
Physics 121 – November 28, 2017 

Announcements: 
• Final exam on Thursday, Dec 14 at 9:00 AM in Workman 

101 

• Review on Dec 7 (last class meeting) 

 

Assignments: 
 Finish reading Chapter 16. 

 Complete ETA Problem Set #15 (last one!) by Monday, 

Dec 4. 

 End-of-chapter problems:  Ch 16: 70, 71, 81, 87, 98, 102, 

and 114.   Due by 4 pm, Dec 4. 

 Recitation practice problems 69, 82, 97, 103, and 106 

 

 



Tips for Chapter 16 HW 
 

• #81: Assume that the ocean wave velocity and 

wavelength remain constant. 

• #87: Change the clause, “the intensity at the source 

is I1 at a distance of one meter from the source” . 

• #114: You want to find the smallest overtone 

frequency that is greater than 100 Hz. 

 

 



Quick Review: 





Energy and Power in Waves: 



FIGURE 16.1 

From the world of renewable energy sources comes the electric power-generating 

buoy. Although there are many versions, this one converts the up-and-down motion, 

as well as side-to-side motion, of the buoy into rotational motion in order to turn an 

electric generator, which stores the energy in batteries. 

Power from this buoy should be proportional to the wave amplitude squared 



A related concept is the Intensity carried by waves 

(ETA problem 1, Chapter 16 problem 87. 

Let’s look at a few examples: 

1. An omnidirectional speaker 

2. A small laser pointer 

 



Consider an omnidirectional speaker driven by a 200-Watt audio 

amplifier. Typically, only 1% of the electrical energy from the 

amplifier is converted to acoustic energy (the rest is mostly 

dissipated as heat). 

 

What is the acoustic wave intensity 4 meters from the speaker, 

assuming a spherical sound wave? 



Consider an omnidirectional speaker driven by a 200-Watt audio 

amplifier. Typically, only 1% of the electrical energy from the 

amplifier is converted to acoustic energy (the rest is mostly 

dissipated as heat). We found 100 dB level at 4 m from speaker. 

 



FIGURE 16.22 

When two linear waves in the same medium interfere, the height of resulting wave is the 
sum of the heights of the individual waves, taken point by point. This plot shows two waves 
(red and blue) added together, along with the resulting wave (black). These graphs 
represent the height of the wave at each point. The waves may be any linear wave, 
including ripples on a pond, disturbances on a string, sound, or electromagnetic waves. 

Superposition of waves: 



FIGURE 16.24 

Superposition of two waves with 

identical amplitudes, wavelengths, and 

frequency, but that differ in a phase shift. 

The red wave is defined by the wave 

function y1(x, t) = A sin(kx − 𝜔t) and the 

blue wave is defined by the wave 

function y2(x, t) = A sin(kx − 𝜔t + 𝜙). 

The black line shows the result of 

adding the two waves. The phase 

difference between the two waves are 

(a) 0.00 rad, (b) 𝜋/2 rad, (c) 𝜋 rad, and 

(d) 3 𝜋/2 rad. 



FIGURE 16.23 

Superposition of nonidentical waves exhibits both constructive and destructive 

interference. 

You *may* learn about Fourier decomposition and analysis in a math course.  



Traveling waves on a string 

A critically important quantity is the linear mass density (mass per unit length) 

Quick Review: 



The derivation of the wave equation for a string under tension (pp 824-

825) is rather complicated, but we can qualitatively explain the result. 



Figure 16.17 

(a)  One end of a string is fixed so that it cannot move. A wave propagating on the string, encountering this fixed boundary 
condition, is reflected 180°(𝜋 rad) out of phase with respect to the incident wave. 

(b)  One end of a string is tied to a solid ring of negligible mass on a frictionless lab pole, where the ring is free to move. A 
wave propagating on the string, encountering this free boundary condition, is reflected in phase 0° (0 rad) with respect to 

the wave. 

Check out this wave simulation 

https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_en.html


Figure 16.26 

Time snapshots of two sine waves. The 

red wave is moving in the −x-direction 

and the blue wave is moving in the +x-
direction. The resulting wave is shown 

in black. Consider the resultant wave at 

the points x = 0 m, 3 m, 6 m, 9 m, 12 

m, 15 m and notice that the resultant 

wave always equals zero at these points, 

no matter what the time is. These points 

are known as fixed points (nodes). In 

between each two nodes is an antinode, 

a place where the medium oscillates 

with an amplitude equal to the sum of 

the amplitudes of the individual waves. 



Figure 16.27 

When two identical waves are moving in opposite directions, the resultant wave is a standing 

wave. Nodes appear at integer multiples of half wavelengths. Antinodes appear at odd 
multiples of quarter wavelengths, where they oscillate between y = ±A. The nodes are 

marked with red dots and the antinodes are marked with blue dots. 


