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Name ________________

____/ 27 (mc/nr)  +  ____/ 9 (er)  =  ____ /36

Period ______




Numerical Response
1. A rifle fires an 80.0 g bullet at a velocity of +360 m/s. The recoil velocity of the 4.46 kg rifle is –_______ m/s.

(Record your three-digit answer in the numerical-response section on the answer sheet.)

1. Momentum is classified as a ___i___ quantity, and in an inelastic collision it is __ii___ . Kinetic energy, is classified as a __iii__ quantity and in an inelastic collision it is ___iv__.

The statements above are completed by the information in row
	Row
	i
	ii
	iii
	iv

	A.
	vector
	conserved
	scalar
	not conserved

	B.
	vector
	conserved
	vector
	conserved

	C.
	scalar
	not conserved
	vector
	conserved

	D.
	vector
	not conserved
	scalar
	conserved


Use the following information to answer the next four questions.
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Diagram I 
A 65.0 kg skydiver falls from an airplane that is flying horizontally at 50.0 m/s at an altitude of 2 000 m.

Diagram II 
As she falls, she accelerates vertically until, as a result of gravity and air resistance, she reaches a maximum velocity. At this time, the vertical component of her velocity is 55.0 m/s straight down.

Diagram III 
At an altitude of 800 m, the skydiver pulls the ripcord and her parachute opens. In 1.25 s, the skydiver's velocity decreases to 15.0 m/s, straight down.

Diagram IV 
The skydiver continues to decelerate as she falls until she lands and comes to rest.

2. What is the skydiver's total mechanical energy while she is still in the airplane?

A.
1.36 x 106 J
B.
1.28 x 106 J
C.
1.19 x 106 J
D.
8.13 x 104 J
3. The vertical component of the impulse that the parachute harness exerts on the skydiver's body as the parachute opens is

A.
9.75 x 102 N•s
B.
2.08 x 103 N•s
C.
2.60 x 103 N•s
D.
3.58 x 103 N•s
Use your recorded answer from Multiple Choice 3 to answer Numerical Response 2.*

Numerical Response
2. The magnitude of the average vertical force exerted on the skydiver's body by the parachute harness as the parachute opens, expressed in scientific notation, is a.bc x 10d N. The values of a, b, c, and d are _____, _____, _____, and _____.
(Record all four digits of your answer in the numerical-response section on the answer sheet.)

*You can receive marks for this question even if the previous question was answered incorrectly.

Numerical Response
3. A skydiving team uses radio communication to remain in contact with each other and with people on the ground. If the radio sets operate on a frequency of 118 MHz, the wavelength of the radio waves is _______ m.
(Record your three-digit answer in the numerical-response section on the answer sheet.)

Use the following information to answer the next four questions.


In 1999, a satellite called the Mars Polar Orbiter was destroyed in Mars' atmosphere. This accident was attributed to a programming error in the guidance system. Scientists had neglected to convert some force data from units of pounds (an imperial unit) to units of newtons (a metric unit). The conversion they should have used is
0.224 8 lb (pounds) = 1.000 0 N (newtons)

The orbital radius of Earth around the sun is 1.50 x 1011 m. The orbital radius of Mars around the sun is 2.28 x 1011 m.
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The Mars Polar Orbiter had a total mass of 629 kg. A solar array on the Orbiter provided 500 W of power.

4. When the sun, Earth, and Mars are positioned as shown in the diagram, the time required for a radio signal to travel from Earth to Mars is

A.
21.0 min
B.
12.7 min
C.
8.33 min
D.
4.33 min
5. During an acceleration, a force of 6.00 lb was applied to the Orbiter for 2.50 s. The maximum change in the speed of the Orbiter would have been

A.
1.06 x 10-1 m/s
B.
4.24 x 10-2 m/s
C.
2.38 x 10-2 m/s
D.
5.36 x 10-3 m/s
6. As the Orbiter moved at 5.00 x 103 m/s, it ejected a short burst of fuel perpendicular to its direction of motion. The mass of the Orbiter did not change significantly. If the burst of fuel had a momentum of 1.37 x 105 kg•m/s, then the Orbiter would have been deflected from its original direction by an angle of

A.
0.0436°
B.
2.49°
C.
45.0°
D.
87.5°
Use the following additional information to answer the next question.
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The solar array supplied power to three systems that each had a different resistance, as shown above.

Numerical Response
4. The current measured by the ammeter would have been _____ A.

(Record your three-digit answer in the numerical-response section on the answer sheet.)

7. The energy stored in a spring is given by Ep  = ½ kx2. Which of the following graphs shows the relationship between the energy stored in a spring, Ep, and the distance, x, that the spring is stretched?
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8. A negatively charged sphere X is brought near, but does not touch, a grounded sphere Y. The ground connection to sphere Y is removed, and then sphere X is moved away. If sphere Y is then touched to an identical but uncharged sphere Z, the nature of the charge on sphere Y and the nature of the charge on sphere Z, are, respectively,

A.
negative and negative
B.
positive and positive
C.
positive and negative
D.
negative and positive
9. Two equally charged particles repel each other with a force F. If their separation is doubled, they will repel each other with a force

A.
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Use the following information to answer the next question.


A video card contains a computer chip and other components that operate with very small electric currents in a specified range. Currents above this range could ruin these components.

A student decided to replace the video card in her home computer. Her computer room is carpeted. The following instructions were included with the new video card.

Step 1
Unplug computer.

Step 2
Remove computer's outer case.

Step 3
Touch fingers to computer's metal chassis.

Step 4
Remove old video card.


Step 5
Take new video card out of packaging. 
Step 6
Touch fingers to computer's metal chassis.

Step 7
Insert new video card.

Step 8
Replace computer's outer case. 
Step 9
Plug in computer.

10. Which of the following statements best explains the reason that the student should follow steps 3 and 6?

A.
She could acquire excess protons from the carpet. If these protons were transferred to the card, it would be damaged.
B.
She could acquire excess electrons from the carpet. If these electrons were transferred to the card, it would be damaged.
C.
It is important for her to be a neutral object so that excess electrons stored on the card would not be attracted to her.
D.
It is important for her to be a neutral object so that excess protons stored on the card would not be attracted to her.
11. The electric field strength that is just sufficient to suspend a proton in Earth's gravitational field near Earth's surface is

A.
8.94 x 10-30 N/C
B.
1.64 x 10-26 N/C
C.
5.58 x 10-11 N/C
D.
1.02 x 10-7 N/C
Use the following diagram to answer the next question.

Two positively charged spheres are placed at locations A and B, as shown below.
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At point P, the net electric field is 0.47 N/C at 71.3° from the line between A and P. The net electric field is due to the charge at A and the charge at B.

12. The magnitude of the net electric field at point P that is caused by only the charge at B is

A.
1.4 N/C
B.
0.50 N/C
C.
0.45 N/C
D.
0.15 N/C
Use the following information to answer the next four questions.


Researchers have found that lightning consists of both downward and return (upward) strikes. A barely visible downward strike causes a path of gas molecules to become ionized. Although every lightning event is a unique occurrence, the following describes one possible chain of events.

The bottom of a cloud is 1.2 x 103 m above Earth's surface. An electrical potential difference of 4.0 x 107 V exists between the bottom of the cloud and Earth. As a result of a downward strike, much of the negative charge on the bottom of the cloud is channelled off. A bright and very visible return strike carries electron currents of 3.0 x 105 A for 2.5 x 10-2 s from Earth to the top of the cloud. The top of the cloud, which is positively charged, is 1.6 x 104 m above Earth's surface. The return strike is driven by an electrical potential difference of 1.0 x 108 V between the top of the cloud and Earth.

In the thin air above the cloud, a second electric field exists between the ionosphere and the top of the cloud. Some of the electrons continue to accelerate upward, beyond the top of the cloud. Collisions between these electrons and air molecules can produce phenomena called "sprites" – red flashes of light with a wavelength of 6.8 x 10-7 m.
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13. If a person is out in the open in a thunderstorm, he might feel the hair on his arms and neck stand on end because they are acquiring charge as a result of the charge on the clouds above. Prior to a lightning strike, the hair acquires this charge through the process of 
A.
friction
B.
radiation
C.
induction
D.
conduction
14. The electric field that exists between the bottom of the cloud and Earth's surface just before the downward strike is 
A.
3.3 x 104 N/C, downward
B.
6.3 x 103 N/C, downward
C.
3.3 x 104 N/C, upward
D.
6.3 x 103 N/C, upward
Numerical Response
5. The charge transferred during the visible return strike, expressed in scientific notation, is _____ x 10w C.
(Record your two-digit answer in the numerical-response section on the answer sheet.)

15. In order for red sprites to be produced above the cloud, the minimum speed that the electrons must have is ___i___. The law of conservation of ___i___ is valid for this situation.

The statements above are completed by the information in row
	Row
	i
	ii

	A.
	6.4 x 1011 m/s
	energy

	B.
	8.0 x 105 m/s
	energy

	C.
	6.4 x 1011 m/s
	momentum

	D.
	8.0 x 105 m/s
	momentum


16. The charges on two particles are 2.00 x 10-8 C and 4.00 x 10-8 C, respectively.  The electrostatic force that the charges exert on each other is 1.00 x 10-3 N.  The distance between the particles is 
A.
1.39 x 102 m
B.
1.18 x 101 m
C.
8.48 x 10-2 m
D.
7.19 x 10-3 m
Use the following information to answer the next question.

Two small, electrically charged, metal spheres are fixed to insulating stands as shown below. The distance between the centres of the spheres is 0.500 m.   Point P is 0.500 in from the centre of sphere B.
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17. At point P, the magnitude of the net electric field caused by the charges on spheres A and B is

A.
2.16 x 105 N/C
B.
1.09 x 105 N/C
C.
7.19 x 104 N/C
D.
3.60 x 104 N/C
Numerical Response
6. An electrical potential difference of 285 V is required to stop a moving alpha particle. The initial kinetic energy of the alpha particle, expressed in scientific notation, was ________ x 10-w J.

(Record your three-digit answer in the numerical-response section on the answer sheet.)

18. Kirchhoff's current rule (junction rule) and Kirchhoff's voltage rule (loop rule) can be explained as logical consequences of the laws of conservation of

A.
charge and energy, respectively
B.
energy and charge, respectively
C.
charge and charge, respectively
D.
energy and energy, respectively
Use the following information to answer the next question.
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The total resistance in the circuit is 10.50 . 
19. The reading on ammeter I1 is

A.
8.45 A
B.
2.29 A
C.
1.80 A
D.
1.14 A
20. The resistance of R1 is

A.
3.92 
B.
4.00 
C.
6.58 
D.
8.94 
Use the following information to answer the next question.


Two bar magnets of equal strength are positioned as shown below. The direction of the net magnetic field that they produce at point P is indicated.
[image: image13.png]Direction of net
magnetic field

{<———————————— Bar magnets





21. Which of the following diagrams shows the polarity of the two bar magnets that would produce the net magnetic field in the direction indicated above?
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Use the following information to answer the next four questions.


An experiment is performed to verify that the charge-to-mass ratio of an electron is 1.76 x 1011 C/kg.

Electrons are accelerated from rest by a 300 V electrical potential difference, and the resulting beam of electrons is allowed to pass through a small hole in the positively charged plate. The beam of electrons then enters a magnetic field oriented perpendicular to the direction of the electron beam's path. This magnetic field is created by a current in two coils of wire. In the magnetic field, the electrons follow a curved path. The radius of the circular

path is measured for various currents, I117easu,.ed, in the coils.

Experimental Apparatus
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22. This experiment is similar to the one used to determine the charge-to-mass ratio for cathode ray particles that was originally performed by ___i___, making it possible to determine the mass f the cathode ray particle by using the charge-to-mass ratio and the___ii___.

The statements above are completed by the information in row
	Row
	i
	ii

	A.
	Einstein
	principles of the Compton effect

	B.
	Einstein
	principles of the photoelectric effect

	C.
	Thomson
	results from the Millikan oil-drop experiment

	D.
	Thomson
	results from the Rutherford scattering experiment


23. In the experimental apparatus, the electrical potential difference does work on the electrons, which increases the electrons’
A.
kinetic energy
B.
nuclear energy
C.
electrical potential energy
D.
chemical potential energy
Numerical Response
7. The maximum speed of an electron as it passes through the hole in the positively charged plate, expressed in scientific notation, is a.bc x 10d, m/s.

The values of a, b, c, and d are ____, ____, ____, and ____.

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

24. As the electron beam enters the magnetic field, the electrons in the beam are deflected counterclockwise. The direction of the magnetic field can be represented on the diagram as being

A.
toward the right side of the page
B.
toward the left side of the page
C.
out of the page
D.
into the page
Use the following information to answer the next two questions.

Solar Wind

The sun produces a stream of protons, electrons, and other charged particles. When these charged particles enter Earth's magnetic field, they get trapped. If they collide with atoms or molecules in the atmosphere, northern and southern lights occur.
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A proton in the solar wind is travelling at 2.5 x 106 m/s perpendicular to Earth's magnetic field. This proton experiences a deflecting magnetic force

of 2.8 x 10-19 N.

25. A proton in the solar wind would experience a magnetic deflecting force that would be represented on the diagram as being directed

A.
into the page
B.
out of the page
C.
toward the top of the page
D.
toward the bottom of the page
26. The magnitude of the magnetic field that the proton travels through is

A.
7.0 x 10-7 T
B.
8.0 x 10-7 T
C.
1.3 x 106 T
D.
7.1 x 106 T
27. A free electron that has a speed of 4.0 x 106 m/s experiences a force while in an external magnetic field. In the same magnetic field, a wire that is 0.20 m long and that is oriented parallel to the electron's path experiences a force that is 5.0 x 1010 times greater than the force on the electron. The current in the wire is

A.
6.4 x 10-5 A
B.
2.1 x 10-3 A
C.
1.0 x 10-1 A
D.
1.6 x 10-1 A
Numerical Response
8. A high-voltage electrical power transmission line carries a 0.125 A current at an electrical potential difference of 240 kV.  The electrical potential difference is stepped down by a substation transformer to 8.00 kV. The current leaving the substation transformer is ____ A.

(Record your three-digit answer in the numerical-response section on the answer sheet.)

28. A particle travelling at 1.80 x 104 m/s enters a perpendicular magnetic field, which has a strength of 7.50 x 10-3 T. The particle travels inside the magnetic field in a circular path with a radius of 5.00 x 10-2 m. The charge-to-mass ratio of this particle is

A.
2.70 x 103 C/kg
B.
2.40 x 106 C/kg
C.
4.80 x 107 C/kg
D.
1.76 x 1011 C/kg
Use the following information to answer the next question.

Sonoluminescence

Small flashes of blue light are observed when air bubbles in water are exposed to ultrasound. The frequency of the blue light is 7.14 x 1014 Hz.

Numerical Response
9. The minimum sound energy required to produce one photon of blue light is ______ eV.

(Record your three-digit answer in the numerical-response section on the answer sheet.)

_______________________________

29. Household electricity causes very weak electromagnetic radiation throughout a house. Research is being done to study the effects on living tissue of the fields created by the electricity. The fields being studied are a 
A.
changing electric field and a changing magnetic field
B.
changing electric field and a constant magnetic field
C.
constant electric field and a changing magnetic field
D.
constant electric field and a constant magnetic field
30. Planck introduced the idea of the quantum nature of light in order to 
A.
account for the behaviour of blackbody radiation
B.
support Maxwell's theory of electromagnetism
C.
account for the wave nature of the electron
D.
support the concept of the nuclear atom
31. Orange light with a frequency of 5.25 x 1014 Hz is incident on a photoelectric surface that has a work function of 1.30 eV. The maximum energy of one of the emitted photoelectrons is

A.
0.87 eV
B.
2.09 eV
C.
2.18 eV
D.
3.48 eV
Use the following information to answer the next two questions.


Gallium-75 decays by beta emission to an unidentified daughter nucleus, expressed in isotopic notation as 
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. The beta particles produced in this decay have an average energy of 3.39 MeV.
The distance that a beta particle can travel in air depends on its energy. The range for beta particles is approximately 3.65 m per MeV.

Numerical Response
10. In the isotope notation of the daughter nucleus produced in gallium-75 decay, the values of a, b, c, and d are ____, ____, ____, and ____.

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

Numerical Response
11. The minimum distance from a gallium-75 source that a person must stand so that the air will completely shield him from the emitted beta particles that have the average energy is _____ m.

(Record your three-digit answer in the numerical-response section on the answer sheet.)

Use the following equation to answer the next question.


Nuclear Reaction Equation
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32. The nuclear reaction equation above represents

A.
alpha decay
B.
beta decay
C.
fission
D.
fusion
33. When two deuterons,  
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, combine to form a helium nucleus, approximately 24 MeV of energy is released. A possible explanation for the release of energy is that the

A.
two deuterons have a greater total mass than that of the helium nucleus
B.
two deuterons have a smaller total mass than that of the helium nucleus
C.
helium nucleus immediately breaks apart when two deuterons are combined
D.
electrons are more tightly bound to the helium nucleus than they are to a deuteron nucleus
Use the following graph to answer the next question.
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Numerical Response
12. According to the graph above, the half-life of polonium-210 is _____ days.

(Record your three-digit answer in the numerical-response section on the answer sheet.)

___________________________
Use the following information to answer the next question.

In a piece of new wood, the rate of radioactive decay of carbon-14 is 816 decays per hour per gram. The half-life of carbon-14 is approximately 5 730 years.
The decay rate of carbon-14 in a particular wooden archeological artifact is 12.75 decays per hour per gram.
34. The age of the wooden artifact is 
A.
3.68 x 105 years
B.
3.44 x 104 years
C.
89.2 years
D.
64.3 years
35. When white light emitted by a glowing solid passes through a cool gas, the spectrum produced is

A.
an emission spectrum
B.
a bright-line spectrum
C.
a continuous spectrum
D.
an absorption spectrum
36. What is the ratio of the second Bohr orbit radius to the first Bohr orbit radius in hydrogen?

A.
4:1
B.
3:1
C.
2:1
D.
1:1
37. Which of the following diagrams best represents the energy levels of a hydrogen atom?
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38. A tennis ball with a mass of 110 g is travelling 18.5 m/s east. It is struck by a racquet that applies a force of 950 N west. The ball and the racquet are in contact for 3.20 ms. The change in momentum of the tennis ball is

A.
2.04 kg•m/s, west
B.
3.04 kg•m/s, west
C.
2.04 x 103 kg•m/s, west
D.
3.04 x 103 kg•m/s, west
Use the following information to answer the next question.

[image: image22.png]Two-Dimensional Explosion

Fragment

amA: 3.00 kg

Fragment

ﬁ my =2.00 kg

me=4.00kg Q

Fragment




An explosion of a stationary object produces three fragments that move away from each other in a horizontal plane.

39. The speed, vc, of fragment C is 
A.
36.9 m/s
B.
48.6 m/s
C.
51.7 m/s
D.
148 m/s
40. Which of the following graphs represents the relationship between electrical field strength and distance from a point charge?
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Use the following information to answer the next question.
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41. When the switch in the circuit above is closed, the electric potential drop across the 5  resistor is V5. The electric potential drop across the 10  resistor is

A.
½ V5
B.
⅓ V5
C.
2 V5
D.
3 V5
42. A student uses a bar magnet to pick up a paper clip. The magnet causes 
A.
an electrical potential difference across the paper clip 
B.
a transfer of electrons from the bar magnet to the paper clip

C.
an alignment of the domains in the paper clip, which results in the paper clip becoming a temporary magnet

D.
an alignment of the domains in the paper clip, which results in the paper clip becoming a permanent magnet

Use the following information to answer the next question.


Vector Fields

I
Gravitational 
II 
Electrical

III 
Magnetic

43. Which of the vector fields above are produced by a charged particle at rest?

A.
I, II, and III
B.
I and II only
C.
I and III only
D.
II and III only
________________________________

44. Rutherford's planetary model of the atom was an improvement over previous models because it was able to explain the

A.
existence of atoms
B.
line spectra of hydrogen
C.
existence of energy levels within atoms
D.
scattering of alpha particles incident on a thin gold foil
Use the following information to answer the next five questions.

Transuranic Elements

Transuranic elements have more protons than uranium. Because all transuranic elements have a relatively short half-life, they are almost absent from our solar system. Physicists have made transuranic elements by bombarding heavy ions with magnesium ions and oxygen ions.

In a particular bombardment, a physicist uses magnesium ions (28Mg2+) with a mass of 4.67 x 10-26 kg and accelerates them to a kinetic energy of 1.64 x 10-13 J.
45. In this bombardment, the speed of a magnesium ion is

A.
1.87 x 106 m/s
B.
2.65 x 106 m/s
C.
3.51 x 1012 m/s
D.
7.02 x 1012 m/s
46. The electric potential difference that accelerates the magnesium ion is

A.
9.76 x 10-7 V
B.
1.95 x 10-6 V
C.
5.13 x 105 V
D.
1.03 x 106 V
47. Magnesium-28 undergoes a beta decay according to the nuclear reaction equation 
A.
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48. A physicist starts a 7.0 day experiment with 0.20 g of magnesium-28.  If the half-life of magnesium-28 is 21 h, then the mass of magnesium-28 remaining at the end of the experiment will be

A.
1.8 x 10-1 g
B.
3.9 x 10-3 g
C.
7.8 x 10-4 g
D.
9.5 x 10-8 g
49. In order to produce dubnium-262 (
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), berelium-249 (
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) is bombarded with very fast-moving oxygen nuclei.  This reaction also produces five neutrons.  The nuclear reaction for the production of dubnium-262 is
A.
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Written Response

Use the following information to answer the question.


A teacher performs a classroom demonstration of Lenz's Law. A strong permanent magnet is mounted on a frictionless dynamics cart so that its north pole (N) is toward a coil. The coil is wrapped around a hollow glass tube. The coil and tube hang freely on conducting wires so that they can move toward or away from the strong permanent magnet. The conducting wires are connected to an ammeter.

Students in the class make the following observations during the demonstration.

 

Observation I

While the strong permanent magnet is stationary, no current is detected by the ammeter, and the coil and glass tube remain stationary.

Observation II

The teacher pushes the cart toward the coil and releases it. The magnet on the cart moves toward the coil.

The coil swings away and up from its starting position.

The ammeter detects a current.
Observation III

As the magnet gets closer to the coil, it slows down.

The coil continues to move away from the incoming magnet, swinging away and up from its starting position

The ammeter continues to detect a current.
A.
Analyze the students' observations by

· describing the energy conversions (kinetic energy, gravitational potential energy, and electric energy) that occur in the magnet and coil system
· labelling the north and south magnetic poles induced in the coil.  Justify your labels.
· identifying and explaining the direction of the induced current through the ammeter in observation II

B.
Identify an everyday electrical device, other than the apparatus described, that uses electromagnetic induction. Describe how electromagnetic induction is used in the device you have identified.
Marks will be awarded for the physics used to solve this problem and for the effective communication of your response.

Written Response
Use the following information to answer the question.

A student performed a photoelectric effect experiment in which he exposed an unidentified metal to various frequencies of incident electromagnetic radiation and measured the stopping voltage of the emitted photoelectrons.
He calculated the maximum kinetic energy of the emitted photoelectrons. 
His results are given in the table below.
	Frequency of incident electromagnetic radiation (l014 Hz)
	1.3
	1.4
	1.5
	1.6
	1.7
	1.8

	Maximum kinetic energy of emitted

photoelectrons (10-19 J)
	1.0
	1.8
	2.4
	3.1
	3.8
	4.4


The teacher provided the student with the following table of work functions for selected metals.



Work function


Metal 
(eV) 

Na 
2.28 

Co 
3.90 

Pb 
4.14 

Zn 
4.31 

Fe 
4.50 

Ag 
4.73

Pt
6.35

You must completely analyze the data and identify the metal. In your response,

•
identify the region of the electromagnetic spectrum to which the incident frequency radiation belongs

•
provide a graph of the results

•
determine the values, with units, of the x-intercept and the -y-intercept. Identify the significance of each of the intercepts

•
determine the value, with units, of the slope. Identify the significance of the slope

•
identify the metal. Justify your answer

Clearly communicate your understanding of the physics principles that you are using to solve this question. You may communicate this understanding mathematically, graphically, and/or with written statements.
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Written Response 
Use the following information to answer the question.


A student injected a small electrically charged particle with a mass of 2.2 x 10-15 kg into a Millikan-like apparatus, as shown below.
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The student determined the particle's upward acceleration for various potential differences and recorded the data in the table below.

Potential
Upward Acceleration


Difference (V)
(m/s2)

340 
1.7 

380 
2.6 

400 
3.5 

420 
4.3 

460
5.4

Analyze the results above.  In your analysis,
•
draw electric field lines showing the electric field direction and shape between the parallel plates above

•
provide a graph of the data

•
determine the value and units of the slope

•
determine the value, units, and significance of the x-intercept
•
determine the magnitude and sign of the charge present on the small particle
Clearly communicate your understanding of the physics principles that you are using to solve this question. You may communicate this understanding mathematically, graphically, and/or with written statements.
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Written Response 
Use the following information to answer the question.


A wheelchair lift on a bus is used to move a wheelchair and its occupant from ground level to the level of the floor of the bus. The wheelchair lift is powered by an electric motor. The efficiency of an electric motor in a wheelchair lift is determined by using the formula
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Develop a series of instructions for a maintenance team to follow in order to determine the efficiency of the electric motor in an occupied wheelchair lift. In your instructions,
•
identify the energy conversions involved in the operation of a wheelchair lift. Start with the energy input to the electric motor, and end with the output energy when the wheelchair and its occupant are on the bus

•
design a procedure that the maintenance team could use to determine the input power of an electric motor. Include a labelled circuit diagram

•
design a procedure that the maintenance team could use to determine the output power of the occupied wheelchair lift

•
describe the calculations, including necessary formulas, required to determine the efficiency of this electric motor

Marks will be awarded for the physics used to solve this problem and for the effective communication of your response.

Written Response 
Use the following information to answer the question.


An ion with a charge of -2e and a mass of 1.33 x 10-25 kg is initially at rest.  A high-voltage source is used to accelerate it. The ion then enters a magnetic field perpendicularly. In the magnetic field, the ion experiences a centripetal force of 4.41 x 10-14 N and travels in a circular path with a radius of 0.200 m.
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Analyze the situation above by

•
determining the speed of the ion as it travels in the magnetic field.

If you are unable to determine the speed of the ion, use the hypothetical value of 1.90 x105 m/s for the rest of the question

•
determining the electric potential difference needed to accelerate the ion from rest

•
determining the magnetic field strength

Use the following additional information to answer the next part of the question.


An electric field is then added to this region so that the ion passes undeflected through the region.

Analyze the situation in which the ion moves in both fields by

•
determining the magnitude of the electric field that would be required to make the ion pass undeflected through the region

•
completing the diagram above by 
–
drawing the parallel plates 
–
labelling the positively charged plate and the negatively charged plate

–
drawing at least three field lines showing the shape and direction of the electric field

Clearly communicate your understanding of the physics principles that you are using to solve this question. You may communicate this understanding mathematically, graphically, and/or with written statements.

Written Response
Use the following information to answer the question.


Becky and Ken investigated the penetrating ability of the radiation from a strontium-90 source. They placed the source a fixed distance from a Geiger counter that is sensitive to beta and gamma radiation. They then placed different numbers of sheets of paper between the source and the counter and measured the resulting intensities of the radiation reaching the Geiger counter.
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Ken plotted their observations on the graph below.

Intensity as a function of the Number of Sheets of Paper
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Becky noticed that the graphed data could be divided into three sections: from 1 to 4 sheets, from 5 to 16 sheets, and from 17 to 24 sheets.

Ken hypothesized that the trend in the data in the third section of the graph could be caused by one of the following factors.

1
Background radiation, which is the radiation produced from materials other than the strontium-90 source

2
High-energy beta and/or gamma radiation from the strontium-90 source 

3
A combination of background radiation and radiation from the source 

Now, Becky and Ken need to complete the analysis of their data.

Complete the analysis for Becky and Ken. In your response,

•
determine the type of particle being emitted by writing the nuclear decay equation for the decay of strontium-90 into yttrium-90

•
describe the trend in the data in each of the three sections identified by Becky

•
for each of the first and second sections of the graph, predict one cause of the trend in the data. Explain how this cause would produce the trend observed

•
design a concise procedure and provide a description of the analysis that could be used to determine which of the factors stated by Ken caused the trend in the data observed in the third section

Marks will be awarded for the physics used to solve this problem and for the effective communication of your response.

Written Response 
Use the following information to answer the first question.


In a demonstration, a student drops a neutral polystyrene sphere toward the top of the dome of a negatively charged Van de Graaff generator. The polystyrene sphere is coated with an electrically conductive surface.
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Use the concepts associated with electric field, electrical force, and charging by induction and charging by conduction to analyze the demonstration and observations given above.

•
In your analysis of the demonstration above,

–
draw and label field lines that show the shape and direction of the electric field around the negatively charged dome of a Van de Graaff generator

•
In your analysis of observation I,

–
describe the rearrangement of charge that occurs on the neutral sphere as it falls toward the top of the Van de Graaff generator, and explain why this occurs

–
predict the change in the magnitude of the acceleration of the neutral sphere as it
falls toward the top of the Van de Graaff generator, and justify your prediction

•
In your analysis of observation II, 

–
explain why the sphere moves upward away from the Van de Graaff generator

Marks will be awarded for the physics used to solve this problem and for the effective communication of your response.

Written Response
Use the following information to answer the question.

To determine the strength of a strong horseshoe magnet, Shane and Laura set up equipment as shown below. The equipment is set up so that the motor effect produces a force on a current-carrying wire that is perpendicular to the magnetic field of the strong horseshoe magnet.
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The wire and its supports are placed on the scale as shown above, and the scale is set to read zero when there is no current in the wire. The length of the wire perpendicular to the magnetic field of the strong horseshoe magnet is measured to be 0.025 m. As Laura increases the voltage from the variable power supply, Shane records the current and the corresponding scale reading.

Shane and Laura's teacher has explained to them that the value displayed by the scale will be multiplied by the magnitude of the acceleration due to gravity

in order to calculate the magnitude of the magnetic force. Shane and Laura's observations are charted below.

Current
Scale Reading
Magnetic Force

(A)
(g)
~
)

0 0 0.80 0.26 1.80 0.62 1.95 0.65 2.50 0.90 2.76
0.92

  2. Analyze Shane and Laura's observations, and determine the magnetic field intensity of the horseshoe magnet. Your complete solution should include:

•
a labelled arrow showing the direction of the magnetic force on the wire between the poles of the horseshoe magnet when there is a current in the wire, and an explanation of how you deteiiiiined the direction

•
a determination of the values and units needed to complete the chart given above

•
a graph of the magnetic force as a function of current

• a determination, using the slope of the graph or another suitable averaging technique, of the strength of the magnetic field produced by the horseshoe magnet.

Clearly communicate your understanding of the physics principles that you are using to solve this question. You may communicate this understanding mathematically, graphically, and/or with written statements.
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Observation II


The student next observes the sphere touch the top of the generator and then move upward, as shown below.





Observation I


The student initially observes the neutral sphere fall toward the Van de Graaff generator, as shown below.
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