Copyright 1997, the Crown in Right of Alberta, as represented by the Minister of Education, Alberta
Education, Student Evaluation Branch, 11160 Jasper Avenue, Edmonton, Alberta TSK OL2. All rights
reserved. Additional copies may be purchased from the Learning Resources Distributing Centre.

Special permission is granted to Alberta educator s 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 thisexamination.

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



January 1997
Physics 30

Grade 12 Diploma Examination

Description

Time: 2.5h. You may take an
additional 0.5 h to complete the
examination.

Total possible marks: 70

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, worth a
total 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 data sheet isincluded near the
back of thisbooklet. A Periodic Table
of the Elements is also provided.

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

| nstructions

* Fill in theinformation required on

the answer sheet and the
examination booklet as directed by
the presiding examiner.

Y ou are expected to provide your
own scientific calculator.

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

If you wish to change an answer,
erase all traces of your first answer.

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

Do not fold the answer sheet.

The presiding examiner will collect
your answer sheet and examination
booklet and send them to Alberta
Education.

Read each question carefully.

Now turn this page and read the
detailed instructions for answering
machine-scored and written-
response questions.



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. biology
B. physics
C. chemistry
D. science
Answer Sheet
e @ @

Numerical Response

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

* |f an answer isavalue between 0 and 1
(e.g., 0.25), then be sure to record the O
before the decimal place.

» Enter thefirst digit of your answer
in theleft-hand box and leave any
unused boxes blank.

Examples
Calculation Question and Solution

If a121 N forceisappliedtoa77.7 kg
mass at rest on africtionless surface,
the acceleration of the mass will be
m/s’.
(Round and record your answer to three digits.)

a=E
m

a= 7172% Il<\|g = 1.5572716

Fecord 1.56 on the

R oy 1 pe—— | I 7 Y
3820
£ 03 2} (5
0 CHE
0 CHE
LD RCIICH

Calculation Question and Solution

A microwave of wavelength 16 cm

has afrequency of b~ 10" Hz.

Thevaueof bis .

(Round and record your answer to two digits.)

_c

F=x

300" 10°m/s
0.16m

= 1.875" 10°

Eecord 1.9 on the
atewer shest —h-|i| .
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Written Response

Correct-Order Question and Solution » Write your answersin the examination
, , booklet as neatly as possible.
Place the following types of EMR in order

of increasing energy: * For full marks, your answers must be

1 bluelight well organized and address all the main
2 gammaradiation points of the question.
3 radio waves
4 ultraviolet radiation « Relevant scientific, technological, and/or
societal concepts and examples must be
(Record your answer as ||| || || |) identified and explicit.
Answer: 3142 * Descriptions and/or explanations of
Ferord 2147 on the concepts must be correct and reflect
answer sheet —— | 3| 7| 2 pertinent ideas, calculations, and
formulas.
)
%2 8% * Your answers should be presented in a
E% %E well-organized manner using complete
'otal 10, sentences, correct units, and significant
% % g % digits where appropriate.
B
aayaiey
DomE

Scientific Notation Question and
Solution

A hydrogen-like atom whose 3-2 transition
emitslight at 164 nm would have an E;
vaueof -ab” 10 J. Thevaueof a, b, c,
andd, are

(Record your answer as| a/[ b][ c|[d] )
Answer: E; =-8.7" 10°%J

Fecord 87128 on the
atevat sheet —————fp
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Numerical Response

A horizontal force of 207 N acts on a7.80 kg bowling ball for 0.520 s.
The changeinthe ball’s speed is m/s.
(Round and record your answer to three digits.)

Use the following information to answer the next two questions.

A 0.50 kg steel block starts from rest at point X, which is 4.0 m above the
ground, and slides along a steel rail. Assume that the steel isfrictionless.
The path of the block asit slides along the rail is shown below.

i
20m— %
20m—
Ky
1.0m—
" an Ground

1. The speed of the block at point Z is

OO w2

4.4 m/s
49 m/s
8.9m/s
14 m/s

2. Assuming that the potential energy of the block is zero at ground level, then the
total mechanical energy of the block at point Y is

OO w2

497
9.8J
15J
20J




A single stationary railway car is bumped by afive-car train moving at 9.3 km/h.
The six cars move off together after the collision. Assuming that the masses of al
the railway cars are the same, then the speed of the new six-car train immediately
after impact is

A. 7.8km/h
B. 85km/h
C. 93km/h
D. 11km/h

When the electron and the proton in a hydrogen atom are 5.3~ 107! m apart, the
magnitude of the electrostatic force on the electron is

A. 437 10N
B. 43" 108N
C. 82 10N
D. 82  10°N

Which graph best represents the magnitude of the electrostatic force, F, asa
function of the distance, r, between two point charges?

A B.




6. Thefield resulting from a positive point charge and a negative point charge is best
represented by

A E.
" *" o - "' A S
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Use the following information to answer the next question.

Two paralel metal plates are 1.5 cm apart and are maintained at a potential
difference of 25" 107 V.

7. The magnitude of the electrical force on an apha particle when the alpha particleis
between the platesis

A. 53 10N
B. 27 10N
C. 53 10N
D. 27 10YN



10.

Use the following information to answer the next three questions.

Electrostatics

Two identical conducting balls, by and b, each of mass 25.0 g, are hanging
on 50.0 cm-long insulating threads. They become equally charged and come
to rest with angles of deviation of 45.0° from the vertical.

The electrostatic force between the charged balls can best be described as

o0 ®>

an attraction due to dissimilar charges
arepulsion due to dissimilar charges
an attraction due to similar charges
arepulsion due to similar charges

What isthetension in the thread that is supporting one of the balls?

00w >

0.173N
0.245N
0.347N
981N

If the charge on b4 istripled and the charge on b, is reduced to one-third of its
origina amount, the angles of deviation from centre would

OO w2

increase for by and decrease for b,
remain the same for both b; and by
increase for both b; and by
decrease for both b; and b,




Use the following information to answer the next three questions.

The headlight of a car operates with an input power of 75.0 W and draws a
current of 6.25 A.

Numerical Response

The voltage supplied to the headlight is V.
(Round and record your answer to three digits.)

Numerical Response

) e number of electrons passing through the ight every minute, expr in
KR Th ber of & ing th h the headligh [ essed i
scientific notation, is a.b” 10 glectrons. The values of a,b,c,anddare

(Record your answer as| al[b|[d[d].)

Numerical Response

The energy used by the headlight during 1.00 h of operation, expressed in
scientific notation, is b~ 10" J. Thevalueof bis
(Round and record your answer to three digits.)



Use the following information to answer the next three questions.

= -
4607 004G 3 T en0g
X Y
- A AN
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The potential difference between points X and Y is21.5V.

Numerical Response

The equivalent resistance for the circuit is W,
(Round and record your answer to three digits.)

Numerical Response

Use your recorded answer for Numerical Response 5 to solve Numerical Response 6.

I Thetota current supplied by the 46.0 VV power supply to the circuit
is A.
(Round and record your answer to three digits.)

11. Thevoltage drop across the 20.0 Wresistor in the circuit is

A. 306V
B. 245V
C. 160V
D. 153V



Use the following information to answer the next three questions.

Lightning storms are one of the most spectacular phenomenain nature and
play akey role in maintaining the electrical balance of Earth. One lightning
strike occurred over a potential difference of 200 MV and transferred 12 C of
charge to the ground in 0.010 s.

12. Theenergy released by the lightning strike in this time interval was

A. 32 101
B. 24  10%)
C. 247 10%°)
D. 24 1017
Numerical Response

Use your recorded answer for Multiple Choice 12 to solve Numerical Response 7.

The power released in this lightning strike, expressed in scientific notation,
is ab” 109W. Thevaluesof a, b, ¢, and d are

(Record your answer as|al[b|[d[d].)

13. Peopleinside acar are protected from the electric fields associated with lightning.
Many parts of stereo components are contained in metal boxes. These two
examples demonstrate that the electric field inside a closed metal container is

zero

opposite to the field outside
equal to the field outside
half the field outside

o0 >

14.  Which of the following unit combinationsis not equivalent to an ampere?

A. Watt/volt
B. Volt/ohm
C. Watt/ohm
D. Coulomb/second



Energy is used to move a charge of 3.00 C through acircuit with a resistance of
1.00 " 102 Win 1.00 s. If the same amount of energy is used to throw a 1.00 kg ball
vertically upward, the maximum height of the ball would be

A. 109" 102?m
B. 327  10%m
C. 306" 10'm
D. 917  10'm

To boail three cups of water each day for one year using an old model of microwave
oven costs $1.10. A new 750 W microwave oven boils one cup of water in 100 s.
If the cost of energy is $0.0100/MJ, how much money will a consumer save by
using the new microwave oven to boil three cups of water each day for one year?
Assume in each case that the water is at the same starting temperature.

A. $0.28
B. $0.82
C. $138
D. $2.80

Use the following information to answer the next question.

Unit Combinations

. JC
1. N/(Asm)
n. T
IV.  (Nes)/(Csm)

Which unit combinations could be used correctly for a magnetic field?

A. LandIV
B. Il andlIll only
C. lland IV only
D. I, ll,and 1V



18.

19.

20.

An electric field of strength 1.5~ 10* N/C is perpendicul ar to amagnetic field of
strength 3.0° 103 T. An electron moves perpendicular to both fields and is
undeflected as it passes through the fields. The speed of the electron is

A. 20 107" mis
B. 20  10'mis
C. 50 10°m/s
D. 50" 10’ m/s

An ideal transformer steps down 25 000 V to 120 V for usein ahouse. Severa
appliances draw atotal of 2 000 W from the 120 V side of the transformer. What is
the current in the 25 000 V line?

A. 6.00° 102A
B. 800  1072%A
C. 125A
D. 167A

When two parallel conducting wires repel each other, the currentsin the wires are

in opposite directions
in the same direction
oscillating in phase
oppositely charged

OO w2



21.

22.

Use the following information to answer the next question.

Almost al electric guitars use devices called electromagnetic pickups. A
guitar string is composed of metal that becomes magnetized by a permanent
magnet found below the string. A coil of wire surrounds the permanent
magnet.

H—* CRLIfAT Stmng _H\.I

1 Y
)
P
Petmanent
g
IN—
Th
amplifier
]

N Sideviem A

When the string is plucked, a small current is produced in the coil of wire because

apotential differenceis produced in the string

there isacurrent in the string that can be amplified

there is a charge buildup on the string

the string behaves as a magnet moving toward and away from the cail

o0 >

French high-speed trains operate using power lines that have an effective voltage of
25.0 kV and afrequency of 50.0 Hz. The maximum or peak voltage of the power
linesis

A. 125kV

B. 17.7kv

C. 354kV

D. 50.0kV

10



23.  Which of the following diagrams best illustrates the magnetic field near a wire that
carries an electron current out of the plane of the paper?

@ >

|
. |
Numerical Response

I Andectromagnetic wave has afrequency of 2.00” 1074 Hz. The speed of the

wave in avacuum, expressed in scientific notation, is b~ 10" nm/s.
Thevalueof b is .
(Round and record your answer to three digits.)

A,
.

24.  Inavacuum, the period of oscillation of a microwave with awavelength of

25cmis

A. 83  101sg
B. 83  10°%s
C. 12 10%s

D. 12  109s

11



Numerical Response

BBl Theminimum potential difference through which an electron must be accelerated

to produce an X-ray of energy 1.62° 10% eV, expressed in scientific notation, is
b” 10"V. Thevaueof b is .
(Round and record your answer to three digits.)

Numerical Response

A term used in aviation isradar mile, which isthe time it takes aradar pulse

25.

to travel to atarget 1.00 mile away and return (1.00 mile = 1.625 km). The
radar mile, expressed in scientific notation, is b” 10™'s. Thevalueof b
is .

(Round and record your answer to three digits.)

Use the following information to answer the next question.

A technological application of quantum theory is the development of
“electric eyes,” which can be used in automatic door openers or burglar
aarms. A light beam shines across a door opening and causes the production
of acurrent in acircuit. When the beam is broken, the current stops and a
mechanism is triggered to open a door or sound an alarm.

The operation of an electric eye is an application of

the Compton effect

the wave nature of matter

the photoel ectric effect

Maxwell’ s electromagnetic wave theory

o0 >

12



26.

27.

28.

29.

To determine the speed of charged particles in a cathode-ray tube, Thomson

balanced the forces produced by

00w >

an electromagnetic field and a gravitational field
amagnetic field and a gravitational field

an electric field and a gravitational field

an electric field and amagnetic field

A student performs a photoel ectric experiment in which a photoelectric current is
observed for all colours of visiblelight. The student wants to investigate what
effect varying the intensity and colour of the incident light has on the photoel ectric
current and kinetic energy of the photoelectrons. If the brightness of thelight is
decreased and the colour is changed from yellow to blue, the photoelectric

OO w2

current and photoel ectron energy both decrease
current and photoel ectron energy both increase
current decreases and the photoel ectron energy increases
current increases and the photoel ectron energy decreases

When a blue laser beam is incident upon the surface of the metal of a photoelectric
cell, thereis no photoemission. A second beam of radiation causes photoelectrons
to be emitted. The second beam may consist of

A
B
C.
D

ultraviol et radiation
infrared radiation
red laser radiation
microwave radiation

A photon of energy 1.13 €V is emitted by a hydrogen atom when the electron

“jumps’ from

A. n=6ton=3
B. n=3ton=6
C. n=5ton=2
D n=2ton=5

13



30.

Use the following information to answer the next two questions.

Energy States of Chromium in a Ruby Crystal L aser

L
A # 0.40eW
E, (metastable])
LieV
LaeV
¥ E,

A laser can be made using aruby crystal containing chromium (Cr) atoms.
The lasing action can occur only after electrons in the chromium atoms are
“pumped” from the ground state to state E, using strong flashes of light. The
electron will then undergo a transition from E, to the ground state, E, or to
the intermediate state, E;.

Photons emitted by the electrons that have undergone transition from E; to E,
may strike other electrons at the E; state. This causes a new photon to be
emitted along with the original photon. These photons are exactly in phase
and moving in the same direction. The cumulative effect of this process
creates the laser beam.

What is the frequency of light emitted from the laser when the electron in the
chromium atom goes from state E; to state E,?

9.7 102 Hz
43" 10 Hz
53" 10%Hz
11" 10® Hz

o0 ® >

Numerical Response

Flashes of light pump electrons in the Cr atoms from the ground state, E, to state
E,. Thewavelength of these flashes of light, expressed in scientific notation,
isb” 10" m. Thevaueof b is .

(Round and record your answer to two digits.)

14



31.

32.

Use the following information to answer the next three questions.

Photomultiplier Tube
Cramma wdiation
Sointillatiom corstal
When the scintillation
crystal is struck by gamma Phetom
radiation, it emits photons 0.0k — r Dhotooathode
with awavelength of Photoelactom —
4.93" 107" m. Some of +0.20 k¥
these photons strike the + 0.0 KV
photocathode. Asaresult, 060 1
electrons are gjected from +i
the bottom surface of the + 0,80 KV
photocathode. The work
function of the + 10KV
photocathodeis2.10 eV. + LE kW
Lol — Dhootom 1,|_'|_1;|P lieT
T tube
Cngtput pulse
(o aountet))

The maximum kinetic energy of the electrons g ected from the photocathode is

A. 67 10
B. 347 109
C. 40 102
D. 7.4° 10719

The electrons leaving the photocathode are attracted by the 0.20 kV electrode. The
maximum speed they attainis

A. 86  10°m/s
B. 84  10°mis
C. 7.0 108m/s
D. 21  10®mis

15



33.

Use the following additional information to answer the next question.

Inner Workings of the Photomultiplier Tube

An electron striking the 0.20 kV electrode will use its energy to g ect multiple
secondary electrons from the electrode. The secondary €lectrons accelerate
toward the next electrode, and the process continues along successive increases
in voltage. The energy required to release asingle electron is40.0 eV.

Assume all of the kinetic energy of an electron striking the 0.20 kV electrodeis
used to gject secondary electrons. The number of electrons released from the
0.20kV electrodeis

5
10
100
200

00w >

Numerical Response

In the ground state of a hydrogen atom, the radius of the electron orbit is
53" 107 m. According to the Bohr model, the radius of the electron orbit
corresponding to the third energy level, expressed in scientific notation, is
ab” 10 m. Thevaluesof a, b, ¢, and d are .

(Round and record your answer as|al| b|| ¢/[d|.)

The half-life of radium-226is 1.6~ 10° years. How long will it take for 20.0 mg of
radium-226 to decay to 2.50 mg?

A. 1.3 10%years
B. 16 10%years
C. 3.2 10°years
D. 4.8 10%years

16



35.

36.

37.

Use the following information to answer the next two questions.

Recently H. J. Rose and G.A. Jones of Oxford University predicted that the
decay of radium-223 would emit alpha particles (*He) as well as afew double
alphas (Be) and even triple alphas (*°C).

The experiment was run for 600 days. The results of the experiment showed
the detection of 2.2 10'° alpha particles, but the double and triple alphas
were not detected. However, unexpectedly, nineteen carbon-14 nuclel were
detected. This experiment has led scientists to continue to look for other
examples of radioactive decay in which medium-sized nuclei such as
carbon-14 are produced.

Which of the following initial products was observed in the greatest abundance?

A. Radon-219

B. Polonium-215
C. Lead-211

D. Lead-209

Which of the following products was not predicted by Rose and Jones?

A. Radon-219

B. Polonium-215
C. Lead-211

D. Lead-209

In anuclear reaction, the mass of the products was determined to be considerably
less than the mass of the reactants. A correct explanation of thisis that

the reaction was a beta-decay

alarge amount of energy was released in the reaction

the mass of the alpha and beta particles was not accounted for
alarge amount of energy was required to cause the reaction to occur

00w >

17



[ Written Response — 11 marKks |

Use the following information to answer written-response question 1.

A Spring Ram Stapler

Position nihen 1am is Po=ition nihen
compressed bedone eleasse wm hit saple

Heavy-duty stapling guns use powerful springs in combination with a small
metal rod (called aram) to produce the impact necessary to move staples or
nails into materials such as wood, wallboard, or even concrete.

A particular staple gun has aram with mass 0.200 kg and a spring with a spring
constant of 35 000 N/m. When the handle of the gun is squeezed, the spring is
compressed to amaximum value of 3.50 ° 102 m. When the ram makes
contact with the staple, the spring is still compressed 1.00~ 1072 m. Assume
that 3.00% of the ram’s kinetic energy istransferred to the 2.00 g staple when
the ram hits the staple. The potential energy of aspring is3kx.

Describe and calculate the energy transformations involved in the operation of the
spring ram stapler. Use conservation laws, physics concepts, and related equations
to support your answer. Ignore the mass of the spring and the effects of
gravitational potential energy on the system.

Note: A maximum of 8 marks will be awarded for the physics used to answer this

question. A maximum of 3 markswill be awarded for the effective
communication of your response.

18
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[ Written Response — 10 marks |

Use the following information to answer written-response question 2.

A student used the apparatus shown below to measure the radius of
curvature of the path of electrons as they pass through a magnetic field that
Is perpendicular to their path. This experimental design has the voltage as
the manipulated variable, the speed calculated from the voltage, and the
radius as the responding variable.

Accelerating
Potential
Difference (V) Speed (10° m/s) Radius (102 m)

20.0 2.65 7.2

40.0 3.75 9.1

60.0 4.59 11.0

80.0 5.30 12.8

100.0 5.93 141
120.0 6.49 16.3
)
il
Vatiable
roliaze
Ekction
SO G "*-\.\_\_'.
™
N
h
1
Lcelewmion 4!,
/
o

indicates maghetic field into the page

Continued
20




2] a

Plot the graph of radius as a function of speed, and construct a
best-fit line.

GiB)

Using the slope or other appropriate averaging technigque, determine
the strength of the magnetic field.

21
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c. Derivethe equation that would allow the student to calculate the
speed of the electrons from the accel erating potential.

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

22




Fold and tear along perforation.

PHYSICSDATA SHEETS
CONSTANTS

Grauvity, Electricity, and Magnetism Trigonometry and Vectors

Acceleration Due to Gravity or

Gravitational Field Near Earth ............. a, org=981m/s° or 9.81N/kg o _ _opposite For any Vector R
¢ sin®
- <l 2, 2 hypotenuse
Gravitational Constant...........c.c.cceeveveveuennne G=6.67" 10 Nem/kg ne ‘/ﬁ
M @SS OF EBHN..orerrreeeseesseereeerssensses M,=5.98" 10*kg cosp = _diacent “VRCTR
. . "~ hypotenuse
RadiUS Of Earth........c.oveevevereeeeseeeereseees R, =6.37 10°m VP R
s a9 2 . tang = =~
Coulomb’'s Law Constant...........ccceveenne. k=899 10° Nem?/C* ane = opposite R,
EIECtrON VOt ..oovvoveeceeeeeeeee e lev=160" 107 adjacent
_ - 1L R, = Rcost
Elementary Charge........ccccoevvvevenvrennnne e=160" 107 C a b _ ¢
Index of Refraction of Air ........ccccccvvevenenee n=1.00 sSnA~ snB  snC R, = Rsin®
Speed of Light in Vacuum.............c.ccu....... c=3.00" 10°m/s

02 = a2 + b2 —2abcosC

Atomic Physics

Energy of an Electron in the 1st Prefixes Used With SI Units

Bohr Orbit of Hydrogen ..........ccccceeeeeunee. E, =-218" 108 J or —13.6eV Exponential Exponential
Planck’s CoNStant...........coccceveveeeererrnenne. h=6.63" 10> Js Prefix Symbol va ulj Prefix Symbol Value
Radiius of 1st Bohr Orbit of Hydrogen...... r = 529" 10 %' m pico.............. Pereeeeiieneie 10 tera.............. T,
, _9 .
Rydberg's Constant for Hydrogen............. R,=110 10"/m nano ............ 3 R 10 giga......... (TR
micro........... Mo 10° mega........... M
mill S 10° Ko N
Rest Mass Charge centi ............ Corrrrrrreeeeeeeenns 1072 hecto............ 3 [
AlphaParticle............... — - 10727 2+ _
phaFarticle m, =6.65" 10 "' kg o R I 10" deka............ G
Electron ......cocccovenennee. Mg = 911" 10_31 kg e
NEULroN........ccocvcvenennes my, =1.67 " 10" kg n°
Proton .....ueeeeeveveveeeennnnn, mp =167 10_27 kg p+
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EQUATIONS

Waves and Light Quantum Mechanics and Nuclear Physics

d -1 \/ﬁ snB, v, A, n 2 h
V. =— d=vt—=at — o [T 2 M _ M E=mc _n
ve ot mo2 T=2mfy snb, v, A, n P=7%
sV O SR | xd ht
a-= d= =t = - - =—: E=pc
t g 2 o T 2n g A nl P c p
—:\7it+iat2 sz :viz+2ad 1 _dsine - _
2 T ~F n Electricity and Magnetism
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F=ma Grnj_m —1:| —1:|
Fg > 2 2 A4 iL:_l_i_l |E| ﬁ P=|V
r f d, 4 T2 -
FDt = mDv G _
g:—rnl E—_e |—g
_ - r2 . ’ T q Tt
Fy=mg Atomic Physics
2 v
mv .. = _V _
Fo=— hf =E, +W 1% 0 IEl‘d Fro = 118,
F, =uF k = = —_ _ =3
f N max x RHg 2 2+
2 N g DE
_ Ar V= — F =—aB
F. = —kx cT T 2 1 q m = qVB
s T KX T2 W = hf, E.==E
n

2
Momentum and Ener gy Ec =V r,=nr .y
max
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Ek:EmVZ ke N = Nos R"R R R N~V |

W =Fd BELEY °82g

W = AE = Fdcosf E, =mgh lgt =0.707 1 Vg = 0707V,

_1 2
Ep—zkx



LU 3 L | L e o L wnu| | wueHup | wmwepsr | wnpidseg Wun: | s wuani | whumdsu W | wpgs o [1T]; TAT]] WS
CHEOB: T F |k (OFasm LI LTl [ 1Al (BT QAT LR AT R L1 1 ] BT FHD (TED el & CHT L PO CETL A
M ozon | OMzon | Ao WL |53 66 ldD 268 se| WOgs| U go| Nd pe|dN |0 ze|®d 18| Ul 0| &
THTEL W L TET wryi LU Wiy | e osdp LWNpA | g ops-B wnpom: | wnpswet | ungrasod | wnpoipod o sbe-- o 1], TERR T TSI T
ambLlk POELE a1 BE B b jay 1) O5e h &8k -yl b 15k 11 1) (R PG L ok [ ) W ack
Mo 94 oa| WL gal 43 g |OH 20| A0 oo 0L co|PD pa| 3 col WS 20| Wd | PN polid e|ED sc|®] x«
sumun-gann | wumr-geen |mumpd- geen | ey -geen | wusge-dgees |jeugpeskgens LUnpel [T 1]}
] : -Fal L] ey v T ZFEBED CHF TR 1199l =0 B LHTE S
A gyl (oW gor 290 oL (Mo 9w e [PwroL | soreee [ BH sel H O e
LKk [T FIETT] b wrupsH ey LLETULH 1T, TEYIT ] ubunm LU LS| UnpEY LU -] WA H-
L 1 rfal B OE Ny B0 561 CChtal &0k ICESE = =k HEl BH &b EE izl WBEEl
M+ @« BH oz e s |1d se|dl 22|80 w2]|8d co|p pe|BL g2 |[iH 2 Li-g [ B3 95] 80
LEx LA LU kit L s K- [T [ STTTR T TETL TR T ETITERTR T TR G T LU LLIM| LK 2N i UL eH LA f{ U
ELEL W Zal Ov Bl ek Highil} [ 2ar 1 134 gl T = b “HEE
oy B0 ar| B | Pd o U e | MY | 3L sp [0 2RO |7 or|Ah B[S sz|Od s
Lo edLry LT Jaddon (B ] [ [ Lokl [TET T TLTTI Ty TTE Th LU PRI [ L] Wnpus wnpEs | g eod
1}:431 2ESH Ly ] |- 1311 14 =515 110 PR0S 1 94 1 ] am OFEE
e Eog| D a2 | IN 82|00 22 (2 ge| WA sz 4D | g2l 22|35 2[ED o2|H 6L
b LU = LA L=t
56 -___.__.._- _E.h_._..._,_._ﬂu." ] KR BB &
|
Moo T — Bz BM
LKl bRAE—  wuIjau guag T ]I Wy
LFE e 3]
1- i —H _|_ P pun quey
R fay 2 #|IM &
), Bl L Dupy
119 HT'}
M z H 1
LE-R-] ] HE HiN Hin Hil Hil .1} al aln an an . 1} .} mnl al Hi Hl
| [3 £k [ 13 EF kE H 3 H 3 (13 [ 13 1 1 ¢ 1 E k H H [
SRR 1) JO IR, HTPpOLIR g

Uotialsd SUoT B8 PUR POl




PHYSICS 30
DIPLOMA EXAMINATION
JANUARY 1997

Multiple Choice
and
Numerical Response

Key

Dr aft
Written Response
Scoring Guide



MULTIPLE-CHOICE KEY

20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

WO>rO0O>02>O>2>0002>2000>

1L A
2. D
3. A
4. D
5 A
6. B
7. A
8. D
9. C
10. B
1. B
12. C
13. A
14. C
15. D
16. A
17. D
18. C
19. B
NUMERICAL-RESPONSE KEY
138
120
2321
2.70,2.7
300
B s
2411
3.00
1.62
o 1.08
i 56, 57
12. Sy



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

The response:

is complete, well organized and clear

demonstrates in detail a strategy in alogical manner

demonstrates consistency of thought

uses physics vocabulary appropriately and precisely

demonstrates an explicit relationship between the explanation and diagrams (if used)
explicitly states formula(s)

may have a mathematical error present, but it does not hinder the understanding of either the
strategy or the solution

The response:

is organized, however, errors sometimes affect the clarity

demonstrates a strategy but details are general and/or sometimes lacking

demonstrates consistency of thought most of the time, however, some gapsin logic leave it
somewhat open to interpretation

uses physics vocabulary, however, it may not be precise

demonstrates an implicit relationship between explanation and diagrams (if used)

uses formula(s) that are likely inferred by analyzing the calculations

likely has mathematical errors present that may hinder the understanding of either the strategy
or the solution

The response:

lacks organization and errors affect the clarity

attempts to demonstrate a strategy but provides little or no detail

demonstrates alack of consistency of thought and it is difficult to interpret

uses physics vocabulary, however, it is often misused

demonstrates a weak relationship between the explanation and diagrams (if used)

may not state formula(s), however, it is possible that they can be deciphered by analyzing the
calculations

has mathematical errorsthat hinder the understanding of the strategy and/or the solution

The response:

has very little written and/or contains very little relevant information

is not organized, and is confusing and/or frustrating to the reader

does not demonstrate a strategy to solve the problem

uses little or no physics vocabulary, however, if present, it is misused

demonstrates no relationship between the explanation, if present, and diagrams (if used)
may state formula but it does not contribute towards the solution

NR

No response given.
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Holistic Scoring Guide
Reporting Category: PhysicsCONTENT

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

Score

Criteria

4

The response:

* uses an appropriate method that reflects athor ough under standing of the Conservation of
Energy and describes the energy transformations involved in the operation of a spring ram
stapler

* provides a complete description of the method used and shows how to solve the problem

* correctly uses formula, and although minor errorsin substitution and/or calculation may be
present they do not hinder the understanding of the physics content

* has, if used, diagrams and/or sketches that are appropriate, correct, and complete

* has no major omissions or inconsistencies

The response:

* uses an appropriate method that reflects agood under standing of the Conservation of Energy
and describes energy transformations involved in the operation of a spring ram stapler

* provides a description of the method used and shows how to solve the problem

« correctly uses formula, however, errorsin substitution and/or calculation may hinder the
understanding of the physics content

* has, if used, diagrams and/or sketches 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

The response:

* uses amethod that reflects a basic under standing of the energy transformations involved in
the operation of a spring ram stapler

* provides either a description of the method used or shows how to solve the problem

* usesformula, however, errors and inconsistencies in substitution and/or calculation hinder the
understanding of the physics content presented

* has, if used, diagrams and/or sketches that may be appropriate, although some aspect is
incorrect or incomplete

* hasinconsistencies or amajor omission

The response:

* uses amethod that reflects apoor under standing of the energy transformations involved in
the operation of a spring ram stapler

provides a description of the method used, or a solution, that isincomplete

may use formula, however, the application isincorrect or inappropriate

has, if present, diagrams and/or sketches that are inappropriate, incorrect, and/or incomplete
has minor and major inconsistencies and/or omissions

The response:

« uses amethod that reflects little or no understanding of the energy transformationsinvolved in
the operation of a spring ram stapler

» may have formula and substitution but they do not address energy transformations

* has, if present, diagrams and/or sketches that are incorrect, inappropriate, and incomplete

* hasmajor omissions

NR

No responseis given.

3260971
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| Written Response — 11 marks |

Use the following information to answer written-response question 1.

A Spring Ram Stapler

Partial
OO e S50

1,=100=10%m

Fam
| | Staple
Positiom vehen tam is Positiom nehen
compressad before wlease T hits saple

Heavy-duty stapling guns use powerful springs in combination with a small
metal rod (called aram) to produce the impact necessary to move staples or
nailsinto materials such as wood, wallboard, or even concrete.

A particular staple gun has aram with mass 0.200 kg and a spring with a spring
constant of 35 000 N/m. When the handle of the gun is squeezed, the spring is
compressed to amaximum value of 3.50 © 1072 m. When the ram makes
contact with the staple, the spring is still compressed 1.00~ 1072 m. Assume
that 3.00% of the ram’ s kinetic energy is transferred to the 2.00 g staple when
the ram hits the staple. The potential energy of a spring is%kxz.

3260971

Describe and calculate the energy transformations involved in the operation of the
spring ram stapler. Use conservation laws, physics concepts, and related equations
to support your answer. Ignore the mass of the spring and the effects of
gravitational potential energy on the system.

Note: A maximum of 8 markswill be awarded for the physics used to answer this

guestion. A maximum of 3 marks will be awarded for the effective
communication of your response.

% February 10, 1997



| Written Response — 10 marks |

Use the following information to answer written-response question 2.

A student used the apparatus shown below to measure the radius of curvature of the
path of electrons as they pass through a magnetic field that is perpendicular to their
path. This experimental design has the voltage as the manipulated variable, the speed
calculated from the voltage, and the radius as the responding variable.
Accelerating
Potential
Difference (V) Speed (10° m/s) Radius (1072 m)
20.0 2.65 7.2
40.0 3.75 9.1
60.0 4.59 11.0
80.0 5.30 12.8
100.0 5.93 14.1
120.0 6.49 16.3
)
il
Vatiable
rolge
EEction
SONLTCE H
™,
N
'-.
1
Apceler ot 4!,
/
e
-
indicates maghetic field into the page

Continued
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IZI a. Plot the graph of radius as afunction of speed, and construct a best-fit line.

Radius of Curvature as a Function of Speed
(title)

20,0

15.07

Radius 1075 m))
— 1

3.0

I I I
0 10 20 0 40 SO0 60 TO &0
Speed (10 % miz)

There are six checks for this part:

appropriate title consistent with graph (exception special case)
x-axisis speed and y-axisisradius

labelling axes appropriately

scaling axes correctly

plotting points accurately

drawing the best fit line

SOk wihE

Special cases. graphing voltage as afunction of speed or voltage vs radius, etc.
award a maximum of three checks, 4,5, and 6

3260971 vii February 10, 1997
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b.

Using the slope or other appropriate averaging technique, determine the
strength of the magnetic field.

Method 1:

sloe—ri—se
P ~run

=(17.2 - 5.0)10? m/(7.0 - 2.0)10° m/s)
slope = 244" 108s

F.=F,
mv2
R T a8
_ GBR
V= m
_R_m
SIOpe_T/_qB

_ m
B = (@(dope)

_ 9.11" 103 kg
"~ (160" 107 C)(2.447 10789

B=232"10°T
B=23 10T

There are six checksfor this part:

10.

11.

12.

explicitly stating slope = rise/run or equivalent

substitution of points on the lineinto avalid equation

calculating Slope = 2.4" 1078 s or consistent with graph or substitution
using F, = F_, or equivaent

. m . :
using B = (Q)(Sope) or consistent with graph

ananswer B=2.3" 107 T or consistent with substitution into a valid
equation

viii February 10, 1997



Method 2:

F,=F.
_mA
B ="r
- W
B= R
g = (11 1073 kg)(2.65 ~ 10° m/s)
17 (160" 10 C)(7.2" 102 m)
B, = 2096  10*T
B, = 2346° 10T
B, = 2376° 10T
B, = 2358° 10T
B, = 2395° 10T
By, = 2267 10T
By, =2306" 10*T=23" 10*T

There are six checksfor this part:
7. explicitly stating F = F_ or equivalent
8. usngB= g%’ or equivalent

9. correct substitution of valuesinto avalid equation
10. calculating the six values of the magnetic field
11. explicitly using an average

12. ananswer B= 2.3° 10°% T or consistent with substitution into avalid
equation

Note: averaging radius and speed resultsin the loss of checks 9 and 10

3260971 IX February 10, 1997
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Derive the equation that would allow the student to cal culate the speed of the
electrons from the accelerating potential.

Ei:
qVv =5 mv?

v=,2qV/m

I\)H—\_LT]

There are four checks for this part:

13. statingE=qV or E:%m\/2

14. usingE=%mv2 and E=qV
15. equating qV:%mv2

16. an answer v = 2qV/m orv=2V/(Br) or equivaent

Marks

orRrNwWhUONLOS
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