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Uvod - 13 - Charge Meter

Necekejte reseni

Interpretace zadani muze byt i jind nez predlozena
Hlavné namety, na co asi narazite/meli byste vyresit
Pfipominka - dulezity je vlastni experiment!

Slidy jsou trochu “ukecangjsi”, aby byly Citelné i na webu
(zména cisly ulohy, plvodné 4)



Zadani

A lightweight ball is suspended from a thread in the area between
two charged plates. If the ball is also charged it will be deflected to
one side at a certain angle. What is the accuracy of such a device for
measuring the amount of charge on the ball? Optimise your device to
measure the smallest possible charge on the ball.

Lehka kulicka je zaveSena na vlakné v prostoru mezi dvema nabitymi
deskami. Pokud je kulicka téz nabita, odkloni se o urcity uhel na
jednu stranu. Jaka je presnost tohoto zarizeni na méereni naboje na
kulicce? Optimalizujte svoje zarizeni, aby bylo mozné mérit co mozna
nejmensi naboj na kulicce.



Co je cilem?

A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also charged it will
be deflected to one side at a certain angle. What is the accuracy of such a device for measuring the amount of
charge on the ball? Optimise your device to measure the smallest possible charge on the ball.

e Dotaz na presnost - nutné urcovat
o NejspiS rozdilna pro ruzné velké naboje
e Hlavni ukol optimalizace na méreni co nejmensiho naboje
o Nemusi byt velka relativni presnost, ale moznost mereni
co nejmensiho absolutniho naboje
e MuZeme si sami zvolit vSechno usporadani a jenom
“dostavame naboj"? — predpokladejme...
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Usporadani zarizeni
A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also charged it will

be deflected to one side at a certain angle. What is the accuracy of such a device for measuring the amount of charge
on the ball? Optimise your device to measure the smallest possible charge on the ball.

e Vpravo nacrt

e Moc velka vychylka — dotek — predani naboje
— prevod na ulohu 3 IYPT 2004 (odrazy, nabijeni)
o Co nejmensi ndboj — vychylka bez odrazu Q

e Problém méreni malych dhld ~ malé vychylky

e Otazka mereni privedeného naboje

e (obrazky jsou pouze schematicky-ilustracni)




Usporadani zarizeni - kondenzator?

e Naboj kondenzatoru lze urcit ze vztahu
pro deskovy kondenzator S

Q=CU=—U

e ( - kapacita kondenzatoru
o & - permitivita (mezi deskami)
o S - plocha desek
o d-vzdalenost desek

e U - napéti, které se meri dobre
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Intenzita a sila el. pole, vychylka

e [ - intenzita elektrického pole
e F, - elektricka sila (vektor,
bereme velikost)
e F -tihovasila
g -
e m - hmotnost kulicky
e g-tihove zrychleni
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Zvysovani presnosti/citlivosti

e g chceme co nejmensi, soucasne tg « viditelné
e ZvySeni napeti, ale s omezenimi
o Probijeni, zalezi na el. pevnosti materialu
o Polarizace?
e Mensi hmotnost kulicky
e Tihové zrychleni neovlivhime
e Mensivzdalenost desek
o Jde primo proti pozadavku, ze tg « ma byt viditelné
o Soucasne omezuje polomer kulicky r — mensi r, lepsi




\"& 4 y y vy 1 4
Usporadani zarizeni
A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also charged it will

be deflected to one side at a certain angle. What is the accuracy of such a device for measuring the amount of charge
on the ball? Optimise your device to measure the smallest possible charge on the ball.

e Jedina interpretace?
o Ne... Pouze zacatek
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Usporadani zarizeni
A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also charged it will

be deflected to one side at a certain angle. What is the accuracy of such a device for measuring the amount of charge
on the ball? Optimise your device to measure the smallest possible charge on the ball.

e Kde v zadani vidite “vertical?

e Asi muZete mit v feSeni pouze svislé desky,
ale pokud by se hodilo pouzit jinou orientaci,
zadani tomu nebrani.

e Zadani asi brani vodorovnému umisteni
(nedojde k vychylce)

e Zacinaji se komplikovat vypocty
o V nacrtu jiz nejsou desky primo proti sobée
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Usporadani zarizeni
A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also charged it will

be deflected to one side at a certain angle. What is the accuracy of such a device for measuring the amount of charge
on the ball? Optimise your device to measure the smallest possible charge on the ball.

e Jevzadani“parallel”?
e DalSi mozné variace ve 3D
e Vztah pro deskovy kondenzator uz nemuzeme

pouzit bez Uprav
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Usporadani zarizeni
A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also charged it will

be deflected to one side at a certain angle. What is the accuracy of such a device for measuring the amount of charge
on the ball? Optimise your device to measure the smallest possible charge on the ball.

e Maji mit desky stejny naboj opacného znameni?
e Obe desky musi mit néjaky naboj

@1
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Usporadani zarizeni
A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also charged it will be deflected to one side ata

certain angle. What is the accuracy of such a device for measuring the amount of charge on the ball? Optimise your device to measure the smallest
possible charge on the ball.

e Ma byt kulicka ve vzduchu? Nutné ne
e Elektricky pevna tekutina mlZze omezit probijeni
e Kapalinou se zmensSi “efektivni” g (musite zapocist
vztlakovou silu) — potencialni vyhoda
e Nameéty
o 3M™ Novec™ 1230 (zhaseci kapalina)
m > 170 kV/cm ~ 7x pevnost Cistého N, Cira kapalina
m 1,6 1/dm?3, snadno se vyparuje, nizsi (7 nez u vody
m mUzZe vyjit draho, stahuje se z trhu...
o Transformatorovy olej, elektricky pevné oleje etc.
m  Musi byt prahledny/prUsvitny
e Akorat ma byt kulicka “lightweight”... V kapaliné bude lehdi...



https://www.3m.com/3M/en_US/p/d/b00021959/
https://www.linkedin.com/pulse/3m-discontinuing-novec-1230-pratik-trivedi/
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Usporadani zarizeni
A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also charged it will

be deflected to one side at a certain angle. What is the accuracy of such a device for measuring the amount of charge
on the ball? Optimise your device to measure the smallest possible charge on the ball.

e Musi byt desky stejne velké?
e RUzné — asi zbytecna komplikace




A\ 4 y 1 4 vy 1 4
Usporadani zarizeni
A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also

charged it will be deflected to one side at a certain angle. What is the accuracy of such a device for measuring
the amount of charge on the ball? Optimise your device to measure the smallest possible charge on the ball.

e Misto a délka zavésu?
Dlouhy zavés — vétsi vychylka pro stejny uhel
— |épe méritelné (kamerou apod.)

e Co nejvice kulaty micek?

L4 N e/

e Uprostred kondenzatoru (3D) nejvice homogenni pole
Roli mUze hrat materidl zavésu
o Opeét bude asi vhodné potlacit




Vyuziti vsech volnosti = potencialni komplikace?

A lightweight ball is suspended from a thread in the area between two charged plates. If the ball is also charged it will
be deflected to one side at a certain angle. What is the accuracy of such a device for measuring the amount of charge
on the ball? Optimise your device to measure the smallest possible charge on the ball.

e MusivUbec na vlakné viset? Nestaci aby plaval?
o Radéji hustota micku > hustota tekutiny
o Pro kapaliny bude lepsi trochu tezsi
micek nez ve vzduchu
e Kombinace tekutin

Al N e/

o Probije v misté nejmene el. pevne tekutiny
e Slozité urceni pole obecné




Na co by bylo dobreé si odpovédet? Dalsi nameéty?

e Bude lepsSivodivy, nebo nevodivy material micku?

o Hraje roli pouze povrch, nebo i vnitrek micku?

Rozlozeni naboje?

e Jakou latku (tekutinu) mit mezi deskami?
e Jaky zdroj naboje (napéti) pouzit?

o Vhodny regulovatelny & vysoké napéti (elektrostaticky?)
e Ovlivni material desek elektrické pole?
e Je pole dostate¢né& homogenni? Ci je potfeba délat korekce?
e Bude hrat roli polarizace micku?




Na co by bylo dobreé si odpovédet? Dalsi nameéty?

e Jakou jinou metodou merit naboj micku pro srovnani?

e Jak micek umistit do mista mereni bez zmény naboje na
nem?

e Muze se hodit hybat s deskami?



Na co by bylo dobreé si odpovédet? Dalsi nameéty?

e Co méfit silu pusobici na zavés misto vychylky? Jde o pridané
zarizeni, ale v principu ne zakazané. Vhodné pouze, pokud
umite merit malé rozdily sil.

+ Musi dojit k vychylce pro splnéni zadani.

e Hlavné ukazat, ze s nejakou urcitelnou (ne)presnosti
dokazete merit co nejmensi naboj!

e Ale je dobré mit zarizeni, co zvladne Sirokeé spektrum
velikosti naboje.




Zaver

e Uloha skytd mnoho mozZnosti

e U vetsiny byste meli byt schopni snadno najit argumenty,
proc jste vybrali konkrétni usporadani

e Urcite nemusite zkoumat vSechno, jenom co nejvice ;-)

e Splnte zadani! Mérit co nejmensi naboj pomoci tohoto
zarizeni tak, abyste byli schopni urcovat chybu.

e “Prodejte” své reseni



Dékuji za pozornost!
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