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Lecture /: Recap

. Mo
Last week we looked at the various types of python errors we can get dul SNot g,
: : : } n
Code that is syntactically incorrect and therefore won't parse at all 0% AErre,
Programs that start but give a run-time error and don't complete /m@oﬁ&
Programs that run but produce incorrect results
SyntaxError
ZV@I}) £O$
We saw how to understand and debug python error messages: “Brpg @eﬁﬁ
1y
TypeError Traceback (most recent call last) o ValueError
= hon=1 t-39-21857T7667564> i
e . Traceback: how the =
11 w,1,h = , , O €
——== 12 V, A, s = rectPrismParams(w, 1, h} COde gOt to.the St = $@‘££O k@ygr
B3 ) point, with lines run = (00° Zop
14 print(f"Volume = {V:.2f}") indicated by RS g
-:ip}rthgn—inpL.H'::}E!-—ElBSf?EE?Sﬂﬂ:- in (width, length, height) O AttributeError
6 vol = width * length * height =
— 7 area = ? (width * length + width * height + length * height) 9 Zer )
8 edge = (width + length + height) o ODlVlS
\ 9 return vol, area, edge j _% éOnErrOr
Q O
T‘ﬁ:'elirrark 'int' object is not callable o . O(\F)Agg
. 2>
The error type The error message itself Xﬂdef‘ﬁ’ ,



Lecture /: Formative problem solutions

Exercise 1: Naming and comments Exercise 2: Debugging ModuleNotFoundError

Was not clear what the code does = look from Simple typo | dul - ovplov = pvplot
inside out, printing each step if needed MPIE PO I MOTLIE NaME. PypIoy = pypIo

lillS})alle Createg;array of numbers 1-10 ModuleNotFoundError: No module named
. ‘matplotlib. pyploy’

cumprod takes the cumulative product

We then take the last item of product array import matplotlibfpyplot| as plt

Hence, factorial of number!
Simply changing the name would help clarify

fig, ax = plt.subplots(figsize = (1, 1))

14
import numpy as np 0.5 1
number = 16
nFactorial = int(np.cumprod(np.linspace(1, number, number)) [number - 11) 0.0

H 1
print(f"Factorial of {number:d} = {nFactorial:d}.")

Factorial of 1@ = 3628800.

Exercise 3: Debugging NamekError

Comment(s) would help further Typo in line accessing index 1: L = |

MameError: name 'LittleArray’

import numpy as np littleArray = np.ones(3) is not defined
number = 10 lltt.LEArra'_f[E] = 2

# Perform cumulative product of array of numbers, then take the last value Little.ﬁ.rray[l] = ]

nFactorial = int(np.cumprod(np.linspace(1l, number, number))[number - 11} littleArray[2] =

print(f"Factorial of {number:d} = {nFactorial:d}.")

9 littleArray = np.ones(3)
littleArray[@] = 2
Factorial of 18 = 3628800. _ llttIEArraY[ll =1
littleArray[2] = ©

w



Lecture /: Formative problem solutions (2)

Exercise 4: Explaining SyntaxError Exercise 5: Debugging IndexError
We have used round brackets rather than We are trying to use a float as an index but
square brackets to access the list element index must be an integer (or slice etc)

PythOﬂ.SeeS round braCketS as us trylﬂg tO Ca” IndexError: only integers, slices (*:7), ellipsis ("..."), numpy.
3 fUﬂCUOn, heﬂce COmp|a|ﬂS as we Can’t g|\/e a newaxis ("None’) and integer or boolean arrays are valid indices
function a value using assignment (=)

index = 1.0 index = 1.0 index = 1
SyntaxError: cannot assign to function call littleArray({index) = 3.2 littleArray[index] = 3.2 littleArray[index] = 7.2
. . nQuadEqs = 4
EX@rClse 6 COde runs bUt aArr = np.linspace(1.8, 4.8, nQuadEqs)

produces the wrong result b,c = 2.0,-3.0

We have got the quadratic ~ fer n in range(o, nquadEqs):
' di im = -
equa‘uon formula wrong iscrim = b#*2 - 4xaArr[nlxc

assert (discrim > @), "Bumped into negative discrim ({:5.3f}), can't take sqrt!".format(discrim)

- ~ rootl = (=b + np.sqrt{discrim)}/(2+aArrin])
Should be -4ac not -3ac root2 = (=b = np.sqrtl{discrim)}/(2+aArrin])
Alvvays CheCk the resu|‘[5[ print("For a ={:.2f}, b = {:.2f} and ¢ = {:.2f}, roots are {:.2f} and {:.27}."

_ .format(aArrin]l, b, ¢, rootl, root2))
E.g. with known cases

For a =1.0@8, b = 2.80 and ¢ = -3.8@, roots are 1.80 and -3.00.
For a =2.8@, b = 2.8@ and ¢ = -3.8@, roots are 9.82 and -1.82.
For a =2.00, b = 2.88 and ¢ = -3.08, roots are 8.72 and -1.39,
For a =4.08, b = 2.80 and ¢ = -3.8@, roots are .65 and -1.15.

4



Physics calculations

» Solving physics problems requires calculations that often involve evaluating equations
* Finding the roots * Integrating e Etc
* Solving sets of equations - Differentiating

To solve these problems computationally we need to be able to deal with them in python

For some equations we are lucky enough to know the analytic form of the solution
« Even in this case, solving by hand quickly becomes time consuming
 Several dedicated programs have been developed to automate algebraic calculations
- E.g. MathWorks and even a python module SymPy, although we will not cover this in our course

For most equations this is not the case, so we need to solve them using numeric techniques
« Employing various approximate methods, such as graphical, discretisation, iteration, etc

We will look at such methods over the next few weeks Noi’: NumPy g SciPy

* Building up our python skills and solving real-world problems


https://uk.mathworks.com/help/symbolic/
https://www.sympy.org/en/index.html

Differentiation

Numerical methods may sound daunting but they are not really anything special
You have almost certainty come across them before, just not called them this

Differentiation is simply the change iny over the
change in x as the size of the x-step tends to 0
dy

dy _ . S+ AX) - f(¥)
dx  Ax=0 Ax

Can calculate a differential numerically using this
Example: differentiation of cos@

def cos_diff(theta, dtheta = 0.0881):
return (np.cos(theta + dtheta) - np.cos(theta)) / dtheta

Gets closer to the correct value the smaller d6

for s in [P.1, ©.01, 0.801, @.0001]:
print{f"Difference (step={s:5f}):", np.sin(@) - cos_diff(e, s) )

Difference (step=0.100000): @.049958347219742905
Difference (step=0.010000): @.004999958333473664
Difference (step=0.001000): @.80049999995832550833
Difference (step=~0.008100): 4.999399969612645e-05

angles = np.linspace{(®, 2*np.pi, 180)

diff = cos_diff(angles)

figure(figsize = (7, 4))

title("Differential of Cosine")
*xlabel{r"$\thetas$")
ylabel(r"$dcos\theta/d\theta$")

plot(angles, diff, color = 'b', linestyle = '-'}
show()

plt.
plt.
plt.
plt.
plt.
plt.
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Integration

We know that physically, integration is simply calculating the area under the given function

Between a given set of bounds in the discrete case ,
# Number of slices

nslices = 100

Can be calculated numerically by simply splitting

# Create array of angles and cosines Tfor each step

into a series of small slices & summing their areas angles = np.linspace(-np.pi/2, np.pi/2, nslices+1)
, : , cosines = np.cos(angles)
Each slice can be approximated by a trapezium
whose area is given by 0.5 Vi Vi) Xisq = X) # Loop over the slices to find the total area
total_area = @
fx) for i in range(nslices):
# Find coordinates of current + next point
Xo Xi X2 Xa Xa ¥l = anglES[i]
x2 = angles[i+1]
PRV SN yl = cosines[i]
¥s,Ya y2 = cosines[i+1]
& # Calculate area of slice and sum
trapezium_area = 0.5 * (yl+y2) * (x2-x1)
Yo total_area = total_area + trapezium_area

Y1
print(f"The area is {total_area:0.2f}")

The area 1s 2.08

E.g: integral of cosB from -11/2 to /2

The smaller the slices the more
. X accurate the answer (see notebook)




Solving equations

Even many seemingly simple equations cannot be solved analytically using algebraic methods

Function withy no algebraic solution

Example: consider finding the solution(s) of cos(8) -8 =0

150 +—©
Plotting the function clearly shows a solution exists \\
But it you ask programs like MathWorks or SymPy R
to solve it, they are unable to provide an answer 100 —

075

0.50 \

0.25 \

Syms X
eqn = cos(x) - x*3 ==

cos(g) — §°

eqn = cos(x) —xr =0

000

S = solveleqgn, x)

—0.2%
Warning: Unable to solve symbolically. \
—0.50

-100 -075 -050 -0325 0.00 025 050 075 100
& [deg)

Rather than just throwing our hands up, we must instead solve it using numerical methods
Which can be achieved by various methods ...



Solving equations

- Graphical approach: a naive method is to draw  * NumPy approach: store values as arrays and
a plot and simply read off the value do equivalent manipulation programmatically
« Create array of angles & corresponding values

Function withy no algebraic solution

150 L def nonalgebraici(x): angles = np.linspace(-1, 1, 100)
\ return np.cos(x) - x#*3 values = nonalgebraic(angles)
125
\ « Use array—at—a—Ume operann to see where
100 &
«M\\ values are less than O = array of True/False
o neg = values < @
q|, pr"lnt{ neg} [False False False False False False False False False False False False
= 050 False False False False False False False False False False False False
- - False False False False False False False False False False False False
= \ False False False False False False False False False False False False
False False False False False False False False False False False False
False False False False False False False False False False False False
0.25 False False False False False False False False False False False False
False False False False False False False False False True True True
True True True True]
0.00
~0.85 |\ « Convert True/False to integer (1/0) and use
025 \ np.argmax to find index of first max value
—0.50 |
T

idx = np.argmax{neg.astype(int))
-100 -075 -0.50 -025 000 025 050 075 100 _ - ,
6 [deg] print(f"Solution = {angles[idx]:.3T}")

' Solution = @.879
« More accurate the more points you have

but still relies on eyeballing the plot « Use index to find solution in array of angles


https://numpy.org/doc/stable/reference/generated/numpy.argmax.html

Solving equations (2)

terative approach: start from initial guess & step left/right if function value less/greater than O
Revaluate function and keep stepping left/right till value is O within a certain tolerance

Function withy no algebraic solution

def iter_solve(xguess, step = 0.0001, tolerance = 0.001): 150
"Function to iteratively solve cos(theta) - theta~3 = @"

nsteps = @
1400
# Loop while abs value of function is above tolerance
while abs(nonalgebraic(xguess)) > tolerance: 075
if nonalgebraic(xquess) > @: é 0.50
# If value = 8, step to right to decrease g
Xguess = xguess + step .25
elif nonalgebraic(xguess) < @:
# If value <= @8, step to left to increase 000 +— | | | . SC)thk)rT
Xguess = xguess - step
else: -0.25
# if exactly @ stop
break -0.50
—le}D —Uj?S —OjSD —0.I25 D.E]{I I}.I25 I}._éu{l- I}.:J"S 1.I:J'0
# Count number of iterations 9 [deg]
nsteps += 1 . . . CL
In fact, scipy.optimize has a sophisticated
return xguess, nsteps iterative root-finding function called fsolve
sol, nsteps = iter_solve(0.5)
print (f"Found solution = {sol:.3f} in {nsteps} iterations") from scipy.optimize import fsolve Solution:
Found solution = 0.865 in 3652 iterations sols = fsolve(nonalgebraic, @.5) @.865

print(f"Solution:\n{sols[@]:.3f}")


https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.fsolve.html

“u

Which python topic do you most struggle with and would like recapped?

Variables and basic manipulation
Lists and NumPy Arrays

Functions

Plotting

Loops

Conditionals

Input/Output

Formatting

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




 This week we have started to look at how to tackle problems that cannot be calculated analytically
* In particular: integration, differentiation and solving equations

* In doing so we introduced the concept of numerical methods
« Which are nothing more than a variety of approximations
« Such as discretization, iteration and graphical approaches

m !
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+ The notebook will give you chance to try out these methods
« While continuing to further practice your python coding

« Next week, we will see how to solve differential equations numerically
« And apply this to a real-world example, namely projectile motion taking into account air resistance
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