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(5.8) R = AV
I

S0me materials conduct eleciricity better than others. Applving a given potential
difference across a good conductor results in a relatively large current; applving the
same potential difference across an insulator produces little current. The resistivity, p,
is a measure of how strongly a material opposes the flow of electric current. The
resistance, K, is a material’s D]]-[JDE]‘.[[EIII] to the flow of electric current.

]i a known Eleccrlc: pE}'LEI’lIIEl] difference, &V is applxed across a Eﬂl"lduﬂtﬂr {q{::rne
physical device or material that conducts current) and the resulting current, i, is

measured, the resistance of that conductor is given by

&.V , (5.8)
I
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The units of resistance are volts per ampere. a combination that was given the name
ohm and the symbol €2 (the capital Greek letter omega). in honor of the German
physicist Georg Simon Ohm (1789-1854):

1 =1V

1
Rearrangement of equation 5.8 results in
. AV 5.9
P ==, (5.9)

which states thart for a given potential difference, AV, the current, i, is inversely pro-

portional o the resistance, K. This equation is commonly referred 1o as Ohm’s Law.
A rearrangement of equation 5.9, AV = iR, is sometimes also referred to as Ohm's Law.
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in the electrical circuit. What does (X) and (Y) ‘ Y )S(X)OadSJduiila o | Aty 4l 5 lal B
indicate ? '

What is the potential difference B A ) Bk s agad) 30 s La
across the battery in the figure ?
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A light bulb has a resistor of ( 100 Q ) 1s an Jpase (100 Q) Adastia b 4S Fluaa
connected to a ( 220 V ) power supply . A o) Ll Badila, (220 V) AlgsS
What is the current the light bulb draws ? ¢ s rladl
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Depending on the circuit . What is the ammeter Sa) (e JS B 8 La | Ayl gl Bl e Talaie )
Haailgdl) g

and voltmeter reading ?
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The graph 1n Figure shows the current STV [Pk PRPLS g W (e g W PO Y
through a device What 1s the device resistance? ¢ ) daglia itala, Jga DA
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Sometimes devices are described in terms of the conductance, G, defined as

I —

I .
AV
Conductance has the SI derived unit of siemens (S), in honor of German inventor and
industrialist Ernst Werner von Siemens (1816-1892):
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In some conductors, the resistivity depends on the direction in which the current
is flowing. This chapter assumes that the resistivity of a material is uniform for all direc-
tions of the current.

The resistance of a device depends on the material of which the device is made
as well as its geometry. As stated earlier, the resistivity of a material characterizes how
much it opposes the flow of current. The resistivity is defined in terms of the magnitude
of the applied electric field, E, and the magnitude of the resulting current density, |

pz%, (5.10)
The units of resistivity are
El_ V/m _Vm
p=lElo Vm _Vm g
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Table 5.1 lists the resistivities of some representative conductors at 20 °C. As

The Resistivity and the . . . .
ity you can see, typical values for the resistivity of metal conductors used in wires are

Temperature Coefficient q o q
of the Resistivity for on the order of 10 * £2 m. For example, copper has a resistivity of about 2-10 " {1 m.
Some Representative Several metal alloys listed in Table 5.1 have useful properties. For example, wire made
Conductors from Nichrome (80% nickel and 20% chromium) is often used as a heating element

Resistivity, ~Temperature  in devices such as toasters. The next time vou are toasting an English muffin, look
p.at20°C - Coeffident. ., cide the roaster. The glowing elements are probably Nichrome wires. The resistivity

p -8 () m -3 =1
::::ml 1o 1!:.1 ) 110 :a' of Nichrome (108-10 " €2 m) is about 50 times that of copper. Thus, when current
. | L is run through the Nichrome wires of the toaster, the wires dissipate power and heat
Copper 1.72 e . . . . . .

Gold > a4 - up until they glow with a dull red color, while the copper wires of the electrical cord
i i 282 39 that connects the toaster to the wall remain cool.
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Sometimes materials are specified in terms of their conductivity, g, rather than
their resistivity, p; conductivity is defined as
1

TJ= -,
}

L

The units of conductivity are (£ m) ",

The resistance of a conductor can be found from its resistivity and its geometry.
For a homogeneous conductor of length L and constant cross-sectional area A, the

equation AV =- E «d5 can be used to relate the electric field, E, and the electric

potential difference, AV, across the conductor:

_Av
T
Note that in contrast to electrostatics, where the surface of any conductor is an equi-
potential surface and has no electric field inside and no current flowing through it
the conductor in this situation has AV # 0 and F # 0, causing a current to flow. The
magnitude of the current density is the current divided by the cross-sectional area:

_ A
=3
From the definition of resistivity (equation 5.10) and using | = i/A and Ohm's Law

(equation 5.8), we obtain
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Rearranging terms vields an expression for the resistance of a conductor in terms
ol the resistivity of its constituent material, the length, and the cross-sectional area:

L

R=,L (5.11)
P A

Note that in the limit A—oc, equation 5.11 implies that R—0. Therefore, the equa-
tion is only an approximation, because the conduction electrons will still encounter
some resistance in traveling through some length L of a material of density p. How-
ever, for all wires in actual use, equation 5.11 is an excellent approximation.
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Which of the following represents the relationship
between resistance and cross-sectional area of
a conductor?

Which of the following represents the relationship
between resistance and the length of a conductor?
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A(mm?) d(mm) d(in) Awe

170.49
135.20
107.22
85.029
67.431
53.475
42.408

8.3656
6.6342
5.2612
41723
3.3088
2.6240
2.0809
1.6502
1.3087
1.0378
0.8230

0.0160
0.0127
0.0100

14.733 0.5800 000000
13120 0.5165 00000
1.684 0.46 0000
10.405 0.4096 000
9.2658 0.3648 00
8.2515 0.3249 0
7.3481 0.2893 1
3.2636 0.1285 8
29064 0.1144 9
25882 0.1019 10
2.3048 0.0907 1
2.0525 0.0808 12
1.8278 0.0720 13
16277 0.0641 14
1.4495 0.0571 15
1.2908 0.0508 16
11495 0.0453 17
1.0237 0.0403 18
0.1426 0.0056 35
0.1270 0.005 36

0.1131

0.0045 37
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5.2 Resistance of a Copper Wire

Standard wires that elecrricians purt into residential housing hawve fairlyv low resistance.

PROBLEM
WWhat is the resistance of the 100.0 m standard 12 gauge copper wire that is tvpically
used in wiring household electrical ourtlers?
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Concept Check 541

If the diameter of the wire in
Example 5.2 is doubled, its
resistance will

a) increase by a factor of 4.
b) increase by a factor of 2.

c) stay the same.

d) decrease by a factor of 2.

e) decrease by a factor of 4.
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5.32 What is the resistance of a copper wire of length [ = 10.9 m and
diameter d = 1.30 mm? The resistivity of copper is 1.72 x107° Q2 m

°d =130 mm o sy [ = 109manJa il Al daglas Lo 5.32
172107° QM wboull ace gl daglal] 3L

_pl 1.72 x 10~8) (10.9
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5.33 Two conductors are made of the same marerial and have the
same lengtrth I.. Conducror A is a hollow tube with inside diamerter
200 mum and ourside diamerter 3,00 mon; conducror B is a solid wire
with radius R W“YWhart value of Ry is required for the rwo conductors
o hawve the same resistance measured berween their ends?
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5.35 What gauge of aluminum wire will have the same resistance
per unit length as 12 gauge copper wire!
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5.36 A rectangular wafer of pure silicon, with resistivity g = 2300 £1 m,
measures 2.00 cm by 3.00 cm by 0.0100 em. Find the maximum resistance
of this rectangular wafer between any rwo faces.

P = 2300 O m icgd Lagles u.a.Ji HeSilew) cpe aldaiia 2308, 5.36

1305 J) ady) doglae adl axyl.0.0100 cmy 3.00 cmy 2.00 €M Laslel,
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pl
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B (2300) (3.00 x 10~%)

~ (2.00 x 1072)(0.0100 x 1072)

R =

R = 3.5 x 1071



«5.37 A copper wire thar is 1.00 m long and has a radius of 0.500 mm
is stretched to a length of 2.00 m. What is the fracrional change in
resistance, AR/R, as the wire is stretched? What is AR/R for a wire

of the same initial dimensions made out of aluminum?
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Electromotive Force and Ohm’s Law
For current to flow through a resistor, a potential difference must be established

across the resistor. This potential diffterence, supplied by a battery or other device,
is termed an electromotive force, abbreviated emf. (Electromotive force is not a
force at all, but rather a potential difference. The term is still in widespread use but
mainly in the form of its abbreviation, pronounced "ee-em-efi.”) A device that main-
tains a potential difference is called an emf device and does work on the charge car-
riers. The potential difference created by the emf device is represented as V__ . This
rext assumes that emf devices have terminals to which a circuit can be connected.
The emf device is assumed to maintain a constant potential difference, V, ; between
these terminals.
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. This "voltage” is the potential difference (emtf) that the battery can provide to a circuit

Az 210l Gl 15Ls L8ss ¥ u® .amls ool ,sS Za8ls 8333 same ope solie do,Uadl 51 dasw)
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1 mAh = (ID_?' AN3600 s) = 3.6 As = 3.6 C
(Mote that a battery is a source of constant emf, it does not supply constant current to a
circuit.) Rechargeable batteries also display a rating in mAh (milliampere-hour), which pro

vides information on the total charge the battery can deliver when tully charged. The mAh
is another unit of charge:

1 mAh =(107 7 AX3600 s) =3.6 As =3.6 C.



Simple circuit

"emi
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The electric circuit begins and ends at the Al
electromotive force device.
<
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FIGURE 540 Simple circuit Al eI Andlal) 3 gall Slea antiiy (3 agall (3 8
containing a source of emf and a resistor. "J:"j\ el Jm‘ CA'L LA }Q

e 5925 a5 5.10 gsZav The potential difference produced by the electromotive
eolies Ssboes 281 2% == force device is what drives the current through the circuit
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positive current leaves the device at the higher potential of its positive terminal
and enters its negative terminal at a lower potential.




e Simple circuit

Blal) e L) aday)Auily el Andial) 3 g8l) ZUIY jlaa
& ay
- COua ga - Cila glial) ~culdiSal) — glall Adiiaa Jia

i A source for producing an electromotive force (that drives current
FIGURE 5.10 Simple circuit through a circuit) such as water pump - capacitors - resistors —

containing a source of emf and a resistor. gnd connectors -

For a circuit like the one shown in Figure 5.10, the emf device provides the potential
difference that creates the current flowing through the resistor. Therefore, in this case,
Ohm’s Law (equation 5.9) can be written in terms of the external emf as
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Ohm’s Law is not a law of nature. It is not even obeyed by all resistors. For many

resistors, called ohmic resistors, the current is directly proportional to the

potential difference across the resistor over a wide range of temperatures and a

wide range of applied potential differences. For other resistors, called non-ohmic

resistors, current and potential difference are not directly proportional at all.
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3.20 X 1072 A Gl e @oasl) L)) ils 1000 km dgby 4.50 mm?

5.40 A potential difference of 120 V is applied across a wire of cross- ¢ o)) Zoglie Lo (a

sectional area 4.50 mm® and length 1000. km. The current passing

through the wire is 3.20 x 107" A. el lia g9 Lo (b

a) Whar is the resistance of the wire?
b} Whar tvoe of wire is this?

R=""=_ 29 _ 37500
VR=F =320%x107
p l
b) R = —
) A
RA 3750x4.50x107° .
p=——= =1.69 x 107%0.m
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the change in potential of the current must occur in the resistor, according to Ohm’s Law. This change
is referred to as the potential drop across the resistor. Thus, the circuit shown in Figure 5.10 can be
represented in a different way, making it clearer where the potential drop happens and showing
which parts of the circuit are at which potential. Figure 5.11a shows the circuit in Figure 5.10. Figure
5.11b shows the same circuit but with the vertical dimension representing the value of the electric
potential at different points around the circuit. The potential difference is supplied by the source of
emf, and the entire potential drop occurs across the single resistor. (Remember, the convention is that
the lines connecting the circuit elements in a circuit diagram represent wires with no resistance.
Therefore, these connecting wires are represented in Figure 5.11b by horizontal lines, signifying that
the entire wire is at exactly the same potential.) Ohm’s Law



(a)

o 3500 caddss Jag (a) 511 JS20)
A Jead (b) 25l 48 aabls 353 jaiany pslas Lys
G daw JS wie agd) Lo g 5304l sla ¥l
s pall Lr..._.u._-._’_l.:n ,_g a aladl L; shall g £ .5 Al

il G S ) g dSad) 3 el JA oSy
5 (A BUES b () 24 b

25 (3R Al ¢S Axdlal) 5 g1 jaaa by
AYEN| L;A JalS aldal) Easy :\.AJM\ Q’AJ
JalSIL L) oY 488 Ja ghady Jiad MY

Laladl L3 agad) dagd 4l

5J5MS\‘;§(§.‘M' JM@‘@#’@\&JQ
(%M\Bﬁagﬂ@) dall 098 o) g dlalsl)



Vem o4 U o * L2 4
4 w A ddadil) e gl B pilal) L8 agall Jlull Jaladalf
‘ - *» V

‘ emf
B C
/ \ A
D i

C Adlil) e slaiy) 3 d0al) 8 agall Alut) Jahadall

C &4 B A D

AV




——— S e

5.41 One brand of 12.0 V automotive bartery used to be advertised as
providing 600 cold-cranking amps.” Assuming thar this is the current
the bartrtery supplies if its terminals are shorted, thar is, connecred to
negligible resistance, determine the internal resistance of the bartrery.
(IMPORTANT: Do not attempt such a connection as it could be lethal!)

600 amps” ,ag Lol e 12.0 V 5 led) obylay oo god os,d! o 5.41
3555 Losie alad) 0,953 i) ga Lal) )ia I ualial as,ld) clax¥) 3
oylal) ads o)) deglal) sas S35 Y deglic ilate gl .5 ,mad Lol bl
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5.42 A copper wire has radius r = 0.0250 ¢m, is 3.00 m long, has Solleall (R zaslell Lo (a

resistivity p = 1.72 x 107 {2 m, and carries a current of 0.400 A. The ; ’ AV ‘ sl (b
wire has a charge-carrier density of 8.50-10°° electrons/m’ e e
Celluwd) sy E L 5b,eS) JB) L (a

a) Whar is the resistance, R, of the wire?
b) What is the electric potential difference, AV, across the wire!

¢) What is the electric field, E, in the wire?

pl (1.72 x 1078) (3.00)
a R — T — —
) 4 B (0.0250 x 10-2)2 92634

AV AV

b) R = — €)E=—
i l
0.105
E= =3.5x107%V/m

AV=iR=0.400x%x0.263 =0.105V 3.00



