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The velocity is v =4 in the positive y direction.
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The wave moves with velocity v in the positive z direction.

c=vA
c 3x10% m/s

v="=—"T— 7 =5831x10" Hz
A 5.145%107 m

Starting with:
w(y, t) = Aexp[—a(by —ct)’]
w(y, 1) = Aexpla(by —ct)’] = Aexpla(by —ct)’]

‘Z_’/t/ - 2:2‘1 %(y —%tjexp[a(by —cr)’]
aa%’ - 42f2 Z—i(y—gtjz expla(by —ct)’]
aa_l}/]/ =— 2:261 (y—%t]exp[a(by—cl)z]
‘;;'/2’ - ‘hsz’z(y —%tjz expla(by —ct)’]

Thus y(y, t)= Aexp[—a(by —ct)’] is a solution of the wave equation with v = ¢/b in the + y direction.
(0.003) (2.54 x 1072 /580 x 10™) = number of waves = 131, ¢ =V,

A=c/v=3x10%/10", A =3cm. Waves extend 3.9 m.

A=c/v=3x10*/5%x10" =6x10"m = 0.6 m.

A=3x%x10%/60=5%x10°m =5x10° km.

V=Av=5x10" x6x10%* =300 m/s.
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The time between the crests is the period, so 7 =1/2 s; hence
v =1/ =2.0Hz. Asforthe speed v =L/t =4.5m/1.5s=3.0m/s. We

now know 7, v, and v and must determine A. Thus,

A=0/v=3.0m/s/2.0Hz=1.5m.

v=vA=35%10"m/s = v(4.3 m); v=0.81 kHz.

v= VA= 1498 m/s = (440 HZ) 1; 1 = 3.40 m.

v=(10m)/2.0s) = 5.0m/s; v= /A = (5.0 m/s)/(0.50 m) = 10 Hz.

v=vA=(w27) Aand so w= 27x/A)v.

0 —7/2 —7/4 0 7Tl4 /2 37/4
sin 0 -1 272 0 V272 1 V272
cos 0 0 \/5/2 1 \/5/2 0 —ﬁ/z
sin(0 — 7/4) 272 -1 272 0 V272 1
sin(d — 7/2) 0 22 -1 22 0 V272
sin(0 —37/4) V272 0 22 —1 22 0
sin(d + 7/2) 0 22 1 272 0 22
0 T S5xz/4 372 T7/4 27
sin 0 0 272 -1 22 0
cos 0 -1 —\/5/2 0 \/5/2 1
sin(0 — 7z/4) V272 0 —~2/2 -1 —~2/2
sin(0 — 7/2) 1 V2/2 0 272 -1
sin(0 — 37/4) 272 1 22 0 272
sin(0 + 7/2) -1 272 0 V272 1

sin 6 leads sin(6 — 7/2).
x AR A4 0 A4 AR 3/4 A
kx = Zﬂ _r _n2 0 72 P 372 27
cos(kx —77/4) —~2/2 22 22 22 22 22 R2)2
cos(kx +37/4) V272 22 22 22 22 212 22
t -7/2 —7/4 0 7/4 /2 3r/4 T
wt=Qr/7)t - -77/2 0 /2 T 37z/2 2
sin(ar +7/4) 22 212 22 22 212 22 22
sin(77/4 - wr) ~2/2 V22 N2z 22 22 V22 22
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Comparing y with Eq. (2.13) tells us that A = 0.02 m. Moreover,
272/A =157 m " and so A= 27/(157m™) = 0.0400 m. The relationship
between frequency and wavelength is v= v 4, and so

v= /A= (1.2 m/s)/0.0400 m = 30 Hz. The period is the inverse of the
frequency, and therefore 7=1/v=0.033s.

(a) A=(4.0-00)m=40m
(b) v=vA, so
p=l220M5 5oy,
A 40m
(©) w(x,t)=Asin(kx —wt + &)
From the figure, A = 0.020 m

S22 2% Gspm™w=27v = 272(5.0 Hz) = 107 rad/s
A 40m

w(x.1)=[0.020 m]sin (%x ~ 107t —%) =0.020 cos(%x - IOmj

(a) A=(30.0 —0.0) cm =30.0 cm. (c) v= VA, so

v= v/A= (100 cm/s)/(30.0 cm) = 3.33 Hz

(a) 7=(0.20 - 0.00) s =0.20 s. (b) v=1/7=1/(0.20 s) = 5.00 Hz.

(c) v= VA so A= v/v=(40.0 cm/s)/(5.00 s™") = 8.00 cm.

w=Asin 27 (kx — vt), y = 4sin27(0.2x — 37). (a) v=3, (b) A=1/0.2,
() =1/3,(d) A =4, (e) v= 15, (f) positive x

w=A sin(tkx + ar), y», = (1/2.5) sin(7x + 3.5¢). (a) v=3.5/2,

(b)y A=27/7, (¢c) 7=27/3.5, (d) A =1/2.5, (e) v=1/2, () negative x
From of Eq. (2.26) v (x, t) = A sin(kx — ax) (a) w= 27V, so
v=w/27zx=(20.0 rad/s)/27, (b) k = 27/A, so

A=2xlk=2r/(6.28 rad/m) = 1.00 m, (c) v=1/7, so
7=1/v=1/(10.0/7 Hz) = 0.107 s, (d) From the form of ¥ A =30.0 cm,
(e) v= w/k =(20.0 rad/s)/(6.28 rad/m) = 3.18 m/s, (f) Negative sign
indicates motion in + x direction.

8
(a) 10, (b) 5.0 x 10 Hz, (c) A=< = M =6.0x107m, (d) 3.0 x 10° m/s,
v 5.0x10

(e) 1 =7=2.0x10"s, (f) -y direction
1%

0’y /ox* = —k*y and 0%y /0t* = —k*v’w. Therefore

'y [ox* —(1/v*)*w Jor* = (=k* + k% )y = 0.

0’y [ox* = —k*y; 0°w ot = -’y w* [V* = Rav) V' = Rr/A) = kP
therefore, 9%y /0x” — (1/0>)0%w [0t = (k> + k) = 0.

w(x, t)=A cos(tkx — awt — (7/2)) =

A{cos(kx — ar) cos(—r/2) — sin(kx — ar) sin(—/2)} = A sin(kx — ax)

U, = —wA cos(kx — ax + &), a, = —a)zy. Simple harmonic motion since

a, o< y.

Chapter 2 Solutions



Chapter 2 Solutions

2.28

2.29
2.30

2.31

2.32
2.33

2.34

2.35

2.36

2.37

2.38

7=2.2x 107" s; therefore v=1/7=4.5x 10" Hz; v= VA,
A=0/v=67x10" mand k=27/A=9.4%x10°m™".

w(x, 1) = (10°V/m) cos[9.4 x 10°m ™" (x + 3 x 10%m/s)n)]. It’s cosine
because cos 0= 1.

y(x, ) = C/[2 + (x + vD)].

(0, ) =A cos(kvt + ) =—A cos(kvt) = —A cos(ax), then
(0, 72) = —A cos(wt/2) =—A cos (n) = A,
(0, 37/4) = -A cos(3wt/4) = —A cos(37/2) = 0.

Since ¥ (y, f) = (y — v?) A is only a function of (y — v?), it does satisfy the
conditions set down for a wave. Since 0%y /dy*> = 9%y /0t* =0, this
function is a solution of the wave equation. However, i (y, 0) = Ay is
unbounded, so cannot represent a localized wave profile.

k=73x10°m™, w= 79 x 10" Hz, v= w/k =3 x 10° m/s.

v=uvi=A/T
A=vr=2.0m/s)(1/4s)=0.5m

. z t
,1) =(0.020 m)sin 27z +
vien=( s (O.SOm 1/4s]

1.5m N 2.2s
0.50m 1/4s
v (z, ) = (0.020 m) sin 277 (3.0 + 8.8)
v (z, 1) =(0.020 m) sin 277 (11.8)

v (z, ) = (0.020 m) sin 23.677

v (z, 1) =(0.020 m) (-0.9511)
w(z,H)=—0.019 m

dy |dt = (dy [ox)(dx/dr) + (O [dy)(dy/dr) and let y = t whereupon
dy/dt = 0y [ox(xv) + 9y /0t =0 and the desired result follows immediately.

¥ (z,t) =(0.020 m)sin 27[(

do/dt = (d@/dx)(dx/dt) + d@/ot = 0 = k(dx/dt) — kv and this is zero
provided dx/dt = £ v, as it should be. For the particular wave of

Problem 2.32, ‘jli’ = 0¢/0y(xv)+0¢p/dt = 73x10°(x )+ 79 x 10" =0
t
and the speed is —3 X 10° m/s.

—a(bx + ct)’ = —ab*(x + ct/b)’ = g(x + vr) and so V= c/b and the wave

travels in the negative x-direction. Using Eq. (2.34) (ow/or) /(0w /ox) =
—[A(=2a)(bx + ct) cexp[—a(bx + ct)* |1/ [A(=2a)(bx + ct)bexp[—a(bx + ct)* ] = —c/b;
the minus sign tells us that the motion is in the negative x-direction.

W (z,0) = A sin(kz + €); w(—-4/12,0) = A sin(-7z/6 + €) = 0.866;
w(A6,0)=Asin(7/3 + €) = 1/2; w(A/4,0)=A sin (72 + &) = 0.

A sin (77/2 + €) = A(sin 7z/2 cos £+ cos /2 sin &) =A cos £=0, = /2.
A sin(7z/3 + 7/2) = A sin(57/6) = 1/2; therefore A = 1, hence

W (z, 0) = sin (kz + 72/2).

Both (a) and (b) are waves since they are twice differentiable functions of
z— vt and x + vt, respectively. Thus for (a) = az(z - bt/a)2 and the
velocity is b/a in the positive z-direction. For (b) = az(x + btla + c/a)2
and the velocity is b/a in the negative x-direction.
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@) w(y, ) =exp[- (ay— bt)z], a traveling wave in the +y direction, with
speed v = w/k = b/a. (b) not a traveling wave. (c) traveling wave in the

—x direction, v = a/b, (d) traveling wave in the +x direction, v = 1.

W (x, 1) =5.0 exp[—a(x ++/b/at)*], the propagation direction is negative x;
v=+lbla =0.6 m/s. ¥(x,0)=5.0exp(-25x").

A=0v/v=0.300 m; 10.0 cm is a fraction of a wavelength viz.
(0.100 m)/(0.300 m) = 1/3; hence 27/3 = 2.09 rad.

8
30° corresponds to A/12 or 1 3X—104 =42nm.
12 ){ 6x10'

W (x, ) =A sin 27 (x/A £ t/7), = 60 sin 277(x/400 X 107 = #/1.33 x 1077),
A=400nm, v=400 x 10°/1.33 x 107° =3 x 10° m/s.
v=(1/1.33)x 10° Hz, 7=1.33x 10" s.
explia]exp[if] = (cosa +isin @)(cos S +isin f) = (cosax cos f —sinasin ) +
i(sinacos f+cosasin f) = cos(a + f) +isin(a + fB) = expli(a + B)]
1//1//* = A expliot] A exp[—iwt] = A% Jwy" = A. In terms of Euler’s formula
1//1//* =A2(cos wt + i sin wr)(cos wt — i sin wr) =A2(cosza)t + sin’ wr) = A%,
Ifz=x+1y, thenz*=x—iyandz—z*=2yi.

Z, = x, +iy,

Z, =x, tiy,
L +Z, =x tx,tiy +iy,
Re(Z, +Z,) =x, +x,
Re(z,)+Re(Z,) = x, +x,

Z, =x, +iy,

%, = x, iy,

Re(z,)xRe(Z,) = x,x,

Re(Z, xZ,) =Re(x,x, +ix,y, +ix,y, = y,¥,) = X,X, = ¥,
Thus Re(Z,) xRe(Z,) # Re(Z, X Z,).

w=Aexp ilkx+ky+kz), k.= ka, k, = kB, k.= ky,
|]€| =[(ka)’ +(kﬁ)2 +(k}/)2]1/2 - k(& +,52 + }/2 )2

Consider Eq. (2.64), with 0°y /ox* = &’ f”, 0’y [oy* = B f”,
0’y [07* = y*f”, 0%y [ot* = v f”. Then

Vi -1/ y [ot* = (a* + B> +y* —1)f” =0 whenever
a+p+y =1
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Consider the function: ¥ (z, ) = Aexp[—(azz2 +br+ 2abzt)].
Where A, a, and b are all constants. First factor the exponent:

2
(@’7 + b°f + 2abzt) = (az + bt)’ = iz(z +2tj )
a a

1 b Y
Thus, w(z,t)= Aexp{——z(z+—tj }
a a
This is a twice differentiable function of (z — vt), where v =—b/a, and travels in the — z direction.
A=(h/m)v=6.6x10""/6(1)=1.1x 10~* m.

k can be constructed by forming a unit vector in the proper direction and
multiplying it by k. The unit vector is

[(4=0) +(2=-0)]+(1-0)k]/N4> +27 + 17 = (4i +2] +k)/~/21 and

k :k(4f+2}+/€)/\/a. F :xf+yj+z/€, hence

W(x, y, 2, 1) = Asin[(4k / V2D x + 2k/V21)y + (k/N21)z - 1.
k=(11+0j+0k), 7 = xi +yj+zk, so,

w = Asin(k -7 — wt + €) = Asin(kx — ot + €) where k = 277/ (could use
cos instead of sin).

w0 =yli -G -5 =pk 7.0 =ylk -7 —k - (F, —7),1] =
w(k-F,.0) = (#.1) since k-(7 —7)=0

w = Aexplitk -7+t + )]

= A expli(k x+ k},y +k z+wt+é€)]

The wave equation is:

1 %y
Vi = Vo
where,
2 2 2
V2 :a_2+a_2+a_2
ox> dy> 0z
Vi = _(kXZ + ky2 + kl2 A expli(k, x+k,y+k z+wt+¢)]
2
% 1/21 =-w’A exp[i(kxx+kvy+kzz +wt + E)]
‘ )
where
| = Jk2 +k 24k
K =k’+k?+k?
then,

Viy =-k* A expli(k x + ky+kz+wt+e¢)]

This means that iis a solution of the wave equation if v* = @’ /k> — v = w/k.
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2 | -7t/2 —7/4 0 /4 /2 3z/4 V4 Sz/4 372 17t/4 2
sin@ | -1 -142 0 12 1 12 0 -2 -1 —1N2 0
2sin@ | -2 -2 0 V2 2 V2 () -2 2 0
3sinf | -3 =342 0 32 3 32 0 342 3 342 0
0 -2 -x/4 0 /4 /2 37/4 T 5rn/4 3z/2 Tnd4 2rx
sin € -1 -2 0 e 1 142 0 -142 -1 -112 0
sin(6- 7/2) 0 -2 -1 -2 0 142 1 142 0 -2 -1
sin O+sin(@-72) | -1 -2 -1 0 1 2 1 0 o . |
Note that the amplitude of {sin(&) + sin(@— 7z/2)} is greater than 1, while
the amplitude of {sin(#) + sin(@— 37/4) is less than 1. The phase
difference is 7z/8.
by -A2 -Al4 0 A4 A2 31/4 A
kx -7 -7/2 0 /2 T 37/2 27
cos kx -1 0 1 0 -1 0 1
cos (kx + 7m) 1 0 -1 0 1 0 -1
cos kx + cos (kx + 7) 0 0 0 0 0 0 0
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