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IV arhoy TAKE HOME EXAM
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This exam may not be discussed with anyone unul 6pm Fri 11 Dec 2009

Dwe Friday 11 Dec 2009 by noon EST. Your solutions should be left in the box on my
office door, Room200,

This is an “open book” lest, however you should realize that extensive use of reference
miaterials may slow your progress substantially. You may not share solutions or discuss this
exam in any fashion until Friday evening 11 Dec 2009 (6 pm EST). If you use a publicly
accessible computer, you should not leave any remnants of your work. ). If vou use scraich
sheets, you should not leave any remnants of your wark that could be seen by another person.
You should not engage in any activity which could give the appearance of cheating 1o any
reasonable or unreasonable person.

You must turn in these question/problem statements with your solutions. Yow may attach
additional paper if necessary or work the problem on the back of a test sheet.

To assure fairness to aff, you mav not ask me how to work related problems during the
exam period. [f vou find a mistake, please ler me know so that all can be notified via emuil.

Show ALL work. AN work must be done on these test sheeis. There is no way for vau ro
receive credut for work that is not explicitly written down. { also recommend showing work for
the multiple choice questions as partial credir may be possible on a few of them

100mph=447mfs Y mch=25%4cm, sin30°=05 sind3°=0707 sin60°=0866
G=6 67e-11 Nm¥/kg?, My, =5.96e+24 kg, M 40,=7 350+22 kg, Mg,,=2.0e+30 kg
Radius of Moon=174 km, Radius of Sun=6.96e+5 km, Radius of Earth=6370 km
1eV=10602e-19] | hp—746W, ¢=3.00e+8 m/s

Maoments of Inertia ol Rolling Objects:
I.~.u||d bhali = 2/5 MR? Idlsk =1/2MR2

Moments of Incriia o’ Rolling (Gbjects spun about an edge:
1 = 1/3 ML2 I

rod about anend

Thoop = MR2

= e
rectangle about an axis along edge — 1/3 Ma=
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READ CAREFULLY
TRUE! FALSE
L 1. In simple harmonic motion, [hemd is pw"al to the square of the_ amplitpde.
12. In simple harmonic motion, the frequency does not depend on the amplitude.

T 3. In simple harmonic motion, the total energy is propertional to the square of the
amptitude.

F 4. The motion of a simple pendulum is simple harmonic for any initial angular
displacement.

5. The motion of a simple pendulum is periedic for any initial angular displacement

-

T 6. Lf the acceleration of a particle is proportional to the dispiacement and 1s oppositely
directed, the motion is simple harmonic

7. The energy of a damped, un-driven osciilator decreases expenentially with time

8. Resonance occurs when the driving frequency equals the natural frequency

9. Sound waves in air are gansverse waves of compression and rarefaction
PEIEELMEDS

10, The beat frequency between two sound waves of nearly equal frequencies equals the
difference in the frequencies of the individual seund seurces.

Tl The trequency of the fifth barmonic 15 5 times the fundamental.

12 In a pipe that is open at one end and closed at the other, the even harmonics are not
excited.

13. The Doppier shift in sound waves depends only on the relative maotion of the source
and the receiver.

~ 4 [H A

L 14 Waves pulses on strings are transverse waves.

15, The speed of a harmonic wave cn a siring is proportional to the square of the amplitude
of the wave.

God
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| A vehicle heading down the highway at 80 km/h 1s being pursued by a police car that is right

behtnd ir, also traveling at 80 km/h  [f the cop’s siren puts out a S00-Hz wail, what frequency 6. In planetary motion the line from the star to the planet sweeps out equal areas in equal
will the perpetrator hear? Savvig dosew e | times. This 15 a Girect consequence of”

a) < 300 4 JECCNE S — ] A) the conservation of energy

Z ~80 ! B) the conservation of mem
¢) »500 Hz + g0 | C} the conservation of angular momentum
d) none of these : & Ci Ton o1 mass
‘f _ ‘F VA Uobg - ‘S N a(~g2) - _g' E) none of the above
- N- Ufiuvcc ) v N— Z"'SO) e

7. The elliptical orbit of a planet around the Sun is shown on the diagram. Which letter
2. A pendulum is set to run accurately at sea level. [Lis then brought to the top of a high labels the position of the sun?

mountain, where it is found to EL’ 1
| a; run slow !

) function unchanged T . 2“ 3

¢) run fast S ?‘{-; f”.“.eq A

d) stop running

e} none of these T cz.(,'{?i aeovu; <~

e
[

3 The speed of waves on a stretched string _when the tension if doubled.

a) deubles

b} increases by a factor of 4 T
Ve

d) decreases by a ractor of 2 i“

e} none of these.

=]
[ee]

o2o
mo o

4. A simple pendulum is found to have a period of T, 1 the Tength of the pendulum is doubled,
the new period is:

a) T, !L 1 : & The approximate value of g (in m/s2) at an altitude above Earth equal to one Earth
by 2 T, - ‘ - ’ diameter is: 0 ™ .
¢} 0.500 T, ~ Zmn q A) 9.8 IF}: Gl Ao = w\(g—,-"r
[d) 14127, B) 49
e) 007 T, C) 25 a.¥

D} 19 ! Irz y l 2
{
3. The fundamental frequency of the air in a pipe that has one end closed is 256 Hz. The Em ~ q'%/Sl = | \
Y [

fundamental frequency of a secand pipe of the same length but with the ends open is, in Hz:
a) 64 Al v
by 128 :J:: -F'—' 4o 9. A 0.200-kg mass attached to a spring whose spring constant is 500 N/m exccutes simple
c) 256 156 R & i harrmonic motion with amplitude 0 100 m. [ts maximum speed is'
[d) 513 ) i A) 25 mis e
] ’ KON = B cos [ty - i
m T | (6) 5 s | o (1ad) A

P i ‘ Cy Tmis
a=— ¥ % D YWreROgabnt)  (fee

]
<2
0

\fmuzwﬁ” solea) - 8D
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10, A 0.25-kg block oscillates on the end of the spring with a spring constant of 200 N/m_ I
the system has an energy of 6.0 1, then the amplitude of the oscillation is:
A) (06 m

i 1

B) ¢.17m - \”q
E'lﬂ

Dy 40m 1

L) 69m Ga - 200 A

ﬁ-; 0,'2"‘ A

1. The displacement of a mass oscillating on a spring is given by x{r) = 4 cos{w+ ¢ ). If
the initial displacement is zero and the initial velocity is in the negative x direction, then ?30

the phase constant ¢ is:
A O g 18 %~ Dcoslrtry) X

V2 -woh coslotrd) t

C) mradians

D) 3n/2 radians

E) 2aradians

7

12 A 3-kg block, attached to a spring, executes simple harmanic motion accarding to

x =2 ¢os(501) where x is in meters and ¢ is tn seconds, The spring constant of the

spring is

A) 1 Nfm =50

B) 100 N/m

150 Nim _S \
(D) 7500 Nim ) o> E.
) none of these
_ 3560
50-= @ k=7

13 A planet s in circular arbit around the Sun. Its distance from the Sun is four times the
average distance of Earth from the Sun. The period of this planet, in Earth years, is

2. & )
Q) e = ’Lf:‘ 1
D) 64 A
E) 2.2 T~ =9 q3

14, An object attached to one end of 2 spring makes 20 vibrations in 10s. Its peried is:

A) 2Hz \ ¢
Wit " 1o 4ec - = 5
e T =

Eul{)sE Y -
D
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15, Mars has about 1/10 the mass of Earth and about 1/2 the diameter of Earth. The
acceleration (in m/s2) of a body falling near Eun"ace of Mars |5 about:
A) 98 \

e TN .)
10 39] (fﬂ'

B
E) none of these

$ c.;\\vs

(ih)?o

16, An astronaut finishes some work on the outside of his satetlite, which is m circular orbit
around the Earth. He leaves his wrench outside the satellite. The wrench will:
A) fall directly down to the Earth
B} continue in g
L(B,‘) continue ig orbit with the satellite
} fly off tangentialiy nto space
E) spiral down to the Earth

17. I simple harmonic motion, the restoring force must be proportional to the,
A) amplitude
By frequency
velociby
13) displacement
L2) displacement squared

18 A particle moves tn simple harmonic motion according to x = 2 cos(300), where x5 in
meters and £15 10 seconds. [ts maximum velggity in m/fs is:

A) 106 sin(501) X =2 con SO%

Bl_100 cos(50¢)
Vo 2Us))ssok
B 00 e

E) none of these N

19 To obtain the absolute pressure from the gauge pressure:
A) subtract atmospheric pressure
Stire

) subtract 273
D) add 273
E) convert to N/m2

Paue 6
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20. The vessels shown below all contain water to the same height. Rank them according to
the pressure exerted by the water on the vessel bottems, least to greatest

3

O

AP = oo

4 o
bl Aaﬁe‘:‘i\
21. A rock, which weighs 1400 N in air, has an apparent weight of 900 N when submerged in
fresh water (998 kg/m3*) The volume of the rock 15
Seo = €9

g; 060’ A tf‘tg foam ke = SOO Wew T
050 m?
D) 51 x10-2mi
Ty 92 % 1072 m?F "9
Se0 - a3 @8N

22. The dimensions of a wooden raft (150 kg/m3} are 3.0 m » 3.0 m x 1.0 m. What maximum

load can it carry in sea watee (1020 kg/m?¥y?
B Be b € Elad diglecd
C) 9200 kg \J
D) 19,500 kg . ~€
E) 24,300 kg [
m -~ |eto CED) 3:3-0)
t"% - q,bX\O\\ “w"‘_q r ]

Ml"-'( % z q.BV[O*
My = 200 la% !A’t
bx wesd ® seboracy off PG5S
e N vakn ef  i50(3:3:1) 2 135

azey,
—13
"}34

Bz wrerdk AN AW -\he\awb

40
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23 A hydraulic press has one piston of diameter 2.0 cm and the other piston of diameter 8.0
cm. 1fa 100 N force is applied to the smaller piston, the force exerted on the larger piston

will be A B
B) 25N
C) 100N ? P
400 a8 Fomte/,
E) 1600 N Pp,ca ™ Avea z

2

24, Alawn sprinkler is made of a lx cm diameter garden hose with one end closed and 25
holes, each with a diameter of 0. 030 cm, cut near the closed end. If water flows at 2.0 m/s
in the hose, the speed of the watey leaving a hole 1s:

A 0 m/s 4
(i) 8.0
€y 40k

D) 600 mfs . A J
L) 800 m/s g’ f F A B

[ ]
i

The flute and the piccelo are in the same family of instruments, and each functions as a
pipe open at both ends. Both have the same fingering but different waveiengths. The flute
is about 66 cm long and is an octave lower than the piccelo - that 1s, the piccele plays at
twice the frequency of the flute. Tt follows that the piccolo, in comparision to the flute, is

about N
L

A) twice as long :’L -
[B) half as Torg ) r 2
eight times as long

D) the same length
E} none of these

26, You are riding a motorcycle. A car approaches from your rear. At rest, a car's horn
produces a 400, Hz tone.  If the car approaches at 30. m/s while you ride away from it at
20. m/s, what tone do you hear (in 112)? h‘)
A) 345 Ses e o

B) 389 o

]
A
E) 465

\ ¥,
s §, Nx¥ows

g o0
QVCQ z l
MERY 80 2

$3%

2
[1\'(015)7"]2 :.D\ 25'(_9.525) N,

32

N=— Gevvin
33
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27 In open air, where sound can radiate 1 all directions, the intensity decreases by how many
dB when distance from the source doubles?

A) 2 Y
s 3% -0 Loy
1
™ 10 T~ ~
E) 12

A
\ 9 aox Y
-~ P
28 Traveling Waves

Suppose you are dealing with a particular guitar string where the wavefunction is:
y{t)= Ssin{ dax - Bal + w2 )
where y and x are m meters and t is in seconds.

4) Is the wave moving down the +x- axis or the —x axis?
g 8

b} What in the wavefunction tells you the wave [S moving?

ky-u ¥

¢) What s the amplhtude of the wave?

5

dy What is the wavenumber?

U1

¢) What is the angular frequency?

TN
£y What 1s the wavelenpth? 2 ks 1} \
>\-_ ’l_‘- — g - {1_ ™

g) Whal 15 the frequency?
wrle k =

h) What is the wave speed?

=V
=
V=2 "k

drxf — $:=4 tha
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29, Standing Waves

Consider the case of @ L-meter long guntar string which is anchored af both ends. In the table
below, draw a picture on the shape of the “normal mode™ on the string. From this picture, write
down the wavelength. Finally, assuming the wave speed is “v”, wrile down an expression for the
frequency of cach harmonic, The n=1 and n=2 are done as examples

Harmonic Drawing of the wavelength | Calculated
# normal mode frequency
1
> 2L 3L
- -

> L2

-~
’ OO 2o [ 33
I A '3 | o))
L ]
Example:
Harmonie Drawing of the vavclength | Caleutated |
¢ narmal mode fraquency
! ~
T~ T 2L i
3 o N
L T
5 e ‘
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30. Standing Waves
Standing waves in an organ pipe with §vo open ends. Sketch a picture of the pressure profile
in an organ pipe of length L for the {irst thheesémettial modes™  Write down an expression for

the wavelength of each “hormal mode”, and provide an expression for the mode’s frequency if
the speed of sound is “v"

harmonic Drawing OFpressure wavelength frequency |
# profile 7 o
! R yA" i+
A

™ Ao 2 2 73 k%l.)

31, Standing Waves

Standing waves in an organ pipe with Sne open ghd and (mnd Sketch a picture of
; - I . '

the pressure profile in an organ pipe of leng for the first five Rormal modes™  Write down

an expression for the wavelength of each “normal mode™, and provide an expression for the
mode’s frequency if the speed of sound s v

harr;nnic memg; (()1;1 Iiressure wavelength frequency
\ — YL Y
FRR S e S XD
S | NS “ls s la
LA W N
1 | oS e 9D

450
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