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1. PROPAGATION OF A DISTURBANCE
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y(x, ty) = f(x) » y(x', tog + T) = y(x' — vT, ty) = f(x' — vT)
y(x,tg + t)¢,=0 = f(x — vt) moving to the right
y(x,tg + t)¢,=0 = f(x + vt) moving to the left
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1. PROPAGATION OF A DISTURBANCE

Example: A wave pulse moving to the right along the x-axis is represented by the wave
2.0

(x—3.0t)2+1
plot the wave formatt=0,t=1,and t=2s.

function y(x,t) = where x and y are measured in cm and t is in sec. Let us

If y(x,t) = f(x £ vt), y(x,t) is a wave function.

2.0 2.0
y(x,t) = 300711 let f(X) = 5~ where X = x — 3.0t
y(x,t) = 2.0 exp(—(x — 3.0t)?)
2.0 2.0y
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2. TRAVELING WAVE I\/IODEL

The particles oscillate vertically in th y direction. -
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wave speed. v = fA | )\
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Start from an oscillator in the y direction at x=0: y(0,t) = y, sin(wt)
y(0,t) = Asin(wt) = A’ sin(—wt), for a wave traveling to the positive x direction
A wave function is expressed as f(x — vt), match the two functions together atx = 0
y(0,t) = A" sin(—kvt) = A’ sin(k(O — vt))
If x # 0, we have y(x,t) = A’ sin(k(x — vt)) = A’ sin(kx — wt)



2. TRAVELING WAVE MODEL

Example: A sinusoidal wave traveling in the positive x direction has an amplitude of 15
cm, a wavelength of 40 cm, and a frequency of 8.0 Hz. The vertical displacement of
the medium att =0 and x = 0 is also 15 cm, (a) Find the angular wave number, period,
angular frequency, and speed of the wave. (b) Determine the phase constant.

()

(0)

A =15 (cm),A =40 (cm),f = 8.0 (Hz)

b =2Z = 016222 7 == = 0.13 5,0 = Znf = S0
=—=016—n-, —f—.s,w—nf— .

v=fA=320cm/s

y(x,t) = Asin(kx — wt + ¢) = 15sin(0.16x — 50t + ¢)

y(0,0) = 15sin(0 + ¢) = 15 - ¢ = 7/2




3. THE SPEED OF WAVES

The oscillatory motion is a projection of a circular motion on the x-axis and the wave
motion is the displacement away from equilibrium as a function of time and position.
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3. THE SPEED OF WAVES

Example: A uniform cord has a mass of 0.30 kg and a total length of 6.0 m. Tension is
maintained in the cord by suspending an object of mass 2.0 kg from one end. Find the speed
of a pulse on the cord. Assume that the tension 1s not affected by the mass of the cord.

Meora = 0.30kg,L.prqg = 6.0m E 9

m
p=7= 0.050 kg/m

T Jz.o X 9.8 m e

0.050 ~ 20m/s



3. THE SPEED OF WAVES

Guess the differential equation for the solutions of wave functions:

Start from the general wave function: y(x,t) = Asin(kx — wt)
dy K

y .
vy == —wA cos(kx — wt) ,ay, = 552 —w?Asin(kx — wt)
02
X ka cos(kx — wt) ’_y = —k?Asin(kx — wt)
0x dx2

02 k? 0% 02 1 92
= y _ y 9%y _10%
0x? w?dt? 0x* wv?ot?

Example: Verify that the wave function y(x,t) = n 32(')(2)2“ is a solution to the linear wave

equation.




S I

Propagation of a Disturbance
Traveling Wave Model

The Speed of Waves
Reflection and Transmission

Rate of Energy Transferred by
Waves on Strings

The Wave Equation

/. Sound Waves
8. Speed of Sound Waves
9. Intensity of Sound Waves

10. The Doppler Effect



4. REFLECTION AND TRANSMISSION

T . < A7 ]
v, = |— x=0 ., = |=
. : H2

w1 = Wy = W

klzﬁ,kzzﬁ x =0
V1 v the displacement at the joint point
yi(x, ©) + yr(x,0) = y(x,t)
yi(x, t) = A cos(kix — wt) the slope at the joint point:

d

-(x,t) = B cos(—k;x — wt) L =—
vy (x cos(—kix —w dx(y‘(x' t) + v, (x, t)) —dxyt(x, t)

y.(x,t) = C cos(k,x — wt)
A cos(kyx — wt) + B cos(—kx — wt) = Ccos(k,x —wt) > A+B=C

—k,Asin(k;x — wt) + k,B sin(—k;x — wt) = —k,C sin(k,x — wt) » kA — kB = k,C



4. REFLECTION AND TRANSMISSION

T 7 Yilx,t) = Acos(k;x — wt)
vy = |[— x=0 Vy = |—
U uz y.(x,t) = B cos(—k;x — wt)
W] =Wy, =W ye(x,t) = C cos(k,x — wt)
1_v1) 2_172
x=0—>A+B=C,k1A—le=k2C
C—B=A
sz‘l‘le:klA
e e ifu sk <k, &B <0
"tk Tz vk <k

y,(x,t) = —|B| cos(—k;x — wt) = |B| cos(—k,x — wt + 1)
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5. RATE OF ENERGY TRANSFERRED BY
WAVES ON STRINGS

Kinetic energy in a period
. dy
y(x,t) = Asin(kx — wt) , v, = —wA cos(kx — wt) i kA cos(kx — wt)
dK—l(d ) —1(d) o 2A? cos?(k t)d
=5 (dm)vy = 5 (udx)vy = 7 pwA® cos®(kx — wt) dx

at =0, the average kinetic energy in a period of length is

) 11
sz dsz —uw?A? cos?(kx) dx
0 0 2
A

2T A1 + cos (%Tx)
f cos? (—x) dx = J dx =
0 A 0 2

2
1 1
K= j —uw?A4? cos?(kx) dx = = pw?4%2
0

N &
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5. RATE OF ENERGY TRANSFERRED BY
WAVES ON STRINGS

Potential energy in a period

dl
/‘dy
dx

d
y(x,t) = Asin(kx — wt) , v, = —wA cos(kx — wt) ,a—z = kA cos(kx — wt)

dU = T(dl — dx) = T (/(dx0)? + (dy)? — dx)

V(@x)? + (dy)? =1+ @y/dx)2dx  f(x) =VI+x - f(x) = f(0) +

dU =T (\/(dx)2 + (dy)2 — dx) =T Lo 2 (dx) —dx | =7 (2 de
Y - 2\ 0x 2 \0Ox

A

1 1 1

U= j ETkZA2 cos?(kx) dx = Z,uvzszz/l = Z,ua)zAz/l
0

fll('o)x=1+f

2

Total energy in a period & transferred power

1 E 1 1
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5. RATE OF ENERGY TRANSFERRED BY
WAVES ON STRINGS

Example: A string with linear mass density 5.0 x 10-> kg/m is under a tension of 80 N.
How much power must be supplied to the string to generate sinusoidal waves at a
frequency of 60 Hz and an amplitude of 6.0 cm?

k
U= O.OSOE‘g,f =60HzT=80N,4=0.060m

V= —0.050=4Om/s

1 1
= E“‘“ZAZU == (0.050)(2m x 60)2(0.060)%(40) = 510 W

~ |
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0. THE WAVE EQUATION

Derive the wave equation: r
F,,. =TsinOz — Tsinf, 6, B
F... =Ttanfz — T tan 0, T

. (9y dy\ . 0 (dy
Fnet =T <$)B — T (a)A — Ta(a) Ax

0%y 0%y o [0y
Fnet =ma = (,UAX) <ﬁ> g (,qu) (W) = Ta(a Ax

0%y 10%y 0%y 1 0%y

—_— = =
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EXERCISE

(a) Show that the function y(x, t) = x% + v%t? is the solution to the wave equation of 22 ax2 == (b) Show
that this function can be written as f(x + vt) + g(x — vt) and determine the function forms for f and g.

(aa) 57 (b)
(2 242\ ) 242V — 1
o (2 +v2t7) = 22, —— (x? + v?t?) = 2 x? + v?e% = = ((x +v0)? + (x = v1)?)

2 ., 2.2 2 ’
a(x + v4te) = 2v4t,—

g2 (x? 4+ v?t?) = 2v?

x? +v2%t? = f(x + vt) + g(x — vt)

0%yCoy) _ ., _9%yGoy) 1 9%y 10% o D
ax2 T 0t  v2  9x2  v29t2 - f(0) = ,g(x) 5




EXERCISE

Assume an object of mass M is suspended from the bottom of the rope of mass m and length L. (a) Show that

the time interval for a transverse pulse to travel the length of the rope 1s At = 2 /mig (\/M +m—+vVM ) (b)

Show that for m <« M, the expression in part (a) reduces to At = E—;.

(a)
dt—%v— Z
VRN |

m
T=Mg+/’lxg,/1=f
dx dx

dt = =
mx Mgl
\/(M9+Tg)/(m/L) ng+ T‘Z
X=L .
A 1jL dx 2 +ML
= — —_—_—nm X —_—
Vg Jo ML |V9 m




EXERCISE

Assume an object of mass M is suspended from the bottom of the rope of mass m and length L. (a) Show that

the time interval for a transverse pulse to travel the length of the rope 1s At = 2 /mig (\/M +m—+vVM ) (b)

mL

Show that for m < M, the expression in part (a) reduces to At = |—

[ B e

At = 2 m—g(\/M+m—\/M) :zjm:(x/ﬁ 1+M—W>

/L 1m ’
At =2 |—=
ng




EXERCISE

A rope of total mass m and length L 1s suspended vertically. A pulse travels from the bottom to the top of the

rope in an approximate time interval At = 2,/L/g with a speed that varies with position x measured from the
bottom of the rope as v = /gx. Assume the linear wave equation describes waves at all locations on the rope.

(a) Over what time interval does a pulse travel half-way up the rope? Give your answer as a fraction of 2,/L/g.
(b) A pulse starts traveling up the rope. How far has it travels at a time interval \/L/g.

T |Axg
v=aT 2 TV

m, L
dx 1 dx
dt = =
v VgVx
1 (Ldx 1 . L
At [2Vx]3Z6 =2 |=

:\/EO\/E:\/E 9



EXERCISE

A rope of total mass m and length L 1s suspended vertically. A pulse travels from the bottom to the top of the

rope in an approximate time interval At = 2,/L/g with a speed that varies with position x measured from the
bottom of the rope as v = /gx. Assume the linear wave equation describes waves at all locations on the rope.

(a) Over what time interval does a pulse travel half-way up the rope? Give your answer as a fraction of 2,/L/g.
(b) A pulse starts traveling up the rope. How far has it travels at a time interval \/L/g.

At — 1 jL/Z dx . 1 x L/2 L/
L — —

m, L
(b)
1 (ldx 1 l
2@ =— [ ==z =2 |-
9gJog VX g g
21 12 L : L
SN R
g 2 g 4
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