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The Initial black hole masses are
36" M, and 29" M.,

and the final black hole mass is
627, M.,

with 3.0722 M,c? radiated

In gravitational waves.
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Table 1. Main parameters of the Advanced LIGO mterferometers. PRC: power recycling

cavity: SRC: signal recycling cavity.

Parameter Value
Arm cavity length 39945 m
Arm cavity finesse 450

Laser type and wavelength
Input power. at PRM
Beam polarization
Test mass material
Test mass size & mass
Beam radius (1.-"'82)‘ ITM/ETM
Radius of curvature, ITM / ETM
Input mode cleaner length & finesse
Recvcling cavity lengths, PRC / SRC

Nd:YAG. A =1064 nm
upto 125 W
linear. horizontal
Fused silica
34cm diam. x 20cm. 40 kg
53cm/ 6.2 cm
1934 m/ 2245 m
32.9 m (round trip). 500
37.6m/ 56.0m
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nitrogen-vacancy centers in daiamond.
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Shaking photons out of the vacuum

BRI S —)LENE Nature 479, 376 (2011)

/
/ BEZNFHINEREHRETEYIRY
C<RVLERLMEELGEVMRER T

/“
*“ S NEITIELES TEI A E

REAXFMNERFIC

"

piates” ﬂgﬁagt‘.;”m/ BinEEREFALTCCOREICELY

RAVBKRDIFEHE
iR (SERER) [CRDEIRD 5T

=

KRETEIENE. WS EOEREM  BOREICERER

HEZEDWLEITE>TAERSNHEREFRAMRL TER

3, /)IL

e



= LI —YEF
BEZXHRTOIEHFERLFEZHER by Richard Gray

World’s most powerful laser will pull apart vacuum of space

\ ‘ 2 Ghost particles normally annihilate
a :
\‘

each other 100 quickly 0 be detecled ~— ¢

1 Ten lasers combine to

make super laser : ;
Laser creates ntense electrical field that

pulis ghost particles apart so they stay in
existence long enough to be detected




Schwinger limit Wiki
From Wikipedia, the free encyclopedia

In guantum electrodyramics (QED), the Schwinger limit is 2 scale abowe which the electrormagretic fisld is
expected to become monlinear, The limit was first derived inorne of QEC's earliest theoretical sucoesses by
Fritz Sauter in 1931 1 ard discussed further by Werrer Heisernberg and his student Hars Euler. ™1 The limit,
bowener, is commonly mamed in the literaturel! for Julian schwinger, who derived the leading ronlinear
corrections to the fields and caloculated the production rate of electror—positron pairs ina strong electric
field 1 The lirvit iz typically reported a5 a maximum electric field before nonlinearity for the vacuum of
_micd®

Bs =~ h

where m. is the mass of the electron, gis the speed of light inwacuum, g. is the elementary charge, and #is
the reduced Planck constant.

~ 1.3 x 10" V/m,

In s vacuum, the classical Maewell's equations are perfectly linear differential egustions, This implies — by
the superposition principle — that the sum of any two solutions to Maosell's eguations is vet another solution
to Meeowell's eguations. For exarmple, two beams of light pointed toward each otber should sirmply add
together their electric fields and pass right through each other. Thus Mesowell's eguations predict the

A Feynman diagram (bar diagram) for &

phioton-photon zcattering; ane photon
zoatters from the transient wacuum
charge fluctuations of the other

irmpossibility of amy but trivial elastic photor-photon scattering In GIED, however, mormelastic photore photon scattering becomes possible when the
cornbired energy is large erough to create virtual electrorm positron pairs spontarnecusly, illustrated by the Feyvnman diagram in the figure on the right.

J. Schwinger, "On Gauge Invariance and Vacuum Polarization",

Phys. Rev. 82, 664 (1951).
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E(r,t) =E,sin(at —k-r)
= Eysin(at —k x -k, y —k,z)
B(r,t) = B,sin(at -k -r)

University Physics
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E=cB[N/C] B=gucE[N/(A-m)]
1

m/s NI
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Intensity
>

nsphere(1 5) > nwater(1 33)

r:R)T—ERDFFE 10um ~ EHF
n: IKDFEEL0°N -s/m* P :L—H—/3J—60mW
| P P

¥ XAt =——x7art=— F, =67znrv (Stokes’s law)
C 7irC C

I/c: TEEWIRDIGE E[FIX?

rad

I:rad = Fry F

RiImiER E 1mm/s
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Oscillating
current source

dipole source

dipole source

Figure 1 Antennas amplifying and redirecting emission. a, An oscillating point source (left) is not an efficient
radiator, but when that current source is wired to a half-wavelength antenna (right), emission from the coupled
system is amplified and redirected into the dipolar mode of the antenna. b, Likewise, the emission from a single
fluorescent molecule (leff) can be amplified and redirected by coupling to the optical antenna at the tip of a near-
field probe (right). Mote that by coupling the molecule to a highly directional antenna, the coupled system acquires
the directionality of the antenna.

Nature Photon. 2, 230 (2008)
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High Electron Mobility Transistor
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Light Amplification by Stimulated Emission of Radiation
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Electrically driven optical antennas
Nature Photon. 9, 582 (2015)

Radio- and microwaves can be generated by currents that
oscillate within antennas driven by high-frequency voltage
sources that extend up into the 100 GHz regime.

Sources for optical and infrared radiation are traditionally based
on transitions between quantum states or bulky thermal sources
because conventional electrical circuits are unable to generate
oscillating currents with frequencies in the high THz regime.
As a result, the well-developed and powerful concepts of
Antenna theory are difficult to apply to optical radiation.
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Terahertz imaging makes it possible to image objects that are hidden beneath clothes or inside bags and shoes, for
example. This capability is making the technology of great interest for applications in homeland security.

2OyE—T4A4RY

A teraheriz image of floppy disk, taken by the QA1000 terahertz-imaging system from the US firm Picometrix.
The technology is proving useful in quality assurance applications for detecting flaws in objects that are hard to
spot by other imaging means.
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Europe turns on bright X-ray source

The opening of the superconducting European X-ray free-electron laser in Hamburg, Germany provides exciting

opportunities for exploring a completely new world of science.

electron laser (XFEL) at Schenefeld

near Hamburg in Germany is now
open and up and running. Following eight
years of construction, the facility celebrated
its official inauguration on 1 September
2017 and as we publish this issue the first
user experiments are starting.

The European XFEL provides a coherent

source of X-rays with energy ranging
from 260 eV to beyond 20 keV using
electrons accelerated to 8-17.5 GeV along
a 2.1-km-long superconducting linear
accelerator. The number of electron bunches
(27,000 pulses per second) and the peak
brilliance (5 X 10** photons s' mm mrad?

T he long-awaited European X-ray free-

Credit: European XFEL / Heiner Mdiller-Elsner

electron bunches can be accelerated compared
with in the warm, non-superconducting
accelerators such as the Linac Coherent Light
Source (LCLS) in Stanford, USA and the
SPring-8 Angstrom Compact Free Electron
Laser (SACLA) in Japan.

Interestingly, both the USA and China
have firm plans to realize free-electron
laser sources based on superconducting
accelerators within the next few years,
making the European XFEL the first of
a new breed of superconducting X-ray
sources. The new superconducting LCLS-II
at Stanford is expected to be open in the
early 2020s and China’s SXFEL in Shanghai
may be ready by 2019.

Nature Photonics

Published online on Sep. 29, 2017
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Metamaterial with negative

refractive index\ / Microcoil

Light is refracted sharply
when it enters a material

with negative refractive . 2
index _—Refraction of light by a Photoeraph of the metamaterial lattice used &7
conventional material . :
to demonstrate negative refraction. The array of
square split-ring resonators gives the material
a negative magnetic permeability, whereas the
llustration by Nariyuki Yoshihara array of straight wires gives it a negative

permittivity
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TR EMaxwell FIER

E(r,t) = E,sin(at —k-r)
= Eysin(at —k x -k, y —k,z)
B(r,t) =B,sin(at-k-r)

University Physics B
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Gauss's law for E IE .dS=0 V-E=0
Gauss's law for B Lé-d§ -0 V-B=0
| - dd I OE
Ampere's law §B-d| :gO'uod—tE V % B=<90ﬂo§
Faraday's law §I§ o =— 9%e VxE=-B
dt ot

Equation of motion F =ma =q(E +V x B)
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32.3 An electromagnetic wave front. The E O) J:j ':-d_;h.o ‘j:
plane representing the wave > front moves to H-—= \
the right with speed ¢. The E and B fields % i —C%é 75 -

are uniform over the region behind the

wave front but are zero everywhere in University Physics
front of it.
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32.4 Gaussian surface for a plane electro-
magnetic wave. The total electric flux and
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are both zero.
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(a) In time dt, the wave front
moves a distance ¢ dt
in the +x-direction (b) Side view of situation in (a)

A,
dt

Faraday's law § E.-dl =-

do,
dt
— Ea =—-Bac S E

= Bac

§E-dT:—Ea
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(a) In time dt, the wave front
moves a distance ¢ dt
in the +x-direction

Ampere's law § B-dl =¢g,u,

do,
dt
Ba = ¢, Eac - B =g u,CE

= Eac

(b) Top view of situation in (a)
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(d)r=3T7/4

University Physics
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32.2 Electric field lines of a point charge
oscillating in simple harmonic motion,
seen at five instants during an oscillation
period 7. The charge’s trajectory is in the
plane of the drawings. At = 0 the point
charge is at its maximum upward displace-
ment. The arrow shows one “kink” in the
lines of E as it propagates outward from
the point charge. The magnetic field (not
shown) comprises circles that lie in planes
perpendicular to these figures and concen-
tric with the axis of oscillation.
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33.29 The sunbathing observer in the west sees sunlight that has been scattered by 90°.
This scattered light is linearly polarized and contains predominantly light from the blue
. ] . end of the spectrum. The white sunlight loses this blue light as it travels through the
Unive rsity PhySICS atmosphere, and the transmitted light seen by the observer in the east contains predomi-
nantly light from the red end of the spectrum.
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