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15. Each bulb will get one-eighth of the total voltage, and so tot

bulb
8

V
V .  Use that voltage and the power  

dissipated by each bulb to calculate the resistance of a bulb.  
22 2 2

bulb bulb tot

bulb

110V

    
27

64 64 7.0 W

V V V
P R

R P P

  

16. To fix this circuit, connect another resistor in parallel with the 480-  resistor so that the equivalent  

resistance is the desired 320 .   
1 1

2

eq 1 2 eq 1

1 1 1 1 1 1 1

    

960
320 480

R
R R R R R

  

17. (a) The equivalent resistance is found by combining the 820  and 680  resistors in parallel, and  

then adding the 470  resistor in series with that parallel combination.    
1

eq

1 1
470 372 470 842 840

820 680
R

 

(b) The current delivered by the battery is 
2

eq

12.0V
1.425 10 A

842

V
I

R
.  This is the  

current in the 470 

 

resistor.  The voltage across that resistor can be found by Ohm s law. 
2

470
1.425 10 A 470 6.7 VV IR

 

Thus the voltage across the parallel combination must be 12.0V 6.7 V 5.3V .  This is the 

voltage across both the 820  and 680  resistors, since parallel resistors have the same voltage 

across them.  Note that this voltage value could also be found as follows. 
2

parallel parallel
1.425 10 A 372 5.3VV IR

  

18. The resistance of each bulb can be found by using Eq. 18-6, 
2

P V R .  The two individual  

resistances are combined in parallel.  We label the bulbs by their wattage.   

2

2

11

eq 2 2

75 40

1    

1 1 75W 40 W
105.2 110

110V 110V

P
P V R

R V

R
R R

  

19. (a) Note that adding resistors in series always results in a larger resistance, and adding resistors in  

parallel always results in a smaller resistance.  Closing the switch adds another resistor in 

parallel with 
3

R  and 
4

R , which lowers the net resistance of the parallel portion of the circuit, 

and thus lowers the equivalent resistance of the circuit.  That means that more current will be 

delivered by the battery.  Since 
1

R  is in series with the battery, its voltage will increase.  

Because of that increase, the voltage across 
3

R  and 
4

R  must decrease so that the total voltage 

drops around the loop are equal to the battery voltage.  Since there was no voltage across
2

R

 

until the switch was closed, its voltage will increase.  To summarize:  
2
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1 2 3 4

 
and  increase ;  and  decreaseV V V V  

(b) By Ohm s law, the current is proportional to the voltage for a fixed resistance.  Thus     

1 2 3 4

 
and  increase ;  and  decreaseI I I I  

(c) Since the battery voltage does not change and the current delivered by the battery increases, the  

power delivered by the battery, found by multiplying the voltage of the battery by the current 

delivered, increases .  

(d) Before the switch is closed, the equivalent resistance is 
3

R  and 
4

R  in parallel, combined with  

1
R  in series.    

1 1

eq 1

3 4

1 1 2
125 187.5

125
R R

R R

  

The current delivered by the battery is the same as the current through 
1

R .  

battery

total 1

eq

22.0V
0.1173A

187.5

V
I I

R

 

The voltage across 
1

R

 

is found by Ohm s law. 

1 1
0.1173A 125 14.66VV IR

   

The voltage across the parallel resistors is the battery voltage less the voltage across 1R .  

p battery 1
22.0V 14.66V 7.34VV V V

 

The current through each of the parallel resistors is found from Ohm s law. 

p

3 4

2

7.34V
0.0587A

125

V
I I

R

 

Notice that the current through each of the parallel resistors is half of the total current, within 

the limits of significant figures.  The currents before closing the switch are as follows.    

1 3 4
0.117 A     0.059AI I I

 

After the switch is closed, the equivalent resistance is
2

R ,
3

R , and
4

R  in parallel, combined with 

1
R  in series.  Do a similar analysis.    

1 1

eq 1

2 3 4

battery

total 1 1 1

eq

p

p battery 1 2 3 4

2

1 1 1 3
125 166.7

125

22.0V
0.1320A     0.1320A 125 16.5V

166.7

5.5V
22.0V 16.5V 5.5V     0.044A

125

R R
R R R

V
I I V IR

R

V
V V V I I I

R

 

Notice that the current through each of the parallel resistors is one third of the total current, 

within the limits of significant figures.  The currents after closing the switch are as follows.    

1 2 3 4
0.132A     0.044AI I I I

   

Yes, the predictions made in part (b) are all confirmed. 
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3 4
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R R

R R

  

The current delivered by the battery is the same as the current through 
1

R .  

battery

total 1

eq

22.0V
0.1173A

187.5

V
I I

R
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3 4

2
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V
I I

R
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2
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3
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4
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1 1

eq 1

2 3 4

battery

total 1 1 1

eq

p

p battery 1 2 3 4

2

1 1 1 3
125 166.7

125

22.0V
0.1320A     0.1320A 125 16.5V

166.7

5.5V
22.0V 16.5V 5.5V     0.044A

125

R R
R R R

V
I I V IR

R

V
V V V I I I

R

 

Notice that the current through each of the parallel resistors is one third of the total current, 

within the limits of significant figures.  The currents after closing the switch are as follows.    
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Yes, the predictions made in part (b) are all confirmed. 
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24. Apply Kirchhoff s loop rule to the circuit starting at the upper left corner of the circuit diagram, in 

order to calculate the current.  Assume that the current is flowing clockwise.   

6V
1.0 18V 6.6 12V 2.0 0    0.625A

9.6
I I I I

    

The terminal voltage for each battery is found by summing the potential differences across the 

internal resistance and EMF from left to right.  Note that for the 12 V battery, there is a voltage gain 

going across the internal resistance from left to right.   

terminal

terminal

18V battery:  1.0 18V 0.625A 1.0 18V 17.4V

12 V battery:  2.0 12 V 0.625 A 2.0 12 V 13.3V

V I

V I

    

25. From Example 19-8, we have 
1 2 3

0.87 A , 2.6A , 1.7 AI I I .  If another significant figure had 

been kept, the values would be 
1 2 3

0.858A , 2.58A , 1.73AI I I .  We use those results.  

(a) To find the potential difference between points a and d, start at point a and add each individual  

potential difference until reaching point d.  The simplest way to do this is along the top branch.    

ad d a 1
30 0.858A 30 25.7 VV V V I

 

Slight differences will be obtained in the final answer depending on the branch used, due to 

rounding.  For example, using the bottom branch, we get the following. 

ad d a 1 2
21 80V 2.58A 21 25.8VV V V IE  

(b) For the 80-V battery, the terminal voltage is the potential difference from point g to point e.  For  

the 45-V battery, the terminal voltage is the potential difference from point d to point b.    

terminal 1 2

terminal 2 3

80V battery:  80V 2.58A 1.0 77.4V

45V battery:  45V 1.73A 1.0 43.3V

V I r

V E I r

E  

26. To find the potential difference between points a and b, the current must be found from Kirchhoff s 

loop law.  Start at point a and go counterclockwise around the entire circuit, taking the current to be 

counterclockwise.   

ab a b

0    
2

2 2 0V
2

IR IR IR IR I
R

V V V IR IR IR R
R

E
E E

E
E E E  

27. Because there are no resistors in the bottom branch, it is possible to write Kirchhoff loop equations 

that only have one current term, making them easier to solve.  To find the current through
1

R , go 

around the outer loop counterclockwise, starting at the lower left corner.   

3 1

3 1 1 1 1

1

6.0V 9.0V
0    0.68A , left

22

V V
V I R V I

R

  

To find the current through 
2

R , go around the lower loop counterclockwise, starting at the lower left 

corner.   

3

3 2 2 2

2

6.0V
0    0.40A , left

15

V
V I R I

R
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Large current 

circuit

 

Small current

 

circuit 

for dashboard switch

 

Starter

 

Car battery

 

Solenoid

 

Iron 

Rod

 

Springy 

Pivot

Piece 

    of 

        Iron 

it will not be a strong magnet and thus the alignment of the paper clip’s domains will be even 

weaker.  The attraction of the paper clip to the nail will be weaker than the attraction of the nail to 

the magnet.  

29. The two ions will come out of the velocity selector portion of the mass spectrometer at the same 

speed, since v E B  (where the charge q has canceled out).  Once the charges reach the area of the 

mass spectrometer where there is only a magnetic field, then the difference in the ions’ charges will 

have an effect.  The equation for the mass spectrometer is m qBB r E , which can be rearranged as 

r mE qBB .  Since every quantity in the equation is constant except q, the doubly ionized ion will 

hit the film at a half of the radius as the singly ionized ion.  

30. The equation for the magnetic field inside of a solenoid is 
0

B NI l . 

(a) Nothing would happen to B if the loop diameter was doubled.  The equation shows that  

the magnetic field is independent of the diameter of the solenoid. 

(b) B would decrease by a factor of 2.  When the spacing between the loops is doubled, the number 

of loops per length, N l , is cut in half, which decreases B by a factor of 2. 

(c) Nothing would happen to B if both the length and the number of loops were doubled.  The 

magnetic field does depend on the number of loops per length, N l , but if both the number of 

loops and the length of the solenoid are doubled, this ratio remains constant and the magnetic 

field doesn’t change.  

31. To design a relay, place the iron rod inside of a solenoid, then point one end of the solenoid/rod 

combination at the piece of iron on a pivot.  A spring normally holds the piece of iron away from a 

switch, making an open circuit where current cannot flow.  When the relay is activated with a small 

current, a relatively strong magnetic field is created inside the solenoid, which aligns most of the 

magnetic domains in the iron rod and produces a strong magnetic field at the end of the solenoid/rod 

combination.  This magnetic field attracts the piece of iron on the springy pivot, which causes it to 

move toward the switch, connecting it and allowing current to flow through the large current circuit.           

Solutions to Problems  

1. (a) Use Eq. 20-1 to calculate the force with an angle of 
o

90  and a length of 1 meter.   

o
sin    sin 8.40A 0.90T sin 90 7.6 N m

F
F IlB IB

l

 

(b) 
o

sin 8.40A 0.90T sin 45.0 5.3N m
F

IB
l
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B

wire

2. Use Eq. 20-1 to calculate the force.   
5 o

sin 150A 160m 5.0 10 T sin 65 1.1NF IlB

  
3. Use Eq. 20-2.   

max

max 2

0.750 N

    

1.95A
4.80m 8.00 10 T

F
F IlB I

lB

  

4. The dip angle is the angle between the Earth’s magnetic field and the current in the wire.  Use Eq. 

20-1 to calculate the force.   

5 o 4
sin 4.5A 1.5m 5.5 10 T sin 38 2.3 10 NF IlB

  

5. Use Eq. 20-2.  The length of wire in the B-field is the same as the diameter of the pole faces.   

max

max

1.28 N

    

0.264T
8.75A 0.555m

F
F IlB B

Il

  

6. To have the maximum force, the current must be perpendicular to the magnetic field, as shown in the 

first diagram.  Use max0.35
FF

l l
 to find the angle between the wire and the magnetic field, 

illustrated in the second diagram.   

1 omax0.35    sin 0.35    sin 0.35 20
FF

IB IB
l l

      

7. (a) By the right hand rule, the magnetic field must be pointing up, and so the top pole face must be  

a  South pole  . 

 

(b) Use Eq. 20-2 to relate the maximum force to the current.  The length of wire in the magnetic  

field is equal to the diameter of the pole faces.    
2

max

max

6.50 10 N

    

4.063A 4.1A
0.100m 0.16T

F
F IlB I

lB

  

(c) Multiply the maximum force by the sine of the angle between the wire and the magnetic field.    

2 o 2

max
sin 6.50 10 N sin80.0 6.40 10 NF F

  

8. The magnetic force must be equal in magnitude to the force of gravity on the wire.  The maximum 

magnetic force is applicable since the wire is perpendicular to the magnetic field.  The mass of the 

wire is the density of copper times the volume of the wire.   
2

B

2
3 3 3 22

5      

2

8.9 10 kg m 1.00 10 m 9.80m s
1400A

4 4 5.0 10 T

d
F mg IlB l g

d g
I

B

 

B

wire
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