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In the beginning:

Fig. 1
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The natural world

My mother was a woman of boundless energy some of which | seem to have
inherited. This led 1o her passion for walking. The northern mill towns are
small and often surrounded by countryside, particularly to the east where the
Pennine hills rise up to moors purple with heather in the late summer. Great
walking country.

Further to the north is our
Lake District its beauty hailed
by the likes of Wordsworth.
This was for summer holidays
where we stayed at Skelgill, a
farmhouse. From there we
would elimb over *Cat Bells®
ridge 1o the Derwent Water
ferry and more walks.

Fig. 2

ORI KRE L L, BN HZATL. BOWEIOL L THRICHNELEH 723 DTY
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DIETELNLEL VI TLA, S5 MKk H . b REIIKRAICIZEILZ
CWHBEATNVFINEVIZD/NE LB ZHiNbDTY, COBEBERY -2 Mio754
T—=X 7539 T TREFF X v b - NV INE - 728128 582D TIMD - 7230 ¢§ (Fig.
2)o

ZFNTIEHMOBRLD Y TITOT, FRPFERMANEFEZEDT L X ),

School days

Adfter junior school came grammar school where | was very well taught by
dedicated teachers, especially in the sciences, but | also continued my personal
adventures in science.

Below is a picture of Ashton grammar school, and a less tidy picture of my
home electronics laboratory where | was building a Geiger counter for some
Cxperiments,

Fig. 3 W {&/E : Photo provided by Sandra Martin

ETCHEELRI LI, VIR 7= VTIIENTHMICEEN, EHS LWIREZ LTWwW/2E
FLo LIV ZFEELBITLTCRIIEIOBKIZHDBH L TVFE L, T TEBRETL20ERAD
EERT, FEFITHS 2o T E 3 (Fig 34). ORISR ERZ/E> TWwE Lze ThHE
BT, Fa—TREIHINORIZHY T, TNTHLD L), RIZEBTTNNAL ZAOFHNICHREL
TV L7zo BBHIBEREOHA TS Y IVRAIPHHIZELET L0 INENBICE) T3,

Cambridge and Downing College 1962 - 1975

Both my science teacher, Stan Sutcliffe, and my headmaster, Harry Hopkinson,
had graduated from Cambridge, from the same college, Downing. They were
very keen that 1 followed in their footsteps, | even got one-on-one coaching
from Harry. Success followed with a scholarship and 1 began my long
association with Cambridge.

Fig. 4

FLTCTINR—RI = Va#zhbl, BEEE/RTTI v T )y VREFI=ZVT - ALy JITHEA
Tl VIR = VOREIWHOXAED Y= FOME T, RS FEBRITIT S RELZ LI
BN T B8 5720 TY, BEICE > TREZODIMAZER L LTLZEwE L, Bh
FCTRITGERLS ¥y =V FANOREE W2 720TY, TR TTI=07 - Ly VTORDER
BTY (Fig. 44, AOBRYOLETOE), T TMHELMILF L7,



Cambridge — a new, different, and exciting life

Cambridge embodied everything that | sought from a scientific life. It was full

of ideas, of characters, and of very beautiful buildings. | was surrounded by
people many of whom were brilliant and went on to do extraordinary things in
their lives,

In the sciences Martin Rvle was using
radio telescopes to debunk Fred Hoyle's
theory of a static universe leading to the
*big bang” and much of modern
cosmology, In 1962 Francis Crick and
James Watson were awarded the Nobel
Prize for their discovery of the structure
of DNA. And much more.

Then there was music with more
concerts than it was possible 1o attend,
and the glorics of organ music in the
College chapels.

This was my new world,

Flg 5 Courtesy of the BGI Nobel Laureates Archives, Cold Spring Harbor Laboratory, New York
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DOIFEELAIILTWZDIE, ALy VOBEETHESZIEDTELNRATHNVT Y TLZ FAZE S
TWEF oL I LR 572D TT,

ENTRAEEPE S TWAIIELLoTLEVELAD, SHOEFESL LWEEZ WL
BS 72D RIZOVTALBIEL LW ERWET, Thps THE LW, RAORIZIES
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What is a ‘metamaterial’
Conventional material: properiies denve from Metnmnaterialy: propeises  denve  Froen  théar
their constituem afoms. comstituent aaits, These units can be enginecred as
wi ploase.
Fig. 6 Negative refraction, JB Pendry, Contemporary Physics, 07 Aug 2006,

Taylor & Francis, reprinted by permission of the Taylor & Francis

FEADEMIRIIBRRICZLEMZ, Z2FTHNAONTELAIT Y TV EEE—HMED
NEVH)TETIERVTL L) Do BIZE THMH T, BHEOWHEIIE T2 6 TETwE§ (Fig
6/5)c TDI2DH T ADIATENEPLd 5 DIXFEMWITIZZDFET-ORETT, AMOHTIHE A~ D
FFERZEFTA RZ50R3Z4DETORBECOFHD L) %D DOTT, I ADIBEITHS
NBEDITT XIZFOHESELEDTT,

Lidwz, IETE2LOPETHA ZFTHRIVLEETDH) THA. HIEREL VNS TFIE I W
DT —DODFEFDEZEIFIOA—MVICHD 1 F /A= IV ENIFENTPIEL, ThEFXD
EOMIZIZL000DERH D 9. TITHSHZOEMIIIEBRI/ER LIS K E SOMEARE G50 A
CIENTREEDOTT, EEIFIRVWEAIZER2BE5TT,

S (58 7] EIERLOT, L—F—FHEDOEFICRVIEROBIHIIENT 5 X 5 et S
NTWa7z0, BEEIFIEIV A=V THHTT (Fig 64). LHEOMERICE > THAETIEET - LS
GHEEREZFFORA YTV TIVEEL L TCwET, TNTHERNLEZEZRZF LT, A¥=3T7U T
OEIIATIEREN A EFICEoTHRED 7,

Practical realisation of the split ring structure
(Marconi: Mike Wilishire, ca 1998)

Fig. 7

THELNRVDLWD [5EY) v kg ] ORMOEBRFTT (Fig. 7)o T OB DWHEICT - 72 H O
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FHAo FNTLEOHGSTELLEDL R, v a—F—TlEo7283 % 7Y v MK X —
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LB ATE LG5 H DT,

Negative refraction: e <0, u <0

Structure made at UCSD by David Smith

Fig. 8 From D. R. Smith, J. B. Pendry, and M. C. K. Wiltshire, Science, 305, 788-792 (2004)
“Metamaterials and Negative Refractive Index”. Reprinted with permission from AAAS.

WO TEBELVWHEEZEHTELL VI AT ) 7T LVOMEEZFH L. b9 —20fiEx T/
LELEIe TRHED) ¥V FRBAINEZEL 72012 SN TV (Fig. 8)0 ZDOWRTIZHT N
gl LTL2RZFRAMMMAH D, BEXILELXGIERILET. 2L TINIZHADESL
HLHOBSKISEX MO THEIAL, ZNETMHFEIZHL bl THEREINTE LB 2 FEI L 2%
BOTT. INOHPHMARDLE S TEHRTL2OPEADOEITE, ThbbWEHICA->TEbx @ L
EH VIR SEABRLTT,
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TALEMOREEARTT, v F A= MV TIERLIZ UV 2HNETLY 7 I 70 VS TRV
WD 7202 H ) T+ V=T KREDERF — AHGT L2 DT,

The consequences of negative refraction
1. negative group velocity

energy flow and
roup velocity

4A'mik
J 72
m

n=—l1
rays wave
(energy flow) vectors

In a negative refractive imdex material, fght

wave vel

Malcrials with pegative refractson are sometimes
maker @ wegarive angle with the normal, Note 980 | oy s ponated i becauss the Poynting
the parallel componont of wave vecor is always vector has the oppoaite Hin bo the wve vector.
preserved in trmsmdssion, but that energy flow is

apposile 10 the wave vedlor.

Flg 9 Negative refraction, JB Pendry, Contemporary Physics, 07 Aug 2006,
Taylor & Francis, reproduced by permission of the Taylor & Francis
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W ORI TIEAS L720E 20 F FROBEHUIK L THMNI#EA T F (Fig. 94). ChoofE%:
B OB RIHEI 2T B2 ARDHFHEL T, S LADIITIE, SBs KEHE & [ UM ihAs
5720, FEWITED S REEAMEY) HE LD TT . FEMICIZEIARARTRAD, THDBEDO—HBITT,
IV SOV 2 Z IS AS T 5 &L OV R0 BEIT I & EICEAT T, 29 LN H DL L
BELTAHTLZE 0 (Fig 9f)o C TICAKMRBOB) 2H ). REORHOHFMIHEA TV
To TLTURGEREOB)IZZD I IS AL REEALHFHRORL D H/TIH L ) LT 50T (ke
DR o WD TH W HRBLTT,

Einstein, light, and geometry

gravity changes geometry
therefore gravity bends light

apparent % M-
sar WA
-

eclipsed

Fig. 10

BT, ATV TNVICEEI D N VHBHEDSD 5720, ZNEHIET 2 HEPLEICILE) 9,
—RED X ) BFETETRELZDOTLLI D TITELTLION, BEALITHLTHA).
TR E o TV B L VI BREIT BV ThETA Y Y2840 TYe TA V284 U5
BEZTIEGZWEESZ EIRAEL T, 1I9AITIE, — DA% DR E D FEARMIZ T & 3T
BLEVHEZEDZRMTHALEZZTWVWE L, FRICEZEZ, FHIIEETIIZWVWES 720N T A
v ad A UTI,

FHEFLLOETWEDI ) HRLDTT, FIZIZA M) v 270 %) WHEEHY 3, BICHT S
RO, SHIEAREMICIZEIELZRLRT S2DDOTYT, FHICIIEIENH D, TRRIFFICENDD
ZZIXICEL ZETEZLNADTY,

TAYYa8 4 v OBHOIEL SEZFEH L2 oEBRTH O -005, B3R 25 HEOREIC
BB ENTKBICEDERODODTNT L 2OTIETA VY284 VOHGBOTFHE—FK LD
T¥ (Fig. 10)o ZLThRbADBERMZ I ELTVBF - LEFT/F 54 2121%, FHIETL2D X
IBLDPOLTETCVWEEVITA YTy v OMGFIBHINTVWET,



Gravity bends light

A gravitational lens mirage taken by the Hubble telescope: a red galaxy has
gravitationally distorted the light from a much more distant blue galaxy located
behind the red galaxy.

Fig. 11 ESA/Hubble & NASA

CHEN Y TVFHEESED) S OWRTY (Fig. 11). BICHIDPHFRDOEE, FOBWRIZH LD
PHEORETT, ROUERZZIZRITNE, FOREPRZZTLEYI. LEL. FVRIIZZICHS
WRPZINIHTABL V ZD L HIZHHEONEEZEIFT EETVEDTT, TO L) ICFTHITIKBEITRDILE
ELET, T4y vad 4 VIRIELo720TY,

Controlling Electromagnetic Fields
Exploiting the freedom of design which metamaterials provide, we show how
electromagnetic fields can be redirected at will and propose a design strategy.
The conserved fields: electric displacement ficld, 1), magnetic induction fickd,
B, and Povnting vector, 8, are all displaced in a consistent manner and can be
arranged af will by a suitable choice of metamaterials. In general we require
materials that are anisotropic and spatially dispersive.

(ﬁ

A

3 7 | "
T—._‘- L
I
Lefi: a Geld line in free space with the hackgproand Canesan coondinale grid shown. Right: the distared
el limse with the hackground coodimaics distoned im the same Tshion

Fig. 12 From J. B. Pendry, D. Schurig. and D. R. Smith, Science 312, 1780-1782 (2006).

“Controlling Electromagnetic Fields”. Reprinted with permission from AAAS.

FINOHEINTZON, bUbNALEHEFEEIERSETY, 2 TIREH 2 T 28548121308
MITLAY =1, WHIETL2D L) BREMICHOATINTVWLEEELET, TOLTHERZZEL)
ML TR EM 20D T, ZHOBIZTLDOEHIITEZONLIIEZBVWHLTLZE
Vo TINHZEMICHDAFIN/GHMAIT L L —HICEWTEELHMICESL T T, T4 — &ML
LEloEADTT . TAZRGISRIIERIIBE F T, TARZOFBIZH S D02 WD R IUL,
HREIEDOHZE LT D T, SIPEHT Y POBRFHIIIEFICEEIC L ->TEFE T,



Peter Pan loses his shadow — black is not enough!

|' ..-’ ." -

Fig. 13
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75% Peter . 50% Peter 0% Peter

Fig. 14

B~ FPORENIWNETHL L) bIlbhoRRiz, HEZ2EBEIET L, 22 TREH
YIMOBRENIBUAHEZFHHL CVWE T, L—F =125 WA T IV AHMO K02 G L %
WKL T E T, ChEh R0 FHRLOTH Y., WEELBEEL &4 L ORBFIEHAKD
BHMo—orthoTwET, 27 LABaZRICTLETTEIFITEDY T8A. WKZDODHDPHEL
THENHTLE) DT,

[E—=F =R ] IOV THI>TWEHFDB VLo L5 ETLE) E—=F =N VII/NERBEDOT
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TLEIDTT, FNTIIRIREI TNIERLLEDLDOTL &9 D%



How to make something invisible
using transformation optics
Science 312 1780-2 (2006), JB Pendry, D Schurig, and DR Smith
define a region that is to be invisible
. surround it with an optical medivm that can bend light

b Pad =

. design the medium to bend the light rays inside the cloak away from the
invisible region — this ensures no one can see inside

4. check that rays outside the cloak are never disturbed — this ensures no one

can detect that the cloak is present

Flg 15 From J. B. Pendry, D. Schurig, and D. R. Smith, Science 312, 1780-1782 (2006).
“Controlling Electromagnetic Fields”. Reprinted with permission from AAAS.

—RIIEHSLF O TY (Fig. 15). HEALZDIF. ZOHKROFERN TR Z 5 2 & Iidfih Tid i
53, T HAEMWE—UPBDTE L L L VE W) HTT, BUhol7HBEoGED) EHIZWwH D
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HIEWXZHoTLEIDNSTY, MAZ LTI VDRREZME ST T—2 3 v OERZIH BP0
LCRETTYT, TIROREIOTAY— b, ThbbEIRREEZHMEGEMAEMILZDG ko720 F
5T, BTORBANBEBA LBV LT Y FEEDTT, 727 LINHOIRIEONEE F 72
EEVONMIOZEHZMIE L7252k -720 352 LIX LA

DFNTH)LAKHMES ML VAL 2HEE T o HUMBETEY T E VW) LT
To CNEEHTL-DOFFIWD THEICK L SN 0b LT A, FE, BEGEOFM D
ZUFNRIEFICHETH D, COHEMZZNEW Y FPOREFEZLETOIERIIL T NLELDHRDOT
Fo B~ Y MIEBAXNTRTZLENTEET, ZLTIH LAARIEI AT 7R LHNLE
2 )AL ECTIEFIHELL T Lz, MOTHLI X 2MEZ NI EHMITHLTELZ2D% 5,
B MEIX S ERICHRTE LA EANIEZDZDTT, TLTEOMY) THAH I LHEE
EnTwEd,

Veselago's lens - a surprise - it can be perfect!

IN
.

P

A negatively refracting lens can in principle break Abbe's law which states
that a lens cannot reselve objects much smaller than the wavelength of light
However it has been shown that resolution for a negatively refracting lens
is limited only by how perfectly the lens can be manufactured.

IB Pendry Phys, Rev. Lett, 85, 3966-9 (2000).

Fig. 16

RICADIBIFIZOVWTITHIH LW EBWET, tnwHnd, ChirZ)omSFrkiRI L7
7205 TY, Nt TIZARMIFEEICB VT, BE2EE L IGEOHFIHITFs 2 & TE i,
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VARINBIZ E OB E R CHEMICERT L EEZTVE L

CZTRT LI, INLDOEHITHEFE LMD H A HErIZE T > T E 9 (Fig. 16). B
RAITHRIIE 2 0L EICER LT E T, RET TR FAAQOEIWEIIL » X2 /RS 5 W Hetk
NWhbEDBEZTVWE L, HE—DMEIZ, F0 XD LWHIZERZ O L E BV A TIIEEE
I AT TUNELTLETE) LIRSk /2 & Tl

AN CE W WO MR TORES WO T, REHL2WOHBEOFIZMNE Lz, £
OHOHBOHIIEZ TW20XZ DL ¥ AT, FIFZOREC [Ty XOFEAI] &) IEFITH A
5HLFEAIFIEL 2V E R0 TT, TOFEAITIINOWRE (B X E5009 7 2 —F) LY/l
TWEEFOWEMECTIIRAZENTELRVE ENTVET, 500/ X — ML +Ho/hEwnkH 28
ZAAPSLNFEAN, THEMEYT LD R CHIKELS 2o TL B LRVIZT ET A, WHOBHEM
FTIRZ) LA ONEZIRETE ST, RAZ Db Ty, ZOEAIZELAZVE D
ERZEINTETLED, REIFOMHOHBEOPHIINES TDOL Y AZIZFNTTEZONRTW X
DHRELEEREH D, ELLIMERTNTEELRDDICRLWMEEDLD L L5 V0T, 727250
HErd, ELSERLATNUERSRWVWE W) 2 ETT,

Near field superlensing experiment:

Nichalar Fiemg, Myvevog Lee, Cleng San and Viawg Zhang, [CR

Left: the objects to be imaged are
inscribed ontoe the chrome. Left is an
array of 6nm  wide slots of 120nm

PR pitch. The image is recorded in the
’ photoresist placed on  another side of

A () silver superlens.

PAIMA [40nm) /

Below: Atomic force microscopy of a
developed image. This clearly shows a

Quanz Cr{0nm) superlens imaging of a 60 nm object
pretttet o
385 i Illurnination i H'l. i}‘

\a

Flg 17 From Nicholas Fang, Hyesog Lee, Cheng Sun, Xiang Zhang, Science 308, 534-537 (2005).
“Sub-Diffraction-Limited Optical Imaging with a Silver Superlens”. Reprinted with permission from AAAS.

FEWHOBRZHE 5T (Fig 17/5)0 SNH AV 7 4 V=T KFEN—7 L —BORIFIEREEDIK
RT, $lzflioTRETTOL UV XITHEVHDPER I N TWE T, Aghl v X, PMMADS AR —
P— ZLTCCr(Zu2) BRI EW T AEWI/NSTETHMBETRL I ENTEEFEADT,
EBNZIE 7+ PLY A MLV MBS T A2LERDH ) T3, T LTTFHROKXHO M S HE
BELET, 20WEIR365F/ A— MV TT. SRNTEHER TS/ A— VoG ERI) ET5
DBUITTe ENRoTEBTHIOTL LI Do ZONIFEFOEETHDS X HIC, BT O E
13607/ A — M IVEREOBEI T, ZohEEZHCIRETE 50 T3 (Fig. 174),
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Imaging by a Silver Superlens.

Wicholas Fang, Hyvesog Lee. Cheng Sen, Xiang Zhang, Science 334 308 (2008)
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(A} FIB image of the object. The linewidth of the “"NAND" object was 40 mm
{B) AFM of the developed image on pholoresist wilh a 35-nm-thick silver saperlens.

(€1 AFM of the developed inage on photoresist when the layer of silver was replaced by FMMA spacer
s a control experiment

N e ling: averaged cross section of lettes A" iee wilth i
el fiasg comirol cxperiment lime widhh 32 Lnm

Flg 18 From Nicholas Fang, Hyesog Lee, Cheng Sun, Xiang Zhang, Science 308, 534-537 (2005).
“Sub-Diffraction-Limited Optical Imaging with a Silver Superlens”. Reprinted with permission from AAAS.

EHICHETRIFIZOMmETY (Fig. 184), 7B AIZE,PNTWS [NANO(F /)] v High
DN TETT, PO Ar— N N"—13232702TY, CEL Y AP LVIEAOWETY, £
D|DOVL v A% ¥HkTHEB). 5 THERDOADIREZ T 2D E I ICETHE-ED LR X
ACHEBIDTT, ZLTIHELDAF Y ViE, COL Y A2 bR WEEDH320F 2 XA — ML
M50 ) A— FIVE THRBERERICHHE L2 L 2R L TWwE T (Fig 184). %ETIEIH Y T8
ADIKE AT,

IR DOEMIE, TA Y ad AL R AT VOTRANSET R AT YTV
WCOWTHNLERF > TERLEERZ ZHRALTVELVERWT Y, ZOBRBTREALIZEN
ENTBOLTHHOEIEICT XTI EAN, FHLLRTRETHLIEZRTIOTLDH) T, ThT
BEXZ<T I TUDBER LML L DISHBIO—%, B O 2o THIFETRTWE F
L9

Reconfigurable metamaterials - phased arrays & 5G

Lightweight phased arrays with
low power requirements can be
constructed using reconfigurable
metamatenials and have been
exploited for satcomms and THz
security applications.

The Nikola Reckless UTW
(utility  task  wehicle)  from
AimLock 15 a protolype drone
4 vehicle that uses metamaterial-
g based radar  for  detection,
e tracking, and targeting. Courtesy
e of Echodyne & AimLock

Fig. ].9 Image Courtesy of Echodyne

oL 0T, mBRERETOMETY (Fig 19). mbEEIE 2 L@ EREH TT ) LEND
D, RERTHNIEN TR T T F2RBELETI. NIRRT T v FFIEEW RIS, FRFZEO N
IG5 EXH Y FEFT, 72—AFT VLA T T F 2T LRI BENLTHET, 22X
N YIRS BREIHDNSL O, BERIEFICEMEZOTTE, S TEAZT Y 7DD
NTwET, X< 7Y TIVORTIBRO CTHHICZEZ SN Z ERghoT0ET, TDLOT ~

12



TrFRWHNICEH NS T LD, BOWE LTSN, DTT,

7o, BT a—5 A4 AP EBENOARE LV FICTA2HNTASY YT ) TLVORIEEZAM#ED T
WET, BRETIANNVYEEMST2RT A AF XY F—KEBIAVRTAZAF Yy V22T E325 2
TWEIEFICHBE 2D OTT, L2LIofEgizMzid, HEE2BVWTHEYIKT L2 TAF: v V2T
biE 3, MPMEDRD - 7HFICEFTIED LN T TH, £ THRTNEZD F FHEATTITIEW
WDTY,

MRI experiments — (Richard Syms IC)
metamaterial coil test:

Fig. 20 Courtesy of Richard Syms

AZ =T ) T NVEHEILEEEZEEE (MRDICDEH SN E S L LTwE 3 (Fig 200, 221
HoTWbDRMOREEY F X — K- YA AT, MRIO R F v ¥ @B R I 72 87 B S 1B Y #i
ATWET, BIEOMRITIZH K H— @G0 T L T34 L2 BREEDTE B ICELE 5104
ENb7zn, BHEOPIZIRELEVPBIBENTCLI VIS, VF v — FOMHEIE, B 72k
T, BFEZRETLHERMOMTIE L R ERETHMEM) X)L, B oMEHMER 215
BOTT, TN VEZTOMHDIWEEL 2D T3, SHITMEBICIZHLED X 5122050 220 57,
2HRETHATLE) 20, MEOHEZMRT I LWL RV E T, NS FLAIITIT
IVASUBE & 3 B AEF) 2 R OB T3,

SHIHOBNE, BIEETHA LAy =V THEHMTHEHEING X9 %7 7~V i & 25
AT AHEETT, TOMMAIL. TIANNVVREEZELSELLODOZDERHHEEIE TN, A
DOFEMIZ, TOHNZRELILBIEHIHRICENRZ A< T ) TUVEEZ BT L0V DT,
IN=IN—= R RFZED ANy I SBRTHIT T T T,
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Metamaterial lenses
Optical metamaterials demand nanoscale engineering which is challenging.
However this has been mastered for 21D systems engineered on a surface
Metasurfaces arc a vibrant aspect of current metamaterials research connecting
to the large and influcntial optical community.

These lenses can be thinner than the wavelength of light and now operated
both in the infra-red and visible regions of the spectrum

This lens for infra-red radiation
made by the Capasso group uscs
resonant  metamaterial - elements
B 10 change the phase of radiation
passing through cach section. The
B function is  not  limited to
focussing but can also be used to
generate complex wavelronis,

Fig. 21 From N. Yu, et al., Science, 334, 333-337 (2011), “Light Propagation with Phase Discontinuities:
Generalized Laws of Reflection and Refraction”. Reprinted with permission from AAAS.

CON=N—=FRKF—241F, BHEL Y A0 E W) BKEW T —<IZ ) A TYF § (Fig
21)0 5EY 7L FTIEVRT, EHE) VT Vns 2l IATLLEI D, TRHITDOERE X D/
SRMRECTHMEREEALEZ ATV RTINE T, BRIV Y ADENFELEZLLI%2DBDTT,
LW EDOL Y AL ERLZY), TOLYADEARAIDLOTIEF /A= VIZT LI EDNRETT, =
DENCAI=T YTV ERMZIE, LTOLRLHEOL Y APERTELDTY,

Metamaterials and satcom — Kymeta meets Toyota

Fig. 22 Jeft bS5 ABER At

MM HBHETL LI Do 9. TOBIZETHBALZTFNER) TEA WA AL A< T
U7 IVOERIZI D HATEY, ZOEEBEHT V7% 8O M3 FHEHDO)L— 72 fF1FTw
%94 (Fig. 22)0 HAETIZEZ I THEL TV I2OPIRENTED Y THAN, ZOFITKEOTH >~
PUVADRS I VA YETERNL, ZOMT oL bIa s ARt ED@BEEZRIT TV ERKML TWET,
DFDIFRMICEBEEADHEDON—=TIZZDOLI BT v T FPERIN, L ThhT-oLHlELA
FEFTVONDLEVN)TELELDTT, 29 LIRS HE LWER) 2 E ) DIFERFEVER»D L
nEFdAi,

14



Acoustic metamaterials

Hospitals to test noise-cancelling metamaterial
The Engineer Tth July 20213:26 pm

A metamaterial capable of bending, shaping and focusing acoustic
waves is to be tralled in
hospitals and other locations
where noise is problematic. The
so-called Sonoblind  panel
technology will allow scientists
to turn plastic sheets into noise-
cancelling panals with the same
noise-reduction effect of as two
inches of plywood but weighing

Flg 23 Courtesy of the University of Sussex

HENIFAFEZHD T, ZONRNRVITEBHBIELLOFE TR L, FEHBTEFTF IR T
¥ 9 (Fig. 23)0 TR T, AZTUTNVRIETEFHLWLIHEOWZHETE L7720, ZD/NFN
WIS RIRGVE S L) LEROEN T E T, HIRGIZIZ-o ) LITR X FEAD, MEPICHE
FOOLNTVWET, ANRXFNVIEIHEZENTSH0T, EETY R PVOREIHTELTWE T, HhE
BEORER LR 2T ) 7 &R 2 WER TOMHAIEE S hTwET,

Acoustic metamaterials (continued)

Missan develops lightweight acoustic meta-material to reduce road noise

By Darren Quick - January 0F, 2020

Fig. 24 POk © HTE BT A
A= T T VRS 2o THNOBE = F ) £ 22K T L, HEHBHEIFEEL TV

5HDTY (Fig. 24)0 U — F 4 XIEEEHEETHOHENIIBITARKOBEEETHY, A¥~<T
U7 VIZZFDOEFBICER LSS DT,
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Earthquake metamaterials
Experiments on Scismic Metamaterials: Molding Surface Waves
& Brilé, £, H Javeland, 8. Enoch, and 5. Guennean
PRL 112, 1335901 (2014).

Fig. 25 [Experiments on Seismic Metamaterials: Molding Surface Waves, S. Brilé, E. H. Javelaud, S. Enoch,
and S. Guenneau, Phys. Rev. Lett. 112, 133901 (2014), https://doi.org/10.1103/PhysRevLett.112.133901]CC BY 3.0

WBICARBICHREMBHETHALEL L )0 2O THROFTHLEMERZBOLNNAF v Vi,
WEHRO—HTHLEELZT L, EB. HBIELZOTT, ZOWRLEFHEETO L HICHEKR
BWEZREDPRRVEGIIPOLZLTIENTENETEFR»D LNLEEA, TIEHEICFY VTR
ZRITAZETIEOVMT LV, HEERBO THIBM R A Y <7 ) 7TV T (Fig. 25). HHOBN
WCHIE LB 72 RS TE N2 4, BB TIZEN~ Y P I TRVWETEADN, ZoMETH
BEOHPTOEDY) T2 EZOND0EIPERAEL L) LTE2HDTT, HidZzon-0dh %A
SHICBECLTCIOREA NI v 72MEVTCEFT L. SHEZERAZELZD) LIF2%ICE-
CHELCHEICINE D, ZOREIZ WL LTHTICESLLDTT, Z0OHBIOMEIC X > TIRENHK
FHIBTHIICENT-OPE ) D EBGE L 2R, R ENLZ P20 L, ZONEIE
[74 VAN LEa— - LZ—X] IZHEEIhTHWET,

New metamaterials in the pipeline:
2. Metamaterials that vary in time

Here T am referring o time vanation on the same scale as the peniod of the
radiation, and structures that appear 1o move faster than the speed of light.

This is challenging at optical frequencies but possible, [t is casier at lower
frequencies. Possible applications are to continuum gencration and amplifiers
with novel coherence propertics.

Below: Schematic figure of the effect of a luminal grating, travelling to the nght,
on a plane wave incident from the
left. The grating has linle effect on
waves incident from the right, Mote
the compression of phase which

| mirrors the compression of lings of
force shown schematically as grey
lines,

ageal: conlis,
ke oy

HAAARAAAY

Fig. 26 ©]. B. Pendry, E. Galiffi, and P. A. Huidobro, “Gain mechanism in time-dependent media,”
Optica 8, 636-637 (2021)

ETCIDATA FIZOWTIHEELSLFHLL THHT 225> TB Y £ A DT (Fig. 26).
HICF LD VERWT T, X7 T YT NVIZIEZESHBREDI ) REMBPEZZONLEDTL & 9D
AFTTF) T VIZEEWICHEIL SN TBY), TAPERLMEZEARLTWET, L2l —
DORITHH Y. THERHFHORITTT, b LWHEZRFHMICERITHEIIEI LI LN TENR
. W RS AR B E S 2 E 9,
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Bl ZALTEITROETERUZ L TATL S, TR0 X ITHEZ 52T, b LZOEH
HAZE2»3TZ e TEE, B RRMBEEEANTI LAY T, ST THEHELDIE, KFH
EELIHO D L, FEHMICELL 2V OICEH SN IEFITHME BN A2 2 10k TLE
I EVIRTT, DF DEREICEIL L 2 wia, WEHRERUIRERICT LT cd . Ko
BRI LCAZELRD T, THIZFNTHIHOIRETHIHDFET, ZLTIOWEIEIZ ANV F -
FHIZ R LT E T, LALKEME & ICEBET 258, TORMFIEIHEN. DITPHILLEEA,
MOBHAE Y Lohd LNFEAN, TAVF—RIEFANEEDbNE T, 2ok ) RfEEsEr2 L
THHOTFHPEZEM L AN T —2FEAT LI EDUEEE LD T,

bivbiida ¥y F T2 9 L7z RS (BB R0 22 & 2 FFo W) oW 2 B LT v
TP, CRIBAFEDORA I TV TIVEBIL, SO REBE 27| ERITIENTEDLEEL
TwET,

Summary
Metamaterials and transformation optics open new horizons for
clectromagnetism enabling:

¢ material properties difficult or impossible to achieve with
naturally occurring materials

¢ control of light on all length scales down to a few
NANOMELNes.

¢ delivery of mobile phone antennae for 3G signals

s sub wavelength microscopy for biological applications is
currently being developed

¢ cheap and efTicient control of THz radiation as in collizion
avoidance radar in automobiles, and satellite antennae

» safe and efficient delivery of MRI signals from inside the

human body

¢ classified military applications

Fig. 27

FTCIRHOBEHZHEETLIVILZOT, ThzfiodKhoFEL L THEZED) 2w E -
WEd, THHEMlbH L) TIE L

BRI TN A ¥ 7 o —8il 2 U H E YouTube 7 v ¥ AV TITEW/27215 £ 3,
(https://youtu.be/su_6iDz3p3Y?si=sVagLFmsAt7f41c3)
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