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Table 27.1

Resistivities and Temperature Coeflicients of Resistivity

for Various Materials

Temperature
Material Resistivity®({2-m)  Coefficient” a[(°C) ]
Silver 1.59 = 10~ 8 3.8 x 1073
Copper 1.7 % 1078 3.9 %1073
Gold 2,44 % 10~ 8 3.4 % 1073
Aluminum 282 % 10 8 3.9 % 10 *
Tungsten 5.6 % 1078 4.5 x 1073
Iron 10 % 10~ 8 5.0 % 1073
Platinum 11 % 1078 302 x 1072
Lead 29 % 108 39 x 1078
Nichrome* 1.50 = 1070 0.4 % 107 %
Carbon 3.5 % 1078 -05x 107
Germanium {1.46 —48 x 107
Silicon G i
Glass 100 o 1014
Hard rubber ~101
Sulfur 1013
Quartz (fused) 75 X 1016

A All values at 20°C.

1. In a particular cathode ray tube, the measured beam
current is 30.0 uA. How many electrons strike the tube
screen every 40.0 sz

rzf AQ = 1At =(30.0x10" A)(40.0 5)=1.20x107 C
-3 _
[ = Q 120107 € 7.50 = 10" electrons

e 160x107" C/electron )



11. An aluminum wire having a crosssectional area of
4.00 X 10~ ° m? carries a current of 5.00 A. Find the drift
speed of the electrons in the wire. The density of
aluminum is 2.70 g/cm®. Assume that one conduction
electron is supplied by each atom.

We use [=ngAv,nis the number of charge carriers per unit volume, and is identical to the number
of atoms per unit volume. We assume a contribution of 1 free electron per atom in the relationship
above. For aluminum, which has a molar mass of 27, we know that Avogadro’s number of atoms,

N ;. has a mass of 27.0 g. Thus, the mass per atom is

Thus,

Therefore,

OfF,

Z0g_ 208 4 49x107 gfatom.

N, 602x102

density of aluminum 270 EJ"{'sz
n= =
mass per atom 449107 gfatom

n=602x10% atoms/cm® =6.02x10* atoms/m”’ .

R 5.00 A
" ngA (6.02x10% m™ ](mL}x 107" C)(a_m <107 mz]

=]

=130x107* mfs
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Zﬁ A 0.900-V potential difference is maintained across a

1.50-m length of tungsten wire that has a cross-sectional
area of 0.600 mm?. What is the current in the wire?

AV =IR
2
and R=£L. A= (0600 mm)Y| w2 M| c00%107 m?
A 1000 mm
; rq (0900 V)6.00% 107 m*
avalft.,  pLAVA | . )
A Pl (560%107 Q- ml(1.50 m)

I={643 A




Suppose that you wish to fabricate a uniform wire out of
1.00 g of copper. If the wire is to have a resistance of
R = 0.500 (2, and if all of the copper is to be used, what
will be (a) the length and (b) the diameter of this wire?

Given M=p,V=p,Af  where £ = mass density,

we obtain: Taking g, = resistivity,

ot A Mipyt M

f 1.00 % 107 0,500
Thus, oo | MR =J( _K }( _)3 f_:.

Verrs |(170x10°)(8.92x10°)

V=—, or ar
P P4

3
Thus, } lm’“lg r=140%10"* m.,
TPt ]Jn{sezxm (1.82)

The diameter is twice this distance: diameter =| 280 gm |.

ﬂ:ﬂ i ishivi R:E: "ﬂrlp —prpl!fz_
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EAH aluminum wire with a diameter of 0.100 mm has a
uniform electric field of 0.200 V/m imposed along its
entire length. The temperature of the wire is 50.0°C.
Assume one free electron per atom. (a) Use the informa-
tion in Table 27.1 and determine the resistivity. (b) What is
the current density in the wire? (c) What is the total
current in the wirer (d) What is the drift speed of the
conduction electrons? (e) What potential difference must
exist between the ends of a 2.00-m length of the wire to
produce the stated electric field?

@  p=po[l+alT-T,)]=(282x10" [1-m)[l+3.'§1ﬂ x m-l'{auhnﬂ)]: 315x 10 Q-m

E_ 0200 V/m T 7
b =—= =(6.35x10
(b) ! £ 315x107° Q-m 5x10° A/m
e (10010 m]’
-'lr ) v
(c) I=]A=] T]=(ﬁ_35xmﬁ Afm?| n =[ 499 mA

6.02 x10% electrons

. [2698 /(270 % 10° g/m? ]

I (635x10° Afm?)

e =| 659
P e (6.02x10% electrons/m” |(160x107 C)

(d) = 6.02x10% electmn.'y" m’

(e) AV = Ef=(0.200 V/m)(2.00 m) =



35. The temperature of a sample of tungsten is raised while a d

sample of copper is maintained at 20.0°C. At what temper-
ature will the resistivity of the tungsten be four times that

of the copper?

2= pgll+aAT) or

Require that py, =40,  so that

Theretore,

1

‘ﬁTW :—[&_

Pow

|

1
ATy =
" [4.50x1ﬂ'3,/°c

}[4(1.?% 107#)

56010~ -1}: e

67.6°C |



@ Z{"J What is the required resistance of an immersion heater
that increases the temperature of 1.50 kg of water from
10.0°C to 50.0°C in 10.0 min while operating at 110 V>

The heat that must be added to the water is
Q= mcAT = (150 kg )(4186 J/kgC)40.0°C)=251=10° ] .

Thus, the power supplied by the heater is

W Q 251x107 ]
At At B00s

-]

=419 W

b

| _ (AV) (110 V)?
d th t R= = SETTI
all 2 PesIstance 1s 7 419 w




ESupste that a voltage surge produces 140V for a
moment. By what percentage does the power output of a
120-V, 100-W lightbulb increase? Assume that its resistance
does not change.

: 2 ; 2
2 _(8V)/R {M’] SECY
B (ﬁyll}',fﬁ AV 120

A= ["F—'*’ﬁ }(h‘_u_lg{].:{ - 1](1!11%}
@

K JE,

(1.361 - 1)100% =[ 36.1%




A certain toaster has a heating element made of Nichrome
wire. When the toaster is first connected to a 120-V source
(and the wire is at a temperature of 20.0°C), the initial
current is 1.80 A. However, the current begins to decrease
as the heating element warms up. When the toaster
reaches its final operating temperature, the current drops
to 1.53 A. (a) Find the power delivered to the toaster when
it is at its operating temperature. (b) What is the final
temperature of the heating element?

At operating temperature,

(a) W= AV = (153 A)120 V)= 184 W
(b) Use the change in resistance to find the final operating temperature of the toaster.
R =R, (1+aAT) 120 _ E[1 +(0.400x 107 )ﬂ]
1.53 1.80

AT =441°C T=200"C+441°C=
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