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Homework Chapter 30: Induction and Inductance 
 

30.03 In Fig. 30-34, a 120-turn coil of radius 1.8 cm and resistance 5.3 Ω is coaxial  

with a solenoid of 220 turns/cm and diameter 3.2 cm. The solenoid current  

drops from 1.5 A to zero in time interval ∆t = 25 ms. What current is induced  

in the coil during ∆t? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30.09 A small loop of area 6.8 mm2 is placed inside a long solenoid that has 854 turns/cm and carries a sinusoidally 

varying current i of amplitude 1.28 A and angular frequency 212 rad/s. The central axes of the loop and solenoid 

coincide. What is the amplitude of the emf induced in the loop? 

 

 

 

 

 

 

 

 

  

Use the solenoid radius because the field  

outside of it is zero and contributes no  

change in flux through the coil.   
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30.11 A rectangular coil of N turns and of length a and width b is rotated at frequency f in a uniform magnetic field ,B  as 

indicated in Fig. 30-40. The coil is connected to co-rotating cylinders, against which metal brushes slide to make 

contact. (a) Show that the emf induced in the coil is given (as a function of time t) by 

ℰ = 2πfNabB sin(2πft) = ℰ0 sin(2πft). 

This is the principle of the commercial alternating-current generator. (b) What value of Nab gives an emf with  

ℰ0 = 150 V when the loop is rotated at 60.0 rev/s in a uniform magnetic field of 0.500 T? 
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30.17 A small circular loop of area 2.00 cm2 is placed in the plane of, and concentric with, a large circular loop of radius 

1.00 m. The current in the large loop is changed at a constant rate from 200 A to −200 A (a change in direction) in a 

time of 1.00 s, starting at t = 0. What is the magnitude of the magnetic field B at the center of the small loop due to 

the current in the large loop at (a) t = 0, (b) t = 0.500 s, and (c) t = 1.00 s? (d) From t = 0 to t = 1.00 s, is B reversed? 

Because the inner loop is small, assume B is uniform over its area. (e) What emf is induced in the small loop at  

t = 0.500 s? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30.29 In Fig. 30-52, a metal rod is forced to move with constant velocity v  along two  

parallel metal rails, connected with a strip of metal at one end. A magnetic field  

of magnitude B = 0.350 T points out of the page. (a) If the rails are separated by  

L = 25.0 cm and the speed of the rod is 55.0 cm/s, what emf is generated?  

(b) If the rod has a resistance of 18.0 Ω and the rails and connector have negligible  

resistance, what is the current in the rod? (c) At what rate is energy being  

transferred to thermal energy? 
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30.34 In Fig. 30-55, a long rectangular conducting loop, of width L, resistance R,  

and mass m, is hung in a horizontal, uniform magnetic field B that is directed  

into the page and that exists only above line aa. The loop is then dropped;  

during its fall, it accelerates until it reaches a certain terminal speed vt. Ignoring  

air drag, find an expression for vt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30.40 The inductance of a closely packed coil of 400 turns is 8.0 mH. Calculate the magnetic flux through the coil when 

the current is 5.0 mA. 
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What is shown below is the flux 

through each turn of the coil. 

 

 

 

The total flux through the coil  

would be this value multiplied by N: 

NΦB = (400)(1.0×10−7 Wb) = 

        =  4.0×10−5 Wb = 40 μWb 
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30.45 At a given instant the current and self-induced emf in an inductor are directed as indicated  

in Fig. 30-59. (a) Is the current increasing or decreasing? (b) The induced emf is 17 V, and  

the rate of change of the current is 25 kA/s; find the inductance. 

 

 

 

 

 

 

 

 

 

 
 

 

30.53 A solenoid having an inductance of 6.30 µH is connected in series with a 1.20 kΩ resistor. (a) If a 14.0 V battery is 

connected across the pair, how long will it take for the current through the resistor to reach 80.0% of its final value? 

(b) What is the current through the resistor at time t = 1.0τL? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

supposed to be 25 kA/s. The displayed answer is correct. 

                       0.80i0 = 9.33 mA 
             (1−e−1)i0 = 0.632 i0 = 7.37 mA 

 

 

 

 

1.609τL 
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30.64 At t = 0, a battery is connected to a series arrangement of a resistor and an inductor. At what multiple of the 

inductive time constant will the energy stored in the inductor’s magnetic field be 0.500 its steady-state value? 

 

 

 

 

 

 

 

 

 

 

 

 
30.67 A solenoid that is 85.0 cm long has a cross-sectional area of 17.0 cm2. There are 950 turns of wire carrying a current 

of 6.60 A. (a) Calculate the energy density of the magnetic field inside the solenoid. (b) Find the total energy stored 

in the magnetic field there (neglect end effects). 
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30.83 Switch S in Fig. 30-63 is closed at time t = 0, initiating the buildup of current in the  

15.0 mH inductor and the 20.0 Ω resistor. At what time is the emf across the inductor  

equal to the potential difference across the resistor? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The solution manual sets the voltage  across the resistor equal to half the emf 

and works from there. Alternatively, we could set the inductor and resistor voltages 

equal to each other and work fro
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