Week 6 : Day 2

. UPII Slidel of 18 Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci




Wave Phenomena

Traveling wave parameters

Principle of superposition of waves

Activity - Wave Applets
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A waveis defined as a disturbantleat i1s self-sustaineand
-'fh
7%

propagatesn space with a constant speed

Classes of Waves

Newton

LY ! |
Maxwell

Types of Waves 'ﬁ.

d‘

Schrddinger
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If the disturbace associated with a particular wave
perpendicular to the wave propagatiofoedy, this
wave Is calledttansverse." An example is given

In the upper figure, which depicts a rhaaical wave
tha propagates along a string. The movetwd each
particle on the string is along tlge -supdhe\wave itse

Sinusoidal

propagates along the -axis.
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A wave in which the associated distud@is parallel to the wave propagatiol
velocity is known as ddngitudinal wave. " An examplesafch a wave is give
In the lower figure. It is produced byiaton oscillating in a tube filled with
air. The resulting wave involves movement of thenalecules along the

axis of the tube, which is also the diren of the wave propagation velooity
= Adr =5
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Sinusoidal
wave

—_
W

=

Consider the transverse wave propagadiogmg
the string as shown in the figure. Tihasition of
any point on the string can be described by a
function y = h(x,t). Further along in the gtar
we shdlsee that functiol has to have a sfieci

A\

yx.f) =y, -.1|1 .f*-. tu{]

Ancular - '
= _.-"'_'
.

| | ik

wave number — I

form to describe a wave. One such suitable
function isy (x t )=y, sir{ kx w1 .

Suwch a wave, which is described by a sine
(or a cosine) function, is known as a

Time

]}t?"\ilitrii —'I i— "I.H'_’_lIL'lI "harmonlc WaVé

E.I l'E]lII!'IIII"-.
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y(% 1) =y, sin( kx- w)

Theamplitude y_ is the absolute value of tF
maximum displacement from the equilibmu
position,

Thephase is defined as the argumédi- nt)
of the sine function.

Thewavelength/ is theshortest distance
between two repetitions of the wave at

a fixed time. 2
Since the sine function is periodic with perigd® k/= p & k :T'

A period T is the time it takes (with fixaex ) for the sine function to comple
one oscillation.We takex= ®® y (Ot y (Ot T ®

-y, sin(m)=- y,sin w(t T)=- y sifmt wi® vd B w=".
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In the figure we show two snapshots dfaamonic wavi
taken at times andt Dt . During the time interizal

ﬁ v :% the wave has traveled a distafe . The wave speed
1—a_a DX . . . . .
1V /\\ //\\ [/ V= o Ore method of findiny is to imagine that
O we move with the same speed alongxheis:dn this
FWave at 1= 0 case it will seem to us that the waveesmot change.

Sincey K { F v, siff kx- wi this means that the argument o$ithe function
Is constantkx- wt= constant. We take the derivative vafipect td

kI s 0p IX Lk’/ The speedr Ft_ — <: Phase Velocity of Wave

dt dt
A harmonc wave that propagates along tlegativex  -agidascribed by the equatio

y(xt) = y,sin( kxtwi . The functiony k t ¥ H kx w} describes angeal wave tha
propagates along the positive -axis. A geh&ave that propagates along the
negativex-axis is described by the equatiy(x, t) = h( kx+w1).
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Represent wave in terms of K

and and ... *Note: the fundamental
definition of the wave’s

y(x.t) =y, sin(kx- ut +1) writon i termb of and
as follows:
Represent wave in terms of g o2
and T and k 20/,
y(x,t)=y._sin %x- %Hf V=1

Represent wave in terms of Kk
and v and

y(x,t)=y_sink(x- vt)+£]
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Consider two waves of the same type thadrlap at some poift in spa
Assume that the functiorys x( , ) agd x { , pdebe the displacements
If the wave arrived @ alone. The displacemefit ahen both waves

are present is given by€x, t) = y(x )+ y( % 9.
Note : Overlannina waves do not in anv wayv alter eaclkershravel.
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o= ‘,:ﬂ‘ rad

¥l XD [2y,, cos 5 @] sin{kx— @i+
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Consider two harmonic waves of the saameplitude
and frequency that propagate along xhaxis. The
two waves have a phase differente . We

will combine these waves using thanxiple of
superposition. The phenomenon of combgwaves
is known agnterference, and the two waves are
said tointerfere . The displacement of the twowea
is given by the functionsy, x(t,3 vy, sin(kx- wt)

and Y, (X,t): Ya Sir(kX- w# f) )ﬂ:: y+ y
yaq x t) =y, sin( kx- wi) + y sin( k- wt+ f)
yqxt)= 2y, COS% sin kx - Wt+%

The resulting wave has the same frequency as
the original waves, and itsrglitude is

y¢ =12y, cosg. Its phase is@ualto g
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Consider two waves with differing phases only:
y'(x,t)=y_sin(kx- ut+7,)+y_sin(kx- ut+7,)
Wave 1 Wave 2

Use double-angle formulae:

sin kx- mt+7, =sin kx- wt cosf, +cos kx- ut sin £,
A B A B A B

sin(kx- Wt+f2):sin(kx- m)cos(f2)+cos(kx- Wt)sin(fz)
y'(t) =y, {sin(kx- ut)cod,)+codr, )| +codkx- ut)sin(f,)+sin(7,)}
Use half-angle formulae:
Y (t)= ynisin(kx- wt)2coss (£, +7,)cos} (1, - £, )]+ codkx- wt)2sin3(f, +,)coss (7, - £, )}
y'(t)=2y,cods(,- £,)]  [sin(kx- ut)cosi(r, +7,)+ codkx- ut)sing(f, +1,)

y'(t) =2y, cosi(f,- 7,) sin kx- ut +1(f, +7,) Note: This is still a
Difference Addition hal’moniC Wave!
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y'(xt)=y_sin(kx- ut)+y,_sin(kx- ut+ )

Wave 1 Wave 2

The amplitude of two interfering wavesgiven by
y§ =

In this case, y¢=2y .
The displacement of the resulting wave is

yix t)=[2y,]sin kx- Wt+% .

. It has its maximum valuefif=

f
2V. COS—
Y 5

This phenomenon is known as
fully constructive interference.
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y'(xt) =y, sin(kx- ut)+y,_sin(kx- ut+7)

Wave 1 Wave 2

The amplitude of two interfering wavesgiven by
y§ =

In this case, y¢=0.

The displacement of the resolj wave is
yq( x,t) =0.

This phenomenon is known as

fully destructive interference.

. It has its minimum value/f=p

f
2V COS—
Ym 5
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y'(x,t) =y, sin(kx- ut)+y, sin(kx- ut+f)

Wave 1 Wave 2

The amplitude of two interfering wavesgiven by

y¢ =

constructive nor fully destructive it is called
iIntermediate interference.

. When interference is neithert

f
2y _COS—
Y 5

An example is given in the figure qurz%a

In this case, y¢=1y .
The displacement of the resulting wave is

yix t) =[ y,]sin kx- WH—% .

Note : Sometimes the phase difference is
expressed as a diffe encewavelengthy .
In this case, remember that
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Picture creditshttp://en.wikipedia.org/wiki/Phasor_(electronics)

A phasor is a method for representingae whose
diasplacement isy, (x t}=y,, sfrkx- w1

The phasor is defined as a vector with following
properties:

1.Its magnitude is equal to the wave'spditnde vy, .
2. The phasor has its tail at the origdand rotates ir
the clockwise direction about an axis thro@h

with anqular speed/ .

A phasor diagram can be used to reptesere than one
wave. (see fig. b). The displacemerthefsecond wave
Y, (% 1) = ypsin{ ke wt £) . The phasor ofefsecont

wave forms an angieé  with the phasdheffirst wave, Note: A Phasor may

indicating that it lags behind wave ldophase angie . be thought of as
rotating vector...
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Consider two waves that have the samgudency

but different amplitudes. They also have a phase
differencef . The displacements of the two waves

are  y(x1)=y, sifkx w) and

Y, (X t) = Y, sin( kx- wt £). The superposition of the tv
waves Yyields a wave that has the same angular frequency
and is described byt=y ¢ sikx- wt+ b) . Hewet is th
wave amplitude an@ is the pleaangle.

To determing/¢ and , we add the two phiagsepresenting
the waves as vectc J. C).

Note: The phasor method can be used to add vectars tha
have different amplitudes.
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Your Name Print): Date:
Group Members:

Explore wave parameters

Traveling Wave Functions

A linear (non-dispersive) traveling wave keeps astant shape as it travels. The text makes thm cheat
all such waves must have the foy,t) = f(x - vt) ory(x,t) = f(x + vt).

In the space to the right of each function, wiite ia traditional form (as shown for the first dast
functions). Predicivhich of the following will be linear traveling was and write “yes” on the line; for the
ones that are not linear traveling waves, write'‘idter you have made your predictions, use the physlet at

http:/people.rit.edu/vwisps/312 s03/Physlets/puldeml

to check whether each function is a wave or nat.‘@dter’ not ‘return’)

(@ Y=3*cos(((¥2) - (5*) )*((x/2) - (5*1))) = -
(b) Y =3*cos(( (x/2) - t)*((x/2) +1))
(©) Y =3%cos(((x/2) -t)*(x-(2*)))
(d) Y =3%cos(x/2 t)*sin(2*x-t)
() Y =3*cos(x/2 -ty*sin(2*x+)
(f) Y =1*exp(-sqr(pi*x/2 - pi*t + 3*pi)/2)* (pi*x/2- pi*t)
(@ Y =1*exp(-sqr(pi*x/2 - pi*t + 3*pi)/2)* (pi*x/2+ pi*t)
p—-
(h) Y = 3*cos(pi*x/2 -pirt)/(2+sin(pi*x -2*pi*t)) =—

Note: In case you haven't seen this computer rataéxp(...) mean e to the power of the argument, and
sqr(...) means the argument squared.
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