
Jyh-Shinn Yang, IEOS/NTOU

Chapter 16 (Benson)

E01 λ= c/f : (a) 188 m to 546 m; (b) 2.78 m to 3.41 m .

E05 vp, vs =8, 5 km/s & ∆t = 1.8 min. ∆t = ∆x/vs−∆x/vp ⇒ ∆x= 1440 km .

E06 m = 25 g, l = 3m & v = 40 m/s ⇒ F = v2µ = 13.3 N .

E15 y(x, t) = A sin(kx − ωt): (a) ∂y/∂x = kA cos(kx − ωt); (b) (∂y/∂t)m = v (∂y/∂x)m .

E17 y(x, t)= 2.4 cos[(π/20)(0.5x−40t)], x, y in cm & t in sec. ⇒ k = 0.025π cm−1, ω =2π s−1 &

A= 2.4cm: (a) (∂y/∂t)m= ωA = 4.8π = 15.1(cm/s); (b) x= 1.5cm & t = 0.25s, (∂y/∂t)=

4.8π sin(0.375π − 0.5π) = 4.8π sin(−1.453) =−15.0(cm/s); (c) am = ω2A= 94.7 cm/s2; (d)

a=−ω2A cos(−1.453) =−11.1 cm/s2 .

E18 y(x, t) = 0.03 cos(2.4x − 12t + 0.1), x, y in cm & t in sec. ⇒ k =2.4 cm−1, ω = 12 s−1 &

A= 0.03 cm: (a) f = ω/2π = 1.91 Hz; (b) v = ω/k = 5 cm/s; (c) A= 0.03 cm; (d) x= 15 cm

& t = 0.2 s, (∂y/∂t) = 0.36 sin(36 − 2.4 + 0.1) = 0.36 sin(33.7) = 0.272 (cm/s); (e) am =

ω2A = 4.32 cm/s2 .

E22 y(x, t) = 0.04 sin(x/5− 2t), x, y in m & t in sec. ⇒ k = 0.2 m−1, ω = 2 s−1 & A = 0.04 m:

(a) λ = 2π/k = 31.4 m; (b) τ = 2π/ω = 3.14 s; (c) v = ω/k = 10 m/s .

E29 (a) λ= 2L/n: λn−1 = 36 cm & λn = 32 cm ⇒ λn : λn−1 = 8 : 9 ⇒ n = 8, L = nλn/2 =

(8)(36)/2 = 144 cm; (b) T = 10 N, µ = 4g/m, f1 = (1/2L)
√

F/µ = 17.4 Hz .

E30 fn = 480 Hz, fn+1 = 600 Hz, T = 12 N & µ = 2.6 g/m.

(a) f1 = fn − fn−1 = 120 Hz; (b) L=
√

F/µ/(2f1) = 0.283 m .

E33 L1 = L2 & T1 = T2. µL = πr2Lρ ⇒ µ1/µ2 = r2
1ρ1/(r2

2ρ2) = 2.0. f2/f1 =
√

µ1/µ2 =
√

2 .

E37 P = µ(ωA)2v/2 = 15 W .

E49 y(x, t) = 2.4 × 10−3 sin(36x − 270t) m, x in m & t in sec. F = 0.18 N. (a) µ = Fk2/ω2 =

3.2 (g/m); (b) vm = ωA = 0.648 (m/s) .

E53 f ∝ 1/
√

µ, f2 = f1

√
µ1/µ2 = 180/

√
2 = 127 (Hz) .

E54 (a) v = 2fL= 132 m/s; (b) µ = 0.003 g/m, F = µv2 = 52.3 (N) .

P02 (a) f ∝ √
F , thus ∆f/∆F∝1/(2

√
F ), ∆f/f = ∆F/2F ; (b) ∆f = 0.5f(∆F/F ) =

0.5(400)(−0.03) = −6 (Hz), so f ′ = 394 Hz; (c) ∆f/f = 2/260, thus ∆F/F = 2∆f/f =

1.54% . (Teacher: Jyh-Shinn Yang, 90.03.20)

P04 LG = 64 cm, f ∝ 1/L, LA = LG(196)/220: LA = 57 cm, ∆LG = 7 cm; LB = LG(196)/247,

LB = 50.8 cm, ∆LB = 13.2 cm; LC = LG(196)/262, LC = 47.9 cm, ∆LC = 16.1 cm;

LD = LG(196)/294, LD = 42.7 cm, ∆LD = 21.3 cm .

P05 (a) P = Fy(∂y/∂t) = F (−∂y/∂x)(∂y/∂t); (b) Pav = µ(ωA)2v/2 .

P06 F (y) = µgy, v(y) = dy/dt =
√

gy. ∆t =
∫

dt =
∫ L

0
dy/

√
gy = 2

√
L/g .
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P08 x = 0 is a node, x = L is an antinode. Thus L = λ/4, 3λ/4, 5λ/4 · ··, i.e. f = v/λ =

v/(4L), 3v/(4L), 5v/(4L) · ··. Thus f = (2n − 1)
√

F/µ/(4L) .

P09 v =
√

F/µ =
√

F/Aρ but F/A = Y ∆L/L, thus v =
√

Y ∆L/ρL .

(Teacher: Jyh-Shinn Yang, 90.03.20)
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