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Figure 1. The hagfish bites
into the prey, knots itself
up, and uses the knot for
leverage for pulling the
flesh out. (taken from refer-
ence [5]).

K n o ts a p p e a r in a v a rie ty o f c o n te x ts in p h y sic s,

ch e m istry a n d b io lo g y . T h is a rtic le is a n in tro -

d u c tio n to th e sc ie n c e o f k n o ts a n d lin k s fo r th e

u n in itia te d a n d it o u tlin e s w h y sc ie n tists ¯ n d

th e m fa sc in a tin g .

1 . K n o tte d F ish

T h in k of an orga n ism th at h as fou r h ea rts, on e n ostril,

n o stom ach b u t w ith teeth on its to n gu e! T h is m ay seem
like creatu re ou t o f a scien ce ¯ ction story, b u t a ¯ sh w ith
all th ese attrib u tes ex ists. It is th e hag¯ sh, w h ich is on e
of th e low est fo rm s o f ¯ sh a n d is a n a rch a ic (very old )
form o f life. It ca n secrete a th ick slim e on its sk in , w h ich

m akes th e ¯ sh v ery slip p ery to h old . B ecau se of th is,
it is also k n ow n as th e slim e eel. T h e h a g¯ sh u su ally
b u rrow s in to eith er d ea d or liv e ¯ sh an d ea ts th e ° esh
an d in tern al orga n s. It ta kes h old o f th e ° esh u sin g its
teeth an d p u lls it o u t. T h e m ost su rp risin g th in g ab ou t

th e h ag ¯ sh is th a t, if it n eed s ex tra leverage to p u ll th e
° esh ou t, it lo op s itself in to a kn ot a n d p resses th e k n ot
ag ain st th e b o d y o f th e p rey, a s sh ow n in F igure 1. T h e
k n ot th at it m akes is k n ow n a s th e h alf h itch . If y ou
tak e h old of th e h ag ¯ sh , it w o u ld th en secrete th e slim e

an d u se th e k n ot m ech an ism to p u ll itself o u t. O n ce
free, th e ¯ sh h as to g et rid o f th e slim e, a s o th erw ise, its
gills an d n ostril w ou ld b e b lo ck ed w ith th e slim e a n d it
w ou ld su ® o cate. T h is to o , it d o es, b y m ov in g th e k n ot
from on e en d of it to th e o th er. It can fo rm n o t on ly th e

h alf h itch , b u t also th e ¯ gu re eigh t k n ot. A n o ld a rticle
b y J en sen , g iv es m o re d eta ils o n th e h a g¯ sh [1 ].

2 . M a th e m a tic s o f K n o ts

E very on e o f u s h as m a d e th e h alf h itch k n ot (see F igu re
2) o n a strin g. M ath em a ticia n s, h ow ever, p refer th eir
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Figure 2(left). The half
hitch, which is converted
into a trefoil knot by joining
the two ends to form a loop.
Figure 3 (center). The
unknot.
Figure 4 (right). The trefoil,
which is denoted as 31, as it
has the crossing number
three.

k n ots to b e lo o p s. T h e reason is sim p le. M ov in g on e of
th e lo ose en d s of th e strin g in F igure 2 th rou gh th e k n ot
can u n tie it ea sily. T h is can b e avoid ed if th e tw o en d s

are jo in ed to geth er to fo rm a lo op . T h en th e k n ot is em -
b ed d ed in th e strin g for ever. T h e sim p lest su ch \ m a th -
em a ticia n 's k n ot" is ob ta in ed if o n e takes th e tw o en d s
of a stra igh t strin g an d join s th em togeth er to fo rm a
sim p le lo op , an d th is is ca lled th e u n k n ot (see F igure 3).
T h e k n o t ob ta in ed b y join in g tog eth er tw o en d s of th e
k n otted h a g¯ sh sh ow n in F igure 4 is k n ow n a s th e trefoil.
It is th e sim p lest n o n triv ial k n o t a n d h as th e in terest-
in g p rop erty th a t it is n ot su p erim p osab le on its m irror
im ag e. T h is m ean s th at if on e h ad a su b sta n ce, w h ose
m olecu les are m a d e of a lon g ch a in , lo op ed a n d k n otted

to form th e trefoil, th en th e su b stan ce w o u ld b e op ti-
cally activ e. T h e trefoil is a th ree d im en sion a l ob ject,
b u t it ca n b e ea sily rep resen ted o n tw o -d im en sion a l p a -
p er. S u ch a rep resen tation w ou ld h ave cro ssin gs, w h ich
are rep resen ted b y in terru p tin g th e lin e th a t rep resen ts

th e low er stra n d (see F igure 5 ).

T w o k n o ts a re con sid ered eq u ivalen t (sam e) if o n e ca n b e
d eform ed in to th e oth er. O b v io u sly, o n e is n o t allow ed

to cu t th e lo op a n d rejoin . T h u s th e k n o t in F igure 6 is
eq u ivalen t to th e u n k n o t. A ch aracteristic o f a k n o t is
th e crossin g n u m b er. T h e u n k n ot h as n o cro ssin g, b u t
its eq u iva len t rep resen ta tio n sh ow n in th e F igure 6 h a s
ten cro ssin gs. T h e m in im u m n u m b er o f cro ssin g w ith
w h ich a k n o t ca n b e rep resen ted in tw o d im en sion s is

k n ow n as th e crossin g n u m b er. T h e trefo il th u s h as th e

Figure 5. Two dimensional
representation of the tre-
foil.  Note that at each inter-
section, the lower strand is
represented by a line that is
broken.
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Figure 6 (left). A knot
equivalent to the unknot.
Figure 7 (right). Compos-
ing two trefoil knots to get a
square knot. Obviously, the
square knot is not prime.  If
one composed a trefoil knot
with its mirror image, the
result is a different knot,
known as the granny knot.

crossin g n u m b er th ree an d is d en o ted as 3 1 . T h e ¯ gu re-
eig h t k n ot (F igure 8 ) h a s fou r cro ssin gs a n d is d en oted
b y 4 1 .

T w o k n o ts can b e cu t a n d join ed to get a m ore com -
p lex k n ot. T h e m a th em a ticia n w ou ld say th at th e tw o
k n ots h ave b een com p osed (m u ltip lied !) to g et a n ew
com p lex k n ot. A n ex a m p le is sh ow n in F igure 7. O b -
v io u sly co m p osin g th e u n k n o t w ith a n y k n o t leav es th e
k n ot u n ch an g ed . T h u s, th e u n k n ot, a m o n g a ll th e p os-
sib le k n ots, is lik e u n ity (m u ltip licative id en tity ) am o n g
th e set of in tegers N (rem em b er 1 £ n = n for an y n ²
N ). F u rth er, it m ay b e p o ssib le to d eform a k n o t su ch

th at it is seen to b e co m p osed o f sim p ler k n ots. A k n ot
th at ca n n ot b e sim p lī ed in th is fash io n , is k n ow n as a
p rim e k n ot. O b v io u sly, th is is a n alogo u s to th e p rim e
n u m b ers w h ich can n o t b e d ecom p o sed an d w ritten a s a
p ro d u ct of tw o sm aller p rim es. A n in terestin g q u estion

is: given a k n o t, d o es it h ave an in v erse? T h a t is, for a
given k n ot K 1 , d o w e h ave an oth er k n ot K 2 , su ch th at
th e co m p ositio n of K 1 an d K 2 is th e u n k n ot? If su ch a
K 2 ex ists, th en it w o u ld b e referred to as th e in v erse of
K 1 . In terestin gly, n o n triv ia l k n ots d o n ot h ave in v erses.

K n ots are d i± cu lt to w ork w ith , a n d o ften , it can b e
very h ard to say w h eth er tw o p la n ar d iag ram s rep resen t
th e sam e k n ot or n o t. T h erefore, m a th em a ticia n s h ave
th ou g h t u p clever w ay s fo r th is p u rp ose. T h ey u se th e

k n ot in va rian ts. T h e id ea in in tro d u cin g a n in varian t

A knot that is not

composed of two

simpler knots is

known as a prime

knot.
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Figure 8. The figure eight
knot, which can be repre-
sented only with a minimum
of four crossings and is la-
beled as 41.

Figure 9. A knot having the
same Alexander Polyno-
mial as the unknot. Both
have Alexander polynomial
equal to unity.

is th e follow in g: G iv en an y k n o t, on e can ca lcu late th e
in va ria n t, w h ich is u n iq u e a n d is u n ch an g ed even if on e
calcu lates it u sin g a d efo rm ed versio n o f th e sa m e k n ot.

N a tu rally a k n ot in varian t rem a in s u n ch an ged if o n e p er-
form s an y k in d o f d eform ation on th e k n o t. T h e k n ot
in va ria n t cou ld b e a n u m b er or a p oly n o m ial. T h e ¯ rst
ex a m p le of a k n ot in varian t is th e A lex an d er p o ly n om ial,
d iscov ered in 19 27 . T h e A lex an d er p oly n o m ial fo r th e

trefo il k n ot is t2 ¡ t + 1 an d th e p oly n o m ial for 4 1 (th e
¯ gu re-eigh t k n ot of F igure 8 ) is t2 ¡ 3t + 1. A s th ese tw o
p o ly n o m ials a re d i® eren t o n e co n clu d es th at th e k n o ts
are d i® eren t. T h e A lex a n d er p o ly n om ial for th e u n k n ot
is eq u al to 1 (u n ity ). A tab le o f a ll th e k n ots h av in g u p
to 9 crossin gs is given in th e A p p en d ix 1 o f th e b o o k b y

L iv in g ston [14 ]. T h e A p p en d ix 2 of th e sa m e b o o k lists
th e A lex a n d er p o ly n o m ial of ea ch o n e of th ese k n ots.

T h e n ex t to b e in tro d u ced w as th e J on es p o ly n om ial.

T h is p oly n om ia l in v olves n ot o n ly p o sitive p ow ers o f
p
t,

b u t n eg ative p ow ers to o. A lm o st im m ed iately after th e
in tro d u ctio n of J o n es p o ly n om ials, th e H O M F L Y p oly -
n om ial, w as fo u n d in d ep en d en tly b y H o ste, O cn ea n u ,
M illet, F rey d , L ickorish a n d Y etter an d it is n am ed a f-

ter th em (th ere w ere o th ers to o, w h o in ven ted th e sam e,
b u t th ey p u b lish ed th eir resu lts slig h tly la ter). H ow ev er,
given a k n o t p o ly n om ial, it m ay n ot b e p ossib le to id en -
tify th e k n o t u n iq u ely. T h u s th e k n ot sh ow n in F igu re
9 a n d th e u n k n o t h ave th e sa m e A lex an d er p oly n o m ial
asso ciated w ith th em . T h e J o n es p oly n om ia l is b etter

in th is resp ect, b u t th is to o h a s th e sa m e p rob lem . F or
m ore in form ation on p oly n o m ial in varian ts, see th e arti-
cle b y S u n d er [2 ] in R eson an ce, o r th e b o ok s b y A d am s
[3 ] or S o ssin sk y [4 ].

In a d d ition to k n ots, m a th em a ticia n s also like to th in k
of lin k s, th e sim p lest ex a m p le of w h ich is th e H op f lin k ,
sh ow n in F igure 10. A m ore co m p lica ted lin k called
th e B orro m ean lin k , w h ich h a s th ree rin g s co n n ected

tog eth er, is sh ow n in F igure 11 . T h e in terestin g th in g
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Figure 10. A Hopf link.

Figure 11.Two dimensioal
representation of Borro-
mean rings.

Figure 12. Three dimen-
sional representation of the
Borromean link.

ab ou t th is lin k is th at an y tw o of th e rin gs are n ot in ter-
lo cked , w h ile th e th ree are. T h u s cu ttin g an y o n e o f th e
rin gs cau ses th e oth er tw o to fall ap a rt. T h e lin k w a s

k n ow n from p reh istoric tim es, b u t go t its n am e fro m th e
15 th cen tu ry Italia n fam ily B orrom eo w h ich u sed th is
sy m b ol ex ten sively on crests an d statu es co m m ission ed
b y th em . In terestin gly, m o lecu les w ith th is k in d of in -
terco n n ected n ess h ave b een sy n th esized [5 ]. S ee F igu re
12 for th ree d im en sio n al rep resen tation of th e geom etry
of su ch a m olecu le.

3 . K n o t P h y sic s

K n ots w ere tak en u p for seriou s scien tī c stu d y ¯ rst in
th e ¯ eld o f p h y sics. In th e 19 th cen tu ry, p h y sicists b e-
lieved in all-p ervad in g eth er. E lectrom agn etic w aves, of
w h ich ra d io an d m icrow aves a n d v isib le lig h t a re ex am -

p les, w ere b eliev ed to b e w aves in th e m ed iu m of eth er,
in a fash io n sim ilar to sou n d w av es, w h ose m ed iu m is
air. E th er w as b elieved to b e an id eal ° u id . H elm h o ltz
h ad in vestiga ted ° ow s in su ch ° u id s. In p articu la r, h e
an a ly zed vo rtices in su ch ° u id s an d sh ow ed th a t vo rtex

tu b es (collection of vo rtex lin es) h a d to close u p a n d
su ch clo sed lo o p s o f vo rtex tu b es are q u ite stab le. A t
th at tim e o n e k n ew n oth in g a b ou t atom s a n d th ere w a s
n o ev id en ce for th eir ex isten ce. S till, so m e scien tists b e-
lieved th em to ex ist, th ou g h on e h ad n o id ea of th eir n a -
tu re. In 1 867 , T h om son (w h o later b ecam e L ord K elv in )

p rop osed th a t ato m s w ere k n ots of v ortex tu b es in eth er.
T h e ex isten ce o f d i® eren t elem en ts w ou ld th en b e d u e to
th e p ossib ility o f h av in g d i® eren t k in d s of k n ots in th ree
d im en sion a l sp a ce. F u rth er, sp ectral lin es ob serv ed in
th e ra d ia tio n fro m ato m s cou ld b e d u e to v ib ra tio n s of

th ese lo op s. T h ese id ea s w ere su p p o rted b y M ax w ell, th e
fou n d er of electrom agn etic th eory of ligh t. T h e p h y sico -
ch em ical p rop erties of each elem en t w ou ld th en b e d u e to
th eir d i® eren t k n otted -n ess. T h is sta rted o ® an a ttem p t
at th e p rob lem of classify in g k n o ts b y T ait. T h is is a

rath er d i± cu lt p rob lem , as it is u su ally very d i± cu lt to
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There are

1,701,935 knots

with 16 or fewer

crossings.

The probability that a

polymer molecule

composed of N units,

joined together at the

two ends to form knot,

is an unknot

decreases

exponentially with N.

say w h eth er tw o k n ots are id en tica l or n o t. F u rth er, th e
n u m b er o f p rim ary k n ots in crease rap id ly w ith th e n u m -
b er o f crossin g s. T h u s th ere is o n ly o n e k n ot w ith th ree

crossin gs (ex clu d in g m irro r im ages), on e w ith fo u r, tw o
k n ots w ith ¯ ve crossin gs, th ree w ith six an d seven w ith
a cro ssin g n u m b er of sev en . B eyo n d th is, th e n u m b er
in creases rap id ly. T h u s th ere a re 12 ,9 65 k n ots w ith 1 3
or few er cro ssin gs a n d 1,70 1,935 w ith 16 or few er cross-

in gs. H ow ever, so o n d u e to th e d iscov ery o f th e electron
an d th e n u cleu s, on e h ad a b etter u n d ersta n d in g o f th e
stru ctu re o f th e atom an d th erefo re p h y sicists lo st th eir
in terest in k n ots. S u rp risin gly, th is in terest h as b een re-
v iv ed in th e recen t p ast. T h is is b ecau se th e th eory th at
is p resen tly b elieved to b e th e m ost fu n d am en ta l on e is

th e strin g th eory, in w h ich p a rticles are con sid ered to
b e strin g like o b jects th at are clo sed . A very in terestin g
id ea is th a t su ch lo op s m ay b e k n otted [6 ]. T h is is v ery
m u ch lik e th e o rig in a l id ea of T h om so n . P h y sicists seem
to h ave com e arou n d a fu ll u n k n ot (circle)!

A t a m ore m acrosco p ic level, k n o ts h ave b eco m e im p o r-
tan t in th e a rea of p oly m er p h y sics. S u p p o se o n e h a s a
la rge n u m b er o f lon g ch ain m olecu les, w h ich are p resen t

in solu tion . Im ag in e n ow th at th e tw o en d s o f an y given
m olecu le can react tog eth er to fo rm a lo op w h en th ey
com e togeth er. T h e resu lt w ill u su ally b e a n u n k n ot.
H ow ever, it is a lso p ossib le th a t th e resu lt cou ld b e a
n on -triva l k n o t, lik e th e trefo il. S o, o n e can a sk : w h at
is th e p rob a b ility th at th e lo o p w ill b e an u n k n o t? T h is

q u estio n h as b een an sw ered b y a recen t sim u la tio n of
W in d w er [7], w h o ¯ n d s th at it d ecreases ex p o n en tially
w ith th e n u m b er of u n its in th e p o ly m er N . H e ¯ n d s
th at it b eh aves lik e C e¡¹ N , w h ere ¹ = 0:005 113 0.

S u p p ose on e h a s th e h alf-h itch o f F igure 2 . O n e ta kes
h old of th e tw o free en d s a n d p u lls ap a rt so th at th e
strin g b reak s. W h ere w o u ld it b reak ? T h e o b servation
is th at th e b rea k in g o ccu rs a t th e k n ot. In terestin gly,
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Figure 13. Templated syn-
thesis of [2]catenane.

�Templating� can

be used efficiently

to synthesize

molecules that are

knotted/linked.

ex p erim en tal ob serva tion o f th e d y n am ics o f su ch b reak -
in g is easy w ith k n o tted sp a gh etti a n d th erefore, p h y si-
cists h ave ex p erim en ted w ith sp a gh etti [8 ]. A t a m ore

fu n d am en tal level, th ere h av e b een very in terestin g co n -
n ection s d iscovered b etw een sta tistical p h y sics, q u a n -
tu m ¯ eld th eory a n d k n ots. T h ese a re ra th er ad van ced
top ics an d w e sh all leave it to th e in terested rea d er to
p u rsu e th e literatu re [6].

4 . M o le c u la r L in k s a n d K n o ts

C h em ists h ave lon g b een in terested in m a k in g lin ked

m olecu les. T h e ¯ rst ty p e to b e m ad e are called cate-
n an es. C aten a is a L a tin w ord , m ea n in g ch ain . T h e sim -
p lest of th ese is th e [2 ]caten a n e w h ich h as th e top olo gy
of th e H o p f lin k . C h em ists u se th e [2] to in d ica te th at
tw o rin gs h av e b een lin ked to geth er. T h e ¯ rst caten an e

w as sy n th esized b y W asserm an . T h e w ay in w h ich th ey
w ere p rep a red is th e follow in g: O n e ¯ rst m ak es a rin g
m olecu le w h ich is b ig en ou gh th a t a seco n d lin ear ch ain
m olecu le can th read th rou g h it. T h en th e tw o en d s of
th e lin ear m o lecu le a re join ed tog eth er. T h e m o lecu les

th at a re th rea d ed th rou gh th e rin g at th e tim e of clo sin g
w ill lead to th e [2 ]caten a n e. S u ch sy n th esis h a s b een
facilita ted b y tem p la tin g { th a t is, on e u ses a sp ecies
(in va riab ly a m eta l io n ) arou n d w h ich tw o lon g ch ain
m olecu les w ill w ra p a rou n d a s in F igu re 13 [9]. T h en
th e en d s of th e tw o ch ain s are clo sed to ob ta in a [2]cate-

n an e. T h is eleg an t sy n th esis w as p erfo rm ed b y th e gro u p
of S au vage [9 ]. S everal ca ten a n es h ave b een sy n th esized
an d are of co n sid era b le in terest, b ecau se m an y of th em
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Figure 14. Templated syn-
thesis of trefoil.

The synthesis of

molecular

Borromean ring [5] is

a beautiful

demonstration of the

use of molecular

modeling in synthetic

organic chemistry.

h ave b een d esign ed to p erfo rm as m o lecu la r d ev ices. F or
a d escrip tio n of su ch in terestin g a p p licatio n s, see ch a p -
ter 5 o f th e recen t b o o k on n a n otech n o lo gy [10].

T h e sam e k in d of strategy h as b een u sed to o b tain a
trefo il k n o t (see F igure 14 ) [9]. O n e of th e m ost in ter-
estin g m olecu les th at h as recen tly b een m ad e is a m o le-
cu le a n alog ou s to th e B orrom ean lin k , sh ow n in F igu re
12 . T h e sy n th esis of th is m olecu le is a b eau tifu l d em o n -
stration of th e p ow er of th eoretical m o d elin g a s a n aid
to th e ch em ist. U su ally, sy n th esizin g a n org an ic m o le-
cu le w o u ld in vo lv e a larg e n u m b er o f step s. T h e m ore
step s on e h as, th e low er w ou ld b e y ield o f th e ¯ n a l d e-

sired p ro d u ct. T h e sy stem w as ¯ rst d esig n ed o n th e
com p u ter so th a t it w ou ld ten d to self assem b le in th e
d esired form . T h e u se of m eta l ion s w as cru cial fo r th is.
T h e m o lecu le cou ld b e m a d e in o n e step (ch em ists call
th is as on e p ot sy n th esis) w ith h igh y ield . F igu re 1 5
gives an id ea of th e strategy a d op ted . T h e read er m ay
refer to th e origin al article fo r m ore d etails [5]. O b v i-
ou sly m o re sy n th etic ch a llen ges rem a in . F o r ex am p le,
h ow w o u ld on e sy n th esize a m olecu le w ith top olog y of
¯ gu re eigh t k n ot sh ow n in F igu re 8 ?
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Figure 15. Templated syn-
thesis of the Borromean
rings.  The red circle is a
metal ion (in actual syn-
thesis, Zn2+  ions) which
acts as a template causing
the rod like and bow like
parts (molecules) to
assemble in the correct
orientation, thus facilitat-
ing the synthesis.  For de-
tails see the reference [5].

KnotPlot is an

interesting software

which can be used to

play with knots. All

the knots in this

article were drawn

using KnotPlot.

In terestin g ly, n a tu rally o ccu rrin g D N A ca n b e k n o tted .
K n ottin g w ou ld red u ce th e size of th e m o lecu le in solu -
tio n , as a resu lt o f w h ich th e m o lecu le, in g en eral, can

d i® u se faster. A lo t of in terestin g w ork h as b een d on e
w ith D N A a n d th e ¯ rst B o rro m ea n ty p e lin k h as b een
m ad e w ith D N A [1 1]. L iv in g cells h av e en zy m es k n ow n
as top oisom era ses th a t can k n o t an d u n k n ot D N A .

5 . D ra w in g a n d E x p e rim e n tin g w ith K n o ts a n d

L in k s

A co m p u ter p ro gra m m e ca lled K n otP lot, for d raw in g
k n ots is ava ilab le for free. U sin g it, o n e ca n d raw a n d
ex p erim en t w ith k n o ts an d lin k s. It ca n b e d ow n lo ad ed
from http://kn otplot.com . It is d ev elop ed a n d m ain -
tain ed b y R ob ert G S ch a rein . U sin g it on e ca n d raw
tw o d im en sion a l rep resen tatio n s o f k n ots/ lin k s. In a d -

d ition , it h a s a catalog u e of k n ots an d oth er in terestin g
ob jects.

http://knotplot.com
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An elementary

introduction to

knots may be

found in the book

by Sossinsky [4]

for which an Indian

edition is available.

O n ce d raw n , th e k n o t's sh ap e in th ree d im en sion s can
b e ch an ged , so th at it h as th e o p tim u m sh ap e (b ased
u p o n a n en ergy criteria th at o n e can ch o ose). T h e p ro -

gra m ca n also ca lcu la te th e H O M F L Y p o ly n om ia l. A ll
th e k n ots/lin k s sh ow n in th is a rticle h ave b een d raw n
u sin g th is so ftw are. T o d eterm in e w h eth er a g iv en tw o -
d im en sion a l rep resen tatio n o f a k n ot is eq u ivalen t to th e
u n k n ot is a rath er ted io u s th in g to ¯ n d ou t m an u a lly.

F or n ot to o co m p lex k n ots, th is can b e easily d on e u sin g
th e K n otP lot. A ll th a t is n eed ed is to d raw it u sin g th e
so ftw are, an d th en allow th e k n ot's sh a p e to ch a n ge d y -
n am ica lly. O n e can im agin e th at th e k n o t is im m ersed
in a liq u id an d its sh ap e is allow ed to ch an ge so th at
it h as th e lea st en ergy. T h e resu lta n t sh ap e, u su ally is

sim p ler. T h e rea d er is u rged to try th e fo llow in g ex er-
cise u sin g th e so ftw a re: D raw th e k n o t in F igure 6 u sin g
K n otP lot a n d ev olve it to sh ow th at it red u ces to th e
u n k n ot.

F u rth e r R e a d in g

P len ty o f in form ation o n k n ots an d lin k s is ava ilab le on

th e w eb . In terestin g a n d m ore recen t in fo rm a tio n a s
w ell as m ov ies of th e h ag ¯ sh to o can b e fou n d . A few
elem en tary b o ok s o n k n ots are availab le, of w h ich th e
m ost in terestin g is th e b o o k b y A d a m s [3 ]. It con ta in s a
lo t of m aterial an d is w ritten for th e u n in itia ted . It even
h as k n ot jo kes a n d p astim es. A n even m ore elem en tary

lev el b o ok is th e on e b y S ossin sk y, fo r w h ich an In d ian
ed ition h as com e ou t [4 ] recen tly. B u t it con tain s far
few er to p ics th a n th e b o o k b y A d a m s. In R eson an ce
itself, th ere h as b een an article on th e m ath em atics of
k n ots b y S u n d er [2]. A n in term ed iate level b o ok is b y

L iv in g ston [14]. A t a m ore ad van ced level is th e b o ok b y
K au ® m a n [1 2], w h o h a s m ad e sig n ī ca n t con trib u tio n s
to k n ot th eo ry. A b rief an d con cise in tro d u ction to k n o ts
is given in th e b o o k b y K lein ert [13 ], b u t it is b y n o
m ea n s elem en ta ry.
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The Turk�s-Head is a tubular knot that is usually made around a cylindrical
object, such as a rope, a stanchion, or a rail. It is one of the varieties of the
Binding Knot, and serves a great diversity of practical purposes but it is
perhaps even more often used for decoration only; for which reason, it is
usually classed with �fancy knots.� Representations of the Turk�s-Head are
often carved in wood, ivory, bone, and stone.
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