Chapter 25

Electric Current and Direct-Current Circuits
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	Picture the Problem Let R1 = 200 (, R2 = 600 (, I1 and I2 their currents, and I3 the current into the capacitor. We can apply Kirchhoff’s loop rule to find the initial battery current I0 and the battery current I( a long time after the switch is closed. In part (c) we can apply both the loop and junction rules to obtain equations that we can use to obtain a linear differential equation with constant coefficients describing the current in the 600-( resistor as a function of time. We can solve this differential equation by assuming a solution of a given form, differentiating this assumed solution and substituting it and its derivative in the differential equation. Equating coefficients, requiring the solution to hold for all values of the assumed constants, and invoking an initial condition will allow us to find the constants in the assumed solution.


	(a) Apply Kirchhoff’s loop rule to the circuit at the instant the switch is closed:
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	Because the capacitor is initially uncharged:
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	Solve for and evaluate I0:
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	(b) Apply Kirchhoff’s loop rule to the circuit after a long time has passed:
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	Solve for I( to obtain:
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	(c) Apply the junction rule at the junction between the 200-( resistor and the capacitor to obtain:
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	Apply the loop rule to the loop containing the source, the 200-( resistor and the capacitor to obtain:
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	Apply the loop rule to the loop containing the 600-( resistor and the capacitor to obtain:
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	Differentiate equation (2) with respect to time to obtain:
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or


[image: image10.wmf]3

1

1

1

I

C

dt

dI

R

-

=

                          (4)



	Differentiate equation (3) with respect to time to obtain:
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	Using equation (1), substitute for I3 in equation (5) to obtain:
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	Solve equation (2) for I1:
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	Substitute for I1 in equation (6) and simplify to obtain the differential equation for I2:
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	To solve this linear differential equation with constant coefficients we can assume a solution of the form:
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	Differentiate I2(t) with respect to time to obtain:
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	Substitute for I2 and dI2/dt to obtain:
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	Equate coefficients of 
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	Requiring the equation to hold for all values of a yields:
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	If I2 is to be zero when t = 0:
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	Substitute in equation (7) to obtain:
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where 
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	Substitute numerical values and evaluate I2(t):
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Chapter 28

Magnetic Induction

*6
•


	Determine the Concept The magnetic energy stored in an inductor is given by 
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	Picture the Problem Because the speed of the rod is constant, an external force must act on the rod to counter the magnetic force acting on the induced current. We can use the motional-emf equation 
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to evaluate the induced emf, Ohm’s law to find the current in the circuit, Newton’s 2nd law to find the force needed to move the rod with constant velocity, and P = Fv to find the power input by the force. 


	(a) Relate the induced emf in the circuit to the speed of the rod, the magnetic field, and the length of the rod:
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	(b) Using Ohm’s law, relate the current in the circuit to the induced emf and the resistance of the circuit:
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Note that, because the rod is moving to the right, the flux in the region defined by the rod, the rails, and the resistor is increasing. Hence, in accord with Lenz’s law, the current must be counterclockwise if its magnetic field is to counter this increase in flux.


	(c) Because the rod is moving with constant velocity, the net force acting on it must be zero. Apply Newton’s 2nd law to relate F to the magnetic force Fm:
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	(d) Express the power input by the force in terms of the force and the velocity of the rod:


	
[image: image34.wmf](

)

(

)

W

1.28

m/s

10

N

0.128

=

=

=

Fv

P




	(e) The rate of Joule heat production is given by:
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	Picture the Problem We can use 
[image: image36.wmf]nI
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to find the magnetic field on the axis at the center of the solenoid and the definition of magnetic flux to evaluate (m. We can use the definition of magnetic flux in terms of L and I to find the self-inductance of the solenoid. Finally, we can use Faraday’s law to find the induced emf in the solenoid when the current changes at 150 A/s.


	(a) Apply the expression for B inside a long solenoid to express and evaluate B:
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	(b) Apply the definition of magnetic flux to obtain:
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	(c) Relate the self-inductance of the solenoid to the magnetic flux through it and its current: 
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	(d) Apply Faraday’s law to obtain:
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	Picture the Problem If the current is initially zero in an LR circuit, its value at some later time t is given by 
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, where If = (0/R and (  = L/R is the time constant for the circuit. We can find the rate of increase of the current by differentiating I with respect to time and the time for the current to reach any given fraction of its initial value by solving for t.


	(a) Express the current in the circuit as a function of time:
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	Express the initial rate of increase of the current by differentiating this expression with respect to time:
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	Evaluate dI/dt at t = 0 to obtain:
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	(b) When I = 0.5If:
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	Evaluate dI/dt with 
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	(c) Calculate If from ( and R:
	
[image: image49.wmf]80.0mA

Ω

150

V

12

0

f

=

=

=

R

I

e




	(d) When I = 0.99If:
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	Solve for and evaluate t:
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