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R2gjosass oeaoqg“f = VAl/RQ o)M AVANNG:Jo M@dho . ME® HOGoeM” RIGIHSVo BB Rim
HQOBHQYSBB G0103ES2E PV1 - Al @ryen”. @p@lmomd Ry = (Vpy1Var)/1.

2Igam1E1H80M YWIal” B WEWIW]GI®IeM'.

4.2 XY-@iaao

EaNg  GAINIGANING;HUE @MNIRIBS GanMV QAIy®ITVo XY ((Doal’ DalCWIWlaf @R8HNI.. @PMERINY
@om”crukselocmgo%oeag@s QUOONITI Q1Y IRHAIW] DalCIV]IBIN 8@ O1MIWITNIG. DBIOMAIM”
8@ B |oM19Qo HOMVITYQo MIRIMOW] ceiSla 1ofISSs 8@ m@oeaégme;as AC &som1aflgs. @ROIQ” 5:Q0d
WSS GAUBEIRHBOS GaNAV” QY@ LMo XY GqJ051@3 Moo 6 = sin~! (y1/y2) agam VA Yo DalGWIW]
af HEMENIBH0. MAMBS Y1 WIaly-ER&lvlem alamulasam enflagojo(y-intercept) yo y@os agQajo @S1w

GAUIBSERMI6M.
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+-6 WG A1 A2 GND

* 2 l@O®IT 56N 2[l1HBMDEa IRl BINEEBUI ceISla [logd.. C=1uF , R=1000
* A1-A2 92186 IS S106” 6).21Q)»

* WGw@d alymyay @uQJom1eud aavg’ 6197 Canay” aly@odo &higa 1S1as:.

4.3 LCR m@&(&g@gﬂe@s AC soavad ealni’ (steady state response)

H0MVINE, B jomdlga, MABAWGRA o)1l MVIRTIVI@3 *eISlq (1aflalesan 8@ m)@oe;égmdos AC eoauad calal”
(@JQUOTHBEAUIUY m)(ﬁdaaégk)c@ afloflwenN@englonl caUBESERHBOS (GT@OOO%’]S%QDU GaDaV’ af) N1 BRSHHI
MBS o 101AHUMEBBBIGM” O ANlBINOD @3 QU%G)(H%@TZD’]@’]%@@@U. @132 HOAVIANQ0 & joTV1QQo AI@A
seRlw (méoeaégkmg HIOYONFHN0.DD alX1HHUIMOH M’ Qadai’ 800 2.8@3 ANAIGfl@lesN (03 avlelav”

0MINRQDHU3 NO@ABB) 2 lOTB:HMO 6).21Q)dh.
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WG A1l A2 GND WG| AT A2 GND

* 1UF &qo19Qo 1000 &390 HOMITNQ0 HEYAEMINGWITE ©0q {IH63d
* & ov1golend sege Wewleelaso Al eeldsoe oISl [lasd.

* ©0M1qN019M3 B0 WVMEICRIHS 2ISlq [1H8d:.

* @NZo Gal@GON BIWo A20fleelss” 2eiSla (|asd:.

* GanV’ QAU JOMVo BRBHBH:. TVAQIID: §(@J5HI0BS O_DEIQJQ)OQm @002 \o @QJ@&&:.

F=150.1Hz
F Diff =-4

Viotal (A1) = 3.04V

m)ddaaég)ﬂ@% @ROR] 9217 HROOMo GAIUIESR" BN WIaQo, HOMIINOIMN HQOBHVSB GAIUIESEH ala)
@WIaQo, HhaldaVIgolmn &HQOHWBB GaIUdegER 2J0lq @2Q@IeM~  HOMINNOIM HQOHWBH COIOUBNFZ Do
@RM]LJHSHWILE:M cﬁao(’@zo 860 GaNAVIGE @RYVIMIB alal WIadlOM MABH HOMFOH BNV BRYHWS
©920.0J0l] W010ag 90 AWIW a8allelnem’ als] Woal” af)aM” HH06MJ0. HI0EMo BB hqoaV1Qo13 &00g”
¢0UBESRIOMEHIUT 90 WY AMBalileidem’. &qelomilgolnng 0meQOmASs GRIUBESRMBHS GanTU” AlY® LI

Mo WIa01008 BRE® RILIBGOMI@ af)E®1IH6eM] 2 lalaBMM0.

MY Ganm’ aly®yave § = tan (X c/R) agm mumoie, 00 1cou] s $emenisds. Xc = ﬁ
WMo ®e¢ aleI® 0IOHOD GHITIABERIQA DalcWIW]s] MOl ag)grﬂ@mm HEMHENIBN%0.  aflaflwgy
LIERUY 988 HhadIVIQQHUE DaleWIWla)” aldTaHIMo BRYAIBOT BB (TU(DCUO:ﬁ:é(TO(TUQﬂgJQQ aDeleERgo

@RB0JBBo @AIG3 QY LOAVAEMNSD af)aN” M0 THHIB63S:.

30600 *LISHEBBBHSWo HQODHQSB GAIUIESRMHBo 3IeM1flA1B8MM.  &hqjomu1golmoe HOMITROIMo &:Q

OHYYBB GAIVURIBESRHUE IMNT &S1WITE HAIOMo GOINUWIESE” &1g6Mo. alddH V' = Sqrt(V02 + (VrQ)
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o) AI®1WIGE GOlEMo @D ©aIQIM. & PAVIQO1M aldhoo B@ 2200 B0 HOMVINNQIGWIWaf al@ldH
6Mo BIRYAUBRON BB HWINEME1@3 BAIUIBSELHUB MVIWIAEMNM W@ &S1WIGZ AT af)aN HI6MIo. B&HIM6Mo

GaDIV’ QLY@ 000 LT af)AN@EM.
RL qudéyg" : @RSOM® ©0MIIRQe MABWEGRQo MI@AS6ERIW deSoeaégoem“.
* & oav1golem 2091 @RE® MOOMED” 8@ 10MH MIBWHRA 20 lBsH:.

* 2alEWIWIBRIM MMWHA GOOMEAYM §.2IQMIV@IMIT BRYYTM] 4000 BRYVT AIBWlolesd:.

4.3.1 cJalav’ 0seauasmadav’

BRFOD®INM” alOlHHMOD]NG aBQjo (JWIMPLISo. dhqloTV1QQe MMBAWBRQe MNIEINVIGE QIBEMIOUY @RA!
QOS HRITMo GanMV” AY®YIMVo 0 = tan~t (XL%)XC) mafles Xc = ﬁ Qo X7, = 2w fC omoem.
B3O 1LJo B30 BRYQYOM WM MHAIWHS PLINEBRUE DLIYNIN|HQo Ddh aRININJHhW)0 9alQjo. D VOO
Bq]oaV190100 MABAWGHOTMo HQOHQBS HAITMo BAIIUBESEE 22 M00jo. MMM VIR HOHIVIEM
ag)aMO@3 D NAVADo ERAICVWIGIMNIEMRVo HQOHQYBB GAUOUBIESEE o 22 M00JANIE] af)IM” &H06M0. @A
o@eij0jo aflald1® GanMYHElejo GRYQDIMILIEM Ddh aJRIN00)MD. A3 @Sl 9alCWIWAREMINUE MHAIHW

@JCDYHNIWo MAYHH BRSHHID alQm.

A3

WG| AT A2 GND

* 1uF2o 10mHWo 1000 6390 HEYAEMNIVAAWIGE DO [lasd:

* 2 l@O®IT HIeMajoflo AIWQHU 2LISla [lO6d:.

* TuF9o 10MHWo 1000 BI%jo DalEGWIUTlaf” BRHQYDD] BHEMANIBRBH: (1591.5 Hz)
* @RQYOM] 1600 Ha0BSTVIM HAVG” H21Q)d:

* GanMV’ QAIY®ITVO aRINIHHIM BRYQYDD ] §2IQDIW] 20QD:.

* A3QOS 921d9” GMIOR Ola) O2IQ)d:
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VI (A2-A3)= 033V

Phase Diff = 0.07Oeg

vVr (A2) = 2.92V
Vtotal (A1) = 3.00V
F=1611.4Hz

2JQlq] @30 Bl alo a2y OMOLIODANIL] af)IM B06MI0. MAMBAEEITHAP 10 6390 HOMVIARMWAVITNIGIN &0

©6emMo.

4.4 RC ©2MBaHl@M0’ ©06TYIM AV’

LCR autﬁce;égoe;@(aa 9aI3eMMIT GAINUIESE BRI §21QYEMIOUT BIGOI PLISHEBBUTBE0 HQOHQBS GAINUIES
22 MQEEROSWIM” SIMaHIWBO” HOCTVITMAV” af)aN” a I0WMM@. SHAN IO H0EMo af)an” COIMHNE;1@3
alo®do. aB3Q0le AIZI®RNIV® RC avla@lmy’ cmdoe)%goam". 0aVIaolees 8@ ¢aludesR el @REOq] ol

QEMINUB dhqoau1galend caloudese” Wial” af)dh®aloeMMBaH @ @YW AIBWIABMN®Y.

R C

OD1 Al GND

* 1UF :qoM19Qo 1000 B0 HOMIAVQo HEJAWEMINAWIGE DOq {las
* @6NZo Gal@aN BOWo Al GRIBH ~LISTa{la6d:.

* ©omlquoleadacg@go OD1 eeles” °aiSlq {lasd:.

* 3 Pn1golead Qo (WDEIGRINS” cISlq {1B8d:.

* ©QRal GOIUIESH MBBHIMSS NISNY EPAGTID S

o198 AWIMN2103eR" 6.21QEMIUD V(t) = Vget/RC af)aM VA AMAVE12J06M” GAIUEESER” MOQAN @Y.

WIaO1em DD AVANIGJ0IR0W FIT ©.2197 RCQo @@I@MIAN” dq o180 dheNga 1S160.

56 @RELIOWo 4. HOAUBLDIQo HINTBHMWYo



expEYES-17 Documentation, Release 4.7

4.5 RL ©o0d~H@3n’ &0GM MY’

8@ Mmadeaa0leelds” nIe1nvl@d eeiSla {12/101a3amM ©0m1aN01ees 8@ CaINWBESER O T OHIFABEMIOU3

MBWHOOM @I0U3E5]AINZI0JaM QY@ TIMAE” MIo BRBHNIM UBHATBBIMBY.

R L

A2 | OD1| |AT GND

* 10 01219200301 MaBavg: Qo 1000 820 HOMVITRQo HEYAWEMIVGUWIT D0q {lass

* @6NZo Gal@aN B0 Al GRIB ~LISla {lasd:.

* ©0m1No1ead aeg@Qgo OD1GRINs” ~LISlq {lasd:.

* DMWEGO1O 260 WDMEIGRIS” °LISIq {lasd.

* ©QRal GOIUIESH MBBHIMSS MISNY EPAGTID S

* 10 01219200301 MABARHO1M aldhoo 3000 qg@g GBIV DalE@ISaf al@]EHeMo @BRYAUAON B3

o ]omv19d8 AlaUa10822" £21Q)eMI0U3 I =1y x e(B/L)t )M VA JAMAVE 1206 GAIUIGSER” MOQAN @Y.
WoIaOlom MO ARG 0R0W] FIT ©21Q7 R/Loo @o@1@mIan” mamdang;mago &ngallS1endo. O»HIGHBAM
eaoUdEse:” 3A1U3S1E3 MIMVo a2 JOW]GLIGS” Galdd:EMIoUd MAMBAG010M3 6AIU3ESE HalgmM” HMUGIaIW]
20QHQo allaN’1s” (HGREM aJR i OMICRIOE QIG1HQAeM” @gqucmas)". omwglal’ Ga1udEseR” Mo @REOq 921Q)

anlel. aneho1m GJal®ad0an mides” EMF @gemi@lm’ &006mo.
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ST 92U, |SOMIVISSB ©NZ EHIVWIEIBB8HSWo MMAGMBIV” BRBARD:.  0Mgo MVIRTNIGE ISl flaf
ORIOMo MHAMBWHBAV” BRBHBH. MDMAHRQHUB AU HSITB E213QDVO 2] 0" BRBOJSHUS BRYAIA

O H63Hh. émm% B GHMBI’ I3 Mo BHeNga 1S1H6 0.

4.6 RLC ©omd-Hl@mn’ a#oeayIemay’

«udda,ég’lass HABADHEOI Ha PAVIQE0I BI@o DENBIOJEMIOUE COIVUBESEE af)dh Ba100EMBaH B3 @IRYWIEM” AIQ
MDD ag)aN” HNZH IO af)aINIGI DA PeNZo B@A] 5] AUWEMINUS GAINUTESER BOTVIVIELIG ©2I1QOMBS VI
WIOQQRME. HOMNIQNMBIYo e ]oU1QaBIYe B:00jo MABWEGMBAV BF®Ejo OBB TVAD, égoa;goem“ goavmileealy”
021, WeMI»EIHW]@3 WIoa 6B a003 %m Sa1@ £:00)8801. soavTVIeRIg” 921N @RYYO™]
fo=1/27nVLC) enoldeso .

L C

OD1 Al GND

* 6513 OD1@3 mlamo Aleelds” ceiSla (lasd.

* 8@ 0.1uF Hajoadlgd Alos mlan” Wengleelss” ceiSla [lasd.
* A2aflem OD16elss” calSla (|66 d

* ©QRal GOIUIESE MBBHIMSS MISHNY GPAGTID S

* QwoQ aflltodelMo 021Q)d
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4.7 od@dQd qudaigla® dlexadmil soeayIemday’

Melgld:” WIUNEI:ag GRAIYSS J1d1BIVHHAYDAOWVT HSATVEAIIGHIM @RAAIR1SEM tméoeaégoe)goem”
afl@3QQ@u3. H©OMINE, MABWRA , ?haloaV1gd af)MI1AIWIEM” abl@3Q01OM] ~LISHEEBRUT, @Y aflE3QQ
MHS103 6300 |BOUM DI @'@onﬁ{]nﬂ@(}d@:go 0alEWIN1ASBa. GRID oJO(T(]%U, 6)8)ad oJoa\)m”, anoaaw”moabm“, 6NIOM

rwo%)%oeg af)M1EEROM alLI®0o am(oﬁgqoe;gma.

B m’luM@@’@o%Bémg@g adluneflom adl@dgolod madalsled ceiSlafla)’ 8DSalg” @@o%1s<§w° @RBABD>.
21101510001 @01H1030V1 AIdWla {laf’ 30600 AVH0q{lejo B8DS0IS @Ryoafls écw“ @RBABD>. mo%ﬂ5éw&gos
@RMAN®RM” HNWIMB. @1 1MBM] X-Gryglavleje oNXIM Y-eoalmnilejo @RWIS8s @qlogoem” @0le: a3

a1 ©OEIYIMAY” ;@0
* WG®o Al®o afl@dgd madaigl@d ceisla lass
* A2 an103Q8 BMSalslerlss” caiSla (losd

* '©SERB:' IS BRAGDDE:

4.8 900IBL® TG BaJOsMo

B aameé@ajoelﬁamian; 2JQ0SS @I EAH@OON]OHPF DNQYD BFHEYWI HOQYHEWI F100 MIQHEWI
£.21QO@ 210L1HO] 3 @omeémﬂ GJBI®R00JM. BB GHIWEjo MOIABG0MM00 DalCWIW]af D aldld:l)

(S(T)OcﬂQOQJCTT)@OGTDU.
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eHHolellom o WDamElaalsss” oriSla {losd.
* AOM6R’ WSEERS: o)A NISEM @RABOD >
* GHIVNANMGHOD HAIflAlSBIN @ HPLEHS HIMMo GICEIN G,

* 8@ (Jaln’ oeﬂgcm@ QIO BRYAURODH63HH
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@PELYOWo D

UZ)6T)%0

8@ 00WINOMEJHS MERG]HBIN BBZAIIGIWIMAIN” Yoejo. B LIDAWNVHNOTHAF HSLINAV EHIND Q03
Galdgo aJOGMHIGo 21ellEBEMINU3 Do DMBINJND afIM” MALHOTWIo. oomeé@mﬂ(mel;oe:e)g WMINIQe @]
@lajo @AM al01aHeMEEBU3 D @EPWHVOMIGE ©U3PSOMIWIBIERIM. VMIOBN @JEAUW. BRBHRD:,

mﬂgoe;u% OMBIA3H af)ANIAUWIEM” (@JWIM aldTHHMEBRUD.

5.1 afleavd eniquale® @dldx1ndmil oIy’

aflEIV0 MINQBHUB Melgld:” NUDLIHOS VMIEVoUERBIGH] 20QaM. ag)aMI@3 M@y 1e:1a3au1 aul
UDE3 DENBIHBAN VNJON 1O DNQYD BRYDTM B (@O1B> 1031 ) MIVE] 5] HIQANDIEM. 3@ MITROIM3 G0
oB3Q0Jo &S®ROIM J1d 1B’ @®1H3 HOOHAVIENMBIV” OB 1BV, 3@ m10§1ﬂ©®@o%15é<ug§§
luUN@3 @O 6219 VMO DNIQUD ERBIBD:. @O11BIV] alSlal1SIOW] aldwWlqlaf 30600 VB0l
Blo PODEBICANIND BVSalS1Oa] m@onoys%w”@ag@@oe:. @911V X-Bry@3lavlejo HOAGEIGA006M 3D 0]
g Y- apglmnleje @REISES Eqlo50em” @01d:130U1 HOBAYIMMY” &HABAL  &1GITE DUBHAISAN MINNQSSHS

©06TVIMMAV” @518 1MV 3500 5a0BSTUIMSOMIE.
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WG e

Piezo
GNDF | Buzzer GND

. |
Microphone

* WGQo Alpo cniqy01ead a@ osdalmeflo ceiSla lesa. aeg §s3alm@d WVeneles caiSla {lose.
* 9ONC@IGaNIMS MIC 0B JS1@3 ceISIa lasd:

* '©SERB:' IS BRAGDDE:
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5.0

4.0

3.0

Amp

2.0

1.0

X = 3641.667

00.0 3000.0 3500.0 4000.0 4500.0 5000
Freq

5.2 aMIODIOM @Jenivo

B 20WINOMIEIHS MERGHBIM AABZAI@IVWIMAIM” YdeNJo o) al0WIo.  HOAGEG BN 2dZo @RS
GBI BT HAVMAVOEM.  VMNJONTOM VDV T BB HOAGE BN OB BODNNIY BVSalg 2@
OMI@3 326N 1aflolesaMallWo &SHhQJo HOQYHQYo om%@oeaosrmm@m. B® ®oWOHHBALILOD]NG ol
@RHLIOIG3 TN fl2flB1ABAD HONGGIGNITMRSIB3 MIMI88 aVlUNe|d0d 180 AWl Ganmv” Qly® 400 Vo
®06M1B630, 3006Mo BAMINCTMD® aBQ0Jo S1W ABGo HAVMAV” §.21QYEMINUT MNBINCODD AFQQJo 06D

0Q300W1GB1H8B0 HAVAIY” 921QIND®. BT MITVQO HODE(EIEANIENM0 DalEWIW] o) LOMIOMING @JEAIWNO BHeNg

afls1endo.
Microphone output ->
AT
WG MIC] | rrressue >
— 1 prezol  [pds, = | NI AT
Wavelenth

@ WG ©0l@d mlamo @wvengleelas” ceiSla (lass

* Alom WGleelas” oeiSla {lasd.

* 9O0CGIGaNIMS MIC 0B S1@3 ceISla{lasd:

* @RS @RYVoE1HBDH

* NITYQO HOAEEIEANINV0 MANEISS @RDLI0 VNG (DIARMHOBQo BEO GaNAUIT3 HHIMNZOITCD:.
* MIqA M1H91 GanIV” ALV 180 WIWIWIHHIMB GAIENE GOo HeNGo (1S1aB:

0D 300 RoWHNBBLIYTH]NM ald:MWIVIRIER0. @@IMI@ v = fA = 2fD
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Save Data tofl sound-velocity.kxt

WG 3500 Hz

Timebast < ms/div

Enable Measurements
Phase Shift =-181.7 deg

messages

Show PopUp Help Window

MITROIOM HHALAL 21N MVIUNEJo HONEEICaNIMMING MVIUNEje @oAI 180WIY Q@ ONVOHIG G

Q1H63aM ERAITVNWI@3.

5.3 WMIMEoWEBRSNS MiQeud

@RYONWI@ GRLjo AIYMIITVASS BMNG LOMNMOWEEBUE BERMVAWO o J0da]S0MN 2@ @0l ENZo BaIBAN” il
g@;uﬁ DENBO0Jo. N BRYYONTHM3 @1e)es Y@ JTR2IW10lese MAGIHa EYYOD]. 9BIAOBIMEHIM”
35006820850 3550000350 GRHYODIYSS ©6NZ VOMNJMOoWEEBRUY 2IBMMIBS 50 HanBSTOM] Mg Mz
OJo. QENZ MINVQAHU DalEWIWlaf’ MIG” DNBIGHIC. HONEDICNINM DalcIW]af’ @@IOM WlKloegay”

£a1Q)’ WIq 0NlKodhLIMo §.21Q2ao TVLIWIBE0.

WG

MIC Piezo1
GND

GND Piezo2

icrophone 5O

* MIMQMB0 HONE(HIEN6MOo 2I@ONID3 &6 2Galdeel *LISln (1B
* @Al 336EIMIW] (@Jado™a{la) 8Dgalg CNIBEH:.
* Q6NZo aB®INE’ BGO @@o%ﬂs‘éaﬁ @@MMOfWo @RAIYHS TLNIMo (N 1B01HB3D:

* @ENZo BGOMVAWo (@ JAUBOT o {la6H:
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@neLywe O

VEUWONYo

aleflassam QIARSHBHS VNOMo . (@JEOINo af)aM1a! ERBABANM MBS  101G:HMEBBBIEM (@JWIMNIWQo MHD
BRWIOVONIHMG OBBSHN0. HalMBARLlo DalEGWIWaf ©2aIQIOJIN aldTGHHNMEBBUT DUTNISTMIV]OM @JWI
MHIVMo BRA1HAF GRILINMAWo BB HAVANAFINS o IBIMIV OGS BBoUdo HMIMEWINS EXPEYES ©al

GWIUT 2" @BRBHHIND algo af)Mm@®aM.

6.1 YWD BHBaHMO HAIMBULINAICWIW 2f COSABH:

GBIRIMo §21QYMM B HalBAYRION]HIG GBRIEIM@:0el BR®INIG MIBHCMVo DB IBHBHIM AN VoG]
OO0 ARYUYW2flA1EBMD. ERILIM@G:ILIo GH®INIWT BRBHHINM o 1G1WIBE DB IHBGaHIMo HhEMABZ:FIo.
8@ LED®o ¢an265060Mau1anqQe EXpEYES®S 2aiSlq (1o 0@ 80900Jan@oem LED©1@3 mlanas aaiglajo Gand
@5060MAVIaRO1E3 AflgIMN®” BEI GRILIMTMIL)e HallBRLlo MSINOISON OGN IMEIT]Hs30. EIMMAVE]
288 aVlUNEjeud SEN@S £I8000Jd:Q0 §.21Q0. MM MUYl MIMo §alMBAREICINHAG GRIRINIVAW.
@G l1S18000. D BRBOYHBOS HOI® 1000ODEGIONVHHAFIMSADINM” . HalBayeiom1nad @@o%gs%(w“

3EMINEMNZI0JAN BMAIW AIY@IWIMEEBUS Galdejo DD AT IWIG3 GRBHHIND algo.
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Pendule
| |
SEN
SQ1
Photo
transistor

GND

* 2l@ODI@ $H6M12/lB1E83IM®” Galdeel LED®o ¢ande3060mMavlaynqo 2eiSla [lasd.
* ©alBWLIHE @RYS1NNSEUnHo ‘@SB3 1ISENT GRAGIIDE:

@lad : @RLOAI0 MTUDE)BU8 &1gMM1eLIs103 LEDQeSQo @nnoe50Sm8aulapalom@o @Jemido al@leuowl
GHNMEIAIBo. CNANTD HHIFODM HEAMNAHHUDVHUWBAB ajJoon SQIOM Aleeldso SENomM A2ailcelsase ~iSlafl
BB, SQIT3 109203SV HAVY” RETOLEN LED olamle@9omz1@léasse. A2aflel SEN@3 anlamgs aulun@d h6moad

alQo.
@

6.2 oaiMdapeIelIRIM@EHa WAV 621Q)d:

GBOEIMo §21QMM B OalBARLIONTHM EHEMBA MRVOBIOMDIN0 Galdg" 21QIM B OOV &HAAI
&l1g0. MDD YIaflGd Mo O IBARLICHONG ERILIMB:0LI0 HEMBHIBN0. GHIMNI BRARIGBMNDIN ald00
CHIMTV(JEAUWo BRBAN” G ldg” §alQoeje a@]. 8@ DVD e2ae5001om 8@ 2ME0Q000f] 9alewoula)’ g0m

al@1e:HeMo 62100 algo.
* 600635001903 ©SAAIMEldud A3dRB0 WVMEIMAISHS” ceISla {1Bsd.
* 100 8320 &WOIM HOAVIARA pISlq (lo3H
* 600e3001903 ARYEIMVIOM @RYWOIERIBH] HalBARLIO@D GBILIMo & 2IQYflIBD:.
* '@SERG' MISN BROGOD) B

* Qo9 aNvodmelmo O_')qu‘ GRILIMIVAWO GHeIMBNID3D:
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5.0

-3.0

-5.0
2.0 1.0 2.0 3.0 4.0 5.0
Time

Digitize for |5 Seconds.

START| STOP‘ FIT CLEAR‘ Xmgrace SAVE to | pendulum.dat QuUIT
Completed the Measurements

6.3 eaiBEITDHlHM HOGITVIMM MY’

GBORIMo B.21QM af)EI mogce@uaoe@o B@3 V10801 BRQYOMIQYMEOWIRBs0. BRMIOM GRIIMo 6).a1YlHs
an mieIom1oad @YY MV BRYYTN]EE @elynIV] ABEMIIUWE E3ILINORIHM @D QISHOVW]

@0 ZGAN. MY (J®IBIAVAM” HOBIVIMMBAV”. OO aBQ0je LISIDNIW BTBEIAOMMAIEM” HalIBRLIlo.

-

sqi | COIL
' ' Button
€]\ D] EE— Magnet

* 8@ HaHEMo HSLIMYo VNF 921010 BHIMMEBBSYaICWIN]s] 2I@ODIG 06N 12/IGles8MDEaloee!

B Hal0BARLINNBIABD:.
* @OM]OM GRILIMo 6)alQYlaNI0JaM AN @ BEH1WISE:.
* SQImo YWOM1ASWIGE 2LISla fla] BT CHIWITI @R BRGHLIOMIW HAISBD.
* SQ1 03 GRYOM]

T = 2m/1/g ag)a TVBA0S:I0)0 16O o) 4 oaglalgd MISA8s OalBARRIT NI GRILINE&:0l0 0.4 OV
BHWBUo @YUM 2.5 Ha0BSTYREM - SQA1OG @RYQYAD] B IMFHOCMHTDEMINUE HalTBARLlo VHMAIW] G3Iel

Mo §21QOM @S6B30.
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6.4 3o GPIABAMN HALVAIALA

28OV WMo (@J21000MLI8E B@ HAVMAVOIEM HY-SR04. @mg 40khz o flevd AWV @8®H8em” @008 @l
WOMERIWo. SIMMYIQAB o fETVI aJ06q|alH8M 8@ alWBIV nBo®Es1Ll0 m(’r;égaﬂ«)ﬁ @3] ®1012J0IR1H@IeM
#1038 013 o160 BRMIOM o llS164J30M” 3@ MUNG O@Wo. VMIADINAG A lWBMY” B]A12JQIEOEMFOID

TM2O®IE3 MIMDo @G MZIW AITRANGRISRSS G0o BEMEHIBHIo.

oV +5V

SQ2__ TRIG
N2 ECHO

GND GND
~ =

Y0dS-AH

* 2l@OMIG3 B0emM1ajallwo AUWQRHUB cISla (lasd:
* ®AVAaVO1M QYA il@d alEON JDLINBS B3 QITY HAUBED

* 'OS6EBRM:' MNISENT GRAOGTIDHE:

6.5 Q@B®IBHBaHEMo , AAPBNUB allgan eI DI@ aslan”

®IBYAD al® BB B3 Iy B MR ®Foo MMIBIHNIOMFABAN TVAWo BRBHNI aIFIWIGT af)aM VA
QA lCWIN2f” DBTB@IIHBaHEMo HNZall1S1HN0. B3 9OQIZYDHMM0o alaflmmilong oo , D

aIm aflgemIdd @13 H@IFAN B6NG GLIAODDG:1FHBREM” M TMEAUME Da l&OMEBBU3.
. oomeé@@,onmm”laag e»00lellond arEeBeas OD1G Mlanoe WMEleeles” LISlq {lasd.
* GRDaOOMB1$He8 SENejo (DDmElejo WLNd@ 20 2LISlo ldsd.
* @&1S1008 Hg1e1001 25-30cM 2WEO1LIDWIGIE9IMo EHOWILHad MuNIMo.

* ‘GRS MNISEND BRAGDID) .
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@oaLyoo /

gg Al 1HMEBBUY

7.1 ®ialidilel PT100 &savadavd 9ale@ouilaj

aflel QAUTRSIBOS HOAIBYD @®1eEIWo ER®IHF ®IalMILIQAIW] MITWHISIElEsM. MY MINWo B
MNIa0y MIalMIel EREHHIM CAIMNE] DaleWIU1EH0.QI0AIMOWE: BRYIlBHNAHNBHEINL! aBQ0jo VOWIO
MM, ®Ialmlel HIVBIVQHEEM” RTD (90aV1aumay” ©Smi¢0a|@ aslgarQanud). @oeal mel mudlo®®o
@RYOIBRODMHUADQABBOIWIM. o 10g1Mo, NN BROLIEITE B 2INT” af)aMII Dalc@IW] ] M@0 4| S
213 RTD @@ 9a160ufland0. PTI00 Q130010000 16:0S100000MON ]G3 Q0 IGRINOMILISS 8@ ologiMo RTD
@AM afRyo WY HIV@HIAVIGE @O @J@]1E0IWo 100 300 @RYeM. DD JBDIEEIWNje @almlel
Qo @aneyss snicwo R(T) = Ro(1+ AT + BT?) agammoem. A = 3,9083 x 103 and B = 5, 775 x 10”.
PT100 9a160oU of ®M@D63:06ME1G1H830M HOISBOMIHAZ MIalN]Ll MVAODHIMAVE] af 2QINOHISAF 1O

a0’ QlEABHWIM” MV l01HHINON]OHG DEZUoo.

1 kQ

GND

Rg

PT100

CCS

A3

* PT1006m CCS@ mlamo @Wanleelss” ceiSla {laad.
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* A3 CCSeelos’ calSla (|ead
* o0©1ad aavgler” aomilayad Rg 10008300 pISlq [losd

* QROAS’ IS @EPAGLIDH:

100

80

60
Volt

40

20

0
2.0 400.0 800.0 1200.0 1600.0 2000
Time

Read Every[1000 ms, for total 2000 Seconds. Range |0 to,100 _|c. _START | STOP | CLEAR
Gain=11 Current =0.96¢mA Xmgrace ‘ SAVE to ‘ptloc dat
Freezing Point | Boiling Point | Calibrate Quit

MY ald1HHMOMIT @IalM]el GMIn0W] LIElHHIMHAH; TG @INPa|0QAN CLISHEBRU alR1NEMIEHNMED
MET - »00Y 6O 1. IMA @3 MIMe QY@ §00VeR|S1A1E0. ILNIAMOYLIYo @R8I’ GUIM3 M@d&emo. -
A3WRS BRMHODBS BYoala0@O1OM 6V , B3N] a0 @JEDYdo @RS’ GUIGE ¢o6Ieq |gOmd0.
- OWEHMM Daf)MV” GaldHL! @ROTWINIIN @IaINLIYSS af)DADE:1LJ0 Do IGWIWT] ] Do lhEMADNAF YU

@on«Bmmo.

7.2 aaQ GeRw”A@

0} aflaflwesdalmelsgleoel GaUBESRHUY MVRII® DSEAUBHSIT COINQSOMIMSS C@JIWINIEM” SOQ
GLNWA. af)@ @Al BRBOYHUD BORINR|FTMEMo, BRFOMFTN VNBBOYHSHS MSABBB TVAWo )N B0y

683U MYDH” OHAVY” . 21QYIOJAMN®IEM

7.3 @OALPMAVA’ AWIQ BRIDWNA

o oflolwesdalmejsgloel ¢oWBESERHU8 MG MSCAI8HSICE COMINQ|FOMIMSBS G)IWINEM” SOQ
GLWA. af)@ AN BRBOYHUB GOEINRISOMEMO, BRFCNFOM VNEBOYHBOS MSABBS TVAWo af)MM B0}
GBBU3 MADHH” HAVG” HalQIOJIMDIGM. AUSHOVWW]dho MIa0ANINIW MVDHOYBBRAISS BT AWIQ GRIVWOIMID®.

X-@rygglavleje Y-Goglavlejo Maes” GaliNe DM jSud HMOOEMFHNID alQo.
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[2Cemonw égoe)cra

8.1 B-H &@ai" (MPU925x sensor)

8@ cH0Wlellges %003 Hsomlaflg’ (e‘ra«sﬂaagt;ggo BB HITN]HEHU@0 TYatlH0l0. B®NOF oL@’ HAD
gl H, %:00810MQo 6H0W1L100 MVIRBINIDOMQe @YUHWIa[l01ds0. af)aMIM GOV Iellm” 2JQ0)B8 U0
e190m 200UNG1d:” e’ OAWMVIG B, @R MOLIODSS IINEH8eS 200UNQ1d:” daldalmilelgl o, agam

DEIMOOD BRYUHW ] 2[l@]Hs30.
B=0H.

a0E0INIOUNGd’ QAUTRSHBOW MO@BMI” @681 QAUTRSOBOS 9aldal@amegl anloiw” aawmavigles”’ @y
alo®1dagl. H a1drulo{la)o@d B aldeuls) 8@ ~eisomleld oJal®mnonje. MM H &:0.2)0@00g01@emIoud B @es
gelyo, 2N@OMN@I 50eM2IA1BM®” Galdorl, AHEICLIHH Gald® @RO® alo@WLle] &0aRAIC]H:. BT

G»oflejo MPU925x &auadauqoe 9alcoulaf’ B-H &dal’ alogoo.
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0.5

* 6HWellom PVIcd mlanoe (veneleelds” oaiSla (186d..
* HAMVMIVOTHM HBHIWNLNM O HAUAGBH:

* ‘@SR MIgeNd @PAAAWH:. M@ PViem -3V a@@d +3Valee 100 &q aq I@d 20g] 80600 AUH0qleje

magnetic field @pgasso.

* 6H0W1LT MBMOR B HT Al al@1SHIMo ERYOIBTI OB .

8.2 (@JdovomlQ® (TSL2561 sensor)

(@JDHIVNQD® BRSHHID alpam 3G 12C @avadavooem” TSL2561. so@lom 12C 6al1o@51@3 eeiSla(laf” (Yan”

QIOHNINIAN®IEM .
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8.3 MPU6050 sensor

®106Mo, @JGAIWo, MIalMIel af) N1l GRBHHIM &H¥laIss 8@ 12C aquaavoien” MPU6050. so@lem [2C

@a 103518 2pISlq {la] H®IGE oBD 100219010M@WQe WIal” AIESHIOIMN@IEM'.

8.4 aleiIm@o HAVMAVQHUD

MV HAVH UM MYSS” alRIMO0 HAVMAVRHBHSIGE MIIMBS WIQ Galdg §21QIa8 &h¥lwe. ExpEYESemos’

2e1S1o {12/1388 HAVBNVQBHOS APIM 6).21Q)" BHeNZaN1S1os0.
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@orLyOwe 9

EXpEYES®3 ©6a10m6 G@JoWoaHud

Sl @RWLIWEBRST3 o ld]alWealg aldla:HIMEBBRUY 6.21Q003 @;mjégdi CJoWwooler” @Al salel, &0
emo @@Imealme GUI 6Jooeud af) §meqg HY160R. ag)aNIM oDV ald1BHUIMEBBUS (Bl SO 1OV
SHNIM OB IS Do IGWIW ] EXPEYES©@001 00001B189903 2 101866mMo. @R @D dha 100688806
MY ERWLOVONOHMG OBBSH0. NUMPY, Matplotlib agaMI Hea 1mend caom)égda,gosm“ (@JWIMDIWo DalEWI

NNABIN D).

9.1 EXpEYESOHM® 66alomend GJow)Ind»ud

&GO al01aHMEaBUdAs GAIMEIQSs GUI G@)aWIndud LI8 MINMESL)0 a @1 ald]laHemeaBRyd alld:aVlaflea)
SHNIMD OO IOMEM BIaHW1@3 EXpEYES 00001 @ryvomallmla®oe MsamId @GRO1aTmIG1Hn6Mo. @R 1M0EAIMNS
afl0lEsEBREeM” MM @RERLOVVON]NMF OBBSHN0. GNIIUIESE HAVY 021Q)c, GAINUIBSE” BRBHB B, GAINITBaNIo
RMEOQ" 021Qd @S6BB] af)eld @YD ]®Hg0 06aIOMEM BIaHWIHELI 63IGOI da)oagda)aa 9alCWIN1aoem” Ms

A oBABIMN@Y .

oB3Q0Jm03Y0 calenz®’ EXpEYESH 96)a Iomend 6)0(11)%03 DEMIOAS” 92l Qo WIHOAIMYMIW] cINWo VNI
alaB3HQMaM . eyesl7 af)an aldGHNZIM OO eyes af)am e)ocwégoem" O IMINIYDJo. BHIW DINHBHNI

SO 1@1H630M0.

import eyesi7.eyes

p = eyesl7.eyes.open()

@)onJégcﬂs)c@ oBo®slejo USB @aldodg1@3 EXPEYES @:0eomlwomd olegend ©aigian ¢aidlwsnilud ( p ) 2ol
I a)06m” AWleseaIrvleelss” da)oagda)aa @OOBBANG . Ao alBIRWIFI@ 'None' ag)an HPaIGmEND I
Q969S 06" 01636 §.21QYd>. MIOLHBNHIFOM VNG AUAT EHIW” CGAIEMHAE]IT DUBOQIFOMIo0. SYS ORI éus

@S] DeEmMIods’ 0 a1Qlalanemo.
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if p == None:
print ("Device Not Detected’)
sys.exit()

®I9POHANIFOD]TIHBIN DBIOOEMEBBOBLI00 AN 0pen() angd:oH O1E56M HalQ P’ oM caIGlWenu3
a IGWIN1H630. @oauéua DBMINAS” 621900 AWIHHAUNY” M’ 621QIMABS ENZAIR] CHIW af)Sl0 GO

LIMYBHBOSYYo DSHHOMM3 NV @I HO6Mo.

9.2 GANUWIESER HAVY H21QYIMo BRBINIMO

PV1, PV2 ag)amil sdalmejaalad DC eanwdese” aaug’ ea1Qoad : set_pvi(v), set_pv2(v)

p.set_pvi(2.5)
p.set_pv2(-1.2)

A1, A2, A3, SEN agaml MBajgaud dlaw” ea1qaam : get_voltage(input)

print (p.get_voltage('A1))

print (p.get_voltage('A2"))
print (p.get_voltage('A3"))
print (p.get_voltage('SEN')

A1, A2, A3, SEN ag)amlal &#eSoapoemIans dlaw’ 6.a1qad : get_voltage_time(input)

print (p.get_voltage_time('AT))

OD1, SQ1, SQ2 agaml BvSagaal@d DC oeInI@ 6HavY” Halgaad : set_state(OUPUT=value)

p.set_state(OD1=1) #set OD1to HIGH, 5 volts

9.3 aoMIMMaV, BHadMIQMAV’ @B IHIM

SEN@3 ~piSlellafldlosan somiaualay’ @eaaeniad : get_resistance()

print (p.get_resistance())

INI@d opiSladlafl@losam @d«dmigmay’ @rasniad : get_resistance()

print (p.get_resistance())
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9.4 @GNINIBANINHHUWD HAVY 621D

WG 0iad s@ mivaie erediQas asquad ealal’ aaug eaqaad : set_sine(frequency)

print (p.set_sine(502))

502.00803

af)Bl0 ARYYOD]HBo TLIRLIABITNDIMIG ABFQAYAFTVSS TVIRLINIV BRYANT HAVY” O2IY” @Y QL] 3 ol

@56 §21Q)am. 500 20@STVIM aldh0o 502.00803 Ha0BSTY @Y’ HIVG” 6 a1Q) ARYYOD].

WG @os @onflsyan’ aaug aalqad : set_sine_amp(amplitude)

p.set_sine_amp(2) # o for 8omV, 1 for 1Volts, 2 for 3Volts

SQR16® @RYEIQo Aislneaueasigo aavg aa1Qam : set_sqri(frequency, dutyCyle)

print (p.set_sqr1(1000, 30))
print (p.set_sqr1(1000))

# 1000Hz with 30% duty cycle
# 1000Hz, default 50% duty cycle

SQR1 @000l @AM HOOTVILIHMIAD HAVY H21QIM : set_sqri_slow(frequency)

print (p.set_sqri_slow(0.5))

# can set from 0.1Hz to IMHz (but WG disabled)

9.5 AVAWNJo @RYYDTIQYo BRBANIND

INIoe1 rusideninlo eryowl apgaendad : get_freq(input)

p.set_sqr1(1000)
print (p.get_freq(IN2'))

# connect SQ1 to IN2

# measure frequency of square wave on IN2

INloear mvasjodealnla® aisloaausasiyd @paandad : duty_cycle(input)

p.set_sqri(1000, 30)

print p.duty_cycle('IN2") # measure duty cycle a square on IN2

613 HH0MoW) A WER G U MmmIeIs TVAWo @RBANHIND : r2ftime(inputl, input2)

p.set_sqri(1000, 30)
print p.r2ftime(IN2', 'IN2') # time between rising edges on IN1 and IN2

aa1odeanilam 66so alldlaw’ @gendad : multi_r2rtime(input, numCycles)

p.set_sqri(1000) # connect SQ1 to IN2

print p.multi_r2rtime('IN2', 8) # measure time for 8 cycles

9.4. @AINIBANING:UWB HATVY 213 77
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9.6 GINIGaNIo AUWIHHQYIV” HalId

GOI0ICaNIQHUY AlR]OOQaV” §a12ad capturel, capture2, capture4 of)amIEBOM PAN’ aNH: cHWHUE D6NE"
oBOME]Ljo BO0Q MMajSIeel calal WiXloenay” #2123 capturel 9alc@Iwlande. WlROOHQIV’ 621G
M2 MMBaS1HMg Gald”, ERBAYDHBOS af)elPo, VMEBOJBUIBISABBB MVAWO ag)aNT aflalEsEBgaeM” capturel()
aNEB aUM” M@EHMB®. GR®” 01636 ©.21QAN O6NF array 313 BRBNYHU3 MSOMIW MLVAWNJo BIGVI GRS
aflejo &1S1Q 6AIUBSOHSBSBo DMROWIGIGs0. 8@ capturel() &:0g8103 alem0aIW] 10000 GRBOYBUZ BRYD:Jo.
OISO NS BRBOYHUBSH]ISWIOL! 2J@BEBRIY MR 1.5 HONEGIDTVSHMALIEM. WIER]HHQAV” H.21QaN
caIf190d ERYYTM]HHMIVAE]2J26M” MDD MAWo MIWAIMISBMNMD®. DBO0EEMATIM” 1000 HaOABSIY” calAl
O 4 EOMVENNUB $0ala|@ §.21Q0M8 HROOMo 4000 HOHREBIDMVSNMWW” GAleMo. M@ 400 @oJoooﬂagoe)ua
10 9ONCGINNVHHMWW’ 120 {I@3 dhdala|d Halgemo. 800 @momﬂq@z&goom&mmﬂ 5 00G@INHAVEH AW’ A .

capture aneB UMW ANZOSM@IM” Qa8a i’ MBai5lOd cosI" HAVY” & 2 IQ1B1EDMo.

AloQo A2aileRo enemi’ HIVY” 6210003

p.select_range('A1, 4) # set to 4V, maximum is 16

p.select_range('A2', 16) # set to 8 volt

B@ 6NINIGaNIo AWlHlHHQIV’ Halaad : capturel(input, numSamples, timeGap)

# Connect a wire from WG to At
p.set_sine(1000)
print p.capture1(‘At, 5, 5)

£2101® of)eiPo BRBOYHBIOEMELM3 OlavUdg” @10’ @m%@)omﬂ(ﬁmo alOGH YQHEM BN 1M’ wog@uommgce)do’
DENBINJEMUIUT (YOl AIOBBBQIM” TVIWIEM 621Yd:. DINYHHMflB1LBIN GJoWoo Matplotlib ©al1ewWd

W’ @WoaD QRSO BBCBEIAOOMAIM'

from pylab import *
p.set_sine(1000)
p.select_range('At, 4)

t,v = p.capturei('At, 300, 10)
plot(t,v)

show()
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0.0 0.5 1.0 1.5 2.0 2.5 3.0

QN3 GNINIEANINM:UB B@alla) Wledlongay’ dalQaad : capture2 (numSamples, timeGap)

Qg GAINTBaNIRH:U8 MNEBR GanMU” AIIMIMV0 NG 1S106008 BRAINW B@lla) dnls|d §.alQemo. D]

MBB@®I6MN” capture2 aneBaHM. AlDo A20jo BRYWIB]H30 @cﬁbo@o@auﬁ. @BRBOYBBOS af)eNo, QENEBOYDHUID1SH3

88 MVAWO af)ANTAUWIEN” MM aNEBaHHF DABa 3. MVAWo, GAIUIESE afMIAUWSS PN HAVG” arrayeud

O 01636 ©alQ)o.

from pylab import *
p.set_sine(1000)
p.select_range('At, 4)
t,v,tt,vv = p.capture2(300, 10)
plot(t,v)

plot(tt,vv)

show()

0.0 0.5 1.0 1.5 2.0 2.5 3.0

mMIL] eNINIEnnINHUd 3@alls) Aledleagay’ ealqaad : capture4 (numSamples, timeGap)

9.6. @aINiBaNIo AWIHHHQYMV’ 6210
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capture4() anesoum® ALA2,A3, MIC ag)am MIe] DMBajge8Qe 8@l Wllangau” aalgian. moel 61V,

BOIV®” af)g” ArrayHud M@ 616363 HalQ)o.

from pylab import *
p.set_sine_amp(2)
p.set_sine(1000)
p.select_range('At, 4)
res = p.capture4(300, 10)

plot(res[4],res[5]) # A3
plot(res[6],res[7]) # MIC
show()

A A A

0.0 0.5 1.0 1.5 2.0 2.5 3.0

9.7 WG ealni’ gsenilud

512 GRAHERSBS BB 2 I51HQIcWIUTl2)0em” WG ©leel 6GalniBando DMNBIGBIM@. M@ MoRA1flalesam
BRIHEROS DSA 2|V @YV ND]HMW B GOIUIESRIGH] Mg WG wlerianwanmm. @M esaflgloel
BRIHEBBBIEM” MVoVODOMW ARYH®]1 MMV HBIM®. BC1HH@E ¢SMIUB HAVY” H21QYITT BRFODDOIEM
OAVG” ©2IYMD” AUBO BRD®” (@JosnIelyEOmILNTlaso. aNghaHad aleWIUila] ¢smilud eI’ 62190 algo.

@sendlud celoaw” 921Q GUaHo @RYNINDIARS BRYYONIWI@ GOl HIVY” 6 .alQdo.

WG 0iad a8@ mlvaile ereiQas 6niniGanle ALY M2l : set_wave(frequency, wavetype)

from pylab import *

p.set_wave(1000, 'sine’)

p.set_wave(100) # Sets 100Hz using the existing table
time.sleep(0.2)

Xy = p.capturei('At1, 500,50)

plot(x,y)

p.set_wave(100, 'tria’) # Sets triagular wave table and generates 100Hz

time.sleep(0.2)

(continues on next page)
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(continued from previous page)

X,y = p.capturei(’At, 500,50)

plot(x,y)
show()

anBaHM el 021 : p.load_equation(function, span)

from pylab import *

def f1(x):

return sin(x) + sin(3*x)/3

p.load_equation(f1, [-pi,pi])
p.set_wave(400)
Xy = p.capturel('At1, 500,10)

plot(x,y)
show()
34
34
2 -
24
1 -
14
0+ 1
_1 - =1 4
-2 4 -2 1
-3 -3 4
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