ENA 2YNOETO MAYPO KOYTI
Avaotdoiog NECng

Ipw and apketodg pAveg énece ota xépta pov to 12° tedyog tov Science in School 6to onoio diGfaca
t0 apBpo: «Dvokn: Eva pavpo kovtis» g Ludmila Onderova [1]. Apéomg apyioo vo oKEPTOULOL TV
TPOOTTIK VOl TO EPUPUOCH 6TO GYoAel0 pov. AdoK® Votkn 6to 1° Avketo Zodapivag (§va vnoi Todd
Kovtd otnv ABMva [2]) oe maudd 15-18 etdv. Ztnv apyn OKEQTOUOVY TO GTOLYEIN KOl TO, VAMKA TTov Oa
elyav ta KouTid, cOUE®VA e TO avaAVTIKO Tpdypappa Guotkng yio to EAAnvikd oyodeio. Katéinéa oe
7 otoryeia (ta omoia B dovue TopaKAT®) Kol dpyloa va T0 cuintd pe Tovg podntég pov. Iave om
KovPévta mpoékvye Eva TpOPAnua: av Bélape, Katd ™ Seoywyn TOV TEPAUATOS VO EYOVUE 5 Opadeg
gpyaciag, Oa vmpyov CKOPMIGUEVA GTOVE TAYKOUG TOL gpyactnpiov Sx7=35 povpa KOLTIA GLV
KOADOWO, AQUTAKLY, TPOPOJOTIKE KA. MAAAOV Alyo dfolo, av BéLape Vo TEAEUDGOVUE TO TTEIPAO OE
po SaKTiKY dpa (45 min). Tote o padntpra £piée v wéa: «yroti dev Palovue Kou T 7 otoryeio o
éva kouti;» Avto Nrav! H 18éa Eexivnoe va vAomoteitor kot telkd ptiasa 5 odvOeta kovTid, T0 OALO
epyaciag [3] kou to video tov mepapotog [4].

KATAZKEYAXTIKA YTOIXEIA:
O1 GLGKEVEC TOV UMKV GTO KOLTI 1)TOV:

po prortapio 9 Volt

évag mokvotg 1000 pF/25V

éva koppdtt E6Ao (LoveTiG)

pia 610d0¢

Eva AopTtdkt (U opKOS avTioTaTng)
évag (opwog) avtiotatng 100 Q

éva Tnvio

®=m0e a0 o

O évag mohog kéBe cvokevng evobnke oe o apOunuévn (amd 1 €og 7) €i60d0 Kot OA0L o1 devTEPOL
moA01 evodnkav pali oe po kown £000.

IMo v katackevn ypnopomomonke va kovti and yaptdvi (mepinov 20x25x10 cm), kKdvipa TAAKE Yo
gvioyvon Tov ecOTEPIKOD, Bepun KOAAG, ELAOKOAAN, XAPTOVL, KOADOLO KO VAKA (AQUTAKLO, OVTIGTATEG,
O1000V¢ KAT) omd €va TOMKO KOTAGTNUO NAEKTPOVIKOV. To cuvolikd kdGTOg TOv KABE KOLTIOD deV
Eemépaoe to 10 €.

Kotd v delaywyn tov melpdpatog ypnoyoromdnke yio kdbe kovti éva TPOPOSOTIKO YOUNADY
tdoewv (0-20 V), éva Aaumdxt pe Paom, tpio KOAM®OW HE OKPOOEKTEG WTOVAVES, £VO. YNOLOKO
TOAOUETPO Kol ol pikpn mo&ida.

KdaBe xovuti Tov TOVOUOIOTUTO [E TOL VITOAOLTO, EEMTEPIKA KOl EGMTEPIKA. YTPYE OUMOG SLOPOPETIKOG
TPOTOG GUVOEDNG TOV GVOKEVAV OTIC 16000V, MOTE KAOE opdda va £xel «tn yopd» va Pydiet 1o 61K
™G (Hovadko) amotéAecpa. o 10 okomd avtd VAMPYE €vag OUPOPETIKOS 7-YNPLOg «KMIKOG»
TUTOUEVOG GTO EEMTEPIKO PEPOG KAOE KOLTLOV.

HNEIPAMATIKH ATAAIKAZXIA:
Kotd v deloyoynq tov mepdauatog, ot pantéc akolovOnoav 1o @OALO gpyaciog [3], To omoio
OTOOKE CUUTANPOVAY HE TIG ATOVINGES Tovc. Eyxouv Mon dwaytel 11 Pacikég évvoleg mov Oa




AVTILETOTICOVV 6TO Teipapa Kot £xel Tponynbel o dpa TposTolaciog Héso oty Taén o€ BempnTikd
eminedo.

H otocopio Tov @OALoL gpyaciag sivor m kabodnynon tov pobntov priuoe — Priuo péxpt v
aVOKAALYN OA®V TV GTOXEI®MV TOV KOLTIOV. AVTO £yIVE LE TO GKENTIKO OTL TO GUYKEKPIUEVO LA
(m ®vok oL acyoAeiTOL e TOV MAEKTPIOUO & MAeKTpouayvnTiopd) sivor padnuo yevikng moudeiog
oto EAAnvikd oyoleio wor Oyl ewdwotrog (kotevbovvong). Me dAha Aoyl givor pabnuo mov 1o
apokolovBodv 6AoL o1 pabntég ite akolovdncovv Tig OeTiKéC EmoTHES gite OYL.

®o pmopovoe, av Ywotov oe £va Mo EEEOIKEVUEVO OKPOUTHPLO HaONTOV, Vo YivEL pE €VIOVOTEPN
OVOKOAVTITIKY @LAOGO(ia, OMAGON aeNVOVTOS TOLG MaONTEC va Ppovv HOVOL TOVG TIS OLOIKOGTES
TOVTOTOINONG TOV GTOYEI®V TOV KOLTIOV. MOV TANpoopia: TL VILAPYEL HEGO GTO KOVTL.

["o to cvykekpuévo meipapa Opmg 1 dtodikacio Exel ™G EENG:

1. Evpeon Mnynig
Xpnoponotodpe éva Aapmdkt Kot kaAddwa. Bpiokovpe v uratapio kel mov avapel To Aopmikt.

2. Ebpeon [Mukvot) & ZHAov
XPNOWOTOOVHE TO TPOPOOOTIKO, ota 5 Volt ko 10 ymeokd moAvueTpo, pvOuicuévo ocav
apmepopetpo. Aokpalovpe OAeg TIC ELGO0VE (TANV ALTHG TOV PPNKOE TPV OTL TEPLElyE TNV TTNYN)
KOl OTUELOVOLLLE TIG OVO OV O&V O10PPEOVTAL A0 PEV L.
Edw vo avapépw ot1 mpooela Ty 01000 vo. THY GOVOETW ETOL DOTE OPYIKG VO, OLOPPEETAL OTTO
PEVUA, DOTE VO UNV ONUIOVPYNO® ETITAEOV OLOKOALG. 0TOVS HadnTéS. Poaoikd, wio Tpotaon Eivol
Vo, avVOEDETl avamToda. 1 01000¢ KOl 01 EI6OO0L TOV OEV O1OPPEOVTOL ATTO PEDUO, VO, EIVOL TPEIG.
211 GUVEYELD OTOGVVOEOVLE TO TPOPOSOTIKO, OAAALOVILE TO TOAVUETPO GE POATOUETPO KO LETPApLE
Vv Taon oTiS 000 €10000V¢ Tov Ppikape. H eicodoc pe tov muokvot Oa pog ddoet £voeien (tepimov
5 Volt) Adym @dpTiong tov evd 1 160506 e T0 EOA0 Ba SDoEL «UNOEVY.

SEsd OTOUOTANE Yio Alyo TV dadtkacio kKot falovpe Toug podntég va kévovv 1o e€ng: eoptilovv
Tov mukveoTt) (mov mo EEpovv mov PpiokeTon) pe to TPoPodoTikd ota 10 Volt. Me mpocoyn
AOGLVOEOLY TO TPOPOJOTIKO Kol cLVOEOLV TO Adpmdkt. [lapoatmpodv o ypryopn Adpyn oto
AOpTaKL KOOGS 0 TUKVOTNG eKkpoptiletal. Avtd amotelel o koA otyun oto meipapa (highlight),
a@o¥ ot padntég PAEmovy oty TPdsn, avtd mov £xovv pdabel ot Bewpio: 0 TLKVOTG amobnKedel
EVEPYELQL.

3. Evpeon A16dov

I'vopilovpe 611 1 81000¢ €lval GLOKELT] TOV EMTPENEL TO PEVLLO VO FLEPYETAL TPOS Lo KoTeLHLVGN
KOl TO OoKOTTEL TPOG TNV AAAN [5]. Xwpic dAreg Bewpntikéc e€nynoets, Palovue tovg pabntéc va
eléyEouv TiIc 4 evomopeivaceg €16000VC, HE avATOdN TOMKOTNTO (KOLTI, OUTEPOUETPO KO
TPpoPodoTikd ota 5 Volt pe + —> F). H diodog Ppioketar ekel mov 10 aumepOUETpo dev delyvel
Evoeiln.

4. Evpeon Inviov

I'vopilovtog mov axkpipog Exm koAlncel to mnvio ot1o Kovti, {wypaeilm oto KamaKl, akplPds and
v, To oynua pog Tuéidag. Ot padntég tomobetovv TV TLEIdA TOV TOVE JIVETOL TAVM GTO GYNILOL
Kot doKipalovv Tig vmoOlouteg €166d0v¢. Bpiokovv v €icodo pe to mnvio ekel mov M mouéida
extpémeTat. To KOKA®U TP amoTeAEITOL LOVO OO TO KOLTL KOt TO TPOPOodoTIKO otal 5 Volt.

S Kot og ovt6 10 onueio, vnpée evBovcraopog amd Ta modd, PAETovTag T1g Tuéideg va yvpilovv,
omwg eaivetar kot oto video [4]. Avti Mtav M TPAOTN «NAEKTPOUOYVNTIKY EUTEPIO Y10l TOVG
TEPLGGOTEPOVG HOONTEC, TOV HEYPL TOPO OEV UTOPOVV VO, GLVOLAGOLV TOV NAEKTPICUO KOl TOV
poayvnticpd og uio Bewpio — Evvora.

5. Evpeon Avtiotdtn & Adumrog
Ed® ypnoomolovpe Tig yvoGES Tov ot pafntéc Exovv 1on ddaybel Kot TEPAUATIKY, TOVAXYIGTOV
o€ O0TL apopd Tov vopo tov Ohm. OTidyvouy KOKA®UO e TO KOLTI, AUTEPOUETPO KL TO TPOPOSOTIKO




Kol TPOYUOTOTOO0V HETPNOELS TAONG — £vTaong Yo Tig 000 teAevtaies €16000VG TOV KOLTIOV.
Metapdarrovtag v Taon 010 TpoPodotikd amd 0 éwg 8 Volt avd 2 Volt couninpovovv évav
TivoKa GOV TOV TOPOKAT®:

Eicodog N: Eicodog N°:
V(Volt) | I(A) R@Q) | I(4) | R(Q)
0 0 - 0 -

o el [o NN NI \O)

Tic Tyég g avriotaong tic vwoloyiovv and tov tomo R=V/I. T'ivetar eueavég 0TL 0 AvVTIOTATNG
elvat avtog Yo Tov omoio M T R Tapapével Tivm — KATo 1 1010, EVO Y10 TO ACUTAKL TOPATNPOVLLE
po SPOpLaTIKN avENGN TG TG R.

STo TEIPOLO TEAEIDOVEL UE TN AOKAALYT] TOVL TTEPIEYOUEVOL TOL KoLTIoV. Ot pantéc Eefromvouv
T1G Pideg 0TO KATAKL, 0VOTYOLV T, KOLTI Kol ETPEPALDOVOVY TO ATOTEAEGUATA TOVG,.

:’Tékog TA{PVOLV MG EPYOTia Y10l TO OTITL TNV KATOCKELY] 000 StoypappdTov I-V yio avTioTdtn Kot
Aopmtipa. 210 @OAAO epyaciag [3] Olved To TOWOTIKA OloypappoTo, OO TO Omoio QoiveTon M
otabepdtnTa TG avtiotaong Tov avtiotdrn (otabepn avoroyio 7 kKo V: gubeia) kot aviictoyo n
petafoAn g avtiotaong Tov Aauntipa. Ot THéEG Tov mpay ol LodNTéG 6ToV ToPATAv® Tivaka o
TOVG OMGEL P, TOAD Kafapn] EIKOVA TOV TOPATAVE®.

T T T T T T

—

ANTIETATHE

SYMIIEPAXMATA:

To melpopa otdYeve 6e dVO mMpdpata: o) oty a&loAdyNon TV 1o VIUPYOVCOV YVACEDV TMOV
pafntadv kot f) v evepyomoinom emmALOV TOL EVOLAPEPOVTOG TOVG Yo TO HLaOnua.

2mv EAAGSa To exmandevtikd cvotno yupilel yopm — yOp® omd TNV E160YOYH TOV LoONTOV 6TV
3-BéOa ekmaidevoN, PE ATOTEAECLO TO EVOLUPEPOV TOV LOONTOV VO ETMKEVIPOVETAL OTIG EEETACELG
eloaymyYns. 'ETol 1 uoikn «evola@épey LOvo Toug HobNTéG TOv 6TOYEVOVV OTIG OVTIOTOXEG GYOAEG
BeTIKOV eMOTNUOV KOt O)l GAOVC.

H avtanokpion OAQN tov podntodv oto teipopo NTov Heyain (ioog avéAmota peydin) Kot avtd to
amodid® otV avakoAnTTiky péBodo, mov 1 idta N 1€ Tov LaPoV KOVTIOL TPowbel. AvoTVYdS TO
Tpdypappo TOV  poOnTov  pog eivor 1€toto mov  AEN  emITPEMEL  «UEYAAEG TOPEKKAIGELS
eVOLaPEPOVTOC). Towg To BemPNCOVLLE EVaL EVYAPLOTO KEMGTNUOVIKO» SLAAELLLLA. . .



OAPATIOMIIEX:

[1] http://www.scienceinschool.org/2009/issuel2/blackbox (to dpBpo ¢ apyikng 10£0c)

[2] http://en.wikipedia.org/wiki/Salamis_Island

[3] http://issuu.com/tasosne/docs/black _box (to pdf apyeio pe 10 pOAAO epyaciog TOV TEPAUATOC)
[4] http://www.youtube.com/watch?v=0kkorfZXaHM (to video tov melpdparog: mepiéyet m Sadt-
Kool ToVTOToiNoNG TV €1600MV, ATOKAALYT TOL E0MTEPIKOD TOV KOLTIOD KOl TOL TPOTOV

GLVOEDNG, TO TEIPALLO GTO GYOAELD KOl YPNYOPES 0ONYIES Y10 TNV KATAGKELY] TOV KOLTIOV).
[5] http://en.wikipedia.org/wiki/Diode

AEITE EIIXHY:

[6] http://www.scienceinschool.org/2008/issue9/funphysics

[7] http://www.scienceinschool.org/2008/issue8/pencil

[8] http://www.scienceinschool.org/2007/issue7/whathappens

[9] “Physics for Scientists and Engineers With Modern Physics”, by R.A. Serway

[10] “Physics for Scientists and Engineers: A Strategic Approach with Modern Physics”,

2" Edition, by R.D. Knight

[11] “Supplementary Conceptual Physics Labs” and “Conceptual Physics 4th Edition Lab Manual”,
by P.G. Hewitt (http://www.arborsci.com/Labs/CPintro_new.aspx)



http://www.scienceinschool.org/2009/issue12/blackbox
http://en.wikipedia.org/wiki/Salamis_Island
http://issuu.com/tasosne/docs/black_box
http://www.youtube.com/watch?v=0kkorfZXaHM
http://en.wikipedia.org/wiki/Diode
http://www.scienceinschool.org/2008/issue9/funphysics
http://www.scienceinschool.org/2008/issue8/pencil
http://www.scienceinschool.org/2007/issue7/whathappens
http://www.arborsci.com/Labs/CPintro_new.aspx

2KOTOS aVTOD TOV TELPGUOTOS EIVOL VO, OVOKAADYWOVUE TOD EIVOL CUVOEOEUEVES T NAEKTPIKES CVDOKEVES UECO.
oe &vo, “uavpo’” kovti. To kovti Exel 7 1600006, o€ KGOe pio amo TS OTOIES, EIVAL GUVOEOEUEVOS O EVAS TOAOS
H10G GVOKEVHG Kal (1o, KOIVH £6000, GTHV OTolo. GOVOEOVTOL OA0L 01 OgvTEPOL TTOLoL uoli. O1 oVOKEVES Elvar:

A. pia pnarapia 9 Volt (rinyn) —|I—
B. évac nukvwiigc 1000 pF / 25 Volt —| I—

[. fva koppdn §odo (povwric) —fe—e——i—
d. pia Siosoc —K—

E. fva dapndkr (pn WPIKOS avnardmc)@

LT. évac avnordtng 100 2 (WPIKOS QVTIGTAING) _JW\N\,.._

Z. &va mvio — (00—

I

ENAETKTIKOX TPOIIOYX YXYNAEXHX

() EIZOAOI ()

QT(X VMKA oV Bl ¥PNONUOTOCGOVE GTO TTEipapa eivar: 1) Tooodoriké 0-20 Volt
2) wn@Iako TTOAUUETPO
3) Tpia KaAWdIA e AKPOBEKTES UTTAVAVES
4) Aautraki ue Baon
5) muéida

1



12MEPO), EYPEZH NHTHE

I'vopilovpe 6tL o Ty €xel otabepn dtoeopd dvvaptkod ota akpa g Mmopodue Aomdv va “Bpodue”
v YN pe €va fortopetpo. Edd dpmg Oa akohovOnoovpe pio o amAn o1adtkacio: eTIdvoupre KOKAMLOL
LE TO KOLTi, KaA®Ol Kot £vo Aapmakt pe Bon.

5 _. @ Aom,ua(ov,u’s po-fue. Tg elaoréovg IIHT'H
P2 700 Kovt100. Avth oty omoia Oa
_ :——:; OVAWEL TO AoUTOKl, EIVOL 1 EI6000G
g 4 TG TNy - pmaTopiog.
b »-

22MIPO), EYPEZH NYKNQTH-EYAOY

I'vopilovpe 6Tt £va Koppdtt EOA0 elval HOVOTAG, apa dev dtappéeTar amd pevpa. Opme, Kot £vog TuKvVOTNg
(amwd TV KATOGKELT] TOVL) Agttovpyel g dokOnTNG 6€ £va KuKA®pa. O¥Te 0 TuKVOTNG AoV dev dappé-
€T OO PELLLQL.

6) Mo va amopovdcovpe Tig £16000VG TOV £X0VV AVTES TIG VO GLOKEVEG (TVKVETN & EVA0) PTId)VOLLE
e & Hxlouo LE TO KOVTI, KAOADOLO, aumepOueTpo (aKkpodéktec ota A kot COM Kot TEPIOTPOPIKO S10KO-
7t 6710 2 A=) Kot Tpopodotikd 0-20 Volt.

0.0000 Avoiyovue tov d10k0mTH TOV TPOPOIOTIKOD Kot pvOuilov-
ue mv taon ota 5 Volt. Aokiudlovue xabe pio omo g 6
- ELGOOODS TTOV EYODV OTOUEIVEL (EKTOS OTHS TOV PpRKoue

(:} TPIV 0TI OVAKEL OTNY TNYH) KOITOVTIAS TODTOYPOVO, TO

OUTEPOUETPO.  LMUEIWOVOVUE OTTOV TOPOKOTW TIVOKQ,
“07 yio. T1g €100000¢ Ywpis évoeiln pevparog kou “I” yr’
OTES UE PEDUOL.

SN

APIGMOT EIZOAOY
PEYMA (I)7 OXI(0)

3013757
\' L
®
o
®©
o

»'Exovpe, Aomdv, “Bpet” T1g 600 €160d0v¢ mov dev drappéovtol amd pevpa. Oume motd eivatl Tov TuKve-
1] Kol To1d ToL ELAOV;...




‘) ‘) H mpornyoduevn dwdikacio propei va unv pog £0woe peda, opmg eoptice tov mokvety (Q=CV).

& o @ Enopévag, e éva Bortopetpo Ba Exovpe Evoeién Volt (V=Q/C) ywa tov mukve evo yua To EOA0 dgv
Ba &yovpe timota. Tidyvovue AomdV TO0 KOKAMUO, YOPILoVTAG TOV TEPLOTPOPIKO SLOKOTTN TOV TOAV-
pétpov ota 20V-—==«o Balovtag tovg akpodékteg oo COM ko V/Q.:

Aokiualovue tig 000 vILOYNPIES E160000V¢ Kot “Pplokovue”

| 70V ToKVWTH oty €l6odo mov Oo. nag dwoel oy (Tepinov)
lon ue ta opyixa 5 Volt mov eiyoue Poier aro 2.1. To Edlo
oev Ba. uog damoel évoeién oe Volt.

> EYNO | [YKNQTHE]

3013757

EHNIIAEON EAETI'X0X: opod koto-
Anéoye oo givar o TOKVWOTHS PTIGYVOD-
= UE TO apIOTEPO KOKAWUO POPTIONS TOV
/) TOKVOTH Kot pLORICOUHE TO TPOPOJO-
uxo oto. 10 Veolt. Aroecvvocoous 10 o .
KOUTI YWpIG VA KAEIGOVUE TO TPOPOTIKO .
/;} Kal oTH oOVEXEId QPuoyvovus t0 0gll P
B
® "

T,

oavoryto Koxiwito. Mot axoourioon-
UE TOV OKPOIEKTH 6TV €l6000 TOV TD-
Kvoty Oa dobus otiyuiaio 1o Aaumoki
v’ avdfer. T'ivaue uoptopes te expop-
THONG TOD TOKVAWTH...

3013757

DMEPOY, EYPEEZH ATOAOY

W dioso¢ &ivar n GUGKEUR 10U EITPENEl TO PEOPA VA OIEPAETAI 'I 'I
apos m pia kareoduvan Kal to “koBei” npos v Giin. T P VT e dre

Amo tov mivaka mov cupmAnpocape oto 2.1 éyovpe 4 £16660vg ToLv dtappéovtal amd pevpa. DTidyvovpue 1o
KokAopa II pe ) 610popd 0TL TOPA EYOVLE SLOUGTOVPMCEL TOVG OKPOIEKTEG GTO TPOPOSOTIKO (TO + GTO - KOl
10 - 0T0 +).

0.0000

Erne10n apyixa, eiyoue 4 166000¢ mov E01vay pedua,
tapo. o, Eyovue uovo 3, apod n pio Ba ovtiotoryel

-
P oty oiodo. Avtyy Qo amoxdfer 1o pedua, oniadn
® 5/:) 0 aumepouetpo Oo deiyver “undv’”.
o [
ATIOAOZ]
®\
@ - \\\ @ o) /)
BN\ Lo |0
p__yem——— e[S
= “I
2 % cl=ce




A2 MEPQ), EYPEZH OENIOY

Mo €xovv peiverl Tpelg 100001 PE OVTIOTOLYES TPELS GUOKEVES: TO TNVIO, O MUIKOS OVTICTATNG KOl O AQLUTTTY)-
pag. [a va “Bpodue” to mnvio mpémel va Buounbovpe 6TL 10 Tvio eivan Eva mepteMypévo cvpua (cuvinbmg
TOAADV GTEPDOV) TOL OTaV dtappéetal amd pedpa dnpovpyel payvntikd tedio. Duoikd VLapPyovy Kt GAAES
Aertovpyieg - povopeva Yo To Tvio, 0ALL £0® Bo 0pKEGTOVUE GTO HOYVNTIKO TTEDTO.

Ddtidyvooupue Lomdv 10 SmAavd KOKA®L, TOTO-
Betovpe v mEida Tave 610 GYEd0 “ @ oV
vdpyel oto Kouti (akpPog omd KAt omd TO
oyé010, VIApYEL To Tvio) kKo pvBpilovpe toO
TPOPOoOOTIKO 6TaL 5 Volt.

)

EN

S

IIHNIO

Aoxyualovue tov axpooéxty otis Tpelg mhaveg
£100000¢ oV EYovy amoueivel. Qo “ppodue”
70 TVio “exel”’ mwov Eyovue extpony NS TULi-
oo amo ) orevfovan Boppag - Notog.

= o yunav AIAXQPIZMOL
>° MEPO) ANTIZTATH-NAMITHPA

-H d1apopd tov avtiotdtn and tov Aaurtipa, eivar 6tL 0 avtiotdtng akolovdei tov vopo tov Ohm gvad o
Aapmtipag Oxt. H avtictaon tov aviiotdrn eivatl otabepn kot aveEaptntn g Taong mov epapuolove ota
dxpa tov (apxel feforo va unv mpolafer vo {eotobel apketd), evd 1 avVTIoTOOTN TOL AauUTTpa dAAALEL oV
aAAGEovE TNV TAom ota dkpa Tov. Mag £yovv peivel dVo adlEVKpivioTeg €icodot Kot avt 1 dtapopd Ha
pog Bonbnoet 6tov Sloy®PIGHo avTioTdtn - Aapuntipa. Ot YopakTnpIoTIKES Yo TG 000 GLOKEVES giva:

ANTIETATHE TAMITTHPAE

Karaokevalovue Loimov modi 1o koxiowua 1. PoBuilovue
70 opodotiko ata 2 Volt kou falovue tov axpodéxty
TPWTO. 0T UI0, DTOWNPIO, ELGOOO (KOl KOTAYPUPOVUE THV
EVOEICH TOV QUTEPOUETPOD) KO OTH GOVEYELQ. OTHYV OAAN
LITOYN QL0 EI0000 (K1 KAVODUE TO 1010).

2vveyilovue Ty id1o. drooikaoia yio. 4, 6, 8 Volt kataypa-
POVTOG KOBE POPa TIG TIUES TV EVIATEMY Yio. THV KOOE
£l0000 aTov emoueVo mivoka Tyuwv. Yroloyilovue yio. k-
Oe (evyog V-1 tqv avtioroon R= V/I.

o
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EIX0AOX N® EIX0AOX N® o ,
Mrmopodue mléov vo. avyvwpi- )
4 ANTIETATHE]
oovlE TOV OVTIOTAT, WG TH
V (volt) | R EEY, R (© L) R (© ovokevl mov Satnpel TV
0 avtioroon ¢ (mepimov) oto-
0 e 0 I Oepn. Avtibeta, n ovtiotaon 2
) 700 i(fc,unm'rpa orraler opo-
UOTIKG. MAMITHPAT|
4 Mropodue emiong va koto-
OKEVATOVUE TIC ODO YOPOKTH-
6 PIOTIKES KO VO 00DUE TH 010~
2 Popa.:
1 ( | 4 ( |
L J L J
80 80
70 70
. 60 . 60
= e
E’ 50 2 50
~ 40 ~ 40
30 30
20 20
10 10
0 2 4 6 8 0 2 4 6 8
V(Volt) V(Volt)
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A COMPLEX BLACK BOX

Several months ago, I read the article “Physics: A Black Box?” by Ludmila Onderova [1]. Right after
that, I started thinking about doing that in my school. I teach physics at the 1% Lycee (high school with
15-18 year-old students) of Salamina [2], an island very close to Athens, Greece. At the beginning I
thought about the elements and the devices that the boxes would have, according to the Greek physics
course curriculum. I abutted on 7 devices (that we will see later) and I started to discuss it with my
students. During the discussion, a problem came up: if, performing the experiment, we need 5 work
teams, there would be scattered 5x7 =35 black boxes, plus cables, lamps, power supply devices etc.,
on the lab benches. Probably not convenient, if we wanted to finish the experiment in one lesson (45
minutes). Then a student came up with an idea: “why we don’t put all 7 devices in one box?” That was it!
The idea finally began to be implemented. I made 5 complex boxes, a work sheet [3] and the video of
the experimet [4].

CONSTRUCTION DATA:
The devices included in each box are:
a. a9 Volt battery
an (electrolytic) capacitor 1000 uF /25V
a peace of wood (insulator)
a diode
a lamp (non ohmic conductor)

an ohmic resistor 100 Q
a solenoid
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The one pole of every device is connected to one numbered entrance (from 1 to 7) and all the second
poles are soldered to one common exit.

Indicative Connection Way
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For the construction I used a cardboard box (about 20x25x10 c¢m ), plywood for the interior

reinforcement, hot glue, wood glue, cardboard, cables and materials (such us lamps, resistors, capacitors
etc) from a local electronics shop. The total cost of each box didn’t exceed the 10 €.

During the experimental procedure, the students used for each box, one Power Supply Device (PSD) [0-
20 Volts], one lamp in its base, three cables with banana ends, one digital multimeter and one small
compass.



Each box was exactly the same (internal and external) as the others. There was however, a different way
of connecting the devices to the entrances, so every team would come up with a different unique answer.
For that purpose there was a different 7-digit number printed on the cover of each box.

EXPERIMENTAL PROCEDURE

During the experiment, students follow the work sheet [3] which gradually they filled with their answers.
They had already learned the basic concepts they would face in the experiment and there had already
been one hour prior preparation at theoretical level in the classroom.

The philosophy of the work sheet is the step by step guidance of the students, till the discovery of all the
components of the box. This came up because this specific course (the electricity and electromagnetism
physics) is a general education course in the Greek school and not a specialization course. In other
words, it is a course that all students take, whether they follow the science curriculum or not.

If the experiment, was to take place before a more special audience, i.e. students with science direction,
it would have a more discovering philosophy, thus letting the students find out what is in the boxes, with
only one piece of information: the content of the boxes.




For this specific experiment, the procedure is the following:

1. Finding of the battery
We use a lamp and cables. We find the battery where the lamp illuminates.

2. Finding of the capacitor and the wood
We use the PSD, at 5 Volts and the digital multimeter, as an ammeter. We test all the entrances
(except the one we found earlier that belongs to the battery) and notice the two that are not flooding
by current (the ammeter saws zero).
At this point I must mention that I paid particular attention to the diode from the very
beginning so that it is flooded by electric current. In that way I wouldn’t cause further
problems to the students. Another suggestion is of course to connect the diode vise-versa and
so the non-current entrances would increase to three.

Next we disconnect the PSD, we change the multimeter to voltmeter and we measure the voltage on
the two (non-current) entrances that we found. The entrance with the capacitor will give us voltage
(about the initial 5 Volts), because of the charging, during the previous procedure. The “wood”
entrance will give us nothing.

S At that point we stop the procedure and tell the students to do the following: they are charging the
capacitor (now they know where it is) with the PSD at 10 Volts. Very carefully they disconnect the
PSD and connect the lamp. They observe a quick glow on the lamp, as the capacitor discharges. That
was one of the highlights of the experiment because the students see in practice what they had
learned in theory: the capacitor stores energy.

3. Finding of the diode

We know that the diode is a device that permits the current to flow on one direction and stops it on
the other [5]. Without any further theoretical explanation, we tell the students to check the 4 left
entrances, with the opposite polarity (box, ammeter and PSD at 5 Volts with+ — F). The diode is
behind the entrance in which the ammeter gives us “zero”.

4. Finding of the solenoid

Knowing exactly where we have glued the solenoid, we draw on the cover of the box, the sign of a
compass, at the same place. Every group of students puts a compass over the “compass sign” and
they test the rest of the entrances. They find the entrance with the solenoid, where the compass
diverts. The circuit now is only the box and the PSD at 5 Volts.




S At that point the students were very enthusiastic, seeing the compasses turning, as we can also see
at the video [4]. This, for most of the students, was their first “electromagnetic experience”. Most of
them couldn’t combine electricity and magnetism as one theory — concept.

5. Finding of the resistor and the lamp

Here we use the knowledge that students already have, due to the experimental confirmation of
Ohm’s law. They built a circuit with the box, the PSD and an ammeter. They take measurements of
voltage (V) and intensity of electric current (/) for the two last entrances of the box, by varying the
voltage on the PSD from 0 to 8 Volts per 2 Volts. They fill the next table of data:

Entrance N°: Entrance N°:
V(Voly) | 1(4) | R(@) | I(4) | R (@)
0 0 - 0 -
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The values of the resistance (R) can be calculated by the formula: R=V/I. It is obvious that the
resistor is the one that has the value of R almost constant. On the other hand the lamp’s value of R
increased dramatically.

SThe experiment ends with the revelation of the content of the box. The students unscrew the two
screws in the cover, they open the box and confirm their findings

DAt the end students take, as homework, the construction of two graphs /-V for the resistor and the
lamp. On the work sheet [3] we give the quality graphs, from which, we can see the constant value
of R for the resistor (I-V: straight line) and respectively, the increasing value of R for the lamp. The
experimental values that students took before will show very clearly all the above.




CONCLUSIONS

The experiment aimed on two things: a) the evaluation of the knowledge that the students, already
had and b) the triggering of their interest for the lesson. In Greece, the curriculum focuses on the
entrance to the Universities after school graduation. So students are mainly interested in that goal.
Physics “interests” only students that aim to science Universities and Polytechnic Schools and not all.
The response of ALL students to the black box experiment was strong (maybe surprisingly strong)
and I attribute this to the discovering method which is promoted by the idea of the “black box” itself.
Unfortunately the schedule of our students is such that cannot permit large deviations of interest.
Maybe this can be considered as a pleasant “science break”...
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