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Chapter 26 Current and Resistance

01. (a) The charge that passes through any cross
section is the product of the current and time. Since

40min=240s,q=it= (5.0 A)(240s) = 1.2x10° C.

(b) The number of electrons N is given by g = Ne,
where e is the magnitude of electron charge. Thus,

N = g/e = (1200 C)/(1.60x107*° C) = 7.5 x 10%.
03. Suppose the charge on the sphere increases by
AQ in time At. Then, in that time its potential in-
creases by AV = Ag/4zeyr, where r is the radius of
the sphere. This means Aq = 4z&rAV. Now, Aq =
(iin—iou)At, where ij, is the current entering the
sphere and iy is the current leaving. Thus, At = Ag/
(in—iow) = 4zarAVI(i—ior) = (8.99x10°7(0.10)
(1000) / (1.0000020-1.0) = 5.6x 1072 (s).
07. The cross-sectional area of wire is given by A =
ar?, where r is its radius (half its thickness). The
current density is J= i/A=i/ar? so r = (i/z)* =
[0.50/ 2(440x10%]*? = 1.9x10™* (m).  The diameter
of the wire is therefore

d=2r=2(1.9x10" m) = 3.8 x10* m.

09. We use vy = J/ne = i/Ane. Thus, t = Livy =
L/(i/Ane) = LAne/i = (0.85 m)(0.21x10™** m?)(8.47
x10%/m%)(1.60x107*° C)/300 A = 8.1x10? s = 13
min.
13. We find the conductivity of Nichrome (the reci-
procal of its resistivity) as follows:

O—:i—i_ L _Li
p RA (VIDA VA
@.0m#0A)  _ 5 %108 /Q-m.

T (2.0V)(L.0x107® m?)
15. The resistance of the wire is given by R = pL/A,
where p is the resistivity of the material, L is the
length of the wire, and A is its cross-sectional area.
In this case, A = zr? = 7(0.50x10%)? = 7.85x10”’
(m?). Thus, p= RA/L = (50x107°)(7.85x107')/2.0 =
2.0x10°8 (Q:m).
17. Since the potential difference V and current i are
related by V = iR, where R is the resistance of the
electrician, the fatal voltage is
V = (50x107° A) (2000 Q) = 100 V.
18. The thickness (diameter) of the wire is denoted
by D. We use R L/A (Eq. 26-16) and note that A =
7(D/2)* o« D% The resistance of the second wire is
given by
-phA L
R = R( AQ)( L
31. (a) The current in each strand is i = 0.750 A/125
=6.00x10° A. (b) The potential difference is V =
iR = (6.00x107)(2.65x10™°) = 1.59x10® (V). (c)
The resistance is
Ruotal = 2.65x107° Q125 =2.12 x 10° Q.
38. The resistance is

= RePLy2( L2y = R L =
) R(DZ)(LI) R(2) (2) 2R

R= P/i?= (100 W)/(3.00 A)* = 11.1 Q.

39. (a) The power dissipated, the current in the
heater, and the potential difference across the heater
are related by P = iV. Therefore, i = P/V = 1250 W/
115V =10.9 A. (b) Ohm’s law states V = iR, where
R is the resistance of the heater. Thus, R=V/i = 115
V/10.9 A=10.6 Q. (c) The thermal energy E ge-
nerated by the heater in time At = 1.0 h = 3600 s is
E = PAt = (1250 W)(3600 s) = 4.50x10° J.

43. (a)* The monthly cost is (100 W)(24 h/day)(31
day/month)(6 cents/kWh) = 446 cents = US$4.46,
assuming a 31-day month. (b) R = V4P = (120
V)Y100 W =144 Q. (c)i= P/V=100 W/120 V =
0.833 A.

56. (a) Since P = iR = J?A?R, the current density is

J :i\/E:i P P 1.3x10° A2
AVR A pL/A pPLA

~ 1.0W/(3.5x10™°Q-m)
7(2.0x1072m)(5.0x103m)2
(b) From P =iV = JAV we obtain

v=CL =P —94x10?Vv
Al Jar?
1.0wW

7(5.0x1073 m)2(1.3x10° A/m?) -

57. Let Ry (R) be the resistance at the higher
(lower) temperature 800°C (200°C). Since the po-
tential difference is the same for the two tempera-
tures, the power dissipated at the lower temperature
is PL = V%R, and the power dissipated at the higher
temperature is Py = V4/Ry, 50 P. = (Ry/R)P}. Now
R. = Ry + aR4AT, where AT is the temperature dif-
ference T, - Ty =-600 C° = -600 K. Thus,

_ Ry R
PL= Ry TR AT 1~ TaoaT
500 = 660(W).

14 (4.0x107%)(~600)
68. We use Eq. 26-28:
R=V?/P=200%/3000 = 13.3 (Q).
79. (@) In Eq. 26-17, we let p = 29 Where py is the
resistivity at To = 20°C:
P=Po=2p—po=poa (T—To),
and solve for the temperature T:

T=To+ &' =20°C + (4.3x103/K) " ~ 250 °C.
(b) Since a change in Celsius is equivalent to a
change on the Kelvin temperature scale, the value
of « used in this calculation is not inconsistent with
the other units involved. It is worth noting that this
agrees well with Fig. 26-10.

28.* We use J = oE = (n.+n.)evy, which combines
Egs. 26-13 and 7. (a) J = oF = (2.70x107)(120)
= 3.24x107* (A/m?). (b) The drift velocity is
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oE (2.70x107*)(120)
(n,+n_)e (620+550)(10%)(L.60x10719)
= 1.73x107% (m/s) = 1.73 (cm/s).
45. (a) Using Table 26-1 and Eq. 26-10 or 11), we
have |E| = plJ| = (1.69x10®)(2.00)/(2.00x 10°°) =
1.69x1072 (V/m). (b) Using L = 4.0 m, the resis-

tance is found from Eq.26-16: R= pL/A = 0.0338 Q.

The rate of thermal energy generation is found from
Eq. 26-27:

P=i?R=(2.00A)%0.0338 Q) = 0.135 W.
Assuming a steady rate, the thermal energy generated
in 30 minutes is

(0.135 J/s)(30x60 s) = 2.43x10? J.

33.* (a) The current i is shown below entering the
truncated cone at the left end and leaving at the right.
This is our choice of positive x direction. The assumption
is that the current density J at each value of x may be
found by taking the ratio i/A where A= zr? is the cone’s
cross-section area at that particular value of x. The direc-
tion of J is identical to that shown in the figure for i (+x
direction). Using Eq. 26-11, we then find an expression
for the electric field at each value of x, and next find the
potential difference V by integrating the field along the x
axis, in accordance with the

ideas of Chapter 25. Finally, = i -+

the resistance of the cone is i o S %n-

given by R= V/i. Thus, ¢\ P
J=il(xr*)=Elp, iy

where we must deduce how r depends on X in order to
proceed. Note that the radius increases linearly with x, so
we may write r = ¢; + ¢; X. Choosing the origin at the left
end of the truncated cone, the coefficient c; is chosen so
that r = a (when x = 0); therefore, ¢; = a. Also, the co-
efficient ¢, must be chosen so that (at the right end of the
truncated cone) we have r = b (when x = L); therefore, ¢,
= (b-a)/L. Our expression, then, becomes
r =a+ x (b-a)/L.

Substituting this into our previous statement and solving
for the field, we find

E= pJ—Ip/(m)—lp/[ﬂ(a+ 85?2 ]
Consequently, the potential difference between the faces
of the cone is

ip Lt b-a ._ ip L b-a .
V=—'£I a2y 2aqx =P = (a+2"%yt
V4 o( L ) V1 b—a( L ) |o

(a+ x)_l: 1p L (l_l) :Iﬁi i
7 b-a L rb-aa b 7 ab
With p =731 Q'm, L =1.94 cm, a=2.00 mm, and b =

2.30 mm, the resistance is therefore

_ip L b-a

Note that if b = a, then R=p L/(7a% = p LIA, where A=
7’ is the cross-sectional area of the cylinder.
(43 45 37 34 4, jyang@mail.ntou.edu.tw, Thanks.)
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Ohm’s law ®¥* = #=; ohm (Q)Fc4*;
resistor ¥ Fe %; color-coding mark ¢ #5%1&:z; color code
system ¢ £ x %u; steady state/current & T_AL/T v
ampere (A)=% #¢; (electric) current % 7i; current density
T on % A resistivity @ Fe % conductivity # 7
electric power s 3; carry current %% /it; charge
carrier & f §“ =+ ; carrier charge density §* + T i7 % & ;

resistance @ FE;

drift speed ;&#5 i & ; effective speed % »xi# % ; mean
free time/path T iap d pFR /4R free-electron model/
gas f ¢ T F HA!/5 #8; Nichrome 4%4%; doping 3% 32;
semiconductor £ 3 %8 ; transistor & & %8 ; ceramics 4 %.;

material 41 42,4~ ; object 4~ #8; power system T 4 & 1%,

lightning protection # 3
ground current ¥ & T i%;
victim % % % ; electrostatics # T & ; o % X &ke

; lightning bug/firefly & X & ;

; livestock %3 ; hoof/hooves ##;
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