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PART A

For each of the following questions in Part A, enter the most appropriate response on the OMR
(OpScan / bubble) sheet. Use the exam booklet for your rough work.

Al. Consider an underwater cave that is completely filled with water, as shown in the diagram
below. Point 4 is at the surface of the water, and points B and C are at the same vertical distance
below point 4. Point C is inside the cave. Which one of the following statements is correct for
the absolute pressures at points B and C?

‘ !

hl h2
B h
—_— — ——— o —— C _T_gj_
(A) Pg=Pc=Punm+ pghi (B) Pg = Pam + pghi and Pc = pgh:
(C) Pp=Paum + pghz and Pc = pgh3 (D) Pg= Pum+ pghz and Pc = Pum + pgh3

Points B and C are in the same fluid (water) at the same depth below the surface, so the pressures are the
same at these points. Since the depth below the surface is &1, Pp = Pc = Pum + pghi. (A)

A2. When an object is suspended at rest from a spring scale, the scale reads 12 N when the object is
in air and 8 N when the object is at rest and fully submerged in a liquid. The magnitude of the
buoyant force exerted by the liquid on the object is...

(A) 2 N. (B) 4 N. (C) 10N. (D) 16 N. (E) 20 N.

When the object is in air, the forces acting on the object are the weight (vertically-down) and the force
of the spring scale (vertically-up). Since the object is at rest, and choosing up to be the positive
direction, —Fgray + Fipringl = 0, S0 Fgray = Fspringl = 12 N. When the object is fully submerged in a liquid,
the forces on the object are the weight (vertically-down), the force of the spring scale (vertically-up),
and the buoyant force of the liquid (vertically-up). Since the object is again at rest,

—Fgrav + Fepringz + B =10, 80 B = Fgrav — Fspringg = 12 N — 8 N=4N. (B)
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A3. Two hoses, one of 20-mm diameter, the other of 15-mm diameter, are connected to a faucet, one
after the other. At the open end of the hose, the volume flow rate of water is 10 litres per minute.
Through which hose is the flow speed greatest?

(A) The 15-mm hose

(B) The 20-mm hose

(C) The flow speed is the same in both hoses.

(D) The answer depends on which of the hoses comes first in the flow.
(E) The answer depends on the lengths of the hoses.

According to the Continuity Equation, Q = volume flow rate = 4 v = constant. Therefore, the flow speed
will be greatest where the cross-sectional area is smallest. (A)

A4. A force F'is applied to the end of a 2-m length of copper and the bar stretches x m. The bar is
now cut in half and a force 2F is applied to the end of one of the 1 m pieces. The 1-m piece
stretches a distance of ...

(A) Yaxm. (B) 2xm. (C) xm. (D) 2x m. (E) 4x m.

Recall the stress-strain relationship for a tensile stress: E =Y £ . Initially, F1 = F, ALy = x, and

Li=2m. F2=2F=2F1,AL,=7,and L, =1 m='L; . Yand 4 do not change.
1
£=YAL2 = AL, = fL, = CRGL) = Al =AL =x (C)
A L, AY AY AY

AS. An object of mass m is attached to an ideal spring of spring constant k. The mass is undergoing
Simple Harmonic Motion of amplitude A4 as it oscillates on a horizontal, frictionless, surface.
The motion of the mass is stopped, and it is now made to undergo Simple Harmonic Motion with
an amplitude of 24. How does the new maximum speed of the object, v», compare to the
original maximum speed of the object, v1?

(A) m=4uv (B) ;m=2u C),w=u D) ;=" u (B) m=Ya n

Mechanical energy is conserved in this situation. In general, the mechanical energy is the sum of the
potential energy of the spring and the kinetic energy of the mass. All of the energy is kinetic when the
mass passes through the equilibrium position (x = 0), and all of the energy is potential at maximum
displacement, where the mass is momentarily at rest before changing its direction of motion.

/k
— 17241 2 _ 1 2 _ 1 2 _
E—EIOC +5mo —0+7mumax —EkA +0 = UmaX—A ; = UmaxOCA

Therefore, doubling the amplitude will double the maximum speed of the object. (B)
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A6. Viscous liquid flows through two pipes with the same pressure difference between their ends. The
radius of pipe 2 is twice the radius of pipe 1. The length of pipe 2 is three times the length of pipe
1. If the volume flow rate through pipe 1 is Q1, then the flow rate, O, through pipe 2 is

(A) 39 (B) 0, (©) 8¢, D) 50, (E) 160,

AV ZR'(P-P)
At 8L
Given that (P1 — P2)2 = (P1 — P2)1, R2 = 2R1, and Ly = 3L;,
_7R'(R-PB) _7(Q2R)'(R-B) _(2H7((R)'(R-PB) _16 zR*(R-PR) _16

< 877L, 87(3L,) 38nL,) 3 8yl =39 ®

Poiseuille’s Law applies to viscous flow. Q=

A7. Two simple pendula, A and B, have the same length. Pendulum A is at a location where the
acceleration due to gravity is 6% lower than at the location of pendulum B. Which one of the
following statements correctly relates the periods, 7a and 7B, of the two pendula?

(A) Ta=Ts (B) Ta=0.97 Ts (C) Ta=0.94 T3
(D) Ta=1.03 T3 (E) Ta=1.06 Ts

The period of a simple pendulum is given by 7' =27 \/Z . Since Pendulum A is at a location where the
g

acceleration due to gravity is 6% lower than at the location of pendulum B, ga = (1 — 6%) gg = 0.94gs

T,=2n L:272' L _ \/ ! 2r L =1.037, (D)
g, 0.94g, 0.94 g5

A8. The distance between consecutive crests of a water wave is 2.0 m. As the wave passes a duck
floating on the water, you notice that the interval between times when the duck is at maximum
upward displacement is 2.0 s. The speed of the water wave is

(A) 025m/s  (B) 0.50m/s  (C) 1.0 m/s (D) 2.0 m/s (E) 4.0 m/s

The wavelength of the wave is 2.0 m and the period is 2.0s. v = % = 220Tm =1.0m/s (C)
0s
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A9. As you travel down the highway in your car, an ambulance moves away from you at a high
speed, sounding its siren at a frequency of 400 Hz. Which one of the following statements is
TRUE?

(A) You and the ambulance driver both hear a frequency greater than 400 Hz.

(B) You and the ambulance driver both hear a frequency less than 400 Hz.

(C) You and the ambulance driver both hear a frequency of 400 Hz.

(D) You hear a frequency greater than 400 Hz, whereas the ambulance driver hears a frequency
of 400 Hz.

(E) You hear a frequency less than 400 Hz, whereas the ambulance driver hears a frequency of
400 Hz.

The ambulance driver is moving with the siren, so hears a frequency of 400 Hz. Since the siren is
moving away from you, you will hear a frequency lower than 400 Hz. (E)

A10. A sound wave travelling in air has a frequency f and wavelength A. A second sound wave
travelling in air has a wavelength of /4. What is the frequency of the second sound wave?

(A) 3/ B) 3/ © f (D) 2f (E) 41

The speed of sound in air has a specific value at a specific temperature. Since speed equals frequency
times wavelength, if the second wavelength is V4 of the first wavelength, then the second frequency must
be 4x the first frequency. (E)
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Al1l. A sign is hanging from a single metal wire, as shown in the left part of the accompanying figure.
The shop owner notices that the wire vibrates at a fundamental resonance frequency of f, which
irritates his customers. In an attempt to fix the problem, the shop owner cuts the wire in half and
hangs the sign from the two halves, as shown in the right part of the figure. Assuming the tension
in each of the two wires is now half the original tension, what is the new fundamental frequency of

each wire?
S yi
() 2 ®) = ©) f (D) v2f (E) 2f

Let L be the original length of the wire. At the fundamental mode of resonance, the length of the wire
corresponds to ’2 the wavelength because there will be a node at each end of the wire.

v v 1 F 1 (KL 1 | F
Li=34 = A4=2L. fi=—t=—= L= == .
A 2L 2L ny 2L\ m, 2\ Lm,

Ll

Let the subscript 2 refer to one of the cut pieces of wire and let /> be the fundamental resonant frequency
of one of these pieces. F> =" F1, L =" L1, and my = m.

1 1
PR N N Y N O R VP
2\ Lm, 2\iLim, IxI\ 2\ Lm

1

Al2. A sound source radiates sound uniformly in all directions. The power of the source is constant.
The sound intensity is / at a distance of » from the source. If the distance from the source is
doubled (that is, 2r), what is the new intensity in terms of /?

(A) &1 (B) 71 (€)1 (D) 27 (E) 41
]:£: P2 s Izziz P2: P 2:% Pzz%] (A)
A Adrnr A, Arr,” 4n(2r) drr
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PART B
Work out the answers to the following Part B questions.
Before scratching any options, be sure to double-check your logic and calculations.

You may find it advantageous to do as many of the parts of a question as you can before
scratching any options.

When you have an answer that is one of the options and are confident that your method is correct,
scratch that option on the scratch card. if you reveal a star on the scratch card then your answer
is correct (full marks, 2/2).

If you do not reveal a star with your first scratch, try to find the error in your solution. If you
reveal a star with your second scratch, you receive 1.2 marks out of 2.

Revealing the star with your third, fourth, or fifth scratches does not earn you any marks, but it
does give you the correct answer.

You may answer all four Part B question groupings (B1-4, B5S-8, B9-12, and B13-16) and you will
receive the marks for your best 3 groupings.

Use the provided exam booklet for your rough work.
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B1.  Let 4 be the depth below the surface of the ocean at which the absolute pressure is twice
atmospheric pressure (i.e. 2Pam). The absolute pressure at a depth of 2/ below the surface of the
ocean is

Recall that pressure increases with depth according to P> = P1 + pg(v1 — y2), where y1 and y» are the
heights of points 1 and 2 above some arbitrary reference. Let 1 correspond to the point at a depth of /
and 2 correspond to the point at a depth of 24.

B =F,, +pgh=2F, = pgh=F,
[)2 = Putm + pg(Zh) = Patm + 2pgh = thm + 2Patm = 3thm

Equal volumes of unknown fluid 4 and water are carefully added to the empty U-shaped pipe as shown
in the figure below. The pipe is open at both ends and the fluids come to equilibrium without mixing.
The density of the water is 1.00x10° kg/m® and the atmospheric pressure is 1.01x10° Pa.

B2. Which one of the following statements is correct?

(A) Both fluids have the same density.

(B) The density of fluid A is larger than the density of the water.

(C) The density of fluid A is smaller than the density of the water.

(D) The absolute pressure at the point d; is same as the pressure at the point > at the same height.

(E) The absolute pressure at the point d1 is lower that the pressure at the point d> at the same
height.

Note that the pressure is the same on each side of the U-tube along the dashed green line. The pressure
at this location in the left side is Patm + pag(8.00 cm + /) and the pressure at this location in the right
side is Pam + pwgh. Therefore,

P

atm

h

+p,88.00cm+h)=F,, +p,gh = p,800cm+h)=ph = p,= 800 cm+h)” "
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B3. If #=2.00 cm, calculate the density of unknown fluid 4.

From the solution for B2:

h (2.00 cm)

= o, = (1.00x10° kg/m’) = 0.200x10* kg/m’
(8.00 cm + /) (8.00 cm +2.00 cm)

Py

B4. Calculate the “gauge” pressure at the points d1 and d>.

di 1s at a depth of 8.00 cm in liquid A, so P1 = Pam + p42(0.0800 m).
Pigauge = Pam + 042(0.0800 m) — Pam = p4g(0.0800 m) = (0.200 x 10° kg/m>)(9.80 m/s?)(0.0800 m)
Plgauge = 157 Pa

d, is at the surface of the water, 50 P2 = Pam = 1.01 x 10° Pa. Pagauge = Patm — Pam = 0.
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B5. A spherical object of radius 7 falls with a terminal speed v through a fluid with viscosity 7. Which
one of the following statements is true?

(A) The net force on the object has magnitude mg.

(B) The object has an acceleration of magnitude g.

(C) The viscous drag force is the only force acting on the object.

(D) The viscous drag force is in the same direction as the force of gravity on the object.
(E) The viscous drag force causes the net force on the object to be zero.

Because the drag force is directed opposite to the motion, and increases as the speed of the object
increases, eventually the drag force will result in the net force on the object being zero. Since the net
force is now zero, the acceleration of the object is also now zero. The object then continues to move
with constant speed — the terminal speed.

A ball has a radius of 0.750 cm and is made of a material with a density of 2.50 x 10° kg/m>. The ball is
fully-submerged and then released from rest in a fluid with a viscosity of 0.209 Pa.s and a density of
863 kg/m’>.

B6. Which one of the following is the correct free-body diagram for the ball? (F’ is the resistive drag
force, B is the buoyant force, and Fg» 1s the weight of the ball.)

F.||B

F, grav

F, 1s directed vertically upward (opposite to the motion), B is directed vertically-upward, and Fgray 1S
directed vertically-downward.

B7. Calculate the buoyant force on the ball.

B =PV 1ia& = PauidVoan& = P uia 37 hSallg
B =(863 kg/m’)4 7(0.750x10°m)*(9.80 m/s”)
B=149x10" N
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B8. Calculate the terminal speed of the ball as it falls through the fluid.

At terminal speed, the net force on the ball is zero.
Y>F=0 = +F+B-F, =0 = 6mnpru,+B-mg=0

4 3 B
_ 4.3 _ Pra 37%a8 —
67NIY, = Pouy 3 hu&—B = U, =

67znr
. (2.50x10° kg/m’) % 7(0.750x 10> m)’ (9.80 m/s*) —1.49x10° N
' 67(0.209 Pa-s)(0.750x10>m)
b= 433x10°N-1.49%x10°N
" 61(0.209 Pa-s)(0.750x107>m)

=0.961 m/s
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A block with a speaker bolted to it is connected to a spring with a spring constant of 768 N/m, as shown
below. The block and speaker are in simple harmonic motion on the frictionless table. The total mass
of the block and speaker is 0.400 kg, and the maximum speed of the block and speaker is 21.9 m/s. The
speaker emits sound waves of frequency 896 Hz. The speed of sound is 343.0 m/s.

4> !
m
k
AARARARAAAF
A'A'A'A'AA'A A |
7 I'
1

B9. At what point in the speaker’s motion does the person sitting to the right of the speaker hear the
highest frequency?

The person will hear the highest frequency when the speaker is moving toward the person at its highest
speed. This will occur when the speaker is moving to the right and passing through the equilibrium
position.

B10. Calculate the highest frequency heard by the person sitting to the right of the speaker.

Apply the Doppler Effect equation for a source moving toward a stationary observer:

7= v+u, = 343.0 m/s (896 Hz) = 957 Hz
LU, 343.0 m/s-21.9 m/s

B11. Calculate the frequency of the speaker’s back and forth motion.

a)=27rf=\/E = f=L £=L M=6.97Hz
m 2z \'m 27\ 0.400 kg
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B12. If the speaker is producing sound energy at a rate of 1.25 W, calculate the sound intensity level at
the location of the listener when the listener is a distance of 2.00 m from the speaker.

First calculate the intensity (in W/m?), then calculate the intensity level (in dB)

_P_ P 125W
A 4rxr’ 47(2.00 m)’

2
ﬂ:lmog(lij:lolog( 0.02487 W/m j=104dB

=0.02487 W/m*

1.00x107"* W/m?

o
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B13. Two speakers are placed a distance d apart and are vibrating in phase. The frequency and
wavelength of the sound being produced are fand 4 respectively. A person standing a distance L

from one of the speakers hears no sound. Which one of the following expressions can possibly be
correct for the person’s distance from the other speaker?

(A) L+d (B) d+ A C) L+ A (D) L -2d (E) L+"% A

For the person to hear no sound, the sound waves from the two speakers must be exactly out-of-
phase when they arrive at the person’s location. This will occur when the path length difference
for the two sound waves is 2 4 or any odd multiple of half the wavelength. The only option that
satisfies this condition, given that the person is a distance L from one of the speakers, is that the

person’s distance from the other speaker is L + 72 A.

The 1.60-m-long string shown below is fixed at both ends and is vibrating in the standing wave pattern of

the third harmonic. The string has a mass per unit length of 8.50x10” kg/m and is under a tension of
251 N.

A

v

B14. Which one of the equations shown below correctly describes the wavelength A of the traveling
wave that makes up the standing wave?

Note that there are 3 node-node segments comprising the length of the string, L. The distance between
consecutive nodes is half the wavelength. Therefore,

L=3l41) = 1:%

B15. Calculate the speed of the traveling wave that makes up the standing wave.

F 251
v= |—= > _?I =172 m/s
Y7 8.50x10™ kg/m
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B16. Calculate the frequency of the traveling wave that makes up the standing wave.

fZKZLZS_u:3(172m/S):161HZ
A 2L 2L 2(1.60 m)

END OF EXAMINATION
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