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each page of the test paper.
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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. The length and width of a standard sheet of paper is measured, and the area is found by

calculation to be 93.50 cm?. The length has five significant figures in its measurement. The
D number of significant figures in the width measurement must be:
(A) 1 (B) 2 (€) 3 @) 4 (E) 5
A2. Given that the dimensions of f, m, and k are as follows:
D f: 1 m : [M] k : [Mg
[T] [T]

determine which one of the following equations is dimensionally correct.

A f=2M @) fo2:K =—\F ®) f—Zﬂ\/? E) f = 2724mk
27 k m
G (3/0" - Im] (]
Y L OV ( ™)’ fﬂ (% (1]
A3. Vectors A and B have the same magnitude of 2.0 cm and make angles of 60.0° with the
positive x axis as shown in the diagram. What is the magnitude of the vector sum, A+ B?

4 Note hat B‘/: ,A\/
j .:l;&"*él‘: Ax+6.x
60° = 7.0em Cos (éO»Oo)
A pre X ¥ 0.0 cos(60:07)
= 2.0em
B
@ 2.0cm (B) 2.3cm (C) 3.0cm (D) 3.5cm (E) 4.0cm

A4. A racing car starts from rest and reaches a final speed v in a time t. If the acceleration of the car
is constant during this time, which one of the following statements must be true?

C’ (A) The car travels a distance v t. Ax = il(u;;, U‘)JC =
(B) The acceleration of the car is v t. - L[:_UT, _ U
The average speed of the car over the time interval t is v /2. a t Tt

(D) The velocity of the car remains constant.
(E) The velocity of the car increases exponentially. U= U+ v
2

A5. A projectile is launched from Earth's surface at a certain initial velocity at an angle above the
horizontal, reaching maximum height after time tmax. Another projectile is launched with the
same initial velocity and angle from the surface of the Moon, where the acceleration of gravity is
C one-sixth that of Earth. Neglecting air resistance (on Earth) and variations in the acceleration of
gravity with height, how long does it take the projectile on the Moon to reach its maximum 0= Ussind
) [}

helght’) U:\/-“ U;S'ngo A+ MAYX . l\&{ﬂl\* U;:O ] U‘Y: U;\/'(' 0\7{' = -tmax:

a
(A) tmax (B) tmax /6 ©) 6 tmax (D) /6 tmax (E) 36 tmax 7
_U;s,'ngo . .t - U‘Sm9 6 U‘OS:‘nQb é’t
2 — = -a Max

M oxtg = __T ) MR a : =9
A6. A ball is thrown vertically upward. Which one of the following statements best describes the
acceleration of the ball at the instant it reaches maximum height? You may assume that the ball

k=3

E is in free-fall while itisintheair. £ £ £40  accelerohon is g downward.
(A) zero (B) magnitude < g, directed upward
(C) magnitude > g, directed upward (D) magnitude < g, directed downward

magnitude = g, directed downward
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AT7. As aresult of the coordinate system chosen to describe its motion, a car in straight line motion
has a negative velocity and a positive acceleration. Which one of the following statements could
D possibly be correct for the motion of the car? r\e_jai\\re veﬁoc&x/ Mneams mov t'n; m the
on.

(A) The car is moving in the negative direction with increasing speed. "eﬁ“*""*" o

(B) The car !s mov!ng !n the pos!t!ve direct!on W?th increasi_ng speed.  pccelerchom with

(C) The car is moving in the positive direction with decreasing speed. soposite sian &S
The car is moving in the negative direction with decreasing speed. (s 3

(E) The car is moving in the negative direction with constant speed. V'd“‘c‘}‘/ medams
AweﬂSl;\j s‘;ezd.

A8. Two monkeys of equal mass are holding onto a single vine of negligible mass that hangs
vertically from a tree branch, with one monkey a few metres higher than the other. If the tension

B in the vine above the upper monkey is 400 N, what is the tension in the vine between the two [T,
monkeys? | m
A) 100 N 200 N C) 300N D) 400 N E) 800N =
(A) ©) (D) B 3
2 m
A9. Consider the figure below. What is the magnitude of the resultant force exerted by the two >
cables supporting the traffic light? =
S SRR
T, .
tx = 4 -~ "‘ﬁ
N 40.0 40.0 T
- 2vm
Tit Toe N ) s%-0
2 = z ! =T, -T,-mg=0 .
[/Il +T2| - T, +Tz T,255.0N S5.0N-=1, T, -1, 9 Tz.‘ g > o
T4 T =T+ m9 T.2m
= T sin 40.0°+ T, sinb0.0° S 2"
|15"‘ ' 2 '~’r|*'2tv\j’~ Z’Tz
= 70.7 N = z
TZ < ‘-Z-’rl 200N
(@) 70.7N (B) 84.3N (C) 92.3N (D) 115N (E) 131N
n 4
4
Al10. A block of mass m is held in equilibrium on a E<s% \ X/ *
frictionless incline of angle 8 by a horizontal o —
D force F applied in the direction shown in the |
figure. What is the magnitude of F required to : jg\
hold the book in equilibrium? -. —F> o
iF = O = ZFxc O aﬂ\d Z’F\/ =0 | 0 5{&\/
(A) mg (B) mgsin @ (C) mg cos @ @ mg tan @ (E) mg cot &

- _ s - - s - Mg sind _
Z\Cx = FCoSQ - F?(M smh o =2 FC&,SQ - mg snd=o0 =~ F <0 - mﬁ‘|‘m9
All. Imagine a spherical planet with eight times the mass of the Earth and exactly twice the radius.
What would be the acceleration due to gravity near the surface of this planet?

(A) 2.45 m/s? (B) 4.90 m/s? (C) 9.80 m/s? (D) 12.6 m/s? @) 19.6 m/s?
On Eecth, mq= GMerm _ G—%’\zz 0n planet, Mg’ G(smem 8 GMe GMe

T

737 R |Gkt 4R
Al12. If the net work done on a particle is zero, which one of the following statements must be true?
C (A) The velocity of the particle is decreased. =2 3
(B) The velocity of the particle must be zero. W, = AKE '
The speed of the particle is unchanged. het
(D) The velocity of the particle is unchanged. N =0
(E) More information is required to answer the question. Wrwi 0 =7 Ak
KE Y C,Oﬂ3+0\~i-
KE = —Lqu So SPQE.A
k fondt
must be cons
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Al13. Two particles of different mass start from rest. The same net force acts on each of them as they
move over equal distances. How do their final kinetic energies compare? \,Jw z Fnd‘ 0 d

D (A) The particle of larger mass has more kinetic energy. = AKE
(B) The particle of smaller mas has more kinetic energy. ond W'\ei
(C) The particle of larger mass has less kinetic energy initially, but as its momentum increases
its kinetic energy becomes greater than the less-massive particle’s kinetic energy.

@ The particles have equal kinetic energies. Same Porce omnd
(E) Not enough information is given to answer this question. e’L"ﬂ’Q dnstance
=27 Wpet Sawme.
: — . : ’
Al4. If two particles have equal kinetic energies, are their momenta equal® . NEE s ‘
% -

C (A) Yes, always. KE =4 mot = MU 2

(B) Yes, as long as their masses are equal. 2 2m - £ = P :JZT\ZE

C) Yes, if both their masses and directions of motion are the same. 2

(D) No, unless they are moving perpendicular to each other. vl KE = e uall P if
(E) No, never. 1 T

J oM.
‘ov'\' nole -ij’ momzv\*um (s a V:j-w.
A15. A block of mass m is dropped from rest from the fourth floor of an office building, subsequently
hitting the sidewalk at speed v. From what floor should the mass be dropped to double that
impact speed? (The ground floor is “floor zero”. The first floor is one floor above ground level.)

(IR

(A) The sixth floor O E_F- E,
® Treogtr o AT
© The swasenth foo byst0= 04 7igh
o) o o 295 G- 24

o @:Zﬁé’hq

Tho = 2dhy = h, = 4h,= 16™
PART B fHoor

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.
SHOW 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.
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B1. During a midterm exam, you toss your pencil straight up in the air and catch it 2.00 s later at the
same height as the point of release.

(@) What is the acceleration (magnitude and dlregt_lorl) of the pencil at maximum height? (1 mark)
/ \
Pef/\al (S Pre.e A.U 1\*- , 7 IR
ma 2* 9 downward
°‘7
(f "7
(b) What is the speed of the pencil at maximum height? (1 mark)

Slhc& "va.e Pf/vxof\ 1S "H'\rowr\ .{I‘roxﬁk‘k up,
T=0 af maxirwe hecght O

(c) Calculate the initial speed of the pencil. (2 marks)

-{: - 2 003 - A =0 d‘um +0 l(\\“‘\i\ﬂ—
ot ) . a (f' s kaﬂti) 2 5omrs
by = U;VJC + z“\/%

oy 277 Y 7
U;\/- —‘é(’j)t
on: "zLﬁt

Uy, = 5(280m/s*)(2.009)= T80m/s

(d) Calculate the maximum height that the pencil reaches. If you did not obtain an answer for (c),
use a value of 9.50 m/s. (3 marks)

U—\/Z‘ ‘/-l- 2a Ay
=0 a.* May. kuﬂv\*
2

2
0= U;j"l’ ZQYAY'“”*X =7 Aymax: /._LEZ - __L.E\/
2

y 209
Ay =~ (280mps)

2(-4.80m 13

2£90m

Uy

(e) If the pencil was only tossed half as high, how long would it be in the air? If you did not
obtain an answer for (d), use a value of 5.00 m. (3 marks)

A‘/’m,j é(Lf.QOrv\)‘ 2.4‘5m

UT/Z“ -l- 2a Ay

O*= U‘\/ + Z.A Aymax = g\/ J' Z“YAymax IZC"ﬂXAYm)
Usy = J29Bpmes = [2(Abomis Y2 t5w) = 69305

|.%1s

2
Fr om S ymmeJm/ of mo%m ax AY‘I'V(' = U;y-(:“"' > 71:_’;
for whale Fligid Ty = "oy ; - 67%H+§(’j3f4o+
~tr:tr+at> -0, = U~ 9 @
’ ’ o7 £ oo~ Uy@)
: = ey o 2(643mis) fot =

t -9 ﬁgOm/s . '—9
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B2. A fireman d = 25.0 m away from a burning building
directs a stream of water from a ground-level fire hose
at an angle of ¢, = 40.0° above the horizontal as shown
in the figure. It takes 1.63 s until the stream of water
reaches the building.
Coordinade System: +2: hacizodal to right
+9 vcr‘l"'caux/ UPW Gure
(@) Calculate the initial speed of the stream of water.
(2 marks)

Us= Up = Uy cos®; (ax=0)

bx= Ut = (U}cosgl;)’t

Dx +25.0m
U= = =
‘O Gst)t (cos 40,01 43s)

(b) Calculate the height at which the stream of water strikes the building. If you did not obtain
an answer for (a), use a value of 19.5 m/s. (3 marks)

_ A
by= vt +3a,t
Ay: (0’231}195 ){' + 12' (_33{:2
Ay = (20.0mJsYsin 40.0°Y [ £3s) + % (- 9.80m)5*Y1635)"

(c) Calculate the angle that the stream of water makes with the building just before it strikes it.
(3 marks)

Uﬁxc U, = U}cosG[; = (QO.OM/5>0°S (40-07)

Vi = 153 m/s

U-:Fy z U:Y + ayt = U;S;Ingb‘ - 3t = (20-0"’\/5) SM(%.O’)—- (q‘gOm/g’leégS)
Jp,= - 3.02m/s

(91@ z n}wfm()z%; ) z I'nv+M(lM€\> = (15"

7. 96 m

115" below L\or:a\h\ﬁ

15,3 /s

(d) Draw the component-of-velocity versus time graphs from the moment that the stream of
water leaves the hose until it reaches the building. Labeling is not required. (The +x
direction is horizontal to the right and the +y direction is vertically upward.) (2 marks)

Dx . Dy

Upx Uiy 1  lmear (slope= ”j>

t \t
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B3. Two boxes of fruit on a horizontal surface are connected by a light, horizontal rope as shown in the

figure. m; =10.0 kg and mz = 20.0 kg. A force of 50.0 N is applied to the 20.0-kg box. The
coefficient of kinetic friction between the boxes and the surface is 0.100.

me
m i 2

8

| S = =

(@) Draw a free-body diagram for each box and show the coordinate system. (3 marks)

- + A
N, 31——>4—x 1\ ",

RN - =
PY T |
ﬁu_, M, T <« "2 —> E;ep
AR DI
: o
gray 972

(b) Calculate the magnitude of the acceleration of each box. (4 marks)

For eadn loox, f{'—::/ =0 . Bores &€ connected and mo\r{‘['vj@ﬂmr) 5,= ?32 .

a0 amd smdloddy, g 0687 m/s?
N, = M9

o - s - = = = a +
‘:Efrfi;: =ma = - -Fi( 1 B rV\l a =7 T=m a -f.-‘zll " //Aqu?\l

—

[ = matmng ©
B mA T e T TR T R (et amg) g - e

Foge = M1~ g = Mg s e
Faw"/“umlj ~MAum, g = m, o +ma

e~ g (miFm) - SN = (01100 F80rfs)10-0kq + 20:05)

M +m, (20'0 hj-t-lO\Ohj)
a= 0487 m/s*

(c) Calculate the magnitude of the tension T in the rope. If you did not obtain an answer for (b),
use a value of 0.700 m/s?. (3 marks)

b

a]:

From @ above, 107N
T = ma+t i,m9
T = (10.0kg)(0:687m/s*) + (0:100)(10.0kgY 9.60m/s" )
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B4. A skier starts from rest at the top of a hill that is inclined at 9.50° with respect to the horizontal.
The hillside is 195 m long, and the coefficient of kinetic friction between snow and skis is
0.0750. The total mass of the skier and his equipment is 75.0 kg.

(@) Calculate the work done by friction along the 195-m hillside. (4 marks)

2 # = ;3 0{ /” 4-

\/\J_‘_’( < /Au‘n, (—l>o{ = Wumj C,o!gol
Wy = = (0.0750)(75.0 g A.80/5* Yoo (9.50°)) 195 = . 06x10"T)

(b) Calculate the speed of the skier at the bottom of the hill. If you did not obtain an answer for
(a), use a value of —1.10 x 10* J. (3 marks)

E£+\th: Efo i 187 m/s
KE .+ PE. + W, = Kl:b 4—9(210
o hw : 2 2 b= dsid
O+ mghy +Wp = Smup +O =7 .Y‘T(‘“ﬁ‘v”“@’% j hy T o

X‘f 9.500 — 1.06 10° >]l/2
Uo = z : .§0m/E X 195m) sin (9.50' 06x10°J
e [75‘.0 “j ((75 Ol‘ﬁ Js X > sm(

U= (8659 m/fs =

(c) At the bottom of the hill, the snow is level and the coefficient of kinetic friction is
unchanged. Calculate the distance that the skier glides along the horizontal portion of the
snow before coming to rest. If you did not obtain an answer for (b), use a value of 19.0 m/s.

(3 marks)
= ¥
i 237
-Pll. % tx O F - O
~ (55— = :K’U?F:O ZFy‘O"? ~|"Yl-j;,~
y = x M = Fgrav
ijau Eb+ Wmc E_F //O //O ‘V\'”“mj

I(Eb-lf PE\JO-I— \/\}g,. = KE,C “'PE7C
0]

S 2 . -0
%mu‘bZJ-Wﬁ, =0 =» ému’,o -l-/l/»urﬂj(c,oslé’o Y ax)

2
JZ-MULZ —/(Lumj Ax =0 = D = JZ‘_W(ULZ : “2|'<l&é57 M/S> :@
Sug(0.675D) T.E0ms")

END OF EXAMINATION
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B1. While leaning out of a window 12.5 m above the ground, you throw a ball vertically-upward
with an initial speed of 25.0 m/s. You may assume that the ball is in free-fall while in the air.

(@) Calculate the maximum height that the ball reaches, relative to the window. (3 marks)

(0\:UQ=° T” V> = + 25.0m/s

3.9 m
| o At max. he{?m”') Ug =0
—E ., a=- 2_ 2 g
e U 209XB
| 0= uf~29by = 7 3q
' U—- 2
Q c Ay = (25.0m/s)
O _ =
' T
(b) Calculate the speed of the ball just before it hits the ground. (3 marks)
U..CZ - U;Z"' 2a Ay+0+ 295 w)e

U;Z = U;z + 2("3XAV+H'>

Uz = [(@5.0misY + 2(-980mj)~ I 2‘%)}1/2 -

(c) Calculate the time that the ball was in the air (from just after release until just before hitting
the ground). (4 marks)

Ay? U;{_ +‘£“f2=> O:gg{'+§(—3)ﬁz~by
(Lgt™= yt+dy=0

5/563

ALT, SOLuTION *

1= (- ey - Ay v +at
2(29) N\t g0
£z = (-250m)s) £ J(- 250 ofs Y = 4 (4.90m[s?Y12.5m) . Ucf
9.8om/s* t: ﬁ’qo
t - 0\’ — 0.459s 295w - 260w
~ 9.80m[s?
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B2. A children’s playground is located on top of a building. The playground is 6.00 m above street
level, and is surrounded by a 1.00 m high wall that makes the sides of the building 7.00 m high. A
person walking by the building finds a ball on the street and kicks it back to the children on the
playground. The person kicks the ball a horizontal distance d = 24.0 m away from the building at

an angle 6 = 53.0° above the horizontal. It takes the ball 2.20 s to cover the distance d (and reach a
point vertically above the front edge of the wall).

+ o7 N
3 ”f - /}‘K*\
I—a +x 7 ,L ay”j . ﬂ?‘x\ 1
Ny | oo T
U;x’r fa 7w
M.H Dx i
1 V/4

I.-: i =

(@) Calculate the speed with which the ball was launched. (3 marks)
Dx = U;xf =7 d= U cesd T

|81 m/s

-—

Ot (s 30702 209

U= [8127m)s =

(b) Calculate the vertical distance by which the ball clears the 7.00 m-high wall. If you did not
obtain an answer for (a), use a value of 19.0 m/s. (4 marks)

U; d — 24.0m

By, = U;Yf +Lat?
Ayw= (U;sth)-é +£(—3){'2

A\/w = O ?Jﬁ‘ngfn 53\0"12.205) - é(@ ?Dm/gZXZ.ZOs)
By, = B13m

heeghk above wal = Bl3m— Z00m =

[ 13 m

(c) Calculate the total time that the ball is in the air. (3 marks)

By = + 6.00m
5y, = Uy sl = (18:127wfs (i 65.0) 2.4
%7: + /Lf.Lfg(Y\/S

2 = 1 2 -
AY-H - U;ydtk,u "'éay tlml = 0 2("3>‘Z—-/b-} + U:ft-!o-k Ayk’r

- = Gy £ JRI U by - Mol + [0 48 AT Yooy
2(3 () =80 m/<*

‘h\r‘ ) ) O'ngs Page 10 of 8
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B3. Two objects with masses of m; = 3.00 kg and m, = 5.00 kg are connected by a light string that
passes over a frictionless pulley as shown in the figure.

3.00 kg (|

i‘ 5.00 kg

(@) Draw the free-body diagrams for each of the masses and show the coordinate system.

(3 marks)
: ?
a T N
hl f+ # | a,
Fﬂ*(o\'l FTAUZ

(b) Calculate the magnitude of the tension in the string. (4 marks)

i’é«:e’g M'l\’;lw““lt b ;“,‘é __ﬁ!ﬁ ’ 36.81\:2
S S I i (ol €
sT = ™M= ™M £T—m,q= -Ma, fo)
Note ot ;= a,* & T - ™M9= M, rv':\,’3> TZ-ZL:;:%) 9
T-mMg=mMma I*mj

—_—

T—mlj: ’":-ZT"‘ mzﬁ
|

M,y
a: J -
M, T (I + 'X_ﬂ = 2m,q T :(3,75X‘7,&’0m/3‘)

(c) Calculate the magnitude of the acceleration of each mass. If you did not obtain an answer 684,,? N
(b), use a value of 37.5 N. (3 marks)

From afow-e,) o= I__a 2 L/gm/sz
M
a= 367N 4 )
3.00[tj
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B4. A truck travels uphill with constant velocity on a highway with a 7.00° slope. A 50.0-kg package
sits on the floor of the back of the truck and does not slide, due to a static frictional force.

(@)

Draw a free-body diagram for the package and show the coordinate system. (2 marks)

+4

30

A
Fﬁﬂ-"

()

During an interval in which the truck travels 341 m, calculate the net work done on the
package. (2 marks)

The Pndmje_ is movir\j & constand O
Sf;-e.e.d. AKE=O) So '\Qf‘m e .

\/\JOYIL" Ent\/ -rl\wre,m) \[\)ne*’-: O

(©)

During an interval in which the truck travels 341 m, calculate the work done on the package
by the force of gravity.

(2 marks)
ngm = F:c’mv cos (§+90°) Ax

~ 2.04x%0"T
, So loN "
Wyeas® Mg G5 (TR0 At st

WSr&v <= prj"“"
ijm/ = (50\0 l/,j)(ﬁ,gOm/g‘XCQS (77 O’)> 3% m Woray = — MS[/\ = — mj Ax snb

N
Wng - 2. blpxlol’:)’ @0«12 —Z'OLFXIOL‘.U'

(d) During an interval in which the truck travels 341 m, calculate the work done on the package
by the normal force. (2 marks)

Since ‘V\,_LA&?) \/\/%20 O

(e) During an interval in which the truck travels 341 m, calculate the work done on the package
by the static frictional force. (2 marks)

W(ir: WQS o3 0 D 435=m3 sind (seﬁ (“)>

2 04x 10ty
We = G“j s )(cos Do)Ax ALT, SoluTIoN:
=0
Wy, < (60:0kg X 180m/s*)(sin 7.00Y S4im) Whet

W, oo +We +W, =0
Wp = 2.04%10°T grav T kT T

W = = Wy~ Wora
. O0-( y
END OF EXAMINATION Wi® O~ C2.04x10'7)

Ve £
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