Example for Lecture 15
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Consider a chunk of string of length Ax and mass per unit length p,. The string is under

tension T. The displacement in the vertical direction is given by the variable £(x, 1).

We now include the air resistance. If the string is moving upwards with velocity v, the air

resistance creates a force opposing the direction of velocity: Fyaq =-b m.v. wherebis a

positive constant and m, is the mass of the chunk.

We ignore the small effects of gravity.

a) Wrte the equation of motion in the presence of air resistance;

b) Calculate the kinetic energy density of the string with no air resistance

c) The same piece of string has a potential energy due to its elongation. Calculate the
potential energy density. Ignore the air resistance.
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Example for Lecture 16

A string of length L is under tension T and has linear mass density p (this is mass per
unit of length). The string is fixed at one end (x = L) while the otherend (x =0) is
attached to a massless ring that can slide freely (without friction) up and down a rod.
Attached to the ring is an ideal spring that exerts a vertical force on the ring; when the
nng is at y = 0 the spring is relaxed (see the figure below).

E(x, t)

In this problem K, represents the spring constant to avoid confusion with the wave

number k =2xn/M. If the spring is extremely stiff (K, is very large), x = 0 acts like a fixed
end. If the spring is extremely flexible (K, is very small), x = 0 acts like a free end.
a) Use Newton's Second Law to find a relationship between the slope of the string at
X = 0 and the displacement £(0, t) of that point (which is the same as the displacement of
the ring).
b) Now let the spring constant have an arbitrary value. Would any of the standing wave
solutions for a free end or a fixed end work for the general boundary condition you
derived in a)? Demonstrate that a standing wave of the form:

E(x,t) = A cos(kx + ¢')cos(mt) (1)
would work in this case. Find the condition(s) that the initial phase ¢' and the wavelength
A should satisfy if the standing wave from equation (1) is to be formed on the string.
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A string having a mass 0.5 g and length 50 em is connected to another string of mass
1 g and length 25 cm. The strings are subject to a tension of 30 N.

(a) What is the lowest standing wave frecuency for which the joint becomes a node
(zero displacement)? Sketch qualitatively the standing wave pattern.

(b) What is the ratio between the amplitudes of the standing waves in each string?

(¢) Find the total amount of energy associated with the st

: , . . anding waves when the
amplitude in the lighter string is 1 mm.
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A rod of length [ and mass m is freely pivoted at one end. Another end is attached to
a mass-less spring (spring constant &) as shown.
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(a) If the spring elongates vertically a distance y, what is the total potential energy
in the system, one due to the spring elasticity and another due to gravity?

(b) What is the kinetic energy of the rod if the displacement v is varying with time?

(¢} Then, using the energy conservation principle, show that the oscillation frequency
15 given by

Skg

W = y

m
independent of both { and g.
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