Workshop week 5
Conceptual questions
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SSM| REASONING AND SOLUTION Two materials have different resistivities. Two
wires of the same length are made, one from each of the materials. The resistance of each
wire is given by Equation 20.3: R= pL/ A4, where pis the resistivity of the wire material,
and 7 and A are, respectively, the length and cross-sectional area of the wire. Even when the
wires have the same length, they may have the same resistance, if the cross-sectional areas
of the wires are chosen so that the ratio oL/ 4 is the same for each.

REASONING AND SOLUTION The resistance of a wire is given by Equation 20.3:
R=plL/ A, where pis the resistivity of the wire material, L is the length of the wire, and 4
1s its cross-sectional area. Since the cross-sectional area is proportional to the square of the
diameter, a doubling of the diameter causes the cross-sectional area to be increased four-
fold. From Equation 20.3, we see that doubling both the diameter and length causes the
resistance of the wire to be reduced by a factor of 2.
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REASONING AND SOLUTION One electrical appliance operates with a voltage of
120 V, while another operates with a voltage of 240 V. The power used by either appliance
is given by Equation 20.6¢c: P=V?/R. Without knowing the resistance R of each
appliance, no conclusion can be reached as to which appliance, if either, uses more power.

REASONING AND SOLUTION Two light bulbs are designed for use at 120 V and are
rated at 75 W and 150 W. The power used by either bulb is given by Equation 20.6c:
P=V?*/R. We see from Equation 20.6c that, at constant voltage, the power used by a bulb

1s inversely proportional to the resistance of the filament. Therefore, the filament resistance
is greater for the 75-W bulb.

Problems
10. REASONING The resistance R of a wire that has a length L and a cross-sectional area A4 is

P Aluminum
wires and dividing the two equations will allow us to eliminate the unknown length and
cross-sectional area algebraically and solve for the resistance of the copper wire.
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given by Equation 20.3 as R = pz. Both wires have the same length and cross-sectional

area. Only the resistivity p of the wire differs, and Table 20.1 gives the following values:

=2.82%10° Q'm and Pcopper — 1.72 % 10® Q'm. Applying Equation 20.3 to both

SOLUTION Applying Equation 20.3 to both wires gives

L
and RAlmninum = P Aluminum __1

.

RC?oppcr =P Copper _~I

Dividing these two equations, eliminating L and A algebraically, and solving the result for

Copper give
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RA.lumimnn P Alum.inum[‘ !

RCopper _ P Copper PCopper

2 .
P Aluminum

o . P
P R Copper J_(O.ZOQ)W 72x107% Q mJ_ RETe

Copper Aluminum ;
' Aluminum | 2.82x107° Q-m

11. REASONING AND SOLUTION The resistance of the cable is

R:K:’OL
7

A
Since 4 = 72, the radius of the cable is

prr  [(1.72x107 @-m)(0.24 m)(1200 A)
r= = _

= _ =19.9x10° m
v ;r(l.6><10_‘ v)

2. REASONING AND SOLUTION Using Equation 20.3 and the resistivity of aluminum
trom Table 20.1, we find

oL (282x10° Q'm)(10.010° m)

49x10™* m? -

R

18. REASONING The length L of the wire is related to its resistance R and cross-sectional area

Aby L=AR/ p (see Equation 20.3), where p is the resistivity of tungsten. The resistivity
is known (see Table 20.1), and the cross-sectional area can be determined since the radius of

the wire is given. The resistance can be obtained from Ohm’s law as the voltage divided by
the current.

SOLUTION The length L of the wire is

(1

. . ~ . . . . . 2 . . ~
Since the cross-section of the wire is circular, its area 1s 4 = 77~ , where r 1s the radius of
the wire. According to Ohm’s law (Equation 20.2), the resistance R 1s related to the voltage

V and current 7 by R =V /1. Substituting the expressions for 4 and R into Equation (1)

gives

?] | 7(0.0030x10°2 mﬂf 120V )

= _ P \1.24AJ_

P P 5.6x107° Q-m




. REASONING AND SOLUTION According to Equation 20.6¢, the power delivered to the
iron is

o (120 V)
_(20 V)" _ 6.0x10° W

P=—
R 240

2
2

. REASONING To find the current, we can use the relation that the power P is the product of
the current 7 and the voltage ¥, since the power and voltage are known.

SOLUTION Solving P =1V (Equation 20.6a) for the current, we have

=— =10.024 A
45V

P _011W
v

. REASONING AND SOLUTION We know that the resistance of the wire can be obtained

from
P=T77%/R or R=T1?/P

We also know that R = pl/A. Solving for the length, noting that 4 = 717, and using
P =100 x 10 * Q'm from Table 20.1, we find

7

RA (VE -"'P)[./T?‘z) P22 B (120 V) ;r(6.5 x107* m)2

= P p Y _(100><10—8Q-ln)('4.00><102 w’):




