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Laser Maser

Light Microwave Amplification by
Stimulated Emission of Radiatio
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Einstein’s 1917 paper
( A B )

“We introduce the following quantum-theoretical hypothesis. Under the
influence of a radiati make an [upward]
transition from state n w swie 1wy avsuroimy radiation energy ... We
similarly assume that » Idmwmmardl® trancitinn m tg n gssociated with a
liberation of radiatiol the influence of the
radiation field, and that it satisfies the [same]| probability law ... °
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How the laser happened
(by Charles H. Townes)
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Wavelength
Compound (nm)
InGaN 390420
ZnSe 460-530
AlGalnP 630-680
GalnP 670
Ga,_,Al As 620-895
GaAs 904
InGaAs 980
InGaAsP 1100-1650
InGaAsSb 1700—-4400
PbEuSeTe 3300-5800
PbSSe 42004800
PbSnTe 6300-29 000
PbSnSe 8000-29 000

Laser Phys. Lett. 10 (2013) 043001
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FIG. 1. Schematic experimental configuration. Details of the

trap are not shown.

L1 1mm

F1G. 2. The interference fringe pattern on the MCP for
atoms with the initial velocity of approximately zero. The verti-
cul length of the slit image is 2.8 mm. The spatial resolution of
the picture is 20 and 32 gm for the horizontal and vertical direc-
tions, respectively, The narrowing of the fringe separation on
the upper part is due to the damage of the double-slit structure.
This figure contains approximately 6= 107 atomic counts.

F. Shimizu, K. Shimizu, and H. Takuma, Phys. Rev. A 46, R17 (1992)
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http://www.0a0.nao.ac.jp/stockroom/extra_content/sun/sun.htm
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(Magneto-optical Trap: MOT)
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Diamagnetically stabilized magnet levitation

M. D. Simon?!
Department of Physics and Astronomy, University of California, Los Angeles, California 90095

L. O. Heflinger
3004 Paseo de Pablo, Torrance, California 90503

A K. Geim
Department of Physics and Astronomy, University of Manchester, Manchester, United Kingdom®

(Received 13 November 2000; accepted 5 April 2001)

Stable levitation of one magnet by another with no energy input is usually prohibited by Earnshaw’s
theorem. However, the introduction of diamagnetic material at special locations can stabilize such
levitation. A magnet can even be stably suspended between (diamagnetic) fingertips. A very simple,
surprisingly stable room temperature magnet levitation device is described that works without
superconductors and requires absolutely no energy input. Qur theory derives the magnetic field
conditions necessary for stable levitation in these cases and predicts experimental measurements of
the forces remarkably well. New levitation configurations are described which can be stabilized with
hollow cylinders of diamagnetic material. Measurements are presented of the diamagnetic properties
of several samples of bismuth and graphite. © 200/ American Association of Physics Teachers.

[DOI: 10.1119/1.1375157]

702 Am. J. Phys. 69 (6), June 2001 http://ojps.aip.org/ajp/ © 2001 American Association of Physics Teachers



Table 1. Values of the dimensionless susceptibility x in SI units for some
diamagnetic materials. The measurement method for the graphites is dis-
cussed in a later section.

Material —x( X 107%)
Water 8.8
Gold 34
Bismuth metal 170
Graphite rod 160
Pyrolytic graphite | 450
Pyrolytic graphite | L]

Jhe F-z*m* LECTURES

Fig. 1. [Top) Levitation of a magnet 2.5 m below an unseen 11-T super-
conducting solenoid stabilized by the diamagnetism of fingers (x~ 1075,
[Bottom) Demonstrating the diamagnetism of our favorite text explaining
diarmagnetism,

lifting magnet

graphite S
D separation
suspended magnet
mass m, moment M
Fig. 4. Dipmagnetically stabilmed magnet levimtion geometry for one com- Fig. 1 1. Graphite plases sabilize levitation of a magnet below the centerline
pact ||'.|r!|;'|'|1 et sm B ispds T polE faces asd just #hove the inflecon poand @ 1he Hekd it -

motude. Mot shown in the paciune but labeled N and 5 are the 25-cm-dam
pale faces of an electromagnet spaced about 15 cm apart. The peles can be
from permanent Of electromagrets
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BEC @ JILA, June ‘95
(Rubidium) Wieman, Cornel
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Andrews, Townsend, Miesner, Durfee, Kurn, Ketterle, Science 275, 589 (1997)
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Interference of two condensates
| Camera |

"Cut" e E— Two trapped
Bose condensates

8 mm drop

(40 msec)

and (anisotropic)
expansion

Condensates overlap
and interfere

Probe laser

Absorption imaging:
2D resolution

Andrews, Townsend, Miesner, Durfee, Kurn, Ketterle, Science 275, 589 (1997)
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Andrews, Townsend, Miesner, Durfee, Kurn, Ketterle, Science 275, 589 (1997)
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1m 1/299792458

1905
299792458 m/s

Tahle 1: Fundamental Physical Constants (19898 CODATA recommended valwes

Speed of Light g 2097 924 56 = 10° m/s (ecnct) I]

Permeahility of Vacuam | g im % 10=TN/A" (exact)

C =299 792 458 m/s exact  |fee e fo | 0L

G526 0GE TEIS2) = 10~ )s

{135 6AT 27(16] = 1015 g%
1.054 571 5O06{82) = 10=H J.4

6,582 118 89(26) = 10% aVs

Planck's Constant

Elementary Charge E 1602 176 462(63) = 10~"¥ C

BT Q08 90[ 5T « 10=3 ] 1
f- 1.309 G624 G240 56) MHz/ G
Wtomie Mg Unit ] 1660 538 TH13) = 10=4 kg

Bohr Magnetom iy

5.4585 799 11012} = 10=% u

Eloctron Mass Tla 9.100 381 88(72) x 10~ kg

Bohr Ricties o 052 177 ME 3(19) = 1=t m

Baltzmann's Constant kn JBR0 BRD 324« 10 1K
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1 133Cs
F=4, M=0 F=3, M=0
9,192,631,770
133Cs, 6S
|F=4,M=0> 7
WS 7\ 'li“\ _JD‘X\\_ Ii\} AE
[F=3,M=0> Y
Cs AE =hv

9,192,631,770Hz
2004 9 2
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Optical Clocks and Relativity
C. W. Chow,® D. B, Hume, T. Rm-.-nl:und 2012

Observers in relative motion or at different gravitational potentials measure disparate dod
rates. These predictions of relativity have previously been observed with atomic docks at high
velodities and with Llarge changes in elevation, We otserved time dlation from relative speeds of
less than 10 meters per second by comparing bwo optical atomic docks comnected by a 75-meter
lemgth of optical fiber, We can now also detect time dilation due to a change in height near
Earth's surface of less than 1 meter. This technique may be extended to the field of geodesy, with
applications in geophysics and hydrofogy as well a5 in space-based tests of fundamental physics

us to alter our concepts of realing One of rq.r:u,ln'-. {1k in which g twin siblng aho teavels on
thie meone startling cutcomes of the theory o fst-moving mcket ship retums home youanger
is that we hove o give up our notions of simul-  than the ofher twine This “tame dilation™ can be

! It Eimsiein's theory of relativity forced.  taneify, This i manifest in the so-called twin

24 SEFTEMBER 2010 VOL 329 SCEMCE  wwewsciencemag.org
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