Lecture 24

® start chapter 3| (Current and Resistance)

® creating current: model of conduction




Outline of Chapter 3| (Current and Resistance)

® motion of charges thru’ wire (current): due to electric field inside
wire (relation to charging/electrostatics)

(a)

® |aw of conservation of current

® relate current to conductivity

A charged parallel-plate capacitor

excess charge moves-(current)

(b) ..--The net charge
of each plate 1s
decreasing.

The connecting wire gets warm.

indicators of
current

o , A connecting wire discharges the capacitor.
A light bulb glows. The light bulb

filament 1s part of the connecting wire.




E I eCt ro n C u rre nt [ons (the metal atoms minus one valence
electron) occupy fixed positions in the lattice.
® charge i

carriers (that (@
move):
elECtronS in The metal

Electrons

O Wire
I as a whole 1s r | ‘
N |eta S electricallv The electron current i is the number of
neutral. O electrons passing through this cross section
of the wire per second.

NO current :
electrons
moving
. The conduction electrons (one per atom) are
I"aPIC”)’, no net free to move around. They are bound to the Ne =nV =nAAzx = ’TLA’UdAt
. solid as a whole, not to any particular atom.
motion
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push on sea
of electrons

o / /

. . d ‘f / /
using F': drift , — v | :

\/ \
speed vy 7 n V& ,

I'here are n electrons The sea of electrons Cross-section arca A o Ax
SUPerPOSGd per cubic meter of wire.  1s moving to the right d
with drift velocity v.. The sea of electrons has moved

on random | forward distance Ax = v, At
The shaded volume 1s V= A A.x.
thermal

. ! A Cross section . .
Wire at time ¢ f the wir Wire at time 1 + At
( C WIIC




electron current Conservation of current
same at A and B:

can’t be created/ Paddle wheel
destroyed/

stored: lightbulb Electron | |
uses energy il .. Gttt
(work done to

Push electrons) |. The 10" excess electrons on the negative

platec move into the wire. The length of wire

— S —
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Discharge of capacito i

. 1 ~
3. 10" electrons are pushed out ol

the wire and onto the positive

is in Stantan eou S plate. This plate i.\ now ncutral.

—16 nC +16 nC

wire full of Missing 10" ) \.

AN\

electrons, don’t
have to move

from Plate tO : L /2.(')-mm-diamctcr wire )
plate (just shift/ )

11 w B |
107" excess electrons 2. The sea of 5 X 107 electrons in the

rear’range « 7 " 4 wire 1s pushed to the side. It moves only

: 4 X 10~ m, taking almost no time.
20-cm-long copper wire -

electrons ‘W /

Y
——) Electron
_~current

RN RN
F++F++ -+




Creating Current by E

Because of friction, a steady push is
needed to move the book at steady speed.

Electric field in the wire
7 N TN

N

Retarding force  Sea of
due to collisions  electrons

Because of collisions with atoms, a steady
push is needed to move the sea of electrons
at stecady speed. Electrons are negative,

SO f;m, , 1S opposite to E.
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electron current is non-equilibrium
motion of charges sustained by
internal &/

establishing I in wire

(a) Positive plate

N

Negative plate

Uniform surface
charge density

There 1s no current
because electrons can’t
move across the gap.

—

E = 0 at all points
inside the wire.

(b) The nonuniform surface charge density
creates an electric field inside the wire.

-

e

D S— >

e

The surface charge
density now varies
along the wire.

» +

The wire 1s neutral at
the midpoint between
the capacitor plates.




Creating Current by E

model wire with rings of varying
charge: use £/ (i) points away from
positive ring; (ii) & charge and (iii)
decrease with distance

net F inside wire (from non-
uniform charge distribution) pushes
electron current

how electron current turns a
corner

yoints away from A and / ,"-"i'|7\

away trom B. but A h charg
sO the net field point

Electron

current \ .

| he nonuniform chz
\.l- v \v\ \l -...\l[ ...i>...A

poIn| llllll

A few extra negative
charges on the outside
corner exert a repulsive
force on the electrons,
forcing the current

to turn the corner.

¢ distributiol

o the right at all

['he four rings A through D
model the no ntori ulu
stribution on ]l

\gv

11/)

E

:‘___, .. \)

, )
AV

Mou positive

—_—
More negative




(b) With an electric field Parabolic trajectories

MOdeI Of CondUCtion in the electric field

(a) No electric field Ions 1n the lattice @ @ @
of the metal

S Net displacement

A net displacement in the direction
opposite to E 1s superimposed on the
random thermal motion.

The electron has frequent collisions with
ions, but it undergoes no net displacement.
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® micro/marco link (like relating T, p f gas to energy of molecules):
conduction electrons are “free” (average kinetic energy 2£7")

® [ — (:zero average velocity; straight lines between collisions

® I/ = (:drift in direction opposite toF ; net (small) motion
(between collisions) superimposed on (larger) thermal motion




T = At (some shorter, other larger): vg = £ E = Using i = ndvg — ; =

Model of conduction (current < E )

F E. E
After collision:a; = = = ==; vy = Vi + A, AL = v + AL

m m :

till next collision (transfers energy to ion; raises temperature of
wire); rebounds with new velocity (“reset”)

repeated speeding up (between collisions) non-zero average
velocity for single electron (drift speed,vq )

— F A
average over all electrons: Va = U = Viz + T AL

I

(b)
(a) The acceleration between Because the acceleration 18
collisions (the slope of the always 1n the same direction,
line) 1s a = eE/m. the average velocity 1s not zero.
v s The el.ectron. yeloc.ity as :
it collides with an ion

Collision

/ ,
/Aftu the collision
: the acceleration 1s

again eE/m. : : .
/ gain ek/ The mean time . The average

The electron rebounds between rebound
with velocity v, . collisions 1s 7. velocity 1s zero.

—




