Page 1

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

"24I| Mau UaAIB uaaqg aABY SjUSWIINSEaW 953y} AI2A0ISIP SOSOJ\ 0} Syuey |
‘uonisuel); seseyd ay) jo AIBA0DSIP 8y} Jaye psenunuodsip sem Buipund

‘'suouoyd Aqg piauied

1ou senem Bunebedosd Jo sousisixe syl psuUuod Juswusdxs ise| syl
‘uoljisuel} aseyd snonunuod e se pajaidisiul am ey} aHc Jo

wdd msj e Jo uoljippe ay} yim Ajewoue 213snooe ue punoy Jaded puodss sy
‘walshAs

2y} jJo suoneyoxa Alejuswald ay} Jnoge uoljewdsoiul papjalf Jaded jsui sy

(2002) L0ES60 ‘68 ‘"He ‘ASY ‘sAud ‘pup{poo ‘N

(L661)
601 ‘601 'SAUd "dwa] Mo [ ‘puUNPoOD ‘W I pue ‘ssojpulg ‘d ‘| ‘0OH O-'d

(0661) LSZ ‘6L SAUd ‘dwa | moT I ‘punpoos ' T pue enbus 9
:sieak g1 1sed ay) Buunp siaded ¢ ul pauodal YIopp

OM] 3y} JO UOI}ORIDJUI B} PUB ‘SBABM
jeay ‘saAem d13snode jo uonebedo.id Jo sjuswainses|

900z ‘L Aeniged
ason
pPuMpooH ‘A uyor
9Hs pPllos ul uoljisued} aseyd
e SsOoJoe sjusawainseawl
9ABM ]leay pue 21}Shody




Page 2

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

On L
cl 0l 80 90 ¥O ¢0 00

roo

rgo

uonenuaye

ZHINOEKHE
ZHINOLWe

ol

ZHIN OS puB Q| 1e |spow uonexe|s.
ay) 0] BuipJoaoe uonenuspe pandwon

*Jo)e| |SpOLU B JO UOISSNISIP 8O é¢ L —°1 ueypayjel 2 -1

(° 1 01 @soo AiaA |1e) pjnoys uoissaidxs awi
uonexe|al oy} ‘JOASMOH) |opOoLWU uolexe|al au} uey} oLjeWwAs alow si jeubige.

(¢4amod Jsybiy o3 anp) “uonoaaip Buoim sy} ul aq o} sieadde ing

psjoadxe se ‘|lews AIaA sI °] Jo pue

yead

1 8y} jo souspuadsp Aouanbaiy sy].

$Blep ay) yim saibesip [apowl sy} Jybiw aJsypn

siejaweled sjgejsnipe
os|e 1esyo pue apnjubep

M8SL0="1

0-0LxZ'g =%

U
oh -

()41 e
1,0 ﬁoalsélﬁ
N?evi

{29)

‘J]opow uoljexe|al ay|

Af\s;vu %4 —a

‘'ss1oushbauy Jaybiy 1e
alojalay} pue (¢ uoneinies) sjaas| Jamod
osnooe Jaybly je Jsjews si |eubig

) 1
18090 v0 c0 10
. 150"
ll'llll loo
quag
wr 150
\ 10°L
fll‘m._\
10¢
l-llllaf m 180
v
-Jr ; E
s v
,J by 1z
'
ZHNGE = N 191
ZHN 22 ¥ V
“0¢

(sjow/02 £86°02) M 98°0 e umois
‘eHe wdd gz ‘Zox [BshD

Ajlewoue a15snooe ay |

(01 X) Wys Mool

(,.wo) uonenuage




Page 3

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

a|dwes snoirsid Uo (,-0LXZ'S SA ,-01LXS = %2 ‘uoisuel) dieys Alep

) L
o . . O L
_. 80 so vo €0 _._o crL T 8090 ¢¥0O c0 F,.o Lox-
o . FoOLXL-
" rog’l A-0LX8E-, 01X 6~ =AY :
i FeOkXL-
Lcg =+ (1)
€l o L0 o
3 Q.
logL © e L, 01x6-
= L] w
o L - 2
(L1-1)/,,.01XS) =2 ey = AP
(V-1 01X8) =2 L,0LxL-
00z "eFa e w09
ZLIX 1eshiD Leoz ZLIX [eskio Aok
dieys 1 Joys
NEY Aap
M 98°'0 1& umolb aH wdd | Buluiejuoo |eyshin
o)L oD L
I 80 90 7’0 c0 1’0800 1 80 90 ¥0 zo 1’0800
b : : —+65'0 , L, CLX}
L,.oLxg
090 & 3
un 5 L,.oixe <
:
L oLxy
rs9'0
(GeL-L), OLXG =2 (el -l 0LXg=2 "= L ouxs
HX [e1shiD HX [eyshiD
an

moib

98 0=""".1 ‘wddg/g
MGeL =71 pue ,-0LXS = % ‘HX [eishiD




Page 4

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

‘uoneledss aseyd sy} aq p|nod siy} jey)
0s aAIND uoljesedas aseyd jo uonejodesxs o) asoo s1 2| o ul Jys abie| Aisp

(uiney) 1 o L
b o ! Vo
RS . L " T ! L 00
LO'S)- oz
Ma, Fg AR (508
TR A b ae aanEB TN rook- 2 ol 8
2 I % ¢, S
A F0s 9 (80107, OLXS =* Mwm
| | 2 ((m)+L) ™ 0LXGT'L = uope 2
. \ \O 0 6 - gz o
(80~-1)/, OLXG =2 | I [ o
, LA © FOE @
4 e = 8
6lan _, . T . Lge =
0z AP A L Logr M co_uwxm@ paje|no|es - Lo =
oz v ot Y, Bt st
Losl M A
Y 98°0 & umoib ‘aH, wdd Lzz yim exx [eishio
o) L
0L 80 90 ¥0 TO 00
L X7~
vzl ARE
. L, 0LXL-
® (GzL0- L, 01x6=2 |7 g
rozL = 18
[} o (o]
= le]
c =
8T L g Kantle M
S =y
L, 0LXg =
(521'0- L), 0LX6="1 oet L, 0LXE
LLIX |eishio et LL1X 1eishkio L, OLXp
uidwep -
uoneoso|sig

‘|eysAuo shoinaad ueyy Alisuap uoneao|sip
JamoT M 98°0 ¥e umoib wdd /| uolelusouoD aHe “LLIX [BeIsAID




Page 5

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

(ungex) L
I 80 90 0 0

(oL o) 0l1xge =2

AN

6YX [eIslD

(wajay) L
1'080'090°0 L 80 90 ¥O z0 1'080°080°0
, S0 by 1 L0lxg-
'] \
. -.uu'. 8€0 L
" 4 (91°0-1) S o[£ VR
% 9101V, 0IXCC=
roro B u
g _U,,,,, I _oLxg-
ero & . r
N
o . v
revo § N « " mE el gixg-
R
80 \
" b, 0Ly
Foso L
|
L oixg-
6YX [eyshiD -

‘(2 ab1e|) 1n0 pesuds pue |lews
si Alewoue ay| “wdd | uey} ssa| yym umolb sem jeys |ejshio e si alay
g ‘Juswiiadxs aAem Jeay ay} Wol uonsanb siy} Jnoge UoTBWIOUL SIOIN]

Zp1jos aind ui sbueyo sseyd ou si alay (g

HO ¢obueyo aseyd ayj jo sisloweled

8y} 0} seAem 21)snode ay) jo Buldnoo ou si atsy] (e

‘2snedaq ) sl jou )|

&Sle1shio aind ul Alewioue ue Jaas sisy) S|

"BHe WAd g0 yjim SjejsAio ui paaIesqo sem Ajewoue o

Hiys fyioojan

) L
L 10

| R S TR TR S L 1 | I

0°0c-

06lL-

08L-r

0LL-r

01X) Hys Aioojop

S

(

09lL-1

0GL-r

o o’

Wys Aoojan e
uonenusne m =
[

-8'0
0L »
&
L 3
C
)
Tl g
L

OH, wdd L2z pMX [eishi)

‘uonjeledss aseyd ayj Jo} saind Alosy} uonnjos Jejnbaa syy jo uonejodesixe
ay] 0] 8s0]2 s! pue Jabie| yonuwl s1 sUC | 18MO| 8} ‘S18yl0o 8y} UM JUslIsISuod
s1 | Jaybiy je auo ayj jo °| “|eisAio siy} ul saljewoue oM} aq o} Jeadde siay|




Page 6

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

- 8-991'0 S'6 7261 | 01-90°TT or [3:0:¢
LIF1TT 8-9C1°0 S1 9Tl 01961 eer ¢L6'0T TT | IMolpX
LIFITT 8-9C1°0 Sl 7oT'1 01-29 8T CL6'0T Tl PAX
LIFITT 1’0 6-21°0 ¢¢ | ¥9CTO 01-96T T £86'0T 980 £X
ST TSP £0 8-9¢°0 [424 7o8'[ 01-20'6 ST~ £86'0T 98°0 L1IX
SIFS ¥l 90 8911 60'F8'€ 729 01-95°0 LT £86 0T 980 X
SO0FS'LT 1o 01-20'S SEl £86'0T 980 HX
SOFSLT 8-9¢ LY €901 01-9¢'¢ T £86'07 980 qQzDX
SOFS LT 8¢ I+6¢ €961 01-20'¢ Lyl £860C 980 DX
,-01J0 | (ZHING)
(wdd) Aysuop (ZHNG) | spun  uf 13002
9H, | 90[si | JJPO9 WV | JJeoo T, AJAY (09s) %1 o1 oA | (3) *oF [BISAID)

s|eisAIo sholea Jo saluadold jo Aewwng

2Ul JO 9sealosp UJM JUSJSISUOD g plnom  Siy}

"BHg Ul @sBa10Ul Y}IM SUOJO84apP JUBAS|S] BU} JO UOIJBJJUSDUOD

[9pOW JNO  UIYIAA e

"UOI}BJJUSDOUOD BH UM sasealoul 2] jeyy ayeolpul sjuiod eyep ayj Jo om] «

Juoneiedas

A1oay} uonnjos
Iejnbal
palejodonxg

°] Jsybiy A

aseyd

(wdd) uonenuasuod 9H,

06c 00c 0§l 00l 0g 0
‘ 1 | | |
7 __— Loio
™~ |
|
. L .
- SL0
|
f -02'0
\l
L rGc'0
™
_mm,_m_ mc,o _m>>m_ mm__rEo:m oM} “_v_m._. H,m :Bm_w . 0g'0
Alewoue afie| Ajlensnun )z’| je umols @
Mog'0leumolb m

¢$,uoIeuaouoD sA 2|




Page 7

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

"suolje})ioxs paAl| Buo| A1aA 1oy aouspIag

O L
G660 00 S0 oOr0 SO 0O S0 00 SL0 0L0 SO0
L 1 1 L 1 L 1 1 L 1 1 1 L 1 1 1 1 1 1 0
S o ll'
<
<& - - & — 000S
& S L - oooor 8
| Qv w
- u - ] <o [}
. ¥ ) . — 000GL \Wv..;
| ] | 5 MW
- g
- 00002
Ay
° ogmegs. &
— 000S<Z
1| SA Juejsuo? swij buo
(spuooes) ]
0LX0'9 0LX0'¥ 0LX0'Z 00
LOoLXL - T 80
N LOLXO'L- Q
< o
>
< 3,
,OLX0'6-
,0LX0'g- L— _ : _
yead

1 < 1 40} | Ul 9SBaI03p B JOYE A/AV PUB D JOo douspuadap awi]

‘We)sAs 8y} Ul SJUBISUOD SWli} Juslayip AJoA eaiy |

Aladoud Bulizznd Jayjouy




Page 8

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

(4opJo |eneds Buioe|dal Japlo wnuaLIoW
‘6-a) Adosjus ul asealosp Bunesuadwoo sWOs ag O} paau pjNoMm aJay |

‘(Jeay oujioads sanebau Aldwi pjnom) Buijoos uodn pasealsosp walsAs
3y} Ul JapJO [BI0} aU} JI SOIWRUAPOWIaY} 91B[0IA PINOAA "1 MO Je 0Jaz
0} s206 yoiym | ybiy je Jsjauweled Japlo Ue si alay} Jeys saldwi siy|

‘lensn se °| mojeq sI aseyd paJaplO

'suojosjep 4 5
1 =
10 Aysuap abueyd o} awn s JueysUOD awiy BuoT 1820 =(1)"L
_ )
‘uoljeindod uoyoayep £ Mb L,
Bunsixe jo | sbueys o} swi} sI JUBISUOD SWI} HOYS 1
h ._. L

(43

aseyd passpuo |

v

{,01) Ayzojea
uo|jenuaje

9l

rak

&UBiy s1 Alisusap J1sy) uaym suoneioxs jo Buusplo [eneds (q
ésuoneyoxs paall Buoj jo uonesuspuod asog (e

:s|dwexs Jo4 Alsusp uojosiep o} |euoiuodoud |
Buisealoap YIm sasealoap 2] "suoijeloxXe |ewlay} ay} jo aseyd passplo uy

[opow




Page 9

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

velocity (X10%

‘AIoay} |eaisse|o AQ 1}
uouswouayd Buidwep uonedo|sip
0] &np ANID0|8A puB uoljenusiy

Alusuap
uopedo|sip ybiH ‘G1X [eISIAD
dwsa}
L0 80 S0 v_o €0 <0 L0

1 1 1 1 1 mmc
SHIBUB| JO UOHNQUISIP [BRUBUOMXS YIM

Uoleo0ISIp pandwoy) SBAIND piog|

roL'0
Frs2'o
ro8o

rseo0

EEl a
A Los0

uoljenuaye

"UMOUY| JOU ,SUO0J0RJep, BU} JO ainjeN
‘suouoyd oluoweyue 0} anp sl

HIUs AJOOI8A "M | ~ V YlIM suolje}ioxs
PaJBAIJOE Aj|BulIay} 0} anp UolenUapnyY

Aususp
uonedo|sip Mo7 £1X |eISIAD
(uney) L
80 20 90 G0 ¥0 €0 ZO0 O
n 1 1 n 1 1 n 1 1 om” c
9GhH
ggh FIE0
__o9r F8E0
| zor
X F6E0
g ver
@ gl . Fovo
= 12 BV L HLE =PV
m 89r Fir0
> AloC|BA O
0Lk UclENUARE m Lzv0
cL- (L _..unxm@.\.._.vm.o;m. =B/0

LxP-IELOY'S - p-38LL0 L="AY

JIys Uolienuaye

saladoud 18y10




Page 10

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

oD L oD L
60 80 L0 90 S0 v0 €0 TO0 T0 0 60 80 L0 90 S0 ¥0 €0 TO T'0

0

$0000°0-

1 £0000°0

7 20000°0°

10000°0-

0 oAV

1 100000

1 200000

1 £0000°0

- $0000°0

‘Aj100]9A Juspuadap | Yjim SOABM 21}snode 0} pajdnod apojy

10~

0

o

(4]

€0

p'0 (j-wo)®
§0

90

Lo

80

760

‘asuodsal Jueuosal pul{ zZHIN
0S PUE QF 1B painsaw elep ay} Wody ZHN 01 18 painseall ‘seouspuadap
»1 pue |enuauodxs sy} joenagns ‘sieyshuo ‘Aund ybiy * Ayjenb ybiy Assa uj

(gwo) A
1Z S0 07 S'6I 61 S'8T 8T S'LI LI S'9T

elep ason \

T T T T T T T T

(8L0-"L)TS=

‘wiloy) ay) o
10 Blep In0 0} JI} B Sl 8AIND pI|0S "sABIX o X
‘solsnooe ‘Jwu Buipnjoul ‘sjuswiadxa

Jo afuel apim B WOJ) SWN|OA / ]

Jejow jo uolouny e se ABisus uoljeAloy ¢

SaI0URIRA 8Q PIN0D ,SU0JOBjEP, 8sal |

0

o1
st
0z
(608 ]
ST

0t

S€

194




Page 11

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

"apow uouoyd aslaasuel} Mo|s ayi Joj abie| 00} sI [eubis ,onsij|eq, 8y} ‘JaAeMOH

‘awibal onsijeq,
uay} ‘(s|lem apIs WoJ) SUOID3|}8)) PUNOS puodas uay} ' | 1saybiy 18 molj sAISnYI

(oest) asind Jaye awn

oyl 0zl 00} 08 09 or
— 00

Jizlf\\||, 10

< -

€0
%0
[/|\,|\\/.\< 50

1 " 1 M 1 L 1 " 1 i hc

1 Aqg1esyo |eubis Jajewojoq

uonebedoid as|nd jesay

(eYyimolb
|eysAuo Buunp Buluiyal U0z aiay} S| "SjUsLWLINSEAW NS Ul OU)
‘Juswiiadxs Jslje pue 210§8q UOIBIJUSIUOD SH¢ JO JUSWSINSES|.

‘wo/00Z > Ausuep
uoneoo|sip sjeysfio oapad Ajjeuondsoxs Joj anbiuyos} Ymols).




Page 12

{pesw) swi Aejap

1)

=

~

0L X Hius uonenuaye 0L X Hius Ajo0jaA

©
i

‘puey Aq psieslo slem sebueys | aisym juswadxe
snoinald ayj ul sy aouspuadap | wnuglinba o1 susoddo sAemje si pue
pides AJIESS228U S| 9ARM JB3Y UM SABM D1}SNODE JO UOISI||00 0} 8suodsay

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

"1aJaWio|og ay} Aq pajoalap Jou SI Ing SABM 211SN02E UlIMm Sioelaul
1eul asind jeay ayj Aq pajetausb anem Buijaael; Jo soussald swU0D

‘awibaJl punos puzZ dY} Mojaq
1 Je saAem BuljsAel) 8y} Jo uonelioxs ay) ul deb ABisus ue 1o} 8oUBPIAT

‘paulells I ‘pljos aind Ul UolisUB) 8Y) JO) 80USPIAT

SOABM 21]SN0oE
pue saAeMm jeay JO uoljoelalu|




Page 13

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

¢ésaiuadold painseaw Jayio ay} 0} pajejal Siy} S| MOH

Mw) 1
05L SZ9 00S  GIE ose szl ool
1 0
"o
m &
~ W g
) For S
2
ppm 1) g
~ p—
m 1 n,
] W -0z
Lgz

1 sn defi ABusu3g

2\ 0} leuoiuodoud seseaioul spnydwe
ay} °1 mojeg ‘((zA)dxa) asind yeay ayj ul Jamod ay} yym Ajjerjusuodxe
sasealoul ‘°] snoge ‘ssipadoid o1)snooe Ul Yiys sy Jo spnydwe sy

(oasm) Aejop (oasn) Aejop

08 09 OF 0z 0 0Z O 08 09 Or 0Z 0 02 OF
2L o 01XS
0100 [o 0LV
L X¢-
-800°0-& o0 mm
. m LN \/ .w.o_‘XNO
900075 v VT 08
F¥00°0-8 / 0 g
<2.. +z00'0-% L OLXL P

=

M 152 \\S\//\/\ -000°0 M 162 o 01XZ
\l 26 20070 M €6 ,0LXE

(2 aBue| A1aA) uonisues} peolq AIsA B YJim JUS)sIsuoD
's|eyshio auindwi Joj 9 mojeq JolAeyad se swes
souspuadap | wnuqglinba o} ajisoddo sAemje pue [[ews $I YIYs

:abueyo jeay pides Aq paulesis ‘|BisAID sIY} Ul 1hg

'siejsAio pauiesjsun ‘aind Ul PeAISSqO SI UOIORISIUI ON




Page 14

Dr. John Goodkind, UCSD (KITP 2-07-06) Acoustic and Heat Wave M easurements Across a Phase Transition in Solid 4He

9] anoqe deb ABisuge.
‘paules)s Ji Ajuo uonisuel} sy} Jo syoaye sy} Aeidsip s|e}sAIo ainde

(suojosysp paall Buol sy} Aq paLueD s i jeyy
Jajul) Jajewolog ay} yium Apjeam sjoelaul jeyl aaem e sajebedoud asind jesHe

suojoajep paAll Buo| sajeoipul auo BuoT wajsAs 8y} JO SJUBISUOD LI} 92y «
uoljisuel) aseyd e sa}eoipul AJeLIoUR 2}SNODY/s
syeysAio pauieljs 4o ainduui uj

(¢, suoneue|dxa
a|qissod JaylQ "L JO UoIoUN) B SB 0 puB AJAY Ul 80UBUOSS.)
Ajoojan spuadap | yum spouw bunebedoud uouoyd-uou vy .

rOLXS = Q ‘(,19-1)°A = A/AV) Apoluowaeyue eomeT.

(enoge umoys Blep ‘M L = P
‘(L/d-)dxa% = 0) ABiaua uonBAI}OR MO| UlIM SUOIIRLIOXS JO AJILuE .

sejshio aund ‘Ayenb ybiy uy

paJliajul 1o
painseaw saluadoud jo Altewwng




