
SP211 Worksheet 38

16.1 An Introduction to Waves

16.2 One-Dimensional Waves

16.3 Sinusoidal Waves

16.4 Advanced Topic: The Wave Equation on a String

----- Problem 1 ----- A sinusoidal wave D(x, t) of wavelength 1.40 m travels along a string in
the +x direction. The time for a particular point to move from zero to maximum displacement is
0.170 s. At the origin at t = 0, the string displacement is D = −A.

• (1) What is the period T?

• (2) What is the frequency f?

• (3) What is the angular frequency ω?

• (4) What is the wave number k?

• (5) What is the wave speed?

• (6) The phase constant φ0?

• (7) If the amplitude is 0.10 m, what is the mathematical expression for this wave D(x, t)?

• (8) If we fix our attention on one point on the string, what is the maximum transverse speed
experienced by that point?

----- Problem 2 ----- Suppose we wish to double the wave speed of a wave on a long stretched
string. We have two properties we can play with: tension FT and linear mass density µ.

• Let’s keep the same string and ramp up the tension. By how much would we need to change
the tension in the string to double the wave speed?

• Let’s swap out strings, but keep them under the same tension. Suppose both strings are made
of the same material. How do the diameter of the strings compare if the thinner string is to
have double the wave speed?

Answers:

1. (1) T = 0.68 s (2) f = 1.4706 Hz (3) omega = 9.24 rad/s

(4) k = 4.488 rad/m (5) v = 2.059 m/s (6) using sine, phi = (3/2)*pi

(7) D(x,t) = (0.1 m)*sin[(4.488 rad/m)*x - (9.24 rad/s)*t + (3/2)*pi]

(8) v_max = 0.924 m/s

2. T_string_new = 4*T_string_old, diameter_new = (1/2)*diameter_old


