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Resistance =

T

FIGURE 17.7 A uniform conductor
of length /and cross-sectional area
A. The current /in the conductor is

proportional to the applied voltage AV

=V, — V,. The electric field E set up
in the conductor is also proportional
to the current.

GEORG SIMON OHM
(1787-1854)

A high school teacher in Cologne and
later a professor at Munich, Ohm
formulated the concept of resistance
and discovered the proportionalities
expressed in Equation 17.5.

An assortment of resistors used for a
variety of applications in electronic
circuits.
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Current and Resistance

proportional to the applied voltage; 7 AV, If the proportionality holds, we can
write AV = IR, where the proportionality constant R is called the resistance of the
conductor. In fact, we define the resistance as the ratio of the voltage acrosg the
conductor to the current it carries:

AV
R=— [17.3)

Resistance has SI units of volts per ampere, called ohms (()). If a potential differ
ence of 1 Vacross a conductor produces a current of 1 A, the resistance of the con-
ductor is 1 (). For example, if an electrical appliance connected to a 120-V source
carries a current of 6 A, its resistance is 20 .

The concepts of electric current, voltage, and resistance can be compared tq
the flow of water in a river. As water flows downhill in a river of constant width ang
depth, the flow rate (water current) depends on the steepness of descent of the
river and the effects of rocks, the riverbank, and other obstructions. The voltage
difference is analogous to the steepness, and the resistance to the obstructions,
Based on this analogy, it seems reasonable that increasing the voltage applied to a
circuit should increase the current in the circuit, just as increasing the steepness of
descent increases the water current. Also, increasing the obstructions in the river’s
path will reduce the water current, just as increasing the resistance in a circuit will
lower the electric current. Resistance in a circuit arises due to collisions between
the electrons carrying the current with fixed atoms inside the conductor. These
collisions inhibit the movement of charges in much the same way as would a force
of friction. For many materials, including most metals, experiments show that the
resistance remains constant over a wide range of applied voltages or currents,
This statement is known as Ohm’s law, after Georg Simon Ohm (1789-1854), who
was the first to conduct a systematic study of electrical resistance.

Ohm’s law is given by

AV=1IR [17.4]
where Ris understood to be independent of AV, the potential drop across the resis-
tor, and /, the current in the resistor. We will continue to use this traditional form
of Ohm’s law when discussing electrical circuits. A resistor is a conductor that pro-
vides a specified resistance in an electric circuit. The symbol for a resistor in circuit
diagrams is a zigzag line: —AA——.

Ohm’s law is an empirical relationship valid only for certain materials. Materials
that obey Ohm’s law, and hence have a constant resistance over a wide range of volt-
ages, are said to be ohmic. Materials having resistance that changes with voltage
or current are nonohmic. Ohmic materials have a linear current-voltage relation-
ship over a large range of applied voltages (Fig. 17.8a). Nonohmic materials have a
nonlinear current-voltage relationship (Fig. 17.8b). One common semiconducting
device that is nonohmic is the diode, a circuit element that acts like a one-way valve
for current. Its resistance is small for currents in one direction (positive AV) and
large for currents in the reverse direction (negative AV). Most modern electronic
devices, such as transistors, have nonlinear current-voltage relationships; their
operation depends on the particular ways in which they violate Ohm’s law.

QUICK QUIZ 174 In Figure 17.8b does the resistance of the diode
(a) increase or (b) decrease as the positive voltage AVincreases?

QUICK QUIZ 17.5 All electric devices are required to have identify-
ing plates that specify their electrical characteristics. The plate on a cer-
tain steam iron states that the iron carries a current of 6.00 A when con-

ted to a source of 1.20 X 102 V. What is the resistance of the steam iron?

nec
(a) 0.050 0 2 (b) 20.0 Q (c) 36.0 O

Resistivity )
Electrons don’t move in straightline paths through a c'onductor. Instead, .tthey
undergo repeated collisions with the metal gtoms. Consider a Cor%dlgctor wi Ci
voltage applied across its ends. An electron gains spf-:e.d as the elect.rlc. orcﬁe a(:s;oec_
ated with the internal electric field accelerate§ ?t, giving it a velocity 151 fl e 1rt ”
tion opposite that of the electric ﬁelc.l. A .COHISIOH Wlth an atom ran ornlzes,t the
electron’s velocity, reducing it in the direction opposite the field. The proa;ss e :
repeats itself. Together, these collisions af'fe_ct the electrqn ,som(?what as a force o

internal friction would. This step is the origin of a m.aterlal s resistance.

The resistance of an ohmic conductor increases with length, wh}ch rr'lakes sense
because the electrons going through it must gndergo more cglhs1ons in a lorslger
conductor. A smaller cross-sectional area alsollncreases thf? resmtance' of a conhuc—
tor, just as a smaller pipe slows the fluid moving through it. The resistance, then,

is proportional to the conductor’s length € and inversely proporth its cross-
sectional area A, -
d i - 17.5]
= — [ .
R=p n

where the constant of proportionality, p, is called the resistivjlty of the rr}aterlal.
Every material has a characteristic resistivity that depends on its elec'tr.or'n.c struc(i
ture and on temperature. Good electric conductors hav.e very low resistivities, anc
good insulators have very high resistivities. Table 17.1 lists the I:CS}SFIVItleS of vari-
ous materials at 20°C. Because resistance values are in ohms, resistivity valu ust

be in ohm-meters ({)-m). ;
ﬂ - ’f? -~ 'T{ . W:Z‘j

TABLE 17.1 r 17[0
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Temperature Coefficient

Resistivity of Resistivity
Material (Q-m) [cc)™
Silver 1.59 X 1078 3.8 X 1073
Copper 1.7 X 1078 3.9 X 1072
Gold 2.44 x 1078 3.4 %107
Aluminum 2.82 X 1078 3.9 x107°
Tungsten 5.6 X 1078 45 %1073
Iron 10.0 X 1078 5.0x 1073
Platinum 11 x 1078 3.92 X 1073
Lead 22 X-1078 3.9 X 107°
Nichrome? 150 X 1078 0.4 %1073
Carbon 3.5 X 10° —0.5 X 1073
Germanium 0.46 —48 X 107° q
Silicon 640 —75 X 1073 o
Glass 1010-10
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FIGURE 17.8 (a) The current—

voltage curve for an ohmic material.
The curve is linear, and the slope
gives the resistance of the conductor.
(b) A nonlinear current-voltage curve
for a semiconducting diode. This
device doesn’t obey Ohrﬁaw.

2\ o
L

Hard rubber ~10" , ﬂ‘
Sulfur 1015 P
Quartz (fused) 75 X 10“’-“
*A nickel-chromium alloy cogimon edll o clements.
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