
Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

s 30       Physics 30       Physics 30       Physics 30      Physics 30       Physics 30       Physics 30       Physics 30       Physics 30    

Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Physics 30       Phys

 June 1999

Physics 30
Grade 12 Diploma Examination



Copyright 1999, the Crown in Right of Alberta, as represented by the Minister of Learning, Alberta
Learning, Student Evaluation Branch, 11160 Jasper Avenue, Edmonton, Alberta T5K 0L2.  All rights
reserved.  Additional copies may be purchased from the Learning Resources Distributing Centre.

Special permission is granted to Alberta educators only to reproduce, for educational purposes and on a
non-profit basis, parts of this examination that do not contain excerpted material only after the
administration of this examination.

Excerpted material in this examination shall not be reproduced without the written permission of the
original publisher (see credits page, where applicable).



June 1999
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Description

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

This is a closed-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
value, worth a total of 30% of the
examination

This examination contains sets of
related questions.  A set of questions
may contain multiple-choice
and/or numerical-response and/or
written-response questions.

A tear-out Physics Data Sheet is included
near the back of this booklet.  A Periodic
Table of the Elements is 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
tearout pages.

Instructions

• You are expected to provide your
own scientific calculator.

• Use only an HB pencil for the
machine-scored answer sheet.

• 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 sheet.

• 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
questions.
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Multiple Choice

• Decide which of the choices best
completes the statement or answers
the question.

• Locate that question number on the
separate answer sheet provided and
fill in the circle that corresponds to
your choice.

Example

This examination is for the subject of

A. science
B. physics
C. biology
D. chemistry

Answer Sheet

A B C D

Numerical Response

• Record your answer on the answer
sheet provided by writing it in the
boxes and then filling in the
corresponding circles.

• If an answer is a value between 0 and 1
(e.g., 0.25), then be sure to record the 0
before the decimal place.

• Enter the first digit of your answer
in the left-hand box and leave any
unused boxes blank.

Examples

Calculation Question and Solution
If a 121 N force is applied to a 77.7 kg
mass at rest on a frictionless surface,
the acceleration of the mass will be
_________ m/s2.
(Record your three-digit answer in the
numerical-response section on the answer
sheet.)

a F
m=

a = =
121
77 7 15572716

N
kg. .  m/s2

0 0 0 0

1 1 1 1

2 2 2 2

3 3 3 3

4 4 4 4

5 5 5 5

6 6 6 6

7 7 7 7

8 8 8 8

9 9 9 9

. .
1 .  5  6

Record 1.56 on the
answer sheet

Calculation Question and Solution
A microwave of wavelength 16 cm has a
frequency, expressed in scientific notation,
of  b × 10w Hz.  The value of  b is _______ .
(Record your two-digit answer in the
numerical-response section on the answer
sheet.)

f
c= λ

f =
×

= ×
300 10

016 1875 10
8

9.
. .

m/s
m  Hz

0 0 0 0

1 1 1 1

2 2 2 2

3 3 3 3

4 4 4 4

5 5 5 5

6 6 6 6

7 7 7 7

8 8 8 8

9 9 9 9

. .
1 .  9

Record 1.9 on the
answer sheet
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Correct-Order Question and Solution

When the following subjects are arranged in
alphabetical order, the order is  ____,  ____,
____,  and  ____ .

1 physics
2 biology
3 science
4 chemistry

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

Answer:  2413

0 0 0 0

1 1 1 1

2 2 2 2

3 3 3 3

4 4 4 4

5 5 5 5

6 6 6 6

7 7 7 7

8 8 8 8

9 9 9 9

. .
2 4 1 3

Record 2413 on the
answer sheet

Scientific Notation Question and
Solution

The charge on an electron is –a.b × 10–cd C.
The values of a, b, c, and d are  ____,  ____,
____,  and  ____ .

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

Answer:  q = –1.6 × 10–19 C

0 0 0 0

1 1 1 1

2 2 2 2

3 3 3 3

4 4 4 4

5 5 5 5

6 6 6 6

7 7 7 7

8 8 8 8

9 9 9 9

. .
1 6 1 9

Record 1619 on the
answer sheet

Written Response

• Write your answers in the examination
booklet as neatly as possible.

• For full marks, your answers must
address all aspects of the question.

• Descriptions and/or explanations of
concepts must be correct and include
pertinent ideas, diagrams, calculations,
and formulas.

• Your answers must be presented in a
well-organized manner using complete
sentences, correct units, and significant
digits where appropriate.

• Relevant scientific, technological, and/or
societal concepts and examples must be
identified and made explicit.



1

1. Which of the following quantities are scalar quantities?

A. Kinetic energy and potential energy

B. Kinetic energy and momentum

C. Potential energy and force

D. Momentum and force

Use the following information to answer the next two questions.

A “full draw” is the maximum distance that an archer can pull back an arrow.
Using the “recurve bow” shown below, a particular archer requires an average
force of  130 N  to pull a full draw of  70.0 cm.

Arrow
String

Arrow
String

100.0 cm

30.0 cm

2. The maximum speed of a  20.6 g  arrow leaving this bow from a full draw is

A. 66.5 m/s

B. 94.0 m/s

C. 4.42 × 103 m/s

D. 8.83 × 103 m/s

Use your recorded answer for Multiple Choice 2 to answer Numerical Response 1.*

Numerical Response

1. When the archer releases the arrow from a full draw, the magnitude of the impulse

that the bow gives to the arrow is  __________ N.s.

(Record your three-digit 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.
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Use the following information to answer the next question.

Electric Field Lines Near Two Charged Spheres

YX

3. The types of charge present on X and Y are, respectively,

A. negative and negative

B. negative and positive

C. positive and negative

D. positive and positive

Use the following information to answer the next four questions.

Charles Augustin de Coulomb performed a series of investigations on the
quantitative nature of electrical forces.  He was able to determine the effect of
both distance and magnitude of charge on the electrostatic force between two
charged metal spheres.

4. In order to determine the relationship between force and distance, Coulomb
needed to

A. keep the magnitude of one charge constant

B. keep the magnitude of both charges constant

C. keep the distance between the charges constant

D. vary the magnitude of one charge while varying distance between the charges
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5. Which of the following graphs represents the relationship that Coulomb
determined between force and the distance between two charged metal spheres?

A. B.

C. D.

F

r

F

r

F

r

F

r

6. Coulomb started with two identically charged spheres separated by a distance  r.

The force between the spheres was  F.  If he changed the separation to  2
3 r ,  then

the force between the spheres would have become

A. F
9
4

B. F
3
2

C. F
2
3

D. F
4
9
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7. Coulomb again separated the identically charged spheres by distance  r.  The force
between the spheres was  F.  Coulomb touched one of the spheres with a third,
identical neutral sphere.  The third sphere was then moved far away from the other
spheres.  If he then measured the force between the original spheres, the new force
between the spheres would have been

A. F
2
1

B. F
4
1

C. 2 F

D. 4 F

8. A point charge of magnitude  6.9 × 10–5 C  produces an electric field
of  1.0 × 103 N/C  at point P.  The distance from P to the charge is

A. 4.3 × 10–2 m

B. 2.1 × 10–1 m

C. 2.5 × 101 m

D. 6.2 × 102 m

9. During a lightning strike,  30 C  of charge may move through a potential difference
of  1.0 × 108 V  in  2.0 × 10–2 s.  The total energy released by this lightning bolt is

A. 3.0 × 109 J

B. 6.0 × 107 J

C. 3.3 × 106 J

D. 1.5 × 103 J
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Use the following information to answer the next two questions.

Cathode-ray tubes (CRTs) are used for television and computer screens.
They are set up as shown below.

Phosphor-coated
screen

Deflection coils

Cathode Anode

Vacuum

Electrons are “boiled off” the surface of the cathode and are accelerated
toward the anode.  The cathode is  4.5 cm  from the anode.  A potential
difference of  2.5 × 103 V  exists between the cathode and the anode.  The
electrons are deflected both side to side and up and down by pairs of magnetic
deflection coils mounted on the neck of the tube.

10. An electron hits the screen at a speed of

A. 1.0 × 107 m/s

B. 1.5 × 107 m/s

C. 3.0 × 107 m/s

D. 8.8 × 1014 m/s
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Use the following additional information to answer the next question.

An electron is travelling perpendicular to the magnetic deflection coils, into
the page, as shown below.

Top of screen

4 2

3

1

×
e–

Deflection
coils

11. The coils that can produce a deflection toward the top of the screen are numbered

A. 1  and  3

B. 2  and  4

C. 1  and  2

D. 3  and  4

Use the following information to answer the next question.

A student places a positively charged sphere near a metal rod.  Both are on
insulated stands and the rod is grounded.

+
+ +

+
X Y

12. The distribution of charge on the rod is

A. positive at end X and electrons move off the rod into the ground

B. negative at end X and electrons move off the rod into the ground

C. positive at end X and electrons move onto the rod from the ground

D. negative at end X and electrons move onto the rod from the ground
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Use the following information to answer the next question.

Force as a Function of Electric Field Strength

Electric field strength

E
le

ct
ro

st
at

ic
 f

or
ce

13. The slope of the graph represents

A. Coulomb’s Law

B. the distance between two parallel charged plates

C. the magnitude of the charge on a particle in an electric field

D. the potential difference between two points in an electric field

14. A photon exhibits properties of a particle because it has

A. mass

B. momentum

C. a constant speed

D. a fixed frequency
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Numerical Response

2. Two microwave transmissions are sent at the same time on different routes to a
receiving station.  One route is  2 480 km  longer than the other.  The expected
time between receiving the first transmission and receiving the second
transmission, expressed in scientific notation,  is  b × 10–w s.  The value
of  b  is  __________.

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

15. An automobile’s battery delivers a steady DC current to a headlight.  The electric
current in the wire produces a circular

A. electric field around the wire

B. magnetic field around the wire

C. gravitational field around the wire

D. electromagnetic field around the wire

Numerical Response

3. A wire that is  75.0 cm  long carries a current of  6.00 A.  The wire is at right
angles to a uniform magnetic field and experiences a magnetic force of  0.350 N.
The magnitude of the magnetic field, expressed in scientific notation,
is  b × 10–w T.  The value of  b  is  __________.

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

16. The effective voltage of an AC household outlet is  117 V.  The maximum voltage
across a lamp connected to the outlet is

A. 82.7 V

B. 117 V

C. 165 V

D. 330 V
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17. Regions of the electromagnetic spectrum listed in order from largest to smallest
wavelength are

A. X-ray, ultraviolet, visible, infrared, radio

B. X-ray, infrared, visible, ultraviolet, radio

C. radio, ultraviolet, visible, infrared, X-ray

D. radio, infrared, visible, ultraviolet, X-ray

18. Electromagnetic radiation is produced by charged particles that are moving

A. at the speed of light

B. with zero acceleration

C. with a changing velocity

D. parallel to a fixed magnetic field

Use the following information to answer the next question.

In an automobile battery charger,  110 V  of household voltage is converted to
14 V  DC.  The efficiency of the charger is  75%.

Battery
 charger

110 V AC

+ –+ –

Uncharged
battery

+ –

19. The initial direct current supplied to an uncharged battery by  0.70 A  of household
current is

A. 6.7 × 10–2 A

B. 8.9 × 10–2 A

C. 4.1 A

D. 5.5 A
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20. In a certain experiment, the speed of a charged particle is made to increase as it
moves at right angles to a uniform magnetic field.  A graph that represents the
relationship between magnetic force and speed is

A.

Fm

B.

Fm

C.

Fm

D.

Fm

v

v

v

v

Use the following information to answer the next question.

In 1991, the  18.0 GHz  region of the electromagnetic spectrum was used to
provide communication links in local area networks (LANs).  This led to a
dramatic expansion of this region’s commercial use.

Numerical Response

4. The wavelength of an  18.0 GHz  wave, expressed in scientific notation, is
b × 10–w m.  The value of  b  is  __________.

(Record your three-digit answer in the numerical-response section on the answer sheet.)
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Use the following information to answer the next question.

Electrons move through a wire as shown below.

e–

P

21. What is the direction of the magnetic field at point P?

A. Into the page

B. Out of the page

C. Toward the top of the page

D. Toward the bottom of the page

Use the following information to answer the next question.

22.0˚

A radar pulse projected at an angle of elevation of  22.0°  is reflected from an
aircraft and returned.  (Note:  The diagram is not drawn to scale.  The height
of the radar transmitter/receiver can be ignored.)

Numerical Response

5. If the pulse takes  1.28 × 10–4 s  to make the round trip, then the vertical height of
the aircraft is  __________ km.

(Record your three-digit answer in the numerical-response section on the answer sheet.)
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Use the following information to answer the next three questions.

A proton with an energy of  894 eV  travels perpendicular to a magnetic field
and moves in a circular path with a radius of  3.60 × 10– 4 m.

22. The speed of the proton is

A. 4.14 × 105 m/s

B. 1.77 × 107 m/s

C. 1.71 × 1011 m/s

D. 3.14 × 1014 m/s

Use your recorded answer from Multiple Choice 22 to answer Numerical Response 6.*

Numerical Response

6. The strength of the magnetic field, expressed in scientific notation,

is  a.bc × 10d T.  The values of  a, b, c, and d  are  _____ ,  _____ ,  _____ ,
and  _____ .

(Record your four-digit 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.

23. An alpha particle and a proton enter a magnetic field at the same speed.  The radius
of the alpha particle’s path is

A. half the radius of the proton’s path

B. the same as the radius of the proton’s path

C. twice the radius of the proton’s path

D. four times the radius of the proton’s path
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24. Which of the following expressions that deal with electromagnetic waves has a
constant value?

A. λ
B. f

C. f λ

D. f/λ

Use the following information to answer the next two questions.

Mass spectrometers are used in archeological studies to help date ancient
artifacts.  The relative amounts of carbon-12 and carbon-14 isotopes in a
sample of organic material may be used to determine the age of the sample.
Carbon-14 is a radioactive isotope that undergoes beta decay and has a
half-life of  5 730 years.

25. The product of the carbon-14 decay is

A. 14
7 N

B. 14
8O

C. 10
4 Be

D. 12
6C

26. An archeological sample is dated using the carbon-14 dating process and is found
to be  2 865 years  old.  What percentage of the original carbon-14 remains?

A. 25.0%

B. 29.3%

C. 70.7%

D. 75.0%
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Use the following information to answer the next four questions.

Physicists have produced “optical cooling” by shining a laser onto glass that
contains ytterbium ions (Yb3+).  The glass with ytterbium ions absorbs the
laser photons and radiates photons with a shorter wavelength, as shown below.
This process decreases the temperature of the glass with ytterbium ions.

Glass
with

Yb3+

Temperature decrease
≈ 0.03° C

Emitted photons

 = 995 nm

Laser
photons

 = 1 008 nmλ λ

One theory suggests that the cooling occurs because of electron movement
between energy levels in the ytterbium ions, as shown below.  If a ground state
electron in an ytterbium ion absorbs a small amount of thermal energy, it
moves to the second energy level  (n = 2).  The ion then absorbs the laser
photon, which moves the electron to the excited state  (n = 3).  The cooling
occurs when the ytterbium ion emits a photon.

Laser
photons

 = 1 008 nm

Heat 
absorption

n = 3Excited state

n = 2

n = 1Ground state

?

Emitted photons

 = 995 nmλ

λ
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27. When the glass cools, the ions lose both the thermal energy and the energy that was
absorbed from the laser photons.  The electron energy level transition that occurs is
from energy level

A. n = 3  to  n = 2

B. n = 3  to  n = 1

C. n = 2  to  n = 1

D. n = 2  to  n = 3

Numerical Response

7. The frequency of the laser photons, expressed in scientific notation, is
a.b × 10cd Hz.  The values of  a, b, c, and d  are _____ ,  _____ ,  _____ ,
and _____ .

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

28. The energy difference between a laser photon and an emitted photon is

A. 2.00 × 10–19 J

B. 1.97 × 10–19 J

C. 2.58 × 10–21 J

D. 8.62 × 10–33 J

29. Visible light has frequencies that range between  4.3 × 1014 Hz  (red) and
7.5 × 1014 Hz  (violet).  Which of the following statements best describes the
absorbed laser photon and the emitted photon in the optical cooling experiment?

A. Both photons are in the infrared range.

B. Both photons are in the ultraviolet range.

C. Both photons are in the visible light range.

D. One photon is in the visible light range, and one is not in the
visible light range.
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30. In certain scattering experiments, alpha particles bounce backward from a thin
metal target.  This observation led to the hypothesis that

A. alpha particles carry electric charges

B. charge is uniformly distributed throughout the atom

C. alpha particles’ kinetic energy cannot be converted to potential energy

D. the centre of the atom is very small, charged, and contains most of the
atom’s mass

Numerical Response

8. The work function of a metal with a threshold frequency of  1.1 × 1015 Hz,
expressed in scientific notation, is  a.b × 10–cd J.  The values of  a, b, c, and d
are  _____ ,  _____ ,  _____ ,  and  _____ .

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

31. When a neutral meson particle  (π°)  decays, it produces an electron  (e–).  In this
process, it is most likely that

A. nothing else is produced

B. a gamma ray is also produced

C. a negative particle is also produced

D. a positive particle is also produced

Use the following information to answer the next question.

Compton determined that the energy and momentum of a photon are related
according to the formula  E = pc.

Numerical Response

9. A photon has a momentum of  4.0 × 10–23 N.s.  The frequency of the photon,
expressed in scientific notation, is  a.b × 10cd Hz.  The values of  a, b, c, and d
are  _____ ,  _____ ,  _____ ,  and  _____ .

(Record your four-digit answer in the numerical-response section on the answer sheet.)
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Use the following information to answer the next three questions.

Night vision devices operate by taking available ambient light, such as starlight,
and converting it into an electrical signal that is then amplified within a channel
plate (image intensifier).  The electrical signal is then focused on a
phosphor-coated screen that emits a green image.

e

e

Channel plate
(image intensifier)

Phosphor-coated screen

Eye piece

Converging
 lens

Photocell

Light

( – ) ( + )

( – ) ( + )

1 2 3

32. When light falls on the device at position 1 in the diagram,

A. the Compton effect occurs

B. the photoelectric effect occurs

C. light refraction and diffraction occurs

D. light diffraction and interference occurs

33. Night vision devices have a built-in brightness protection circuit to protect both the
device and the viewer from unexpected bright light.  The circuit is activated
when the

A. photoelectric current increases

B. photoelectric current decreases

C. kinetic energy of photoelectrons increases

D. kinetic energy of photoelectrons decreases
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Numerical Response

10. Green light with a wavelength of  545 nm  reaches the observer’s eyes.  The energy
of a photon of this green light is  __________ eV.

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

34. The graph below that shows the relationship between the radius of a hydrogen
atom  (r)  and the energy level  (n)  of its electron is

A. B.

C. D.

r

r

n

n

r

r

n

n



19

Use the following information to answer the next question.

Decay Curve for Radioisotope A

100

75

50

25

0.0 1.0 2.0 3.0
0

Time (h)

Sa
m

pl
e 

re
m

ai
ni

ng
 (

%
)

The graph illustrates the decay of a radioactive isotope.

Numerical Response

11. The time required for a  40.0 g  sample to decay to  1.25 g  is  __________ h.

(Record your two-digit answer in the numerical-response section on the answer sheet.)
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Use the following information to answer the next question.

Maximum Kinetic Energy as a Function of Frequency

Frequency (1014 Hz)

E
k m

ax
 (

10
–1

9  J
)

1.0

3.0

2.0

0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

4.0

5.0

6.0

35. Based on the graph above, Planck’s constant has a value of

A. 6.6 × 10–34 J.s
B. 5.0 × 10–34 J.s
C. 3.6 × 10–34 J.s
D. 3.0 × 10–34 J.s
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Use the following information to answer the next three questions.

A particular nuclear fission reaction of uranium-235 is represented by

n,3CsnU 1
0

141
55

1
0

235
92 ++→+ Xab

cd

where element X is unknown.

36. The value of  cd  in the above reaction can be identified using the Law of
Conservation of

A. Mass

B. Energy

C. Charge

D. Momentum

Numerical Response

12. The fission product in this reaction is represented by  .Xab
cd

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

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

37. In the above fission reaction, the mass of the reactants is  236.05  atomic mass
units, and the mass of the products is  235.86  atomic mass units.  Which of the
following explanations best describes the change in mass that occurs in this
nuclear fission reaction?

A. Mass and energy are equivalent, and energy has been converted into mass in
this reaction.

B. Mass and energy are equivalent, and mass has been converted into energy in
this reaction.

C. Mass and energy are equivalent, and the missing mass is due to inaccurate
laboratory measuring equipment.

D. Neutrinos that are given off in the fission reaction are undetectable, which
accounts for the differences in mass of the detectable components of the
reaction.

Written-response question 1 begins on page 22.
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Use the following information to answer the next question.

You have the following components:  an electric fan, two heating coils,
several switches, and connecting wires.  These components are to be used to
construct a hair dryer.

Schematics of Hair Dryer Components

110 V AC

Heating coil (two)

Electric fan

Switch (several)

F

The design requirements for your hair dryer are that the fan is always on when
the hair dryer is on and that it has two heat settings:  high and low.

Written Response — 15%

1. • Draw a schematic diagram of a hair dryer circuit that meets the design
requirements.

• Based on the circuit diagram you have drawn, analyze the operation of the hair
dryer.  In your response, explain how the switch settings and their locations in the
circuit control the low and high heat settings.  Also, explain why the hair dryer
should be designed so that the fan is on whenever the hair dryer is on.

Note: Marks will be awarded for the physics principles used in your response and for the
effective communication of your response.
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Written-response question 2 begins on the next page.
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Use the following information to answer the next question.

Several Canadian companies are redesigning and testing bulletproof vests.
One company does a test that involves firing a target rifle at a crash test
dummy wearing a vest.

Vest

Dummy

vBullet = 650 m/s

mBullet = 8.00 g

Regular bullet

The company is testing the vests with both regular bullets and armour-
piercing bullets.  The armour-piercing bullet travels  1.20 times  faster and
has  1.20 times  the mass of the regular bullet shown above.

Written Response — 15%

2. • Quantitatively compare the kinetic energy of the armour-piercing bullet with the
kinetic energy of the regular bullet.

• How much energy is released by the explosion of the gunpowder if the transfer of
energy from the explosion to the regular bullet is  90.0%  efficient?

• The regular bullet is in the rifle barrel for  1.42 × 10–3 s.  What is the average
force exerted on the regular bullet by the expanding gases?
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Use this additional information to answer the next part of the question.

A second test performed by the company has the regular bullet strike the vest
at a glancing angle.  The mass of the vest and the dummy is  56.0 kg.  The
bullet–vest collision is inelastic.

vBullet = 650 m/s

mBullet = 8.00 g

vBullet = 98.0 m/s

Vest
Path of bullet 120°

Dummy

• Determine the resultant speed of the vest and the dummy following the glancing
collision shown above.

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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You have now completed the examination.
If you have time, you may wish to check your answers.
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Physics 30 – June 1999

MULTI PLE-CHOICE KEY

1. A 20. D
2. B 21. B
3. A 22. A
4. B 23. C
5. D 24. C
6. D 25. A
7. A 26. C
8. C 27. B
9. A 28. C

10. C 29. A
11. B 30. D
12. D 31. D
13. C 32. B
14. B 33. A
15. B 34. D
16. C 35. B
17. D 36. C
18. C 37. B
19. C

NUMERICAL-RES PONSE KEY

1. 1.94* 7. 3014

2. 8.27 8. 7319

3. 7.78 9. 1819

4. 1.67 10. 2.28

5. 7.19 11. 3.0

6. 1201** 12. 9237

Links:

* If MC 2 is A, then NR 1 is 1.37 ** If MC 22 is A, then NR 6 is 1201
B, then NR 1 is 1.94 B, then NR 6 is 5132
C, then NR 1 is 91.0 or 91.1 C, then NR 6 is 4966
D, then NR 1 is 182 D, then NR 6 is 9109
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Holistic Scoring Guide

Reporting Category:  Physics COMMUNICATION

When marking COMMUNICATION , the marker should consider how effectively the response describes
in detail the method, procedure, or strategy used to provide a solution to the problem.

Score Criteria

3 In the response, the student
• provides a complete, well organized, and clear solution to the problem
• provides, in detail, a strategy in a logical manner
• demonstrates consistency of thought
• uses physics vocabulary appropriately and precisely
• provides an explicit relationship between the explanation and diagrams (if used)
• states formula(s) explicitly
• may have a mathematical error that does not hinder the understanding of either the strategy or

the solution

2 In the response, the student
• provides an organized response, however, errors sometimes affect the clarity
• provides a strategy, but details are general and/or sometimes lacking
• demonstrates consistency of thought most of the time, however, some gaps in logic leave the

response somewhat open to interpretation
• uses physics vocabulary, however, it may not be precise
• provides an implicit relationship between explanation and diagrams (if used)
• uses formula(s) that are likely inferred by analyzing the calculations
• likely has mathematical errors that may hinder the understanding of either the strategy or the

solution

1 In the response, the student
• lacks organization, and errors affect the clarity
• attempts to provides a strategy with little or no detail
• demonstrates a lack of consistency of thought, and the response is difficult to interpret
• uses physics vocabulary, however, it is often misused
• provides a weak relationship between the explanation and diagrams (if used)
• may not state formula(s), however, it is possible that the formula(s) can be deciphered by

analyzing the calculations
• has mathematical errors that hinder the understanding of the strategy and/or the solution

0 In the response, the student
• writes very little and/or presents very little relevant information
• provides a response that is not organized, and is confusing and/or frustrating to the reader
• does not provide a strategy to solve the problem
• uses little or no physics vocabulary, however, if present, it is misused
• provides no relationship between the explanation, if present, and diagrams (if used)
• may state a formula but it does not contribute toward the solution

NR No response given.
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Holistic Scoring Guide

Reporting Category:  Physics CONTENT

When marking CONTENT , the marker should consider how effectively the response uses physics concepts,
knowledge, and skills to provide a solution to the problem.

Score Criteria

4 In the response, the student
• uses an appropriate method that reflects a thorough understanding of the major concepts

and/or laws, and indicates where they apply to the solution
• provides a complete description of the method used and shows how to solve the problem
• correctly uses formula(s) and although minor errors in substitution and/or calculation may be

present they do not hinder the understanding of the physics content
• has drawn diagrams and/or sketches, if applicable, that are appropriate, correct, and complete
• has no major omissions or inconsistencies

3 In the response, the student
• uses an appropriate method that reflects a good understanding of the main concepts and/or

laws, and indicates where they apply to the solution
• provides a description of the method used and/or shows how to solve the problem
• correctly uses formula(s) however, errors in substitution and/or calculation may hinder the

understanding of the physics content
• has drawn diagrams and/or sketches, if applicable, that are appropriate, although some aspect

may be incorrect or incomplete
• may have several minor inconsistencies or perhaps one major inconsistency, however, there is

little doubt that the understanding of physics content is good

2 In the response, the student
• uses a method that reflects a basic understanding of the major concepts and/or laws but

experiences some difficulty indicating where they apply to the solution
• provides either a description of the method used or shows how to solve the problem
• uses formula(s), however, errors and inconsistencies in substitution and/or calculation hinder

the understanding of the physics content presented
• has drawn diagrams and/or sketches, if applicable, that may be appropriate, although some

aspect is incorrect or incomplete
• has inconsistencies or a major omission

1 In the response, the student
• uses a method that reflects a poor understanding of the major concepts and/or laws, and

experiences difficulty indicating where they apply to the solution
• provides a description of the method used, or a solution, that is incomplete
• may use formula(s) however, the application is incorrect or inappropriate
• has drawn diagrams and/or sketches, if applicable, that are inappropriate, incorrect, and/or

incomplete
• has minor and major inconsistencies and/or omissions

0 In the response, the student
• uses a method that reflects little or no understanding of the major concepts and/or laws
• does not provide a description of the method used
• may use formula(s) and substitution, but they do not address the question
• has drawn diagrams and/or sketches, if applicable, that are incorrect, inappropriate, and

incomplete
• has major omissions

NR No response is given.
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Use the following information to answer the next question.

You have the following components:  an electric fan, two heating coils,
several switches, and connecting wires.  These components are to be used to
construct a hair dryer.

Schematics of Hair Dryer Components

110 V AC

Heating coil (two)

Electric fan

Switch (several)

F

The design requirements for your hair dryer are that the fan is always on when
the hair dryer is on and that it has two heat settings:  high and low.

Written Response — 15%

1. • Draw a schematic diagram of a hair dryer circuit that meets the design
requirements.

• Based on the circuit diagram you have drawn, analyze the operation of the hair
dryer.  In your response, explain how the switch settings and their locations in the
circuit control the low and high heat settings.  Also, explain why the hair dryer
should be designed so that the fan is on whenever the hair dryer is on.

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

F

Switch 1 Switch 2

Coil 1 Coil 2110V

Fan

Closing switch one, with the hair dryer plugged in, will turn on coil 1 and the fan,
resulting in a low heat mode of operation.  When the switches are both closed
both coil 1 and coil 2, as well as the fan, are turned on resulting in the high heat
mode of operation.

In both modes of operation, the fan must be on and blowing air over the coils.
When the coils are switched “on”, heat will be generated in the coils.  It is this
heat that is used to dry hair.  If the fan was not on, the coil would heat up and
eventually melt and/or you would probably have a hard time drying hair.
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Scoring Guide for Anaholistic Questions
Major Concepts:  Energy; Impulse; Vectors; Momentum.

Score Criteria

NR No response is given.

0 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

1 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

2 In the response, the student
• uses an appropriate method that reflects a basic understanding of three of the four major

concepts or 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

3 In the response, the student
• uses an appropriate method that reflects a basic understanding of all four of the major concepts

or 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 a basic understanding of one of the two remaining concepts
• uses formulas and/or diagrams that may be implicit, but are applied correctly; errors in

calculations and/or substitutions are present that hinder the understanding of the physics content
• provides explanations that are correct but lack detail
• has a major omission or inconsistency

4 In the response, the student
• uses an appropriate method that reflects a good understanding of all major concepts or an

excellent understanding of three of the major concepts
• provides explanations that are correct and detailed
• states most formulas explicitly and applies them correctly
• has minor errors, omissions, or inconsistencies in calculations and/or substitutions but 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

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, but 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
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Use the following information to answer the next question.

Several Canadian companies are redesigning and testing bulletproof vests.
One company does a test that involves firing a target rifle at a crash test
dummy wearing a vest.

Vest

Dummy

vBullet = 650 m/s

mBullet = 8.00 g

Regular bullet

The company is testing the vests with both regular bullets and armour-
piercing bullets.  The armour-piercing bullet travels  1.20 times  faster and
has  1.20 times  the mass of the regular bullet shown above.

Written Response — 15%

2. • Quantitatively compare the kinetic energy of the armour-piercing bullet with the
kinetic energy of the regular bullet.

• How much energy is released by the explosion of the gunpowder if the transfer of
energy from the explosion to the regular bullet is  90.0%  efficient?

• The regular bullet is in the rifle barrel for  1.42 × 10–3 s.  What is the average
force exerted on the regular bullet by the expanding gases?
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Use this additional information to answer the next part of the question.

A second test performed by the company has the regular bullet strike the vest
at a glancing angle.  The mass of the vest and the dummy is  56.0 kg.  The
bullet–vest collision is inelastic.

vBullet = 650 m/s

mBullet = 8.00 g

vBullet = 98.0 m/s

Vest
Path of bullet 120°

Dummy

• Determine the resultant speed of the vest and the dummy following the glancing
collision shown above.

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.

Sample Solution

• Energy of the armour-piercing bullet compared to energy of the regular bullet.

Method 1:

BK

APK

E

E
= 2

BB2
1

2
APAP2

1

vm

vm

23
2
1

23
2
1

)m/s650()kg1000.8(

)m/s6502.1()2.1kg1000.8(
−

••−

×

×
=

1
)2.1(2.1 2

BK

APK

E

E
= 1.73

The armour-piercing bullet has 1.73 times as much kinetic energy as the regular
bullet.
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Method 2:

BKE = 2
BB2

1 vm

=
2
1 (8.00 × 10–3 kg)(650 m/s)2

= 1.69 × 103 J

APKE =
2
1 [(1.2)(8.00 × 10–3 kg)][(650 m/s)(1.2)] 2

= 2.92 × 103 J

The 
APKE  is greater by 1.23 × 103 J

or
The 

APKE  is 1.73 times greater

• The energy released by the explosion of the gunpowder at 90% efficiency.

Ek = 2
2
1 mv

= 23
2
1 m/s) kg)(6501000.8( −×

Ek = 1.69 × 103 J

90% of Ep = Ek

9.0
kE

= energy of gunpowder

9.0
J1069.1 3×

= 1.88 × 103 J

The energy released by the gunpowder is 1.88 × 103 J.

• The average force exerted on the regular bullet by the expanding gases.
F∆t = m∆v

F =
t
vm

∆
∆

F =
s)1042.1(

)0m/skg)(6501000.8(
3

3

−

−

×
−×

F = 3.66 × 103 N

The force of the expanding gas on the bullet is 3.66 × 103 N.
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• The resultant velocity of the vest and dummy.

Conservation of momentum in 2D implies two separate sets of calculations.
Momentum is conserved in X direction and momentum is conserved in Y
direction.

Bp′ = mv

= (8.00 × 10–3 kg)(98.0 m/s)

Bp′ = 0.784 N.s

yBp′ = $60sinBp′

= 0.784 sin 60°

yBp′ = 0.67896 kg.m/s

xBp′ = $60cosBp′
= 0.784 cos 60°

xBp′ = 0.392 kg.m/s

xx DB pp + =
xx DB pp ′+′

(8.00 × 10–3 kg)(650 m/s) + 0 = (0.392 kg.m/s) + 
xDp′

(5.20 kg.m/s) – (0.392 kg.m/s) =
xDp′

4.808 kg.m/s =
xDp′

yy DB pp + =
yy DB pp ′+′

0 + 0 =
yy DB pp ′+′

Therefore:
yDp′ = –

yBp′

yDp′ = –0.67896 kg.m/s
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To find the resultant vector from x and y components, use Pythagoras:

pD′ = 2
D

2
D )()(

yx
pp ′+′

= 22 )67896.0()808.4( +

pD′ = 4.85 kg.m/s

′Dp = mv′

v′ =
kg0.56
m/skg85.4 ⋅

v′ = 0.0867 m/s

The vest and dummy will have a speed of 8.67 × 10-2 m/s.


	Key

