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Preface

The PHOENIX (PHYSICS WITH HOME-MADE EQUIPMENT & INNOVATIVE
EXPERIMENTS) project was started in 2004 by INTER- UNIVERSITY ACCEL-
ERATOR CENTRE with the objective of improving the science education at Indian
Universities. Development of low cost laboratory equipment and training teachers
are the two major activities under this project.

EXPEYES-JUNIOR is an advanced version of EXPEYES released earlier. It is
meant to be a tool for learning by exploration, suitable for high school classes and
above. We have tried optimizing the design to be simple, flexible, rugged and low
cost. The low price makes it affordable to individuals and we hope to see students
performing experiments outside the four walls of the laboratory, that closes when
the bell rings.

The software is released under GNU GENERAL PUBLIC LICENSE and the
hardware under CERN OPEN HARDWARE LICENCE. The project has progressed
due to the active participation and contributions from the user community and
many other persons outside [UAC. We are thankful to Dr D Kanjilal for taking
necessary steps to obtain this new design from its developer Jithin B P, CSpark
Research.

EXPEYES-JUNIOR user’s manual is distributed under GNU FREE Docu-
MENTATION LICENSE.

Ajith Kumar B.P. (ajith@iuac.res.in) http://expeyes.in

V V V Satyanarayana
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$ sudo gdebi eyesjun-5.0.0.deb
DO Qo 9.21Q0a3 EXpEYES Junior &awayesiqe(les eigymaajo.

2. ago@aslejo GNU/Linux adlaylenjauad

python3-serial, python-pyqtgraph, python3-scipy a@an1 aloce92e:08 DABARIWB HalQ)d:.
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$ gunzip eyes-junior.zip
$ cd eyes-junior
$ python3 main.py
DERO®E]EJo alNEHHET BRYAINVININEMER]T af)0d HACINER" EMIBH] @D MDAARIUD 621 d:.

3. HONBGBICAVIAY alladEawday”

EXpEYES eal

OAMBHOHMGIEE MIamo AlABEWIN” MABRIBA HSHIMFOIND 03 HalYd:. &gMES aflalesasudas” https://

expeyes.in/software.html agyam Galz” CVMBRUD1HB3H,

4. eaiMeoayailad oo »miysd 0 ea1giase
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ExpEYES-Junior

a101HUME@BSICRIHH HSHBM@IMYMNI’ DY DaldHOEMHOD ald]alWe]SINV@E:M aflel @JInaldkh@]aI3OmMEBBRU3 NSO
@ MIMIV1BIE80. HAWAYESIA{IOL! @JWIMHDMANT MIEINI Haf)HNMGHEIGE MBI GOleMo GEJIWIo DOSBOIIM.
MVIWIEM®IW] Education ag)an oamalMaamo0je EXpEYES-Junior. @JWwomR0elsom1nng @iaeaitndmss .a1ds @miog;”
S199” ©a1Q) MaOIVOD]IMSS R0LIGH0 DOBBd. ’«guﬂ al®1auamseBUd’ ag)m HAMAfl@3MIMo aflel aldleuamsaRud RETL)
BMIBNJo0.
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. PVS eompawd mlosasemioud Al &0em1asam e¢ainudes” m0010@00melaleso.

SINE Al BRI &HeMdy” alQd:. TVGIMING ALIDAINAD MSENIVSS Al 02100 BN’ S1H” 021G, @R®1O]
nMalleyss 5V coeafleom mog(sm_louﬁ af)a»” MoRAMABM af)aIM” EMIARH:. OSoHEMNIVTTY’ 210Gl EMISRH . HOAVMD
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School Level Experiments

This chapter will discuss the experiments and demonstrations without much data analysis, experiments given in the menu
SchoolExpts. Simple tasks like measuring voltage, resistance, capacitance etc. will be done followed by resistances changing
with temperature or light. The concept of Alternating Current is introduced by plotting the voltage as a function of time.
Generating and digitizing sound will be covered. When an experiment is selected, the corresponding help window will popup,

if enabled.

7.1 DC

ExpEYESs)ag A1, A2, IN1, IN2 ag)am] es321meld:0d DC Idudcsz” Br8HHIM GAIMNE]l alGIUldndo. aJO0anmM1mMo GAIUIGSER”
GIVITIYRHU HeMdy’ @gJ@a»(z(mouﬁ 30Qo aBOO®B]elo 8@ WYL HSGAIMLNGE KHeMd;’ HaIYIBlEneMo. B@ 1.5 OIS

POQWOIV@T , AANG dhalfo AUWVWA gAMWW’ @YQIUDJABS TVIWMEBBUI.

GND cell [H A1

+ oavefload 80Qo WMMElRje a¢Q@Qo Alejo ceiSla (lasd.

* GU1® 8B0NODSS Al 62180 NISNS S166” 6.21Q)d:

GAIUIESE” 92l TNISM AILIZNIEMIV] Aleayel 021Q1a1esmM@” B:06Mo. HAVEING GBEMHHMBIY” HEoJ0BH0SOMEU

ato Qrlengo 0laW1eB” GMIBBE:.

7.2

ExpEYES©a8 SEN ag)am ©s@21m@3 ©0au1anmay” @rgaenomd e¢alme] 9aIic@aulendo.
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SEN

GND

* ©0mlquad SENavo (@venglmo s#s” ceisla lass

oM quma’ aVig1med alej®” A u3RIVWOMIW] &hIeMlsfidlaso.

@LO0BMOOMI@3 SEN ¢01nudes®’ Gr8HsIM 8@ 6SGAIM@ 20@@06M . EaIIGINGOm  SENGS mlanoe 8@ 5.1

K 90avlqyad 3.36a1003s” Mueeqldlelas” &emd,;’ @m%s)mglﬂ%mg‘i M3 (WDnElmo SENMo nswl@d 63@3

O0MVIRA @M’ 6.21QemIoud SENeel ¢n1oudese” @dImaauals) m3Qo. MY ¢aludesedlad Mmoo 8oy

M@00 Qale@IUla) a0on eiSlafla] HOMIARMBIY’ HeMEBEgl0. V/R = 3.3/5.1 . 10063001000 10041GL10

60011000 MSHBSBS ANELIH0d MI@ECD GMINIW] BRSHHIND alg.

7.3

ExpEYES®ad SEN ag)am ©s321M@3 60alqumay” @egsanom ealng] 9a 1e@ouilendo.

SEN

R

GND

R2

©omMqu@MI’ V@ 1Mo alej®” Ad:038INOMIW] &IeMafldldsoe. R = R+ R2 + ..

* ©0V1qRQH U3 M1V SENMo (Y DmElave BSQ” ceISlq lesa

7.4

ExpEYES©a8 SEN ag)am 6s@21M@3 90aV1anmay’ @rganomd ¢aling] 9a16wouilandoe. aleaoaiwl 5000 afleand aNIOW” QIO®

MO(@GCD BRBHNIM alg.

SEN

R2

R1

GND
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* ©0MqUQRHU3 a100elrdW] SENmo »WMenelane @s®” ceiSla (losa

£OmMIaRBIY AViGIMOM aIe)” ge:udeonomI] !oemlafloleso. £ = 7- + R% +...

7.5

ExpEYES©a8 IN1 a)aD ©SBAIN@E dhq jomIgm3ay” @R8e9IM GalME] 9al1WIUildndo. AUBOO Hal0lW &HqldaVINQHUE QIO
O3 BRBHOI0. B@ HaHeMo BHSLIMIOREWI oMY, HIFIOMBEWO ENZ AT BREJITMNIWo GaN0W1@3 851 &hald

a1Qad M1BaEnHI0JM@®oeM’.

IN1 GND

* &q]oav1gad IN1o »WDeElave BDSY” epiSla (lasd:
* W@INoag ALI®EIVED AdE1LNW] B:06MaM "dha o9V’ INT” ag)am miged @PAGLD .

dalomilgmay” enigem” g&81e8 @M WVl 920D &Hoemlasoe.

7.6

EXpEYES©a3 INT ag)am ©S32IM@3 dhojoai1Qad3ay” @rg9e 08 GalME] 9alcwiuilendoe. MIEINVIW] &M’ ©21QIg88 dhqjoa]

QQMBOS af)angglal” dofomilgaday” % = C% + c% + .. .. )M VB Jo BRMIVE] 2|0 1@ H630.

IN1 GND

C1 C2

* & fonv1gQHeg IN1o WVMElae ®s” M1E1Mow] caiSla lead

* WMo arI®EIOOD &1L &0eMaM dbaoaU1gadmy” INT” ag)am miged GPAGC .

B oaU1gadamy’ enigem” ad&led @ean AWICaYE! 6§10 Ghiemldso.
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1.7

EXpEYES©3 INT ag)am SBAIM@ dhqjoa1ga3ay” @rg#908 GAIME] ©aleIWTléndo. aldELILNW] &M, §21Ql588 dhqjoav]

QBSOS af)aDg1al B oavlgmday”C = C1 + €2 + ... af)aM MVAADG:Jo BRAIVE]2J0W01E80.

IN1 Co

GND

C1

* &qon19Qeg IN1o WMo BDSY” alooelen®] ceiSla {Iesd:

* WGINoag ALI®EIVED A®E1LN@] B:06MaM "dha o1V’ INT” ag)am miIged @PAGOD .

BalomUlgaday’ enigem” agled e AWleayE! ©a107D BIemldso.

7.8

3% MWAEJH0e NIR1TVOW] ceiSlafla] EmMg HOMNINNQRBEIES H0MF (@JAUAOTEBEMINN @RAICICOINNIM0 GHQHQ)

aN200JaM cAIU3ESE” @RAIYSS HOMTANMAVIM” BRYMAIIMIBH20W1B1es0. EMEIMO HQOBHQBS CAUBESE®:Bo aBO®E;]

Blo 313 G)OG\)"I(T(’lgdﬁmgo @RO1WINNE G OENBINE DD G)O(m”l«oga%m)” %0 MY ICWIW]af HEMERS0. I = VAl/RQ =

(Vpvs — Var)/Ra.

afl@omleel R2 maeocl@aaiam HomlqRadmyoe Rl &M3a1S18900088®o @RYeeMaN1clenss. R2 @yl 1000600

9ale@IU1ando. R1 #a3 MLOOMOED” 3@ 2200 BJo DalEWIW]HNIo.

PV1

A1

R1

GND

R2

* 3@ 9EIWEMIAWIGS Rino R20jo Mvlalavow] eaisla fless (1000 and 2200 ohms)

* Al 9sda1m@d eng #oaVIaNQe @al@an milagailecelss ceiSlq [lese

* PVS 9s@aln@d Rioad segom” ~eiSlqa less

* R20M1903 800 WDemMElcelas” *iSla lasd

* PVS@3 4 canuws’ a)(mg“ 021Q)

+ Al 92l GAINUIGSE” BRBHBH:.
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R2ejosss @oc@“[ = VAl/RQ af)aMm VAN Yo M@0 . MED <ﬂ;0(1§06n)“ Rigjoso 89H:aM@. RI00 3:Q0HQ88 GAI0UD
esg’PVS - Al agem”. @e@lmo@d Ry = (Vpys — Va1)/1.

7.9 AC

* 8@ 1000 890 HOMVIIYQo 2200 B0 HOMINVQe HEYWENIIBWIGE 90 [1863D:.
* QMo Gal@aN BWo A20flcelds” ceiSla flasd.

* 2200003 0a¢QQo SINEcelaso Al geldsto °eiSla {lesd.

* 10006003 06QWQgo WVeMEleLIN” cLiSlo (losd:.

* Ao A20/163Qo & alde” GMO%@:US Sles” 021Q)cd.

* @RAIYOS @@on.l“@']gé(ugo @013 1MBAVIQo HIEMIHBAN §2IB6” GENIO G0 Sléae” 021Q)cn.

AC canudesx1og $0050m1ele 69600 HOMNVITRO1Mo HQOHQS8 AUESE BI®1H3 HONVITYMBAVIM” @YV I ]HAeM”
af)am” BHI6MJo.  GAOUIESRMHUY BEO CGaDAVILIEM” )Mo &I6M0. HOMIAROIM aldhOo &ejdaVIQQAICIN12J0@3 ag)any”

MoRAf&E80 af)MMOIWIM BIWo 4.3 GMIBH:.

7.10 (DC & AC)

8@ 60 MVefled mlan’eIglasmm ealoudesR1aad Graoje Bluo®oe MKlEMW1G1Hs0. @1om DC @GROLIE1T WO 308"
af)am” al0Wo. af)IMIGI MIo AIYIalHNIW] DaleWIW1AHBIM as)meéasﬂ @ONEOD]LSB®E]. MRS aflgeE1E8 eiSlalaflg
38 303 @@meé@od({nﬂmﬁ mlawe AGBAN 50 Ha0@SIV” calnudesz]oad @pgsale lvWoe 20 alefleMEHMWIGE @RYAIBOD B3N
@108 20019850ME1B1B630. 630600 20 alefloavanamelele GRRIOO® 5 AleloaVanBalod GNIUdESE” ad22 JOM1G3 MM
OHeNE" 325 ()EAUdE3I80 af) O] ENEIROOD 5 A1ElOTVHHMFIG afR i OM1T GB16 2|ODAD. JANIVOOD 5 AlefloTuand
Wled @R® af)@133F1@I@ -325 ¢U3E5I80 af) @M MILNAOOD 5 A1eloMBNAFIEE a2 oM 1T3 ®1GE16 2|EDAT. MERHM
20016E926MNE1B1B3aN Mo HHAIB <5«5)16)@)) AC @rLoa @RyUdsd@emMylow)” %008 af)am” aloQam. 1000 Ha0dST @Gl&1Mav1Qss
8@ cal0iEann19M) 8@ HOMEHE0ad Hecdalyo 1 alefloTuanmw” @y wldlaso.

PVS A2 SINE A1

* SINEam Aleelasio PVSem A2afleelsso ciSla (1aad
* PVSea} canwdesz” 2 ¢anudslad &avg” 6219
* A20016903 §2189 BN S1H6” ©21Q)d

QN3 GONUBESBRHBOSVYo (DIa” MIOYHHITMANAlWo LiElecamo
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N6BREOM @@meé@Wow M2 Moo GB1SB3EMIIU3 BROMEaJogo AC 6w DC 20@o @R@I1a1ds0 af)dM H@GIRLICEM DN
@O . OO ANZo S1G2|BAM @RAINLNW @Y. DBIAOANMNATIM’ oy @MIMo 5 GAIUISIv0 HSWIE MI01OBHIMNEIB BB

8@ MHWAE ¢aI0flead K00 0AFHNo.
* SQlom Aleelds” ceiSlo (|esd
* SQIomM 2006a03SMVTS HAVY” 021Qdh
* Al o0 coemi’ 8 @A10U350H6] 200
* S1nA@ HRINITY o2 OB Mo @REjo &S] GBS ®0q {lasd,

@Il ®IDPOENISOMIBIB3IM. D™ AC cwo @Re™mI DCewo ? wNIdmoomIGs 2.5 DC @o -2.5000 +2.5000 MSQ” ¢30
EIMo §.21Qan AC Qo GaIBIM®IM” aRy@mIMo 5 GAIUSIMo MSWIGE MI010BNINEITIABAN DD MOoWo. SOEINW]
O@OM 71 aMaV1LN@HIMB SQIOM B@ 22uF BaldMV1Q01ges Aleelds” ceiSla {ldsd. dhaqloti1gd AC BIVEOHT™ D@0 &S

MGAIIGHIMMAUBIABAND &HI6MMI0.
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7.11 (AC )

@RU3SAEMlow)” $00F (@JAIn01E8aM AIVQHEes Mdlalo A0019EMEIGISBMM B@B HINHEHH@o 2MNOWI@]Bs0. MM
an1@BWIMHOD” OQLf1B1HBAN B@3 21010013 s)s)cueéafﬂ CJOl®™20B0. HAWVIMAY MO |QOS TVATalo HAly BB AW

01603 BRQERUIHHISVIT BJAI®RIS:N CAUIUIESZIHM MALH BRSHN M algo.

Wire near power line O |Mains
Power

but NO connection © O Socket

* Alod 8@ Mlene aIa@ caISla [losd
* V01O B0Q0 al0IdHOHLIMIHAF BRFETNES HOISEH:.
* ©9So HMIVMN"200MS QUBHMYWIT GRYHST HAIARH:

. @@om“@%a@o @01 1BIVIQo BH0M1BBAN §.2180” EGMNIG S1H” 6).21Q)d:.
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(s@aﬂ@es)e)meéasﬂqpos @RYYOM] 50 Ha0BSTV BRYWIBHHEMo. mo%‘;"ls‘éau“ a1Q1NVEOD (@AM ]HBAN Dald006MEBRHSW0

s)s)me%«»@@emﬂ@ﬁ MIOMS8S BRHHLIOOMQo BR)YUHW2fl@HR30.

7.12 AC DC

a2 Om1e 5 ¢a0udglanoe MSW1E3 23019EHIMNEITSBIN BB TVHHWAE ¢alal’ 2.5 DC Qo -2.5M0 +2.5000 MSY” GRILIMo
DRI AC @o @aIBMM@IEM” af)aM” EMOHOD alOMDMIMNEEI). &SNV O@OMa (] AMMILNGHIM H@OM ST

alom19o1ees HSOmIagH. Haldailgd AC BOVHED M@0 HSMMEAIIRHIMMAIGISBIMD &:6MIo.

SQ1 A1
0.1uF

A2

GND

100K

* SQlom Aleelds” ~eiSlo |ess

* SQI&M 10009a0BSVTS HAVY” RETL

* Al o0 coemi’ 8 30100350061 209

* S1nA@ HLINITY a2 O®IT3 Mo @Ejo &S] SN ®0q {lasd,
* SQlom 8@ 0.1uF HaldaV1golges A2afleelss’ celSla (lasd

A2 ofleeigmam @audege’-2.5000 +2.5000 MSQY” GRILIMo 92IQIND &06M0o. maflos monud DCo® caIe™1@] afISlel agam

000 BIANHBH:. af)eBEIOMYM® 62103 algo ?
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7.13

MaR®S VAT af)@EOMIBo ME! BT @@leé@ﬂoem;mosm‘“ af)eaR1OMm aldlaH1890. HAWIMAV” AVONQ] BRAIGHSEHONIOEM
. MREHOTWI0.  GHOGOM GAUOUBEIRHU alEWINls] BAIMo OO AlR1HUMMEBBUS MSAMOM. MIOPHHIM 1 jallto

QAUWQRHU 22ISla (1663,

A1 A2

SINE

hand hand

* SINE@3 mlamoe Aleelss” 8@ @ ceiSla{lasd.
* 20Q0@ AlWO1H0] B0 MI@o SINE@S ceiSlq 1oss
* QANOO®IM QW13 B0Qo @0 A2ail@3 ceISlq [lese

* QEN202OOM AIVO1HF HAIQEDWVISIBIBRIN GREWo BT HOBHADHIMNZo JANIAOOD AUWVO1HF B AGY OB DHOGHIMNZo

QOB (1S1063 .

$@100 B@ ME 210LIGHMINIMID MYafla lESMM®IM” al@ldHeManelo. SINE® aldho PVS 9aic@awilsl @D al@lauemo

@RYQIROD 1 H63h.
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7.14

8390 MWARAICWI] 2] HOMNIANMWA” &6Nga 1S189IHAIM” MIo HMFHFIATH@IEN” . DD AT WIGE 8@ 100516210 B0 HO

MaNQR2IW]T MIO®AJ0 621QHHHNE KE1EOM1HE HOMITRMWAV” BRBHHINM UBHABHI. BoaV” MVWAEJHHIVe MVIRTTVIW]
[ o] 00

22iSla{la] 068 HOMINNQHE1EHS H00F (@JAUO1H836MIU3 BRAIGWIEOIAN]M0 G:QOBWQENZINJAM BAIIUIESEE BRAIYHS HOMV]

aRBIM” BRG] H20W 101880, EMEIMo HQDHVBS GAIOUVBESE HBo aBOMBIEjo 8@ HOMVIMNMBIY EROTWIeNE;1G3

@MEONOED HOMIARMAV’ 300 MAQIGWIW af dremMésggoe. I = Va1 /100K = (Vpys — Vai)/Ry.

A1 A2 GND

PV1

100K
hand hand

* PVS@3 3 ¢a1003s” ©10g” 0.219)d:

* AO1H0} ERWEBUS QO BN {IS1HRE:.
A2afleel 0lawles” v @GreemMIclenes.
@003 [ = (v/100) = (3 —v)/R
naloomlond somlagmay’ R = 100(3 — v) /v

9302006mEmIM” A20ilee! canudess” 0.5601003s” areemesled R = 100(3 — 0.5)/0.5 = 500K
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Electronics

This chapter explains several electronics experiments. Most of them are done using the oscilloscope GUL. Some of them like

Diode and Transistor characteristics have a dedicated GUI.
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Electricity and Magnetism

This section mainly contains experiments on the steady state and transient response of LCR circuit elements. the experimental

results with the theory. It also gives an experiment of electromagnetic induction.

9.1 I-V
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Resonant Frequency = 5.09 kHz Damping factor= 0.082
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Sound

Pressure variations, about an equilibrium pressure, transmitted through a medium is called sound. They are longitudinal waves.
Moving a sheet of paper back and forth in air can generate these kind of pressure waves, like the paper cone of a loudspeaker.
When the frequency is within 20 to 20000Hz range, we can hear the sound. In this chapter, we will generate sound from
electrical signals, detect them using the built-in microphone (a pressure sensor) and study the properties like amplitude and

frequency. Velocity of sound is measured by observing the phase shift of digitized sound with distance.

10.1

GRYODW@3 @oLjo AIYMIINVABS QNG LOMNIMOWEBUS BEOIVAWO o 0O |5l @RAI EsNZo @m@m”mﬂ%oe;ua O6NBINOJo.
M2 ARYYODHO3 @18 Ay IMn0Vlalege migIead ERYYTM. DBIa0EEMEBIM” 35000008STo 3550020850
@RYYONQYSS NG NMNIDOoWEEBRUZ BalBAMIM 50 HaOBSTV1HM Mg DEMRINJ. MG MNITNQDUY DaleIUTla) milg” o=
@9l0. HODEGIBaNIM DalEWIWlaf BOGIOM WIRIHHQIV” §.21Q)" AIQ afltadeIMo §21QOMe MVIUW]Hso.

SQ2
/Q

GND

MIC Piezo1

GND Piezo2

icrophone | sQ1

* MNIMVQBHB0 HOAEEOCNEMO 2I@ODIB 06 2jGaldeel eeISla (losd
* @A 30GOIMOW] JOIBOM]ala)’ 3D 0lg GMIDED:.
* QENZo aBOIMNE” BEO @RYoallS éau“ O@MAflWo BRAIYAOS MLOIMo (&N HO1E63H:

* QN30 BGOMVAWO (@ JAIBO ] (lH63d

55



expEYES-Junior Documentation, Release 4.7

5.0

3.0

1.0

-1.0 |

-3.0

-5.0

mS

56 10. Sound



11

Mechanics

Resonance phenomena is studied using a driven pendulum. Value of acceleration due to gravity is measured using a pendulum.

11.1
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Other experiments

12.1
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