Physics 1B
Midterm Exam 1-

Spring 2013, UCLA, A. Forrester

Full Name (printed) Solutions
Full Name (signature)

Student ID Number
Seat Number

Problem | Grade
1 (af) /13
2 /12
3 7 /12
4 /13

Total /50

e Do not peek at the exam until you are told to begin. You will have approximately the
whole class period (50 minutes) to complete the exam.

e You are allowed one 3"x 5" card of notes (both sides), but all other books or notes
must be put away. You can use a calculator for calculations only.

e Show your work to get full credit.

e For a 100% score, budget your time roughly by 1 minute per point (50 pts for 50 min).
Otherwise just do your best and finish what you can. You can move on if a problem is
taking you too long; you will get partial credit for partial solutions you leave behind.
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Table of Moments of Inertia

(a)

(b)

(c)

(D)

(e)

)

()

(h)

Location Moment of
Object of axis inertia

Thin hoop Through
radius Ry center MR}
Thin hoop Through
radius Ry ’ central %MRS + ,'—2Mw2
widthw diameter
Solld cylinder, Through
radius ’ center %MR%
Hollow cylinder, Through 1
inner radius R, center TM(R} + RY)
outer radius R,
Uniform sphere, Through
radius ry center 2242

sMr;
Long uniform rod, Through 1Lye
length center 12
Long uniform rod, Through Lagp2
length ¢ end el
Rectangular Through RINY7I 7 3]
thin plate, center M = w?)
length £, width w

FIGURE 10-20 Moments of inertia
for various objects of uniform
composition. [We use R for radial
distance from an axis, and r for
distance from a point (only in e, the
sphere), as discussed in Fig, 10-2.]
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1. A collection of problems.

1a) (2 points) When you blow air into an open organ pipe, it produces a sound with a
fundamental frequency of 440 Hz.

If you close one end of this pipe and blow again, exciting a new fundamental mode, what
frequency will you hear from the the sound emerging from the pipe?

A . v
ofen: o< L=% §-= A 7L
Jvo&ed—open; b—_—0 L = :’} £ % v

|
l

> £- $(d4oHe) = 2720 Y=

1b) (3 points) While playing with a (Kundt) tube with one closed end and one open
end and little foam chips inside, you notice that when you play sound at a frequency of
300 Hz, the tube resonates and the chips collect in certain locations that indicate that
there is a total of two displacement nodes.

What frequency should you play to create twelve displacement nodes?

Need b Gad rdaJ-ionsA.‘F between @r(? and # of nodes N.

F=nth = nf  n=oedd-135, ..

300 Hzm n=3 N =2 <—— so . =100H2

h = 2N - {

12 nodes =» n=2012) -1 = 23 £=238 = 23100 He)

= 2300H=
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1c) (1 point) A wave of a certain shape, shown below at an instant in time, travels along
a string. At this instant, which labeled point or points have

e zero velocity? 9, D, ~ % _ & __31
ion? ‘ 2
e zero acceleration? D’ E’ F.‘, G 2t ?X

— a_
a'g, = U (92«

s chanag slope = accel.
(It may help to think of the wave equation.) I BN | P {

( l sd'-r\afaltl' Sejmw‘(’ = ho dCCe",
Zexo S‘ioPQ = zevo vel.) (const. vel.)

1d) (3 points)  The graph below shows acceleration of a simple harmonic oscillator as a
function of time, over a certain interval of time. Within the shown interval, at what
time or times does the oscillator have

e the most positive displacement? Y4 AN
e the most positive velocity? t 2
e the most kinetic energy?
gy t,, t;, t,
X < °ax
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fm*ﬁai(y transmits
{?a/rﬁa‘ly re€ lects inverted

(as low pressare fu(s‘e)

(A sound-wave pressure-pulse traveling through a tube.)

le) (2 points)  Consider a pulse of high pressure that travels through a tube toward an
open end of the tube. Consider its behavior when it reaches the end of the tube.

Which picture below shows the analogous case for transverse displacement in a string?
(It may help to consider the normal modes in terms of relative pressure Ap = p —

Dambient - )

ol
AL Ap = = (free end)

—

B. Ap = =Aw=——— (connected to lighter string)

—>

C. Ap = = \wmwcmcmwe= (n0 boundary)

farﬁa“y Frenem i by

—ly
Ap = =fwmc——=—— (connected to heavier string) ¢ arb a([y refle c"’f in Mud‘ec{

-—pp
E.Ap = =J\=—E (fixed end)

1f) (2 points) Again, consider a pulse of high pressure that travels through a tube
toward an open end of the tube. But this time consider this phenomenon in terms of
displacement of the air molcules. ,
Which picture below shows the analogous case for transverse displacement in a string?
(It may help to consider the normal modes in terms of air displacement y.)

Ay = J ll Dy = —J—L-c_——_::
By » A e By - A
Cy = _;\:._m—- rar‘}‘?auy bansmids

Par‘h'a(ly refleets u'”':? Lt
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2. Microphone recording sound.

(12 points) Two speakers A and B each produce sinusoidal sound waves of frequency f
that radiate in every direction. Speaker A is three quarters of a cycle out of phase (behind)
speaker B. The speakers are a distance d apart, and they are both a distance L away from a
track along which a microphone may slide. Let y be the position of the microphone on the
track, as shown below.

o Using these variables, write an equation that (in principle) could be solved to find the
positions for which the microphone records the least amount of sound.

(You don’t need to solve for these positions.)

mi_c

A" ,[ least 2 desdructive inter forence
1 l '
i
T e P aN=ntd nointeger (,271012,.)
Ty l
% d BL lh—;c& Speaker A is '3;’ eycle behind
€ >
L ) S wave A stueds -._3'( eyele ahead
. _ 3 Jj 2 \ U € speed of ound
NA 'J‘*'TA £&=IL *(11"‘2(}2 /(""Q— f i
Ns'% ls;fl—z“(‘j*%)z
AN = NA‘ Ng = + _1'
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3. Hearing a car horn.

(12 points) Take the speed of sound in air to be 344.0 m/s. Suppose you're driving
a car at a speed of v; = 25.00 m/s and you’ve just pulled onto a highway with a truck
moving ahead of you at a speed of v, = 27.00 m/s. Another car, traveling at vs-= 23.00 m/s
in the opposite direction, passes you and honks as it gets farther away. The horn has a
frequency f = 500.0 Hz. The sound from the horn reaches your ear directly but also travels
ahead of your car, reflects off the truck in front of you, and reaches your ear in this indirect
manner. '
e Assuming that the two sound waves that reach your ear have approximately the same
amplitude, what is the frequency of the tone you hear and what beat frequency do
you hear? (There is no wind. Be sure to keep four significant figures and round

appropriately.)
-« .
Vs v, vp

w o+ (-07)
direct : £l (“u(_‘f::t(:—u%—)*g‘ = (:g+2)$ = H34.¢ He

indirect ¢ [ Ynm +(U' ]
(::@la*‘ed) ¥2 ( Vi = (43 \ (

[V t ()N . u;,
o ﬂ/\f...*(-vz)) te =

Heard: £= 2==% - 4321 us

se‘e\‘ “:ot g. ( 5.1 He
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4. Ceiling decoration.

(13 points)  See the diagram below for reference. A ceiling decoration consists of a circular
disk of mass M and radius R (with a mural on its bottom) suspended from the ceiling
by a cable connected to the center of the disk. When the disk rotates, the cable twists
and provides a restoring torque with torsion constant & to bring it back to its equilibrium
orientation. An accessory piece allows the period to be altered: a smaller disk of mass m and
radius r rotates without friction on a pole through its center, and its edge is brought into
contact with the larger disk’s edge so the disks rotate against each other without slipping.
What’s the period of oscillation of this decoration (with the accessory)?

f‘oh*‘lbn v//> S'Fr : 2 Aén = r Agz
Rw' = rw/

Ra, = v «,

SHo Ene,ry)/ d"to‘\h;ciue:
E:%Itwirz’}%I w£1+J_4<92
= $(3me?)u? (~,,,,r)(_w) Py
i‘[%(t"ltm}f{z]w:z + Tk87%
A
2

Tees /™ + 3 ROF

i

See

-%iz TA{?(&,+‘K6JA/:=O

W, =
° IGCI-‘

T= 2. 5 | T | x)}————(”"h)n‘”
W, n - Z'W' 4
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