Exercises for the Feynman Lectures on
Physics by Richard Feynman, Et Al. Chapter
36 Fourier Analysis of Waves— Detailed
Work by James Pate Williams, Jr. BA, BS,
MSwE, PhD

From Exercises for the Feynman Lectures on Physics by Richard Feynman, Robert Leighton, Matthew
Sands, et al. 36 Fourier Analysis of Waves. Refer to The Feynman Lectures on Physics Vol. |, Chapter 50.

Fourier series over a period P where x is contained in the half-open interval [xo, P).
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Euler’s equation used to derive trigonometric identities.
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36.1 (a) y(x) = const. (b) y(x) =sinx 0 <=x <=2 * pi.
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Fourier coefficients and graph for Exercise 36.1 (a) for f(x) = 1 for all x in the half-open interval [x0, P).
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a5l Fourier Coefficients by James Pate Williams Jr (c) 2018

a Coefficients

a[0] = 2.00000000

b Coefficients
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a5l Fourier Series by James Pate Williams Jr (c) 2015 - 2018

Graph of f(x)
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Fourier coefficients and graph for Exercise 36.1 (b) f(x) = sin x for all x in the half-open interval [0, 2m).

a5l Fourier Coefficients by James Pate Williams Jr (c) 2018 - X

a Coefficients

b Coefficients

b[1] = 1.00000000
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a5l Fourier Series by James Pate Williams Jr (c) 2015 - 2018

Graph of f(x)
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Fourier coefficients and graph for Exercise 36.2, the square wave.

! Fourier Coefficients by James Pate Williams Jr (c) 2018

a Coefficients

b Coefficients

.27323954
.42441318
.25464791

.18189136
.14147106
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ol Fourier Series by James Pate Williams Jr (c) 2015 - 2018

Graph of f(x)
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8 Infinite Series by James Pate Williams Jr (c) 2018

Exercise 36.2 (a)

n Maximum = 20000

Approximate Value = 0.7854106628
True Value = 0.7853981634

% Error = 0.00159147

Exercise 36.2 (a)

n Maximum = 40000

Approximate Value = 0.7854044132
True Value = 0.7853981634

% Error = 0.00079575

Exercise 36.2 (a)

n Maximum = 60000

Approximate Value = 0.7854023300
True Value = 0.7853981634

% Error = 0.00053051

Exercise 36.2 (a)

n Maximum = 80000

Approximate Value = 0.7854012884
True Value = 0.7853981634

% Error = 0.00039788

Exercise 36.2 (a)

n Maximum = 99000

Approximate Value = 0.7854006886
True Value = 0.7853981634

% Error = 0.00032152

Exercise 36.2 .| Exercise # [99000 : n Maximum

| clear

' Solve »
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8 Infinite Series by James Pate Williams Jr (c) 2018

Exercise 36.2 (b)

n Maximum = 20000

Approximate Value = 1.2336880508
True Value = 1.2337005501

% Error = 0.00101316

Exercise 36.2 (b)

n Maximum = 60000

Approximate Value = 1.2336963835
True Value = 1.2337005501

% Error = 0.00033773

Exercise 36.2 (b)

n Maximum = 80000

Approximate Value = 1.2336974252
True Value = 1.2337005501

% Error = 0.00025330

Exercise 36.2 (b)

n Maximum = 90000

Approximate Value = 1.2336977724
True Value = 1.2337005501

% Error = 0.00022516

Exercise 36.2 (b)

n Maximum = 99000

Approximate Value = 1.2336980249
True Value = 1.2337005501

% Error = 0.00020469

Exercise 36.2 .| Exercise #:99000}3-n Maximum

| clear
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8 Infinite Series by James Pate Williams Jr (c) 2018

Exercise 36.2 (c)

n Maximum = 20000

Approximate Value = 1.6449090678
True Value = 1.6449340668

% Error = 0.00151976

Exercise 36.2 (c)

n Maximum = 40000

Approximate Value = 1.6449215671
True Value = 1.6449340668

% Error = 0.00075989

Exercise 36.2 (c)

n Maximum = 60000

Approximate Value = 1.6449257336
True Value = 1.6449340668

% Error = 0.00050660

Exercise 36.2 (c)

n Maximum = 80000

Approximate Value = 1.6449278169
True Value = 1.6449340668

% Error = 0.00037995

Exercise 36.2 (c)

n Maximum = 99000

Approximate Value = 1.6449290164
True Value = 1.6449340668

% Error = 0.00030703

Exercise 36.2 .| Exercise #:99000}3-n Maximum

| clear
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Fourier coefficients and graph for Exercise 36.3, the triangle wave.

! Fourier Coefficients by James Pate Williams Jr (c) 2018

a Coefficients

.00000000
.40528473
.04503164

.01621139
.00827112
.00500352

b Coefficients
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a5l Fourier Series by James Pate Williams Jr (c) 2015 - 2018

Graph of f(x)
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8l Infinite Series by James Pate Williams Jr () 2018 - X

Exercise 36.3 (b) (1)

n Maximum = 100

Approximate Value = 1.0146780114
True Value = 1.0146780316

% Error = 0.00000199

Exercise 36.3 (b) (1)

n Maximum = 500

Approximate Value = 1.0146780314
True Value = 1.0146780316

% Error = 0.00000002

Exercise 36.3 (b) (1)

n Maximum = 1000

Approximate Value = 1.0146780316
True Value = 1.0146780316

% Error = 0.00000000

Exercise 36.3 .| Exercise # 1000 : n Maximum  Clear
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8 Infinite Series by James Pate Williams Jr (c) 2018

Exercise 36.3 (b) (1)

n Maximum = 100

Approximate Value = 1.0823229053
True Value = 1.0823232337

% Error = 0.00003034

Exercise 36.3 (b) (1)

n Maximum = 500

Approximate Value = 1.0823232311
True Value = 1.0823232337

% Error = 0.00000025

Exercise 36.3 (b) (1)

n Maximum = 1000

Approximate Value = 1.0823232334
True Value = 1.0823232337

% Error = 0.00000003

Exercise 36.3 (b) (1)

n Maximum = 1500

Approximate Value = 1.0823232336
True Value = 1.0823232337

% Error = 0.00000001

Exercise 36.3 (b) (1)

n Maximum = 2000

Approximate Value = 1.0823232337
True Value = 1.0823232337

% Error = 0.00000000

Exercise 36.3 .| Exercise # 2000

%/ n Maximum

| clear
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8 Infinite Series by James Pate Williams Jr (c) 2018

Exercise 36.4

n Maximum = 1000

Integral Value = 5.999999998014
Series Sum Value = 1.082323233378
Approximate Value = 6.4939393981
True Value = 6.4939394023

% Error = 0.00000006

Exercise 36.4

n Maximum = 1500

Integral Value = 5.999999998014
Series Sum Value = 1.082323233612
Approximate Value = 6.4939393995
True Value = 6.4939394023

% Error = 0.00000004

Exercise 36.4

n Maximum = 2000

Integral Value = 5.999999998014
Series Sum Value = 1.082323233670
Approximate Value = 6.4939393999
True Value = 6.4939394023

% Error = 0.00000004

Exercise 36.4

n Maximum = 2500

Integral Value = 5.999999998014
Series Sum Value = 1.082323233690
Approximate Value = 6.4939394000
True Value = 6.4939394023

% Error = 0.00000004

Exercise 36.4 .| Exercise # 2500

-~ n Maximum Clear
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Fourier coefficients and graph for Exercise 36.6, the sawtooth wave.

! Fourier Coefficients by James Pate Williams Jr (c) 2018

a Coefficients

a[0] = 0.99991862

b Coefficients

.31830989
.15915494
.10610330
.07957747
.06366198

.05305165
.04547284
.03978874
.03536777
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a5l Fourier Series by James Pate Williams Jr (c) 2015 - 2018

Graph of f(x)
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Fourier coefficients and graph for Exercise 36.8, the rectified sine wave.

! Fourier Coefficients by James Pate Williams Jr (c) 2018

a Coefficients

.27323954
.42441318
.08488264
.03637827
.02021015

.01286101
.00890377
.00652943
.00499310
.00394192

b Coefficients
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a5l Fourier Series by James Pate Williams Jr (c) 2015 - 2018 =

Graph of f(x)

0.95 /_\
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Rectified Sine Wave | flx) 9 2/ n Maximum Graph
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