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.
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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
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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: image3]
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: image4]
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 ...
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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..
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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.
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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!
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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.
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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.
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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.)
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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 ...


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.
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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.
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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
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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
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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: image17]
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.
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