PHYS 201 WINTER 2010

HOMEWORK 2

Solutions

1. WHAT’S THE FREQUENCY, w?
1.1. Find w, A\, and k for sound waves with f =20 Hz and f =20 KHz.

Let’s start with the 20 Hz sound wave. Use Af = c to find A = 32;45 = 17.15 m.
Then k = 2F = 0.366 rad/m and w = 27 f = 407 ~ 126 rad/s.

For f = 20,000 Hz, the numbers are A = 17.15 mm, k = 366 rad/m, w =
40,0007 rad/s =~ 126,000 rad/s. The numbers 20 Hz and 20 K Hz are generally
accepted as the lowest- and highest-frequencies that can be heard by humans.

2. THE LicHT AT THE END OF THE TUNNEL
2.1. How much time passes before the distortions reach Monster 17
The speed of transverse waves in an ideal string is ¢ = y/T'/p where T is tension

in the string and p is mass per meter. The tension in the string is 75% of Monster
0’s weight: (.75)(30,000 K¢)(9.81 m/s?) = 221,000 N. The mass density is:

1551 1Kg 1ft 1in 100 em
3 ft 22050 12w 254cm  1m

=769 Kg/m

Wave speed is then /221,000/76.9 = 53.6 m/s. The distance to Monster 1 is 80

meters, so t = % = 1.49 seconds.

2.2. How rapidly is Monster 0 transferring energy to Monster 17?7
From the book, the formula for average power transfer on an ideal string is

1
P, = 5 wIw?A*
We'’ve already found p and T, w is just 2nf = 47, and the amplitude A is 1.5

meters. P, = 1,/(76.9)(221000)(47)?(1.5)* = 732,000 watts ~ 1000 horsepower.
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3. SHAKING THE TREE

3.1. Estimate the resonance frequency of the tree.

When you lean against a spot 1.2 meters from the base with a force of 500 new-
tons, you put a torque of 1.2(500) = 600 N'm on the tree and the tree fights back
with a torque of 600 Nm in the other direction. Since 7 = —k#, you now know
—600 = —k6 when 6 = 0.157, so kK = 3,822 Nm.

You estimate the moment of inertia to be I = $mL?* = £(300)(3.5)* = 1,225 K gm?.
The equation of motion —kf = [ 6 has solutions with angular frequency

K 3822
w \/; \/ 98 766 rad/s

Remember, w = 27f, so the tree naturally oscillates at 5-(1.766) = 0.28 Hz. If
the tree is shaken at (or near) this frequency, it will resonate.

3.2. Experimentally, you find that the tree oscillates most violently when
you shake it once every 4.0 seconds. Using this new information, im-
prove your estimate for the mass of the tree.

The experimental value for f is now ﬁ = (0.25 Hz. Using the same expression as
before, w = /k/I, we can solve for I and use it to find the tree’s mass.

1
; =w’ = (2nf) = ZW2

Using the previous value x = 3822, we find I = 1549 K¢-m?. Since I = %m(3.5)2,
we can find m = 380 Kg. The tree is slightly heavier than you estimated.

4. BoNUS PROBLEM

We don’t know what f is except that it is a function of one variable and its first
and second derivatives exist. We don’t know what those are, so let’s call them f
and f”. Using the chain rule, the partial derivatives of f(kz + wt) are
Ouf (kr —wt) = —wf'(kx —wt) 02 f(kx — wt) = W2 f" (kx — wt)
Ouf(kx —wt) = kf'(kx —wt)  O2f(kx — wt) = K2 f"(kx — wt)

Notice that w?f”(kx — wt) = k*f"(kx — wt) no matter what f or its derivatives

are! As long as ‘;—; = 2, we can be sure that f(kx — wt) is a solution of the wave
equation. Exactly the same method shows that f(kx + wt) is also a solution.



