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* An electric current is a stream of moving charges
* Not all moving charges constitute an electric current.
* If there is to be an electric current through a given surface, there must be a
net flow of charge through that surface.

* Free eleettons (conduction electrons) are movin
spéeeds of Qrder 106 m/s.
* Conduction electrons pass
A through both directions at the
n isolated .
copper wire  rate of many billions per

containing second, but there is no net

in random motion at

- v ” conduction transport of charge, thus no
\ / \" \. \ . free) current through the wire.
’ \ \ \ | + CONNECT A BATTERY! To
\ \ \ <—\r « cause movement of a charge,
\)ﬁ<j' there must be a potential
difference.
\\ * There now is a net transport of
\ charge and thus an electric

current through the wire.
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* Electric field creates a force which acts on conduction electrons!
* This forces causes to move electrons and electric current is established.

1—-

b i
! Battery

posiBve charge carrres

(a) (b)

. [ : : . . Fig. 26-1 (a) A loop of copper in
Fig. (a) reminds us, any isolated conducting loop is all electrostatic equilibrium. The entire

at the same potential. No electric field can exist within 1oop s at asingle potential. and the

it or along its surface. electric field 1s zero at all points in-
+ If we insert a battery in the loop, as in Fig. (b) side the copper. (b) Adding a battery
) ] ’ ) ’ imposes an electric potential differ-
* The conducting loop is no longer at a single ence between the ends of the loop
potential. that are connected to the terminals

» Electric fields act inside the material making up the ~ ©fthe battery.The battery thus pro-

: f : . duces an electric field within the
|OOp, exerting forces on internal ChargeS, causing loop, from terminal to terminal, and

them to move and thus establishing a current. the field causes charges to move
around the loop. This movement of
charges is a current .

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 4



* The electric current is the amount of charge per unit op O 00+
time that passes through a plane that pass completely o-..&f* ;. O l
: o

through the conductor. O & o,
D= dq (definition of current) The Sl unit for current is the coulomb
dt - per second, or the ampere (A):

] ampere = 1 A = 1 coulomb per second = 1 C/s.
I
q = J dg = J i dt * The total charge that passes through the plane in a time
o interval extending from O to t.

Example: The electric current in a wire is 6 A. How many electrons flow
past a given point in a time of 3 s?

g=(6A)35)=18C

Recall that: 1 e = 1.6 x 10-"® C, then convert:
Total number of electrons= 18 C / (1.6x10-"°C)

In3s: 1.12 x 10% electrons

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 5
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Fig. 26-2 The current:
through the conductor has

a b
| | ¢ the same value at planes
l l . aa’,bb’,and cc’.
™,
! l l \\ ! The current is 'Fhe samein
| | . any cross section. =
| | \ "
| | \;_--' E Device
d b
o . & Conwvantional Electran
* Under steady-state conditions, the current is the current, 1 flow T
same for planes aa’, bb’, and cc’ and for all — '—:
planes that pass completely through the Hpf———
conductor, no matter what their location or
orientation.
* The direction of conventional current is always Current direction
from a point of higher potential (+ terminal) —
toward a point of lower potential (- terminal). High V o— o
* Current and positive charge carriers motion are in
the same direction (actual charge carriers are HghV o Low V
_—

g‘egative and move in the opposite direction).

W A current arrow is drawn in the direction in which positive charge carriers would move,
even if the actual charge carriers are negative and move in the opposite direction.

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan



Conservation of Charge ﬂ

The current into the
junction must equal
the current out

(charge is conserved). /

(a)

Kirchoff’s Law:

Sum of total current into a
junction must equal sum of total
current out: Conservation

of Charge!

November 01, 2022

Fig. 26-3 The relationiy = i; + i

is true at junction @ no matter what the
orientation in space of the three wires.
Currents are scalars, not vectors. V

(b)

* Alternating Current (AC)

* Provided by power companies

* Direct Current (DC)
* Provided by batteries

PHY 102 Physics II © Dr.Cem Ozdosan 7



\ Conservation of Charge a

' CHECKPOINT 1

The figure here shows a portion of a circuit. FIH in the blanks
What are the magnitude and direction of the Think water in hose!

current i in the lower right-hand wire?

2+3=5
1+2 =3
--— ] A
3+2 =5 5 A
2 A S5A ¢
2+4 =6 — i T 3A
- .i > A 2 A
6+2 =8 *———
SAT 4AT 6A A
?
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Surface

* Flow of charge through the cross-section of a conductor at - aa
a particular-point is described by current density, J. \/ A —]
. Currgnt denS|ty,_ J, IS a vector quantity that has both - ‘:I
magnitude and direction. | —
* Current is uniform across the surface and parallel to dA.  Unit: Curfe;f//al’fai
m
Magnitude of current density o Direction of current density
v - i :
. - i = j JdA =T J dA=JA oy
1=jf-dA. = @*;J

: +—
7 iy L
() <L T E s : )
* It has the same direction as the velocity of moving rfl i l?
charges if they are positive and the opposite %:_
|
_i_""""-\__

direction if they are negative.

* Current density can be represented by streamlines. - :

* Current in Section a is equal to current in Sectionb " ;
since charge is conserved. However, the current Jf
density changes-it is greater in the narrower : :

conductor; 'Ja < ‘Jb Fig. 26-4 Streamlines representing
current density in the flow of charge
through a constricted conductor. 9

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan



\ Drift Speed 7 [

* When a conductor has a current

Current is said to be due to positive charges that

are propelled by the electric field. paSSing through it, the electrons
Fig. 26-5 Positive charge carri- i move I’andOmly, but they tend to drift
ers drift at speed v,4in the clirec—_’ | L I with a drift Speed v. in the direction
tion of the applied electric field E. @ @ @ . d ] ]
By convention, the cljrection of OppOSIte that of the applled electric
the current cl‘en‘s‘lty J E"I‘nd thn.a S field that causes the current.
sense of the current arrow are - } ) .
drawn in that same direction. I E * The drift Speed IS tlny ComparEd
Drift speed: v, :Velocity at which electrons move in order ~ With the speeds in the random

motion.

to establish a current.
* In the figure, the drift of positive charge carriers is in the direction of the applied
electric field, E. If we assume that
 these charge carriers all move with the same drift speed v,
* the current density J is uniform across the wire’'s cross-sectional area A,
* The number of charge carriers in a length L of the wire is nAL. Here nis the
number of carriers per unit volume (Carrier charge density, C/m3).
* The total charge of the carriers in the length L, each with charge e, is then
= (nAL)e. <—/® Q—L—@ 07E

* The total charge moves through any cross section of the wire in the time interval
/ [

uA[c ] . .

Q = nAe Vg @ Vg = = fE —.
nAe ne Vy

= |/ = (ne)vy.

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan
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26-3 Current Density, s

' CHECKPOINT 2

The figure shows conduction electrons moving left- + 1

ward in a wire. Are the following leftward or right- + S PSS P

ward: (a) the current i, (b) the current density J, (c) 4

the electric field E in the wire? el . s, s
All quantities defined 1n terms of + charge movement!
(a) right I (b) right J —>
(c) right ]_*j —> (d) right E —>

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 11



Drift Speed 4

Example, Current Density, Uniform and Nonuniform:

(a) The current density in a cylindrical wire of radius Calculat{ons: We want only the.current through a reduc.ed

P =t i ke Across & Cmés ScttonoE the witcand is cross-sectional area A’ of the wire (rather than the entire
D 3 area), where .

J =2.0 X 10° A/m? What is the current through the outer por- | ~A ~ R2

2 2
tion of the wire between radial distances R/2 and R (Fig.26-6a)? A'=aR? -« (g) = ( 3;2 )
Fig. 26-6 3 A ’ :%At ¢
0
= % (0.0020 m)? = 9.424 X 106 m?2.
So, we rewrite Eq. 26-5 as
1= JA'
and then substitute the data to find
i = (2.0 X 10° A/m?)(9.424 X 10~ ® m?)
) = 1.9A. (Answer)
(b) Suppose, instead, that the current density through a
cross section varies with radial distance r as J = ar?,in which
a =3.0x 10" A/m* and r is in meters. What now is the cur-
rent through the same outer portion of the wire?
Calculations: The current density vector 7 (along the 5 o
wire’s length) and the differential area vector dA (per- '~ J-dA = | JdA
dr pendicular to a cross section of the wire) have the same di- R R
rection. Thus, - j ar? 2@ dr = Z’n'aj rdr
| = | J-dA = JdAcos0 = JdA. 87 o2
+ i rt |k ma R* 15
: . : = = 4 = 4
! I We need to replace the differential area dA with some- = 2ma [T} = {R = E} =3 maR
| || thing we can actually integrate between the limits r = R/2 | B2 .
f&:;.:.-- |'l and r.= R.The_ simplest replacement (b?capsejis given as a _ i (3.0 X 101 A/m“){0.00ZU m)* = 71 A.
Sl function of r) is the area 27rr dr of a thin ring of circumfer- 32
ence 27rr and width dr (Fig. 26-6b). We can then integrate (Answer)
November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 12
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Example, In a current, the conduction electrons move very slowly:

What is the drift speed of the conduction electrons in a cop-
per wire with radius » = 900 ym when it has a uniform cur-
rent 7 = 17 mA? Assume that each copper atom contributes
one conduction electron to the current and that the current
density is uniform across the wire’s cross section.

Calculations: Let us start with the third idea by writing

atoms mass
n = |perunit per unit
volume volume

The number of atoms per mole is just Avogadro’s number
N4 (= 6.02 X 102 mol ™). Moles per unit mass is the inverse
of the mass per mole, which here is the molar mass M of
copper. The mass per unit volume is the (mass) density ppas
of copper. Thus,

Taking copper’s molar mass M and density pg,. from
Appendix F, we then have (with some conversions of units)

s e

.g,d

—_—I :I_j

http:/iwww.phys.lsu.edu/~jdowling/PHY S21132-SP15/lectures/index.html
November 01, 2022
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(6,02 X 10% mol1)(8.96 X 10° kg/m?)
63.54 X 10 % kg/mol
= 8.49 X 10Zelectrons/m?

or n==849 X 108 m3,

n

Next let us combine the first two key ideas by writing

[
—— = nevy.

A

Substituting for A with 7772 (= 2.54 X 10~® m?) and solving
for v, we then find
1

L

ne(mr?)
B 17 X 107 A

(849 X 105 m3)(1.6 X 10 C)(2.54 X 10 5m?)
= 4.9 X 107" m/s, (Answer)

which is only 1.8 mm/h, slower than a sluggish snail.

If electrons move so slowly, Why
does a light come on the instant
You throw the switch?

13



1ZMIR
- K ATIP CELEBI
UNIVERSITESI

* Resistance btw any two points of a conductor is found by applying a potential
difference V btw those points and measuring the current j that results.

Typical Path of an Electron * Electrons are not “completely free to move” in a conductor.

. * Electrons moving through a material undergo many
High V /\ é.,,f} :;Zf ’ lowi collisions which hinders their motion.
h The mechanical analog is friction. V
* Theresistance R is then R = g (Gl
* The Sl unit for resistance is the volt per ampere. This has a special name, the ohm
(symbol Q): 1 ohm = 1 Q = 1 volt per ampere
=1 V/A. Resistance o Potential

* In a circuit diagram, we represent a resistor and a resistance with the symbol “VW\-

Fig. 26-7 An assortment of resistors.

The circular bands are color-coding marks &3 )—\ . )—/

that identify the value of the resistance.
(The Image Works) Devices specifically designed to have a constant value of R are called
resistors

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 14
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The resistivity p of a resistor is defined ACL il

Resistivities of Some Materials at Room These tWO
as: Temperature (20°C) deViceS COUId
Resistivity, p Temperature
E — — Material (Q2-m) Coefficient have the
} — ) E R pJ of Resistivity, same
f J : «®D  resistance
Typical Metals
Silver 1.62 x 10-% 4.1 x 103 R’ n’hen
. . C - 1.69 % 108 43 x 1073 measure on
. BN DI e outgoing
Aluminum 275 % 1078 4.4 % 1073
Manganin® 482 X 10-%  0.002 x 102 metal leads.
Tungsten 525 X 1078 45 x 1073 H P
& . owever, it is
Y41 . : Iron 968 x 1078 6.5 X 1073 ’
Th_e condtolc‘tlvolt_y 0 of a material is the Platinum 10.6 X 105 3.9 x 1073 obvious that
reciprocal of its resistivity: Typical inside of
S(’.‘ i K$ ; (& 5 .
1 Silicon. FHHCORAHCTOFS them dlfferent
— . pure 2.5 % 103 —-70 x 107? hin n.
rI = — —) J — O'E. Silicon. t gs go ©
Silicon. —
p p-type€ 28 x 1073 Metal / >
. . . ) eta - . "
The SI unit for o is Siemens/m. Dpic \ field lines
HSUIALOFS
Glass 1010 — 10
_ Fused
Less resistance quartz ~10 16 )
i
— Put pebbles in the hose, - é -
Mare reclstance |ncrease reS|St|V|ty p, R RO J—
: H b= vy
increase resistance R. :
3

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdosan 15
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“alculating Resi vom Resistivity -

=

W Resistance is a property of an object. Resistivity is a property of a material.

Current is driven by E=V/L and J=ilA.

a potential difference.

. — P ia
_A——
r"n—/| | . .
14 Resistance may vary depending

Fig. 26-9 A potential difference 0] eometry of the material
V 1s applied between the ends of a R p— p — ength, L and cross-sectional
wire of length L. and cross section A, A = ’ < gr
establishing a current 7. area, A) but resistivity not.

Longer — More resistance

Wider — Less resistance

November 01, 2022 PHY 102 Physics IT © Dr.Cem Ozdogan 16
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-~

W Resistance is a property of an object. Resistivity is a property of a material.

Current is driven by

The copper wire has radius ». What a potential difference.

happens to the Resistance R if you: b L g

(a)Double the Length? R 2R —"/-— ——

A—

(b)Double the Area? R R/2 A= ;}rz | = '

(C)DOllble the Radius? R— R/4 Fig. 26-9 A potential difference
V1s applied between the ends of a

L wire of length L and cross section A,
R=p A establishing a current /.

What happens to the Resistivity p if you:
(a)Double the Length? p— p
(b)Double the Area? PP
(c)Double the Radius? 7 °

November 01, 2022 PHY102 Physics II © Dr.Cem Ozdosan 17
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26-4 Resistance and Resistivity, s

Example: Two conductors are made of the same material and have the same length.

What is the resistance ratio R,/R;, measured between their ends?

Conductor B is a hollow tube of
outside diameter 2r=2.0mm and
inside diameter r=1.0mm.

Conductor A is a solid wire
of diameter r=1.0mm.

R=pL/A

A  =mr?
A = mt(2r)* -mr? =37r?

R,/R,=AJA =3

L,=L,=L & p Cancels

http://www.phys.lsu.edu/~jdowling/PHYS21132-SP15/lectures/index.html
November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 18
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Example, A material has resistivity, a block of the material has a resistance:

A rectangular block of iron has dimensions 1.2 cm X 1.2
cm X 15 cm. A potential difference is to be applied to
the block between parallel sides and in such a way that
those sides are equipotential surfaces (as in Fig. 26-8b).
What is the resistance of the block if the two parallel
sides are (1) the square ends (with dimensions 1.2 cm X
1.2 cm) and (2) two rectangular sides (with dimensions
1.2cm X 15 c¢cm)?

KEY IDEA

The resistance R of an object depends on how the electric
potential is applied to the object. In particular, it depends
on the ratio L/A, according to Eq. 26-16 (R = pL/A),
where A is the area of the surfaces to which the potential
difference is applied and L is the distance between those
surfaces.

Example

Calculations: For arrangement 1, we have L =15cm =
0.15mand

A=(12cm)? =144 X 10"*m?.

Substituting into Eq. 26-16 with the resistivity p from Table
26-1, we then find that for arrangement 1,

R PL_ (9.68 X 1078 Q-m)(0.15 m)3
A 144 X 104 m?

= 10X 1074Q = 100 Q.

(Answer)

Similarly, for arrangement 2, with distance L = 1.2 cm
and area A = (1.2 cm)(15 cm), we obtain

pL (968X 1078 Q-m)(12 X 1072 m)
A 1.80 X 10 3 m?
=6.5% 10770 = 0.65 pl.

R:

(Answer)

Te— e

Fig. 26-8 Two ways of applying a potential difference to a conducting rod. The gray
connectors are assumed to have negligible resistance. When they are arranged as in
(a) in asmall region at each rod end, the measured resistance is larger than when they
are arranged as in (b) to cover the entire rod end.

November 01, 2022
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Example, In a current, the conduction electrons move very slowly:

UNIVERSITESI

The resistivity of seawater 1s about 25 Q-cm. The charge carriers are chiefly Na' and
Cl™ ions, and of each there are about 3x10*’/cm’. If we fill a plastic tube 2 meters long

with seawater and connect a 12-volt battery to the electrodes at each end, what is the
resulting average drift velocity of the ions, in cm/s?

— 2 -
ak =25 0cwm
At 1x10*°4/,3
cL n= 3x1Q" 4/,
5 % e 12v
— ’VJ — ) e 120
: : ¢ U.6v16"?) (600 ) (25)(200)
T-enAVs, R=pt A
V= I Q - Cn A VJ Jﬂ% slugeish snail
- enVy pd
By Aziz Kolkiran
November 01, 2022
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10 ,
Fig. 26-10 The re- ) . é : Resistivity can depend
sistivity of copperasa G e on temperature.
function of tempera- rE 6 E":
ture. The dot on the s 21

B I _
<:1.11'1.,re nmrksaconye— E 3 E : p — p() — p()(}’( T - T(})'
nient reference pomntat .2 2 &
temperature 7y = 293 & 1 (1o Po) T TeSTSTVITy
K and resistivity p; = 00200 400 600 800 10001200 R .
169 %X 10~ O -m Termpersinne (i) p,: resistivity at selected reference point
: NPT T: temperature
The relation between Temperature and Resistivity for T fp ) t
- il [ : referen mperatur
copper (for metals in general) is fairly linear over a rather o+ TElCTENCE fEmpe u © o
broad temperature range @: temperature coefficient resistivity

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdosan 21



By Aziz Kolkiran
Ex . Reng{ance und temperature

1'{ a Glver wire hat & reqsiance o.f L. et QOOC
Wwhat veOstance will it have at 34 °C 7 5 .;)
(Iemperdiure C‘Oe%ﬁdleﬂt O-S glver o= 1, % x\0 C

Reer) = Ry of (ToTe) 2 (20% )= 6L

)=

R(34%)= 6 [14 3640” (34-20)]
= 6,252 C

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan
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A person with dry skin has a resistance from one arm to the other of about 1 x 10™ ©2. When skin is wet,

resistance drops to about 1.5 x 1{]3 (2. (refer to Table 22-1).

TABLE 22-1

The Damage Caused by Electric Shock
Current Possible Effects
1 mA mild shock can be felt
5 mhA | shock is painful
15 mA muscle control is lost
100 ma death can ocour

R, = 1.0x105Q
R, = 1.5x10°Q
1x10-3A

(a) What is the minimum wvoltage placed across the arms that would produce a current that

could be felt by a person with dry skin?
100 |V

V,=i R,

m

(b) What current would the same voltage produce if the person had wet skin?

.~ 66.7 | mA

.= V,/R,

(c) What would be the minimum voltage that would produce a current that could be felt when

the skin is wet?

1.5 |V V2 = Ime

http:/iwww.phys.lsu.edu/~jdowling/PHY S21132-SP15/lectures/index.html
November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan
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W4 Ohm’s law is an assertion that the current through a device is always directl
g ) y
proportional to the potential difference applied to the device.

W A conducting device obeys Ohm’s law when the resistance of the s indepen- ’
dent of the magnitude and polarity of the applied potential difference: W
o Georg Simon Ohm

W A conducting material obeys Ohm’s law when the resistivity of ths (1789-1854)

independent of the magnitude and direction of the applied electric field:

‘f
|+ R 2
o——=e ? e—0 "5 +4
= +2 .
(a) 5 . ohmic
3 ohmic 0
L
-2
-2
-4 -2 0 +2 +4
—4 -2 0 +2 +4 Potential difference (V)
Fig. 26-11 (a) A potential difference VV Potential difference (V) (e)
1s applied to the terminals of a device, (2) _ o _
establishing a current i. (b) A plot of cur- Most metals, having good conductivity are ohmic.
rent i versus applied potential difference V
when the device 1s a 1000 {1 resistor. (¢) A T= g€ = R B s A
plot when the device is a semiconducting Al ¢
on Junction diode. — ') e
N g e g-g‘/gi oy 'f_'_f. I =4V ¢;1{1vzzﬁ.|
A A A Macrascapie wersin “’OL
ofim’s LAW.

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 24
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26-5 Ohm’s Law

@ cHEeckPOINT 4 V =iR

The following table gives the current i (in
amperes) through two devices for sev-
eral values of potential difference V (in
volts). From these data, determine which
device does not obey Ohm’s law.

R =V /I =constant

Device 1 Device 2

V l V l

2.00 4.50 2.00 g 1.50

3.00 6.75 3.00 2.20
4.00 9.00 4.00 2.80

Outlt}= {0.444444, 0.444444, 0.444444} oufz)= {1.33333, 1.36364, 1.42857}

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 25
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Example
A voltage of 100V i1s put over a thick wire of unknown material. The current is

measured 1s 4.5x10° A. The cross section of the wire is 1cm?* and the length 1s
10 m. What material is the cable made of? Material Resistivity

R=V/I=0.022Q=pL/A > p=0.022A/L _ L. n
A=1cm?=0.0001m* & L=10 m >p =2.2x10 7 ohm.m > Lead «_| """ 1.59x10

‘Gold\ 2.44x10°®
Lead | 22x10®

Silicon 640
Quartz 75x1016

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 26
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* |t is often assumed that the conduction electrons in a metal move with a
single effective speed v_, and this speed is essentially independent of the

temperature.
* For copper, v . =1.6 x10°m/s.

* When we apply an electric field to a metal sample, the electrons modify their
random motions slightly and drift very slowly with an average drift speed v,.

* The drift speed in a typical metallic conductor is about 5 x10" m/s, less than
the effective speed (1.6 x10% m/s) by many orders of magnitude.
* The motion of conduction electrons in an electric field is a combination of the
motion due to random collisions [and that due to E.
* If an electron of mass m is placed in an electric field of magnitude E, the

electron will experience an acceleration: F  ¢E
a = = .

m il
In the average time 1 between collisions; the average electron will acquire a
drift speed of v, =ar. eEr

= ar = .
i
J = ne?"l/; ekt E ( - )J’ p = “
_— "L![ :{! — — .

ne m ~\e2 ezn T -

E°NT

November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 27
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I

* The assumption that the conduction electrons in a e,
metal are free to move like the molecules in a gas “‘r::\t\:ﬁ’;/z\:;\\
leads to an expression for the resistivity of a metal: :{\/ e
L. //,/ \ 4
o7 enr IR T
* Here nis the number of free electrons per unit r:/Zf:QE::/ \\ 1
volume and t is the mean time between the collisions ,;/ \‘\:::A\\: !
of an electron with the atoms of the metal. Vi i
* Metals obey Ohm’s law because the mean free time ¢ G
T is approximately independent of the magnitude E ...commmmmmmams
of any electric field applied to a metal. * The gray lines show an
N == rking s collsions intoute
- ‘AI M -— I+ * The green lines show what
\ :: the electron’s path might be
- — in the presence of an applied
) fed E electric field E.

": * Note the steady drift in the
" direction of -E.

Lyt
http://www.phys.lsu.edu/~jdowling/PHYS21132-SP15/lectures/index.html
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26-6 A Microscopiv view of Ohm’s Law

1ZM0R

Example, Mean Free Time and Mean Free Distance:

Using these results and substituting for the electron mass m,
we then have

(a) What is the mean free time 7 between collisions for the
conduction electrons in copper?

KEY IDEAS

The mean free time 7 of copper is approximately constant, and
in particular does not depend on any electric field that might be
applied to a sample of the copper. Thus, we need not consider
any particular value of applied electric field. However, because
the resistivity p displayed by copper under an electric field de-
pends on 7. we can find the mean free time 7from Eq.26-22 (p =
mle*nt).

Calculations: That equation gives us

m

7= (26-23)

ne’p

The number of conduction electrons per unit volume in cop-
per is 8.49 X 102 m~3. We take the value of p from Table
26-1.The denominator then becomes

(8.49 X 10¥ m3)(1.6 X 107 C)X(1.69 X 10 ¥Q-m)
=3.67 X 1077 C2-Q/m? = 3.67 X 10717 kg/s,
where we converted units as
c:a ChVv _ C:JiIC kg-m¥st kg
m>-A  m>-Cls

m? m2/s s

November 01, 2022

9.1 X 1073 kg

= = 2.5 X 10715,
"7 367 x 10 T kgs ’

(Answer)

(b) The mean free path A of the conduction electrons in a
conductor is the average distance traveled by an electron
between collisions. (This definition parallels that in
Section 19-6 for the mean free path of molecules in a gas.)
What is A for the conduction electrons in copper, assum-
ing that their effective speed v is 1.6 X 10® m/s?

KEY IDEA

The distance d any particle travels in a certain time ¢ at a
constant speed visd = vt.

Calculation: For the electrons in copper, this gives us

A= VeyT (26-24)
= (1.6 X 105m/s)(2.5 X 10715)
=4.0X 10" m = 40 nm. (Answer)

This is about 150 times the distance between nearest-neigh-
bor atoms in a copper lattice. Thus, on the average, each con-
duction electron passes many copper atoms before finally
hitting one.

PHY 102 Physics II © Dr.Cem Ozdogan
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The battery at the left * A battery “pumps” charges through the resistor (or
supplies energy to the any device), by producing a potential difference V
conduction electrons between pOIﬂtS a and b.
that form the current. « A steady current i is produced in the circuit, directed
i from terminal a to terminal b.
fT lf * The amount of charge dq that moves from terminals
. a to b in time interval dt is equal to i dt.
pa _; * Its electric potential energy decreases in magnitude
) b by the amount;
fT li dU =dg V =1idtV.
— dW =—dU = -dgqxV = (dgq/dt)xdtx V= {Vxdt
Fig. 2613 A battery B sets up a The battery “power” is the work. it does per unit time:
current / in a circuit containing an P=dW/dt=1V

unspecified conducting device.

* The power P (rate of electrical energy transfer)
How much work does  dU/dt, given by

the battery do to move

a small amount of P=iV (rate of electrical energy transfer).
charge dq from b to a?
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The battery at the left * This power is also equal to rate of energy transfer
supplies energy to the from battery to device.

conduction electrons

that form the current. VA = (l i_) (li) _ l‘_I—_ W
i . C/\ s, S
fT Jf * P=iVis true for the battery pumping charges through
- any device.
B .= * If the device follows Ohm'’s law (i.e., a resistor),
T ’ then V=iR or i=V/R and
— l P =i’R (resistive dissipation)
Fig. 26-13 A battery Bsetsup a Vﬂ
current / in a circuit containing an P =

(resistive dissipation).

unspecified conducting device. R

Apply only to the transfer of electric potential energy
to thermal energy in a device with resistance.

P=iV (rate of electrical energy transfer).

Applies to electrical energy transfers of all kinds.
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Example, Rate of Energy Dissipation in a Wire Carrying Current:

You are given a length of uniform heating wire made of a
nickel-chromium-iron alloy called Nichrome; it has a re-
sistance R of 72 (). At what rate is energy dissipated in each
of the following situations? (1) A potential difference of 120
V is applied across the full length of the wire. (2) The wire is
cut in half, and a potential difference of 120 V is applied
across the length of each half.

KEY IDEA

Current in a resistive material produces a transfer of mechani-
cal energy to thermal energy; the rate of transfer (dissipation)
is given by Eqs. 26-26 to 26-28.

Calculations: Because we know the potential V and resis-
tance R, we use Eq. 26-28, which yields, for situation 1,

Why 1s this unwise???

P=iV— 4P =(41)V
Current i increases by 4.
House Circuit Breaker 3A.

November 01, 2022

PHY 102 Physics II © Dr.Cem Ozdogan

po Vi _ (1207
R N0

In situation 2, the resistance of each half of the wire is
(72 Q)12,0r 36 (). Thus, the dissipation rate for each half is

=200 W. (Answer)

(120 V)2
P = =400 W,
36 ()
and that for the two halves is
P=2P" =800 W. (Answer)

This is four times the dissipation rate of the full length of
wire. Thus, you might conclude that you could buy a heating
coil, cut it in half, and reconnect it to obtain four times the
heat output. Why is this unwise? (What would happen to the
amount of current in the coil?)

P =iV =i*R=V*/R
i =P/V =200W /120V =1.67A
— 4P/V =6.67A

32
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Rank them according to the

The figure here shows three 1.5 1/2  power dissipated by them,

cylindrical copper conductors A A

along with their face areas and 5@ 5@ greatest ﬁl‘St, when the same
(b)

lengths. Rank them according to (a) (0) potential difference V is

the current through them, great-

laced across their lengths.
est first, when the same potential difference Vis placed across their lengths. P g

Step I: The resistivity p is the same (all three are copper). Find the Resistance
R=pL/A for each case:

L/2 L L/2 L
R :& b :—'03 / :3p— :3Ra Rc :'O / :p :Ra
T A Al2 A A/2 A
Step II: Rank the current using V=1R or i=V/R with V constant! Iy =l >1,

R =R <R,

Step III: Rank the power using P=V?R since V is same. P =iV =j*R =V*/R

P =P >P,

Ranking is reversed since R is downstairs.
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Example: A P=1250 Watt radiant heater 1s constructed to operate at
V=115Volts.

(a) What 1s the resistance of the heating coil?

(b) What will be the current in the heater?

(¢) How much thermal energy 1s produced in 1.0 hr by the heater?

* Formulas: P=i’R=V?/R; V=iR

* Know P, V; need R to calculate current!

(a) P=1250W; V=115V => R=V?/P=(115V)?*/1250W=10.6 Q

(b) i=V/R=115V/10.6 Q=10.8 A

(c) P=dU/dt => AU=PxAt = 1.250kWehr = 1250W % 3600 sec= 4.5 MJ

hitp://www.phys.lsu.edu/~jdowling/PHY S21132-SP15/lectures/index.html
November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdogan 34



1ZMIR
- K ATIP CELEBI
UNIVERSITESI

Some Electrical Properties of Copper and Silicon The reSIStIVIty mna
Property Copper Silicon Conductor ls glven

Type of material Metal Semiconductor by m

Charge carrier density, m > 8.49 X 108 1 X 10'® —

Resistivity, {1 - m 1.69 x 108 2.5 x 103 E'EHT ’

Temperature coefficient of resistivity, K™ +43x 1073 —70 % 1073

* A semiconductor is like an insulator except that the-energy required to free
some electrons is not quite so great.
* In a semiconductor, n is small but increa very rapidly with temperature
as the increased thermal agitation makes more charge carriers available.

* This causes a decrease of resistivity with increasing temperature.

* Pure silicon has a high resistivity and it is effectively an insulator. However,
its resistivity can be greatly reduced in a controlled way by adding minute
amounts of specific “impurity” atoms in a process called doping.

* The process of doping can supply electrons or positive charge carriers that
are very loosely held within the material and thus are easy to get moving.

* Also, by controlling the doping of a semiconductor, one can control the
density of charge carriers that are responsible for a current.
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* The resistivity of material absolutely disappears at very low temperatures.

* This phenomenon is called superconductivity.
* It means that charge can flow through a superconducting conductor without

losing its energy to thermal energy.

-

016 —

: - A

Z (.08

n{} 4 4 ) [
— o ; "w
Temperawre (K)
e ————

The resistance of mercury drops to zero at a

temperature of about 4 K.

November 01, 2022

A disk-shaped magnet is levitated above
a superconducting material that has been
cooled by liquid nitrogen. The goldfish is
along for the ride.(Courtesy Shoji
Tonaka/International Superconductivity
Technology Center, Tokyo, Japan)
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26 Solved Problems d e

(1) During the 4.0 min a 5.0 A current 1s set up 1n a wire, how
many (a) coulombs and (b) electrons pass through any cross
section across the wire’s width?

rr’f)j-j:m sA40 st o) t=2 rs g-&:{id,ﬁfwmﬂjf" 2woc
i ) g= 1 _"5&.@_"5_ IXAO a;

3 Léxso E =
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2. (11) What 1s the current in a wire of radius R=3.40 mm if the
magnitude of the current density 1s given by (a) J =J /R and (b)

J,.= J,(1-r/R), in which r 1s the radial distance and J, =5.50x10*
A/m?*? (¢c) Which function maximizes the current density near the
wire’s surface?

2(1l) R J-ﬁiiﬂ_'i-d *rlj I= Te /g az;_jﬁ:?e:'-': - ffr'n'r-"‘ =fé'a "}’Ej fzﬁrﬂ'r) =j£'¢§_:fi rer

Jo =5.5410 " A2 i —dj L i ', St 65; mrﬁ.#),%_ﬂ(’?m o
=/33A

a———

¥ R R & 22
i) J= T (1~ %) ﬂf;[}a{f_.%)_aﬁ(tfr___.,];l?f(.i—l- #,ﬁ.‘ L:_:r;eﬂ%__hg_'j:j;m?
o

'HL’J Lﬂh.ll'."l.- r"_,-_rﬁ__ e To Lﬂli-f‘ﬂ- r-,_.',ﬂ ~3 } 50 W% fuﬁﬁ (I"-"'?Rj}

T¢ %
I; =0 T: 7o Te mapinvees
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3. (18) A wire 4.00 m long and 6.00 mm 1n diameter has a resistance of
15.0 mQ. A potential difference of 23.0 V 1s applied between the
ends. (a) What 1s the current in the wire? (b) What is the magnitude
of the current density? (c¢) Calculate the resistivity of the wire

material.
3(13) L=4&m Y,
F:.?.afﬂ.it £ ﬂﬁ? t= vr’;’ﬂ:-‘iu_&ﬁﬁg i iffﬁfﬂgﬁ
R=isstbuL .. s i L parees i BB
V=23V pasn T- 4 :_;.Ehf@%_:igﬂgﬁ};

7 2x/0 fr:u'?' —

4l) p_7 ' a2 =3 2 -7
jf - Rrp;f:- 3 p- RA_ _ /5p/0 v T 3X0m)” _ Jo.éxio \m
i

& m
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4. (23) When 115 V 1s applied across a wire that 1s 10 m long and has a
0.30 mm radius, the magnitude of the current density 1s 1.4x10*
A/m?. Find the resistivity and conductivity of the wire.

@Jj V=lisv e . wih 1
L=10m #JPJ' - 'F'-'-'E-
-;—:‘;;?ﬂ_fﬂ R L7 T I
P- :: "ﬁ?‘l’ J ﬂ{ﬂg_ﬁ',ﬂﬂl Ed Aiﬂ "'Eﬂi
ﬂf-'j.r.-'? : ﬂh:% :_f.-z-"r;gé{_mf;
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5. (24) Figure gives the magnitude E(x)
of the electric fields that have been
set up by a battery along a resistive 5o 1s ' .
rod of length 9.00 mm. The vertical — T o

scale 1s set by E=4.00x10° V/m. L
The rod consists of three sections of the same material but with different

radi1. (The schematic diagram of Fig. 26-24b does not indicate the
different radii.) The radius of section 3 1s 2.00 mm. What is the radius of
(a) section | and (b) section 2

in.ﬁ.) Sﬁnﬂ;wa&’,rﬂiq-sm?ﬂw$w§ E@Pf‘?&‘ij‘
-4 revadive E?M‘E“”Z‘?‘é e a‘a&[m ;.?,;.u-.;(( &@iﬂ?mﬁﬂd
rod %én?{ﬁ 1.0 mp | T=1e=ts { Er e e /,ﬁ,mtas-.f_ 7,

' 2 L Gv Yy =7;
-_-'"u-'zyrﬂﬂ- S&C/&”M —> iﬂrq?-{?; = Q‘Z'?‘ej Rﬂ-ﬂs{jf_ﬂ‘l E,:j ﬂu‘i’?t—":ﬁ}
- R;=200m FSNECS G R*
ASNEE 157 G e
R, «Re=7 1 ke 122
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6. (47) A heating element is made by maintaining a potential difference
of 75.0 V across the length of a Nichrome wire that has a 2.60 x10-°
m? cross section. Nichrome has a resistivity of 5.00 x 107 Qm.

(a) If the element dissipates S000W, what 1s its length?

(b) If 100 V 1s used to obtain the same dissipation rate, what should the
length be?

ﬂ{q;) %:? \L P=sovow : o )
V= ?,;:.ﬂ‘u”ﬂ? we | Pl sl A _(2n80x00 w) (2s.0V
- 240%0 m* s i PP mu;—f:?ﬁg,mjamgﬂi

ﬂrﬂﬁj,‘:‘,ﬁ;’t‘d %’iﬁgf.SHL H}L{L

f}:.j ﬂ'-jfi"ﬁ" JLm

B ([ asV)  Lsdem)ly -
d)1 {;? ‘:{-PFSGUUM & Vv=IluoV I%LFU U,)L ¢! ;i:@*ﬁ?ﬁ%"ji
-'-'F:?He-: fié M.J

4 L
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7. (53) A 120 V potential difference is applied to a space heater that

dissipates 500 W during operation.
(a) What is its resistance during operation?

(b) At what rate do electrons flow through any cross section of the

J—]

= &
#(sz) |4) &1 PatV ] P v { p= ("R

VooV = RS2 (200 F 285 ] -
P-s00 W iz b 500U —7 260x0 1
fgpg_s A o )

%) 2. = 2

)T" T, el Ve Giﬁ‘{){””éﬂ x’m HMMEJME
.-“H.-'é 0
inbeval Ve ¢

heater element?

—
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Current Change of p with Temperature
*The electric current j in a conductor *The resistivity of most material changes with
= E 9 p—p=pa{T~T)). Eq.26-17
Current_ Density | Ohm’s Law
*Current is related to current density *A given device (conductor, resistor, or any other
by - J‘ 7ok Eq. 26-4 electrigal device) obeys Ohm"s. Iqw if its resistance
R (defined by Eq. 26-8 as V/) is independent of the

Drift Speed of the Charge Carriers 2pplied potential difference V.
*Drift speed of the charge carriersinan  Resistivity of a Metal

applied electric field is related to current  *By assuming that the conduction electrons in a
density by 7 = (ne)v,, Eq. 26-7 metal are free to move like the molecules of a gas, it

is possible to derive an expression for the resistivity

Resistance of a Conductor of a metal:
. v __m Eq. 26-22
*Resistance R of a conductoris « ’ = - R
by o Eq.26-8 Power
°S|m|Iar!y the "e_S|St|V|ty and conductivity of «The power P, or rate of energy transfer, in an
a material is ldeflnEed by electrical device across which a potential difference
i Eq. 26-10&12 Vis maintained is
‘Resistance of a'conducting wire of P=iVv Eq. 26-26
length L and uniform cross section is *If the device is a resistor, we can write
P p% Eq. 26-16 P=iR = % Eq. 26-27&28
November 01, 2022 PHY 102 Physics II © Dr.Cem Ozdosan 44
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