
Mechanism of Ripple Formation 
During Weld Solidification 

Ripples on GTA spot welds are explained by pool sur
face oscillations during solidification, as seen by high 
speed motion pictures 

BY D. J . KOTECKI, D. L. CHEEVER A N D D. G. H O W D E N 

ABSTRACT. The formation of ripples 
on the surfaces of GTA spot and 
seam weld surfaces in th in metal 
sheet was investigated by high 
speed motion pictures. The ripples 
are observed to form solely due to 
oscillation of the weld pool during 
solidification; no other mechanism 
for ripple formation was found. 

Weld pools were melted through 
thin metal sheets whi le a high speed 
camera observed the melt ing and 
solidification events on the bottom 
surface of the pool opposite the arc. 
When welding power is supplied 
from storage batteries, the weld pool 
surface shows virtually no oscil lation 
whi le the arc is on. Shutt ing off of 
this arc suddenly releases the 
plasma pressure which was stretch
ing the pool surfaces, setting the 
pool into oscillation like a struck 
drumskin. Solidification during this 
oscillation results in rippled surfaces. 

When a single phase ful l-wave 
rectified conventional dc welding 
power supply is used, the pool sur
face is observed to oscillate at 120 
hertz. When this arc is shut off, the 
pool changes oscillation frequency in 
a fraction of a second from the fre
quency imposed by the pulsating 
plasma pressure to its own natural 
frequency. 

Pool oscil lation periods after the 
arc is shut off are measured on the 
f i lm strips. If the pool is considered 
to be a stretched membrane w i t h sur
face tension providing the stretching 
force, a theoretical surface tension 
can be calculated f rom the oscilla
t ion period, pool mass and pool 
geometry. Agreement of the cal
culated surface tension values w i th 
published surface tension values for 
several metals demonstrates that 
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the stretched membrane model ade
quately describes the pool oscilla
tions. By counting the number of 
pool oscil lations in the f i lms and 
counting the number of ripples on 
solidified spot welds afterwards, a 
one-to-one correlation is established 
between ripples and pool oscil lations. 

When a seam weld is made using 
storage batteries as the welding 
power source, only occas iona l 
random disturbances of the pool sur
face are observed. Each disturbance 
leaves a few ripples before it damps 
out. 

In t roduct ion 

A number of previous studies have 
investigated the formation of surface 
ripples in gas tungsten arc (GTA) 
spot and seam we lds . ' - 5 At least in 
the case of seam welds, correlation 
has sometimes been observed be
tween the surface ripples and in
ternal discontinuities such as band
ing of solute elements, porosity and 
crystal defects. 

Several possible causes of the rip
ples and internal discontinuities 
have been suggested, including varia
t ion in the heat input during melt ing, 
constitutional supercool ing, me-
chancial motion, thermal expansion 
or contraction, and heat f low insta
bility. Some correlation of ripples 
and banding wi th welding power-
source ripple has been observed in 
seam welds. But in cases of terminal 
solidification such as spot welds and 
seam weld craters, ripples have 
been concluded to be caused by 
constitutional supercooling effects or 
heat f low instability. 

One study of the relation between 
power-supply ripple and weld-sur
face ripples observed irregularly 
spaced surface ripples w h e n a ripple-
free dc arc was used.9 Whi le solute 
banding was observed in other 
cases, none was observed in this 
case. The study concluded that since 
banding was absent, the ripples 

could not be due to growth rate fluc
tuations. An undefined mechanism 
for surface rippling involving liquid 
surface and solid-liquid interface 
interaction at rapid solidif ication 
rates was suggested. 

Banding of solute elements, pores 
and crystal defects can have im
portant effects on weld metal prop
erties. Observation of the formation 
of this banding, however, is an 
extremely dif f icult e x p e r i m e n t a l 
proposition. However, ripple forma
tion can be observed optically. On 
the assumption that banding could 
be correlated w i th ripples in spot 
welds, this study was undertaken to 
observe ripple formation via high 
speed motion pictures made during 
melting and solidification of GTA 
spot welds. 

Exper imenta l m e t h o d 

The fo l lowing sections describe 
the materials, equipment, and pro
cedures employed in this study. 

Materials 
Five nearly pure metals were 

investigated. Al l were in sheet form 
and are listed below: 

1. A luminum, 0.050 in. thick, 
99.9999% pure 
2. Copper, 0.042 in. thick ETP 
grade, nominally 99.9% Cu, w i th 
oxygen as the principal impurity 
3. Nickel, 0.062 in. thick Al loy 200, 
nominally 99.5% Ni 
4. Iron, 0.050 in. thick, desulphur
ized Armco iron containing 0.006% 
C, 0.009% S, 0.026% M n , 0.004% P 
5. Titanium, 0.067 in. thick Al loy 
Ti50A, containing 0.023% C, 0.10% 
Fe, 0.003% H, 0.11 % 0 , 0.012% N 

Equipment 
Al l of the experimental weld pools 

were generated in a 2 by 2 by 2 ft 
chamber evacuated to 5 x 10" 6 mm 
Hg or less and backfil led w i th 
99.999% argon. The chamber con
tained a GTA torch wi th a thoriated 
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Fig. 1 —Diagram of setup for high speed motion picture photography 

tungsten electrode mounted vertical
ly above the sheet metal specimen, 
wh ich was horizontal. A f ront sur
face mirror below the specimen re
flected the image of the pool bottom 
through a w indow in the side of the 
chamber. A high speed motion pic
ture camera w i th a telephoto lens 
located just outside the w indow was 
focused via the mirror on the area 
where the pool would form. A high 
intensity tungsten f i lament lamp be
hind the camera i l luminated this 
same area via the mirror. A sketch of 
the apparatus is presented in Fig. 1. 

Electric power to produce the arc 
was provided in all cases but one by 
a pair of 12-volt lead storage bat
teries in series. Adjustable resistors 
were used to regulate the current 
output of the batteries. A high fre
quency generator initiated the arc be
tween the tungsten and the sheet to 
complete the electrical circuit. Con
trol over arc t ime was exercised by a 
0 to 6 sec adjustable electromechan
ical t imer wh ich controlled a con
tactor in the battery circuit. Init iation 
of a melting cycle started the high 
frequency but not the timer. A 
voltage-sensing relay was used to 
detect arc init iation, shut off the high 
frequency, and start the t imer, wh ich 
then regulated the length of arc time. 

For comparison purposes, a single-
phase rectified w e l d i n g power 
source which provides a 120 hertz 

rippled dc output was used to pro
duce one pool. 

Procedures 
Each sheet to be melted was 

chemically cleaned immed ia te l y 
before being put in the chamber. The 
distance between the tungsten and 
the sheet was adjusted between 
0.025 and 0.035 in. Since the sheet 
was attached to the edge of a mova
ble table, more than one pool could 
be made wi thout opening the cham
ber, and a moving pool could also be 
produced. 

The conditions necessary to melt 
through the sheet but maintain the 
pool suspended over the mirror were 
predetermined. The movie camera 
was started shortly before arc init ia
t ion, and frame rates ranged from 
about 400 to 2200 frames per sec
ond. A pulsing light inside the 
camera put t iming marks on the f i lm 
during f i lming at the rate of 120 
marks per second. The movies were 
examined at normal v iewing rates 
(about 25 frames per second) and 
frame by frame to measure the 
events occurring during melt ing and 
solidification. 

Oscil lation of the pools was de
tectable by motion of the reflected 
light f rom the high intensity tung
sten f i lament lamp. The effect is s im
ilar to the reflection of l ight f rom a 
disturbed pool of water. By counting 

the number of t iming marks on the 
f i lm between repetition of a given 
reflection pattern, the oscil lation 
period of the pool could be measured. 

Average solidification rates were 
measured from the f i lm, and the 
number of pool oscillations occurring 
during a given amount of solidifica
t ion were counted. This was then 
correlated w i th the number of ripples 
present on the pool surface. 

The surfaces of the solidified pools 
were photographed optically, and 
from these photographs measure
ments of pool dimensions were 
made and ripples counted. The solidi
fied pools were then sectioned along 
a diameter and examined metal
lographically for microscopic evidence 
of banding. 

Exper imenta l Resul ts 

Motions in Spot Welds 
In viewing the moving pictures of 

weld pool melting and solidif ication, 
both pool oscillation and pool rotation 
are observed. Rotation is observable 
by the motion of pinwheel-shaped hot 
spots which emit sufficient incandes
cent light in excess of the background 
incandescence and reflection to be 
detected. This effect has been de
scribed in detail by Woods and Milner.6 

It seems to be of no consequence in 
formation of ripples. 

On the other hand, it is clear from 
the moving pictures that ripple 
formation is directly attributable to 
solidification whi le the pool is 
oscillating. Two types of periodic 
oscillation of the pool were ob
served, " fo rced" oscillation and "nat 
ura l " oscillation. 

The presence of an arc plasma 
impinging on one side of the pool but 
not on the other produces a pressure 
difference from one surface of the 
pool to the other. When the plasma 
pressure (arc in tens i t y ) var ies 
periodically, oscillation occurs at the 
forcing frequency. A pool produced 
in iron by a conventional weld ing 
power supply exhibited 120 hertz 
oscillations, Fig. 2. The power source 
is a single-phase, ful l -wave rectif ied 
machine so that its output has a 120 

Fig. 2—Ten successive frames of high speed film of a GTA spot weld in iron made with single-phase full wave rectified power supply. 
Light reflection patterns repeat every fourth frame, coordinating with timing marks (film edge) set at 1/120 sec interval. Pool oscillation 
rate is therefore 120 Hz; film speed 480 frames/sec 
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Fig. 3—Twenty successive frames of high speed film shot during solidification of copper GTA spot weld C-2. Reflection pattern repeats 
in 16 frames, during which time one ripple is added. Film speed about 980 frames/sec 

hertz " r ipp le" in voltage and current. 
This variation in plasma pressure is 
a source of pool oscillations which 
can be frozen into the metal if the 
pool is moving beneath the arc, as 
shown by Cheever and Howden.2 

The oscillation is not observed when 
storage batteries are used as the 
welding power source. 

When the arc is shut off, the plas
ma pressure on the top of the pool is 
suddenly removed and surface ten
sion pulls the pool back towards its 
equilibrium position. This sets the 
pool into "na tu ra l " osci l lat ions 
whose period seems to be de
termined by the pool geometry and 

surface tension, as shown in the Ap
pendix. Since solidification occurs 
whi le the pool is oscil lating, the 
changes in surface displacement due 
to oscillations become frozen into 
the solidified metal and appear as 
ripples. An example of solidification 
during oscil lation of molten copper is 
presented in Fig. 3. 

Since the pool surface is com
paratively still whi le the pure dc arc 
is on, the onset of oscillations is a 
good indication of when the arc is 
shut off. From this t ime until the first 
solid appears is a measurable frac
t ion of a second. If this interval is 
long enough for several pool oscilla

tions to occur, the oscillation period 
is observed to decrease due to 
increasing surface tension of the 
cooling liquid as superheat is 
removed from the pool. In the case 
of the spot made w i th the rippled dc 
power source, however, the oscilla
t ion period increases as the pool 
oscillations shift from those imposed 
by the arc plasma pulsations to that 
of the natural period of the pool. 

As solidification progresses, the 
oscillation period decreases (oscilla
tion frequency increases) w i t h 
decreasing pool radius for each melt. 
In the cases of aluminum and cop
per, wh ich solidify most rapidly, this 

Table 1—Solidification Data for Eleven GTA Spot Welds 

Sample number 
Metal 
Average arc current, amp 
Average load potential v 
Arc time, sec 
Pool radius at bottom, mm 
Pool radius at top, mm 
Pool oscillation period just before 

first solidification, millisec 
Time for first quarter of radius to 

solidify, millisec 
Average solidification rate during first 

quarter of solidification, mm/sec 
Time for second quarter of radius to 

solidify, millisec 
Average solidification rate during second 

quarter of solidification, mm/sec 
Time for third quarter of radius to 

solidify, millisec 
Average solidification rate during third 

quarter of solidification, mm/sec 

A-1 
Al 
165 
11.5 
0.5 
2.90 
3.05 

11.0 

58 

12.5 

38 

19.1 

35 

20.7 

A-2 
Al 
180 
10 
1.0 

4.32 
4.32 

15.4 

129 

8.4 

95 

11.4 

73 

14.8 

A-3 
Al 
170 
10.5 
2.0 

4.95 
4.95 

15.0 

176 

7.0 

121 

10.2 

91 

13.6 

C-1 
Cu 
280 
13.5 
0.5 
2.07 
2.32 

10.4 

29 

17.9 

19 

27.2 

18 

28.8 

C-2 
Cu 
295 
12.5 
1.0 

3.02 
3.15 

14.7 

56 

13.5 

36 

21.0 

33 

22.9 

N-2 
Ni 

240 
13 
1.0 

2.97 
3.40 

16.5 

165 

4.6 

146 

5.2 

103 

6.7 

N-3 
Ni 

260 
11.5 
2.0 

4.05 
4.75 

22.0 

240 

4.3 

235 

4.4 

240 

4.3 

F-2 
Fe 
180 
12 
1.0 
305 
3.73 

14.5 

229 

3.0 

200 

3.3 

196 

3.5 

F-4 
Fe 
180 
12.5 
2.0 

4.72 
5.00 

21.9 

427 

2.8 

418 

2.8 

392 

3.0 

T-2 
Ti 

190 
12 
1.0 

3.56 
4.48 

14.8 

212 

4.2 

175 

5.1 

161 

5.5 

T-3 
Ti 

200 
12 
2.0 
5.33 
5.93 

21.7 

362 

3.7 

392 

3.4 

(*) 

(*) 

(*) Quantity not measureable. 
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Fig. 4 — Macro
graph of bottom 
surface of GTA 
spot weld A-2 
showing solidified 
ripples. Mag 10X 

8 IO 12 14 16 18 20 22 24 

Number of Pool Oscillations Counted While I/4 of 
Radius Solidified 

Fig. 5—Correlation of ripples with pool oscillations 

situation continues until solidifica
tion is essentially complete. For iron, 
nickel and t i tanium detectable pool 
osc i l l a t ions damp out before 
solidification is completed. Measure
ments of oscillation rate as solidifica
t ion began, average solidif ication 
rates, and other data taken from the 
fi lms of solidification are summarized 
in Table 1. 

Photomacrographs were made of 
the top and bottom of each solidified 
pool. The top was usually slightly 
larger than the bottom. A view of the 
bottom of one pool is presented in 
Fig. 4. From such photographs, the 
number of ripples in a 25% incre
ment of the radius could be counted 
and compared w i th the number of 
pool oscillations occurring whi le that 
increment solidified. These data are 
presented graphically in Fig. 5. A 
one-to-one correspondence between 
ripples and pool oscillations is indi
cated. 

The ripples in copper have the 
greatest spacing b e t w e e n one 
another and the copper sheet was 
the thinnest of those used. Therefore 
a macrosection of a copper sample 
was the most suitable to show a 
relationship between ripples on the 
top and bottom of the spot. A dia
metrical section of a copper spot is 
shown in Fig. 6. It is apparent that 
the ripples on the top and bottom 
have similar spacing at a given radial 
position. 

Motions in a Moving Pool 
When a moving pool was formed 

in iron w i th the pure dc battery 
power supply, the pool surface ap
peared for the most part to be very 
s t i l l . Occas iona l r andom d is 
turbances occurred, however, and 
left a record in the form of ripples on 
the surface at the trail ing edge of the 
pool. The origin of these dis
turbances is not known w i th cer
tainty. They may be due to release of 
gas in the metal or to what is known 
as "sp i t t i ng" of the tungsten elec
trode (detachment of a small piece of 
the electrode which then drops into 
the pool). Ripples caused by these 
disturbances are shown in Fig. 7. 
They damp out after a number of 
oscillations. 

Internal Discontinuities 
Mic ros t ruc tu ra l d i s c o n t i n u i t i e s 

such as banding of porosity, of solute 
elements and of crystal defects, as 
noted previously, have been docu-' 
mented in moving pool melts (seam 
welds). Correlations have been estab
lished between these internal discon
tinuities and surface ripples. Evi
dence of similar internal discon
tinuit ies was sought in the spot 
melts of the present study. Since 
contamination of the arc atmosphere 
was not attempted, only the copper, 
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Fig. 6—Section through GTA spot weld C-1 showing top and 
bottom surface ripples not correlated with microstructure. Mag. 
50X, reduced 40% in reproduction; etchant; 400 cc H20, 8 cc 
H2S04, 4cc NaCl saturated solution. 2g K2 Cr2 0 7 

Fig. 7—Bottom surface of moving pool iron. Faint ripples (point
ing left) were caused by a mechancial disturbance since a ripple-
free dc battery power source was used for welding 

which contains oxygen as an im
purity, exhibited appreciable porosity 
(Fig. 6). No banding of porosity was 
observed. 

Evidence of solute banding was 
sought in all of the metals except 
aluminum, since the copper, nickel, 
iron and t i tanium contain appreci
able impurities. Examination was 
confined to metallographic tech
niques. No conclusive evidence of 
solute banding was obtained. Some 
segregation of Cu20 particles to cell 
boundaries was observed in copper 
(Fig. 6), but the correlation is w i th 
the cell spacing, not w i th the ripple 
spacing. 

Banding of etch pits to indicate 
crystal defect banding was ex
tensively sought in the diametrical 
sections of aluminum, and to a 
lesser extent in copper and nickel. 
None was found. Since iron and 
titanium undergo complicating phase 
transformations after solidif ication, 
evidence of crystal defect banding 
was not sought in these metals. 

Discussion 

Past studies have tended to dis
count or minimize the role of me
chanical motions (oscillation of the 
pool) in the formation of ripples in 
cases of terminal solidification such 
as arc spot welds or seam weld cra
ters.1 - 3*5 These studies have tended 
to explain ripple formation in terms 
of growth rate fluctuations caused by 
some instability at the liquid-solid 
interface which is presumed to be 
inherent to rapid solidification. The 
hypothesized instability was then 
also imputed to cause banding of 
solute elements, pores and crystal 
defects in seam welds. 

Whi le some growth rate fluctua
tions may exist, the high speed mo
tion pictures made during the 
present study demonstrate con
clusively that pool oscillation due to 
physical force during freezing is the 
cause of the ripples which have been 

observed. The physical force can be 
a pulsating arc plasma pressure, as 
in the case of seam welding w i th a 
conventional dc power supply. Or the 
sudden removal of one physical force 
(arc pressure) which is being op
posed by a second, but unremoved, 
physical force (surface tension), as in 
the case of arc spot or seam weld 
crater solidification, can trigger the 
oscillations which produce ripples. 
Lastly, a random physical dis
turbance such as a gas bubble escap
ing the pool or mechanical vibration 
in the travel mechanism during 
seam welding can produce surface 
ripples. Random phys ica l d is 
turbances probably explain the seam 
weld ripples observed in both this 
and the previous study9 made w i th 
ripple-free dc arcs. 

It seems likely then that the previ
ously mentioned examples of band
ing of solute elements, pores and 
crystal defects which correlate w i th 
surface ripples in seam welds can be 
explained in terms of welding power 
supply characteristics. That is, puls-

Fig. 8—Weld pool center depression in 
partial penetration we/ding, shown 
schematically 

ing plasma pressure of the rippled dc 
arc produces the physical force 
necessary to cause the pool to oscil
late. At the same t ime, the pulsing 
current in the arc results in f luctua
tion of heat input to the weld pool, 
which in turn results in periodic 
growth rate fluctuations that cause 
banding w i th in the metal. 

The present study was limited to 
full penetration welds in which pool 
movement as a stretched membrane 
is possible. However, since the study 
clearly showed that the arc plasma 
pressure is capable of producing 
liquid metal movement, the exten
sion of these results to ripples on 
partial penetration welds is ap
parent. The high pressure plasma jet 
in the center of an arc causes the 
pool center to be depressed. The 
confining solid metal below and 
around the pool forces the pool to 
rise near its edges as sketched in 
Fig. 8. When this pressure is re
leased, either completely as in shut
ting off the arc, or partially as when 
a rippled dc arc is produced by a 
rectified power supply, the molten 
metal piled up at the pool edges 
rushes toward the pool center 
producing surface oscillation wh ich 
can be frozen into the weld surface. 
Since completion of the present 
study, this movement in partial 
penetration welds has been con
f irmed by additional high speed mo
tion picture photography. 

Whi le surface ripples may be of 
largely academic interest, banding of 
solute elements and porosity is not. 
Thus in explaining the mechanism of 
surface ripple formation and demon
strating clearly that growth rate 
fluctuations are not its cause, the re
sults of this study imply that growth 
rate fluctuations are not inherent to 
the process of rapid solidif ication. 
Therefore fruitful future research 
should concentrate on the effect of 
welding power supply ripple f re
quency and ripple amplitude on 
solute banding and porosity banding. 
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Table 2—Calculated vs. Published Values of Surface Tension 
at the Melting Point 

Metal 
Aluminum 

Copper 

Nickel 

Iron 

Titanium 

Melting 
temperature. 

C 
660 

1083 

1453 

1537 

1668 

Published' 
surface 
tension. 

dynes/cm 
914 

1360 

1778 

1872 

1650 

Melt 
number 

A-1 
A-2 
A-3 
C-1 
C-2 

N-2 
N-3 

F-2 
F.-4 

T-2 
T-3 

Calculated 
surface 
tension. 

dynes/cm 
812 
833 

1260 

762 
1378 
1550 
1620 

1510 
1580 

1580 
1633 

frequency of the membrane. The nat
ural frequency is thus given by 

<(?r-«. (5) 

where t 0 is the period of vibration of 
the first harmonic. 

Satisfying condit ion (3) for j = 1 
gives 

p 2.4048 
1 = — (6) 

Substituting (6) into (5) gives 

4TT2 a2 

(2.4048)2 t 2 
(7) 

(*) See reference 8. or 

Conclusions 
The present study has demon

strated that: 
1. An arc plasma exerts sufficient 

physical pressure on a weld pool sur
face to displace liquid metal f rom the 
position it would occupy if the pres
sure were absent. 

2. Liquid metal displacement pro
duces pool oscillations when the arc 
plasma pressure either fluctuates or 
is released. 

3. Pool oscillations during freezing 
produced the weld surface ripples ob
served herein. 
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Appendix 

After reviewing the high-speed 
motion pictures and noting, as in 
Fig. 6, that the two surfaces of the 
pool do not move independently, it 
seemed likely that the pool oscilla
t ions were similar to the vibrations 
of a stretched membrane where sur

face tension of the pool constitues 
the stretching force. 

An anlaytical solution to vibration 
of a stretched membrane is avail
able.7 Let: 
u = the deflection f rom its equilib
rium position of any particle of the 
membrane during free vibration 
p= the mass per unit area of the 
membrane 
T 0 = the uniform tension (twice 
the surface tension since there are 
two surfaces to the pool) 
a = the radius of the circular 
membrane vibrating w i th circular 
symmetry 

r = the radius variable 
t = the t ime variable 
Then, the equation of vibration is: 

Y „ = 3.41 
(8) 

d2u T0 , a2u 
-ir( 1 du 

d t 2 P ' dr2 r ar 

The solution to this equation is 

u =£ A JQ(p r) 
pi ' ' 

Z±) (D 

cos [1»V] (2) 

where J0(x) is the zero order Bessel 
function of the first kind, p: is given 
by 

Jo(pa) = 0 , (3) 
and a j and A j are arbitrary con
stants chosen to make the solution 
fit the init ial conditions. 

At r = o, J0(r) = 1. Then the solution 
at the center of the membrane re
duces to 

u(t,o)= S A i c o s 
1 . ' j=i K?M (4). 

In series solutions of this type, the 
magnitude of successive terms usual
ly decreases rapidly, so that the first 
term is dominant. This term contains 
the f irst harmonic of vibration, wh ich 
might loosely be called the natural 

where y 0 ' s t n e surface tension of 
the pool material. 

Result (8) permits calculation of 
the pool surface tension at the melt
ing temperature f rom measurement 
of the pool radius, the period of pool 
oscil lation just before solidif ication 
begins and the mass per unit area of 
the pool. The first two of these quan
tities can be measured from photo-
macrographs and the f i lm, respective
ly. The last quantity can be closely 
approximated by the room-tempera
ture density of the metal in question 
divided by the sheet thickness, since 
expansion due to heating and melt
ing wi l l be mainly in the thickness 
direction. The solid metal restrains 
the pool in the radial directions. 

Published values of surface ten
sion of aluminum, copper, iron nick
el, and t i tanium at their melt ing 
temperatures are available.8 The cal
culated surface tension can be com
pared wi th these published values. 
Agreement would verify that the pool 
vibrates like a stretched membrane 
as has been proposed. The cal
culated and published values of sur
face tension are listed in Table 2. 
The agreement is reasonably good in 
view of the inverse square relat ion
ship between pool oscillation period 
and surface tens ion and t h e 
probability that temperatures are not 
uniform in the pool. Thus, it is con
cluded that a pool melted through a 
sheet does vibrate like a stretched 
membrane when the arc is turned 
off. 

Under more ideal conditions, this 
method might be used to determine 
surface tension of metals and alloys 
at their melting temperatures. It 
might also be useful for assessing 
the effects of atmospheric contam
ination on the surface tension of liquid 
metals and alloys. 
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