
The University of Akron The University of Akron 

IdeaExchange@UAkron IdeaExchange@UAkron 

Williams Honors College, Honors Research 
Projects 

The Dr. Gary B. and Pamela S. Williams Honors 
College 

Spring 2024 

Modeling Inflation Using a Fast Fourier Transform (FFT) Modeling Inflation Using a Fast Fourier Transform (FFT) 

Blake Smith 
brs146@uakron.edu 

Follow this and additional works at: https://ideaexchange.uakron.edu/honors_research_projects 

 Part of the Harmonic Analysis and Representation Commons, and the Numerical Analysis and 

Computation Commons 

Please take a moment to share how this work helps you through this survey. Your feedback will 

be important as we plan further development of our repository. 

Recommended Citation Recommended Citation 
Smith, Blake, "Modeling Inflation Using a Fast Fourier Transform (FFT)" (2024). Williams Honors 
College, Honors Research Projects. 1895. 
https://ideaexchange.uakron.edu/honors_research_projects/1895 

This Dissertation/Thesis is brought to you for free and open access by The Dr. Gary B. and Pamela 
S. Williams Honors College at IdeaExchange@UAkron, the institutional repository of The University 
of Akron in Akron, Ohio, USA. It has been accepted for inclusion in Williams Honors College, 
Honors Research Projects by an authorized administrator of IdeaExchange@UAkron. For more 
information, please contact mjon@uakron.edu, uapress@uakron.edu. 

https://ideaexchange.uakron.edu/
https://ideaexchange.uakron.edu/honors_research_projects
https://ideaexchange.uakron.edu/honors_research_projects
https://ideaexchange.uakron.edu/honorscollege_ideas
https://ideaexchange.uakron.edu/honorscollege_ideas
https://ideaexchange.uakron.edu/honors_research_projects?utm_source=ideaexchange.uakron.edu%2Fhonors_research_projects%2F1895&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/181?utm_source=ideaexchange.uakron.edu%2Fhonors_research_projects%2F1895&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/119?utm_source=ideaexchange.uakron.edu%2Fhonors_research_projects%2F1895&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/119?utm_source=ideaexchange.uakron.edu%2Fhonors_research_projects%2F1895&utm_medium=PDF&utm_campaign=PDFCoverPages
http://survey.az1.qualtrics.com/SE/?SID=SV_eEVH54oiCbOw05f&URL=https://ideaexchange.uakron.edu/honors_research_projects/1895
https://ideaexchange.uakron.edu/honors_research_projects/1895?utm_source=ideaexchange.uakron.edu%2Fhonors_research_projects%2F1895&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:mjon@uakron.edu,%20uapress@uakron.edu


 
 
 



 
 

                                       𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑘 =
𝐶𝑃𝐼𝑘 − 𝐶𝑃𝐼𝑘−12

𝐶𝑃𝐼𝑘
∗ 100                                   (1)

𝑁 𝑦𝑛

                                                      𝑌𝑘 =
1

𝑁
∑ 𝑦𝑛𝑒− 

2𝜋𝑖
𝑁

𝑛𝑘

𝑁−1

𝑛=0

                                               (2)

𝑘 = 0,1, … , 𝑁 − 1 𝑌𝑘

                                                 𝑟𝑒𝑖𝜃 = 𝑟[cos(θ) + 𝑖 sin(𝜃)]    .                                     (3)



 
 

𝑌𝑘 𝑌𝑘

𝜃 0,1, … , 𝑁 − 1

𝑘 𝑌𝑘

𝑘 𝑌𝑘

𝑘

~𝑂(𝑁2)

~𝑂(𝑁 log 𝑁)

(𝑥𝑘, 𝑦𝑘

       𝑓(𝑥) = 𝑌0 + ∑ (𝑌𝑘𝑒+
2𝜋𝑖
𝑁

𝑘𝑥 + 𝑌𝑁−𝑘𝑒−
2𝜋𝑖
𝑁

𝑘𝑥)

0 < 𝑘< 𝑁/2

+ 𝑌𝑁/2 cos(𝜋𝑥)    ,       (4)

 
 

𝑂(𝑁2)
𝑁2



 
 

𝑌𝑁/2 𝑁

𝑁/2

𝑘 𝑁/2 𝑘

𝑁/2 𝑁 𝑌𝑁−1

2

= 𝑌𝑁+1

2

𝑌𝑁/2 𝑁/2 𝑁

𝑌𝑁/2

𝑌𝑁/2 𝑁

𝑌𝑘 = �̅�𝑁−𝑘

𝑌𝑘 = 𝑎𝑘 + 𝑖𝑏𝑘 𝑌𝑁−𝑘 = �̅�𝑘 = 𝑎𝑘 − 𝑖𝑏𝑘 𝜃 =
2𝜋

𝑁

     𝑓(𝑥) = 𝑌0 + 2 ∗ [ ∑ (𝑎𝑘 cos(𝜃𝑘𝑥) − 𝑏𝑘 sin(𝜃𝑘𝑥))

0 < 𝑘<
𝑁
2

] + 𝑌𝑁
2

cos(𝜋𝑥)   .    (5)

𝑓(𝑥)

𝑓′(𝑥)

𝑓(𝑥) 𝑓′(𝑥)

                                                              𝑃(𝑥) =
𝑓′(𝑥)

𝑓(𝑥)
                                                       (6)

𝑃(𝑥)

𝑓′(𝑥𝑛)
𝑓(𝑥𝑛+1)−𝑓(𝑥𝑛)

𝑥𝑛+1−𝑥𝑛
𝑓′(𝑥𝑛)

                          𝑓′(𝑥𝑛) ≈
𝑓(𝑥𝑛+1) − 𝑓(𝑥𝑛)

𝑥𝑛+1 − 𝑥𝑛
= 𝑓(𝑥𝑛+1) − 𝑓(𝑥𝑛)   .                         (7)

𝑥

𝑥𝑛+1 − 𝑥𝑛 = 1



 
 

                                       𝑃(𝑥𝑛) =
𝑓′(𝑥𝑛)

𝑓(𝑥𝑛)
≈

𝑓(𝑥𝑛+1) − 𝑓(𝑥𝑛)

𝑓(𝑥𝑛)
    .                               (8)

𝑃(𝑥) 𝑓′(𝑥)

𝑓′(𝑥𝑛)

𝑥𝑛 𝑛 = 0,1, … , 𝑁 − 1

 𝑓′(𝑥)

 𝑦𝑛+1 = 𝑓(𝑥𝑛) + 𝑓′(𝑥𝑛)

𝑛

 |𝑦𝑘 − 𝑓(𝑥𝑘)|

|𝑓(𝑥𝑘)| 𝑘 = 1,2, … , 𝑁 − 1

 𝜖

𝑝 𝐶𝑃𝐼𝑘

                                   𝐶𝑃𝐼𝑘+12 = 1.02 ∗ 𝐶𝑃𝐼𝑘 = (1 + 𝑝)12𝐶𝑃𝐼𝑘    .                           (9)

𝑝



 
 

                                            𝑝 = 𝑒ln(1.02)/12 − 1 ≈ 0.00165   .                                  (10)

𝑃(𝑥𝑘), 𝑃(𝑥𝑘+1), … , 𝑃(𝑥𝑘+11)

                                         𝑝 = √|𝑃(𝑥𝑘)𝑃(𝑥𝑘+1) … 𝑃(𝑥𝑘+11)|
12

    .                             (11)

𝑃(𝑥𝑖)

𝑝

≤

 

 𝑓(𝑥𝑛)

 

𝑓(𝑥)

 𝑓′(𝑥)



 
 

 

𝑃(𝑥)

 𝑃(𝑥𝑛)

~

𝑦 = 𝑥 + sin (2𝜋𝑥) [0,2]

𝑓(𝑥) = 𝑥 + sin (𝑥)



 
 

𝑓(𝑥) 

𝑡 = 1129 𝑡 = 1328



 
 

𝑌𝑘

𝑓(𝑥)

𝑓(𝑥)



 
 

𝑓(𝑥)

𝑓′(𝑥)

𝑓′(𝑥)

𝑓(𝑥) 𝑓′(𝑥)

𝑃(𝑥) =
𝑓′(𝑥)

𝑓(𝑥)

𝑓 𝑃(𝑥)

𝑝



 
 

 
𝑃(𝑥) 𝑝

𝑃(𝑥)

𝑌𝑘

𝑃(𝑥)



 
 

 
𝑃(𝑥)

𝑓(𝑥)

𝑓′(𝑥) 𝑃(𝑥) =
𝑓′(𝑥)

𝑓(𝑥)

𝑃(𝑥𝑛)

𝑥𝑛 𝑃(𝑥)

𝑃(𝑥)



 
 

𝑃(𝑥)

𝑃(𝑥)

𝑓(𝑥)

𝑃(𝑥)

𝑓(𝑥𝑛+1) ≈

𝑓(𝑥𝑛) + 𝑓′(𝑥𝑛)

𝑃(𝑥)

𝑓′(𝑥)

𝑃(𝑥)



 
 

 
 



 
 
 

9.8 9.8 9.8 9.8 9.7 9.8 9.9 9.9 10.0 10.0 10.1 10.0

10.0 9.9 9.9 9.8 9.9 9.9 10.0 10.2 10.2 10.1 10.2 10.1

10.1 10.0 9.9 10.0 10.1 10.1 10.1 10.1 10.1 10.2 10.3 10.3

10.4 10.4 10.5 10.6 10.7 10.8 10.8 10.9 11.1 11.3 11.5 11.6

11.7 12.0 12.0 12.6 12.8 13.0 12.8 13.0 13.3 13.5 13.5 13.7

14.0 14.1 14.0 14.2 14.5 14.7 15.1 15.4 15.7 16.0 16.3 16.5

16.5 16.2 16.4 16.7 16.9 16.9 17.4 17.7 17.8 18.1 18.5 18.9

19.3 19.5 19.7 20.3 20.6 20.9 20.8 20.3 20.0 19.9 19.8 19.4

19.0 18.4 18.3 18.1 17.7 17.6 17.7 17.7 17.5 17.5 17.4 17.3

16.9 16.9 16.7 16.7 16.7 16.7 16.8 16.6 16.6 16.7 16.8 16.9

16.8 16.8 16.8 16.9 16.9 17.0 17.2 17.1 17.2 17.3 17.3 17.3

17.3 17.2 17.1 17.0 17.0 17.0 17.1 17.0 17.1 17.2 17.2 17.3

17.3 17.2 17.3 17.2 17.3 17.5 17.7 17.7 17.7 17.7 18.0 17.9

17.9 17.9 17.8 17.9 17.8 17.7 17.5 17.4 17.5 17.6 17.7 17.7

17.5 17.4 17.3 17.3 17.4 17.6 17.3 17.2 17.3 17.4 17.3 17.3

17.3 17.1 17.1 17.1 17.2 17.1 17.1 17.1 17.3 17.2 17.2 17.1

17.1 17.1 17.0 16.9 17.0 17.1 17.3 17.3 17.3 17.3 17.3 17.2

17.1 17.0 16.9 17.0 16.9 16.8 16.6 16.5 16.6 16.5 16.4 16.1

15.9 15.7 15.6 15.5 15.3 15.1 15.1 15.1 15.0 14.9 14.7 14.6

14.3 14.1 14.0 13.9 13.7 13.6 13.6 13.5 13.4 13.3 13.2 13.1

12.9 12.7 12.6 12.6 12.6 12.7 13.1 13.2 13.2 13.2 13.2 13.2

13.2 13.3 13.3 13.3 13.3 13.4 13.4 13.4 13.6 13.5 13.5 13.4

13.6 13.7 13.7 13.8 13.8 13.7 13.7 13.7 13.7 13.7 13.8 13.8

13.8 13.8 13.7 13.7 13.7 13.8 13.9 14.0 14.0 14.0 14.0 14.0

14.1 14.1 14.2 14.3 14.4 14.4 14.5 14.5 14.6 14.6 14.5 14.4

14.2 14.1 14.1 14.2 14.1 14.1 14.1 14.1 14.1 14.0 14.0 14.0

14.0 13.9 13.9 13.8 13.8 13.8 13.8 13.8 14.1 14.0 14.0 14.0

13.9 14.0 14.0 14.0 14.0 14.1 14.0 14.0 14.0 14.0 14.0 14.1

14.1 14.1 14.2 14.3 14.4 14.7 14.7 14.9 15.1 15.3 15.4 15.5

15.7 15.8 16.0 16.1 16.3 16.3 16.4 16.5 16.5 16.7 16.8 16.9

16.9 16.9 17.2 17.4 17.5 17.5 17.4 17.3 17.4 17.4 17.4 17.4

17.4 17.4 17.4 17.5 17.5 17.6 17.7 17.7 17.7 17.7 17.7 17.8

17.8 17.8 17.8 17.8 17.9 18.1 18.1 18.1 18.1 18.1 18.1 18.2

18.2 18.1 18.3 18.4 18.5 18.7 19.8 20.2 20.4 20.8 21.3 21.5

21.5 21.5 21.9 21.9 21.9 22.0 22.2 22.5 23.0 23.0 23.1 23.4

23.7 23.5 23.4 23.8 23.9 24.1 24.4 24.5 24.5 24.4 24.2 24.1

24.0 23.8 23.8 23.9 23.8 23.9 23.7 23.8 23.9 23.7 23.8 23.6

23.5 23.5 23.6 23.6 23.7 23.8 24.1 24.3 24.4 24.6 24.7 25.0

25.4 25.7 25.8 25.8 25.9 25.9 25.9 25.9 26.1 26.2 26.4 26.5

26.5 26.3 26.3 26.4 26.4 26.5 26.7 26.7 26.7 26.7 26.7 26.7

26.6 26.5 26.6 26.6 26.7 26.8 26.8 26.9 26.9 27.0 26.9 26.9

26.9 26.9 26.9 26.8 26.9 26.9 26.9 26.9 26.8 26.8 26.8 26.7

26.7 26.7 26.7 26.7 26.7 26.7 26.8 26.8 26.9 26.9 26.9 26.8

26.8 26.8 26.8 26.9 27.0 27.2 27.4 27.3 27.4 27.5 27.5 27.6

27.6 27.7 27.8 27.9 28.0 28.1 28.3 28.3 28.3 28.3 28.4 28.4

28.6 28.6 28.8 28.9 28.9 28.9 29.0 28.9 28.9 28.9 29.0 28.9

29.0 28.9 28.9 29.0 29.0 29.1 29.2 29.2 29.3 29.4 29.4 29.4

29.3 29.4 29.4 29.5 29.5 29.6 29.6 29.6 29.6 29.8 29.8 29.8

29.8 29.8 29.8 29.8 29.8 29.8 30.0 29.9 30.0 30.0 30.0 30.0

30.0 30.1 30.1 30.2 30.2 30.2 30.3 30.3 30.4 30.4 30.4 30.4

30.4 30.4 30.5 30.5 30.5 30.6 30.7 30.7 30.7 30.8 30.8 30.9

30.9 30.9 30.9 30.9 30.9 31.0 31.1 31.0 31.1 31.1 31.2 31.2

31.2 31.2 31.3 31.4 31.4 31.6 31.6 31.6 31.6 31.7 31.7 31.8

31.8 32.0 32.1 32.3 32.3 32.4 32.5 32.7 32.7 32.9 32.9 32.9

32.9 32.9 33.0 33.1 33.2 33.3 33.4 33.5 33.6 33.7 33.8 33.9

34.1 34.2 34.3 34.4 34.5 34.7 34.9 35.0 35.1 35.3 35.4 35.5

35.6 35.8 36.1 36.3 36.4 36.6 36.8 37.0 37.1 37.3 37.5 37.7

37.8 38.0 38.2 38.5 38.6 38.8 39.0 39.0 39.2 39.4 39.6 39.8

39.8 39.9 40.0 40.1 40.3 40.6 40.7 40.8 40.8 40.9 40.9 41.1

41.1 41.3 41.4 41.5 41.6 41.7 41.9 42.0 42.1 42.3 42.4 42.5

42.6 42.9 43.3 43.6 43.9 44.2 44.3 45.1 45.2 45.6 45.9 46.2

46.6 47.2 47.8 48.0 48.6 49.0 49.4 50.0 50.6 51.1 51.5 51.9

52.1 52.5 52.7 52.9 53.2 53.6 54.2 54.3 54.6 54.9 55.3 55.5

55.6 55.8 55.9 56.1 56.5 56.8 57.1 57.4 57.6 57.9 58.0 58.2

58.5 59.1 59.5 60.0 60.3 60.7 61.0 61.2 61.4 61.6 61.9 62.1

62.5 62.9 63.4 63.9 64.5 65.2 65.7 66.0 66.5 67.1 67.4 67.7

68.3 69.1 69.8 70.6 71.5 72.3 73.1 73.8 74.6 75.2 75.9 76.7

77.8 78.9 80.1 81.0 81.8 82.7 82.7 83.3 84.0 84.8 85.5 86.3

87.0 87.9 88.5 89.1 89.8 90.6 91.6 92.3 93.2 93.4 93.7 94.0

94.3 94.6 94.5 94.9 95.8 97.0 97.5 97.7 97.9 98.2 98.0 97.6

97.8 97.9 97.9 98.6 99.2 99.5 99.9 100.2 100.7 101.0 101.2 101.3

101.9 102.4 102.6 103.1 103.4 103.7 104.1 104.5 105.0 105.3 105.3 105.3

105.5 106.0 106.4 106.9 107.3 107.6 107.8 108.0 108.3 108.7 109.0 109.3

109.6 109.3 108.8 108.6 108.9 109.5 109.5 109.7 110.2 110.3 110.4 110.5

111.2 111.6 112.1 112.7 113.1 113.5 113.8 114.4 115.0 115.3 115.4 115.4

115.7 116.0 116.5 117.1 117.5 118.0 118.5 119.0 119.8 120.2 120.3 120.5

121.1 121.6 122.3 123.1 123.8 124.1 124.4 124.6 125.0 125.6 125.9 126.1

127.4 128.0 128.7 128.9 129.2 129.9 130.4 131.6 132.7 133.5 133.8 133.8

134.6 134.8 135.0 135.2 135.6 136.0 136.2 136.6 137.2 137.4 137.8 137.9

138.1 138.6 139.3 139.5 139.7 140.2 140.5 140.9 141.3 141.8 142.0 141.9

142.6 143.1 143.6 144.0 144.2 144.4 144.4 144.8 145.1 145.7 145.8 145.8

146.2 146.7 147.2 147.4 147.5 148.0 148.4 149.0 149.4 149.5 149.7 149.7

150.3 150.9 151.4 151.9 152.2 152.5 152.5 152.9 153.2 153.7 153.6 153.5

154.4 154.9 155.7 156.3 156.6 156.7 157.0 157.3 157.8 158.3 158.6 158.6

159.1 159.6 160.0 160.2 160.1 160.3 160.5 160.8 161.2 161.6 161.5 161.3

161.6 161.9 162.2 162.5 162.8 163.0 163.2 163.4 163.6 164.0 164.0 163.9

164.3 164.5 165.0 166.2 166.2 166.2 166.7 167.1 167.9 168.2 168.3 168.3

168.8 169.8 171.2 171.3 171.5 172.4 172.8 172.8 173.7 174.0 174.1 174.0

175.1 175.8 176.2 176.9 177.7 178.0 177.5 177.5 178.3 177.7 177.4 176.7

177.1 177.8 178.8 179.8 179.8 179.9 180.1 180.7 181.0 181.3 181.3 180.9

181.7 183.1 184.2 183.8 183.5 183.7 183.9 184.6 185.2 185.0 184.5 184.3

185.2 186.2 187.4 188.0 189.1 189.7 189.4 189.5 189.9 190.9 191.0 190.3

190.7 191.8 193.3 194.6 194.4 194.5 195.4 196.4 198.8 199.2 197.6 196.8

198.3 198.7 199.8 201.5 202.5 202.9 203.5 203.9 202.9 201.8 201.5 201.8

202.416 203.499 205.352 206.686 207.949 208.352 208.299 207.917 208.490 208.936 210.177 210.036

211.080 211.693 213.528 214.823 216.632 218.815 219.964 219.086 218.783 216.573 212.425 210.228

211.143 212.193 212.709 213.240 213.856 215.693 215.351 215.834 215.969 216.177 216.330 215.949

216.687 216.741 217.631 218.009 218.178 217.965 218.011 218.312 218.439 218.711 218.803 219.179

220.223 221.309 223.467 224.906 225.964 225.722 225.922 226.545 226.889 226.421 226.230 225.672

226.665 227.663 229.392 230.085 229.815 229.478 229.104 230.379 231.407 231.317 230.221 229.601

230.280 232.166 232.773 232.531 232.945 233.504 233.596 233.877 234.149 233.546 233.069 233.049

233.916 234.781 236.293 237.072 237.900 238.343 238.250 237.852 238.031 237.433 236.151 234.812

233.707 234.722 236.119 236.599 237.805 238.638 238.654 238.316 237.945 237.838 237.336 236.525

236.916 237.111 238.132 239.261 240.229 241.018 240.628 240.849 241.428 241.729 241.353 241.432

242.839 243.603 243.801 244.524 244.733 244.955 244.786 245.519 246.819 246.663 246.669 246.524

247.867 248.991 249.554 250.546 251.588 251.989 252.006 252.146 252.439 252.885 252.038 251.233

251.712 252.776 254.202 255.548 256.092 256.143 256.571 256.558 256.759 257.346 257.208 256.974

257.971 258.678 258.115 256.389 256.394 257.797 259.101 259.918 260.280 260.388 260.229 260.474

261.582 263.014 264.877 267.054 269.195 271.696 273.003 273.567 274.310 276.589 277.948 278.802

281.148 283.716 287.504 289.109 292.296 296.311 296.276 296.171 296.808 298.012 297.711 296.797

299.170 300.840 301.836 303.363 304.127 305.109 305.691 307.026



 
 

% Student:    Blake R. Smith              brs146@uakron.edu  

% Advisor:    Dr. Joseph Wilder           wilder@uakron.edu 

%----------------------------------------------------------- 
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clear all; 

Section 1: CPI Data Importing 

% Reads in CPI Data from an Excel Sheet 

    CPI = readmatrix("CPI_Datasheet.xlsx","Range","Q2:Q1329"); 
 

% There are 1328 data entries (monthly, from Jan 1913 to Aug 2023) 

% t is just the plotting window, does not affect calculations 
 

% Good data (3 decimal precision) begins at index 1129; everything prior is 

% single digit decimal precision 
 

winstart = 1129; 

winend = 1328; 

t = winstart:winend; 
 

% Plot to demonstrate CPI data 

    figure(1) 

    plot(t,CPI(t)); 

    title("Consumer Price Index (CPI)") 

    ylabel("CPI") 

    xlabel("t") 

Section 2: Trigonometric Interpolant,  

% Use the function in Section 6 to calculate the interpolant 

[CPI_interp, Y] = trig_interp(CPI(t),t(1)); 
 

% Grid Plotting 

    h = 0.1; 

    plotgrid = winstart:h:winend; 



 
 

    perc = round(0.1*length(plotgrid)); 

    m = plotgrid(perc:end-perc); 
 

    plot(m,CPI_interp(m)) 

    hold on 

    plot(t,CPI(t),'.') 

    hold off 

    axis([m(1) m(end) 200 300]) 

    title("f(x) and (x_k,y_k)") 

    xlabel("t") 

    ylabel("CPI") 

    % % Note: lots of error within 10% distance of endpoints 

Section 3: First Derivative,  

% Use the Y values from Section 2 and function from 

% Section 6 to calculate f'(x) 

CPI_deriv = trig_deriv(Y,t(1)); 

    plot(m, CPI_deriv(m)) 

    title("f'(x)") 

    xlabel("t") 

    ylabel("f'(t)") 

Section 4: Percent-change function, P(x) 

perc_change = @(x) CPI_deriv(x)./CPI_interp(x); 
 

hold off 

plot(t(25:end-20),perc_change(t(25:end-20)),'-o') 

interv = length(t(25:end-20)); 

hold on 

plot(t(25:end-20),0.00165*ones(interv,1),'r--') 

plot(t(25:end-20),zeros(interv,1),'k--') 

hold off; 

title("Instantaneous Percent Change") 

xlabel("t") 

ylabel("Instantaneous % Change of CPI") 
 

 

Section 5: FFT of P(x) function 

K = fft(perc_change(t(25:end-20))); 

plot(0:length(K)-1,abs(K),'k--') 

axis([0 78 0 0.3]) 

xlabel("k") 



 
 

ylabel("|Y_k|") 

Secton 6: Function Definitions 

function [f, Y] = trig_interp(y,x0) 

% function f = trig_interp(y,x0) 

% INPUT: 

% y --> column vector of sample points 

% x0 --> the x position of the first point 

% OUTPUT: 

% f --> minimally-oscillating trigonometric interpolant 

% Y --> column vector of Fourier coefficients 

% 

% This function assumes that each y_(k+1) = y(t_k + 1) 

% i.e., evenly spaced points sampled at each unit of time 

    N = length(y); 

     

    Y = fft(y)/(N); 

     

    % Determine if N is odd or even, which decides whether to include the Nyquist 

Term 

    if mod(N,2) == 0 

        isodd = 0; 

        stopsum = (N/2); 

    else 

        isodd = 1; 

        stopsum = (N+1) / 2; 

    end 

     

    % First term of the interpolant is just Y(1)  

    f = @(x) real(Y(1)); 

     

    % The k'th term of the interpolant is 2(ac - bd) 

    % a = Re(Y(k)), b = Im(Y(k)), c = cos(2*pi*i*(k-1)), d = sin(2*pi*i*(k-1)) 

    for k=2:stopsum 

        a = real(Y(k)); 

        b = imag(Y(k)); 

         

        % Term multiplying x in the exponential 

        M = 2*pi*(k-1)/N; 

     

        % Building f via termwise iteration 

        f = @(x) f(x) + 2*(a*cos(M*(x-x0)) - b*sin(M*(x-x0))); 

    end 

     

    % Nyquist Term (N/2) is only present if N is even 

    if isodd == 0 

        f = @(x) f(x) + Y(stopsum + 1)*cos(pi*(x-x0)); 



 
 

    end 

end 
 

function g = trig_deriv(Y,x0) 

% function f = trig_deriv(Y,x0) 

% INPUT: 

% Y --> column vector of Fourier coefficients 

% x0 --> the x position of the first point 

% OUTPUT: 

% g --> f'(x) 

% Differentiation is done directly, modeling the format of the trig_interp 

% function 

% g = f'(x) = sum(-a*M*sin(M*x) - b*M*cos(M*x)) for 2<= k<= stopsum 

    N = length(Y); 

    % Determine if N is odd or even, which detects a Nyquist Term 

    if mod(N,2) == 0 

        stopsum = (N/2); 

    else 

        stopsum = (N+1) / 2; 

    end 

         

    % Initialize g(x) 

    g = @(x) 0; 
 

    for k=2:stopsum 

        a = real(Y(k)); 

        b = imag(Y(k)); 

         

        % Term multiplying x in the exponential 

        M = 2*pi*(k-1)/N; 

     

        % Building f via termwise iteration 

        % Shifted by x0 

        g = @(x) g(x) + -a*M*sin(M*(x-x0)) - b*M*cos(M*(x-x0)); 

    end 

    g = @(x) g(x)*2; 

end 
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