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1. Motivation

Many natural processes correspond to
focusing singularities in mathematical models
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Full focusing requires perfectly symmetric initial conditions
In reality imperfections are always present



2. A simple example: bubble disconnection

’ " Bubble grows slowly from nozzle and detaches

when buoyancy overcomes surface tension
Strong vertical jet of water forms
after disconnection
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4. Symmetric dynamics has 1 degree of freedom R(t)
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Symmetric dynamics has 1 constant of motion:

total energy E  M(R) (dR
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Symmetric implosion dynamics is integrable



7831/+,2-*38*10#.134*-. (*031*$"#SHA < 3+*"28#6*3&.3"#O/#
#1*+&#23203:#0-.11*-&#.132))+.2-%*0

R I 320'((*&+#*031.830(..8%*:
/\“) 33333./&3:/+#1$3&+2104#*1&
Y 33333-2213)*+0#o&

M(R) (dR Ap ., B
9 <dt> + 7‘% +’}% =F

| P=P. -P,

"HS%E&™ 1%2+""3#1 &*$+24"

O™+ & 1 5ommg 1#213+6."/84.1
,.-[0#13
!II#$II%II&III()&*II#+(,Il_-&/()l.II&.$
21),3

*(*(4*+032"(.0&3*6*+'&%#1$
4/&3#132-&#.1<21$"*362+#24"*0



9:6;3%%("64.&5)//"5*.)/68%"&"/*&6'68'%'4)<
=">(,64.&*)%*"46.#8()&.)/?6/"%(,6./*"0%'$("6&./03("%.*,

- |

A $%8&'()*+,&-.
"HHE %08 "HHS Y&
(#)&* (#)&*
110, *-./0 /)*-./0
1/.23"

1/.23"
&./03("%.%, &./03('%.*
4,/'%.5& 458
0%6"23.%"6#, %"23.9%"6/)
5)/&*'[*&6)7 5)/&**6)7
#)*.)/6%)63$" #)*.)/
&8"5.7."4

@)AB.&6*-"68'%'4)<6%"&)(+"4B



@A&+)%%<(.38&B&"()*(.38&>(0)#6(1.#8&2
Yo#)&S$(.3-8#)(6/

r=2S5(6,t) =Y, an(t) cos(¢,(t)) cos(nd)

$&B&H) 1" %$&'S1$-)%&6(2%&6

] % —> . d¢n -V n—1 1
Mg Y PG T 2 (t* —~ t)
;2*8(6-4%%$&:)%%<% "#3$5%$&"()*

5.)%#%$(.3&*)%' ($(1.&)%,-()%4&618
0#'781-6&(.(6(#8&*"#$%E&) %8
O#8:&1:&(.:1)2#6(1.& 9#8:&1:&(.:1)2#6(1.&
*)%$%)>%4 $)#208%4

:#6-)#6(.3&#6&'1.$6#.6&>#8—%$+)%,-%.'/&O%'12(.3&21)%&)#*$&

6(1.




"HEV0& (VH+#, - (- O#1 1 1#8Y%*+2(%3

456-/%#078#&'3%#.)#9(":-09#.2..;%#+;" ) #<('&#'.;'09#+;'/
$%*+2 (Yot =(*3-2+#'<#.2..;%#0%6>#<('&#<('0/#,-%:
HHAHA3-2+#'<#.2.., %0#0% 6 >#<('&#+-3%#,-%.
?@$ABCDE4FA?BG#H*+#.(%*>12H#A*HH('*61%+

| Camera 1

| §

slot
nozzle

:I Camera 2

~—— syringe pump

™
,,UT

< F..'O9#+: ' [#6*2+%+#-0-/-*:#
\y/ tenkontiltingplatform (o6 6 46 ('++1+966/-'O#/'#.%0#%; ' 09*/%
*'09#+;"/



"HB%6& ()Y H + &-.I'H
0(&,1.181.2%3+#/4,''1%, 1#5.16#3.,%&)# 1&7.3.1+#8) %’

25 T T T T T T T

H"#$"%&"()

20 &) ) +-&*8).
: IR, i
15

|

i
- 10+ f —
.+ 2R i

86&'%%.)8'

| 1 Illllll | | L1 1 1 1 1
10 100 1000

VEE



"#$%6&' ()*+,$,-./$0%,1.)1(0$2.*0$(2.32(,$*41.$,"..1-$+.415+1

R=1 R=0.04 R=0.03 R=0.02 R=0.01 R=0.004
. 7\ N P

7 h / ‘-\\ // ‘\. / "
/ \\ \ \ / \ a2V e ﬂ ~
/ \ ' | \ | l' ' . / \", . |
\ J II» ||“ "l Il» |.l +» ‘\ | ||» [1 l| ||» [ l:_’j::— —-.:::; ]
\ / \ //' “-,‘ \ / \ P ( |
O ) S VoV e Y

#5908 )%+ HYo (XU #&H-#./%) (*0'-0#) 1%2'3- (#-% 4 \HIBBHIB85"-) ($+0#7%$'
$8#-96,-'&(J#*%6+%68") %+, ,-'9(4+0('$%0'%60"#%: '-4%" %0 " H#I6&(;-+0('$+.%4")#
6'..1-$+.415+1$(2.32(,$7).'$!1$2*8)51*.4
I'-<%6=(0"%0-+$*:"-4#)%5"-)($+0#*%66>%+50('$ 2+ $8 . #Y6&+-(+.#*7

%6%%% @ 1%A%&+-(+:.#%, ', *#)%:/%B+<"+-'&Y%H#0%+.C%0'%*03)/%=-+&#Yo: -#+<(
06%%%?22%$+03-+../%6HS5"VHY%5'S: -4+ %+ 444H0-1%" Yo#I0H-(-%: .=
06%6%%?2?2?%-#)354#%6$'S. ($#+-(0/%": %6 ($0#-1+5HYH#E&' . 30('$%0'%* (4, #+0%: -4

$IHYA)HYo($%0-+$*:'-4#)%5"-) ($+0#*% D3-" #+3$%EC%F#5"+$(5*% G %H|
6#K3(&+.#$0%0'%SIHY%2'3-(#-%4")#%:"-%$#H+-./%5(-53.+-%&'() 7

| =p | Ve e
Smooth contact

LMFD%$IHY%A")#%($%0-+$*:'-4#)%5"-) ($+0#*

N3-(0*/$ 1% ( BF+$/962'3-(#-%04 Y %0: -9 #&H-#.1%) (*0™-0#)%& ()



11. Smooth contact evolves from persistent vibration

Estimate with a single
vibration accounts for
orientation and size of
void at contact

Speed at contact
varies
non-monotonically
with initial amplitude

average void radius when contact R
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