HARLOW  ANSWERS.

MULTIPLE CHOICE [5 points per question x 12 questions = 60 points total]

Possibly helpful information for this test:

m=3.14159 is the ratio of the circumference to the diameter of a circle

g = 9.80 m/s” is the acceleration due to gravity near the Earth’s surface.

¢=3.00 x 10® m/s is the speed of light in a vacuum.

The speed of sound in air may be assumed to be 343 m/s, unless otherwise stated.
The index of refraction of water is n = 1.33.

Common Prefixes: k= “kilo-” = 10° ¢ = “centi-” = 107 m = “milli-” = 107
1L = “micro-" =107 n = “pano-" = 107
Question 1

Which one of the following statements is true regarding the sound intensity level, £, in dB, and the
intensity of a sound wave, 7, in W/m>?
A) obeys an inverse-square distance law, but / does not.
B) Both 8 and / obey inverse-square distance laws.
C)Both S and 7 can be negative.
D)Both £ and 7 can never be negative.
can never be negative, but f can be negative. i ﬁ 1 < Io) (A Iy M_g atiN T -

Question 2

A heavy stone of mass m is hung from the ceiling by a thin 8.0 g wire that is 65 cm long. When you
gently pluck the upper end of the wire, a pulse travels down the wire and returns 7.8 ms later, having
reflected off the lower end. The stone is heavy enough to prevent the lower end of the wire from
moving. What is the mass m of the stone?

- -2
A) 0.21 kg /1/L= % x(o ?kg/o.es m = [ 23%(0 kj/,\

B) 2.51
C) 7.8122 fu-:ie: 2(065) | j(6.647 "
35kg 7-& %272
=% L - . z
E) 340ke N T U 2 06667 ez s 371N
Question 3 Ts=my > M= Tt/g = 34. A%y

Why does the intensity of waves from a small source decrease with the square of the distance from the
source? (Choose the best answer.)

A) The waves run out of energy as they travel. I = %
®) The waves spread out as they travel. 4 € pre
C) The medium through which the waves travel absorbs the energy of the waves. witves
D) The waves slow down as they travel away from the source.
E) The frequency of the waves decreases as they get farther from the source. SCA (rtm d
¢
over .
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Question 4

Two strings of identical material and radius are stretched with the same tension with their ends fixed, but
one string is 8.0 mm longer than the other. Waves on these strings propagate at 420 m/s. The
fundamental frequency of the longer string is 528 Hz. What is the beat frequency when each string is

vibrating at its fundamental frequency? ) - oAar 7 .
A A
SET ZL Sherty foar | Yz = 538E3D
E)27 Hz i 2L 2(0.7277-%x/0 )

Question 5 Igeﬂ/ - §§8-8?-§Zg = (b, § /‘{{

Consider the standing wave on a guitar string and the sound wave generated by the string as a result of
this vibration. What must these two waves have in common?

A) They have the same amplitude.

@ They have the same frequency.

C) They have the same speed.

D) They have the same wave number.

E) They have the same wavelength.

Question 6

Two in-phase loudspeakers that emit sound with the same frequency are placed along a wall and are
separated by a distance of 5.0 m. A person is standing 120 m away from the wall, equidistant from the
loudspeakers. When the person moves 1.0 m parallel to the wall, she experiences destructive

interference for the first time. What is the frequency of the sound?
A)2600 Hz [.dm <A
(B»4100 Hz OL =S~ l‘ 7

C) 5100 Hz
D)6700 Hz dostruct g L =00 pm —>
E) 8200 Hz v _ 14 Lo, wl
o= A hsinb 2 doy A= 1deM Rt v
Question 7 z L L ! 07

A pipe is 0.90 m long and is open at one end but closed at the other end. If it resonates with a ton
whose wavelength is 0.72 m, what is the wavelength of the next higher overtone in this pipe?

ﬁ)) 010m N N <, f=343(129)
0.45m /[; <
0.51 m s st () 1)

E) 0.58m TN f-duirre
>OO W\:S’M\OA.

m=T mody . .
WL = 40D <0514 m

AN 7

Page 3 of 7




Question §

Light of wavelength 687 nm is incident on a single slit 0.75 mm wide. At what distance from the slit

should a screen be placed if the second dark fringe in the diffraction pattern is to be 1.7 mm from the
center of the diffraction pattern?

A)039m Yoz 7:__}/1_
B)0.47 m =
@50.93 m ’5 )
g))}ém L= MO 100 (orn’x!a\
Question 9 L= 0.928 rn~ £ Z(GX_?X(\ q)

In a double-slit experiment, the distance between the slits, d, is 5 times greater
than the width of either slit, a. On the viewing screen, you observe a central
maximum of width, w, and count 9 narrow bright fringes within this maximum.
If the slit separation, d, is increased, but the widths of the slits, a, stays the

same, which of the following happens to the interference pattern shown on the W
screen?

} w stays the same, but there are more closely spaced narrow fringes within it.
w stays the same, but there are fewer closely spaced narrow fringes within it.
C) w decreases, but the spacing between the narrow bright fringes stays the same.

D) w decreases, but the spacing between the narrow bright fringes increases.
E) w decreases, and the spacing between the narrow bright fringes also decreases.

‘éYT/H—-’J —————————————————————————————————— — R e
restion 10 é g af Q\( }LS
A 4.0-crirtall object is placed g)cm away from a converging lens of focal length 30 cm. WTlEl ,,fhﬂf_
nature and locatioirofithe image? The image is

A) real, 2.5 cm tall, and 30-em.from the lens on the same side as-the ’GBject ) (
B) virtual, 2.5 cm tall, and ch/afrﬁ‘rrthe Iens on- the“sﬁ/e—o/m)osne the object. /'F/

C) vn“[ualwiall,/aﬁd 15 cm ﬁo?nﬁi‘s“ﬁn*the—sxde\omms&tﬂle object. ( L+ _r
D) virtual/#- : i o

cm tall, and 60 cm from the lens on the same side a5 the-gbject.
\\:@m.o cm tall, and 60 cm from the lens on the side opposite the object.

;
Question 11 h

~ =
£ N
A fish appears to be 2.0 m below the surface of a pond when viewed almost directly a%(\)Ve\b\y‘a\n . ’%,
fisherman. What is the actual depth of the fish? -

A) 0.38m - N2
B) 0.66 m N S =1t
C) 1.5m —

n
2.0m ™y J;’
@2.7111 By S=— N, 3',/ (.37

Question 12 N1 [o

As you walk away from a vertical plane mirror, your image in the mirror
A) decreases in height.
B) stays the same height.

) increases in height.
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FREE-FORM PART (40 points total)
Clearly show your reasoning and work as some part marks may be awarded. Write your final answers in
the boxes provided.

PART A [20 points]
You are driving North along a highway at a speed v, when you hear the siren of a police car approaching
you from behind at speed v, where v; > v,. The frequency the siren emits when at rest is f;, and the
frequency that you observe is fi, where £ > fo.

1. Write down a relation for f; in terms of v,, v, fy and the speed of sound in air, v.

% Sowra agpriaching: 4, = de
s 7 9“[7 b‘”’& noching: T P
ov - 0P ves rtu'”(“j, SL‘\:p‘P’PI'.

\~’\V5/«r
S AV Foe P o(1-v.,\ = & (1L=NepD)
Kg:ﬁ QA(? o= lm) (U =40)

You are 1eheved that the police car is in pursuit of a different speeder when he continues past you. So
now the police car is in front of you, still traveling North at v,, and you are following at speed v,. The
frequency that you observe is /-, where f- < f;.

2. Write down a relation for £ in terms of v,, v;, fo and the speed of sound in air, v.

\ A g,‘r; Sowa st adin /- ’F/H"F’V‘
) ol s2ve ﬁfpfwc['\wy Yb‘mc‘} ({2

o} qr v Lo b (vev) = £ (147 9)

AR )

3. Ifv,=35m/s, fi = 1310 Hz and £~ = 1240 Hz, what is the speed of the police car, v,, in m/s?

&=z T,- @(@3 O = h:rj,(uﬁ

AV -V,
’F‘o - ’lpa

’p. Vs :_'t-fr 'U-'U}> )SO/VQ (#D/ Vs
VAU V-V

fo(vtw)(r-n) =4, (Vi) (V)
Pt < Lvv v Py L =L b v Ly

(‘Pv p?ﬂ“’/\)‘f"ﬁ'\f)\fs -P"(rvl--ffll"!}' ﬁT*{wm/}

Vs = f‘\r’(:(%r YU - . (v w)) Hd 7
,ﬁ/(’\/’f\f)’Plt ("U’ U\S
- zqg)’lgzo('ng = [Z49(303) 7| _ g 14

1210 (37%) & izan/3a%)




PART B [20 points]

1. Light is incident normally from air onto a liquid film that is on a glass plate. The liquid film is 300 nm
thick, and the liquid has index of refraction 1.40. The glass has index of refraction n = 1.50. Calculate
the longest visible wavelength (as measured in air) of the light for which there will be totally destructive
interference between the rays reflected from the top and bottom surfaces of the film. (Assume that the
visible spectrum lies between 400 and 700 nm.)

1 =300 am

L [.0 /\WL >\D: Z”l;f

e m=12 3
§ilm @ -k 2z

6[m5i (.S M=0- Tnp= Z(L*)(foO) = [L§onm
.5 ikéﬁ/@(
M =2 Y= 2014)30) . $E0g, S '
I-$
Amax Sé 0 i

2. A soap bubble, when illuminated with light of frequency 5.11 x 10'* Hz, appears to be especially
reflective. If it is surrounded by air and if its index of refraction is 1.35, what is the thinnest thickness
the soap film can be?

a;‘r [.O Use* ) = Z N ‘6
— ¢ _—
Sonp L3 1y

Phinng st
wll be
$or

= |

fmin = /Dq n v,
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