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1.2 Introduction to week 3
This week we will see how we can write functions using Python.

1.3 Functions
We saw last week that Python libraries like Numpy offer a large range of mathematical and other
functions. Examples include np.sin(), np.log() and np.linspace(). If we give these the required
arguments, they will return the value of the indicated mathematical function, define an array or
carry out whatever job they are designed to do.

1.3.1 Week 3 exercise 1

Print out the sine of the angle 77◦ and the natural logarithm of 17.6, and use np.linspace to
create a Numpy array that starts at 3, finishes at 7 and has 5 entries. Use the optional parameter
in np.linspace that returns the step size and check that this is one! Print the values of sin(77◦)
and loge(17.6) to a precision of two decimal places.

Hint Don’t forget to import the Numpy library, and remember also that np.sin wants its argument
to be in radians. Look up how to convert degrees to radians using Numpy!
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1.3.2 Week 3 exercise 1 answer

[11]: #<!-- Demo -->
import numpy as np
#
print(f"sin(77) = {np.sin(np.deg2rad(77)):.2f}.")
print(f"log(17.6) = {np.log(17.6):.2f}.")
print(f"np.linspace(3.0, 7.0, 4, retstep = True) = {np.linspace(3.0, 7.0, 5,␣
↪→retstep = True)}")

sin(77) = 0.97.
log(17.6) = 2.87.
np.linspace(3.0, 7.0, 4, retstep = True) = (array([3., 4., 5., 6., 7.]), 1.0)

Python allows us to create our own functions. For example, supposing we need a function to
calculate the area of a circle from its radius, we can do this as follows:

[4]: # <!-- Student -->
import numpy as np
#
def circleArea(radius):

'''
Calculate the area of a circle given its radius
'''
area = np.pi*radius**2
return area

#
r = 0.2
A = circleArea(r)
print("Radius of circle",r)
print("Area of circle",A)

Radius of circle 0.2
Area of circle 0.12566370614359174

The start of the definition of the function is indicated by the keyword def followed by the name
we have chosen for the function, circleArea. The arguments (inputs) to the function are given
in brackets and the first line closes with a colon (:). The subsequent lines of code that belong to
the function are indented, and the end of the function is indicated by the word return, followed
by the values the function returns (outputs) to the routine that called it (which is the code in the
cell below the function definition in this case). The indentation stops at the end of the function.

An aside - Python doesn’t specify how much the lines in a function have to be indented, but the
amount of indentation has to be the same for all lines. Python also doesn’t specify whether the
indentation is done using tabs or spaces (both of which are invisible!), but the same method has to
be used throughout. It is good practice to pick an amount of indentation and how you achieve it
and stick to it. In these Notebooks, I have used four spaces, which is the most common convention.

The function is called by using its name and giving it the value of the input parameter it needs. In
the case above, this is done as follows:
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A = circleArea(r)

We see that we pass the function the value r, which is given the name radius in the function.
After the function has finished its calculations, the area is returned and given the name A.

Note two things: 1. We have used the value of π given by NumPy, np.pi. This is more precise and
less prone to error (typos) than entering 3.1415926... every time π is needed. 2. The first few
lines of the function consist of a comment describing what the function does, using three quotes
to delimit the description. This kind of comment (appearing after a def line) is called a docstring
and can be picked up by Python’s documentation system and provided to users of the function
who need an explanation of what the function does. More about docstrings can be found here.
Including docstrings in your functions is a good habit to get into!

Functions can take more than one argument and can return more than one result. For example,
here is how we could calculate the area of a rectangle and the length of its perimeter, given its
width and length.

[26]: # <!-- Student -->
def rectangleParams(width, length):

'''
Return area and perimeter of rectangle given its width and length
'''
area = width*length
perimeter = 2*(width + length)
return area, perimeter

#
w = 0.2
l = 0.5
print("Width of rectangle",w)
print("Length of rectangle",l)
A, peri = rectangleParams(w, l)
print("Area of rectangle",A)
print("Perimeter of rectangle",peri)

Width of rectangle 0.2
Length of rectangle 0.5
Area of rectangle 0.1
Perimeter of rectangle 1.4

As in the function circleArea, the names used for the width and length of the rectangle can be
different inside and outside the function. (Inside, we have used width and length, outside, w and
l.) The function decides which is width and which is length using the order in which they appear
in the call to the function. If we put the arguments to a function in the wrong order, the results
will (usually) be wrong. (Of course, in the case of rectangleParams, the order doesn’t affect the
calculation of the area and the perimeter!)

The values of the variables width and length can be changed inside the function without affecting
the values of w and l outside it.

The outputs of the function can also be given different names inside and outside the function.
Again, Python decides which is which using the order in which they are given.
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1.3.3 Week 3 exercise 2

Write a function that takes the width, length and height of a rectangular prism and returns its
volume, its surface area and the total length of all of its edges. Print out the results of a test case.

1.3.4 Week 3 exercise 2 answer

[27]: # <!-- Demo -->
def rectPrismParams(w, l, h):

'''
Return volume, surface area and length of edges of rectangular prism given␣

↪→its width,
length and height
'''
V = w*l*h
A = 2*(w*l + w*h + l*h)
s = 4*(w + l + h)
return V, A, s

#
w = 0.3
l = 0.17
h = 0.25
#
V, A, s = rectPrismParams(w, l, h)
#
print("Rectangular prism width",w,"length",l,"height",h)
print("Volume",V)
print("Surface area",A)
print("Length of edges",s)

Rectangular prism width 0.3 length 0.17 height 0.25
Volume 0.012750000000000001
Surface area 0.337
Length of edges 2.88

1.3.5 Week 3 exercise 3

We have said that one of the advantages of using Numpy is that Numpy functions can take arrays
as arguments and produce arrays as answers. Show this is the case by creating an array of angles
(in degrees) starting at 0 and running up to 360 with a stepsize of one. Then use this to create
an array containing the sine of all these angles. Print out both arrays, showing only two decimal
places.

1.3.6 Week 3 exercise 3 answer

[16]: # <!-- Demo -->
#
angles_deg = np.linspace(0.0, 360.0, 361)
print(" ")
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print("angles_deg \n",angles_deg)
np.set_printoptions(precision = 2)
sines = np.sin(np.deg2rad(angles_deg))
print(" ")
print("sines \n",sines)

angles_deg
[ 0. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.
14. 15. 16. 17. 18. 19. 20. 21. 22. 23. 24. 25. 26. 27.
28. 29. 30. 31. 32. 33. 34. 35. 36. 37. 38. 39. 40. 41.
42. 43. 44. 45. 46. 47. 48. 49. 50. 51. 52. 53. 54. 55.
56. 57. 58. 59. 60. 61. 62. 63. 64. 65. 66. 67. 68. 69.
70. 71. 72. 73. 74. 75. 76. 77. 78. 79. 80. 81. 82. 83.
84. 85. 86. 87. 88. 89. 90. 91. 92. 93. 94. 95. 96. 97.
98. 99. 100. 101. 102. 103. 104. 105. 106. 107. 108. 109. 110. 111.

112. 113. 114. 115. 116. 117. 118. 119. 120. 121. 122. 123. 124. 125.
126. 127. 128. 129. 130. 131. 132. 133. 134. 135. 136. 137. 138. 139.
140. 141. 142. 143. 144. 145. 146. 147. 148. 149. 150. 151. 152. 153.
154. 155. 156. 157. 158. 159. 160. 161. 162. 163. 164. 165. 166. 167.
168. 169. 170. 171. 172. 173. 174. 175. 176. 177. 178. 179. 180. 181.
182. 183. 184. 185. 186. 187. 188. 189. 190. 191. 192. 193. 194. 195.
196. 197. 198. 199. 200. 201. 202. 203. 204. 205. 206. 207. 208. 209.
210. 211. 212. 213. 214. 215. 216. 217. 218. 219. 220. 221. 222. 223.
224. 225. 226. 227. 228. 229. 230. 231. 232. 233. 234. 235. 236. 237.
238. 239. 240. 241. 242. 243. 244. 245. 246. 247. 248. 249. 250. 251.
252. 253. 254. 255. 256. 257. 258. 259. 260. 261. 262. 263. 264. 265.
266. 267. 268. 269. 270. 271. 272. 273. 274. 275. 276. 277. 278. 279.
280. 281. 282. 283. 284. 285. 286. 287. 288. 289. 290. 291. 292. 293.
294. 295. 296. 297. 298. 299. 300. 301. 302. 303. 304. 305. 306. 307.
308. 309. 310. 311. 312. 313. 314. 315. 316. 317. 318. 319. 320. 321.
322. 323. 324. 325. 326. 327. 328. 329. 330. 331. 332. 333. 334. 335.
336. 337. 338. 339. 340. 341. 342. 343. 344. 345. 346. 347. 348. 349.
350. 351. 352. 353. 354. 355. 356. 357. 358. 359. 360.]

sines
[ 0.00e+00 1.75e-02 3.49e-02 5.23e-02 6.98e-02 8.72e-02 1.05e-01
1.22e-01 1.39e-01 1.56e-01 1.74e-01 1.91e-01 2.08e-01 2.25e-01
2.42e-01 2.59e-01 2.76e-01 2.92e-01 3.09e-01 3.26e-01 3.42e-01
3.58e-01 3.75e-01 3.91e-01 4.07e-01 4.23e-01 4.38e-01 4.54e-01
4.69e-01 4.85e-01 5.00e-01 5.15e-01 5.30e-01 5.45e-01 5.59e-01
5.74e-01 5.88e-01 6.02e-01 6.16e-01 6.29e-01 6.43e-01 6.56e-01
6.69e-01 6.82e-01 6.95e-01 7.07e-01 7.19e-01 7.31e-01 7.43e-01
7.55e-01 7.66e-01 7.77e-01 7.88e-01 7.99e-01 8.09e-01 8.19e-01
8.29e-01 8.39e-01 8.48e-01 8.57e-01 8.66e-01 8.75e-01 8.83e-01
8.91e-01 8.99e-01 9.06e-01 9.14e-01 9.21e-01 9.27e-01 9.34e-01
9.40e-01 9.46e-01 9.51e-01 9.56e-01 9.61e-01 9.66e-01 9.70e-01
9.74e-01 9.78e-01 9.82e-01 9.85e-01 9.88e-01 9.90e-01 9.93e-01
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9.95e-01 9.96e-01 9.98e-01 9.99e-01 9.99e-01 1.00e+00 1.00e+00
1.00e+00 9.99e-01 9.99e-01 9.98e-01 9.96e-01 9.95e-01 9.93e-01
9.90e-01 9.88e-01 9.85e-01 9.82e-01 9.78e-01 9.74e-01 9.70e-01
9.66e-01 9.61e-01 9.56e-01 9.51e-01 9.46e-01 9.40e-01 9.34e-01
9.27e-01 9.21e-01 9.14e-01 9.06e-01 8.99e-01 8.91e-01 8.83e-01
8.75e-01 8.66e-01 8.57e-01 8.48e-01 8.39e-01 8.29e-01 8.19e-01
8.09e-01 7.99e-01 7.88e-01 7.77e-01 7.66e-01 7.55e-01 7.43e-01
7.31e-01 7.19e-01 7.07e-01 6.95e-01 6.82e-01 6.69e-01 6.56e-01
6.43e-01 6.29e-01 6.16e-01 6.02e-01 5.88e-01 5.74e-01 5.59e-01
5.45e-01 5.30e-01 5.15e-01 5.00e-01 4.85e-01 4.69e-01 4.54e-01
4.38e-01 4.23e-01 4.07e-01 3.91e-01 3.75e-01 3.58e-01 3.42e-01
3.26e-01 3.09e-01 2.92e-01 2.76e-01 2.59e-01 2.42e-01 2.25e-01
2.08e-01 1.91e-01 1.74e-01 1.56e-01 1.39e-01 1.22e-01 1.05e-01
8.72e-02 6.98e-02 5.23e-02 3.49e-02 1.75e-02 1.22e-16 -1.75e-02

-3.49e-02 -5.23e-02 -6.98e-02 -8.72e-02 -1.05e-01 -1.22e-01 -1.39e-01
-1.56e-01 -1.74e-01 -1.91e-01 -2.08e-01 -2.25e-01 -2.42e-01 -2.59e-01
-2.76e-01 -2.92e-01 -3.09e-01 -3.26e-01 -3.42e-01 -3.58e-01 -3.75e-01
-3.91e-01 -4.07e-01 -4.23e-01 -4.38e-01 -4.54e-01 -4.69e-01 -4.85e-01
-5.00e-01 -5.15e-01 -5.30e-01 -5.45e-01 -5.59e-01 -5.74e-01 -5.88e-01
-6.02e-01 -6.16e-01 -6.29e-01 -6.43e-01 -6.56e-01 -6.69e-01 -6.82e-01
-6.95e-01 -7.07e-01 -7.19e-01 -7.31e-01 -7.43e-01 -7.55e-01 -7.66e-01
-7.77e-01 -7.88e-01 -7.99e-01 -8.09e-01 -8.19e-01 -8.29e-01 -8.39e-01
-8.48e-01 -8.57e-01 -8.66e-01 -8.75e-01 -8.83e-01 -8.91e-01 -8.99e-01
-9.06e-01 -9.14e-01 -9.21e-01 -9.27e-01 -9.34e-01 -9.40e-01 -9.46e-01
-9.51e-01 -9.56e-01 -9.61e-01 -9.66e-01 -9.70e-01 -9.74e-01 -9.78e-01
-9.82e-01 -9.85e-01 -9.88e-01 -9.90e-01 -9.93e-01 -9.95e-01 -9.96e-01
-9.98e-01 -9.99e-01 -9.99e-01 -1.00e+00 -1.00e+00 -1.00e+00 -9.99e-01
-9.99e-01 -9.98e-01 -9.96e-01 -9.95e-01 -9.93e-01 -9.90e-01 -9.88e-01
-9.85e-01 -9.82e-01 -9.78e-01 -9.74e-01 -9.70e-01 -9.66e-01 -9.61e-01
-9.56e-01 -9.51e-01 -9.46e-01 -9.40e-01 -9.34e-01 -9.27e-01 -9.21e-01
-9.14e-01 -9.06e-01 -8.99e-01 -8.91e-01 -8.83e-01 -8.75e-01 -8.66e-01
-8.57e-01 -8.48e-01 -8.39e-01 -8.29e-01 -8.19e-01 -8.09e-01 -7.99e-01
-7.88e-01 -7.77e-01 -7.66e-01 -7.55e-01 -7.43e-01 -7.31e-01 -7.19e-01
-7.07e-01 -6.95e-01 -6.82e-01 -6.69e-01 -6.56e-01 -6.43e-01 -6.29e-01
-6.16e-01 -6.02e-01 -5.88e-01 -5.74e-01 -5.59e-01 -5.45e-01 -5.30e-01
-5.15e-01 -5.00e-01 -4.85e-01 -4.69e-01 -4.54e-01 -4.38e-01 -4.23e-01
-4.07e-01 -3.91e-01 -3.75e-01 -3.58e-01 -3.42e-01 -3.26e-01 -3.09e-01
-2.92e-01 -2.76e-01 -2.59e-01 -2.42e-01 -2.25e-01 -2.08e-01 -1.91e-01
-1.74e-01 -1.56e-01 -1.39e-01 -1.22e-01 -1.05e-01 -8.72e-02 -6.98e-02
-5.23e-02 -3.49e-02 -1.75e-02 -2.45e-16]

1.3.7 Week 3 exercise 4

Now plot the the value of the sines calculated in exercise 3 as a function of the angles. Plot the
cosines of the angles in the same figure as the sines.

Hint: In the first week we saw that we could plot a line connecting the points with x coordinates
x_array and y coordinates y_array using the method
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plt.plot(x_coord, y_coord, linestyle = '-', marker = '', color = 'r', label = "Line")`

1.3.8 Week 3 exercise 4 answer

[21]: # <!-- Demo -->
#
import matplotlib.pyplot as plt
%matplotlib inline
#
cosines = np.cos(np.deg2rad(angles_deg))
#
plt.figure(figsize = (7, 5))
plt.title("Sine and cosine functions")
plt.xlabel("Angle in degrees")
plt.ylabel("Sine")
plt.plot(angles_deg, sines, linestyle = '-', marker = '', color = 'b', label =␣
↪→'sine')

plt.plot(angles_deg, cosines, linestyle = '-', marker = '', color = 'r', label␣
↪→= 'cosine')

plt.grid(color = 'g')
plt.legend()
plt.show()
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1.3.9 Week 3 exercise 5

Write a function that calculates the sum of the sine and cosine of an angle (given in degrees). Using
this function, make a plot that shows the sine, the cosine, and their sum as a function of angle.

1.3.10 Week 3 exercise 5 answer

[29]: # <!-- Demo -->
#
def sinPlusCos(theta):

total = np.sin(np.deg2rad(theta)) + np.cos(np.deg2rad(theta))
return total

#
sin_plus_cos = sinPlusCos(angles_deg)
#
plt.figure(figsize = (7, 5))
plt.title("Sine and cosine functions")
plt.xlabel("Angle in degrees")
plt.ylabel("Sine")
plt.plot(angles_deg, sines, linestyle = '-', marker = '', color = 'b', label =␣
↪→'sine')

plt.plot(angles_deg, cosines, linestyle = '-', marker = '', color = 'r', label␣
↪→= 'cosine')

plt.plot(angles_deg, sin_plus_cos, linestyle = '-', marker = '', color = 'c',␣
↪→label = 'sine + cosine')

plt.grid(color = 'g')
plt.legend()
plt.show()
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1.4 Week 3 marks

Exercise Mark Comments
1 2
2 2
3 2
4 2
5 2
Total 10
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