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Application :

- RMS gauge pressure for painful sound intensity
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wuuindmund «

-1 The equation of a certain traveling transverse wave is

Y = 2 sin 21:(& - -’3‘3),

where x Y are in centimeters and t 1s in seconds. What are (1) the amplitude,
(2) the frequency, (3) the wavelength, and (4) the speed of porpagation

of the wave?

4.2 (a) Show that the equation of a traveling transverse wave in a string
can be written y =Y cos(2n/A)(x - ct).

(b) Let Y = 1 4n., A = 2 in., ¢ = 0.25 in.sec. Show in a full-size diagram
the shape of the string at times t = 0, 1 sec, and 2sec. Determine from

your diagram the direction in which the wave is traveling,

4.3 A transverse sine wave of amplitude 10 cm and wavelength 200 cm travels
from left to right along a long horizontal stretched string with a speed

of 100 cm/sec. Take the origin at the left end of the undfiurbed astring.

At time t = 0, the left end of the string is at the origin and is moving
downward, &, (a) What is the frequency of the wave 7 (b) What is the angular
frequency? (c) What is the propagationconstant? (d) What is the equation
of the wave? (e) What is the equation of motion of the left end of the
string? (f) What is the equation of motion of a particle 150 cm to the
right of the origin? (g) What is the (absolute) maximum transverse velocity
of any particle of the string? (h) Find the transverse displacement and
the transverse velocity of a particle 150 em to the right of the origin,

at time t = 3.25 sec. (i) Make a sketch of the shape of the string, for

a length of 400 cm, at time t = 3,25 sec.

(Ans.: (a) £ = 0.5 cps. (b) w = v rad/sec; (c) k = M/100 cm_l;
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(d) y = 10 sin[(ux/lOO) - tf]; (e) y = -10 sinne; (£) y = 10 sin[(Sn/Z) - wt];

(g) 10n cm/sec; (h) y = 5/2 cm, v = -57v/2 cm/sec. )

4.4 (1) Light waves travel in vacuum with a speed ¢ = 3 x 108 m/sec. The
visible spectrum extends from a wavelength of about 4 x 10-7 m (violet)

7 n (red). What are the frequencies of light waves of these

to about 7 x 10~
wavelengths? (2) Radio waves travel at the speed of lirht. The "broadcast
band” extends from a frequency of 550 kc/sec to a frequency of 1600 kc/sec.

What are the waveléngths corresponding to these frequencies?

4.5 One end of a rubber tube is fastened to a fixed support. The other

end passes over a pulley at a distance of 8 m from the fixed end, and carries
a load of 2 kgm. The mass of the tube, between the fixed end and the pulley,
is 600 gm. What is the speed of a small- amplitude transverse wave in the

tube?

4.6 A long rubber tube for which p = 0.10 kgm/m (weight about % lbf/m)

is stretched with a tension T of 90 newtons. One end is oscillated transversely
with SHM of amplitude Y = 30 cm and with a frequency f of 1 oscillation

per second. If all of the energy transmitted is absorbed at the far emnd,

what is the average power required?

4~7 A stretched string is observed to vibrate with a frequency of 30 cycles/sec
in its fundamental mode when the supports at its ends are 60 cm apart. The
amplitude at the antinode is 3 cm. The string has a mass of 30 gm.

{a) What is the speed of propagation of a transvere wave in the string?

(b) Compute the tension in the string. (c) Write the equation representing
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the wave motion, using the constants given above and computed in (a).

(d) Suppose the center of the string is pulled to one side, distorting the
string into one-half of a triangular wave, and is then released.

What frequencies would you expect to be present in the resulting vibratien

of the string?

4,8 The velocity of sound in air of density 1.29 kgm—3 may be taken as
330 metres sec—l. Show that the acoustic pressure for the painfull sound

of 10 watts metre © = 6.5 x 107% of an atmosphere.

4.% Show that the displacement amplitude of an air molecule at a painful

sound level of 10 watts met:e_r_2 at 500 Hertz = 3.10_4 meter.

4.10 If the wave on the string in fig. below propagates with a displacement
y = a sin(wt - kx)
Show that the average rate of .working by the force (average value of tran-
sverse force times transverse velocity) equals the rate of energy transfer
along the string.
F eiwt
o
T /\\\
9 \/ \,/ )
T
F E:Lwt

= -T sind
4.11 Show that the characteristic impedance for a pair of Lecher wires of

radius r and separation d in a medium of permeability p and permitctivity e

is given by

,W
1 4 é
z, = T /fws
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4.12 The end of a string at 2z = 0 is driven harmonically at frequency 10
cps and with amplitude 1 cm, The far end of the string is infinitely far
:away (or else the string is "terminated” so that there are no reflections).
The phase velocity is 5 meter/sec. Describe {precisely) the motion of a
point on the string located 325 cm downstream from the driving terminal.

What is the motion of a second point located 350 ¢m downstream?

4,13 Assume that the pilano string Of length ] meter and with frequency A440
{440 cps) for its lowest mode, and has diameter 1 mm and is made of steel
having volume density 7.9 gm/cmB. Find the tension in dynes and in pounds.

(980 dyne = 1 gm-wt; | kgm weighs 2.2 1b.) Ans. about 1100 1b.

4.14 Coaxial transmission line., Show that the capacitance per unit length,
C/a, for .a coaxial transmission line with inner conductor of redius T, and
outer conductor of radius r2 and with vacuum between the inner and outer

cylindrical conductors is given (in esu, i.e., cm of capacitance per cm of

length along the axis) by

L S
a 21n(r2/r1) *

Show that the self-inductance per unit length, L/a, is given by

L 2 T2

— = ——— ln ——

a 2 r
c 1

To obtain C/a, use Q = CV and Gauss's law. To obtain L/a, use L = (1/c)®/1,

where ¢ ie the magnetic flux produced by a current I.

4.15 Show that the electric and magnetic fields are zero outside the outer

conductor of a coaxial transmission line and inside the inner conductor.
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Show that the electric and magnetic fields are zero outside of the region

between the plates of a parallel-plate transmission line.

4.16 ‘Show that the self-inductance of a parallel-plate transmission line
is given by Eq.(4.48), for alternating current as well as for steady current,

as long as the wavelength is long compared with the plate thickness do.

4,17 An infinte string with linear mass density 0.1 gm/cm and tension 100 1lb
{1 1b = 354 gm-wt; 1 gm-wt = 980 dyne) is driven at z = 0 in harmonic motion
of amplitude 1 cm and frequency 100 c¢ps. What is the time-averaged energy

flux in wattsi Ans. About 40 watts.

4,18 Find the rms (root-mean-square) electrix field (averaged over all

frequencies) at a point in space 1 meter from a 40Q-watt light bulb.

4,19 Suppose two traveling waves on an elastic string with To = ] dyne,
p =1 gm/em, and w = J.O-3 rad/sec are given by
¢1 = A cos{wt - kz + w),

L]
b, = A cos{wt - kz + ZQ.
Find the time-averaged intensity of the superposition of *1 and wz.

4~28 fThree plane electromagnetic waves, given by

Elx = Eo cos(kz -~ wt - 61) = Biy’

E

Eo cos(kz - wt - 62) = B

2% 2y

and

E

3x Eo cos(kz - wt - 63) = B, ,

Jy

travel over the same space. What are the maximum and minimum amplitudes and
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energy fluxes that can be produced by adjusting the values of the constants

§., 6,, and 8,7

1t 723 3

4.21 "Gauge pressure" for longitudinal waves on a spring. Derive Eq.(4.70),
which 1is

F(LonR) = F -Ka —g—"’z—(z't).

Start with a lumped-parameter beaded spring. At equilibrium each spring is
compressed so that it exerts a force Fo' The spring constant is K. The bead
separation is a. Find the force on a given bead exerted in the 4z direction
by the spring just to the left of that bead. Go to the continuous limit,
and thus derive the desired relation. Note that in the continuous limit the
product Ka is a property of the continuous spring and is independent of the

length a.

4.22 Are sound waves perfectly nondispersive? We found in sec.4.2 that
the phase velocity of sound is constant, independent of frequency. The

dispersion law that gave that result was

2

w = gzo kz,
0

which is similar to the dispersion law for longitudinal oscillations on a

continuous spring

For a lumped-parameter beaded spring, the dispersion law is

mz - %sinzﬁ ,
(a)?

which leads to a high-frequency cutoff. By analogy and by physical resoning,
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guess a value for a high-frequency cutoff for scund in air at STP (standard
temperatur and pressure). Would you expect ultrasonic wave of frequency
v = 100 Mc to travel at ordinary sound velocity? Ans. You expect a high-

frequency cutoff v, = 1010 Hz.



