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Smart odévy
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Opravdu nutne a zakladni znalosti
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Kdyz smart, tak se skoro nikdy
neobejdeme bez elektroniky
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Elektrina

» Nazev podle jantaru (fecky élektron)

Obr. zdroj Wikipedia Commons



Elektiina

Nabijeni , staticka elektiina. Naprtiklad tfenim
(hfeben a vlasy)

Elektricky nabo;j

Elektricke pole — silove pusobeni

Popis pole, v tomto pripadé elektrického. Intenzita
Smérovost — vektor

Elektromagnetické pole - Maxvellovy zakony



Elektiina

« potfebujeme elektiinu néjak skladovat

* nejlépe primo v soucasti odévu !



Luigl Galvani

(1737-1798)

1¢ékar, zkoumal elektricke jevy
pi'1 pohybech svalu

Galvanismus (svaly mrtvych
zab)

V¢éril, Ze elektiina je spojena
se zivotem, se zivymi tvory

Obr. Zdroj Wikipedia Commons



Galvani — nejprve el. ¢lanek

Anodi ya zinki (Zi)

@f’_

Kathodi ya shaba (Cu)

@

Obr. Zdroj Wikipedia Commons



Galvani a potom zabi stehynko
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Obr. Zdroj Wikipedia Commons



Alessandro Volta

(1745-1827)

Fyzik

Tteni (elektricky naboj)
Voltuv ¢lanek
kondenzator

Obr. Zdroj Wikipedia Commons



Voltuv Clanek

Electrolyte

/inc

Copper } 1 Element

D

Obr. Zdroj Wikipedia Commons



Elektricky ¢lanek

« Galvanicky clanek

Obr.: fel.vsh.cz



Elektricky Clanek

Mnoho typu, dnes prakticky:
Primarni Clanky (baterie)
Zinko-uhlikovy ( bézny, levny)
Alkalicky (béZzny)

Stiibro-oxid ( velmi kvalitni baterie)

Lithiovy (velmi kvalitni, trvanlivy)



Elektricky Clanek

Sekundarni ¢lanek, akumulator ( schopny
dobijeni)

Olovény (auta)

NiklMetalHydrid

Lion (vysoka kapacita)

LiPol (velmi vysoka kapacita, riziko pozaru)
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Zakladni veliCiny



Naboj

Coulomb [C]
Naboj q=C.U

Elementarni naboj (naboj elektronu
e=1,6x101° C)

Z:akon zachovani naboje



Elektricky proud

Pohyb elektrického naboje ( Castice, télesa)
B&Zné pohyb elektronu (zaporny naboj)
Jednotka: Amper [A]

Velikost elektrického naboje preneseného
za jednotku Casu

Q=1It

Fyzikalni analogie: prutok vody
Konvence: kladny proud vytéka z kladné
svorky zdroje



Elektricke napéti

Rozdil potencialu

Skalarni veliCina

Urcuje praci, kterou je nutno vykonat k
premisténi

Jednotka: Volt [V]



Kapacita

Charakterizuje vlastnosti elektrického pole v
nevodivem prostredi (dielektriku) s ohledem
na akumulovanou energi elektrického pole

Skalarni veliCina
Kondenzator
Farad [F]

Naboj q=C.U




Kondenzator




Superkapacitor

Flexible on-chip micro-supercapacitors: Efficient power units for wearable electronics - ScienceDirect



https://www.sciencedirect.com/science/article/pii/S2405829720300374

Superkapacitor
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Figure 8. Schematic illustration of representative fiber-based supercapacitors. (a) Carbon-based supercapacitor fiber.
Reproduced with permission from [146], Copyright (2013), Wiley. (b) Metal oxide-based supercapacitor fiber. Reproduced
with permission from [49], Copyright (2017), Elsevier Ltd. (c) The longest supercapacitor fiber fabricated by the TDP.

Reproduced with permission from [53], Copyright (2020), Wiley.


https://koasas.kaist.ac.kr/bitstream/10203/281077/1/applsci-11-00531.pdf
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Figure 7. Schematic illustration of representative fiber-based non-lithium-ion batteries. (a) Zn-based metal-air battery
fiber. Reproduced with permission from [142], Copyright (2015), Wiley. (b) Al-based metal-air battery fiber. Reproduced
with permission from [143], Copyright (2016), Wiley. (c) Ni-Fe based Ni-metal battery fiber. Reproduced with permission
from [144], Copyright (2019), Royal Society of Chemistry. (d) Sodium-based metal-air battery fiber. Reproduced with

permission from [145], Copyright (2018), Wiley.


https://koasas.kaist.ac.kr/bitstream/10203/281077/1/applsci-11-00531.pdf
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igure 6. Schematic illustration of representative fiber-based lithium-ion batteries. (a) MWCNT-based battery fiber.
leproduced with permission from [139], Copyright (2013), Wiley. (b) Si-based battery fiber. Reproduced with permission
rom [48], Copyright (2014), Wiley. (c) Aqueous lithium-ion battery fiber. Reproduced with permission from [140], Copyright
2016), Royal Society of Chemistry. (d) All-solid-state battery fiber. Reproduced with permission from [141], Copyright

2019), American Chemical Society.
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Figure 5. Temperature sensing fiber. (a) Schematic of an RGO-based fiber knitted into the fabric and worn on the arm
(b) The fiber showed fast response time (7 s) and a great recovery time of (20 s). Reproduced with permission from [38]
Copyright (2018), Wiley. (c) Cross-sectional micrograph image of the chalcogenide-based fiber. (d) The 8 x 8 fiber array
detected heating locally with the touch of a finger and cooling with a piece of ice. Reproduced with permission from [25]
Copyright (2006), Wiley.
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Figure 3. Chemical sensing fiber. (a) Cross-sectional SEM image of the chemiluminescent fiber.
(b) Sensitivity to peroxide vapor down to 10 ppb. Reproduced with permission from [55], Copyright
(2012), Wiley. (c) Schematics of MOFs/MWCNT fiber. (d) Sensitivity to NO2 down to 0.1 ppm under
bending. Reproduced with permission from [47], Copyright (2017), American Chemical Society.
(e) Schematic of the fibers integrated into a textile. (f) The calibration plot of the chronoamperometric
responses of the fiber up to 200% strain. Reproduced with permission from [39], Copyright (2019),
American Chemical Society.
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Figure 4. Photosensing fiber. (a) Cross-sectional SEM image of the photosensing fiber. (b) A woven spectrometric textile.

Reproduced with permission from [50], Copyright (2004), Nature Publishing Group. (c) Cross-sectional SEM image of the
double-layer fiber (d) Schematics of 3 types of fibers for detecting the direction, wavelength, and spectrum of incident
radiation. Reproduced with permission from [57], Copyright (2009), American Chemical Society. (e) Top: UV monitoring
fiber is worn on the wrist. Bottom: Schematic and SEM image of the fiber. (f) Normalized resistance of the fiber under
natural sunlight and tree shade. Reproduced with permission from [33], Copyright (2018), American Chemical Society.
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Figure 2. Fiber-based piezoelectric and capacitive tactile sensors. (a) Piezoelectric tactile fiber sensor was fabricated with
an electrospun PVDF-TrFE fiber wrapped with silver-coated nylon yarn. This fiber sensor was flexible enough to be yarn
and made into a textile. Reproduced with permission from [43], Copyright (2015), Wiley. (b) Core-spinning with silver
fiber and cotton fiber. This fiber was integrated into cotton fabric. Reproduced with permission from [80], Copyright (2019),
Wiley. (c) (i) Multicore-shell printing with dielectric elastomer and ionically conductive fluid. (ii) This fiber sensor was
sewn onto pants to detect walking. Reproduced with permission from [81], Copyright (2015), Wiley. (iii) Cotton fabric
based capacitive tactile sensors were attached to a robotic hand. Reproduced with permission from [80], Copyright (2020),

American Chemical Society.
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Figure 1. Fiber-based resistive tactile sensors. (a) (i) Natural fabrics can be made into tactile sensors
through dip-coating. Pristine cotton fabric was dipped into a solution of multilayer graphene. (ii) The
behavior of this sensor’s resistance in response to strain. (iii) The cotton fabric-based tactile sensor
was attached to a human wrist to monitor wrist bending. Reproduced with permission from [30],
Copyright (2020), American Chemical Society. (b) (i) Conductive composite fibers can be fabricated
through spinning methods. SBS-AgNW mixture was wet-spun into a conductive composite fiber
(left). Cross-sectional image of SBS-AgNW fiber (right). (ii) The behavior of SBS-AgNW fiber’s
resistance in response to strain. Reproduced with permission from [63], Copyright (2015), Wiley.
(iii) A fibrous sensor was attached to a textile using a silicone film. Reproduced with permission

from [41], Copyright (2008), MDPL
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IndukcCnost

 charakterizuje vlastnosti magnetického pole
vodicu, kterymi proteka elektricky proud s
ohledem na akumulovanou energii
magnetického pole

* schopnost elektricky vodivych téles, kterymi
proteka elektricky proud, vytvorit ve svem
okoli magnetické pole



IndukcCnost
Skalarni veliCina
Civka

Henry[H]
Magneticky tok ®c = Ll

YY YN
civka

Y Y Y
civka s jadrem



Jednoduchy elektricky obvod

* zdroj —> ]
« vedeni
« spotrebiC

zdroj (—) spotrebic




Ohmuv zakon

Georg Simon Ohm
(1789-1854)

Ohmuv zakon (linearni
prostiedi) (1826)

Vztah mezi napétim, proudem a
odporem

U=R.I




Ohmuv zakon

 Elektrickeé napéti mezi1 konci vodice je primo
umeérné elektrickému proudu, ktery vodiem
prochazi



Ohmuv zakon



https://www.hpacmag.com/features/sizing-piping-controlled-device/attachment/ohms-law-cartoon/

Ohmuv zakon

Mereny obvod

napéti (v)

U=R-1(V,Q,A)

proud (A)



Elektricky odpor, vodivost

Odpor = rezistence

R
Je ruzny pro rizné materialy
Jednotkou je 1 Ohm [Q]

Prevracena hodnota je elektricka vodivost

G
Jednotkou je 1 Siemens [S]

G=1/R
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Ne vSechny vodiCe se chovaji podle Ohmova
zakona, ty, které ano, se nazyvaji linearni, ostatni
nelinearni

Zavislost elektrickeho odporu na rozmérech
vodice R=p.L/S

L—délka [m]

S —prifez [M2]

P - mérny elektricky odpor (rezistivita)
[Qm]

— viz tabulky pro ruzn¢ materialy

Elektricky odpor je zavisly na teploté
- Pro kovy s teploto priblizné linearné roste
- Pro polovodice klesa



Kirchhoffovy zakony

e Gustav Kirchhof
« (1824-1887)

* Dva zakladni zakony




1 .Kirchhoffuv zakon

* Soucet proudu v uzlu se rovna nule

Jednoduse receno — co do
uzlu pritece, to take odtece




1 .Kirchhoffuv zakon

* Soucet proudu v uzlu se rovna nule




2 .Kirchhoftuv zakon

* Soucet napéti na rezistorech v uzaviene
smycce je roven souctu napeti zdroju v teéto
smycCce



2 .Kirchhotffuv zakon

YU=0




Scriove x paralelni zapojeni
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Seriove x paralelni zapojeni
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Scriove x paralelni zapojeni
kondenzator

e Sériove

1/C=1/C, +1/C, + 1/C,



Scriove x paralelni zapojeni
kondenzator

e Paralelni

C=C,+C,+C,




Scriove x paralelni zapojeni

indukc¢nost
e Sériove
M=0
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Scriove x paralelni zapojeni
indukcnost

e Paralelni
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U elektroniky integrovane do odévu je situace
podstatné komplikovanéjsi nez u bézné
elektroniky, obvody museji byt :

- ohebne¢

- odolné viuci zménam teploty

- vlhkosti

- dobre vodive

- ¢asto odolné vuci udrzbé ( prani, CiSténi)

- obcCas realizované z neobvyklych materialu




Vykon, prace

Vykon je prace za Cas
Vykon - jednotka Watt [W]
Pro elektrinu P=U . 1

Prace - jednotka Joule [J, WS]
Vykon krat Cas
Pro elektfinu W = U.IL.t



Proud stridavy nebo stejnosmeérny?

obr.: cs.wikipedia.org
- e NPO_TUL_MSMT-16598/2022
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Proud stridavy nebo stejnosmeérny?

®  EBLEPHANT ELECTROCUTED FOR MURDER.

The photograph shows Topay. the slephant slectrocutsd at Conay laland for murdering
three men. A current of 8000 volts was ueed Topey was the original baby elephant

obr.: technet.cz
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Pro stfidavy proud je to slozit¢si
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Pro stfidavy proud je to slozit¢si

Pro sinusovy prub¢éh
Efektivni hodnoty
U,=U./141
|, =1.,/1.41
Ale take ucinik cosd
Kde @ je fazovy posuv
Cinny vykon (pfikon) P= U . I ¢ . cos®
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