
•  Sonoluminescence	
  
•  Cavendish	
  Balance—a	
  study	
  of	
  gravity	
  
	
  
•  Nuclear	
  Physics:	
  Gamma	
  Ray	
  Spectroscopy	
  &	
  Muon	
  LifeAme	
  

•  Photoelectric	
  Effect	
  and	
  DeterminaAon	
  of	
  Plank’s	
  Constant	
  
•  Pulsed	
  Nuclear	
  MagneAc	
  Resonance	
  	
  
•  OpAcal	
  Pumping	
  
•  Diode	
  Laser	
  Spectroscopy	
  (Doppler-­‐free	
  Spectroscopy)	
  

•  Superfluidity	
  of	
  Liquid	
  Helium-­‐4	
  
•  SuperconducAvity	
  and	
  SuperconducAng	
  Tunnel	
  JuncAons	
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Sonoluminescence	
  

•  Sonoluminescent	
  bubble	
  lighted	
  with	
  laser	
  
hYp://www.youtube.com/watch?v=3bfJploSBgM	
  
	
  
Ultrasonic	
  levitaAon	
  
hYp://www.youtube.com/watch?v=S4exO4CuoSU&feature=related	
  
	
  



Cavendish	
  Balance	
  

SYMMETRIC	
  DIFFERENTIAL	
  CAPACITIVE	
  SENSORS	
  (transducers)	
  



Nuclear	
  Physics	
  

Primary	
  cosmic	
  rays	
  are	
  parAcles	
  such	
  as	
  protons	
  and	
  
neutrons	
  moving	
  at	
  high	
  energies	
  through	
  the	
  
intersteallar	
  medium.	
  Locally,	
  many	
  of	
  these	
  are	
  ejecta	
  
from	
  the	
  sun.	
  When	
  these	
  primary	
  cosmic	
  rays	
  come	
  
toward	
  earth	
  they	
  encounter	
  atmospheric	
  nuclei	
  at	
  
around	
  30,000	
  m	
  above	
  the	
  surface.	
  The	
  imapacts	
  
cause	
  nuclear	
  reacAons	
  which	
  produce	
  pions.	
  The	
  pions	
  
decay	
  into	
  muons;	
  this	
  generally	
  occurs	
  at	
  around	
  9000	
  
m	
  alAtude.	
  The	
  muons	
  rain	
  down	
  upon	
  the	
  surface	
  of	
  
the	
  earth,	
  travelling	
  at	
  about	
  0.998c.	
  Many	
  decay	
  on	
  
the	
  way	
  down	
  while	
  others	
  reach	
  the	
  surface.	
  A	
  few	
  of	
  
those	
  will	
  encounter	
  Jeff	
  and	
  Ed's	
  muon	
  detector.	
  These	
  
muons	
  consAtute	
  "secondary	
  cosmic	
  rays"	
  and	
  have	
  
paths	
  which	
  are	
  indicated	
  by	
  the	
  red	
  arrows	
  on	
  the	
  
diragram.	
  Note	
  that	
  this	
  diagram	
  shows	
  a	
  "muon	
  
shower"	
  on	
  the	
  Alps...such	
  an	
  event	
  on	
  the	
  Rockies	
  
would	
  look	
  much	
  the	
  same!	
  	
  



Nuclear	
  MagneAc	
  Resoance	
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Pulse	
  NMR	
  Experiments	
  



Nuclear	
  spin	
  and	
  Hyperfine	
  interacAon	
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What	
  is	
  opAcal	
  pumping?	
  

kT~0.03eV@300K	
  
First	
  excited	
  state	
  ~	
  2eV	
  



OpAcal	
  Pumping	
  Instruments	
  



ProperAes	
  of	
  some	
  liquids	
  



What’s	
  cool	
  about	
  “cold”	
  and	
  “absolute	
  zero”?	
  	
  
Quantum	
  fluid	
  and	
  many-­‐body	
  effects	
  

L.	
  V.	
  de	
  Broglie	
  1922	
  

S.	
  N.	
  Bose,	
  	
  A.	
  Einstein	
  1924-­‐25	
  

E.	
  Fermi,	
  	
  P.	
  Dirac	
  1926	
  

Cooling @ low density 

Cooling @  
high density 
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Thermal (classical) ensemble: l < n-1/3	



Quantum gas (metastable) l >	
  n-­‐1/3	
  
Quantum liquid: helium 4 & 3, superconductors 
	



Tthree-body > ttherm	



Single free particle 
è  
Many-body collective effects 
 
Interaction + Statistics + ? 



Helium	
  as	
  a	
  Quantum	
  Fluid	
  

The	
  behavior	
  of	
  liquid	
  helium-­‐4's	
  two	
  fluid	
  phases,	
  
helium	
  I	
  and	
  helium	
  II,	
  is	
  important	
  to	
  researchers	
  
studying	
  quantum	
  mechanics	
  (in	
  parAcular	
  the	
  
phenomenon	
  of	
  superfluidity)	
  and	
  to	
  those	
  looking	
  at	
  
the	
  effects	
  that	
  temperatures	
  near	
  absolute	
  zero	
  have	
  
on	
  maYer	
  (such	
  as	
  superconducAvity).	
  



Phase	
  Diagram	
  of	
  3He	
  and	
  4He	
  



Superfluid	
  Helium	
  II	
  

Phase	
  transiAon	
  and	
  viscousless	
  flow	
  
hYp://www.youtube.com/watch?v=TBi908sct_U	
  
Superfluid	
  fountain	
  
hYp://www.youtube.com/watch?v=kCJ24176enM	
  
Liquid	
  Helium	
  II:	
  The	
  Superfluid	
  (Physics	
  demonstaAon	
  by	
  Alfred	
  Leitner,	
  1963)	
  
hYp://www.youtube.com/watch?v=uw6h4K6begA	
  
Movement	
  of	
  single	
  electron	
  in	
  helium	
  
hYp://www.youtube.com/watch?v=04KaWCXkSC0	
  
	
  
	
  
	
  
	
  

Captured	
  on	
  a	
  home	
  video	
  camera,	
  some	
  electrons	
  follow	
  a	
  
straight	
  path	
  through	
  superfluid	
  helium	
  (far	
  le{).	
  Those	
  
entrained	
  in	
  a	
  superfluid	
  vortex	
  follow	
  a	
  snakelike	
  path.	
  
(Credit:	
  Humphrey	
  Maris	
  and	
  Wei	
  Guo)	
  



Select	
  Amazing	
  Phenomena	
  of	
  Helium	
  as	
  “Superfluid”	
  



Periodic	
  Table	
  of	
  Superconductors	
  



Superconductor	
  

•  Meisner	
  effects	
  (levitaAon)	
  
hYp://www.youtube.com/watch?v=4VGACLNfZ8s	
  
	
  



Superconductor	
  

•  Meisner	
  effects	
  (levitaAon)	
  
hYp://www.youtube.com/watch?v=4VGACLNfZ8s	
  
	
  



Physical	
  realizaAon	
  of	
  quantum	
  computaAon	
  

Condensed	
  Ma[er	
  
	
  
Liquid-­‐state	
  NMR	
  
NMR	
  spin	
  la]ces	
  
	
  	
  	
  	
  
ImpuriHes	
  in	
  semiconductors	
  &	
  fullerines	
  
Nitrogen	
  vacancies	
  in	
  diamond	
  
Spins	
  in	
  quantum	
  dots	
  
	
  
Electrons	
  on	
  liquid	
  He	
  
2DEG	
  in	
  the	
  quantum	
  hall	
  regime	
  
	
  	
  
Josephson	
  juncHons	
  (superconductor-­‐based)	
  

–  charge,	
  flux,	
  and	
  phase	
  qubits	
  
	
  

	
  

AMO	
  
	
  

Linear	
  ion	
  traps	
  
	
  
Neutral-­‐atom	
  opHcal	
  la]ces	
  
	
  
Cavity	
  QED	
  +	
  atoms	
  
	
  
Linear	
  opHcs/single	
  photons	
  

PreparaHon	
  –	
  ManipulaHon/Control	
  –	
  DetecHon	
  
	
  

How	
  to	
  accomplish	
  these	
  before	
  the	
  coherence	
  (entanglement)	
  is	
  lost!	
  	
  



Storage	
  of	
  cryoliquids:	
  cryogenic	
  dewars	
  (cryostats)	
  



Cryostats	
  

Flow	
  cryostat	
  
MagneAc	
  opAcal	
  cryostat	
  

Closed	
  cycle	
  



Water	
  Phase	
  Diagram	
  



CO2	
  Phase	
  Diagram	
  	
  


