
MAT 120 Homework 7

Fall 2025

Due date: Wednesday, Nov 26

1. In this exercise you will use the sum to product identity for the sine function to express the sum of two sinusoids
with two similar audible frequencies as the product of two other sinusoids: 1) having average of the two audible
frequencies, and 2) a low frequency oscillator (LFO) which plays the role of a repeating envelope. The LFO
will have frequency which is half the number of beats or amplitude oscillations of the sum of two audible
frequencies. Each beat can be interpreted as one half of one period of the LFO.

(a) Write a formula for a sine function of time t (in seconds) with frequency 100 Hz.

(b) Graph this sine function on the interval 0 ≤ t ≤ 0.1, one tenth of one second.

(c) Write a formula for a sine function of time t (in seconds) with frequency 110 Hz.

(d) Graph this sine function on the interval 0 ≤ t ≤ 0.1, one tenth of one second.

(e) Write a formula for the sum of these two sinusoids as a product of two other sinusoids (one of them will
be an LFO) using the sum to product identity.

(f) Graph the LFO (with amplitude 2) on the interval 0 ≤ t ≤ 0.1, one tenth of one second.

(g) How many amplitude oscillations will the sum have on the interval 0 ≤ t ≤ 0.1?

(h) Graph the LFO (with amplitude 2) and its negative as dotted lines on the interval 0 ≤ t ≤ 0.1.

(i) On the same graph, draw with a solid curve the sinusoid with frequency the average of the two audible
frequencies referred to in 1).

2. Find the correct number:

(a) The number of lists (permutations) of three symbols taken from the set {a, b, c, d, e, f}.
(b) The number of subsets of {a, b, c, d, e, f} of size 3.

(c) The number of pairs of notes (subsets of size two) taken from one equal-tempered chromatic scale: A220
through A440.

(d) The number of different five-note melodies take from the first five notes of an equal-tempered chromatic
scale if no note is repeated.

(e) The number of different five-note melodies take from the first five notes of an equal-tempered chromatic
scale if notes can be repeated.

(f) The number of different five-note melodies take from the first five notes of an equal-tempered chromatic
scale if notes can be repeated at most three times in succession. (If we suppose the scale goes from A to
A’, then BBABB is allowed but ABBBA is not allowed.)

(g) The number of major triads, or inversions of major triads, that can be played from one equal-tempered
octave: A220 through A440. (Note: Not all inversions of triads will still fit into that octave. Inversions of
a triad like CEG are just EGC and GCE. Another way to think of it is that your keyboard has only one
octave from A to A’ and you want to count the number of trichords, or 3-note chords, that you can play
which contain the notes of a major triad in any order. Each inversion counts as a separate chord if it can
be played within the octave.)

3. Find the correct probability:

(a) The probability that the sum is at most ten when two fair dice are rolled.



(b) The probability that the difference (absolute value |x− y|) is at most three when two fair dice are rolled.

(c) The probability that the two numbers have opposite parity (one odd one even) when two fair dice are
rolled.

(d) The probability that in two tosses of a fair coin there are no heads.

(e) The probability that in three tosses of a fair coin there are at most two heads.

(f) The probability that a three note melody taken from the first five notes of a major scale starting at C is
exactly E D C, if repetitions are not allowed.

(g) The probability that a three note melody taken from the first five notes of a major scale starting at C is
exactly E D C, if repetitions are allowed.

(h) The probability that a seven note melody taken from the first three notes of a major scale starting at C
is exactly E D C D E E E, if repetitions are allowed.


