
Updated: Aug 2006

Course: sph 3U1

Unit: sound

Lesson 5: Title: Standing Waves, interference in 2-d

Apparatus needed: concentric circle overhead, amplifier and frequency generator with two speakers, tuning forks for whole class, Sound & Hearing book

Preliminaries: put up 6 diagrams to illustrate superposition of waves. Students must draw the sum of the two waves. Discuss and correct. Get other students to put up diagrams for each other.

Lesson:

Standing Waves

Here is a special type of wave:
(DEMO: produce standing waves on a string or telephone cord)
What is it called? How is it produced (what is happening in terms of waves?)


Standing waves are caused by two identical waves traveling in opposite directions. 
Standing waves are usually made by reflections off of fixed or free ends.

In this case the wave is being reflected back from the other end and goes in the opposite direction (inverted).

SEE PAGE 228.

EXPLANATION:

· The red line goes to the right and is reflected as the blue line moving to the left

· When you add the red and the blue lines, you get the black line. 

· The black line is what you see with your eyes.

· Diagrams a – e show the medium (string or water) at different instants in time

· Diagram f shows what you would see over a period of time.  See the photo on the next page.

A node is a point which remains at rest.

An antinode is a point where there is maximum constructive interference.

( Copy diagram (f) onto board (and students into their notes).

Label N (nodes) and A (antinodes). Trace one wavelength in a different colour and label the wavelength.

(just discuss, don’t write:)
Standing wave in real life: many & important applications particularly with music and sound. 
especially to do with nodes:
antennas - standing waves - must have right length, ... Also reflection from ends
Nodes & Antinodes -- sweetspot on baseball bat where there is minimum vibration transmitted to batter, Kettle Drum and Ship Bells (see Scientific American magazines – huh???)

If time permits:
Work through sample problem on page 229.
P 229 #1 – note that the answer is wrong!!!

Beats

Demo: two tuning forks with slightly different frequencies. What will happen when the are sounded together? show how beat frequency can change.

On board: “When two sources are close together in frequency, the waves interfere so that beats result. The closer the frequencies, the slower the beats. (When the notes get far enough apart, you hear dissonance and then two separate  notes.)”

Diagram to show how this works: (see also page 342)

Amplitude vs time
Formula:   fB = | f1 - f2|

| | ( absolute value

Examples: (1) given f1, f2, find fB (e.g. 256 Hz and 250 Hz; fB = 6 Hz)
(2) given f1, fB, find possible values for f2  -- either mathematically or intuitively
(600 Hz, 12 Hz, f2=?)

Applications: tuning instruments, also airplane engines & finding an unknown frequency.

Interference in 2 dimensions

Two sources can interfere even if they are the same frequency if they are separated spatially.  You don't get ‘beats’, but another type of interference.

DEMO: on overhead, concentric circle sheets -- move around.  Show that there are places where they add and where they cancel.

Diagram on board of interference in 2-D.   Nodal lines.  (see diagrams on p294, 340. NELSON p231)



(see diagrams on paper copy)


Applications: concert hall acoustics -- Sound and Hearing book showing ‘dead zone’, design of gymnasia and auditoria, polynesian navigation by wave interference patterns.

DEMO: hand out tuning forks (see p 314) ( spend 2 minutes doing this.
two speakers. File class past.  Observe nodal lines.
Homework: p229#1 (find the error), p230 #1; p232 #4 (top); p266 #2
(Optional: p232 #1-3 top)

Evaluation: 

