1 m/s I m/s

m— —

/\ r=20s
] T I T T T I(l"_[l)

0 1 2 3 4 5 6 7

Two waves approach each other.

r=1s

— X (m)
6 7

r=2s
T — X (m)

0O 1 2 i3 4 5 6 7

The net displacement is the point-by-point
summation of the individual waves.

[=3s
1 T T — X (m)
0 1 2 6 7
1 m/s 1 m/s
h q
///\\\ r=4s
I 1 1 ] I I x(m)

0 1 2 3 4 5 o6 7

Both waves emerge unchanged.
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(a)

A string is carrying two waves moving in opposite directions.

Ve VWa YUa YW

(b) The red wave is

traveling to the right.

= {j
t=3T
t=2T
t=32T
t=3T
t=32T
t=2r
t=1T
p= T

The green wave is

o

Ve

Ve

traveling to the left.
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Antinode
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N2

Node

(A

-------- » The blue wave is the ==r===sseees

superposition of the
red and green waves.

At this time the waves exactly
overlap and the superposition
has a maximum amplitude.

At this time a crest of the red
wave meets a trough of the
green wave. The waves cancel.

The superposition again reaches
a maximum amplitude.

The waves again overlap
and cancel.

At this time the superposition
has the form it had at = 0.

(e)

The superposition is a standing wave with
the same wavelength as the original waves.
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Ax Positive Ax is (o
the right.

-

Negative Ax is
to the left.

~Minimum ~Maximum

L)
L

§ pressure £ pressure

o L

t=T/4

Uniform pressure

g =
® ® o0e & o

L — L P o
Positive Negative

displacement displacement
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No displacement

Ax

t=172

sMaximum  Minimum

£ opressure pressure
g
e o oo . e o o
®e o o ° e o o
e o o ® e o o
: —

»
=
L H

L)

“Displacement nodes. These*
molecules aren’t moving.



The closed end 1s a displacement
node and a pressure antinode.

-
*
*

&
L

~ Air molecules undergo longitudinal

oscillations. This 1s a displacement
: antinode and a pressure node.
v .
A AP 49 @ *i—.ﬁbw
40> 40— 40P 0 Lo 4“0P 40>
4P 40P <0 0 O 10 P 40P
L
Ax
0
L
N A N A N

i

The displacement and pressure nodes
p and antinodes are interchanged.

A *~ N A N
The pressure 1s oscillating around
atmospheric pressure p,, .
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(a) Closed-closed

(b) Open-open

(¢) Open-closed

L L L
Pressure Pressure Pressure
isplacement isplacement m=1 sple —
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(a) Snapshot graph at r = 0 for ¢, = 0 rad

.- When this crest was emitted,
" a quarter cycle ago, the speaker
cone was all the way forward.

0—/\\/\\/\ x

—d

D

“*Now this speaker cone, at x = 0,
1s centered and moving backward.

(b) Snapshot graph at t = 0 for ¢, = /2 rad

_____ This speaker cone 18
2 all the way forward.

A e
2 S K SNF 35 =

(¢) Snapshot graph at r = 0 for ¢, = 7 rad

- T'his speaker cone 1s centered
D . and moving forward.

adl &

0 /\\_//\\/
—g j\/
“* When this trough was emitted,

a quarter cycle ago, the speaker
cone was all the way back.
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(a) Constructive interference

These two waves are in phase.
Their crests are aligned.

Wave 2
Fa \\
L1
5 "y
Wave 2 ‘ ! v
Wave 1 ‘ / v
A
D Wave fronts

NN N
NIRT Y

Their superposition produces a traveling wave
moving to the right with amplitude 2a. This is
maximum constructive interference.

(b) Destructive interference

These two waves are out of phase.
The crests of one wave are aligned
with the troughs of the other. Wave 2

— 21

Their superposition produces a wave with
zero amplitude. This is perfect destructive
interference.
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(a) The sources are out of phase.

AYANE \VAVa
W

Ad, = r rad

Ax=0
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(b) Identical sources are separated by half a
wavelength.

= (O rad

MI-—-

(¢) The sources are both separated and
partially out of phase.



(a) The sources are out of phase.
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