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ANNEX B: DIPOLE CERTIFICATE
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Calibration proscedurs for dipole valdation kils

Calizradion dali: Septamier 24, 2010
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Calibration Laboratory of A, Soawalzeristher Kabbrirdlenst
Schrnid & Parner i T F—
Engineenng AG e Servizio svizzero di faral
:-ruunr:ulrm-a..mzunm Balizeriand v.,{f*{,;—jf;}r Swise ;ulhm a.:uum

Arasgihliad By e Swiic Accridiion Serdce (SA5)] Aeoredmation Mo SC5 108
The Swies Accmdialion Senvdce |5 one of the signabories by the EA
Rultilabornl Sgresasd for e recopaition of cilisestion cartilicales

Glossary:

TSL lissue simulating liguid

ConvF sensithvity in TSL / NORM x,v.2
M not applicakble or not measwrad

Calibration is Performed According to the Following Standards:

a)

D)

)

IEEE 5td 1528-2003, "IEEE Recommendead Practice for Delesmining the Paak Spatial-
Averaged Specific Absomption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniguas™, Decembar 2003

[EC 62208-1, "Procedure to measure the Specific Absonption Rate (SAR) for hand-held
devices used in close proxmity fo the ear (frequency range of 300 MHz to 3 GHz)",
Fbruary 2005

Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCG Guidelines for Human Exposure to Radicfrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Porabde Devices with FCC Limits for Human Exposure to Radiofrequancy Emissions”,
Supplement C [Edition 01-01) to Bulletin 65

Additional Documentation:

dj

DAEYAE Syatarmn Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conoifions.: Further details are availabés from the Validation Report at the end
of the cerificate, AN figures stated in the cerificate are valid at the fraquancy indicated.

Antenna Paramelers with TSL, The dipobe is mounted with the spacer to position its fesd

point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Poinf Impedance and Raturn Loss: These parameiers are measursd with the dipole
pasitioned under the liguid filled phantom. The impedance stated & ransformed from tha
maasuramant at the SMA connector 1o the feed point. The Relum Loss ensures low
reflected power, Mo uncerainty required.

Efecineal Delay: One-way delay betwean the SMA connector &nd the antenna fesd poin,
Mo uncedainty required,

SAR measured: SAR measured at the stated anfenna input power.

SAR normalized: SAR as measured, nomalized 1o an mput power of 1 W at the antenna
conmector,

SAR far morminal TSL paramaters: The measured TSL parameters are used to calculata the
nominal SAR result,

Carilicaio Mo: D250 TEA_Sapid Page 2ol 9
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Measurement Condltions
DASY sysbem configuratian, as far as not given on paga 1,
DASY Yeraion OASYS WEAD
Extrapolatisn Agvanced Extrapolation
Fhamicm Modular Flat Phanbom W50
Digtanca Dipoks Cailar - TSL 13 mm with Spacer
Zoam Scan Resolulion de, dy, dz =5 mm
Freguency 2450 MHz + 1 MHz
Head TSL parameters
The hollowing paramatars s cakulalionsg werse applied,
Temperature Permittivity Conductivity
Mominal Hoad TEL paramswiars 220 an.z 1.80 mho'rm
Measured Head TSL parametors (2.0 02 "G O 1.74 mhaim £ 6%
Hesdl TSL temperature during best (215 £0.7 "G — —
SAR result with Head TSL
SAR sveraged cver 1 cm” (1 g} of Mead TSL Condition
SAR messsLrnd 280 miY input powar 130w g
S5AR normalizad rormalzed o 1W SEOmMN g
SAR for nominal Head TEL paramalers rormalized o 1W 52.8 mW Jg = 17.0 % (k=2]
SAR aweroged ocwer 10 om” (10 g) of Head TSL condilien
SAR imeasired 250 mivs input povar B0E i S g
SAR normakzed normakzad b 1W 2 i S
SAR Tor nominal Head TSL parameiens normalzed b 1W 24,5 W i & 165 % (k=3

Cortilicate Me: D3MS0VE-E_Sep1d
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Body TSL parameters
T [elkrwing paramalers and caladalions wers opplisd.
Tamparaiure Parmitiiviy Candustivity
Maminal Body TSL paramabars 2E0°C 52.7 1.85 mibsain
Measurad Bedy TSL parameiers (@20 m 3] " i 1,55 mhi'm & 6 %
Bady TEL lem@erature during lest (218802 "C ==
SAR result with Body TSL
BAR averaged ower 1 em® {1 g} of Body TEL Condition
HAR measumd F50 mW inpus power 129 mW i g
SAR rormalized riommalized 1o 19 S1EmW g

SAR for nominal Body TSL parametarns

marmaliesd 1o 1

1.5 mW /g x 17.0 % (=2}

SAR averaged ower 10 cm” (10 ) of Body TSL carydion

SAR reseLral 230 inpun power 00 mW g

SAR revrmalized nairalizad to 1W 240 MW g

SAR for nominal Body TSL paramatan namralized 1o 1W 240 mW g w 16,5 3% [k=2)
Corthoalo Mo DEAS0YETEA_Sop10 Pagod of B
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Appendiz
Antenna Paramaters with Head TSL
Ilnpu-l:hm.humlwm;ll-x;h:u paint B4+ 150
Rediem LoaEs =31.2dB

Antenna Parameaters with Body TSL

Impedarcs, Fanslormed 1o bsed poinl 4ES 4+ 3.3
Rahsn Loas - 205 gl

General Antenna Parameters and Design

Bsactrical Delay (o0 dirsction) | 1,150 s ]

Alier hor lem wss with 100W radabed power, anly & elight warming of tha dipa'e naar e feedpaint can ba meaasurad.

Thea dipaia is macks of standand samingid coaxial cabks. The cértér conductor af the fsading lina & directly connecied to tha
sadond amm ol the dipole. The anterna is therefore shor-crouted for DE-signals,
o excossive lorea must ba appliad o e dipoks ama, becauss ey might band or ©e solkdansd conrmctions. nearn the

Taadpoind end b damaged

Additional EUT Data

Manufactured by SPELG
Manifacirsd on August 10, 2004
Caniticata Mo D402 784 Seg 10 Poge 5 of 3
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DASYS Validation Report for Head TSL

DapefTime: 200082000 14:17:25
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: THpale 2450 MHz; Type: DE450Y2; Serdal: DE4S0VE - 5N:Tod

Commiunication System: COW; Frequency: 2430 MHz; Dy Cycle: 1:1

bdedium: HSL U122 BB

Msdium parameiens used: = 2450 MHz: a = 1.74 mbs'm: g, = 39: = 1N J-.E:.l'1|1I
Phanton sechioi: Flal Section

Mizasursmei Sandard: ASYS ([EEENEC/ANS] O3 10-MK7)

[ASY S Configurstion:
s Probe: ES30DYS - SMNI20S; ConvE(d.53, 4.53, 4.53); Calhibrated: 30L04. X110
»  Semsor-Sarface: Smm (Mechanical Surface Detection)
»  Electronics: DAES Sn601; Calibrated: [0.06.2010
= Phantom: Flat Phantom 5.0 (front);, Type: QDOMNPS0AA; Serial: 1001
o Meosurement 5W; DASY S, V52.2 Build 0, Version 52,20 ( 163)
. F'|'-:r|'-r-::|:|.'ﬂ'\-.ir||5 SW:SEMCAD X, V14,2 Build 2, Versinn 14.2.2 {1685

Pin=250 mW /d=10mm, dist=3.0mm (E5-ProbeyToom Scan (7x7x7) MCabe (6 Mensuremeni
grid; dx=5mm, dy=Smm, dr=5mm

Reference Waloe = 10,4 ¥Vim; Power Dift = 0,044 JdB

Penk SAR (exirapolsted) = 26.5 Wikp

SEAR gl = 13 mWig SARLD g) = 6,00 mi/ g

Muoximum value of SAR (imensured) = 16,6 mW /g

0 dB = [66mWig

Canilicala No; DEES0VE-TEL_Sapid Faga 6ol 9
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

DratedTimse: 2008 2000 14:15:54
Tesd Labambory; SFEAG, Zurich, Switzerland
DUT: Dipale 2450 MHz; Type: DE2430% 2 Serial: D450V - S5:T64d

Communication System: CW; Frequency: 2450 MHz; Duy Cycle: 151
Medinm: M5L U2 BR

Medium paramesters used: { = 2430 MHz: 0 = 195 mhofm; g = 52.5; p = 1000 kgfm’
Phantinm section: Flat Section

Measurement Stanclard; DASY S (IEEEABECANSTCA3. 19-200017)
DASY S Configuration:
«  Probe: ESSDYS - SNIM06: ConvE4.21, 4.31, 4.31% Calibrated; 30004, 2010
= Senser-Surface: 3mm (Mechanicnl Surfac: Deaection)
+  Electronics: DVAES Snt01; Calibrated; 10,06, 200
« Phantom: Flat Phantom 5.0 (back ) Type: QDINCPS1AA; Serial; 1007
»  Messuncment SW: DASYS?, V52,2 Build 0, Yersion 52.2.0 [1&63)

= Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14,2.2 {1685}

(T T

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)Zoom Scan (7x7x7) /Cube (: Messurement
erid: du=5ma, dy=5mm, dz=5mm

Refereivo: Yalise = 96.2 Vime Power Drift = (L0132 B

Penk SAR (extrapolatedy = 272 Wikp

SAR = LLY mW g SARLD gh = 6 mW/iy

Maximum value of SAR (measureds = 17 mWig

0dl = 1TmWg

Corilicate No: 02450 2-764_Sopid Paegr B 0l 9
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Impedance Measurement Plot for Body TSL

EFI 541 i u rs

ELE L Beard ] HEEIL 0 2E.H3 H

21 Sep L@ BFI0411E
2 &, B0 B0 0 HHE

Ow1
(& ] [ g
|;||
g1
15
f
CHZ =11 L = dESMLIF -28 db A= BT dE - AGBE0 Bl HHx
P e
Ta - o " T
— ) — -
T a
-
e A
i
STRET I 2500048 B8 FHx BTOP 2 50, 000 BEE HHx
Canilicala Ho: D2a50V2-T64_Sep1d Faga 8ol 9
91

Electronics Testing Center, Taiwan (ETC)

Rev. No.1.3



FCCID: VGBCSCOTO0710 Page 92 of 116

ICID: 2461B-CSCOTO0710 Report No.: 11-02-MAS-043-04
Calibration Laboratary of A Benumizeriachos Kalisrirsiosst
Schmid & Pariner E Bervice sulie dilsonnagn
Enginaaring AG % Servizin gvizpers dl laratura
Zeughaussinasses &3, 3004 Zurick, Switzerand -L%t(;‘.u*'{ Swise Calibration Barvice
fadide
Aceradied by e Swiss Accreditnton Sandco [EAS) Accrediiston Mo SCS 108

Tha Gwise Sooredman Service ki are ol e sigralones o fhe B4
Mulliatersl Agresment lor the recognitton of calbration eerilllcaes

ciient  ETC {Auwden) Cartilleain Ho: DEGHZV2-1080_Sep10
|ICALIBRATION CERTIFICATE

et DEGHZVE - SM: 1030

Cailsion prisadar) O CAL-22 v

Calibration procedure for dipole validation kits between 3-6 GHz

Callbaton detn September 15, 2010

This ciilieradon cenficaln documents e bnceabdity io rafonal siandnds, which ralizg i physicsl unils of measmanis (50
The mamssremenis and the inoomainios wWih cosfdenca prabisbslty am g on the following pages ond are part of Sie carbifo: b

Al alonrions Rired baen conducted is e domed abormion oy srsronmaent Inmpoesaiug G2 o 500 and humidiy < T0%

Cinbbemtin nuipmeant wead (MATE oilical for calibmtian)

| Prirvaary Siavsiss I Cal Dlatw [Caniizati e} Sehaduied Calbraion
Powar motar ERM-G128 CEITABTITH [5-ci-08 (Mo 24740 063 a0
Powar asnaor HF B4 A3 f s D5-0i-00 Mo 21700 06| Qa1
Relerance B0 dB Aiorsano EN: SEE (20 -kl 10 (Mo, 21704 1E8] Mar-11
Typa-H mismaich commbina o SN MMTE (DAIET  30-Rhew- 90 (Mo, 21701 163) fdar-11
Fralurarzs Probe EX000 SN 3603 065 - 100 (M2, EXD-3500_ ke ) Mar-11
DHEL EN: 801 10-Jun- 10 in. DAES-E01_Junil) Jui-11
Sinzrnsdary Siandnse lips ek Dk i heousma) Sictasshuioed Chick
Purvain aarcor HP 84018 W82 T 184021402 (i hezed chck, Ccl-8| In hoasse oheok: Oot11
RF genamior RS SMT-08 100008 A-Basg-9 [in b chesck Dicl<08) I P el De11
Mt frakyrar HP BTSIE LISITIR050S 547G 18-Dah0 (n house chack Ooi-00) In hapsn check: Oct-10

Hara Funcion S
Calitranad by: [Mrmra Ny Laberroneny Tachnamn i L[ E

@) Koer

Appiteaad byt Knija Pokosic Teohnical Menger

e
,_L.fi":-fé: ,:"-"{';;—

|ssasin: Saphumbar 10, 2000

This calbrafion cerifoatn shall nol B ragneduced asziagt in full sifoc] withen sporoesl ol the laboaiomg.

Coarificals Mo DSGHZV2-1080_Sani0 Pags 1ol &
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Schmia s parnee S S et st
Engimeering AG S o C' servizio svissers di wrat
Mquumn?a.m Zuwrich, Bwitzeeland Eﬁ_ﬁ}f B owhs G|-|Infl|'-un Brr:n:m
Mocradied by the Bwlss Acosedilation Sandes [SAS) Accreditnran Ka: SCS5 106

Tha Swis Sccrediteion Service b one of e sigralones (o (e EA
MuliBrieral Agreement 1or the reosgniiion of calbralion ceriilicass

Glossarny:

TSL fissue simulating liquid

ComF sensitivity in TSL / NORM xy.z
T nat applicable or not measured

Calibration is Performed According to the Following Standards:

aj

b}

IEC Std 82209 Part 2, “Evaluation of Human Exposure to Radio Frequency Fields fram
Hardheld and Body-Mounted Wireless Communication Devicas in the Frequency Range
ol 30 MHz 1o 6 GHz: Human models, Instrumentation, and Procedures”: Par 2;
“Procedura to determine the Specific Absorption Rate (SAR) for including accessories
and multiple fransmitters”, Draft Viergion 0.9, Decomber 2004

Fedaral Communications Commisgion Office of Engmearing & Techmology (FCC OET),
"Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequancy
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobds and
Portable Devices with FOC Limits for Human Exposura to Radiofraquancy Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

c)

DASY4'E System Handbook

Methods Applied and Interpretation of Parameters:

Meazurernamnt Condibions; Further details are svailable from the Validation Report at the
and of the certificata. All figuras stated in the certificate are valld al the freguency
indicated,

Arlarna Paramalers with TESL: The dipole is mounted with the spacer to position s feed
point exacthy below the center marking of the flat phantom section, with the arms arented
parallel to the body axis,

Faed Poiwd impedance and Refurm Loss: These parametars are measurad with the dipole
positioned under the ligusd filled phamom. The mpedance stated is transformed from the
measurament at the ShMA connector 1o the feed point. The Retum Loss ensures low
redlectod powar. No uncananty required.

Electncal Delay: One-way delay between the SMA connector and the antenna fesad poind.
Mo uncartainky required.

EAR meassuwred: AR measured af the siated anfenna input powar.

SAR normalized; SAR as measured, normalized to an input power of 1 W at the antanna
conmecior.

SAR for nomingl TEL parameters: The measurad TSL parameters are used o calculate
the nominal SAR resl,

Catilicala Mo: DSAHA-1030 Sapil Paga 2 ol 8
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Measurement Conditions
mﬂfgmm mmgrajm.miaras ol giwan on paga 1.
[MLSY Varsion CuEYS VBEZ
Estrapalation Sutvanced Exirapolation
Phaniom Wadular Fiat Phanicms Va0
Distancn E‘Jﬂ.ﬂun’lﬂr-TEI. 10 rmm il Spacar
Arca Eoan resalution dx, dy = 10 mm
Zoom Scan Aesoluticn i, dy = .0 mm, de = 2.5 mm
S300 MHz @ 1 MHz
Fraguamoy B800 MHz + 1 MHE
5SRO0 MHz + 1 MHz ]
Body TSL parameters at 5200 MHz
The falioaineg parametans and calouialions wane applied _—
Temperatune Permitifwity Conductivity
Mesmninal Bady TEL paramainrs =0 494 8,30 mifiv’m
Maasured Body TEL paramaters (22003 %C AT T x6% 534 mha'rn £ 8%
Body TSL tempenatune during losd 221 203 *C .- -
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 om” (1 gl of Body TSL corediion
S5AR measued 100 W INpis powar TTImwW i g
SAF nanmalined ranmad ied o 1V TEAmW g
SAR tor reemingl Body TSL parsrsaiars namralized 1o 1% T miW g 2 18,8 % (k=2)
B4R averaged cver 10 cm” (10 g} of Body TSL sandition
S8R maasuned T A e [aes 218 mW g
L4R normalized norensized o 1% 2EmW g
TAR for nomingl Body TSL parameians normalizad bo W 21.5 mi /g £ 18.5 % (ka2)

Casiificais Mo DSGH2Y2- 1030 _Sepi D
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Hngl',r TSL paramelers al 5500 MHz

he following parameters and caloulaBons wang appilied
Tamparaluns Parmitiivity Conductivity
Mominal Body TSL paramaters =00 EEY: £ &% mho/m
Meaauredd Body TSL parameters (2202023 "0 A1 eb% 569 mhdrn 26 %
Bady TSL temparature during lest (221 x0.2)=C —— -
SAR result with Body TSL at 5500 MHz
BAR avaraged ever 1 6m” {1 g) of Body TSL anditicn
SAR mesELd 100 m& input power B3I MW ig
SAR nomalzad rmamalizad o 1% B.AmW g

SAR for nominal Body TSL pararmslan riamalized 1o 1% BOLE miWY i g & 199 % (k=2)
SAR averaged ower 10 cm® (10 g} of Body TSL o ifion

SAR messred 100 MW inps power 225 me g

SAR rormalized reirmal e fo AW 2285 mW .'g

SAR for nominal Body TEL parametars

reoirmal imed 1o 1V

JA MW g 18,5 % (k=2)

Body TSL parameters at 5800 MHz

Tha flioing parareis s ard calculatians wers applisd.

Temperature Parmittivity Cenductivily
Hominal Body TSL paramrseiens 2305 483 B0 mibhieE
Measured Body TSL pasamebars 220 £ 02 "G 465 + 6 % 6.05 mba'm + B %
Body TEL temperatune during test [Z2A e b3 "C —_ i

SAR result with Body TSL at 5800 MHz

SAR aweraged over 1 om” (1 gi of Body TEL condition
SAR maaaunsd 100 iy input powar TADEW J G
S4R normakized normalzed fa 1W TIOW /g

S4R Tor nominal Body TSL paramelsrs

normalized 1o TW

T0.5 mW Fg e 199 % (k=2)

| EAR averaged aver 1nem’ (10 g) of Bedy TSL condition

USAFI measursd 100 e inpul povear 1L.EEmW /g

EAH normalized niemakzed o 1W TEE i i g

SAR Tor nominal Body TSL paramaters nermakzad B 1W 18.5 mW /g = 1905 % (k=Z)
Cortificate Mo DEGHWE-1030_Sapil Page 4 of B
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Appendix

Antenna Parameters with Body TSL at 5200 MHz

Impedarce, ransiomad 1o fead point Blon-B2 K
Aeturn Loss -21.8d8
Antenna Parameaters with Body TSL at 5500 MHz
_h;udurl:c. tramsdanmesd 1o fesd pol fd.84)-2.0 |02
Falum Lass 260 ol
Antenna Paramelers with Body TSL at 5804 MHz
Irpadance, Irarefamed fo feed pong SHBEQ-24)
Ralum Lo -21.5 dB
General Antenna Parameters and Design
| Eteerical Datay fane direction) | 1.187 ns

After lang berm use with 40 W rackiaied powes, only & slight waming of the dipole near the feadpoint can be measened

Thea dipate is mada ol standard semidgid coasial cabla, Tha cenlar corducion of B leeding line is directly conrsched 1o
the second am of iha dipoka, Tha antanna is theralene sho-cinculied Sor DC-signals.
Mo axcessiva karea musl be appied o e dipole armes, because Sey mignt band or thie solderad conneclions near the

leedpaini may be damaged.

Additional EUT Data
Mantzchinad by SPEAG
Manutachamd on July TR, F00H

Cartilficans Mo DEGHY2-1000_Sep10
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DASYS Validation Report for Body TSL

DraieTime: 15003000 12:34:16
Test Lahoratery: SFEAG, Zurich, Switzerland
DUT: MHpaole SGHz; Type: DSGHzY2; Serinl: DSGHEY2 - SN: 1030

Commumication Syssem: OW,; Freguency: 5200 MHz, Frequency; 3500 MHz, Frequency: 3800 MHx; Duty
Cycle: 1:1

Bledivm: MEL 5000 MH:

Medium parameters used: F= 5200 MHz; o= 533 mho/m; 5 = 477 p = IEH.IPkg-'m] o Medium pararmetess
used: 1= 5500 MHz; o = 5.68 mho/m; 5, = 47.1; p = 1000 kgim® , Medium parameters used: £ = SR00
MHz; o = fld mhodm; g, = 46.5; pos 1000 kgp'm

Phantoan saction: Flar Section

Measurement Standnrd: DASYS (TEEEAEC/ANST O3, 19-3007T)

DASYS Configuration:

o Prohe; EX30VY - SKA03; ConvF{4 88, 485, 4 B2, ConvFid 37, 4 37, 437, Conv4.57, 4,57, 457k
Calibraed: 4503 2000

»  Sensar-Surface: 2oem (Mechamical Surface Detection)

= Electromics: DAE4 Snb0]; Calibrated: 10.06.2000

= Phanseon; Flar Phantom 5.0 (hecky; Type: QDUDOPSMAA; Serial: 1002

+  Measurement 3Wo DASYSZ, ¥W32.2 Build 1, Version 32,20 (163)

#  Posiprocessing 5W: SEMCAD X, % 14.2 Baild 3, Version 14,22 (1635)

Pl b W=, =520 MH A rea Scan (P1x91x10: Measurement grid: dxe= | Omen, dy=10mrm
Maximurm valee of SAR {interpolaied) = 15.2 mWig

Fin=110m W Sd=10mm, F=5200 MHzFoom Scan (dxda? Smm), dist=2mm (S8 100 Cube 2 Measurement
gricl: cx=dmm, dy=4mim, dz=2, 3mm

Reference Value = 60,1 Vim; Power Dl = -00-349 46

Peak SAR (exirapodued) = 20.2 Wikg

SARL g1 =771 mWig: SARD g = 206 mYWiyg

Mlaximum value of SAR (measured) = 148 mWyig

Fiie= 1000 W td= 1. (=550 MHaFoom Scam (dedx2 Smm ), dists2mm | S8 100 Cabe 0= Mensoremend
grid: de=dmn, dy=dmm, dz=2. 5mm

Reference Value = 60.5 Vim; Power [afit = -6 (B

Peak SAR (eximpolmed) = 33 Wikg

SAROT g1 = 803 mWiss SAKRID gl = 225 mWig

Masimum vales of SAR (measanad) = 16 mWwie

Fin=111hm W dl=10minm, F=2800 MHaosom Scan (dedx2 Smm), dist=2mm (Sxfx 100 Cube i Measurement
grid: dw=4mm, dv=4mm, dz=2.5mm

Eeference Value = 53,3 VWim; Power Dirift = -0.019 B

Peak SAR (exerapolated) = 30,4 Wik

SAR(L g) = 7.1 mWig; SAR(ID g) = 1.9 mWig

Maximum value of SAR [measured) = 14,2 mW/ig

Canilicale Ng: DSGHZW2-10080_Sep10 Fago & ol B
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5b

(hdB = 14.2mW /g

Cadilicale No: DEGHZVE-1030_Sapid

Page Tol®
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Impedance Measurement Plot for Body TSL

15 Sep 2018 SDELTIAT

EH]] 311 LU FE W ELOM e -3A453 e 11,202 pF L ABHBE0 R HHa
]
Oe1 [H Ak sra
11 SILEAR
DALDZ &
Cosr . = FRAAR GHE
“isan
LERAAG AHT
¥
1 a3
CH2Z %41 LOG = dBSREF —2 @B W= T A0 dB 5 S, B0 B FHz
H? Hprk a4
Li=TA. 04T dR
Cor S A2 GH 2
=l L Sra— =7%.837 d8
= —— SRR Hz
II'E\H“‘"_‘—'_“'\—“U ~ __.-__a—\-._ur__r‘_"‘-'—‘-\-
o r "*-"?
rl
START 7 DA A0 00 MHE ETOF & Sdei, 000 PR HH:
Cartificate Moo DBEH2Y21030_Sapdid Pag=BofB
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ANNEX C: PROBE CERTIFICATE

Calibration Laboratory of ANy, Bchwmelzerischor KalBriesstemit
Schmid & Partner Servkoe s ke o Habormage
Endginaring AG ——m Bersipio swizpe o dl et
Zaughaussicasma 43, 3904 Furkch, Switaseied t&‘"!f_'.-.. Swins Calltrailen Senice
L
Aocreditad by the Swes Acosdinaton Benvios (SASH Bccraditation Ko S5 1048

This Swlen dccrdRatken Sorviee B ang of s Signaloiles Lo tie EA
Wuitilvisral Agresmen] far e secagrition of SBIDralen SHmioae

G ETC (Auden] Eartilicain bo: EX3-3556_Sepid
|CALIBRATION CERTIFICATE L2

!ﬂ*ﬂ: Ex300Y - SH-3565

Calibrabon procsdunaju] QA CAL-01 w8, Q& CAL-1d4 w3, 08 CAL-23 w3 and O4 CAL-2542

Caliration procedus for dosimetnic E-eld probes

Calbwraion i Seplember 22, 2010

This Coalitratios SemBoale Socirmnli L racnabliy 1o raSsnel stasderds, which malias s physicel unis of meas erenis (5.
The megeirerees. ared thi neenianbes i sl i prebablity i glven on the follcsing peges snd amw part oF the ceifleais.

Al cabbraderm hores basn conducied in e doaesd Inbsenizny Wty sewinon ment eeponaing (22 £ 310 end humidin < T

Coabbrrien Equipive used PARTE ool for calisialion)]

Prirrary Slarda e o= Gl Dty (Caiifcale Wop Schmduled Cabbraien
Syemr mener E&d 168 8 2 e A-diprd 0 (. 2uF-00138) Apr-11
P sonaer Eddi2h WA 43627 H-diprd0 fhba. 20700130 Apr=11
Pgwer paneor EA4 1A WYod A SSE0AT Aodiprd 0 (b, 207-00138) Apr-11
Mpferance 32l Aferuaicr Sht RES0E () 0-hlar 13 Mo, 21701168 a1 1
Mofernace 10 df AR ustoe Sht R5C00 (ATH) I-Rar-13 P 17404 181] w11
FMplerasce 20 d5 Afanuston Sht 5I15 (REb) A0-Mar-13 P 317401160 a1 1
Elplorance Proba ESXTI Sk 33 Ir-Diae-08 (Mo ES3-3013_Dealsl) Dus=-16
O#E4 Skt 3 20-Apr-13 Mo, DAED B0 _Apr i) Apr-11
Sacondary Standads b ] Chack Diim (10 ouss] Belusivkad ©imd |
FF gararaiar HP B340 LRSI FLB2 TE0 A S §in fse phek; Cice-(R1) In hous chack- Ocl-11
Batwork Aralyaer B 8TIIR LTI AR 2 ARG fin hioapse ok D C6) I houia chack: Oel 1D
Rl nn Fuseton
Calibratid --':' =
by Fnkjn Prawic Techmical Marager -:H:.a-'!':n.a- "aﬁ.-"f‘

B by Fin Bombeal FAD Tiracior :5 #‘{

besiad Saplermisai 23, 2510

This catacabion caificai shal nal ks raprodused eeoog is kil silhsal wilten approsel of the libosalery

Carilcats Ma. EX3-3555 Saail Page 1of 11
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Calibration Laboratory of

. Ishewwizerinc b K alibeieidaagy
Schmid & Parner Sanvice sulssn TSIk
Engineering AG Barvicic aicran 2 farsters
Tiovwglirsirasss 41, BI04 Zurick, Switserand Hwinw Calibealion Sandcs
Accradind by e Seiss Aoorediabion Serdeon JSAE) Arcesdiation Kz SCS 108
Tha Sadem Rcoraditation Berson s osd ol the slpratoros b ik EA
Mukilateeal Agraemernt Iof Bie resogniton of calbretios oo
Glozsary:
TSL FaEUs airnukaiing Rquid
HORM: v 2 sersilhdly in free space
Comf aerailiily in TSL { MORMay,z
DR clicaka SoMpeSREnn podnt
CF crest factor (14duty_cyde) of tha RF signal
A0 C mdulation deperdant linsanzation paramaters
Palanzatian @ 1p redialion anurd probe axis
Palarization & I rotation anund an amis that is in e plane normal s probe ass (21 measurement cantar),

i.e., & = 0 s normal fo probe aeds

Calibration is Performed According to the Following Standards:

) IEEE Sid 1828-2002, "IEEE Recommandsd Praclics far Delermining the Prek Spatial-tveraged Spadific
Akceplion Fate [S4R) in the Human Head from Woakses Cammuricalions Devices: Maeasuremant
Techniques®, Decembssr 20003

by IEG 23081, "Procedure o measune the Specilic Absorplion Rate [SAR) for hand:held dovicas ussd in dioga
prowimity b Bhe aar [raquercy mange of 300 MHz o 3 GHz)®, Fehnsany 2005

Methods Applied and Interpretation of Parameters:

& NORpz: Assassed for E-field polanzalion & = 0(f < 800 MHz in TEM-col; 1> 1800 MHz: P22 waveguide).
MR, y.2 are only imemedate values, La., The encanainties of HOR M, .z does rot atlec the Elfsld
urcerlainty irside TSL (568 Below CaniFl,

= MODRMY b = WORMY .2 ¢ iequency_mspanso (see Fraquency Reeponse Chartl This lineanization is
implemented in DASYS saftware varsiors laber than 4.2, The uncertainty of the Tequency nesponss is incuded
in ihe alabed uncardainty of CanvF

= OCPw o OGP ara numericsl Freaizalion parameters assessed based on the dala of power seeep with G
sinal {ng urceriainly required). DCP dons niot depand of Wiy nor mesdia.

#  AwprBuper Cepr VRN 3 A B © afe nuirerical linearzation paramaters asspese] bassd on the data of
powar sweeg Tor 2pesdiific modulation signal. The paramalars do nol depend on feguency ror media, ¥ 8 1he
maximum cabbratian rangs expracied in RMS voliage acrass the disda,

»  Cowme™ amd Socndary Efecd Parnmeders: Assassed in Aat phantom wuaing E-fsld {or Termperatone Transtar
Standard for < 800 MHz) and irside wavaguide using anslylical el disribulions based on powes
measuramants Tof 1= 300 MHz. The same sstups ane used for assaseman of fhe paramebers applied for
baundary compensation (alpha, dapth} of which fypical uncerainty vaiues are givan, Thess paramelers ame
usad in DASYA soflware to improve probe aocuracy class 1o the Boundary. The sensitiviy in TSL comaspands
o PWOHRAE, 2 * ConvF whiaraby the uncetainty cofresponds to hal gheen for ComE, A Trequency dependsni
E&Hl'r'n':ﬂ-ua&d in DW¥3Y version 4.4 and highar wihich allws: esterdivg e validity fram £ 50 MHZ 10 £ 100

= Soharcal iseteopy (A0 devialion from lscdrpyy inos Seld of lew gradierts realized using a flat phaniom
eopcesied bry & palch andening,

v Sangas Offsel. The sansor offset cormesponds 1o the alfest af virlual measurement centar from the probe lip
(an proba axis]. Mo lolerancs requinsd.

Crpficate Mo: EX2-3655_Eepil Fags 2ol 11
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EX30W4 SN:3555 September 22, 2010

Probe EX3DV4

SN:3555

Manufactured: July 13, 2004
Last calibrated: September 22, 2009
Recalibrated: September 22, 2010

Calibrated for DASY/EASY Systems

[Nole: nor-compatible with DASYE syslami)

Centillcphn Mo EXE-1585 Sasid Pages 1ol 11
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EX3DV4 5M:3555

Seplembear 22, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3555

Basic Calibration Parameters

Saror X

Sangof V| Sanacr ¥ Unc [k=32)
Moem (uiiiim)®) 0.42 0.40 D42 | 2i09%
DCP {iy 280.2 3,2 g
Modulation Calibration Parameters
i Cemmunication Systom Mama PaR| i B c Wi nct
4B | dbuv v | (k2]
10000 Cw o.0a X [EAE LlE 1.00] A + 158
W .0 o 1000 300
z 0.00 u:o:l 100 300

The reporiad uncartainty of measurement is stated as the standerd unceartainty af measwament multplied
by tha coverage factor ke2, which for a normal distribution comespands is 3 coverans probablity of

approximately 95%,

: rHth-ﬂ'H-nﬂﬂ'r.-?duwm'mE'J'-Mumun-.-nd-T:L.:-Pan.wa:

* Murmerical Wsaizarion [aRewer. urena oy nol resyind
" Uncaiimty in ceisamingd (g e MBS Sevakon from inan

Carifioaris Mo EX3.3555_Eapil

Electronics Testing Center, Taiwan (ETC)
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EX3DW4 SN:5558 September 22, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3555

Calibration Parameter Determined in Head Tissue Simulating fMadia

FIMHz)  Validiy (MHa]"  Permiltivily  Comducivily ComwF X CowP ¥ GomP I Algha _ Dogth Una (k=)
00 500 ¢ 100 4151 5% 007 4 55 .80 .60 7.50 ] or 2 11.0%
17850 £B0/£ 100 401£5% 137 25% 710 710 1Y DA O £10.0%
RS0 eSO 00 400 8% 1.80 2 8% .60 B.ED £ ED DED 068 & 110%
2450 B0 100 392 :5W 1.80 2 5% B.25 B2 .23 038 0BG £11.0%

 Tiva vl B il = 100 MHE oy inzpie b 0657 wd mrd highe [ses Paga 7], Tha urcedsingy in ke B85 of the Dore® STEBTAT O el 3l ey

pns thi @ncssinty or the NdCaes] INsjeiqdy Dol

Carifiit bo: EX3-3558 Sapil Pags % of 11
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EX3DV4 SN:3555

Septambar 22, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3555

Calibration Parameter Determined in Body Tissue Simulating Media

Convf & Comd ¥  ConwF T

i fpiHx] Walisity [Meiz]”  Pamiiiiiy Coidiietivity
e ] £ 50100 55,00 + 54 105 2 5%,
1750 £ 5002100 B4 5% 149 £ 5%
1560 5042100 533455 152+ 0%
450 £ 500100 6272 B% 186 & 5%
200 + 50/ 100 #0083 5.0+ 6%
S0 £ 800 £ 100 489 £ 5% 542 1 5%
SEDN 50 & 100 AR x A% BTT + 5%
LT + 50 £ 100 453 5% B0 & &%

[ Rux]
a7
GEE
B
3
LA
317
3.61

B.03
L1
HES
L
3
im
i
35

803
B.6T
666
6.34
38
amn
T
a5

5T
[ER-1]
D2
.85
.68
058
055
055

Algha D-Eh Unc [k=2]

073 =11.0%
72 e11rs
073 +11000%
065 & 11.0%
185 £13.1%
185 £131%
15 £131%
186 +121%

“ Thas vy o + 933 MHE ofy spplers o DSSY w4 mnd highar (sss Pags 7) Thes inikesly 5 e B3 of the Corat srosrisimy of clBarion st

and th oncarmindy for thi g icabsd Iegeedp Dond

Cericain Moo EX3-I655_Bapid
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EXIDY4E SN:3555 Seplember 22, 2040

Frequency Response of E-Field
(TEM-Cellzifi110 EXX, Waveguide; R22)

18
14+

| 1 — |

1:! | {

SRR | |

|
L
(1] I T G—ip T_l
' | -
I
|
I
|
a0

0 | |

na I T |

Fraquency responss normalized)

0y | f - |
| 08 - |
0os I

o 500 1000 1500 w000 2800
| I [MHz] |

——TEW =i T2

Uncariainty of Frequaency Resporse of E<fold: £ 6.3% (k=)

Cadiifizalin fle EX3-3558 Smpii Faga 7 al 11
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EXIDW4 SN 3555 September 22, 2010

Receiving Pattern (¢), 3 = 0°

I'= &0 MHz, TEM Hi110EXK | f = 1200 MHEz, WG R22

Urcerainky of Axlal lsotropy Assessman: £ 0.5% (k=2)

Carficals Ho: EX1-1188_Sepiil Pamgyis B ol 11
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EX3DW4 SM:3555 September 22, 2010

Dynamic Range f(SAR )
(Waveguide RZZ, | = 1500 MHz)

T
i i il S

1Bl |

! LB el

1EA o |

Inpt Sigral [2¥]

VEHR + ki

1.E+¥ ‘ ‘ ‘ s

1.E480 I
QU0

Uncertainty of Lineanty Assessmant: & [LE% (k=2|

Carifioai Mo: EX3.3555_Sspil Faga & ol 11
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EXIDWVA BN-3555 Saptember 22, 2010

Conversion Factor Assessment

f = 900 MHz, WIGLS RS [head)
—— a0

1= 1750 MHz, WGLS R2E (head)

i Brunl gl —o—sivreTrch I | —— bl = B TETaETI g

Deviation from Isotropy in HSL
Error (. 8), = 000 MHz

|oA

ek b

%4

FEr Lo RL
Erros [E]

| B-L0-2 00 E-0E0-3 60 @004 @012 OHLSDH 0
[DE0x Bamne DAL D00 B0 |

Incartairdy of Spharical Botropy Assessmanl: + 2,68% (k=3

Cafificals ba: EX1-2555 Sepi Praagm 30 of 11
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EXI0V4 SM:3588 September 22, 2010
Other Probe Parameters
Sermor ArTangemean| Trianguiar]
Connector Angle {*) Mok applicabls
Mechanical Suface Detection Moda anabisad
Dptical Surface Datechion Mods disabled
Froba Owvarall Lengih AT
Eroba Body Dismaler 10 mm|
Tip Length 8
Tip Clamstar 28 mm
|Prabe Tip o Sansar X Calibralion Point 1mm
|Prome Tip 1 Senser ¥ Calioration Foink 1 mm
Probe Tip to Sensor 7 Calbration Pain 1mm
Racommandasd Measuremend Dislancs from Sudsos 2
Carifoa hio: EX3-34858 Sapi0 Page 11af 11
110 Rev. No.1.3
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Sohmid & Parine Cagraenng Al E_ E e _E E

Tougtenssirazey &F, 004 Tuich, Switboikmnd
P a1 dd 245 BT0D, Fooi w41 44 245 BT73
rriciiepeng com, iy swovei i S0

IMPORTANT NOTICE

USAGE OF THE DAE 4

Tha DAE unk is @ dalicate, high precision instrument and requires carsful treatmant by @ waer, Thara &m no
serviceskde nerie irside the DAE. Special abaniion shal ba givan o ho folowing points:

Battery Exchmnge: Tha balery cover of T DAEL unil is dosed using o sorow, over lighiening the sorew may
causs the Broads insids the DAE bo wear oul.

Skipping of ke DAE: Bofore shipping the DAE 10 SPEAG for calibration, remove the ballafms and pack tha
DAE in an antista®c bag. This anbslalic beg shall than be packed inte a larger box or canlainer which prolects e
DWE from impacts dwing ransportation. The package shall ba makad © indicals that a fagile instrumaent is
insida,

E-Stop Failures Touch defscHon may be malfuncticring duse fo broken segaets in dhe E-siop, Rewgh handling
of tha E-stop may lead to damage of e magnets. Touch and colision ermers are oftan caused by dusl and dif
accumulatad in tha Eslop. To provent Bsfop fallure, e oustomer shal akveys mousd the probs o the DAE
camfdly s ssp P DAE unil i & non-dusly ervinoemend § nol usad for measuremants.

Bepair: Minor repaks ame pedamed al no exira cosl Saing the anhial calbealion, Howesvar, SPEALG rossnas
tha right to charge for any repar espoecially if rough unprofessional handling caused e dolacl,

DAEY Comfiguration Files: Sirce the oxact values of e DAE input resistances, as messured during the
calbration procsdure of @ DAE unlt, ane not usad by the DASY softwane, a nominal value of 200 MOhm is ghen

in tha comraspanding confguration Tk
rmm Nota: i

Warranty and ::Hhﬂfﬂ:n 1- \rnll:l H the DAE unit Il:dlutﬁunl:dnd partljrnr iully by Iha
Customar, :

Important Note:

Mever attempt 1& grease nr-urliht E-ﬂnp mmﬁlr marﬂnn and mﬂjmﬂnu of the E-
stop assembly is allowed bjrwﬂﬂll:l ﬁ‘F‘El.G pnmmnil only and is part thl annual
calibration procedurs. i

Important Hote: e e T i
o prevent da ‘of the DAE probe connactor pins, use great cars when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avold any rotational meeement of the probe body versus the DAE
hile turning the locking nut of the connector. The same cars shall be usesd whean -
disconnecting the probe from the DAE.

Schmid & Parinér Enginearing

TH_8F0e031 BAD DRE 4. dioc 11422000
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Calibration Laboratory of ol g Schesizwisohar Kallbrerdirst
Schmid & Partrer o Serviea sulss Fitaloneage
Enginesring AG Sarvizko wizamm & st
Znughaussiruns 41, 8504 Zurich, Switzartand = 5  guwiss Calbrailon Ssrdea
Aorrodiied by o Bsiss Aoorediabon Serdon [SAS] Acoreditntion We: SCS 108

The Swins SccedEntion Smrvice s one of the signsterias bz the EA
Muhdaieral Agregemiset for the resogeition of calEeation cortilicaies

R E R bR T T e [ T BT, o=
cee.  ETCNNSSR LSS

Thia caibradon cenifaaio documents the racsabdliy w nadenal stondards. s malize o prysioal cnils of measoremenis (5l
Tha masssremenis and the unosrtainBes wils confidence probatiify sre gheen on the iclowing pagns and sm par? of Fe cerficain.

Al saibraions hirso been condusied in Tha desed abomiory faclily: srrionsoni s pemiee {20 = 30 osd homidily < T

Callaraticn Equipment wmad [MATE orifical for calibration)
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DAE

data acquisition electronics

Conmecior angle  information used in DASY system to align probe sensor X 10 the robaot

coordinate systam.

Methods Applied and Interpretation of Parametbers
s DO Volfage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
comespands to the full scale rangs of the voltmeter in the respective range.

= Connecfor amgle: The angle of the connector is assessed measuring the angle mechanically
by a tool inseried. Uncerainty is nol reguined.

+ The following paramaters as docurmented in the Appendiy contain technical information as a
result from the parformancs test and reduing RO UNGCERaNTy,

DG Voltage Meazwement Lineanty: Verification of the Linearity at +10% and =10% of the
nominal calibration voltege. Influence of offset woltage is included in this measurement,

Coywmon made sensitialy: Influence of a positive or negative comman mode vollage on
the differential measurement.

Channel ssparation. Influance of a voltage on the neighbor channels ot subject 1o an
input woltage.

AD Convarter Valuas with inputz shorfed: Values on the internal AD converter
comaspaonding to zero input vollage

Inpwrt Offset Measurement, Output woltage and statistical results over a lange numibser of
zero woltage messurements.

Inpuf Offzet Current; Typlcal value for informeation; Medmuem channel input offaet
current, not coneidering the imput resistance.

Inpurt registance; Typlcal value for information: DAE input resistance at the connector,
during internal auto-zencing and during measurament.

Low Bailtery Alarm Voltage: Typical value for informetion. Below this voltage, a battery
alarm signal is genarated.

Power consumpiion; Typecal value for information. Supply cumments in vanous operating
maodes,
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DC Voltage Measurement
&0 - Canvarter Resabubicn nominal
High Ramgs 1L5E= i T Tull range = =100, #3200 my
Lo Feange: 1LSE = gy full range = -1......=3mV
DAEY misasuroment paramedes: Sula Zeeo Tivk: 3 s Magaring lima: 3 s
Calibration Faciors X Y .
High Ramga A0 336 £ 01% (=2) | 404208 + 01% (k=2) | 404087 4 001% (k=2)
Low Range A58 £ 0.7% (=2) | LOETTT £ 073 (k=2) | 30705 +0.7% (k=2)
Connector Angle
Conmecior Angle o Ea used in DASY ayeiem ) 153 0%=1%
Coarf it Pdoc I:H.EFI--E_EQH} Page Acf &
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Appendix
1. DC Voltage Linearity
High Ranga Raading {1V} Differenca LY} Error (%)
Chaninel X * lrpait 1885957 -5 -0.00
Chamnel X + Input 2{H00.T 0.64 Q.00
Channgl X = Input ~19597.58 1,73 0,01
Channel ¥ + bnpait 180664 6 146 =0.00
Channol ¥ + Inpart 1888508 =01 041
Channel ¥ - nput -18857 51 .78 2.1
Channel £ + Imput 15386842 =140 000
Chamnel Z + Impurt S0000. 77 0E7 000
Channel Z « Inpart 1308511 129 0.0
Lot Range Reedirug (uW) Differancs {u\V) Errar (%]
Chanmnel X + Irput 1938 .8 .55 .03
Channad X + I 15686 .06 005
Channel X - Irpaat -198.66 011 =00, 5
Channed Y # Inpust 188740 a0 018
Channal ¥ + Ingut 155,74 T .03
Channal ¥ - Irgnsd -300.51 Q51 0.26
Channel 2 # Input 20002 0.13 .01
Channal 2 + Input 188,28 62 031
Charmal & - Ingut -200.7 T8 [eEi]

2, Common mode sensitivity

CUASY MRERUITAMENT D rarrster: Auls Ters Time: J set hMessring time: 3 osc
Commmeon mods High Rangs Lo Range

Imput Voltage {mv) Average Reading (V) |  Average Reading (uV)
Charinal X 200 63 -1.86
- 200 387 1.88
Chamnal ¥ 200 2.0 2.38
_ - 200 2.09 3.3
Channel 2 a0 a1 1.2
200 4487 205

3. Channel separation

DASY measursmanl paramelers: Aule Zero Time; 3 sac; Massuring time: 3 ses
Input Valtsge (m¥) | Channel X (V] | Channad ¥ (%) | Chanrel Z {jiv)
Chanmel X 200 - 72 (i ]
Chanrsl 2 1.27 . a35
Channsl £ 200 ara b5
Cardficabs No: DAEL4-328_Sapii Faga 4 of §
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4, AD-Converter Values with inputs shorted
DASY measurermen paramalars: fustho Zara Time: 3 aec: Measurdng ime: 3 sec

High Range (LSE) Low Range |LSE)
Channel X 16025 G581
Channed ¥ 15084 1313
Charnel Z 16305 1683&5

5. Input Offset Measurement
DY messuramant parameters Auto Zero Time: 3 a6 Medsuring Sme: 3 e

Inpust 10kC2
|
Avorage (V) | min. OMset{uV) | max. Offsst) | o E’;““
Chan sl X 083 021 a7e 0.49
Chanms ¥ 0.7 249 123 .45
Channed Z 0485 -1.48 134 038
G. Input Offset Current
Mominal Inpud circulry affes] curnerd an all channels: <2885,
7. Input Reslstance (Tvaical values for information)
Zarolng eOhm) Measuring (MOhm)
Chanrsl X 200 pina]
Chanrel ¥ 200 L]
Chanesl Z 200 200
8. Low Battery Alarm Voltage iTypical valuss for information)
Typical values Alarm Lewel [VDC)
Supply |+ Vez) 10
Supply (- Veoc) JB
8. Power Consumption [Typical values for information)
Typical wabins Switohesd off (A} | Stand by (md] | Transmitting [mA)
Supply [+ Vee) -+ +i 14
r?uppl'p [« Woo) -0, ] -8
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