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How does current flow?

Josef Beuys - Capri Battey. Source [1]



Current flow

Electrons around atom core.

● Current flow is caused by electromagnetic forces 
between electrons and atom cores

● Atom Core: positive charge
● Electron: negative charge



Current flow

● Current flow is defined to flow from + to - 
for positive charge

● Negative particles (electrons) flow the other 
way around

● In electrical circuits, mostly electrons move 
through pieces of metal

● The more particles flow, the bigger the 
current



Elementary Notions
charge

charge

current voltage

● Charge: amount of positive or 
negative particles

● Current: charge that travels per 
second through a wire

● Resistance: how hard is it for 
charge to travel through the wire

● Voltage is proportional to 
difference in charge. It is a measure 
of with how much pressure the 
charge can be pushed through the 
wire



Resistors

● Resistors resist a current.
● How much they resist a current is given in Ohms [Ω].
● Everything around us has some resistance against current. 
● Copper wires have very low resistance.
● For electronic circuits we can buy resistors in many defined resistances.



Ohm’s Law

U = R * I

U … Voltage

R … Resistance

I … Current

Falstad simulator link

http://www.falstad.com/circuit/circuitjs.html?cct=%24+1+0.000005+10.20027730826997+50+5+43%0Ar+-240+-48+-64+-48+0+1000%0Av+-240+32+-240+-48+0+0+40+5+0+0+0.5%0A370+-64+-48+-64+32+1+0%0Ax+1+34+255+37+4+18+I%5Cs%5Cq%5CsU%5Cs/%5CsR%5Cs%5Cq%5Cs5%5CsV%5Cs/%5Cs1%5CskOhm%5Cs%5Cq%5Cs5%5CsmA%0Ax+-311+-88+330+-85+4+18+This%5Csshows%5Cshow%5Csto%5Cscalculate%5Csthe%5Cscurrent%5Csrunning%5Csthrough%5Csa%5Csresistor%5Csby%5CsOhm%27s%5Cslaw.%0Ax+-315+101+243+104+4+12+The%5Csvoltage%5Cssource%5Cson%5Csthe%5Csleft%5Cshas%5Cs5V,%5Cswhich%5Csforce%5Csa%5Cscurrent%5Csto%5Csrun%5Csthrough%5Csthe%5Csresistor%5Cswith%5Cs1000%5CsOhms.%0Ax+-317+127+114+130+4+12+%5CsThe%5Csresistor%5Cslimits%5Csthe%5Cscurrent%5Csto%5Cs5%5CsmA%5Cs(milli-Ampleres)%5Csaccording%5Csto%5CsOhm%27s%5Cslaw.%0Ax+-1+-6+67+-3+4+18+U%5Cs%5Cq%5CsR%5Cs*%5CsI%0Aw+-240+32+-240+48+0%0Aw+-240+48+-64+48+0%0Aw+-64+48+-64+32+0%0Ap+-304+-48+-304+48+1+0%0Aw+-304+48+-240+48+0%0Aw+-304+-48+-240+-48+0%0Ax+-310+-138+-227+-135+4+18+Ohm%27s%5Cslaw%0Ao+2+64+0+4099+0.0000762939453125+0.00625+0+2+2+3%0A


Series & Parallel Resistance

Rseries = R1 + R2 + ...

Falstad simulator link

1/Rparallel = 1/R1 + 1/R2 + 1/R3 + ...

http://ml?cct=%24+1+0.000005+45.7144713268909+50+5+43%0Ax+-483+108+-368+111+4+16+R_tot%5Cs%5Cq%5CsR1%5Cs%5Cp%5CsR2%0Ax+-469+-262+-224+-259+4+18+Series%5Csand%5CsParallel%5CsResistance%0Ax+-483+57+-330+60+4+12+Series%5CsResistances%5Csadd%5Csup!%0Ax+-501+-140+-485+-137+4+12+R1%0Ax+-500+-53+-484+-50+4+12+R2%0Ar+-464+-96+-464+16+0+1000%0Ar+-464+-192+-464+-96+0+1000%0A216+-400+16+-400+-192+0+0.01%0Aw+-400+-192+-464+-192+0%0Aw+-464+16+-400+16+0%0Aw+-96+16+-16+16+0%0Aw+-16+-192+-96+-192+0%0A216+64+16+64+-192+0+0.01%0Ar+-176+-192+-176+16+0+1000%0Ar+-96+-192+-96+16+0+1000%0Ax+-134+-84+-118+-81+4+12+R2%0Ax+-216+-86+-200+-83+4+12+R1%0Ax+-181+55+48+58+4+12+Parallel%5CsResistances%5Cshave%5Csan%5Csinverse%5Cslaw:%0Ax+-177+104+132+107+4+16+1%5Cs/%5CsR_tot%5Cs%5Cq%5Cs1/R1%5Cs%5Cp%5Cs1/R2%5Cs%5Cp%5Cs1/R3%5Cs%5Cp%5Cs...%5Cs%5Cp%5Cs1/R_n%0Aw+-176+-192+-96+-192+0%0Aw+-176+16+-96+16+0%0Ar+-16+-192+-16+16+0+1000%0Aw+-16+-192+64+-192+0%0Aw+-16+16+64+16+0%0Ax+-50+-84+-34+-81+4+12+R2%0A


Voltage Law 

Utotal = U1 + U2 + ...



Capacitors

● Capacitors store charge over a certain time span.
● The amount of charge, they can hold, depends on their size 

given in Farads (F).
● The bigger their capacity (F), the longer they need to charge or 

discharge.
● In a real-world scenario they will always discharge because of 

leakage.
● In a circuit their charge and discharge times are controlled 

with a series or parallel resistor.

Falstad Circuit Simulation

http://www.falstad.com/circuit/circuitjs.html?ctz=-aW5Y00qNc-68bD2Bs2B7DsoHTBAp5sgwhw7EIRyjA8v5zEhHTAc8zwASI4AgNy0Kcmw1ggHkyhUOOxCpvM9zsMRAhkbQCZkQscAYIU6jEDQCDYDokjQBAEBFKOREgOQDEUcxixsb8uRcTxKB8YJ4BsEAA


Capacitive Sensor

● Capacitive sensing is used to detect the presence of a finger 
touch on input devices

● A voltage measurement device (e.g. Arduino) is connected to 
half a plate of a capacitor. 

● When a finger is near the plate, the capacitance changes.
● This capacitance change can be detected by the measurement 

device.

Arduino



Humidity Sensor

● A moisture sensor is a pattern of wires that does not connect
● Within the pattern the conductors are very close to each other, 

allowing a finger touch to connect them
● When the finger connects the conductors, a small current is 

flow through the moist skin of the finger. The circuit is closed 
by the finger.

● The moist skin acts as a resistor - the more skin touches the 
sensor, the smaller is the resistance.

● To use this sensor, we have to apply the concept of the voltage 
divider and use our humidity sensor instead of one of the 
resistors (full circuit)

http://www.falstad.com/circuit/circuitjs.html?cct=$+1+0.000005+10.20027730826997+50+5+43%0A370+32+-64+32+16+1+0%0Ag+-224+16+-224+32+0%0Av+-224+16+-224+-64+0+0+40+5+0+0+0.5%0Ag+32+16+32+32+0%0Ar+-224+-64+-96+-64+0+500%0Ar+-96+-64+32+-64+0+500%0Ax+-176+1+-56+4+4+12+U%5CqR*I%5Cq500*5mA%5Cq2.5V%0Ap+-96+-144+32+-144+1+0%0Aw+-96+-144+-96+-64+0%0Aw+32+-144+32+-64+0%0Ax+-316+-205+-159+-202+4+18+The%5CsVoltage%5CsDivider%0Ax+-335+94+264+97+4+12+A%5Csvery%5Cspowerful%5Csconcept%5Csis%5Csthe%5Csvoltage%5Csdivider,%5Csit%5Csallows%5Csus%5Csto%5Csattenuate%5Cs(but%5Csnot%5Csamplify!)%5Csany%5Csvoltage%5Csin%5Csany%5Cscircuit%0Ax+-336+119+253+122+4+12+By%5Csusing%5Cstwo%5Csresistors%5Csthat%5Csadd%5Csup%5Csto%5Cs1kOhm%5Csin%5Csseries,%5Cswe%5Cscan%5Csdivide%5Csthe%5Cstotal%5Csvoltage%5Csof%5Cs5V%5Csinto%5Cstwo%5Cstimes%5Cs2.5V.%0Ax+-338+148+-142+151+4+12+This%5Csfollows%5Csdirectly%5Csfrom%5CsOhm%27s%5Cslaw:%5Cs%0Ax+-340+175+298+178+4+12+The%5Cscurrent%5Csrunning%5Csthrough%5Cseach%5Csof%5Csthe%5Cs500%5CsOhms%5Csresistors%5Csis%5Csstill%5Cs5%5CsmA,%5Cssince%5Csthe%5Cstotal%5Csresistance%5Csis%5Cs1kOhms%5Csas%5Csbefore.%0Ax+-339+204+400+207+4+12+But,%5Cssince%5Csthe%5Csresistance%5Csof%5Cseach%5Csresistor%5Csis%5Cssmaller,%5Csthe%5Csvoltage%5Csthat%5Csit%5Cscontributes%5Csis%5Cssmaller,%5Cshere%5Csevery%5Csresistor%5Csadds%5Cs2.5V%5Csto%5Csthe%5Cstotal%5Csof%5Cs5V.%0Ap+-224+-144+-96+-144+1+0%0Aw+-224+-144+-224+-64+0%0Ao+7+64+0+4098+5+0.1+0+1%0A
http://www.falstad.com/circuit/circuitjs.html?cct=$+1+0.000005+10.20027730826997+50+5+43%0A370+32+-64+32+16+1+0%0Ag+-224+16+-224+32+0%0Av+-224+16+-224+-64+0+0+40+5+0+0+0.5%0Ag+32+16+32+32+0%0Ar+-224+-64+-96+-64+0+500%0Ar+-96+-64+32+-64+0+500%0Ax+-176+1+-56+4+4+12+U%5CqR*I%5Cq500*5mA%5Cq2.5V%0Ap+-96+-144+32+-144+1+0%0Aw+-96+-144+-96+-64+0%0Aw+32+-144+32+-64+0%0Ax+-316+-205+-159+-202+4+18+The%5CsVoltage%5CsDivider%0Ax+-335+94+264+97+4+12+A%5Csvery%5Cspowerful%5Csconcept%5Csis%5Csthe%5Csvoltage%5Csdivider,%5Csit%5Csallows%5Csus%5Csto%5Csattenuate%5Cs(but%5Csnot%5Csamplify!)%5Csany%5Csvoltage%5Csin%5Csany%5Cscircuit%0Ax+-336+119+253+122+4+12+By%5Csusing%5Cstwo%5Csresistors%5Csthat%5Csadd%5Csup%5Csto%5Cs1kOhm%5Csin%5Csseries,%5Cswe%5Cscan%5Csdivide%5Csthe%5Cstotal%5Csvoltage%5Csof%5Cs5V%5Csinto%5Cstwo%5Cstimes%5Cs2.5V.%0Ax+-338+148+-142+151+4+12+This%5Csfollows%5Csdirectly%5Csfrom%5CsOhm%27s%5Cslaw:%5Cs%0Ax+-340+175+298+178+4+12+The%5Cscurrent%5Csrunning%5Csthrough%5Cseach%5Csof%5Csthe%5Cs500%5CsOhms%5Csresistors%5Csis%5Csstill%5Cs5%5CsmA,%5Cssince%5Csthe%5Cstotal%5Csresistance%5Csis%5Cs1kOhms%5Csas%5Csbefore.%0Ax+-339+204+400+207+4+12+But,%5Cssince%5Csthe%5Csresistance%5Csof%5Cseach%5Csresistor%5Csis%5Cssmaller,%5Csthe%5Csvoltage%5Csthat%5Csit%5Cscontributes%5Csis%5Cssmaller,%5Cshere%5Csevery%5Csresistor%5Csadds%5Cs2.5V%5Csto%5Csthe%5Cstotal%5Csof%5Cs5V.%0Ap+-224+-144+-96+-144+1+0%0Aw+-224+-144+-224+-64+0%0Ao+7+64+0+4098+5+0.1+0+1%0A
http://www.falstad.com/circuit/circuitjs.html?ctz=-npkWIkH5fK2O4g1tNgBe0ruqr8yiGjkETiaEGqUGgpGq8DP8AgqTZIYDQZ6vjC27aTVGkyabRGaoQcj1EB+LGwYRwGURNk1TCchSnNUtVcV4AKQJgwmrXI1V1Ro+EfQ0IhAdI2DuRRFGUbgXl4IxoAgTU2CAA


Sources

[1] https://pinakothek-beuys-multiples.de/product/capri-batterie/, access 2021-10-17.


