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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. Anideal incompressible fluid is flowing through a horizontal pipe with a constriction. One end
of the pipe has a radius of R and the other end of the pipe has a radius of %2 R. Which one of the

following statements is true? —l’_\_,_:Z

(A) Both the flow speed and pressure are higher at the larger end. -
E (B) The flow speed is the same throughout the pipe but the pressure is lower at the larger end.
(C) The flow speed at the larger end is half the flow speed at the narrower end.
(D) The pressure is the same throughout the pipe, but the flow speed at the larger end is four
times the flow speed at the narrower end. Co\—\‘\'l'nui“'\I E{n = A=A, 0,70
(®) The pressure is lower at the narrower end. .. Becroulli®s | P, + ﬁ/’“’lz*(’f)‘fu P +l("’Z+PﬁYz
A2.  Which one of the following statements best explains why an object released from restina =7 (o
viscous fluid reaches a terminal speed? (The density of the object is greater than the density of (\/ =¥,)
the fluid.)

(A) The magnitude of the buoyant force on the object is greater than the magnitude of the
E weight of the object.
(B) The magnitude of the buoyant force on the object equals the magnitude of the Welght of the »

object. 2 F drao
(C) The resistive drag force of the fluid on the object is constant.
(D) The resistive drag force of the fluid on the object decreases as the speed of the object F
. ﬁ(‘ﬁ\l
increases.

() The resistive drag force of the fluid on the ObL ect |ncreases as the speed of the object
increases.  Tnikally Fip,=0 so odes dovnward- A speed
[nerekses So does Z juﬁkl eaiunl brnum is re.adf\eal - speed. becomes ot
A3. Blood with viscosity 7 is flowing through a vein of radius R; and length L, with a volume flow <°"$
rate of Q;. The vein contracts, so that the new radius R; is 85% of the original radius. If the
D pressure difference between the two ends of the vein remains the same, What is the new volume
flow rate Qz interms of Q1?  Prisenille’s Law : Q- 2{\21 -n'28 (P ) = B wLR
“_’_—,,,
(%) Q:=0850, (B)Q;=072Q: (€)Q:= %01 ©) Q=0 520; (E)Q:=0610;

- P )
Y.t Y 2> a,s () 6 (0856, = 0528,
A4. 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 flow of water is 10 litres per minute. Through

B which hose does the water flow faster? Co“eru,L\, EGL“ Q= A\/ - A U‘, AZUZ

(A) the 20-mm hose bt

the 15-mm hose . uker i
(C) The flow speed is the same in both hoses. o Llow speed 1 grestrer
(D) The answer depends on which of the hoses comes first in the flow.  lhoge with smaller
(E) The answer depends on the lengths of the hoses. Cross- sechional area.

A5. A mass is hung on a spring (k = 100 N/m) and set in simple harmonic motion. The period of
oscillation is T. If the spring is cut in half, so that now k = 200 N/m, and the same mass is set in
D simple harmonic motion again, what is the new period of oscillation? T=2 f’
= Iq 12
(A) T L@ T C) V2T AT NGEL k
L 1 k = =
IERETE T7'/T|= k/kz:_>Tz: E—lc"rh‘rz_r
AB6. If one could transport a simple pendulum of fixed length from the Earth’s surface to the Moon’s,
where the acceleration due to gravity is one-sixth (1/6) that on the Earth, how would the
pendulum’s frequency of oscillation on the Moon compare to its frequency of oscillation on the

Earth?
(A) fmoon = 6 fearn B) fmoon = 2.5 feartn (C) fmoon = 0.86 fearn
(D) fmoon = 0.17 feartn fvoon = 0.41 fearn

. 'pmwﬂ S'Y_i“
rezl5 o £ Lo #2405 E;%/;

-pmoz/n: E -pEo«'HA = O'LH‘FEW“H"

continued on page 3...
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AT.

C

AS8.

A9.

™

A10.

All.

The distance between the crest of a wave and the next trough is 1 m. If wave crests are passing a
particular point at the rate of 2 per second, what is the speed of the wave? T

T '.
(A) 1mis ®) 2mis £ (©) 4mis (D) 8mis LNy
(E) The wave speed is impossible to determine from the given information. €d >

\m,/-'-* %)\277\'- 2w

An object attached to a spring is moving with simple harmonic motion of amplitude A. When = £
the kinetic energy of the object equals the potential energy stored in the spring, what is the
position of the object relative to the equilibrium position?

(A) A (B) 0 ©€) LA O +A (E) 2A ,
- o 2 52
E= KE+PE = FhA"= Smo’+ Sleo?. Whem KE=PE,hew 3 kAZ: 2(3165) 5 A=27
As you travel down the highway in your car, an ambulance moves away from you at a high P 1A
speed, sounding its siren at a frequency of 400 Hz. Which one of the following statements is T2

true? Source moufnj away -ﬂqm You you hear & lower -ﬁ*e?remoy (Dopplex E#ed’)
(A) You and the ambulance driver both hear a frequency greater than 400 Hz. Al deiver
(B) You and the ambulance driver both hear a frequency less than 400 Hz. ™ “’f“" e
(C) You and the ambulance driver both hear a frequency of 400 Hz. is nat movin 9 relabive
(D) You hear a frequency greater than 400 Hz, whereas the ambulance driver hears a frequency Jf"
of 400 Hz. Strem
@ You hear a frequency less than 400 Hz, whereas the ambulance driver hears a frequency of

400 Hz.

U= Aefs

A point source broadcasts sound into a uniform medium. An observer moves away from the
source at a certain speed. If the power is increased by a factor of 4 and the distance from the

source is doubled, what is the resulting change in decibel level? I _ £ . r

(A) The decibel level goes down by more than 10 dB. e

(B) The decibel level goes up by less than 10 dB. - o = -
There is no change in the decibel level. PZ L”)' > F 20 IZ I

(D) The answer cannot be determined because the speed of the observer is not known. '3 = IQ
(E) The decibel level goes down by less than 10 dB. L

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

@) 4 (B) 2f ©) f (D) if (E) if

SpezA o‘F somnd deesn't dnomje = ‘F;>‘\ = ‘gz\z = 'Fz = ‘c>/7‘/4 = L{"C

Al2.

Al3.

Al4.

Al5.

E

Tripling the power output from a speaker emitting a single frequency of sound will result in what
increase in intensity level? Pz: 3p =7 I,= 3T, = B.-p.= 10 lojm (Iz/I,)
(A) 0.33dB 4.8dB (C) 3.0dB (D) 9.0dB (E) 6.2dB

= 10 103(3) = 4848

Choose the option that correctly completes this sentence: “When two waves are out of phase by

Sh40°, destructive interference will occur”. destruckive interference = out of phase by

(A) 90° (B) 270° ©) 540° (D) 720° (E) 450°  [gp°+ m (340°)

. . . Where M iS am i
Which one of the following sets of resonant frequencies cannot apply to a pipe that is open at

one end and closed at the other?  opem /cfosed = £ = T, , 3%, 58, 7, .

JA) 100 Hz, 300 Hz, 500 Hz, and no other frequencies between 100 Hz and 500 Hz. T
4B) 20 Hz, 60 Hz, 100 Hz, and no other frequencies between 20 Hz and 100 Hz. T

100 Hz, 200 Hz, 300 Hz, and no other frequencies between 100 Hz and 300 Hz.

—
D) 50 Hz, 150 Hz, 250 Hz, and no other frequencies between 100 Hz and 1600 Hz. T
4E) 30 Hz, 90 Hz, 150 Hz, and no other frequencies between 30 Hz and 150 Hz. T

When two tuning forks are sounded at the same time, a beat frequency of 5 Hz occurs. If one of
the tuning forks has a frequency of 245 Hz, what is the frequency of the other tuning fork?

(A) 235 Hz (B) 242.5Hz (C) 2475Hz
(D) 240 Hz is the only possibility @ either 240 Hz or 250 Hz

A

continued on page 4...
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PART B

ANSWER THREE OF THE PART B QUESTIONS ON THE FOLLOWING PAGES AND INDICATE YOUR CHOICES
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 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.

continued on page 5...
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B1. A light spring of force constant k = 1.00 x 10° N/m is attached to the bottom of a large beaker of
water as shown. A 4.00-kg block of wood (density = 6.50 x 10? kg/m®) is connected to the spring,
and the block-spring system is allowed to come to static equilibrium.

,r
LA
T
')
YYVYYYY

|

v

(a) Calculate the buoyant force exerted by the water on the block. (3 marks)

B = IOFMA \/{llu{A 6 0.3 N

C.ofv\(g\ejl'cl\/ S\l‘\omarje‘*ﬁ? \/-FluiA: Vblojzd' 3 /0: L/\ = \/abJ:ed': ’ﬁi”jﬁ_&
Fobj&d’
B= /D-Flu\' _"EJf_J >3
/)]oJ.ecJ'
- (roretin ey Ak o) -

6.50 x 10 hg/

(b) Calculate the elongation, AL, of the spring. If you did not obtain an answer for (a), use a
value of 49.5 N. (4 marks)

At egbuﬂibrfm) ZF—? =0 0.2l m
+B F;prma FfM =0
FS N, - 6" F anN
pri _ _
(A B Fas = DL = B Fom B ot

k
1, 00 % 16 N /a 103m

(c) The block detaches from the spring and rises to the surface. Once the block has come to rest,
calculate the percentage of its volume that is submerged. (3 marks)

At e_ﬁ,u}libru‘um iE—:\:O 6507,

+ )
_\’Tl_—:t—::]r/\ B'-F =0

61

Fyew
PrivaVpuidg = Meag =05 My s=pr Vs
/O.FIV;A\,‘FWn'Ag ™ Pobject Vé\o\fed’ g=©° and \I—?\und - \ISULmerzA
o Vsogh g = Pk < Nt far_ 65008013
Vobjeer  pruid  1.60%10° kg3

Nsibwased . 150 = £5.07

<, lodécj' continued on page 6...



Physics 117.3 Midterm Test

Stu. No.:
February 12, 2015 Page 6

B2. A 326-g object on a horizontal, frictionless surface is attached to a horizontal spring and undergoes
simple harmonic motion with a period of 0.250 s. The total energy of the system is 5.83 J.

(a) Calculate the maximum speed of the object. (3 marks)

~—> E = ke +fE 598 «/s
]

( km KE \,Ang,.,\ PE=0O (eﬁluilibrium Ppsr]s'o\n>
k o2
E mo\x
U zj_ _ [2(5833) _
moc 0.326 kg

(b) Calculate the force constant of the spring. (4 marks)

W= 2q5= 20 _ | 20k kq /s?
T e

Z—sz < ..Il: => k: Lhrzm
T2 m T2

< l{#(o&zt,kj): -
(0.2505)* %

(c) Calculate the amplitude of the motion. If you did not obtain an answer for (b), use a value of
201 N/m. (3 marks)

= PE_ l—\<P\ (Ke=0 whem PE= e I 0.238m
A: [2E 2(5837) -
R S D
ALT. METHOD *

SHi o U= WA amd ‘*’"‘f = ,WJ’ A

= 598m/s |2326ks
J’L 58/s éka/s

ALt VALve 2]
0.23'm

continued on page 7...
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B3. A train sounds its horn as it approaches a crossing. The horn can be heard at an intensity level of
50.0 dB by an observer 10.0 km away. Treat the horn as a point source and neglect any absorption
of sound by the air. You may assume that the sound energy propagates uniformly in all directions.

(&) Calculate the average rate at which sound energy is generated by the horn. (5 marks)

>>>> Cofe of emergy ’
T oS ))) produchon = p0wu
Ir\‘\':msi"—\/’ T-= ;& = P-= T- A = I Ll-rrrz

Given infonsihy lewd | 3. /3~— 008 log,, ( )
o‘jlo L> féo\@ = W‘M@ FAM&> L
I

o

L (losooa%ode)(l 00 x (32 W/ 2) = (1.00% (0 > Y 1.00x1 6 W)

T= 1.00%1(0 W/

I' Lfn’rz - ([\OOX IO’7W/N\ZX41T (lo-Ox lOgm)z>

(b) Calculate the intensity level of the horn’s sound heard by someone at a distance of 50.0 m
from the train. (5 marks)

As  shown in (00) /?,’-' 50.048 9L.0 dB
= T < 1.00% 1677w/ 2

E: L?Erz = P= T -4r?® For constand powes | P,=Pz
_ 2
I{th’rlz = I2'4“r22 = I)r'Z- L.
-7
1.00 x 1> "W/ Z ,°
r-z'.: 50»0«\) IZ: ?

_ /rZ ([.OOXIO’;ZW/ 1X[0\0X103m>2
1,= = ol = i/_o()xlog\/\//mz

T-=

0N
°
o
X
o
3

=

.]_)
) (50.0m)*
-3 2
_ 00x10 “W/Z N ( )
B, = 1048 log, (LLOL,IZ_/,2> = (96.046
[.0O% 16 W/pm

continued on page 8...
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B4. A steel wire with mass 25.0 g and length 1.35 m is strung on a bass guitar so that the length of the
string that is free to vibrate is 1.10 m.

(@) Calculate the linear mass density of the string. (2 marks)

e M zs.omo’gluj
L /. 35m

(b) Calculate the velocity of the wave on the string that will produce a fundamental frequency of
41.2 Hz. (3 marks)

[.85x 10 kg /.,

fondamendal
'\\\/_A\’\N M ) 70.bm/s
b — L=$X, = h=2L

e zL, /7

= )= £-2L,0 (41.2Ha)(2§(1.|om) =

(c) Calculate the tension required to produce a fundamental frequency of 41.2 Hz. (3 marks)

[ o 2= F /52 N
= = U —
TR M

F- (1.85xfo'2h5/m)<‘70~bm/s)z =

=> F=/4AU'Z

(d) Calculate the wavelength of the sound wave produced in air when the string is vibrating at a
frequency of 41.2 Hz. The speed of sound in air is 343 m/s. (2 marks)

g £ B33 m
o 343w/s
7\ £ 7 Lyome

END OF EXAMINATION
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B1. A rubber band is tied to a hook and hanging vertically from the ceiling. The length of the rubber

band is 10.0 cm and its cross-sectional area is 9.00 x 10°° m2 The Young’s modulus of rubber is
1.00 x 10° Pa.

(&) A mass of 125 g is now attached to the free end of the rubber band and the mass is slowly
lowered until it comes to rest at its equilibrium position, at which point the mass is released.

Calculate the distance that the rubber band has stretched. (You may assume that the cross-
sectional area of the rubber band has not changed.) (4 marks)

Assume dhat the rubbes L3 o
Lo bhand behaves elMiCAﬂy.
LF Lom
| LN et B W
AL
T LEe AL = (0:100m)(0.125 kg Y 4.80m/5?)
_ldF”“i (1.00x165 Y 4.00% 107 °>)

(BL= 1.34%10% = 150c)

(b) Treating the rubber band as an ideal spring, calculate the force constant of the rubber band.
If you did not obtain an answer for (a), use a value of 0.0125 m. (3 marks)

Tdeal =pring, [Fl = kx| Q0.1 N /o

[n the obove Aﬁ“ﬂmm) whew the mass is af eguilibeiom
Hhe Jforce exerted F)\/ the elashc bawd is Mg, upwasd.

g = k[bLl = = 73
1ALl

e = (0.125 BXQ,?Om/sZ)
0.013Lm

(¢) The 125 g mass is now pulled down from its equilibrium position and released. Calculate the

frequency of the vertical oscillations of the mass. If you did not obtain an answer for (b), use
a value of 92.5 N/m (3 marks).

(o= 2w£=/% L 97 w2
P Lk

DA
i [Fo 0 N/m - H2
F - ZJT_\_ 0.125 V_S @ 433

ALT. ANSWER

[L = ﬂ@,ON/m

ALT. ANSWER ®

continued on page 6...
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B2. A 0.400-kg object connected to a light spring with a force constant of 19.6 N/m is on a horizontal

frictionless surface. The spring is compressed 4.00 cm from its equilibrium position and the mass
is released from rest.

(@) Calculate the total energy of the mass-spring system. (3 marks)

D " ofo0m 157 %157 3
L_ﬁ/— Ampl;ho{e_ of Mo‘\'\‘m\) A

on of . )2 0.0400m
) SPYIN
k= 19.6 N/ (mase. compression of spring

At max. c,orv\poegsfcm)ﬂ\a mass is o rest.
- = 2
E = KE+PE= O+ LA = L (jq.ny Yo0.0kcom)

E= [§7x10%]

(b) Calculate the maximum speed of the object. If you did not obtain an answer for (a), use a
value of 0.0160 J. (3 marks)

Max. éPuJ- is reached as the objkd(' 0.280 m /s
passes ‘H\(cvj‘n the eci,uilibrn'uw\ Pos{-l\'w\)

where =0-
Ehcrﬁ\/ is omser\real) and. E = KE-I-\OE) So

E=Lmil +0 = U - 26" (2(1.57x167°3)
e m O"—fOOlf-j

(c) Calculate the distance of the object from the equilibrium position when its speed equals one

half of the maximum speed. If you did not obtain an answer for (b), use a value of 0.250 m/s.
(4 marks)

Aam E= KE+¢E 347 cen

E= imu?+ 12——ka amd U= Ly

2 MaX

E= dm () ghet = 2B m (S + X

- -1 <
JE = J_mufz + [,{_xz = [sz- 2E L[_muf_(\ﬂo(

maex

2‘\
2 (157x107°3) = £(o400kg)0:280m/s)
19.6 N/m

ALT Answer 1:
3.58 em

Un o 0.250 m/s

continued on page 7...
E= 0.0160T
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B3. Two trains on separate tracks move toward each other. Train 1 has a speed of 141 km/h; Train 2
has a speed of 102 km/h. Train 2 blows its horn, emitting 995 W sound waves at a frequency of
605 Hz. The speed of sound in air is 343 m/s.

(@) Calculate the frequency of the sound from Train 2’s horn that is heard by the engineer of
Train 1. (5 marks)

\:E_g ((((‘(/_(D 73S Hz
(U_s

Both sowce amd observes Gre moving.

£ f

o s

e —

U+ Ug Oloserver moumg toward souvce: U’;+v~e
U —VYs SoUYCe MovIng weed obsecver: Uy 4ve

Convert traim sPef_As Lrowm LLM/I« to '“/5-

Lh
- (000 ™M AT
K MWL“V\X Tlm ¢ 36005 3117 w/s

- w1000 Th  _ 9923,
U} 102 ’ < - X Fuds /S

343m)s + (+ 39-’7'“/53 -
z H - n N = .@IB
‘ﬁo L0o5Hz ( 33 s - (+ 2%33 m/s)

(b) Calculate the intensity level of the sound from Train 2’s horn that is heard by the engineer on
Train 1 when the two trains are a distance of 10.0 m from each other. You may assume that
the sound energy propagates uniformly in all directions. (5 marks)

P= 4995w 119 46
9495w
I - ;\P = ZE‘;Z z m = 0.792 \AJ/MZ

= 10db loﬁw(;f)

6. 792 W/p
ﬁ': 10 [Djm <1 00“0,,2':\)/(“2> =T

continued on page 8...
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B4. A stretched string fixed at each end has a mass of 40.0 g and a length of 8.00 m. The tension in the
string is 49.0 N.

(@) Calculate the speed of a wave on the string. (3 marks)

FL 99.0 w/s
U = /-{_'i— ) /,{_: r[.—v_\ = U= -—N—\—
(49.oN) 8.00m)
S

(b) Assume that the string is vibrating at its third harmonic. Choosing the left-hand end of the
string to be at x = 0, calculate the positions of all the antinodes that occur along the length of
the string. (4 marks)

24 harmonic = 3 "Z‘-X Sej'“m l.33m
9(.“0 x Z,‘.O()m
N A 6-67m
) —— ~—__ "

e L —i
The nodes occur & X7 O) L, %‘L> L

o~
~

- t(%’.oo'n): [/ 33m
%(%oom) = L oom

5% (KOOM) = EA;ZM

(c) Calculate the frequency of vibration when the string is vibrating at its third harmonic.
(3 marks)

As  shown jn the du:"\.jrm o\dou\re) ok
Hhe 2¢ hoacmonic  Hthece are 3 |
L/Z-)\ Séﬂmevd's oﬂmj Hhe le/v\g-}‘n ;£ the wire

5\33(\(\

|84 He

\

2
- 2y he BUe 20

o= £x =~ 433: %3: 10m/s

5.33m

END OF EXAMINATION



