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7. The marked test paper will be returned. The formula sheet and the OMR sheet will NOT be
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ONLY THE THREE PART B QUESTIONS THAT YOU INDICATE WILL BE MARKED
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PART A

FOR EACH OF THE FOLLOWING QUESTIONS IN PART A, ENTER THE MOST
APPROPRIATE RESPONSE ON THE OMR SHEET.

Al

A2.

A3.

A4,

AS.

AG.

AT.

-4
- (2149613.568 £ 2)x o
A computer data analysis program reports a result as 2149613 568 x 10%, with an uncertainty of
+3 x 10™*. How many significant figures should be used when the answer is reported?

(A) two (B) five @ seven (D) eight (E) nine

In lab M36 you measured the mass of a steel ball and also determined its initial speed when it
was fired from a spring-loaded gun. Suppose that the percentage error in the mass was 2% and
the percentage error in the initial speed was calculated to be 4%. Which one of the following
options is the correct value for the percentage error in the initial momentum of the ball?

(A) 2% (B) 4% © 6% (D) 8% (E) 0.5%
P= MUy Zecein produck = 2 7 ervecs = 27447 = b7

Which one of the following options is not a valid unit for energy?

(A) Joule (B) Newton-metre (C) Watt-second (D) kilowatt-hour @ kg-m?/s®

J=z Nm= kg-mz/sz W= 3’/5 , S [Pow]x[“l'\'me]‘-[_Ehar_gy]
An object is held outside an open window and released from rest. Air resistance can be

neglected (the object is in free fall). Which one of the following statements correctly describes
the motion of the object as it falls?

(A) The distance of the object from the release point increases linearly with time.

(B) The magnitude of the acceleration of the object increases linearly with time.

(C) The rate of change of the speed of the object increases linearly with time.

(D) The magnitude of the acceleration of the object decreases as it approaches the ground.
The speed of the object increases linearly with time.

Constord downward accelerahon => U 1 lfr\emly with +hme (U’f U;—!—a‘t)

A ball is thrown over level ground at an angle of &above the horizontal. 0° < §<90°. Which
one of the following statements is true when the ball is at maximum height?

(A) Both the speed and acceleration of the ball are zero.

(B) The speed of the ball is zero, but the magnitude of the acceleration is not zero.

(C) The acceleration of the ball is zero, but the speed is not zero.

(D) The speed of the ball is not zero and the magnitude of the acceleration may or may not be
zero, depending on the value of 6.

@ Both the speed and the magnitude of the acceleration of the ball are not zero.

E_ (S Constamk 'Hnroujkou‘(' 'g*eze'paﬂ N\o"‘\‘ovx7 G fs  hovi ?n,drc.Q a‘k MAX. h&jl;d‘

Two objects, A and B, are moving along the x-axis. The graph X

shows their positions as a function of time. At what time(s) do B

the two objects have the same velocity? A

(A) att=0s B) att=2s (C) att=4s

(D) Always Never . [ . : — 1)
\I'?)\DUC‘\'\/ = s\oPe o x vs t. 0 1 2 3 4

Which one of the following options is true for the Vg (ms)

magnitude of the displacement Ax betweent =3.0 s and 40
t = 6.0 s for an object that is moving as described by the

plot of vy vs. t? 307
60 m (B) 90m (C) 150 m 20
(D) 160m (E) 270m

10+

ADC = orea wndes Uy VS--t

= I5mfs- 3s + 12-(353(10m/s) = [Om

continued on page 3...
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A8.

C

AQ.

Al0.

All.

Al2.

A small car collides with a large truck. Which one of the following statements is true?

(A) The magnitude of the force that the truck exerts on the car is greater than the magnitude of
the force that the car exerts on the truck.

(B) The magnitude of the force that the truck exerts on the car is smaller than the magnitude of
the force that the car exerts on the truck.

@ The forces that the two vehicles exert on each other are equal in magnitude.

(D) The relationship between the forces that the two vehicles exert on each other depends on
the vehicles’ masses.

(E) The relationship between the forces that the two vehicles exert on each other depends on
the vehicles’ initial speeds.

NMM\E: IE‘*ruc,hm\Cﬂ-r]:,Earo“‘h\:ch\

A book, with mass m, is sliding on a horizontal table surface following a push that gave it an
initial velocity v, in the positive x direction. If the coefficient of Kinetic friction between the book
and the surface is s, the acceleration of the book while it is sliding is

(A) a, =—umg a, =—/149 N (C) a, = —m
f n +4 Hi
9 9 ”
(D) ax=—ﬂ—k (E) a,=- ) ﬁl s 4o

!

- = - - =
fo: ma, => —'Fv.: MAy - w SF\/-O>% W=mg
- //‘ll. mﬁ = ma.z -
Two blocks, with masses m; and my, on a horizontal frictionless surface, are tied together with

string and pulled by a constant horizontal force of magnitude F as shown. If we can ignore the
mass of the string, how is the magnitude of the tension T in the string between the blocks related

toF? Bth blocks have
T dthe sawme accel w
F
m, m F = (ndm,)a
- _F
m m MMy
(A) T=F B) T=—"2_F ©T-—"F
m, +m, m, +m,
D) T="2F € T="uf
ml 2

All three of the 50 kg blocks shown in the figure are at rest. Which one of the following options
is the correct relationship between the magnitudes of the
tension forces Ty, T, and T3?

(A) Tz > T3 > Tl

(B)T >ST,>T _ T
©) T=Te>T; T=T,2 157 wesd of
%Tzznal S0ly

T1:T2:T3

If particle 2 has a momentum whose magnitude is twice as large as that of particle 1, under what
condition would the two particles have the same kinetic energy?

(A) my=0 (B) my=my (C) my=2m; @ m, = 4m; (E) m=0

P2= 2p1 y recall hat KE= PP wank K= KE,
Zm 2 2

oo B>

(20 P k.l
"W\_ = mn

m, 2

2_(“2 Q—{—“] 2
continued on page 4/
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Al13. Eugenie Bouchard receives a shot with the tennis ball (m = 60.0 g) travelling horizontally at
40.0 m/s and returns it in the opposite direction with a speed of 50,0 m/s. What is the magnitude
D of the impulse delivered to the ball by the racket? 0> U;  (+ve) eﬁo (-ve)

(A) 0.6 kgm/s  (B) 2.4 kg-m/s (C) 3.0kgmis @ 54kgm/s  (E) 7.5kg-m/s
ITl= \Fatl= 18| = |Pe-pil = Imup-mu | = |m(up-upd)= (0060 kg)(-50:0mys

Al4. A golf ball and a Ping-Pong ball are sliding with equal velocities over a horizontal frictionless
surface. The golf ball has the greater kinetic energy because it has the greater mass. They — %o -‘”“/f)l

encounter a frictionless hill and slow down as they slide up it. Which one of the following
statements is correct?

(A) The golf ball slides to a greater height than the Ping-Pong ball since it has the greater

Kinetic energy.
D (B) The Ping-Pong ball slides to a greater height than the golf ball since it has the smaller

weight.

(C) The Ping-Pong ball slides to a greater height than the golf ball since the work done by
gravity on it is less.

Both the golf ball and the Ping-Pong ball slide to the same height since the result is
independent of the mass.

(E) We do not have enough information to decide since the result will defend on the slope of

mwZ+0= O+ MG g0

A15. A small bomb with a total mass of 10 kg is moving toward the North with a speed of 4 m/s. It
explodes into three fragments. After the explosion it is observed that a 5 kg fragment is moving
toward the East, while a 4 kg fragment is moving toward the West. What is the velocity of the

C third 1 kg fragment? N +4,N

v U,
(A) zero & b IS e
(B) 4 m/s North. 0 (; > U >
40 m/s North. S 5¢

2 Ve
(D) 40 mi/s South. Berore AFTER
(E) Itisimpossible to determine since we are not given the speeds of the other two fragments.

IY\omQ/vd—um Mzt be Cﬁr\ServtA (n L)o'H/\ "Hr\?. e (E-w} omd \/ (N"S)
derech'ons.
In the y—daqu‘mi Prot - :+OD|43\LLFM/5\) = 4p Vﬁ-w\/s

Ly

P+o+1cy =+() Lj\,(%c) North

PART B

ANSWER THREE OF THE PART B QUESTIONS ON THE FOLLOWING PAGES AND INDICATE ON THE COVER
PAGE WHICH THREE PART B QUESTIONS ARE TO BE MARKED.

FOR EACH OF YOUR CHOSEN PART B QUESTIONS ON THE FOLLOWING PAGES, GIVE THE COMPLETE
SOLUTION AND ENTER THE FINAL ANSWER IN THE BOX PROVIDED.

THE ANSWERS MUST CONTAIN THREE SIGNIFICANT FIGURES AND THE UNITS MUST BE GIVEN.
SHOwW AND EXPLAIN YOUR WORK — NO CREDIT WILL BE GIVEN FOR ANSWERS ONLY.

EQUATIONS NOT PROVIDED ON THE FORMULAE SHEET MUST BE DERIVED.
USE THE BACK OF THE PREVIOUS PAGE FOR YOUR ROUGH WORK.

continued on page 5...
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B1. A stuntperson steps off a bridge and falls vertically to the water 23.0 m below.
(a) Calculate the time between the stuntperson stepping off the bridge and contacting the water.
(4 marks)

Chaose UP +o
be_ the +ve 2 175

direchion.
Ay=-23.0m

- - ﬂ,gOM/SZ
5= 0

2
= O-\-%A‘t

Ay = Ut ﬁ&tz

t= [2by, [202300)
o —gq.80m/s"

(b) Calculate the speed of the stuntperson just before hitting the water. (3 marks)

2. 2
SO ZAAY 2.2 wm/s

2= a A
g O'—; 2e5y ALT. MeTwoD -
v- Z&Ay Iﬂnorfng o< rfsis“’amc,e, W,= 0
U= ﬁ(—‘],go M/SLX’Zg-OmB Vo B echamieal 1S Conserved -

KE-F + PE&(‘A\I_F = KC’-L * PEgm\lb
éry(u—; +0 = O+ %9Ys
\-Y_FZ - 23\/4'

Up= J2gy; ©

(c) If the speed of sound in air is 343 m/s, calculate the time after the stuntperson stepped off the
bridge until an observer on the bridge heard the splash. If you did not obtain an answer for (a),

use a value of 2.20 s. (3 marks)

= +
%%m t&u sowd D 24

= A7 om (&
{:Fzﬂ 2.17s From (&) _ [/571 .~
Spaed of sond is consfad. Ut L= < 1Y

s'vuml U_S—'otmd

too,= 2200 o g0u7s

Y33 (her Ass 2.275)

2.07s + 0.0b7Is

%M—A -

continued on page 6...
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B2. A block of mass m =5.00 kg is pulled up a = 30.0° incline by a force of magnitude F = 30.0 N,
as shown in the diagram.

(a) On the diagram above, show all the forces acting on the block, including friction. Be sure to
label the diagram appropriately. (3 marks)

(b) Assuming that the incline is frictionless, calculate the acceleration of the block. (3 marks)

W ith o grr‘d'\'cn) the Hrces aﬁm? the racdene

STF, = may . n F
4 4x )
= —\Wsnd
+ F-wsmnd = ma, N ‘5?.,{1 Wx
i W= m
F - mgsmb = ma, oy 3

F- g sin® 30.0N - (5.00 kﬁ)(q_‘&om/sz) sin 30.0°

m 5.60 \/.j

An =

(c) Now consider the situation when there is friction between the block and the incline. If the
block is being pulled up the incline at a constant speed, calculate the coefficient of kinetic

friction between the block and the incline. (4 marks)

Constant S\o-e&J. n & sﬁmjb\i— [mwe = a=0
W i “Frfc}h‘m\) Newton T (0 the x- drrech o~ 0‘30
lpec,o«\sz.s "
JF, =0 E’Fy =0
4+, - mg s = O

+F - mgsind = £, =}\/W .
F - mgsind = A, M= O
F - masvhg —/%KM3c,es© = O
F- mﬁsfng = My Mjwsg
Moy = F- fY‘jS"—“& ) 30.0N ~(S,00k3Xﬁ-80m/sz) = 30.0°
Mg cosb (5.00kg)X4.80 m/s*) cos 30.07

continued on page 7...
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B3. A 50.0-kg projectile is fired at an angle of 30.0° above the horizontal, with an initial speed of
121 m/s, from the top of a cliff 142 m above level ground. The ground is taken to be y = 0.

(a) Calculate the initial total mechanical energy of the projectile. (3 marks)
—_
J,

- - 2
Lrl //// '\‘\ S
c{{/ S . 434 x10° T
° ~N
— &5 V2= Vonae N _
N
AN
7 N
\ -_—
w U3
N

KE, + PE, = lzm¢,2+ M4y,

L (50.05Y 121 mjs) + (50:0kg)(A80m)s* X142 )

(b) Suppose the projectile is traveling at a speed of 85.0 m/s at its maximum height of y = 427 m.
Calculate the work that has been done on the projectile by air friction between launch and
maximum height. If you did not obtain an answer for (a), use a value of 4.40 x 10° J.

(3 marks)
A Lechom s a non- conservsdive focee.

Erw = E —Lf.é[xl()lf:l'
| he

2

W <

nc

= %MU\;*’ MmgYs — El

E, -
Whe * %(so ouj)(es 0mjs) + (500l Y Vbomi Y 427m) = 44 341105

ALT. Ans.: —Coolxi0t T

(c) Calculate the speed of the projectile just before it hits the ground if air friction does one and a
half times as much work on the projectile when it is going down as it did when it was going up.
If you did not obtain an answer for (b), use a value of —4.60 x 10* J. (4 marks)

E,* W, = Ez 113 w)s
Told that Wncz,g"” ['Swnc.-z

2 L2
thmu:Z + mgy, + I.S’\A}Ml—2 = ;MUy + @)

UBZ: Uzz+ ZSYZ + 2("5>wha,—2
\a}

/(785 om/s) 1 2(980wm/s* Y 427m) + 3( Lg% 10 :r) -

T So0ly

continued on page 8...
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B4. A box, of mass 2m, slides with a speed V on a horizontal frictionless surface and collides head-on
with another box, which has a mass m and is initially stationary. When they collide, the two boxes
stick together and slide as one in the same direction as the initial velocity of the first box.

+
V -_
s
RBEeFoRE AFTER

(@) Derive an expression for the speed of the two boxes after the collision. Your answer may
only contain symbols given in the statement of the question. (5 marks)

]erl'dﬁ'ov\le-ss = Z€X+=O) so mOmer\-‘—UVV\ iS conserved.

P—M-Tr_ = FHI-&‘ U;ci 22—\/

e Yoacther (pecfedtly melarhe

boxes sh ghes (p 7 Q,;,“SI‘OV\)) so U;a =Up = Lr{_,
! 2

(N\-l— Zm> U\‘F = Zm\l +m-O

. 2w
R

(b) Derive an expression for the change in the kinetic energy of the two-box system during the
collision. i.e. derive an expression for AKE = KE, ., — KE, ;- YOUr answer may only

contain symbols given in the statement of the question. (5 marks)

AKE = KE{i - KEL‘ i p
e = -
ANKE = é(m*'zmx%\lyz _ £_<Zm>\]2 KE 3m\’

2

N

2
AE = Zmi® -V = =

END OF EXAMINATION
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B1. A baseball is deflected straight up after striking the bat, which is held by the hitter at a height of
1.40 m above the ground. The ball travels vertically for 4.00 s before reaching its maximum

height.
@) Calculateothe initial velocity of the ball when it loses contact with the bat. (3 marks)
--==\U =0
39.2 m/s

(G

la=-g Sy

C::@g:_

v:%+at

0= u,-qt
U= gt = (480 m/s")((00s) = Ba.2n/)

(b) Calculate the maximum height above the ground reached by the ball. If you did not obtain an

answer for (a), use a value of 40.0 m/s. (4 marks)

U2 U7 4 28Y s Yoo Mg above ok

79.8m

O = U;Z + 2(’3)( 7mo~><>

- 2
23 Yrnse = Vo ,
go* 02 (3120s) - g
™Y 29 2(9.80mK)

[)\/’— lr\uﬁb\i' alooue Sramd = LYOom + &Ym=

ALt Ans.t ¥3.0m

(c) Calculate the speed of the ball just before it hits the ground. If you did not obtain an answer

for (b), use a value of 80.0 m. (3 marks)

2 _ 2 U3, =
U%NM = U;WW+ 2&/5\/ Yoo 39.5 m/s
Grauc O 4 269y @) ety

Sfovﬂ 5 T+

Uround * 269Xy = .
HOm
U‘SHM—. ﬁ(—ﬁ.?orn/gzx— 79.8m) /_“_(f'lu:;mm}

U‘T,ow{ = 398 m/s ALt Awns.t 376 m/s

continued on page 6...
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B2. A man on asled slides down a snow-covered slope which makes a constant angle of 40.0° with the
horizontal. As he slides, his speed increases. It is found that the magnitude of his acceleration
down the slope is 5.30 m/s°.

(a) On the diagram provided below, draw a labelled free body diagram showing all the forces on
the sled as it slides (Consider the man and sled as one object.) (3 marks)

(b) Calculate the coefficient of kinetic friction between the sled and the snow. (7 marks)

SF = ma
ﬁ acewrsS &Qﬂ\j 'H\k. S'lofe) ch\c,o;,e -Hv:s /V-u_?- 0‘133
as the +x- derechon.
S ZFDC: ma RN_\:4 iFy = O
+wsmd - £, = ma M- weosh = O
Mﬁsl_ng - MM E e s W sh
= mgc,osg

! smb — M, "’(3“59 = (e
asimS -a-= /Au'jcasg
R snd—a (9.80m/s2 Yt 40.0%) = 5:30 m/s?
g exsd (9.800y/s? Y cos 4007

continued on page 7...
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B3. A 0.500-kg wood block on a horizontal table is firmly attached to a very light horizontal spring
(k =181 N/m) as shown. It is noted that the block-spring system, when initially compressed
5.00 cm and released, stretches to a distance of 2.50 cm beyond the equilibrium point before
stopping and moving back.

—WWi—

(a) Calculate the magnitude of the force of kinetic friction between the block and the table.

(5 marks)
frichom s a non- conservahre Locce
w,  #0

E] + \A}r\c: EZ Le* 1 Be. w]’\eﬁ/\ ‘H'LQ Sf)r“”)j [s CQW\(.\Y‘QS—CQA
x;: 5100 cn amd ‘H\L mass s r\°+ mo\)n[j
Lyox?+ Wy, = Llex? ‘
2 ! ne 2 2 Loj' 2 B'C \»AAZM ‘H\f_ S‘)Y‘Ir\j (S s‘k‘ej'ok?.l
- 2 X, = 2.56 d e mass 1s nst mowing
WM- é—h(xz—x%> 2 m  am

Note thad W, = Wp = -FV_COOS 1§07 x +x, )= _ﬁu(xl+xz>
NS NCREHE ék(xf-lf)

2 2
’(')u_:_—lz-_k_ﬁgzi> = é]‘ze—x'}: é_l{(l,’xz)
A+ X,

£, 4 (191 n,)(0.0500m - 0.0250m) =

(b) Calculate the speed of the block when it first passes the equilibrium position. If you did not
obtain an answer for (a), use a value of 2.00 N. (5 marks)

Now le)\‘ i B{ whem -H\;a SPT"“j is 0\6?3 s
sed Ti00em amd the mass is ot rest

Co
Let 2 be whew the wa-\‘nj is reﬂkxeal‘
G\N\.t1 "M\Z MMASS P‘{SS«Z.S ‘f"/\roujt\ He e1u\

bibrtuwn f)osH\'(M_

E,+ Whe ™ E,

o _ 2
Ll ? + cos 180°X2) = 3™
Ll = fox, = Sy

_ 2
thlz - Z-puxl = MU,

2
- kxf-28x [ N 0:0500m) — 2 (2.26rY0.0500m)
‘ " i 0.500 g

e 0

continued on page 8...
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B4. A railroad car (mass m = 1.80 x 10 kg), initially moving at 4.21 m/s, collides with a group of three
joined railroad cars (each of the same mass as the single car). The group of three cars is initially
travelling at 2.15 m/s in the direction opposite to that of the single car. After the collision all four
cars are joined together.

(@) Calculate the magnitude of the momentum of the four coupled cars after the collision.

(3 marks) +
N -— RN 4
G Ug 4.03 % 10 kgm/s
(g L HIACH]
REFORE AFTER

c = N [{rsi'on. ‘ﬂ\ o om |
Assume thet fFex'l' O dw j'HuL collrs em m Meﬂd—cpn;”{i

ﬁh‘\‘{:: .P\"‘V-\'a‘
Prote = vy, + 3mYyg
Pmﬂc = m(U; ¢ 30, )¢ (1.80x zolf“j\(+q'2' /s +3(;2"5'“/‘>>
Prote = = 4.03x10 kg m/s  (pwtpl = 403x 10 kg /s

(b) Calculate the speed of the four coupled cars after the collision. If you did not obtain an
answer for (a), use a value of 4.00 x 10* kg-m/s. (3 marks)

PHF TR 0,560 m/s
4
U—{" : P_t:r{: = o310 ks /s = — 0.500 m/s

Um — 4(1.80x10" ke)

esd - ) = G5

(c) Calculate the kinetic energy that is lost in the collision. If you did not obtain an answer for
(b), use a value of 0.500 m/s. (4 marks)

Ave = Keg - ke, 2.73x 10°T
BRE = L o = (5] * §3n 3]
AE = Lo b o = g = 30
N -'“(L*Ujez— 02 - 30%;)

1
2
DEE = (180 (0" kg)(4 (0.560ms) = (421 )5 ¥ - 3(2.05ws)")

2
A = - 273x10°T o (lsk KE= 273x10°T

ALT Ans. s 2. 75xl053'

END OF EXAMINATION



