P4-26) In Next Fig. a 9.00 V battery is connected to a

resistive strip that consists of three sections with the same =0
cross-sectional areas but different conductivities. gives the vl
electric potential V(x) versus position x along the strip. The _
horizontal scale is set by xs 8.00 mm. Section 3 has ' 0
conductivity 3.00x 10"7.What is the conductivity of

section (a) 1 and (b) 2?
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4. The absolute values of the slopes (for the straight-line segments shown in the graph are
equal to the respective electric field magnitudes. Thus, applying Eq. 26-5 and Eq. 26-13
to the three sections of the resistive strip, we have
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G E1 = 61(0.50 x 10° V/m)
o Es = 05(4.0 x 10° V/m)

o Es = 65(1.0 x 10° V/m) .

We note that the current densities are the same since the values of 7 and 4 are the same
(see the problem statement) in the three sections, soJ; =5 =.J5.

(a) Thus we see that 61 =263 =2 (4.00 x 10'(Q -m) ') =8.00x 10" (Q - m) .

(b) Similarly, 62=63/4 = (4.00 x 10°(Q2-m)™" )/4=1.00 x 10" (Q2-m)™".



P5-26) In Fig. , current is set up through a truncated right circular
cone of resistivity 731, left radius a = 2.00 mm, right radius b =
2.30 mm, and length L = 1.94 cm. Assume that the current density
is uniform across any cross section taken perpendicular to the
length.What is the resistance of the cone?
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3. The current 7 15 shown in the figure entering the truncated cone at the left end and
leaving at the right. This is our choice of positive x direction. We make the assumption
that the current density J at each value of x may be found by taking the ratio il where A4
= " is the cone’s cross-section area at that particular value of x.

The direction of J is identical to that shown in the figure for i (our +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 J7by integrating the field along the x axis, in accordance with
the ideas of Chapter 25. Finally, the resistance of the cone is given by R = i, Thus,
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where we nust deduce how 7 depends on x m order to proceed. We note that the radms
mcreases linearly with x, so (with ¢ and c; to be determined later) we may write
F=g+GX

Choosing the origin at the left end of the tmmncated cone, the coefficient ) is chosen so
that r = a (when x = 0); therefore, ¢; = a. Also, the coefficient ¢; omst be chosen so that
(at the right end of the truncated come) we have r = b (when x = L); therefore,

¢y =(b—a)/L . Our expression then becomes

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

. =1
E=£ a+—b_ax]
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Consequently, the potential difference between the faces of the cone is
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The resistance is therefore

Vel (731 Q-m)(3.50x107 m)

=2.08x10° Q
i mab  (1.70x107 m)(230x10~ m)




P25-26) Wire C and wire D are made from different materials and have length LC = LD

= 1.0 m. The resistivity and diameter of wire C are 2.0x1076 and 1.00 mm, and those of
wire D are 1.0 x10”6 and 0.50 mm. The wires are joined as shown in Fig, and a current of
2.0 A is set up in them. What is the electric potential difference between (a) points 1 and
2 and (b) points 2 and 3? What is the rate at which energy is dissipated between (c) points
1 and 2 and (d) points 2 and 3?

ANALYZEF (a) Using Eq. 26-16. we find the resistance of wire C fo be

R=pl—oxi0f0m— 0 _g670.
AT &(0.00100 m)
Thus, AV, =iR.=(2.0 A)(0.637 (0)=1.3V.
(b) Simuilarly, the resistance for wire D is
Ry = 0= (LOX10* Q- m)—— 2170
b a(0.00050 m)

and the potential difference is AV, =iR, =(2.0 A)(1.27Q)=2.546V =25V .
(c) The power dissipated between points 1 and 2 is

B,=i"R.=(2.0 A (0.637C1)=25W.
(d) Similarly, the power dissipated befween points 2 and 3 is

B, =R, =(20AY(1270)=51W.

LEARN The results may be summarized in terms of the following ratios:



P32-26) The current-density magnitude in a certain circular wire is J = (2.75x 10710
A/m*r?, where r is the radial distance out to the wire’s radius of 3.00 mm. The potential
applied to the wire (end to end) is 80.0 V. How much energy is converted to thermal energy
in 1.00 h?

32, Assuming the current is along the wire (not radial) we find the current from Eq. 26-4:
i = 17 dt=["kr2ardr = Sk =350 A

where k=275 % 10" A/m* and R =0.00300 m. The rate of thermal energy generation is
found from Eq. 26-26: P = i7" = 280 W. Assuming a steady rate, the thermal energy

generated in 40 s is 0= PAr=(280 J1/s)(3600 5) =1.01 = 10° 1.



P40-26) Figure shows a rod of resistive material. The resistance per unit  _——
length of the rod increases in the positive direction of the x axis. At any position 0 1.0
x along the rod, the resistance dR of a narrow (differential) section of widthdx ~, _ —i—d4*

is given by dR =5.00x dx, where dR is in ohms and x is in meters. Figure shows I
such a narrow section. You are to slice off a length of the rod between x = 0 ﬁj
and some position x = L and then connect that length to a battery with potential ) LJ-I:I]’
difference V= 8.0 V You want the current in the length to transfer energy to

thermal energy at the rate of 180W.At what position x = L should you cut the

rod?

40. From P=1"/R . we have
R=(8.0V)*{180 W)=0356 Q.

To meet the conditions of the problem statement, we nmst therefore set
[ 5.00x dr=03560

Thus,
I'=03% = L=0377Tm
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P48-26) Figure gives the magnitude E(x) of the electric fields that have been set up by a
battery along a resistive rod of length 9.00 mm . The vertical scale is set by Es =8.00x10"3
V/m. The rod consists of three sections of the same material but with different radii. (The
schematic diagram of Fig. does not indicate the different radii.) The radius of section 3 is
1.70 mm. What is the radius of (a) section 1 and (b) section 2?
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48. (a) Since the material is the same, the resistivity p is the same, which implies {by Eq.
26-11) that the electric fields (in the various rods) are directly proportional to their
current-densities. Thus, Ji2 Ji: J3 are in the ratio 2.5/4/1.5 (see Fig. 26-27). Now the
currents in the rods nmst be the same (thev are “in series”) so

Sy =Fd;, Ay =545 .

Since 4 = -, this leads (in view of the aforementioned ratios) to

-

4t =155 25m7 =157
Thus, with 73 = 1.70 mm_ the latter relation leads to r; = (1.5/2.5)"*(1.70 mm) =132 mm_

(b) The 47" = 1.5 relation leads to 72 = (1.5/4.0)**(1.70 mm) =104 mm.



