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PHYSICS 12 PROVINCIAL EXAMINATION

Value Suggested Time

This examination consists of three parts:

PART A: 30 multiple-choice questions worth 60 60
two marks each

PART B: 7 written-response questions 48 48

PART C: Three sections from which ONE
section only must be chosen. 12 12

Total 120 marks 120 minutes

The last thr ee pages inside the back cover contain the “ Data Table”, “ Trigonometric and Other
Equations’, “Equations’, and “Rough Work for Multiple-Choice”. These pages may be detached
for convenient reference prior to writing this examination.

Rough-work space has been incorporated into the space allowed for answering each written-response
guestion. Y ou may not need all of the space provided to answer each question.

An approved scientific calculator is essential for the examination. The calculator must not be
programmable to process alpha-numeric strings nor should it be capable of processing user-defined
functions. It must not have the capacity to accept coefficients from either an equation or a system of
equations, thereby producing the roots of that equation or system. The calculator must not contain a
plotter or printer.

Students are permitted to use rulers, compasses, and protractors.

a) Numerical answersto problems must contain correct units.
b) Numerical answers must be calculated to two or three significant figures.
c) In thisexamination the zero in a number such as 30 shall be considered to be a significant zero.

Since partial marks will be awarded for a partial solution, it isimportant that students provide a clear
indication of the steps leading to their answers.

Full markswill NOT be given for providing only a final answer.

Students have two hour s to complete this examination.
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PART A: MULTIPLE-CHOICE QUESTIONS
Value: 60 marks (2 marksper question) Suggested Time: 60 minutes

INSTRUCTIONS: For each question, select the best answer and record your choice on the answer
sheet provided. Using an HB pencil, completely fill in the circle that has the letter
corresponding to your answer.

1. Which one of the following best describes the motion of a projectile close to the surface of
the Earth? (assume no friction)

VERTICAL ACCELERATION HORIZONTAL SPEED
A. constant constant
B. constant changing
C. changing constant
D. changing changing

2. A 3.00 kg object is being accelerated vertically upwards at 2.80 m/s?, as shown.

\ cord

3.00 kg

2.80 m/s?

ground

What is the tension in the cord?

840N
21.0N
29.4N
37.8N

Sow>

OVER




3. Threeforcesact at point P at the same time, as shown on the force vector diagram below.

A
20N

P

Y

120N

100N
\/

What is the magnitude of the resultant force vector?

A. 144N
B. 170N
C. 200N
D. 240N

4. A 4.00 kg block is accelerated along alevel surface at 3.00 m/s?>. The applied forceis 20.0 N.

3.00 m/s?
—_—

4.00 kg—20ON

What is the coefficient of friction between the block and the surface?

A. 0.20
B. 031
C. 051
D. 0.67

5. A ball isrolled off ahorizontal roof at 16 m/s. After leaving the roof, how long will the ball take to
reach a speed of 18 m/s?

0.20s
0.84s
1.8s
25s

oopw>



6. A puck diding on africtionless table undergoes a change in momentum due to a constant force.
Which of the following expressions could be used to determine the change in momentum?

A. FxAd
B. FxAt
C. FxAv
D. Fx(Av/At)

7. A basketball isthrown into the basket, as shown in the diagram below. The ball leavesthe player’'s
hand at t= 0 sand reachesthe basket at t =3 s.

Which of the following graphs best represents the ball’ s kinetic energy E, as afunction of time?

A A B. A
Ex Ex
0 0 3 0 £ 3
C A D A
Ey =
0 0 5 0 t(s 3

OVER



8. A 75Kkg traffic light is held stationary midway between two supports, as shown in the diagram
below.

80 80

cord

00O

What is the tension in the cord?

A. 37x10°N
B. 7.4x10°N
C. 21x10°N
D. 42x10°N

9. A uniform beam of mass 25 kg rests on supports P and Q, as shown in the diagram below.

80m

S
Y

«——60m—>

P Q
What force is exerted by support Q on the beam?

A. 12x10°N
1.6x10°N
3.3x10°N
49x10° N

OO w



10. A boom hinged at P is held stationary, as shown in the diagram below.

11.

12.

cord

If the tension in the supporting cord, attached three-quarters of the way aong the boom from P,
is720 N, what is the weight of the boom?

Cow>

720N

1080N
1440N
2160N

A child isriding on a merry-go-round which is rotating at a constant rate. Which of the following
describes the child' s speed, velocity, and magnitude of acceleration?

o0 w >

SPEED VELOCITY MAGNITUDE OF
ACCELERATION
constant constant constant
constant changing constant
changing constant changing
changing changing changing

A satellite is travelling around the Earth in an orbit of radius 4.47x10" m. What is the mass of
the satellite if it experiences a gravitational force of 3.00x10° N ?

A
B.
C.
D

4.37x10'kg
3.06x10% kg
2.14x10° kg
1.50%x 10" kg

OVER



13. A circular space station of radius 120 m is to be rotated so that its astronauts experience an effect

similar to that of agravitational field. If thefield isto be 5.0 m/s” at this radius, what should be the
period of rotation of the space station?

A. 3.2x107's
B. 3.1x10's
C. 5.1x10°s
D. 8.6x10%s

14. On Earth, the maximum speed without skidding for acar on alevel circular curved track of radius
40 mis 15 m/s. Thiscar and track are then transported to another planet for the Indy Galactic 500.
The maximum speed without skidding is now 8.4 m/s. What is the value of the acceleration due to
gravity on this other planet?

A. 18m/s
B. 3.1m/s
C. 43m/s
D. 55m/s?

15. The diagram below shows the electric field near two point charges L and R.

What is the polarity of each charge?

CHARGE L CHARGE R
A. positive positive
B. positive negative
C. negative positive
D. negative negative




16. The graphs below show potential difference V versus current | for different conductors. Which
graph refers to a conductor which obeys Ohm’s Law?

17.

18.

A.

\% B. V

The electric field 2.0 m from a point charge has amagnitude of 8.0x10% N/C. What is the strength
of the electric field at a distance of 4.0 m?

A
B.
C.
D

2.0x10* N/C
4.0x10* N/C
1.6x10° N/C
3.2x10° N/C

When a charge is accelerated through a potential difference of 500 V, its kinetic energy increases
from 2.0x107°J to 6.0<107°J. What isthe magnitude of the charge?

A
B.
C.
D

4.0x10° C
8.0x10°% C
1.2x1077 C
1.6x10" C

OVER



19. A battery whose emf is6.0 V is connected to a2.0 Q resistor. The voltage drop acrossthe 2.0 Q
resistor is5.0 V. What isitsinternal resistance?

A. 040Q
B. 1.7Q
C. 24Q
D. 25Q

20. A voltmeter is connected across a 3.0 Q resistor in the circuit shown below.

120V
I
L
% R;=6.0Q % R,=6.0Q
R3=3.0Q
O
What is the reading on the voltmeter?
A. 40V
B. 60V
C. 80V
D. 120V



21. The diagram below shows a balanced potentiometer.

22.

23.

42 cm

| R

W\
€,=15V

When cell &€, isreplaced by anew cell, balance is achieved at a distance of 76 cm from the

left-hand end. What is the emf of the new cell?

0.83V
15V
21V
2.7V

Cow>

In which diagram below would the electron experience no magnetic force upon entering the field?

A. B B. B

x x x xB e o o oB
X X X X ° . ° .

@ X X X X @ . . ° .
X X X X . . . .
—

Q@ —> e —>
—
_—>

Which one of the following best describes a step-up transformer? [primary circuit: p;
secondarycircuit: g

VOLTAGE CURRENT
A. Vp> Vs Ip>ls
B. Vp> Vs Ip<ls
C. Vp<Vs Ip>ls
D. Vp<Vs Ip<ls

OVER



24. A metal rod isresting on top of two 4.0 m long conducting rails that are separated by 1.8 m. The

force of friction between the rod and the railsis 1.2 N. A magnetic field of 5.2x1072 T isdirected
upwards, as shown in the diagram below.

A A8
conducting le 7
rails Vi
m

i ;8 <«—_rod
[ 4 V. G

< 40m >| ©) \

battery

How much current must be sent through the rod before the rod begins to move and in what
direction will the rod move?

CURRENT DIRECTION ROD WILL MOVE
A. 58A Towards the battery
B. 58A Away from the battery
C. 13A Towards the battery
D. 13A Away from the battery

25. Four identical pieces of wire are bent to form four different coils, each containing a different
number of loops. Each coil carries 5.0 A of current and is placed in the same magnetic field
of 0.2 T. Which of the four coils would experience the greatest maximum torque?

NUMBER OF AREA OF COIL
LOOPS (m?)
A. 1 0.18
B. 2 0.045
C. 3 0.020
D. 4 0.011

-10-



26. A 0.10 mlong solenoid, 3.0%1072 m in diameter, has atotal of 550 turns of wire. To produce a
1.2x1072 T magnetic field at the centre of the solenoid, how much current must flow through

27.

thewire?
A. 0.26A
B. 1.7A
C. 9.5x10° A
D. 1.4x10° A

Four conductors of equal length are each moved through a uniform magnetic field in different
directions and with different speeds, as shown.

1.0m/s

3.0m/s

X X
X X
X X

X X
X X
X X

While the four conductors are being moved through the field, in which conductor will the largest
potential difference be induced?

Cow>

Conductor A
Conductor B
Conductor C
Conductor D

-11-
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28. A 75-turn square coil of wire, 0.12 monaside, isina 4.5x102 T magnetic field. Thefieldis
perpendicular to the coil. If the cail of wire isremoved from thefield in 0.10 s, what average emf is
induced in the coil?

6.5x107° V
1.2x107t v
2.4x107t v
4.9x10t v

oo w>

29. A bar magnet is dropped through a solenoid, as shown.

JANNANANANANNA)

What is the direction of the induced current in the solenoid as the magnet enters the top (i) and
as the magnet |eaves the bottom (ii)?

(i) ENTERSTOP (i) LEAVESBOTTOM
A. FromXtoY FromXtoY
B. FromXtoY FromY to X
C. FromY to X FromY to X
D. FromY to X FromXtoY

-12 -




30. Inthesituation below, an electron is moving at 1.9x 10" m/s through crossed electric and magnetic
fields. When the electric forceis equal to the magnetic force, as shown, the electron will travel ina

straight line.
(FFFFF+FF++F+F+FFFF+FF+FFF++
A IR
X X X X X X X B
Fe T
X X X X X [x X 75%x 103 m
v=19x10'm/S — - - - - - - - ___ O-c e
X X X X X X X
I:B
X X X X X X X
\4
=== ======- 3
< 4.8x102m >|

If the magnetic field strength is 5.2x10™ T, what must be the potential difference between the
plates for the electron to continue in a straight line?

A.

B.
C.
D

19 x10-"V
3.9 x 105V
7.4 x 102V
4.7 x 103V

Thisistheend of the multiple-choice section.
Answer the remaining questionsdirectly in this examination booklet.

OVER
-13-
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PART B: PROBLEMS
Value: 48 marks Suggested Time: 48 minutes

INSTRUCTIONS: Rough-work space has been incorporated into the space allowed for answering each
question. Y ou may not need all of the space provided to answer each question.
Y our numerical answers to problems must contain correct units where appropriate,
and must be calculated to two or three significant figures. Since partial marks will
be awarded for a partial solution, it isimportant that you provide a clear indication
of the steps leading to your answer.

Full markswill NOT be given for providing only afinal answer.

OVER
-15 -




1. A 6.0kgblock isheld at rest on ahorizontal, frictionless air table. Two forces are pulling on this
block in the directions shown in the diagram below.

Table Viewed from Above

45N
25N

_____________ U R

What will be the magnitude of the acceleration on the 6.0 kg block at the moment it is released?
(7marks)

-16 -



ANSWER: Score for
Question 1.
acceleration: 1.
(7)
OVER
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2. A 4000 kg space vehicle consists of a2 500 kg main capsule and a 1 500 kg probe. The space
vehicleistravelling at 120 m/s when an explosion occurs between the capsule and the probe. Asa
result, the probe moves forward at 140 m/s, as shown in the diagram below.

Before After
120 m/s 140 m/s
e e ‘ e
D 2s50kg |1500kg[D D[ 2500kg i o Tis00kg[ D
main capsule probe
a) (i) Whatisthe speed of the main capsule after the explosion? (3 marks)
(i)  What isthe magnitude of the impulse given to the probe? (2 marks)
ANSWERS: Score for
Question 2a:
Speed:
. 2.
impulse; —_
P )

-18 -



b)

Define impulse and briefly explain why the impulse on the probe is equal in magnitude to the

impulse on the main capsule.

(4 marks)

-19-

Score for
Question 2b:

3.
(4)

OVER




3. A uniform beam 6.0 m long, and with amass of 75 kg, ishinged at A. The supporting cable keeps
the beam horizontal.

cable

/
R \

/Ioad

A

<«<—2.0 m—>

<~—35m——>

v

< 6.0m

If the maximum tension the cable can withstand is 2.4x10° N, what is the maximum mass
of the load? (7 marks)

-20-



ANSWER;: Score for
Question 3:
maximum mass; 4,
(7
OVER
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4. A 900 kg satellite which is travelling at 8 600 m/s around a planet of mass 8.1x10%°kg has an

orbital radius of 7.3x10” m. What isthe total orbital energy of this satellite relative to infinity?
(7 marks)

-22.



ANSWER: Score for
Question 4.
total orbital energy: 5.
(7)
OVER

-23-




5. What isthe power dissipated by the 3.0 Q resistor in the circuit below? (7 marks)

V=12V

r
||
R1:14Q R4:24Q
R3=30Q | Rs=240Q

— MWW

R,=140Q Rg=120Q

S S

-24-



ANSWER: Score for
Question 5:
power dissipated: 6.
(7)
OVER

-25-




6. A motor is connected to 117 V and draws a current of 32.5 A when it first startsup. At its normal
operating speed, the motor draws a current of 4.20 A.

a) What isthe resistance of the armature coil? (3marks)

-26-



b)

What is the back emf devel oped at normal operating speed? (4 marks)
ANSWERS: Score for
_ Question 6:
resistance:
7.
back emf: —_—
()
OVER
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7. Inacathode-ray tube, electrons are accelerated from the cathode towards the anode by an
accelerating voltage V. After passing through the anode, the electrons are deflected by the two
oppositely-charged parallel plates.

deflection

Cathode

If the accelerating voltage V ; isincreased, will the deflection increase, decrease, or remain the
same? Using principles of physics, explain your answer. (4 marks)

Score for
Question 7:

8.
(4)

-28-



PART C: ELECTED TOPICS

Value: 12 marks Suggested Time: 12 minutes

INSTRUCTIONS
1. Choose ONLY ONE section from the three sectionsin this part of the examination.
SECTION I:  Quantum Physics (p. 30 to 32)
OR
SECTION II:  Fluid Theory (p. 33 to 35)
OR
SECTION Ill:  AC Circuitry and Electronics (p. 36 to 39)

2. If you answer questions in more than one section, only the answers in the first section chosen
willbe marked.

3. Do ALL of the questionsin the section that you choose. Write your answersin the space
provided in this booklet.

4. Rough-work space has been incorporated into the space allowed for answering each question.
Y ou may not need all of the space provided to answer each question.

5. Your numerical answersto problems must contain correct units where appropriate, and must be
calculated to two or three significant figures.

6. Since partial markswill be awarded for a partial solution, it isimportant that you provide a
clearindication of the steps leading to your answer.

Full markswill not be given for providing only a final answer.

| have selected SECTION

OVER
-29-




SECTION I: Quantum Physics

1. What isthe de Broglie wavelength of a proton travelling at 5.0x 10" m/s? (3 marks)
ANSWER: Score for
Question 1.
wavelength: 9.
)

-30-




2.

SECTION |I: Continued

a) What isthe energy of a photon of light with afrequency of 5.0x10* Hz?

(2 marks)

b) Through what potential difference must electrons be accelerated to have the same amount of

energy as that of the above photon? (2 marks)
ANSWERS: Score for
Question 2:
energy:
o 10.
otential difference: _—
P @
OVER

-31-




SECTION I: Continued

3. What isthe wavelength of photons emitted when electronsin the n = 5 energy level drop to the

n = 2 energy level in hydrogen atoms? (5 marks)
ANSWER: Score for
Question 3:
wavelength: 11.
(5)

END OF SECTION I: Quantum Physics

-32-




SECTION Il: Fluid Theory

1. Afirehoseof area 4.0x10* m? isconnected to afire hydrant. Water enters the hydrant at a
speed of 3.5 m/s through an underground pipe of area 5.6x10° m?. What is the speed of the

water in the fire hose?

-33-

(3 marks)
ANSWER: Score for
Question 1.
Speed: 12.
©)
OVER




SECTION II: Continued

2. Very fine dust particles are suspended in air at atemperature of 22° C. If the rms speed of the dust

particlesis 4.5x 10 >m/s, what is their average mass? (4 marks)
ANSWER: Score for
Question 2:
average mass. 13.
(4)

-34-




SECTION II: Continued

3. The Goodyear airship contains 5 400 m2 of helium having a density of 0.179 kg/m3. The solid parts
of the airship have aweight of 5.10x10* N. How much extraweight can the airship carry in

equilibrium if the density of air is 1.29 kg/m3? (5 marks)
ANSWER: Score for
Question 3:
extraweight: 14.
(5)

END OF SECTION I1: Fluid Theory

OVER
-35-




SECTION I11: AC Circuitry and Electronics

1. A coil has aninductance of 0.420 H. Determine the inductive reactance of the coil if 120 V msat

50.0 Hz isapplied to it.

(3 marks)
ANSWER;: Score for
Question 1.
inductive reactance: 15.
()

-36-




SECTION IIl: Continued

2. Calculate the maximum charge that can be stored in the 6.00 puF capacitor shown below. (4 marks)

R

120V =

W

— 6.00 uF

—— 3.00 uF

-37-

ANSWER: Score for
Question 2:
maximum charge: 16.
(4)
OVER




SECTION IIl: Continued

3. What isthe voltage drop across the inductor in the LCR circuit shown in the diagram below, when
the applied voltage is 75 Vms a afrequency of 1 500 Hz? (5 marks)

m75V, 1500 Hz
%

N

2.0 {F | 25 mH

67 Q

- 38 -



ANSWER:

voltage drop:

Score for
Question 3:

17.

(%)

END OF SECTION I11: AC Circuitry and Electronics

END OF EXAMINATION
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DATA TABLE

Pl e n =314

Gravitational CONSEANE ...........corveerireieere et G =6.67x10 11 N.m2/kg?

Acceleration due to gravity at the
surface of Earth (for the

purposes of this examination) ..........ccoccevcererieneesenie e g =9.80 m/s?
Earth

=0 [0 =6.38x10 6m

radius of orbit aoUt SUN ..........ccccvrieieric e =1.50x10 11 m

PEriOd Of FOtaLiON.......cccveiveeeeciecie e =8.61x10 4s

period of revolution about SUN...........cccceveveiinenieeese e =3.16x10 ’s

INIBSS. . 1euveueeteetetesestesteseetesse e eseebesseseebesbe e esesbesseseesesaensesesrenseneerens =5.98x10 24kg
Moon

=0 [0S SRSSRSN =1.74x10 6m

radius of orbit about Earth .........ccccceeevvcineerrcesceeeee =3.84x10 8m

PErOd Of FOtALION.......cecviireeeectesee e =2.36x10 6s

period of revolution about Earth ............ccccoevevviieviccecieee, =2.36x10 6s

INIBSS. .. 1euveveetestetesestesee e esesse e e seete s eseabesse e esesse s eneenesseneereereneeneerens =7.35x10 22kg
Sun

INIBSS. . 1euveueereetesteseesestesesesbeste e ebesbesesesbessesseseebenseseebessennesesseneeneas =1.98x10 3Okg
Constant in CoUlOMD’ SLAW ...c..ccuevieieeceieeeeeiere e k =9.00x10 © N.m2/C2
Elementary Charge .......ccoceeiiiciceseeee st e =1.60x10 -1°C
MaSS Of ElECIION.......c.eivieeeieiecieeee ettt me =9.11x10 31 kg
Y= Yo o] () (] o SRS m, =1.67x10 27 kg
AV S0 0T o OSSP mp =1.68x10 —27 kg
Permeability of fre8 SPACE .......ccveeiricieictecece e Ho =4mx10~7T. m/A
PLanCK’ S CONSLANT ......c.eeieieiiecie et ene h =6.63x10 =34 Js

h =4.14x10 -15eV.s

SPEEA Of HGNL ... c =3.00x10 & m/s
RYADEIG' 'S CONSLANT .....ocveneeeieieieeceeie ettt R =1.097x 10’ m!
Unified aomiC MasS UNIt.........cccviuerreieeesiereee et u =1.66x10 —27 kg
BOltZmann's CONStaNt...........cccerieiierieiceseeee et k =1.38x10 -3 JK
GAS CONSLANT ...ttt sttt R =8.31Jmol.K
DENSITY Of WALEN ...t = 1.00x10 3 kg/m3
DENSILY Of @IF ...veveeeeieciececeee ettt ettt =1.29 kg/m3
Standard atmOSPNEriC PrESSUNE ........cvvieerieeeeceese e =1.01x10 > Pa
Volume of onemole of gasat STP........ccoeorcirrenreeeeee s =224 L (2.24x102 m3)
AVOQAro S NUMDEY ......c.ocueiveieeiiteceeeete ettt re et N =6.02x10 23 particlesmol
ADSOIULE ZENO ...ttt bbb n =-273°C
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TRIGONOMETRIC AND OTHER EQUATIONS

For Right-angled Triangles:

2 2 _ 2
A a +b°=c

b sinB:E (:osB=il tanB:E
C C a

For All Triangles:

area= 1 ab
2

area:% basex height

sin2A=2sin AcosA

SsinA _sinB _sinC

Sine Law:

Circle:
Circumferences 27tr
Area= 7r?
Prefixes:
giga (G=10
mega ( M =10°
kilo (k) =10°

centi (9=107

Relative Compass Directions:

Quadratic Equation:

If ax*+bx+c=0,

b C
Cosine Law: ¢ =a?>+b?>-2ab cosC

Sphere:
Surface area 47r?

Volume= % mr®

-b++b?-4ac
2a

then »x=




EQUATIONS

. Vector Kinematics: (for constant acceleration)

V=V, +at vaV:\HTVO V2 = v,2 + 2ad
d =Vt +%ét2

. Vector Dynamics:
F, = uF, F. =ma

. Mechanical Energy and Vector Momentum:

=

W = Fd =mgh ==mv?
E, =mg E >
P:% p=mv Ap =F, At
. Equilibrium:
T=Fd
. Circular Motion and Gravitation:
2
ac:V_:4T[22r F:Gmlzn2
r T r
Ep _G mlrrnZ r3 DTZ
. Electrostatics:
F=k—Ql?2 E:! V:k_Q
r d r
_ ~ AE
E,= k% F=QE v=—2=~
r Q
. Circuitry:
Q=1lt V =IR P=ViI

You may detach this page for convenient reference.
Exer cise care when tearing along perforations.



EQUATIONS CONTINUED

8. Electromagnetism:

F=Bll g =l
2md
F=QvB B= uolﬂ
N - NO
€= NAt B = p,nl gNheren:ID
€=Blv
9. Quantum Mechanics. (Section|)
E(energy = hf c=fA
E, =hf-Ww, a=h
max p
10. Fluid Theory: (Sectionll)
=m PV = NKT
\Y
F
F=pV P=—
pvyg A
PV =nRT P+ %pv2 + pgh = constant

Av = constant

11. AC Circuitsand Electronics: (Section I1)
1

Q=CV Epzzcv2

Xo =t Z=\R?+(X, - X.)

e N\ L e
1 N Al

f, = S current gaip= —<

° 2m/LC B( gai) Al

T=NIAB
® =BA
Voo Ng
VP Np
W, = hf,
ZZ
E, :(—13.6eV)F
PV =1Nmv?
3
P=P,+P,
3
=—kT
& 2
T=RC
X, =2mnfL
Af :L
1-BA

(whereB = feedback ratip
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