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Electric Currents and Simple Circuits

Electrons can flow along inside a metal wire if there 1s an E-field present to push them along

(recall ll:-' =q]|-3 }. The flow of electrons mn a wire 1s similar to the flow of water in a pipe.
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Definition: electric current [ = i = rate of flow of charpe

units [ I ] = coulomb/second =1 C/ 15 =1 ampere (A) = "amp"

“It's not the wvoltage that kalls you, it the amps.” About 0.05 A 15 enough to kill yvou.
If current I = 1 A in a wire, then 1 coulomb of charge flows past any point every second.
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In electrostanic problems, ]IE = 0 mside a metal, but 1f I [] 0, then the sitmation is not static, the
E-field 15 not zero.

Electrons flow in metals, not protons, so (—) charges are moving when there 1s a current. The

'”l . electron feel a force F=- E]IE.andgnEE
U - E J "upstream” against the E-field.

The flow of (—) charge in one direction 1s elecirically equivalent to the flow of (+) charge in the

opposite direction:
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By convention, we define current I as the flow of imaginary (+) charges, when 1t 1s really (—)
charges flowing the other way:
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(Some texts refer to I as the "conventional current™ to distinguwish it from the "electron current”™.)
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Example: How many elecirons flow past per second when the current 1s 1 A?
_DQ _DN® , DN _1 14 1C/s  _ o ceng® s

I = — . = .
Dt Dt Dt e 1.6®A0YC  16€A0 “C

About 0.01 A = 10 mA flowing though your heart is lethal, vet I could prab a wire carrying
1000A and be safe! Why? Because my body has a much higher electrical resistance than the
metal. The electrons prefer to floww through the metal wire.

For most matenials, the current I 1s proportional to the voltage difference betiween the ends.

| € (since F=qE) and DV E, sol €DV
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From now on, we usually follow the (bad) convention and write "V when we really mean "[JV".

] €V (redly] €DV) € 1? = constant

Definition of resistance R (of a piece of wire or other material): R “ 1

The expenmental fact that (for most matenials) the ratio K =V /[ 1s a constant, independent of V
or L, i1z called

T
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Ohm'sLaw: R = e constant | usually written| V = I R | (R constant)

Umnits: [R] =volt / ampere =chm ([J} ["[" 15 Greek letter omega]
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Ohm's Law should be written [[V = I R, but the (bad) convention 1s to write V=1 R

"Ohm's Law" 15 not really a law, because it 1s not always true. For many materials, Ohm's Lawv 1s
approximately true, the resistance R 15 approxmately constant, independent of V or I Matenals
that obey Ohm's Lawwv are called "ohmic materials”. But some materials are "non-ochmic™; they do
not obey Ohm's Law.

The average speed of electrons in a current-carrying wire results from a competition betiveen two

effects: (1) the E-field, which causes an acceleration according to ll-'-' = q].E = m; , making the

electrons go faster and faster, and (2) the scattering of elecirons due to impurities and thermal

vibrations, which act like frichion, making the electrons slow dowwn.

For typical currents in real wires, the average electron speed (often called the drifi velocity) 1s
actually quite slow, typically less than 0.1 mm/s. (Incidentally, the term drift velocity 1s incorrect,
1t should be called the drift speed.)

A material with lots of electron scattening has a high resistance:
Buie <<1[1, Rauew [0 10°F[]

] =— = —— =10*A

R IFW (harmless)

v 100 [ 10V safe, 100V dangerons !
I = — = — =100 A (painful!)

E 10°'W

The resistance R of a piece of material depends on its shape and composition

ahape: long and skinny O » 0R big
Illui' "'h,lll "-_\
short and fat \JII 1 R small
J.'
— Just like the flow of water through a pipe. Long skinny water pipes resist flow of water.
L
Turns out that R € — L
urns o A . f* .
50 big L means big R, big A means small R \"t \\I-
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