Physics 4C Spring 2020 Test 4 Practice

Name:

May 26, 2020

Please show your work! Answers are not complete without clear reasoning. When asked
for an expression, you must give your answer in terms of the variables given in the question
and/or fundamental constants.

Answer as many questions as you can, in any order. Calculators are allowed. Books,
notes, and internet connectable devices are not allowed. Use any blank space to answer
questions, but please make sure it is clear which question your answer refers to.
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1. The string shown is driven sinusoidally at a frequency of 6.00 Hz. The amplitude of
the motion is A = 10.0 cm, and the wave speed is v = 25.0 m/s. Furthermore, the
wave is such that y =0 at x =0 and £ = 0.

(a) Determine the angular frequency for this wave. [2 pts]

(b) Determine the wave number for this wave. [2 pts]

(
(d) Calculate the maximum transverse speed of an element of the string. [3 pts]

e) Calculate the maximum transverse acceleration of an element of the string. [3 pts]

)
)
¢) Write an expression for the wave function. [2 pts]
)
)
f)

(
(f) Considering the acceleration of an element of the string, show that the transverse
motion of each element is simple harmonic motion. [2 pts]

(g) Suppose the string has a length 1.00 m and a mass of 20.0 g. What is the power
of this wave? [4 pts|
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2. A standing-wave pattern is observed in a thin wire with a length of 1.20 m. Let the
point x = 0 be the left end of the wire. The wave function is

10
y = 3.00sin (%x) cos (1807t)

where x is in meters, y is in millimeters, and ¢ is in seconds.

(a) What is the wavenumber of this wavefunction? [1 pt]
(b) What is the wave speed on this wire? [2 pts]
(c) How many loops does this pattern exhibit? [3 pt]

)

(d) Consider an element of the wire at a point x = 0.05 m. What is the maximum
transverse displacement of this element? [3 pts]

(e) Show that the transverse motion of the element at x = 0.05 m is simple harmonic
motion (SHM), by referring to the definition of SHM. [5 pts]



3. Two waves are described by the wave functions
y1(z,t) = 6.00sin(2rx — 107t),
y2(x,t) = 8.00 cos(2mz — 107t + )
where z, 1, and ys are in meters and ¢ is in seconds.

(a) What are the wavelength, frequency, and speed of these waves? [6 pts]

(b) Show that the wave resulting from their superposition can be expressed as a single
sine function, and give this resultant wave explicitly, including the amplitude and
phase angle giving units. [6 pts]



4. A standing wave in a rope is described by the wave function
y = 0.20sin(0.757z) cos(187t)

where x and y are in meters and ¢ is in seconds. The rope has a linear mass density of
10.0 g/m. The tension in the rope is provided by a container of mass m suspended as
shown in the figure.

m]

(a) What is the mass m? [5 pts]

(b) If the string is vibrating in its fundamental mode, what is the length of the
horizontal portion of the string? (Assume it does not stretch appreciably as it
oscillates.) [4 pts]

(¢) Now sand is poured at a constant rate of 200 g/s into the suspended container,
initially of mass m, for 3.00 s. Suppose the string vibrates in its fundamental mode
throughout this process. Find the number of oscillations it completes during the
3.00-s interval. [7 pts]



