Chapter 25

Electric Current and Direct-Current Circuits
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•


	Determine the Concept When current flows, the charges are not in equilibrium. In that case, the electric field provides the force needed for the charge flow.
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	Picture the Problem The resistance of the metal bar varies directly with its length and inversely with its cross-sectional area. Hence, to minimize the resistance of the bar, we should connect to the surface for which the ratio of the length to the contact area is least. 
	[image: image1.jpg]10
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	Picture the Problem The power dissipated in the resistor is given by P = I2R. We 

can express the power dissipated when the current is 3I and, assuming that the 

resistance does not change, express the ratio of the two rates of energy dissipation 

to find the power dissipated when the current is 3I.


	Express the power dissipated in the resistor when the current in it is I:
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	Express the power dissipated in the resistor when the current in it is 3I:
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	Divide the second of these equations by the first to obtain:
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	Picture the Problem Because the potential difference across the two combinations 

of resistors is constant, we can use 
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to relate the power delivered by the 

battery to the equivalent resistance of each combination of resistors.


	Express the power delivered by the battery when the resistors are connected in series:
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	Letting R represent the resistance of the identical resistors, express Req:
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	Substitute to obtain:
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	Express the power delivered by the battery when the resistors are connected in parallel:


	
[image: image11.wmf]eq

2

p

R

V

P

=



	Express the equivalent resistance of the identical resistors connected in parallel:
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	Substitute to obtain:
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	Divide equation (2) by equation (1) to obtain:
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	Solve for and evaluate Pp:
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	Determine the Concept If we apply Kirchhoff’s loop rule with the switch closed, we obtain ( (  IR – VC = 0. Immediately after the switch is closed, I = 0 and we have ( = VC. 
[image: image17.wmf]correct.
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	Determine the Concept All of the current provided by the battery passes through R1, whereas only half this current passes through R2 and R3. Because P = I 2R, the power dissipated in R1 will be four times that dissipated in R2 and R3. 
[image: image18.wmf]correct.
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	Picture the Problem We can solve 
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for the velocity of an electron in the beam and use the relationship between current and drift velocity to find the beam current.

	(a) Express the kinetic energy of the beam:
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	Solve for v:
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	Substitute numerical values and evaluate v:
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	(b) Use the relationship between current and drift velocity (here the velocity of an electron in the beam) to obtain:
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	Express the cross-sectional area of the beam in terms of its diameter D:
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	Substitute to obtain:
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	Substitute numerical values and evaluate I:


	
 EMBED Equation.3  

	Substitute numerical values and evaluate I:
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	Picture the Problem We can use Ohm’s law to express the ratio of  the potential differences across the two wires and 
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to relate the resistances of the wires to their lengths, resistivities, and cross-sectional areas. Once we’ve found the ratio of the potential differences across the wires, we can use 
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to decide which wire has the greater electric field.


	(a) Apply Ohm’s law to express the potential drop across each wire:
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	Divide the first of these equations by the second to express the ratio of the potential drops across the wires:


	[image: image31.wmf]Fe

Cu

Fe

Cu

Fe

Cu

R

R

IR

IR

V

V

=

=

                 (1)

	Relate the resistances of the wires to their resistivity, cross-sectional area, and length:
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	Divide the first of these equations by the second to express the ratio of the resistances of the wires:
	
[image: image34.wmf]Fe

Cu

Fe

Fe

Fe

Cu

Cu

Cu

Fe

Cu

r

r

r

r

=

=

A

L

A

L

R

R


because LCu = LFe and ACu = AFe.



	Substitute in equation (1) to obtain:
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	Substitute numerical values (see Table 2625-1 for the resistivities of copper and iron) and evaluate the ratio of the potential differences:
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	(b) Express the electric field in each conductor in terms of its length and the potential difference across it:
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	Divide the first of these equations by the second to obtain:
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	Because EFe = 5.88ECu:
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	Picture the Problem We can use P = fv to find the power the electric motor must develop to move the car at 80 km/h against a frictional force of 1200 N. We can find the total charge that can be delivered by the 10 batteries using
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. The total electrical energy delivered by the 10 batteries before recharging can be found using the definition of emf. We can find the distance the car can travel from the definition of work and the cost per kilometer of driving the car this distance by dividing the cost of the required energy by the distance the car has traveled.


	(a) Express the power the electric motor must develop in terms of the speed of the car and the friction force:
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	(b) Use the definition of current to express the total charge that can be delivered before charging:
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where N is the number of batteries.



	(c) Use the definition of emf to express the total electrical energy available in the batteries:
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	(d) Relate the amount of work the batteries can do to the work required to overcome friction:
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	Solve for and evaluate d:
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	(e) Express the cost per kilometer as the ratio of the ratio of the cost of the energy to the distance traveled before recharging:
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	Picture the Problem Let I1 be the current delivered by the left battery, I2 the current delivered by the right battery, and I3 the current through the 6-( resistor, directed down. We can apply Kirchhoff’s rules to obtain three equations that we can solve simultaneously for I1, I2, and I3. Knowing the currents in each branch, we can use Ohm’s law to find the potential difference between points a and b and the power delivered by both the sources.


	(a) Apply Kirchhoff’s junction rule at junction a:
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	Apply Kirchhoff’s loop rule to a loop around the outside of the circuit to obtain:
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	Apply Kirchhoff’s loop rule to a loop around the left-hand branch of the circuit to obtain:
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	Solve these equations simultaneously to 

obtain:
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	(b) Apply Ohm’s law to find the 

potential difference between points a and b:
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	(c) Express the power delivered by the 12-V battery in the left-hand branch of the circuit:
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	Express the power delivered by the 12-V battery in the right-hand branch of the circuit:
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	Picture the Problem We can use Kirchhoff’s loop rule (conservation of energy) to find both the initial and steady-state currents drawn from the battery and Ohm’s law to find the maximum voltage across the capacitor.


	(a) Apply Kirchhoff’s loop rule to a loop around the outside of the circuit to obtain:
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	Because the capacitor initially is uncharged:
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	(b) When a long time has passed:
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	Apply Kirchhoff’s loop rule to a loop that includes the source and both resistors to obtain:
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	Solve for and evaluate I(:
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	(c) The maximum voltage across the capacitor equals the potential difference across the 600-k( under steady-state conditions. Apply Ohm’s law to obtain: 
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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:


	
[image: image72.wmf]0

1

1

=

-

-

C

Q

I

R

e

                      (2)

	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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	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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	Substitute numerical values and evaluate I2(t):
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