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Description

Time: This examination was devel oped
to be completed in 2.5 h; however, you
may take an additional 0.5 h to complete
the examination.

Thisis aclosed-book examination
consisting of

* 37 multiple-choice and 12 numerical-
response questions, of equal value,
worth 70% of the examination

* 2 written-response questions, of equal
vaue, worth atotal of 30% of the
examination

This examination contains sets of
related questions. A set of questions
may contain multiple-choice

and/or numerical-response questions.

A tear-out Physics Data Sheet isincluded
near the back of thisbooklet. A Periodic
Table of the Elementsis also provided.

Note: The perforated pages at the back
of this booklet may be torn out and
used for your rough work. No marks
will be given for work done on the
tear-out pages.

| nstructions

* You are expected to provide your own
caculator. You may use any scientific
calculator or a graphing calcul ator
approved by Alberta Learning.

* You are expected to have cleared your

calculator of al information that is
stored in the programmable or
parametric memory.

« Fill in the information required on the
answer sheet and the examination
booklet as directed by the presiding
examiner.

* Read each question carefully.

¢ Consider all numbers used in the
examination to be the result of a
measurement or observation.

* When performing calculations,

use the values of constants

provided on the tear-out sheet.

Do not use the values programmed in
your calculator.

« If you wish to change an answer,

erase all traces of your first answer.

* Do not fold the answer shest.

» The presiding examiner will collect

your answer sheet and examination
booklet and send them to Alberta
Learning.

» Now turn this page and read the

detailed instructions for answering
machine-scored and written-response
guestions.



Multiple Choice

* Decide which of the choices best Examples
completes the statement or answers _ _ _
the question. Calculation Question and Solution
If a121 N forceisappliedto a77.7 kg
« Locate that question number on the mass at rest on africtionless surface,
separate answer sheet provided and the acceleration of the mass will be
fill in the circle that corresponds to ____ms |
hoi (Record your three-digit answer in the
your choice. numerical-response section on the answer
sheet.)
Example =
a= E
This examination is for the subject of
_ ) a=22N _ 557 mys?
A. science 77.7kg
B. physics Record 1.56 on the
C. biology answer sheet — (1| .|5(6
D. chemistry @5%@
Answer Sheet | JOJOO)
@006
® @® © © ©JOXOJO)
OJOROXO)
OJOX JO)
GXOJOX ]
Numerical R
umerica onse
&P (©JOJOJO)
 Record your answer on the answer
sheet provided by writing it in the Calculation Question and Solution
boxes and then filling in the A microwave of wavelength 16 cm has a
corresponding circles. frequency, expressed in scientific notation,
of bx 10"Hz. Thevaueof bis
« If an answer is avalue between 0 and 1 (Record your two-digit answer inthe

(e.g., 0.25), then be sure to record the 0 numerical-response section on the answer

before the decimal place. sheet) .
f ==
* Enter thefirst digit of your answer A .
in theleft-hand box and leave any ¢~ 300x10°Ms _ 4 gue s 10° by
unused boxes blank. 0.16m

Record 1.9 on the
answer sheet ——

OEOCOOEOOE |
OEOCEOEEEEO|-
0CO0OOEOOEO[WO
OEOCOOEEOE



Written Response

Correct-Order Question and Solution » Write your answers in the examination

booklet as neatly as possible.
When the following subjects are arranged in yasp
alphabetical order, the order is , ,

. and _ * For full marks, your answers must

address all aspects of the question.

1 physics

2 biology

3 stience * Descriptions and/or explanations of
4 chemistry concepts must be correct and include

(Record dl four digits of your answer in the pertinent ideas, diagrams, calculations,

numerical -response section on the answer and formulas.

sheet.)

Answer: 2413 * Your answers must be presented in a
Record 2413 on the well-organized manner using complete
answer sheet —»|2|4(1(3 sentences, correct units, and significant

0YO) digits where appropriate.
QOOO®O
QOO » Relevant scientific, technological, and/or
| JOJOJO)
loYexex societal concepts and examples must be
ot YoXo! ) . .
5856 identified and made explicit.
OGO
00O
©JOJOJO)

Scientific Notation Question and
Solution

The charge on an electron is—a.b x 10 c.

Thevaluesof a, b, ¢, and d are , ,
, and

(Record al four digits of your answer in the

numerical -response section on the answer
sheet.)

Answer: q=-1.6x 10*°¢c

Record 1619 on the
answer sheet ——»
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Use the following information to answer the first question.

2.4kg 3.2m/s - - 8.4 m/s @

The two objects shown above collide head-on. The velocity of the 9.5 kg
object after collisionis 5.4 m/s to the left.

The velocity of the 2.4 kg object after collision is

A. 15 m/stotheright
B. 8.7 m/stotheleft
C. 8.0m/stotheright
D. 6.2m/sto theleft

Two carts, each with a spring bumper, collide head-on. At one point during the
collision, both carts are at rest for an instant. At that instant, the kinetic energy that
the carts originally possessed is almost completely

A. losttofriction

B. transformed into heat and sound

C. converted into kinetic energy in the spring bumpers
D. converted into potential energy in the spring bumpers




Numerical Response

A 1575kg car, initidly travelling at 10.0 m/s, collides with a stationary
2250 kg car. The bumpers of the two cars become locked together. The speed
of the combined carsimmediately after impact is m/s.

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

3. A 1159 arrow travelling east at 20 m/s imbedsitself ina 57 g tennis ball
moving north a 42 m/s. The direction of the ball-and-arrow combination after

impact is

A. 46°Nof E
B. 46°Eof N
C. 25°Eof N
D. 25°NofE

4. Inaninelastic collision, the energy that appears to be missing is converted into

A. sound and momentum
B. force and momentum
C. sound and heat

D. heat and force



Use the following information to answer the next question.

ForceTime Graph

max

Force (N)

| | | |
0 0.050.10 0.15 0.20

Time (s)

This graph shows the relationship between the force on a 0.801 kg football
and the time a kicker’sfoot isin contact with the ball. Asaresult of the kick,
the football, which was initially at rest, has afinal speed of 28.5 m/s.

Numerical Response

The magnitude of the maximum force, F,, €xerted onthe ball during the
kicking process, expressed in scientific notation, is a.b x 10° N. The values

of a,b,andc are

: , and

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

5. Which of the following units are correct units for momentum?

A.

B.
C.
D

Js
N-m
N-s
N/J




Use the following information to answer the next four questions.

The distribution of energy released during the burning of gasolineinacar is
illustrated below.

Energy Wasted as Heat Energy Delivered to the
from Engine Parts Car’sDriveTrain
Used to
accelerate car

(15%)

Wasted as Energy

heat from rel eased

engine parts
(80%)

Used to overcome
air resistance and
frictional forces between
tires and road
(5%)

Gasoline releases 30.2 MJ/L during burning. A particular car has a mass of
1.60 x 103 kg. In atest drive, the car accelerated from 3.00 m/s to 15.0 m/s
over adistance of 115 m.

The maximum amount of energy that would be delivered to the drive train when
65.0 L of gasolineisburnedis

©Oo0w >

1.51 x 10> MJ
3.93 x 10°MJ
1.96 x 10 MJ
9.82 x 10°MJ




7. Thechangein the kinetic energy of the car during the test driveis

A. 9.60x10%J
B. 115x10°J
C. 173x10°J
D. 1.80x10°J

8. The magnitude of the impulse on the car during the test drive is

A. 4.80x10%kg-m/s
1.92 x 10* kg-m/s
2.40 x 10* kg-m/s
2.88 x 10* kg-m/s

O w

Use your recorded answer from Multiple Choice 8 to answer Numerical Response 3.*

Numerical Response

The average net force on the car during the test drive, expressed in scientific

notation, is a.bc x 109N. Thevaluesof a, b, c,andd are
and

(Record all four digits of your answer in the numerical-response section on the answer sheet.)
*You can receive marksfor this question even if the previous question was answer ed incorrectly.



Use the following information to answer the next three questions.

90 m Ski Jump

An elevation profile of the 90 m ski jump at Canada Olympic Park in
Calgary isshown below. The skiersslidedown a 111 m long ramp before
taking off at the “table point.” The distance from the table point to the “norm
point” (the beginning of the stegpest section of the landing hill) is 90 m,
hence the name of the jump. Farther downhill, at the end of a straight section
of 24.0m, isthe*“critical point.” If skiersfly past the critical point, it
becomes dangerous to land because the landing hill starts to flatten out.

Start point

Table point

— 52.5mﬂ

Skier’strgjectory

Critical

' /i// point

Take-off ramp Landing hill

During a ski jJumping competition, askier’s speed at the table point was
95 km/h, and she landed at the critical point with aspeed of 85 km/h. The
combined mass of the skier and her equipment was 60 kg.

The change in the skier’s gravitational potential energy as she moved from the
table point to the critical point was

A. -25x10%J
B. -3.3x10%J
C. -36x10%J
D. —6.7x10%J



10.

11.

Current ski jumping techniques actually slow down the ski jumpers on the way

to the bottom of the hill. The skier’s speed upon landing at the critical point was
85 km/h. What was the change in this skier’ s kinetic energy on her flight from the
table point to the critical point?

A.

B.
C.
D

—8.4x10'J
—3.0x10%J
—4.2x10%J
—5.4x10%J

Thereduction in flight speed as a skier moves through the air is mainly due to the
aerodynamic lift generated on the skier in “sailing position.” The work done by
this force acts to reduce the

A.

B.
C.
D

kinetic energy of the skier

potential energy of the skier

time spent in the air by the skier
horizontal distance travelled by the skier



12.

13.

Use the following information to answer the next four questions.

To determine the electric force on a 2.5x 10”4 kg neutral pith ball, a student
charges a Van de Graaff generator and suspends the pith ball by an insulating

thread.
’f 30.0 cm

Pith ball

Van de Graaff
generator

When the neutral pith ball is placed near the charged Van de Graaff generator, the
pithball is attracted to the generator as a result of

A.

B
C.
D

induction

grounding

conduction

induction and grounding

The direction of the electrical force on the pith ball is

A.

B.
C.
D

\J

— =1




14.

15.

The magnitude of the electrical force exerted on the pith ball by the charged
Van de Graaff generator is

A.

B.
C.
D

25x10°N
23x 102N
89x 1074 N
8.4x107*N

Use the following additional information to answer the next question.

A student placed a piece of rabbit fur on the top of the sphere of the

Van de Graaff generator. The generator was then turned on and the rabbit fur
was repelled and formed an arc directly above the generator. When the
generator was turned off, the fur remained in the same position.

Using a camerawith aflash, a second student then took a picture of the
apparatus. Immediately after the flash, the fur collapsed somewhat.

The concept that explains the collapse of the rabbit fur is

A.

B.
C.
D

induction

grounding

conduction

the photoel ectric effect




16.

Use the following information to answer the next four questions.

Brent rewired his brake light circuit so that every time he applies the brakes,
an indicator light on the dashboard goeson. The circuit that Brent used is
shown below.

Brake switch

Bulb 2 Bulb 3
Bulb 1 lZ.OQS?) @ 12.0Q
400 Q§> Brake lights _/
Indicator .\
—-®

light
120V

Brent should not have wired the circuit asillustrated because both brake lights will

fail tolight if

A. bulb1fails

B. bulb2fails

C. bulb3fails

D. thebrakesare applied

10




Use the following additional information to answer the next three questions.

In Brent’s circuit, all bulbs are working and the brake switch is closed.

Numerical Response

The reading on the ammeter is A.

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

Numerical Response

The voltage drop across one of the 12.0 Q light bulbsis V.

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

17. Theé€lectrical power dissipated by the 4.00 Q bulbis

A. 576W
B. 864W
C. 144W
D. 144W

11



Numerical Response

E The magnitude of the force between two charged particles that are a fixed

18.

distance apart is 3.80 x 107* N. If the distance between their centresis
exactly doubled, then the magnitude of the force between the particles,
expressed in scientific notation, is a.bc x 109 N. Thevaluesof a, b, ¢, andd
are , , ,and

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

The electric field strength 2.0 x 107° m from an alphaparticleis

A. 7.2NI/C
B. 14N/C
C. 34x10"N/C
D. 7.2x10YN/C

12



13
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If the source of Earth’s magnetic field were a bar magnet, then the best diagram to

show this field would be

19.



20.

Use the following information to answer the next two questions.

A Mass Spectrometer

A particular lithium sample contains two isotopes. These isotopes are singly
charged in an ion generation and acceleration chamber. Since individual
atoms areionized at different pointsin the acceleration chamber, their speeds
vary when they enter the velocity selection chamber. In the velocity selection
chamber, the electric field strength is 5.95 x 10° N/C and the magnetic field

strength is 1.55 x 10 T. The velocity selection chamber allows ions of a
certain speed to pass through undeflected. The beam of undeflected ions then
enters the ion separation chamber where the magnetic field of 0.185T splits
the beam into two beams. Beam 1 curvesthrough aradius of 0.131 m.

|E’| = 5.95x 10° N/C

IB, =0.185 T

Positive plate

El

.4.'.........:.00....
IB] =155%10°T
Negative plate

Velocity selection

lon geﬁeration chamber
and lon separation
acceleration chamber
chamber

The speed of the undeflected ionized lithium ions, Li*, as they leave the vel ocity
selection chamber is
A. 425x10*m/s
B. 3.84x10°m/s
C. 863x10°mis
D. 7.22x10"m/s

14



Use your recorded answer from Multiple Choice 20 to answer Numerical Response 7.*

Numerical Response

The mass of alithium ion in beam 1, expressed in scientific notation, is
bx 10" kg. Thevalueof b is .

(Record your three-digit answer in the numerical-response section on the answer sheet.)
*You can receive marksfor this question even if the previous question was answer ed incorrectly.

Use the following information to answer the next question.

Bill notices that the picture on his television screen is distorted when a strong
magnet is placed near it.

BRONY

Note: This distortion can be permanent.

21. Thisdistortion occurs because of the magnetic force acting on the

A. visible wavelengths of EMR
B. television circuits

C. moving electrons

D. gammaradiation

15



22.

23.

Use the following information to answer the next two questions.

Radio Telescopes

Radio telescopes detect radio waves emitted by objects throughout the
universe. They do not detect the visible light from stars and galaxies.

The Dominion Radio Astrophysical Observatory (DRAQ), located in
Penticton, BC, has a seven-antenna radio telescope. Using signals from this
telescope, DRAO produces detailed wide-angle pictures of the radio sky.

One of the radio waves that this telescope can detect has a frequency of
1 420 MHz, and comes from an arm of the Milky Way Galaxy that is

7.00 x 10*® km away.

The amount of time, in days, that it takes the radio waves detected by the telescope
to reach Earthis

A.

B.
C.
D

2.7 x 108 days
6.5 x 10° days
2.3 x 10" days
2.0 x 10*® days

DRAO islocated in a basin surrounded by mountains, which shield it from
manmade radio waves that interfere with astronomical signals. Manmade
radio waves are produced by

A.

B.
C.
D

radioactive decay

electron transitions in atoms

oscillating chargesin alinear antenna

high speed electrons stopped suddenly by a metal surface

16




Use the following information to answer the next question.

A proton enters amagnetic field at aright angleto thefield. An apha particle
enters the same field at the same angle but with twice the speed. Onceinthe
magnetic field, both particles movein acircular path.

24. Theratio of radius of the alpha particle' s path to the radius of the proton’spath is

A.

B.
C.
D

oo~ DN P
N

25.  Which of the following forms of el ectromagnetic radiation has photons of lowest

energy?

A. Radiowaves

B. Ultraviolet light
C. Gammaradiation
D. Infrared radiation

Numerical Response

BB} 1 certain X-rays have afrequency of 2.15x 10%° Hz, then the period of

these X-rays, expressed in scientific notation, is b x 10™"'s. Thevalue
of bis

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

17




26.

27.

28.

Maxwell’ s work contained the new idea that

A. anéectric current in awire produces a magnetic field that circles the wire
acurrent isinduced in a conductor that moves across amagnetic field

an electric field that changes with time generates a magnetic field

two parallel, current-carrying wires exert aforce on each other

©CoOw

Evidence of the wave-like properties of matter can be found in the

A. refraction of light

B. diffraction of electrons

C. Compton scattering of X-ray photons
D. conservation of momentum of photons

Which of the following types of radiation can be deflected by both electric fields
and magnetic fields?

A. X-rays

B. Cathoderays

C. Photon beams

D. Electromagnetic waves

18



Use the following information to answer the next question.

When a certain metal is struck by a photon with a frequency of
8.23 x 10** Hz, the metal emits an electron with a maximum speed of
2.45 x 10° m/s.

Numerical Response

BB} Thework function for this metal is eVv.

29.

30.

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

In his explanation of the photoel ectric effect, Einstein proposed that

A. thespeed of light is constant

B. light energy is concentrated in distinct “ packets”

C. light energy is evenly distributed over the entire wave front
D

metallic surfaces emit electrons when illuminated with short-wavelength
light

Use the following information to answer the next question.

Data Recorded in a Photoelectric Effect Experiment

| The number of photoel ectrons emitted each second
Il The maximum kinetic energy of the emitted photoel ectrons
11 The charge on each of the emitted photoel ectrons

The intensity of alight source that causes photoel ectric emission isincreased while
the frequency of the light sourceis kept constant. Thisincrease will result in an
increasein

A. lonly

B. Ilonly

C. landllonly
D. Il andlll only

19




31.

Use the following information to answer the next six questions.

A sample of iodine-131 has an initial

mass of 76.0 mg. The activity of the

sample is measured and the amount of iodine-131 remaining in the sample
is determined. The following graph was obtained.

Mass of lodine-131 Versus Elapsed Time

80.0-
70.04
60.0-
50.04
40.0
30.0+
20.04
10.0

Mass of lodine - 131 (mg)

0.0 T

1 1 1 1
0.0 5.0 10.0 15.0 20.0 25.0

Time (days)

A particular nucleus of iodine-131 decays by emitting a beta particle that
travelsat 2.34 x 10° m/s and gammaradiation that has a wavelength of
5.36 x 102 m. Extramomentum and kinetic energy are carried off by a

neutrino.

The half-life of iodine-131 is

A. 8.0days

B. 12.0days
C. 16.0days
D. 24.0days

20




Use your recorded answer from Multiple Choice 31 to answer Numerical Response 10.*

Numerical Response

After 48.0 days the amount of iodine-131 that remains in the sample
is mg.

(Record your three-digit answer in the numerical-response section on the answer sheet.)
*You can receive marksfor this question even if the previous question was answered incorrectly.

32. Theenergy emitted as gamma radiation during the transmutation of an iodine-131
nucleusis

A. 355x1074°]
B. 268x107%J
C. 124x10%J
D. 371x10%J

Use the following additional information to answer the next question.

The momentum of the gamma ray photon and the beta particle can be
calculated. The momentum of agammaray photon () is determined by the
equation

©
Il
Ny

33. For the decay of iodine-131, the relationship between the magnitude of the
momentum of the gammaray photon (p,) and the magnitude of the momentum of
the beta particle (pj) can be represented by the equation

A. P,=—Ps

B. p,=pg

C. p,=(L72x107%) xpg
D. p,=(5.80x 107 x py

21



34. Theequation for this radioactive decay is

131 127 :
53I - 51Sb + beta + gamma + neutrino

13

1 132 :
53I - 54Xe+ beta + gamma + neutrino

131

132 .
53I - 53I + beta + gamma + neturino

131 131 :
53I - 54Xe+ beta + gamma + neutrino

35. To protect lab technicians from harmful radiation, the equipment used in this
experiment should be shielded with

A.

B.
C.
D

lead to stop the yradiation

paper to stop the S particles

an electric field to stop the yradiation
amagnetic field to stop the S particles

Numerical Response

An X-ray tube operates at an electrical potential difference of 1.00 x 10° V.
The minimum wavelength of the X-ray radiation it produces, expressed in
scientific notation, is b x 10 m. Thevaueof b is

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

22



Numerical Response

The voltage required to stop an alpha particle with an initial speed of
5.34 x 10* mi/s is V.

36.

37.

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

Use the following information to answer the next two questions.

An electron in a hydrogen atom makes a transition from the third energy level
to the ground state.

The frequency of light emitted when the electron drops from energy level n=3 to

n=1Iis

A. 22x10°Hz
B. 1.0x10"Hz
C. 55x10"Hz
D. 29x10¥®Hz

In ahydrogen atom, the ratio of the radius of the third orbital to the radius of the

first orbital is
A. 9:1

B. 6:1

C. 3:1

D. 3:1

The written response questions follow on the next page.

23




\Written Response — 15% \

Y ou have been given alarge permanent magnet with a uniform magnetic field
between its poles. In apreliminary experiment, the magnetic field of the permanent
magnet was found to be at least 100 times the strength of Earth’s magnetic field.
Using concepts discussed in the Physics 30 course, design a procedure to measure
the magnitude of the magnetic field. Assume that the space between the polesis
large enough to insert any necessary equipment.

The description of your procedure must include

» alabel indicating the direction of the magnetic field between the poles of
the magnet below

* alist of the materialsrequired
» alabelled diagram showing your experimental design

* adescription of how to obtain the measurements required to calculate the
magnitude of the magnetic field

* aderivation of the formula used to determine the magnitude of the magnetic field

NOTE: Markswill be awarded for the physics principles used in your response and
for the effective communication of your response.

24



Written-response question 2 begins on the next page.

25



Use the following information to answer the next question.

distance between the plates.

In amodified Millikan apparatus, a small, charged object that has a mass of
3.8 x 10 kg is suspended by the electric field that is between charged parallel
plates. The table below shows how the balancing voltage depends on the

Plate separation (mm) Balancing voltage(103 V)
11.1 1.39
20.0 2.21
24.0 2.78
28.1 3.11
35.1 4.22
50.0 ?

| Written Response — 15%

 Provide agraph of the balancing voltage as a function of the plate separation, with

the manipulated variable on the horizontal axis.

» Calculate the slope of the graph, and describe the physical quantity or quantities

that this slope represents.

» Using the slope, or another suitable averaging technique, determine the magnitude

of the charge on the suspended mass.

» Determine the balancing voltage required when the plates are separated by 50.0 mm.

Clearly communicate your understanding of the physics principlesthat you
areusing to solve thisquestion. You may communicate this under standing
mathematically, graphically, and/or with written statements.

26




(title)

You may continue your answer on the next page.

27



You have now completed the examination.
If you have time, you may wish to check your answers.

28
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Physics 30 June 2001 Diploma Examination
Multiple-Choice and Numerical-Response Keys

Multiple Choice
1. B 20 B
2. D 21. C
3. A 22. A
4. C 23. C
5. C 24. C
6. B 25. A
7. C 26. C
8. B 27. B
9. B 28. B
10. C 29. B
11. A 30. A
12. A 31. A
13. B 32. D
14 C 33. D
15. D 34. D
16. A 35. A
17. A 36. D
18. D 37. A
19. D

Numerical Response

4.12 1.01
232 Y -5

1503 n 3.24
ES

| 4. QD 10. AL
7.20 1.24

9505 IV 29.6 or
29.8

, the NR 3 is 3752, 3762
, the NR 3 is 1503

, then NR 3 is 1883

, then NR 3 is 2252

It MC 8 is

onNnwp»

If MC 20 is ,the NR 715 9.12
,the NR 7is 1.01
then NR 7 is 4.49

, then NR 7 is 5.37

uN®m »

If MC 31 is A,the NR 10is 1.19
B, the NR 10 is 4.75
C, then NR 10 is 9.50

D, then NR 10is 19.0



Physics 30 — Holistic Scoring Guide

Major Concepts: Magnetic field direction; Effect of an external magnetic field on moving charges;

Experimental design

Score

Criteria

5

Excellent

* The student provides a complete solution that covers the full scope of the question.
— The reader has no difficulty following the strategy or solution presented by the
student.
— Statements made in the response are supported explicitly but may contain minor
errors or have minor omissions.
In the response, the student uses major generalizations of physics such as balanced or
unbalanced forces and conservation laws. The student applies knowledge from one
area of physics to another.

Good

* The student provides a solution to the significant parts of the question.
— The reader may have some difficulty following the strategy or solution presented
by the student.
— Statements made in the response are supported implicitly and may contain errors.
In the response, the student uses major generalizations of physics. The response is
mostly complete, mostly correct, and contains some application of physics knowledge.

3

Satisfactory

* The student provides a solution in which he/she has made significant progress toward
answering the question.
— The reader has difficulty following the strategy or solution presented by the
student.
— Statements made in the response may be open to interpretation and may lack
support.
In the response, the student uses item-specific methods that reflect a knowledge-based
approach, but the student does not apply them to the question.

Limited

* The student provides a solution in which he/she has made some progress toward
answering the question.
— Statements made in the response lack support.

In the response, the student uses an item-specific method.

1
Poor

* The student provides a solution that contains a relevant statement that begins to
answer the question.

0
Insufficient

* The student provides a solution that is invalid for the question.

NR

No response is given.




‘ Written Response — 15%

You have been given a large permanent magnet with a uniform magnetic field
between its poles. In a preliminary experiment, the magnetic field of the permanent
magnet was found to be at least 100 times the strength of Earth’s magnetic field.
Using concepts discussed in the Physics 30 course, design a procedure to measure
the magnitude of the magnetic field. Assume that the space between the poles is
large enough to insert any necessary equipment.

The description of your procedure must include

* a label indicating the direction of the magnetic field between the poles of
the magnet below

a list of the materials required

a labelled diagram showing your experimental design

a description of how to obtain the measurements required to calculate the
magnitude of the magnetic field

a derivation of the formula used to determine the magnitude of the magnetic field

NOTE: Marks will be awarded for the physics principles used in your response and
for the effective communication of your response.

A complete response should include the following content. The clarity of the response is
considered in assigning a mark.

Expected Content

* Magnetic field direction
» Effect of External Magnetic field on a moving charge
* Experimental Design



Sample Solution

Experimental Design

Method 1 — Current balance 1

List: ammeter
balance
variable power supply
wires
metal rod
meter stick

measure mass of metal rod

* measure perpendicular length of magnetic field (This is the length of
conductor in the magnetic field.)

* Complete a circuit with the variable power supply, the metal rod and

the ammeter all in series

Procedure

* Place the rod perpendicular to the magnetic field
* Adjust the current until the metal rod is suspended in the magnetic field
* Record current

Variable
power supply

Analysis: F,=F

8
BIl = mg
p="8

1l



Special Notes: Method 1

* The length of the rod in the magnetic field must be measured
* The rod must be perpendicular to the magnetic field
* the direction of F must be opposite gravity and consistent with the polarity of the

power supply
Method 2 — Current Balance 2

List: ammeter
balance
metal rod
metre stick
variable power supply
string

Procedure ¢ measure mass of metal rod

* measure perpendicular length of magnetic field (This is the length of
conductor in the magnetic field.)

* suspend the rod from one arm of the balance

* connect wires, rod, power supply and ammeter in series

 zero the balance

* adjust the current, record current

* read the change in mass measured by the balance

Variable
power supply

Analysis: A weight = F
A m* g = BIl

_mg
B_Il



Special Notes: Method 2

* The length of the rod in the magnetic field must be measured
* The rod must be perpendicular to the magnetic field
e Direction of forces do not matter. If Fm is given, it must be consistent with the

polarity of the power supply
Method 3 — Circular Motion

List: volt meter
meter stick
power supply
cathode ray tube

Procedure ¢ place the cathode ray tube so that the electron beam is perpendicular to
the magnetic field
* connect the power supply to the cathode ray tube
* connect a volt meter in parallel to the power supply, record potential
difference
* use a meter stick to measure the radius of curvature of the electron
beam in the magnetic field

Indicates magnetic
field perpendicularly
into the page

i Electron

voltage



Analysis: by conservation of energy

pelectric - Ekelectron

qu%mv2
y= |2a
m

the magnetic force causes circular motion

Fm:Fe

Bvg =

B ="V
qr

Special Notes: Method 3

* The method of determining the speed of the electrons must be explicit

* The method of measuring » must be explicit (but does not need to be practical)

* The electron path and magnetic field must be perpendicular

* The direction of the magnetic field and path deflection must be consistent

* It is not necessary for the student to explicitly identify how the electron path will be

observed

Method 4 — Velocity Selector

List:

metre stick

2 volt meter

power supply

variable power supply

cathode ray tube with metal plates inside



Procedure ¢ set up the cathode ray tube away from the magnetic field so that the
electron beam is undeflected. Mark the position of the beam
Record the voltage V,
place cathode ray tube so that the electron beam is perpendicular
adjust the variable power supply on the plates inside the CRTuntil the
electron beam returns to its original path

record the voltage V,

measure the distance between the plates in the cathode ray tube.

—|I
vV

Electron

———————————— 3 KX P K- 3~

beam

Adgcelerating

oltage

4

XXX XXKX

X X X X X X X W

XX XXXXX

[ ———

x Indicates magnetic
field perpendicularly

\into the page

XX XXXKX

Oppositely charged
parallel plates

Variable|power supply

Analysis: Conservation of Energy

E =FE
Pelectric kelectron
Ve = Lm
_ [P
“\ m

balanced forces

Fe:Fm
‘qu Bvg,
g

T dv

H_Va
E‘_d



Special Notes: Method 4

* The method of determining the speed of the electrons must be explicit

* The electron path and magnetic field must be perpendicular

* The polarity on the power supplies must be consistent to accelerate the electrons and
to produce an electric force in the opposite direction to the magnetic force

e The direction of Fm, Fe and B must be consistent



Scoring Guide for Anaholistic Questions

Major Concepts: Graphing data; Calculation of slope and identifying physics quantity; Balanced Forces;

Data Analysis

Score

Criteria

5

In the response, the student

* uses an appropriate method that reflects an excellent understanding of all major concepts

 provides a complete description of the method used and shows a complete solution for the
problem

* states formulas explicitly

* may make a minor error, omission, or inconsistency; however, this does not hinder the
understanding of the physics content

 draws diagrams that are appropriate, correct, and complete

* may have an error in significant digits or rounding

In the response, the student

* uses an appropriate method that reflects a good understanding of all major concepts or that
reflects an excellent understanding of three of the major concepts

* provides explanations that are correct and detailed

* states most formulas explicitly and applies them correctly

¢ makes minor errors, omissions, or inconsistencies in calculations and/or substitutions; however,
these do not hinder the understanding of the physics content

» draws most diagrams appropriately, correctly, and completely

* may have errors in units, significant digits, rounding, or graphing

In the response, the student

* uses an appropriate method that reflects a basic understanding of all four of the major concepts
or that reflects a good understanding of three of the major concepts

* uses an appropriate method that reflects an excellent understanding of two of the major
concepts and that reflects a basic understanding of one of the two remaining concepts

* uses formulas and/or diagrams that may be implicit, and these are applied correctly; however,
errors in calculations and/or substitutions that hinder the understanding of the physics content are
present

 provides explanations that are correct but lack detail

* has a major omission or inconsistency

In the response, the student

* uses an appropriate method that reflects a basic understanding of three of the four major
concepts or that reflects a good understanding of two of the major concepts

* gives formulas and/or diagrams that are implicitly correct; however, they are not applied to
determine the final solution or errors in the application of equations are present, but the answer is
consistent with calculated results

In the response, the student

* attempts at least two of the major concepts or uses an appropriate method that reflects a good
understanding of one of the major concepts

* makes errors in the formulas, diagrams, and/or explanations, and the answer is not consistent with
calculated results

In the response, the student
* identifies an area of physics that does not apply to the major concepts
* uses inappropriate formulas, diagrams, and/or explanations

NR

No response is given.




Use the following information to answer the next question.

distance between the plates.

Plate separation (mm)

In a modified Millikan apparatus, a small, charged object that has a mass of
3.8x 1071 kg is suspended by the electric field that is between charged parallel
plates. The table below shows how the balancing voltage depends on the

Balancing voltage (10° V)

11.1
20.0
24.0
28.1
35.1
50.0

1.39
2.21
2.78
3.11

4.22
?

‘ Written Response — 15%

* Provide a graph of the balancing voltage as a function of the plate separation, with

the manipulated variable on the horizontal axis.

* Calculate the slope of the graph, and describe the physical quantity or quantities

that this slope represents.

* Using the slope, or another suitable averaging technique, determine the magnitude
of the charge on the suspended mass.

* Determine the balancing voltage required when the plates are separated by 50.0 mm.

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.




Use the following information to answer the next question.

In a modified Millikan apparatus, a small, charged object that has a mass of
3.8 x 1071 kg is suspended by the electric field between charged parallel
plates. The table below shows how the balancing voltage depends on the
distance between the plates.

Sample Solution

* Provide a graph of the balancing voltage as a function of the plate separation, with
the manipulated variable on the horizontal axis.

Method 1
Voltage as a Function of Plate Separation

6.0 -
5.0 -
4.0
Voltage (10° V) 204 4

2.0

1.0

0.0 | | I I 1
0 10 20 30 40 50

Plate separation (10_3 m)




Method 2:  Graphing Calculator

Balancing Voltage as a Function of Plate Separation

x-axis is plate separation in mm (or m)
y-axis is balancing voltage in 103 v

* (Calculate the slope of the graph and describe the physical quantity or quantities
this slope represents.



Method 1

slope = rise/run
(4.4x103-14x10%) V

(38x10° —12x107) m
1.15 x 10° V/m or consistent with graph

or
Method 2

Ll = plate separation, d, in mm (or m)
L2 = balancing voltage, V, in 103V

Using the linear regression function on the calculator
(ax+b)L1,1L2,Y
gives slope = 1.16 X 10° V/m

Notes on Method 2:

* the definition (and units) of L1 and L2 and the order they are used in the linear
regression must be consistent

» apower of 10 of 2 comes from missing the power of 10 of 3 on the units of y-axis.

» The slope is the electric field between the plates
OR
* The slope is the gravitational force (weight) of the mass divided by the charge on
the mass

» Using the slope, or another suitable averaging technique, determine the magnitude
of the charge on the suspended mass.



Method 1 (using slope)

ngmgﬁ
Fezq‘E
B=V
E_d
F =F
g €
_av
mg = dd
q=mgy,
_ _mg
slope

_ (3.8x107" kg)(9.81 m/s)?
(1.15%x 10° V/m

g=32x10"C

Method 2 (extrapolate for graph)

Find average change using values for g, V pairs with this formula, then average.

o= mgxd
-3
g, = 3.8 %107 kg)(9.81 m/s?) x HAXT077m _ 5 95 109
1.39x 103V
-3
g = 3.8 x 1075 kg)(9.81 m/s?) x 20X10 "m _ 3 37 1919C
221103V
-3
g, = (3.8x 107 kg)(9.81m/s?) x 242107 _ 357 5 19719¢
278 x103 V
-3
g, = 3.8x 107 kg)9.81m/s?) x 281x1077m _ 3 37, 10919¢
3.11x103V
-3
g, = (38 x 107 kg)©.81m/s?) x 2:21X1077m _ 3405 19719C
422103V
~_2q _1.604x107'8 C
? n 5
g=32x10"C

* Determine the balancing voltage required when the plates are separated by
50.0 mm.



Method 1
V= ‘E“‘d
= (1.16 x10° V/m)(5.0 x 1072 m)
=58x%x103V

answer: 5.8 X103V

Method 2: Graphing Calculator: by extending window to include x =50.0 mm and

then using the trace function, the balancing voltage is 5.8 x 103 V.



I C dudny
ER11 (1) C € 1% Jiseq
QouaI_JIp Tenuajod Ay} Quo I C € 4 pooH
01 Jo 1amod ay) Suasgio] I Z o1Seq 47 € +¥ JUI[[IIXH
Jzieudd A[uo :dj0N 0 I Fé € b S
‘sjiun pue (S J0J Yoayd [euly € o
auT
b Surpuyy o . JJo uonenoes |7 J[3UIs o e
JIo uorejodenxa Jo QuO suI3Y e =7 WN 7 SOUAUIL 10 SIS o aur] 3jo jutod eyep o | SUOIM 1M JOP-01-1OP o ydwdny
Juo u13Lo
uo ss21301d JuBOIJIUSIS SAYBW o Jo uonmmusqns sarpdur «
10 odors QUI[ 11J 1S2q UOU
b Suipuiy pue A _ JO onfeA SQUIULIAIAP AJUO o 10
= D )m s}IeIS o
uonejodenxa ay) yjoq sur3oq e Sput syutod Biep Jeoul[-uou SIsn e ydeis 10p-03-10p » Jiseq
yjo
Jy) sur3aq pue duo sAIdwod « su— bl - < 7 PAJRINO[RD G OFRIOAR o SUOISSTIWO
JI0 A o * Amuenb 0M] JARY ABW o
b Surpuy J0o | TeorsAyd e 031 9dO[s soIe[aI « I0
pue uonejodenx? yoq premojl uonedrdnnuw uone[noed adofs sIxe 3uoim
$s21301d JUBOIJIUSIS SOYeW o 919[dwoou1/)091100UT » ur ()] Jo Jomod $19810J « | UO SI[qRLIBA JARY ABW o poon)
ww ()’ S 01 sAr[odenxo A pdut =D (reo1sAyd) Amuenb
Sureroae rodoad Sw =Db W U} SONUAPI A[JOALI0D o
10 odof[s Jo asn wo1y b spuij e ALISP 0) U1 agueyo,, SUImoys e
spoyjow s ) : B[O} $AJe)s APIoIdxa o Jo1xd Surydeid
sareorunuwod APIdxa « d = A4 Yim Suniels e aur[ 9y uo syurod sasn « JOUTW QUO MO[B « | JUI[[PIXH
Lnuenb SurAynuapr 1ddaouo)
Sisfeuy ereq $90.104 Bupueey pue adojs Jo uonemde) eje(] Surydeas) Jolen

LD dnsioyeuy




	Key

