Chapter 17 Concept tests.

Q17-1.

A person carefully lowers a book at constant speed a distance h.  
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The work done by the person, done by gravity, and done by the net force on the book are:
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Answer: Person does negative work. Gravity does positive work. The net force (which is zero) does zero work.

Q17-2

A positive test charge +q is carefully moved by some external agent at constant speed a distance x between two capacitor plates in the direction along the electric field.
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The work done by the agent, done by the electric field, and done by the net force are:
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Answer: The work done by the agent is negative.  The work done by the field is positive.  The work done by the net force (which is zero) is zero.

Q17-3

A negative charge -q is moved from position i to position f between the plates of a charged capacitor as shown.   As the test charge -q was moved from i to f, the potential energy (PE) increased or decreased and the voltage (V) at the position of the test charge increased or decreased.


[image: image3]
A)
PE increased and V decreased.

B)
PE decreased and V increased.

C)
PE increased and V increased.

D)
PE decreased and V decreased.

E) 
None of these.



Answer: The PE decreased and the V increased.  PE decreases because the negative charge is moving in the direction it "wants" to go.  Voltage is always higher near positive charge, lower near negative charge.

What would the answer be if the test charge were positive +q?



Answer: The PE would increase (since the positive test charge is being forced to move in the direction it doesn't want to go).  The voltage would still increase (changes in voltage are independent of the test charge).

Q17-4. 

Two test charges are brought separately into the vicinity of a charge +Q.  First, test charge +q is brought to a point a distance r from +Q.  The this charge is removed and test charge -q is brought to the same point.  The potential energy of which test charge is greater?  Assume that PE=0 and V=0 at r=infinity.


[image: image4]
A)  +q

B)  -q

C) Same for both.



Answer: Situation 1 has a positive PE = q V = + kQq/r .      Situation 2 has a negative PE = -kQq/r.  Positive PE is higher than negative PE.

CT17-5

Consider 4 charges +Q, +Q, –Q, and –Q arranged in a square, with points X and Y  located midway between a pair of charges, as shown. 


[image: image5]
At point X, the voltage is..

A) positive
B) negative
C) zero

At point Y, the voltage is..

A) positive
B) negative
C) zero

At point Y, the electric field ...

A) is zero

B) points right
C) points left


D) points up

E) points down



Answers:  At point X, the voltage is zero.  At point Y, the voltage is positive.  At point Y, the E-field points to the right.

Q17-6. 

The equipotential contours around two charges (negative charge 1 and positive charge 2) are shown.  Which charge has larger magnitude |Q|?


[image: image6]
A) Charge 1

B) Charge 2



Answer: Charge 2 has the larger magnitude charge.  Near a point charge the voltage has magnitude |V| = k|Q|/r.   Comparing the |V|=100V contour lines around the two charges, we see that the contour around charge 2 has larger radius r.  For a given |V|, larger r must mean larger |Q|.

Q17-7

An electron is moved at constant speed from position (i) to position (f) near charges 1 and 2.  What is the work required to move the electron from (i) to (f)?
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A) +115 eV


B) More than +115 eV



C) -85 eV


D) -115 eV

E) None of these.



Answer: -115 eV.  The work done by the external agent is negative, because a negative electron is being moved toward a positive charge (in the direction it wants to go).  Wext = (PE = q (V = -e(115V) = - 115 eV

Q17-8.

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: image8]
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.

Hint: The electric field near a single infinite layer of charge is constant and uniform as shown below.  The field does not get smaller as you move further away, because no matter how far you are from the plane, you still see the plane covering half your "sky".
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Answer: I. Zero      II.  Down        III. Zero.

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

Q17-9.

The plates of a parallel plate capacitor are charged with equal and opposite charges +Q and -Q.  The plates are electrically insulated so their charges cannot change. The plates are pulled apart a little bit, so that the separation d of the plates is greater.  

As the plates are pulled apart, the capacitance of the plates...

A) increased       B) decreased           C) stayed the same.

 
[image: image10]
The energy stored in the capacitor...

A) increased       B) decreased           C) stayed the same.

(Hint: Did the person pulling the plates apart do positive work, negative work or no work?)

As the plates were pulled apart, the energy density (energy per volume) = u = (1/2)(oE2 ....

A) increased       B) decreased           C) stayed the same.



Answers: 

Part 1: B) C decreases (since C = (o A/d).    

Part 2: A) The energy U increased [since U = (1/2)Q2/C].  

Part 3: C) The energy density u stayed the same (since the electric field stayed the same.)

Ch17-10.

A parallel-plate capacitor with a dielectric between the plates is charged so that +Q resides on one plate, -Q on the other.  With the plates isolated and the charge Q constant, the dielectric is pulled out from between the plates. The energy stored in the capacitor ...

A) increased

B) decreased

C) stayed the same.


[image: image11]
Hints: Did the electric field between the plates change? Was work done when the dielectric was removed?



Answer: The energy increased.  There are three ways to get this.

Method I: U = (1/2)Q2/C.    Q remained fixed, but C decreased (since C = ((o A/d), so U increased.

Method II: The field between the plates increased when the dielectric slab was removed, so the field energy increased. 

Method III: As the slab was taken out, the fringe field at the edge of the capacitor exerted a force on the induced charges on the dielectric.  This force tends to pull the dielectric back in, so the external agent had to do positive work to pull the dielectric out.  The work done increased the stored electrostatic energy.
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