Chapter 16 Concept tests.

Q16-1.  

Two uniformly charge spheres are attached to frictionless pucks on an air table.  The charge on sphere 2 is three times the charge on sphere 1.  Which force diagram correctly shows the magnitude and direction of the electrostatic forces on the two spheres?


[image: image1]


Answer: The forces are equal in magnitude and opposite in direction, by Newton's Third Law, and by the form of the Coulomb force equation.

Q16-2. 

A charge +Q is fixed in space.  A second charge +q is brought a distance r away.   Then +q charge is removed and another charge +2q is brought a distance 2r away.  Then the +2q charge is removed and a charge +5q is brought a distance 2r away.


[image: image2]
Which charge feels the largest force?

A) +q

B) +2q

C) +5q

D) The two of the charges feel the same size force.



Answer: +5q  The force on the +5q is of magnitude  (5/4) kQq/r2.

Q16-3

Two vectors 
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urur

 are shown.  Consider the vector sum 
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.  What is Cy, the y-component of 
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Answer:  Cy = Ay + By = +1 -3 = -2

Q16-4.

An electric dipole consists of two equal and opposite charges 

(+q and -q) separated by some fixed distance l .   A charge +Q is brought near the dipole and is positioned so that the distances to the +q and the -​q charges are identical as shown below:


[image: image7]
What is the direction of the net electrostatic force on the +Q charge?

[image: image8]



[image: image9]
Q16-5

An electroscope has a net negative charge.  A positively-charged rod is slowly brought near the top electrode of the electroscope.  What happens to the moving parts of the electroscope?


A) they move farther apart

B) they move closer together

C) there is no movement



Answer: B) They move closer together.  As the (+) rod approaches the top of the electroscope, more electrons are attracted to the top of the electroscope, leaving fewer electrons on the bottom parts of the electroscope.  With less net charge on the bottom half of the electroscope, its parts repel each other less strongly.  (Recall that the moving bar on the electroscope is weighted so that gravity tends to pull it vertical.)

Q16-5

An electric dipole (+Q and -Q separated by a distance l ) is placed along the x-axis as shown.  A positive test charge +q  is placed at position A to the right of the dipole.  


[image: image10]
The test charge feels a force that is 

A) zero.

B) to the right.

C) to the left. 

If the test charge q is removed, electric field at position A is 

A) zero.
B) to the right.

C) to the left.

If a negative test charge is placed at A, it feels a force 

A) zero.
B) to the right.

C) to the left.



Answers:   The force on the +q is to the left.  The E-field at A is to the left.  A negative test charge at A feels a force to the right.


[image: image11]
Q16-6.

Two positive charges, each of size +Q, are equal distances from the origin as shown.  What is the direction of the electric field at the point in empty space which forms a square with the two charges and the origin?


[image: image12]

  Answer: B).
Q16-7.

Two charges +Q and -Q are located on the x-axis as shown, what is the magnitude of the electric field at point A?


[image: image13]
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B)   
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C)   Zero


D)   
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E)   None of these.



Answer: A) With vectors along 1-dimension only (the x-axis), we can represent direction with a sign (positive = to the right and negative = to the left)
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Q16-9

Three charges of equal magnitude are arranged as shown.  What is the direction of the Electric field at point P?


[image: image19]


Answer: B) The E-field points upward toward the (-) charge.  The E-fields due to the two (+) charges cancel at point P. 

An electron is fired into the region of the three charges from the lower right as shown.  What is the direction of the acceleration of the electron when it is at point P?


[image: image20]


Answer: The direction of the acceleration of the electron is downward away from the (–) charge.  The acceleration is related to the net force and the E-field by 


a = F/m = (1/m) q E = –(e/m)E. 
(The charge of an electron is q = –e).  So at point P, where the direction of the E-field is straight up (toward the (–) charge) , the direction of the force on an electron at point P is straight down, away from the (–) charge.  The direction of the acceleration has nothing to do with the direction of the velocity.  Correct answer: D.
Q16-10

 Two vectors 
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 are shown.  The magnitudes (A and B)  and the angles  and  with the x-axis are known.

What is the correct expression for the y-component of the sum vector 
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S​y​ = 

A)   A cos  + B cos  

B)   A sin  + B sin  

C)   A sin  – B sin 

D)   A cos  – B sin 

E)    None of these



Answer: Sy = Ay + By =  A sin  – B sin 

Q16-11

A positive point charge is near a bar of metal.  The electric field in the vicinity of the point charge and the bar are shown by the field lines in the figure.

.
[image: image23]
From the figure, what can you say about the net charge on the bar?

A) Qbar = 0


B) Qbar > 0 (the bar has a net positive charge)

C) Qbar < 0 (net negative charge)


D) Not enough information in the figure to answer the question.


Answer: Qbar < 0 (the bar has a net negative charge).  In a field line diagram, a line exits from a certain amount of (+) charge and a line ends on the same amount of (–) charge.  There are 5 lines entering the bar (5 units of negative charge) and only three lines exiting (3 units of positive charges).  So the net charge on the bar is (–5 units + 3 units = –2 units). The physical situation which the diagram corresponds to is a metal bar with a net negative charge near a positive point charge.

From the figure, what can you say about the magnitude of the charge on the bar 
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, compared to the magnitude of the charge Q of the positive point charge?

A) 
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C) 
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Answer: 
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.  In the diagram, there are 8 field lines exiting the charge Q.  So the charge of Q is +8 units of charge.  As explained above, the net charge on the bar is (–5 units + 3 units = –2 units).  The net charge on the bar is –2 units.
Q16-12

A dipole is placed in an external field as shown.   In which situation(s) is the net force on the dipole zero?


[image: image29]
A) (1) only

B) (2) only

C) (1) and (2)

D) (3) and (4)

E) (2) and (4) 

.



Answer: D) (3) and (4)

When the field is uniform [situations (3) and (4)] the net force is zero (but the torque might be non-zero). When the field is non-uniform [situations (1) and (2)], the net force on the dipole is non-zero
Q16-13

Consider two infinite uniform planes of equal and opposite charge (as you might find on a parallel plate capacitor).  The planes are seen edge-on in the diagram below.  In each of the three regions I, II, and III, is the electric field up, down, or zero?


[image: image30]
A
I. Up         II.  Zero          III. Up

B)
I. Up         II.  Down        III. Up. 

C) 
I. Zero      II.  Down        III. Zero.

D)    
I. Up         II.  Down        III. Zero.



Answer: I. Zero      II.  Down        III. Zero.

Above and below the plates, the fields from the two plates exactly cancel.

The key thing to remember is that for an infinitely large plate, the E-field due to the plate does not get smaller as you move away from the plate.


[image: image31]
Q16-14
A metal sphere has a net charge +Q which is spread uniformly over its surface.  How does the magnitude of the electric field at point A inside near the surface compare to the magnitude of the field at point B at the center of the sphere.

A)  EA > EB 

B)  EA < EB 

C)  EA = EB = 0

D)  EA = EB ( 0

E) None of these is correct



Answer: EA = EB = 0.  Everywhere inside a metal in electrostatic equilibrium, the E-field must be zero. Otherwise the electrons would accelerate due to the force from the E-field.

Q16-15
A charge +Q is brought near a block of wood and induces a polarization as shown.  The net force on the block due to the charge Q is 

A) attractive 
B) repulsive
C) zero


[image: image32]


Answer: The net force due to induced polarization is always attractive.  In the case shown here, the attraction between the +Q and the nearby (–) charges is larger than the repulsion between the +Q and the further away (+) charges, so the net force is attractive.
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