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A standing wave is the interference pattern produced when two waves of equal
frequency travel in opposite directions.

NANAN—

yr = aSin(kx — wt) vy, = aSin(kx + wt)

Standing Wave (Demo)

In this section we will look at the interference of two waves
traveling in the same direction.

NANAN- T NN

yr = aSin(kx — wt) vy, = aSin(kx — wt)
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Interference in One Dimension

B
The pattern resulting from the superposition of two waves is often called interference.

In this section we will look at the interference of two waves traveling
In the same direction.

Constructive interference Destructive interference
These two waves are 1n phase.
Their crests are aligned.

N travels  Thege two waves are out of phase.
The crests of one wave are aligned

with the troughs of the other. Wave 2
ﬁf - "x\ e £ » ‘H//_\
2 b ﬁ\. f-" _R//K\/(>/>¥/Nfo
2 |
Wave |
The resulting amplitude is 4 = 2a for The resulting amplitude is 4 = 0 for
maximum constructive interference. perfect destructive interference
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Let’s describe 1D interference mathematically
Snﬂapshot graph . X,

Consider two traveling waves. They have:
1. The same direction, +x direction
2. The same amplitude, a EQ

3. The same frequency, o

Let’s find a displacement at point P at time t:
Speaker 2 Speaker | Point of detection

i N
y() = y1(xq,8) + y2(x2,8) = asin(kx; — wt + ¢19) +asin(fx; — t + @;q)
Y Y
P1 P2

“~The phase of the wave—"

" The phase constant ¢o

. +
'Using a trig identity: sin ¢+ sin @, = 2cos[(p1z¢2] sin[2 <p2] i| tells us what the source is

doing at = 0.

.9 09
- /$0 /q)v

A x1 + x\7 + =
y(t) = 2acos[7¢] sin[k( ! > 2) — wt + (9010 > 9020)]

_ 49, 0
y(t) = (2acos > ) sin[kXqpg — Wt + Pgyg )
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Constructive/destructive interference
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:|'$ln(kxavg — ol + (Pg)aye) > Itis still a traveling wave

-~ -

y(t)~= {Zacos

- -
- -
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where Ag = ¢, - ¢, is the phase difference

. Ag
The amplitude: A4 = ‘Z“C"S[ 2 ” between the two waves.
e in phz
ned.

= The amplitude has a maximum value 4 = 2q if These two waves

Their crests are

2

Ap
cos(Ag2) =+1. =) > = mrm, wherem =0,1,2, ... g@)

= Similarly, the amplitude is zero, 4=0 if E@ P A\ NAYAVAVAN
1 A Y l//\//\/
COS(A¢/2) = 0. E> A(p/z =|{m -+ E T, where m = 0, 1’ 2, Wave |
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Let’s look deeper in A

Ag= @, - ¢, is the phase difference between the two waves.

Ap = (kx; — 77{"‘ ®20) —(kxq — 7’4"' ®10) = k(x2—x1) + (@20 — P10) = kAx + A,

Conditions for ) o n

21T = 2Mm1r constructive interference: A
A¢=7Ax+A¢0 ( +1>
= m —

21t destructive interference:

Speaker 2 Speaker 1 Point of detection
So. there are two contributions to the phase difference:

=X — X — pathlength difference

2 A@o = @20 — P10
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Inherent phase difference

APy = P20 — P10

Speaker 1~ These are identical sources: These are not identical sources: out of phase
\ Sin(x) We have to shift
""""""""" -Sin(x) Sin(x)  —=Sin by mto get Sin
' Speaker 2 4}); \,’ "/ (to overlap them), so
\) zn(x) : ) .
---------------- Speaker 2 Speaker 1
Speaker 2 Sin(x) We have to shift

Cos by /2 to get Sin
(to overlap them), so

Speaker |

/2
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Soarnces are very often identical
(Ap,=0)
(litoe the doatile olit expeniment in Opiics)

So, let s prepare expressions for thede cades: wmpy
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Pathlength difference for constructive interference

Assume that the sources are identical A@y = 0. Let’s separate the sources with a pathlength Ax

Speaker 2 ;

EQ/D\/\/\/
\ o LN
1

Conditions for
constructive interference

1S crest 1s emitted as a crest

rom speaker 2 passes by.
Vv

#

4
=
o
-
oo
€]
{<+]
?T'
Fﬂ'h-

. Ax=A
Path-length
difference

The two waves are in phase (A¢ = 27 rad)
and interfere constructively.

A Dasremn Ediinatinn lan

1 sources with

of wavelength
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Pathlength difference for destructive interference

Assume that the sources are identical A, = 0. Let’s separate the sources with a pathlength Ax

Speaker 2 )

. o _’
Conditions for
destructive interference: :
1 Identical sources
21 1
—Ax = — :

Path-length
difference

|:> Ax— m+

Thus, for a constructive interference of two identical sources with A =0, we need to

separate them by an half integer number of wavelength
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%‘ n ° °
¥ | 8 =2 ax+ a0y Applications

~ = 4 .
Sin(x)
Noise Source
/\/\/\. Resulting Noise

It allows reducing unwanted sound by the addition | \/\[\f

of a second sound specifically designed to cancel ‘ A
the first (destructive interference). - -Sin(x)
Air Thin film  Glass
Index n

l. Incident wave
approaches

= Thin transparent films, placed on the first surface.
W
glass surfaces, such as lenses, can

- 2. Part of the wave reflects back
COﬂtI’O| I’eﬂeCtIOHS from the gIaSS w'nil1 a[plmsc shift ull'ﬁirad. part

continues on into the film.

= Antireflection coatings on the lenses R e

. . A
IN CameraS, mlcroscopes, and Other 3. Part of the transmitted wave
optical equipment are examples of i AR
thin-film coatings. ~>
4. The two reflected
Ax * 0 \\-’:i;-’\ljs am; overlapped
and interfere.
A(PO =0 o e B g B e 3
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ConcepTest 1D cntenfencuce

Two loudspeakers emit waves A) Move speaker 1 forward by 0.5 m
with 1 = 2 m.

B) Move speaker 1 forward by 1.0 m
What, if anything, can be done to < = >
cause constructive interference C) Move speaker 1 forward by 2.0 m
between the two waves? D) Do nothing

The sources are out of phase, A¢, = 7 rad.

We have to compensate the inherent phase dif ference with a pathlength dif ference

It has to be moved by Ax = A/2 to align crests




The end of the lecture
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A Circular or Spherical Wave

A linear (1D) wave can be written A circular (2D) or spherical (3D) wave
can be written

y(x,t) = asin(kx — wt + @) |:> D(r,t) = asin(kr — wt + @)

where 7 is the distance measured
outward from the source.

The wave fronts are Troughs are halfway
crests, separated by A. between wave fronts.

This graph shows the
displacement of the
medium.

T
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Transition from 1D to 2D/3D interference

= The mathematical description of interference in two or three dimensions is
very similar to that of one-dimensional interference.

The conditions for constructive and destructive interference are:

one-dimensional two or three dimensions
Constructive:

Maximum constructive interference:

2mm A 0
A¢=2W7r+}&)=m°27r N
Destructive: Perfect destructive interference: A
g = ZZax + Ag = D)2 Ar ! 1 \
‘P—T X+ A@Q = m"‘i n A¢=2WT+9¢:= m—I—E 27
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Example of 2D interference

[ Constructive if Ar = mA

1
Destructiveif Ar = (m + E)i{

= The figure shows two identical sources
that are in phase.

= The path-length difference Ar
determines whether the interference at a
particular point Is constructive or
destructive.

® At A, Ar, = A, so this is a point
of constructive interference.

* AtB, Arg = %A, so this is a point
of destructive interference.

!

1
UMASS
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r ConcepTest gD 7%1?/8{61%66 1

A) The interference is
constructive.

B) The interference is
destructive

e Two in-phase sources emit sound
waves of equal wavelength and
intensity. At the position of the dot,

C) The interference is somewhere
between constructive and destructive

D) There’s not enough information to
tell about the interference.

Constructiveif Ar = mA

1
Destructiveif Ar = (m + E)A




SENIIFIRIN Two-dimensional interference between two loudspeakers

Two loudspeakers in a plane are 2.0 m apart and in phase with

Ieach other. Both emit 700 Hz sound waves into a room where the Constructiveif Ar = ma
speed of sound is 341 m/s. A listener stands 5.0 m in front of the
loudspeakers and 2.0 m to one side of the center. Is the interfer- Destructiveif Ar = (m + E)A

ence at this point maximum constructive, perfect destructive, or
in between? How will the situation differ if the loudspeakers are
out of phase? 00 Hz

Two Speckerd are iin Pkasa(%! =, Bl =)
ésﬁsz

. We wed to fud ar "
}"" Aud Cow pece w/H. A

50 m

oo Hz

.Om

1=V 60w Wow)" = 51 4
J'\ —7

| 3 =vf 50u)+ (3.0m)" =583 7oz

)T T AR =T A, = 583 5 =0 33 L

Joo He
We wuow 4hat -F .)? - 700/z (Seurees are idewtiel)

)= Y _ 340w,

Yools - =046 u
1S 043 u

_— = ’ - 5: _.- — W-f >

A 0.4%6 1 (

So, the conolitious ore %)r destructue
tuterferencs
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Thank you
See you next time
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