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: image151.jpg]



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

Q16-3

Two vectors 
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 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]
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: image9]
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:  Part 1: C) The force on the +q is to the left.

[image: image10]
Part 2: C) The E-field at A is to the left.  

Part 3: B) A negative test charge at A feels a force to the right.

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: image11]
Answer: 


[image: image12]
 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?
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A)   
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B)   
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C)   Zero


D)   
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E)   None of these.

Answer:  A) Magnitude is the size of the E-field.  Magnitude is positive, by definition.


[image: image17]
Chapter 17 Concept tests.

Q17-1.

A person carefully lowers a book at constant speed a distance h.  


[image: image18]
The work done by the person, done by gravity, and done by the net force on the book are:

person
gravity
net force
A)

+

–

+
B)

–

+

–
C)

–

+

0
D)

+

–

0
E): None of these.
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 on the book are:

agent

field

net force
A)

+

–

+
B)

–

+

–
C)

–

+

0
D)

+

–

0
E) 

 None of these.
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: image20]
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.

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

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: image21]
A)  +q

B)  -q

C) Same for both.

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: image22]
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

Q17-6. 

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


[image: image23]
A) Charge 1

B) Charge 2

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)?


[image: image24]
A) +115 eV


B) More than +115 eV



C) -85 eV


D) -115 eV

E) None of these.

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: image25]
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".


[image: image26]
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: image27]
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.

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: image28]
Hints: Did the electric field between the plates change? Was work done when the dielectric was removed?

CTR- AUTONUM  \* Arabic 
The instructor goes crazy and grabs the terminals of a fully-charged 12V battery.  He will ..

A) immediately be killed.

B)  not be killed, but he will start hollering because it really hurts.

C) not feel anything.  This action is harmless.

CTR- AUTONUM  \* Arabic   Which graph of voltage vs. current shows the behavior of an "ohmic" resistor (a resistor obeying Ohm's Law).


[image: image29]
CTR- AUTONUM  \* Arabic 
Two cylindrical resistors are made of the same material (same resistivity ().  Resistor 2 is twice as long and has twice the diameter of resistor 1.  What is the ratio 
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 (The arrow shows the direction of current flow.)



A) 2


B) 4

C) 1/2

D) 1/4

E) 1
CTR- AUTONUM  \* Arabic 
A battery with emf or voltage V is attached to a resistor of resistance R.  The circuit diagram is shown below.  The point A is at zero volts.


[image: image31]
The correct voltages at the points B, C, and D are:

A) 
VB = 0V,  VC = 5V,  VD = 0V.

B)
VB = 5V,  VC < 5V,  VD  >  0V.

C)
VB = 5V,  VC < 5V,  VD = 0V.

D)
VB = 5V,  VC = 5V,  VD = 0V.

E) 
None of these.

CTR- AUTONUM  \* Arabic 
A light bulb is attached to a battery with constant voltage V.  The light filament has resistance R.  The circuit diagram is shown below.  When the light bulb is first turned on by attaching to the battery, the filament heats rapidly, and as it heats, its resistance R increases (due to increased scattering of electrons by thermal vibrations).


[image: image32]
As the light bulb filament heats up, the current I in the filament ...

A) increases 
B) decreases

C) stays the same.

CTR- AUTONUM  \* Arabic 
What is the correct way to connect the battery to the lightbulb to make it light up?


[image: image33]
CTR- AUTONUM  \* Arabic 
A 60W light bulb and a 100W light bulb each has a filament with a certain resistance (when the bulb is on and hot).   How do the resistances of the filaments compare?

A)  R60W = R100W.

B) R60W > R100W

​
C) R60W < R100W
D) Impossible to tell without further information.

Hint: P = V2/R

CTR- AUTONUM  \* Arabic 
Please answer now.

The voltage provided by your household wall sockets is....

A) AC voltage

B) DC voltage

C) Depends on the appliance which you plug into the socket.

CTR- AUTONUM  \* Arabic 
Two light bulbs, A and B, are in series, so they carry the same current.  Light bulb A is brighter than B.  Which bulb has higher resistance? (HINT: brighter means more power.)

A)  A

B)  B

C)  Same resistance.


[image: image34]
Answer: B has lower resistance; A has higher resistance.  Both bulbs have the same current I.  According to P = I2R, if the currents are the same, the bulb with the larger R will have the larger power P.
Chapter 19 Concept Tests.

CT19-1.

Vote TRUE(D) if both statements below are always true.   Otherwise, vote FALSE(E). 

TRUE (D) or FALSE(E) ?

· For resistors in series, the current through each resistor is the same.

· For resistors in parallel, the voltage across each resistor is the same.

NOTE! Vote "D" or "E",  NOT A or B.  

Ch19-2.

A 1( resistor is placed in parallel with a 10,000 ( resistor as shown.


[image: image35]
The total, equivalent resistance of these two resistor in parallel is closest to...

A)  a little less than 1(

B)  a little more than 1(.

C)  5000 (



D)  a little less than 10000(
E)  a little more than 10000(
Answer: a little less than 1(.  You could use the formula 
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.  Or, just think:   1( is a very low resistance compared to 10000(, so almost all the current will flow through the 1( resistor, the circuit will behave almost as if the 10000( resistor is not present, and the equivalent resistance is close to 1(.  The question is:  is the equivalent resistance a little less or a little greater than 1(.  Adding the 10000( resistor in parallel provides another current path of the flow of charge.  More flow means lower resistance.

Q19-3

The circuit below consists of a battery attached to two resistors in series.  Resistor R1 is variable.   

When R​1 is decreased, the voltage V2 across R2 ...

A)  increases

B)  decreases

C)  stays the same.


[image: image38]
Answer: A) increases.  This is easiest to see if you let R1 go all the way to zero!    Kirchhoff's 2nd Law says that the battery voltage V=V1+V2.  The voltage drop is split between resistors 1 and 2.  So V2 is smaller than the battery voltage V.  But if R1=0, then the full battery voltage V is across R2.  V2 increased as R1 goes down.

Q19-4.

Two resistors R1 and R2 are hooked to a battery in parallel.  R1 is twice as large as R2.   How does the current IB from the battery compare to the current I1 though R1?    (Hint: IB = I1+ I2.)


[image: image39]
A)    IB = I1

B)  IB=2I1

C)  IB=3I1
D)  IB=4I1

E)  None of these.

Answer: C).  The voltage across R1 is the same as the voltage across R2, but R1 is twice as large as R2 so I1 is half the size of I2 (since I=V/R, same V, R twice as big means I half as large.)  So if I1 = 1A, I2  would be 2A, and I​tot=IB = I1 + I2 = 1A + 2A = 3A, which is three times as large as IB.   IB=3I1.
 Q19-5.

The four light bulbs shown are identical.  Which circuit puts out more light?  (Hint: more power = more light).


[image: image40]
                  (A)


                                      (B)

(C) They both put out the same amount of light.

Answer: The total equivalent resistance which the battery in the (A) circuit sees is R/2 (two resistors, each of resistance R in parallel) The total equivalent resistance which the battery in the (B) circuit sees is 2R (two resistors in series).  The total power coming from the battery is 
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.    Smaller Rtot (with fixed V) results in a larger power P.   So (A) puts out more light.
Q19-6.

In the circuit below, what happens to the brightness of bulb 1, when bulb 2 burns out?   (When a bulb burns out, its resistance becomes infinite.)


A) Bulb 1 gets brighter

B) Bulb 1 gets dimmer.

C)  Its brightness remains the same.

(Hint: What happens to the current from the battery when bulb 2 burns out.)

Answer: When bulb 2 burns outs, the filament inside breaks and R2 becomes infinitely large.  The total equivalent resistance which the battery sees increases (since bulb 2 is gone, there are fewer paths for the current flow, so less flow, more total resistance.)  Since the battery sees a larger R​tot, the current from the battery I​tot = V/Rtot is reduced.  Less current from the battery means less current through bulb 1, less light.  Bulb 1 gets dimmer, thus B).
Q19-7.

The three light bulbs A, B, and C are identical.  How does the brightness of bulbs B and C together compare with the brightness of bulb A?

[image: image1]
A)  Total power in B+C = power in A.

B)  Total power in B+C > power in A.

C)  Total power in B+C < power in A.

Answer: 

If each light bulb has the same resistance R, the series resistance of B and C is 2R.  Power P=V2/R.      Larger total resistance for the B/C pair means less power. Total power in B+C < power in A, therefore the correct answer is C).

CT19-8

If you wanted to measure the[image: image145.bmp] current through the battery, where in the circuit would you place an ammeter?

(A), (B), (C), (D), or 

(E) None of these will work.

If you wanted to measure the current through resistor R2, where would you place and ammeter?

(A), (B), (C), (D), or 

(E) None of these will work.

Answer:

Use location A), since all of the current that is going through the battery is also running through this point.  You wouldn’t want to use D) because it is the set up for measuring the voltage across the battery, B) and C) have only part of the total current running through them.

Answer:

For the current running through R2, use location B).  Only the current going through R2 runs though this point.  A) is the current through R1 and is the total current.  C) is the current through R3 only.

Q19-9.

A circuit with two batteries is shown below.  The directions of the currents have been chosen (guessed) as shown.

Which is the correct current equation for this circuit?

A) I2 = I1 + I3 

B) I1 = I2 + I3

C) I3 = I1 + I2

E)  None of these.


[image: image42]
Answer: C), I3 = I1 + I2.   Consider the upper junction (marked with a dot).  The current into the junction is I3 (current arrow pointing towards the junction means current into the junction).  The current out of the junction is I1+I2.  Kirchhoff's 2nd law says total current in equals total current out. 

You get exactly the same answer if you consider the lower junction.

CT19-10.  Which equation below is the correct equation for Loop 1?

A)  –V2 + I1R1 – I2R2 = 0

B) V2 + I1R1 – I2R2 = 0

C)   –V2 – I1R1 + I2R2 = 0

D) V2 + I1R1 + I2R2 = 0

E) None of these.


[image: image43]
Answer: As we move around loop 1, we go through the battery from the (+) to the (-) side,  a voltage drop so the voltage change is -V2.  Then we go through R1 from the low V side to the high V side (since we are moving against the current flow I​​​1): a voltage rise so the change is +I1R1.  Finally, we go through R2​, in the same direction as the current I​2, so we have a voltage drop and a change of -I2R2.  The total change as we moved around the loop must be zero, since we finished at the point where we started. -V2 + I1R1 - I2R2 = 0.  Therefore the answer is C).
Q19-11

A capacitor in an RC circuit is initially charged up to a voltage of 10V and is then discharged through an R=10( resistor as shown.  The switch is closed at time t=0.  


[image: image44]
What is the current through the resistor, immediately after the switch is closed, at time t = 0.0+ s?

A) 1A

B) 0.5A 
C) 1/e A = 0.37A

D) None of these.

What is the time constant for this circuit?  

A) 0.01 s
B) 0.1 s 
C) 1 s

D) 10 s
D) None of these.

What is the current through the resistor at time t = 0.2 s?

A) 1A

B) 0.5A 
C) 1/e A = 0.37A

 D) None of these.

Answer: The time constant for this circuit is RC=10( 0.010F = 0.10 sec.  So at time t=0.2 sec, two time constants have passed.  After one time constant, the voltage, charge, and current have all decreased by a factor of e.  After two time constants, everything has fallen by e2.  The initial current is 1A. So after two time constants, the current is 1/e2 A = 0.135A.  None of these.

Therefore:  
A)
B)
D)

Q19-12.

An RC circuit is shown below.  Initially the switch is open and the capacitor has no charge.  At time t=0, the switch is closed.  What is the voltage across the capacitor immediately after the switch is closed (time = 0+)?


[image: image45]
A) Zero

B) 10 V

C) 5V

D) None of these.

What is the voltage across the resistor on the far right (in parallel with the capacitor) at time = 0+?

A) Zero

B) 10 V

C) 5V

D) None of these.

What is the initial current "through" the capacitor (immediately after the switch is closed) ?

A) 1A


B)  zero
C) 0.5A
D)  None of these.

A long time after the switch has been closed, what is the voltage across the capacitor?

A)  5V

B)  10 V

C)  zero
D)  None of these.

Answer: A) zero.  Before the switch is closed, the charge Q on the capacitor is zero and the voltage across the capacitor = V = Q/C = 0.  Right after the switch is closed, the charge has not had time to build up on the capacitor and the charge and voltage are still zero.

Answer: A) zero.  The capacitor and the resistor on the right are in parallel and therefore have the same voltage drop across them.  Since the capacitor is acting like a wire there is no voltage drop across it, which is the same for the resistor on the right.  

Answer: A), 1A.  Initially, when the capacitor has zero charge, it behaves like a short-circuit (zero resistance) because it is easy to put charge on an uncharged capacitor.  The circuit is then, effectively...


[image: image46]
The capacitor acting like a zero resistance wire which all the current flows through (initially).   The other resistor is not involved in the (initial) current flow.

Answer: A) 5V.  After a long time, the capacitor becomes fully charged, and current stops flowing through it.  When this happens it behaves like an infinite resistor, and the circuit is effectively..


[image: image47]
As far as current flow is concerned, the capacitor is gone.  The voltage across the capacitor is the same as the voltage on the right, since they are in parallel.  The voltage across each resistor is 5V.  Same R's, same I in each, so the voltage across each must be the same and they must add up to 10V.

Chapter 20 Concept Tests.

Reading Quiz:

Pick the answer which is most nearly correct.

Magnetic fields are caused by...

A) stationary electric charges.

B) magnetic monopoles.

C) moving charges (currents) .

D) particles with both mass and charge.

E) None of these is correct.

Answer: C). 

Q20-1

A negative particle and a positive particle are moving with certain velocities in a constant, uniform magnetic field 
[image: image48.wmf]r

B

, as shown.  The direction of the B-field is to the right.  The (+) particle is moving directly left; the (–) particle is moving directly up.


[image: image49]
The forces on the two particles are (in = into page,  out = out of page).

A) 
+ in

– zero

B)
+ out

– in

C) 
+ zero

– out

D)
+ zero

– in

E) 
None of these.

Answer: C).

The (+) particle is moving anti-parallel to the B-field.  The angle ( is 180 and the force is FB=qvB sin( = 0.

The (-) particle is moving at right angles to the field.  By the right-hand rule, the direction of the force is out of the page.

Q20-2

A positive particle is released from rest in a region of space where there  is constant, uniform, electric field 
[image: image50.wmf]r

E

, and a constant, uniform magnetic field 
[image: image51.wmf]r

B

.  The electric field points up and the magnetic field points out of the page in the diagram below. Which path will the positive particle follow?

[image: image146.wmf]
[image: image52]
The work done by the magnetic field on the particle is..

A) positive
B) negative 
C) Zero.
Answer: The (+) particle will feel a force FE = qE due to the E-field along the direction of the E-field.  As it starts moving along the E-field direction, it will acquire a velocity, and it will start to feel a force FB=qvB, due to the B-field.  The direction of the force is to the right, by the right-hand-rule. Answer: C). The magnetic field does no work since the force is perpendicular to the motion.  Answer: C).

Q20-3
[image: image53.wmf]
A magnetic compass is placed at the points A, B, and C near an electric circuit which has the following twisty shape:


[image: image54]
The deflection of the compass needle is a measure of the strength of the magnetic field.  The relative deflection of the needle n order from biggest to smallest deflection is..

A) ABC

B)  CAB

C)  BCA

D)  ACB

E)  None of these.

Answer: The correct order is CAB.  Big currents make big magnetic fields.  Near C there are two currents in the same direction which are effectively one big current.  Near B, there are two equal currents going in opposite directions, which if they were right on top of each other would give a net current of zero.  Point A is the middle case.

Q20-4

A rectangular loop of wire is carrying a current i in the clockwise direction and is near a long straight wire carrying a current I, as shown.  What is the direction of the net force on the rectangular loop, due to the B-field from the long, straight wire.


[image: image55]
Answer: The direction of the net force is up.  The B-field created by the long straight wire is into the page at the location of the loop (by Right Hand Rule II).  The upper portion of the loop feels an upward force and the bottom portion of the loop feels a downward force (by the Right hand rule).  But the field is larger at the top potion of the loop because the B-field is larger closer to the straight wire.  So the upward force on the upper wire in the loop is larger than the downward force on the lower wire.

Another way to see the answer:  Parallel currents attract and anti-parallel currents repel.  So the upper portion of the loop feels an upward force and the bottom portion of the loop feels a downward force.  But the upper portion is closer to the straight wire, so there is a bigger field, a bigger force.

 Q20-5

A square loop of wire carrying a current I, is in a constant uniform magnetic field B.  The magnetic field is perpendicular to the plane of the loop. The loop can rotate freely about the axis.


[image: image56]
The loop tends to rotate so that the near edge moves.. 

A) to the right

B)  to the left

C) The net torque on the loop is zero, so it does not tend to move.

Answer: Since from above the situation is as shown below.  The direction of the forces are from the Right hand rule.  The net torque is zero; there is no tendency to rotate. The net torque is zero.

Q20-6

4 parallel wires each carry a current I.  3 of the wires carry current out the page, 1 carries current into the page, as shown.  What is the direction of the B-field at the center of the square?


[image: image57]
Answer: B). 

Q20-7

A permanent bar magnet is broken in half.  The two pieces are interchanged, keeping their orientations fixed, as shown below.  Do the pieces attract or repel?

[image: image147.bmp]
A)  Attract

B)  Repel

C) No force at all.

Answer: The bar magnet can be thought of as a solenoid of current. Parallel currents attract. When the magnet is broken and rearranged, the currents on the ends are parallel so there is an attraction. They attract.  Answer: A).

(In the diagram, below we choose the right end to be North.  If we had chosen the right end to be South, all the currents would be reversed, but the end currents would still be parallel.

[image: image148.bmp]
Q20-8

A proton (charge q = +e), moving to the right with an initial speed v, passes into a region where there is a vertical electric field pointing down and a horizontal magnetic field pointing into the page.  Is it possible that the forces from the E- and B-fields cancel and the proton moves straight through undeflected.  (Ignore gravity in this problem.)

B) Yes, the forces can cancel and the particle moves straight through

C) No, the forces cannot perfectly cancel; the particle path will be bent.
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The E- and B-fields of the velocity selector are adjusted so that protons with a certain speed v pass through undeflected.  Now electrons with the same speed are shot into the velocity selector (with same E- and B-fields as before).  Do the electrons also pass through undeflected?

B) Yes, the electrons go straight through

C) No, the electrons are bent

Answer: B).  The forces from the E and the B field still cancel.  This time they are in the opposite direction, because the charge of the electron is negative.

Q20-9.

A row of positive charges sites stationary on the ground.  A person with a gauss-meter(which measures the magnetic field) is running to the right along the row of charges, at the same height as the charges and in front of them (in the diagram below).  What is the direction of the B-field which the observer measures?


[image: image61]
Answer: From the person's point of view, the person's reference frame, the person is at rest and the (+) charges are moving to the left, so there is a current to the left.  The B-field produced at the person's position is up.


[image: image62]
Q20-8.

A loop of wire is brought near a long straight wire carrying a current I.  The direction of the current induced in the loop is..


[image: image63]
A: Clockwise


B: Counter-clockwise

C: Not enough information to tell.

Answer: B).  F = q(v x B).  v is up and B is into the page.  With the right hand rule, the force on the charges in the loop of wire is left, making a counter-clockwise current.

Chapter 21 Concept Tests.

Q21-1

In which situation is the magnetic flux through the loop the smallest?

(A) Don't vote A! A-buttons are unreliable.


[image: image64]
Q21-2.

A loop of wire is sitting in a uniform, constant magnet field. Suddenly, the loop is bent into a smaller area loop.  During the bending of the loop, the induced current in the loop is ...

B) zero

C) clockwise

D) counterclockwise


[image: image65]
Hey! Don't vote A!

Answer: The flux is decreasing as the loop area decreases.  To fight the decrease, we want the induced B to add to the original B. By the right hand rule (version II) , a clockwise induced current will make an induced B into the page, adding to the original B. Clockwise.
Q21-3.

A bar  magnet is  positioned below a horizontal loop of wire with its North pole pointing toward the loop.  Then the magnet is pulled down, away from the loop.  As viewed from above, is the induced current in the loop clockwise or counterclockwise?


[image: image66]
Answer: The B-field from a bar magnet points out of the North pole.  As seen from above, the field through the loop is out (toward the observer).  As the magnet is pulled away, the flux is decreasing.  To fight the decrease, the induced B-field should add to the original B-field.   


[image: image67]
Q21-4.

A square loop is rotating in a fixed, external magnetic field into the page.  At the instant shown, the loop is out of the plane of the page with left side of the loop above the page and coming out of the page, the right side in going in.  The induced current is ...


[image: image68]
Answer: At the moment shown, the flux through the loop is decreasing (since the amount of B-field "threading" the loop is decreasing.) To fight the decrease, the induced field should add to the original field.  Therefore, C).

Q21-5.

A loop of wire is brought near a long straight wire carrying a current I.  The direction of the current induced in the loop is..


[image: image69]
B)  Clockwise


C) Counter-clockwise

D) Not enough information to tell.

CT21-6. A wire loop, moving right, enters a region where there is a constant, uniform magnetic field pointing into the page.


[image: image70]
As the loop enters the B-field, the current induced in the loop is ...

B) CW

C) CCW

As the loop enters the B-field, the direction of the net force on the loop is ...

B) right (

C) (

D) up (
E) (down

Q21-7.

A loop of wire is near a long straight wire which is carrying a large current I, which is decreasing.  The loop and the straight wire are in the same plane and are positioned as shown.  The current induced in the loop is 

B)  counter-clockwise

C)  clockwise

D)  zero.

HEY! Don't vote A!


[image: image71]
Answer: CCW.  At the position of the loop, the B-field created by the long wire is into the page.  The flux is decreasing, so Lenz's law says the induced B-field is into the page, to add to the original flux, and fight the decrease.  Right-hand-rule III says to make B in loop point into page need a clockwise induced current.
 Q21-8.

A transformer is connected to a battery as shown. The voltage difference across the resistor R is ...

B)  V N2/N1

C) V N1/N2

D) V

E) zero.

A) not enough information to answer.


[image: image72]
Answer: It's a trick question!  Transformers only work with AC voltages.  The DC voltage V from the battery produces a DC current in the primary coil, but produces no voltage of any kind in the secondary coil.  Transformers work because of Faraday's Law: the changing flux produced by the AC current in the primary coil produces an emf in the secondary coil.  If the flux is not changing, there is no emf. The answer is Zero!!

Q21-9.

The primary coil of a transformer is connected to a battery, a resistor, and a switch.  The secondary coil is connected to an ammeter.  When the switch is thrown closed, the ammeter shows..

B)   a zero current 

C)  a non-zero current for a brief instant

D)  a steady non-zero current.


[image: image73]
Answer: There is a non-zero current briefly as the switch is closed but then there is no current.  As the switch is closed, the current in the primary changes from zero to some non-zero value.  While the current is changing, there is a changing B-field and a changing flux which causes an emf in the secondary and a current flow in the secondary.

CT21-10.

An electrical engineer at a power plant wants to reduce the energy wasted during power transmission from the plant to the city.   The power output Po=IV of the plant is fixed at 100MW.  The engineer decides to double voltage V.   By what factor does the power lost in the cable (Plost=I2Rcable) decrease?  (Hint: if P=IV is fixed, when V goes up, I goes down.)


[image: image74]
B) No decrease

C) factor of 2 decrease

D) factor of 4 decrease
E) factor of 8 decrease

CT21-10

Two loop of wires labeled A and B are placed near each other as shown.  A large current I in loop A is suddenly turned on.  This causes an induced current in loop B, which causes ...

[image: image150.bmp]
B) a net repulsive force - the two loops repel

C) a net attractive force - the two loops attract

D) whether the force is attractive or repulsive depends on whether the current in loop A is CW or CCW

E) No net force
Answer:  A repulsive force, the two loops repel.

Assume a CCW current I in A. When the current I is turned on, there is an increasing B-field pointing out of the page in the middle of both loops A and B.  This increasing B-field out  induces a CW current in loop B so as to create an induced B-field into the page (fighting the increase in flux).   Now, you have to remember that anti-parallel currents repel; parallel currents repel.  The two currents are anti-parallel, so the loops repel.

If the current in loop A was the other way (CW), then everything would be reversed and the two currents would still be anti-parallel.

Q21-11.

A long, straight wire carrying an increasing current I passes along a diameter of a wire loop.  The straight wire and the loop are in the same plane but are not in electrical contact.


The induced current in the loop is:

B)  zero.

C)  counter-clockwise

D)  clockwise.

Answer: zero.  The total flux in the loop is zero at all times.  The B-field on the right half of the loop is into the page; the B-field on the left half is out of the page.  The definition of flux is 
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, where ( is the angle between the normal to the loop and the B-field.  For one half of the loop ( = 0, cos( =1; for the other half of the loop, ( = 180, cos( = -1.  The two halves have opposite sign flux and they cancel.  Since the flux is always zero (which is a constant), the time rate of change of flux is zero, so no emf, no induced current.


Q21-7.

A rectangular loop is placed in a uniform magnetic field with the plane of the loop perpendicular to the direction fo the field.  If a current is made to flow through the loop in the sense shown by the arrows, the field exerts on the loop...

B) a net force only

C) a net torque only

D) a net force and a net torque



E) neither a net torque nor a net force.


[image: image76]
Answer: No net torque and no net force.  Using the right hand rule for each side of the square loop, the force on each side is away from the center of the loop.  The net force and net torque are both zero.


[image: image77]
Q21-12.

Three light bulbs are connected in series  to a 120VAC power outlet (which is not the usual way light bulbs are connected to the outlet).   The three light bulbs are 40W, 60W, and 100W bulbs.  Which bulb is the brightest?

B) the 40W bulb

C) the 60W bulb

D) the 100W bulb

E) they are all the same

     brightness


[image: image78]
Answer: The 40W bulb is brightest!  When a bulb is marked "40W", it means: IF the bulb is connected to 120VAC, it will put out 40W power.  In the series circuit, none of the bulbs is connected to 120VAC, so the labels are not correct indicators of power/brightness. 

This problem requires multi-step reasoning: 

Step 1: Remember that  higher wattage bulbs have lower resistance.  Why?  If the bulb is connected to 120VAC, using P = V2/R, one sees that, at fixed V (120V), a smaller R means a bigger P.

Step 2. In series, all the bulbs have the same current I (but not the same voltage V).  Using P=I2R, one sees that, at fixed I,  larger R means higher power P.   So the 40W bulb, which has the highest resistance, has the biggest P, and is brightest.

Q21-10

Refering to the circuit below, which one of the following equations is correct?

B)  I1 = I2 + I3

C) V1 = I1R1 + I2R2
D) V2 = I1R1 + I2R2

E) V1 + V2 = I1R1 + I3R3


[image: image79]
Answer: E).   The correct current equation is I3 = I2 + I1 so pink is wrong.  The correct voltage equation for the left-half loop is V1 = I2R2 + I3R3, so green is wrong. The correct voltage equation for the right-half loop is V2 + I2R2 - I1R1 = 0 or V2 = I1R1 - I2R2, so yellow is wrong.  That leaves blue, which is the correct voltage equation for the outside loop.

Q21-11.

Consider the following RC circuit: 


[image: image80]
The switch is intially open and the capacitor is uncharged.  At time t=0, the switch is closed.  Immediately after the switch is closed, (at time t=0+), what is the current  through resistor R1?

B) zero

C) 1A

D) 0.5A



E) None of these.

Answer: C), 1A.  When the switch is first closed, the capacitor is uncharged.  An uncharged capacitor acts like a short, R = 0.  All the current from the battery (initially) flows through the capacitor, none flows thru R2.  V=IR, I = V/R = 10V/10( = 1A.

After the switch has been closed for a long time, it is opened and the capacitor discharges.  What is the time constant for the exponential decay of charge on the capacitor?

A) 0.01s

B) 0.02s

C) 0.001s 

D) 0.002s

E) None of these.

Answer: A), 0.01s.  When the switch is open, the resistor R1 is no longer in the circuit, only R2 matters.  The time constant is RC = R2C = (10ohm)(0.001F) = 0.01sec.

Q22-0

Is paper transparent or opaque to infrared light (such as is produced by your transmitter)?

B) transparent
C) opaque

HINT: Physics is an experimental science.

Q22-1.

Which has higher frequency : UV or IR radiation?

B) UV
C) IR

D) They have the same frequency.
Q22-2.

Under cover of night, a Girlscout signals her friends on a distant hill by alternately placing slabs of green or yellow jello over her flashlight.  This signal is most accurately described as.. 

B) Frequency modulation.

C) Amplitude modulation.

 CT22-3

A point souce of radiation emits power Po isotropically (in all directions uniformly).  A detector of area ad is located a distance R away from the source.  What is the power p received by the detector?

B)   
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Q22-4

Two radio dishes are receiving signals from a radio station which is sending out radio waves in all directions with power P.  Dish 2 is twice as far away as Dish 1, but has twice the diameter.  Which dish receives more power?

B) Dish 1

C) Dish 2


D) Both receive the same power


[image: image85]

CT23-1

Check your transmitter with following Reading Quiz.  (You may discuss with your neighbors, but please don't look in the book.)

A ray of light is bent when it passes from water to air.  


[image: image86]
This is an example of:

B) Huygen's Principle


C) Snell's Law

D) The superposition principle

E) The lens equation
CT23-2.

A man is looking in a mirror and he sees his faces just filling the mirror.


[image: image87]
The man now moves back, away from the mirror, watching his reflection.  As he moves back, he sees the image of his face..

B) continues to just fill the mirror

C) becomes smaller than the frame of the mirror

D) become larger than the frame of the mirror.

Hint: 


[image: image88]
CT23-3 

A ray of light passes through 3 regions labeled I, II, and III, as shown. 

How do the indices of refraction of regions I and III compare?


[image: image89]
B)  nI > nIII

C) nI < nIII

D) nI = nIII
E) Impossible to tell.

CT23-4.  

A ray of light passes thru a sheet of glass which is thick at the bottom and thin at the top.  Which way is the ray traveling after it has passed through the glass? 

B) bent toward the thin end

C) undeviated

D) bent toward the thick end


[image: image90]
CT23-5.

A light ray inside glass is totally internally reflected from an air-glass interface as shown.


[image: image91]
The air surrounding the glass is replaced with water.  With the same light ray in the glass, the total internal reflection will now...

B) definitely not occur.

C) definitely occur.

D) not enough information to know

CT23-6.  

A converging lens has a focal length f = 20cm when it is in air.  The lens is made of glass with index of refraction nglass = 1.6.  When the lens is placed in water (nwater = 1.33), the focal length of the lens is..
..

B) Unchanged. 

C) greater, f > 20 cm.


D) smaller, f < 20cm, but still positive

E) negative.

CT23-7. 

A bundle of parallel rays approaches the eye and some of the rays enter the eye's pupil, as shown below.  No other rays enter the eye.  What does the eye see?


[image: image92]
B) A single point of light, surrounded by blackness.

C) A uniformly illuminated wall of light, like a white wall.

D) Many scattered points of light, like stars in the night sky.

E) None of these

CT23-8

Two point sources of light are imaged onto a screen by a converging lens as shown.  The images are labeled 1 and 2. A mask is used to cover up the left half of the lens, as shown.  What happens to the images on the screen when the mask is inserted over the left half the lens?


B)  Image 1 vanishes

C) Image 2 vanishes

D) Something else happens.

 CT23-9

A converging lens focuses the light from a nearby point source onto an image, as shown.  The "focal point" of a lens is the point on the optic axis, one focal length f from the lens.  Where is the focal point of this lens?

B) between the lens and the image

C) at the image

D) further from the lens than the image.


[image: image93]
CT23-10.

An object is placed is placed near a diverging lens, but the object is further from the lens than the absolute value of the focal length of the lens.   The image formed is..

B) Real

C) Virtual

D) there is no image.

The magnitude of the image distance, compared to the object distance, is ...

B) smaller.

C) greater. 


Answers: The image is virtual and the image distance is smaller than the object distance.  The only way to understand this is to draw a ray diagram:


[image: image94]
You get the same answers whether or not the object distance is further from the lens than the focal point.
CT23-11

Is the image on a movie screen real or virtual?

B) real

C) virtual



Is the image seen with a virtual reality headset real or virtual?

B) real

C) virtual


 SHAPE  \* MERGEFORMAT 





Answer: Real.   When the rays actually converge at a point in space (where you can put a screen to see the image) then the image is real.

Answers: Virtual.  The image must be further than 25cm from the viewer's eye for the viewer to be able to focus on the image.

 SHAPE  \* MERGEFORMAT 



Q23-12.  

An object is placed closer to a magnifying glass than the

focal length.  


[image: image97]
What are the signs of the focal length f, the object distance do, 

and the image distance di?

B) f > 0, do > 0, di < 0.

C) f < 0, do > 0, di < 0.

D) f > 0, do < 0, di > 0.

E) f > 0, do > 0, di > 0.

If d​o = 5cm, |di| = 15 cm, and the object height ho is 1cm, what is the image height hi ?  

B) 2cm     C) 3cm     D) 4cm      E) None of these.

CT23-13. 

A person who is "near-sighted", or myopic, cannot focus on faraway objects (objects at infinity) because the curvature of the person's eye-lens is too great.  This causes parallel rays (from a distant point source) to bend too much and focus in front of the retina.  The person sees a fuzzy patch of light rather than a sharp point.


[image: image98]
This person needs eyeglasses with lenses that are

B) converging

C) diverging


D) either converging or diverging, depending on much correction is needed.


[image: image99]

CT23-14

An object is near a mirror.  The virtual image formed by the mirror is upright, is smaller than the object, and is nearer the mirror than the object as shown.  Is the mirror B: concave (  or C: convex ( ?


[image: image100]
Hint:   For a plane mirror, the (virtual) image is the same distance from the mirror as the object.  Imagine bending the mirror.  Do the reflected rays bend so the image gets further or closer to the mirror.


[image: image101]

CT23-15

What's wrong with that scene in 2001?

B) Astronaut Dave Bowman can't read the screens on his console.

C) He's not weightless.

D) There's no thrust plume coming from his pod.

E) The background stars are moving.

Ch23-16.

An astronomical refracting telescope has 3/4 of its objective lens covered with a mask.


[image: image102]
The observer reports that, compared to the image with no mask, the image is 

B) unchanged.  

C) 3/4 covered.   

D) the same image, but 1/4 as bright.

E) the same image but 1/16 as bright.

Shorter focal length magnifying glass give bigger virtual image.


[image: image103]
Longer focal length lens produces larger real image.


[image: image104]
CT23-17

Are you here today, or did you leave for Spring Break early?

A) I left for break early, so I get no points today.  

B) I'm here today, ready to be informed.

C) I'm here today, but I'm half asleep.

(Hint: Don't vote A!)

CT23-19 A spy satellite is moved to a lower orbit, so that it is closer to the ground.  The diffraction-limited angular resolution (( of the satellite is..

B) improved, (( decreases.

C) worsened, (( increases.

D) unchanged.
CT24-1.

A two-slit interference pattern is viewed on a screen.  The position of a particular minumum is marked.  This spot on the screen is further from the lower slit than from the top slit.  How much further?


[image: image105]
B) 2 ( 
C) 1.5 (

D) 3 (
E) None of these 

XXX

Answer:  It is 1 λ further, each minimum is one λ from the next minimum.  A minimum is aligned with the top slit a ½ λ above the center and another a for the bottom slit a ½ λ below.

CT24-2.

 Two radio antennae are emitting isotropic radio signals at the same frequency f  in phase.  The two antennae are located a distance 10.5(  apart ((=c/f).   A technician with a radio tuned to that frequency f walks away from the antennae along a line through the antennae positions, as shown:


[image: image106]
As the technician walks, she notes the tone from the radio is ...

B) very loud, all the time.

C) alternates loud and quiet as she walks.

D)  very quiet, all the time.

E)  quiet at first, and then loud all the time

CT24-3.

A two-slit interference pattern is viewed on a screen.  The separation of the slits, d, is slowly increased.  What happens to the pattern on the screen?


[image: image107]
B) The fringes move closer together.

C) The fringes move further apart.

D) There is no change in the fringe separation.

E) None of these/don't know.

CT24-4

A standard double-slit experiment is modified by placing a small piece of glass in front the right slit (diagram below).  The effect of the glass is to shift the phase of the light from the right slit so that the two slits no longer emit wavefronts in sync. Instead, the right slit emits a wavefront a little later than the left slit.


[image: image108]
After the glass is inserted, the intensity pattern on the screen is...

B) unchanged     C) shifts to the right   D)  shifts left.

E) None of these.


[image: image109]
Q24-5.

A standard double-slit experiment is modified by placing a filter over one of the slits, reducing the intensity of the light from that slit. 


[image: image110]
After the one slit is filtered, the new intensity pattern appears...


[image: image111]
(D) unchanged.

(E) None of these.

CT24-6

Violet  light of wavelength ( passes through a single slit of width D and forms a diffraction pattern on a screen.  If the violet light is replaced with red light of wavelength 2(, the original pattern on the screen is reproduced if the slit width is changed to 

B) D/2

C) D/4

D) 2D


E) no change is necessary.

CT24-7

 A laser shines through a single slit and a diffraction pattern is seen on a screen.  Then a single thing about the experiment is changed , so that the pattern looks similar, but covers a smaller portion on the screen. 


[image: image112]
Select all answers that could account for the smaller pattern. 

a) The screen was moved further away from the slit.

b) The wavelength of the laser light was decreased.

c) The slit was changed to a smaller width slit.

d) The laser was moved closer to the slit.

B)  b only
C) all, abcd

D) No answer is correct.

E)  abd



CT24-8

A laser beam shines through a diffraction grating and forms a diffraction pattern on the screen, as shown.  What is the orientation of the slits in the grating? 

[image: image113]
 CT24-9 

A laser beam shines through a single rectangular slit which has an aspect ratio of 3 to 1, and the pattern below is seen on the screen.  The laser beam covers the entire slit, as shown.  What is the  orientation of the slit?


[image: image114]
CT24-10

 A laser shines through a double slit aperture and a 2-slit interference pattern is observed on a screen.  The room is then filled with water and the experiment is repeated (the laser is water-proof).  The separation of intensity maxima on the screen...

B) increases

C)  decreases

D) stays the same.

Hint: wave speed v = ( f and the frequency of light remains constant as light passes from one medium to another.

CT24-11

A wedge-shaped air space is formed between two flat slabs of glass. The glass has index of refraction n.  The reflected light of wavelength ( forms an interference pattern.  What is the condition for a bright fringe?

 2d = m( 

B) 2d sin( = m(
C) 2d = (m + ½)(
D) 2d sin( = (m + ½)(


E) None of these/don't know

XXX

Answer:

CT24-12

The path difference between the waves coming from two coherent sources to a point on a detector is 4.5 wavelengths.   

What is the phase difference in radians?

B) 9(

C) 18(
D) 4.5(
E) None of these/don't know. 

Answer:  B) 9(

Q24-13
A polarized beam of light passes through a series of three ideal polaroid filters.  The axes are at 0o, 45o, and 90o with respect to the direction of the E-field of the initial beam, as shown.  Does any light get through the all the filters and come out the other side?


[image: image115]
B) Some light gets through.

C) No light gets through.

Q24-14
An unpolarized beam of light of intensity Io passes through two ideal polaroid filters.  The axes of the two filters are at 45o with respect to each other.  What is the intensity of the light which comes out of the last filter?


[image: image116]
Hint: cos(45o) = 
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E) None of these

Q24-15
A polarized beam of light passes through a series of ideal polaroid filters, whose axes are vary continuously from along the E-field of the original beam to perpendicular to the E-field direction, as shown.  Does any light get through the all the filters and come out the other side?


B) Some light gets through.

C) No light gets through.

Q26-0

A light flashes in the center of a train car that is moving at speed v with respect to the ground.  In the frame of reference of the train car, light from the flash strikes the front and back of the train simultaneously.  

In the frame of reference of the ground, the light strikes the back of the train ___________ (fill in the blank) the light strikes the front of the train.

B) before 

C) after

D) at the same time as
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Q26-1

Two Clocks, labeled A and B, are flying past each other with relative speed v.  The speed is so large that the gamma factor 
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 is ( = 2. .  From the point of view of Bert, the little man who lives in clock B, he is at rest and clock A is moving by at speed v.  According to Albert, the little man who lives inside clock A, when one second passes on his clock A, the number of seconds that pass on Bert's clock, clock B, is..

B) 1sec 
C) 1/2 sec

D) 2 sec




[image: image123]
Q26-2

Two meter sticks, labeled L (for lab) and M (for moving) are flying by each other at very high relative speed v.  The gamma factor is 
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=2.  In the lab frame shown below, stick L is at rest and stick M is moving left at speed v.  According Marvin, the little man who lives on stick M, the length of stick L is 

B)  1m

C) 1/2 m

D) 2 m

E) None of these.


[image: image125]
Q26-3

Hydrogen and oxygen react explosively producing water, according to the reation:

2H2 + O2 ( 2H​2O + energy

True (B) or False (C): 

the mass of two H2O molecules (the product) is exactly equal to the mass of two hydrogen molecules plus the mass of  one oxygen molecule (the reactants).

Q26-4

We will learn in Chapter 28, that a hydrogen atom (1 proton + 1 electron), can exist only in certain discrete energy states corresponding to different discrete electron orbits.  The lowest energy state (called the ground state) has an energy of Eground=-13.6eV.  The next highest energy state (the first excited) state has an energy of -3.4eV.  A hydrogen atom in the first excited state can drop down to its ground state energy by emitting a photon.


When a hydrogen atom undergoes a transition from the 1st excited state to the ground state, the mass of the hydrogen atom...

B) remains unchanged.


C) decreases by about 1 part in 107

D) decreases by about 1 part in 108
E) decreases by about 1 part in 109

Q24-5

Below is a table of values of gamma.  At what speed (approximately) is the kinetic energy of a particle equal to its rest mass energy?

B) v=0.75c

C)v=0.87c

D) v=0.94c

E) None of these (to two place precision).

	v/c
	gamma

	0.1
	1.0050

	0.5
	1.155

	0.6
	1.250

	0.7
	1.400

	0.8
	1.667

	0.9
	2.29

	0.95
	3.20

	0.99
	7.09

	0.999
	22.4

	0.9999
	70.7

	0.99999
	223



Q26-6. 

The following process cannot occur:  An electron and a positron (an anti-electron) are placed near each other, initially at rest, and are then released.  There are no other particles nearby.  The electron and positron fly toward each other and annihilate, resulting in the production of a single gamma-ray with energy 
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 where mo is the rest mass of an electron.  The process just described cannot occur because it would violate conservation of....

B) energy

C) momentum

D)  charge

E) trees



Q27-1

A gold-leaf electroscope is given a net negative charge and the leaf rises to some angle.  A source of ultraviolet (UV) light shines on the electroscope.  The leaf will...

B) rise to a higher angle 

C) fall to a lower angle


[image: image127]
Q27-2.

A photoelectron is ejected from the positive plate of a capacitor.   The voltage V across the capacitor is adjustable, and the initial KE of the ejected electron is KEinitial  = 3.0 eV.  The electron will not make it even half-way to the negative plate of the capacitor if the voltage V is...

B) greater than 6V

C) less than 6V



D) greater than 3V

E) less than 3V


[image: image128]
Answer: greater than 6V.  With a very small or zero voltage, the electron will easily make it to the other plate, since there will be little or no electric field to slow it down as it .  With a large voltage V, the electron will be quickly turned around. If the voltage difference across the capacitor is 6V, then the change in the PE of the electron when it moves from one plate to the other is 6eV.  The electron will only make it to the other plate if its initial KE is at least equal to 
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   When its initial KE (=3eV)  is only half that size, it will make it only half way across.  See web lecture notes 27-6, 27-7.

Q27-3

Monochromatic light of wavelength ( shines on a metal surface with work  function Wo.   No photoelectrons are emitted from the surface of the metal, regardless of the intensity of the light.   It must be that the wavelength  (, is..

B) longer than 
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C) shorter than 
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D) longer than 
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E) shorter than 
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Answer: longer than 
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.  The threshold for production of photoelectrons is Ethreshold=hf=Wo.  Less energetic photons will produce no photoelectrons.   Since, for light, f (=c, then hf=hc/( and the threshold wavelength is given by  
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.    Longer wavelength means lower frequency, less photon energy.
CT27-4

The radiometer spins when light shines on it : the black side moves away from the light, and the white side moves toward the light.  

Is this an indication that light carries momentum?

B) Yes, experimental confirmation that light carries momentum!

C) No, this experiment does not show that light carries momentum.


[image: image137]
Answer: C)

Q27-5

A proton (charge q=+e, mass m) is moving to the left with a speed v in a uniform external magnetic field which is pointing out of page.  The force on the proton is...


B) In(()

C) Right(()

D) Up(()

E) Down(()


Answer: force is up.  Right hand rule: point fingers along v, curl them toward B, thumb points in direction Force if the charge is positive.  (If the charge is negative, reverse.)
The acceleration of the proton  is ..

A) evB
B) 
[image: image138.wmf]evB
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C) 
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D) mevB

E) None of these.

Answer: C) acceleration = evB/m.  F=ma=qvB (since velocity is perpendicular to B-field).  Acceleration a = qvB/m = evB/m.

Q27-6

A electromagnetic wave strikes a proton from the left, as shown.  The E/M wave is polarized so that the E-field is in the plane of the diagram. There are no forces on the proton, except the forces from the E/M wave.


[image: image140]
The x-component of the force on the proton due to the E/M wave is ..

B)  positive (to the right)  
C) negative(to the left)

D) zero.

Answer: positive (to the right).  When the E-field is up, the proton feels an upward force (FE = qE) and begins moving upward.  Once it starts moving, it feels a force due to the B-field.  If velocity is up, and B is out of the page, the right-hand-rule gives a force, due to the B-field, to the right.  The same is true when the E-field is down and the B-field is down.  

This force due to the light is called radiation pressure.  It is the propulsion mechanism for interstellar spacecraft that use "solar sails" (found in many science-fiction stories).

Since the light can exert a force on a charged particle, the light must carry momentum.
Q27-7 A photon with initial energy E( and initial momentum of magnitude p( collides with an electron which is initially at rest.  The electron recoils from the collision, as shown..


[image: image141]
After the collision the photon's wavelength ( (compared to before the collision) is 

B)  increased      C)  decreased

D)  unchanged.

After the collision, the electron's kinetic energy is..

B)  zero  
C) less than E(       D) equal to E(
E) greater than E(
Answer: increased.  The photon's energy goes down (since it gives some of its energy to the electron).  For a photon E=hf=hc/(.  As E goes down, the wavelength ( goes up.

Answer: less the E( , but greater than zero.  The electron picked up some, but not all, of the photon's initial energy.


Q27-8

Two electrons, starting at rest,  are accelerated across different voltages.  Electron 1 is accelerated across a 10V difference.  Electron 2 is accelerated across a 40V difference.  Which electron has the longer wavelength? 

B)  Electron 1 (10V)
C) Electron 2 (40V)

D) They have the same wavelength.

By what factor do the two wavelengths differ (assuming non-relativistic behavior)?

B) Factor of 16.

C) factor of 8

D) factor of 4 

E) None of these.

Answer: the lower voltage electron has the longer wavelength.  Lower energy (lower eV) means lower speed (eV=(1/2)mv2),  DeBroglie's relation says lower speed means longer wavelength 
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Answer: factor of 2.   The voltages differ by a factor of 4, so the final kinetic energies (eV) differ by a factor of 4.  KE=PE, (1/2)mv2=eV.  So if the voltages(V) differ by a factor of 4, the speeds (v) must differ by a factor of 2.  By DeBroglie's relation, the wavelengths differ by a factor of 2.

Q27-9

A partial energy level spectrum of hypothetical element X is given below. 

Of the transitions listed below, which one 

produces the shortest wavelength photon?

B) 
6(2

C) 
6(5

D) 
2(1

E) 
4(1

How many different wavelength photons are produced by transitions among these 6 levels?

B) 5

C) 6

D) 15

E) 30

Answer: 4(1.  The energy of the photon emitted is equal to the energy difference of the levels involved in the transition. 
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.  So the shortest wavelength will be produced in the transition with the largest energy change, in this case the 4(1 transition produces a photon of about 45eV (50-5.2eV) larger than any of the other transitions listed.
Answer: 15 

Q27-10

A hydrogen atom in the n=2 state (E=-3.4eV) absorbs a photon and is ionized.  Of the photon energies listed below, which are the energies of photons which can inonize a hydrogen atom when it is in its first excited state (n = 2)? 

2eV, 3eV, 4eV, 5eV, 10eV

B) All of these 

C) None of these.

D): 3eV, 4eV, 5eV, 10eV

E) 4eV, 5eV, 10eV

Answer: 4eV, 5eV, 10eV.  Any photon with an energy greater than or equal to 3.4eV will ionize an atom (in the n=2 state).   The electron energy states with energies greater than or equal to zero (corresponding to free, unbound electrons) are not quantized.  Free electrons can exist with any energy E>0.

Please fill out FCQ and return to white envelope.  

Class will begin at 10 minutes after the hour.

Did you fill out your FCQ?

B) Yes

C) No
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