Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.2
Contest: 1997
Two light bulbs L1 and L2 are connected in a circuit as shown in the diagram, and both are lit up.  The switch is now closed.  The intensity of the bulbs will become:
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A) L1 will be dimmer; L2 will go out
B) L1 will be brighter; L2 will go out
C) L1 will be unchanged; L2 will go out
D) L1 will be unchanged; L2 will be brighter
E) L1 and L2 will be unchanged in brightness
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.2
Contest: 1997
Assume that each of the following circuits are connected to the same voltage source.  Which combination of identical resistors will give the most heat per second?

A) 
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B) 
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C) 
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D) 
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E) 
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Answer: D
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: None
Contest: 1997
Four electrically isolated spheres exert electrostatic forces on each other.  They are labelled W, X, Y and Z.  The following interactions are noted.
i. W repels X and attracts both Y and Z

ii. X attracts both Y and Z

iii. Y attracts Z

If we are told that Y is negatively charged, what is the charge on the spheres?

A) W+
X+
Y−
Z0
B) W−
X−
Y−
Z0
C) W+
X0
Y−
Z+
D) W+
X0
Y−
Z0
E) W+
X+
Y−
Z+
Answer: A
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 1997
You are given three 6Ω resistors and many connecting wires.  How many different total resistances could you create from these three, by using at least one of them at a time and connecting them in different ways?  (Do not count 0Ω and ∞Ω.)
A) 3
B) 5
C) 6
D) 7
E) 8
Answer: C
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.6
Contest: 1997
Electrical energy gets from the generating station to Siva’s house by passing through 8 transformers which change its voltage.  If each transformer is only 95% efficient, what is the total energy loss due to these transformers?

A) 5.0%
B) 14%
C) 34%
D) 38%
E) 40%
Answer: C
Reference: Electricity and Magnetism
Difficulty: 

Learning Objective: F3.6
Contest: 1997
An electrical current can be generated in a long wire by twirling it like a skipping rope, with one person on each end.  It is moving in Earth’s magnetic field.  In what position would the two people be for minimum energy output, in southern Ontario?
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A) east and west
B) north and south
C) northeast and southwest
D) northwest and southeast
E) all horizontal positions are equal
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.6
Contest: 1997
Triple beam balances often have an aluminum plate on one end of the beam, which passes between two permanent magnets.  What is its function?

A) Magnets attract aluminum so the beam will not be able to move if it is not exactly midway between the magnets; it ensures the alignment is correct.
B) Magnets attract aluminum, making the balance more sensitive.
C) Magnets attract aluminum, making the balance capable of handling heavier masses.
D) Magnets repel aluminum, so they help keep the beam sensitive.
E) Magnetism in the moving aluminum, caused by induced current flow, helps to damp the motion of the beam, yet not affect its final balance.
Answer: E
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.6
Contest: 1997
A high intensity lamp operates at 12 volts and has a power of 30 W.  It is operated by an ideal transformer plugged into the 120 VAC supply.  What is the current in the primary circuit?

A) 40 mA
B) 250 mA
C) 400 mA
D) 25 A
E) 48 A
Answer: B
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 1998
The resistance of a hot dog, 15 cm long and 2.0 cm in diameter, is measured to be 9.0 Ω.  What would be the resistance of a jumbo hot dog that is 30 cm long and 3.0 cm in diameter?  (Assume a constant hot dog resistivity).

A) 18 Ω
B) 8.0 Ω
C) 6.0 Ω
D) 2.7 Ω
E) 1.8 Ω
Answer: B
Reference: Electricity and Magnetism
Difficulty: difficult
Learning Objective: F2.6
Contest: 1998
An electric heater uses two resistors as heating elements.  While experimenting, Evelyn finds that if only resistor 1 is connected, the time taken to boil the water in the filled heater is 5 minutes.  With only resistor 2 connected, the time taken to boil the same amount of water is 2 minutes.  When the two resistors are wired in series, how much time should it take to boil the same amount of water?  (Assume a constant voltage source.)

A) 7/10 min
B) 10/7 min
C) 3.0 min
D) 3.5 min
E) 7.0 min
Answer: E
Reference: Electricity and Magnetism
Difficulty: Difficult
Learning Objective: F2.2
Contest: 1998
In the circuit below, current Io is
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A) 0.48 A
B) 2.4 A
C) 3.0 A
D) 4.0 A
E) 6.0 A
Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: None
Contest: 1998
When rubbed with silk, copper becomes negatively charged, while lead becomes positively charged.  When rubbed with wool, acetate becomes positive, and lead becomes negative.  What is the correct order of these materials in the electrostatic series, from loosely-held electrons to tightly held?

A) copper, lead, acetate
B) copper, acetate, lead
C) lead, copper, acetate
D) acetate, lead, copper
E) acetate, copper, lead
Answer: A
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.4
Contest: 1998
Which of the following elements is not strongly ferromagnetic?

A) iron
B) tin
C) nickel
D) cobalt
E) gadolinium
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.6
Contest: 1998
The magnitude of the force on a conductor of length L, carrying current I, in a magnetic field B perpendicular to the conductor, is given by the expression F = LIB.  The unit of magnetic field strength is the Tesla.  Which of the following is equal to a Tesla?
A) 
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Answer: A
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.4
Contest: 1998
Which of the following does not have information encoded on it in magnetic form?

A) compact disk
B) credit card
C) VHS tape
D) floppy disk
E) audio cassette
Answer: A
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.6
Contest: 1998
Suppose that “particle” beams of the following types were shot through a magnetic field.

i. alpha particles

ii. beta particles

iii. gamma rays

iv. neutrons

Which beams would not be affected by the field?

A) i only
B) ii only
C) iii only
D) iv only
E) iii and iv
Answer: E
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.5
Contest: 1998
Which one of the following graphs most correctly represents the graph of magnetic field strength, B, versus number of turns per unit length, n, as you increase the number of turns would around the nail?
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A) 
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B) 
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C) 
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D) 
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E) 
Answer: A
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.6
Contest: 1999
An electrical measurement in amperes at a point in a circuit is a measure of

A) the force that moves the charge.
B) the resistance to the movement of charge.
C) the energy used to move the charge.
D) the speed of the charge.
E) the amount of charge passing a point per second.
Answer: E
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.6
Contest: 1999
A student was completing a problem and ended with a final answer that had units: 
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Which quantity was he solving for?

A) power
B) energy
C) force
D) resistance
E) charge
Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 1999
Consider the following circuit diagram.  The input is a constant voltage source.
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When the switch is open, the ammeter reads 2.0 A.  When the switch is closed, the ammeter would read:

A) 0.74 A
B) 0.93 A
C) 2.0 A
D) 2.3 A
E) 9.3 A
Answer: D
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: None
Contest: 1999
Three identical conducting spheres, X, Y and Z, are mounted on insulated stands.  Initially, X has a charge of +4 C, Y is neutral and Z has a charge of −10 C.  Sphere Y is touched to X, then to Z and then to X again.  What charges are on each sphere now?


X
Y
Z

A) 
  0 C
  0 C
    0 C
B) 
+4 C
  0 C
−10 C
C) 
−2 C
−2 C
  −2 C
D) 
−1 C
−1 C
  −4 C
E) 
−2 C
−2 C
  −6 C
Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.4
Contest: 1999
Which of the following materials would make the best magnetic shielding around a computer monitor?

A) tin
B) lead
C) plastic
D) nickel
E) copper
Answer: D
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F3.6
Contest: 1999
A straight conductor rests in the space between two arms of a ferromagnetic core (presently unmagnetized).  After the switch has been closed for a while, in what direction is the magnetic force acting on the conductor?
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A) up
B) down
C) right
D) left
E) there is no force exerted
Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.5
Contest: 1999
Which of the following devices does not make use of an electromagnet in its normal operation?

A) liquid crystal display monitor
B) loudspeaker
C) electric motor
D) galvanometer
E) floppy disk drive
Answer: A
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F3.8
Contest: 1999
An ideal transformer has 500 turns in the primary and 100 turns in the secondary.  It is used to power a 60 W soldering iron.  If the primary voltage is the household 120 VAC, what current would flow in the secondary circuit?

A) 0.20 A
B) 0.40 A
C) 0.50 A
D) 2.0 A
E) 2.5 A
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.8
Contest: 2000
A battery is connected to the primary coil of a transformer, through a switch. The secondary coil is connected to a small light bulb. Choose the correct statement,
A) The lamp will light when the switch is closed, and remain lit while the switch is closed.
B) The lamp will never light when the switch is closed or opened with this arrangement.
C) The lamp will light momentarily only when the switch is closed.
D) The lamp will light momentarily only when the switch is opened.
E) The lamp will light momentarily when the switch is closed and again when it is opened.
Answer: E
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.6
Contest: 2000
A sailboat has an aluminum mast. It is moving with high velocity near the equator. Due to induction with the Earth’s magnetic field, the top of the mast becomes negative, relative to the foot of the mast. For maximum voltage, what direction should the sailboat move?
A) west
B) east
C) south
D) north
E) all are equivalent
Answer: A
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F3.6
Contest: 2000
When the velocity of charged particles entering a uniform magnetic field is perpendicular to the direction of the field, the particles travel in circles whose radius varies inversely with the particle’s charge and directly as the mass. The diagram below shows the tracks of 6 particles as they were shot at the same velocity into a  magnetic field. The particles were an electron, a proton, a neutron, and their respective antiparticles. Which track did the antiproton make?  The magnetic field is into the page.
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Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.8
Contest: 2000
In the secondary circuit of an ideal step-down transformer, compared to the primary circuit, we can find an increase in
A) energy
B) power
C) current
D) all of these
E) none of these
Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F3.6
Contest: 2000
Two parallel wires are carrying electrical current flowing in the same direction. These wires will tend
A) to repel each other.
B) to attract each other.
C) to exert no force on each other.
D) to twist at right angles to each other.
E) to spin along their long axis.
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.2
Contest: 2000
Two resistors in series have a resistance of 10 Ω and in parallel have a resistance of 1.6 Ω. What is the value of the two resistances?
A) 1 Ω, 9 Ω
B) 2 Ω, 8 Ω
C) 3 Ω, 7 Ω
D) 4 Ω, 6 Ω
E) 5 Ω, 5 Ω
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.6
Contest: 2000
How much energy is consumed by a 100 W light bulb turned on for 5.0 minutes?
A) 20 J
B) 500 J
C) 3000 J
D) 15 000 J
E) 30 000 J
Answer: E
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.6
Contest: 2000
A neutral plastic comb feels no force from a large horseshoe magnet, when it is brought close. Suppose the comb were charged electrostatically. Under what conditions will it feel an electromagnetic force due to the magnet?
A) The comb will never feel an electromagnetic force from the magnet.
B) If the comb is charged negatively overall, it will repel from the magnet.
C) If the comb is charged positively overall, it will repel from the magnet.
D) If the comb is moving through the jaws of the magnet, it will feel a force from the magnet.
E) If the comb has one end charged positive and one end negative, it will feel a force from the magnet.
Answer: D
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2000
A long uniform wire has a resistance R. If this wire is cut into N identical pieces, what would be the total resistance when the N pieces are wired in parallel?
A) N2R
B) NR
C) R
D) R/N
E) R/N2
Answer: A
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2000
Electrical resistor A has half the resistance of resistor B.  Under what conditions will the electrical power dissipated in A be greater than the power dissipated in B?
A) When they are connected in series.
B) When they are connected in parallel.
C) In both series or parallel connections.
D) A never dissipates more energy than B.
E) A will always dissipate more energy than B.
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F1.1
Contest: 2001
The purpose of a lightning rod on a building is to:
A) attract lightning to itself

B) repel lightning from the building

C) insulate the building from a flow of electrons due to lightning strike
D) provide a safe path to ground for lightning

E) A, C and D
Answer: E
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: None
Contest: 2001
Annika painted three ping-pong balls with graphite and suspended them from the ceiling with insulation string.  She placed a charge of 12 microcoulombs on ball A.  It swung over, touched ball B and then detached.  Ball B swung over and touched ball C and detached.  The final charges on the balls A, B and C respectively, in microcoulombs, were:
A) 4, 4, 4

B) 2, 4, 8
C) 6, 3, 3
D) 3, 6, 3
E) 3, 3, 6
Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.6
Contest: 2001
The battery in Siddiq’s car is rated at 12.0 volts and 60.0 ampere-hours.  The car has a mass of 6.00x102 kg.  If the energy in the battery were used to lift the car straight up, approximately how high would it go?
A) 12.0 cm

B) 1.20 m

C) 432 km

D) 440 m

E) 4320 m
Answer: D
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2001
Dan’s family moved to the tiny banana republic of Costa Livin, taking their 120 V appliances with them.  When they found that the local outlets carried a potential of 240 V, Dan figured there was no problem.  He wired pairs of appliances in series, such as a 10  toaster and a 15  iron.  When he plugged them in

A) both appliances would operate normally

B) neither appliance would work at all

C) the toaster would overheat and the iron would run colder than normal

D) the iron would overheat and the toaster would run colder than normal

E) the 15 A fuse protecting the circuit would blow immediately

Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.2
Contest: 2001
A magnetic compass was pointing in its normal north-south direction.  A wire was placed below it, and a current was sent through the wire.  The compass needle did not move, even when tapped slightly.  The wire was ___ to the compass, and the electron current in the wire was flowing ___
A) parallel, north

B) parallel, south

C) perpendicular, west

D) perpendicular, east
E) cannot be determined from this information

Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.6
Contest: 2001
While vacationing in Quito, Ecuador, which is right on the equator, a positively charged cosmic ray from the sun came hurtling down through the atmosphere right at you.  As it interacted with the Earth’s magnetic field, it would be deflected:
A) northwards

B) southwards 

C) eastwards

D) westwards

E) not at all
Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.5, F2.7
Contest: 2001
Two coils marked A and B, wrapped around empty cardboard tubes, were wired together as shown in the diagram.  A magnet on wheels marked C was placed near the end of coil B.  If the ___ pole of a permanent magnet were ___ coil A from the left, then magnet C would move to the right.
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A) north, plunged into

B) north, pulled out of

C) south, plunged into

D) south, pulled out of
E) either (A) or (D) would work
Answer: E
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.5
Contest: 2001
An appliance in your home that would not be expected to contain an electromagnet is:
A) a refrigerator

B) a television

C) a toaster

D) a washing machine

E) a vacuum cleaner
Answer: C
Reference: Electricity and Magnetism
Difficulty: difficult
Learning Objective: F2.2
Contest: 2002
Three students measured the resistance of a set of three resistors in a black box.  Student A said that it contains one 5 ( resistor in series with two 10 ( resistors in parallel.  Student B said that there are three 30 ( resistors in parallel.  Student C said that there are two 20 ( resistors in parallel connected in series to a 5 ( resistor.  Which of the students could be correct?
A)  A only
B)  B only
C)  all three
D)  A and B only

E)  B and C only

Answer: D
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: None
Contest: 2002
In the new GPS system of navigation, spherical electromagnetic signals from a constellation of 24 satellites are used to precisely locate a receiver in three dimensions.  The minimum number of satellites required to produce a unique location in three dimensions is
A) one.      B) two.      C) three.      D) four.      E) five.
Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.2
Contest: 2002
Light bulbs A and B are identical in all ways except that B’s filament is thicker than A’s. If connected to the same constant voltage power supply
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A) both will have the same brightness.

B) A will be brighter because it has more resistance.
C) B will be brighter because it has more resistance.

D) A will be brighter because it has less resistance.

E) B will be brighter because it has less resistance.
Answer: E
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2002
The diagram shows a battery and five identical light bulbs A, B, C, D and E.  With the battery operating what is the correct order for the brightness of the bulbs sequenced from the brightest to the least bright?
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A) A= B ( E ( D = C

B) A = B = E ( D=C 

C) A = B ( D = C ( E

D) E (A = B ( C(D

E) E ( A = B ( C = D 

Answer: B
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.5, F2.7
Contest: 2002
Two coils, 1 and 2, with iron cores are positioned as shown in the figure. Coil 1 is part of a circuit with a battery and a switch.  Immediately after the switch S has been closed, which one of the following statements is true?
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A) An induced electron current will flow from left to right in R1.

B) An induced electron current will flow from right to left in R2.
C) A magnetic field that points toward P appears inside coil 1.
D) An induced magnetic field that points toward P appears inside coil 2.

E) A current will pass through R1, but there will be no current through R2.

Answer: B
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.7
Contest: 2002
Two conducting loops carry equal currents I in the same direction as shown in the figure. If the current in the upper loop suddenly drops to zero, what will happen to the current in the bottom loop according to Lenz’s Law?
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A) The current will decrease.

B) The current will increase.

C) The current will not change.

D) The current will also drop to zero.
E) The current will reverse its direction.

Answer: B
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.7
Contest: 2003
Two hollow cardboard tubes, T1 and T2, were wound with wire and connected as shown in the diagram. Magnet M2 was suspended over the centre of tube T2 by a string. The north pole of magnet M1 was plunged into tube T1. While magnet M1 is moving
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A) the tension in the string will decrease.

B) the tension in the string will increase.

C) magnet M2 will swing to the left.

D) both A) and C) will occur.

E) both B) and C) will occur.

Answer: B
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2003
The circuit shown consists of a battery, two fixed resistors R1 and R3, and an adjustable resistor R2. The potential differences across the three resistors are V1, V2, and V3. If the resistance R2 were to be increased, which of the potential differences would also increase?
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A) V1 only

B) V3 only

C) V1 and V3 only

D) V1 and V2 only

E) all three

Answer: D
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2003
Five 1
[image: image20.wmf]W

 resistors were connected in series. Five strings like this were constructed and then connected in parallel. The total effective resistance of the 25 resistors was
A) 25
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B) 5
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.

C) 1
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.

D) 0.2
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.

E) 0.04
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Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.6
Contest: 2003
An electric motor with an efficiency rating of 40% was connected to a 500 V power supply, and used to pump 1.0 tonne of water up from a well 120 m deep over a period of 5.0 minutes. The average current through the motor was
A) 0.47 A.

B) 7.8 A.

C) 20 A.

D) 470 A.

E) 590 A.
Answer: C
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.8
Contest: 2003
A transformer was made by winding 60 turns around the primary coil and 180 turns around the secondary coil as shown. The primary coil was connected to a 120 volt direct current power supply. The voltage at the secondary coil is
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A) 360 V DC.

B) 120 V DC.

C) 40 V DC.

D) 360 V AC.

E) 0 V.

Answer: E
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2003
Six identical lamps were wired to a power supply as shown. If wires X and Y are removed, then
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A) lamps 3, 4, 5 and 6 will dim.

B) lamps 1 and 2 will dim.

C) all six lamps will dim.

D) all six lamps will brighten.

E) nothing will change.
Answer: E
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.6
Contest: 2004
A pair of ideal identical 12 V batteries, each storing 2×105 J of energy, are connected in parallel and provide a total constant current of 70 A. How long will the batteries last?

A) 4 min

B) 8 min

C) 12 min

D) 24 min

E) 70 min
Answer: B
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2004
Seven identical Christmas tree lights when connected in series to a 120 V source each produce 8.0 W. What is the resistance of each bulb?

A) 37 (
B) 56 (
C) 1.4(102 (
D) 2.6(102 (
E) 1.8(103 (
Answer: A
Reference: Electricity and Magnetism
Difficulty: difficult
Learning Objective: F2.2
Contest: 2004
Consider the resistor networks X and Y shown in the diagram.
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A) Network X has the lowest equivalent resistance and will draw the most current.

B) Network X has the highest equivalent resistance and will draw the most current.

C) Network Y has the lowest equivalent resistance and will draw the most current.

D) Network Y has the highest equivalent resistance and will draw the most current.

E) Both networks have the same equivalent resistance and will draw the same current.
Answer: E
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2004
A circuit is connected as shown. All light bulbs are identical. When the switch S in the circuit is closed, which bulb(s) other than 4 become(s) brighter?
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A) None

B) 1 only

C) 2 only

D) 3 only

E) 2 and 3 only
Answer: A
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.2
Contest: 2004
A horizontal length of a wire copper moves up with a steady velocity v in the direction of a constant vertical magnetic field B, as shown in the diagram. Which one of the following describes the induced charges on the ends of the wire?
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Left End

Right End
A) 
Positive

Negative

B) 
Negative
Positive

C)
Negative
Zero

D)
Zero

Negative

E) 
Zero

Zero 

Answer: E
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.8
Contest: 2004
A direct current of 10 A at 120 V is present in the primary coil of a transformer. The secondary coil has twice as many turns as the primary. The voltage across the secondary coil is

A) 0 V

B) 60 V

C) 120 V

D) 240 V

E) 1200 V

Answer: A
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.6
Contest: 2005
It requires 334 000 J/kg to melt ice at 0ºC to water at 0ºC.  A windshield defroster on a car consisted of 20 wires connected in parallel, each of resistance 2.00 (, connected to a heavy duty, 12.0 V electrical system.  How long did it take to melt 1.00 kg of ice?

A) 58.0 s

B) 69.4 s

C) 232 s

D) 8.33(103 s

E) 9.25(104 s

Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2005
Three resistors, and a switch were connected as shown.  When the switch was closed, what happened to the potential difference across the 30 ( resistor?
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A) It stayed the same.

B) It decreased.

C) It increased.

D) It became twice the potential difference across 60 ( resistor.

E) It became equal to the potential difference across the 45 ( resistor.
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.5
Contest: 2005
The magnetic field around a current-carrying, circular loop is most like that of

A) a current-carrying rectangular loop

B) a long current-carrying straight wire

C) the Earth  
D) a very short bar magnet

E) two parallel wires with currents in opposite directions
Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.4
Contest: 2005
The data "stripe" on the back of a credit card can be erased by

A) touching it to the negative terminal of a 12 V automobile battery.

B) touching it to the positive terminal of a 12 V automobile battery.

C) connecting it between the terminals of a 12 V automobile battery using wires and alligator clips.
D) rubbing it with a strong magnet.

E) exposing it to an ultraviolet lamp powered by alternating current.
Answer: D
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2005
A student decided to make some fashionable "web" lighting using several strings of old holiday lights. Each of the lights had a resistance of 10 Ω.  She cut the old strings into strings of 20 lamps each. Then, she connected 20 of these strings in parallel. The total effective resistance of the completed web was

A) 0.5 Ω.

B) 1 Ω.

C) 10 Ω.

D) 200 Ω.

E) 40 000 Ω.
Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.5, F2.7
Contest: 2005
A bar magnet was pulled away from a hollow coil A as shown. As the south pole came out of the coil, the bar magnet next to hollow coil B experienced a magnetic force
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A) to the right.

B) to the left.

C) upwards.

D) downwards.

E)  of zero.

Answer: A
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.6
Contest: 2006
A rechargeable cell produces a voltage of 1.60 V, and is connected to a resistor of 2.00 Ω.  The current flows for 1.00 h. The energy dissipated in the resistor in this time is

A) 0.781 J.

B) 1.28 J.

C) 76.8 J.

D) 4.61 × 103 J.

E) 9.22 × 103 J.
Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.2
Contest: 2006
A conductor is in the shape of a cylinder 20 cm long. It is connected to a power supply of constant voltage, and draws a current of 20 mA. The cylinder is stretched uniformly to a length of 1.0 m. If it is connected to the same power supply, what current will it draw?

A) 0.80 mA

B) 4.0 mA

C) 20 mA

D) 1.0 × 102 mA

E) 5.0 × 102 mA
Answer: B
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2006
Consider the circuit shown. The currents through R1 and R2 are, respectively
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A) 4.5 A, 1.8 A.

B) 2.7 A, 1.8 A.

C) 1.8 A, 2.7 A.

D) 3.0 A, 2.0 A.

E) 5.0 A, 2.0 A.
Answer: C
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.6
Contest: 2006
A 60 W light bulb is on for 2.0 h. If it were on for 4.0 h, then it would draw a power of

A) 15 W.

B) 30 W.

C) 60 W.

D) 120 W.

E) 240 W.
Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2006
A thick wire is placed in a north-south direction. The wire is connected to a power supply such that a direct current of 100 A flows from north to south in the wire using the electron flow current convention. A magnetic compass is placed above the wire. Under these conditions, the compass will turn to point
A) north.

B) south.

C) east.

D) west.

E) in no particular direction.
Answer: C
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.5
Contest: 2006
Wire is wrapped around a hollow cardboard tube to make a coil. The coil is connected to a cell in series with a light bulb and the brightness of the light bulb is noted. An iron core is now placed into the coil. When the core is in place, the light bulb will
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A) be dimmer.

B) be the same brightness.

C) be brighter.

D) alternate in brightness.

E) go out.
Answer: B
Reference: Electricity and Magnetism

Difficulty: Easy

Learning Objective: Sci 9

Contest: 2007

Four identical conducting spheres are suspended from the ceiling by insulating strings. A charge of 32 µC is placed on the first sphere. It swings to touch the second, and then, moves away. The second sphere swings to touch the third sphere, and then, moves away. The third sphere swings to touch the fourth sphere, and then, moves away. What is the charge on the fourth sphere?

A) 0 µC  

B) 2.0 µC  

C) 4.0 µC  

D) 8.0 µC  

E) 32 µC

Answer: C

Reference: Electricity and Magnetism

Difficulty: Difficult

Learning Objective: F2.6

Contest: 2007

A motor M is connected to a power supply of voltage V = 12.0 V through a resistor R = 2.00 Ω. The current drawn from the power supply is 3.00 A. The motor which has an efficiency of 60% drives a pulley P. As the pulley turns, it raises a mass m. How much will the gravitational potential energy of mass m change in 10 seconds?
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A)  The mass m must be known.  

B) 21.6 J  

C) 36.0 J  

D) 108 J  

E) 180 J

Answer: D

Reference: Electricity and Magnetism

Difficulty: Moderate

Learning Objective: F2.2

Contest: 2007
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In the circuit at the right, lamps A and B are identical. R is a variable resistor set to a non-zero value. If the value of R is doubled, then
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A) the brightness of lamp A will increase.  

B) the brightness of lamp B will increase.

C) the brightness of lamps A and B will decrease.

D) the brightness of lamps A and B will increase.

E) the brightness of lamps A and B will remain the same.

Answer: B

Reference: Electricity and Magnetism

Difficulty: Difficult

Learning Objective: F3.2

Contest: 2007
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A hiker is standing directly east of a vertical pole, holding a magnetic compass, as shown. The compass is pointing north. Unknown to the hiker, a strong flow of electrons is turned on such that the electrons flow upwards through a conductor embedded in the pole. What happens to the compass needle?

A) The needle continues to point north.  

B) The needle swings to point south.

C) The needle swings to point west, towards the pole.

D) The needle swings to point east, away from the pole.

E) The needle swings away from north, but does not point in a direction listed above.

Answer: B

Reference: Electricity and Magnetism

Difficulty: Moderate

Learning Objective: F2.6

Contest: 2007

An alternating current power supply rated at 120 V is connected to the primary coil of a transformer. The coil has 200 turns. The secondary coil has 600 turns, and is tapped 200 turns from the top end, as shown. What is the reading on voltmeter V1?
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A) 0 V  

B) 40 V 

C) 80 V  

D) 120 V  

E) 360 V

Answer: D

Reference: Electricity and Magnetism

Difficulty: Easy

Learning Objective: F3.2

Contest: 2007
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A power supply is connected to a coil of wire wound around a hollow core as shown. A bar magnet is placed next to the coil. Due to the current flow in the coil, the magnet feels a force

A) towards A.  

B) towards B.  

C) towards C.  

D) towards D.  

E) of zero. 
Answer: A

Reference: Electricity and Magnetism

Difficulty: Easy

Learning Objective: F2.2

Contest: 2008

An electric circuit consists of three identical resistors R, connected as shown.  The total effective resistance is
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A) 3R.   

B) R.   

C) .
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Reference: Electricity and Magnetism

Difficulty: Easy

Learning Objective: F2.2, F2.6

Contest: 2008

Four non-identical light bulbs are connected as shown. How does the current in bulb 4 change if the filament in bulb 2 burns out?
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A) doubles   

B) triples   

C) quadruples

D) drops to zero
E) stays the same

Answer: E

Reference: Electricity and Magnetism

Difficulty: Moderate

Learning Objective: F2.2, F2.6

Contest: 2008

Identical resistors are connected to the same 6V battery in various circuits as shown.  Which circuit uses the most power?
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  A)                                B)                                  C)                             D)                                          E)

Answer: E

Reference: Electricity and Magnetism

Difficulty: Difficult

Learning Objective: F3.4

Contest: 2008

The armature of an electric motor rotates about a shaft P, between two permanent magnets, as shown. When the switch S is closed, the armature
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A) will turn counterclockwise to a horizontal position, and stop.

B) will turn clockwise to a horizontal position, and stop.

C) will rotate counterclockwise continuously while the switch is closed.

D) will rotate clockwise continuously while the switch is closed.

E) will not move.

Answer: A

Reference: Electricity and Magnetism

Difficulty: Difficult

Learning Objective: F2.6

Contest: 2008

A step-down transformer is used to decrease 120 V alternating current from a household socket to the 6.0 V AC needed to operate an electric toy train. The motor of the train has a resistance of 1.5 Ω. Assuming no losses in the transformer, how much current flows in the input coil of the transformer?

A) 4.0 A   

B) 2.0 A   

C) 1.5 A   

D) 0.20 A   

E) 0.10 A

Answer: D

Reference: Electricity and Magnetism

Difficulty: Easy

Learning Objective: F2.6

Contest: 2008

A home computer draws a total current of 3.2 A from a 120 V household socket. It is used an average of 5 h per day every day. If electricity sells for $0.12 per kWh, what is the approximate cost of operating the computer for a year?

A) $700   

B) $140   

C) $84   

D) $9   

E) $7

Answer: C

Reference: Electricity and Magnetism

Difficulty: easy
Learning Objective: None
Contest: 2009

Two conducting spheres P and Q are suspended from the ceiling using insulating strings. Sphere R has a negative charge, and is brought near sphere Q. Sphere Q swings towards, but does not touch, sphere R. A thin conducting wire is momentarily connected following the shortest distance from P to Q, and then, removed. Sphere R is removed. Which statement is true?
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A) Sphere P is positive, and Q is negative.

B) Sphere P is negative, and Q is positive.

C) Both P and Q are uncharged.

D) Both P and Q are negatively-charged.

E) Both P and Q are positively-charged.

Answer: B
Reference: Electricity and Magnetism

Difficulty: easy
Learning Objective: F2.6
Contest: 2009
The starter motor in a car is connected to the 12 V car battery, and a current of 200 A flows from the battery to the motor. Which statement is true?

A) Less than 200 A will flow back to the battery.

B) 200 A will flow back to the battery.

C) The electrons flowing back to the battery will be at a potential of less than 12 V.

D) The electrons flowing back to the battery will be at a potential of 12 V.

E) Both B) and C) are true.
Answer: E
Reference: Electricity and Magnetism

Difficulty: easy
Learning Objective: F2.2
Contest: 2009
Circuit A consists of one lamp and one battery. Circuit B consists of three lamps, identical to the one in the circuit A, connected to an identical battery. All four lamps have the same brightness. Which statement is true?

A) The lamps in circuit B are in series, and will exhaust the battery three times faster.

B) The lamps in circuit B are in parallel, and will exhaust the battery three times faster.

C) The lamps in circuit B are in series, and the battery will last as long as the one in circuit A.

D) The lamps in circuit B are in parallel, and the battery will last as long as the one in circuit A.

E) It is not possible that the bulbs in circuit B could be as bright as those in circuit A.
Answer: B
Reference: Electricity and Magnetism

Difficulty: easy
Learning Objective: F3.6
Contest: 2009
A subatomic particle is moving at right-angles to a magnetic field B. Which kind of particle would be deflected the least by the field?

A) An electron

B) A proton.

C) A neutron. 

D) A deuterium nucleus (one proton and one neutron).

E) A helium nucleus (two protons, two neutrons).

Answer: C
Reference: Electricity and Magnetism

Difficulty: moderate
Learning Objective: F2.2
Contest: 2009
In the circuit shown all five resistors are identical. Which resistor(s) will have the greatest potential difference across it(them)?
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A) R1

B) R3

C) R4
D) R5
E) R4 and  R5
Answer: D
Reference: Electricity and Magnetism

Difficulty: easy
Learning Objective: F2.7
Contest: 2009
A coil of wire is wrapped around a hollow coil, and connected to a sensitive galvanometer. The north pole of a permanent magnet is plunged into the coil, and then, pulled out. The galvanometer needle deflects left as the magnet is plunged in, and right as the magnet is pulled out. Suppose that the north pole of the magnet remained stationary, and that the coil was moved up over the north pole, and then, back down. How would the needle on the galvanometer respond?
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A) The needle would deflect left twice.

B) The needle would deflect right twice.

C) The needle would deflect left, then right.

D) The needle would deflect right, then left.

E) The needle would not deflect at all.

Answer: C
Reference: Electricity and Magnetism

Difficulty: moderate
Learning Objective: F2.2
Contest: 2010
Four resistive loads and four ammeters are arranged as shown. The magnitude and direction of the current through three of the ammeters is shown. What is the magnitude and direction of the current through ammeter A3?
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A) 10 A towards P

B) 10 A towards Q

C) 8 A towards P

D) 8 A towards Q

E) 4 A towards P

Answer: D
Reference: Electricity and Magnetism

Difficulty: easy
Learning Objective: F3.8
Contest: 2010
A transformer is constructed with 200 windings on the primary coil, and 800 windings on the secondary coil. The primary coil is connected to a car battery with a potential difference of 12 V. After a few seconds, what is the voltage across the secondary coil?

A) 48 V

B) 24 V

C) 12 V

D) 3.0 V

E) 0 V

Answer: E
Reference: Electricity and Magnetism

Difficulty: moderate
Learning Objective: F2.5, F2.7
Contest: 2010
The north pole of a permanent magnet was held over a coil of wire with a hollow core, as shown. A second coil with a hollow core was connected to the first coil as shown. A magnetic compass needle was placed into the second coil, free to rotate in a vertical circle as shown. If the north pole of the magnet was plunged into the first coil, towards what point will the compass needle rotate?
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A) A

B) B

C) C

D) D

E) no particular point
Answer: C
Reference: Electricity and Magnetism

Difficulty: easy
Learning Objective: F2.5
Contest: 2010
A student wound wire around a hollow cardboard tube and connected the wire to a 6.0 V lantern battery. She was able to pick up 10 nails with the electromagnet formed by the wire coil. If she wants to pick up more nails, what change should she make?

A) Place a copper core inside the hollow tube.

B) Use two 3.0 V lantern batteries in parallel instead of one 6.0 V battery.

C) Increase the number of coils wound around the core.

D) Decrease the number of coils wound around the core.

E) Keep the number of coils the same, but use a thinner wire.
Answer: C
Reference: Electricity and Magnetism

Difficulty: easy
Learning Objective: F2.5
Contest: 2010

The orange circle represents the cross-section of a wire carrying a conventional positive current away from you down into the plane of the page.  A magnetic compass needle is placed above the wire as shown, free to rotate in a vertical circle. Towards which point will the needle rotate?
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A) A

B) B

C) C

D) D

E) no particular point

Answer: C
Reference: Electricity and Magnetism

Difficulty: easy
Learning Objective: F2.4
Contest: 2010
A student has placed two cylindrical permanent magnets on a rod as shown. If she adds another identical magnet on the top with the same orientation, the space between the magnets will
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A) increase because the magnetic force has doubled.

B) decrease because the gravitational force has doubled.

C) stay the same because both forces have doubled.

D) decrease because the gravitational force increased more than the magnetic.

E) increase because the magnetic force increased more than the gravitational.
Answer: D
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2011
Three resistors, a switch, and an ammeter are wired to a battery of constant voltage as shown.  The ammeter reads 2.0 A.  The switch is closed. Which of the following statements is true? 
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A) The ammeter will continue to read 2.0 A.

B) The ammeter will read less than 2.0 A.

C) The ammeter will read more than 2.0 A.

D) The battery will not last as long as compared to when the switch was open.

E) The battery will last longer as compared to when the switch was open.

Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.4
Contest: 2011
All magnetic fields are produced by

A) ferromagnetic materials.

B) tiny domains of aligned atoms.

C) iron atoms.

D) moving electric charges.

E) stationary electric charges.
Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F3.7
Contest: 2011
A lamp in a home draws a current of 0.800 A when plugged into a 120 V AC outlet. How many coulombs of electrons leave the power plant generator, pass through the light, and return to the power plant every second?
A) 0 C

B) 0.400 C

C) 0.800 C

D) 96.0 C

E) 150 C
Answer: A
Reference: Electricity and Magnetism
Difficulty: difficult
Learning Objective: F2.2, F2.6
Contest: 2011
The generator at a power plant produces alternating current at 120 V. This is transmitted through a line with a resistance of 0.400 ( to a load with a resistance of 1.600 (. An engineer is considering stepping up the voltage to 480 V before sending the current through the transmission line, and back down to 120 V before it reaches the load. Ignoring inefficiencies in the step-up/step-down process, how much power can the engineer expect to save?
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A) 7200 W

B) 5850 W

C) 5760 W

D) 1350 W

E) 0 W
Answer: D
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.7
Contest: 2011
Copper wire is wound around a hollow cardboard tube to make a coil. The ends of the coil are connected to a galvanometer. The north pole of a permanent magnet is held above the coil, as shown. Which way does any induced current flow across the front of the coil?
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A) from P to Q

B) from Q to P

C) alternating from P to Q and back

D) alternating from Q to P and back

E) There is no induced current.
Answer: E
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2011
Three resistors are wired to a power supply as shown. The respective currents through the resistors are I1, I2 and I3.  Which equation is true?
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A) I1 = I2 + I3
B) I2 = I1 + I3
C) I3 = I1 + I2
D) I1 = I2 – I3
E) I1 = –I2 + I3
Answer: A
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2012
Three resistors of 11 Ω, 22 Ω, and 33 Ω are connected in parallel. What is the equivalent resistance?
A) 0.67 Ω

B) 6.0 Ω

C) 24 Ω

D) 33 Ω

E) 66 Ω
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.6
Contest: 2012
Most batteries state the voltage that the battery can supply.  However some batteries also include the quantity Ah, or ampere-hour.  What is this quantity measuring?
A) total energy

B) total charge

C) maximum current

D) resistance

E) total power
Answer: B
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.5
Contest: 2012
A conductor at point x is perpendicular to the page, and carries a conventional current downwards, into the page. What is the correct direction of the magnetic field induced by the current-carrying conductor at point P?
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A) 1

B) 2

C) 3

D) 4

E) 5

Answer: E
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F2.2
Contest: 2012
26) The diagram shows part of an electrical circuit.  Which of the following statements relates the currents 
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Answer: C
Reference: Electricity and Magnetism
Difficulty: easy
Learning Objective: F2.7
Contest: 2012
A bar magnet is placed standing vertically with the north pole at the top.  A coil of wire is open circuited, and dropped over the magnet.  The coil is then closed-circuited, and dropped again.  How does the time of fall for the open-circuit drop compare to the time of fall for the closed-circuit drop?
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A) same

B) longer

C) shorter

D) the coil will not fall when the circuit is closed

E) cannot be determined
Answer: C
Reference: Electricity and Magnetism
Difficulty: moderate
Learning Objective: F3.8
Contest: 2012
A step-down transformer is connected to a high voltage line of 3.6 kV provides 120 V to a house. A hair dryer rated at 1.8 kW is connected to an outlet in the house.  Assuming that this is the only load in use, what is the ratio of the current in the primary coil to the current in the secondary coil of the transformer?
A)  1:1

B) 1:10

C) 1:20

D) 1:30

E) 1:40
Answer: D
Reference: Electricity and Magnetism
Difficulty: 

Learning Objective: 

Contest: 

A) 

B) 

C) 

D) 

E) 
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