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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. Consider two objects: a solid wood disk and a metal hoop. The disk and the hoop have the same
mass and radius. If the two objects have the same velocity as they roil along a horizontal
A surface, which one of the following statements is correct?

@ Their transtational kinetic energies are the same but the rotational kinetic energy of the disk
is less than that of the hoop.

(B) Their translational kinetic energies are the same but the rotational kinetic energy of the disk
is greater than that of the hoop.

(C) Both their translational kinetic energies and their rotational kinetic energies are the same.

(D) Their rotational kinetic energies are the same but the iranslational kinetic energy of the disk

is less than that of the hoop.
(E) Their rotational kinetic energies are the same but the iranslational kinetic energy of the disk
is less than tha-tLof the hoop. Keg = 1 IL.J k'°+ku:(, 1 (MRZ)co
- 2 -
'( 5 My same For bath ”ﬁ (J'Mﬁ )(A d;shéi-\oofn

A2, Solid disk 1 has amass of M and a radius of R. Solid disk 2 has a mass of 2M and a radius of R.
The same torque is applied to cach of the disks. The angular acceleration of disk 2, compared to
B that of disk 1, is

(A =ty Bo=to () m=u (D) a2_2otl (E) oy =40y,
TreTe I Tt » o= 2o, ((lM/L(zmee\)\

A3. When a spinning figure skater pulls her arms in closer 10 her body her rotation rate increases. _ | o
Which one of the following statements is correct? (You may ignore any frictional effects.) ~ 27!

@ As the skater pulls her arms in, her rotational inertia decreases and her angular momentum
A Temains constant.

(B) As the skater pulls her arms in, both her rotational inertia and her angular momentum
decrease.

(C) As the skater pulls her arms in, her rotational inertia decreases and her angular momentum
increases.

(D) As the skater pulls her arms in, her rotational inertia increases and her angular momentum
remains constant.

(E) As the skater pulls her arms in, her rotational inertia increases and her angular momentum

decreases. . -
lons. ot A‘(\%.Momud'um ) -u Iwz; J_ J(SD LUT

Ad. A compact disc (CD) with a rotational inertia of 5.28 x 10~ kg-m” spins at a speed of
41.9 radians/s. How much work must be done to bring it to rest? Werk = HK

D (A) -1.01x107%J (B) ~1.99%x 107°] (C) -223x107°] "l
@ —4.63x 1077 (E) -8.34x107] - 463 'O

W= e-k = 0- RN (5 2816 kg Xéf’qf“‘/s)‘
A5.  Consider 2 large rectangular block of wood that has a weight of 1.8 x 10* N and dimensions of

1m x2mx3m Which one of the following statements is correct concerning the pressure(s)
that the block of wood can exert on a flat horizontal floor.

A @ The pressure exerted by the block can be 9000 Pa, 6000 Pa, or 3000 Pa, depending on its
orientation.
(B) The pressure exerted by the block can only be 9000 Pa,
{C) The pressure exerted by the bleck can enly be 6000 Pa.
(D) The pressure exerted by the block can only be 3000 Pa..
(E) The pressure exerted by the block can be 9000 Pa or 6000 Pa, but not 3000 Pa.

P = ; Y P] : ijOC;N = 9o000Peo
PZ - ’80“),\1 - (:,OOOPA
_{mi Zm

T continued on page 3...
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A6.  Which one of the following statements best describes the situation in a hydraulic lift.

(A) A small pressure change in a smail cylinder produces a large pressure change in a large
cylinder.
C (B) A small pressure change in a large cylinder produces a large pressure change in a small
cylinder.
(C) A smali force applied to a small piston produces a large force on a large piston.
(D) A small force applied to a large piston produces a large force on a small piston.
(E) A small displacement of a small piston produces a large displacement of a large piston.

Pascaﬂ s Pﬁno.'pfe s pressure c,lna,mcje is He same ‘H\rouﬁhau‘l' E
!
A7. A liquid with a viscosity of 77 is flowing through a pipe of radius R and length L. A pressure
difference of AP is required to maintain a volume flow rate Q. If the radius of the pipe is Fo-

A reduced ta ¥ R then the pressure difference required to maintain the same volume flow rate is:

@A) 16 AP (B) 8 AP (C) 4 AP (D) 2 AP (E) %5 AP 5
N AP/ kL qeq = FEBA/Lw AP/ ¢
& - e = -g— T T 3 ' => -g— LI fl ...T . 2‘2
A8. A spherical object of radius r falls with a terminal speed v through a fluid with viscosity 72 g
Which one of the following statements is true?  ( _ AP € Y. AP 1,
) ) eqm fiheCum
(A) The net force on the object has magnitude mg. AP RL! = AR - (i )
(. (B) The object has an acceleration of . 2 \2
The viscous drag force causes the net force on the object to be zero. ~ AP, = 1§ F A .
(D) The viscous drag force is in the same direction as the force of gravity on the object. %FD

>t,3> h:;,\,;r‘;

(E} The viscous drag force is the only force acting on the object.

A9, A tensile force F stretches a wire of original length L by an amount AL. Consider another wire
of the same composition and thickness as the first wire, but of length 2L. If a force of 2F is Fz L,

E applied to this wire of length 2L, then the amount that it stretches is AL, N
(A) Vi AL (B) Vs AL (€) AL (D) 2 AL @ 4AL FL
YQM:J-AM'HAQ Sw&({ooﬂr\wnﬂ. E-_\(él- AL
A L AY

AlQ. Which one of the following statements concerning an object in simple harmonic motion is false?

{A) The maximum speed of the object is at the point of zero displacement from the ethbnum
position. (2 9 EN
D (B) The maximum magnitude of acceleration of the object occurs at positions of maxu‘nurn AT
magnitude of displacement from equilibrium.
{C) The speed of the object is zero at positions of maximum magnitude of displacement. AL -4 ( EL)
The angular frequency of oscillation depends on the amplitude of vibration. A
(E) The acceleration is zero at the point of zero displacement from the equilibrium position.

AL, = Lt

All.  Two masses, my and m;, are hung on identical springs with spring constant k and set in simple
harmonic motion. The ratio of the periods of oscillation, T\/T5, is given by:

A @ Tl "

L.m oyl @ Lomem

B ﬁ= c
( ) ( ) T2 my T2 T2 m; —nm,

Al2. A periodic wave passes by an observer who notices that the time between two consecutive wave
crests is 2 seconds. Which one of the following statemments about the wave is true?

{#) The frequency is 2 Hz. @ The period 1s 2 seconds.
) The wavelength is 2 metres, (D} The amplitude is 2 metres.
(E) The wave speed is 2 m/s.

= repe_gd' Hime pt‘n'aol

—
m
m«.ﬁ) m:‘?f se T= &r'- 271"}‘1:
™ T ! t
m
1 o
'5 - Zn ,j—’/-f; - ", continued on page 4...
.rz ?7- Em: A m?
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Al3, Two speakers are separated by a distance of d. They are vibrating in phase and they both produce
sound with identical frequency #and wavelength A. A listener is a distance L from one of the
speakers. Which one of the following distances from the other speaker will ensure the listener is

C at a position of constructive interference?

(A) L+d B) L-¥2A @L+7L Dy L+¥2 A (BEy d+A
For canstruchve ks feremes LQ"'L| MmN = Lz" L|+_____l!1_z\.

Al4. The diagram shows the third harmonic of a standing wave on a string of length L that is fixed at
both ends. Which one of the equations correctly describes the wavelength A3 of this hanmonic?

3
C L=2”
2
a3l
LS AL }\ = 2L'
L L L 3L L
A A== B =2 O a=T O A= B A= 3
2 3 3 2 6
AlS. The intensity of the sound of an aircraft taking off is measured as 3.50 x 10> W/m® at a distance
of 10.0 metres. Calculate the intensity at a distance of 125 metres. You may assume that the
aircraft acts as an isotropic source of sound and you may ignore any absorption of sound energy
@ 224 Wim®  (B) 3.04 Wm*  (C) 411 W/im® (D) 4.87 Wim® (E) 5.05 W/m’
- 2N\ - -
f =P, T, (ery = T,(4e2) ]
- _ r2 350W/mE Y10 0m
PART B I‘A_] IZAZ I2 _ It - ( m X . ):QQLIW
—_ e (128m) =

2z
ANSWER THREE OF THE PART B QUESTIONS ON THE FOLLOWING PAGES AND INDICATE YOUR CHOICES m
ON THE COVER PAGE.

FOR EACH OF YOUR CHOSEN PART B QUESTIONS ON THE FOLLOWING PAGES, GIVE THE COMPLETE
SOLUTION AND ENTER THE FINAL ANSWER IN TBE 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 PREVIQUS PAGE FOR YOUR ROUGH WORK.

continued on page 5...
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Bi. The drawing shows an outstretched arm (0.611 m in length) that is parallel to the floor. The
arm is pulling downward against the ring aitached to the pulley system, in order to held the
08.5-N weight stationary. The latissimus dorsi muscle applies the force M at a point that is
0.0692 m from the shoulder joint and oriented at an angle of 29.4° as shown. The arm has a
mass of 4.86 kg and a centre of gravity that is located 0.283 m from the shoulder joint.

g

K
*ﬁ%—) x
+
-
\ \ e 0.611m
e o‘foi.‘ o : 2 Ty
< 0283 m ——>
oo : i
:0.0692m = rM |

(a) Calculate the magnitude of M.

C_inoose ‘H\Q Skauuﬁlr 'Jc)m‘l‘ 43 -f'tle
ro‘}'a:b‘o« LS, “ﬂ\e oren 1s c\* rest = er:iu:lila(-'um

FTE=0 and TT0 = 9 4+ % +7 =0
M W T

1.37x 165N

Myt W+ T 0
Te, - We, =M sind) G

Mo Tram W (985N Y 0.61m) - (456K T80 383
S (sin(29.4°)] 0.0692m

{b) Calculate the vertical component of the force on the shoulder joint.

ZE/:O ’ 622 N

F, ~My-wW+T =0

Foo= MyrW-T= Mond + mg- T

5y

F“f = (},37x103p\1) s (29.4%) + (4.84 hgl‘?-%m/f) - 985N

F,= 422w

continued on page 6...
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B2. When a solid object is suspended at rest from a spring scale and completely submerged in ethyl
alcohol the reading on the spring scale is 15.2 N. When the same object is completely submerged
in water the reading on the spring scale is 13.7 N. The density of ethyl alcohol is 806 kg/m’ and
the density of water is 1.00 x 10’ kg/m’.

Calculate the density of the object.

277 x10% kg 4 3

AR] ,Va,Pu .

A
The objedt is in equithrim in bt sidoahons
<E=0 = FS-]-Fé‘.-\,\]-:Q oxnd FSZ+F82—
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A= 277x16% ke /5

continued on page 7...
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B3. A monkey, hanging onto a horizontal tree branch with one arm, swings in simple harmonic
motion. The centre of mass of the monkey is 0.425 anf'rom the branch. Its mass is 9.50 kg.

{a) Calculate the rotational inertia of the monkey, assuming it can be modelled as a thin rod of

length 0.850 m.
The rool, T- ‘_%MLZ 2.29 l{ﬁ‘mz
r0+a:hh<3
Ol L_ Wound eﬂ\cl)

T = 1(950ks) 0.850m)’

T:= 229kgwn®

(b) Calculate the frequency with which the monkey swings.

TL\Q mm\f—(?—y K Swfnjmi llv\ S___l‘i_’l’ O ALZHQ

caw treat the mm\huy as o
Pkyg;uﬁ PMCL}?UM

o = ”_’_ﬁj{ where  d = dustamce of cenbne apmas:/ﬁrau-‘b,
I from rotahion axis

o @l L fmgd J_‘/(Ci,goL.ch;,go,\n/;z)(o.Lf.zgm)1
s v I Do 279 La m?
4

(£= 0.662H2 )

continued on page 8...
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B4. Light of wavelength 556 nm in air enters the water in a swimming pool. The speed of light in the

water is 0.750 times the speed in air. The light hits the water at an angle of incidence of 35.0° with

respect to the surface normal. Some of the light is reflected at the air-water interface, and some 18
refracted as it passes into the water.

(a) Calculate the wavelength of the light in the water,

U=ELr amd £ s constant 417 o

7\\‘“&&_‘ U—W&Xm: (0.750)\};—( (55-6nt
Ugir U,

aLr

{b) Calculate the angle of refraction of the light at the air-water boundary.

S8 0, (see diegram below) | 25.5°
sin@, U,
S‘;{\gz_ = L-}—-; . S'hgl
U,
82 = a!cs:‘n<%. Stﬁﬁ,) = arcsn‘w(oié_i_gﬂﬂ‘ . 5.‘“(35‘.0‘))
8,= 25.5

(¢) Draw a diagram and clearly label the incident, reflected and refracted rays and the angle of
incidence, the angle of reflection and the angle of refraction.
Calculate the angle between the reflected light and the refracted light.
. |
fned £ °
5, } 0, retlected 1203
\
Ouc i 3
w o l )-?‘ g = amﬁ\e ‘o/w re‘r‘lco‘-d amnd
| refeacted '||‘j Wt
1§

refracked ¢ - jgoo_.gf - 62

@= 180~ 35.0°- 25.5° = /f‘7'5°=

END OF EXAMINATION



