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"UlniR of cllrvaturo to inducp [mcturo. "Vhcre fmcturc did 
n<>1 occlir the bont whiskors reverted to the initin.1 shn.pe 
.. 11,'11 tho constmint was romovod. Tho rcsults of bcnd 
I""" on whisk~rs of diffcrent cl'Oss-section are given in 
T"hl<' I. 

From diroct obsorvat.ions of the whiskers during bending 
,vI,1 from the results of Tablc I it was concluded that: 

(n) Tho maximum strength and flexibility were asso ­
n~lt.J with whiskers of small cross-section and large 
""1I:t h : <limnoter ratios. These whiskers also possessed 
lfI"lOth and apparently defect-free surfaces. 

(/'1 \\'hiskers with an hexagonal cross-section had poor 
t1n·lIl1( h. 

(r) \\"Iwll tho bending moment was appli ed on the 
Ih<lrlr~( sido of n. whiskor scction the whisker showed low 
'In·n~th. 

1.1/ The prcsonce of an oil film appeared to improve the 
IIn'1lgth of t.ho whiskers, possibly by reducing the chance 
of <urfllco damagc. 

It) All whisk~rs fracturcd within tho elastic limit. 
Trll.~ile IMt inf]. Tho tensile strength of whiskers was 
~\.<lI rrd with an 'Instron' tensile testing machine with a 
Iwl crll giving full-scale deflexion for 400 g. The whiskers 
flOlI' mounted on a reinforced cardboard holder with an 
Itt'urfltl'ly punched gauge length of 1 cm. Some of the 

whis kors testcd h n.d a tapcr of about 2° ovor tho I,(il ll ge­
longth; for thoso the CJ'oss-sectional arca wus tllk(,11 af; t \10 
o.vorage of tho minilTIum and lnaximml1 lIll'itsllrcd. 
Although more than 50 specim.ons werc mOlllltt'll and 
tested, only 8 oftheso fracturod within the go.ugo-lengLh; 
[\ large percentage of frac t ures occurred at, the base of (,ho 
mounting resin. Thc r osults a\'o g iven in Tablc 2. 

All fractures occurred without plastic d efo l'llmt.ion 
taking place . . The frac ture surfaces showed that (~ II tho 
fmctures were conchoidal. The lower strength of thc 
whiskers of h exa.gonal cross-section is not compl<'tely 
understood and, although. thesc may contain ax ifil void s, 
examination of tho fractur~ surfaces did not revC'al t his 
phenomenon. Excluding specimon numbcr 2, the 111[',\11 

value of the experimenta l tonsilo fmcturo strefiS of t.ho 
first six specimens is 1·0 X lOG lb. / in.', thR.t is, about 
2 pCI' cent E. Transmission oIoct,ron microscope examina ­
tion of a large number of thin whiskers and platelets has 
not, so far, provided conclusivo ev idence of the presenco 
of dislocation. 
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OPENING ELECTRICAL CONTACT: BOILING METAL OR HIGH­
DENSITY PLASMA? 

By PROF. F. LLEWELLYN JONES, C.B.E.*, and M. J .. PRICE 
Department of Physics, University College of Swansea, University of Wales 

t 

'l""'IIE processcs occurring at the op,!'lning of a low-voltage 
( ,4 V) eloct,rical contact have considerable funda­

~",I physical interest as well as having practical 
"'l'ortftnce in the field of electronic and communication 
"..!1I1cwing. It is woll known 1 that, starting with th€ 
1~ " rolit'S closely pressed together in the fully closod 
" .. it ion, tho opening process leads to a constriction of the 
".m'lIt· stream lines, which can produce intense local 
\. ting find melting of the penultimate microscopic 
""l1on of contact. The maximum temperature in the 
"-lltflet. is related to the potential difference by the Iji, (} 
I "fI1t'ln: 

O,n 

[ J 
A . ] 1/3 

Iji = 2 -y: dO (1 ) 

o 
~.,f1' Y = 1\ g,ll\('rali)'.l'd pot.('nLill,1 oqual to tho o l llc( . riel~1 
,·-·,llti,,1 in t.hl1 ItiJHl'nCO of (,horlTIo-oloctric offpct,H, 0 = 

Ii "rll~'nltlll'l1, A = thorTl1ltl conductivity Itnd x = olectrical 
·.:-, llIrt il'ity. Thus, on gmcliml l'!op!~1'I1t ion of tho olec ­

t 0, ,1, .. the constriction resistanco increases and tho 

•
1 '":lI"'rntul'l) riscs up to and past the m elting-point of the 

",.:.,1. On continuing the withdrawal the molten volume I \ .. incr{'(l.ses a,nd gets drawn out into a microscopic 

I 
\r" ~" of molten m etal joining the solid electrodes; the 
·:r.1Ilr t~ finally scparate and the circuit opens only when 
\ . hriclgo is broken. The rupture process, however, 
III 1)(' "cry complicated and lead to transfer of m otal 
mont' electrode to the other, a process 'which, when 

I "llIlIl1l1y ropcatcd, can lead to the 'pip' and 'crater' 
" "tion which rondors the contacts useless aftor S0)110 

~. Thoro is ovidonco!·· to show that tho matter trans­
~"~I prr oporation (- 10-12 cm B in a 5-amp circuit) is 
'''''',,\ 10 tho sizo of the molten metal bridge (width 
-1 •. 1 ' cm/n.mp), so that the stability, growt,h and 
• .... 1 "'pl,ure of the bridge are a matter of importance, 
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not only from practical considerations, but a lso from the 
point of view of the physical proper t ies of m etals in t he 
molten state and at high temperatures. 

In the first place, an important condition of oquilibrium, 
at loast in the earli er stages, is that which d cponds on the 
application of surface tension forces . The shapes of the 
bridges would then be surfaces of rovolution sat,isfying 
the equation: 

(2) 

and theso I.r e lInduloids, catenoids 0)' nodoids ncconl inl-( :lH 

/},p is posi t.ive, "-01'0 or neg'tti ve ,·cspcct. i voly3, Photograph:; 
of s t.at ic micI'oscopie bridgos have in<lep(l conlinl1<',l t hll.(-, 

t,lloRo stablo Rhn.pos cnn bn M.t It inpcl ' . 1 n t.ho 111,(,<,1' sLal-(c''; 
of ojl llJling /},p wi II 1)0 rlllgl1ot ,i vn, II-IlC I IIX pOl'i11 lI'n I, hilS 
('H(.ni> li Hh"d t,hat. t.ho final st,allt" H\cnpo is II Hllnlt y t. hll ll odn id. 
'I'h" Iji, 0 (,llOorml1 showH t.hn.t. t.lllI hO(,t.PH t, I" 'gion of (,110 

lllicl'of<copie rnolto11 1111'(.1101 bridgn b"Lwf'('n liko t'ket. l'od('s 
will probably bo t.hc narrow neck lLlUl, at·, first s ight, it, 
mi gh t·, appear thltt, this is t ho region at which the bridgo 
is most likoly to brea.k. Howevcr, dctailed investigation 
of this final process ra ises som e important problems in 
the physics of m otals at high temperatures, and, in 
particular, near their boiling points. 

Mechanisms of Break 
It ca.n be soon at once from the 9, (1 theorem that the 

m echanism of rup(,ure of tho molten mctal bridgo inyolves 
t,he physical propert ics oft,ho m etul, not at any ont' tl'll.1per­
aturo, but over 11. wido 1'I1.nge of temper lttllres lip (0 hoiling­
point, and a number of differont procoi;;seS of rupturc m'o 
possible. 

In the first placo, contin1led sopa,rl1.tion of t.he electl'odl's 
and the drawing out of tho bridge increasos the contact 
resistance Rc; consequently, tho contact voltage 11 c 

(= ReI c) for a given circuit current Ie continually rises . 


