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CH26: Current and resistance

Sample of problems




Electric current:

*2 An isolated conducting sphere has a 10 cm radius. One wire
carries a current of 1.000 002 0 A into it. Another wire carries a
current of 1.000 000 0 A out of it. How long would it take for the
sphere to increase in potential by 1000 V?

av=-29_
47180r
AroDd_Amer AV (0.10 m)(1000 V)
i=iw  in=iw (8.99x10° F/m)(1.0000020 A—1.0000000 A)

=5.6x107 s.



Current density:

*11 What is the current in a wire of radius R = 3.40 mm if the
magnitude of the current density is given by (a) J, = J,v/R and (b)
J, = Jy(1 — r/R), in which r is the radial distance and J, = 5.50 X
10* A/m*? (c) Which function maximizes the current density near
the wire’s surface?

i=[ 7 dA=% j:r-Zfrrdr=§7rR2J0 =%rr(3.40><10'3m)2(5.50><10“A/mz)

cylinder “

=1.33 A.

i=[ deAszJD(l-L]2nrdr=lnR2JD=l:r(3.40x10'3m)2(5.50xlO‘A/mZ)
eylinder 0 R 3 3

=0.666 A.



Resistance and resistivity:

*14 =35 A human being can be electrocuted if a current as
small as 50 mA passes near the heart. An electrician working with
sweaty hands makes good contact with the two conductors he is
holding, one in each hand. If his resistance is 2000 (), what might
the fatal voltage be?

V= (50 x 107 A)(2000 Q) = 100 V.



*18 A wire 4.00 m long and 6.00 mm in diameter has a resistance
of 15.0 m{). A potential difference of 23.0 V is applied between the
ends. (a) What is the current in the wire? (b) What is the magnitude
of the current density? (c) Calculate the resistivity of the wire ma-
terial. (d) Using Table 26-1, identify the material.

i=VIR=23.0V/15.0x 10~ Q=1.53 x 10° A.

4i  4(1.53x107 A) R
c= -=5.41x10" A/m’.
D" 7(6.00x10™ m)’

_RA_(15.0x107°Q)7(6.00x10™ m)’
L 4(4.00 m)

=10.6x10" Q-m.

Platinum 10.6 X 10 & 39 x10 3



»26 In Fig. 26-25a, a 9.00 V battery is connected to a resistive

V=

(a) (0)

strip that consists of three sections with the same cross-sectional
areas but different conductivities. Figure 26-25b gives the electric
potential V(x) versus position x along the strip. The horizontal
scale is set by x, = 8.00 mm. Section 3 has conductivity 3.00 X 10’
(2-m) '.What is the conductivity of section (a) 1 and (b) 2?

= o E) = 61(0.50 x 10° V/m)
By =% = aE= 0(40x 10° V/m)

Js = % = &E; = 03(1.0 x 10° V/m) .



=31 An electrical cable consists of 125 strands of fine wire, each
having 2.65 uf) resistance. The same potential difference is ap-
plied between the ends of all the strands and results in a total cur-
rent of 0.750 A. (a) What is the current in each strand? (b) What
is the applied potential difference? (c¢) What is the resistance of
the cable?

31. (a) The current in each strand is i = 0.750 A/125 = 6.00 x 10~ A.
(b) The potential difference is ¥ = iR = (6.00 x 10~ A) (2.65 x 10° Q) =1.59 x 107 V.

(c) The resistance is Ry = 2.65 x 107° /125=2.12 x 10 Q.



*42 In Fig.26-32, a battery of potential dif-
ference V = 12 V is connected to a resistive

strip of resistance R = 6.0 (). When an elec- T R
tron moves through the strip from one end

to the other, (a) in which direction in the fig-

ure does the electron move, (b) how much Fig. 26-32
work is done on the electron by the electric Problem 42.

field in the strip, and (c) how much energy is
transferred to the thermal energy of the strip by the electron?

42. (a) Referring to Fig. 26-33, the electric field would point down (toward the bottom of
the page) in the strip, which means the current density vector would point down, too (by
Eq. 26-11). This implies (since electrons are negatively charged) that the conduction
electrons would be “drifting” upward in the strip.

(b) Equation 24-6 immediately gives 12 ¢V, or (using e = 1.60 x 1077 C) 1.9 x 107" J for
the work done by the field (which equals, in magnitude, the potential energy change of
the electron).

(c) Since the electrons don’t (on average) gain kinetic energy as a result of this work done,
it is generally dissipated as heat. The answer is as in part (b): 12 eV or 1.9 x 1077,



=47 A heating element is made by maintaining a potential differ-
ence of 75.0 V across the length of a Nichrome wire that has a 2.60 X
10 ® m? cross section. Nichrome has a resistivity of 5.00 X 10 "{}-m.
(a) If the element dissipates S000 W, what is its length? (b) If 100 V is
used to obtain the same dissipation rate, what should the length be?

e

47. (a) From P = V%R = AV*/ pL, we solve for the length:

_AV® _ (260x10”° m’)(750 V)

= — =585m
PP (500x107" Q-m)(500 W)

\2 2
(b) Since L o ¥? the new length should be L' = L(VV) =(585m) [;20—0\\/,) =104 m.



74 @ The current density in a wire is uniform and has magni-
tude 2.0 X 10° A/m?, the wire’s length is 5.0 m, and the density of
conduction electrons is 8.49 X 10* m * How long does an elec-
tron take (on the average) to travel the length of the wire?

-

6 2
y =7 AUX10" Al —1.47x10™ mys.

‘T he  (849x10™/m’)(1.6x10""C)

At this (average) rate, the time required to travel L = 5.0 m is

£ S0m 5410,

v, 147x10™ m/s




65 A potential difference V is applied to a wire of cross-sectional
area A, length L, and resistivity p. You want to change the applied
potential difference and stretch the wire so that the energy dissipa-
tion rate is multiplied by 30.0 and the current is multiplied by 4.00.
Assuming the wire’s density does not change, what are (a) the ratio
of the new length to L and (b) the ratio of the new cross-sectional

areato A?
(4) -(£) -2(£) -2(4)
4)., \i*p)  #\ifp), 16\4),

Consequently, (L/A)pew = 1.875(L/A) o4, and

L. =\1875L,=137L, = Lmx_137.

old



