Physics II
Homework V                                                                                                                  CJ

Chapter 16; 28
Chapter 21; 4, 12, 28, 33, 48, 54, 78

16.28.
Identify: Model the auditory canal as a stopped pipe of length 
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Set Up: Take the highest audible frequency to be 20,000 Hz. 
[image: image5.wmf]344 m/s.
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Execute: 
(a) 
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 This frequency is audible.


(b) For 
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 the highest harmonic which is audible is for 
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Evaluate: For a stopped pipe there are no even harmonics.

21.4.
Identify: Use the mass m of the ring and the atomic mass M of gold to calculate the number of gold atoms. Each atom has 79 protons and an equal number of electrons.


Set Up: 
[image: image12.wmf]23
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Execute: The mass of gold is 17.7 g and the atomic weight of gold is 197 
[image: image13.wmf]gmol.

 So the number of atoms is
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. The number of protons is 
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(b) The number of electrons is 
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Evaluate: The total amount of positive charge in the ring is very large, but there is an equal amount of negative charge.

21.12.
Identify: Apply Coulomb’s law.


Set Up: Like charges repel and unlike charges attract.


Execute: 
(a) 
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(b) 
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Evaluate: The forces between the two charges obey Newton's third law.

21.28.
Identify: Use constant acceleration equations to calculate the upward acceleration a and then apply 
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=

FE

rr

to calculate the electric field.


Set Up: Let +y be upward. An electron has charge 
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=-

.


Execute: 
(a) 
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The force is up, so the electric field must be downward since the electron has negative charge.


(b) The electron’s acceleration is ~
[image: image32.wmf]11
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Evaluate: Since the electric field is uniform, the force it exerts is constant and the electron moves with constant acceleration.

21.33.
Identify: Eq. (21.3) gives the force on the particle in terms of its charge and the electric field between the plates. The force is constant and produces a constant acceleration. The motion is similar to projectile motion; use constant acceleration equations for the horizontal and vertical components of the motion.


(a) Set Up: The motion is sketched in Figure 21.33a.
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	For an electron 
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	Figure 21.33a
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 is upward. The free-body diagram for the electron is given in Figure 21.33b.
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	Execute: 
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	Figure 21.33b
	


Solve the kinematics to find the acceleration of the electron: Just misses upper plate says that 
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In this same time t the electron travels 0.0050 m vertically:

y-component
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(This analysis is very similar to that used in Chapter 3 for projectile motion, except that here the acceleration is upward rather than downward.) This acceleration must be produced by the electric-field force: 
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Note that the acceleration produced by the electric field is much larger than g, the acceleration produced by gravity, so it is perfectly ok to neglect the gravity force on the elctron in this problem.


(b) 
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This is much less than the acceleration of the electron in part (a) so the vertical deflection is less and the 
proton won’t hit the plates. The proton has the same initial speed, so the proton takes the same time 
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 to travel horizontally the length of the plates. The force on the proton is downward (in the 
same direction as 
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 The displacement is 
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(c) Evaluate: The displacements are in opposite directions because the electron has negative charge and the proton has positive charge. The electron and proton have the same magnitude of charge, so the force the electric field exerts has the same magnitude for each charge. But the proton has a mass larger by a factor of 1836 so its acceleration and its vertical displacement are smaller by this factor.

21.48.
Identify: A positive and negative charge, of equal magnitude q, are on the x-axis, a distance a from the origin. Apply Eq.(21.7) to calculate the field due to each charge and then calculate the vector sum of these fields.


Set Up: 
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 due to a point charge is directed away from the charge if it is positive and directed toward the charge if it is negative.


Execute: 
(a) Halfway between the charges, both fields are in the 
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(b) 
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Evaluate: At points on the x axis and between the charges, 
[image: image69.wmf]x

E

 is in the 
[image: image70.wmf]-direction

x

-

because the fields from both charges are in this direction. For 
[image: image71.wmf]xa

<-

and 
[image: image72.wmf]xa

>+

, the fields from the two charges are in opposite directions and the field from the closer charge is larger in magnitude.
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Figure 21.48

21.54.
(a) Identify: The field is caused by a finite uniformly charged wire.


Set Up: The field for such a wire a distance x from its midpoint is 
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Execute: E = 
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(b) Identify: The field is caused by a uniformly charged circular wire.


Set Up: The field for such a wire a distance x from its midpoint is 
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Execute: Solving for r gives r = l/2π = (8.50 cm)/2π = 1.353 cm

The charge on this circle is Q = (l = (175 nC/m)(0.0850 m) = 14.88 nC

The electric field is
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E = 3.45 ( 104 N/C, upward.

Evaluate: In both cases, the fields are of the same order of magnitude, but the values are different because the charge has been bent into different shapes.

21.78.
Identify: For the acceleration (and hence the force) on Q to be upward, as indicated, the forces due to q1 and q2 must have equal strengths, so q1 and q2 must have equal magnitudes. Furthermore, for the force to be upward, q1 must be positive and q2 must be negative.


Set Up: Since we know the acceleration of Q, Newton’s second law gives us the magnitude of the force on it. We can then add the force components using 
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Execute: First find the net force: F = ma = (0.00500 kg)(324 m/s2) = 1.62 N. Now add the force 
components, calling ( the angle between the line connecting q1 and q2 and the line connecting q1 and Q. 
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 = 1.08 N. Now find the charges by solving for q1 in Coulomb’s law and use the fact that q1 and q2 have equal magnitudes but opposite signs. 
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Evaluate: Simple reasoning allows us first to conclude that q1 and q2 must have equal magnitudes but opposite signs, which makes the equations much easier to set up than if we had tried to solve the problem in the general case. As Q accelerates and hence moves upward, the magnitude of the acceleration vector will change in a complicated way.
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