgx crossings, and note that each of these is com-
posed of a number (3 or 5) of simple crossings. Further, the complex crossings
X1 and X3 are obviously related to each other (by a symmetry), as are X2 and
X4. In fact —- referring to Fig. 17 again ——

Fig. 24 Fig. 17
X1 - x1, x2, x11
X2 ——— x3, x4, x5, x12, x13
X3 ——— x6, %7, x14
X4 ——— x8, x9, x10, x15, x16
and )
':D . X1 and X3 are reflections in the plane perpendicular to the plane of

the figure, passing through x3 and x10.
@. X2 and X4 lack one crossing parity (e.g. x10) of being reflections

in the line through x2 and x14 (an asymmetry inherited from O.A).
The "complex-crossing” viewpoint has its good news/bad news aspect: On the
one hand, the total number of crossings is reduced from 16 (Fig. 17) to 4
(Fig. 24); on the other, the notion of what now constitutes a "crossing" has
become much more complicated. But, just as the formidable seven-level free-
way interchange in downtown lLos Angeles is functionally masterable, so are the
complex crossing types. What is needed is a Dictionary of Complex Crossings:
By way of example, four of the entries in such a Dictionary would surely look
like

~46.1-

Xz &y

Fig. 25: Entries in X - Dictionary (examples)

PPl

b «

Here we use the bold-face X for a complex crossing-type; the four examples

above are exactly those that appear in the Brochos. Note that each entry of

the X -Dictionary consists of several labeled strings -- each with an (arbi-
trarily) assigned orientation -- in a schema which delinéats their precise
interactions with one another {and, ultimately, themselves). The positioning

of these schema (as to size or rotation ‘in their own plane) is unimportant --

as these are "local" constructs; what J'_.__sirrportant is that they not be "turned
over", but are to be presented exactly as they appear when viewed from (directly)
above. In terms of these complex crossings, the linear sequence associated to
the Brochos would be

[= Li: x1(l,a+): x2(2,a+):x3(3,a+): x4(4,a+): x1{1,b+}: L5: x2(2,b+):
RS: x3(3,b+): x4(4,b+): x1(l,c*): x2(2,c+): x3(3,c+): Rl: x4(4,c+) @

exhibiting exactly four distinct (complex) crossings. Here, each crossing is
nurbered, as before, and modified by an X -Dictionary number, a letter (desig-
nating which string in the corresponding X -Dictionary schema is relevant) and
a "+" or "-" (designating whether travel along the given string is in the direc-
tions of its orientation, or opposite thereto). Note that the X-Dictionary ex-
amples, above, were chosen with the Brochos in mind; hence, in this case the
crossing-numbers equal the X -Dictionary numbers, and the direction of travel,
in every case, is that of the relevant string's given orientation. Of course
this will not happen,in general, for future string-figures with these referents;
their present occurrence merely reflects the ad hoc nature of the current example.
Thus, to read and interpret the above linear sequence, we proceed from Ll
to the first crossing, x1, which is complex (since its modifier is not a simple
® or U). The modifier, "1,a+", of crossing x1 points to the X-Dictionary entry
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X, —-a three-line schema -- and to the line labeled "a" therein. The "+" on
the string-label "a" in the modifier indicates that we are to proceed through the
interchange . , along the line labeled a, in the indicated direction. Et cetera.
We remark that, upon regrouping the above linear sequence, viz:

= Li:
Black
Central {3 x1(1l,a+): x2(2,a+): x3(3,a+): x4(4,a+): x1(1,b*):
Loop - - -
. L5: x2(2,b+): RS:
Red -
fgg;“l X3(3/b*): X4, (4,b+): XL{1,C+): X2(2,C4): X3(3,04)

Rl: x4(4,c+) B
the paired central loop-structure displayed in the two-colored Brochos (Fig. 24)

becomes apparent directly from the linear sequence. This is to be compared with
the (simple-crossing) linear sequence of Fig. 17, where the existence of these
distinguished substructures is far from obvious. Finally, it is to be observed
that, of course, Lemma 1 will not be a valid assertion for complex crossings,

in general. The extension of this lemma to complex crossings, generally, re-
quires the introduction of the parameters of such a crossing; specifically, let
n be the generic natural number, and let X be the generic X-Dictionary entry.

We define
oL (Xn) = the number of distinct strings (arcs) which comprise the schema
for xn,
X (Xn) = the number of distinct simple crossings among the o{(xn) strings

in the schema for xn.

Thus, for example, in the case of the Brochos, we have

= = = K| =

’ = (Xl) A () 04(5!(3) (X4) 3
while
K(R)) = KRy =3, and LK) = A(R,) =5

respectively. When xn is a simple crossing, we defineOL(xn) =2andX(m) =1,
for completeness. The complex-crossing generalization of Lemma 1 is framed in
terms of the first of the above parameters:

lemma 3: Let n be the generic natural number, and let xn be a crossing in
a given string-position. Then the node xn appears exactly o (xn) times in the
associated linear sequence. Further, these of (xn) appearances all have distinct
second entries.

Proof: A complete circuit of the closed loop of string passes through each
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crossing exactly once on each of its constituent strings. @

Assertions like @ and @ (page 46) contrast and compare geometric information
about X-Dictionary entries. The various crossing-types encountered in the Bro-
chos and future string-figures will generate the X-Dictionary, the interrelation
of whose entries will generate many useful geometric theorems. These may reason-
ably be expected to enrich and deepen our insight into the subject as a whole.

We conclude our discussion of the complex of figures surrounding the Bro-
chos with another constructional variant (Honor Maude, String Figures From New

Caledonia and the lLoyalty Islands; No. 8, The Sun); the wrist (W) is required in
the construction:

NINNZN
WIS

Fig. 26: The Sun
0.a: T #01| T30 —> wi: Tom): L we): TEHIOS: 7 — 5|
T (snt S§1£)401 & 5| (gently),

Note: The extended 1 move (following the double-colon, above) is the most com-
plex manipulation yet met with. Here the thumbs rotate towards you over Wn, and
continue their rotation away, under this string, all the way to the far side of
the figure and under Wf; then back towards you over this string (only!) and up
into the Sow. Now hook 1 away over 5f from above, and retrace 1's rotation back
to #.

--—- End Brochos Discussion —~--
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THE BROCHOS NOTES

@ {p. 30) cf. C.L.Day, Quipus and witches' Knots, p. 124, where this figure
appears as No. 13, the "4-loop Plinthios Brokhos" -- or "4-loop bandage noose"
[(Bandage Noose = Sling]. We shall refer to it as the "Brochos" (plural, Bro-
choi") in the following. The above author gives

Brochos: O.A: >Im—> 4: <5@—> 2: N2| (gently).
for Heraklas' probable construction [cf. p. 34, Note @, below]. We shall pur-

sue another approach to the construction, pursuant to our developmental purposes,
illuminating the above "probable" construction as the "pseudo-Brochos"” (Fig. 20).

@ (p. 34) cf. "The Well" (K. Haddon and H. Treleaven: "Some Nigerian String
Figures", No.45) for another genuinely instructive example of a "source" string-
figure whose construction is, essentially, a "Heart"-sequence leading to the
Brochos-complex of figures:

Well: O.A: ST —> 4:: <§E¢(2co): so—> 1:: 02| (gently)

@ (p. 35) But note that Q is not a line of reflection for the (3-dimensional)
string-position, 0.A, itself; as, for example, the image of the crossing x1 is

not x2, but a crossing of parity opposite that of x2. Compare

Fig. 19.A: O.A*, with line of reflection, 2

o.a = 0.1:05| T wie)# TZyReo) : 12 (R1EH FE (L26)# BB (RSw) :
I;;-; (R2£) # |
To appreciate the differencépetween O.A and O.A*, compare the string-positions
which result from the two manipulational sequences
0.A:[J2} and 0.A*:02]
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@ {p- 43) To a Mathematician, a "proof by picture" is not a proof at -all.
For while it is true that "a picture is worth a thousand words", often many of
those words will be outright lies -- or, at best, misrepresentations of the
truth.
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111. OSAGE DIAMONDS

Perhaps the two most widely-known -- or, at least, recognlzed" string-
figures among modern urbanites today are the Jacob's Ladder and Crows Feet.
We shall investigate the former of these, calling it Osage Diamonds, after C.F.
Jayne; String Figures, Fig. 50 Erhe "plate" is from R.M. Abraham: Easy-to-do
Entertainments and Diversions, No. 147, where it is called "The Fence"]: ~

Fig., 27: Osage Diamonds (® ©s)

The construction is very easy but, at one point, requires a word of explanation.

Osage Diamonds: 0.A:01] 1 (s6)# T 26405| § e #01] T emt] Tz
Nl]::cfl,(l-&): <2(#):00s| (palms away).

Notes about the construction: @ the move '1_> {2n) requires quite some dexterity
with 1 -~ as, of course, the 2n-string is to be picked up near the base of 2;
i.e. before it is ‘crossed by the s; 1f-5n string -- and, at least in the learn-
ing stages, is best accomplished with the aid of the opposite hand. @ the move
(Z_,L(l—é) is a shorthand for...

3_\[,(1— A) = pass 2 towards you, over, and down into the small (inverted)
triangles close to the base of 1.

Specifically, the Ainvolved is composed entirely of continuations of the 5n-
string -- where it crosses ln, s;1f-2n, and its own continuation -- near the
base of 1. These matters will be further explicated in the subsequent con-
structional analysis of the figure.

" ‘
"Oh, { used to be able to make that one."

—— SESRSORU

Fig. 28: Schema for Osage Diamonds

The associated linear sequence is
|=> Ll: x1(®); x2(U): x3(@): x4(D): x5(U): x6(U): x7(P): xB(P): x9(U):

x10 (@) : x11(U):x12(D): x13(U): x14(D): x15(P): x16(U): x17(U):
X18(@): x19(U): x20(U): R2: x20(P): x21(U): x22(@): x23(U): x24(D):
x9(®): x8(U): x5(P): x4(U): x25(@): L2: x25(U): x3(U): x2(D):
X1(U: X26(0): X27(P): x6(D): x7(U): x28(D): x29(U): xX10(U) :x24(V):
%x23(@): x13(0): x14(0): x22(U): x21{®): x19(D): x18(U): xX17(P): Rl:
x16(0): x15(U): x12(U): x11(D): x29(P): x28(U): x27(U): xX26(D) W

As with the Brochos earlier, we proceed to a constructional analysis of Osage

Diamonds through sequential illumination of its intermediary string-positions;

only this time we record the crossing alias transformations as we go:

Fig. 29.1: Osage Diamonds: O.A

= Li: x1(®): R2: x2(®): L5: RS: x2(U): L2: x1(U): R1 &



L2 ( x R2

Fig. 29.I1: Osage Diamonds: 0.A: 01|

[= L2: x1(U): RS: LS5: x1(®): R2 B

Fig. 29.1 Fig. 2%.1
c x1 — [
X2 — x1
Note: The crossing x1 of Fig. 29.1 becomes extension-cancellable —- by Lemma

2.A —- upon O1.

-xb\
e ®) RL

Fig. 29.111: Osage Diamonds: O.A: (11| _;(gg)#

> Ll: x1(U): x2(U): x3(U): L5: x3(D): x4(®): x5(@): R2: x6(D): x1(D):
L2: x2(@): x4(U): x7(B): R5: x7(U): x5(U): x6(U): R1 &

Fig. 29.1 Fig. 29..
x1 - x4

The crossings x1, x2, x3; x5, x6, x7 of Fig. 29.I0 are created by the movement
%(i)# applied to Fig. 29.1. .

-—-0) -
RL

Fig. 29.1V: Osage Diamonds: O.A: Q1| L5600 1 2604
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= fL1: x1(0)z x2(U): x3(U): L5: x3(0): x4(0): X5(P): x6(P): uRl: x7(D):
"R2: x7(U): xB(®): x9(U): x4(V): x2{P): x10{U): L2: x10(@): uli:
x1(@): X5(U): x9(@): x11(®): RS: x11(U): x8(U): x6(U): 1A

Fig. 29.10 Fig. 29.1V
x1 — %2
%2 - x1
%3 'l x3
x4 - x5
X5 - X6
x6 - X8
x7 —_ x11

The crossings x4, x7, x9, x10 of Fig. 29.IV are created by the movement
T (2£)# applied to Fig. 29.10.

L2 (o
xF

oli\& o uvRi
e (© 0 2RL

Pig. 29.V: Osage Diamonds: 0.A:[J1] (514 T (26)#05]

|—>9L1 x1(U): x2{U): x3(@): uRl: x4(®): R2: x4(U): x3(U): X2(@): X5(D):
x6(U): x7(U): L2: x7(@): ull: x6(P): x5(U): x1(D): .?Rl-

Fig. 28.1V Fig. 29.V Fig. 29.1IV Fig. 28.V
x1 b d x1 C. x6 — [
x2 - x2 x7 ard x4
c. x3 - ® x8 - x5
x4 —_ x3 x9 - %6
C. X5 - [ x10 - x7
G. x11 - [

The crossings x3 and x11 of Fig. 29.IV become extension-cancellable -- by Lemma
2.A — upon [J15; while, clearly, x1, x5, x6 of Fig. 29.IV -- being three separate
crossings of 5n with 5f — all collapse to a single crossing of the ,QLlf and
(R1f-strings. In fact, we eliminate the pair {xs,xs} of Fig. 29.IV via
(several applications of) Lemma 2.B. We remark, at this point, the creation of
the complex S~crossings formed by {x2,x3} and {xs.xs} of Fig. 29.V.
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Fig. 29.VI: Osage Diamonds: O.A: O1] L (5£)4 T 26)#05] 1)

J= fLi: x1(U): x2(@): L5: x3{0}: x4(U): XS5 (@) : x6(@): x7(®): uRl: x8(d):
R2: x8(U): x9(U): x10(U): X11(D): x6(U): x12(U): x4(@): x3(U):
x2(U): x13(U): L2: x13(@): ull: x1{@): x12(@): x5(U): x11{U):
x10(0): RS: x9(0): x7(U): fr1 @

Fig. 29.V Fig. 29.V1
x1 - x5
X2 - x4
x3 e d %6
x4 —> X8
x5 - x11
X6 - x12
x7 g x13

The crossings X1, X2, x3, x7, x9, x10 of Fig. 29.VI are created by the movement

§' (1f)# applied to the string-position of Fig. 29.V.

Fig. 29.VI: Osage Diamonds: O.A:0l1] 1 (S£)4 T (26)#05| § e #01|

= L2: x1(@): x2(): x3(U): x4{B): x5(Py: x6(U): R5: x7(U): XB(®) :
X9(@): x1(U): LS: x2(U): x10(®): x4(U): x11(U): x6(B): x7(D):
R2: x8(U): x5(U): x11{®): x3(®): x10(U): x9(V) W

i
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Fig. 29.VI Fig. 29.VI1 Fig. 29.vI Fig. 29.VIl
x1 e d x1 C. x8 —_ ]
x2 —> X9 X9 - x8
x3 - x10 x10 bl x5
x4 —> x3 x11 - x11
x5 —> x4 x12 s x2
*6 - x6 c. x13 b [

x7 - x7

Here, for example, as x6 and x7 of Fig. 29.VI "slide" over intermediate strings

(and crossings) to x6 and x7 of Fig. 29.VII, respectively, a (temporary) cross-
ing of the (former) uRln string over the R2n string is created between x8 and

x9 on the R2n-string of Fig. 29.VI. This crossing and x8 are extension-cancel-
lable by Lemma 2.B. In exactly analogous manner, x13 of Fig. 29.V1 is extension
cancellable. [_—We remark that in a case like this, [J1, where there are two l@'s
to be dropped, it is often helpful in computing the alias crossing transformation
between the two figures involved to insert an intermediate position, correspond-
ing to either Oulw or [Jfl® -- whichever is the more helpful for the computa-
tion (here, in fact, we have used the intermediate diagram for [Julm) -- then
computing the transformation from this diagram to the one desired (i.e. releas-
ing the remaining lm). The composition of these two alias transformations gives
the desired result. Here, we have suppressed the "intermediate step", present~

ing only the conclusions:f

Fig. 20.VII: Osage Diamonds: 0.A:D1] 1(s6)# T (26)#0s| ¥ 61401 T (54|

B L1: x1(®): x2(#): L5: x3(P): x4(U): x5(@): x6(D): x7(D): x8(U): Xx9(D):
x10(U): R2: x11(U): x9(U): x12(U): x13(@): x6(U): x14(V): x4(D):
x3(U): x15(U): x1(U): L2: x2(U): x15(@): x16(U): x17(D): x14(D):
x5(U): x13(U): x12(P): R5: x10(P): x11(P): Rl: x8(P): x7(V): x17(V):
x16(0) ®
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Fig. 2%.vIO Fig. 29.VII Fig. 29.vI Fig. 29.vIl
x1 —> x17 x7 b d x7
%2 - x14 x8 - x11
x3 ol x13 x9 - x1
x4 - x5 x10 - x3
%5 - x12 x11 g x4
x6 - x6

The crossings x2, x8, x9, x10, x15, x16 are created by the move ?(E]H
applied to the Fig. 29.VI.

Fig. 29.1X: Osage Diamonds: 0.A:0)1| 1 (s£)# T (2£)405]

= =

Sup#01l T et T ot
The linear sequence associated to Fig. 29.IX is derived fromthat for Fig. 29.VII
via the following replacements in that former sequence

L —ful RL  — fR1
L2 ~> ull:L2 R2 —> uRl:R2

The alias crossing-transformation is the identity.

Fig. 29.X: Osage Diamonds: 0.A:01| L (5m4 T”(26)405| S uf)4
01 I’(_{m)ﬂl 'I’(z_n)l Ni|
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> Llr x1(®): x2(V):. L2: x3(0): x4(U): X5(®): X6(B): X7(U): XB(®):
x9(U): x10(®): x11(U): x12(U): R5: x13(@): x14(U): x15(D): x16(U):
x17(U): x18(®): x14(D): X19{P}: x12(P): x20(V): x21(P): x7(D):
x6(U): x22(@): x4(D): x23(®): x2(0): x1(V}): x24(U): x25(®) =
%x23(U): x3(®): L5: x22{U): x5(U): x26(®): x27(U): xB(U): x21 (V)
X20(0) : x11(®): x19(U): x13(U): R2: x1B(U): x17(P): Ri: x16(D):
x15{U): x10(U): x9(®): x27(®): x26(U): x25(V): x24(0) @

Fig. 29.IX  Fig. 29.X Fig. 29.IX  Fig. 29.X

x1 -> x25 G- %9 - [
x2 brd x3 x10 — x13
x3 - x26 x1i1 = x15
x4 d x27 x12 —> x10
x5 - x8 x13 = %9
x6 ad x19 - x14 - x4
x7 - x21 €. x15 — [
x8 bl x20 x16 —> x6
x17 = x7

The x9,x15-crossings disappear as the ,Y in-string passes up and over the uln-
straight string (of Fig. 29.IX) to become the upper transverse (straight) string
of Fig. 29.X. The crossings x1, x2, X5, x11, x12, x14, x16, x17, x18, x22, x23,
x24 of Fig. 29.X are created by the movement "N1|{" applied to Fig. 29.1X. The
"i- A " of the subsequent move are now apparent; the L1-A has complex Cross-—
ings {xl,x2} f {x24,x25} and the simple crossing x23 as vertices, while the
R1-A\ has ?_xlS,le}, {xl?,xlB} and x14 as vertices. In the next movement L2
hooks towards you over s;x23-x2, while R2 hooks towards you over s;X18-x14 —-
passing down into these 1- A in the process —- and continues its rotation
down, away, and then back up towards you (below the 5m) to its normal position;
the original L2m (of Fig. 29.X) is naturally lost in the process of this rota-
tion -- i.e 2 rotates out of its own loop, while picking up the "base" of the
{inverted) 1-A . : RS

s A/ ¥ .
- e
Fig. 29.XI: Osage Diamonds: o.a:0h) L5604 1>(_2_f_)lD5| 5 (Lf)#01|
Tismi| Tt s TY-A): 2t



-63~

B Ll: x1(®): x2(U): x3(@): x4(P): x5(0): x6(V): x7(D): x8(0): x9(U):
o x10(@) s X11(U): x12(@): x13(V): x14(U): RS: x15(U): x16(@):

x17(P); x18(U): x19(U): x20(P): x21(U): x33(@): R2: x33(V):
%x22(U): x23(D): x15(@): x14(P): x24(U): x25(D): x9(D): x8(U):
X26 (@) : x27(®): x5(@): x4(U): x32(U): L2: x32(P): x3(U): x2(P):
x1(U): x28(U): x29(®): X6(P): x27(U): L5: x26(U): x7(U): x30(0):
x31(U): x10(U): x25(U): x24(D): x13(®): x16(U): x23(V): x22(D):
x211{0): x20(U): x19(P): Rl: x18(P): x17(U): x12(U): x11(D):
x31(P): x30(U): x29(U): x28(P) @

Fig. 29.X Fig. 29.XI Fig. 29.X Fig. 29.XI Fig. 29.X Fig. 29.XI
Xl > x1 X110 — x12 x19 — x23
X2 —> x2 x11 —> x13 x20 —>  x24
X3 —> x6 X2 = x14 x21 = x25
X4 —> X5 x13 —> x16 x22 = %26
x5 —> X7 X114 —  x15 %23 = x27
x6 - x8 x5 —>  x17 x24 = x28
x7 — X9 x16 - x18 x25 = x29 i
x8 —>  x10 x17 —  x19 x26 —>  x30 ’
x99 —> x11 x18 —> %20 x27 — x31

Crossings x3, x4, x21, x22, x32, x33 are, clearly, created by the move
SL-A): <2 ()" applied to Fig. 29.X.

The figure Osage Diamonds, Fig. 28, is now obtained from that of Fig. 29.XI
via "[J5]", whose crossing-effect is obvious. In particular, {x26,x27} and
{x14,x151 become extension-cancellable by Lemma 2.B. We remark that, in the
canonical construction of Osage Diamonds, the last two movements,"< 2(#) 05",
are performed more or less simultaneously, while the palms of the hand naturally
turn away from the body during the course of 2's rotation. Explicitly

Fig. 29.X1 Fig. 2B Fig. 29.XI Fig. 28 Fig. 29.XI Fig. 28
x1 - x1 x12 — x12 %23 -  x22
X2 —  x2 x13 — x13 x24 - x23
X3 — x3 €. x4 - [ %25 —>  x24
X4 - x4 c. x15 — ¢ C.x26 — ¢
x5 = x5 T ox16 — x4 c.x27 — ¢
*x6 - %6 x17 — x15 x28 —>  x26
X7 - x7 X18 - x16 x29 - x27
X8 - x8 x19 —  x17 %30 —>  x28
X9 - x9 x20 —  x18 x31 > x29
x10 — x10 %21 - x19 x32 —>  x25
X1l — x11 X22 x21 x33 —> x20

This completes the crossing-specific constructional analysis for the string-
figure Osage Diamonds. i

-64~

The corresponding "Heart"-sequence for Osage Diamonds bears some super-

__ _ficial similarities to that of the Brochos. In particular, from Fig. 29.1I

(Q.A:D1|) —- in which each hand holds only two loops, a 2 and a 5@ -- we '
may pass to Fig. 29.VI by the loop-specific manipulational equivalent sequence

(2a):: > E:a—»>¢(2®): > 5
= £~

That is, with respect to the string-position given by the schema of Fig. 29.I,

10t Teoins| S0l = seee):: > 55 2e): sp-> 5|

and Fig. 29.VI is produced by either sequence. [Note that, had we momentarily
suspended the S@ -- brought below 2@ to the near side of the figure -- on 1,
the loop-specific manipulation, above, would have appeared as

—>
5 (2m) = 1..\>1¢>¢(2m): 135’95)

The final lm~-manipulation, here, is precisely that in the Brochos' "Heart'"-
sequence (cf. page 34B Having reached the stage of construction of Osage Dia-
monds given by Fig. 29.VII, we may directly view the near-neighborhood of the
geometric center of the complete, extended figure by performing the “peek"

-2_> (5n)#: hook 1 away over f2n and press this string down, turning

palms slightly away from body | (gently)

on this string-position. Here we see crossings x8, x9, x10, x11, x12, x23,
x24, x28, x29 -- and all incident intermediary straight strings —- exactly as
they appear in Fig. 28, the schema for the completed design. Thus, returning
to Fig. 29.VI - i.e. [J1# [J u2w| -- the final design is to be extended between
2n and S5n via an "interlacing" of these two strings which creates the extreme
lateral "diamonds", with their complex boundary crossings. In fact, with res-
pect to that figure (Fig. 29.VII), we find

Pt Tt v TYa-A): <2h:05] =
. fo51: 20051231 >TIB->2: N2:: <2w>2]
the right-hand side being a loop specific manipulational equivalent of the left.
We remark that, in the antepenultimate step —- >]1a>! —>2 — the Yla: passes over

the ule (i.e. N1), performs a half-twist away from you, and is placed on 2 —-
where it becomes the u2wm. The final movement — Qo —2| -- is necessary only
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to produce the crossings x20, %25 of the completed design (Fig. 28). Combin-
ation, and minor simplification,of the above observations yields the "Heart"-
sequence for Osage Diamonds:

0.A: 01| ::3@(2m): >5BY(200): Sp(2£): 5B —>1:: 20-312::
>!1a§—~>2: N2:: <20—>2| (gently),.

Here, as is frequently the case, some rearrangement of the strings is necessary
to produce the final design until correct intermediate tensions are mastered;
even then, the "1-@\" movement invariably produces a cleaner, more dramatic
final extension. In fact, we believe that it is this dramatic and surprising
"Osage extension" which accounts, in large measure, for this figure's great pop-
ularity. We shall return to these matters after a brief pause to exhibit an
Osage-extension of the Brochos:

Fig. 30: Osage Extension of the Brochos
=y - —
0. 2604 T e T2 : 1(56)405| G2 —>s:024

>

10 ->2| (gently) T (sn)# T”(2n)# N1 | (gently):: TL(1-A): <204):05]

[ Lil: x1(®): x2(U): x3(®): x4(): x5(U): x6(U): x7(D): xB(U): x9(U):
x10(U): x11(@): x12(@): x13(U): x14(U): x15(U): X16 (@) : x8(9):
xX17(0): x6(@): x1B(D): x19(U): x1(U): x2(@): x3{U): %20(U): L2:
x20(0): x4(U): x5(0): x21(U): X9(D): x22(P): x11(U): x23 (@): x24(V):
X25(@): R2: x25(U): x26(U): x27(d): x28(U): x29(U): x30(®): x31(0):
X12(U): x32(@): x33(D): x15(P): x34(U): x7(U): x17(0): x21(D):
x10(@) : x22(V): xﬁZ(U): X13(@): x31(U): x23(U): x24(D): x26(D):
X27(U): x28(®): Rl: x29(@): x30(U): x14(@): x33(U): x16(V): x34(0):
x18(U): x19(p) @
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We remark that during the construction of the figure, at the first occurrence

of the movement "|(gently)/ the central string-tensions should be adjusted so

that the Brochos ‘in the middle of the figure is equidistant from the hands, and
has no loose constituent strings; that having been accomplished, the final "Osage-
extension” will be every bit as satisfying as in the parent figure -~ requiring
little, if any, final adjustment. BAnd, of course, the whole complex of figures --
pseudo-Brochos, Double Brochoi, pseudo-Double Brochoi, et cetera --lend themselves
well to Osage extension, and a variety of beautiful -- and, mostly, well-known —
string-figures result. For example, pseudo~Brochos plus Osage extension -- fol-
Jowed by 186 rotation in the plane of the figure -- is known on Santa Cruz island
as "Nelo" (a bird)E.C. Maude: Solomon Island String Figures, No.lﬂ. The local

construction is

Nelo: 0.A: T (204 T(1)#01] Thif2m): L (50 #05] § w2f) : 5f200) ¢

S04 T u2n: N1: 0 wo|02@ and pull them free with
opposite hand #]

With respect to the final string-position, i.e. Nelo, this is equivalent to the

"direct" construction
Make the Brochos: < 5@ —2: <lm—>1:: Sy (200): SUE T (20)# N1:01 2]

where, in fact, the only difference between the above two sequences is the point
at which the last 2@ is released -- a matter of indifference to the final design.
Subjectively, the early 2m-release of the latter sequence does real violence to
the spirit of the figure Nelo: the beautiful design appearing at the penultimate |
of Nelo-- with all its quasi-stability —— is simply elided. But this latter se-
quence is, indeed, instructive in the context of Brochos/pseudo-Brochos construc-
tions of this type of final pattern.

We retwrn, now, for an alternate look at what we have been calling the "Osage
Extension". We set up, on the hands, the "Heart"-sequence for Osage Diamonds as
far as Fig. 29.VI, viz.

0.A:01] :: 5o (2m): > 5B, (2m) : S -5

where the So has been temporarily suspended back onto 5 subsequent to its journey
towards you under, then twisted away down thru, and finally away under, the 2wm.
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Now, a movement quite analogous to that just completed by the 5@ -- with an

the figure. In words,

‘ Bring 5%5(203) to near side of figure: >—5<-1>) and place it over the 2n-

string :: T\(5@): 1 (204 :: 5By (2m): 5m->5]

Note that, after 1 dips into the 5am -- as it (the 5wm) twists away from you over
2n -- and picks up that string (2n), the progress of the whole 5m (down into 2o
and away under to 5) is impeded (as its near string is looped about s;1f-2n).
Technically speaking, only the far string of the moving Sm completes the journey,
the whole moving 5@ being greatly "opened up" by virtue of its near string's
snag. The movements "[12: < 5o —>2|" complete the figure. The extension, here,
compares favorably with that of the original construction -- particularly in a
heavier cord -—- and illuminates the "“interlacing" of the 2n and 5n strings of
Fig. 29.VI which creates the extreme lateral diamonds plus complex boundary
crossings in the final design EFig. 28; cf. page 64, where this matter is first
introduced] .

For a "source" figure employing this alternate view of the Osage extension,
we present an unnamed figure from central Africa [E_:_g .W.A. Cunnington: "String
Figures and Tricks from Central Africa", No. 13):

0.1: 150 —> W:: M (Wn)# twist Mo 186 clockwise # 14 Mm)40M]
Wo —>2:: 3 (1f & 26)4 5 (20)402[:034 20 53 T (5n)#| I —12345::
> Td->3: (1234504115 (palms away).

Notes on the construction: @ The resulting string-figure is Fig. 28 (extended
on 1 and 3) except for crossings x20, x25 of that schema (ending the above con-
struction with "< 3@ —2" produces Fig. 28 exactly) @ Twisting Mm 188 coun-
terclockwise results in Fig. 28 with the parity of crossing x10 reversed; this
figure is not related to Osage Diamonds by a rigid motion. @ The "source"
construction employs the Great Toe subsequent to the first extension in line 1,
above; we have employed an equivalent working which avoids this frame-element.
@ The 3m is to be kept well up on the tips of the fingers in "3 —>12345";
i.e. do not allow this loop to slip down the hands to W. () The movement
"[12345d" entails lifting this dorsalltring over the tips of the fingers —-
and the retained 3m -- and dropping it on the palmar side of the hands. @ The
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extension is fully as grand and dramatic as that of the original figure.

In terms of complex crossings, the schema for the string-figure Osage Dia-
monds exhibits only 15 such -- as compared with the 29 simple crossings of the
original schema (Fig. 28).

Fig. 31: Osage Diamonds, labeled for complex crossings

Here we have elided the "fine-structure" of the individual crossings, as only the
global node-labeling is germane to the present discussion; whenever that fine-
structure is needed, it is immediately recoverable from Fig. 28 via a comparison
of labels:

Fig. 31 Fig. 28 Fig. 31 Fig. 28
xl — x1, x2, x3 x9 — x17, x18, x19
X2 = X4, X5 x10 — x20
X3 —  x6, X7 x11 — x21, x22
x4 — x8, x9 x1l2 — x23, x24
x5 — x10 x13 — x25
x6 —  x11, x12 %14 — x26, %27
X7 — x13, x14 x15 — x28, x29
x8 —  x15, x16

Note that x5, x10, x13 are all simple crossings, and that -- if xn is any
crossing of Fig. 31 -- we have o( (xn) = 2 uniformly. Also X (x1) = X (x9) =3;
while 'X(xS) = X (x10) = x (x13) = 1, since these are simple crossings -~
but if xn is any other crossing of Fig. 31 -- we have X (xn) =2. That is, for
n<1,5 9, 10, 13, we have A (xn) = 2.

To exhibit the linear sequence associated to Fig. 31, we must add four new
entries to the X-Dictionary — corresponding to the four new types of complex
crossings encountered in Osage Diamonds‘\™; ‘
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Fig. 32: X -Dictionary (continued)

We remark that these four new entries —- 1f:.hcough obviously related in pairs -—-
are essentially distinct, and necessary to the (complex) crossing analysis of
Osage Diamonds. The constituent arcs in a given complex crossing have been
labeled for their X-Dictionary entry in terms of where, and how, they arise in
the linear sequence associated (canonically) to the string-figure which first
gives rise to them -- that is, lexicographically. Here, the linear sequence
associated to Fig. 31 is
> Li1: x1(Za+): x2(5,a+): x3(3,b-): x4(5,a+): xX5(0): x6(3,b-): X7(§ a+):
X8(§,b+): x9(8,a+): x10(U): R2: x10(®): X11(6,b-): X12(g,b-): '
X4(5,b+): x2{(5,b+): x13(D): L2: x13(V): xl(z,bﬂ: x14(3,b-):
x3(3,a+): x15(6,b+) : x5(U): x12(6,a+): X7(6,b+): x11(6,a+): x9(§,b+):
Rl: xB(g,a-): x6(5,a-): x15(6.a-): x14(3,a-) @

Now let us construct a schema from the above linear sequence(!) We shall do
this by suppressing information in the sequence, selectively -- producing what
we shall call a subsequence of the given linear sequence ~- from which valid
inferences may be drawn concerning the configuration of the associated schema.

... = suppressed information
Step 1: Suppress all non-frame nodes of the sequence. This gives the
subsequence

» L1 ...R2...0L2...Rl... ®

from which we infer that the associated schema has (only) the frame-nodes
Ll, L2, Rl, R2 -- i.e. the figure is extended on 1 and 2. Further, there is
one loop on each of these fingers.
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w2 @Rl
T 9) TR

Fig. 33.1: Schema-so-far (after Step 1)

Step 2: The subsequence
k> ... x10(U): R2: x10(0) ... x13(@): L2: x13(V) ... -

)R
, txwo
1A é/- R _____._\a.__ﬁ_i_ |

Fig. 33.1I: Schema-so-far

gives the "gross" schema

L2 ¥3

The adjective "gross", here, is used to denote that the parity of the simple
crossings x10, x13 cannot be determined from the information so far employed

Of course, they are simple crossings by virtue of their arguments.
Step 3: The subseguences
[= L1: x1(Z.a+) ... L2: X13{0): X1(Z,b*%) ... [

and
B ... x9(B,a+): x10(0): R2 ... x9(8,b#¥): Rl ... B

provide the additional information

- R2
A
Yo Xq
S Ort

Fig. 33.1I11: Schema-so-far
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which is gross with respect to the complex crossings x1, x9, but is now complete

with respect to x10;, x13{which-will; henceforth, be supp d}. —From this
point forward we shall concern ourselves only with “"gross" information -- to see
how something at the level of specificity of Fig. 31 can be "geen"” in the given
linear sequence; but we remark that the complete detail of Fig. 28 may be recov-
ered with insignificantly more effort.

Step 4: The subsequence

> L1 ...

far straight string} R2: x10: x11: x12: x4: x2: x13: L2 ...
near straight st.ring} R1l: x8: x6: x15: x14 m

fleshes out our evolving schema to

Fig. 33.1V: Schema-so-far

where we cannot say that the 1n and 2n strings are "straight”, or that -- say -~
the (ordered!) crossings x14, x15, x16, xB are equally spaced on the 1n-string:
indeed, schemata are indifferent to such matters. What we may assert is that
the 1n and 2n strings do not intersect each other (there would be a common Cross-
ing if they did), and that the crossings on these strings appear in the stated
order (i;_e. that of the given linear sequence). Thus, interms of the (class of)
schemata associated to the linear sequence under consideration -- if, indeed,
there are any such -- we may as well pick the one below (Fig. 33.IV') as "can-

onical ":
L2 @ X2 Y4 ¥m X ..‘O ) Rz .

XA . x9
O (& R _ oJ ri

A

xut %15 Xb X8
Fig. 33.V1': Schema-so-far

Q1 e xilex2ex3 .o xl:xl4:x3 ... W
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Step 5: Each of the subsequences, in turn

OII = ... x3: x4: x5 ... x3: x15: X5 ... [ | "New" crossings
A . . . receive a red

Qi B ... x5: x6: X7 ... x5: x12: X7 ... M underline

O IV B ... x7: xB: x9 ... x7: x11: X9 ... W

provides a "central diamond", and our evolving gross schema becomes

Fig. 33.V: Schema-so-far

where the placement of crossings x3, x5, x7 are arbitrary to the extent that
they may suffer some "local" movement, but not so much as to create any “new"
string-crossings (as all crossings in the given linear sequence are, at this
point, accounted for). The above placement of these crossings (Fig. 33.V) may
again, be thought of as “canonical".

Now, at this point in the process of schema-construction, it will be
observed that Fig. 33.V represents a pretty fair approximation to the *gross"
schema of Fig. 31 -- with no reference to the X-Dictionary(!) And the only
legitimate conclusion which may now be drawn from our 5-Step analysis of the
given linear sequence is that if there is a schema corresponding to the linear
sequence, then it has the gro—s—s representation of Fig. 33.V ( = Fig. 31).
The existence (or nonexistence) problem is decided via a closer attention to
the fine-structure of the crossing-types during the derivation Efor further
discussion, see Appendix A, pages 96-105; Warning: “Appendix" material is
of a somewhat advanced level of technical difficulty and, perhaps, should be
postponed until the reader just can't stand not knowing what's going on at
that level a .moment longer].

We pause in our discussion of Osage Diamonds to present a construction

of a "pseudo-Osage Diamonds” figure directly analogous to the Brochos/pseudo-
Brochos dichotomy. The figure is known as the "Imperial Pigeon (Carpophaga)"
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[K. Haddon: Cat's Cradles From Many lands, Fig. 46]:

0.A: 1@ —>2:: 1 (2n): %(g)ﬂl ﬁ\g)#l: give Mo a 18F-twist counter-
clockwise: 1A Mvo) : Ok} N1| f@—>2:: ;,(Q_zg)a PAu2em) 1]:: Tum) :
%'(RQH N1| [2: 054 | (palms away),

The resulting figure is Fig. 28 (Osage Diamonds), rotated 188 in its own plane.
While the actual working of this figure is somewhat "constricted"” -- even when
fully mastered -~ the final extension is magnificent; different from, but
thoroughly the equal of, that of Osage Diamonds, itself.

The string-figure Osage Diamonds hasfmultiplicative -— or repetitive —-
aspect similar to that encountered with the Brochos; but here the matter is
slightly more complicated Ec_f L.A. Dickey: String Figures From Hawaii, pp. 18-34;
also A.R. Amir-Mo&z: Mathematics and String Figures, Chapter 1, "Figures with

Iozengesﬂ. Taken as a whole, the sequence provides agenuinely satisfying com-
plex of string-figures clustering about the parent figure, Osage Diamonds.

We begin the explication of the repetitive process with a discussion of
string-figures of Osage-type constructions whose gross schemata are all given by

Fig. 34: Osage 5-Diamonds; gross schema

Here the indicated crossings may be either simple or complex, although 12 of
these (5 central on 2n, 5 on 1n, and 1 each on the lateral s;1ln-2f) are cer-
tainly complex. The gross schema of Fig. 34 cannot be labeled for these complex
crossings at this time -- because each different complex crossing determines the
direction of passage through itself and, hence, the labeling of future crossings.
In the subsequent discussion, exactly two complex crossing labeling ({(gross}
schema will emerge, and these will be denoted by right and left -- for reasons
soon to become readily apparent.

Fig. 34.A: Osage 5-Diamonds, right

;,-.; X4 X1 g Xio

Fig. 34.B: Osage 5-Diamonds, left

We shall do the analysis for Osage 5-Diamonds, right, in some detail; the
analysis for Osage S-Diamonds, left, will follow from the symmetry of the
situation.

Consider the manipulation sequence

0.a:01] L (5604 I’(;f_m:lsl%’(;gmuw: Tt Tt

N §L0-A): <200 05| (palms away),

This produces the string-figure we shall call Osage 5-Diamonds, right (>>R2
>>R5), whose schema is ’

Ty O Lax
\
*3

Fig. 34.A.i: Osage 5-Diamonds, right (>>R2, >>R5)

Note that this is a fine-schema substitution instance of Fig. 34.A; i.e. a
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"right" variant. The associated linear sequence is
o L1: x1(@): X2(U)z X3(D): x4(P): x5(U): x6(U): x7(P): xB(D): x9(U):

x10(0) ¢ x11(U): x12(P): x13(U): x14 (@) : x15(U): x16(@): x17(D):
x18(U): x19(U): x20(P): x21(U): x22(U): R2: xX22(®): x23(U):
%24 (B) : x15(@): x14(U): x25(U): X26(P): x9(0): xB(U): x5(9) :
x4(U): x27(@): L2: x27(0): x3(V): x2(@): x1(U): x28(U): x29(0):
Xx6(0): x7(U): x30(D): x31(U): x10(U): Xx26(U) : x25(@): x13(D):
x32(U): x33(@): x16(U): x24(U): x23(P): x21(P): x20(U): x19(0) :
Rir wl8(0): x17(0): x33(U): x32(0): X12(U): x11(0): X31(D):
X30(U): x29(U): x28(0) A

Md the corresponding complex-crossing linear sequence associated to Fig. 34.A
is, directly,
> Ll: x1{(Z,a+): X2(3.,a+): x3(5,b-): x4(5.,a+): x5(0): x6(3,b-):
X7(U): XB(5,a+): x9(B): x10(§,b+*): X11(8,a+): x12(V): R2:
x12(@): x13(6,b-): X8(3,b+): X14(§,b-): X4(3,b+): X2(3,D4):
x27(®): L2: x27(U): xl(z,bﬂ: xls(g,b—): x3(§,a¢}: xl7(g,b«):
x5(U): X14(6,a+): X7(D): x18(5,b-): x9(U): x13(§,a+): x11(8,b+):
Rl: x10(6,a-): x18(3,a-): x6(5,a-): x17(6,a-): x16{5,a-) &

There are a total of four right-variant substitution instances for the
gross-schema, Fig. 34, of Osage s-Diamonds. These are obtained, respectively,
by replacing the red-underlined phrase -- >>R2: >>RS -- in the construction
(page 74) by <<R2: <<R5; <<R2: >>R5; and >>R2: <<R5: that is, by varying the
directions of the twists on R2m and R5®. The schemata resulting from these
four distinct constructions are all identical to Fig. 34.A.i with the exception
of the parities of the four (simple) boundary crossings -- i.e. x14, x15, x32,
x33, —— of the'fourth central diamond (labeled IV) of Fig. 34.A.i. Reproducing

this local piece of the schema in each of these four cases, we have

M ] R A w‘ . A ,us
%% e Y %

CRAIKRS . R2: MRS R2: KRS

- MIRAMRSL

ig. 34.A.ii: All substitution instances of Osage 5-Diamonds, right,
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Thus the corresponding associated linear sequences are all identical to that of
Fig. 34.A.i (page 75,top) with the exception of the eight entries underlined in

red therein. Reproducing this schema in each of these four cases -- using the
"subsequence suppression” convention ~- we obtain, respectively.

i|=> .. %14(@): x15(U) ... x15(0): X14(U) ...

>>R2: >>R5 X32(U): x33(@) ... x33(0): x32(®) ... W

<R2: <<ES {}s .. x14(U): X15(@) ...x15(U): X14(®) ...
x32(0): x33(V) ... x33(@): x32(0) ... M

{}s .. xX14(@): x15(U) ... x15{®): x14(0) ...
<<R2: RS x32(0): x33(U) ... x33(0): x32(V) ... W

= ... : e U): FPON
S5R2: <<RS {| > ...x14(U): x15(D) x15(U) = x14(0)
x32(U): x33(®) ... x33(U): x32(0) ... M

Turning, now, to the complex~-crossing schema for this("right") situation --

Fig. 34.A -- we have

Fig. 34.A Fig. 34.A.1
x8 - x14, Xx15
x18 el %32, X33

Thus the four corresponding (complex) linear schema associated to Fig. 34.A
are all 1dent1ca1 to that appearing on page 75, bottom, with the exception of
the four entries underlmed in red. Using "subsequence suppression” we obtain,
respectively,

>>R2: RS {F> ... xB(5,a+) ... xB(3,b+) ... x1B(3,b7) ... x18(5,a-) -..
«R2: <CRS {|= ... xB(g,at) ... XBIEDT) ... X18(6,b+) ... X18(6,a-) ...
<CR2: MRS fF ... xB(3,a+) ... XB(3,DH) ... x18(6,b+) ... x18(§,a=) ...
>>R2: KRS .{> ... xB(§,a+) ... xB(§;b7) ... x18(3,b7) ... x18(5,a-) ...

Ve see that a full (360) twist of R2 [on Fig. 29.VIi] creates complex crossing
x18 of Fig. 34.A, while a full twist of RS creates x8. Further, >>R2 forces x18
to be an X -type crossing, while <<R2 forces x18 to be an X -type crossing;
similarly, >>R5 forces x8 to be an xs-crossmg, while <<R5 forces x8 to be an
x6—crossmg. This mey be directly verified by a co1plete crossing-analysis,
proceeding from, e.g.
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Fig. 29.VII: >>R2: >>RS#|
to Fig. 34.A.i in five steps (analogous to the original analysis of the con-
struction of Osage Diamonds), etc. We shall content ourselves with the above
discussion of Osage 5-Diamonds, right, and briefly turn our attention to the
case of Osage 5-Diamonds, left (Fig. 34.B).
As an introduction to Osage S5-Diamonds, left, consider the manipulation
sequence

0.A:[1] 1 (5£)4 oigs| Sanrol o2 »s: Tent| T e
Nt SU-A): 25| (palms away) .

This produces the string-position whose schema is

X

%28
of IL.

[}
) x3
ﬁ(K
- . bl A
LA -.0\. LSy ""'\,A
T L AR

Fig. 34.B.i: Osage 5-Diamonds, left (>>L2: »L5),

This is a fine-schema substitution instance of Fig. 34.B; i.e. a "left" variant,
whose associated linear sequence is
|=> Ll: X1(®): x2(U): x3(@): x4(@): x5(U): xX6(U): x7(D): x8(U): x9(D):
x10 (@) : x11(U): x12(®): x13(U): x14(@): x15(U): x16(0): x17(D):
x18(U): x19(U): x20(P): x21(U): x22(U): R2: x22(@): x23(U): x24(0) :
x25(U): x26(0): x11(D): x10(U): x27(U): x28(D): x5(B): x4(U): x29(D):
L2: x29(U): x3(U): x2(@): x1(U): x30(U): x31(D): x6(D): x28(U):
x27(0) : X9 (U): x32(0); x33(U): x12(U): x26(U): x25(®): x15(P): x16(U):
*x24 (U} : x23(@): x21{®): x20(U): x19(@): Rl: x18(P): x17(V): x14(U):
x13(@): x33(@): x32(V): xB(®): x7(U): x31(U): x30(0) @A

There are a total of four left-variant substitution instances for the gross
schema, Fig. 34, of Osage 5-Diamonds. These are obtained, respectively, by re-
placing the red-underlined phrase — >>L2: >>L5 -- in the construction above by
<<L2: <<LS; <<L2:>>L5; and >>L2:<<L5: that is, by varying the directions of
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the twists on L2m and L5m. The schemata resulting from these four distinct
constructions are all idential to Fig. 34.B.i with the exception of the par-

jties of the four- (simple)- boundary crossings -- i.e. x7, x8, x27, x28 —- of
the second central diamond (labeled 1I) of Fig. 34.B.i. Reproducing this local
piece of the schema in each of the four cases, we find

emnmlibver §f com—

8 /\(_z_»_ 7\ x23 W\ w__ 7\ x13
\ \ \ N/ =\
AIN XEE ADA AEL

xg .

MLLMHLS FZ4" S -] LKL yLs WL «LS

Fig. 34.B.ii: All substitution instances of Osage 5-Diamonds, left,

And, considering the complex-crossing schema for this ("left") situation --
Fig. 34.B —- we have

Fig. 34.B Fig. 34.B.i
x15 —_— x27, %28
x4 s X7, X8

and we see that a full (366°) twist of L2 E:f Fig. 29.VII] creates complex cross-
ing x4 of Fig. 34.B, while a full twist of L5 creates x15. Further, >>L2 forces
x4 to be an xs-type crossing, while <<L2 forces x4 to be an xs-type crossing;
similarly, >>L5 forces x15 to be an XG—type crossing, while <<LS forces x15
to be an xs-type crossing. Thus the situation for Osage 5-Diamonds, left, is
seen to be entirely symmetric to the corresponding case of Osage S5-Diamonds,
right, whence both analyses may be considered to be complete.

it should, also, be clear from a combination of the above right- and left-
specific analyses, that the manipulational sequence,say,

o.a: 01| L5604 T 26)405] § (16)101] >>R2:>>RS:3>125L5¢ T (5n) 1|
I’(@n Nllz:"z'q, (1-&): <2135 (palms away)
produces a string-position with six central diamonds, all (five) of whose mu-
tual, central, boundary-crossings are simple. In fact, we produce
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. SN O L

X KRS,

Fig. 35: Osage 6*- Diamonds

which we shall call "Osage 6*~Diamonds". We shall not go on to label crossings
in Fig. 35, et cetera, as all analyses collapse to the various cases of Osage
5-Diamonds, with respect to (the red-labeled) central diamonds 11 and V, the
remaining crossings being constant, and immediately derivable therefrom. Fur-
ther, there are a total of 16 = 24 such figures (Osage 6*-Diamonds) , corres-
ponding to the various directions of the twists on L2, L5, R2, R5. These are
obtained, respectively, by replacing the red-underlined phrase --®>>R2:>>R5:
>>L2>>15 -- in the construction (page 78) by

>>R2:>>R5:>>L2:<LKL5,

>>R2:>>R5:<<L2:>>L5,

>>R2:>>R5:<<L2:<<LS,

>>R2:<<R5:>>L2>>L5,

>>R2:<<R5:>>L2:<<LS,

>>R2:<<R5:<<KL2:>>L5,

>>R2:<<R5:<<L2:<KL5,

<<R2:>>R5:>>L2:>>L5,

<CR2:>>R5:>>L2:<<L5,

CCR2:>>R5:<<L2:>>L5,

<<R2:>>R5:<<L2:<<L5,

<CR2:<<R5:>>L2:>0L5,

<<R2:<<R5:>>L2:<LKL5,

CKR2:<<R5:<<L2:>OLS,

CCR2:<<R5:<<L2:<<LS5.

Finally, after our comprehensive discussion of the various cases of Osage 5-

EEEEHD0ee e

Diamonds, the analysis of these 16 variations of Osage 6*-Diamnds must be con-
sidered to be complete.

Another method of constructing six diamonds in the Osage tradition is
by affixing a magical prefix to the construction of Osage Diamonds. In symbols,
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this prefix is the phrase

— P2
0.A:01] L (52w T 20)#TS| 5 A6 ¥ 01| —

LES
L2 Xio “y W i O R

Fig. 36: Osage prefix,
B L2: x1(®): x2(0): x3(U): x4(D): x5(U): x6(D): x7(U): R5: xB(U):
x9 (@) : x3(P): x2(U): L5: x1(U): x10(P): x11(U): x4(U): x9(U):
X8{(®): x7(@): R2: x6(U): x5(P): x11(P): x10(V) @

When this figure is taken as the starting point -- i.e. in place of Fig. 29.1I
for the Osage Diamonds construction, we obtain a string-position we shall call
Osage 6-Diamonds:

0.A: D1| _Jé(SfM T (2f)#L‘15|%(1fHD1| L (568 T (ZfHDSI%(lf)#
D1 Tt Tt N TYa-A): <24):05] (palns avay)

L2 yz {13 XS

(ore

BN )/\\ A‘*/ 0\ 3:

Xl‘l %20

Fig. 37: Osage 6-Diamonds,

Fig. 37 has been labeled for complex crossing-types -- eliding the simple-
crossing labeling —- and has associated complex linear sequence
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= L1: X1{7,a+): x2(5,a+): x3(3,b-): x4(3,a+):x5(): X6{3,b-): x7(U):
xB(5,a+): x9 (D) : X10(3,b~) : x11(6,a+): le(g,b*): x13(8,a+): x14(U):
R2: x14(9): x15(6,b-): x16(6,b=): xB(3,b+):x17(6,b~): x4(3,b+):
x2(5,b+): x18(@): L2: x1B(U): x1(7,b+): x19(3,b-): x3(3,a+): x20(6,b+):
x5(0) : x17(§,a+): x7(®) : x21(§,b+): x9 (V) : xlﬁ(g,aﬂ: xll(g,b#):
x15(§,a+): x13(8,b+):Rl: x12(6,a-): x10(3,a=): x21(6,a-): x6(3,a~):
x20(g,a-): x19(3,a-) [

Here —- to oversimplify the matter, slightly -— the two diamonds of the prefix
maintain themselves, centrally, throughout the Osage Diamonds construction, and
end up flanked by the two (symmetric) lateral halves of that figurel~” And be-
cause the extreme lateral diamonds are constructed by the Osage-extension, itself,
this figure shares the previously discussed multiplicative process with the par-

ent figure; specifically, by way of example,

0.A:01] L GEHT 0405 Sanach:: L o4 T eos| S ag i

>>R2:>>R5: 17 (5m4| T (2n# N1|:: SY(1- A\): <2(4) 35| (palms away)

Q2RI

produces an Osage 7-Diamonds, right -- whose rightmost central crossing is now
simple -- by exact analogy with the passage from Osage Diamonds to Osage 5-
Diamonds, right. Further, any of the four possible combinations of full twists
on R2 and R5 (see page 75, bottom) produce a right-variant of Osage 6-Diamonds,
in a manner that is -- by now —- well understood.

Similarly, replacing the red-underlined phrase, above, by ">OL2:>>L5" -~
or, indeed, any of the four possible combinations of full twists on L2 and L5 --
we produce the figure(s) Osage 7-Diamonds, left.

And finally, replacing the red-underlined phrase, above, by ">>R2:>>R5:
>>L2:>>L5" -- or, indeed, by any of the 16 distinct full-twist combinations
listed on page 79 -- we produce the figure Osage B‘-Diamonds, all of whose mu-
tual, central, boundary-crossings are simple. Stated in brief, the magical
Osage-prefix is completely compatible with the (full-twist) augmentation pro-
cedure for Osage Diamonds, previously discussed. And that's not the only thing
about this "prefix" which is magical.

let us consider the string-position resulting from -~ loosely speaking --
doubling the prefix. Specifically, we consider the phrase

o,A:01] [;,(ggn Iﬁg)msl%'(g)mu_]z.

Fig. 38: Osage [-prefi.x_-_]_2
}=> L2: x1(@): x2(@): x3{V): x4(U): x5(U): x6(P): x7(U): x8(D): x9(U):
x10(@): xX11(U): x12(®): x13(U): RS: x14(U): X15(D): x9(P): x8(U):
x16(U): x17(@): x3(@): x2(U): L5: x1(U): x18(d): x19(U): x4(D):
Xx17(U): x16(@): x7(0): x20(P): x21(U): x10(U): x15(U): x14(D):
x13(0): R2: x12(U): x11(P): x21(P): x20(U): x6(U): X5(D): X19 (D) :
x18(U) @
At first glance, this is simply a 4-diamond analogue of Fig. 36, and -- at
least functionally with respect to the Osage Diamonds construction -- it is!
That is, when Fig. 38 is taken in place of Fig. 29.1I in the Osage Diamonds
construction, we obtain Osage 8-Diamonds:

0.A: 1] [g,@fn Teanins| Sang 1|:]2: 1604 T eoms| $anini|
xT ] Tent N SYa-A): <20 :05] (palms away) .

Further, the Osage-]_i:vrefi)i—]2 is also compatible with the previous augmentation
procedures: specifically, any combination of full twists on R2 and RS —- in-
serted at the X appearing in the above construction of Osage 8-Diamonds -- pro-
duces an Osage 9-Diamonds, right; any combination of full twists on L2 and L5,
inserted at X , produces an Osage 9-Diamonds, left; and any combination of full
twists on R2, R5, L2, L5, inserted at X , produces an Osage 10"-Diamonds. Et
cetera. . ]

If, now, we extend our "power"-notation for a bracketed expression from the
string-figure calculus to include n=0 and n=1, viz.

L. ...7]°%= do not perform the manipulations indicated within the brackets

r....J 15_ perform the manipulations indicated within the brackets
exactly once

then we may combine the results of our previous investigations into a collec-
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tion of assertions about an extremely general Osage-type construction®:

Y5

|=> 0.A:D1| I:_J>(5_f)ﬂ T 605 Sanm | -
i < . i 3

LGH T (2£)#05] 5 (A£)#01|: (>>R2:>>R5)™ : (>>L2:>>15)” :

- = S X

T (5m#| T (2014 N1|:: 2L(1-£A\): <2(4):005| (palms away)

where n=0,1,2,3,4, ...; i=0,1; and j=0,1. The total number of central dia-
monds produced by this construction is  2n+(i+j)+4. Specifically, in
tabular form

# Diamonds n i bl Name
4 0 0 0 Osage Diamonds
5 0 1 0 Osage 5-Diamonds, right
] [ 1 Osage 5-Diamonds, left
6 0 1 1 Osage 6*-Diamonds
1 0 0 Osage 6-Diamonds
7 1 0 1 Osage 7-Diamonds, right
1 1 0 Osage 7~Diamonds, left
8 1 1 1 Osage B*-Diamonds
2 0 0 Osage 8-Diamonds
9 2 1 0 Osage 9-Diamonds, right
2 0 1 Osage 9-Diamonds, left
10 2 1 1 Osage 10*-Diamonds
3 0 0 Osage 10-Diamonds
11 3 1 0 Osage 1l1-Diamonds, right
3 0 1 Osage ll-Diamonds, left
12 3 1 1 Osage 12*-Diamonds
4 0 0 Osage 12-Diamonds
13 4 1 0 Osage 13-Diamonds, right
4 0 1 Osage 13-Diamonds, left

et cetera. Since the expression 2n+(i+j)+4 runs over all natural numbers
greater than or equal to 4, as n, i, and j run over their respective ranges,
it follows that for every natural number n>4 there exists a string-figure
"Osage n-Diamonds"; in fact, for n>4, there exists more than one such (dis-
tinct) figure. And our analysis of this sequence of figures gives much char-
acteristic information about the individual elements of the sequence. Rather

than pursue this further, we now turn our attention to the case n<4, for com—

pleteness of the discussion.

The figure Osage 2-Diamonds is constructed by the manipulational sequence
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0. N |*T (54| T (2m# N1 TY(1-A): <2 (1 :05] (palms avay),

Note that the third movement has "5f" for its argument, in contradistinction

to the "usual" Osage-extension.

(2 (o)W 4 _@'Rl
X3 / .
\ n (40

*2

Fig. 39: Osage 2-Diamonds

= Ll: x1(@): x2(U): x3(@): x4(P): x5(U): x6(B); x7(D): xB(U): x9(U):
x10(@): x11(U): x12(U): R2: x12(P): x13(U): x14(D): x5(P): x4(V):
x15(0) : L2: X15(U): x3(U): x2(@): x1{(U): x16(U): x17(P): x6(U):
x14(U): x13(@): x11(®): x10(U): x9(P): Rl: xB(P): x7(V): x17(U):
x16(0) B
We now attempt the full-twist augmentation procedure on this figure, by in-
serting the appropriate twisting move at the ¥ appearing in the above con-

struction. The results of this experiment include

Fig. 40: Osage 1-Diamond (<<R2:<<R5),

> L1: x1(U): x2(®): x3(U): x1(@): x4(P): x5(U): x6(U): x7(d): xB(U):
x9(U): R2: x9(®): x10(U): x11(®): x12(P): L2: x12(U): x3(D):
x2(U): x11(U): x10(®): x8(@): x7(U): x6(P): Ri: x5(0): x4(U) B
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Also -

Fig. 41: Osage 3-Diamonds (>>L2:>>L5),

|=> Ll: x1(@): x2(U): x3(D): x4(D): x5(U): x6(D): x7(®): xB(U): x9(V):
X10(®): x11(@): x12(U): x13(U): xX14(@): x15(U): x16(U): R2: X16(QD):
xX17(U): x18(@): x19(U): x20(@): x5(P): x4(U): x21(P): L2: x21(U):
X3(U): x2(@): xX1{U): x22(U): x23(D): x6(U): x20(U): x19(P): x9(D):
x10(U): x1B(U): x17{®): x15(®): x14(U): x13(D): R1l: x121P): x11(U):
X8(®): x7(V): x23(U): x22(0) M

We remark that, for example, the inserted phrase "<<L2:<<L5" at X produces

Fig. 41 except that the parities of the (simple) crossings x6, x7, x8, x19, x20
of that figure are reversed. Inserting the phrase ">>»R2:>>R5" produces a de-
generate "two-diamond-like" figure, whose leftmost diamond twists doubly about
each of the near (ln) and far (2n) strings. Finally, we remark that insertion
of the phrase ">>R2:>>R5:>>L2:>>L5" at X in the above construction produces a
4-diamond-type of figqure all of whose mutual, central, boundary crossings are
simple. We may refer to this figure as Osage 4*-Diamonds, by analogy with our
previous discussion( cf, augmentation procedure, page 79, Fig. 35). In general
then, -- as in the case for the Brochoi (see page 40) -- for each natural num-
ber, n, we may produce a string-figure "Osage n~Diamonds; length of string per-
mitting.

There are many more figures surrounding the Osage Diamonds corrpiex which
are interesting, beautiful, and directly analyzable by the methods developed
here. We shall content ourselves with a single example thereof. Suppose that
we preface the Osage 2-Diamonds construction with the Magical Osage-prefix, i.e.

0.a:01| LGB Te0s| Saor0u]: Dot T et vl Sha-A):

<2 {#):035] (palms away),

The resulting string-position is that of Fig. 28; that is, Osage Diamonds.
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in fact, a "Heart“-sec-;uence analysis of the present construction reveals that
it differs from the "Heart"-sequence for the previous construction only as to
at what point in the manipulation sequence the twist (s) on the 5a's occurs -~
a matter of indifference to the (schema for) the final figure. Our position,
in these notes, is that this construction should not be called "Osage Diamonds"”
but, rather, an equivalent of that figure —— that is, that a string-figure con-
sists of both its construction and its final design. Thus, the final design of
the strinq—?f—';gure Osage Diamonds admits two distinct —- but closely related (via
the "Heart"-sequence) —-- constructions. We shall have more to say about this
matter when it arises subsequently, in context.

we conclude our discussion of Osage Diamonds with a presentation of two
"derivative" string-figures -~- one, amusing and "catchy"; the other beautiful
and profound. The first is a simple continuation -- requiring some dexterity —-
of the parent figure, called "Flies on Flypaper" Eﬁ & M. Jackson: String Games,
pages 26-27}

Construct Osage Diamonds and -- rotating the figure 9§ in its plane (either
direction) -- lay figure down on a flat surface in front of you, and release

both hands from the string.

Fig. 42.A: Flies, preparatory to "catching”" them,

Turn hands with fingers pointing down, and insert 2 in diamond 11 and 1 in
diamond 111, as indicated in Fig. 42.A, above. Now, pulling crisply and sharply
to the sides -- while simultaneously spreading 1 and 2 widely apart —— raise
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the figure off the flat surface to an extension in front of you, palms facing
away from body.

Fig. 42.B: Flies, "caught",

Depending on speed, timing, and coordination, you will catch 0, 1, or 2 flies,
as above.

f—wa'u'%

Fig. 42.C: Detail of "Fly" (knot),

The second figure, “Osage Diamonds on a Bridge", is contemporarily
known as "Amanohashidate" [Bridge to Heaven -- cf. L. Dickey: 5tri Figures
From Hawaii, Fig. 66; Ana Paakai (Salt cave]].
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Fig. 43: Bridge to Heaven,

0.A: 335 (myapit| L 0¥ T 26)#0s] S o a0 T(sn)#| T (2n & 2345n)#

N(jio):: ‘2‘.}(1—&): <2 (#):05) (palms away): There is now a far hang-
ing-loop over the 2n string; toss this towards you over central figure
so that it crosses the 1o on either side: hook ? over this loosely
hanging string: T)J,(lco) -- allowing these (former) lo's to slip off
thunbs | (palms away),

Notes on the construction: (DThe 2345m, created at step 2 of the construction,
must remain on 2345 during subsequent manipulations; i.e. do not allow this to
slip over 1 down to wrists (as in Fig.26, The Sun -~ page 48) . The_move
"N(Ql@) " means, of course, to releaseplm from 1 over both ulm's. @% shall,
later, introduce notation to encompass "hooked" finger-positions and "hanging”
loops; this will obviate the final littoral steps in the construction, and re-
duce the entirety of the manipulation sequence to the Calculus.

We remark that any of the Osage n-Diamonds figures may be put on a bridge.
Below is the result for the case n=6:
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- Fig. 44: Osage 6-Diamonds, "on a bridge",

Finally, we mention that many figures may be "put on a bridge": a con- v
temporary example, "Earthrise" (below), is -- in reality -- our old friend, the
Brochos (plus Osage-extension = Nelo) on a bridge. The construction, below,
is not precisely "as collected" but, rather, represents the author's later
attempt to reconstruct the figure.

0.a:05] S(26)4] 0.AMith 3): BB HOL| L (5E)405]: 3 >5: T (5m) ¥
S0 20513: T (2n & 234504 N Qo) s TY11-A): Dtew) ::
hook 3 down over that string now held down by 2, where that string
crosses the 3@: 3 \(3m):: <2 & 3 [releasing former 2m & 3@]:O15]

(palms away): toss far hanging loop towards you to near side of figure:
hook T’ over near hanging string: i_>¢,(1®) | (palms away). Extend fingers
widely, 3 well above 2:[13],
Notes on the construction: The role of 3 in the latter stages of this construc-
tion is to 1lift figure well up onto "bridge", ensuring a clean extension. The

final release of 3 drops central "Sun" figure onto this bridge with no “sag"
in lateral support strings. As is often the case with more complicated figures,
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some practice and experimentation is necessary to achieve the intermediate
string-tensions necéssary for a crisp final extension. We believe that this
figure is well worth the time and effort involved.

Fig. 45: Earthrise,

--~- End Osage Diamonds Discussion ----
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OSAGE DIAMONDS NOTES

@ (page 68) Note that the X-crossings 17. XB may equally well be represented

in the X-Dictionary by their symmetric self-equivalents

Fig. 32': Alternate crossing patterns
Fig. 32

e.g. by "straightening out" b, and examining a's twining about b.

@ (page 8l1) For example, tie (anykind of) knot at the crossing, x1, of
Fig. 29.1I: B

Fig. 29.I1': Crossing x1 replaced by a knot

Now complete the construction of Osage Diamonds. The result is Osage Diamonds —-
i.e. Fig. 28 -- with the central crossing, x10, replaced by the knot in question.

@ (page 83) Note this is not the most general construction relative to our
previous investigations. For that, one would replace line 3 of the given con-
struction by
(>>R2)Jl(<<R2)12(>>R5)‘1((<R5))§(>>L2)J"‘(<<L2)32(>>L5)gl(<<L5)

where 0< i,+ i,= k,+k,<1 and 0< j;+ 3= 21* ,225_1: that is, a given finger

may twist (or not) in either direction, at most once. Further, R2 suffers a
twist if and only if RS does; and L2 suffers a twist if and only if L5 does.
we shall content ourselves with the easier (and less general) formula displayed
in the text. '

2

Abraham, A.J.:
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Appendix A: Two "deep" problems arising in passage from linear sequences to
associated schema,

L The discussion on page 72 apparently implicitly asserts that some perfectly
reasonable—appearinc*;a.ndidates for linear sequences have no schema associated
to them. We shall show this to be, indeed, the case via an example derived
from the Osage Diamonds analysis. The following discussion is pitched at the
"gross" level of organization, i.e. with all crossing "fine structure” sup-
pressed: it will then follow that no schema corresponds to our given exanple
for any fine-structure substitution instance.

To that end consider the "gross" linear sequence

> L1: x1: x2: x3: x4: x5: x6: X7: x8: x9: x10: R2: [x12: xll:]x4: X2
x13: L2: x13: x1: x14: x3: x15: x5: x12: x7: x11: x9: Rl: x8: x6:
x15: x14 @

which is the linear sequence associated to Osage Diamonds (cf. page 69), except
i). All crossing fine-structure has been suppressed,
ii). Adjacent elements x11, x12 in the original sequence have been transposed

{ [:] , above).

We show that no ("gross") schema can correspond to this "gross" linear sequence.
Pursuing the 5-Step analysis for this sequence (cf. pages 69-72) we find,

at Step 5, that if there is a schema associated to this sequence, it must look

like

Fig. Al: Schema-so-far,

And we are left with the problem of connecting x11 to x7 without crossing anvl?es
of the existing configuration (note the adjacent pair x7:x11 in the original
linear sequence). Clearly this is not possible for this configuration of nodes
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and (connecting) lines as we've drawn them. The (big) question is: Is it
possible to find a configuration of 19 labeled points, like this one, joined
to each other, as.above, in such a way that two lines cross only at a node of
the configuration? In general, this is a hard problem -- but a branch of
mathematics, called Graph Theory, has successfully addressed it. The follow-
ing is an introduction to that beautiful subject.

By a graph we shall mean a collection of points —- called nodes -- and
a collection of line-segments -- called lines —- joining some of these, in
pairs. The nodes will be named (labeled) from the sets

Li, L2, ...; R, R2, ...

{xl, X2, X3, ...

and -- if nodes xi and xj are joined by a line — we shall denote this line
by the unordered pair {xi, xj} , and say that nodes xi and xj are adjacent.
In this case we write either

xi adj xj or xj adj xi;
i.e. "adjacency" is a symmetric relation. If there is no line joining nodes
xi and xj, we say that xi and xj are nonadjacent, and write xi 9(] xj. Fi-
nally, the total number of lines meeting a given node xi is called the degree
of xi, and written deg(xi).

Now a linear sequence prescribes a set of nodes (the distinct elements
of the sequence) and a set of adjacencies between these nodes. Specifically,
if xi and xj occur in the given linear sequence, then

xi adj xj = xi and xj occur as adjacent entries some-
where in the given seguence.
Thus, in this case, the concept of "graphical adjacency”" is a direct trans-
lation of the adjacency (juxtaposition) between sequence elements.

After these definitions and observations,the geometric configuration

"Schema-so~far" of Fig. Al is, clearly, a graph*:

* . )
Technically —- because of the dual adjacencies between L2 and x13 (or R2
and x10) -- this is a "multigraph", a minor "nicety" of no conseguence to
our present discussion.
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Fig. A2: The Graph of Schema-so-far,

A graph is said to be planar if it can be drawn in the plane in such a way
that two lines cross only at a node of the graph. For example, consider the
graph, K4, in the following diagram:

- Xt *2
L ETTTTRS :
ALKy _.__.4__._._.___5_.__Kq_"._.;__‘

Fig. A3: The planar graph K4 .

Note that, in part A of Fig. A3, the graph K4 has been drawn in such a way
that two of its edges —- {xl, x3} and {x?., x4j -~ cross at a point which is
not one of the four nodes of the graph. Thus K 4 may be drawn in such a way
that it does not "appear" to be planar. That K4 ;1___5, indeed, planar is verified
by the companion configuration, Fig.A3.B; this is a graph with exactly the
nodes and adjacencies of Fig. A3.A —- i.e. K 4 —— and, since these define a
graph, this is l(4 also. Finally since two lines of Fig. A3.B meet only at
nodes of this graph, K4 is plapar -- by definition. We may think of node x1
of Fig. A3.A as being "slid" down into the triangle formed by nodes x2, x3,
X4 to create Fig. A3.B; this is analogous to how strings slide across one an-
other during construction of a figure.

We wish to show, returning to the example, that the graph of Fig. A2 is
not planar and, hence, that the proposed schema of Fig. Al is not a schema at
all; as any drawing thereof entails strings which must intersect at nonexis-
tent crossings M. crossings not explicitly appearing in the original lin-
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ear sequencé]. Thus, no schema can correspond to that linear sequence, and the
analysis of this example will be complete.

Two distinguished nonplanar graphs, K5 and K3’3, play a central role in
our discussion of planarity:

Fig. A4: The nonplanar graphs K5 and K3 3
I’

and we shall need to introduce two more definitions; the first is the idea

of a subgraph of a given graph. This is any graph obtained from the given
graph by any sequence of erasures of the latter's lines and/or nodes ['Ngt_e:
when a node is deleted, all lines incident to that node must also be deleted].
So, for example

xb xg
Fig. AS: A subgraph of Fig. A2

the graph of Fig. AS is obtained from that of Fig. A2 by the erasure of nodes
11, L2, Ri, R2, x1, x2, X3, x13, x14, x15

and of lines {x6, x7}, i_xll, le}; hence this graph is a subgraph of the graph of

Fig. A2 —- by definition.

The second (and last!)concept needed to finish our present foray into the sub-
ject of planarity of graphs is that of homeomorphism between two graphs. This
is defined in terms of insertion and deletion of nodes of degree 2 into a given

graph.
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x1 X2 x1 x3 x2
> > —=
Fig. A6: Insertion of a node (x3) of degree 2,

To insert a node of degree 2 into a given graph, we create a new node on any
existing line of the graph. Similarly,

L \

Fig. A7: Deletion of a node (x2) of degree 2,

To delete a node of degree 2 from a given graph, we choose any node of degree
2 in the graph (e.g. node x2 in Fig. A7, above), erase it, and create a new
adjacency between the two nodes which were adjacent to the given node (e.g.
nodes x1, x3 in Fig. A7, above; the new adjacency {xl, x31 is created in the
deletion graph). We remark that, so defined, the above two operations on
graphs are "inverses" of each other.

We now define two graphs to be homeomorphic if one can be derived from
the other by a finite sequence of insertions and/or deletions of nodes of de-
gree 2; in this case, there is said to be an homeomorphism between the two graphs
in question. For example, the nodes x4, x6, x10 of Fig. A5 are all of degree 2
whence, suppressing them, we get

Fig. AB: A graph homeomorphic to Fig. A5
and the graph on the right is homeomorphic to that on the left (Fig. AS).
The nodes of degree 2 —- to be deleted — on the left are O'ed, the new lines
(adjacencies) created by the deletion process appear in red on the right.
Note that the right-hand graph may alternately be drawn
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. XB O xib X1

Fig. A9: A homeomorph of Fig. AS.

which is more easily recognizable as the non-planar graph K3'3(Fig. Ad). We

may now state the fundamental necessary and sufficient condition for planarity

of a given graph D( Kuratowski: "Sur le probleme des courbes gauches en topologie”,
Fundamenta Mathematica, Vol. 15 (1930), pp. 271-283]:

Theorem A: A graph is planar if and only if it has no subgraph homeomor-
phic to KS or K3’3.

The implicationof this beautiful theorem for our present example, the graph of
Fig. A2, is that -- since the graph of Fig. A5 is a subgraph which is homeomor-
phic to the graph of Fig. A9, i.e. K3'3 -~ the given graph is nonplanar. Hence,
every attempt to draw this graph in the plane must result in lines which cross
at points other then nodes of the graph. But, if this were the graph of a legit-
imate string-figure schema, all line-crossings would have to be listed as nodes
of the graph —- by definition. This contradiction shows that the original gross
linear sequence cannot give rise to a string-figure schema and, hence, there is
no way a fine-structure of crossing types based on this gross linear seguence
can lead to a legitimate schema. The method of analysis is entirely general,
and may be used in all cases to investigate the “legitimacy" of proposed linear
sequences.
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Appendix A (Cont'd.)

2. A second problem concerning perfectly reasonable-appearing candidates for
linear sequences is illustrated by the following example. Consider the pro-
posed linear sequence (this time, with fine structure))

|=--> Ll: x1(U): x2(U): L5: x3(U): x4(0): Rl: x5(U): x1(D): L2: x2(D):
x3(®): R5: x4(U): x5(0) @

Here a (much easier) analogue of the 5-Step Analysis (cf. pages 69-72) leads
us directly to the proposed schema

Fig. A10: Schema-so-far

which is reminiscent of the schemata of Fig. 6 (page 7), and appears to be en-
tirely reasonable. However, attempting to lace the closed loop of string about
your fingers in conformance with the above diagram quickly convinces you that
something is very much amiss here!

To discover what this is, we analyze Fig. Al0:

o RS Note: x2, X3 of

e e e e e i e e Fig. Al0 become
extension-cancellable,

S KV w/ _ upon [JL5, by Lemma 2.B.

T S
X5

Fig. All: Fig. A10:[]L5%,
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Fig. Al2: Fig. AlO: DLS#L1¥,

Fig. Al3: Fig. A10:0JLS#CJL1#CIRL,

And here we recognlze the configuration {xl, X4, xS} of simple crossings as
the overhand knot . But, the closed loop cannot be continuously deformed into
the configuration of Fig. Al3 -- with its horrid constituent knot! Mathemati-
cians say that the two configurations are not "topologically equivalent".

RS

Fig. Al4; Topologically inequivalent configurations,

Hence, the proposed linear sequence currently under consideration is not a
linear sequence for string figures formed from the usual simple closed loop of
string. We shall have to address this situation more completely when it next

arises in our developing analysis of string-figures. For the time being, however,

—
Also known as the "half-hitch"
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we shall be content with calling attention thereto by means of a single example.

As a closing remark to the present section, we opine that it is an intu-
itive recognition of the topological inequivalence of the plain and knotted
strings which lends charm and memorability  to the classic, widely-known string
trick the "Impossible Knot"[cf. R.M. Abraham: Diversions and Pastimes, No. 243 -
which uses a ring in the workingl:

Fig. Al15.1: Impossible Knot,

1. A plain piece of string (i.e. not a loop) is held at either end between
L1 & L2 and Rl & R2, and allowed to hang loosely in front of you.

_Rn J—

Fig. A15.11: Impossible Knot,

11. Pass R12 toward, and to the near side of LW, then around behind, and to the
far side of IW, and back to its initial position. This will create a left-hand
hanging loop (Lh@), composed of the L12 string, running down, then up, to be-

come Lin.

Fig. A15.1I1: Impossible Knot,
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I111. Again pass R12 toward, and to the near side of LW; then pass R12 away from
you through Lhe and pick up on the back of R {the whole right hand) the LWf-
string. R returns(#) back towards you through Lher to its initial position.
[The string picked up by R becomes RWm].

You are now ready to tie the Impossible Knot. The three previous moves have
been somewhat slowly and openly done, an&’??esulting Fig. Al5.1I1 displayed to
the audience. You will notice that the R12 string passes to the center of the
figure, through a small ring -- whose strings are a continuation of the L12-
string -- and thence to the far side of RW.

A2 f1a

Fig. Al15.1IV: The Impossible Knot,
1V. >B, releasing both Wam's in the process, while simultaneously [QR12 and
regrasp this same string after it has passed through the Ll2-ring (i.e. at the
point marked O in Fig. A15.111). Continue >B back up to initial position |
(gently).
This last move is to appear as a "shrugging off" of the Wm's by a smooth rota-
tion of the hands (>>B). The release and regrasp of R12 is entirely natural,
as the point marked O comes directly into R during the movement ¥.

---- End Appendix A =-—-
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APPENDIX NOTES

@ {page 104) Or the underwhelming "Can You Make It?" knot trick E‘.J. Rigney

Cub Scout Magic, p. 76]. We quote,
First fold your arms and then take the rope ends.... Unfold your arms
ahd the knot is made. You may have to shake it off your wrists....
[See Fig. A15.1V].

I may have to be helped across the street.

@ (page 105) This is also to be found in J. Ould: Hindu Rope Book, "The
Puzzle Knot", page 9; but this reference is almost impossible to obtain in

recent years.
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IV. CROWS FEET

The second widely known string figure -- in addition to the foregoing
Osage Diamonds —- is the design Crows Feet [P.G. Brewster: "String Figures
and Tricks from the United States", Fig. 2 -- "Crow Foot'ﬂ. Although O.A is
frequently used to initiate this figure, the construction below begins with
what has traditionally come to be known as "Japanese Opening A" -- O.JA.

0.9n = 0.1: 3(Lp)t TT§(R3w): LY (RRIFI,

That is, Japanese Opening A is "Opening A with the middle-fingers". The con-
struction, below, is very easy:

Crows Feet: 0.JA: 9375 (1n)# O1| 7345® —w: §o—>1: RD—>3::
S (3£):5 (sn)4 N5: 1

Construction Note: In the antepenultimate (complex) 5 move, 5 hooks towards you

over 3f from above, and pulls this string away over its own near string (5n),
which it then dips down under and picks up —— from below -- on its back. The

3f string is thus released from 5 upon #. At this point we have a new, unusual,
situation for the two loops on 5: the uSf-string proceeds to 5, across the back
and to the near side of 5, and down into the 3w (i.e. over 3f); from there it
proceeds directly back to (the near side of) 5 —- to become the ’Sm —~- across
the back of, and to the far side of 5, where it becomes the YSf-string.

5@ e\ o/a
L3

O
u? | X

ﬁ)ﬂ J/ Xo

Fig. 45: Crows Feet

= L3: x1(U): x2(D): x3(U): x4(U): x5(U): x6{U): x7(d): xB(U): R3: x9(0) :
X5 (0): R5: x6(0): x7(V): x8(0): x9(D): x10(®) : x1(@): x2(U): x3(D):
15: x4(P): x10(U) W

We proceed with an abbreviated ‘constructional analysis, again recording the

crossing alias transformations as we go:



ol -

R3

XA TN R

Fig. 46.1: Crows Feet; O. JA,

> Ll: x1(®): R3: x2(@): L5: RS: x2(U): L3: x1(U): R1 &

For the next string-position of the construction, we require a frame-node
corresponding to W; this we append as the near-most node of the schema.

w (@ xr—‘(n @) RW

Pig. 46.11: Crows Feet: 0. JA: $345(1n)# (J1| T345@ —>W.

H TW: x1(U): x2(U): RW: x2(@): x3(U): L3: x4(U): R5: L5: x4(®): R3:
x3(0): x1(0) A
Note that, in reality, only the manipulation ">‘173—> W" has taken place between
Fig. 46.1 and Fig. 46.1. A "complete" intermediary analysis devolves into an
exercise in the renaming of frame-nodes in the above schema.

Fig. 46.1 Fig. 46.01
x1 _ x3
x2 —_ x4

The crossings x1, x2 are created by the movement >1'75>>—>w applied to Fig. 46.1.

Fig. 46.1I0: Crows Feet; O.JA: 5345(_]31_”[]1] 2345«% ->W: 3‘5—)1: W'Eg -3,
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lﬂ Ll: x1(U): x2(U): x3{(U): RS5: L5: x4(U): x2(@): x5(U): Rl: x6(U): x1(0)
L3: X4(0): x3(P): R3: x5(0): x6(0) &

Fig. 46.1 Fig. 46.II
x1 —> x1
X2 — x5
x3 —> %6
x4 — x2

The crossings x3, x4 are created by the movement (s) §6 —>1: w&>>—>3 applied to
Fig. 46.1.

Fig. 46.IV: Crows Feet: 0.JA: 3345 (ln)#[D1| 2345 —>w:
§o->1: wo—>3:: S3£): 5 (50,
B Ll: x1(U): x2(U): x3(®): x4(D): uRS: x5(D): x6(D): x7(U) :fR5: x5(U):
x4(U): x8(U): x9(U): ELS: x10(U): x11(®): x9(D): uL5: xB(D):
x12 (@) : x2(®): x13(U): Rl: x14(U): x1(@): L3: x10(D): %x11(V):
x12(U): x3(U): x6(U): x7(P): R3: x13(®): x14(0) @

Fig. 46.1I Fig. 46.1V
x1 - x1
%2 — X2
x3 — x7
x4 — x10
X5 e x13
X6 —_ x14

The crossings x3, x4, x5, x6, x8, x9, x11,x12 are created by the movement (s)
§ (3£): 57(5n)# applied to Fig. 46.II.



Here all crossings are accounted for:

—_— P
Fig. 46.V: Crows Feet; O.JA: 5345(_&)#[]1[ 2345@ HW: 3o—>1:
Vi 311 5 (3f) : 57(5n)# NS:

B 11: x1(0):
X9 (@) : x10(U): x11(@): L5: x12(@): x3(P): x8(U):
x1{@): L3: x9(VU): x10(®) : x11(U): x12(0): x4 (U):

x2(U): x3(U): x4(®): RS: X5(@): x6(U): x7(®): x8(D): X2(P):

R3: x13(®): x14(0) A

x13(U): Rl: x14(U):
x5(U): x6(@): x7(U):

Fig. 46.1V Fig. 46.V Fig. 46.1IV Fig. 46.V
X1 —-> x1 x8 - x2
X2 b d x3 x9 - x9
x3 rd x4 x10 - x10
x4 —> %8 x11 - x11
x5 —> x7 x12 - x12
x6 bd x5 x13 bl x13
x7 - x6 x14 - x14

and Fig. 46.V is one-to-one.

The figure Crows Feet (Fig. 45)

the alias transformation between Fig. 46.1V

is now obtaine(#'rom that of Fig. 46.V via

"[]1|" whose alias crossing transformation is apparent. In particular, x13, x14

become extension

tion

—cancellable by Lemma 2.B and —- upon performing this cancella-

-~ x1, %3 become extension—cancellable (also by Lemma 2.B). Thus, explicitly,

Fig. 46.V Fig. 45
c. x1 - [
x2 - x9
c. x3 b d @
x4 —_ x5
x5 - X6
x6 e x7
x7 —_ x8

Fig. 46.V Fig. 45
x8 - x10
X9 - x1
%10 b d x2
X11 - x3
x12 s x4
c. x13 - [
C. x14 —> ¢
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This completes the crossing-specific constructional analysis for the string-
figure Crows Feet.
The "Heart"-sequence for this figure is particularly short, and sweet:

=
0.A: >iw —3: { L2® —>RS5 }: NS |
R2m.} (R3@) : R2®,—>L5

Note that, in particular, the R2m passes under the (moving) L2® on its way to
L5; further, L5 enters this loop from the same direction (i.e., below) as did R2.
Et cetera. in fact, the manipulation sequence O.A: > 1_5>—>3 results, directly,
in the schema of Fig. 46.1II, with the nodes L1, Rl relabeled L2, R2, respec-
tively. We find “"source" cognizance of the eguivalence of the manipulational
sequences

$§375 (1n) 4 D1 | 73956 oW: TBo1: Wo -3 = STd—3: o1
on the string-position O.A in the figure “A Drum” D( Haddon and H.A. Treleaven:
"Some Nigerian String Figures", No. il

A Drum: 0.A: >IB —3:: T (3w): L (5n)#| € (1n)# D1} ns: O2|
And the further eguivalence
S (35): 5 5m4 = TG L smh] § uin 4 01
on Fig. 46.10 -- producing Fig. 46.IV -- is also demonstrated by this construc-
tion. The figures Crows Feet and A Drum are identical (as to final design),
and constructionally-equivalent (having identical "Heart"-sequences) .

Similarly, in the figure'Duck's Feet I"{P.H. Buck:"Samoan Material Cul-
ture", page 558_—_] we have

buck's Feet I: 0.A: 20—>1: >{Id —3#|:: SY(3m): 5 (5n)4 N5

-~ where the movement " >]1_cn>—>3"implies *N1" -- whose final exten-
sion is achieved by the latter equivalence. Further, here, the initial segment,
0.A: 200 =1 >§Td —>34|
results in a string-position which is the same as that of the schema of Fig.
46.10 except that the parities of crossings x5, x6 are reversed. This is,
again, a matter of no conseqguence to the final design as, at the final step of
the construction —-[J1| -- these crossings are extension-cancellable, as before.
[Now the sequence is {x1, x6} = ¢ followed by {xz, x5} = é]. In both cases --
i.e. Crows Feet and Duck's Feet I -- the crossings x1, x2, X5, x6 are pairwise
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extension-cancellable upon [J1; only the order of the cancellation changes. The
final designs are, thus, identical. (This in distinction to the similar-looking
contemporary figure

Hen's Feet: O0.A: 2 —1:>{T@=>3#{:: S(30): & (5014 NS|CIL4]
whose final design lacks ">>5" from being identical to that of Crow's Feet-:].

In terms of complex crossings, the schema for the string-figure Crows Feet
exhibits only 2 such —- as compared with the 10 simple crossings of the original
schema (Fig. 45).

5@\ > RS
13 “ _“ R3

Fig. 47: Crows Feet, labeled for complex crossings ,

Again, this is a gross-schema whose fine-structure is recoverable from the com-

position
Fig. 47 Fig. 45
x1 —_— x1l, x2, x3, x4, x10
x2 -_ x5, x6, X7, %8, x9.

Thus, in Fig. 47, we find o (x1) = o (x2) = 3, ’X(xl] = ‘X(xz) = 5. To
exhibit the (complex) linear-sequence associated to the schema of Fig. 47, we
must add two new entries to the X-Dictionary —- corresponding to the two new

types of complex crossings encountered in this schema:
Vd ~N /
/ N
Y © d \
K
o

\

R
LN t,/x

-—

Fig. 48: X - Dictionary (Continued),
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These two new entries are essentially distinet — 'though obviously related,
geometrically —- and are necessary to the complex crossing-analysis of the Crows

Feet. In terms of them, the asscciated (complex) linear seguence may be written

|= L3: x1(9,a+): x2(10,a~): R3: x2(10,c-): RS: x2(10,b-): x1(3,b+}): L5:
X1(9,c+) w

We remark that, for example, the complex crossing xg may present itself in either
of two equivalent forms

Y
%5 X.. mﬁ/)/\}‘b Rq8

Fig. 49: Equivalents of )xg

depending on thickness of string, and individual string tensions; a symmetric
pair of presentations exists for xlO' As X(XQ.A) =X (xg.B) =6>5 = X(xgj,
these are not the simplest presentations of this complex crossing, and -- when
met with -- we shall always assume (or arrange strings so} that the crossing is
in the "canonical" presentation of Xg. Et cetera. The analogous statements
for the related complex crossing xlO also apply and will be assumed, by symmetry.
Let us now take a closer look at the complex crossings Xg. X, of the
Crows Feet, with an eye to their composition. In terms of known entries of the
X-Dictionary, we find

7 N

C

x4 c
a X q
. b b

reversed ; we shall denoted this by xa (a-b,c). Similarly, in these terms,

complex crossing x2 is X7(a,—b,c). Thus, these two crossings, X.,, xs -- which
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arose in connection with the string-figure Osage Diamonds -- are fundamental

to the discussion of the Crows Feet. But we know how X_, X, arise from the

v
Osage extension and, in fact, have two separate ways to7viewB their construction
['Ef_. page 64, bottom and pages 66-67:]. Each viewpoint gives rise to a class of
constructions for the figure Crows Feet, as discussed below.

We discuss a left bilaterally-specific construction of complex crossings
X xe; the right-constructions will then follow from the symmetry of the sit-
uation. Form the string-position resulting from the Calculus string

0.1: f3(1p)#|

Which leaves L with two loops: an Llam and an L5m.
1. Now perform
A. ﬁf_ﬂ,(LSm): Bring 51_2 and seize between them the Llf-string: draw this
string away from you, up through the L5, then towards you and hang
it on L1 (OR12's tenure of this string): N(L1)#|
The result is the creation of complex crossing X7 on string. Similarly, per-
form the symmetric
B. v J(Llo): Pass R12 and seize between them the LSn-string: pull
this string towards you, up through the Llwm, then away from you
and hang it on LS ([JR12's tenure of this string): N(LS) #|
This time the result is the creation of complex crossing Xa on the Lp-string.
We should not be surprised to see a class of constructions for the figure Crows
Feet which are basically analyzable as
Use Method 1 to create x7 or XB on the palmar -string; release some loop
on the opposite hand, which passes through the center of the figure to
engage this complex crossing (like the string labeled "c" in the two
cases of Fig. 50).
Indeed, the constructions met with so far are all of this type, for Method 1.B.
Using Method I.B, we see that Crows Feet admits the bilaterally specific
construction

0.1t 1. f3(Lp)# >LI®->L3:: Ll (L3e): Ly (Lsn)# £5(Lin)#OL1]s
N(L5): (JR2|: Repeat Step 1, interchanging L and R
we shall adopt the notation
~/  ———= repeat
$R\Ls --—  interchange "L" and "R"
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whence, as with Osage Diamonds, the string-figure Crows Feet may be constructed
varound” a central knot. That is, starting with "0.1 + knot", viz.

Fig. 51: 0.1 + knot

-- where any kind of a knot has been tied at x1 -- and proceeding with any of
the previous (Method 1) constructions of this section, we shall produce "Crows
Feet + knot", viz.

Fig. 52: Crows Feet + knot,

Further, if F is the generic functor (finger), and we are given any string-
position in which there exists an Fo, then Method 1.B may be employed to create
a"Crows Foot" out of the Fm: We illustrate this for the L2 in O.A: Crows
Feet ending,
0.A: LIB—>115:F3 (Lp)#| >UTIBS—>L3::L1} (L3) :LL(uLSn) 4 5 (uLin) ¢
DuLlm: (MLS®)NLS: : £30—>L2: uL50—>L3% QuR2m| ,

This is the original string-position (i.e. O.A), with the L2wm re-
placed by a "Crows Foot" on L2 and L3, [-c_f J. Elffers and M. Schuyt: Cat's
Cradles and Other String Figures, p. 195:]. The procedure is,of course, entirely

general.
The symmetric bilaterally specific construction of Crows Feet based on
Method I.A is given by

0.1: 1. Tipit <fFmo13:: T} (L) sL5(LLE) ¢ LT (L5£) 40L5 |:
N(L1) :OR2|t ]l (FR\Da) #]
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And “"source" confirmation for this construction is to be found in the Maori
string figure'Matamata Ka.rehu"[A. Armstrong: Maori Games and Hakas, Nofd

0.1: T(5£)# 1°(2£)% N1: O5|

which lacks "<lm|" of being the canonical pseudo-Crows Feet@ fpf course, all
constructions have their symmetric counterparts (cf. "looking at the construc-
tion from the "wrong' side of the hands" -- page 36).
referent, we shall generally elide these. |
We return to the original strmg~p051t10n,
0.1: B up) | .

I1. Now perform
A. L§5-91A::

Pass L1 and place it over the Ldn-string: pass I?JJ, this
loop and pick up L4n from below #(L1):: m (L4®) : _I:.l;o)—>L5::DL4ﬂ|
This creates X on the Lp-string. Similarly
B. Ll_cg->L2 15 and place it over the L2f-string: pass LSJ, this loop
and pick up L2f from below #(L5):: I.%@.L {L2w) : LSao->L1::[JL2#|
This time the result is the creation of XB on the Lp-string.Again, we should
not be surprised to see a class of constructions for the figure Crows Feet which
are basically analyzable as
Use Method O to create x7 or X, on p; release some loop from the opposite

8
hand.

We choose three figures of Crows Feet~type which arise from the Method II1.B
construction of the fundamental xa-type crossing. The first of these is»Mashiri
Mana"El. Tracey: 'String Figures (Madandi) Found in Southern Rhodesia", No. 9]:

0.A: T (5n)# 05| ::S(uim) 5 (f1£)# N1: 02,
The second figure is 'Matamata Karehu"[J.C. Andersen:
Figures, No. 17]:
—> > 5
O.A: 2@—>W: T (5n)#% 3(1f)4 N1]|:[ds5:0Ow|,

Maori String

Note that a figure with this name was previously given as an example of a Method
1.B-type construction,[toP of page:]. The present figure is identical as to final
design, butlis quite distinct as to construction. Identification of the two dis-
similar-appearing viewpoints represented by Methods 1.B and II.B is required to
analyze the two figures' similarity, and this is non-trivial.

The final Method I.B-type construction we shall give is the amazing "I'wo

In the absence of a “source"
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Devilfish®[J. Averkieva: Kwakiutl String Games, Nos. 378, 38BJ:
O.A: : T (5n) gulm) (3(#)[:thus picking up 1f on 3, and O5n-
string from 3_] L(Zm) 1 (5n; central to its crossing by
s:1f-3£): >1(4): 05402},

This final design lacks "<lm: >So|" of being identical to the final design of
Crows Feet. [Note that the antepenultimate movement, ">1(#)", of the construc-
tion picks up the 5n-string (after it is crossed by s;1if-3f) on the back of 1
from above]

While we know of no "source" string-figure I-_"pseudo-Crows Foot"} corres-
ponding to construction Method I.A, one is easy to "invent":

0.a: Fd->w:S(a£)# T (sn# N5} O1: 0w,
This is the pseudo—Crows Feet construction analogous to"™atamata Karehu" E\nder—
serﬂ -~ of page 117, bottom. We have merely employed the symmetry of the situ-
ation to turn a Method I.B-type construction into its corresponding Method II.A-
type construction; this may be done with both of the remaining Method II.B-type
constructions, in like manner.

Next we perform the gedanken-experiment of visualizing the figure Crows
Feet as an independent entity in three-dimensional space, divorced from its sup

portive frame (cf. the gedanken-experiment of page 35 for the Brochos). The ba-
sic diagram for the figures under consideration will all have the gross-schema

o—=

Fig. 47.A: Crows Feet, a "gedanken"~-schema
[Note: no frame nodes]

and we shall consider the complex-crossing types of x1, x2 arising from our
various constructions. Basically, there are four such —- considering bilat-
eral specificity -- which, without loss, we shall derive from the Method I
construction (page 115}
crow (L) 0.1: T (Lp) STTw—>L3: : L1} (L3w) : LY, (LSn) ¥ Ts(L1n) 4
N(Ls): Ov1| ORr2],
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We shall call the bilateral mate tc\this construction "Crow (R}"; it is obtained
from the above via the uniform interchange of the symbols "L" and "R", and "=>"
and "&", throughout. These, together, constitute the Method I.B construction.

The symmetric mate to the above construction, we know, produces pseudo-
Crows Feet; whence we define

pseudo-Crow (L): 0.1: £3(1p)# <TBw—>13:: £3) (L3w) L5 (L1E) ¢
£1(Ls£)# N(L1): OLS| OR2|

and its bilateral mate, "pseudo—Crow (R)", obtained from the above by the

exact same uniform symbol-interchanges, as before. We now examine the four dis-
tinct "substitution instances" of the schema of Fig. 47.A which can arise from
mixing the above four constructions: specifically,

A. Crow (L) -- Crow (R)

B. Crow (L) -- pseudo-Crow (R)

C. pseudo-Crow (L) —-- Crow (R)

D. pseudo—Crow (L) -- pseudo—Crow (R),

We consider A. first: we know from the text discussion that
Crows Feet = Crow (L) -- Crow (R).

Let us examine this figure: We know that the crossing x1 (of Fig. 47.A) is
an 19-‘t§;§{1 g‘}}%rlletgg ﬁinéé’ xlo—type. Now construct the figure Crows Feet on
the hands/with fingers pointing down, and lay the figure flat (i.e. "turn the
figure over"): this is, again, a substitution instance of Fig. 47.A. In fact,
the (turned-over) crossing x1 is, again, an Xg-type; while x2 is, again, an xlo.-
type. A string-by-string analysis confirms that this is, indeed, the Crows Feet!
The line joining x1 to x2 in Fig. 47.A is a line of symmetry for the Crows Feet,
and the figure maps into itself under a 18§-rotation in this line (i.e. being
"turned over"). Next we examine rotation of. the figure by 18®, in its own plane,
about a central point of the figure: Again we get a substitution instance of
Fig. 47.A. This time, of ?ourse, x1 is an xlo—type and x2 is an xg-type -~ the
crossings having changed places (in their plane) under the rotation. Now, in a
separate string, construct

Pseudo Crows Feet == pseudo—Crow (L) —- pseudo—Crow (R) ,
A string-by-string comparison confirms that the figures in the two strings are
identical! That is, the Crows Feet goes to pseudo—Crows Feet under 18F-rotation
in the plane of the figure. Of course, we may now infer that pseudo-Crows Feet
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maps into itself under a 18f-rotation in its line of symmetry; that is, pseudo-
Crowt FDE, Jver, info Reeudo croeriFEShle. Thus, with respect to the original ge-
danken perspective, there is one figure, Crows Feet, which has exactly two dis-
tinct presentations: Crows Feet and Pseudo-Crows Feet. This completes the anal-
ysis of constructions of type A. and D., above.

Next we discuss the gedanken figures of type B. construction,
Bogus Crows Feet = Crow (L) -- pseudo—Crow (R},

strictly speaking, this string-"figure" has gross-schema

Fig. 47.B: gedanken-schema, Bogus Crows Feet

and is not a substitution instance of Fig. 47.A [-c_f the illustration for "Morna
Pag", in J. Hormell: “String Figures from Gujarat and Kathiawar", Fig. 4. --
illustrating a classic Crows Feet construction -- for an interesting example of

a non-standard schema for such figures.| Here we know from the construction that
crossing x1 of Fig. 47.B is of Xg-type and, from the previous analysis, that x2

is also of xg—type! Further, Bogus Crows Feet turns over into Bogus Crows Feet
(only an examination of what happens to crossings x3, x4 is needed to confirm
this, after our previous discussion), and -- under 186 rotation in its own plane —
it maps into a figure whose gross-schema is, again, that of Fig.47.B; and, obviousl
both crossings X1, x2 remain of xg—type. (Of course, this latter figure also turns
over into itself). Thus, Bogus Crows Feet exhibits a remarkable "stability" in
that it always presents itself as the same figure, regardless of being turned

over or rotated by 18® in its own plane. Finally, if we "“turn over" the left "foo!
only -- and do this once more -- then we get a genuine substitution instance of
Fig. 47.A, in which crossings x1, X2 are both of xg-type. Calling this figure
Crows Feet (9,9), we see that, a fortiori, all of the above remarks hold for this
new figure (there being no x3, x4-crossings to consider). A more reasonable con-
struction for Crows Feet (9,9), perhaps, is given by prefixing the move ">>L" to
Construction B: specifically,
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B'. Crows Feet {9,9}: O.1: >>L15m: Crow (L} -- pseudo-Crow {R)I*
It remains to discuss Construction C.

Motivated by the previous discussion of (the modified) Construction B, we pro-
pose a similar modification to Construction C: namely the prefixing of "<<KILL" to
this manipulational sequence. Specifically,

C'. Crows Feet (10,10): 0.1l: <<L15w: pseudo-Crow (L) -- Crow(R)I*

where we fully expect to produce a substitution instance of Fig. 47.A,
which exhibits Xlo-type crossings at both nodes x1, x2 of that figure. Indeed,
this is found to be the case. Further, our previous discussion implies that this
figure exhibits the same remarkable "double-stability" enjoyed by Crows Feet(9,9),
as is directly verifiable.

Thus, from the perspective of our original gedanken-experiment, Construction A
producés the string-figure Crows Feet = Crows Feet (9, 10), while D produces
pseudo~Crows Feet = Crows Feet (10, 9); these are, in reality, two presentations
of the same figure (under rotation by 18€ in the plane). Construction B' pro-
duces Crows Feet (9, 9), while C' produces Crows Feet (10, 10); both are stable
under 186 plane rotation, and they are distinct. Further, all three distinct fig-
ures are stable with respect to being "turned over". The author knows of no
"source"-figures of either type Crows Feet (9, 9) or Crows Feet (10, 10).

This completes the gedanken-experiment.

Next we shall present four extended constructions of the Crows Feet, which will
appear as the final design in a series of figures. That is, among the intermediate
string-positions leading to the production of the final design, some will be dis-
tinguished as "string-figures" in their own right. Such figures are termed "ser-
ial" and, since the distinguished intermediate string-position are almost invar-
iably displayed by an extension, we shall amend our "|" notation to include

] --— extend hands to display distinguished intermediate
or final string position.
[briefly, "extend to figure".|
That is, we shall use the symbol "I" to distinguish those string-positions with
"source"-recognition as string-figures. It will be useful to extend owr string-
figure Calculus before launching into these new, lengthier constructions.

*
See discussion of "I" at bottom of page.
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Frequently, in longer series especially, it is difficult to keep multiple
loops/strings on a functor distinct during the actual working. And, many times,
this is unnecessary, as the required string is distinguished u\some characteristic
(i.e. easily discernible) way. For example, perform the manipulation sequence
o 0.Ar T (5mH|
and suppose that the subsequent move in a given construction involves passage of
5_ (ulm) and picking up from below, on its back,one of the ln-strings. Of course,
as written above, the two In-strings are distinct, by convention; but let us sup-
pose the contrary —- that we have allowed the newly picked-up 5n-string to slide
to the base of 1 where it is confusable with the (former) in-string inherited
from O.A. At least in this example, we may distinguish between these two strings

via the referents

in-s --—- the ln-string running straight from thumb to thumb
versus
in-o --- the 1ln-string running obliquely to the central con-

figuration (i.e. not a *straight" string),

Thus, the twc manipulational sequences

0.a: T(sm#l: Tin-s)t|
and

0.a: Tism#|: T in-0)t]
cover both possible eventualities. In general, for generic functor, F, the
F-s string proceeds directly from IF to RF and, as such, "F-s" may be thought of
as a shorthand for our earlier-introduced "s;LF-RF". Et cetera. In the interest
of notational precision, we shall introduce (but rarely use) the symbol "} (F)"
when the strings/loops on functor F heed not be maintained as distinct (Note:
another functor may have distinct strings/loops even though F does not). By
abuse of notation, "}" —- by itself —- will be used to imply that no multiple
loops in a given string position need be kept distinct.

4 -— miltiple loops need not be distinct.

Thus, the original string-position of the present example would be rendered

, 0.a: T (5014 #].
we shall also adopt the convention of referring to multiple strings/loops in a
given string-position by a superscript consisting of a parenthesized natural
number, indicative of their cardinality. For example
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@. —?(ch(z’): _1;(_5_n) --- 1 away over both 2w's,
away under all intermediate strings, and

pick up 5n from below.

@‘ %_(}_{(3‘) --- 5 towards you, over, and pick up

all three 1f-strings from below.
@, >2a)(?) —>5 --- Twist both 2m's 180° away to 5.

Et _cetera. We remark that this notational specificity is extremely helpful,
especially as a "consistency check" in the mastering of a given construction.
More explicitly, if you have but one loop on 2 when you meet an instruction
like @ , above, you have not arrived at the current, correct string-position
for the string-figure under construction.

Often, in complex string manipulations, effecting a given contorted move-
ment on one hand requires the help of the fingers of the other hand. Usually,
(but not invariably) this will involve the thumb and forefinger of the opposite
hand seizing between them a string or loop of the working hand and accomplish~
ing its required passage. We shall indicate such a seizure, say, of L2n by R1
and R2 by the notation

£T°R2 (L2n):

Thus, the manipulative sequence

0.A: L2 —>L4|
might be actually effected by

0.A: £ (L2£)40L2]
or by

0.A:: RIFR? (L2n):[0L2: (RKI*R2) 0 —>L44 |
where the loop seized between Rl and R2 is to be placed directly on L4 (i.e. or-
iented as it was on L2).

in many complex string-figures we encounter intermediate positions which have

"hanging loops" (cf.Mmanohashidate" Fig. 43, page 88). Often these are treated
merely as "loose strings®, to be absorbed by a subsequent”|% but, occasionally —-
as in "Amanchashidate”-- these are subject to various manipulations before such
absorption. We shall legitimize the notion of "hanging loops" —- notationally,
"ho" -- by treating gravity as a "weak finger" (Functor) and appending nodes
hl ' h2, ... to our schemata corresponding to each such hanging loop of a given
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string position. And we shall operate on ho's via the string-figure calculus
in a perfectly oxdinary way. (Note: but the gravity-node h cannot move to pick
up a string, for example; hence the epithet "weak" for this functor. Further,
we shall never see the symbology *(Jh"; the symbol "|" will serve to cancel the
functor h and its loop.)

Finally, we shall encounter distinguished hand-positions other than the
"normal position", #; these are the "hooked" hand-positions. These frequently
arise from the "hooking down" of a given string by a finger; the generic nota-
tion for "hook" is "H". For example, perform the manipulational sequence

0.A:[5: 2<a—»—>1:: aﬁ‘(flqn): pass 5 away under ulf, then hook 5 towards you
over this string, from above, and pull it down thru the lower la and
hold it securely hooked against palm of hand ::?,L(ulm): (_2_(71_1'1)#(2):
o],

The result is"Two Diamonds Note the symbol "#(2)" here means "return 2 to its
normal position"; the hands are not %, as 5 remains hooked to the palms. We
introduce a notation for the complex S-move in the above construction:
A Q1) F5(GIE) 4 (85)

all but whose fimal symbol, #(H5), is self-explanatory in terms of the above. The
symbol "#(H5)" shall mean that the hands (and fingers)are to be held in the nor-
mal position except for 5. which is to be held hooked securely to the palm. The
meanings to be ascribed to such expressions as, €.9.

’ #(H45), #(H2), #(H34)
are, similarly, easily inferred. And these will usually be followed by the sym-
bol "|*, which -- as usual -- means "absorb all slack ( in this hand-position).”

In our notation, then, we have
Two Diamonds: 0.A:(5: Sm—>1::sA(f1m) HHTTE) S |: :Sy(uim)

12-(f1n) :<2(4) : Q14 (H5) ]

Here the final complex 2-movement has been rendered into the "Hook"-notation
(although the former is perfectly satisfactory). Note that -- unlike the pre-
vious 5-move —- the index, here, reaches down and hooks up the fin-string (from
below). The subsequent "<2" returns 2 to its normal position -- and the modifie:
"(#)" on 2 emphasizes that no other strings are to be picked up, i.e. that 2 is
to return "the way it came".

With these few additions to the string-figure Calculus we are ready to
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launch into the four serial string-figures whose final design is the Crows Feet.
I -- extend to display string-figure

-- straight string

o =-- oblique string
*
¥ -- loops not distinct
1n'?) -~ double In-strings
T#3(5n) —- seize 5n between 1 and 2 (pinch).
h -- hanging
H ~-- Hooked
§(H5) —-

return to normal position except for hooked 5.

The first "extended" construction is the string-figure "Two Hogans"

[A.C. Haddon: "A Few American String Figures and Tricks", p. 217:] .

Two Hogans: O.A: W (both central crossings)|: 02.01-ho:
So—>W: (5 (WE) :5 4 (hao) 5 (WE) 150 (0; W) : : DM,

This lacks ">5@" of being the Crows Feet, extended on W and 5. Notes on the

construction: @ The pick-up move with M refers to the crossings x1, x2 of
Fig. 46.1 (0.A) -- thus four strings are picked up by M. As there can be no
confusion in this case, we may encode this movement in the Calculus as

"? (c-X (2) --Mouth picks up both central crossings. @

At the stage
"[J1-> ho" we have the gross schema

Fig. 53.1: Multiple hmo's

Note the three distinct ~- but similar appearing —-
+ =—- parity of a simple crossing ("plus or minus")
# =-- is not equal to ("denial of equality")
4+ -- loops not distinct
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where nodes have been introduced for the mouth (M) and the three distinct
hanging loops. The move "[J2" has created Lhm and Rhap (which we have not both-
ered to name, in the construction, as they play no part therein), while "[J1"
has created the ho. @ . The move "Sm—>W" produces the above schema with the
frame nodes L5, RS relabeled LW and RW, respectively. @ Basically, we create

the schema

A basic configuration, I

Fig. 53.1I:

from the he, and then reach 5 over, and down, to pick up the lateral strings
of the ho (before they loop about Wf) at the point(s) marked X in the above
figure. These strings would usually be described as s;M-WE -- in the previously
developed notation -- here we have chosen to use them as a vehicle to introduce
the alternate perspective, that they are the unique string cutting the Wo (on

either side). Thus we introduce the notation

oiWm -- the oblique string cutting We

the choice "s;Wwo" being inappropriate, as no starting point nor destination is
given for this construct. This is a second usage of the concept "o —- oblique"
[g. page 122, middle:] —- being a "default” definition; the string in guestion

fails to meet the criteria for an ng"-designation —- hence, it receives an "o"-
designation. @ The basic central triangular configuration (with minimal var-
jations) is fundamental to several advanced, serial, constructions of figures of
wCrows Feet"-type; it will be met with again in the subsequent constructions.

@. Often, as in this case, an alternate final extension is sometimes given for
a Crows Feet-type figure. To effect this, seize (one or) both central strings
of the final figure —- running from "foot" to "foot" —- with M, pull hands away

from M, and extend with pboth palms facing you.
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The second construction is the string-figure "New Guinea Birds Feet"
[H.C. Maude and C.H. Wedgwood:
Fig. 2 ~- "Four Gourds"]

New Guinea Birds Feet: 0.A: OR2|: T (Rsyt T (R1f)#] RY(L200):

Ou24|:: D24 (R2): L2 (RP'2)#| OR1:ORS] ¥ wan'?h:
O24:: g1t (L5e): OLSH| 1ao—>5]: 7 (s.M-5F): OM#],

"String Figures From WOrthern New Guinea",

This lacks "<5m" of being the Crows Feet. Notes on the construction: @ At
the first occurrence of "I" in the above sequence of manipulations, we reach the
string-position whose "schema" is given by

LS
0
w2 ((© o KL
w (o

Fig. 54.1I: Intermediate "schema" for New Guinea Birds Feet.

Note that, strictly speaking, the two loops on L2 preclude this from being an

(2)

actual schema, as currently defined. Of course we could designate the Lo

as an uL2o and a {L2® and resolve Fig. 54.1 into a traditional schema; but this
is to abandon the "spirit" of the construction; the L2<n>(2)'
"doubled loop" —- and, at some later time -- we must extend the definition of a
[Note that the "associated linear sequences”
will also have to be generalized at that time}. @ At the antepenultimate

step of the construction, "1wo—>5|", we again meet a "basic configuration” de-

s are carried as one

"Schema" to embrace this actuality.

pending from M. Here

15 Co

Fig. 54.1I: A basic configuration, I
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and 2 is to bend away and down to pick up this s;M-5f at the point(s) marked X
on either side {(i.e. L2 picks up left-most X . R2 picks up right-most X -- as
in the previous, and all(!) such, occurrences of a basic configuration). Had
the intent been for L2 and R2 to pick up the opposite strings at ¥ , we should
have encoded this 7 (s;M-5f, as in 0.A)", for example.

The third extended construction of the Crows Feet is the serial figure,
the "Fu-fu Stick" D parkinson: "Yoruba String Figures", Fig. ‘ﬂ:

Pu-fu Stick: 0.A: T (2£65n) 4405 375> e01]: T u2n'?h e

<2345 (02345a ) : [2585 (' 2he01]: T uzn' 2

O234562 41 e S5as 24D T2 s L (f2£) 4]
$75 (1) #0111 L (Q2m 4 $385 (a0 (es) T

This gives the figure Pang-pa-ta" [£acemark®}.

Fig. 55: Pang-pa-ta,

lay figure flat:[JB:: insert (Ll‘v, (Rl ., (12), @ down into central config-
uration as indicated in Fig. 55: pass L1, Rl, L2, R2 to center under the res-

pective intermediary strings, and bring them directly up through central gquad-
rilateral, at point marked X in Fig. 554].

This produces pseudo-Crows Feet as the final design.

Notes on the construction: @ . This is one of the most repetitive construc-
tions known to the author. It is truly remarkable in this regard. @ In the
final extension of the intermediate figure,“Pang-pa—ta’: the little fingers nat-
urally hook forward and down over the 211(2)-5 to the inside of its lateral cross-
ing by two of the 2345-d strings (which loop about 2n(2)—s
"§(HS) ", @ String-figures with gross “schema" identical to that of”Pang-pa-ta"

). The extension is on
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are met with thro{x;hout the world, and these will be discussed further in the
following. For the nonce we remark that in none of these is there a "source"
report of a continuation to (pseudo-or ordinary) Crows Feet. The extraction of

pseudo-Crows Feet from this figure is, in fact, little short of miraculous.

The final figure in our serial Crows Feet tetralogy is "Tutae Takahuri 2"
[5.c. Andersen: Maori String Figures, No. 19]. It is to be considered "invented"
{or, rather, "contrived") in that it arose from the author's misconstruing of
the final extension of the ultimate design in the "source" string-figure series.
To emphasize, there is absolutely no "source™ confirmation for this construction

of a Crows Feet-type figure; it is included here merely as an interesting, beau-
tiful way to produce this final design. [:Some strings in intermediate schema
appear in red to emphasize the bilateral symmetry of the situation. This is not
discussed further in the present @{positior_a__l.

Tutae Takahuri 2: O.A::: Pass IL to near side of R: with L fin-
gers pointed away, L1*2(R-s;all):[JR: >L:: &Q(Ll*an):
RA(L1*2m) : RSMLI*2f) : : OLL* 24| TB—>2:: Ty 20 :

1 (504005 w214 [ 2545 (uin) : <2345(X1n)ﬂ(:15?1mm1)l
SSro—>0 % 1. gasbie 2] L ene: fie'?
G i1 e mas) g1l <m .
a

“CCXXX XX
DGR

)

Nt So—>1:

R2

A

Fig. 56.1: Tutae Takahuri 2; intermediate figure {1,
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We continue with the construction:

2. OR: <2cn(2)::_2>¢(2w(2)):3i_2(o-n;2cc(2)): >2(4) [Hformer 2w

in the process):: %1‘(}{503(2)

{2)

)4(1)O54|: 8345 (all strings)::>B:

{%7(all strings-c): [ 345] (widely, keeping tips of 1,2 together

pointing down): <2(4): <l(below 2w}#|::r01.],

Fig. 56.1I: Tutae Takahuri 2; intermediate figure #2 ,

We continue with the construction:
3. >IR:[J2# (H5): <HR5®‘2)(straightening out this loop):

_5'1\(}{5&(2))# (45)] [Trangata-tahae, "the thief'],

Fig. 56.10: Tutae Takahuri 2; intermediate figure #3, Tangata-tahae.

We contine with the construction:

4. With fingers pointing up, lay figure flat:: Pass L1,Rl

away under near string of figure and bring them up at

@. @ of Fig. 56.H1, above: Pass L5,R5 towards you under

far string of figure and bring them up at (L5, (Rs}of Fig.

above::#| >I@—>2: 1 (2n & Sn)4C12P,

56.1I0
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\-5(0 . ) o\ RS
2 o)\ R2
Li-[z ' OJRr4.

Fig. 56.1V: Tutae Takahuri 2; intermediate figure #4 ,

This figure is also “"source"-identified as "Tangata-tahae". To extract Crows
Feet from this figure, we continue:
5. O1:<S@—>1:: W (Lin): OL1:£50—>11: : L84 (R5) :(IRSH RTaw—>R54
Rit o) 2O M],

This figure lacks ">lm:<5m" of being pseudo-Crows Feet. To extract pseudo-
Crows feet from Fig. 56.I0 directly, construct that figure, and lay flat, as before.

Fig. 56.V: Tutae Takahuri 2, intermediate figure #3'; Tangata-tahae ,

4 This time pass L1,L5 towards you under far string of fig-
ure, and pass R1,R5 away from you under near string of figure,
and bring them up in spaces so designated (in Fig. 56.V). Ex-

tend fingers widely J.

Again, this lacks ">l@:<5®" of being pseudo—Crows Feet.

Notes on the construction: @ The first complex move of the construction, from
"s::" to first "#|", has the function of removing all R loops — not allowing
them to twist or change relative positions -- turning them directly over, away
from you, and replacing them on R1, R2, RS; the former Rl loop is turned over

to RS, the former R2 loop is turned over to R2, the former R5 loop is turned over
to R1. @ The subsequent Sequence in "brackets squared” has come to be known as
the "Gilbert Movement", GM: specifically, '
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c.M. = (5395 (uin) :2345(§1n) 40 Qi (N1) [$T350—1] 2.

It occurs frequently in the string-figures of Oceania, where it is frequently
followed by "<<1". @ The sequence of moves (1.) designated as Step 1 of the
figure -- a method of grouping long symbol-strings which bear later repetition --
has come to be known as the "Gilbert Extension", IG: Specifically

(2) (2)

I = Hasy (1@ ?)) |1 (2n) # (H45) : (f1e0 Nt So—>1:50' 2 10! 2

#(H45): 1017,

@. The extended, complex movement of Step 2 which begins with the symbols

"ﬁm (all strings)", and proceeds to "#l" has the effect of "<<1"! Thus it is

(2)

a fancy Maori way of twisting the lwo a full-twist towards you. It is one

of those movements that "feels good in the hands" to do, and is exceptionally
satisfying. @ The move "<HR5®(

move the double loops from HRS, give them a half-twist towards you, and replace

2), . .
o in Step 3 of the construction means "re-

them on HRS." The R5-finger retains its Hooked-position throughout the movement.
@.‘ In Step 4 of the figure, the initial movement, "with fingers pointing up,
lay figure flat", it is to be remarked that, with the fingers in Hooked-position,
they are pointing up when the knuckles are turned down, away from you. That is,
the figure is laid flat by turning it directly away, and down, to a flat surface,
and then DIB.@. The symbol-string from "ii% to the end,"DMI", of the con-
struction in Step 5 of the figure has the function of rotating the loops of

the figure one finger, counterclockwise. Diagrammatically,

LS @ LS00 RS0 —a RS

L4 o—1lice

Rico—e R1
! L o

Fig. 57: Rotating loops one finger counterclockwise .

Thus, this move effectively rotates the whole figure 9 counterclockwise in

its own plane.

We next present two constructions of the pseudo-Crows Feet -- one a
"source" figure,the other contemporary —- from opposite sides of the Earth.
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The figures begin on the feet, and knees, I tively -- and, though distinct,
exhibit an obvious interrelation. The firsigcis "Wooden Spoon" EI.A. Cunning-
ton: "String Figures and Tricks from Central Africa, No. 5|; The feet (F) are
required in the construction:

Wooden Spoon: Loop on both feet: ig(ﬂ):: A(HSn) : ﬁ)(r_‘f):
pull Ff on H2 back’'to near side of HSam:: reverse 2's
direction in its own loop: W(F‘_f): pull this string
back thru former 2m:F],

The figure is extended on H2, H5, knuckles down, fingers curled up. This is
pseudo-Crows Peet, extended on H2, H5.

The second figure requires the knees for its construction:

Feet of a Certain Bird: Loop on both knees (with minimal
slack): B (Near knee string): 1*2 (far knee string):
pull this back towards you under near knee string:
(1*2)-string—>W:: W5 (Far knee string): pull this back
thru former Wm:: rotate 1 to inside and down (by rais-

ing the elbows): i>(near knee string):: O knees#_I.

This lacks ">lo" of being pseudo-Crows Feet. These two bizarre constructions
occupy their own interesting, distinguished niche in the hierarchy of the Crows
Feet complex of figures. See also C.F. Jayne, p. 358.

We next turn our attention to the construction of "Crows Feet"-type fig-
ures with >2 toes per foot. The first of these is contemporary, and is the

sole example of a three-toed figure known to the author. E:i C.F. Jayne, Fig. 825:].

Raven, His Feet: 0.1: T?(é;)ﬂl (moving B well away from M):
COM—>hwo: ?(M)'l:: ﬁ—_f‘l:(mn): B2(Lp)d:: ﬁ&(lucp & Mw):
L3 (Rp)#[OM] [this is 0.A thru the Mo |: >lo—>1: <5®—>5:
X2(RHI(sharp1y),

Wy Rs

C on

L ‘ o Ri

| N (&)

Fig. 58: Raven,His Feet,
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Recall that "X2{R)}" means "exchange 2m's, passing Right over left" (see page 27
for discussion). The final extension must be "snapped" sharply, in order for
the three distinct "toe"-loops on either side to properly engage and form the
respective central (complex!) crossings. There is a well-defined "knack" to
this proper extension, which generally requires two or three attempts to master;
once accomplished, the figure is -- indeed -~ satisfying. Until then, however,
one or both "feet" of the figure will collapse into a pitiful tangle about the
base of the fingers of the respective hand. The same comments also apply to )
the following, four-"toed" figure.

The following is a four-"toed" figure@ known as the "Wapishana Bush"
EE‘.E. Lutz: "String Figures From the Patamona Indians of British Guiana",
pages 6-7:]:

The Bush: 0.1: 1. #R2(Dp):>R2: LTS5y (R2@):OR24| 2.v1. (SL\R

T & ML) : B wspo) i D2V (R2@) 2 L2 (R1po) : B3y (R3m) :

I'a=;}>'1‘(L5pcD)ﬂ| 3. (ln-s)N1: (5£-s)N5#| X263 (R)#] (sharply),

L RS

Fig. 59: Wapishana Bush ,

Notes on the construction: @ The complicated "Opening" required for this
Hg_u—re comprises Steps 1 and 2 of the construction. @ In Step 2 of the con-
struction, R2 passes to the left and picks up, from below, the s;L1n-L5n near
the base of L1; as this string (and its continuation) appear to form a loop on
the palmar aspect of L1, we have encoded this move, simply, as “ﬁ‘r(mpm)'; et
cetera. @ Thruout the figure the 2 & 3-fingers move in concert; i.e. simul-
taneously. Thus the final move, "x2 & 3 (R)", finds these two sets of exchanges

done in the same movement.

Of related, but definitely peripheral, interest are figures consisting
of one "Foot" only —— on either hand -- with multiple "toes". Such designs are
generally a level of difficulty less, as to their construction, than is met with
in the the Crows Feet complex of figures -- and the popular, commercial, string-
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figure literature fairly abounds with them. We present two examples; th i T R . .
9‘;; “pish Spear"[3 Y : ° 13 :_l = ° first The above examples are typical of their genre in that their constructions do not
is i r"[J. Leeming: Fun With String, page 139]: . . . s s
’ easily extend to a “two-handed” figure. That is, the figure consisting of a

Fish Spear: 0.1: :3?2(1.12) :>>R24 ﬁ&(RZm) ;L2 (Rp) ¥ IORL & RS]. T “left-hand Parachute joined to a right-hand Parachute at either end of the dou-

I_S ’ bled central string" has no easily-derivable construction from that of the par-
T ent figure.
Lo Rl For the final complex of figures of the present section, we return to more
T substantial matters very closely allied to the Crows Feet complex under discus-
14

sion. The figures in guestion all have gross-schema
Fig. 60: A Fish Spear, -7

[]
A four-"toed" version {on R) is called the "Parachute" [R.M. Abraham: Easy-To-Do <\ °
Entertainments and Diversions, No. 117]: The opening is 0.1 on R only- R V . N——ZL__ 0
Parachute: O.1(R):: 1*5(}_?2) : draw Rp back between Rl and R2; ‘ J
across the back, and to the far side of R; then towards o &

you and up through the hw, and hang it (as a loop} on R2 |
(without twisting) :DL1*2::L1*3(RSn): draw R5n towards you bl
across Rp (and over R2wm) and hang it (as a loop} on Ri:

Fag. 62: The Pepper Plant,

| The frame-nodes in Fig. 62, above, have not been labeled, as the three construc-
OL1*2:: Turn R palm down, fingers pointing away and slightly -

1+ tions are extended on various functors; all four complex-crossings involved are
left: Ll*f (R2345d): draw R23454 over the tips of the R fin-

type X, or X. .. One of the constructions, below, appears with a different name --
gers, and off R: pull this string directly downward I ("see- 9 10 i . ] ] ]
i ST “pumpkin"_-- but we have adopted the older "source"-designation for the triad of
sawing” R).
designs.

41. "Pepper Plant” [¢f. J. Elffers and M. Schuyt: Cat's Cradles and Other
String Figures, p. 193]
Pepper Plant #1: Make the Crows Feet:5®m—>W:lm—>2:Crows Feet
ending (on L2 and RZ)I,

For the Crows Feet ending, see page 116; the "setup" opening, O.A, is —- of
course —- omitted from the sequence of manipulations which comprise the Crows
Feet ending.

#2. "Pepper Plant" E) Jenness: “"Papuan Cat's Cradle", No. 9, "Mashiri
Mana'ﬂ:

pepper Plant #2: 0.A: AZV(5m):>2(#): 05| G5 (38 2w (us) | (1n) :

Big. 61: The Parachute, - > (u2n-s): (12 & 54| >I®—>15]:0.A:T (5n)#

(c-X) #(B5):T31| T
. S e v1:05] Swenraz| (gently) : :T{(M®) 12 (g;M-1£) #M]
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We remark that, at the point "[J2](gently)". we have arrived at the schema

15

[ §

M

Fig. 62.A: Pepper Plant #2, after "[(J2|(gently)"

where the previously discussed "basic configuration" for the Crows Feet (cf.
.Fig. 53.11 and Fig. 54.I) once again distinguishes itself. The subsequent move
of the construction -- 2 picks up s;M-1f at X -- must surely, by now, have been
well-anticipated. And, we encounter this "basic configuration” once again in
the distinct -- but closely related -- figure in our construction trilogy.

#3. "pumpkin” [:P.D. Noble: String Figures of Papua New Guinea, No. 103:]:

Pepper Plant #3: g.A:;.Fﬂ,(Sm)»z(#):[js: 2. ;LMZw(Z’)H:

W (1n) M (c=x) 4001 : T (u2n-s):002 & 5#] >I@->15]: 0.A:
wi.5 | Tfan-s)t NS M) 23 (s:v-1£040m:02],

wWe remark that, after completion of the movement ">1a>3-—->15|" in the above two
constructions, we have produced a string-position whose schema is given by

\$fo o\ RS

[® basic configuration, v]

oo
M

Fig. 62.B: Pepper Plant #3, after ">Io8 —>15|" ,

-138-

This is the "basic configuration", which maintains itself until the final “pickup"
move of the construction. And that move is to pick up the s;M-5f at X in both
figures. Note that, if we perform this move (say, with 2) on the "basic config-
uration" of Fig. 62.B itself, then the subsequent move, 'TJM", results in the
Crows Feet, itself. extended on 15 and 2. The remainder of the manipulations in
Pepper Plant #2 and #3 -- from the schema of Fig. 62.B to the final pickup move —-
are two distinct executions of the Method 1I.B-construction of the Crows Feet,
executed on the near loop of the Crows Feet arising fron*:he "basic configuration”.
Viewed in this way, these latter two figqures are very closely related, indeed —
and not so different from the simple-minded construction of the first entry in
this sequence, after all. Further, the basic importance of the figure "Two Ho-
gans" (page 125) to the present line of analysis cannot be overstated -- it was
this figure we chose as a vehicle for the introduction of the "basic configura-
tion" of the Crows Feet complex.

We conclude our discussion of the Crows Feet complex of figures by briefly
addressing the extensions of the theory necessary for the introduction of multiple
loops/strings into the schemata and their associated linear sequences _[as promised
earlier, cf. page 127:_]. In terms of our earlier discussion, we should anticipate
that this extension will be analogous to the passage from simple crossings to com-
plex crossings —- essentially through the introduction of an X-Dictionary -- wit-
nessing the performer's evolving recognition of ever more complex sub-constructs
in the tangled mass of string between his hands; that is, a "lift" of conscious-
ness level in which diverse simple constructs with well~defined, consistent, in-
terrelations between them come to be "recognized" as complex objects (at a higher
level) through repeated encounters with them. With that in mind, we return to
our earlier discussion -- which introduced "complex crossings" and the X-Diction-
ary —- with an eye to an "“easy" extension thereof to embrace the complexities of
the current, more general, situation.

In terms of the "ant crawling along the string" analogy, we generalize the
concept of a "freeway interchange" -- i.e. complex crossing -- to include conduits
essential to the structure of the "interchange", but ones through which he cannot
pass during his round trip: the "frame-elements" (functors). One may think of
the "railroad tracks" which pass through many such interchanges in this country
{e.g. the one in South Buffalo, New York) by way of analogy; they wind through
the interchange — and influence its structure -- but the motorist has no access
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to t.hem.@ So viewed, a string-frame interaction may be considered, merely, as

a substitution instance of a "generalized-complex crossing” (a g-crossing) from

a generalized E-Dictionary (an x(g)-DictioM) . As before, an entry in the x'9-
of which
will be the functor involved, by convention —- each with an arbitrarily assigned

Dictionary will consist of several labeled constructs -- the first

orientation; in a schema which delineates their precise mutual interactions. For

example, perform the manipulational sequence
O.A: give L1f an extra twist about L1 by bringing it towards you across the
palm of L1, then passing it left, behind, and then back to the far side of
L1 (i.e. “"clockwise®): LT (LSn)#|

and consider the complex string-frame interaction at Ll. It is well-describable

by the x(g)-Dictionary entry-candidate
b
f_" o
o
R
:ZE; @)

]
g A ¥
(g

Fig. 63: Potential X Dictionary entry

which has been given a "fictitious" subscript, "7". Now let us suppose that
the ant, crawling along our previous string-position has just left Rl along the
1n-s string, bound for Ll.
his journey —- his "trip log" -- would be

L1(7.+.a");
that is, he is approaching L1 as an X.](g’-type of intersection, L1 is in # (the

The next entry in the linear sequence associated to

"4+" in the second argument), and his route is along the "road" labeled "a" in
the x.(’g)-diagram, in the direction opposite to that in the given schema. Note
that the functor, F, in X;g) is identified as the L1 of the present notation,
and the second argument -- the functor's "status" -- can be

+ — #I(F)
- — #(HF)
o — weak.

Until we have need of the full generality of the above notation, we shall simply
refer to "functor plus status" by the symbology
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F — #(F)
HP — #(HF)
h — weak

as labels for the various frame-nodes.
Now consider the case of multiple loops on a given functor; specifically,

perform the sequence
0.A: T(sn)} #015]: <2o0#]
in the string.

"Schema" for multiple l®'s,

FPig. 64:
We agree to accept as (generalized) schemata representations of string-positions
which entail multiple loops. This generalization carries an unavoidable cost --
the loss of information about structure near the node supporting the multiple
loops. E.g. Which L1f-string is the continuation of the In-s string in Fig. 64?
In the absence of further, more detailed information, there is no way of knowing.

Of course the (fictitious) appropriate x(g)—Dictionary entry )Kig) {below)

d
G-
FA b

Fig. 64.A: Potential )((g)—Dictionary entries

\
X(g) "——’/ X?\
4 '&—)——':
b F

contains the answer: L1(4,+,b+} - but, as with the gross-schemata in general —
the miltiple-loop schemata, per se, elide such information. And, just as the
complex schemata -- with their unavoidable information loss -- have proven to
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be useful in a variety of "visualizational" contexts; so, too, will the multiple-
loop schemata have their worthwhile place in the scheme of things. As a fipal
remark on these present matters, we present the linear sequence associated to
the string-position of Fig. 64: We choose a point on the ln-s string as the
initial point of this sequence (Note: our convention about such matters does
not cover the present example).

> L1(4,+,b+): x1(U): x2(®): R2: x3(B): %4(U): x5(V): L1(4,+,a+): x5(0):
X6(0): R1(5,+,a-): x6(U): x4(D): x1(@): L2: X2(U): x3(U): RL(3,+,b-)m

Note that L1 and Rl both occur twice in the associated linear sequence, above,
as the number of multiple loops on each is two. In general, a functor incident
with exactly n multiple loops in a given string-position will occur exactly n
times in the linear sequence associated to this position.

We conclude the present section with an example (of a multiple-loop schema):
Perform the manipulational segquence

0.A: give L5f an extra twist about 15: F5(Lsp) # o '%Ls 2

The (g)schema for this string-position is

-ULQ (Bf 3 vR2
2L K’“‘ o) RR2
Li (o) X1 O) Ri

Fig. 65: Jlschema, an Example,

Note in particular, that the uZm‘z) are not distinct from one another, but that

they are distinct from f2m. Further, there are two u2f-strings; had they
twisted around one another in any way, this would have had to have been recorded,

in terms of schema-crossings.

---- End Crows Feet Discussion --—-
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CROWS FEET NOTES

@ (page 112) cf. also "Duck Feet I" [P.H. Buck: “Samoan Material Culture",
p. 558]:

Duck Feet I: 0.A:>T®—>3::$ (3£) 75 (sn)# N5: 01|
which further exemplifies these equivalent sequences of string manipulations.

@ (page 117) Note that the complex crossing x1 in the gross-schema of Fig. 47
is now basically an X_',—type crossing, as earlier anticipated; thus the appella-
tion "pseudo-Crows Feet". All previous figures in this section have entailed
the XB—type crossing at x1 (of Fig. 47), as in the original construction of the

design. [cf. Fig. 50]

@ (page 133) See also "Matemo" (the Hoes) [B.D. & L.S.B. Leakey: Some String
Figures From North-East Angola, p. 9]

@ (page 134) A nice photograph for this "source"-figure is to be found in
C.E. Keeler: Cuna Art, page 145, where the name given is the curious "Two
Shrimp Holes."

@ (page 136) The most recent "source"-reference for the string-figure "Pepper
Plant" is the large collection of G. and B. Senft: Ninikula Fadenspiele auf

den Trobriand-Inseln, Papua-Neuguinea, No. 42, where the name given is

"Mweyadoga". Most unfortunately, the value of this collection is severely
limited by its failure to include constructions for its figures, but only final
designs. We remark that attempts after-the-fact to obtain such constructions
from the literature —— or from string-figure authorities -- are unrealistic, and
misqguided with respect to the subject, itself. This last assertion is, we feel,
perhaps one of the most important, implicit, corollaries of our present investi-

gations. 4

@ (page 138) This discussion is to be found on pages 45-48; ‘the interested
reader may wish to refresh himself with respect to this material before con-

tinuing with the current discussion. We remark, however, that the previous
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discussion was written with the current level of complexity (and future levels)

in mind, so the more technically sophisticated reader should find that the
present discussion is self-contained.

@ (page 139) The phrase, "You can't get there from here", heard often in
Buffalo, perhaps refers directly to this phenomenon.

(page 139) Our next generalization will allow for multiple functors in a
given x(g)—Dictionaxy entry. In fact, this level of generalization is (at pres-

ent) required for a precise treatment of "p* and "L1*L2", for example.

@ (page 146) This table provides a particularly interesting, and useful,

tabulation of the geographic distribution of the Crows Feet complex of figures.
These matters are outside of the scope of the discussion in these notes on the

subject, except for literature citation herein.
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BIBLIOGRAPHY: CROWS FEET

Abraham, A.J.: STRING FIGURES.
Leashing of Lochiel's Dogs Fig. 33

Andersen, J.C.: MAORI STRING FIGURES.
Matamata Karehu (a Tuhoe woman) 17

Ariki, T.: AYATORI NYUMON.
Futatsu Matsuba (Two Pine Needles) p. 128

Armstrong, A.: MAORI GAMES AND HAKAS.
Matamata Karehu #5

Averkieva, J.: KWAKIUTL STRING GAMES.
Two Devilfish #37B, #38B

Ball, W.W. Rouse: FUN WITH STRING.
Crow's Feet §8

Brewster, P.G.: SOME STRING FIGURES AND TRICKS FROM THE UNITED STATES.

Crow Foot Fig. 2
Brewster, P.G. & G. Tarsouli: A STRING FIGURE SERIES FROM GREECE.

Scissors or Needles Fig. 10
Buck, P.H.: SAMOAN MATERIAL CULTURE.

Duck's Feet, I & II p. 558
Culin, S.: GAMES OF THE NORTH AMERICAN INDIANS.

Hogan Fig. 1046

Crossbeam of Ladder Fig. 1072
cunnington, W.A.: STRING FIGURES AND TRICKS FROM CENTRAL AFRICA.

Wooden Spoon #5
pavidson, D.S.: SOME STRING FIGURES OF THE VIRGINIA INDIANS.

Crow's Feet Fig. 143

ABORIGINAL AUSTRALIAN STRING FIGURES.
Emu Foot #14

Elffers, J. and M. Schuyt: CAT'S CRADLES AND OTHER STRING FIGURES.
Crow's Feet p. 195

Gordon, G.B.: IN THE ALASKAN WILDERNESS
Sent "Crow's Foot" to K, Haddon p. 130

Gray, J.: SOME SCOTTISH STRING FIGURES.
leashing of Lochiel's Dogs Fig. 4 (4)



Griaule, M.:

Gryski, C.:

Haddon, A.C.

Haddon, K.:

Haddon, K. & H.A. Treleaven:

Hornell, J.: STRING FIGURES FROM F1J1 AND WESTERN POLYNESIA.

Jackson, M.

Jayne, C.F.:
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JEUX DOGONS.
Patte—d'oiseau

MANY STARS AND MORE STRING GAMES.
Leashing of Lochiel's Dogs

: A FEW AMERICAN STRING FIGURES AND TRICKS.
Two Hogans

CAT'S CRADLES FROM MANY LANDS.
Two Hogans
Leashing of Lochiels's Dogs

SOME AUSTRALIAN STRING FIGURES.
The Flying Foxes

A Drum

Balawa (ScrewPine Tree)
Vaepato (Duck's Feet)
Morna Pag (Peacock's Footprint)

SOME NIGERIAN STRING FIGURES.

p- 30-31
p. 217

#32
#48

#19
#1

Fig. 1 -
Fig. 63
Fig. 77

STRING FIGURES FROM SIERRA LEONE, LIBERIA, AND ZANZIBAR.

Bili Gutu (Short Drum) -- one foot -~
Ndopo Vanggi -(Little Drum)

Fanka (Drum)

Kadir (Rice Mortar)

Karump (Rice Pounder)

Koide Gerto (Fowl's Feet)

Hiniki Pel-le (Sleeping Hammock)
Iompo (Pidgeon's Tail)

STRING FIGURES FROM GUJARAT AND KATHIAWAR.
Morna Pag

STRING FIGURES FROM THE ANGLO-EGYPTIAN SUDAN.
Riglel Naam (Ostrich's Feet)
Riglel Wizza (Goose's Foot)

& M. & K. Watkins: STRING GAMES.
Brolga's Feet

STRING FIGURES.
Leashing of Lochiel's Dogs
Two Hogans

Mende #4
Mende #5
Temne #3
Temne #4
Temne #5, #6
Fula #1 - -
Sherbro #4

Sherbro #5

$#12, #13

#6, #7
48

Fig. 62

Fig. 267
Fig. 273

Koch-Griinberg, T.: ZWEI JAHRE UNTER DEN INDIAREN REISEN IN NORDWEST-BRASILIEN.

Kraus, H.:

Paxiuba-Palme (Photo)

LUFAMBO.
Gude-Tree Representation

vol. 1I, p. 130

LE)
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Leakey, M.D & L.S.B: SOME STRING FIGURES FROM NORTH-EAST ANGOLA.

Matemo (The Hoes)

leeming, J.: FUN WITH STRING.
Leashing of Lochiel's Dogs

p. 9

pp. 150-151

Maude, H.C.: STRING FIGURES FROM NEW CALEDONIA AND THE LOYALTY ISLANDS.

Shuttle for Fishing Net

STRING FIGURES FROM TONGA.
No name

#5

#12

Maude, H.C. & C.H. Wedgwood: STRING FIGURES FROM NORTHERN NEW GUINEA.

Four Gourds

Métraux, A.: QUELQUES JEUX DE FICELLE L'AMERIQUE DU SUD.

No name

STRING FIGURES IN JAPAN, II.
Clow's Feet

Noguchi, H.:

STRING FIGURES IN JAPAN, IV.
Nihon Bouki {Two Blooms)

Parkinson, J.: YORUBA STRING FIGURES.
omori-odo (Fu-fu Stick)

Paterson, T.T.: ESKIMO CAT'S CRADLES.

Flying Loon

Ransom, W.R.: PASTIMES WITH STRING AND PAPER.
leashing of Lochiel's Dogs

Roth, W.E.: CRATCH-CRADLE IN BRITISH GUIANA.
Bm
Four Prong Spear

Saito, T.: AYATORI ITOTORI, Vol. II.
Nihon Bouki (Two Brooms)
Schwab, G.: TRIBES OF THE LIBERIAN HINTERLAND.

Photo

Starr, F.: ETHNOGRAPHIC NOTES FROM THE CONGO FREE STATE.

Mbangba (Throw-Knife)

Tessmann, G.: DIE KINDERSPIELE DER PANGWE.
Fusse der Ente (Feet of the Duck)

Tessmann, G., E.M. von Hornbostel, & K. Haddon:

Romuo Tapo (Floor for Drying Tobacco)
Table of Distribution of Bird's Feet

#2

Fig. 6

#26

#95

#4

Fig. 4B

P. 62

Plate 4, Fig. 5
Plate 12, Fig. 1

#1

Fig. 100.C

432

$10

CHAMA STRING GAMES.

48
p. 167



Tracey, H.:

Trapp, K.:
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STRING FIGURES (MADANDI) FOUND IN SOUTHERN RHODESIA.
Mashiri Mana (Four Birds)

BANTU-SP1ELE.
Hen's Toes

49, pic. #11

Fig. 1
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ADDENDUM: CROWS FEET

We append three additional constructions of the Crows Feet which further
serve to illustrate the text material. The first is "The Flying Foxes" []( Had-
don: "Some Australian String Figures", No. 19}

0.h: W (L2n) 4032 {34 (57) Y (1@) :<2(1) (O5n-string from 2) |
BT (6:2m) (Oformer 1) :[5:[0 Mk (H1)] (fingers pointing away),

If we turn the fingers directly (away and) down, and lay figure flat, we have the
classic Crows Feet pattern —— a Method II.B construction. The symmetric bilater-
ally specific Method L.A procedure, e.g.

o0.a: T (L2f) 02 W2y (TF) THZW(5@) :>2(#) (] LE-string from 2) |
5 (5 2) (D former Sw) :(J1:(TH (H5)]

is an extremely reasonable productior of pseudo-Crows Feet by a Method II.A con-
struction -- but is, apparently, unknown as a "source" figure.

The second construction is of the peripheral "one foot" variety (cf. pages
134-136), which we include here only because it provides a second example of
the Method I.A-technique. The original figure is "Bili Gutu" (Short Drum) EJ
Hornell: "String Figures From Sierra Leone, Liberia, and Zanzibar; Mende
No. tﬂ and the working is on R and two (!) toes; we have given an equivalent
working on R and L1, L2:

0.1:[] 5:KT—>R12:: T3 (R12d) 4 RI2}(L20) :81%2 (L1f): draw L1f back up
thru L2m, draw this string towards you over all strings, and hang
it on L1 (where it becomes the uLln-string): (JR1*2:: N(Ll)ﬂr_‘jRZI R

The result is pseudo—Crows Foot (L) -- on the left hand only.

The final construction, lrike those on the feet and knees (page 133) is in
a class by itself, and definitely has a "different feel™ from the other construc-
tions presented in this section. It is called "Romuo Tapo", which means " a
floor for drying tobacco" [G. Tessmann, E.M. von Hornbostel, and K. Haddon:
Chama String Games] : :

Q. Hang string on R2, so that there is a R2o and a iong ho: vLE] (R2m)
{JR2, so that there is a small L2*3 dorsal loop: turn this loop down
over the tips of L2 and L3:: Using extreme low point of Lhw, form the
structure exactly similar to the above on R2 and R3: 1. WZ(Q:_\):
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draw this string towards you and hang it over L2 Iwhere it becomes
wLan-string) CIRI*24| 2. W 1. YRy : 3. "2 (L2n-s): 1ift this over

the tip of L2 and deposit it between L2 & L3:0JR1*2 #| 4 ~V 3. MRILp :

5. £5%3 (L2p): draw this outdJR1*2}| (sharply): §.rJ 5. WRLp I.

V. THE BEAR

For our next topic we shall consider the many ways that one particular ani-
mal, the Bear, comes to be represented in the string. The "source"-literature,
for obvious reasons, is almost exclusively generated by researches into the eth-
nology of circumpolar peoples (Inuit -- or "Eskimo") and ~- although the number
of bibliographic entries is somewhat less than that of previous sections, —— the
tradition is a particularly rich one, which abounds with remarkable designs.

'In the exposition, below, we shall endeavor to give the "spirit" of two aspects

of this rich tradition: The first is typified by minor constructional varia-
tions on a "Hearth"-figure -- usually, a Bear -- which may produce wildly dis~
similar final designs. Such groupings of string-figures are usually referred
to as a “"string-figure cycle.". The second aspect is typified by wildly dis-
similar constructive techniques which produce the same, or very similar, final
designs -- again, usually a Bear. Often these different constructions, them-
selves, form the "Hearth"-figure of a string-figure cycle. Finally, we remark
that the Bear is to be thought of as an example —- albeit a preeminently dis-
tinguished one -- of (classes of) animals whose string-figure representations
may (and, ultimately, will) be so discussed.

BEARS. I.
The first aggregate of figures we shall discuss is the Brown Bear cycle
[D. Jenness: Eskimo String Figures (Canadian Arctic Expedition), No's. 1-14]).
It will prove useful, in this and many other Inuit constructions, to introduce
the movement "Katilluik":
K ~——=- Katilluik.

In the Calculus,
K

I

Rt iw) 01 _L_}T(le:[z)) 1

Of rare occurrence -- but frequent enough to warrant its own symbology —- is
the symmetric move
K@) = LIMRIw) :ORL pAwic?) 4|

Note that these two moves represent a new "interchange"-of-loops manipulation
(cf. discussion, pages 26-28); the latter, K(L), is read "Katilluik Left".
With these few preliminaries, we are ready to proceed with the "Hearth"-figure.
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Brown Bears: 0.A:Z®->1: L <S@—2]:: 5 M f1m) :_ssfr(zm):ﬁg(%nmm
(O f1f from 5)|: §2(Tn-s): <2(#) (Oformer 2w): N1|: 2 K:
I>(2_n): (y\lcn(z,)NlHHS)|:D2:'1_c:>>—>21:_1>(_g;lower outside arm
of c—OH(HS):_1>(_2_E)H(H5):N1:D2I

At the final extension, two Brown Bears separate from the central tangle of
strings, and lumber off towards their resbective hands.

m on the construction: the "geometric" referent "lower outside arm of c—()"
uniquely specifies the "o;p-5f, whose continuation(s) form c-X". This matter

will be further explicated in the subsequent constructional analysis of the figure.

o aN

L4 ;r—va Xy
s

¥ \o/ X13 b WSXiF

Fig. 66: The Two Brown Bears; Schema,

The associated linear sequence (whose starting point and orientation is demarked
by a red arrowhead) is given by
= Ll: x1(®): x2(U): x3(D): x4 (U): x5(U): x6(U): x7 (@) : x8(P): x4(D):x1(U):
x9(U): X10(@): x11(®): x12(P): x13(U): x14(V): Xx10(U): x15(®): x2(0):
X3(U): X8(U): x5(@): HLS: x6(P): x7(U): x12(U): x13(P): x16 (@) : x17(U):

x1B(U): x19 (@) : HRS: x20(P): x21(U): x22(U): x23(@): x24(P): x25(U):
%26 (U): x16(U): X17(®): x27(P): x25(P): x28(U): x29(U): x30(P): X21 ?) :
x18 (@) : x19(U): X20(U): x30(U): x22(P): x23(U): x29(P): Rl: x28 ?):
%24 (U): x27(U): x26(@): x14(®): x11(U): x15(U): x9(p) W

One should remark the (inverted) positions of fingers 1, 5 in the schema of Fig. 66;
this is because the 5-finger is in "Hooked” position. Generally speaking, Hooked
fingers appear to the near side of 1 in the canonical schema-representation, in
inverted order. Also to be noted is the "viewpoint" represented by the schema --
i.e. that of the performer. Here, for the first time, we have a figure with no
("horizontal") midline symmetry —- and our previous perspective ("frame owner peeks
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over tips of fingers and looks directly down on string-position") would entail
an "upside-down" presentation of Fig. 66. And while this would surely (continue
to) be entirely consistent, it would not constitute the best utilization of the
schemata as visualization/learning tools with respect to the construction and
its analysis. We shall denote these two perspectives as "Over" (as with the’
previous schema) and "Under" (as with Fig. 66); the latter viewpoint (and the
ability to change perspective) is a Hallmark of Inuit string-figures.

We now proceed to an abbreviated constructional analysis of the Brown Bears

again recording the crossing alias transformations as we go:

LS

L.2 Q X2
N

Fig. 67.1:
|=> Ll: x1(®): R2: x2(®): L5: R5: x2(U): L2: x1(U): R m

o) RS

Over

RZ

Brown Bears, _Q.A.

Ly 3 . 5 R2

. — X3
X! . Over
vld Q x2 :o oy O
VR e Y T

Fig. 67.11: Brown Bears, 0.A: 53 —1: <5a—2],

B> RL1: x1(8): uRl: x2(U): x3(@): L2: x4(0): x2(0): R2: x3(U): x4(U):
uLl: x1(U): JR1 W

Fig. 67.1

Fig. 67.1
X1 — x1
x2 —_> x3

The crossings x2,x4 of Fig. 67.I are created by the movements "ﬁ —>1: <<§i> -2}
applied to Fig. 67.1I.
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R2 -
Do_ URi Fig. 67.10 Fig. 67.1V Fig. 67.1I0 Fig. 67.1v
. x1 -—_ x19 x11 -_ X18
Under x2 —_— x16 x12 - x22
x3 —_— x25 %13 -_> x23
N -y - ,3 QRA' - x4 —_— xX12 x14 -_ x17
5 w3 e M = x5 —  xl1 x15 —>  x2
HLS o/n X6 —>  x24 x16 —> x4
RE x7 -_— x14 x17 e x13
- . %8 'l %3 %18 g x5
Fig. 67.I0: Brown Bears, O.A: §E—>1:<§E>—->2|g_¢(21co) 5 2@) X9 —>  x15 x19 —  x6
ﬁ— — x10 —> %26 x20 — x10
5(2n) 4 (B5) |, _
. - i 9, x20, x21 of Fig. 67.1V ted b
F’,?Ll: x1(U): x2(U): x3(@): x4(D): x5(@): uRl: x6(D): x7(P): x8(P): x9(U): The crossings x1, x7, x8, %9, x x21 of Fig. 67.1V are crea Yy the move

"H2 -s) ¢ : " i ig. 67.IV. No ' ig.
12: x10(U): x11(U): x1(@): x12(U): HLS: x13(U): x2(@): x14(U): x15(U): #2(1575) + <200): N1|" applied to Flgf ' Note that {"”; "22' x2y} of Fig
- . i Xt i ’ i ’ ’
X9(0): X16(0): x7(U): x4(U): x17(®): x18(U): HRS: x19(U): X20(P): 67.1IV form an Osage ;Jlamond .7 ypeth? conp ex cros?ng whihe Zx x9 e;(lo
- : . iat .
X5(U): X6(0): R2: x16(U): xB(U): x15(@): x10(B): ull: x11(P): x14(D); form an 18 type complex crossing is is structura For the associa linear

- ha
x3(U): x17(U): x20(U): QRI: x19(@): x18(@): X13(0): x12(0) & sequence we have
l H Ll: x26(@0): x1(0): x2(@): x3(U): x4(U): x5(U): X6(D): X7(U): x8{D): x9(U):

Fig. 67.1 Fig. 67.10 o x10(®) : x11(U): HRS: x12(U): x13(@): x14(U): X4(D): x15(@): x2(U):
’;; : :Z x16(®): x17{U}: HL5: x18(U): x19(@): x20(U): x21(P): x1(U): x22{(P):
x3 - X3 ] X23(U0): x15(U): x3(@): x14(@): x7(P): x24(P): Rl: x11(P): x12(P): x25(U):
x4 = x10 T X16(U): x19(U): x20(D): x21(U): x26(U): L2: x22(U): x23(0): X5(B): x6(U):
The crossings x1, X2, x4, x5, x7, x9, x11, x12, x13, x14, x15, x16, x17, x18, xi9, . R2: x24(U): xB(U): x9(®): x10(U): x13{U): x25(B): x17(0): x18(0) M
%20 of Fig. 67.II are created by the move 'é’f‘(}lw):g'}'(Zm): 5 (3n) 4 (H5) | " applied -
to Fig. 67.1. At this point we interpose a schematic simplification before proceeding to
- - the next manipulation in the construction of the Brown Bears. The previous
L2 #”‘/\ .‘ﬂ xff'\-ﬁ el schema, Fig. 67.1IV, is a representation of string-position-so-far which is very

L useful for the accompanying crossing-analysis; but a simpler representation is

| to be obtained by rotating both hands slightly towards you (i.e. in the "<"
direction) until the 1m's "clear" the central configuration. Of course, the
resulting schema (Fig. 67.IV', below) must be "equivalent" to the previous
schema (Fig. 67.1V) -- as both are representations of the same string-position.
Thus, we find

Fig. 67.IV: Brown Bears, O.A: §T:>—>1:<§'Ea—>2|<s_4\(xlm) 13 2m) 5 (2n)
gu5) | =f2(TR78) :c2(0) : N1,
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xlf/\ ¥/b
L.1
/ A ﬁ R,

XAy -

O " m \53 Under
HLS . X 10 x?/ wRS

707
Fig. 67. IV': Simplification of Fig. 67.1V,

|2 L1: x1(®): x2(U): x3(U): x4(U): x5(P): x6(D): x7{U): x8(@) : HR5
X9 (@) : x10(@): X2(D): x11(@): HLS: x12(P): x13(U): x14(P): x15(D):
Xx16(U): x3(@): x10(U): x17(@): Ri: x18(U): x1(U): x11(U): x12(U):
x13(@): x14(U): L2: xX15(U): x16(@): x4(@): x5(U): R2: x6(U): x7(D):
x8(U): x9(U): x17(U): x18(0) &

For the "crossing-analysis" between these two equivalent representations, we
find

Fig. 67.1V Fig. 67.1V’' Fig. 67.1IV Fig. 67.1V'
c. xi - [ x4 = x10
T ox2 = x2 x15 - x1
%3 -> x3 X6 = x11
x4 - x17 C- X177 = [
x5 -> x4 cC. x18 = ]
X6 = X5 x19 = x12
C. X7 - [} %20 - x13
- X8 - X6 x21 = x14
x9 - x7 x22 = x15
x10 - X8 X23 = X16
c. xl1 - [ C. x24 > é
C. x12 el [ x25 = x18
x13 -> X9 C. X226 = [

Note that the crossings x1, x7, x11, x12, x17, x18, x24, x26 of Fig. 67.IV can-
cel pairwise - §x1, x17} , {x7, x12}, {x11, x24], {x18, x26} — in transition
to Fig. 67.1V', after (several applications, each, of) Lemma 2.B; this, as the
lo's slide over, and to the near side of, the central configuration of strings.
Further, the crossings {xlS, x16_§ and {x4, xs} are complex, of types X, and
16, respectively -~ and are structural.

!
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Fig. 67.V: Brown Bears, 0.A: So—>1:<5@->2]: 5 pf1m): 5>1"(2m) 85 (7n)
$(HS) | =82 (Tn=8):<2(#): N1J:

This is a (g)Schema (because of the multiple 1-m's), on which has
been marked those strings ("arcs") which are, ultimately, to form the Left-Bear's
head and hindquarters, respectively. That is, the double lap's are to eventually
disentangle themselves and separate to their respective sides, where the Left
Bears's constituent "parts" will be formed from the arcs as indicated in the

above figure. The linear (g)Sequence associated to Fig. 67.V is

|==> Ll: x1(U): x2(U): x3(U): x4(@): x5(0): x6(U): x7(D): HRS: x8(D): X9 (D):
X1(@): x10(@): HL5: x11(®): x12(U): x13(D): x14(P): xX15(U): x2(D):
x9(U): Rl: x16(®): Ll: x10(U): x11(U): x12(@): x13(U): L2: x14(V):
x15(Q): x3(@): x4(U): R2: x5(U): x6(@): x7(U): xB(U): Rl: x16(U)m

We remark that the existence of two la's in this (9)5chema implies that each of
L1, Rl should appear exactly twice in the associated linear sequence -- as, in-
deed, they do. The crossing-analysis is simple:

Fig. 67.1V' Fig. 67.V Fig. 67.IV' Fig. 67.V Fig. 67.IV' Fig. 67.V

g x1 ~-> [ x7 -> X6 x13 - x12
X2 - x1 X8 -> x7 X114 = x13
x3 - X2 x9 - x8 x15 = %14
x4 - %3 x10 - x9 x16 = x15
x5 - x4 x11 - x10 g x17 = [
x6 - x5 x12 - x11 x18 - x16

Obviously, the crossings {xl, x17, x18} of Fig. 67.1IV' coalesce to crossing x16
of Fig. 67.V under the stated consolidation of the lm's (under "K"). As usual,
this is justified by Lemma 2.B.
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The next stage of the construction is the (intermediate) string figure re-
sulting from the manipulational sequence

0.A: SB—>1:¢5D—>2] :g_'r(ﬂl_m) s M 2m) 5 (20 4 (15) | 213 (Tnos) :<2(#) :
N1|:K:T(2n) : (1 2 N1k ns) O 2:Td—>2]

The gross-schema for this string-figure is

w: /
HLS 0 ' 13
b

e (1 N ()

33 Under

Fig. 67.VI.A: Gross-schema, Brown Bears intermediate figure,

The fine-schema of the left- and right~hand complex-crossings, x2,%27 respectively,

is given by

Lﬁ. o o R?-
""-S — A —————— 4 o HRS

[ ~

Fig. 67.VI.B: Brown Bears, complex structural crossings,

Be sure to note that -the-loop: formed by the lower lateral arm of the central
diamond — and its continuation — about the palmar string(s) has been omitted
from Fig. 67.VI.B; its crossings with the respective palmar strings are con-
structional and will disappear in the subsequent move of the construction.

To represent the complex-crossings of Fig. 67.VI.B in forms suitable for in-
clusion in the ¥-Dictionary, we have
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X” Xli

\g

A L{X )2 3 A(K,)=3
X xXIKN=5 ‘% c \ X (L,,)=5
O. c
Fig. 68: X-Dictionary (continued)

which naturally complement the crossings Xy and xlO introduced in the Crows Feet
(see page 113); as with these earlier crossings, the Osage Diamonds complex-cross:
ings )x.,, !B (page 69) form the "heart" of xll' 112 ~-- a third string, "c", being
interlaced with -- and juxtaposed to -- these new entries, as before. The four
crossings )I(g, xlO' xll' x12 represent all the ways in which a third string may
be juxtaposed to the Osage Diamonds complexes in an "elementary” fashion -~ and
so the introduction of xll, xl2 may be viewed as the completion of a thought be-
gun some 45 pages ago. We can now give the (complex) linear sequence associated
to the string-figure whose schema is given in Fig. 67.VI.A:
= L2: x1(@): %x2(11,b+): x3(U): x4(0): x5(U): x6(U): x2(1l,c+): x7(V):
x8(®): x9(U): x10(U): x11(U): x12(®): x13(P): x14(P}: x15(B): x16(V):
X17(®): x7(0): x18{D): x19(U): x20(P): x21(P): x2(1ll,a-): x22(U):
HL5: x5(@): x4(U): x23(U): x24(P): x16(P): x15(U): x25(U) : x26(D):
HR5: x12(U): x27(12,b-): x28(U): x8(U): x18(U): x21(U): x1(U): x22(9):
x6(®): x3(0): x23(P): x24(U): x17(U): x2B(P): x9(P): x29(V): x30(D):
X10(®) : x27(12,c-): x13(U): x26(U): X25(0) : x14(U): x27(12,a+):
x11(®) : R2: x30(U): x29(®): x19(®): x20(U) B

For the crossing-analysis, we find

Fig. 67.Vv Fig. 67.VI.A Fig. 67.v Fig. 67.VI.A

Xl o x24 X9 > Xx16
X2 o x17 x10 - x5
X3 o x29 x11

x4 o x30 x12 _l; x2
X5 ) x13

X6 } x27 x14 — %20
X7 X115 — x19

X8 o x26 x16 —» x8
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The crossings x1, x3, x4, x6, x7, x9, x10, x11, x12, x13, x14, x15, x18, x21,
%22, x23, x25, x2B of Fig. 67.VI.A being created by the complex movement

Ti2n): (1e'?

applied to Fig. 67.V.
The final (complex) move of this construction —- "1 (0; lower outside arm of
-1 Hs) : T (2n)#(5): N1:002]", applied to Fig. 67.VI.A —- begins with the

1-pickup
L1 (9:x3-x23)
RL (0:x14~x15)) ,

which oblique strings form the lower lateral arms of the two central diamond con-

IN1# (H5) | 02: T@—>2]

figurations; hence, the above encoding. The subsequent "Navaho"-move passes this
string over the (respective)2wm to the far side of the figure. Thus the crossing-
pairs {xl, x31 and {xll, le} will transfer to the top transverse string of the
figure (L2f-s) where, upon extension, they will pass through one another -- left
over right -- to the opposite sides of the figure [as remarked earlier (page 156,
middleﬂ. We shall study this pretty phenomenon in some detail, adopting @, the
alibi approach to the crossing-transformations, and @ the schema perspective
vover" -- to better visualize this complicated passage.
Applying the final (complex) movement of this construction to the string-
sition of Fig. 67.VI.A -- without the ultimate final extension, "I", ~- results

in a string-position with (Over) schema given by

Over

Fig. 67.VII.A: Brown Bears, preparatory to I

v
Here, the crossings have maintained their labels, from Fig. 67.VI.A, in their

new relative positions resulting from the given manipulation -- hence the name
*Alibi" for this view of the crossing-transformation. Note the introduction of
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the two weak fingers hl and h2 for the two hanging loops in the above repre-
sentation. T ’ ' ' '

Now, an examination of the above schema reveals that, under slight exten-
sion, the three simple crossings x7, x8, x28 of the strings of the hoo(z) will
coalesce to a single simple crossing -- x7 [since {xB, x28} -> ¢ by the Lemma
2.B] This will result in the simplified schema

Fig. 67.VII.B: Brown Bears, during I (1),

Next we identify two distinguished central-lateral loops ("concatenation
of arc"). The first, on the left-central side in Fig. 67.VII.B is composed of
the sequence of arcs joining the crossings <x7, x6, x18, x1, x22, x21, x23) -
in order -- the first four of which are "over" crossings along this path, the
last three being "under". The second, on the right-central side of this figure,
is composed of the arcs joining <x7, x13, x9, x11, x12, x10, xlS) —- the first
being "under", the next three "over", the last three "under". Thus both of
these loops will pass to the center of the design over the central configura-
tion (between 2n-s and H5f-s); the right one will pass through (i.e. inside)
the left (because of x7's crossing type): and they will continue to the oppo-
site sides over the central configuration —— to assume each other's original
place relative to the original string-position. Effecting this movement in
the string (on the figure of Fig. 67.VII.B) results in
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HRS
"over” =- on this path. Thus both loops will pass over the central configura-

Y23 - tion (between 2n-s and H5f-s) in either direction; further, the parities of x7,

ov x10, x17, x21 insure that the first loop will pass to the left through (i.e. "in-
er I

side") the second loop -- as this loop passes to the right. That is, these two
- loops will completely disentangle, one from the other, and pass to the side of

the figure opposite to that now occupied-- right through left. During this pro-
— cess, the crossings {xl?, x213 -> ¢ -- and, subsequently {x7, xlO_; - ¢ ~- by

(several applications of) Lemma 2.B. Thus, effecting this movement in the string

(on the figure of Fig. 67.VII.D) results in
Fig. 67.VI1.C: Brown Bears, during ] (2),

The string-position represented by the schema of Fig. 67.VII.C has several -
obvious extension-cancellable crossings; the pairs le, x13}, {xe, x14} will
cancel by Lemma 2.B -- as will x9 and x18, upon rearrangement of the complex over
crossings x2 and x27, respectively -- as the left- and right-hm's pass over them | -
and disappear under I Thus, we proceed with an additional slight extension of

the figure, to produce the design

WRS

Fig. 67.VII.E: Brown Bears, during | (4),

: which lacks the final, complete "tug" ofI—- and being turned-over -- of being
XZ'-’- over Fig. 66 (the two Brown Bears). Note that @ the crossings x10, x25 of Fig. 66
- occur because, in that presentation of the final design, the "hindquarter" loops
are turned-over (on H5f-s), in comparison with their presentation in Fig. 67.VII.E
(above}. And @ the aggregates of crossings {xl, x2, X3, x4, x5, xB} and { x20,
%21, %22, x23, x29, x30_} of Fig. 66 represent alternate presentations of complex-

crossing-types Xn and Xlz, respectively (i.e. they are identifiable with com-
- plex crossings x2 and x27, respectively, of Fig. 67.V1I.D). As the "X -number of

Fig. 67.VII.D: Brown Bears, during I 3), | the Fig. 66-representation is
Here, analogous to the situation in Fig. 67.VI1.B, we identify two disﬁinguished T 6>5 = X(Xn) = AR )
central-lateral loops: The first is composed of the sequence of arcs joining the Fig. 67.VII.D (and ®Dictionary) representation is preferred, as per our
the crossings {x7, x12, x21, x16, x17, X15, X10, x19) == in order — the first e earlier convention.
of which is "over", the next four "under", and the last three "over" — on this ; The usual "Alias"crossing-transformation analysis between Fig. 67.VI.A and
path. The second is composed of the arcs joining <x7, x22, x10, x24, x17, x23, - Fig. 66, under the complex move "1l(o;lower outside arm of =) #(H5) :?(Q)Q(HS):
x21, x29) -- the first four of which are "under", the last four of which are T N1:[]2]" applied to Fig. 67.VI.A, may now be determined by a comparison of the

- names for the corresponding crossings in the equivalent schemata of Fig. 67.VII.E
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and Fig. 66; that is, the "Alias" transform is easily derivable from the "Alibi"

analysis. We find, directly
Fig. 67.VI.A Fig. 66  Fig. 67.VI.A Fig. 66  Fig. 67.VI.A Fig. 66
X1 = x28 X1l = x9 g xa1 > 4
X2 —>{;:: )’g: ’;g x12 - x11 x22 = x27
c. x3 - c x13 - é x23 = x16
x4 o %6 c. x4 > ¢ x4 = x17
x5 = x7 x15 - x13 x25 = x13
c. x6 o> & x16 -  xl2 26 oo, 522
c. x1 - ¢ c. x17 > 8 x27 _gza,xw, %30
c. x8 - & c. x18 - & & x8 = @
c. x> ¢ x19 -  xl4 x29 > x26
c. x10 - & x20 -  x15 x30 - x2d

Note that the crossings x3, x6, x7, x8, x9, x10, x13, x14, x17, x18, x21, x28
of Fig. 67.VI.A which cancel in transition to Fig. 66 have all been accounted
67.VII. A-E; the "new" cross-
ings of Fig. 66 (not in the range of the alias transformation) are precisely x10,

for in the gradated "extension-sequence" of Fig's.

x25 — which arise as a consequence of the particular final presentation (see
Note @, page 162). The "Alibi"-derivation of the “Alias"-crossing transfor-
mation between Fig. 67.VI.A and Fig. 66 has, thus, yielded complete information.
This completes the crossing-specific constructional analysis for the string-
figure Two Brown Bears. Perhaps its most remarkable feature is the complicated
findl disentanglement and separation of the left and right halves (Bears) of the
figure.
worked, and takes place with equal fluidity in all.

For this is independent of the internal parameters of the string being
This is in severe contra-
distinction to future string-figures to be investigated, many of which require
"special-property" strings for their successful (intermediate and) final exten-
string-figures which exhibit this kind of string-variational
independence prove to be well-springs of information, well worth a detailed anal-

sions. 1In general,
ysis -- regardless of how complicated that proves to be.

Before proceeding to the "l-!eart";-seq\xexmce for the Brown Bears, we make
two rather lengthy observations about the previous construction; the first of
which will prove very valuable in that discussion.

First, from the final double-disentanglement of the two principals of
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the Brown Bears' construction, we might be led to hypothesize that this could be
achieved -- directly -- at an earlier stage of the manipulations. And a minimum
of experimentation with the intermediate schemata therein confirms these sus-

picions. For example, dropping the io's in Fig. 67.IV' —- and allowing them to
separate to their respective opposite sides of the figure (as they will do, nat-
urally) -- so that they become ho's, we obtain the figure whose schema is

L2 ) R2

Under

HRS

O [
htw L‘J h2

Fig. 67.IV": Separation of lm 's in Brown Bears,

This is a complex schema whose fine structure, after the previous detailed anal-
ysis, is completely understood. ]:The simple crossings x1, x3, x17, x18 of Fig.
67.IV' have cancelled, in pairs, in the passage to Fig. 67.1v" via "0 1'3
Now perform the manipulational sequence
At (hoo) # (#5) T (2n) 4 (5):N1:00 2]

on Fig. 67.IV''; the result is the Two Brown Bears!
Note that the ho's, in reality -- under gravity -- lie well below the central
strings; our schema for these "pbrings them up to the near side of HLSwm, in the
plane of the figure"; thus the move "_]_>1‘(h®) " in the physical situation of the
string-on-the-hands, must mean "pass 1 away below the hm, and thence back up
into them, towards you." This should be well-understood from our previous dis-
cussions of the schematic conventions. In fact, the manipulation

—1>\],(hcn):twist (each) 1 to the inside, and up (#):

T (2n)# (85) :N1: (2]
—- also discovered while experimenting with Fig. 67.IV" -- produces the figure
"Two Caves” [D. Jenness, No. 4}, whose gross-schema is
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WU (o R4

Under

WL B ) HRS

Fig. 69: Two Caves,
This fig\n;e can also be made via
Two Caves: 9.A':<§TD—>1:N_1_. & 2. of Brown BearsI.
Note: This figure begins with O.A' (see page 36); if we (mistakenly) begin with
8—.:,. instead, the two lateral ncaves" will not disentangle and separate one £from

another at the final extension. [The figure may, however, be made from O.A, as
above, if we replace the move "K" in the construction by "K(L) 'f]. Finally, apply-

ing the manipulation

{ L])‘P(Lhuo)

-
— X :1 (2n) # (H5) :N1:[02
Ry (Rho) :Twist R1 inside, and upﬂ} (2n) ¥4 1

directly to the string-position of Fig. 67.IV", produces the very appealing

gross-schema [D. Jenness, No. 3)

LL /o R{

Under

HRS

Fig. 69': Brown Bear and Cave,

of a left-facing Bear to the left in the string, and a cave to the right. And
we hypothesize that, if the central loops will pass through one another at the
stage of the final extension, we may produce a really fine representation of a
Bear issuing from his Cave by the manipulational string

<aT@o->L1
0.A :ry1l. & 2. of Brown Bears] ,

( So—r1
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We perform these movements in the string, and Fig. 69' results; the final ex-
tension is magnificent! Of course, we may construct the symmetric figure with
Cave to the left, Bear to the right from

Lfo->11
O.A': _ trpl. & 2. of Brown Bears]
<fZm—>R1

et cetera.

) Our second, and last, remark before proceeding to the "Heart"-sequence
for the Brown Bears concerns a "minimal-variational" construction for this fig-
ure, which is contemporary.

Brown Bears': 0.A:<S~>2: H345 ({2m) :3 Miw) 13 A (u2e) : §3 (3Zn)
#(H3,45) | =045: 50 (H3w) 034 (15) | §2(Tn) :¢2(4) Qrormer
u2w) 1)L (f2n) 4 (H5) |: v 2. of Brown Bears]

Note that the manipulations of the Movement 2. of Brown Bears are applied to a
different string-position (i.e. not that of Fig. 67.1V'} in the present case as,
for example, now there are two distinct 2m's. The resulting final designs are,
nevertheless, identical (Fig. 66).

The corresponding "Heart"-~sequence for the Two Brown Bears -- with its

11° %12
specific maneuver which produces x7, )KB; two of whose constructions were pre-

"Osage-Diamonds" -- based complex crossings X -- must contain some loop-

viously analyzed. In fact, here the relevant manipulation is (essentially) the
"alternate" one (pages 66-67), involving the simultaneous passage (or "lacing")
of two loops, one through the other. We now iritroduce a notation specific to
this complex loop-manipulation: Begin with the string-position

o.A:01| s> a4]
so that there is now a 2 and a 4e on each hand. We define

I | (4m) :2$—>5j

g0 1 (2) : doo—>1

pass 2f away and down through 4w and,
drawing this string away from you, hang
it —— as a loop —— on 5: pass 4n towards
you and up through the 2m and, continuing
to draw this string towards you, hang it—-
as a loop — on 1:[12 & 4#|

The result is complex—crossing X, on 1p, and X, on Rp. The similarly—defined
manipulation
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ZQT(MD) :ZB>_> 5] = pass 2f away and up through 40, continue draw-
4\5“20’) :2—9->1 ing this string away, and hang it -- as a loop --
on 5: pass 4n towards you and down through the
2w, continue passing this string towards you,
and hang it -- as a loop —— on 1:[J2 & 44|
This time the result is complex-crossing Xa on Lp, and x7 on Rp.

Recall that our view of a “"Heart"-seguence has only to do with loops' rel-
ative movements in relation to one another, and that which particular frame-ele-
ments are involved in the representation/realization of these relative motions
is immaterial from that viewpoint; that is, the gedanken experimenter envisions
"pure loops in space, mutually interacting” (cf. page 35). He has, however, to
present these machinations in a particular realization thereof —- and so do we!
And we choose to do this relative to the "frame" already introduced, where the
appropriate language has been developed. But we emphasize that, after these com—
plex loop-manipulations are well-understood, the particular realization which is
chosen for the representation -- i.e. the frame-specific details -~ should be de-
emphasized, finally to disappear altogether from our thinking thereof. wWith
these few qualifying preliminary remarks,we proceed to the Brown Bear's "Heart"-
sequence.

Initially, we form the "starting configuration”

0.A:33—>3: l@m—>21|
on the hands. The first several movements of the Brown Bears"Heart"-sequence —-
on the above starting configuration —— are

5B 2m) 1 3@l 2TB—>3: <o,
Then follows the "Osage Diamonds-alternate" type lacing move

' 3?%&(40)) :3m—>5

1t 3w) 1 d>—>2
as previously discussed; note the complex—crossings x.’ on Lp, Xg on R At
this point, the string-position on the hands is essentially that of Fig. 67.IV',
except that the frame elements 2 and H5, here, are being retained on 5 (unHooked)
and 2 — respectively —- and the schema orientation is "Over", here (as opposed
to "Under", in Fig. 67.1V'); these are matters of no consequence to the gedanken-
viewpoint of the "Heart"-sequence.
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Now, following the preliminary observations of page 164, we “"separate"
the im's —passing them to the opposite sides of the figure. Note that the
lo's orientation with respect to the frame does not change during this move-
ment, and that the Llam passed down through (i.e. "inside" of) the Rl® in the
process; we stipulate that each thumb-loop comes to rest on the opposite thumb
‘at the termination of this manipulation. Thus we view the entire movement as
an "interchange" of lw's -- passing L through R; this is an "inter-hand" trans-
fer (as oppgsed to the "cross-hand exchange" of pages 27-28), entirely reminis-
cent of the 2w-motion occurring in the "Heart"-sequence of the Crows Feet. And
by analogy with the encoding adopted for this latter figure, we write

=

Ll@w{ (Rlm) : LI®~>R1

Blo — L1
for this complex, simultaneous maneuver.
The final manipulations of the "Heart"-sequence are standard, and well-

anticipated after the previous discussion:

o) (1o) : 5o (1n) :Sw—>5:01] ,
The resulting design is the Two Brown Bears, with ¥2\54 (5 not Hooked) in the
"Over" perspective.

Putting the above remarks together, the "Heart"-sequence for the Brown

Bears is

g;)l,(ch) 13m—>1n >7B—>3: Sm—4 =

._> m—

3B (40) :3m—>5 LT3} (R1w) : Lig—>R1

4ot (3) 1 do—2) | Rlo — L1 S

L o

5®) (1) : 5 (1n) :5B—>5 1]
applied to the string-position resulting from

Q.A:-23>3—>3:ﬁ3—>2ﬂ |:
i.e. "Opening A on the wrong fingers."
Note @ It may be objected that the above fails to be the "Heart"-sequence for
this figure as it elides the intermediate lm-wrap-up and subsequent disentangle-
ment at "I" for this construction. And, technically speaking, the above js the
"Heart"-sequence for the alternate construction of page 164. In fact, we view
the two constructions as "equivalent”, at this level of the analysis, and view
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the above symbol-string as the "Heart"-sequence of both. @ An examination
of intermediate string-position Fig. 67.1V reveals that the Osage Diamonds-type
complex crossings —- )R7 on Lp, X8 on Rp -- occur here for the first time in the
construction. To see specifically how this lacing occurs in the present in-
stance, form the starting-position 0.A:[J5| in the string; then -- as in the
figure — proceed.

S 15 (20) :H5 (Zn) # (H5) | = 82 (Th=s) :<2 (#) :01|
and examine the complex-crossings on the respective palmar strings —- they are the
same. This is a "Hooked 5" version of the "Osage-Diamonds-alternate"-type lacing
of loops delineated in the above "Heart"-sequence [_c_f. the Calculus string appear-
ing in the caption of Fig. 67.1\7.:[ It should be added to our repertoire of tech-
niques to effect this distinguished interlacing of loops, as it will be met with
again in subsequent figures; it is not exclusive to Inuit string-figures although,
perhaps, it finds its most common occurrence in that setting.

We now adopt a viewpoint even more "primitive" than that of the "Heart"-se-
quence, and consider the Bear as a "string-design", or Knot. We begin by grasp-
ing the closed loop of string between 1*2 of either hand, about 8" apart; and
throwing a small, inverted loop in this short string, passing right over left.

—k

WPALY RAFK R Under

Fig. 70.1: KnotBear (Right); Step 1,

Now, seizing the left-side string issuing from this loop at the point marked X
in Fig. 70.1, bring this towards you and to the near side of the small loop,
then push it directly away through the loop, and back up to the left side of

*

Lz m&* R2

Fig. 70.11: KnotBear (Right); Step 2,

the figure; this gives

*
Note the formation of the Osage Diamond-type complex-crossing at this point in
the procedure.
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Now, releasing R(1*2), pass R5 directly away at the point marked RS in the above
figure, and -~ releasing L(1*2) -- pass Rl directly away at the point marked Rl
[as in 0.1(R)] Pick up the far end of the string (the long hw} as in 0.1(L),

so that the 1n and 5f strings are straight (i.e. uncrossed). Now #, and observe

Ls( ?Rf
S over
L (.

Fig. 70.111: KnotBear (Right); Step 3,

the schema

[A11 schema-orientations will be "Over", for the remainder of the KnotBear
discussion. We shall henceforth omit this caption-tag.] Note: the central
loop should be fairly large for the subsequent working; and this is the time to
adjust its size, if that is needed.

Now throw a small upright loop on the far string of this central loop —-- at
the point marked X in the Fig. 70.I01 —- passing left over right. This gives

LS RS
, &
L \° R4

Fig. 70.1V: KnotBear (Right): Step 4,

Note: We have gone to a complex-schema, giving the complex-crossing type,
18, for the node on Rp. Next, pass the R5m towards you, up through this
small upright loop, and directly back to RS5. This gives
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Fig. 70.V: KnotBear (Right); Step 5.

Now, seizing up the near loop depending from 1n-s, at ¢, throw a small, upright

loop thereon, passing L over R, and -- turning this loop directly down, to the

right -- thread it over each of the Rlm & RSm, in turn, to the far side of the

figure ]Note: Rl and RS must temporarily relinquish theix loop to accomplish this

passage.:] _The result is
‘ 5
s (o o) R

’le

LL 2 o) R

Fig. 70.VI: KnotBear (Right); Inverted ,

Note: We have "upgraded" the complex—crossing type of the Rp—node to xlz
—(; Fig. 66). Turn hands with fingers pointedaway ("under” perspective) to
d_i:play the KnotBear (Right} figure.

Interchanging R and L in the above construction will produce the Two
Brown Bears' final design (except that S is not in the Hooked position}. And
minimal variations of this construction will produce a variety of beautiful
Bear figures, the foremost among these being that of the gross-schema
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‘A- ]

Fig. 71: KnotBear invention

* —
which has a sublime “alternate" extension ({after >R15&®-> R15; i.e. turn R loops

over away from you)

\s ' 5\ RS

v AN
‘-1/ \,\ ni

Fig. 71': KnotBear invention (alternate I)
rig. /1 .

We now turn to a complex—crossing analysis of the Brown Bears (Fig. 66),
and the required augmentation of our burgeoning X-Dictionary.

The complex-crossing analysis for the Brown Bears entails several, in-
teresting, "fine points" for discussion. The first concerns the actual presen-
tation of the final figure, itself. And, while the representation of Fig. 66
is a presentation of the figure -- being an arrangement of the final design
which actually occurs in the string upon I -- it is not the “simplest" such
expression (in terms of the number of simple crossings involved). Note that
any of the four loops about H5f may be "twned over" on that string, resulting
in more (or fewer) simple crossings elsewhere in the figure. Further -- as
remarked earlier — the sinple crossings x9, x10, x11, x14, x15 of Fig. 66 (for
example) may present themselves in several ways, with different cardinalities
associated to each. Thus it behooves us to find a "canonical" presentation of
the ultimate string-design Brown Bears; one which entails the fewest number of
* cf, P.E. Victor: "Jeux d'Enfants et d'Adultes chez les Eskimo 4'Angmagssalik”,

No. 6, "Padi".
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simple crossings. We do this by grouping simple crossings into the complex-
crossings already entered in the X-Dictionary (which were chosen on the basis
of minimal X.-number) whenever possible and, for the remaining simple crossings,
grouping them into complex—crossings (to be added to the X-Dictionary, as "gen-
erated” by the current figure) in their optimal presentation. 1In the case of
Brown Bears —- with respect to X-Dictionary-so-far —- this turns out to be

¥

Fig. 72: Brown Bears, (Canonical)

which shows 26 simple crossings, total, as compared to the 30 of Fig. 66.
Further, in the above presentation, we recognize well-known groupings of var-
ious subsets of the simple crossings into X-types; in particular

Crossing-subset X-type
x1, x2, x3, x4, x7 xll
x5, x6 Xﬁ
%10, x11 X
x14, x15 .
x16, x17 X
x18, x19, x20, x21, x26 x12

This list omits the 8 crossings x8, x9, x12, x13, x22, x23, x24, x25 of Fig. 72,
which obviously group themselves into two (new) complex—crossings — composed of
four of the above simple crossings each, namely .

x8, x9, x12, x13 and X22, X23, X24, x25.
Thus, in terms of complex-crossings, the canonical Brown Bears exhibits exactly
eight such -- with no simple crossings unaccounted for; those six of the previous
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list (with each of the types Xs. FKG occurring twice therein), plvus the two new
X-types

NNPZ N

c
X (X =3 X”

m:( ZMWM o \b‘ X(Xg)=t

Fig. 73: X-Dictionary (continued)

which exactly cover the eight omitted simple crossings of the previous list.
The gross-schema for Brown Bears is, thus

Under

. Fig. 74: Gross Schema, Brown Bears (Canonical)

showing exactly eight (complex) crossings, as promised. The associated complex
linear sequence is
j= L1: x1(1l1,b+): x2(6,b-): x1{ll,c+): x3(13,c-): x4(S,b+): x3(13,b-):
xl(g,a—): HLS: x2(§.a+): xd(g,a*): xs(g,a+): x6(§,a+): HRS: x7(1=2,b-):
x8(14,b-}: x5(6,b-): x8(Ll4,a-}: x7(12,c-): X6(3,b+): x7(12,a+): Rl:
x8(14,a-): x3(13,a~) m B i -

Before leaving the topic of complex-crossings, in the context of the Brown Bears
figure, we remark that a comparison of the crossing types 113 x14 with the pre-
’

viously introduced Xg, xlO (page 113) gives the distinct impression that the

former -- entailing a "third" string, c, in elementary juxtaposition (interlace)
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with crossings Xs(a—,b) B SKG (a-,b-) . respectively* —- are "evolutionarily prior”

to the latter; and should be so committed to the X-Dictionary. And, indeed, if

the entries of the X-Dictionary were {partially-)ordered on the basis of some

definition of "crossing complexity", this would be the case. -In the present

development, however, our focus is on the string-figures themselves —- rather

than any such subconstruct thereof -- and it is the order of their introduction

(whose basis is entirely subjective) that induces the ordering of the X-Diction- -
ary. At a later point in the development of the subject as a whole, we are free

to reorder the entries of the Dictionary along more geometric lines. _

We now proceed to a representative sample of the other figures in the Brown
Bear cycle. The first of these, "Brown Bears joined at the rectum” [G Mary-
Rousselidre: Les Jeux de Ficelle des Arviligjuarmiut, No. 8], which -- although
an extremely simple variant of the parent figure —- is included here because of

the sheer beauty of its final design.

Fig. 75: Brown Bears joined at the rectum

Q.A:2<5—->1: <§E—>2:=DR2: seize L2n and pass it away across L2p
to the far side of L2, then back between L2 & L3, then to-
wards you across L2d to the near side of L2 (thus forming
a loop about L2} :ﬁ(_zi_'-’))*”é_Q*(,le) :_‘.'3)4"(20)(2)) A5 (7' 2)) g qus) | :

§3 (In=s): <2 (¥#):N1|:~ 2. of Brown Bears I. _

cf. page 114
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The next two figures address distinct "multiplicative aspects" of the
Brown Bears construction. The first of these concerns the matter of his “ears"
[D. Jenness: No. 4J:

Fig. 76.A: Two Mountain Sheep,

-
Make Brown Bears: 3. lo—> 2: pass 1 away, under, and pick up from below the
lower of the two strings which comprise the Bear’s hind leg:w 2. of Brown Bears I.

This puts "ears" on the Brown Bears [cf. G. Mary-Rousseliere: No. 11]. Repetition
of this procedure, viz.

Make Two Mountain Sheep:ms 3. of Two Mountain Sheep I.
adds one to the number of "ears" per Bear -- as does each subsequent repetition

of the procedure, length of string permitting -- and produces a design known as
the"Two Caribou with their Horns! The figure is illustrated, below.

Fig. 76.B: Two Caribou with their Horns,

The second of the "multiplicative aspects" of Brown Bears concerns the matter
of their "cubs".
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AN

Fig. 77: Brown Bears and their Cubs.

Make Brown Bears: straighten 5 in its loop # O.A (with 1f-string): Go->1:
.~ 1. of Brown Bears:[]1: 1>(9_;H5m, after it passes under HS5f) #(HS): l>(_gg)#(H5):
N1:32 T,

At I, two Bears and a following cub (each) separate from the central tangle of
strings and lumber off to their respective opposite hands. As with the earlier
"ear" construction, the "cubs" construction is multiplicative, and may be re-
peated to produce as many trailing "cubs" as length of string allows. As a final
remark in this direction, we note that careful experimentation as to "which string
to pick up, and where" will ultimately result in a viable mixture of these two
distinct multiplicative aspects of Brown Bears, producing various admixtures of
"Bears" plus "ears" plus "cubs":; as the several final string-designs are not very
satisfying -- and lack "source" confirmation-- we shall content ourselves with

the above presentation, and pursue these matters no further in these notes.

We now give four representatives of the many string~figures in the Brown
Bears cycle. The first two of these are, themselves, closely related construc-

tionally.

Fig. 78: NEYcLHY\iux.
0.a:>T®—1: So—2n 5 ') 154 (2m) 5 () 4 (u5) | §2(Tnms) s
<2(#) :N1: K(L) =T (2n) 4 (15) : Q12 N1k (us) (0 2],

This represents a "Sky Spirit" with his "Hook", l—_D,. Jenness, No. 1]3.
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Fig. 79: Two Men Hauling on a Sled [D. Jenness, No. 12}

0.2:>1@=2}: >Sm—1: So—2: 310! ?) 154 (20) 55 (TR # (05) | :

f72(Tn=s):<2(#) Dulw [the in-s string]: K(L) :T(2n) 4 (HS) :
M1 ?yN1:02],

An entirely similar fiqgure -- but with central diamonds composed

of double strings, rather than single strings -- occurs on Nauru Island. By

this is meant that the final designs are "identical in spirit"; the constructions
are unrelated, at the present level of analysis. Our view of this phenomenon is
that certain final designs in the string represent “"resonances" among the possible
patterns to be found therein. And that various string-figure traditions discover
these resonances independently, within their own individual systemology. That is,
the present example-pair is viewed more as an instance of "parallel evolution"
than of "cultural diffusion". A consequence of this viewpoint is the deemphasis
of similarity {(or, indeed, identity) of final designs between two figures from
disparate cultures, and an accent on the constructions thereof. of course -- as
in the case of the Physical Sciences -- the identification of the "resonances"
among string-designs would be very useful in its own right. And we believe that
the designs Brochos, Crows Feet, Osage Diamonds, and Brown Bears must be numbered
among these. In fact, it is the author's own personal view of this phenomenon
which forms the subjective basis of the order of the introduction of the string-
figures in these notes — as alluded to earlier (page 175, top).

Fig. 80: Dagabe and Demadang
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["Dagabe and Demadang”, H.E. Maude: The String Figures of Nauru Island, No. 73]

0.A:T ¥ (20) 11 (5n) 45 f(2) 5 (1f) 4021 ;._ﬁ_ﬁ(ﬂ‘é’;c (hR2) : Grasp

- all L strings between R1*3, hold taut:HLE(LSn ) §L2(L1n )
<L2(#) =L} (L5f(2)) #(L1) :[]LS:)L2<D(2)——>L5# (L) |OL strings on
R1*R3:JHR24 | : V1. L\ RA :Jud® [whose strings _run to center of
figure; it must not be tangled with Sf:I:Duch[_running to center;

- el -—-_
it must not be tangled with lrljﬂ|>lu>-—>2:_]_>'1\(5cn)#§m >1 P,

pagabe and Demadang were Nauruan martial artists, specializing in the long staff,

or "pole".
The penultimate figure we have chosen for a representative of the Brown Bear
cycle is the “Rattlesnake and the Boy" E:.F. Jayne: String Figures and How to

Make Them, page 109:].

Fig. 81.A: A Rattlesnake and a Boy,
0.a:<Sp>2: HIZS (f2) : ZM1@) 13 (u2) ;43 (UZn) # (43, 45) | :
- D45:§_5{,(H3CD) :(J34 (H5) IH?(E) 1<2(#) (\'__Slformer u2m) 1}
T (2) H 12 = (c-H):
1A (R20) ¢ K {T (u2n) # (R1@ yN1:02] :>Te—>2] —lﬁ,) 0

L (g=8®h e us) =054 |ys (TR 2h 4 (15) (01| =y MHsw
;Sn:;ring that runs to H5f(2) and, drawing this towards the
palm, 1 picks up remaining HSn-string from above ﬂ(l)f[]HS#I::
® (Lin) (0115011 1§ MNR2@) :[JR2IR10—SRS :R1A (M) $0n] ,

This produces a representation of a nRattlesnake” to the left in the string,

and a "Little Boy" to the right. The "snake" can be made to "run up and bite

" the hands in a quick (and "snappy") . This is

:1 raises

the boy" by[JLS5 and "seesawing
illustrated, below.
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Fig, 81.B: Rattlesnake Bites Boy

Notes on the construction:@. The initial segment of the construction is iden-
tical to that of Brown Bears' (page 166) 7@. The final "loop-transfer" movement
of the inital figure is an echo of that first encountered in "Tutae Takahuri 2"
(Fig. 56.1IV, page 131, top): @ The final extension of the second ("action"-)
figure is greatly facilitated by H]..‘23_45,L(L1u>) . as shown in Fig. 81.B, above.

(@ . The figure also admits a "classic" Brown Bears construction (through the
string-position of Fig. 67.IV.A), but there is no "source" confirmation for this
method. @ . Current ethnographic collections of Inuit string-figures, curiously
enough, make no reference to this interesting, appealing figure.

The final figure in the Brown Bears cycle which we shall discuss is the con-
temporary figure "Snoop" -- the name of a particular dog who loved to play with
rocks [cf. D. Jenness, "The Dog and its Ordure", No. 9l
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0.1:§3 (Lp) # L3 (R2) T2 (RRI | : So—1: Soo24]| x5 M1 ?) s5M2w) s

§% (37 8 (u5) | 82 (Ins) s<2(4) N1 K T (2n) 4 (H5) : (1 2 N1:0)2:
f@->2] = Ry (R2) : fiRL (@ i R200) >RI(H) sLyh (R1' 2 8 (HS) 11 (20)

¥ (HS) : (QloX 2 N1:0)2]:<B: lay flat (do not(B) +5IR3 (5=0' %) ; Lp-Rp) :
R2)(R1w) :HRZ (5f-5; between st-m's) 4 (R2) [[Jformer R2e0 2 L5:
fZw) (R1o) : p2oo—>L5 [direct]: »BY (HS) | : work ho up thru & to L

of "Dog"I,

This gives Fig. 82; for the release, "dissolve" L "rock" by
€3 (Lim; to R of vrock") :0L1# (5) : <EZw—>11],
This gives the "Dog". Continue with
-?(H_Sf_; between Sfm's) :USQ>_2_5>—>SI
to produce "Dog's Stomach". Now
2 (base of R RHEE >2(#):05: 20->5] ,

This gives the "Rock He Swallowed", near the base of Rl. Continue with ] RlI
to completely dissolve figure.
Notes on the construction: @ The opening is a modification of Q.A, in which

L2 reaches across (rather than down into) R2m to pick up Rp. @ After the fig-
ure is laid flat, we observe two sets of double oblique strings, Lp-Rp; one set
lies beneath the central tangle of the design, the other (set) lies right on top
of it. It is this latter pair to which the symbology "u—o(2) ;Lp-Rp" refers.

Thus R2 Hooks these two strings towards you, and down into the Rla; then R2 pro-
ceeds away, under, to the 5f-string between the two loops lying on this string
{ultimately, these become the "legs" of the "Dog"). Now R2 Hooks up this 5f-
string, from above, and returns to its normal upright position, retaining this
string only. Finally, after L5, R2 makes a direct (cross-hand) transfer of

its Joop to LS, passing it down through Rl® and under the central design to do
sO. [_'_I‘here should be a HS5f-s string at the completion of this complex (!) move.:l
@. The ho referred to immediately prior to I passes loosely through the body of
the "Dog", to limply encircle Llm. The M may be used to seize this loose string
and pull it free of the "Dog" figure [if you've seized the wrong string, it won't
give at all when you pull with the M; try another, nearby string. After two or
three successful constructions, this string will reveal itself every time:j
@. At the stage of the "release" procedure called "Dog's Stomach", one meets
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with the string position

= D &
LL( o) RA

Fig. 82.A: Dog's Stomach (sketch),

Over

Here, (both) 2 are to pass away under the double strings at ¥ in the above figure
and thence away over all intermediate strings to Hook-up 5f from above. @ The
final figure "Rock He Swallowed" is identical to that of Fig. 70.II E(notBear
(Right); Step 3:], whose construction may be carried out at this time in lieu of

final dissolution. @ No known "source" validation exists for this entire "dis-
solution" procedure.

This completes the discussion of the Brown Bears cycle (Bears, I)
’ .
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Bears.ll

In this subsection we shall sample some of the diverse construction-types

which produce Bears. Although several of the figures below live in "string-fig-

i j here -- a rather exten-
ure cycles", we shall suppress this aspect of the subject . °
just been discussed in the previous subsection -- only pro

ive example having ’
" when that is not a Bear, showing

ducing the "Hearth"-figure of the cycle: and,
how the Bear is related thereto.
The first figure to be discussed is the

[13. Jenness, No. 4’Z]:

wFish Net Torn by Two Polar Bears"

NN, \; = W
th TN % LY
HLS @A_—A Wi HRS

Fig. 83.A: Fish Net
= = —(2)_yo1.
o.A:_f(zn):g(;_n)ﬁ‘?(_lg#cu\:1>(2n):_1>(_5_f_1a9_2|3m—>5:§m 52 :
_215('1'6)#(1{5) :D1|::_J_>'1~(H5co) :<1_4~(u2co) :’H'i(x:gf)#(m,m:__z(n_si)a(l)
—[_:E!uzf from g:ms#\:g(ﬁu(usnﬂuz‘ém —>1:§J,uco ):
2 (1n-o) 4 (15) 712 (Tn-s) : <2 (4) [D1n-o from 7):011.

This gives the beautiful Fig. 83.A, “"Fish Net". We recognize both complex—Cross-

ing types X (above) and X, (below) on Lp, for example,
Continue
So—>1] . |
This gives Fig. B3.A, with 2,H5 replaced by H5,1 (in the Over perspective},
respectively. ‘
Pass —?l/ into central design at A: bring 2_f‘ (back) into central design

at B: §2 (1nms): <2(h):O14ES)] |

This gives the "Two Polar Bears", illustrated below.

Continue
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Fig. 83.B: Two Polar Bears,

Notes on the construction: 1). The {only) 'T]2" move in the manipulation se-
quence -- near the beginning of the construction -- is, indeed, startling to
most (even very accomplished)string-figure practitioners upon first encounter
with this figure; it just feels "wrong", somehow. This tends to make the figure
difficult to commit to memory for these same people (author included); the feel-
ing of "wrongness" never abates, as there is little reinforcement for this cur-
ious "release move" elsewhere in the string-figure literature. @ The two "dou-
ble" loops which occur in this construction -- first on 5; then moving, as a paiy
to 2; and ultimately coming to rest on 1 -- are to be maintained as distinct
throughout the working of the figure. Again, such two-loop interdigit transfers
occur infrequently among the string-figures of the world. @ The complex pas-
sage of 2 through the "Fishnet" design in passage to the "Two Polar Bears" fig-
ure is the third (and final!) odd movement of rare occurrence found in this ser-
ial figure. @ During the final extension, "][", of the "Two Polar Bears", the
Bears separate centrally, one from another, in a manner entirely reminiscent of
the final disentanglement of the Brown Bears (Fig's. 67.A-E). Here, in the pres-
ent figure, the relevant ultimate separation is greatly facilitated by repeatedly
seizing up, raising, and letting-go of the 0(2’; 20 with the backs of the thumbs;
this being done several times during the course of the "tug" of the "I".

Iet us spend a minute to discuss how a Polar Bear compares to a Brown Bear,
using the "String-design"-- or "Knot" -- approach. To construct the Polar Knot-
Bear, proceed as in the Brown KnotBear through the position of Fig. 70.XI (page
169). Now, referring to that figure, pass Rl directly towards you (from the
far side of the configuration) into the design at the point marked RS and, sim-
ilarly, pass RS towards you at the point marked . Rl therein Eas in _O_.l(R):I.

Pick up the hw, as before, to form 0.1(L) == so that In and 5f are straight
{i.e. uncrossed). Now ¥, and observe the schema
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: Continue threading this loop (still "like a ribbon"} over, away, and back up
- under Rln again. Finally, turning this loop directly to the right and down,
thread it over each of Rl & R5® -- in turn -- to the far side of the figure

Over (this is also the last "threading" move of Brown KnotBear, page 171). The re-
) sult is Polar KnotBear (Right), the rightmost Bear of Fig. 83.B, above. Its
anatomical dissimilarity to Brown KnotBear (Right) is egregious.
‘ The second figure we shall consider is the "Siberian House", nearby to
Fig. 84.A: Polar KnotBear, I, gur ’ Y

which lurk Bears. There are two "Siberian Houses", with the same basic con-
struction @.B. Gordon: "Notes on the Western Eskimo", Fig. 22]. The plate, be-
low, is from K. Haddon: Cat's Cradles From Many Lands, Fig. 36.

s |
Note, Polar KnotBear 1 and I are identical to Brown KnotBear 1 and I (Fig s. o
70.1 and I, respectively). Now —= enlarging the central loop, if necessary ——
throw a small upright loop thereon, passing L over R, at the point marked X in
the Fig. 84.A. This gives

= e

5Y RS B
S fo

Over T

{ - FPig. 85.A: Siberian House, I,
- 0.2:3575 (1n) # 01| : T (2345n) 11 (2345¢) [below S£]402345 ],
/D RA This gives Fig. 85.A. Continue

LA ‘A D

7 - 021

and the "House" breaks; two "Little Boys" run away to either hand.
Fig. 84.B: Polar KnotBear, 1V, . e e Preare i e o ; et
e elaborated "big" Siberian House, ow, comes from K. on: Artists
. . : a
izi i t the point marked X in Fig. 84.B, threa . ) )
Now, seizing this small, upright loop a . : in String, Fig. 6.
it (like a “"ribbon" -- i.e. no twists) to the R over Rp; then turn it directly in String

down over this string and draw it towards you —- under the figure -- to the
near side of Rin. This gives
LS /o

Over

Fig. 85.B: Siberian House, II,
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0.1: Raise the palmar string on each side, and drop it behind 3 (of the -
same side) = R3 (L2p) 4T3} (R200) :L3 (R2p) ¥ 1 (L4p) T3V (Ré) :
g(}ug)nl:ﬁ‘ﬁsgm uD1|:_f(2345n):_1_>(2345f)[be10w 5£ 023457

This gives Fig. 85.B; essentially, it is Fig. 85.A with two extra finger-loops.

Continue
Q2] --— “Break him",
03 I ———— "Fix him", o Fig. 86.B: Two Bears
4] -—- "Break him'; And a similar pair of "Bears" -- 'though the final figure is not so iden-
- tified, for obvious reasons —-- lurks nearb ii " " £ i
and two "Little Boys" run away, as before. Note that the "Opening" of this fig- i, similarly "broken" and ' 3 y the Hawaiian "house" figure (which
’ n" and “"restored") "Ku it |1 i . .
are (through the second occurrence of "|" in the construction) is a five-loop . o ) e Hoopi'o ka La" [L. Dickey: String
— Figures From Hawaii, Fig's. 2 & 3].
version of the Opening A; at this point, you should have a loop on every finger. -
The remainder of the construction is that of Siberian House, 1 ~— up to the final

"release"~sequence. _
The "Two Bears" earlier alluded to live in two vcaves" below a "mountain",

near to Siberian House, I [c. Gryski: Many Stars and More String Games, pages
34-35.]

v

: _ ‘ . \\}
/ \

Fig. 87.A: Ku e Hoopi'o ka la

0.1: fiR3 (Tp) # (HR2) : T3 (HR2) :H_L%(R—p)#mz) | [this is O.A with
ni'_sj :<_2>1‘_(_5c0) :05 4 a|:g§(3z'p—)n(ns> : T (gf_—g)#(HS)_DZ(Zf—s) |2
ﬁzm—mi:%_zi,(mm) 0 L24 (R2) : T34 (R2) : T2} (uR1m) :0uR1@H (L2) | :

- 4026 :Them) : §2 (4 ma,5) | A0 2) | :¥3(all strings) [just
to hold things]: X(ulo) (R) ’D”[“4'5’=_3.>M2°°)=U2l::<2_¢(u1m‘2’):

Fig. 86.A: Two caves Below the Mountain

S d -
9.A:§345(_1_n)#[31|: 1 (2345n) :1 (5£) [above 2345£]4#01—>h® (gently):

Ed ]
1¢(ha)):l>(2345f)#|:[]2345co ] (Fingers pointed away, and slight- 3 (3
1 ) 3 (WTnss) :<2 (4) |0 (uic' 2
ly down), - .
After minimal arrangement of the strings of th i i i
e e e, o | jloviin g e central design, this gives Fig.87.A
02 — Tt '
I by (2f)[_after it is looped by a small ring on 2m:] :02: u1co—>21
and "Two Bears" issue forth from the “caves" -- at either side of the central - (gently, so central loops catchl.

design. The "Iwo Bears" are illustrated below. This gives "Kona", illustrated below
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_ L !

= e B
. /7 A

Fig. B87.E: Hilo,

Fig. 87.B:

Continue, -
1 (fixmly, so central loops pass). ,
Pass and to the center, and insert 1 into the small "rings" which encircle

This gives "Kau", illustrated below. wse? yms) T,

57" S
- — N

This gives "Hamakua", illustrated below.

Fig. 87.C: Kau,

: %Y '
Continue, DAI Fig. B7.F: Hamakua,

Finally, continue to the final design
Os: <<<II [paims away, 1 below 2]
- extended as in the illustration, below.

N A -
g:)/\ - Kﬁ | //\@\‘

Fig. B7.G: Kohala,

This gives "Puna", illustrated below.

{

Continue,

2(;_”.(2—\“\11@’ . 3 (fIn=s):<2(4) 3011 . This gives "Kohala—where there are no Bears."
Notes on the construction: @ The Opening is "O.A with index fingers turned

down" —— mirabile dictul! @ The symbology "[J2(2f-s)" should be read "release
the 2f-s string (only) from 2." @ The “"4-move" in the construction, i.e.

This gives "Hilo", illustrated below.
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"4 (26): <4_T(2c0) . §4 (3n) #(H4,5) |" requires much of a ring-finger unused to such
independent operation. The Ham, at *|", is to be drawn well behind (i) the
two strings on the Hooks of 5 — and held close to the palm —- until its ulti-
mate release, in Fig. 87.D. @ The penultimate (complex) 2-move finds four (!)

1m's —- and, consequently four 1n-strings; the lower two of these are "straight" --

passing directly from thumb to thumb. Of these two 1n-s strings, one is much
1ooser than the remaining strings of the design and, consequently, hangs well be-
low the other 1ln-s string,which is at standard current tension, i.e. taut. And
it is this latter string which is Hooked-up by 2 during this movement -- this ex-
plains the Calculus used to encode the manipulation. @ In our extension of the
final design, "The Kohala Bears", we have added a full twist (i.e. <<1) to the
display of this figure -~ as opposed to Dickey's instructions —— the better to
exhibit the analogy with the Bears of the Siberian House cycle. There is no
nsource” confirmation for this extension; it is "poetic license", pure and sim-

ple —- although we do believe in Koala Bears!

Iet us again spend a minute to discuss the current Bear under consideration,
the "Siberian"Bear (Fig. 86.B), as a Knot. To produce the Siberian KnotBeaxr, pro-
ceed as in the first two steps of the Brown KnotBear construction (page 169),

interchanging "Left" and "Right", throughout. This gives
RixR2

T g

Under

Fig. 88.1: Siberian KnotBear,

Now, take this configuration onto the hands (analogous to O.1) exactly as in
Step 3 of the Brown KnotBear (page 170, top)- This gives :
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Ls fo \g RS
©
< Over
LA o (o) Ri
Fig. 88.1I: Siberian KnotBear (continued).

which is analogous to Fig. 70.II {and Fig. 84.A). Now, seizing the central
loop at the point marked % , throw a small upright loop thereon, passing L over
R, and -- turning this small upright loop directly toward Rl and down -- place

it on Rl (as an uRlw). This gives (the (g)Schema)

Q\} RS

L \° Ri-

5 /o

Fig. 88.11I: Siberian KnotBear (continued),

=
Now, QRlcn—)uRl (over), and then N(R1l) —- this whole movement has been dubbed
"double-Navaho" Rl. This gives the (complex) schema

18/
- . - Over
A \° i
Fig. 88.1V: Siberian KnotBear (continued),

Now, seizing the near central loop (about Rin) at the point marked € in the
figure, throw a small upright loop thereon -- passing R over L ~- and turning
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this small loop directly down to the right, thread it over each of Rlm & RS@ -- ; tion, the other below: Pass L2 these three strings (near 1p) to f ig
‘ o far side

in turn —— to the far side of the figure (this is the same last "threading” move - i . TEF . -
gur g - of figure: HL2(I5E) #(L2) =0 RS: IPm) (Liw) : L2 —> RS [direct] 4 us)] |

as in each of the two previous KnotBears). The result is Siberian KnotBear (Right), Thi .
3 s gives Fig. 89.A. i
the rightmost Bear of Fig. 86.B. g g Continue

There is precisely one more "Bear" figure we wish to analyze as a "KnotBear", O HRS: H§2345J,(R1a>)1 .

and it arises from the following figure. At the completion of this discussion we This gives "Bear" (Left), .illustrated below.
feel that a sufficient number of these micro-analyses has been carried out on

"Bear"-types to give a good representative sample of the variety of such figures —— >
(which all look more-or-less alike, at some gross level of cognition). The fol- - - X
lowing figure is from J. Averkieva: Kwakiutl String Games, No. 75,"A Bear'{all

1

{
Ny

Averkieva plates are by Mark Sherman {personal communication) ]

‘\\
|
L | .
If we examine the left palmar string somewhat closely, now, we find no

\' . "Osage Diamond"~-type crossing (x7, )XB) anywhere to be seen! Surely this figure
' is a prime candidate for a KnotBear analysis. We begin by throwing a small up-
Fig. 89.A: A Goose, - right loop in the string -- passing left over right -- and then give this loop
an additional (180°-) twist. This gives

\ >

Fig. B9.B: A Bear

Note the unusual opening, and the similarity of the final complex L2-move (of

"Goose") to the final complex R2-move of "Snoop" (Fig. 82). We shall meet with

a variation of both below, before the end of the current section.

Hang loop on L12, with the long ham on the palmar aspect of L: Pasé Rl right,

and to the near side of L: R}(Lin & Li2d) 1 G > L1|:<f>_'1‘(1c0(2)) #| (widely):

O5(5£-s), then f5 over this just-released string # (H5)|:: %.L(lm(z)) B ;

2n-o) #(2): f5(177s): < 2(0) [O former 205} =D 1]"wo Diamonds”, LA (L2w) : - SR S Under
: L )

Draw L1 to center, and pick up both up[:gf lateral and lower cen(tzral arm of 5—_”'2' . ?1*2?_

(left) central diamond: #(L1): g’T‘(Llo ) #(HS)|: _]_;T*(Zn»):(ﬂlcn }Nl: #(H5): - . h-x—-‘ .

[12|: There are now three s;Rp-1p ~- two lying above the central configura-
Fig. 90.A: Kwakiutl KnotBear, 1,



-195~

Now, seizing the right-side string issuing from this loop at the pointrmarked X
in Fig. 90.A, draw this away from you and to the far side of the small loop, then
push it directly towards you through the loop, and back up to the right side of

the figure; this gives

Under

Lixl2

Fig. 90.B: Kwakiutl KnotBear, I,

Now, releasing R1*R2, pass R to far side of figure; pass Rl and RS directly to-
wards you into the figure at the points marked Rl and RS, respectively [as in
0.1(R) ] Pick up the far end of the string (the long hw) as in 0.1(L), so that

the 1n and 5f strings are straight, and uncrossed. Now #, and observe the schema

over

Fig 90.C: Kwakiutl KnotBear, III,
Now >>R1 and, reaching down through this (R1}) loop, seize R5n and draw it back
towards you, and up through the Rl®. This gives

over

Fig. 90.D: Kwakiutl KnotBear, IV,
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Still holding this (former) RSn-string -- at the point n‘arked-)( in Fig. 90.D —-
throw a small, upright loop thereon (passing right over left} and conmtinue draw-
ing this string away from you, under, until the small, closed loop passes beneath

the RSf-string. You should now observe the schema

- -LE - O e e -

Over

Fig. 90.E: Kwakiutl KnotBear, V.
Now, [JRS gently, vand pass R5 up into the small loop lying beneath RSf -- passing
to the near side of this string -- and with the back of this finger push RSf (at
the point marked % in Fig. 90.E) away and down through this loop, thus picking
up this string on the back of R5; # I This produces Kwakiutl KnotBear (Right)--
for comparison purposes with previous KnotBears -- which is made, directly, by
4,% in the construction of Fig. 89, "Goose/Bear". The Bears remaining to be
discovered in the present section fall into two categories: Those whose gross-
schemas are (essentially) that of Brown Bears —- here the "Knot-analysis" is, at
worst, a minor variant of one already met with; and those whose gross-schema
bears little or no relation to that of Brown Bears. For these reasons, this
type of analysis will not be pursued further at this time, the above four sam-
ples being taken as "representative" of the whole.

Next we examine two examples of the young of the species, the Bear Cubs.
The first figure, Brown Bear Cub [D. Jenness, No. 49}, is one of those whose gross-
schema bears little resemblance to Fig. 66.
"Cub" is depicted "rolling on his back".

This is not so surprising, since the

Fig. 91.A:

Brown Bear Cub.
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0.A: X2 (L) # CTB—>L1: IS@—>L14 | : 250 (fL1e' P s STS(GLIE) 4 (WLS) |:

T Gl ?) nLg (JETR) : <L2 () QL1 ¢ LI (L2w) : Pass I over
0(2):L2co and Hook up, on the palm of L1 —- from below =— the R2n-string:
#(L1): IA’[‘(L2GJ) | R1]|:0ORS= Thread R2m, as a ribbon, directly to L and
down through the two loops jointly held by L1 & L2, continue down and un-
der all central strings, back to its original position on R2 #{(HL5):[}L1:
<«r2] |

This gives Fig. 91.A. Continue

TJR: seize LSf in R, just to the left of LS5f's rightmost loop:
draw this- out I,

This gives the"Polar Bear Cub, illustrated below.

Fig. 91.B: Polar Bear Cub,

Continue
O R: seize L2n in R, just to the left of L2n's rightmost loop:

draw this out I .

This gives the"Young Beaver', illustrated below.

Fig, 91.C: The Young Beaver,
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Continue .
O R: seize L5f in R, just to the left of L5f's rightmost loop:
draw this out I .

This gives the "Young Man", illustrated below.

Al

A -
2 P
£~ .
(__= -

Fig. 91.D: The Young Man

Continue
[JR: seize L5f in R near the base of L5: draw this out I_

This gives "His Small Rope", illustrated below.

Fig. 91.E: His Small Rope,

And the serial figure ends. Notes on the construction: Some practice with
the intermediate string tensions is necessary to get the full, beautiful final
extension that this figure enjoys. Some tips: @ . After the "X2(L)"-move,
pull the central "crosses" closer to R; @ At the move "[QR1", a long loop,
coming from the left to wrap round the Rp-string, will be observed. The final
extension is facilitated by keeping this loop as long as possible; @ . When
threading the R2@ to right, down through Llw 2, and back under to R2, make
sure the loop identified in @., above, follows the R2@ in its passage. In
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particular, this loop should end up in complete extension to the right, at the
completion of the move. (3). Just before ] --at the completion of "<R2", the
R345 fingers may join R2 in its loop, to widen it for a more perfect extension.

The second "“Cub" figure EJ Averkieva, No. 78] , is the only "source"-identi-
fied'Grizzly Bear'in the collection. Its working is unusual.

Fig. 92: Small Grizzly Bear,

Hang loop on L12, with the long hm on the palmar aspect of
L: Pass R away and grasp (both strings of) hwm about 2"
from L: ﬁTZ‘(Ll_Zd): draw this string to right, away over
both R-strings, and back up [#(2)] to near side |:HL345
(T1n) # (HL345) {0 L1 : LIMNR20) :0R2# (L1) | LY (L2£) #(L1) :
N(L1):gr2],

This figure provides insight into what a Bear-in-string “"really is"; both the
construction and the hand position (especially, Right) are quite remarkable!
And, in that same vein, we present another Kwakiutl Bear-figure which is sui

generis [, Averkieva, No. 79, "A Bear.
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‘\b

Fig. 93.A: A Bear,

Hang string over L arm sothat there is a nhow and a fho of equal size:
from near side, with R, seize lower string of nhm@: Pass ﬁ. pushing
upper string of nha before it, on its back -- then away from you past
fho -- and take up, from the far side on the back of Rl, the upper string
of fhm: #(HR2345) [using *archer's motion -- thus [0 upper string of nhw
from the back of K] #[JR2: R24 (R1w) : AL345 (ALwn) # (H345) | KI72 (uLwd) :
Do 2 4 (83457,

Notes on the construction: The opening position is

S

I I ‘
LegtAm ) =3, .

Fig. 93.B: A Bear, Opening position,
At ], the string held in R1*2 usually slips down over Rl to become an Rlm.
Now, we offer another variation of the ever-popular "Bear emerging from
his Den (Cave)"-theme ~- only, this time, the stationary "Cave", itself, trans-
forms into the emergent "Bear"; another of the truly remarkable, distinctive
Kwakiutl figures [J.Averkieva, No. €, "The Bear and His Den®].
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Fig. 94.A: The Bear's Den (Cave).

.

0.1 §R2 (Tp) : <R2# f5w—>L2: ORS|: 345 (3n) 4 (H345) | T3} (R2) :
L3 (R2£) # (L2) [ former L2a||:TL(L2n)# (H345): N(L1) | :00R2:
Rz (L200) £ R (L2£) 4 (R2) | :0L2]:00R1],
This gives Fig. 94.A. To witness the "Bear" emerging from this cave, continue
Or2 ]

and the strings comprising the "Cave" momentarily sag, then reform themselves into
a "Bear", who proceeds off to the left hand, in the figure. He is illustrated,

— —

Fig. 94.B: A Bear,
We remark that if, during ], the R and L hands are held at nearly the same
height, the "Bear" erupts from his "Cave" and glides off leftward swift, and
silent as the night; if IR be held somewhat lower than L during this |, the
"Bear" can be made to clamber out of his "Cave" and stomp off — uphill — to
the left hand.

{
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Another pair of "Bears" is to be found among the stars. The following
serial figure is from J. Averkieva, No.51:

Fig. 95.A: The Burbot,
(2)

)

0.h: 5B>1:5®>1:5 A1 2 FB(@TE 1 (15) 1= T uiw' 2

_};_%(9_13) :<2(4):01],
This gives Fig. 95.A. It is also known as "Navaho Two Stars" [C.F‘. Jayne:
"Twin Stars". Before proceeding to extricate the'Bears" from these stars, we
must examine the string-position of Fig. 95.A more closely. The geometric cen-
ter of this figure is a "cross", each of whose arms consists of a pair of strings;
and, where these four strings cross, a tiny four-sided figure -- or "quadrangle” -
is defined between them. Arrange the strings of the c-X so that the upper, later-
al strings of the quadrangle are those that proceed to the upper transverse
string of the figure (i.e. 2n-s), whose continuations loop singly about the res-
pective palmar string fNo_te: the other pair forms an Osage-Diamond-type complex-—
crossing with the respective palmar string] . Having thus arranged the strings of
the central quadrangle, continue

_:_[ﬂ‘(c-quadrangle) $>Im—>14 (1) | (gently) ;7 (H5f: between the two
loops on HS5f): raise HS5f-s slightly, then [J this string from
2, dip 2 towards center of figure and pick up, from below,
both strings of the central H5f-loop):# (HS) I:?Z(l_ﬁ;center):
<2(#) [™ former ZCD(Z)'] #(u5):p1] .
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This gives "Two Bears", illustrated below.

gt

Fig. 95.B: Two Bears,

Note on the construction: At the move "| (gently)", the two halves of the
figure will separate; it will be found that the subsequent "2-pickup" will be
easier if this separation is not allowed to become too extreme |l_§ if the
loops to be picked-up by 2 maintain some central contact -- the meaning of

" (gently)" should be so construed.:]. The Knot-analysis of these "StarBears" is
a synthesis of the Kwakiutl and Siberian KnotBears, discussed earlier ( pages
194-196 and 191-193, respectively) and should be considered a "minor variation"

thereof .

The penultimate figure of the present sub-section of Bears, I is the ap~
pealing "Brown Bear's Pack" ED Jenness, No. 117].

Loop string over backs of 1 — held about 6" apart -- so that long hm

depends from palmar side :: 12 (Tn) :<2(4) = RIM(L1w) § (R1) :LLT(R1) #] =

s (D3£) (2)
#(H5)|: Keeping 1@ “’taut, bend 1 away

St him)

fiRS (UR1E)
and allow a single 1w to drop off: G(1)|T>(Q):i(1):Nl:[]2I.

This gives the intermediate stage, illustrated below.

Fig. 96.A: Brown Bear's Pack; intermediate stage ,
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To get the "Brown Bear and his Pack", continue
_ ped 5
fo—>2: 1} (o;HL5a} ¥ (A5} :gﬂme&ﬂ s f(z_nnmsn 81:02],

This gives "His Blubber Poke", illustrated below.

Fig. 96.B: His Blubber Poke,

Continue,

— e (2 - -
Lﬂ,(}{st): §22 (5% 1p) [These strings form a Lpm|:>L2(#)::
§T3(LTn) s <L2 (4) : L1 | :0L5: HE345y (L2e0) ],

This gives "The Brown Bear", proceeding off to the right with the "Pack" on
his back, illustrated below.

d

Fig. 96.C:

\
Brown Bear and his Pack

Continue,
£2 (1n: just to left of "Pack"): # (R2):[JR1] ,
And the "Bear" continues off, right,without its "Pack".@

Just as the dog "Snoop" (Fig. B82) is a close neighbor of the (original)
Brown Bear (Fig. 66) in its cycle, so too a "Little Dog with Big Ears" lives
close to the present Brown Bear (with "Pack"), in its cycle [D Jenness, No.
123]. 1Initially, construct the “intermediate stage® of the"Brown Bear's Pack"
figure, Fig. 96.A —- the "Dog's Face" -- and turn figure to the "Over" perspec-

tive. Continue
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22 (5'?); 1p) [the Lpa]: §L3}(L1w): HL (E5E) 4 (L1) | s Rs = Tom)(Lim) :
L2@m=R5 [direct]# (n5)|: ALZ(Lp: between the two loops on Lp|:
oLl & L5= L} (HL2) (0 L2: HLS(ETE) # (151

This gives the "Little Dog with Big Ears" -- illustrated below -- who can be
made to "walk" off to the right by pulling gently with either hand. Ehe plate
is from C. Gryski: Super String Games, page 80:] .

Fig. 97: Little Dog with Big Ears,

To dissolve figure, [JR and seize up the loop which comprises the Little Dog's
left "ear"; pull this out, and he vanishes from the string.

The final string-figure of the present subsection of Bears, II -- designs
with gross-schema related to Brow: Bears (Fig. 66) -- is the Kwakiutl serial
figure "Two Sitting on the Roof/Two Bears” [J. Averkieva, No. 30|. The Opening
is the same as that of Fig. 94.A.

0.1: HR3(Dp): <R2 # L50—>L2:0RS|: Pass 2 -- with its loop --
towards you & down (deeply) into lm:>2(#):01]| :_1>(£2n):
L2t 3 1w : T (u2w) : §3(32n) # (H3) : §45)(H3@) | = pass
T2 to far side of R2 and Hﬁ(ﬁ):DuR2m:: pass %3 to far
side of HL2 and Hﬁﬁ(ﬁfﬂ): separate 2's (to enlarge their
Hooked loop): ()T (in)#(2) [@H20'2F)|:O1: N2# (H345) ],

This gives the "Two Sitting on the Roof", illustrated below.
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|
No—

Fig. 98.A: Two Sitting on the Roof,

Continue,
H} (H5f-s, center) :[JH345 # (1) ] [fingers pointing away |,

This gives the "Two Bears (as seen by those on the Roof) " illustrated below._

e — //2

Fig. 98.B: Two Bears.

This figure is essentially "Two Rats on a Log" [I) Jenness, No. 131]: the two
openings involved are distinct, but equivalent.

This final subsection of Bears, Il concerns itself with a class of Bear-
figures whose gross schemata are far more elaborate than that of the Brown
Bears; all the present designs are of a single Bear. As contemporary figures,
these string-figures are known under the various names Polar Bear, Ghost Bear,
Spirit Bear, North Wind, and Buffalo. We shall present them, as usual, with
their "source"-designations.

The first figure is the "Polar Bear" [D. Jemmess, No. 137.

0.1 K1 (D5) :iI(Lsf)ﬁtg_g_f_)msl:;__1*(1m‘2’) #] (widely) :0 5((25)f—s).
then?lg over this just-released string Q(HS)I::%J,(la) ):
2 (in-o) 1(2): T3 (In=s) :<2(4) D former 20| =01].
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This gives the intermediate figure "Two Diamonds", illustrated below.

====‘::,===?

S i

Fig. 99.A: Two Diamonds,

Continue,
1. A (oi2m): K :_1>(2_:3)#(?1m(2’)m:[|2| .

This gives the schema

Hs o

Polar Bear, intermediate figure,

Fig. 99.B:
Continue, .
2. ﬁTR_Z' over both strings marked X.0 above: (H)%z.],(le):

yR2 (5T, at #)4(R2) =0 L5 : R2@, (R1m) :R20—>15 [direct]
#(H5):<B],
This gives the "Polar Bear" ﬁ:late from G. Mary-Roussline: Les Jeux de
Ficelle des Arviligjuarmiut, No. 6, "Nanorjuk”], illustrated below.

er
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Fig. 99.C: The Polar Bear,

Notes on the construction: @ The opening, and the construction of the initial
figure in the series, "Two Diamonds”, is strongly reminiscent of the similar in-
itial figure in the series "Goose/Bear" (Fig's. 89 A,B). The two "Two Diamonds"
figures are not identical, however, as a cursory examination of the complex-
crossings on the respective palmar strings graphically reveals.@. The complex
R2-move of Step 2 in the construction is "physiologically" identical to the cor-
responding move in the construction of "Snoop" (Fig. 82) -- analyzed in Note @
at the section's end. It should be remarked, however, that the string-position
of Fig. 99.B, above, bears little similarity to the corresponding position in
"Snoop", whence the results of this manipulation are predictably dissimilar, also

There are two variants of this figure to be discussed. The first is a min-
imal variation in which the first R2-pickup move in Step 2 of the construction
is replaced by

2- fR2 over the string marked X, above.

That is, R2 does not, in addition, hook up the string marked O; this is the
sole deviation from the parent construction. The result is illustrated below,
from the "audience" viewpoint [G. Mary-Roussli¥re, Fig. 6'].
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_ —

— - d/
Fig. 99.D: Polar Bear (variant #1), .
g Fig. 99.F: Polar Bear (Variant #2),
The second variation is more substantial. 1In this case, the Step 1 of —_ . . .
- A final variation of this figure -- not illustrated here —- results from the

the parent construction is replaced by ;
replacement of Step 1 in the construction by Step I, and then performing Step

1. _J>(g;10we1('2?entra1 arm of its respective diamond):K: - 2 with JD\Rs (i.e. performing the indicated movement with L2, instead of R2.)
1 (2nm) 4 (Rl “HN1:02], This completes our discussion of the "Hearth"-figure Polar Bear.

This produces an intermediate position whose gross schema is i The final figure of the section is the hauntingly beautiful "Spirit Bear"

[T.T. Paterson: Eskimo String Figures and Their Origin, no. 108].

- 0.1:8@—2:5 (1n) #H5 (2F) [0 1n from S} #(85)|: ®I to dorsal side
of L:Td(L12d):OLl:T1 to dorsal side of R:Ll(R12d): N(R1)

- - - over - T
5 — _ a(H5)|:_L_;(HL5f)#mS)lpformer Llu)_|:DL5|:2;l_L__5(L1n)#(H5):DLlI::
—% - _1,_;1*(1,2@):Ti(o;Lzm):_L_;(HRSf)HHS):DR5|:21=54~(L10>):§?5(ITF.):

i s) {ORr2],

This gives the "Mouth", whose schema is given below.

o )>Rl

Fig. 99.E: Polar Bear-second variant; intermediate,

Now, continuation of Step 2 of the original construction on the position of
Fig. 99.E, above, givesthe variation below [:E. Holtved: "Contributions to Polar
Eskimo Ethnography", No. 11, "Nanorsuk'j .

Fig. 100.A: The Mouth,

= Continue,
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Ry (RS®) §R2(R1n) :<R2 (#) :([OR1]: R (R2n;just to R of central
loop) : RI (HRS£) ¢ (85} (B 2n-s from RI}{JR5} s L] (HLSE) (#HLS5):
DL5;|:>2.%5\L(H2m). TICER

This gives the "Spirit Bear", illustrated below.
(i:;;;;;;i;Ea;ifff::j===<::=\<===>\\\‘~_
E:———________:% :

\4\

An extra turn of the 1n-strings about each thumb —- accompanied by a "push"
towards the center of the small loop about HRS@ -- results in a "stockler

Bear in the final extension than that depicted in Fig. 100.B, above.

Fig. 100.B: The Spirit Bear,
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BEARS NOTES

@. (page 171): KnotBear Invention

Here we supply the missing details in the construction of the (invented)
Fig. 71. First construct KnotBear (Right). Now —— keeping Rlm@ and R5m secure
on their respective fingers -- seize up a short (~8") section of LSf between 1*2
‘of either hand, releasing the previously held left-hand strings L l(L)] as you
do s0. Now repeat Steps 1 and 2 of KnotBear (Right), ¢R\L4 This produces

Lixtz N~ Ri#R2
OLL Under

Fig. 70.11': KnotBear invention (Step 2),

Now, releasing Ll*LZ,péss Ll towards you, from the far side of the figure,
into it at the point marked L1 in the above and, simaltaneously ([JR1*R2),
pass L5 towards you at the point marked L5 l:as in g.l(L):] . Now, returning
to lit, there is a 1n-s and a 5f-s running directly from hand to hand.

- RS
N -

R

o}

Fig. 70. II': KnotBear invention (Step 3),

Now — as before, in KnotBear (right) — throw a small upright loop at % in
Fig. 70.II', passing L over R; then pass Ll away from you, up through this
small upright loop, and directly back to L1. Similarly, seize up the far loop
depending from 5t-s, at(®), throw a srall upright loop thereon — passing L
over R — and, turning this loop directly down to the left, thread it over
each of the LSm & Llm, in turn, to the near side of the figure. The result
is KnotBear invention, Fig. 71.
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@' (page 181) Here we take a closer look at the complex R2-move in the con-
struction of "Snoop" (Fig. 82). At the boint in the construction where we come
to "lay flat" the figure (in the "Over" perspective) we find two loops about the
HSf-string; the rightmost loop -- small, tight -- is etymologically the "Dog's
front leg", the leftmost loop -- large, loose -- the "rock". Gently 0O 15, and
then re-Hook up the L5f-string just to the right of this latter loop. The "rock"
loop may now be pulled through the central design and out to the near left side
of the figure, where it becomes "added” to the Ll -- lengthening it signifi-
cantly. Since the central design cannot be made to absorb all this "loose"

Lim, tie off the end of the Lla (any kind of knot) so that it retains some sem—
blance of its former size. This simplication ~- getting rid of the "rock",
which ultimately happens at I in the original construction -- allows us to more
easily study the complex R2-move's effect on the Dog's ultimate structure. Thus,

we observe the complex schema

?

His{o HRS

®,

Over

L QVété\'

\ RL

(ot

? _'L'

Kaot A Tail
Fig. 82.B: Snoop R2-move, I,

Now, the complex R2-move of the construction, viz.
#73 (@52, Lp-rp) [at XJ : K24 (R1w) : HRY (5F-s) [at O] # (R2) (O former
20! 21 20 15 : RSl (R1®) : R = L5 [@irectd (#5) |

which on Fig. 82.B, above, produces the "Dog" plus the unlaced-rock/knot con- -

struct -- is seen to be equivalent to the move

Seize up the u-—o‘z);Lp-Rp at the point marked X , draw these two strings to-
wards you (as a loop) and down through the Rle: pass them diagonally away under
all strings of the figure to the base of HL5, then thread them up over the HL5w
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(- tconth

@5 must temporarily relinquish its loop to accomplish this passage]and re-

lease them as 0(2);HL500|

Clearly, this puts a double-string loop about the "Tail" (below the 1ln-s string)
which continues to become a double-string loop about LHS®. The point marked @
in Fig. 82.B is a stationary point in this process. We now switch to the "Under™
perspective for a clearer view of this manipulation.

e Tail

Coey Undex
Reck J
) | xx
Hs C : S HRs
- Front Legs -
Fig. 82.C: "Under" view of Fig. 82.B,
Now, inspection of the complex—crossing x1 in Fig. 82.C, above reveals
Under

|

Fig. 82.D: Crossing xlof Fig. 82.C
whence the double-strings proceeding from x2 of Fig. B82.C to Lp, to x1, to 1n
(at "Tail"), back to xl1, to Lp and, finally, returning to x2 — comprise a sin-
gle, central loop. And, from our previous analysis of the complex R2-move, after
its completion this long, central loop will be pulled to the bottom of the figure
(H5f~string), thence to proceed to the Lp-string, then on to loop around itself
(just below ln-s), then back to the stationary point@, and -~ finally — to
the "alibi"~transform of the crossing x2 in Fig. 82.C. That is, we should ob-
serve the resulting schema
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@. (cont?)

Under

Fig. 82.E: Dog-figure
The alibi-transform of x2 has been denoted by "x2*"in Fig. 82.E, above. This
is the final figure "Dog" -- after the "Rock" has been dissolved -~ but he, too,
like the previous, intermediary figures, will not easily accept the excess
length of Ll@m arising from the "Rock's" dissolution; this accounts for the ap-
parent distortion of the text figure, Fig. 82.

Note that as soon as we identified the long, central loop in Fig. 82.C —-
essentially, by an examination of the fine-structure of complex-crossing x1 in
that figure -- the alternate "moving double-string” view of the complex R2-move
allowed us to "picture” the effect of this move directly from Fig. 82.C. This
viewpoint is a "string-specific" analogue of the "Heart"-sequence (which is
"loop-specific"), which may also be employed to great advantage in the analysis
of complex manipulations inherent in specific constructions in the future.

@' (page 203) Star KnotBear construction,

Here we supply a synopsized version of the missing details in the Knot-
analysis of the Bear of Fig. 95.B.

First, throw a small, upright loop in the string -- passing right over
left — and then give this loop an additional (18(?—)twist. This gives

m[i; . RwR2

Fig. 95.B.I: Star KnotBear, 1

Under
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@ . (Contq)

Now, seizing the left-side string issuing from this loop at the point marked X
in Fig. 95.B.I, draw this towards you and to the near side of the small loop,
then push it directly away through the loop, and back up to the left side of
the figure. This gives

Under

Fig. 95.B.II: Star KnotBear, II.

Now, from the far side of the figure, insert Rl and RS into it, towards you --
as marked -- and pick it up (___as in Q.l(R)]. Pick up the long hm as in 0.1(L},
and observe the schema

s T\

Over

Fig. 95.B.III: Star KnotBear, III.

Now seize up the central loop at the point marked X , above and, turning this
over towards you, thread it over the Rl® [Note: Rl has to momentarily relinquish
its loop to accomplish this passage] . This gives

.Ls 0 R — o — e —

Over

e A —— e e — -

\
e VAV
|

Fig. 95.B.1V: Star KnotBear, IV,
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. (cont?)

Now, seize the loop about in at the point marked X , above, and draw this under
all strings to the near side of the figure, and up -- to form a small loop. Fi-
nally, turning this little loop directly to the right, and down, thread it over
each of Rlm and R5@ -- in turn -- to the far side of the figure. This gives
Star KnotBear (Right), the rightmost Bear of Fig. 95.B.

@' (page 204) The concluding figure of the series, "the Bear", has the
classic gross-schema of Bear (Right), and is given below.

% -

Fig. 96.D: Brown Bear minus Pack .

Note the extremely simple triple crossing near the right palm -- with no Osage
Diamonds-type crossing inevidence. As a KnotBear, this figure combines only
elements already met with in previous Knot-analyses. Let us briefly perform
this analysis using only gross-schema -- as an exercise. @ Throw a small up-
right loop in the string -- passing right over Jeft -- and give this loop an ad-
ditional (180%)twist. This gives

Li¥l2 R1%R2 Under
Fig. 96.E: Pack KnotBear, I,
Now, @ seizing the right-hand string at X, draw this towards you to the

near side of the small loop, then push it directly away through the loop, and
back up to the right side of the figure. This gives

" RiR2 Under

Fig. 96.F: Pack KnotBear, 11,
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B. (cont?)
@. Pase Rl and RS towards you -- from far side of figure -- into the spaces
marked Rl and RS, respectively, and take up the long ha as in Q0.1(L). This

gives
LS ¢35 o) RS
Over
i \° ;;j:) RA
[V 4

Fig. 96.G: Pack KnotBear, II

.
Now, @ >>R1 and @ seizing R1f (near the base of Rl) throw a small, up-
right loop on this string, passing left over right. Now, @ turning this
small loop directly down to the right, thread it over the RS -- to the far
side of the central design [PS will have to temporarily relinquish its loop

to accomodate this p"s‘agé_l. The result, upon # I, is the Pack KnotBear (Right);:
i.e. Fig. 96.D, in the Over perspective.

——— O ———

SNOOP
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VI. STRING TRICKS

Perhaps the most universally known amusement with either a piece of string,
or a closed loop of string, is the String Trick. Here performer seeks to amuse,
amaze or confound the onlooker (s) with the "plausible impossible"; a knot that
appears from nowhere, or dissolves when "blown" on; a hopeless tangle that mir-
aculously "cuts" through the fingers, wrist, or head; a "game of chance" which
onlooker invariably loses; a “simple catch" which onlooker cannot duplicate; or
a "magic" loop that mysteriously travels from hand to hand. Henceforth we shall
distinguish String-Figures from String Tricks by stipulating that the former
must have some “representational" aspect to them, while the latter do not. Al-
though, of course, we are aware that most —- if not all -- String-Figures have
their amusing, amazing and confounding aspects, the distinguishing character-
istic of "Tricks" is that it is all and only the string's interrelations to it-
self and to the frame which accounts for its novelty.

Although we consider String Tricks to be a separate subject from that of
String-Figures, the relationship between them is, indeed, a close one. Every
String-Figure expert knows —- and regularly performs —- several tricks in his
traveling repertoire, and considers them important -~ even indispensable --
thereto. And -~ from personal observation in many cases —- the circumstances
surrounding the learning of each trick are golden entries on the scroll of his
memory; for example, the author can almost smell the mixture of old leather and
Balkan Sobraine that permeated the den of the retired sea—captain on that rainy
afternoon decades ago when he patiently "taught" me how (not) to tie the "Tom
Fool's Knot" Eﬂo. I.A.2, belw]. Thus, in the present section, we shall give
an introduction to String Tricks as a delightful conjunct to the art of String-
Figures. .

For our purposes, it is convenient to classify String Tricks into six ma-
jor categories: o

1. Knots,

IO. Plaits,

. Do-As-I-Do,

IV. Swindles,

V. Releases, .
VI. Illusions.
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everal of the included tricks may claim legitimate
membership in more than one of the above categories —- in particular, for~e>_<—
ample, anything that can be turned into a swindle will be, by someone, some
where. Thus the above classification should be considered as b\:lt ox:e of many
such schema imposable upon the vast diversity of all "String 'l‘nckf '

In general, String Tricks tend to exhibit more bilateral ?pec1f1c1'.cy -
than do String-Figures; i.e. they often entail highly asymmetrical workn:\gs
tween the hands, with one hand being the principal agent in the constructfon.

Of course, the symmetric construction "on the other hand" is always possible --

{(but not invariably) obtaihed by the substitution @Ii / in the parent
both. 1In

It should be remarked that s

usually . 2
construction -- and the accomplished performer will be the maste
we shall present one of the "hilateral mates” for the con-

the discussion below,
struction of a particular String Trick, leaving it to the reader to deduce the

sm;rzz:e:::ze of this bilateral specificity is, often, a non'.?tandard (}_tg.
not #, etc.) positioning of the hands relative to one another dur:.mq the.manlpu-
lations—; the strings. Thus, the descriptions encountered in this sec1.:101’1 may
be expected to be more littoral than in previous sections -- 'though this is not

necessary, strictly speaking. The added verbiage is intended to clarify the of-
'

ten unusual workings here to be encountered. . )
We begin with some examples of String Tricks from the category "Knots", and

. R s in
these may be differentiated into the subcategories "Appearing", and “Disappearin



-234-

1. xors

A. Appearing. Here, performer fashions a knot in the string in a manner that
;xcites cognitive dissonance in the observer. We have already encountered an
example.

1. THE IMPOSSIBLE KNOT: See Osage Diamonds, Appendix A.2, pages 104-105.
True,—this example was presented for a single length of string (i.e. not a lc.>op) ’
as is often the case for String Tricks in this category; most may be accompll?hed
equally well in a loop of string, doubled to approximate a single string. This
one, in particular, lends itself well to this procedure.

2. THE TOM FOOL'S KNOT, I [é.w. Ashley: The Ashley Book of Knots, No.
25343 This is tied as follows:

t o e Ri
Fig. 101.A: Tom Fool's Knot, I.
I. With hands held palm up, fingers pointed away, hang a loop over the fin-
gers ;f both hands (excluding the thumbs) so that a long ha depends from their
dorsal aspect.

Fig. 101.B: Tom Fool's Knot, II.

. TI (L2345n) #(L1) :0L2345: f12345 (Lin) #(L2345) :CjL1
This produces the string-position of the schema of Fig. 101.B -- with palms
still turned up, fingers pointed away.
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L2¥\3
Fig. 101.C: Tom Fool's Knot, III.

II. Rotate hands (palms up) so that fingers point towards one another, and

¥ . . $L2*L3 (Rd; atO) ], [ Oformer 123450
bring them together, passing R over L: [R2*R3 (p: at¥))* | Dformer R2345m|

This will produce the "bow-tie" knot of Fig. 101.C, with a long ha> dependent
therefrom. To dissolve it, release 2 and 3 and take up the left string of the
ho (just below the knot) in L, the right string in R, and separate hands widely.
With practice, this knot may be tied fluidly, "in a flash", in a manner that
onlooker (s) invariably will be unable to duplicate, despite frequent repetition
and performer's best efforts to "help" them. Note: Here is the classic example
of a String Trick which the accomplished performer will master with equal facilit

on either hand, the better to be able to "aid" the unwary onlooker in his attempt:
to learn it.

3. THE ONE-HAND KNOT' [Popular Mechanics: "Easy Tricks with String”, pages
822~ 823:.] This is a favorite "effect" of stage-Magicians, who often use a silk
scarf for the working. As in No. 1, The Impossible Knot, the loop must be doublec
to approximate a single string.

o |RrRS

o [ro Over
o/Rr3

o/
SEE

Fig. 102.A: One-Hand Knot, I.

I. Hold R with Rl up, fingers pointed away, and drape string between
Rl and R2 so that 3/4 of its length depends from the palmar side of R, 1/4
from the dorsal side [the end of the dorsal string(s) should be about 8" be-

low 1] |
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RS o

O JRY

S/ R3

(o] R2
o RA

Fig. 102.B: One-Hand Knot, II.

Io. %(Bg) = Hﬁ?&(Rp): continue passing R23 down, under R, and back to
pinch Rd between them (atX.).

€ Kuot over
R2.* R3

Fig. 102.C: One-Hand Knot, II.

H. Shake Rd off the back of R #[JRS |
This produces Fig. 102.C, the One-Hand Knot. Again, if one wishes, practice
will afford performer a speed and fluidity in the tying of this simple knot —-
the individual manipulations blending into one "down-up" shake of IR -- which
render it all but impossible for the untutored onlooker (s) to follow.

4. THE STRING OF KNOTS [G. Budworth: The knot Book, Fig. 96, "Overhand
Knots Galore"Zl

This trick is a favorite of Sailors and Magicians, everywhere. Two character-
istics distinguish it from the others of its genre here presented: @) It re-
quires some initial preparation, and @ it is accompanied by a line* of "pat-
ter™ which has-apparently remained unchanged for centuries. These also being
Hallmarks of the "close-up performer" in Magic, perhaps it is this performance
discipline to which this String Trick rightfully belongs. Be that as it may,
the trick is to tie a string of knots in a simple cord as rapidly as possible.
With some initial "set-up", this may be accomplished with a celerity best des-
cribed as "magical". Proceed as follows:

* .
"How I won the knot-tying charrpionsh.iip of the world", et cetera.
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LAXR Q RAxX R2

Fig. 103.A: String of Knots, I.

1. Seize up a short (8") section of a straight string between L1*L2 and
R1*R2 aboutone foot from its rightmost terminus. IXI. Throw a small, upright
loop therein, passing the right string towards you and to the left, (Fig. 103.A).
Now, gently releasing L1*L2 for a moment, pass L1 from the near side away
through this small, upright loop -- thus threading it onto L1 -- and regrasp
the straight string between L1*L2.

This gives Fig. 103.B, below.

o Q}‘

Ri¥R2,

N

Fig. 103.B: String of Knots, II.

II. Repeat I.

This gives Fig. 103.C, below.

Fig. 103.C: String of Knots, II.

IV. Repeat I several more times, until the rightmost section of the string
is all but exhausted -- only 2-3"" should remain.

L 12
.l W Ri% R2

LRI

Fig. 103.D: String of knots, IV.

V. Now, releasing L1 from all its loops, thread the rightmost end of the
string down through all of these; regrasp it between R1*R2, and conceal the wom-
balled mass of loops in the closed IL -- so that the string held by R1*R2 pro-
trudes from the thumb-side of the left fist.
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This completes the initial "set-up" for the String of Knots. When you wish to
produce these, simply pull the R1*R2-string out of the left fist -- using the
L-fingers to loosen any tangles that develop -- and a series of neatly-spaced
knots will issue from the left fist; each will pass through L1*L2 with a sat-
isfying "pop" as it goes.

5. SHAKING A KNOT IN THE STRING [:See J.C. Andersen: Maori String Figures,
Trick No. 6, "Tying a Knot" or J. Ould: The Hindu Rope Book, page 9, "One-
handed Knot".]

The last of the "appearing knots" we shall discuss is the most difficult

to master, and requires hours of diligent practice for its successful perfor-
mance. It is best learned in a single length of string (i.e. not a loop) but --
once mastered in that venue -- it may be equally well performed in a closed loop,
doubled to approximate a single string.

RA%R2

Under

Fig. 104.A: Shaking a Knot, I.

1. Begin by grasping a straight string between R1*R2 about 10" from its
upper terminus, and allow the remainder of the string to hang freely above the
ground. Raise R slightly, and then drop it ~- quickly -- to "poke" the string
(with R1 and R2) about 10" from its nether end (at the point marked %, above).

RA ¥ R

Under

Knot —

Fig. 104.B: Shaking a Knot, I.
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The above manipulations, done correctly, will result in the lower terminus of
the string performing an upward-canted, circular arc which intercepts the trav-
eling-wave downward on the bight to form a knot. Trust me! This is a feat of
timing and coordination requiring -- on average -- 50 hours of practice to get
to the point where you succeed (nearly) every time. After another 50 hours, or
so, you will find that the “"poke" of the string by R1*R2 during manipulation
may be dispensed with; the knot will appear anyway. This is the point at which
you are ready to essay this trick in your doubled String-Figure loop -- it will
not be entirely easy, yet. Once mastered, however, this trick finds genuinely
humorous application in the following context: Immediately upon dissolution of
a complicated String-Figure, the string is given a “"shake", as if to remove any
remaining "kinks" therein -- performer is then "surprised" to find a knot in his
string, and laboriously unties same. The effect may be repeated to the delight
of onlooker(s), who believes that he knows something performer is unaware of.

We close this subsection of String Tricks (i.e. KNOTS, Appearing) with an
example of a String-Figure knot, by way of comparison.

6. THE SUGAR BEET [See R.H. Compton: "String Figures From New Caledonia
and the Loyalty Islands", No. 14, "The Sugar Cane".

0-Az: LM (Sw): >>1(#) : 05| H345(2n) # (H345) | 12(18'2)) :<2(#) [Dformer
2] :(JH23454 |

This gives Fig. 105.A, below.

L& O

(> /*\/“ 7 & N

Fig. 105.A: Sugar Beet, I.

Continue,
{LT(C’OW"—*) : 5 (lower stringt?); at ) #01 J: 1 (2n-s) 4002 |:
_794\(503(2)) N__JlI (sharply; fingers pointed away)

This gives the Sugar Beet, illustrated below.



-240-

RN~y

[§ 2 o o)) R2
Under
L5 (‘3 \J RS

Fig. 105.B: Sugar Beet, I.

The knot appearing centrally in the upper transverse string of this figure is
a fair representation of the sugar beet for which it is named. Thus, from the
present perspective, this design is properly a String-Figure, and not a trick.

We shall content ourselves with these few examples of "Appearing Knots",
and now turn to the other subcategory of this genre of String Trick.

B. Disappearing. Here, obvious knots or tangles are made to dissolve in a

simple, counter-intuitive manner. R
e 3.0uld: Hindu Rope Book, *The
1. THE TOM FOOL'S KNOT, I [W-R—Rensem:—Pastimes—with-StringandPaper,
page_J.LJ.._'lThe-«Suspfiﬁe—Snarl"] naype Shee L!\QE_S'; P W»j
The Tom Fool's Knot (I.A.2, page 234) exhibits both "appearing” and "dis-

appearing” aspects, 'though the latter appears not to be so widely-known as the
former. Begin with a single length of string, or with a String-Figure loop dou-
bled to approximate one.

LS
wf © o \RS
w3 (e g ‘;';
L 2 LRz
4 o o R4

Fig. 106.A: Tom Fool's Knot, I.

1. With hands held palm up, fingers pointed away, hang the string over
the fingers of both hands (excluding the thumbs) so that the free ends depend
from their dorsal aspects on either side. [These free "hanging" ends should be
slightly longer than the straight segme;nt running from hand to hand, for smooth
working of the trick.]
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IO. I and II of Tom Fool's Knot, I.
This gives Fig. 106.B, below.

/‘ Knot

L2xL3 Ra%¥R3

Fig. 106.B: Tom Fool's Knot, I.

Continue,

II. Pass each 1*2 away through their respective lateral loop of the
"bow-tie" and seize up between them the hanging string (at -, above): pull
these strings back up -—— and entirely through -~ this loop on either side:
O3 [you should now be holding only the ends of the strifxg in 1*2]

Lix L2 RA¥R2

Fig. 106. C: Tom Fool's Knot, II.

This "knot" is routinely dissolved as follows: Separate and extend the hands,
cautiously, until the lateral "bows" have collapsed into the central "knot" --
at which point (depending on the coefficient of friction of the string) the
strings will "catch", slightly, and further movement will be impeded. Present
this configuration to onlooker as a knot. Now "blow" on the central tangle and
extend hands sharply; the "knot" vanishes, with a "pop"!

This simple trick is often extremely effective; most onlookers have exper-
ience with the knot-canonically employed in the tying of shoelaces -- in which
context the relacing of the free ends through the lateral loops of the "bow"
would be, indeed, disasterous -- and readily confuse the two "bows". The sur-
prise evinced by the ultimate "pop" of the final dissolution is usually mani-
festly genuine.

Let us examine this final dissolution as an example of the "extension-
cancellation" analysis previously applied to such phenomena. Just prior to the
final "tug" which ultimately dissolves the central tangle, we are met with a
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string-position whose schema is given in Fig. 106.D, below.

Lisla Rix @2
]>"_:::2E>\\ -
8 x xS
NA

x93 b {3

Fig. 106.D: Tom Fool's Knot, IV.

1f we wish, we may associate a linear sequence to this schema in the usual way:
|=> L1*L2: x1(P): x2(P): x3(U): x4(U): x5(U): x6(U): x7(P): x1(U): x8(U): I
X9(U): x4(®): x5(P): x10(P): x7(U): x2{U): xB(P): x9(D): x3(D):
x6(®): x10(U): R1*R2 &

Now, the Lemma 2.B provides the sequence of cancellation pairs (of simple
crossings)

). {x4, x5} = ¢ ,

). fx3, 6} — ¢

3. {x2 X7 = 6,

resulting in a string-position whose schema is given by

NL\L% RA¥R2
%

\ Xie

Y8

1
2

xa
Fig. 106.E: Tom Fool's Knot, V.
And now, clearly, {x8, x9} —> ¢ by Lemma 2.B, and then each of {xl}-—> b,
{3(10} —> ¢ by Lemma 2.A; extension-cancellation is said to be complete in this
case — all central crossings have vanished. The corresponding linear sequence
associated to the final string-configuration is, simply,
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| L1*L2, R1*R2
exhibiting only frame-nodes.
We remark that if -- at Step HI of the original construction -- the hang-
ing strings are pulled up and through the opposite loop of the central "bow",
then the resulting string-position is schematized by

> /
L§~L\\)

Fig. 106.F: Tom Fool's Knot, VI.

This string-position admits no cancellation, i.e. it is a knot.

2. THE DISAPPEARING KNOT [F.J. Rigney: Cub Scout Magic, pages 75-76,
"Another Disappearing Knot"_.]

Lixl2
><1t @) RW

Fig. 107.A: Disappearing Knot, I.

1. Begin by grasping both ends of a straight length of string between
L1*L2, the middle of the string being a simple loop about RW.
LA¥L2

=" ! s RAXR2

Fig. 107.B: Disappearing Knot, II.
I. Bend R down to the left and —- spreading Rl, R2 widely apart --
pinch up both transverse strings ( at i) between them #:[|RWo |. {jrig, 107,3]
II. Now thread the strings held by L, from the near side, away from you
through the central configuration (at ¥ ) and up to the far side of the figure:
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Separate these strings and -- releasing all remaining strings from B —- seize
them up between L1*L2 and R1*R2, respectively {order is not important, here).

“‘F\mm
)

Fig. 107.C: Disappearing Knot, II.

This results in the "Disappearing Knot". It will dissolve in extension, i.e.
under wide separation of the hands.

In fact, separating the strings, slightly, for clarity -~ the ultimate
figure just prior to the "tug" of the final dissolution is seen to have the
schema

LAML2 A
xi
1

/B
)“l»Ux

Fig. 107.D: Disappearing Knot, IV

5

whose associated linear sequence is given by
> L1*L2: x1(@): x2(P): x3(U): x4(U}: x5(U),: x3(@): x6(@): x1(U): x7(U):
X5(0): x4(@),: x6(U): x2(U): x7(D): RI*R2 M
_—Y———J

For variety, we demonstrate that extension-cancellation is complete in this case

directly from the above associated linear sequence. First, by Lemma 2.B, we
have £x4, xS} — ¢; whence the above linear sequence is extension-equivalent to

B L1*L2: x1(@): x2(P): x3{V): x3(D): x6(P): x1(U): x7(U): x6(U): x2(U) ¢
x7(®): R1*R2 ®

Here, Lemma 2.A implies {_x3¥ -» ¢; whence this sequence is extension-equivalent to

B L1*L2: x1(@): x2(®): x6(9): x1{U) : x7(U):w: x7(®): R1*R2 B
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At this point we recognize that {x2, x6} > @&, by lemma 2.B, and —- perform-
8)

ing the indicated extension-cancellation -- we produce the eqguivalent sequence
> L1*L2: x1(0): x1(U): x7(U) s x7(®): R1*R2 B
) N —

b
in which both{x]l—) é,ﬁa}—w ?'separate applications of) Lemma 2.A. Again, per-
forming the indicated cancellation results in the sequence

| L1*L2: R1*R2 B

which is thus seen to be extension-equivalent to the original; since only
frame-nodes appear in this latter linear sequence, the extension-cancellation
is seen to be complete.

The conclusion to be drawn from this simple, schema-~independent, cancella-
tion-analysis of the original associated linear sequence is that the string-po-
sition corresponding to this schema will completely resolve itself into the
“"empty" string as the hands are separated, i.e. under final extension.* We know
this to be the case, directly, by performing the experiment; i.e. construction
of the figure —- and now we know “why" this happens, analytically. It is in-
structive to mirror the sequence-analysis directly in terms of the schemata as-
sociated to each step thereof. It is, likewise, instructive to employ the se-
quence-analysis method to the complete dissolution of the Tom Fool's Knot, pre-
viously discussed.

3. THE ELUSIVE KNOT [_!J.R. Ransom: Pastimes with String and Paper, page

111, "The Surprise Snarl";]
in some sense, this is by far the most sophisticated of the String Tricks

which we shall analyze in the present section. Its working is not at all dif-
ficult, but its effect is, indeed, counter-intuitive. We begin with a straight
length of string,or a String-Figure loop doubled to approximate a single string.

e =g

Fig. 108.A: Elusive Knot, I.

=

Begin by throwing a small, inverted loop in the rightmost third of the

*
But ...; cf. the caveat on page 12 of these notes.
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string, passing left over right.
o0 L\ . & o mm—

Fig. 108.B: Elusive Knot, II.

I. Now seize the right terminus of the string (atA)é ) and, bringing it
to the near side of the loop, thread it directly away through it, and back up
to the right side of the figure.

~—
o e =

<

—_—

Fig. 108.C: Elusive Knot, IN.

II. Now bring both ends of the string to the top of the figure -- so as
to form a "figure eight" ~-- and, crossing left over right, draw them out to the
opposite side of the central design. |}ig. lOB.Cﬂ

— e T s —— e —

)

’\‘

Fig. 108.D: Elusive Knot, IV.

IV. Seizing the left terminus of the string (at %), bring it to the near
side of the upper loop of the central "figure eight", and thread it directly
away through this loop, and back up to the left side of the figure.
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Xy X2 Y3
—,———— s v = T N

\x_,——’ <
E 'S
1 3 L
—\‘::>‘\

TR L

X2
=

xq

Fig. 108.E: Elusive Knot, V.

ve e

—— )
RARR2

V. Seizing the right terminus of the string (at % ), bring it to the near
side of all intervening strings, and -- threading it directly away through the
lower loop —- draw it back up under all strings to the right side of the figure:
Again bring it to the near side of all strings and -- threading it directly away
through the upper loop -- draw it back up under all strings to the rightmost
side of the central design.

The result is the Elusive Knot (Fig. 108.E). As with the Disappearing Knot
(Fig. 107.C) before it, it will dissolve upon seizure of either end between 1*2
and wide separation of the hands.

The linear sequence associated to the Elusive Knot —- in its presentation

of Fig. 108.E -~ is given by

B L1*L2: x1(U): x2(@): x3(U): x4(@): x5(U): x6(U): x7(D): xB(U): x9(D):
x10(U): x6(D): x7(U): xB(P): x1(P): x2(U): x3(P): x11(D): x12(V):
x10(@): x9(U): x12(D): x5(P): x4(U): x11(U): RI*R2 ®&

And here -- no matter how diligently and cleverly we apply Lemma 2.A and B —-
we cannot force cancellation of so much as a single crossing under "extension".
And yet, all crossings do cancel in extension, as demonstrated by performing
the experiment (i.e. construction of the design)! Here is the classic example
of the need for a broader definition of "egquivalence" between associated linear
sequences* then mere "cancellation-equivalence". We may gain some insight into
what this expanded definition must include by considering the following "alter-
nate construction" of the Elusive Knot:

*
cf. page 44 of these notes.
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L%l RI¥R2

_—

X1

Fig. 108.F: Elusive Knot; Alternate Construction, I.

1. Seizing either end of the straight string between 1*2, throw a small,
inverted loop therein, passing left over right. [E‘ig. lOB.[-j .

Here, the crossing X1 -- created by the indicated string-manipulation --
is extension-cancellable by Lemma 2.A. In the following, we shall refer to any
string-manipulation which produces a single crossing (in a given string-position)
that is extension—cancellable by application of Lemma 2.A, as an Q)l—ogration
{or "move") on that string-position; the inverse operation -- which cancels
such a crossing ~- will be referred to as an Q)Il—oggration. In like manner,
we shall refer to any string-manipulation which produces a pair of crossings
that are extension-cancellable by application of Lemma 2.B, as an wz—ogration
on the parent string-position; the inverse operation —-- canceling such a pair

of crossings ~- will be referred to as an Q);l-ogration.

Definition: Two linear sequences (or schemata) are cancellation—-equivalent

if either may be obtained from the other by any finite sequence of the operations

(Dl, (2)2 or their inverses.
The definition merely formalizes our previous standard practice. In the context
of the present example, the initial "empty" string has associated linear segquence
> L1*L2: R1*R2 &,
while the schema of Fig. 108.F has associated sequence
| L1*L2: x1(®): x1(U): RI*R2 o

The two sequences are cancellation-equivalent, the second arising from an (2)1
operation being applied to the first; or, alternatively, the first arises from
an Q)Il-operation being applied to the second. Either assertion is a justifica-
tion for the stated equivalence.

~249-

L2 RI¥R2

X

A1

Fig. 108.G: Elusive Knot; Alternate Construction, I.
IO. Put an extra (1800—) twist in the small, inverted loop just created in
Step I -- again passing left over right.
Here crossing x1 of Fig. 108.F goes to crossing x1 of Fig. 108.G; the cross
ing x2 of Fig. 108.G is created by an (Dl—type move applied to the string-positio
of Fig. 108.F. The linear sequence associated to Fig. 108.G is given by

|= L1*L2: x1(0): %2(U): x2(®): x1(U): RI*R2 #

It is, of course, cancellation—equivalent to that of Fig. 108.F.

Lixi2a RI*R2
—'———-—\ " /____.—
)
rS

Fig. 108.H: Elusive Knot; Alternate Construction, II.

II. Seizing the top right side of the small, inverted loop (at % ), draw
this string up, over, and to the far side of crossing x1 (of Fig. 108.G).

Here, crossing x2 of Fig. 108.G slides up the leftmost string of that fig-
ure during the indicated manipulation, to become crossing x1 of Fig. 108.H,
above; and crossing x1 of Fig. 108.G goes to x2 of Fig. 108.H The crossing x3
of the latter figure is created in the process. The linear sequence associated
to the schema of Fig. 108.H is

B L1*L2: x1(U): x2(9): x3(®): x1(®): x2{U): x3(U): RI*R2 @

As before, this linear sequence is cancellation-equivalent to its predecessor --
that associated to Fig. 108.G -- since both are easily checked to be cancella-
tion-equivalent to that for the "empty" string, i.e.

| L1*L2: RI*R2 &

and, hence, are cancellation-equivalent to each other. But something is missing

from this method of verifying the cancellation-equivalence of these two linear



~-250-

sequences: Step II! True, beginning with the string-position of Fig. 108.G,
we may cancel crossings by the moves (bIl and (2);1 until we get the empty string --
and then, subsequently, build up the string-position of Fig. 108.H (in an entirely
different manner) by employing moves Q)l and 02 in the correct order; but these
two string-positions are related, directly, by the much simpler Step II of the
construction. This observation leads to the suspicion that there are closely-
related string-positions which admit complete cancellation, whose associated
linear sequences broach no extension-cancellation. Indeed -- employing Steps
I-II above at one point of a straight length of string, and the mirror-images
(4ﬂ1_ﬁ) of these Steps to a nearby point -- we produce a string-position whose
schema is given by

L\& 1 R‘*R’L

oy

Fig. 108.H': Example; non-extension-cancellation.
Here, the associated linear sequence is given by
= L1*L2: x1(y): x2(D): x3(D): x4(P): X5(0): x1(P): x2(U): x6(U): x4(U):
X7(U): x8(P): x5(U): x6(@): x3(U): x7(P): x8(U): RI*R2 @

And, by inspection, absolutely no extension-cancellation is possible; of course,
when the hands are widely separated, the figure -- being merely two "copies" of
Fig. 108.H -- completely dissolves. Note that a move analogous to Step II, above,
i.e. draw s;x6-x4 upward, under, and to the far side of the crossing x5 -- would
produce the schema

L\*L'l *‘ A *b R‘WL

xs
Fig. 108.H": Example; Continued.

The associated linear sequence,
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> L1*L2: x1(U): x2(@): x3(D): x4(D): x5(P): x1(@): x2(U): x5(U): x6(U):
x7(U): x8(P): x6{(P): x4(U): x3(U): x7(@): x8(U): RI*R2 w

admits complete extension-cancellation.

It is simply an unfortunate fact that the above analogue of Step II cannot
be realized as any finite sequence of @1, 02—type moves or their inverses --
whence the string-position of Fig. 108.H" is not cancellation-equivalent to
that of Fig. 108.H'. But,of course, the two string-positions involved are two
presentations of the "same" figure, in that only local movement of a single
frame-independent arc differentiates the two. That is, any "reasonable" def-
inition of "equivalent string-positions" must include Fig's. 108.H' and H" in
the same equivalence class. Thus it is time to broaden our definition of "can-
cellation-equivalence" to a more general type of “equivalence" between string-
positions. Simply stated, at present there is no @-justification for drawing
a string Q across a crossing x —- both of whose constitutent strings the string
0 1ies above (or below). Henceforth we shall explicitly allow such an operation,
referring to any such move as an "®3-type" move on the relevant string-position.*

2 .

P 7
e g (03 / X \
Fig. 108.H"': The (2)3 -operation.

Definition: Two linear sequences (or schemata) are @-equivalent if either
may be obtained from the other by any finite sequence of the operations 01, (2)2,

®3 or their inverses.

In terms of moves of @ —type, Step II, above, may be simply rendered

lOQoG\ ._3___

(1V)

Fig. 108.H Step I

* Reversing the "arrow" in Fig. 108.H"' gives the 0_3£move; we shall not draw

this distinction, in these notes.
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This is simple, direct; and it accounts for the "extra" crossing in Fig. 108.H.
The cancellation-equivalence of Fig's. 108.G and H is a curiosity, extraneous to
the current construction.

Lyl . RpH2

T\«

Xs

3
9 Ny

Fig. 108.1: Elusive Knot; Alternate Construction, IV.

IV. Seizing the upper s;x2-x3 of Fig. 108.H (at% ), draw this down and
over (to the near side of) the bottom string of the design. [$1ack for this
move may be obtained from the R1*R2 string].

This is an wz—type move giving rise to the crossing-analysis

Fig. 108.H Fig. 108.I
X1 b d x1
%2 - x2

x3 Ll x5.
The crossings x3, x4 of Fig. 108.1 are created by the wz—manipulation on Fig.
108.H. The linear sequence associated to Fig. 108.I is
J= L1*L2: x1(0): x2(0): x3(U): x4(U): x5(D): x1(B): x2(U): x3(D): x4(D):
X5({U): RI*R2 w
It is cancellation-equivalent to that of Fig. 108.H by Lemma 2.B.

Li% L2 RixR2

Fig. 108.J: Elusive Knot; Alternate Construction, V.
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V. Seizing the upper s;x3-x4 (at ¥ ), draw this string up, under all
intervening strings, to the top of the figure.

This is accomplished via three 03-type moves (cf. Fig. 108.#iv)), one for
each of the crossings x1, x2, x5 of Fig. 108.I past which the given string

must travel. The crossing-analysis of this transition is given by

Fig. 108.1 Fig. 108.J
x1 - X2
x2 - %3
x3 -> x1
x4 —-> x4

x5 - x5
and the linear sequence associated to Fig. 108.J is, explicitly

> L1*L2: x1(®): x2(U): x3(P): x1(U): x4(U): x5(®): X2(@): x3(U): x5(U0):
x4(P): R1*R2 W

No extension-cancellation is possible here; in particular, this linear sequence
is not cancellation-equivalent to the empty string.

LI%L2 RixRL

Fig. 108.K: Elusive Knot; Alternate Construction, VI.

VI. Seizing the s;L1*L2-Xx1 near the crossing x1, draw this string down,
and to the near side of crossings x3, x2 (i.e. over them) to the center of the
design.

This requires two wa—moves; for the crossing-analysis we have

Fig. 108.J Fig. 108.K
x1 - x1
x2 —_ x3
x3 - x4
x4 - x5

x5 - X6,

the crossing x2 of Fig. 108.K being created by the indicated manipulation.
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The linear sequence associated to Fig. 108.K is given by
B L1*L2: x1(®): x2(@): x3(U): x4(®): x5(U): x6(P): x2(U): x3(P): x4(U):
x1(U): x6{(U): x5(@): R1*R2 &
in which no extension-cancellation is possible. The sequence is not cancella-

tion-equivalent to that of Fig. 108.J.

Likla - e RAER2

Fig. 108.L: Elusive Knot; Alternate Construction, VI.

VI. Now, seizing the s;x1-x2 near the center of the design (at 3¢ ), draw
this string to the right and down through the lowest loop of the figure, so
that it extends slightly to the (lower-) right of this loop. [Slack for this
move may be obtained from the L1*L2-string.]

This (Z)z—move gives rise to the crossing-analysis

Fig. 108.K Fig. 108.L Fig. 108.K Fig. 108.L
x1 -> x1 . x4 - X6
x2 - x4 x5 - x7
%3 i d x5 x6 - %8,

the crossing x2, x3 of Fig. 108.L being created by the indicated O)z—move.
The linear sequence associated to Fig. 108.L is given by
= L1*L2: x1(®): x2(U): x3 [U): x4(P): x5{U): x6(P): x7(U): x8(P): x4(U):
X5(@): x6(U): x1(U): x2(P): x3(P): x8(U): x7(D): RI*R2 m
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» *
*2 (/)
NN
X4

RixR2

’8 XS

s

Fig. 108.M: Elusive Knot; Alternate Construction, VII.

VII. Seize up the upper s;X2-x3 near its center (at¥ ), and draw this
string down and under the lower rightmost string of the design, so that it ex-
tencds slightly to the right of this string. ]:Slack for this move may be ob-
tained from the Rl*RZ—string.]

This Q)z-move has attendant crossing-analysis given by

Fig. 108.L Fig. 108.M Fig. 108.L Fig. 108.M
x1 Ed x1 x5 4 x7
x2 —_ x2 x6 - x8
x3 -3 x5 x7 - X9
x4 e X6 x8 - x10,

the crossings x3, x4 of Fig. 108.M being created by the indicated (Z)z—manipula-—
tion. The linear sequence associated to Fig. 108.M is given by

}=> L1*L2: x1(@): x2(U): x3(@): x4{P): x5(U): x6(P): x7(U): x8(®): X9 (U):
X10(@): x6(U): x7(®): x8('U): x1(U): x2(®): x3(U): x4(U): X5(®):
x10(U): x9(@): RI*R2 m

We are now ready to produce the Elusive Knot. The final manipulation has
the effect of passing the upper and lower loops of Fig. 108.M -- together with
their-attendant strings -- through one another, so that they exchange places;
the lower loop passes to the outside of the upper loop during this transition.

IX. Using the line determined by crossings x6, x7, x8 of Fig. 108.M as
a pivot, fold the lower loop of the figure up and to the outside of the entire
upper loop. Then fold this upper loop -- with its attendant strings —- up,
through this loop and down towards you, to become the (new) lowest loop of the

figure.
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Note: Fig. 108.M is, essentially, a “figure eight" with a single right string
in lateral involvement; Step IX, applied to this string-position, produces the
Elusive Knot, Fig. 108.E -- after minimal string-rearrangement -- again, essen-
tially, a "figure eight” with (distinct) right lateral involvement. For the
crossing-analysis of this complicated transition, we find

Fig. 108.M Fig. 108.N Fig. 108.M Fig. 108.N
X1 b d X1 x6 -_ x6
X2 - X2 x7 - x7
x3 - x3 x8 —_> x8
x4 - x4 X9 4 X9
x5 - x5 x10 —> x10,

the crossings x11, x12 being created by the indicated manipulation. The linear
sequence associated to the Elusive Knot was given earlier (see page 247). 1t is
@-equivalent —- in the new sense —- to each of the linear sequences encountered
in the construction -- since Step IX, above, is entirely decomposable into @l’
02, 03—type moves; each string may be moved, individually, across each interme-
diate crossing. The linear sequence under discussion, however, is cancellation-
equivalent to none of these earlier sequences. That is, depending upon the co-
efficient of friction of the string being worked, the Elusive Knot will dissolve
"down the chain" of associated linear sequences as the hands are widely separated;
in but six of the nine steps involved in this dissolution will Lemma 2 be the en-
tire justification.

We remark that the Alternate Construction of the Elusive Knot may be per-
formed in a loop of string -- mirabile visu —- whence its ultimate dissolution
is assured by appeal to the Theorem that a plain loop of string is not homeo-
morphic to a loop containing an intrinsic knot (See Osage Diamonds, Appendix
A.2). The reader is encouraged to construct the Elusive Knot by this method
in his own, personal String-Figure loop -- not doubled to approximate a single

string. The Alternate Construction -- 'tho lengthy to detail -- is really very
easy to learn, 7and mayrbe acgéirléli;sheé wit'_hwo;;éat speed (surely the equal of
the original construction). The effect is visually stunning, even after the
foregoing analysis is completely mastered. Eor further discussion of @-equi-
valence and the dissolution of knots, see Appendix B, pages 345-351 ; herein
will be found, in particular, a continuance of the discussion of the material
briefly introduced in Appendix A.2 (pag“es 102-105). This material is presented

with the same caveat that accompanied Appendix A (c.f. page 72) ]

Eiﬁﬂ;lﬂ!§5§i>x1. 7 (;)A_
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We close our investigation of the Elusive Knot with a discussion of how an
Q)a-type move, applied to a given schema, affects the linear sequence associated
to that schema.* We remark that this analysis is fundamental to the ultimate ob-
jective of achieving schema-independence in our emerging String-Figure theory.
For definiteness, we shall choose Step Il (cf. Fig. 108.H(iv), page 251) of.the

Alternate Construction of the Elusive Knot as an example of the general situation.

Xt___a

) —

LRl RRL  Llz Rvp,

-,
Fig. 108.N: Step IN, ®3—analysis.
In Fig. 108.N, above, may be found the alibi schematization of the passage

from Fig. 108.G to Fig. 108.H via Step Il of the Alternate Construction of the
Elusive Knot. The three associated linear sequences are, respectively

| L1*L2: x1(@): x2(U): x2(@): x1(U): RI*R2 @
B L1*L2: x1(®): x2(U): x2(®): x3(P): x3(U): x1(U): RI*R2 ®
|= L1*L2: x2(U): X1(®): x3(@): x2(®): x1(U): x3(U)}: R1*R2 m

n) uw up

And, the passage from the linear sequence in A to that in B (i.e. by Q)l) being

well-understood, we concentrate on the similar transition from B to C. Note
first that, in order to be a candidate for an (2)3-type move, the‘cross;.ngs in-
volved -- x1, x2, X3 -- must be mutually adjacent in pairs, in the schema under
consideration and, therefore, in its associated linear sequence. Further, apply-
ing 03 to B, above -- i.e. drawing the s;x2-x3 string up and across the crossing
x1 -- results in a string-position whose schema still lists the crossings x1, x2,
x3 as mutually adjacent in pairs, although their relative positions have, of
course, changed. Specifically, crossing x2 has migrated up the s;x1-x2 to the
far side of x1 (on this selfsame string) and, likewise, crossing x3 has moved up
s;x1-x3 to the far side of x1 on its constitutent string. We may generalize this
observation to the following formal assertion: If the ¢3-type move "Draw the
s;xi-xj string across the crossing xk" is admissible for a given string-position,

*
See pages 44-45 of these notes for an analogous discussion of (2)1, mz—type moves
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then its associated linear sequence must include the triple of distinct pairwise
adjacencies

xi adj xj, xi adj xk, xj adj xk
in some order. Further, the ¢3-image of this string—positioﬁ has an associated
linear sequence with the same triple of pairwise adjacencies, the order within
each pair being reversed. Thus, for example,we have x1 adj x2 in both B and
¢ =¢3 (B) of Fig. 108.N, but in B we find

B. B ... x1(@): x2(V) ... w,
whereas in C we find the order reversed within this adjacent pair, viz.
c. = ... x2(U0): x1(@) ... m

Second, wWe remark that the above "necessary" condition for the admissibility
of the indicated (b3—type move is rendered both necessary and sufficent by the
additional requirement that -- within the mandated adjacency "xi adj xj" in the
associated linear sequence -- we have the "parity"-agreement +(xi)=+(xj). This

insures, for example, that of the eight possible associated sub-schema

N Moo NP !
P 2 e
L

" Nk 1% |
N \ L
o< b o< e

Fig. 108.0: ®3—ana1ysis, continued
we are dealing with only @, @, @, —- where +(xi)= +(xj)=@, U, @, U,
respectively -- in each of which the indicated ®3-mve is pos§ib1e. |:We remark
that { will not "pass” x in cases D, 7), above. In case (_3) (and (»_g)) for ex-
ample, 2 will -- technically -- pass between the constituent strings of x to its
far side; we prefer to view this passage as one of ,C' across x' —— which is a

classic 0)3—move, equivalent thereto. Thus we may preserve the "tight" definition
for the class of ¢3-—type moves with no loss of generality ] .
From the above several remarks/observations, we are able to characterize

those string-positions which admit wS—type moves in terms of their associated
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linear sequences:
The (2)3-move "Draw s;xi-xj across xk" is admissible for a given string-
position if and only if its associated linear sequence has the properties
i). xi adj xk, xj adj xk
ii). xi adj xj and, in that adjacency, *(xi)= +(xj).

In this case, the linear sequence associated to the @3—image of the given string

‘ position is precisely the original linear sequence with the order in each of the

above pairwise adjacencies reversed.

It remains to check that each of the (six) individual crossing-parities for xi,
xj, xk is preserved under the indicated (Ds—mve. And this is immediate from
an inspection of (1), @, @\/, @ of Fig. 108.0.

e
We close the present subsection \])with two examples of disappearing knots

which arise from String-Figures -- as opposed to "String Tricks" -— by way of
comparison with the foregoing tricks.

4. LITTLE BIRD E\.C. Haddon: "String Figures From South Africa”, No. 3,
"Inyoni"]

In this figure we are presented with a representation of a little bird making

a getaway through the underbrush.
\'4
O "

Fig. 109.A: Little Bird, I.

I. Throw a small,inverted loop in the string, passing right side towards

you and to-the left.
-_r
loop 1, P2

Fig. 109.B: Little Bird, I.

O. Seizing the rightmost string emanating from this loop (at ¢ ), pass it
to the far side of -- and then back up through (towards you) -- this loop, until
it protrudes as a second small loop (loop 2} to the near side of the figure.
Then fold it down to the right -- i.e. flat -- over the rightmost string of the

figure [Figure. 109.E].
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e L
\ < \eop 3

Fig. 109.C: Little Bird, II.

. Reaching down into the last-formed loop, seize up the rightmost string
of m;—figure (at 7€), draw this through to become a new small loop to the near
side of the figure. Then fold it directly down to the right -- i.e. flat -- over
the rightmost string of the figure, [Fig. 109.C].

— f//“/"
L\,g,g, )

Fig. 109.D: Little Bird, IV.

—

IV. (~ Step ]II)n, where n is a function of the length of the string
[Fig. 109.D, n=4].

To observe the motion of the Little Bird running away, seize up the rightmost
string of the figure (to the right of the rightmost loop, at), and pull out.
All loops will dissolve in turn (by Lemma 2) in a "puddling" motion to the left.

Notes on the figure: @ The left- and rightmost strings of the figure ul-
timately meet, as the construction is being effected in a loop of string ('though
it may equally well be made in a single straight length of string). This closure
is not indicated in the accompanying diagrams. f2 The figure is also initiated
on the toe, or 'in the mouth, in different cultures. A contemporary, fully-looped
figure {i.e. one which employed all the straight string possible) was observed
being worn as an attractive headband, recently, by the author. @ . The repre-
sentative aspect of this String-Figure is of a distinctive motion -- rather than
the more typical person, place, or thing.

5. A LocusT |:WA Cunnington: “String Figures and Tricks From Central
Africa", No. 19, “Nzige".:]
Here an insect (knot) is constructed in the string between the hands. The hands
are clapped sharply about him, but to no avail; he always escapes.
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0.1:0L5: ﬁ'i's'co—mzl :HE2345 (Llo) 1 <L.2345 (#) = BRI (R2) : >R1 (#) :
rE395 (R1£2) ¢ | K p?) = B r1e0'?) s L3 (L1p! e [cOBd D) |
HE«2345(L2n(2) HR2345 (RTE 2’)#(}12345) | (widely) :0234540L2:
GR1] (very gently)

This gives the Locust; illustrated below.

Fig. 110: The Locust.

To “"catch" the locust, widen hands slightly apart to give the knot some upward
momentum, then sharply clap hands about the central "bug". Quickly extend hands
to their utmost extent in the string, and the knot will dissolve -- representing
the escape of the locust from certain death.

Notes on the construction: @ This figure -- with minor variations -- is known

worldwide. The presentation given here is representative. (2). After both hands
relinquish their double dorsal strings ——D]Bcfz)l -- the 2345-fingers of either
hand momentarily hook over the major constituent strings of the central knot,
thereby "cinching” it up preparatory to the (very gentle!) final extension.

This concludes our look at I. KNOTS as String Tricks. The next major sub-
category of String Tricks to be considered is that of II. PLAITS; these are
string-designs laid out on a flat surface to effect an open "trellis-work" type
of configuration which is often aesthetically pleasing in its own right. The
two distinct -- but related -- examples we present below are also characterizable
as "releases", since, in each, a finger is inserted in one of the finite, enclosed
subdivisions of the plane induced by the plait -- and then "released"” by pulling
on the appropriate string tarc) thereof. They may equally be characterized as
"swindles", as they combine to form the basis of a virtually unbeatable con-game
effectively employed by the street-hustler (who often manipulates a short chain,
garter, or flexible wire instead of a loop of string). The present view, in
these notes, is that -- just as Kwots lie just outside of one end of the String-
Figure spectrum (because of the absence of a representational aspect) -- so, too,
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Plaits lie just outside the other end of this spectrum (because they are not I. FLAITS

made "on the hands"). Thus we shall henceforth distinguish String-Figures from The two examples of Plaits that we present in this section are represen-
Plaits by stipulating that the former are made on the hands -- i.e. that their tative of their genre in that they involve the laying-out of the loop of string
associated linear sequences involve frame-nodes in some fundamental way -—-— . on a flat surface, viewed as having been "discretized" in some definite way.
while the latter, by definition, involve frame-nodes (if at all) only peripher- The first involves the "Compass discretization" into the cardinal directions, viz
ally —- during the laying-out of the design.* The string-loops involved in most Nw N NE

Plaits are invariably shorter —- on the order of 1 to 1.5 meters in total length --

than those employed in the construction of String-Figures. Many performers, there- w Ny

fore, double their String-Figure string (to produce a "double-loop" of 1/2 the E

length of the original loop) when demonstrating a particular Plait, and find that Sw s SE

this works quite well. With these few words of introduction, then we shall move

on to the category of Plaits. Fig. 111: The Compass Discretization.

1. ANSA [See P. Jattilainen: Antero Vipunen, page 375],

Fig. 112.A: Ansa.
Construction :

I. Holding one string of the loop between R1*R2 (R2 uppermost) draw the
loop diagonally from NW to SE on the flat surface: continue drawing the loop
horizontally from SE to SW: then turn it up and fold it back over itself from
SW to NE: DR1*R2. [Fig. 112.A]

I. Onlooker now places his finger into the design (i.e. onto the flat
surface) at X (or, at O ). Performer then seizes the string at ﬁ, and pulls
it off to the NW; onlooker's finger comes free of all strings.

This release may be completely justified by appeal to the Lemma 2 and,
while the whole appears to be entirely trivial -- hardly "a trick" at all —
many untutored onlookers will be completely mystified by it at first presenta-
tion. This confusion may be aggravated by occasionally giving the loop an ex-
tra 180°-twist when turning it up and folding it directly back over itself dur~

*

See, for instance, J. Elffers and M. Schuyt: Cat's Cradles and Other String
Figures, pp. 140-147, and F.D. McCarthy: "The String Figures of Yirrkalla",
No's. 72, 94, 110-116, 128, 130-146, 149, where many examples of plaits may be

found. |
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ing its passage from SW to NE, at the end of Step 1. The resulting configura-

tion has the schema

Fig. 112.B: Ansa (variation).

Now onlooker's finger, placed at X , is caught as the string is pulled away at 3%
the finger, placed at O, is released as before. We remark that the "extra" twist
of the second construction —- done smoothly -- becomes apparent only after frequent
repetition, the two motions involved being masked by the gross (translational)
movements of the right hand.

2. SNARE(2) [See C.W. Ashley: The Ashley Book of Knots, No. 2594].
This plait involves the visualization of the following lattice-configura-

tion being superimposed upon the constructional surface:

LIPS - 2
3 o s
5 o s b

Fig. 113: Snare (2) scaffold.

Construction:

Fig. 114.A: Snare (2), I.
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1. Lay loop from NW to SE on (imaginary) scaffold-configuration, as pic:
tured in Fig. 114.A, above. The string should be incident with the lattice-
points 1, 4, 6 of this scaffold, as depicted.

\ o 2
3 e 4
s 6

Fig. 114.B: Snare (2), I.

IO. Using scaffold-points 4,6 as pivots, fold the lower (SE) portion of
the loop over, and directly down, to SW; so that the upper string of this loop
passes through scaffold-point 5, the lower string being parallel thereto.

\ [ Y X

Fig. 114.C: Snare (2), II.

II. Now using scaffold-points 5, 6 as pivots, fold the lower (SW) por-
tion of the loop over, and directly up to NW; so that the upper string passes
through scaffold-point 3, the lower string being parallel thereto.

Fig. 114.D: Snare (2), IV.
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IV. Finally, using scaffold-points 3,5 as pivots, fold the upper (NW) por-
tion of the loop over, and directly across to NE, so that its terminus comes to
rest on the scaffold-point 2 [Fig. 114.D].

Onlooker now places his finger into the design at -){'; performer seizes the
string at scaffold-point 1 (i.e. at @ , above) and pulls it off to the NW. On-
looker's finger will be caught.

If, now, the above construction is carried out, with the word "over" in Step
1V replaced by the word "under", we obtain the variant figure

\ t R 2
3 4
ﬂF\

g b
Fig. 114.E: Snare (2), variation

whose schema differs from that of Fig. 114.D only as to the parity of the circled
crossing. When onlooker places his finger into this design at )(‘, and performer
pulls the string at scaffold-point 1 (i.e. at @ , above) off to NW, this time on-
looker's finger will be released. As with the previous figure, Ansa, the two
constructions -- when mastered through practice -- will appear to all but the
most sophisticated observers* as identical; as, indeed, will the final designs.

We close this section on plaits by remarking that both Snare(2)-designs ad-
mit an "on hands" construction. For example, the string-position of Fig. 114.D
has the contemporary alternate construction

0.A:005|: LZ—>L5: L1t —>L2#] : L1 (L20 FR5 (L1£) # >>12fitay flat, fin-
gers pointing up.
This gives the design of Fig. 114.D. Et cetera.

This concludes our brief foray into the subject of I. PLAITS. The next ma-
jor subcategory of String Tricks to be considered in these notes is II. DO-AS-
I-DO; that is, challenges. Here, performer executes a quick, usually simple man-

euver in the string, which he then challenges his onlooker to duplicate. This
category often borders closely on the Subsequent one (i.e. IV. SWINDLES), as the

given designs frequently involve some subtlety which performer obscures during
his performance thereof.

as well as to many "sophisticated" observers!
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II. DO-AS-I-DO
Herein, performer executes a “simple" maneuver in his String-Figure loop,

which he then challenges onlooker to duplicate.

1. THE IMPOSSIBLE KNOT: see Osage Diamonds, Appendix A.2, pages 104-105.
This is a genuinely effective "challenge"-figure, owing to the virtual undetect-
ability of the "release and regrasp" movement of IR during the final manipulation
(Step 1V, page 105) of the construction. An extra dimension may be added, here,
by the following amusing piece of business.

After onlooker's anxiety-level has risen sufficiently due to the frustration
of repeated failures, performer slowly -- and very patiently -- performs Steps
I-II of the construction in as fair and open a manner as is possible. He then
offer the ends of the string -- secured between his R1*R2 and L1*L2, respectively -
to onlooker to take up.* Performer then relinquishes the string ends to onlooker -
and slips the remaining wrist loops. When onlooker extends his hands, the Impos-
sible Knot —- which has so far eluded his best efforts —- visibly "ties itself" in
the center of his strings.

2. THE LIZARD [P. Beaglehole: String Figures from Pukapuka, page 27, "Hand-
slip trick (Nameless)".]

aw 7 R
[\

(\
b

Fig. 115: The Lizard.

I. Hold the loop of string in the L fist, with fingers (knuckles) pointed
away from you, so that you are directly facing a wide, dependent loop.

I. Pass R away from you into this Lham, then down, around the rightmost
string, and back to the near side thereof. Continue passing R to the left —-

Often words to the effect, "Here, you take it off my hands" are effective at
this point.
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just past the leftmost string of the Lhm (still to the near side thereof) --
then pass R away around, and to the far side of the Lho. Finally, turning R
up, bringit directly back through the Lhm.

The complete IR-motion is depicted in Fig. 115, above. As R is drawn towards
you and left -- away from IL -- all strings incident with R will come free.

A minimal variation has IR turning palm away —-— at the conclusion of Step I, be-
fore R is separated widely from L -- and encircling both strings of Lha (near
L) within the "ring" formed by bringing the tips of Rl and R3 together around
these strings. The whole then comes free of R as R "milks" the two strings of
Lhm.

3. RABBIT IN THE HOLE [R.M. Abraham: Easy To Do Entertainments and Diver-
sions, No. 129, “Reversing the loop".]

This time performer displays a small loop --representative of a rabbit hole --
in a larger loop of string. Reaching in with two fingers, he catches the "ear"

of a rabbit who was hiding therein.
L HR3

HRL,
h hole

Fig. 116.A: Rabbit in the hole, I.

I. Hold both strings of the loop in L about 6" from one end, allowing
the remainder of the string to depend as a long ha beneath L. The small upper
loop represents the "rabbit's hole" I__Eig. 116.A:] . Now hook R2 and R3 down into

this small upper loop.

) R3
L i

h

Fig. 116.B: Rabbit in the hole, I.

- I. Now, separating HR2 and HR3 widely, >HR2(#): <HR3(#), thus bringing
R back to #. [Fig. 116.3] i
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Fig. 116.C: Rabbit in the hole, IE.

II. Releasing L2 momentarily from its grip on the strings retained in 1,
pass it to the right -- on the far side of the central transverse strings -- and
hook it, from above, down over R23p; draw this string out, slightly, to the left

on HL2.
Hi2
)

HR3
HR2

Fig. 116.D: Rabbit in the hole, IV.

IV. Now, separating R2 and R3 widely, <R2 [¥(HR2[]: >R3 [¥(HR3)], and
pinch HR2f and HR3n between HR2*HR3 (at 1, above) .
Note that Step IV is, essentially, the inverse of the earlier Step II.

K~ YAbbt Mgyt

Fig. 116.E: Rabbit in the hole, V.

V. (O HL2: #(R2,R3), maintaining the two strings pinched between R2*R3
during #.

The small loop protruding between R2*R3 on their dorsal aspect is presented as
the "ear" of the rabbit who was hiding in the hole.

With a little practice, the five moves of the construction, above, will be
found to blend into a single "flash", accomplished instantaneously. Experience
has shown that the challenged onlooker will invariably fail in his attempts to
duplicate the procedure ~- for a time -- because of the wide separation of R2
and R3 required in Step II. He will not be fooled for long. The effect, in and
of itself, is especially suitable for small children, who —— at its completion—-
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may be encouraged to catch the proffered "rabbit ear". As the child grabs for
the small loop, which represents this "ear", on the back of R2*R3, a quick "tug"
by L will pull it free of R -- thus eluding his grasp; the rabbit has retreated
safely back into his hole.

4. BEAR TRAP [G. Tessmann: Die Bubi auf Fernando Poo, Fig. 161, "We'sa"|
The final figure of the present section which we present appears to be widely

known as a contemporary trick, but has been recorded only rarely. It is a good
"challenge"-figure for the fledgling String-Figure enthusiast, who yet believes
all String-Figures begin with "Opening A".

L4 @———/‘_ @) RS

Fig. 117: Bear Trap

Construction:
0.1:>R15m: 0.Ax<S®—>1:05]

Here the twist of R15® is disguised in the presentation, and the last two mani-
pulations are effected more-or-less simultaneously -- as the 2wm's are "tossed"
towards you onto 1 -- the extension being already in progress. To onlooker it
often appears that the opposite 2m's release to encircle the lf(z)—strings in an

entirely natural and reasonable manner; and his usually-produced string-position,

0.a:<3m—>1:05]

(2)

i.e. loo“’', comes as a genuine surprise@
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IV. SWINDLES

In this section are listed several String Tricks of a more serious nature,
whose purpose is to defraud, discomfort, or humiliate the onlooker. The first
two of these are (the basis for) "razzles" -- a word common to old time carni-
val workers and street-hustlers, meaning "a game of chance (!) whose odds are
worse than a million-to-one against the player".

1. FIND THE CENTER [:R.M. Abraham: Easy To Do Entertainments and Diversions,
No. 145, Trick o' the Loop”.|
This trick traditionally employs a man's leather belt* in the working, although
leather straps, ropes, webbing, and -- once -- a decorative ribbon have been so
observed. A thick String-Figure loop, doubled to approximate a straight length
of single string, will also suffice.

Fig, 118: Find the Center.

Construction:

I. Double the string -- just slightly to one side of its center —- and
roll the ends up about the small central loop thus formed, to produce a flat
spiral. Lay this on the surface in front of you. |I=‘ig. 118:]

At this point two small, central "teardrop"-shaped loops will appear (demarked
X and(Qin Fig. 118). Invite onlooker to stick a pencil (or other pointed ob-
ject) into whichever of these he believes to be "the center".

ILA. Onlooker chooses X: performer seizes the two outermost strands at B
(in Fig. 118), and pulls them away, right.

B. Onlooker chooses (O: performer seizes the two outermost strands at A
(in Fig. 118), and pulls them away, left.
In both cases, as performer pulls the two indicated strands, the spiral will un-
wind about, and ultimately come free of, onlooker's pencil. He has clearly not’

*
Note: the two sides of the belt must be identical, or the trick will be soon

found out.
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found the spiral's center.

Notes: @ The actual spiral produced in the construction —- unlike its depic-
tion in Fig. 118 -- will have several more layers of coils; and these will lie
much more closely together than is here pictured. @ Of course, performer must.
know which small, central loop is X, and which is (. This is no problem, of
course, since he constructs the spiral and lays it out. O Note that the string-
position of Fig. 118 may be rotated 180° in its plane, to produce a very similar-
appearing figure. This fact may be put to good advantage in subsequent repeti-
tions of the trick with the same onlooker.

2. THE FINGER TRAP [G. Budworth: The Knot Book, Fig. 103.]
This swindle has as many variations as it has practitioners; we present but four
here, based on the plaits of Section II.

<) B

Fig. 119: Finger Trap, I

Construction:

A. Construct I.1.A, Ansa (Fig. 112.A); place both indices down into the
design at X , and both thumbs at (). Extend indices and thumbs widely, and sep-
arate hands. (Leave figure flat, as a plait).

B. Construct I.l1.B, Ansa variation (Fig. 112.B); place indices at X ,

thumbs at O . Extend indices and thumbs widely, and separate hands. (Leave flat).

Onlooker in now invited to insert a finger into one of the four regions of the
design's interior, and either lateral single string is pulled away. Onlooker
loses if his finger is caught by the string, and wins if the string comes free.
These outcomes are indicated for the various regions of the two designs in Fig.
119 by ’
X = caught, O = free,

respectively.

The same "game" may also be played with the two plaits of 1.2, Snare(2),
Fig's. 114.D ard E.

i

Fig. 120: Finger Trap, II.

Construction:

A. Construct L.2, Snare(2) (Fig. 114.D); place both indices down into the
design at X , and both thumbs at . Extend indices and thumbs widely, and sep-
arate hands. (Leave flat). [Fig. 120)

B. Construct I.2, Snare (2), variation (Fig. 114.E); place indices at % ,
thumbs at ¥&. Extend indices and thumbs widely, and separate hands. (Leave
flat). This gives Fig. 119.A.

As before, the outcomes of the previous game played on the design of Fig. 120
are indicated for the various regions by

X = caught, O = free.
Figures 119.B and 120 are seen to be "functionally" equivalent, in that they
have identical outcbmes (payoffs). We remark that if Snare (2) is made on the
hands (see page 266), and laid flat by turning the fingers away and down to re-
lease the figure onto the flat surface, then construction A., above, produces a
turned-over version of Fig. 120. To the onlooker, this will be indistinguishable
from Fig. 120, itself -- but, note, that the upper X and lower O have exchanged
places. Et cetera.

We conclude the present section with three examples of swindles which arise
from String-Figures -- as opposed to String Tricks —-- by way of comparison with
the foregoing tricks. The first of these is innocuous enough, although the oc-
casional, sensitive child will break into tears over it.

3. WILL YOU HAVE A YAM? [I. Vinton: The Folkways Omnibus of Children's
Games, Pages 203-204, "I Have a Yam", or T. Wu: T'iao Hsien Yushi, Pages 50-53,

"Yam". The plate, below, is from C.F. Jayne: String Figures, Fig. vBOO.:]



Fig. 121: Will You Have a Yam?

Construction :

0.1: Z{5F) 41(2n) N1 =S (2£-5) :;_(s;mz-alzn?(zf-s; center) #]:
ISo->L1*L2]
Now proffer the L1*L2-loop to onlooker as a "Yam". When he reaches for it, pull
down sharply with R —- and the "Yam" disappears; all strings come free of IL.
The same procedure may then be repeated with R.
The last two figures of the present section have as their object the causing
of some minor discomfort to onlooker as befits the various events they seek to

portray.

4. THE EEL E( Haddon: String Games for Beginners, No. 5.:]
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Construction :

0.1:01]: RY (R5@) # ] = TX (R1£'?)) ;1 (rp'?)

V4 ]: L (Sm)# P: SIL |
(Rotate figure 90°—counterc1cckwise) .

This gives Fig. 122, above. Onlooker is now challenged to "Catch the eel" by
encircling all strings of the central configuration with either of his hands.
This being done, performer loosesall strings except the 5m, and sharply extends
his hands. The "eel" escapes, leaving the distinctive "feel" of all such en-
counters in onlooker's palm, i.e. something akin to "rope burn". There is a re-
lated, alternate construction:

0.1:01 |: LuLS@) # |+ FT(Lan'? : g1 (rp'?!

) # l:_]>(_5_g:>_)# ]P:>1LI
(Rotate figure 90°-counterclockwise) .

5. FLINT AND STEEL |C.F. Jayne: String Fiqures, pages 320-324.]

Fig. 123: Flint and Steel,

Construction

0.1: RT(Tp) LT (Lsn) # | : T (1£)# N1:O5 | <R:>L: Simultaneously pass
L towards you to the right, and IR away from you to the left -- keeping strings
taut -- until hands assume the back-to-back position of Fig. 123, above I
Onlooker is now encouraged to bring his face between L1*L2 to "blow on the fire".
This being done, performer pinches onlooker's nose (or lips) to simulate the
latter's being "burned by the fire".
Note: The unusual final extension encountered in this figure -- the movements
subsequent to "0O5 |"-- occurs frequently enough among the String-Figures of the
world to warrant its own notation. We define

IgB(L) -~ <R: >L: Pass I to right, ¢ to left -- until hands assume a back
to-back position, fingers pointing up.
The symmetric extension will be denoted by IﬂB(R) .
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V. RELEASES

Fully half of the source-identified String Tricks of the world belong to
this category. And because of this multiplicity, we have broken-up this section
into three sub-classifications: Releases from

A. Openings,
B. Single Functor,
C. Multiple Functors.
Wherever possible, we include examples of releases arising from String-Figures --

as opposed to String Tricks -- by wayof comparison.

A. Openings. Here performer effects a "release" directly from an opening posi-
tion for the String-Figures of his culture. The number of possible tricks in
this sub-category, itself, is legion; and there is much to be learned about the

string from such experimentation.

1. THUMB RELEASE (1) [L. Dickey: String Figures From Hawaii, page 154,
*Thumb Slip Trick, A"}

Construction:
0.A: 55—>1:05 |: Rle'?) =uL1

This gives four Llm's; the {Llom being distinct from the uLl
R*R2 ({Lin) ],

All loops come free of Ll.

(2)

cn( 3 . Continue

2. THUMB RELEASE (2) [_c_f L. Dickey: String Figures From Hawaii, page
: 154, "Thumb Slip Trick, B".]

Construction:
0.1 fiR2 (Ep) : <R2# L50—>L2:0 RS | : <fTo—1: Rl 2l f11
This, again, gives four Llw's; this time the uLlwm is distinct from
(3)

the §L1® ~’. Continue
RT*Rz (uLin) T,

and all loops come free of L1. But note that the alternate (contemporary) con-
struction

2)

0.1 HR2 (Ep) : <R2# F50—>L2: ORS| :<Jd>—1: Rlw' %) =uL1,

which results in a single {Ll®, distinct from the uLlw (3)-- as in v.a.1,
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above -- gives II.4 (left), i.e. Fig. 117, Bear Trap (left half of figure) --
upon the continuation

RI*R2 (fL1n) 1.

We remark that the Opening under discussion, here, is that of the Kwakiutl fig-
ure "Bear's Den" (Fig. 94.A, page 201 of these notes) -- and it is one which
enjoys world-wide popularity.

3. INDEX RELEASE (Contemporary)
Construction:

Throw a small, inverted loop in the string —- passing right string towards
you and to the left. This gives Fig. 124.A, below.

Li¥12  RIXR2

Fig. 124.A: 1Index Release, 1.

Now hook (both} 2's directly towards you into this small loop from the far side
of the figure, and continue >2 up to #: |
This gives Fig. 124.B, below.

L2 (o | R
BN Dk

0 (o s ) LR2

Fig. 124.B: Index Release, 2.

This is another widely-known opening for many of the String-Figures of the world
[see, e.g. C.F. Jayne: String Figures, Fig. 528, "Little Fishes"|. Continue

(2)

R2a'?) = un2: KI¥R2({L2n) ] -

All loops come free of L2.
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4. THUMB-INDEX RELEASE E{ Noguchi: "String Figures in Japan, IV", No. 100,
"Right Hand Slip Trick".]
Construction:

0.JA:Q05 |: 3<c-r-)-—->l:3_2_2_’r (R1c' %)y 4 |: Pass TTc'?) between the crotch of R1*R2

and --[JL1 -- allow these loops to depend from the dorsal aspect of R. This
gives Fig. 125, below.

M-S'&
(Y

Fig. 125: Thumb-index release,

Continue,

Now pass [1%L3 and seize up the Mﬂ_(zlstrings (at¥) I.
All strings will come free of IR. A minimal variation continues wrapping the
final double right dorsal loops across the back of R, and then around to the
front and across the IRp, where they are encircled within the "ring" formed by
bringing the tips of Rl and R2 together around them. The excess is allowed to

suspend from this R1*R2-ring as a han(z,.

The final release is executed exactly
as before.

The final three examples of the present subsection involve twopeople; Mr. €T
(performer) and Ms.‘& (onlooker): That is, onlooker's role is (slightly) less
passive than heretofore. This is in contradistinction to figures to be encoun-
tered in future sections which require two performers ("Two-person figures").
All constructions, below, will be given from the perspective of the performer,
Mr. 6C .

5. WRIST RELEASE(1) [W.H. Ingrams: Zanzibar, page 232.]
Construction :

Mr. OC O.A
Ms.fg : ﬁljm
Me. OC @ O2:058|: 5Tl 0. ]

Ms.fﬁ : Rlow
M. &

: DZ:DSI
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All strings come free of Ms. ‘éé_'s right hand. This very easy trick has excep-
tionally wide currency among the children of modern urbanites, and enjoys a
favored status among them.

6. WRIST RELEASE (2) [D. Jenness: “Papuan Cat's Cradles”, No. 24A.|

Construction :
I. Mr. Of : 0.1: >>Rl15wm: 0.A:05 |

This gives Fig. 126, below.

2 (o R2

/
N Yem .
Fig. 126: Wrist Release (2).

Continue,

I. Ms.ﬂg: <§T(c—o; at ¥ )
Me.OC: DO2]:5(£)#0.A]
Ms.f&g 1 Ri(2m)
Mc.OC: O5]
All strings come free of Ms.fri's right hand. Step I of the construction may
now be repeated -- as many times as desired -- for an "instant replay" of the

release.

7. WRIST RELEASE (3) [D. Jenness: "Papuan Cat's Cradles”, No. 24B.]
Construction:
I. Mr.0O(: -0.1: >>R1500:0.A |

Fig. 127: Wrist Release (3).
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Note: The central crossing, x8, is considered to be complex, even though
"fine-structure" is shown.
1I. Ms.f% : pass R toward me. 8€ , in the "space" below x2, x5 and above
x8, to near side of figure
m.&C: OsJ [ ’&'s R caught]
D271 [ 44's R free].

This concludes our discussion of A. Releases; Openings. In the next section, we
continue with an examination of single-functor releases in the context of slightly
more complicated constructions, i.e. ones that are more than slight modifications

of well-known openings.

B. SINGLE FUNCTOR. Here performer loops and/or laces the String-Figure loop
about a principal functor, and effects an unexpected release therefrom. Other

functors may play a temporary, constructional role in the manipulations.

1. THUMB RELEASE (3) [cf. C.F. Jayne: String Figures; pages 344-345,
" Dravidian Trick".]
This contemporary trick is unusual in that the hand from which the release is
effected is manipulated during the smooth pulling-off motion of the other hand.

L3

L

Fig. 128.A: Thumb Release, Opening.

ning: Hang the loop on L2, L3 so that a long hanging loop depends from

v L3
h Py
( (9 j HRz
' L2 o

Fig. 128.B: Thumb Release, I.

their dorsal aspect.

1. g(an): Pass HR2 between L2, L3 to back of L and hook up L2n (atX)
from above: pull this latter string (on HR2) back to palmar side of L, beneath
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L23p [Fig. 128.B].
The remainder of the construction is done, in a continuous manner, as IR slowly
and smoothly draws the (current) HR2@ away from L.

Fig. 128.C: Thumb Release, II.

I g_3¢(ﬂn2a>) :00HR2: <R3: L% (BR3w)

Fig. 128.D: Thumb Release, II.

m.0L3: <f2ew->11 |

All strings come free of Ll1. Note, performed smoothly, with a continuous "draw-
ing-out” motion of R, this is a very effective little trick, bordering on the
category of "Illusions". Move II of the construction is best accompanied by

a "down-up” motion of L.

2. THUMB RELEASE (4) [J. Averkieva: Kwakiutl String Games, No. 110.]
Construction:

1. Hang string-loop on L1 so that a long ha depends therefrom on the
palmar side of L.

IO. Hook R45 over both strings of hm about 10" from the base of Ll: insert
Rl, R2 down into Llw and spread themwidely (still pointing down). This gives
Fig. 129.A, below. o

R2
i /E o  eh

P Ri HRYys

Fig. 129.A: Thumb Release, after I.
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ImI. >R12m and place far string of loop (R1f) directly onto L2: << Ri2m
and place near string of loop (R2n) directly onto L1:0 IR.
This gives Fig. 129.B, below.

L2 (:\\
w(@ — _ _9hn

Fig. 129.B: Thumb Release, after INI.

V. (~vIO & ]]I)Z:DLZ: draw out heo with R I
All strings come free of Ll1. Note: The "exponent" 2 in Step IV may be replaced
by any even number (including 0). The distinctive R-position of Fig. 129.A is
typical of many Inuit "lacing"-type manipulations.

3. THUMB RELEASE (5) |P.E. Victor: "Jeux d'Enfants et d'Adultes Chez les
Eskimo d'Angmagssalik" No. 28, "Cutting the Thumb".]
Construction:
1. Hang the string-loop on L1, so that the long ho depends from the pal-
mar aspect: give Lln an additional turn about Ll.

This gives Fig. 130.A, below.
Db

Fig. 130.A: Thumb Release, I.

I. Put a simple twist in ha (about 10" above its nethermost point) by
passing the far string towards you over the near string of this loop: turn the
resulting small loop directly back on itself at the crossing so formed.

This gives Fig. 130.B, below.

CHR

Fig., 130.B: Thumb Release, I
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II. Seize up the nethermost crossing of hm (at O), turn this directly
up, and place behind Ll: pull out the central he depending from L1 (at X ) I
All strings come free of Ll.

4. WRIST RELEASE (4) [W.A. Cunnington: "String Figures and Tricks From
Central Africa", No. 18, "A String Trick".]
Construction:
0.1: m>—>w#| = M (Wn) e (WE) # ] : Twist Mo 180%counterclockwise:
fEJ,(Ma:) DIM#|

(2),

This gives a string-position with Wam Now GR and hold IL back uppermost,

fingers pointing toright. A tug with R on LWn(z) will free LW.

5. WRIST RELEASE (5) [J. Averkieva: Kwakiutl String Games, No. 112. ]

Construction:

I. Hang string-loop from IW: give IWn an additional turn about IW: seize
nethermost point of hm between R1*R2.
This gives Fig. 131, below.

Lu)(;é@b

o) RAxR2

Fig. 131: Wrist Release, I.

I. Draw Rl*2m to left and just over the tips of the IL fingers: <R1*2a:
draw small R1*2m just created back to right over tips of the IL fingers I
All strings come free of L.

6. FLY ON THE NOSE (1) [H. Krauss: “Lufambo", No. 7.]

A classic, whose principal variation (also given below) —- although apparently
less well-known -- enjoys a similar contemporary currency.
Construction:

Throw a small, inverted loop in the string by passing right string towards
you and to the left: take the crossing thus formed in the mouth and 0 B: now
pass R away from you and up into the long hanging Mo, and HR2 towards you and
down into the short hanging Moo: twist R2 1802 counterclockwise —-thus putting a
twist in the small hanging M@ (only) ~- and place the tip of R2 against the
tip of the nose.
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This gives Fig. 132, below.

Fig. 132: Fly on the Nose (1).

Now seize up the R2d-string (at X ) between L1*L2, UM, and pull L1*L2 away
from body.

All strings will come free of IR; the "fly" has escaped.

This trick has the following interesting variation [:H. Noguchi: "String
Figures in Japan, IV", No. 104, “Nose Slip".]

Construction:

Throw a small,inverted loop —-- passing left string towards you and to the
right —- and take the crossing so formed in M, [] B: now pass R2 away from you
and up into both hanging Mm's: pressing R2 away, against the nethermost point
of the short hanging M, draw this loop down and away to the right (under the
rightmost string of the long hanging Ma): now bring this small loop back to the
center of the figure and (pointing R2 down) directly down and through the long
hanging Mm: continue drawing the small loop down and away to the left (under
the leftmost string of the long hanging Mo): finally, turn R2 directly back up,
and place its tip against the tip of the nose.

This gives Fig. 133, below.

Fig. 133: Fly ontheNose (2); variation.

Now seize up the R2d-string (at* ) between L1*L2, (0 M, and pull L1*L2 away
from body.

As before, all strings will come free of R.
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7. CUTTING OFF THE HEAD; another classic, with many variations. We shall

indicate a few of the principal constructions.

Variation 1 E).S. pDavidson: "Aboriginal Australian String Figures",
No. 69.]

Construction:

Place loop over head: take up right string of h@ in R and left string in
L, and cross these in front of face (left over right): seize up crossing so
formed in M: now uncross hands (left over right) and throw ha directly back
over head, [0 B: place each 1 up into lateral hwm on its respective side |
This gives Fig. 134.A, below.

o) RL

Fig. 134.A: Cutting off the Head, 1.

Maintaining 1's in their loops, clap hands sharply in front of face, then
spread hands widely —- and back -- while O M.

All strings will come free of the head.

Variation 2 ED. Levinson and D. Sherwood: Tribal Living Book, page 145,
“"Hanging Trick".:l

Construction:
Place loop over head and, seizing up right string of hm, give this another

twist about the neck: make a small, inverted loop in the bottom of the long hw,

passing left over right: seize up the crossing so formed and pass it back over

the head, so that the head passes up into the (lower) small hoo: O B.

This gives Fig. 134.B, below.

Fig. 134.B: Cutting off the Head, 2.
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Seize up the nethermost point of the long he lying in front of the torso {at %),
and pull this string sharply away from the neck.

All strings will come free of the neck. (cf. V.B.3)

Variation 3 @.C. and E. Helfman: String OnYour Fingers, Pages 26-27,
"A Noose“.:l
This release is a minimal variation of the one immediately preceding. We spe-

cifically include it because of its current wide popularity.
Construction:

Place loop over head and, seizing up right string of ha, give this another
twist about the neck: pass 5 away and up into hw: -51“ (50) # | (as in 0.1): O.A:
pass head away, under all intervening strings,and up into 2@ E:eleasing 5 to
enlarge 2w, if string is otherwise too short]:0B.

This gives Fig. 134.B, above. The release is that of the previous variation,
i.e. pulling out the long h®.

Variation 4 I'_i>G Brewster: "Some String Figures and Tricks From the
United States", Fig. 11.*j
Construction:
g.l:DSI: place both transverse strings behind neck: ﬁ—T{_—S(ﬁ)
# (HRS) : ALS (R1E) 4 (H5) | . ‘

This gives Fig. 134.C, below.
HLs

w G

Fig. 134.C: Cutting off the Head, 4.

Continue,

Simultaneously U L1, OHRS and extend hands widely and sharply.M

All strings will come free of neck.

Note: the text figure is incorrect.

ook
Beware of rope-burns with this variation!
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Variation 5 [F.J. Rigney: Cub Scout Magic, pages 88-89, "Rope loop

through your neck".]

As with No. 3 of this sequence, this is a minimal variation of the preceding

release. Of the two, the present variation is perhaps the more effective —-—
as a trick; however, it lacks primary-source citation.

Construction:

0.1:05|: place both transverse strings behind neck:&T(le):
oL1# Lyt (R1w 2 ¢ | : 85 (TTE-5) # (nas) - W3 (GTE-5) # (12, 45) : O1 |

This gives Fig. 134.D, below.

Huus G

Rl

Fig. 134.D: Cutting off the Head, 5.

Continue,
OH2 ] (sharply).

All strings will come free of neck.

Variation 6 [T.Saito: Ayatori Itotori, Vol. 3, Trick No. 11, "Cutting
the Head".)
Construction:

Place loop over head: make a small,inverted loop in the bottom of the long
hoo, passing right over left: pass 1 towards you and down into small, inverted
loop and -~ picking it up -- turn it over towards you and place it over the head
(do not U1): slide 1's (in their loops) to front of body.

This gives Fig. 134.E(1), below.
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e [e o | RA

Fig. 134.E(1): Cutting off the Head, 6.1.
Continue,
B1f(Llw) # NR1|

This gives Fig. 134.E(2), below.

(R @ s ] RA

(e

Fig. 134.E(2): Cutting off the Head, 6.2.
Continue,
é__]_.T‘(Ll(D) :0L1| :é}T(le(z)) #|

This gives Fig. 134.E(3), below.

L4 \?f_/ Ri

Fig. 134.E(3): Cutting off the Head, 6.3.

Continue,

Pass the head forward and down into the 10:12)'5 (at %), so that this

double loop passes over to the back of the neck.

This gives Fig. 134.B. To release, pull either (or both) string(s) in front
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of the neck; all strings will come free.

variation 7 [T.H. Centner: "L'Enfant Africain Et Ses Jeux", Jeu-Probleme
No.l, “Le Sorcier et le Prisonnier".|
Construction:
Performer seated on ground, right leg straight: place loop around neck and
right great toe.
This gives Fig. 135.A, below.

Fig. 135.A: Cutting off the Head, 7.1.

Continue,
Pass IL. to right over left string of neck-loop and seize up right string
(at X ) between L1*L2: pass R to left over right string of neck loop and seize
up left string (at O) between RI*R2 # |
This gives Fig. 135.B, below.
Al g

— /@ RT

s/ RAXRL
Fig. 135.B: Cutting off the Head, 7.2.

Continue,

Transfer R1*R2m directly to R5: using neck and RT to maintain necessary
string-tension, circle L1*L2@ counterclockwise beneath left string of neck loop
to right of figure, and take up this string between R1*R2: JIL# |: Pass L to
right over all strings and, seizing up R5d between L1*L2, remove the loop from
RS # .

This gives Fig. 135.C, below.
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X2 /3

/_N. RT

[
\’/Ri*R’z

Fig, 135.C: Cutting off the Head, 7.3.

To release the head, pass head forward, to the left, and down into the
L1*L2-RTap: circle head down, left, and back up again -- to normal position --
releasing L1*L2: pull neck sharply away from RT and UR1*R2 I

All strings will come free of the neck.

We shall content ourselves with these few variations of this widely known
String Trick, "Cutting off the Head". In the author's experience, Variation 3
is the most widely known, 5 is the most effective as a trick, and 6 provokes the
most discussion among String-Figure enthusiasts. In Variation 7, the finger of
a second person is sometimes substituted for the right great toe.

The final three examples of String Tricks in the present subsection involve
two people; Mr. A (performer) and Ms. ’Sé_ (onlooker), the latter providing the
single) functor for the release. All constructions (below) will be given from
the perspective of the performer, Mr. O(.

8. NAVAHO RELEASE [A. van Oorschot: Touwfiguren, pages 84-87, "Ontsnap-
ping 4" ]
Construction:
Opening: Hang string as a simple (untwisted) loop on Ms. ’S&’s R2 and Mr.
Ot's L2, |.
Mr.0C : Pass R3 to left over rightmost string of this shared loop, about
10" from Ms. ‘g.'s finger, and hook the leftmost string back —-
and just to the right of -- said rightmost string: now turn R3
up to #, picking up rightmost string on its back ([Cformer HR3w).
This gives Fig. 136.A, below.

L2 R2
M. %\@ Ms, (g
R3 4

Fig. 136.A: Navaho Release, 1.
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Continue,
Mr. OC: Rotate R about R3 (in its loop) —- so that, viewed from above, R2
proceeds counterclockwise about R3 -- and put R2 directly up into
Ms. 853 's R2m from below: now, simultaneously, hook R2, R3 to left
over the respective strings on their leftmost aspect.
This gives Fig. 136.B, below.

R2
MvOt (o HR3 A—N Ms. &

(%N

Fig. 136.B: Navaho Release, 2.

Continue,
Mr. & : Rotate R about HR2 (in its loop) -—- so that, viewed from above,
HR3 proceeds counterclockwise about HR2 -- and place the tip of
HR3 directly on the tip of Ms. s%'s R2.

This gives Fig. 136.C, below.
HR2

Mot (o L2 D k2 M B

Fig. 136.C: Navaho Release, 3.
To release, Mr. O performs OHR2 I, and all strings come free of Ms.‘_",:i,.'s R2.

This is a most effective release, and is usually performed very quickly.
A finger-ring is also sometimes employed in the working EJI Gardner: "Mathemat-
jcal Games: The Ancient Lore of String Play", page 149].

9. INDEX SLIP TRICK ([H. Noguchi: "String Figures in Japan, IV", No. 102.]
This wonderful String Trick has a more modest distribution than many here met
with, and appears but rarely in the literature. Occasionally, even someone well-
acquainted with the string will be completely fooled by it.

Construction:

Fig. 136.C does not show Mr. 8( 's HR3 atop Ms. 533'5 R2; i.e. this "composite

functor" has a single schema-node.
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Hang string as a simple (untwisted) loop on Ms. 4’5&\'5 R2 and Mr. O 's R2, |.
Mr. D{: Place L2 (pointing right) over both transverse strings, about 1/4
of the distance from Mr.&('s R2 to Ms.{%,'s R2: keeping strings
taut, roll R2 up and over L2 and place R2 (pointing left) over both
transverse strings: similarly, roll L2 up and over R2 and place L2
(pointing right) over both transverse strings: finally, roll R2 one
last time about L2 and -- turning R2 directly down -- place all
(three) of its loops on the tip of Ms. 5’;;3_'5 R2.
This gives four R2m's for Ms. ‘2}, her {R2w being distinct from the uR2<n>(3);
mr. O retains four L2w's. Mr. O now seizes up Ms.{(a's {R2n and -~ releasing
his L2 —— pulls this string towards him.

All strings will come free from Ms. 65\3'5 R2.

10. PAWNEE RELEASE [K. Haddon: Cat's Cradles From Many Lands, Trick No.1l.]

Construction:

Hang string as a simple loop on Ms.d“‘é_'s R2 and Mr. & 's R2,|: take the far

string of Ms. 0&‘5 R2e and give it an additional turn about her R2.

Mr.OC: Place L2 (pointing right) over both transverse strings, about 1/3
of the distance from Mr.C{'s R2 to MS.E&'S R2: keeping strings
taut, roll R2 up and over L2, and -- releasing R2 -- drape its loop
over both transverse strings.

This gives Fig. 137.A, below.

AL R2
M. &¢ l.. . 5 Ms. 3.
2N R3

Fig. 137.A: Pawnee Release, 1.

Continue,
Mr. & : pass R2, R3 away from you below L and -- spreading these fingers
widely (i.e. outside of the transverse strings) -- pass them up in-

to the central "draped” loop, hooking them over the far string there-

of (at R2 and R3, respectively): <uL2wm: transfer L2®(2) directly to

Ms.‘g's R2 |. '
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This gives four R2wm's for Ms.‘(g, and single HR2, HR3 loops for Mr. & .
Continue,
mr. OC :mER2 T

All strings come free of Ms.‘g_ ‘s R2.

we conclude the present subsection with a single-functor release proceed-
ing from a String-Figure —- as opposed to a String Trick -- by way of example,
for comparison with the previous String Tricks.

11. DUGONG [:C.F. Jayne: String Figures, pages 39-43, "A King Fish
(Also a Catch)" .| l
Construction:
0.A:0OR2|: A3 (D) :DL1aLS | : AL3B—>L15 [0-1(LY]: AL3 (Rp): >L2(4) | =
fRZ (R1E) : HR3 (R5n) : >R2(4) [thus releasing R1f from RZ]|:
fiR5 (07 R2®) : ALS (T2F) # (HS) : <R2w:D1 ]

This gives Fig. 138.A, below.

L (o - *\/\ n
as e~ _\/ /\.szs

Fig. 138.A: Dugong, 1.
A second person is now asked to place his R through the central diamond (at *x);

if performer O L ], onlooker's hand is caught. If OR |, onlooker's hand is
freed.

The string-position of Fig. 138.A.admits an effective continuation [see J.C.
Andersen: Maori String Figures, No. 10, "Komore" (discussion) ]

i;(oﬂcn):#(o;Sm)Hl):é_(o;Sm)#DZI (fingers pointed away)

This gives Fig. 138.B, below.
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FCAWAWARS L
LSN/\/ 3.

RS

Fig. 138.B: Dugong, 2.

Again, a second person may be asked to insert his R intothe central diamond --
and a "catch" or a "release" effected exactly as was done before. Or, this
string-position may be continued I:see G. Landtmann: "Cat's Cradles of the Kiwai
Papuans”, No. 15, "A Dugong" :]

2loilm) (A3 (In): <2(#):01]: 53—>1::’?J,(A;5m):3{_2(ﬁ): <2(#) 1|

5?3-—)11 (fingers pointed ascay)
— o) R4
Under

This gives Fig. 138.C, below.

VA
YATAY D

Fig. 138.C: Dugong, 3

1f, now, the hands are widely extended -- with an accompanying "sawing" motion --
the Dugong will "swim" away towards R with acharacteristic jerky undulation.
Again, an onlooker may be invited to "spear the Dugong" -~ passing his R through
the central diamond of the three which comprise the "body" of the Dugong. And,
as before, if performer executes OL I —- onlooker's IR is caught; he has speared

the Dugong; if performer executes OR I --onlooker's R comes free of the strings;

the Dugong has escaped.

We close the present subsection at this point, contenting ourselves with the
.above several examples of string-releases from a single functor. We next turn
to the situation of string-releases involving multiple functors.
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C. Multiple Functors. Here performer loops and/or laces the String-Figure loop

about several functors -- none of which can be distinguished as "principal" --
and effects an unexpected simultaneous or serial release from all. The examples
below, as a group, comprise perhaps the most universally recognized group of

String Tricks.

1. ATTRAPE [M. Griaule: "Jeux et Divertissments Abyssins", Plate VI,
No's. 3—6.]
The final position, just prior to the release, in the three variations we pre-
sent here, are all illustrated in Fig. 139.A, below.

>, <<

Fig. 139.A: Attrape; frame configuration.

The detailed string-positions associated to the three distinct variations of
this String Trick are given in the subsequent diagram, Fig. 139.B.

L3

L2

L1

Attrape; the three variations.
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Variation 1: Construction:

Hang the string as a simple loop on L23, the long h@ dependihg from the
palmar aspect of IL: seize up the long hm, about 10" from IL, in the right fist
and, OR2, hook T2 into the L23c: now " <R2, and then Lif (R2w) : > R2, and
then draw the resulting HR2a directly up and over Ll -~ thus putting two loops
onto L1, crossed on its dorsal surface —— place the rest of the R2m over L2, L3
[Fig. 139.BI} = place L2, L3 in their respective nostrils [Fig. 139.A].

To release, O L1 I, and all loops come free of L.

Variation 2: Construction:

Hang the string as a simple loop on L23, the long ho depending from the
palmar aspect of L: seize up the long hm, about 10" from L, in the right fist:
now &1‘(1.230)) : >>Rl: __E_;T(Rlcm): <Rl, and then draw the resulting HRlm directly
up and over L1 (to become an uLle): <Rl and place resulting Rl® directly onto
L2, L3 [Fig. 139.B.I]: place L2, L3 in their respective nostrils [Fig. 139.A].

To release, 3 L1 |, andall loops come free of L.

Variation 3: Construction:

Hang the string as a simple loop on L3, the long hwm depending from the
palmar aspect of L: seize up the long hm, about 10" from L, in the right fist
and, O R2, hook ﬁj, into the L3ao: now’Hk <R2, and then é;‘[‘(RZ@): >>R2:
gg’T‘(RZan): <R2 and then draw the resulting HR2m directly up and over L1 (to be-
come uLlw) : <R2: LMR2o) : >R2: L3MNR2@) | [Fig. 139.B.I0]: place L2, L3 in
their respective nostrials [Fig. 139.A].

To release, ULl I, and all loops come free of L.

2. CUTTING OFF THE FINGERS. Each of the three variations of the previous
String Trick, Attrape, admits an extension to all the fingers of the left hand

(no fingers of which, in these cases, are customarily inserted into the nostrils).

we shall indicate the construction for the extension of Variation 3, below, omit-
ting the easily deduced remaining two in favor of the major variationsof the cur-
rent figure to Ffollow.

The move "< R2", here, results in a somewhat awkward position, at first en-
counter.

*k
Here's that awkward position again. i
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variation 1: [R.M. Abraham: Easy To Do Entertainments and Diversions, No.
127, “The Five Boy Scouts" ]

Fig. 140.A: Cutting off the Fingers, I.

Construction:

Hang the string as a simple loop on L5, and grasp the long h@ in the right
fist, about 10" from lL:DRZ:il=.R__2J,(L5<D) ] <R2:l..____4_>1\(R2co) 2 >R2:é§1‘(HR2CD) ]
<R2:__I:_§']‘(R2cn) E >>R2:£}T(R2m) iz <R2 and then draw the resulting HR2@ directl
up and over L1 (to become uLlm):: <R2:é§T(HR2m) = >R2:g§1‘(R2m) i <R2:

R4 (HR2®) = >R2: L3MR2w) = OR# (L)
This gives Fig. 140.A. To effect the release, 0Ll and pull the LShoo out,
briskly. The left hand willbe freed of all strings.

Variation 2: [D. Jenness: Eskimo String Figures (C.A.E.), Trick No. 2.]

This is a two—handed version of this class of String Tricks.
Construction:
0.1:011} :-?(_f_:§) ¥ :'?(gi) #| :_f(f;s) #| :_1>(_s_(2\) [keep f-s uppermost]
$Tuln-s): Z(Qin-s)#|: Sin-s)#|: Tin-s) #|: Sin-s14]

This gives a two-handed version of Fig. 140.A. For the release, simply U1 I

(widely), and all strings will come free of B.

Variation 3: [R. Martinez—c.rovetto: ~ "Juegos de Hilo de los Aborigenes del
Norte de Patagonia", Trick No. 26, "Desenrollar la Tripa".:l
In this interesting variation, the String-Figure loop is doubled, to approximate
a single straight string, and then interlaced four times through the fingers of
the left hand -- preparatory to the final release.
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Fig. 140.B: Cutting off the Fingers, IN.

Construction:

leaving a small "tail" at the base of L5, lace the doubled string in front
of L5, behind L4, in front of L3, behind L2, in front of Ll. Wrap it around be-
hind L1, behind L2, in front of L3, behind L4, in front* of L5. Then wrap it
around behind LS, in front of L4, behind L3, in front of L2, behind Ll. Finally,
wrap it around to the front of Ll, in front of L2, behind L3, in front of L4, and
behind L5 -- to become a second small "tail" at the base of L5.

This gives Fig. 140.B. To effect the release, simply O L1 and sharply pull both
"tails" away from L. All strings will come free.

Variation 4: THE MOUSE [I. Kattentidt: Fadenspiele aus Aller Welt, pages

29-30, "Die Maus Entspringt"; or W.W. Rouse Ball: String Figures, No. 21 "The
Yam Thief" |

Over

Fig. 140.C.1: The Mouse, I.

*
i.e. back the way it came.
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Construction:

Hold IL with thumb and fingers pointing away: hang String-Figure loop well
up on L1, so that a long, h@ depends therefrom -- its rightmost (palmar) string
passing to the palmar side of the L fingers, its leftmost {dorsal) string pass-
ing to the dorsal side thereof [Fig. 140.C.1].

Continue,

g(lep): pass R2 up between L1*L2 to back of L: <ﬁ-i(lﬁa): and pull this
112d back to form a small HR2a, just to the palmar side of L: > R2: Ro=> L2:
grasp both strings of Lh® in R, and pull tight:UR::éz(LZBp): pass R2 up be-
tween L2*L3: ﬁ(ﬁ_.’»_d): pull back: >R2: R2@ =>L3: pull tight::él_k_g (L34p) : pass
R2 up between L3*L4: ﬁ(m): pull back: >R2: R2a =>L4: pull tight::g(LASp):
pass R2 up between L4*LS: G (T35d) : pull back: > R2: R2@ => L5: pull tight |
This gives the left-hand string-position illustrated in Fig. 140.C.2, below.

-

Fig. 140.C.2: The Mouse, I.

For the release, [} L1 and show the resulting small loop as the "ear" of the
mouse. Then grasp the long ho in R and pull it out with a loud "Squeak!"

The L will come free of all strings; the Mouse has escaped!

Variation 5: THE RAVEN'S PLUMAGE |T.F. McIlwraith: The Bella Coola. Indians,
Vol. I, String Trick No. H, "The Fastening of Raven's Plumage" .|

We present this variation as an example of a non-sequential lacing of the
IL fingers which leads to a release. The plate, Fig. 141 below, is from C. Grysk
Super String Games, page 49, "The Fastening of the Raven's Plumage".




Fig. 141: The Raven's Plumage.

Construction:

1. Hang string-loop on Ll so that a long ha depends therefrom on the pal-
mar side of L.

I. Hook R45 over both strings of hm about 10" from the base of Ll:
insert Rl, R2 down into Llw and spread them widely (still pointing down).

This gives the position of Fig. 129.A, preparatory to the lacing of the
IL fingers. Continue,

m. >R12:TLSL(R12m): <L5(#) 3 <<R12: AL (R1200): L2 (#) = D>R12:
ATAL (R1200) : <L4 (#) = <<R12: AL3}(R120): >L3(#) = >>R12: L4N(R120) =
<<R12:g§T(R12m) i >>R12:£§’[‘(R12m] 32 <<R12:gmm12m)# (L): straighten
lcop being pulled by R . [Fig. 141]

To effect the release, L3 I, pulling R @ smoothly away from IL; all strings
will come free of L.

We shall content ourselves with the above several examples of the String
Trick (s) "Cutting off the Fingers" as illustrative of their genre, and continue
with another classic complex of "cutting" tricks -- "Cutting the Hand".

i
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3. CUTTING THE HAND. Here performer loops and laces the string-loop about
the fingers and the "trunk" of one hand -- here, IL is chosen -- using the other
hand solely as a manipulator of the strings; a release is then effected in the

usual way, wherein the string appears to “pass through" and come free of the
laced hand. And while this complex of figures is also cited as an example of
"Cutting off the Fingers" in several sources —— e.g. W.E. Roth: "String Figures,
Tricks, and Puzzles of the Guiana Indians", No. 710 —- we feel that it is dis-
tinct enough from the previous complex of figures to warrant its own, individual
classification. In particular, the complex relationship between the hands in
the various intermediate string-positions of the construction have a direct bear-
ing on the description of highly-asymmetrical String-Figures not enjoyed by the
previous complex of tricks. We shall discuss this in some detail, below, at the
propitious time.

Variation 1 EF. Mindt-Paturi: "Three String Tricks from the Wolof Tribe
in Senegal", page 10, "Index and Middle Finger Trick".:]
Construction:

I. Hold the loop with HR2345 so that the back of R is uppermost, fingers
(knuckles) pointing left, the long ham depending from the fingers: # (L):: R
draws the hm left until its lowermost string engages L as a L2345p-string; con-
tinue passing R back over the IL-fingers -- the near string passing to the
near side of L2, the far string to the far side of L5: now draw Ram back over
the L~fingers, the near string passing between L2*L3, the far string between
L4*L5 |: draw Ra towards you between L1*L2 and around L1, then pass it once
more over the L-fingers (to the back of L), the near string passing between
L2*L3, the far string between L4*L5: finally draw this loop directly back over
the L-fingers (to the front of IL), the near string passing to the near side of
L2, the far string passing to the far side of L5: draw Rw away to far side of
figure (to get it out of the way) and [ R [Fig. 142.A}.

St RSy
vl
U @ :

Fig. 142.A: Cutting the Hand, I.
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Continue,

I. Remove Llo(z), and fold them directly up and back between L3*1L4, where
they are securely held.

To "Cut the Hand', seize up the Lp (at X ) between R1*R2, and pull this
string firmly away from IL; all strings will come free of L.

An effective alternate to Step II, above, is afforded by Step L', [see J.
Elffers and M. Schuyt: Cat's Cradles and Other String Figures, page 43, "The
Smith's Secret" ]

. i/ wie'?) o]

This gives Fig. 142.B, below.

Fig. 142.B: Cutting the Hand, II.

Continue,

(I') . Pass R back over L~fingers, the ((—{"\»72;)1":i'{ea?:l est(rtj‘.ax%)s %ssi%int?estwbé??en
L4*L5, and L3, L4 -- themselves -- passing into the triangle (at %) between
these two pairs of strings.

The release is executed exactly as in the parent figure. Before pro-

ceeding to a gene;al discussion of the hand-positions involved in the construc-

tion, we give a variant of Step I which -- while functionally identical thereto —-

proceeds from a very different perspective. ESee T. Saito: Ayatori Itotori,II,
Trick No. §].

I. 0.1(n): ETd-»>12: HRZ3 (E34p) |: L] (LSn & L2£) # (L) : L3MHR230)
$(L5) : >R23 (#) :R230=>L2: HR3)(L1w'?)) 0Ll |

-303-

This gives the string-position of Fig. 142.B.

Let us now perform the following gedanken-experiment on Step I of the or-
iginal construction: visualize an imaginary deck of cards, on each of which
appears only a representation of both hands and the loop of string —- that is,

no arms, body, direction of gravity, etc. The first card illustrates the open-

ing position of Step I; L(#), the loop held in HR2345 some distance from L.

The second card shows IR having moved one inch towards L, preparatory to draw-
ing HR2345m over the back of L. The third card shows IR having moved another
inch —— and so on, through the manipulations of Step I. The last card shows
the hands supporting a string-position whose schema is given in Fig. 142.A.
Thus, the deck of cards shows the stop-action motion of Step I, with space dis-—
cretized to a fundamental unit of one-inch width; in particular, when this deck
is riffled -~ front to back —- we shall perceive a fairly detailed (if somewhat
“jerky") execution of Step I. We remark that, during this riffling-process,.
the left hand remains essentially stationary -- suffering only momentary flexions
("deformations") to allow the various passages of the string being worked about
it by the right hand. We shall call this ordered collection of cards, "Deck A".

We now construct a second deck -— Deck B -- from Deck A, as follows. Deck
B has the same first card as Deck A. To get the second card of Deck B, flip one
card of Deck A —- by translation and rotation, make R's hand-position on card 2
of Deck A coincide with R's hand-position on card 1 of Deck A (or Deck B). This
(or a "snapshot" thereof) is card 2 of Deck B.. In general, for the generic
natural number, n, to get card n of Deck B we take card n of Deck A (if any) and-
by translation and rotation -- make R's hand-position on card n of Deck A coinci
with R's hand-position on card 1 of Deck A; this (or a "snapshot" thereof) is ca
n of Deck B: We stipulate that Decks A and B have the same cardinality. Note
that, when the Deck B is riffled -- front to back -- the right hand stays, essen-
tially, stationary, and the string is, apparently, worked by the left hand durinc
the stop~action progress of Step I. But these two decks represent the same move-
ment in three-dimensional space, viewed from two different perspectives!

We shall refer to the perspective of this motion afforded by (the riffling
of) Deck A as the IL-Dual of that afforded by Deck B; by symmetry, we refer to the
Deck B-perspective of the motion afforded by Deck A as the IR-Dual thereof.

Let us now take a somewhat closer look at the motion afforded by riffling ti
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the Deck B; i.e. at the IR-Dual of Step I. We find

I. (Deck B): Hold loop in HR2345 with back of R up, fingers left, and the
long ha depending from the R-fingeps: HL2345( (RHm): >L2: <LS:# (L23) =
L} (LSn & L2f) #(L1)= HE34{ (Ro) : L1 (HL340) : L5 (HL34@) :DIHL34# (L) =:
draw Rm away to far side of figure: OR.

The resulting description, above, is far more concise thanthe original .(for
its IL-Dual) in that L performs movements entirely ordinary for the String-Figure
Calculus, and so admits immediate, easy encoding therein. We shall, henceforth,
take advantage of this "Dual"-perspectivity by introducing the following notation-

al device:

08’ IL[ :| —  perform the IL-Dual of the bracketed (instruc-
tion-) sequence.

In particular, L will remain stationary -- in whatever initial position it finds
itself at the start of the indicated movement -- throughout the subsequent man-

ipulations. The manipulations, themselves -- the expressions in " |: ]"—— will,
of course, indicate movements for IL; these are to be "mentally translated" into
the L~Dual perspective, wherein IL remains stationary. For completeness, we de-
fine the symmetric construct

0@ R[ :] —  perform the R-Dual of the bracketed (instruc-
tion-) sequence.

Here, then,is the original construction for "Cutting the Hand", employing these
concepts:

I. Hold loop in HR2345 with back of R up, fingers left, and ho@ depending
from IR-fingers:
gm[ﬂﬁﬁmnm)  >L2: <L5:# (L23) = L1 (L5n & L2£)#(L1) = HE34) (Rw) :
I_._2>T(HL34CD) :<L_5’[‘(HL34m) :0JHL34# (L) |: draw Rm away to far side of figure:{l R
o O BT ?)
To "Cut the Hand"

13 (1p) |

All strings will come free of L.

) :OL1# (L)

We shall employ the "IL/R-Dual” concept in the figure below.
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Variation 2: E\C Haddon: "String Figures and Trick", No. 28, "Au
Mokeis (the Rat)".]

N LS
s

S
L ] Li
Fig. 143: The Rat.
Construction:
Hold 12" section of string in R as a he, facing IL: ﬁLIﬁL(Rﬂm): SL2:
<3t i) : T (R : g2 (G0 # (R2) | & [ [AL) (R200) : >L2: <L3# (L) : 1] (L2E & L3n)# (L1):
fT7°i3 (R2w) IMR2) # (L]] : thread R2m, from above, down behind lower Rp-string,
and back to R2: O [F|mew)] 0 r2: &y [HZL3 (01w ?h ;014 @i}

This gives Fig. 143, above -- except that the two L2*L3 loops have not been
folded back between L2*L3 (at I) in the interests of diagrammatic clarity. This
having been done, the two small loops protruding dorsally between L2*L3 are in-
terpreted as the Rat's "ears" -- the whole construct of strings on the left hand,
with fingers slightly curved, being a really evocative representation of such a
rodent.

The release is effected by seizingthe left-hand dorsal he in R -- left
palm facing body -- and pulling this string directly away from L. All strings
will come free of L with an amazing "scurrying" motion, round and about the hand.

We remark, again, that because of the fine representational aspect of the
final string-position on IL, we consider this release to be an example of a
String-Figure, rather than a String Trick, per_se, [:See discussion, page 232:|.

Comparison Figure 3: THE SEA SNAKE [K. Haddon: Cat's Cradles from Many
Lands, No. 9, "Pagi".]
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We close the present subsection with a String-Figure whose final extension
displays a "motion" every bitas reminiscent of the animal it seeks to represent
as that met with in the previous figure. Of course, the two various motions --
like the two types of creatures involved —- are very distinct, each being brilliant
in its own right. Their juxtaposition provides eloquent testamonial to the repre-
sentational versatility of the String-Figure medium.

Fig. 144: The Sea Snake.

Construction:

0.A:: pass R away from you, around behind IL, then to the near side of L,
and back to # (R) ::=IE-J,(R2CD) :0OR2: unwrap R from IL, retracing its
circuit about I, back to #(R):0L2|: L3 (Rp)*0LWe]OLL: f7@m—>L1]:
Z(5£)#:0L1 (gently): A1(5n) [Fig. 144]:] (widely).

... and the Sea Snake slithers off in characteristic fashion.

4. THE PILOT FISH [A.C. Haddon: "String Figures and Tricks", No. 29,
"Zermoi" .|
Construction:

Place the string?ﬁ.’i as a simple loop, the long hoo depending from its palmar
aspect: seize L3d-string and pull this out, until equal loops hang down from both
its palmar and dorsal aspects: seizing up the L3p-ham at its nethermost point,
turn this directly up and hang it on (the back of) L5: now pull this L5d-string
across the back of L, and allow it to depend -- as a ho -~ from between L1*L2:
draw the L3d-ha directly up over the tip of L3, and release it to become a second
hw on the palmar aspect of L: now, seizing up L4n near the base of L4, push about
2" of this string up and through the L5m, and bring the small loop so formed to-
wards you, finally placing it over L3n: reach down through this small loop and
seize up L3n -~ near the base of L3 -- and pull up about 2" of this string through
the small loop, and bring the (new) small loopso formed towards you, finally plac-
ing it over uL2n: similarly pull up 2" of uL2n, draw it towards you as a (new)
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loop, and place it over QLZn: finally, pull up 2" of this latter string and plact
it, as a loop, directly onto Ll.
This gives Fig. 145, below; both front and back views of L are illustrated.

Fig. 145: The Pilot Fish.

The release proceeds in three stages.
With IR, pull on the Lp-h®'s.
1.om .
2.0R::OL5: with R pull L2n
3.0L3: pull Lan?)

(2) until the slack from (JL5 loop is absorbed.
firmly out I

All strings come free of IL.

This concludes our look at V. RELEASES as String Tricks. The final major
subcategory of String Tricks which we shall consider is that of VI. ILLUSIONS.



~308-

VI. ILLUSIONS

The String Tricks of this section are characterizable as direct attempts
to engender sensory deception through the visual realization of the "plausible
impossible”. Thus, for example, closed loops are magically threaded and ine-
lastic strings are stretched. And, unlike IV. SWINDLES -- whose aim is to create
in onlooker a "profitable" confusion -- the motive here is pleasant amazement for

all concerned.

1. THREADING A CLOSED LOOP [B. Sutton-Smith: “The Folkgames of Children",
page, 184, "Threading the Needle".}

Fig.146: Threading a Closed Loop.

In this construction, as in several previous figures, the String-Figure loop
.is doubled to approximate a straight, single length of string [this is not
shown in Fig. 146, abové].

Construction:

Leaving about a 10-inch "tail", begin wrapping the string about L1 =--
starting at the base of the digit. Begin by passing string under L1, then over--
and to the near side of -- Ll1; then under again ... and so on, making at least
six turns about the thumb, proceeding from base to tip. The last turn of the
string about L1 should be under, and to the far side of that digit, where the
remaining string is turned directly down upon itself -~ to form a small,upright
loop; this is then held pinched between the tips of L1*L2.

-309-

This gives Fig. 146; the small, upright loop there pictured is the
"closed loop" of the figure's title. To thread this "closed loop", seize up
the 10-inch "tail" at the base of L1 between R1*R2 at its terminus, and make
several feints at the losed loog' -- as if trying unsuccessfully to pass the
tail through this standing loop. Suddenly slip the tail-string round the tip
of L1 -- while making a vain stabbing-motion in the general direction of the
"closed loop" -- and it will appear as if the loop has been magically threaded
by the "tail" held in the right hand. The trick may be immediately repeated,
but notice (as onlooker eventually will) that each threading of the "closed

loop" is accompanied by a lost turn in the winding about L1.

2. THE ELASTIC BAND ﬁ‘ Saito: Ayatori itotori, vol 1, No. 8, "Iron
Bridge, Turtle, Rubber Band, Yo-Yo".]

This serial String-Figure lists a version of one of the world's best-known,

most widely-distributed string-illusions as its penultimate design.
Construction:

3604 : T 5n 405 S e 2 ao1 ) T (50f 2

L R
) :(.Q3o))N(u3<D(2))I.

9.JR: 1 (3n) #5(
0.JA(with p(z)

This gives Fig. 147.A, below.

Fig. 147.A: Iron Bridge.

Continue,
Ti_f(—o-; 3CD( 2 )) EU former 3al2)] I .

This gives Fig. 147.B, below.
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Fig. 147.B: Turtle.

Continue,

OH3 # | (so that central strings separate).
This gives the string-position of Fig. 147.C, below.

Fig. 147.C: Intermediate position.

Continue,

Insert 2,3 into central configuration, as indicated, and bring them di-

rectly up —- on their respective sides -- at .

This gives Fig. 147.D, below.

Fig. 147.D:

The Elastic Band.
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By alternately closing together and widely separating 1, 5 on each hand, in-
dividually, the string between the hands will appear to lengthen and shorten --
"stretching" like a rubber-band.
Continue, )

O1: DZ:D3|:$(@_—£) # O.JA: throw the hm towards you over all strings,
then away from you under all strings, and once more towards you over all strings,
again —- finally picking it up with M ].

This gives Fig. 147.E, below.

Fig. 147.E: The Yo-Yo.

Now, by alternately stretching hands away from the mouth and returning them
close ther_és:o again, some flavor of the up-and-down motion of the yo-yo is
captured. We remark that the string-position of Fig. 147.C may be produced
by the sequence

0.9A:_1(3n) #3(3£) 4| : Tisn) 405 1S ?h 401 Tisn' 2 w03,
from which the Elastic Band is constructed in a single further move [cf.
the manipulation following Fig. 147.C]. oOther versions of this illusion are
only slightly simpler (as to construction), but are materially less satisfying

in their final effect [see e.g. E.S. Rogers: "Material Culture of the Mistassini
page 20.]
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3. MOON SHADOW; It is the final configuration in this contemporary
String Trick which constitutes the "illusion", and there are many ways to pro-
duce this string-position. We have chosen one such for presentation here; the
construction is divided into three parts.

Construction, I [T. Saito: Ayatori Itotori, Vol. 2, No. 6, "Moonrise
on Fujisan" .|
0.1: §®—2:M (2F) : >1(#) | T(2n) #7(2£) 4] : R2 (L12p) # TT (WR200) -
L3(R12p) #]: (R20'*)N2: T(1e-5)#|: DL from near side of R,
pass _I_._;T(le(z)) : from far side of IR, pass JJ_Z‘T‘(RZCD(Z)) #| =
U12d-string from 2 (over)|:5(£-x) [formed by both (single)
2f-strings|#01: So->1T.

This gives Fig. 148.A, below.

[~ =\ ~N\

W%

Fig. 148.A: Moonrise on Fujisan.

Continue,
05| (gently): lay flat (fingers pointing up).

This gives Fig. 148.B, below.

C_ Ty

Fig. 148.B: Moon.

Construction, I:
L1*L2 pick up left central string; (at © ): R1*R2 pick up right central

J
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string (at A )| (gently): lay flat.

This gives Fig. 148.B, above, again. The above move may be repeated several
times, for effect.
Then, continue,
Construction, I |:c_f P.D. Noble: String Figures of Papua New Guinea,
No. 51, "Uka Ma'u'ua”.

Pass 1's away under near transverse string of figure, and up into their
respective sides of the long loop, thus picking the design up with a single
loop on each 1: slide the small, central loop, to the right, near the base of
Ri: ﬁﬁ(m) | (gently) é_’[‘ (lo) #] (gently): O.A:O1: DS:%—>Q. 1#| (gen-
tly): O.A =[J1:05: o> O.1#] (gently) ... et cetera.

This gives the alternating pair of figures of Fig. 148.C, below.

X R

Fig. 148.C: Moon Shadow.

1f, at any stage of the construction (II), the small loop representing the
Moon [_-_right -~ or its "shadow", lef€ | closes-up, it may be easily enlarged by
inserting two fingers into it, and separating them until the ideal dimensions
are realized. We remark that, although this is an extremely simple illusion,
it is surely a most effective one, which invariably elicits comments/questions
from the onlooker. When performed smoothly —- with just the right string-ten-
sions -- the "Moon" appears to glide smoothly from one extreme lateral position
to the other, while “"rotating" about its vertical axis: Truly a beautiful ef-

fect, well worth the practice required for its achievement!
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4. INTERLOCKING LOOPS [:_J.C. Andersen: Maori String Figures, Trick no. 9.]
This final example of "Illusions" is one of the most conceptually sophis-

ticated effects recorded in the String-Figure/Trick literature, as it single-

handedly virtually demolishes the tempting premise that "loops" are the fundamen-

tal concept for string-designs.

Lixl2 Rid

HL3

° HR3
HLY \ @ | HRY
HLS HRS

Fig. 149.A: Interlocking Loops, I.
Construction:

0.1:05: R345M(Rlm) :UR1::34L3454,(L103) :0L1]: #R345 (R345n) =
bring B towards each other, passing R to the near side of IL: grasp upper
strings (the 3n-strings) between 1*2 as in Fig. 149.A, above.

This gives a pair of interlocked loops at the bottom of the figure.

Note: The principal strings held between 1*2 are indicated by black nodes;
the strings temporarily held (to display figure) are indicated by xed nodes.
These latter strings are to be released whenever the upper loops are separated.

HL3

HR3
HLY HRY
MLy HRS

Fig. 149.B: Interlocking Loops, I.
Continue,
Separate upper loops, drawing hands slightly apart [:Fig. 149.B]:: now
bring B towards each other, this time passing R to far side of L: grasp upper
strings between 1*2 as in Fig. 149.C, below.
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Fig. 149.C: Interlocking Loops, II.

Note that, at this point, two lower "loops" appear to have separated -- the
rightmost one having been to the near side of the leftmost one -- the two upper
"loops" having vanished.

ListLa

HLS o
HLYy \»
HLE

Fig. 149.D: Interlocking Loops, IV.

Continue,
Bring B towards each other, and pass the R lower loop to the far side
of the IL lower loop: grasp upper strings between 1*2 as in Fig. 149.D, above.

At this point it will be noticed that the two upper "loops" have reappeared,
interlocked one with the other. The lower "loops" are no longer in evidence.
The whole sequence of steps, a_bove, may be retraced, in inverse order, until
the starting-position of Fig. 149.A is reached, et ceter:a.é

This concludes our discussion of String Tricks from the category of VI.
ILLUSIONS. Another example may be found in the “"Trick Sequence" which con-
cludes the section. We remark the diversity and mutual dissimilarity of one
trick to another that marks the four examples of the present section -- surely
greater than that encountered in any of the other five subcategories of String
Tricks. This is not entirely accidental as, indeed, one of our intentions is
to indicate the breadth of this denomination. Their sole common link —-- except,
perhaps, for the large amount of practice required to master the smooth pro-
duction of each illusion — is that each, in its own highly individualized way,
presents a sensory realization of the "plausible impossible"; and, for the author
that is what it is to be an "illusion".
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The six subcategories of String Tricks we have imposed are largely matters
of developmental expedience and —- looking back over the 70 or so individual ex-
amples, given above —— we see that the "structure" of String Tricks emerges
more as a “"tapestry" of interconnections, rather than as six mutually exclusive
boxes of unrelated individuals. An equally interesting grouping into “series"
of tricks -- analogous to "Serial String-Figures" —- is also readily employed
by the skillful, knowledgeable performer. Here, individual tricks are not the
fundamental items of memory but, rather, ordered sequences of tricks whose egress
from one flows naturally to the ingress of the next -- thus binding them into a
“Serial String Trick". Occasionally, such a serial String Trick has an accom-
panying story [:see e.g. A. Pellowski: The Story Vine, pages 22-30, "Lizard and
Snake".]; more often they are well-loved series used to "warm up the string" when
first it is removed from performer's pocket, or to “"keep it warm" during the in-
terval between String-Figures. As an example of the above alternate grouping,
one of the author's favorite serial String Tricks is presented below.

Serial String Trick: This series is composed of three individual tricks;

I. an Illusion, IO. a derivative of a Swindle, and II. a Single-Functor Release.
Construction, I [:T. Saito: Ayatori Itotori, Vol. II, No. 14, "String Transfer".]

Hang string as a simple loop on L1, the long ho depending from the palmar
side: seize up hw at its nethermost point between R1*R2 (Rl above R2): < R1*R2:
spreading L1, L2, bring ho directly up between them, so that R1*R2m protrudes
some 4 inches above their dorsal aspect: now bend R1*R2a directly down over
L1, L2 -- so that the near string thereof passes to the near side of L1, the far
string to the far side of L2 [.

The loop on IL has transferred from L1 to L2. In like manner, the loop may be
transferred from L2 to L3, and so on, fluidly "walking" down the hand; and back
again (reversing the direction of twist on R1*R2 in the above construction). For
definiteness in what follows, let us suppose that -- having "walked" the L-loop
up and down the hand several times -- we have attained the position described
in the opening of Construction, I, below.

Construction, II [H. Noguchi: "String Figures in Japan, IV", No. 105,

"Changing Loop from Index to Middle Finger" _-]_

Hang string as a simple loop on L2, the long h@ being held at its nethermost
point between R1*R2 (R2 above Rl): identify the L2n-string, and keep thisstring
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uppermost during the following manipulation; wrap the L2a about L2, L3 by cir-
cling L2, L3 clockwise with the loop held between R1*R2: after two rounds of
L2, L3 by R1*R2, perform a single round with the upper (L2n} string only: con-
tinue wrapping L2, L3 with both strings of the R1*R2® until only a small "tail”
remains: immediately change directions and begin unwrapping the R1*R2m from a-
bout L2, L3: continue until a single loop remains about L3.

The loop on L has transferred from L2 to L3. We remark that the above
construction is an "on-the-hands" version of the Swindle IV.1l, Find the Center
(see page 271), It will be found that it is natural to terminate these manipu-
lations in the position detailed in the opening of Construction, II, below.

Construction, II |H. Noguchi: “String Figures in Japan, II", No. 72,
"Middle Finger Slip Trick" j

Turn Lp away and hang string as a simple loop on L3, the long ha depend-
ing from the dorsal aspect to the near side of LW: pass R3 towards you and up
into the L3d~ha (same orientation in this loop as L3) and turn R3p towards
you |: now, simultaneously turn Lp towards you, wrap the R3® once around IL
(including L1) in the counterclockwise direction, and <<R3: finally pull the
R3o0 directly over the back of L3 and over onto it (as a second loop), and con-

tinue drawing R3, in its loop, to the bottom of the figure, over the Lp‘z)

TIR3 momentarily, thread its loop -- from above —- down behind the Lp(z)
and replace R3 in this loop:DLp‘Z)

~strings
-strings,
-strings: pull R3 away from L I

A1l strings will come free of IL. With practice, the three constructions given
above will blend 'into one attractive series, whose performance will become almost

"unconscious".

--—--- End String Tricks Discussion =—=—~=--
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STRING TRICKS NOTES

@ (page 258). For the more sophisticated reader, who wishes to apply the con-
cepts developed inconjunction with thepresentation of I1.B.3, The Elusive Knot,
in the context of a concrete example —— at a roughly commensurate level of dif-
ficulty -- we offer the Kwakiutl Dissolving Knot [see J. Averkieva: Kwakiutl
String Games, No. 111, "String Trick"]. The three diagrams,below, are self-
explanatory and uniquely specify the construction, without the usual attendant
verbiage.

1.B.6. THE KWAKIUTL DISSOLVING KNOT

\ A
(- ._fé/u@

T. 1.

Fig. 108.P: Kwakiutl Dissolving Knot.

In particular, after becoming thoroughly familiar with the above construction,
one should look for an alternate construction -- performable in a String-Figure
loop —- write down the associated linear sequences, and develop the @-equivalence
between these and the "empty" string.

®(page 267). A wonderful, but only marginally germane to String-Figures pro-
per, piece of business comes to us from the province of "Close-up Magic", where
it is a classic, intimately related to the Impossible Knot.

IL1 (variation): THE KNOT OF ENCHANTMENT |_-? Abbott: Abbott's Encyclopedia

of Rope Tricks for Magicians, pages 20-23.]

Construction:
I. Pperformer proffers a l-meter length of rope, or string, for examination,
and then has onlooker tie the ends, securely but not too tightly, about perfor-
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mer's wrists.
This gives Fig. 114.5.A, below.

Fig. 114.5.A: Knot of Enchantment, I.

Performer now causes a genuine knot to appear in the center of the rope between
his hands, without disturbing the knots at either wrist,or removing the loop
from either wrist. Here's how this is done.

I. Throw a small, upright loop in the center of the rope, passing R to-
wards you over L -— and then give this small loop an additional (1800-) twist.
Now, with Lp down, fingers pointing away, thread this loop away under the rope
ring about IW.

This gives Fig. 114.5.B, below.

Under

Fig. 114.5.B: Knot of Enchantment, II.

Continue,

II. As the small loop emerges on Lp, pass L completely through it and,
reaching to the back of L, pass the strings of this loop under the rope on the
back of L. Then, immediately, draw these strings over the rope on the back of
L -- and completely off the left hand.

This gives Fig. 114.5.C, below.

Fig. 114.5.C: Knot of Enchantment, HI.
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We remark that performer's attitude towards this trick should be one of, "Look,
now i can't let go of the ends; they are securely tied to my wrists." Of course,
topologically speaking, the present string configuration (Fig. 114.5.A) is radi-
cally different from a single, straight length of string; there is no "trick",
here, as in the case of the Impossible Knot (which is impossible) .

®(page 270). String Trick II.4, Bear Trap, is closely related to another type
of String Trick, not represented in our categorization. This is the Inuit

"Hearth"-figure, "The Little Finger" [D. Jenness: Eskimo String Figures (C.A.E.),

No. 15:] . And, even though there are perhaps as many ways to construct this fig-
ure as there are for "Crows Feet" (pages 108-149, these notes), nevertheless,
the introduction to The Little Finger we present here must be adjudged "non-
standard" .

First note that the final string-design of the trick "Bear Trap" may be al-
ternately constructed via the manipulation sequence

0.1: 15@-—> W:: bend B towards each other and down over both transverse
strings, encircling these with the "ring" formed by putting the tips of 1*2

together: O W: > 2(#) [thus picking-up a double-loop on 2, and Dl]:<_2-m(2)—> 17.

This gives the string-position of Fig. 117, the Bear Trap. If, now, we vary the

above construction, slightly, viz.

0.1: f5_0>) -> W:: bend B towards each other and down over both transverse
strings, encircling these with the 1*2-ring: U W in such a manner that these

loops cross —- right over left -- on the transverse strings.

This gives Fig. 117.A, below.

tAslz "o ' o\ R1xR2

Under

Fig. 117.7&: Bear Trap, alternate.
Continue,

Now, (01, pass 2 away and up,and pick up both strings of the central loop
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‘ depending from the double transverse strings (at Q) on their back:

35y (200 2)) :m2].

This gives the final design of The Little Finger, pictured in Fig. 117.B, below.

Fig. 117.B: The Little Finger.

To recover the Bear Trap from this figure, of course, one need only pass 1's
away, under, and take up on their backs the double lateral strings of the cen-
tral,inverted double triangle (at O ), releasing all other strings from the
hands, and I This gives Fig. 117, again.

In the more normal course of events, one usually constructs The Little
Finger —— as,for example —

— — — ' = 2
0.A: Wi} (5@) 05:84 (In=5) :01] : W5} (400) :D4¥ (05) |- T(2n) : L H50 %)

% (65) :02| ::_'.7>(H5n(2)) .53 (32 10) # (H2,5)0 1:0H5| : §345) (H2a) |

and then produces the Bear Trap -- by the above method —- as an amusing and some:
what surprising continuation of this figure.

As was mentioned earlier, The Little Finger is the "Hearth"-figure of a rich
String-Figure cycle -- and so continuations and variations of it abound. Here

is another, of deep, thought-provoking beauty.

Fig. 117.Ct The Little Finger Made Double.
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Construction |:see D. Jenness: Eskimo String Fiqures (C.A.E.), No. 16]:
Make "Little Fingex": 2 (9(2’; lateral strings of c-7) (#) Tant?h
5(_2;‘2)) #(1): K : pass 1 away, under, and pick up both strings of the central

loop depending from 2n—s(2):[]2: < 1@‘2) I (arrange figure as in Fig. 117.C).

Some practice is required to get the feel of the tensions needed in the inter-
mediate string-positions of this constructioninorder to produce a "clean"
final extension; once mastered, however, littlefinal arrangement of the strings
is necessary. To recover The Little Finger, either drop all but la)( 2), or drop
all but HS@Q), and extend.

To explicate the manner in which The Little Finger may be used in a new
type of String Trick, construct the figure -- as above -- so that it is extended
between the hands, supported by H2345@'2)
a firm tension in the strings —- perform the string-manipulation "<<H2345"; the

on either side. Now -- maintaining

central inverted double triangle will shrink (i.e. close-up) to a point. Sim-
ilarly, perform ">>H2345", and the triangle returns to its original dimensions.
Having remarked these facts, persuade onlooker toplace his little finger into
the central triangle, and then quickly close it up on him so that his little
finger is tightly (!) trapped. The "trick" is —- for him to get away.

The secret of his escape is to found in the cx\? [formed by both s 2)-
strings] of the original figure.

Fig. 117.D: The Little Finger; c-X'""

\

Both strings of the arm of this cross that are a continuation of HP&f(Z) pass
inside (i.e. between) the strings of the arm that are a continuation of HLS(Z).
Thus, no matter how tightly held is onlooker's little finger, he may always twist
it around until he gains access to the space between the m,5f(2)-stz:ings (below
the X, whose upper portion has closed, at® ); then, thrusting his little finger
down through this space and twisting it back round the central crossing, it will
easily come clear of both str:i.ngs.‘~

*
Note: At some level, this may seem to be an example of a Single Functor Re-

lease; but the spirit is very distinct from the tricks met with in that section.
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We close this note by observing that on several occasions (see, for example,
D. Jenness: Eskimo String Figures (C.A.E.), page 26B) it has been remarked that
an Inuit native -- upon being presented with the opening figure of the two-person
game of Cat's Cradle —- took this figure off performer's hands in a manner that
produced the String-Figure "Little Finger", much to performer's surprise.
One manner of accomplishing this is as follows:
player & : 0.1: I5d—>w: B (Wh) #]: ’3 (Lup) #]: T3L(R3w) : L3 (Rup) #].
This gives Fig. 117.E, below. -

-

N @@Rw

Fig. 117.E: The Cat's Cradle (0().

player O now presents the Cat's Cradle to Player ",{S , who takes the string off

player & 's hahds as follows:

Player f.%: Approaching the proffered figure from above, pass L2 down into X's
R3m and hook up both continuations of OC 's Lo (atI ): similarly pass R2
down into O 's L3m and hook up both continuations of Of 's R3m (at% ):
pull these H2m's out 2 inches above ot s respective 3m's and, rotating
both 2'sl30° in their respective loops, hook up both strings of O('s 3o
(just passed through) on either side [thus d ’%, 's former HZ@(Z)'s] : # (H2):
15450 (H2m) ].

When Player OC now relinquishes all strings, Player"ii is left with The
Little Finger, Fig. 117.B.

®(page 294). By now it will have been noticed that String Tricks in which a
slapped, squashed, speared, or otherwise trapped creature gets away enjoy a wide

popularity. Here is another example, of a type distinctive from others met with
in these notes.

" 114 .
ViB.12. NAATI (Killing a Mosquito) [G. Landtmann: "Cat's Cradles of the Ki

Iy . ry ) U
wai Papuans, British New Guinea, No. 1
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O.A: ? and seize up all (six) transverse strings:: £§1‘(R5®) :OORS # (LS) =
L3 (R2w) :O0R2# (L5) = L5M(Rlm) :ORLE (L5) = T28—>L5: L1®—>LS |
KRz (M’ ®)) :Omi | = <L5co(6)—>MH:__gg'T(Rl*Rmm(s)): M.

And L2 will come free of all strings. As L2 cuts through the released bundle of
six loops, slap yourself in the forehead with the flat left hand (palm), as if

killing a mosquito — who has, of course, gotten cleanly away.
We remark that—- discounting figures in which the string is purposefully
wound about a given functor -- this is the sole example known to the author of a

String-Figure or Trick in which a single functor holds so many as six loops. The
first time one sees such a thing, the natural reaction is to want to slap yourself
in the forehead !

Fig. 147.F: Sawing Wood.

Construction: Two performers, €( and ’gé\, are required.
Player &(: 0.A.
Player 2_% :  Seizing (X 's 5f between L1*L2, draw this string towards of
urder all strings: now passing R away under all O('s strings,

@(page 298). An example somewhat related to the above, V.C.2, Var. 3, is included

here, for completeness.

seize up &'s 1n between R1*R2, and draw this string towards
44 under all strings |

player &€: DO1:05 [.

V.C.2, Var. 6: CUTTING THE FINGERS |:s Yuasa and T. Ariki: Tanoshii Ayatori
Asobi, Trick No. 11.]

Construction:
.. §= —.. ,f:-—_ . 51 - 5—_ ,f,— (2) <E_ (2) : A . ,
0.1: HR2(Lp): <R2(#)|: LS@—>L2:0R |: <Zoo—>14|: L2(Lin “) # L3(L1E ") # The two players now alternately separate their hands in imitation, and sensation,
. a= ==
£2(L2£'2) 8 £5 (3£ 2) 4| :OR= KT7R2(12d'?} T (sharply)- of sawing motions.
All strings laced about the fingers of IL will come free.
We remark that the above variation of Cutting the Fingers also has a close ®(page 315). Here we mention an illusion common to the discipline of "rubber-
affinity to the "one-handed" version of V.C.2, Var. 2, and may be thought of as a band magic" which is easily (and profitably) adapted to the string. It also has
natural marriage of that variation and the present one (V.C.2, Var. 3). claims to membership in the categories of II. DO-AS-I-DO and V. RELEASES, as these

are undeniable and cardinal aspectsof its modal performance, but the overall effect

@(page 311). The distinctive feeling of "sawing” encountered in the action figures of this trick roots it firmly in the category of VI ILLUSIONS, to the author's best

the Elastic Band (Fig. 147.D) and the Yo-Yo (Fig. 147.E) of this sequence is the Judgement.
[e 11ing feature of another of the world's most widely distributed fi s:  Saw-
.ompe ng ely s gure e VI.5: THE MAGIC GARTER [M. Gardner: "Mathematical Games: The Ancient Lore
ing Wood |e.g. K. Haddon: Cat's Cradles from Many Lands, No. 50._| . -
of String Play", page 149, "An Arusing Trick".]
Construction:

I. Fold String-Figure loop in half three times, to produce a small loop (on
8 strings) exactly one-eighth the size of the original loop (i.e. about 3 inches
in diameter): insert indices, pointing towards one another, into this (simple) loop.
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This gives Fig. 149.E, below.

Fig. 149.E: The Magic Garter, I.

Continue,

IO. Rotate hands around one another (either direction) several times --
keeping strings taut —-- finally coming to rest with R (palm up) above IL (palm
down) .

This gives Fig. 149.F, below.

Fig. 149.F: The Magic Garter, I.

Continue,
IN. Place tip of each 1 to tip of each 2: lower R directly to L and place
tips of R1*R2 and L1*L2 together.

This gives Fig. 149.G, below.

Fig. 149.G: The Magic Garter, II.
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Continue, .
IV. Now raise L2*Rl up and away from L1*R2, [Fig. 149.H, below], seize
string with M, and pull it free of the hands.

Fig. 149.H: The Magic Garter, IV.

Alternatively, maintaining intact the circle formed by fingers and thumbs, a
slight forward toss of the hands will propel the loop free thereof, and out on
the surface before you.

We remark that, as a "challenge"-figure, this is one of those String Tricks
that will tolerate frequent repetition -- as most onlookers find it astonishingly
difficult. 1In fact, even after many "demonstrations", most onlookers, for their
turn, will still touch thumb to thumb and index to index at the final stage -- on
which assumption release from whatever string-position they have achieved is im-

possible.
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Trick No. 2, "The Mouse" (V.C.2, Var. 4)
Trick No. 3, "Will You Have a Yam?" (IV.3)
Trick No. 4, "A Fly on the Nose" (V.B.6)
Trick No. 5, "A Dravidian Trick" (cf.V.B.1)
Trick No. 6, "A German Trick" (V.C.3, Var. 1)
Trick No. 7, "An English Hanging Trick" (V.B.7, Var. 4)
Trick No. 8, "An African Hanging Trick" (V.B.7, Var. 2)
Trick No. 9, "An Egyptian Trick" (V.B.7, Var. 7)
Trick No. 10, "A Navaho Indian Trick" (V.B.8)
Trick No. 11, "A Pawnee Trick" (V.B.10)
Trick No. 12, "Threading a Closed Loop" (VI.1)

Haddon, K.: SOME AUSTRALIAN STRING FIGURES
No. 24a, "The Scrub-Hen's Eggs" (cf. VI.3)

Haddon, K.: ARTISTS IN STRING
Fig. 32B, "The Scrub-Hen's Eggs" (cf. VI.3)

Haddon, K.: STRING GAMES FOR BEGINNERS
No. 5, "An Eel" (IV.4)
No. 14, "The Scrub-Hen" (cf. VI.3)
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Haddon, K. and H.A. Treleaven: SOME NIGERIAN STRING FIGURES
No. 6, "Ayun, A Saw" (cf. Note())
No. 8, "Bush Fowl Running Away" (cf. I.B.5)

Hadfield, E.: AMONG THE NATIVES OF THE LOYALTY GROUP
Pp. 129-30, "Fikihalo" (V.C.2, Var. 4)

Hallet, J.-P. and A. Pelle: PYGMY KITABU
P. 289, "Musese" (V.C.2, Var. 4)

Handy, W.C.: STRING FIGURES FROM THE MARQUESAS AND SOCIETY ISLANDS
P. 44 and Plate 111.A, "Popo Tikaue" (cf. VI.2)
Pp. 51-2, "Kamo" (cf. V.B.11)
P. 52, "Koee" (IN.2)
Pp. 52-3, “Another Trick Figure" (V.C.3, Var. 1)
Pp. 88-90, "Tuna Biro" (cf.V.B.11)
P. 90, "Amatara" (cf.I.B.5)

Harbison, R. and R. Reichelt: SOME STRING FIGURES FROM PAPUA-NEW GUINEA
Fig. 9, "Meto" (cf.V.B.11)

Hassrick, R., and E. Carpenter: RAPPAHANNOCK GAMES AND AMUSEMENTS
P. 23, "See-saw" (cf. Note(5))

Hathalmi, G.F.: GYERMEKMUVESZET ES GYERMEKJATEKOK

No. 2, "Gocsoles Szethuzassal" (cf. I.A.1 and Appendix A.2, Note@ p.106)

No. 3, "Fonalrantas Gomblyukbol: ~(V.B.7, Var. 4)

No. 6, "Csavarintas A Kez Tenyere Felol" (V.C.2)

No. 7, "Csavarintas A Kez Tenyere Felol" (V.C.3, Var. 1)
No. 9, "Fonalatvetelek" (cf. Note(¥))

Held, G.J.: THE PAPUANS OF WAROPEN
P. 368, "Ghaido, the River" (cf. V.B.11)

Helfman, H.C. and E.: STRING ON YOUR FINGERS
Pp. 18-9, "A Thumb Catch" (II.4)
Pp. 24-5, "A Fly" (cf. I.B.5)
Pp. 26-7, "A Noose" (V.B.7, Var. 3)
Pp. 32-5, "A Yam Thief" (V.C.2, Var. 4)
Pp. 37-9, "Threading a Closed Loop" (VI.1)

Holtved, E.: CONTRIBUTIONS TO ESKIMO ETHNOGRAPHY
No. 45, "Qanegq" (Note(3), Fig. 117.B)

Hornell, J.: STRING FIGURES FROM FIJI AND WESTERN POLYNESIA
Fig. 6, "Kalokalo" (cf.I.B.5)
Fig. 26-9, "Undu and Koro" _ (VI.2)
Fig. 62, "Ili" (cf. Note(§))
Fig. 66, “"Mata Upenga" (cf. V.B.11)
Fig. 70, "Fetia" (cf. Note(6))
Fig. 72, "Manua" (cf. V.B.1I)
Fig. 75, "Unnamed Figure" (cf. V.B.11)
Fig. 76, "Sawing Wood" (Note_©)
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Hornell, J.: CAT'S CRADLES, THE WORLD'S MOST WIDESPREAD GAME
No's. 5-6, "Vale-ni~kula and Vonu" (cf. VI.2)

Hornell, J.: THE STRING GAMES AND TRICKS OF SIERRA LEONE
P. 9, "Cutting Your Throat" (V.B.7, Var. 2)

Hornell, J.: STRING FIGURES FROM SIERRA LEONE, LIBERIA, AND ZANZIBAR
Mende 1, "Ngenye, the Saw" (cf. Note@)
Mende 3, “An-Geye and Bulonge" (cf. I.B.5)
Temme 1, "Sisa, See-saw" (cf. Note(§))
Sherbro 1, "Sik Bank, To Tie the Strings" (cf.I.B.5)
Sherbro 2, "Sa, the Saw" (cf. Note(s))

Mandingo 1, "Kadjulu Labo Ibolado, Pull String from Hand" (cf I.B.5)

Kru 1, "Sisa, See-saw" (cf. Note@)
Kru 4, "Di Bagbi Sagbi, The String Tied and Loosed" (cf.I.B.5)
Zanzibar 1, "“Sumeno, the Saw" (cf. Note@)

Hornell, J.: STRING FIGURES FROM GUJARAT AND KATHIAWAR

No's. 2-6, "Krauat, the Saw" (cf. Note@)
No. 9, "Ganth, the Knot" (cf. I.B.5)
No. 10, "Ghat, the Knot" (cf. I.B.5)

Hornell, J.: INDONESIAN INFLUENCE ON EAST AFRICAN CULTURE
P. 332, “"Betsileo, String Figure" (cf. I.B.5)

Hornell, J.: STRING FIGURES FROM THE ANGLO- EGYPTIAN SUDAN
No's. 1-4, "“Munshar, the Saw" (cf. Note@)

Howard, D.: STRING GAMES OF AUSTRALIAN CHILDREN
Plate 6, No. 1, "Crow's Foot, View A" (cf. Note @)

Ingrams, W.H.: ZANZIBAR
P. 232(1), Un-pamed (V.A.S)
P. 232(2), Un-named (V.B.7, Var. 1}

Jackson, M. and M., and K. Watkins: STRING GAMES
Pp. 32-3, "Snake and Lizard" (II.2)
Pp. 36-7, "The Escaping Thumb" (V.B.8)
Pp. 38-41, "The Knot Tying Competition"” (I.A.4)

Jattilainen, P.: ANTERO VIPUNEN
P. 371, "Nuora Neulansilmaan" (VI.l)
Pp. 372-3, ‘"Liikkuva Suu" (cf. Note@, Fig. 117.B)
P. 374, "Hiiri Karkaa" (v.C.2, var. 4§}
p. 375, "Ansa" (@I.1)

Jayne, C.F.: STRING FIGURES

. 34-38, "A Sea Snake" (V.C.3, Var. 3)

39-43, "A King Fish" (V.B.11)

142-6, "A Caroline Islands Catch" (cf.V.B.1ll1)
320-4, "Flint and Steel" (IV.5)

337-9, "A Torres Straits Lizard" (II.2)
339-40, "Hanging" (V.B.7. Var. 3)

LEEEL L



Maude, H.C.:
No.
No.
No.
No.
No.
No.
No.
No.
No.

Maude, H.C.:
No.
No.
No.
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STRING FIGURES FROM NEW CALEDONIA AND THE LOYALTY ISLANDS

3'

20,
35,
48,
51,
52,
53,
54,
55,

"Uo Lemadren" (cf. V.B.1l)

"Taro Patch" (I.A.6)

"Shells" (VI.2)

"O Ban" (I.B.4)

“A Fly" (cf. I.B.S5) :
"Uprooting Maniania" (V.C.2, var. {4)
"Putting on the Basket" (V.B.7, Var. 2)
"No Name" (cf. V.B.8)

"Trick" (II.2)

STRING FIGURES FROM TONGA

11,
16,
17,

"Kato 'a Hina, Hina's Basket" (VI.2)
"Trick" (V.C.2, Var. 4)
"rrick" (V.C.3, var. 1)

Maude, H.C. and G. Koch: POLYNESIER
Fig. 13,
Fig. 14,

"Te Noti o Kulu" (cf. I.B.5)
“Sele Paala" (cf. IN,4)

Maude, H.C. and H.E.: STRING-FIGURES FROM THE GILBERT ISLANDS

No.

17,

66,

115,
118,
119,
120,
121,
122,
124,
126,
127,

Maude, H.C. and C.

No.

McCarthy, F.D.:

14,

P. 280,

McCarthy, F.D.:

No.

6,

No. 35,
No. 72,
No. 94,
No's. 110-116, various plaits (II)

No.

128,

“Tenua ni Maniba, II" (cf. V.B.1l)
"Kabae Baara" (cf. V.B.11)

"Kan Tebe Nako, I" (cf. V.C.3, var. 3)
"Bo Kabenga" (cf. 1.B.5)

"No Name Given" (V.C.2, Var. 4)
"Kabaebae Baara" (cf. V.B.1l)

"Te Baara" (cf. II.4)

"Pe Ntabena" (IV.4)

"Nei ni Kauki" (cf. VI.2)

"Trick" (V.B.8)

"Ring Trick" (cf. V.B.8)

Wedgwood: STRING FIGURES FROM NORTHERN NEW GUINEA
“Fire" (IV.S5)

STRING FIGURES OF AUSTRALIA

"A Seagull” (II)

THE STRING FIGURES OF YIRRKALLA

"Irorwood Gum Cement" (cf. V.B.11)
"Three Huts" (cf.V.B.11)

"Tree" (I)

"stilt" (1)

“"Crow Walking" (1)

No's. 130-146, various plaits (I)

No.

149,

No. 168,
No. 177,

McIlwraith, T.F.:
No. 8,

String Trick No. 1, “A Cutting" (cf. V.C.2, Var. 2)

String Trick No. 2, "The Fastening of Raven's Plumage" (V.C.2, Var. 5)

"Girl Pounding Rakia Bulbs" (II)
"Sawing Wood" (cf. Note(§))
"Iwo Boys" (cf. II.4)

THE BELLA COOLA INDIANS, Vol. I.
"The Fireseeker" (cf: Note@, Fig. 117.B)

McToots, R.:
No.

Mindt-Paturi,
No.
No.
No.

Mita, M.: A
P.

Muller, W.:
No.
No.
No.
. No.
No.

Nevermann, H.
P.

Noble, P.D.:

Noble, P.D.:
" No.

No.

No.

No.

No.

No.

No.

No.

No.

Noguchi, H.:
Pp.

Noguchi, H.:
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THE KID'S BOOK OF GAMES FOR CARS, TRAINS AND PLANES
5, "“Breakfast Escapes!" (V.C.2, Var. 1)

F.R.: THREE STRING TRICKS FROM THE WOLOF TRIBE IN SENEGAL

1, "Nose Trick" (V.C.l, Var. 1)

2, "Index and Middle Finger Trick" (cf. V.C.3, Var. 1)

3, "“Opening A Trick" (V.A.S)

REMARK ON THE JAPANESE DESIGN "TURTLE"
7, "Turtle" (cf.vI1.2)

YAP

10, "Darui" (cf.V.B.1l)

17, Un-named (IN.2)

is8, Un-named (V.B.8)

19, Un-named (V.B.7, Var. 3)

20, "Threading a Closed Loop" (VI.1)

:  DIE JE-NAN
199, “Waiol" and "Ohom" (cf. V.B.11)

WHY DON'T YOU?: STRING GAMES
7, "Mosquito Bite" (II.2)
8, "Bamboo Cuts" (V.A.S5)
9, "Chopping Bamboo" (V.A.6)

. 10, "Thumbscrew" (cf.V.B.8)

18-19, “Eel" (IV.4)
20-21, "“saw" (cf. Note@)
25, "Iwo Stars Twinkling" (cf. Vi.2)

STRING FIGURES OF PAPUA NEW GUINEA

1, "Tarera" (I.A.6)

14, "Anamura" (IV.4)

22, “Tampara" (cf. V.C.3, Var. 3)

48, "Malolo, Bamboo Cutting Hand" (V.A.5)
49, "variation on Malolo" (V.A.6)

51, "Uka Ma'u'uva" (cf. VI.3)

S5, "? Rat" (V.B.11]

58, "Neck Release" (V.B.7, Var. 2)

128, "Snake" (cf.v.C.3, var. 3)

A PAPUA NEW GUINEA STRING FIGURE "TURTLE"
3-4, "Turtle" (cf. VI.2)

ZUKEI-ASOBI NO SEKAI

Plate 20, “Inter Locking Loopo" (VI.4)

Noguchi, H.:
No.

Noguchi, H.:
No.
No.

STRING FIGURES IN JAPAN, I.
12, "Tekkyo Cycle" (VI.2)

STRING FIGURES IN JAPAN, II
67, "Kubikiri, Hanging" (V.B.7, Var. 3)
68, "Yubinuki, Fingers Slip" (V.C.2, Var. 4)
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Jayne, C.F. (Cont(.i)

Jenness, D.:
No.
No.
No.
No.
No.
No.

Jenness, D.:

340-3, "The Mouse" (V.C.2, Var. 4)
344-5, "A Dravidian Trick" (cf.V.B.1)
346-7, "A Finger Catch" (V.B.8)

348-9, "“A Fly on the Nose" (V.B.6)
350-1, "A Thumb Catch" (II.4)

352-4, "Will You Have a Yam?" (IV.3)
354-5, "Threading a Closed Loop" (VI.1)
356-7, "A Saw Mill" (cf. Note(®))

PAPUAN CAT'S CRADLES

22, "Ko'mako'ma, the Ear-Pendant" (I.B.4)

23, "sisiafwa'tu" (cf.I.B.5)

24, "Ni'ma Dabada'bana, Cutting the Hand" (cf. V.B.11)
35, "Kiloma'dumadu" (cf.v.C.3, Var. 4)

43, "Nimo'ga, a Mosquito" (II.2)

45, "La'bia, the Sago Palm" (V.C.3, Var. 1)

ESKIMO STRING FIGURES (C.A.E.)

No. 15, "The Little Finger" (Note(3), Fig. 117.B) .
No. 16, "The Little Finger Made Double" (Note@), Fig. 117.C)
Trick No. 1, "“Cutting the Hand " (V.A.5)

Trick No. 2, Un-named (V.C.2, Var. 2)

Trick No. 3, Un-named (cf. V.C.2, Var. 4)

Trick No. 4, Un-named (V.C.2, Var. 5)

TricklNo. 6, "A Point Hope Trick" (V.C.3, Var. 1)
Trick No. 9, "Another Copper Eskimo Trick" (cf. V.B.2)

Jochelson, W.:

HISTORY, ETHNOLOGY AND ANTHROPOLOGY OF THE ALEUT

No. 3, "Cinigitax' the Little Finger: (Note(3), Fig. 117.B)

Kattentidt, I.: FADENSPIELE AUS ALLER WELT
Pp. 19-22, "The Moon" (Note(3), Fig. 117.B)
Pp. 29-30, "Jumping Mouse" (V.C.2, var. 4)
P. 31, "Another Trick" (VI.1)

Kidd, D.: SAVAGE CHILDHOOD
P. 176, "Another String Trick" (V.B.7, Var. 1)

Kramer, A.:

TRUK

Fig. 218, "Derelap" (cf.V.B.11)

Kraus, H.: LUFAMBO
No. 4, "Lusazi" (V.B.7, Var. 1)

No.
No.

Landtmann, G.
No.
No.
No.
No.
No.
No.

7. Un-named (cf.V.B.6)
9, Un-named (V.B.7, Var. 2)

CAT'S CRADLES OF THE KIWAI PAPUANS, BRITISH NEW - GUINEA
2, "A Snake" (cf. V.C.3, Var. 3)
3, "Sirima, A Fish" (IV.4)
4, "Gibubu, a Bumble Bee" (I.B.S5)
15, "A Dugong" (V.B.1l1)
19, Un-named (cf. V.B.8)
20, Un-named (cf.V.B.7, Var. 2)
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Lantis, M.: SOCIAL CUSTOMS OF THE NUNIVAK ESKIMO
Fig. 70, "Tkulu'ljax Nuni 'kulu'pax"” (Note@, Fig. 117.B)

Lleeming, J.: FUN WITH STRING
Pp. 157-8, "Cheating the Hangman" (V.B.7, Var. 3}
Pp. 158-9, "The Sawmill" (cf. Note(§))

levinson, D. and D. Sherwood: THE TRIBAL LIVING BOOK
P. 145, "Hanging Trick" (V.B.7, Var. 2)
Pp. 145-6, "Cutting the Fingers" (V.C.3, Var. 1)

Iutz, F.E.: STRING FIGURES FROM THE PATOMANA INDIANS OF BRITISH GUIANA
pP. 13, "Fly" (cf.I.B.S)
P. 14, "Hanging Trick" (V.B.7)
P. 14, ‘“"warum, Snake" (V.C.2, Var. 4)

Maclagan, R.C.: THE GAMES AND DIVERSIONS OF ARGYLSHIRE
P. 189, "The Thumb Loop" (VI.1)
Pp. 189-90, "Buttonhole Trick" (cf. V.B.7, Var. 4)
P. 190, "See Saw, Johnnie Maw" (cf. Note(§))

Martinez-Crovetto, R.: JUEGOS Y DEPORTES DE LOS INDIOS GUARANIES DE MISIONES
‘ Fig. 2, "Sierra" (cf. Note@)

Martinez-Crovetto, R.: JUEGOS DE HILO DE LOS ABORIGENES DEL NORTE DE PATAGONIA
Fig. 48, "Sierra O Serrucho" (cf. Note@)
Fig. 50a, "Desenrollar la Tripa" (V.C.3, Var. 1)
Fig. S0b, "Desenrollar la Tripa" (V.C.2, Var. 1)
Fig. 50c, "Desenrollar la Tripa" (V.C.2, Var. 4)
Fig. 51, "Desenrollar la Tripa" (V.C.2, Var. 3)
Fig. 52, "Koila Kuzen" (V.B.6)
Plate 10b, "Tornillo O Rosca" (IV.1)

Mary-Roussliére, G.: LES JEUX DE FICELLE DES ARVILIGJUARMIUT
No. 54, "Qanerjuk, the Mouth" (Note(3), Fig. 117.B)

Maude, H.C.: THE STRING FIGURES OF NAURU ISLAND
No. 12, "Eadum, Crayfish", (IV.4)
No. 16, "Etegerer me Etogarita", (cf. I.A.6)
No. 18, "Ngan, Two Breakers" (cf. VI.2)

Maude, H.C.: SOLOMON ISLANDS STRING FIGURES
No. 37, "Hato, Arm Ring" (cf.V.B.11)
No. 106, "Kare" (cf.I.B.5)
No. 107, "Ou'a, Crab" (1v.4)
No. 113, "Narihe, Centipede" (V.C.2, Var. 4)
No. 114, "Neck loop Trick" (V.B.7, Var. 2)
No. 115, "Wrist Loop Trick" (II.2)

Maude, H.C.: STRING FIGURES FROM THE TORRES STRAIT
No. 4, "Wot" (I.A.6)
No. 11, "Dangal, Dugong" (V.B.1l1)
No. 20, "Ger, Sea Snake" (cf. V.C.3, Var. 3)
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Noguchi, H.: STRING FIGURES IN JAPAN, I (Contc.i)
No. 71, "Himoutsushi' (Serial String Trick, I, P. 316)
No. 73, "yubinuki, Im" (cf. v.C.3, var. 1)
No. 74, "Tejina, Trick" (cf I.B.5)

Noguchi, H.: STRING FIGURES IN JAPAN, IV
No. 93, “"Yama no Ue no Otukisan" (cf. VI.3)
No. 100, "Yubikiri" (V.A.4)
No. 101, "yubikiri" (V.C.3, Var. 1)
No. 102, "Index Slip" (V.B.9)
No. 103, “Kubikiri, Hanging" (V.B.7, Var. 6)
No. 104, "Hapanuki, Nose Slip" (cf. V.B.6)

No. 105, “Himoutsushi, O" (Serial String Trick, I. P. 316-317)

Oorschot, A. von : TOUWFIGUREN
Pp. 76-9, "Ontsnapping 1" (V.B.1)
Pp. 80-1, "Ontsnapping 2" (II.2)
Pp. 84-~7, '“Ontsnapping 4" (V.B.8)
Pp. 88-91, "Ontsnapping 5" (V.C.3, Var. 1)
Pp. 92-5, "Ontsnapping 6" (V.C.2, Var. 4)

Ould, J.; HINDU ROPE BOOK
P. 9, "“The Puzzle Knot" (I.A.1l)
P. 9, "One-Handed Knot" (I.A.5)
P. 10, "The Magic Shoe-Laces" (I.B.1l)
Pp. 10-1, "The Bachelor's Needle" (VI.1)

Parkinson, J.: YORUBA STRING FIGURES
P. 141, "A sString Trick" (V.C.2, Var. 4)

Paterson, T.T.: ESKIMO STRING FIGURES AND THEIR ORIGIN
No. 17, "The Mouth" (Note(3), Fig. 117.B)
No. 187, "The Little Finger Made Double" (Note@), Fig. 117.C)
String Trick No. 1, "Cutting the Hand" (V.A.5)
String Trick No. 2, "The Mouse" (V.C.2, Var. 4)
String Trick No. 3, Un—-named {(v.C.2, var. 5)

Pellowski, A.: THE STORY VINE
Pp. 5-8, "The Mosquito" (cf. I.B.S5)
Pp. 9-15, "The Farmer and his Yams" (V.C.2, Var. 4)
Pp. 22-30, "“Lizard and Snake" (II.2 + V.B.1l + V.C.3, Var. 1)

Pocock, W.1.: CAT'S CRADLE
Pp. 87-91, “Four Sawing Figures" (cf. Note@)

Pocock, W.I. SOME ENGLISH STRING TRICKS
P. 353, "The Buttonhole Trick" (cf.V.B.7, Var. 4)
Pp. 354-6, "The Key-Ring Trick" (cf. V.B.8)
Pp. 356-8, "Cutting off the Head" (V.B.7, Var. 1, 2)
Pp. 358-9, "The Nose Trick" (V.B.6)
Pp. 362-3, "Gypsy Finger String Trick" (V.B.10)
Pp. 365~6, "“A World-Wide Finger String-Trick" (V.B.8)
P. 367, "“The Hand String-Trick" (Vv.C.3, var. 1)
Pp. 369-70, "The Mouse Alterpative" (V.C.2, Var. 1)

Pocock, W.
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I. SUPPLEMENTARY NOTES ON CAT'S CRADLE AND STRING TRICKS
No. 1, Un-named, (V.B.7, Var. 1)

No. 3, Un-named, (V.C.2, Var. 1)

No. 4, Un-named, (cf. V.B.7, Var. 4)

Popular Mechanics: EASY TRICKS WITH STRING

Ransom, W.

P. 819, (Inset), "The Dissolving Knot" (I.B.3)
P. 822, (Inset), "Knot that is not a Knot" (cf. I.A.4)
Pp. 822-3, "One-Hand Knot" (I.A.3)

R.: PASTIMES WITH STRING AND PAPER

P. 11, "Mosquito" (cf. I.B.5)

P. 14, "Finger Weaving" (V.C.2, var. 1)
P. 16, "Have a Yam" (IV.3)

P. 17, “Sawing Wood" (cf. Note@)

P. 27, "“The Fool Knot" (I.A.2)

P. 32, "A Handful Out" (V.C.3, Var. 1)

P. 33, "Through the Eye" (VI.1)

P. 61, "Cast off Three Loops" (V.B.10)

P. 64, "Sea Snake" (V.C.3, var. 3)

P. 86, "Ring Off" (cf. V.B.8)

P. 90, "Trapped or Free" (cf. 1v.2)

P. 92, "Neck or Buttonhole Trick" (V.B.7, Var. 4)
P. 93, "Strargling" (V.B.7, Var. 2)

P. 109, "Chain Stitch" (cf. 1.B.4)

P. 111, "Surprise Snarl" (I.B.3)

Pp. 114-5, "The Yam Thief" (V.C.2, Var. 4)
P. 117, "The Lizard Twist" = (II.2)

P. 118, "Caught or Got Away?" (cf. V.B.11)
P. 145, “String of Knots" (I.A.4)

Rasmussen, K.: IN'I'EI.LE)CgUAL CULTURE OF THE COPPER ESKIMOS

No. 26, "Iter huk, Anus" (Wote(3), Fig. 117.B)

Raymund, P.: DIE FADEN- UND ABNEHMSPIELE AUF PALAU

No. 44, "Cholanges" (cf.V.B.11)

Report of the Cambridge Anthropological Expedition to the Torres Straits =

Rigney, F.

Haddon, A.C.: STRING FIGURES AND TRICKS

J.: CUB SCOUT MAGIC

Pp. 745, "The 'Is Not' Knot" (I.B.3)

Pp. 75-6, "Another Disappearing Knot" (I.B.2)

P. 76, "Can-You-Make-It Knot" (cf I.A.l and Appendix A.2 Note() p. 10¢
P. 77, "Threading the Loops" (VI.1)

Pp. 80-1, "Lots of Knots" (I.A.4)

Pp. 88-9, "Rope Loop Through Your Neck" (V.B.7, Var. §)

Pp. 89-90, "Double Looped Cord Through Finger" (V.B.6)

Pp. 92-3, ‘"Looped String Through Buttonhole" (cf. V.B.7, Var. 4)

Pp. 93-4, “Loop from Finger of Helper" (V.B.8)
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Rivers, W.H.R and A.C. Haddon: A METHOD OF RECORDING STRING FIGURES AND TRICKS

No. 7, '"Geigi, King Fish" (V.B.11)
No. 9, "Pagi, A Sea Snake" (V.C.3, Var. 3)

* No. 11, "Monan, Lizard" (II.2)

No. 12, "Kebe Mokeis, the Mouse" (V.C.2, Var. 4)

Robinson, A.: SOME FIGURES IN STRING FROM THE MAKUSHIS ON THE IRENG AND TAKUTU

RIVERS
P. 144, "Mo, Worm" (V.C.2, Var. 4)
Pp. 144-5, "Toorer, Cowfly" (cf. I.B.5)
P. 145, “Awotiner, Cutting the Throat" (V.B.7, Var. 3)

Rogers, E.S.: THE MATERIAL CULTURE OF THE MISTASSINI

P. 128, "Second Type" (V.C.2, Var. 4)
P. 128, "Third Type" (cf. VI.2)

Rosser, W.E. and J. Hornell: STRING FIGURES FROM BRITISH NEW GUINEA

No. 1, "Lohi.,, Fire" (IV.4)
No. 17, "Ou, Water" (V.B.1l1)

Roth, W.E.: STRING FIGURES, TRICKS, AND PUZZLES OF THE GUIANA INDIANS

No. 692, "Cow Fly" (cf. 1.B.5)

No. 708, "To Cut the Fingers" (V.C.2, Var. 1)
No. 709, "To Cut the Fingers" (V.C.2, Var. 4)
No. 710, "To Cut the Fingers" (V.C.3, Var. 1)
No. 711, "Hanging Trick" (V.B.7, Var. 2)

No. 712, "Hanging Trick" (V.B.7, Var. 3)

AYATORI ITOTORI, I.
No. 3, "Easy Rubber Band" (cE. VI.2)
No. 8, "“Iron Bridge, Turtle, Rubber Band, Yo-Yo" (VI.2)

AYATORI ITOTORI, I
No. 6, "Moonrise on Fujisan" (VI.3)

AYATORI ITOTORI, II
No. 4, "Sawing Wood" (cf. Note(6))

No. 5, "Pounding Rice" (cf. Note(6))
No. 7, "Cutting the Fingers, 1" (V.A.4)
No. 8, "Cutting the Fingers, 2" (V.C.3, Var. 1)

No. 9, "Cutting the Fingers, 3" (V.B.9)

No. 10, "Cutting the Wrist" (cf.V.A.5)

No. 11, "Cutting the Head" (V.B.7, Var. 6)

No. 12, "Cutting off the Nose" (cf. V.B.6)

No. 13, "Traveling Loops, 1" (Serial String Trick, I, p. 316-137)
No. 14, "Traveling Loops, 2" (Serial String Trick,I, p. 316)

Sbrzesny, H.: DIE SPIELE DER !KO-BUSCHLEUTE .

No. 8, "The Saw" (cf. Note@)

C.G. (Ed.): NOTES AND QUERIES ON ANTHROPOLOGY
Pp. 338-9, "Kebe Mokeis, the Mouse" (V.C.2, Var. 4)

Senft, B. and

No.

No.
No.
No.
No.
No.
No.
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G.: NINIKULA, FADENSPIELE AUF DEN TROBRIAND-INSEIN, PAPUA-NEUGUINE?
11, “Lakum" (IV.4)

19, "Ka'ukwa Navivila" (cf. V.B.1l)

26, "Boku" (V.B.7, Var. 3)-

38, "vayola" (Vv.C.3, Var. 1)

50, "Ebwesi" (V.C.2, Var. 4)

62, "Kakanukwa" (IV.4)

74, "vadila" (cf. I.A.6)

Shishido, Y. and H. Noguchi: SOME STRING FIGURES OF HIGHLAND PEOPLE IN PAPUA

No.
No.
No.
No.

Smith, P.S.:
Pp.

Speck, F.G.:
P.

NEW GUINEA
4, "Lightning" (cf. VI.2)
12, "No Name Known" (cf. V.B.1l1)
22, "Cuckoo Cuts a Treetop" (cf. I1.A.6)
26, "“"Cassowary Trap" (cf. I.B.5)

STRING GAMES IN LITERATE SOCIETIES: A RESEARCH NOTE
77-8, "The Magic Bond" (V.C.3, Var. 1)

ETHNOLOGY OF THE YUCHI INDIANS
90, "“Sawing Wood" (Note@)

Starr, F.: ETHNOGRAPHIC NOTES FROM THE CONGO FREE STATE

P.
P.
P.

Sutton-Smith,
P.

Tessmann, G.:
P.
p.
p.
Fig

Tessmann, G.:
P.

135, No. 30, "String Tricks" (cf. V)
136, No. 31, "Dingwengue, Seesaw" (Note@))
150, "The Mouse" (V.C.2, Var. 4)

B.: THE GAMES OF NEW ZEALAND CHILDREN
134, "Threading the Needle" (VI.1)

DIE BUBI AUF FERNANDO POO

163, No. 1, "Cutting the Neck" (V.B.7, Var. 2)
163, No. 2, "Cutting the Wrist" (V.B.4)

163, No. 4, “Cutting the Fingers" (v.C.2, Var. 4)
. 161, "We'sa" (IH.4)

DIE BAFIA

167, "Ndik, String" (cf. I.B.5)

Tessmann, G., E.M. von Hornbostel, and K. Haddon: CHAMA STRING GAMES (PERU)

No.
No.

Tozzer, A.M.:

1, "Monoset" (V.C.2, Var. 4)
9, "Rono Kaso, A Viper's Vertebra" (cf. Note(®), Fig. 117.B)

A COMPARATIVE STUDY OF THE MAYAS AND THE LACANDONES

P. 76, "Tinbuhtse, Sawing Wood" (Note(§))

Tracey, H.: STRING FIGURES (MADANDI) FOUND IN SOUTHERN RHODESIA

No.

Victor, P.E.:
No.
No.
No.
No.

12, "Nyoka, the Snake" (V.B.7, Var. 2)

JEUX D'ENFANTS ET D'ADULTES CHEZ LES ESKIMO D'ANGMAGSSALIK
26, "Cutting the Fingers, I" (V.C.2, Var. 4)

27, "Cutting the Fingers, O" (V.C.3, Var. 1)

28, "Cutting the Thumb," (V.B.3)

29, "Cutting the Head" (V.B.7, Var. 2)
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vinton, I.: THE FOLKWAYS OMNIBUS OF CHILDREN'S GAMES
Pp. 203-4, "I Have a Yam" (IV.3)

Wu, T-y.: T'IAO HSIEN YU SHI

12-3, “Elastic Band" (cf. VI.2)

43-6, "Thumb Catch" (II.4)

50~3, "Yam" (IV.3)

101-6, "Sea Snake" (V.C.3, Var. 3)

Pp. 107-14, ‘"Little Finger" (cf. Note(3), Fig. 117.B)

Pp.
Pp.
Pp.
Pp.

Yuasa, S. and

T. Ariki: TANOSHII AYATORI ASOBI

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

6, "Treasure Hunt" (VI.2) -

S, "pounding Rice" (cf. Note(6))

6, "Sawing Wood" (cf. Note(6))

1, “Easy Gum and Tricks" (cE. VI.2)

2, "Cutting the Wrist, I" (II.2)

3, "Cutting the Wrist, I" (V.A.5)

4, “"Cutting the Neck" (V.B.7, Var. 6)

9, "Traveling Loops" (Serial String Trick, I. p. 316)
10, "Cutting the Finger" (cf. V.B.8)

12, "Cutting the Fingers, IO" (V.C.2, Var. 4)

13, "Cutting the Fingers, 1" (¢cf. V.C.3, var. 1)
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Appendix B: Problems of Existence and Uniqueness of Schematic Representations of
Three-Dimensional String-Positions.

Herein we discuss the geometry of "real" string-positions in three-dimen-
sional Euclidean space (IRB)) . We shall restrict ourselves to the case of smooth,
totally finite, closed configurations -~ i.e. the string-position is composed of
smooth arcs, the string itself being of finite total length, and closed to form
a loop ('though not necessarily a simple one) —- although, strictly speaking,
much of the subsequent discussion will obtain in more generality. A good model
for thediscussion is that of a fly, sitting on a sugar-cube; being displaced, he
buzzes around the room for several moments, finally to alight once more on the
sugar cube. His (closed) path through spacedescribes a potential string-position
of the type we wish to discuss. Specific examples are afforded by the string-po-
sitions illustrated in Fig. A.14 (page 103) or Fig. 108.E ~- with the nodes L1*L2
and R1*R2 identified -- or any of the String-Figures previously discussed.

The first step in our discussion will be to represent our three-dimensional
string-position in a (two-dimensional) plane -~ the method will be by “parallel

projection". That is, we choose a plane in R(B)

, and drop perpendiculars from
each point of the string-position to this plane. The string will then appear on
this plane as a closed curve of a certain width. We shall reject those projec-

tions in directions which result in "doubled strings" e.q.

. Aodh\&d S*Y\;t\ﬂ

Fig. B.1: Example, disallowed projection, I ,

or in crossings by more than two arcs, e.g.
‘C- 3-ATC Crossiug

Fig. B.2: Example, disallowed projection, I

although these may be treated by "variational" arguments, if desired. Because

of the "total finiteness" restriction, above, parallel projections of a given
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string-position in IR(B) which avoid the above two "pathologies" always exist, in
profusion. The resulting two-dimensional image of any such projection will be
© termed regular. In our former terminology, these are precisely the sin'ple* sche-
mata (minus frame-nodes) with fine-structure suppressed; i.e. we cannot identify
the "over"-string at any crossing in the regular representation. Thus these are
the elementary gross—schemata [_-gg page 7@] associated to the given, original
string-position.

We now make a single, additional modification to a regular representation of
a given string-position by stipulating that -- at any (simple) crossing therein --
the uppermost arc of the crossing is continuous, while the lowermost arc appears
as a "broken" line segment. .

x/\"' loewer Ave

C/ \ o VPPN AvG

Fig. B.3: Example, fine-structure of a crossing, x.

This being done, the regular representation of the given string-position is said
to be normed. Since the above modification effectively restores the fine-struc-
ture at each crossing, a normed, regular (NR-) representation of a given string-
position in R(3) is precisely the elementary schema (minus frame-nodes) of our
previous discussion. The question we wish to discuss, in this Appendix B, is:
How much information about a string-position in ]RU) is lost in the passage to

any NR-representation thereof? The answer ~- in terms of the central concern of
the present discussion, the connectivity relations involved -- is, essentially:
None at all!

We begin our discussion with an alternate characterization of the fine-struc-
ture of any regular representation of a given "real" string-position in R(3] via
its uniguely associated "Seifert-Surface" [see H. Seifert: "Uber das Geschlecht
von Knoten", Math. Annalen, Vol. 110 (1934), pp. 571-592]. To that end, we con-
sider a regular representation of a given "real" string-position in R(3), and
begin by "shading-in" the whole infinite region outside the finite, closed cen~
tral configuration which represents the given string-position in the plane. By
way of example, we shall illustrate the procedure for (the schema for) Osage Dia-

monds, Fig. 28 (page 56 of these notes):

*
all crossings are simple.
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\8 e

ey,

\\\\\\\\. i \\\\\\\\\\\\\\\\ \\

Fig. B.4: Seifert Surface for Osage Diamonds, I.

We continue by similarly shading all those simple, closed interior regions of the
central configuration (if any) which touch the outer, shaded region at crossings

only. \\\\ . \ \ \\\ \\\\‘\\ .\\\\ \.. \\\e\ \
NELENMEINaNeN
NTEAR ‘ N
Wy W
A\ OGN

shaded region at creossings only -- until the whole diagram is separated into
shaded and unshaded regions.
N\

Fia. B.6: Seifert Surfare fAr Necame Niam~nA~ T
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For example, Fig. B.6, above, is the Seifert Surface for the particular regular / \§\
representation of Osage Diamonds chosen in Fig. 28. \

Some remarks are in order: The Seifert Surface associated to the “"simple" / .b

/

string-position of Osage Diamonds is clearly well-defined and unique, with a o,

surprising "regularity" which one would have no reason to suppose would be en- ‘\%
joyed by a much more complicated, highly-convoluted string-position. Note, for Fig. B.9: The two crossing-specific shadings.
example, that we never encounter a situation like the following

But, for the above example, we verify that one of these is always correct.
/ The surprising fact is that the Osage Diamonds is entirely representative oiiiee
// of the general situation in these regards; this is the content of the following
/ // theorem ED. Rolfsen: Knots and Links, Publish or Perish Press, Berkeley (1976).
p. 120, “"Seifert Surfaces, Existence Theorem't|

' . : " s s ; {3)
Fig. B.7: A barred Seifert configuration , Theorem B.1: Each regular representation of a "real™ string-position in R
= 2 ) : has an uniquely associated Seifert Surface which enjoys the

wherein one has question as to whether or not the central triangle should be ‘ reqularity properties 81, $2, above.

shaded. 1In fact, the regularity observed in the above example has two aspects: !

. One of the consequences of this remarkable theorem is that the elementary gross-
£:1. Along any arc of the configuration, a shaded and an unshaded region schemata associated to a "real" string-position in ]R(:” -~ from which application

are always contiguous. of the Seifert "shading"-algorithm produces the associated Seifert Surface —-

exhibits a uniform "regularity" only dimly apprehended heretofore. Of course,
distinct regular representations of a "real" string-position in R(3) will, in gen-
eral, result in distinct elementary gross-schemata thereof -- see, for example,
Fig's. 67.1IV and IV' (pages 153,155) in the Brown Bears sequence —— and the ulti-
mate question is: How are these related? Before addressing this question, how-

ever, we make a short digression to discuss an alternate method of recovery of

Note that we cannot say which of the two possibilities, below, pertains:

Fig. B.8: The two arc-specific shadings.

I \\%
A\

the fine-structure in these elementary gross-schemata.

We recall that, since the representation under discussion is regular, by
assumption, at each (simple) crossing we find exactly two arcs; one lying above,
the other below. After the Seifert shading-algorithm, then, we must be consider-
ing exactly one of the following four possibilities:

8.2. At every crossing, two shaded and two unshaded regions meet, and these
are always diagonally opposit;g one another. \-

But inspection verifies that, in every case, one of them is correct for the Sei-
fert Surface associated to the given regular representation of Osage Diamonds
(Fig. B.6).

dl

oo
Again, we cannot say which of the two possibilities, below, pertains: \""

Fig. B.10: Fine-structure recovery a la Seifert.

. Now consider a single such crossing. Here the upper string of the crossing may
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be rotated about the crossing into the lower string in either of two distinct string is momentarily broken apart -- and a constituent arc allowed to pass
ways: @ so that it passes only through shaded regions of the configuration through the breach -- and then reunited at the same break-point. We have the
(i.e. on the Seifert Surface), or @ so that it passes only through unshaded (correct) feeling that any knot could be ultimately dissolved to the "empty loop"
regions -- during this rotation. We reject the latter possibility in every case, ) if we admitted such deformations. It is easy to see that Isotopy is an equiva-
and consider the former with a little more particularity. If the upper arc's ro- i lence relation on the set of all "real” string-positions in E3), the equivalence
tation into the lower arc across a shaded region is counterclockwise (that is*, classes under this relation being termed "Knot-classes" or, more simply, a "Knot".
Mathematically "positive"), we attach a "+" to the crossing in question; if The most distinguished of these equivalence classes, from the present viewpoint,
clockwise (that is, Mathematically "negative"), we attach a "-" to the crossing. is the set of all "real" string-positions in R which are isotopic to the "emp-
Thus, for example, in Fig. B.10 the correct assignments are a.+, b.=, c.-, d. +, ty loop" —- topologists call this the trivial Knot -- as all the String-Figures
respectively. And clearly, the Seifert-shading plus a simple + -parity-bit appen- ‘ of the world are numbered among its members!
ded to each crossing will serve to completely specify the fine-structure associ- ‘ We are now in a position to state the Theorem which answers our "ultimate
ated to a given elementary gross-schema. We illustrate the discussion, below, for | question” of the present section [see K. Reidemeister: Knot Theory, B.C.S. As-
the case of Osage Diamonds, considered previously [Fig's. B.4-§]. sociates, Moscow, Idaho (1983), page §].

(3)

Theorem B.2: Two "real" string-positions in R

+ /\ + + /\+ _ /\_ _ NQ if each NR-representation of one of them is @-equivalent to

@ + every NR-representation of the other.
p - We remark several immediate implications of this powerful theorem. @ . It now
Wy - 3+ + + ‘ follows, from the definition, that -- if two "real" string-positions in R(B)E
— + isotopic -~ then, of the two NR-representations involved, either is obtainable
from the other by a finite sequence of the operations (Dl, (2)2, ®3 and their in-
\/ verses; and otherwise this is not the case. @ Thus, with respect to the isotopy

+ \‘-/+ - \/‘ of "real" string-positions in r?

the passage to any MR-representations thereof. @ The operations @,, @,, ®, and

are isotopic if and only

, there is no loss of information involved in

Fig. B.11: Osage Diamonds; fine-structure. their inverses —- already recognized as fundamental to the theory of String-Fig-

This concludes our "short digression". ures -- are, in fact complete with respect to the connectivity type of "real"

We now return to the principal guestion of the present section, namely: string-positions in RU): in that a complete solution to the isotopy problem for
How are two distinct NR-representations of a "real™ string-position in R(3) re- such string-positions may be given in terms of these, alone, without recourse to
lated to one another? In fact, we shall give a complete answer to the more gen- any "new" type of operation. Thus, we shall never encounter a broader definition/
eral question: Given two "real" string-positions in IIP) that are the "same" —- type of equivalence than “"@-equivalence" on such structures. And, finally, @)
with respect to their connectivity-type -- how are their MR-representations re- To determine whether or not a given "real" string-position in ]R(B) dissolves, it
lated to one another? suffices to take any NR-representation thereof and to ply this with (usually, ob-

We say that two distinct "real" string-positions in R(3) are isotopic if vious) sequences of @-type moves. For the string-positions encountered in these
either is continuously deformable into the other. The use of the word "contin- notes, it will always be entirely easy to "simplify" these to the empty loop, or
uously” in this definition is, for example, to disallow deformations in which the to one with an easily-recognizable intrinsic knot.
o : ~--- End Appendix B =---

remenber "Polar coordinates"?
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Secondary References: String Tricks

Abbott, P.: ABBOTT'S ENCYCLOPEDIA OF ROPE TRICKS FOR MAGICIANS. Abbott's Magic
Novelty Co., Colon, Michigan (1945). pp. 400.

Gayton, A.H.: YOKUTS AND WESTERN MONO ETHNOGRAPHY, I, II
P. 22, "European Cutting Trick" (V.B)

Haddon, A.C.: HEADHUNTERS, BLACK, WHITE AND BROWN
P. 38, "Food" (1IV.3)
P. 38, "Mouse" (V.C.2, Var. 4)

Hornell, J.: STRING FIGURES FROM GUJARAT AND KATHIAWAR
P. 149, "Mouse" (V.C.2, Var. 4)
P. 149, "Fly on the Nose" (V.B.6)
P. 149, "Hanging Trick" (V.B.7, Var. 2)

Saville, W.J.V.: IN UNKNOWN NEW GUINEA
P. 102, "The Sugar-Cane" (I.A.6)
P. 102, "Cough" (V.B.7, Var. 2)

Smith, M.W.: THE PUYALLUP-NISQUALLY
P. 227, "“Now I Will Show You a Trick" (V.C.2)

Speck, F'.G.: NASKAPI: THE SAVAGE HUNTERS OF THE LABRADOR PENINSULA
No. 43, "Seal Stomach" (V.C.2, Var. 4)

Spier, L.: YUMAN TRIBES OF THE GILA RIVER
P. 344, "Calyapi‘lk, My Hand is Hot!" (V.C.2)
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VII. THE CALCULUS

In this section we return to the central topic under investigation in
these notes —- String-Figures -- to discuss the application of the string-figure
Calculus directly to the associated linear sequences (cf. pp. 43-45 and pp.
69-72). To date this application is accomplished as follows: Given the schema
for a real string-position, we form the associated linear sequence following the
conventions of Section I., Systemology. We then operate on this string-position
as indicated by an expression from the constructional Calculus to produce a new
étring—-position, to whose schema we associate a linear sequence in the previous—
ly-mentioned manner. Thus, a linear sequence and an expression from the Calculus
together, produce another linear sequence through an appeal to the geometry of
the underlying schemata. The goal of the present section is to free this process
from its dependence on the schemata involved in this transition; its successful
achievement will entail the "demotion" of the underlying schemata from a "funda-
mental construct” of the theory to the role of "extremely handy visual adjunct"”
thereof. Our discussion will parallel the development of Section I., Systemology
(pp. 14-28).

After the discussion of the previous section (and, in particular, of Appen-
dix B), we know that the simple schemata are exactly the NR-representations of

"real" string-positions (plus frame-nodes) in IR(3)

, on which the topologically-
fundamental transformations are the @-operations. The actual transformations we
are applying to these string-positions, however, are the manual operations of the
Calculus, e.g. _I(_S_n) #. It therefore remains to "analyze" these manual opera-
tions of the string-figure Calculus in terms of the fundamental @-operations, di-
rectly. For if this be successfully done, the effect of a given operation from
the Calculus on a given associated linear sequence will immediately follow, with-
out reference to the relevant schemata involved -- since the effect of an @-oper-
ation thereon is explicitly known ((bl, (32 -—— Lemma 2, p. 11; 0)3 -- p. 259).

A useful analogy for the discussion which follows is that of the "Scien-
tific Programmer" for the Electronic Computer (e.g. the IBM 704) of two decades
ago. As a physicist/engineer, when he had to evaluate a complicated numerical
expression like
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he could avail himself of a "user-friendly" machine language, like Fortran 1V,
wherein the above computation would have the very similar-appearing expression

({A*xB) - (C*D))/ ((B**2) - (A/C}).

That is, he had essentially only to adopt "Polish notation" to successfully com-
municate with the computer. But the machine —- withits basic binary command-
language -- could make no direct sense of the above string of symbols! Thus

the Scientific Programmer, before he could accomplish his computation, had to
present his Fortran program to a "Compiler®, which transformed it into the bi-
nary command-lanquage effecting the above computation in a manner directly ac-
ceptable by the machine. The viewpoint of the present section, then, is that
the string-figure Calculus is a "user-friendly" language not directly applicable
to linear sequences. And, as such, expressions therefrom must be "compiled"
into @-operations, which are the basic command-language of said linear sequences.
Thus, from the perspective of the current analogy, the present section represents
an attempt to write a basic @-operation compiler for the Calculus of string-fig-
ures.

We shall initially restrict ourselves to canonical linear sequences associ-
ated to simple schemata, i.e. hands in normal position, no multiple-loops, all
crossings simple. And the first question to be addressed is how to identify the
constructs fundamental to the string-figure Calculus directly from such a linear
sequence. For example, consider the linear sequence associated to Fig. 29.VII
{page 59) in the construction of Osage Diamonds:*

B L2: x1(@): x2(®): x3(U): x4(P): x5(P): x6(U): RS: x7(U): x8(P): x9(D):

X1{U): L5: x2(U): x10(@): x4(U): x11(U): x6(@): x7(@): R2: x8B(U): x5(U):
x11(@): x3(@): x10(U): x9(U) m

And let us suppose that we wished to perform the manipulation WZ\(RZf ) #" on the
string-position whose schema has the above linear sequence associated to it. The
question we wish to consider here is, "How is the R2f-string to be identified

from the above associated linear sequence?” We first note that -- using the "sub-
sequence suppression" convention (see page 69) -- the above linear sequence admits

the subsequence
B ...R...n

You can turn back to this figure for a "peek" if you must, but the discussion
must not depend on this.
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whence R2 is a frame-node for the associated string-position* and, as such, has
an unique near string and an unique far string. Further, the subsequence of
frame-nodes,

> 12 ... RS ... 15 ... R2 ...®&

implies that one of these proceeds from R2 to L5 (ultimately), while the other
proceeds from R2 to L2 (cf. page 6). But which is which? In particular, if the
R2-string designated by the subsequence

B> ... 15: x2(U): x10(®): x4(U): x11(U): x6(P): x7(P): R2 ... ®
passes to the far side of R2, then the argument of the Calculus manipulation
“R1 (R2f) 4" -~ i.e. R2f —- establishes a pointer which is just before (i.e. to the
left of) R2 in the linear sequence, viz:

B ... xv(q)):‘LRz: x8(U) ...®;
while if the R2-string

[ 12 ... R2: xB(U): x5(U): x11(@): x3(P): x10(U}: x9(U) m
passes to the far side of R2, this pointer is established just after (i.e.to the
right of} R2 in this sequence, viz:

B ... x7(@): RZ% x8(U) ...M™
These are two very different situations relative to the modifications of the

given linear sequence effected by the manipulation "Tii(RZf )#", between which we
must be able to discriminate.

To answer the question we have posed, above, consider the following diagrams:

B 59

2

e L - D..
Fig. 150: Argument discrimination.

Otherwise "RI (R2£)#" would be the empty functor, §, by definition.
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Since L2 is nearer to you than is L5 (i.e. 2 <5), the only way that the s;R2-LS
can pass to the near side of R2 is if this string crosses the s; R2-L2. In par-
ticular, it passes to the far side of R2 if the number of such crossings is even
(inclusive of o), and it passes to the near side of R2 if this number is odd.

We remark that the example of Fig. 150.D is included to indicate the compatibility
of this criterion with the notion of extension-cancellation. Note that it is only
the involvement of the s;R2-L5 with the s;R2-L2 that is important for this argu~
ment, crossings generated by other arcs of the given string-position being irrel-
evant thereto (and, hence, they are suppressed in Fig. 150). Thus, to answer our
original question, we need only examine the cardinality of the set of crossings
shared by s;R2-L5 and s;R2-L2; i.e. referring to the original linear segquence,

| £x2, x10, x4, x11, x6, x7} () {xs, x5, x11, x3, x10, x9 |
= | ixlo, xlli] = 2, even

whence the s;R2-L5 passes to the far side of R2, and the pointer is correctly
established just to the left of R2 in the given associated linear sequence. At
this point one surely turns to Fig. 29.VI (page 59) to confirm the validity of
the above assertions in the context of the present example. -
And, for generic functors Fl + Fz, the above method will determine the R2f-

string (and, hence, the R2n-string) for any canonical linear sequence possessing
the distinguished subsequence

I <. Py coR2 LU F, i

1
as soon as it is determined which of E‘l, l=‘2 is "closer to you with respect to R2".
And, of course, since Flaﬁ F2 by assumption, this is always straightforward to de-
termine. Let us define

Fl (r<{2) F2 = Fl is closer to you than E‘Z; with respect to R2

Then, for example, we have

’

Rl < Ll < L2 < L3 < L4 < L5 < R5 < R4 < R3
(R2) (R2) (R2) (R2) (R2) (R2) (R2) (R2)

which successfully effects the above determination by transitivity of the
<~ relation. It remains to discuss the case Fl = F,. Here, the absence of mul~

(R2) 2
tiple loops implies that the linear sequence involved possesses only the frame-

nodes E‘l, R2. That is, it admits the distinguished subsequence -

|=>Fl ... R2 ...q i
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which shows all frame-nodes. Also, since this is a canonical associated linear
sequence, the initial segment

= Fl ...R2...u
|

proceeds from the far F-string to R2, while the terminal segment

1
> F .- R2...u
proceeds from R2 to the near Fl—string. Further, in this case, every crossing be-

tween the R2n- and R2f-strings appears in both the initial and terminal segments
of the above linear sequence; hence the R2f-string's determination reduces to
merely counting the number of these crossings. For example,

Fig. 151: Exanp.le, E‘1=F2.
= L2: x1(®): x2(V): X3(@): x3(U): x4(U): R24’: X4(Q): x2(@): x1(U)m

Here
| ixl, x2, x43 | = 3, odd

whence the R2f-string follows R2 in the above linear sequence (as there indicated)

Thus, for every canonical sequence on frame-node R2 we may easily determine
the R2f-string's placement in that sequence. But there is nothing sacred about
the choice of R2 for this extended example; the argument is general. 1In partic-
ular, the similar argument for —- say — the functor L4 is based on the obvious
string of inequalities

L3<L2(L1<R1(R2<R3<R4<P5<L5,
(L) (L4) (L4) (L4) (L4) (L4) (L4)  (L4)

et cetera. The conclusion to be drawn from the above discussion is that the con-
structs of the string-figure Calculus are identifiable directly from the canon-
ical linear sequences associated to simple schemata, i.e. without reference to
the schemata, themselves. E\l_ot_e also that the parities of the simple crossings
encountered in the above argument were completely irrelevant thereto, and could
have been suppressed.]

A final question prefacing our discussion of the direct application of the

Calculus to canonical linear sequences is, "How important is it that the linear
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sequences involved in the analysis be in their canonical presentation?”, i.e.
that they satisfy theconventions Seq. 1 and Seq. 2 (page 6). For example, given
that the linear sequence

|=) X1(@): x2(U): xX3(U): X4(D): x5(@): R2: x6(U): x7(U): x3(@): x8(D):
x1(U): x9(U): L2: X10(®): x11(@): xB(U): x2(P): x7(P): x4(U): RS:
- X5(U): x6(@): x9(@): x10(U): LS: x11(U)m

is associated to a simple schema, determine its canonical presentation. Here,
by convention Seq. 1 —— since L2 is the minimal left-hand frame-node appearing
m this sequence -- we "rotate" the sequence leftward until L2 appears as its lead
entry, viz.
B L2: x10(@): x11(@): x8(U): x2(®): x7(®): x4(U): RS: x5(U): x6(®):
X9 (@) : x10(U): L5: x11{U): x1(@): x2(U): x3(U): x4(P): X5(P): R2:
x6(U): x7(U): x3(@): x8(@P): x1(V): x9(U)w

Now the sequence has the right starting-point; does it have the correct orienta-

tion? We shall examine the "orientation"-question (convention Seg. 2) in the
context of another example. To see that the above linear sequence is correctly |
oriented, we relabel the individual constituent crossings as follows:

x1 = x10 X7 = x5
X2 => x4 %8 —> x3
x3 - x11 X9 = x9
x4 —> x6 x10-> x1
X5 = x7 x11-> x2
X6 > x8

whence the resulting linear sequence is that associated to Fig. 29.VI, consid-
ered in our previous example -- it is, thus, correctly oriented. Our conclusion,
then, is that if an given linear sequence fails to be in its canonical presenta-
tion because of a violation of convention Seq. 1, it may be easily brought there-
to by leftward element rotation and uniform sequential relabeling of its constit-
uent crossings. .

A similar situation obtains for convention Seq. 2, provided the linear se-
quence involved lists at least three distinct frame-nodes. For example, given
that the linear segquence

|=>‘1’L2: X1(U): x2(U): x3(@): x4(P): x5(U): x6(U): R2: X7(P): x8(P): x4(U):

x9(U): x2(@): x10(U): L5: x11(U): x1(®): x6(@): x7{U): R5: x8(U): - ~

X5(@): x9(@): x3(U): x10(P): x11(P) =
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is associated to a simple schema (Note that it does satisfy convention Seq. 1)
determine whether or not it has the correct orientation (i.e. that it satisfies
convention Seq. 2). In this case this may be accomplished bv identifying the
far string of the starting-point node -- the L2f-string. Here, by our previous
method, we recognize a s;L2-R2 and a s;L2-R5 and, since 2< S and

| §x1, x2, x3, x4, x5, x6}{ ) {x3, x5, x8, x9, x10, x113 |
= | i.x3, xs.gl = 2, even
we see that the L2f-string establishes a pointer just to the left of L2 in the
associated linear sequence (as there indicated), and hence that that sequence

has an orientation opposite to that of convention Seq. 2. Thus, the correct pre-
sentation for the above linear sequence is given by

l=> L2: x11(@): x10(@): x3(U): x9(P): x5(@): xXB(U): RS: x7(U): x6(®):
x1(@): x11(U): L5: x10(U): x2(@): x9(U): x4(U): x8(@): x7(P): R2:
X6{U): x5(U): x4(@): x3(@P): x2(U): x1(U)m

And now the sequential relabeling of constituent crossings given by

X1 = x9 x6 > x8
x2 -> x10 X7 = x7
X3 = x3 X8 -~ x6
x4 = xl11 X9 = x4
x5 = x5 x10 = x2

x11 - x1

again produces the linear sequence associated to Fig. 29.VIL. The method is gen-
eral; a linear sequence on at least three distinct frame-nodes which satisfies
convention Seq. 1 has an orientation uniquely determined by identifying the far
string of its starting-point node. If this orientation violates the convention
Seq. 2, the linear sequence may be brought to its canonical presentation by se-
quence reversal, and subsequent uniform sequential relabeling of its constituent
crossings. .

The proviso that the linear sequence must contain at least three distinct
frame-nodes derives from the previous "string-identification" argument in the
case Fl= F2 (pages 356-357), and is intrinsic. For, in that case, the success-
ful determination of the R2f-string depended on the ability to discriminate be-
tween the Flf and Fln-strings -~ an immediate corollary of the canonical pre-
sentation of the given linear sequence. The indispensability of this assumption
is made manifest by the following exanple.
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Fig. 152.A: Exanmple, Fl= F2= L2.

B r2: x1(9): Rz‘l’: x1(U)x

Given that the above linear sequence is canonical, the R2f-string may be correctly
identified by the previous techniques, as indicated above. But, if the above se-
quence were not in its canonical presentation, then -- by sequence reversal -- we
would have »

[= r2: x1(V): r2¥: x1(0)m

for this canonical presentation, which is the linear seguence associated to the
schema of Fig. 152.B, below.

x4

R2

i . —F — d
Fig. 152.B: Example, Fl—- Fz L2 (Cont.’).

This is, again, a legitimate schema -~ distinct from the schema of Fig. 152.A
(the parities of the crossing x1 in these diagrams are distinct). Thus, in this
extremely special case, we cannot decide which presentation of the above linear
sequence is canonical -- without a direct appeal to its associated schema. And
although the occurrences of this case are relatively rare among the string-posi-
tions generated by the Calculus in the constructions of the string-figures of the
world, each must be individually handled by special techniques. These will usu-
ally be ad hoc and extremely straight-forward, owing to the simplicity of these
structures. In fact, the operations to be considered initially will always be
explicitly orientation-preserving (e.g. most pick-up or release moves), or ori-
entation-reversing (e.g. shifting from an "Over" to an "Under" perspective, in
some cases), whence the orientation of the linear sequence which results froma
sequence of such operations will not, for a while, be in doubt.

We are now ready to proceed to the @-analysis of the operations of the
string-figure Calculus. The first of these, | - extend hands to absorb slack,
has already been discussed in the (limited) context of extension-cancellation

(cf. pages 10-12). 1In the current context (of @-equivalence) the situation is
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entirely analogous. Consider the example

Fig. 153.A: Example, |.

3
|=> Ll: L5: x1(U): x2(@): x3(U): Rl: x3(@): x4(P): xL{@): R5: x2(U): x4(U) m
— —— SN———

Here, by direct examination (see page 259), the (2)3-move "draw s;x1-x4 across x2"
is admissibleon this linear sequence, and its performance results in the linear
sequence

|=> L1: L5: x2(@): x1(U): x3(U): Rl: x3(®): x1(P): x4(P): R5: x4(U): x2{U)®m
;,‘_q

And on this sequence the Q);l-move “Cancel {_xl, x3}" is admissible (by Lemma 2.B).
Its performance results in the linear sequence

> Ll: L5: x2(®): Rl: - x4(@): RS5: x4(U): x2(U)m

which is rendered canonical under the uniform sequential crossing relabeling
' X2 = x1, x4 = x2.
The result is the (canonical) linear sequence

= L1: L5: x1(®): Rl: x2(®): RS: x2(U): x1(U)m

And this seguence is uniquely associated to the schema of Fig. 153.B, below:

Fig. 153.B: Example, | (Cont?).

The schema of Fig. 153.A is therefore seen to be @~equivalent to the simple

schema of Fig. 153.B, which is, thus, the result of applying the Calculus manip-
ulation "|" to that previous string-position. Restated: The application of the
Calculus manipulation “I" to a canonical linear sequence results in the canonical

presentation of a shortest* linear sequence @-equivalent to the original sequence

The determination of such a "shortest" linear sequence is intimately related
to "The Word Problem" of Alaebraic Groun Thenrv
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We remark that, by definition, the final sequence may always be derived from the
initial sequence by a finite sequence of @-operations -- each of which is start-
ing-point and orientation-preserving. Thus the resulting sequence at most lacks
uniform sequential crossing relabeling of being in its canonical presentation.
The next class of manipulations from the string-figure Calculus to be con-
sidered are the "release"-moves; note that, unlike the preceding operation, "|",
these all have arquments (as in O L1, OR2, etc.). The analysis is simple; let
F be a generic functor. To apply the Calculus manipulation "UF" to a canonical
linear sequence which lists F as a frame-node*, simply delete the entry "F" from
‘the given sequence. This operation on linear sequences is clearly orientation-
preserving and starting-point preserving providing that F is not the starting-
point for the given sequence. For example, consider the string-position result-

ing from the manipulational string
0.A: >Rim |,

whose schema is given in Fig. 154, below.
L‘_g Q\ ‘xa____’,’) RS ,
SO o) ®2

%\

14

RA

Fig. 154: O.A: >Rlm|.

|=> Ll: x1{(@): R2: x2(®): L5: RS5: x2(U): L2: x1(U): x3(U): Rl: x3(Q) ™

Applying the Calculus manipulation "{JL1" to this linear sequence results in the
sequence

H) x1(®): R2: x2(@): L5: R5: XZ(U):\E'.Z.:, x1(U): x3(U): Rl: x3(@)m

which is in violation of convention Seq. 1 and is, hence, not canonical. To
bring it to its canonical presentation (cf. page 358) we perform leftward element
rotation until the minimal left-hand frame-node appearing in this sequence (i.e.
L2) becomes its lead entry, viz.

|=> L2: x1{0): x3(U): Ri: x3(@): x1(P): R2: x2(P): L5: RS: x2(U)m

If F is not a frame-node for the sequence, we consider the operation "JF" to
be § , as mentioned earlier.
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and then employ the uniform sequential crossing relabeling given by

X1l = x1, x2 = x3, X3 - x2

to produce the sequentially-labeled sequence
}=>‘1'L2: x1(U): x2(U): Rl: x2(®@): x1(®@): R2: x3(@): L5: RS: x3(U)m,

satisfying convention Seg. 1. Next we check convention Seq. 2, using the previ-
ous method to identify the L2f-string, which here establishes a pointer just to
the left of L2 in the above linear sequence (as there indicated); the sequence

has the orientation opposite to canonical. As before, the sequence is now brough
to its canonical presentation by sequence-reversal, and subsequent uniform sequer

tial relabeling of its constituent crossings. The result is

|=> L2: x1{U): RS: L5: x1(®): R2: x2(@): x3(P): Rl: x3(U): x2(U)w ,

on which we recognize the extension-cancellable crossing-pair {xz, xJ}, by Lemma
2.B. We should not, of course, perform this cancellation, unless the subsequent
Calculus-manipulation were "|".

From the above example, we see that if the functor F is the starting-point
of a linear sequence, then the operation "0 F" applied to that sequence produces
a derivative sequence which always violates convention Seq. 1, and which may vio
late conventionSeq. 2 as well. The situation is, perhaps, most effectively han-
dled ab_initio by identifying the secondmost minimal left-hand node of the origina
sequence, and directly (i.e. in that context) determining its far string; and,
when this precedes the element in the linear sequence, performing immediate se-
quence-reversal, followed by leftward element rotation, etc.
Problem: apply "[JL1" to the sequence

[ Ll: x1(®): R2: x2(@): L5: RS: x2(U):YL2: xL(U): x3(U): Rl: x3{3)m

Explicitly:

Solution: 1. Since Ll is the minimal left-hand node contained in the sequence,
we are in the "special" case for this operation.

2. Identify the secondmost minimal left~hand node contained in the sequence
(i.e. the starting-point for the derived sequence). This is seen to be L2.

3. Determine the L2f~string (indicated above). The derived sequence will
be oriented opposite from the canonical.

4. Delete L1, reverse the sequence, and rotate leftward until the new start
ing-point becomes the lead element. This gives

> L2: x2(U): RS: L5: x2(@): R2: x1(®): x3(P): Rl: x3(U): x1(U)W
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5. Uniform sequential crossing relabeling
x1l = x2, X2 - x1, x3 —> x3.

This gives the previous result, which is canonical.

We remark that, often, a "release"-move is immediately followed by an "extension".
In this case, it is usually much more economical to perform both operations com-
pletely on the given linear sequence, bypassing all intermediate uniform sequen-
tial crossing relabelings, and only ‘effecting such a relabeling as the final step

in bringing the derivative sequence to its canonical presentation.

. The next class of manipulations to be considered are the "pick-up" moves;
again, these will all have arguments (as in i (L5n), ﬁ((&) , etc.). Recall that
the context, still, is that of simple schemata (in particular, no multiple loops),
whence the functor involved will have no. representative node in the linear sequence
under discussion. As a first example, consider the Calculus operation 'ﬁ (L5n) "
applied to the string-position resulting from the manipulational string

0.A: 7B - 3: id — 2],

whose schema is given in Fig. 155.A, below.

e )5 (3' e e e @ 2 ) RS -

__.l..—_?)_._ —

) R2

Example (1), Pick-up moves.

Fig. 155.A:
= L2: x1(®): R3: x2((2)):‘LL5: R5: x2(U): L3: x1(U): R2®

We confirm that the functor L1 does not appear (as an entry) in the linear se-
quence, and that the argument-node, L5, does; hence the given Calculus-operation
is well-defined on the above linear sequence. Next we identify the argument (arc)
15n -- using the previously developed methods -- and find that this string estab-
lishes a pointer just before the entry L5 in the given linear sequence (as there
indicated) .

ively insert the entry "L1" just before the "L5" in the original sequence, viz.

At this point it is tempting ~- and egregiously incorrect -- to na-

> L2: x1(0): R3: x2(@): Ll: L5: RS: x2(U): L3: x1(U): R2 W,

i
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to produce the derived sequence. It should be recalled that -- to date -- the
theory requires that the hands be in # before a linear seguence maybe associated
to the string-position held thereon; and here, L -- with L1 lying somewhere be-
tween L3 and L5 —- is certainly not in normal position! What the above "mistake"
points up, however, is that -- from the standpoint of linear-sequence modifica-
tion by the string-figure Calculus -- the original problem currently under con-
sideration is ill-posed, and should be restated: Consider the Calculus operation

"I (LSn) #" applied to the string-position resulting from the manipulational strin
0.A: 2 —> 3: 1d = 2 |.

Those complex, multiple-pick-up moves in which a constituent entry is not followeé
by # will be treated separately, as they arise in context. Thus, for the present
discussion, we shall restrict ourselves to pick-up moves that are immediately fol-
lowed by "#", and hence to the amended problem just enunciated.

The method of solution which we shall employ is that of pulling the object
string, LSn, across all intermediary strings (here, towards you) as a long, thin,
"spike" to the indicated functor, L1 -- creating two new sequentially ordered cross
ings for each intermediate string so encountered by said object string.* This is
illustrated for the present example by Fig. 155.B, below.

Fig. 155.B: Example (2), Pick-dp moves.

B L1 x9(@): x7(@): x5(P): x3(@): L5: RS: x2(U): x4(U): x3(U): L3: x5(U):
x6(0): x1(U): R2: x10(U): x9(U): L2: x7(U): x8(U): x1(®): R3: X2(®):
x4(P): x6(0): xB{(P): x10(P)=

This linear sequence lacks only uniform sequential relabeling of its constituent

crossings from being in its canonical presentation. We remark, at this point,

*
A sequence of Q)Z—operations.
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that we shall adopt the convention that each intermediary loop across which the
object string (“"spike") is drawn shall intercept the spike as a "pure" loop,
i.e. before it suffers involvement (via crossings) with any other strings of the
figure. That is, the Calculus operation "I?l (L5f) #" applied to the string-posi-
tion of Fig. 155.C, below,

Fig. 155.C: Example (3A), Pick-up moves

is to be considered, by the convention,to produce the string-position

o () RS

- D R3-

Fig. 155.D: Example (3B), Pick-up moves
rather than, say, one in which the crossing between the L2n and L2f-strings oc~
curs to the L2-side of the L5f-spike.
Returning to the original example --applying "ﬁ (L5n) #" to the string-posi-
tion of Fig. 155.A -~ we see that the linear sequence associated to that schema
admits the node-subsequence

= L2 ...R3 ...L5...R5 ... L3 ... R2®

in which the nodes intermediate to the functor, L1, and the argument, L5n, are
precisely L2, L3; whence there are precisely four intermediate strings: L3f,

L3n, L2f, L2n -- the first being nearest the argurent, the last being nearest

the functor (for definiteness). Identifying these in the original linear se-
quence, we find

n L2f n L3 n
|==>L3L2 t X1{@): R3: x2(®) :LjfLs: RS: x2(U) :fm : x1(U): R2m,
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the pointer for the L5n-string having been previously established. We now create
two new (sequentially ordered) crossings on each of these four strings -- to des-
cribe the spike's passage across them —- the numerically smallest being closest
to the functor to which the given string belongs (again, a convention). Since x2
is the highest-labeled crossing appearing in the original linear sequence, these
will be, respectively,

L3f — x4(U): x3(U):

L3n — x5(U): x6(U)

L2f = x7(U): x8(U)

L2n = x10(U): x9(U).
Note that all the above crossing-parities are "Under" by virture of the arrow
above the indicated Calculus manipulation 'TI (LSn) #". Finally, concerning the
spike, itself; since L5n establishes a pointer before LS5 in the original linear

sequence, we shall have
I5n = x4(@): x6(P): xB(P): x10(P): Li: x9(P): x7{@): xS5(P): x3(d) ,

the numerically smallest crossing being closest to the functor (LS) to which the
string belongs. Thus, had L5n established a pointer just after L5 in the origina

linear sequence, we would have found
I5n => x3(@): xX5(@): x7(P) > x9(@): L1: x10(P): x8(P): x6(P): x4(D) ,

again placing the ﬁunerically smallest crossing closest to the functor (LS).

We have now accounted for all (new) crossings induced by the Calculus manip-
ulation "Li (L5n) #" on the linear sequence associated to the string-position of
Fig. 155.A and, inserting the above "crossing-phrases" into this sequence at the
indicated arrows, we generate the linear sequence

B x10(U): x9(U): L2: X7(U): x8(U): x1{@}:R3: x2(0):
n L2f
X4(@): x6(@): x8(P): x10(P): Ll: x9(@): x7(®): X5(B): x3(@Bh: LS:
‘ L5n = the Spike
RS: x2(U): x4(U): x3(U): L3: x5(U): x6(U): x1{U): R2m
“ V] . SR
w3f . Ldn

This linear sequence, when the s‘tarting-point node has been brought to lead posi-
tion by sequence-rotation, will be found to be identical to that associated to
Fig. 155.B and is, thus, the derived sequence (when brought to its canonical rep—
resentation by uniform sequential crossing relabeling). We remark that, in the
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present exanple, the derived sequence enjoys the canonical orientation; that this
is not always the case will be clear from a consideration of the application of
the Calculus manipulation 'TI (L5£) #", wherein the derived sequence will not have
the canonical orientation. In general, the convention Seq. 2 must be "checked"
in all cases of a pick-up move involving a "starting-point" functor, when bring-
ing the derived linear sequence to its canonical presentation.

Let us now return to the original problem, with string on hands, and perform
the Calculus manipulation "I? (L5n) #" on the string-position whose schema is given
in Fig. 155.A. The string-position which results has the schema of Fig. 155.E,
‘below.

Fig. 155.E: Example (4), Pick-up moves. —

|=> Ll: x1(@): x2(P): x3(@): x4(P): L5: RS: x4(U): L3: x3(U): x5(U): x6(U):
R2: x7{(U): x1(U): L2: x2(U): x5(@): x8(U): R3: x8(P): x6(P): x7(P)m

This is to be compared to the schema of Fig. 155.B, which also purports to be the
result of the above experiment. And while the two schemata involved are not iden-
tical, they are ¢-equivalent.* Thus, a shortest linear sequence for either is a
shortest linear sequence for both (since they belong to the same @-equivalence
class) —- and so, at a subsequent "|"-operation, the distinctions between these
two distinct experimental outcomes will disappear. Thus our “spike"-implementa-
tion of the Calculus manipulation ';fi (L5n) #" is seen to be entirely general with

respect to the ¢-equivalent classes involved.

To see this @-equivalence, begin with Fig. 155.B and perform the @-operations
-1 g
0. 0% {x2, x4a] > 4,
2). (2)3 :
The resulting string-positicn,apart from the names for the individual crossings

Draw s;x6-x8 across x1.

involved, has the schema of Fig. 155.E, above. -
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We now consider the application of the Calculus manipulation "Q)(Es_n) LS
to the string-position of Fig. 155.A as a minor variation on the above discus-
sion. The accompanying schema will be identical to that of Fig. 155.B, except
that now the "spike" will run beneath the (four) transverse strings rather than
above them; i.e. the parities of the crossings x3, x4, x5, x6, x7, x8, x9, x10
in that figure will be reversed. Specifically, we shall generate the derived
linear sequence

B> x10(®): x9(0): L2: x7(®): x8(P) : x1(P): R3: x2(D):
L2n L2f
x4 (U): x6{(U): xB(U): x10(U): L;l: x9(U): X7(U): x5(U): xm: LS:
L5n = "Spike"
RS5: x2(U): x4(®): x?:(q))l: L3:&S(Q))ix6(®): x1(U): R2m
L3f L3n

by direct analogy with the case of the previous example. Similarly, applying the
complex pick-up move 'ﬁ(L2f): g(&S_n‘) #" to this string-position (of Fig. 155.A)
will generate the analogous derived linear sequence

|=> @.O(U): x9(U)l: L2:£(U): x8(U): x1(®): R3: x2(@):
ﬁn LYZf
X4 (U): x6(U): x8(P): x10(P): Lil: x9(@P): x7(P): x5(U): x3(U): L5:
5 ~ J
L5n = "“Spike"
R5: x2(U): x4(0)r: x3(9) : L3:‘§5((Z)): X6(@): x1(U): R2 m
L3f L3n

Et cetera.

The case in which a functor, Fl, passes away from you to pick up the far
string of a distinct functor, FZ, is handled in entirely similar fashion ~-
only, now, the an—string is also an intermediary string (the first, in the or-
dering) of the process. For definiteness, we consider the application of the
Calculus manipulation L1 (L5f) #" to the string~position of Fig. 155.A. The de-
rivative linear sequence so generated will be

= x12(U}: x11(U): L2: x9(U): x10(U): x1(P): R3I: x2(P): x4 (U): x3(U): LS:
LEn LEf Bn
\x3 @): x5(@): x7(D): x9(@): x11(P): L1l: x12(P): x10(D): XB(D): x6(D): x4(D):
L5f = "Spike
R5: x2(U): x6(U): x5(U): L3: x7(U): x8(U): x1(U): R2m
L3f L3n
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We remark that this linear sequence has an orientation which is opposite to the
canonical one. Et ‘cetera.

By bilateral symmetry, we may discuss the application of the Calculus ma-
nipulation "ﬁl (RSn) #" to the schema of Fig. 155.A. Explicitly, we will gener-
ate the derived linear sequence

|2 L2: x1(@): x6(U): x5(U): R3: x3(U): x4(U ): x2(D):
R3n T
LS: R5: x3(@): x5(0): x7(@): x9(D): Rl: x10(@): x8(@): x6(P): x4(P):
RSn = "Spike"
x2(U): L3: x1(U): xB(U): x7(U): R2: x9(U): x10(U) m
TR T ®R

”

which is established by "rote" manipulation of the parent linear sequence (asso-
ciated to the schema of Fig. 155.A) according to the algorithm established above;
a direct construction confirms the validity of the process for this example.

Et cetera.

Finally, appealing to the symmetry of the "far-~side" viewpoint of string-
figure schemata (see pages 35-36 of these notes), we may discuss pick-up moves
in which the functor moves towards you in its approach to the object string (ar-
gument). To thét end, consider the Calculus operation "E (LLE) #" applied to
the string-position

0.A: So > 31,

whose schema is given in Fig. 155.F, below.

13 (= | =) k3
) .J'm
2 G R2

14 * D RL

Fig. 155.F: Example (5A), Pick-up moves.

Note that this is Fig. 155.A, under the frame-node relabeling

Fig. 155.A  Fig. 155.B Fig. 155.A  Fig. 155.B
12 — Ll R2 —> Rl
L3 — L2 R3 — R2
15 — 13 RS —> R3
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i.e. under 5 > 3 -> 2 > 1. The associated linear sequence is
B Ll: x1(@): R2: x2(@): L3: R3: x2(U): L2: x1(U): R1MW

i.e. this is the linear sequence associated to the schema of Fig. 155.A under
the above frame-node relabeling.

The "spike"-implementation of the manipulation
Si-S (L1f) #" results in a string

-position whose schema is given in Fig. 155.G, belowey,

) R3.

2 ) R2

Fig. 155.G: Example (5B), Pick-up moves.

[= Ll: x3(®): x5(0): x7(@): x9(@): LS: x10(Q): X8(@): x6(P): x4(P): x1(P):
R2: x2(@): x8(U): x7(U): L3: x9(U): x10(U): R3: x2(U): X6(U): x5(U):
L2: x3(U): x4(U): x1(U): R1®m

Here, the frame-nodes intermediate to the functor, LS, and argument, L1f are pre-
cisely L2, L3; whence there are precisely four intermediate strincjs L2n, L2f, L3n, i
L3f -- the first being nearest the argument, the last being nearest the functor. b
Two sequentially-ordered crossings on each of these four strings describe the
spike's passage across them, the nurerically smallest in each pair of said cross-
ings being closest to the functor to which the given string belongs. The derived
linear sequence, directly prodL_xced by our algorithm, is thus seen to be 1

=3 Ll: x3(@): x5(@): x7(@): x9(P): L5: x10(@): x8(D): X6(D): x4(D):
‘ Yoo —’
L1f = "Spike"
X1(D): R2: x2(P): x8(U): x7(U): L3:\x9(U): x10(U): R3: x2(U):
L3n Li‘i'f
x6(U): x5(U): L2: x3(U): x4(U): x1(U): Rim
L2f L2n

This is identical to the linear sequence associated to Fig. 155.G directly.
Et cetera.

This completes our @-analysis of the bilaterally specific (i.e. "single-
arrow") pick-up moves.* A handy visualization of this process is afforded by

We shall return to the case of "pick-up from above" subsequent to the discus-
sion of "loop-twists", below. ‘
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considering Fig. 155.A in the context of the operation ‘Ti (L5n)#". Basically,
this move produces the @-equivalent string-position of Fig. 155.B with Ll-node
deleted —- created from Fig. 155.A by four (bz-operations —- into which diagram
the frame-node L1 is inserted as indicated (cf. the "naive insertion of page 364).
We remark that the wholistic perspective of

T (5n)# Eal}&?‘ééﬂ)#} . {Hsn) ,

RY (RSn) # R (RSn)

7/
now follows from the simultaneous application of the above algorithm to each of
the bilateral halves of the parent configuration (see pages 18-19). All the
above analyses are entirely general with respect to the @-equivalence classes in-
volved.

It remains to discuss the purely wholistic ("double-arrow") pick-up moves
typified by, say, "L——E’.‘(BE)#", where F is the generic finger, s the generic string --
to which matter we now turn our attention; again, we shall initially restrict our-
selves to the case of “pick-up from below", deferring the corresponding case of
“pick-up from above" until after the discussion of "loop-twists". Our aim is to
analyze the present situation via extrapolation of the previous algorithm; the

following example will illustrate the ideas involved. Consider the string-posi-

tion resulting from the manipulational string
0.1: > RiS5m: O.JA |,

whose associated schema is given in Fig. 156.A, below.

Fig. 156.A: Example (6A), Pick-up moves.

|=> Ll: X1(@): x2(P): x3(P): R3: x4(P): XS5(P): x6(P): L5: x6(U): x7(U):
X8(U): x9(P): x4(U): x10(U): RS: x10(P): x5(U): x7(®P): L3: x1(U):
X11(@): x12(®): Rl: x12(U): x3{(U): x9(U): x8(®): x2{(U): x11(U)m

And let us consider the application of the pick-up move T3 (RSn) #" to this string-
position. On the surface, at first glance, this appears to be a far more formid-
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able problem in linear sequence crossing analysis than was, say, the similar-
appearing application of L3 (LSn}#" to this string-position —— owing to the cross
ings induced by the central tangle of strings between the hands, over which the
object string, RS5n, must somehow pass in this new situation. However, as will
be seen below, the "spike - implementation' method of the previous examples may be
profitably extrapolated to the present situation. Diagrammatically, we proceed

ke Q*L

R R ~

Fig. 156.B: Example (6B), Pick-up moves.

S |=> X22(U): x21(U): L1: x23(U): x24{U): x1(@): x2(P): x3(P):
&

Lln Lif
x16(U): x15(U): R3: x13(U): Xx14(U): x4(D): XS5(@): X6(P): L5:
R3n R3f
x6(U): x7(U): x8(U): x9(®): x4(U): x10(U): RS:
RSn x13(@): x15(P): x17(@): x19(®): x21(P): x23(Q): L2:
"Spike" {x24(¢)): X22(P): x20(@): x18(P): x16(P): x14(P):

x10(@): x5(U): x7(@): L3: x1(U): x11(®): x12(®):

X18(U): x17(U): RL: x19(U): x20(U): x12(U): x3{U): x9(U):
R1f Rln

X8(@P): x2(U): x11(U) =

Thus we create an @-equivalent of the final position which avoids the central

tangle. As before, a subseguent "]" will elide any distinctions between members
of the same @-equivalence class. We remark that, since the functor, L2, is near-
er to you than is the argument, the RSn-string (i.e. 2 < 5), the spike must pro-
ceed first towards you, then to the left, and away from you to the indicated func-
tor in order to constitute a correct rendering of the manipulation '—T"Q(RSn)#" as
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applied to this string-position. And, of course, the manipulation ':g; (RSn) #"
will be spike-implemented exactly as in Fig. 156.B, except that the parities of
all spike-crossings, x13 through x24, must be reversed. Et cetera.

Compare the previous situation with that of applying the Calculus manipula-

tion 'ﬁ(le)#" to the string-position of Fig. 156.A. Diagrammatically,

Example (6C), Pick-up moves.

Fig. 156.C:

= L1: x1(@): x2(9): x3(@): X14(U): x13(U): R3: x15(U): x16(U): x4 (D) :
’¥h Rf
X5(@) : x6(D): x24(U):vx23(U;: LS:\x21(li:’ x22(U)j: x6(U): x7(U): D
LSn L5f
X8 (U): x9(@): x4(U): x10(U): L)(20(02: X19(U) : R5: x17(U) : xlB(U)l,:
RSE RSn
x10(@): x5(U): x7(®): L3: x1(U): x11(®): x12(®):
RLE {x14 (@) : x16(P): x18(D): x20(D): x22(P): x24(P): L4
"Spike" (x23(@): x21(@): x19(®): x17(P): x15(P): x13(D):
Rl: x12(U): x3(U): x9(U): x8(®): x2(U): x11(U)m

In this case, since the functor, L4, is further away from you than is the argu-
ment, the Rlf-string {i.e. 4 > 1), the spike must proceed first away from you,

then left, and towards you to the indicated functor in order to give a correct

rendering of the manipulation "ﬁ (RLE) 4" as applied to this string-position.

Et cetera.

It remains to discuss what is, perhaps, the principal application of the
"double~arrow" pick-up moves, in which the functor picks up a palmar string of
the opposite hand. And here, in the corresponding spike-implementation of this
class of moves, the direction of the spike is immaterial; we shall always choose
"towards you" for this direction, for definiteness.
Consider the string-position resulting from the manipulational string

Again, we proceed by example:!--
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0.1: > RiSm: K2 (Lp)# |

whose associated schema is given in Fig. 156.D, below.
- __._.Q o 15/7 —
/ t:D R2

i I, y_———————— —me - . R& e

Fig. 156.D: Example (7A), Pick-up moves.
|=> Ll: x1(@): x2(®): x3(D): R2: x4(P): x5(P): x6(P): LS5: x6(U): x7(U):
x8(@): x5(U): RS5: x4(U): x3(U): Rl: x2(U): x8(U): x7{(P): x1(U)m

Let us apply the complex pick-up move "ﬁl,(RZm) : ég (Rp) #" tothis string-posi-

tion. Here, the spike-implementation of this manipulation produces the schema

Example (7B), Pick-up moves,

Fig. 156.E:

where the initial direction for the spike (towards you) is an arbitrary conven-
tion. For the associated linear sequence, we have

B> x16(U): x15(U): Ll: x17(U): - X18(U): x1(P): x2(P): x3(B): \x10(U): x9(U):
Lin L1f
R2: x4(@): x5(0): x6(@): L5: x6(U): x7(U): x8(P): x5(U): RS: x4 (U) :
X9 (@) : x11(B): x13{@): x15(®): x17{@): L2:
"Spike"{x18 (@) : x16(P): x14(P): x12(P): x10(®):
x3(0): x12{U): x11(U): RL:\x13(U): x14(U)J. x2(U): xB(U): x7(@): x1(U)m
- RIE RIn

The Calculus manipulation ';Ié(gg)#" will be spike-implemented exactly as in
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Fig. 156.E, except that the parities of all spike-crossings, x9 through x18,

must be reversed.
This completes our @P-analysis of the Calculus manipulations described by

Et cetera.

"pick-up from below" moves in the absence of multiple loops. In every case the
above algorithm produces the outcome of such an operation by rote manipulation
of the parent associated linear sequence, without appeal to the schema involved
therewith; the operations from the string-figure Calculus thus faf discussed are
therefore seen to be independent of the underlying schemata associated to them.
And the extension of this analysis to the case of string-positions with distinct
mltiple loops is straightforward and immediate, via introduction of the split-
node schemata of Section, I., Systemology (pages 20-23). In particular, on the

string-position Q.A,

s

L2

e mmn — mt —— 2 e em e m e » |

———— tﬁ-..

Example (8A), Pick-up moves,

Fig. 157.A:
|=> Ll: x1(®): R2: x2(P): LS: RS: x2(U}: L2: x1(U): R1 ™

if we now wish to apply the Calculus manipulation 'Ti (LSn) #" -- thus producing
two (distinct) loops, {Lle, uLlwm, on Ll -- we first replace the linear-sequence
entry "L1" by "{L1", and then proceed via the algorithm to effect the indicated
pick-up on the (loopless) functor "uLl" lying between {Ll and L2 in the relevant
frame-diagram. This results in the string-position of Fig. 157.B, below.

Fig. 157.B: Example (8B), Pick-up moves.
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> f11: x1(0): R2: X2(@): x4(Q): x6(@): uLl: x5(P): x3(@),: LS: RS:
L5n = “Spike"
x2(U): x4(U): x3(U): L2: x5(U): x6(U): x1(U): R1w

SO PP
L2f L2n

It should be apparent that the above analysis is entirely independent of the
number of distinct nodes in the underlying frame-diagram, and relies only on
their relative positions(see e.g. Fig. 16, page 23). Et cetera.

The last collection of string-figure Calculus manipulations for @-analysis
in the present section is that of the loop-specific operations, the first of
ﬁhich -- release —— was discussed previously in the context of singleton loops.
The corresponding case for distinct multiple loops in the split-node schema is
entirely similar, the sole added (easy!) complication being the occasional need
of renaming the loops remaining on a given functor after a loop has been released
and the "alias"
For example, consider the linear

therefrom (see pages 22-23 for a discussion of "loop demotion",
viewpoint of loop-manipulations in general).

sequence associated to Fig. 29.V (page 58) in the construction of Osage Diamonds:

}:)RLl: x1(U): x2(U): x3(@): uRl: x4(@): R2: x4 (U): x3{U): x2(Q): X5(0) :
x6(U): x7(U): L2: x7(@)}: uLl: x6(P): x5(U): x1(P): CRlm

And suppose, now, that we wished to apply the Calculus manipulation "[JuLl" to
this string-position. We proceed, as before indicated, by deleting the entry

"uLl" from the above linear sequence, and then renaming all Ll-nodes (i.e. loops
remaining on L1) -~ if any -- after the usual convention (page 21). 1In the pres-
ent case, since only one loop remains on L1 after the indicated manipulation, this
is accomplished by replacement of the entry "§L1" in the above linear sequence by
the symbols "L1" -- or, by deletion of the initial symbol of "fL1", if you prefer.

The derived linear sequence in this case is thus given by

|=> Ll: x1(U): x2{U): x3(@): uRl: x4(@): R2: x4(U): x3(U): X2(P): x5(9):
X6(U): x7{U): L2: X7(@): x6(@): x5(U): x1(®): iRl m

; -1
Here we recognize the w2 ~cancellable crossing-pair x6, x7, which would disappear

under a subsequent "|"-operation. Et cetera.

Next we discuss the distinguished loop-specific manipulation "Navaho"; let
F be a generic finger, occurring in a given string-postion, which is incident

with exactly two distinct loops -- JF®, WFm. We shall diagram the operation
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"NF" as follows:

' Xtme3d)

R T
‘X(MHH

S O N €

G

Example (1), Navaho.

Here, xn is the numerically maximal-labeled crossing in the schema associated
to the given string-position prior to the application of the manipulation "NF"
thereto. The "Navaho" move introduces four new crossings into this schema;
x(n+l), x(n+2), x(n+3), x(n+4); as illustrated in Fig. 158.A, above. Also, the
functor nodes _QF, uF have been replaced by the singleton node F. [The corres-
ponding diagram in which F is a right functor will be the mirror image of that
in Fig. 158.A.:] Thus, the linear sequence associated to the original string-po-
sition shows {F, uF as (the only) F-entries; to produce the derived sequence we
must identify the fFf- and uFf-strings' position in the original linear sequence.

There are two substitutions to be made:
ufFf
N.i. 1If |=> VR e, replace the entry "uF" in the (original) linear
sequence by
x(n+3) (@) : x(n+2) (U): F: x(n+l) (U): x(n+4) (@);

otherwise, make the above substitution with the reversed sequence, i.e.

x(n+4) (@) : x(n+l) (U): F: x(n+2) (V) : x(n+3(9).
Ff

N.2. If |= ...‘l’iF...I , replace the entry "{F" in the linear sequence by

x{n+4) (U): x(n+3) (U): x(n+2} (@) : x(n+1) (D):
otherwise, make the above substitution with the reversed sequence.

Note that the above substitutions may be directly read-off from Fig. 158.A by
following the constituent loops in the directions indicated by the placen;ent of
their "far"-strings in the associated linear sequence. Further, the entry "uF"
is deleted from the original linear sequence by N.1, >while "JF" is deleted by

N.2. The entry "F" is inserted into the derived sequence by N.1 and -~ in every

case —— each of the four newly created crossings occurs exactly twice in the de-

—~—"
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rived sequence, the two occurrences being marked by opposite parities. We re-
mark that, when F is the starting-point node of the original linear seguence, we

will always be in the subcas?Z
Ff

B ... QFJ‘...I

of the substitution N.2 ~- by the convention Seq. 2. Thus, for example, to ap-

ply the manipulation "N(L1)" to the string-position obtained from
o-A: Tiusnt |,

illustrated below,

RA

Fig. 158.B: Example (2A), Navaho,

|=>'£L1L: x1(®): R2: x2(9): quL: X3(@): x4(P): L5: RS5: x4(U): L2: x3(U):
x2(U): x1(U): RIM

we note that, here, n=4; and both {L1f- and uLlf-strings follow their respective

nodes in the above linear sequence. Thus, by the algorithm, the derived linear
sequence is

[ x5(@): x6(P): x7(U): x8(U): xL(@): R2: x2(0):

XB(®) : xS(lmfﬁle: X6(U): x7(P): x3(D): x4(0):
L5: R5: x4(U): L2: x3(U): x2((U): x1(U): RA™

The accompanying schema is given in Fig. 158.C, below.
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And we directly verify (i.e. by construction) that the above schema is associ-

ated to the string-position resulting from the manipulational seguence
0.A: TT(LSn) # |: N(L1).

We remark that the above derived linear sequence may be brought to its canonical
presentation by leftward rotation and uniform sequential crossing relabeling;
i.e. it is correctly oriented.* '

We close our discussion of the Calculus operation "Navaho" with a brief ex-

amination of another example of the four possible cases of the above substitution
algorithm. The string-position resulting from the manipulational sequence

Fig. 158.E: Example (3B), Navaho.

0.A: <Llw: >R2w: L5(Lin)# |

Here we recognize the (I);l—cancellable crossing-pair x7, x12 -- and subsequent
is illustrated in the schema of Fig. 158.D, below. pair x6, x11 -- which would disappear under a later "|"-operation. Et cetera.
This concludes our discussion of the Calculus operation "Navaho". We re-

|
‘ mark that, as usual, the wholistic perspective of
|
1
I
|

_ {N@R)
o < frezl

now follows from the simultaneous application of the above algorithm to each of

the bilateral halves of the parent configuration. All of the above analyses are
entirely general with respect to the @-equivalence classes involved.
Fig. 158.D: Example (3A), Navaho. The next loop-specific operation to be considered is the twist. Let F be a
> Li: XL(U): RL: x2(0): L2: x3(0): x4(U): X5(0): RS: X6(0): x7(U) ¢ generic functor, occurring in a given string-position*, which is incident with
g15: x8(U): xA4(@): R2: x5(0): x6(9) NLS: x7(0): x8(9): x3 @) : _ an unique loop, F®. We shall diagram the "twist" operations as follows:

x2(9): x1(@)m i O\___/
- Here n=8, and both {LS5f- and uL5f-strings precede their respective nodes in the | F C / Ximeyy

S
above linear sequence. Thus, by the substitution algorithm, application of the
Calculus operation "N(L5)" to the above string-position will produce the derived

sequence . | | \ -
|=> Ll: x1{U): Rl: x2(U): L2: x3(U): x4(U): x5(U): R5: x6(U): x7(U): Df

X12(0): xll(U)\:fxlO((b): X9 (@),: x8{U): x4(®): R2: x5(P): x6(P): Fig. 159.A: Example (1), Twists.

x11(@): x10(U): LS: x9(U): x12 (Q))J: X7(@): x8(@): x3{P): x2(P): x1(P)m . . ) :
—— ~ | Here, xn is the numerically maximal-labeled crossing in the schema associated to
The accompanying schema is given in Fig. 158.E, below, for the purposes of com- |

* N
~ Otherwise, > Fo® = §
This need not be true, in general. |
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the given string-position prior to the application of a twist operation thereto;
either of the moves "> Fm, <Fm®" introduces exactly one new crossing, x(n+l),
into this schema, as illustrated in Fig. 159.A, above. [The corresponding dia-
gram in which F is a right functor will be the mirror image of that in Fig.

159.1\.:] The modification to the linear sequence associated to the original string-
position induced by the operations "> Fam, < F®" consists of a single substitution,
determined (in either case) by the position of the Ff-string in the original lin-

ear sequence. In particular,

) "Twist": If B Eifl“ ...®, replace the entry "F" in the (original) linear
sequence by
1). > Fo:
F —> x{(n+1)(U): F: x(n+l) (®),
2). <Fom:

F = x(n+l) (@): F: x(n+l) (U),

respectively; otherwise, make the above substitution with the right-hand side

sequence rever sed.

Note that the above substitutions may be directly read-off from Fig. 159:A by
following the constituent loop in the direction indicated by the placement of
its "far" string in the original linear sequence.

And we may treat multiple loop-twists, e.g. ">> F®", by concatenating sin-
gleton twists, viz. "> Fe: >Fa". Let us treat this situation, completely, in

the case
£
=3 5’ ...m

as a final "exercise" before leaving thepresent subsection. By the above algo-

rithm, the Calculus operation "> Fe" modifies the original linear sequence to
. Ff
2 ... x(n+1) (U): F¥: x(n+1) (@) ... @

in which the Ff-string now immediately follows F in the derived linear seguence.
Hence, applying the algorithm for the second "> Fo" operation to this new linear
sequence, we produce the second derived linear sequence

[= ... x(n+1) (U): x(n+2) (@) : F: x(n+2) (U): X(n+l) (@) ...m

The corresponding operation, ">>Fm®", thus — in this case -- may be presented

diagrammatically by -
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Fig. 159.B Example (2), Twists,

which is directly verified by performing this experiment in the string. Et ceter:

Using the above discussion of loop-twists, we may now complete our discussior
of pick-up moves, initiated earlier (pages 364-377). We have yet to discuss the
moves "pick-up from above", which we now realize via the equivalent concatenated
pair, "pick-up from below" followed by the appropriate *180°-twist" (see page 17
for this discussion). For example,

T1( Bt = Tusn4: >Lim,
Tt = it Lo,
L2(RSn)# = L2(RSn)#: > L2,

et cetera. Since the right-hand sides of all such expressions have been completel
@-analyzed, we may consider the corresponding left-hand sides to be similarly com-
plete in these regards.

The last of the loop-specific operations to be considered in the present sec-
tion is that of the translation of loops; there are several subtopics. The first
of these to which we turn our attention is the matter of inter-digit loop-transfer
The discussion which follows will be strongly reminiscent of the spike-implementa-
tion procedure, introduced earlier in the context of the pick-up moves. Form the

string-position, O.A, whose schema is given in Fig. 160.A, below.

wem—— e g -Ri‘ .

Fig. 160.A: Example (1A), Loop-transfer.
= Ll: x1(®): R2: x2(®): L5: RS: x2(U): L2: x1(U): RL®

We shall apply the Calculus operation “L_l_c% —~> L4" to this string-position by
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pulling the Lle away from you across all intermediary strings as a long, thin
spike tothe indicated functor, L4 -- thus creating two new sequentially ordered
crossings for each intermediate string so encountered by the traveling spike.
The result is illustrated in Fig. 160.B, below.

LS | /‘_:)RE
,—""”/

) Rra

Fig. 160.B: Example (1B), Loop-transfer.

’=> L2: x5(U): x6(U): x2(U): RS: L5: x2(@): R2: x1(P): x4(P): x6(D):
L4: xS5(@): x3(P): Rl: x1(U): x4(U): x3(U) m )

Algorithmically, we identify the intermediary strings over which the spike must
pass by an examination of the frame-node subsequence of the original linear se-

quence; that is
B Ll...R...L5...L2...m

Whence there is exactly one frame-node, L2, lying between L1 and L4; thus there

are precisely two intermediate strings: L2n, L2f -- ordered from loop to functor,
for definiteness. Identifying these in the original linear sequence, we find
L2f L2n
Ll ... R2 ... 15 ...YL2%. .. u

We next create two new (sequentially ordered) crossings on each of these two in-
termediate strings -- to describe the spike's passage across them -- the numer-~
ically smallest crossing being closest t¢-the functor to which the givén string
belongs (a convention). Since x2 is the numerically highest-labeled crossing
appearing in the original linear sequence, these will be, respectively,

L2n = x3(U): x4(U)
L2f = x6(U): x5(U).

Of course, all the above crossing-parities are "Under" by virtue of the arrow
above the indicated operation "Ll@® -—» L4". About the spike, itself -- since L4
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is further away from you than is L1, if Lln establishes a pointer before Ll in

the original linear sequence, we shall have
Ll -~ x3(®): x5(0): L4: x61Q): x4(®),

while if Lln establishes a pointer after L1, we shall have the reversed substi-

tution
L1 = x4(D): x6(®): Ld: x5(0): x3(0).

Here,of course L1 is the starting-point node for the canonical linear sequence,
whence it is thefirst substitution that is pertinent.

We have now accounted for all (new) crossings induced by the operation
"Iﬁf% —> L4" on the linear sequence associated to the string-position of Fig.
160.A and, inserting the above "crossing-phrases" into this seguence at the indi-
cated arrows, we generate the derived linear sequence

|=?‘x3(®): X5(D): L4: x6(P): x4(0): x1(P): R2: x2(P): LS:
N
L1
R5: x2(U): x6{U): x5(U): L2: x3(U): x4(U): x1(U): Rlm
L2f L2n

Note that, since L2f precedes the starting-point entry, L2, in this derived se-
quence, it fails to be canonically oriented. We:may check that leftward sequence
rotation -- to bring L2 to lead position -- followed by sequence reversal, pro-
duces the linear sequence directly associated to the string-position schematized
in Fig. 160.B; it thus lacks only uniform sequential relabeling of its crossings
of being in its canonical presentation.

In exactly like manner, the Calculus operations

Llg —> L4,
Ll | (L2@) : Llp - 14,
5o - 11,

& -> R3,

et cetera may be reduced to an algorithmic analysis of the linear sequences as-
sociated to the underlying string-positions -~ without appeal tothe schemata,
themselves. The arguments involved parallel the corresponding cases in the anal-
ysis of the (bilaterally specific) pick-up moves, and will be omitted.
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The next loop-specific operation to be discussed is that of intra-digit
loop-transfer, i.e. permutations of the loops on a single functor according to
well-defined rules as to their under/over passages. And, since any such permu-
tation is decomposable into a product of transpositions* of adjacent pairs, it
suffices to treat the case in which the generic functor, F, has exactly two dis-
tinct loops-- §F®, uF® -- i.e. A. {Fo —> uFw, and B. W —> {Foo (see page 27
for these definitions). As usual, we assume a canonical linear sequence whose

numerically maximum-labeled crossing is xn.

. Case A: {Fo - WFo
uF (e uF

Y3 W XM+ _

R (N
Mﬂ)
Fig. 161.A: JFo = uFm.
The operation "{Fm —> uF®" introduces four new crossings -- x{(n+l), x(n+2),
x(n+3), x(n+4) -- into the derived linear sequence, as illustrated in Fig. 161.A

‘above. There are two substitutions to b?? made.
XFf

({Fo = WFw). 1: If |=> ... w¥...n" then

fF = x(n+1) (@) : x(n+3) (@) : UF: x(n+4) (U): x(n+2) (U).

Otherwise, make the above substitution with the right-hand side sequence reversed.
(fF® ~> uFwm). 2: If | u‘ﬁf- then
uF => x{(n+2) (@) : x(n+l) (U): ?F: X (n+3) (U): x(n+4) (D).

Otherwise, make the above substitution with the right-hand side sequence reversed.

Here, in the derived sequence, _QF and uF have exchanged places from the original

linear sequence, each "pack on either side with two of the four new crossings.

Hall, M. Jr.: THE THBEORY OF GROUPS. The Macmillan Company, New York {(1959).
p. 60.

-387-

Case B: W - JFo

= i Y Foo =y LFeo
11 O
' Fig. 161.B: uFo —> {Fo.

Again, the operation "uFa -—> _QFG)" introduces four new crossings -- x(n+l),

xX(n+2), x(n+3), x(n+4) --as illustrated in Fig. 161.B. And, again, there are
two substitutions to be made.

Fe
(WP = {Fo). 1: 1f p» ... FV...m, then

QF => X(n+l) (U): X (n+3) (@) : uF: x(n+4) (P): x(n+2) (V).

Otherwise, make the above substitution with the right-hand side sequence reversed.
uFf

(Fo = Fo). 2: If > ...uF¥... g, then

uF = x(n+2) (@) : x(n+1) (@) : _,QF: X(n+3) (U): x(n+4) (U).
Otherwise, make the above substitution with the right-hand side sequence reversed.

It should be noted that, in the derived sequences in both this and the preceding
cases, each of the newly-introduced crossings appears exactly twice, the distinct
occurrences being marked by> opposite parities.

As an exercise, let us solve the following
Problem: Derive the linear-sequence substitutions corresponding to the manipula-
tional phrase

fFo > uFo:QuFm
in the case where the far strings of both {F, uF precede them in the original lin-
ear sequence.
Solution: Referring to Case A, above, for this situation we find that the appro-
priate substitutions for the phrase "XF@ -> uFm" are, respectively,

SF = x(n+2) (U): x(n+4) (U): uF: x(n+3) (B): x(n+l) (@),
UF —> x(n+4) (@) : x(n+3) (U): fF: x(n+1) (U): x(n+2) (D).

Next, to the sequence so derived, we apply the second entry in the given manipula-
tional phrase, "[JuF®" (see page 377). This will produce the second derived se-
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quence -~ i.e. the solution to the problem -~ determined by the substitutions

JF = x(n+2) (U): x(n+4) (U): x(n+3) (D) : x(n+1) (D),
UF —> x(n+4) (@): x(n+3) (U): F: x(n+l) (U): x(n+2) ().

The above solution is more recognizable if we uniformly relabel the four constit-
uent crossings as follows:
x(n+l) = x(n+l), x(n+3) —> x(n+2),

x(n+2) = x(n+4), x(n+4) = x(n+3).

Under this relabeling, the above linear sequence substitutions corresponding to
the phrase
Fo - uFw:{JuFm

become
XF > X(n+4) (U): x(n+3) (U): x(n+2) (@) : x(n+l) (),
UF —> x(n+3) (@) : x(n+2) (U): F: x(n+l) (U): x(n+4) (D)

which are N2 and N1, respectively (see page 378). That is, under the stated con-
ditions,

NF = (Fo —-> uF®:[] WFo, .

a valid assertion from our earlier discussion of these moves. The present dis-

cussion, of course, takes place in a "schema-free" context.

The penultimate Calculus manipulation to be discussed in the present section

is the (direct) cross-hand loop-transfer. To that end, let Fl, F_, be generic

2
functors, and suppose that a given string-position entails a single loop on RF
while LF

foll~vs:

1/
is incident with no loop. We wish to transfer the RF.@m to LF. as

2 1 2

RF,@ => LF, = L_E>2J,(RFlCD):DRF1# |.

We shall realize this manipulation by the method of spike-implementation -- by
now thoroughly understood -- illuminating only the new "twist" that arises in this
context.
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LF e

RF, o % LF.
Fig. 162: RFlcm = LF2.

Here, the RF,® has been released, and then drawn as a long, thin spike to the
near side of the figure (without twisting) over all intermediate strings (if
any) . Thence across to the left side of the figure with a single 180°-twist away
in the process; finally the spike is drawn directly away to LF'2 over all interme-
diate strings (if any). The spike is, ultimately, place on LFZ as a simple loop.

Clearly, this process is schema-independent, as the linear-sequence specific
machinery which accomodates the RFl@’s passage (as a spike} has already been
firmly established. The sole novelty of the present analysis is the minimal one

of inserting a 180°-twist away from you between the spike's passage towards you

over the near-side strings of IR, and its passage away from you over the near-side

strings of L; and this is trivial. We remark that the symmetric move, LFlco = RF
*

has accompanying diagram which is the mirror-image of Fig. 162 ~- with L and R

frame-nodes suitably relabeled; the spike-analysis is, of course, symmetric.

The final loop-specific manipulation from the string-figure Calculus to be
discussed in the present section is the interhand loop "exchange" (see pages 27-28
for the definition). That is, given a string-position in which, for the generic
functor, F, there is an unique LF® and an unique RF®, we wish to discuss the op-
erations "XF(L)" and "XF(R)". The method of the previous topic, the direct cross-
hand transfer via spike-implementation, will be employed herein, and only the nov-
elties of the present case will be discussed. An illustrative example will clar-
ify the (schema-independent) method: Consider the string-position 0.A, whose v
schema is given in Fig. 163.A, below. N

In particular, the singleton 180°-twist is still in the direction "away  from
you", as it should be.



Fig. 163.A: Example (1A), loop-exchange.

> Ll: x1(@): R2: x2(®): LS: RS: x2(U): L2: x1(U): Rim

We shall apply the Calculus manipulation "X2(L)" to this string-position accord-
ing to the schema-diagram of Fig. 163.B, below.

5 (- /R‘S

w Y i

= ‘;\3 ’u\ﬂl ‘ﬁh A
Ly (; ) ped by | [ DRL
A

X2y
Fig. 163.B: Example (1B), loop-exchange; X2(L).

B L1l: x5(U): 6{U): x13(U): x14(U): xL(®): x18(P): x20(D): x4(U): x24 (U):
X21(@): xX7(@): x5(D): L2: x6(P): x8(D): x22(P): x23(U}: x4(D): x19(QD):
X17(@): x2(@): L5: RS: x2(U): x13(@): x15(D): x3(@): x23(D): x24(0):
x12(@): x10(@): R2: x9(P): x11(@P): x21(U): x22(U): x3(U): x16(D):
x14 (Q)): x1(U}: x18(U): x17(U): x10(U): x9(U): Rl: x11(U): x12(U):
x19(U) : x20(U): x16(U): x15(U): x8(U): x7(U)x

We remark that the diagram corresponding to the operation "X2(R)" is the same as
that in Fig. 163.B except that the parities of crossings x21, x22, x23, x24 are
reversed. '

Now, Fig. 163.B, above, consists of O.A, modified for the simultaneous

cross-hand loop-transfers L2wm => R2, R2@ => L2 ~- consisting of two spikes with —-
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their cross-hand crossings x3, x4, respectively -- together with the four loop-
interaction crossings x21, x22, x23, x24, specifying the R2m's passage through
(i.e. inside of) the L2m; note that these latter four crossings are entirely rem-
iniscent of the crossings x(n+l), x(n+2), x(n+3), x(n+4) of Fig's. 161.A and B,
whose analysis was likewise schema-independent. Rather than pursue the lengthy
statement of the interhand loop "exchange" algorithm (all elements of which have
been extensively treated in the foregoing) at this time,* we shall instead con-
tent ourselves with the apparent observation that all operations from Section I.,
Systemology have now been shown to yield completely to an @-analysis in every
case and, hence, that the schemata of our former slavish dependence are, in real-

ity, entirely dispensable with respect to the foundational theory.

Now let us perform the gedanken-experiment of the schema-independent con-
struction of a string-figure. We begin with an opening -- say, 0.A —- to which

is associated a "short" canonical linear sequence, or "word":
> Ll: x1(@): R2: x2(@): LS5: RS: x2(U): L2: x1(U): RIm

We may consider each entry of this linear sequence to be a child's letter-block --
or a "Scrabble"-tile -- laid out in the above array, with the blocks representing
a frame-node being distinguished fromthe crossing-blocks by a distinctive color;
the runs of crossing-blocks between consecutive frame-blocks represent the string:
of the figure under discussion, and are "compartmentalized" by their boundary
frame-blocks. And, a pick-up or loop~transfer move inserts well-defined seguences
of blocks in a compartment-specific way, according to the precepts of the govern-
ing algorithm, toproduce a (sometimes much} longer word —— the derived linear se-
quence of the transformed string-position. For definiteness, suppose the loop-
transfer move "X2(L)" is the operation in question, applied to the linear sequence
for O.A. The derived linear sequence, as we've seen, is the lengthy one associate
to Fig. 163.B, above (which lacks uniform sequential relabeling of its crossings
of being in its canonical presentation). If the subseguent manipulation is ",
this linear sequence collapses to the short, simple,**

[= Ll: x1(@): x2(U): L2: x3(U): x4(P): LS: RS: x4(U): x3(@): R2: x2(0):
x1(U): RI®

See Appendix C, pages 398-401.

*
See Appendix C, pages 392-397 , for this lengthy computation.



-391-

New pick¥up or loop-transfer moves applied to this linear sequence will, again,
produce longer, more complicated derived linear sequences, until a "release, ex-
tend" pair produces a shortest word (through @-operation cancellation). The pro-
cess may be repeated several times in the execution of the string-figure in ques-
tion. Thus viewed through the schema-independent eyes of the model, the construc-
tion of a given string-figure gives rise to a "pulsation" in the ordered set of
associated linear sequences: they grow and collapse, grow andcollapse ... until,
at the final collapse (I) , the figure has emerged. The shortest words resulting
from the intermediate collapses (|) are the distinguished points on the path to
i';he end result, whose crisp, clean sub-constructs comprise the arguments of the
Calculus manipulations acting upon them; i.e. after the collapse these string-
positions must be searched for the constituent arc or loop pertinent to the next
operation. These must be reasonably easy to identify, whence the corresponding
word should be short. We remark that, in the majority of string-figures, the
short words corresponding to the distinguished intermediate string-position,
themselves, tend to grow in length in a regular way, until they attain the length
of the derived linear sequence associated to the final design.

~——————~ End Calculus Discussion ————-—-
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Appendix C.1: The Operation "|" Applied to the String-Position of Fig. 163.B.

The string-position of Fig. 163.B had the (non-canonical) associated lin-
ear sequence

@ = L1: x5(0): x6(U): x13(U): x14(U): x1(@): x18(Q): X20(@): x4(U): x24(V):
X21(@): x7(@): x5(P): L2: x6(D): x8(@): x22(D): x23(U): x4(P): x19(Q):
X17(@): x2(@): L5: R5: x2(U): x13(@): x15(P): x3(P): X23(D): x24 (D) :
x12(@): x10(@): R2: x9(@): x11(@): x21(U): x22{U): x3(U): x16(®):
X14(@) : x1(U): x18(U): x17(U): x10(U): x9(U): Rl: x11(U): X12(U):
X19(U): x20(U): x16(U): x15(U): x8(U): x7(U)m

application of the Calculus operation "|" to which, it was asserted on page 390,
would produce the (canonical) derived linear sequence

|=> Ll: x1{@): x2(U): L2: x3(U): x4(@): L5: RS5: x4(U): x3{@): R2: x2(®):
x1{U): R1® '

We now turn our attention to this lengthy derivation, as an exercise in the appli
cation of the @-operations. We shall adopt the notation

1

0" ()

w;l(xm, m) = {xm, xn} > ¢ (Lemma 2.B)

[xn} - ¢ (Lemma 2.A)

03(xm, xn; xk) = draw s;Xm-xn across xk.

Beginning with the linear sequence @, above, apply @gl(xl, x18) to produce the
derived linear sequence .®, below.

@ |=> Ll: x5(U): x6(U): x13(U): x14(U): x20(®): .x4(U): X24 (U): x21(@): x7(Q):
X5(@): L2: x6{@): x8(®): x22(®):.x23(U): x4 (@): x19(@): x17(D): x2(®):
L5: R5: x2(U): x13(®): x15(@): x3(@): .x23(P): x24 12 X12(@): x10(Q):
R2: x9(P): X11(@): X21(U): x22(U): x3(U): X16(9): x14(@): x17(U):
x10(U): x9(U): Rl: x11(U): x12(VU): x19il’14): xEEJTU): le(U)F: x15(0) :
X8(U): X7(U)u : T

To @ we apply ¢3 (x23, x24;x4) and ¢3(x3, x15; x16) simultaneously —— since they
are disjoint -- to produce O, below.
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@ B pi: x5(U): x6(U): x13(U): x14(U): x20 (¢)\:r~x?~4(l.u‘: X4 (U): x21(@D): x7(D): |
X5(@): L2: x6(D): x8(P): x22(P): x4(P): x23(U): x19(P): x17(@): x2(P): '
L5: R5: x2(U): x13(®): x3(P): x15(D) :’ X24(D),: x23(P): x12(P): x10(D): |
R2: x9(P): x11(®): x21(U): x22(U): x16(P): x3(U): x14(@): x17(0): x10(U):

x9(U): Rl: x11(U): x12(U): x19(U): %20 (V) ,__)QS_!_QL x16(U): x8{U): x7(U)®m

10 ) we apply @, (x15, x24; x20), to produce (4), below.

@ |= Li: x5(U): x6(U): x13(U): x14(U): x24(U): x20(®): x4(U): x21{D}: x7(D):
X5(@): L2: X6(®): x8(D): x22(P): x4(¢):.£{§__(g_)\: X19(@): x17(D): x2():
15: RS: x2(U): x13(®): x3(P): x24(¢):\>§}5 (mx:r%—%??-@)j x12 (@) : x10(®):
R2: x9(®): x11(P): xX21(U): x22(U): x16(@P): x3(U): x14(P): x17(U): x10(U):
x9(U): Rl: x11(U): le(U):\;{l?(FJ):__)clS(}J_)': %20 (U): x16(U): x8{(U): x7(U)m
p it

To this we apply @,(x15, x23; x19), to produce 5), below.

G L x5(0): x6(0): xI13(0): x14(U): X24(U): x20(@) 2\ x4 (V) : x21(@): x7(D)
X5 (@) : L2: X6(P): x8(P):\x22(P): x4 (D) : x19(P): x23(U): x17(P): x2(P):
L5: RS: x2(U): x13(@): x3(@): x24(Q): x23(®): xlS(Q)_)gtl_Zl@_) x10(®) :
R2: x9(9): xll(Q)):JiZiw/_)ggﬂ)): x16(@): x3(U): x14(@P): x17(U): x10(U) -

x9(U): Ri: x11(0): x12(U): )f_];i(l{): x19(U): x20(U): x16(U): x8(U): x7(U)a _.

To @ we may apply both (Z)El(x12, x15) and m3 (x4, x22; x21), since these are dis-
joint, to produce (6), below.

@ |=> Ll: x5(U): x6(U): x13{U): x14(U): x24 (V) :\2(30*(0) : x21(®)}: X4(U): x7(0):
X5(@) : L2: x6(@): x8(P): x4(P): x22(P): x19(P): x23(U): x17(P): x2(P):
L5: RS: x2(U): x13(@): x3(P): x24(P): x23(P): x10(@): R2: x9(P): x11(D):
%22 (U) %21 (U): x16(P): x3(U): x14(®): x17(U): x10(U): x9(U): RLl: x11(U):
x19(U): x20(U): x16(U): xB(U): x7(U) =™
. —_—_—

To @, we apply (2\3 (%20, x21; x16), to produce (7), below.

@ B Ll: x5(U): x6(U): x13(U): x14(U): x24(U): x21(B): x20(@): x4(U): x7(D):
X5(@): L2: x6(@): x8(@): x4 (@):\XZZ(Q)): X19 (@) : x23(U): x17(@): x2(®):
Teclll 7l
L5: RS: x2(U): x13(P): x3(P): x24(®): x23(P): x10(P): R2: x9(P): x11(P):
\;nggU): xlﬁﬂ: x21(0): x3(U): x14(@): x17(U): x10(U): x9(U): Rl: x11(0U):

x19(U): x16(V): x20(U): x8(U): x7(U)m

To (). we apply @,(x19, x22; x16), to produce (8), below.
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I@ Ll: x5(U): x6(U): x13(U): x144{U): x24(U): x21(®); x20(®): X4 (U): x7(D):
X5(@): L2: x6(P): x8(P): x4(0): x19(P): x22(P): x23(U): X17(P): x2(P):
L5: R5: x2(U): x13(@): x3(B): x24(®): x23(P): x10(P): R2: xX9(P):
’E{l(m.\’ilflﬂ)' X22(U): x21(U): x3(U): x14(®): x17(U): x10(U): x9(U):
R1: 35].'!"_92.__5115&) :\leﬂf X20(U): xB(U): x7(U)m

To (8),.we may apply both ogl(xn, x16) and @, (x4, x19; x20), since these are
disjoint, to produce (9), below.

@ B> Ll: x5(U): x6(U): x13(U): x14(U): x24(U): x21(@): x4(U): x20(P): x7(D):
i X5 (®): L2: x6(D): )fgglmilfg) x4 (@) : x22(D): x23(U): x17(D): X2 (D) :
LS5: RS: x2(U): x13(P): x3(@): x24(D): x23(P): x10(P): R2: x9(P): x22(U)
x21(U): x3(U): x14(@): x17(U): x10(U): x9(U): R1:
XZg(U): x19(U): x8(U): x74{U)I

To (9), we apply first Q);l(xﬁ, x19) -- followed by a;l (x7, %20) on the derived
sequence -- to produce the second derived sequence (10, below.

@ |2 Ll: x5(U): x6(U): x13(U): x14(U): x24(U): x21(0): x4(U): x5(®): L2:
X6 (D) : x4(P): x22(P): x23(U): x17(@): x2(P): L5: RS: x2(U):
X13(8): X3(@): x24(0): x23(@): X10(@): R2: x9(P): x22(U): X21 (V) :
\x3(U): xl4((D)': X17(U): x10(U): x9(U): R1 m

e e

We note, at this point, that the s;L5-R5 and s;L1-Rl strings are crossing-free,
i.e. the central tangle has been retracted back between them. We continue, ap-
plying Q)3 (x3, x13; x14) to @ to produce @ ; below.

Q) b Li: x5(U): X6(U): X14(U): x13(U): x24(U): x21(0): X4(U): %5(9): L2:
x&-@mfﬁﬁ) X22(P): x23(U): x17{@): x2(@): L5: RS: x2(U): x3(®):

kx13(¢): x24 (@) : x23(®): x10(@): R2: Xx9(@): x22(U): x21(U): x14(®):
e —y
x3(U): x17(U): x10(U): x9(U): R1 ™

To @ we may apply both Q;l(xn, x24) and Q)3 (x4, x6; x5), since these are
disjoint, to produce @ , below.

12) = Li: x6(U):\>g_5_£l_J‘)~: X14(U): x21(@): x5(P): x4(U): L2: x4(P): x6(D):
X22(@): x23(U): x17(@): x2(0): E’: R5: x2{U): x3(@): x23(®): x10(®):

R2: x9(@): x22(U): x21(U): x14(P): x3(U): x17(U): x10(U): x9(U): RL ™

To @we apply 033 (x5, x21; x14), to produce @. below.
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@ b L1:x6(U): X14(U): X5(U): X5(0): x2L(D): x4(U): L2: x4(0): X6(@): x22(P):

x23(U): X17(@): x2(P): LS: RS: x2(U): x3(®): x23(P): x10(P): R2: x9(0):
%22 (U): x14(@): x21(U): x3(U): x17(U): x10(U): x9(U): R1m
=

And to (13) we may apply the disjoint mIl(xS) and @, (x6, x22; x14) to produce

@, below.

@ | L1: x14(0): X6(U): X21(B): X4(U): L2: x4(9): x22(0): X6(@): x23(U):
X17(@): x2(@): LS:R5: x2(U): x3(P): x23(@): x10(D): R2: x9(P): x14(@):
X22(U): x21(U): x3(U): x17(U): x10(U): x9(U): RL M

“To we apply @, (x6, x22; x21), to produce (I5), below.

@ b 1i: x14(0): x21(@): x6(U): X4(U): L2: X4(@): X6(9): x22(9): x23(U):
X17(®): x2(@): L5: RS: x2(U): x3(0): x23(): x10(®): R2: x3(@): x14(9):
%21 (U) z, x22(U): x3(U): x17(U): x10(U): x9(U): R1M

_W—d

To @ we may apply the disjoint w;l (x4, x6) and Q)3 (x3, x23; x22), to produce

@), pelow.

|> Ll: x14(0): x21(@): L2: x23(U): x22(@): x17(@): X2(®): LS: RS: x2(U):
X23(@): x3(9): xlO;Q)): R2: x9(®): x14(Q): %21 (U)
x3(0): %22(0): X17(U): X10(0): X3(U): K1

: -~ -1 .
To , we apply first ¢21(xl7, x22) -- followed by (2)\2 (x3, x10) on the derived
sequence —- to produce the second derived sequence (17}, below.

@ B L1: xl4(U)_:\/x21(®): L2: x23(U): x2(@): L5: RS: x2(U}: x23(@): R2:
X9(@): x14(@): x21(U): x9(U): RLW
~ Vv

To @we apply ®3(x9, xX14; x21), to produce @, below.

@ |» Li: x21(@): x14(U0): L2: x23(U): x2(@): L5: RS: x2(U): x23(8): R2:
x14(P): x9(@): Xx9(U): x21(U): RL®

Now, application of (2)11 (x9) to produces the final cancellation, and \lé ,
below.

@9 > 11: x21(@): x14(U): L2: x23(U): x2(@): LS: RS: x2(U): x23(@): R2:
x14 (@) : x21(U): RA W

The linear sequence , just derived, satisfies the conventions Seq. 1 and
Seq. 2 and, hence, lacks only uniform sequential crossing relabeling of being in
its canonical presentation. Thus, we $et
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x21 — x1 x23 — x3
x14 —> x2 X2 - x4

in + above, to produce the ultimate derived linear sequence,

[ L1: x1(@): x2(U): L2: x3(U): x4(@): LS: RS: x4(U): x3(@): R2: x2(Q) :
X1(U): R1®

as earlier promised. Notice that . is the canonical linear sequence associ-
ated to the schema of Fig. 163.C, below.

LS e » )
e X4~ 3 . .Rs ..

Fig. 163.C: Example (1C); O.A: X2(L) |.

s . *
As an exercise, the interested reader may wish to pursue the application of
the operation "|" to the linear sequence.

}=>L1: x5(U0): x6(U): x13(U): x14(U): x1(Q): x18(@): x20(P): x4(U): x24(9):
X21(U): X7(P): x5(P): L2: x6(P): x8(P): x22(U): x23(D): x4(P): x19(9) :
X17(@): x2(@): L5: RS: x2(U): x13(@): x15(P): x3(d): x23 (U): x24(U):
x12(@) : x10(@): R2: x9(P): x11(P): x21(P): x22(D): x3{0): x16(®): x14(Q):

x1(U): x18(U): x17(U): x10(U): x9(U): RLl: x11(U): x12(U): x19(U): x20(U):
x16(U): x15(U): x8(U): x7(U)m

which is associated to the spike-implemented string-position resulting from the
manipulational sequence

O.A: X2(R).
Here, the ultimate derived linear sequence is
[» £1: 12: L5: RS: R2: Rim

as is directly verifiable (cf. pages 27-28 of these notes). The schema corres—

ponding to this linear sequence is, apparently, given in Fig. 163.D, below.

Then again, he may not.
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LS 2 ﬁks

o \Re-

WO ) RA

Fig. 163.D: Example (1D); O.A: X2(R)|.
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Appendix C.2 (Contd)

Here we supply the missing details for the schema-independent analysis of the
Calculus operation "cross-hand loop exchange", discussed on pages 388-390 of
the present section. This is, largely, an exercise in "bookkeeping", which is --
at best -~ tedious; we include the details as both an example and an exercise, fo!
completeness of the discussion; the reason for itsrelegation to the Appendix will
become clear momentarily, if it isnot already so at present.

For definiteness, we consider the application of the Calculus manipulation
MXF (L) " .to a given canonical linear sequence whose maximal crossing label is n.
Then

*
1. Verify that the linear sequence contains both LF and RF as frame-nodes.
2. Identify the left-frame-nodes to the near side of LF. Label these
LFl, LF2, [ LFk
respectively, ordered from LF to the near side of the figure (i.e. LF. is the

1
sequence's frame-node nearest LF, and LFk is the starting-point node for the se-

quence). Similarly identify the right-frame-nodes to the near side of RFl and
label them

RF., RF,,

1r REyr ene
ordered from RF to the near side of the figure.

’ RFYI

3. Identify (via pointers) the near (and, hence, far) strings of each of the
loops LF, LF .oy LF
sequence.

1’ o1 - %’ RF, Rfl, RFZ, cees RF'(; in the (original) linear

The diagram below (Fig. 163.E) is a generalization of the text schema, Fig.
163.B, which will clarify the subsequent complicated crossing-labeling.

Otherwise, XF(L) = § , by definition.
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Fig. 163.E: XF(L): The general case.

Of the new crossings introduced by the manipulation, the first two ~- x(n+l1),
x(n+2) -- are assigned the left- and right-spike's self-intersections in passage
across the design, while the last four -- x(s+l), x(s+2), x(s+3), x(s+4), with
s = (n+2)+8(k+{) —— are reserved for the spikes' mutual interaction (here, the
right spike's passage through the left spike). The remainder of the crossings
are given in terms of the strings incident with the left and right fingers, be-

ginning at the functor and proceeding away therefrom along the indicated string;
4.A. For i =1,2,3, ..., k;
LF.f — x[(n+2)+(4i-3)] : x[(n+2)+ (4i-2)] : x|(n+2)+4 (k+Q) + (4i-3)]
x[(n+2) +4 (k+Q) + (4i~2)] ,
LFin = x[(n+2)+(4i-1)] x[(n+2)+41] : x[(n+2)+4 (k+§) +(4i-1)]:
x[n+2) +4 (k+§) +41] .
B. Forj=l, 2, 3, "‘I,Rl'
RFSE = x[{n+2) +4k+(43~3)] : x[(n+2) +4k+ (43-2)] : x| (n+2) +4 (2k+{) + (43-3)] :
x[n+2) +4 (2k+§) + (43-2)]',
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4.B. (cont(.i)
RF4n — x[(n+2) +4k+ (43-1)] = x{In+2) +4k+43]}: x[(n+2)+a(2k+ ) + (45-1)] :
x[An+2) +4(2k+f) +47] .

Of course, as we proceed along any of the indicated strings above, in either
direction, every crossing involved has "Under" parity, by virtue of the con-
vention that the spikes' passage is to be over all intermediary strings which
it encounters. .

We are now able to give the first of the two explicit substitutions into
the original, given linear sequence specifying the Calculus manipulation "XF(L)":

XF(L). 1. A. Fori=1,2,3, ..., k; if Wl- then
LF, = x[(n+2)+4(k+Q)+41] (0): x[(n+2) +4 (k+ Q)+ (41-1)] () : x[n+2)+4d] (V) :
x[(n+2) + (41-1)] (U): LF;: x[An+2)+ (41-3)J(0) : x[(n+2) +(4i-2)] (U) :
x[(n+2) +4 (k+0) + (4i-3)] (U): x[n+2) +4 (k+Q) +(4i-2)] (U) ;

otherwise, make the above substitution with the right-hand side sequence reversed.

B. Forj=1,2,3, ....0; if Ri%.;\-, then
RF. —>  x[(n+2)+4(2k+)+47] (U): x[(n+2)+4(2k+§)+(4j—1):| ) :
x| (n+2) +4k+43] (U) : x[(n+2)+4k+(43-1)] (U): RF,:
x[(n+2) +4k+ (43-31] (0) = x[(n+2) +4k+ (43-2)] (U} :
x[(n+2) +4 (2k+3) + (43-3)] (U) = x[(n+2) +4 (2k+Y) + (43-21] (U) ;

otherwise, make the above substitution with the right-hand side sequence reversed.

It remains to discuss the substitutions into the original linear sequence corres-
ponding to the two individual spikes, themselves. It will prove convenient, in
this regard, to introduce the following analogue of the "Summation Notation":

For n > 1,
n

@xi = xl: x2: x3: ... xX{(n-1): x(n).
i=1

For n= 0, we shall consider the right-hand side of the above expression to be
the enpty set, é.
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n
XF(L). 2: A. If = ... LIE{'...I then

)\ 2 x(n+l) (@) : x[(n+2)+8 k+)+3} @) :

J

4
x[(n+z) +8(k+{) +4]} (@) : ’f\x[(mz) +ak+ (48-23+21] (oj
J_

2
{éxt(n+2)+4k+(2j—l)] (w)\ x[(n+2) +8 (k+§) +1] (V) =

F — Qx[(n+2)+4(k+2)+(21-1)] (@

' D)
x[(n+2)+8 (k+Q) +2] (V) : x(n+1) (V) : éux[(n+2)+4(k+¥)+(4k -2i+21] (@)

otherwise, make the above substitution with the right-hand side sequence reversed.

n
B. If | ... FF Ri..-,then

]

s x(n+2) (@) : x[(n+2)+8 (k+}) +3] (V) :

RF —->{Ox|(n+2)+4(2k+£)+(23 -1)] (o
=1

x[(n+2) +8 (k+]} +2] (®) :?@xl]mzn (4k-21+2)] (m)Z\: LF
i=1 P

2k ’ -
{@ x[(mz)x(zi-l):[q))} : x[n+2)+8 (k+$) +1](@) : x[(n+2) +8 (k) +4] (U) =
LI=1

x(n+2) (V) : 2Cx[(n+2)+4(2k+2)+(49 2j+27 (o))

otherwise, make the above substitution with the right-hand side sequence reversed.

The linear sequence resulting from making the substitutions of XF(L).1l and 2,
above, in the original linear sequence will -- when brought to its canonical pre-
sentation —— be the one associated to the spike-implementation of the Calculus
manipulation "XF(L)" applied to the schema of the original sequence; i.e. it will
be a derived linear sequence.

As before mentioned, the substitutions for the manipulation "XF(R)" may
be obtained from XF(L).1l and 2 by reversing the parities of the crossings x(s+l1),
x(s+2), x(s+3), x(s+4) -~ where s = (n+2)+8(k+{) -- in each of these.
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