B7-RT01:\MASS ON HORIZONTAL SPRING SYSTEMS I—OSCILLATION FREQUENCY

e — _—_— . = . . 5 . = & &
A block rests on a frictionless surface and is attached to the end of a spring. The other end of the spring is attached
to a wall. Four block—spring systems are considered. The springs are stretched to the right by the distances shown in
the figures and then released from rest. The blocks oscillate back and forth. The mass and force constant of the

Spring are given [m QJLII case.
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Explain your reasoning.







B7-QRTO05:¥PosITION-TIME GRAPH OF A CART ATTACHED TO A SPRING—NASS AND PERIOD
A frictionless cart of mass m is attached to a spring with spring constant Rest
k. When the cart is displaced from its rest position and released, it position

oscillates with a period that is given by

r= 2,?1‘.'[;},’;; H B

The graph of the position of this cart as a function of time 15 labeled
Experiment A. Graphs for two other experiments that use different
masses are shown below this. The same spring is used in all three experiments.

{a) Compared to Experiment 4, in Experiment 5 the cart

has sl
‘P:m:mn, cm

(1) fwice as much mass.
(i1} four times as much mass. w
{iii} ore-half the mass. Experiment A

(1v) emre-fonirthi the mass., [me, s

Position, cm
(v) the same mass.
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Explain your reasoning, . g
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{(b) Compared to Experiment A, in Experiment C the cart ~— Experiment C

has e

Time, s

(i) twice as much mass.

{i1) forer times as much mass.
(111} ene-half the mass.

(iv) one-fourth the mass.

(v} the seome mMass.,

Explain your reasoning,




(a) Compared to Experiment A, in Experiment B the cart

has

(1) twice as much mass.

(ii) four times as much mass.

(ii1) one-half the mass.

(iv) one-fourth the mass.

(v) the same mass.

Explain your reasoning.

Answer: (v) 'f-}'.'c' cart .lrr'.fr'\ J'f.'f' YOME HISS. ]f-j'.?{' _Iug'rr'.rJ;.'lx rflu" ,f,lrh-
SVSIiems 5'._|'.P ."J'lJ{' wo r,'ll,’.n'{'fj'._-'.l.".':'.ll'."\ are .rJrgll" Same, S0 Hl'

MMIISSES |'l.3|'."'-'[' Io |'I'{' lrl'lh' same fl'l'l\.f.'.

(b) Compared to Experiment A, in Experiment C the cart
has

(i) rtwice as much mass.

(ii) four times as much mass.

(1ii) one-half the mass.

(iv) one-fourth the mass.

(v) the same mass,

Explain your reasoning.
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Answer: (iv) The cart has one -_.n"r'.rg',".'.lr.' the mass. The period of experiment C is .lrr.f-'.l_rln" that of experiment A, so the

mass is less for experiment C. Since the period is proportional to the square root of the mass, the mass in C

has to be r,'.ln'('-_l.r;j.lg'_n"."."l.' that of A.




(c) Suppose that in a fourth experiment (Experiment D), the mass used in Experiment A was doubled and the
spring was replaced with a spring with spring constant 2&. The period in Experiment D would be

(i) the same as the period in Experiment A.
(11) double the peniod 1n Experiment A.
(111) four times the period in Experiment A.
(iv) one-half the period in Experiment A.

(v) one-fourth the period in Experiment A.

Explain your reasoning.




(¢) Suppose that in a fourth experiment (Experiment D), the mass used in Experiment A was doubled and the
spring was replaced with a spring with spring constant 2k. The period in Experiment D) would be

(1) the same as the period in Experiment A.

(11) double the period in Experiment A.

(1ii) four times the period in Experiment A.

(1v) one-half the period in Experiment A.

(v) one-fourth the period in Experiment A.

Explain your reasoning,.
Answer: (i) The period would be the same in exper iment I as it was in expe riment A. Stnce the per iod 15

determined by the square rool of the mass dievided by the hlflr'u".f.':{ consianti, 4."|.l.'.-'."'3'.'r.".'.r:hI both will not .-_'.lrrfr.'.r_;fr' the

period.




[ B7-SCT07:MASS ON A VERTICAL SPRING—ACCELERATION
miass 1s oscillating up and down at the end of a spring. Three students are discussing the
acceleration of the mass:
Adileen: “I think the acceleration of the mass will be largest when it is ai the end of its
oscillations wrning around. That's where the spring is strelc hed the most.”
Brigitte: “No. I don’t see how that can be. Its velocity is zero at that peint, s its acceleration
has 1o be zero also.”

Chandra: “f disagree. The acceleration is largest when the masy 18 .m.".l'um hetween the middle

and the end because thar is where its speed is changing the st
With which, if any, of these students do you agree?
Aileen ____ Brigitte _ Chandra ~ None of them__

Explain your reasoning.
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\ B7-RT02) SWINGING SIMPLE PENDULA—OSCILLATION FREQUENCY
stmple pendulum shown in Case A consists of a mass M attached to a massless string of length L. If the mass 1s

pulled to one side a small distance and released, it will swing back and forth. Cases B, C, and D are variations of this
system.

.A B | D

| | oM

I — D e
Rank the oscillation frequency of the masses.

- | OR | |
- All Cannot

Greatest the same determine
Explain your reasoning.
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E1-RT01} WAVES—WAVELENGTH

" — 3 = 5 N = o &
The drawings represent snapshots taken of waves traveling to the right along strings. The grids shown in the
background are identical. The waves all have the same speed, but their amplitudes vary.

! A B C D

Rank the wavelength of the waves.
| !i | |
| | ]
1 : 4 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.




Explain your reasoning.
Answer: C=D>A>B
The wavelength is the horizontal distance between the same point of the wave. C and D are 6 horizontal units

while A is 4 ho rizo ntal units and B is 2 .Frl’f-'."'J'.:i".”J'f-"f Hnits.




E1-RT02:\WAVES—FREQUENCY

The drawings represent snapshots taken of waves traveling to the right along strings. The grids shown in the
background are identical. The waves all have the same speed, but their amplitudes and wavelengths vary.

!

A | B C

Rank the frequency of the waves.
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1 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.




Explain your reasoning.

Answer: B>A>C=D
The number of waves per second (the frequency) times the length of the waves (the wavelength) equals the speed
o 1 . 1 - &3 a ] i I

of the wa ame wave speed, so the frequency must be inversely

ves along the string. All of these waves have the
quency is independent of amplitude. The wavelength can be measured

proportional to the wavelength. The fi — it
is the horizontal distance taken by one complete cycle of the wave, or the horizontal distance between the same
awings the ranking sequence for the wavelengths is C =

point on two successive cycles of the wave, so from the d
),

D > A > B . Thus the frequency ranking will be the inverse or B > A > (




WA"H"E PULSES TRAVELING TOWARD EACH OTHER—SPEED
vo pulses travel toward each other along a long stretched spring as shown. Pulse A is wider than pulse B, but not

as high.
—
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Is the speed of pulse A (i) larger than, (ii) smaller than, or (iii) equal fo the 5]}[1-:] of pulse B? If there is not
enough information to tell, state that explicitly.
Explain your reasoning.




Answer: The speed of pulse A is the same as the speed of pulse B.

The pulse speed depends only on the tension in the spring and the mass per unit length of the spring, which is the
same for both pulses.




SounD WAVE VELOCITY AND FREQUENCY—DISTANCE
student states:

“The distance between a compression and the next compression for a sound wave with a velocity of 800 fi/s and a
frequency of 400 Hz is 2 feet. If the wave had a higher frequency, it would travel faster.”

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.




Answer: T.fr-l’u'-"- statement 1s tncorrect.

The speed of sound remains constant in a given me equency wave, the wavelength would be

shorter, but the product of wavelength and wave frequency would remain constant.




E1-WWT17: Two WAVE PULSES INTERACTING—IMPACT

“If two wave pulses traveling in opposite directions along the same string meet, they reflect from one another and
gn back the way they came from.”

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.




Answer: The student is incorrect.
The string obeys the principal of superposition at all times: The shape of the string is the sum of the individual
;'r-'-'l'.fl"-{' 5 .I".fu"l';'.-'r'.h as |rfr.l'i:'_'l' Inove 4"."1'2"3”'_2’ the s |r|r'1'.H.[;r- When the JI'.-'-'J’."I"--{"‘- are in the same location on the "‘-Ir-"'l'.-"l"ﬂ.,ﬂ the s fr-“"-"J"h:" i f

the s |'.l":".l'|fL,’ is determined h_a' the sum of the J.'h'a'.F € 58 fh".-',u'?e:'*- as each sh ape cont mues 4"-':'3"!!_1;' the s u’.f':"a'ri,’ at the same

speed and in the same direction. After the trailing edge of each pulse has passed the other pulse, the shape of the

'

e’-'-'f.ﬂ"~.{"- is the same as the s !rh"-",n'.?{' .i".l{jj':i.f'r' there was any interaction, and the two P ulses appear o have passed

through one another.
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| E1-RTO5\PaAIRS OF TRANSVERSE WAVES—SUPERPOSITION

I—R:’Cﬁﬁﬁl_ar transverse wave pulses are traveling toward each other along a string. The grids shown in the
background are identical, and the pulses vary in height and length. The pulses will meet and interact soon after they
are in the positions shown.

-

A - B e D B

.*_
Rank the maximum amplitude of the string at the instant that the positions of the centers of the two pulses

coincide.
S —— =
OR 1 [
All All Cannot
Greatest _eas the same zero  determine

Explain your reasoning.




Explain your reasoning.
Answer: A>B>C>D.
The PEaK fh:ﬁ"_i,’fh’ is the sum of the two amp

on the same side of the string, and they will interfere constructive

litudes tak ing account of their s 1218, For cases A and B, the l.f-r.'f.f':x e8 qar
lv. For cases C and D, the !-h'f-“'.'- es are on
"r"-’”_..f"r_.'_f'

s of the string, and they will interfere destructively. For C there will be a non-zero amplitudc

i .|j|' ] lIl' FEEAS ,'-,I1 & Ni

D the amplitude will be zero.




E3-WWT094 Two TuninG FORKS PRODUCING BEATS—FREQUENCY

=5

“Two tuning forks are sounded simultaneously and a beat frequency of 9 Hz is detected. If one of the tuning forks

has a frequency of 480 Hz, then the other fork should have a frequency of 489 Hz.”
What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.




1 nEwer: -,||r._ﬂl.l'{' ST .'Ia_ it mavy or may noi .'II-'{' [

1 9 Hr_ beq l'."..".l '{'l',l"n'f'{'.r'.' CV Wi i .‘ri'{' .JIII e |'_|".'.'r I'-'."u' enever .l'.l'l."{'

A .".I|' ere are ftwo .




E1-RT11} STANDING WAVES—FREQUENCY

A string 15 stretched so that it is under tension and is tied at both ends so that the endpoints don’t move. A
mechanical oscillator then vibrates the string so that a standing wave is created. The dark line in each diagram
represents a snapshot of a string at an instant in time when the amplitude of the standing wave is a maximum. The
lighter lines represent the string at other times during a complete cycle. All of the strings are identical except for
their lengths, and all strings have the same tension. The number of nodes and antinodes in each standing wave is
different. The lengths of the strings (L) and the amplitudes at the antinodes (A) are given in each figure.

1B )

A=12cm L - A=12cm L=28cm

A=16cm I.=28 em

Rank the frequencies of the waves,

] [ [ Je=e [] [J []

] : 4 All Aldl C annot
Greatest Least the same ZETD determine

Explain your reasoning.
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STANDING WAVES SYSTEMS—WAVE SPEED
X siring is stretched so that it is under tension and is tied at both ends so that the endpoints don’t mowve. A
mechanical oscillator then vibrates the string so that a standing wave is created. The dark line in each diagram
represents a snapshot of a string at an instant in time when the amplitude of the standing wave is a maximum. The
lighter lines represent the string at other times during a complete cycle. All of the strings have the same length but
may not have the same mass. The number of nodes and antinodes in the standing wave is the same in Cases A and
D. The tensions in the strings (T) and the standing wave frequencies (f) are given in each figure.

A i B
|

T'=2N F=500Hz

S S =SS S S = ST

T=5N =300 Hz

C F=1300 Hz . N f=400 Hz

Rank the speeds of the waves in the strings.

o [] [

i 4 All All Ca nnot
Greatest Least the same zerg  determine

Explain your reasoning.
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PIPE CLOSED AT ONE END—SOUND FREQUENCY, WAVELENGTH, AND VELOCITY

A pipe of length 80 cm is closed at one end and open at the other. Sound is created in the pipe at four different
frequencies. The diagram shows the location of nodes (N) and antinodes (A) in the pipe for the four different
modes. The table to the right has an entry for wave speed of the second overtone.

Frequency Wavelength Wave speed

Fundamental |

First overtone | N __——=
(5Second harmonic) | |

Second overtone [N ==

. =T ! 340 m/fs
{(Third harmonic) |

Third overtone | N
(Fourth harmonic) | |

= 80 cm

Complete the table of frequencies, wavelengths, and wave speeds for the four modes.
Explain your reasoning.
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E3-CRT17\PiPE OPEN AT BOTH ENDS—SOUND FREQUENCY, WAVELENGTH, AND VELOCITY

A pipe of length L is open at both ends. Sound is created in the pipe at four different frequencies. The diagram
shows the location of nodes (N) and antinodes (A) in the pipe for the four different modes. The table to the right
has an entry for wave speed of the first overtone, and an entry for the wavelength of the second overtone.

Use the given information to find the length L of the pipe. Then complete the table of frequencies,
wavelengths, and wave speeds for the four modes.

Frequency ~Wavelength Wave speed

Fundamental A

First overtone
(Second harmonic)

Sfac_nnd r:wcrturnu ! . ! 40 ¢cm
{Third harmonic)

Third overtone
(Fourth harmonic)

Explain your reasoning.
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ES-SCTﬂT;&CLAHINET AND SAXOPHONE PLAYING SAME NOTE—DIFFERENCE

Three students are discussing why a clarinet and saxophone playing the same note can be distinguished from one

another. They state:

Anisha: “I think this is due to the difference in pitch between the two.”

Blanca: “If they are playing the same note that means they have the same pitch. I think the difference in the
way the sound is created results in differences in the velocity of the sound waves, and our ear detects
these differences.”

Cristobal: 1 think the real difference is that even though the frequencies are the same, the shapes of the waves
are different, and our ear detects this.”

Dawn: “Neither instrument is really playing a single pure tone—for example, they each are also emitting
sound an octave above the note they are plaving. It's the differences in these overtones that allow us to
tell the difference.”

With which, if any, of these students do you agree?

Anisha ______ Blanca Cristobal __ Dawn __None of them

Explain your reasoning.
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vehicles and the distance between them are given in each figure.

Case A

10 m/s
20 mfs -

Case D

-y
20 m/fs % -

I"—'— 25 m —» I 'r-—---——- —d0m —

20 mfs

Rank the frequency of the siren as measured by the motorcycle rider.

| | OR
1 : 4 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.
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will be equal to 600 Hz.




