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17 
Current and Resistance 

QUICK QUIZZES 

 1. Choice (d). Negative charges moving in one direction are equivalent to positive charges moving in the oppo-
site direction. Thus,  are equivalent to the movement of 5, 3, 4, and 2 charges respectively, 
giving . 

 2. Choice (b). Under steady-state conditions, the current is the same in all parts of the wire. Thus, the drift veloc-
ity, given by , is inversely proportional to the cross-sectional area. 

 3. Choices (c) and (d). Neither circuit (a) nor circuit (b) applies a difference in potential across the bulb. Circuit 
(a) has both lead wires connected to the same battery terminal. Circuit (b) has a low resistance path (a “short”) 
between the two battery terminals as well as between the bulb terminals. 

 4. Choice (b). The slope of the line tangent to the curve at a point is the reciprocal of the resistance at that point. 
Note that as  increases, the slope (and hence ) increases. Thus, the resistance decreases. 

 5. Choice (b). From Ohm’s Law, . 

 6. Choice (b). Consider the expression for resistance: . Doubling all linear dimensions increases 

the numerator of this expression by a factor of 2 but increases the -denominator by a factor of 4. Thus, the net 
result is that the resistance will be reduced to one-half of its original value. 

 7. Choice (a). The resistance of the shorter wire is half that of the longer wire. The power dissipated, 
, (and hence the rate of heating) will be greater for the shorter wire. Consideration of the expres-

sion  might initially lead one to think that the reverse would be true. However, one must realize that the 
currents will not be the same in the two wires. 

 8. Choice (b). . Charges constituting the current  leave the positive terminal of the bat-
tery and then split to flow through the two bulbs; thus, . Because the potential difference  is the 
same across the two bulbs and because the power delivered to a device is , the 60-W bulb with the 
higher power rating must carry the greater current, meaning that . Because charge does not accumulate in 
the bulbs, all the charge flowing into a bulb from the left has to flow out on the right; consequently  and 

. The two currents leaving the bulbs recombine to form the current back into the battery, . 

 9. Choice (a). The power dissipated by a resistor may be expressed as , where I is the current carried by 
the resistor of resistance R. Since resistors connected in series carry the same current, the resistor having the 
largest resistance will dissipate the most power. 

10. Choice (c). Increasing the diameter of a wire increases the cross-sectional area. Thus, the cross-sectional area 
of A is greater than that of B, and from , we see that . Since the power dissipated in a resis-
tance may be expressed as , the wire having the smallest resistance dissipates the most power for 
a given potential difference. 
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ANSWERS TO WARM-UP EXERCISES 

1. From Equation 5.21, the work done by the non-conservative force of friction equals the change in the ki-
netic and potential energies of the box. Since the box slides on a horizontal surface, its change in potential 
energy is zero and  

   
( )( )

2

2

10 0
2

1 5.00 kg 2.50 m/s 15.6 J
2

nc iW KE PE KE mv⎛ ⎞= Δ + Δ = Δ + = −⎜ ⎟
⎝ ⎠

= − = −
  

 The rate of energy dissipation, or the power dissipated by friction, is then 

   15.6 J 10.4 W
1.50 s

ncW
P

t
= = =

Δ
  

2. Each electron has a charge of –e = –1.60 × 10–19 C, so the number of excess electrons on the conductor is 

   
9

10
19

5.00 10  C 3.13 10  electrons
1.60 10  C

N
−

−

− ×= = ×
− ×

  

3. (a) From Equation 16.6, the work done on the proton is equal to the negative of the change in potential 
energy of the proton, or 

   ( ) ( )( )19

19

1.60 10  C 4.00 V 2.00 V

9.60 10  J
B AW q V V −

−

= − − = − × − −

= ×
  

  Now, from the work-kinetic energy theorem, the work done is equal to the change in the proton’s 
kinetic energy. Since the proton starts from rest, we have 

   2 191 0 9.60 10  J
2

W K mv −⎛ ⎞= Δ = − = ×⎜ ⎟
⎝ ⎠

  

  which gives 

   
( )19

4
27

2 9.60 10  J2 3.39 10  m/s
1.673 10  kg

Wv
m

−

−

×
= = = ×

×
  

 (b) The work done on the proton does not change in this case, so we have 

   2 21 1
2 2f iW K mv mv⎛ ⎞= Δ = −⎜ ⎟

⎝ ⎠
  

  which gives 
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( ) ( )

19
22 4

27

4

2 9.60 10  J2 1.20 10  m/s
1.673 10  kg

3.59 10  m/s

f i
Wv v
m

−

−

×
= + = + ×

×

= ×

  

4. A current of 1.60 A equals the motion of 1.60 coulombs of charge per second past a given point in the wire. 
Therefore, the number of electrons passing this point is given by 

   ( ) 19
19

1.60 C/s 1.00 s 1.00 10  electrons
1.60 10  C

N −
⎛ ⎞= = ×⎜ ⎟×⎝ ⎠

  

5. (a) The cross-sectional area of the circular wire is 

   
22 3

2 6 22.05 10  m 3.30 10  m
2 2
dA rπ π π

−
−⎛ ⎞×⎛ ⎞= = = = ×⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠
  

 (b) We obtain the drift speed of the electrons from Equation 17.2: 

   ( )( )( )28 3 19 6 2

4

10.0 A
8.46 10  electrons/m 1.60 10  C 3.30 10  m

2.24 10  m/s

d
Iv

nqA

− −

−

=

=
× × ×

= ×

  

6. We find the resistance of the light bulb from Equation 17.3 for the definition of resistance: 

   12.0 V 24.0 
0.500 A

VR
I

Δ= = = Ω   

7. Equation 17.5 gives the relationship between the resistance of the copper wire and its resistivity, cross-
sectional area, and length: 

   R
A

ρ=   

 From Table 17.1, the resistivity of copper at 20.0°C is 81.7 10  m.ρ −= × Ω ⋅  Solving for the length of the 
wire then gives 

   
( ) ( )6 2

2
8

3.31 10  m 2.00 
3.9 10  m

1.7 10  m
AR
ρ

−

−

× Ω
= = = ×

× Ω⋅
  

8. From Table 17.1, the temperature coefficient of resistivity of copper is ( ) 133.9 10  C .α −− ⎡ ⎤= × °⎣ ⎦  From 

Equation 17.7, the resistance of the wire at –25.0°C is 
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( )
( ) ( )( )( )

0 0

13

1

0.750 1 3.9 10  C –25.0 C 21.0 C

0.62 

R R T Tα
−−

= + −⎡ ⎤⎣ ⎦
⎡ ⎤= Ω + × ° ° − °
⎣ ⎦

= Ω

  

9. (a) The current in the resistor is found from Ohm’s law as 

   2
3

12.0 V 1.20 10  A
1.00 10  

VI
R

−Δ= = = ×
× Ω

 

 (b) The power delivered to the resistor is, from Equation 17.8, is 

   ( )( )21.20 10  A 12.0 V 0.144 WP I V −= Δ = × =   

 (c) The energy delivered to the resistor is the power delivered multiplied by the time interval, or 

   ( )( ) 3 600 sEnergy 0.144 W 1.00 h 518 J
1 h

Pt ⎛ ⎞= = =⎜ ⎟
⎝ ⎠

  

10. (a) The energy consumed by the hair drier is the power consumed multiplied by the time interval, or 

   ( )( )3 560.0 sEnergy 1.20 10  W 10.0 min 7.20 10  J
1 min

Pt ⎛ ⎞= = × = ×⎜ ⎟
⎝ ⎠

  

 (b) To convert the energy consumed from joules to kWh, we note that 1 J = 1 W . s, and 

   ( )5
3

1 kW 1 h7.20 10  W s 0.200 kWh
3 600 s1.00 10  W

U ⎛ ⎞⎛ ⎞= × ⋅ =⎜ ⎟⎜ ⎟×⎝ ⎠⎝ ⎠
  

 (c) At $0.120 per kWh, the cost of running the hair dryer for 10.0 min is  

   ( )( )cost 0.200 kWh 0.120 $/kWh $0.024 0 2.40 ¢= = =  

ANSWERS TO EVEN NUMBERED CONCEPTUAL QUESTIONS 

 2. The amplitude of atomic vibrations increases with temperature, thereby scattering electrons more efficiently 
and increasing the resistivity of the material. 
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 4. (a) The number of cars would correspond to charge Q. 

 (b) The rate of flow of cars past a point would correspond to current. 

 6. (a) The 25 W bulb has the higher resistance. Because , and both operate from 120 V, the bulb 
dissipating the least power has the higher resistance. 

 (b) When the voltage is constant, the current and power are directly proportional to each other, 
. Thus, the higher power bulb (100 W) carries more current. 

 8. An electrical shock occurs when your body serves as a conductor between two points having a difference in 
potential. The concept behind the admonition is to avoid simultaneously touching points that are at different 
potentials. 

10. The knob is connected to a variable resistor. As you increase the magnitude of the resistance in the circuit, the 
current is reduced, and the bulb dims. 

ANSWERS TO EVEN NUMBERED PROBLEMS 

 2. (a)   (b) the drift speed is smaller 

 4.  

 6. 159 mA 

 8.  

10.  

12. (a) 1.8 m (b) 0.28 mm 

14.  

16. 1.3 

18. (a)   (b)    

20. (a)   

 (b) Rubber gloves and soles can increase resistance to current passing through the body. 

22.  

24. (a)   
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 (b) The expansion of the cross-sectional area contributes slightly more than the expansion of the length of 
the wire, so the answer would be slightly reduced. 

26.  

28.  

30. (a) Yes, the design goal can be met with  and . 

  (b)   

32. 63.3°C 

34. (a) $0.29 (b) $2.6 

36. (a) 50 MW (b) 0.071 or 7.1% 

38. (a)   (b) 18 min 

40. (a) 184 W (b) 461°C 

42. (a) 0.66 kWh (b) $0.079  = 7.9 cents 

44. (a) $1.61 (b) 0.582  cents  (c) $0.416 = 41.6 cents 

46. (a)   (b)   (c)   

 (d)   (e) 0.38 mm 

48. (a)   (b)   (c)   

 (d) 1.1 V (e) They radiate only a small portion of the energy consumed as visible light. 

50. 15.0 h 

52.  

54.  

56. (a) 9.3 m (b) 0.93 mm 

58. (a) 18 C (b) 3.6 A 

60. (a)   
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 (b) We assume the temperature coefficient of resistivity for Nichrome remains constant over this temperature 
range. 

62. No, the fuse should limit the current to 3.87 A or less. 

64. (a) See Solution. (b)   

66. (a) 470 W (b) 1.60 mm or more (c) 2.93 mm or more 

PROBLEM SOLUTIONS 

17.1 (a) The charge that moves past the cross section is , and the number of electrons is 

     

 (b) The negatively charged electrons move in the direction opposite to the conventional current flow. 

 

17.2 (a) From Example 17.2 in the textbook, the density of charge carriers (electrons) in a copper wire is 
. With , the drift speed of electrons in this wire is 

     

  (b)  With a greater number of charge 
carriers in motion, they do not have to move as fast to have a specified number of them passing a given 
point each second. 

17.3 The period of the electron in its orbit is , and the current represented by the orbiting electron is 
, or 

    

17.4 Since , we have , and the number of electrons passing through in time  is 
. Thus, 
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17.5 The resistance of a wire of length L and diameter d is , giving . Using 
Table 17.1, the needed diameter is found to be 

    

17.6 The mass of a single gold atom is , where M is the molecular weight of gold and  is 
Avogadro’s number. Thus, the number of atoms deposited, and hence the number of ions moving to the nega-
tive electrode, is 

    

 The current in the cell is then 

    

17.7 The drift speed of electrons in the line is . The time to travel the length of the 200-

km line is then , or 

    

17.8 The mass of a single aluminum atom is , where the molecular weight (mass per mole) of alumi-
num is , and Avogadro’s number (number of atoms per mole) is . If each 
aluminum atom contributes one conduction electron, the number of conduction electrons per unit volume is 

    

 and the drift speed is . Thus, for the given case, we find 

    

 or  . 

17.9 (a) Using the periodic table on the inside back cover of the textbook, we find 
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 (b) From Table 9.1, the density of iron is , so the molar density is 

     

 (c) The density of iron atoms is 

     

 (d) With two conduction electrons per iron atom, the density of charge carriers is 

     

 (e) With a current of  and cross-sectional area , the drift speed of the conduc-
tion electrons in this wire is 

     

17.10 From Ohm’s law,   

17.11  

 Thus, if ,  

 and if ,  

17.12 The volume of the copper is 

    

 Since , this gives .      [1] 

 (a) From , where  is the resistivity of copper, we find that 
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  Inserting this expression for A into Equation [1] gives 

    , which yields  

 (b) From Equation [1], , or 

     

17.13 (a) From Ohm’s law,   

 (b) Using  and data from Table 17.1, the required length is found to be 

     

17.14 From , the resistivity is 

    

17.15 (a)  

 (b) From , 

     

17.16 Using  and data from Table 17.1, we have . This reduces to 
, and yields 
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17.17 From Ohm’s law, , and , the resistivity is 

    

 Then, from Table 17.1, we see that the wire is made of . 

17.18 With different orientations of the block, three different values of the ratio  are possible. These are: 

      , 

      , 

 and  

 (a)  

 (b)  

17.19 The volume of material, , in the wire is constant. Thus, as the wire is stretched to decrease 

its radius, the length increases such that  giving 
. The new resistance is then 

    

17.20 (a) From Ohm’s law,  

 (b) Rubber-soled shoes and rubber gloves can increase the resistance to current and help reduce the likeli-
hood of a serious shock. 

17.21 If a conductor of length L has a uniform electric field E maintained within it, the -potential -difference between 
the ends of the conductor is . But, from Ohm’s law, the -relation between the potential difference 
across a conductor and the current through it is . Combining these relations, we ob-
tain 

     or   
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17.22 Using , with  at  and  (from Table 17.1 in 
the textbook), the resistance at  is  

    

17.23 From Ohm’s law, , so the current in Antarctica is 

   

 or  

17.24 (a) Given: Aluminum wire with  (see Table 17.1 in textbook), and 
. If  at temperature T, solving  gives the fi-

nal temperature as 

     

 (b) The expansion of the cross-sectional area contributes slightly more than the expansion of the length of 
the wire, so the answer would be slightly reduced. 

17.25 The volume of the gold wire may be written as , where  is the density of gold. Thus, the 
cross-sectional area is . The resistance of the wire is , where  is the electrical resistivity. 
Therefore, 

    

 giving  

17.26 For aluminum, the resistivity at room temperature is , and the temperature coefficient of 
resistivity is . Thus, if at some temperature, the aluminum has a resistivity of , solving 

 for that temperature gives , where . 

 When , the temperature must be 
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17.27 At 80°C, 

    

 or  

17.28 If , then  gives the temperature 
coefficient of resistivity of the material making up this wire as 

    

17.29 (a) The resistance at 20.0°C is 

     

  and the current will be  

 (b) At 30.0°C, 

     

 Thus, the current is . 

17.30 We call the carbon resistor 1 and the Nichrome resistor 2. Then, connecting the resistors end to end, the total 
resistance is 

    

 If this is not to vary with temperature, it is necessary that , or  

    

 If the constant total resistance is to be , it is necessary that 
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 or  and  

 (a)  it is possible for her to meet the design goal with this method. 

 (b) From , we have . This yields 

     (carbon) 

  and    (Nichrome) 

17.31 (a) From , the initial resistance of the mercury is 

     

 (b) Since the volume of mercury is constant,  gives the final cross-sectional area as 
. Thus, the final resistance is given by . The fractional 

change in the resistance is then 

     

     or  

17.32 The resistance at the reference temperature of 20.0°C is 

    

 Solving  for T gives the temperature of the melting potassium as 

    

17.33 (a) The power consumed by the device is , so the current must be 

     

 (b) From Ohm’s law, the resistance is  
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17.34 (a) The energy used by a 100-W bulb in 24 h is 

     

  and the cost of this energy, at a rate of $0.12 per kilowatt-hour is 

     

 (b) The energy used by the oven in 5.0 h is  

     

  and the cost of this energy, at a rate of $0.12 per kilowatt-hour is 

     

17.35 (a)  

  and  

 (b)  

  and  

 (c) , the aluminum wire would not be as safe. If surrounded by thermal insulation, it would get much 
hotter than the copper wire. 

17.36 (a) The power loss in the line is  , or 
. 

(b) The total power transmitted is , or 
. 

  Thus, the fraction of the total transmitted power represented by the line losses is 

    fraction loss  or  

17.37 The energy required to bring the water to the boiling point is 
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 The power input by the heating element is 

    

 Therefore, the time required is 

    

17.38 (a)  

 (b) The power consumption of the color set is 

     

  Therefore, the time required to consume the energy found in (a) is 

     

17.39 (a)  

  and  

 (b)  

 (c) The charge is the same. However, as it leaves the bulb, it is at a lower potential than when it entered the bulb. 

 (d) ,  so   

 (e) Energy enters the bulb by electrical transmission and leaves by heat and radiation. 

 (f)  

  and cost = E × rate  
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17.40 (a) At the operating temperature, 

             

 (b) From , the temperature T is given by . The resistances are 
given by Ohm’s law as 

     and  

  Therefore, the operating temperature is 

 

17.41 The power loss per unit length of the cable is . Thus, the resistance per unit length of 
the cable is 

 

 From , the resistance per unit length is also given by . Hence, the cross-sectional area is 
, and the required radius is 

 

17.42 (a) The rating of the 12-V battery is . Thus, the stored energy is 

     

 (b) value  

17.43  

17.44 (a)  

     

 (b)  
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 (c)  

     

17.45 Total length of transmission lines: . Thus, the resistance of these lines is 
. 

 (a) The total potential drop along the transmission lines is , giving 

     

 (b)  

17.46 (a) The thermal energy needed to raise the water temperature by  is . If 
 and this energy is to be delivered in 4.00 min, the average power required is 

     

 (b) The required resistance (at 100°C) of the heating element is then 

     

 (c) The resistance at 20.0°C would then be 

     

 (d) We find the needed dimensions of a Nichrome wire for this heating element from 
, where L is the length of the wire and d is its diameter. This 

gives the diameter as . 

 (e) If , the required diameter of the wire is 

     

17.47 The power dissipated in a conductor is , so the resistance may be written as . Hence, 

     or   
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 Since , this result becomes 

     or   

 and yields . 

17.48 (a) For tungsten, Table 17.1 from the textbook gives the resistivity at  as 
 and the temperature coefficient of resistivity as 

. Thus, for a tungsten wire having a radius of 1.00 mm and a length 
of 15.0 cm, the resistance at  is 

     

 (b) From Stefan’s law (see Section 11.5 of the textbook), the radiated power is , where A is the 
area of the radiating surface. Note that since we are computing the radiated power, not the net energy 
gained or lost as a result of radiation, the ambient temperature is not needed here. In the case of a wire, 
this is the cylindrical surface area . The temperature of the wire when it is radiating a power of 

 is given by  as 

     

 (c) Assuming a linear temperature variation of resistance, the resistance of the wire at this temperature is 

     

  giving  

 (d) The voltage drop across the wire when it is radiating 75.0 W and has the resistance found in part (c) 
above is given by  as 

     

 (e) , making them ineffi-
cient sources of light. 

17.49 The battery is rated to deliver the equivalent of 60.0 amperes of current (i.e., 60.0 C/s) for 1 hour. This is 
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17.50 The energy available in the battery is 

    

 The two head lights together consume a total power of , so the time required to com-
pletely discharge the battery is 

    

17.51 (a)  

 (b)  

17.52 Using chemical symbols to denote the two different metals, the resistances are equal when  

    

 or  

 Thus,   

 or  

    

17.53 From , the total resistance needed is . 

 Thus, from , the length of wire required is 
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17.54 The resistance of the 4.0 cm length of wire between the feet is 

    

 so the potential difference is 

    

17.55 Ohm’s law gives the resistance as . From , the resistivity is given by . The 
results of these calculations for each of the three wires are summarized in the table below. 

   

0.540 10.4  

1.028 21.1  

1.543 31.8  

The average value found for the resistivity is 

    

 which differs from the value of  given in Table 17.1 by . 

17.56 The volume of the material is 

    

 Since , the cross-sectional area of the wire is  

 (a) From , the length of the wire is given by 
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 (b) The cross-sectional area of the wire is . Thus, the diameter is 

     

17.57 (a) The total power you now use while cooking breakfast is 

     

  The cost to use this power for 0.500 h each day for 30.0 days is 

    

 (b) If you upgraded, the new power requirement would be , and the required 
current would be . 

  , your present circuit breaker cannot handle the upgrade. 

17.58 (a) The charge passing through the conductor in the interval  is represented by the area under the 
 graph given in Figure P17.58. This area consists of two rectangles and two triangles. Thus,  

    

 

 (b) The constant current that would pass the same charge in 5.0 s is 
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17.59 (a) The power input to the motor is  efficiency, so the required current is 

     

 (b)  

  yielding  

 (c)  

17.60 (a)  

 (b) We assume that the temperature coefficient of resistivity for Nichrome remains constant over this tem-
perature range. 

17.61 The current in the wire is . Then, from the expression for the drift veloc-
ity, , the density of free electrons is 

    

 or  

17.62 Each speaker has a resistance of  and can handle a maximum power of 60.0 W. From , the 
maximum safe current is 

    

 Thus, the system  by a 4.00 A fuse. 

17.63 The cross-sectional area of the conducting material is  

 Thus, 
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17.64 (a) At temperature T, the resistance is , where , 

    , and  

  Thus, 

     

 (b)  

  Then  gives 

     

  The more complex formula gives 

     

  Note: Some rules for handing significant figures have been deliberately violated in this solution in order 
to illustrate the very small difference in the results obtained with these two expressions. 

17.65 The power the beam delivers to the target is 

   

 The mass of cooling water that must flow through the tube each second if the rise in the water temperature is 
not to exceed 50°C is found from  as 

    

17.66 Note: All potential differences in this solution have a value of . First, we shall do a symbolic solu-
tion for many parts of the problem and then enter the specified numeric values for the cases of interest. 

 From the marked specifications on the cleaner, its internal resistance (assumed constant) is 

    [1] 
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 If each of the two conductors in the extension cord has resistance Rc, the total resistance in the path of the cur-
rent (outside of the power source) is 

    [2] 

 so the current which will exist is , and the power that is delivered to the cleaner is 

     [3] 

 The resistance of a copper conductor of length L and diameter d is 

    

 Thus, if  is the maximum allowed value of Rc, the minimum acceptable diameter of the conductor is 

    [4] 

 (a) If , then from Equations [2] and [1], 

     

  and, from Equation [3], the power delivered to the cleaner is 

     

  If the minimum acceptable power delivered to the cleaner is Pmin, then the maximum allowable total re-
sistance is given by Equations [2] and [3] as 

     

  so 
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 (b) When , then  

     

  and, from Equation [4], 

     

 (c) When , then 

     

  and   


