
Test 1 Practice Problems
Version 4 : 30 Sep 2024
Chapters 14, 15 and 16

(NOTE: see numerical answers on last page.)

Here are a few practice problems to get started with. Some are from the homework and some are from
old tests. The last page has the equation sheet that will be included with the test.

(I haven’t spell-checked or otherwise reviewed these in detail, so it’s possible I’ll need to update them.
Certainly report any problems you encounter working them if key information is missing or inconsistent!)

Chapter 14 : Periodic Motion

1. A fisherman’s scale is basically a pan (of mass 1.0 kg) hanging on a spring. When a 2.5 kg fish is
gently added to the pan, it (the pan) moves down an additional 3.2 cm to reach its new equilibrium
point. (a) What is the spring constant? (b) What will be the amplitude and frequency of oscillation
if the fish (and pan) is pulled down an additional 2.1 cm and released so it oscillates up and down?
(c) What will be the maximum velocity and acceleration of the fish as it moves up and down? (d)
At what amplitude would the acceleration exceed g, at which point the fish will temporarily detach
from the pan?

2. A 1.28 kg mass oscillates according to the equation x(t) = 0.650 cos (7.40t) where x is in meters and
t in seconds (and the constants have appropriate consistent units). Determine (a) the amplitude,
(b) the frequency, (c) the total energy, (d) the effective spring force constant, and (e) the kinetic
and potential energies when the mass happens to be at x = 0.260 m.

3. Astronauts on the International Space Station need to keep track of their weight (well, their mass)
but they’re in a weighless environment so they do so by strapping into a chair attached to a spring
and use the frequency at which they bounce up and down to determine their mass.

Suppose they’ve lost all the documentation on the chair and don’t know it’s spring constant. They
do notice that the empty chair (with an unknown mass Mchair) bounces up and down on the spring
with a period of exactly 2 sec. Some of the supplies they brought have their mass marked on them,
so they put exactly 100 kg of material on the chair and measure that when the chair plus this
additional material bounce up and down, the period is now 3.742 s.
(a) Determine the spring constant and the mass of the empty chair.



Chapter 15 : Wave Motion

1. A cord of mass 0.65 kg is stretched tightly between two supports that are 7.2 m apart. If the
tension in the cord is 120 N , (a) how long will it take a pulse to travel from one support to the
other? (b) What would the frequencies and wavelengths of the fundamental and next two standing
wave modes be on the cord?

2. A little piece of cork is floating on the surface of a shallow pond. Suppose we create ripples in the
pond that have a frequency of 2 Hz, a wavelength of 20 cm, and an amplitude of 2 cm. (a) What
will be the maximum velocity and acceleration of the cork as it moves up and down when these
waves pass by?

3. The high-E string on a particular electric guitar is fixed at both ends with length l = 65.0 cm
and fundamental frequency f1 = 329.6 Hz. The string has a diameter of 0.25 mm and is made of
nickel-coated steel ( ρ = 7990 kg/m3 ). (a) How much tension is required for this string to produce
the desired frequency?

4. A wire (like a guitar string) vibrating at some frequency f in air will create sound waves at the same
frequency. A 2 m long wire with µ = 8 grams/m is under some tension FT . When vibrating at
it’s fundamental frequency, it creates sound waves in the air that have a wavelength of λ = 50 cm.
What must the tension be? (Hint: start with what’s going on in the air and work backwards.)



Chapter 16 : Sound

1. The auditory canal of the ear is filled with air. One end is open and the other end is closed by
the eardrum. A particular person’s auditory canal is 2.50 cm long and can be modelled as a pipe.
What is the fundamental frequency and wavelength of this person’s auditory canal? List the next
two higher frequencies for which standing waves will form. What would the frequency of the highest
audible harmonic in this person’s ear canal be? (Assume their hearing is good and they can hear
up to 20, 000 Hz.)

2. A long vertical metal pipe is partially filled with water, and we want to determine that water level.
When we blow across the (upper) open end of the pipe, it produces a sound with a frequency of
30 Hz.

(a) If that’s the fundamental, how far below the open end of the pipe is the water level?

(b) We can only hear frequencies down to about 20 Hz though, so it’s possible the water level is
much lower down than we think and what we’re hearing is actually the 2nd overtone (closed pipe,
so that would be N = 3) or maybe one of the higher overtones. What would the water level be in
those cases? (The first couple of other possible levels is enough...)

(Beyond the level I’d ask, but IF this were, say, the 4th overtone (what N would that represent?),
what other frequencies should that length produce? Would any of those be in the audible range? If
so, we can probably rule out that length since we would have heard that other frequency mostly!)

3. A speaker is putting out a pure frequency of 362 Hz, resulting in a displacement amplitude of
0.002 mm at the listener’s location. What pressure fluctuation ∆Pmax does this represent? What
is the intensity of this sound in W/m2 and in dB? At STP, Bair = 1.42× 105 Pa, ρair = 1.2 kg/m3,
and vsound = 343 m/s.

4. At a football game, someone near you is ringing a cowbell that is producing sound with an intensity
of 80 dB at your ear, located exactly 2 m away from the cowbell. (a) If we assume the cowbell
intensity is the same in all directions, how much total power (in watts) is the cowbell putting out?
(b) At your location, what is the amplitude of the pressure fluctuations in the air due to this sound
(in N/m2)?

5. A police car with its 300 Hz siren is moving directly away from a warehouse at 20 m/s. What
frequency will the driver hear reflected from the warehouse?

6. Two train whistles, A and B, each have a frequency of
392Hz. A is stationary and B is moving toward the right
(away from A) at a speed of 35.0m/s. A listener is be-
tween the two whistles and is moving toward the right
with a speed of 15.0m/s. No wind is blowing. Take the
speed of sound to be 344 m/s. (a) What is the frequency
from train A as heard by the listener? (b) What is the
frequency from train B as heard by the listener? (c) What
is the beat frequency detected by the listener?



Periodic Motion : A (amplitude), T (period), ω (angular speed), f (frequency), always positive
(convention). f = 1/T ω = 2π/T = 2πf
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Note ω′ is less than ω. Underdamped (decaying oscillations): b < 2
√
km. Critically damped (no oscilla-
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Mechanical Waves : k (wave number), λ (wavelength) always positive (convention). k = 2π/λ

Wave function for sinusoidal wave traveling in +X direction:
y(x, t) = A sin[ω(x

v
− t)] = A sin[2πf(x

v
− t)] = A sin[2π(x

λ
− t

T
)] = A sin(kx− ωt)

vy(x, t) = −Aω cos(kx− ωt) ay(x, t) = −Aω2 sin(kx− ωt)) = −ω2y(x, t)
wave speed: v = λf = ω/k = λ/T to the right.

(Traveling in −X direction : replace − with + in the cos and sin terms.)

Transverse waves on a wire/string: v =
√
F/µ F is tension in wire, µ = M/L of wire

Wave power: Pavg = 2π2µvf 2A2 = 1
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Standing waves: y(x, t) = 2A sin (kx) cos (ωt)

Sound Waves : Longitudinal (pressure) wave. Human range: 20 Hz to 20, 000 Hz

Speed of sound in air: v =
√

B/ρ | v ≈ (331 + 0.60T ) for T in deg C (343 m/s at 20o C)

Displacement: D(x, t) = A sin (kx− ωt) | Pressure: ∆P = −∆Pmax cos (kx− ωt)
where: ∆Pmax = BAk = ρv2Ak = 2πρvAf

Intensity (power/area): I = 2π2ρvA2f 2 I = (∆Pmax)
2/(2vρ)

Intensity in decibels: β = 10 log10(I/Io) where Io = 1× 10−12 W/m2

Stringed Instruments: λn = 2L
n
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) for n = 1, 2, 3, ... where v =
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Wind instrument (open pipe): λn = 2L
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and fn = n( v
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) (for n = 1, 2, 3...)

Wind instrument (closed pipe): λn = 4L
n

and fn = n( v
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) (for n = 1, 3, 5, ...)

Interference (beats) : favg =
1
2
(f1 + f2) fbeat = |f2 − f1|

Constructive interference: path difference d = nλ; destructive if d = (n+ 1
2
)λ

Doppler Effect (using this book’s conventions) : f ′ = f · (v ± vobs)/(v ∓ vsrc) where v = sound speed,
vobs = observer speed and vsrc = source speed. Upper sign if moving towards, lower sign if moving away
(separate analysis for each term)
Circle: area = πr2 || Sphere : area = 4πr2 volume = 4

3
πr3 || Cylinder volume = πr2L

ρair = 1.2 kg/m3 ρwater = 1000 kg/m3 ρsteel = 7800 kg/m3 Bair = 1.41× 105N/m2

Pressure = Force/Area



Answers: stop by and ask questions!

14.1 : Fisherman’s Scale
(a) k = 765.625 N/m; (b) A = 0.021 m and f = 2.354 Hz; (c) vmax = 0.3106 m/s and amax = 4.59 m/s2;
(d) A = 0.045 m will cause amax to exceed g.

14.2 : oscillating mass
(a) A = 0.650 m; (b) f = 1.17775 Hz; (c) E = 14.807 J ; (d) k = 70.0928 N/m; (e) At that point:
U = 2.369 J and K = E − U = 12.438 J .

14.3 : weighing astronauts
(Set up two equations for the unknowns Mchair and k.) (a) M = 39.9897 kg and k = 394.68.. N/m.

15.1 : pulse on stretched cord
(a) t = 0.19748 sec; (b) λN = (2L)/N = (14.4 m)/N and fN = (N)(2.532 Hz).

15.2 : bouncing cork
(a) vmax = 0.25132 m/s and amax = 3.1583 m/s2.

15.3 : high E guitar string
FT = 72.008 N (which is a realistic value)

15.4 : vibrating wire
Find f = 686 Hz from the info given about the sound wave in air; ultimately yields FT = 60, 240 N
(orders of magnitude higher than any stringed instrument).

16.1 : ear canal
Find that fN = (N)(3430 Hz) for N = 1, 3, 5, ... (closed pipe). N = 5 yields the highest f that’s still in
the audible range.

16.2 : pipe partly filled with water
(a) If we’re hearing the fundamental, then the water level is L = 2.858 m below the upper open end of
the pipe.
(b) If we’re hearing the N = 3 mode, then L = 8.575 m; the N = 5 mode yields L = 14.29 m and so on.

16.3 : speaker
(a) ∆Pmax = 1.87 N/m2; (b) I = 4.26× 10−3 W/m2; (c) β = 96.3 dB (very loud).

16.4 : cowbell
Don’t forget to convert dB to actual intensity (W/m2). (a) P = 5.03×10−3 W ; (b) ∆Pmax = 0.2869N/m2.

16.5 : police car and warehouse
Double-doppler scenario. f arriving at wall is 283.47 Hz. Car now moving away from that stationary
source, resulting in f = 266.94 Hz heard by someone in the car.

16.6 : two trains
(a) Train A’s whistle heard by observer as 374.91 Hz
(b) Train B’s whistle heard by observer as 371.31 Hz
(c) fbeat = 3.6 Hz.


