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Vector length

Length of a vector can be described as the length of the directed segment which determines the

numerical value of the vector. [1]

Formula for the two-dimensional vector length:
la] = Va2 + a,”

Formula for the three-dimensional vector length:
la] = Va2 + ay” +a;’

Formula for the arbitrary dimensions vector length:

lal= (X a?)'"?
i=1
Example of plane task:
Find the length of the vector a = {4, 6}
la| =V4? + 62 =16 + 36 = V52 =213
Example of spatial task:
Find the length of the vector a = {8, 6,4}
la|=V82 + 62 + 42 =64 + 36 + 16 = V116 =2V29 = 10.7703
Example of n dimensional space task:
Find the length of the vector a = {1.3,3, 1}

] =V12+32 4+ 32+ P=N1+9 +9 +1=120=2\5




Figure 1 — Completed function which calculates the length of a vector.

er your choice from the menu above: 1

Figure 2 — Result for the same vector from the online calculator.

Solution:

Calculate magnitude of a vector:

)+ 07 =47 +67~ 87 =16+ 36 + 64 = V116 = 2429 = 10.770329614269007

OnlineMSchool.com

a=vai+a

The table below displays the test schedule which confirms that the program works correctly.

Actual result shows the values from the completed vector length function, while expected

results values are provided by the online calculator from the onlinemschool.com.

Test number Vector values | Expected result Actual result Pass / Fail
1 1,2,3 3.7416 3.7416 Pass
2 4,5,6 8.7749 8.7749 Pass
3 1.5,25,35 4.5552 4.5552 Pass
4 45,55,65 0.6306 0.6306 Pass
5 8,5.6,9 13.2801 13.2801 Pass
6 12,7.7,43 453022 45.3022 Pass




Figure 3 — Vector length function.

Several steps were taken to calculate the length of a vector:

1. Get input from the user for the vector (x, y, z).
2. Calculate length of a vector by using correct formula.

3. Output vector entered and its length.




Vector normalization

Vector normalization refers to dividing every entry in a vector by its length to create a vector

of length equal to 1. [2]

Formula for the vector normalization:

ﬁ _ L - (z,y,2) _ T y 2 }
||: V422 vz tw =2 7 v tyt+z? ’ Vi +yl+z?

Example of the vector normalization:

Normalize the vectorr = {12,-3,-4}

7] = /122 + (=3)2 + (—4)?
¥ =144 + 9+ 16

7| = /169
7 =13

. (12,-3.-4)
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Figure 4 — Completed function which normalizes the vector.

Figure 5 — Result for the same vector from the online calculator.

Original vector Unit vector

‘ 6 x3 0.5345
3 3 0.26726
9 z3 0.8018

Magnitude 11.225  Magnitude 1

The table below displays the test schedule which confirms that the program works correctly.

Actual result shows the values from the completed vector normalization function, while

expected results values are provided by the online calculator from the omnicalculator.com.

Test number Vector values | Expected result Actual result Pass/ Fail

1 3,8,3 0.3313,0.8835, | 0.3313,0.8835, Pass
0.3313 0.3313

2 5,3,7 0.5488,0.3293, | 0.5488,0.3293, Pass
0.7683 0.7683

3 45,37,25 0.7098,0.5836, | 0.7098,0.5836, Pass
0.3943 0.3943

4 65,58,69 0.5849,0.5219, | 0.5849,0.5219, Pass
0.6209 0.6209

5 3,49,1 0.5144,0.8402, | 0.5144,0.8402, Pass
0.1714 0.1714

6 11.1,7,31 0.3297,0.2079, | 0.3297,0.2079, Pass
0.9209 0.9209




Figure 6 — Vector normalization function.

Several steps were taken to normalize the vector:

1. Get input from the user for vector (x, y, z).
Calculate length of a vector by using correct formula.
Output vector entered and its length.

Normalize the vector by dividing each of its values by its length.

L L P o )

Output normalized vector.




Distance between the two points

Distance between the two points can be described as the line segment that connects those

points. [3]

Formula for the distance between the two points:

2

D= V (2 — 1) + (2 — 1)

Example for the distance between the two points:

Find the distance between the point A =(-1,-2)and B = (2,-3)

d \__.r..-,:-3_|_l|',; (=3 —(-2 ]g
= V’m

VI+1 =10 = 3.16




Figure 7 — Completed function which calculates the distance between the two points.

Figure 8 — Result for the same points from the online calculator.

GEOMETRY

[:;. stance betweeh 2 Paint: :]

Coordinates (xg, yg)

[Loqgth = 76158 ]

The table below displays the test schedule which confirms that the program works correctly.

Actual result shows the values from the completed function which calculates the distance
between the two points, while expected results values are provided by the online calculator

from the ncalculators.com.

Test number Points values | Expected result Actual result Pass / Fail
] 4,3and 5,8 5.0990 5.0990 Pass
2 5,33 and6,1 2.5079 2.5079 Pass
3 12,5and 2, 3 10.198 10.198 Pass
4 44,32and 1,9 6.7230 6.7230 Pass
5 21,32 and 51,8 384187 384187 Pass
6 92.31and3,1 6.5459 6.5459 Pass




Figure 9 — Distance between the two points function.

Several steps were taken to calculate the distance between the two points:

1. Get input from the user for the point A (x, y) and the point B (x, y).
2. Calculate the distance by using correct formula.

3. Output points entered and the distance between them.




Dot product of the two vectors

Dot product can be described as scalar product which is a way to combine two vectors into one,

where the result is a scalar, rather than a vector. [4]

Formula for the dot product of the two vectors:
d.b=ab + asby + asbs

Example for the dot product:

Find the dot product for the two vectors a= {0,3,-7} andb={2,3,1}

G.b=0+9_-7=2




Figure 10 — Completed function which calculates the dot product of the two vectors.

6 radians)

Figure 11 — Result for the same vectors from the online calculator.
Calculate dot product:
a-b=a,- br_ay' by_ a, b,=2-4+4-6+6-2=8+24+12=44

The table below displays the test schedule which confirms that the program works correctly.

Actual result shows the values from the completed function which calculates the dot product
of the two vectors, while expected results values are provided by the online calculator from the

onlinemschool .com.

Test number Vectors values | Expected result Actual result Pass / Fail
1 2,5,6and 35 35 Pass
6,1,3
2 1,3,5and 18 18 Pass
2,2,2
3 42.12,1 and 1092 109.2 Pass
6,7,0
4 23,1,3 and 74 74 Pass
3,2,1
5 22,3,9and 4672 467.2 Pass
61,12,33
6 8,2.3,21 and 5243 524.3 Pass
2,11,23




Figure 12 — Dot product function.

Several steps were taken to calculate the dot product:

1. Get input from the user for the vector A (X, y,z) and the vector B (x,y, z).
Calculate the lengths of those two vectors.

Output vectors entered and their lengths.

Calculate the dot product using correct formula.

Calculate the angle between the two vectors in radians and degrees.

O Bk e

Output angle between the two vectors and the dot product.




Cross product of the two vectors

Cross product can be described as a vector perpendicular to the two given vectors which have
the length equal to the product of the lengths of the two given vectors that are multiplied by the

sine of the angle between the two vectors. [3]

Formula for the cross product of the two vectors:
a x b = |jal|||b| sin(f) n
cx = ayb; — azby

cy = azby — ayb,

CZ - axbv - aybx

Example for the cross product:

Find the cross product for the two vectors a={2,3,4} and b={5,6,7}

* Cx = ayb, — a;by = 3x7 - 4x6 = -3

6

* ¢y = aby — ayb, = 4x5 - 2x7

-3

* c; = ayby — ayby = 2x6 — 3x5

Answer:a X b = (-3,6,-3)




Figure 13 — Completed function which calculates the cross product of the two vectors.

Figure 14 — Result for the same vectors from the online calculator.

Solution:

o ik i j k

axb=| A Qy Q, |= 2 3 |=1(26-35)-5(16-34)+k(1:5-2:9)=
b, b, b, | |45 6

=4(12-15)-5(6-12)+ k(5-8)= {-3,6; -3}

OnlineMSch

The table below displays the test schedule which confirms that the program works correctly.

Actual result shows the values from the completed function which calculates the cross product
of the two vectors, while expected results values are provided by the online calculator from the

onlinemschool.com.

Test number Vectors values | Expected result Actual result Pass / Fail

1 3,1,6and -3,15,-1 -3,15,-1 Pass
4,1,3

2 1,1,2and 0,2,-1 0,2,-1 Pass
2,1,2

3 1.2,32,21 and 1,18.6,-284 1,18.6,-284 Pass
1,3,2

4 32.4,9and -19,-55,92 -19,-55,92 Pass
1,3,2

5 3.1,4, 1 and 41,-19.3,-499 | 41,-193,-499 Pass

21,11,13

6 2,53,2and -4.1,-2,94 -4.1,-2,94 Pass

2,10,3




Figure 15 — Cross product function.

Several steps were taken to calculate the cross product:

1. Get input from the user for the vector A (X, y, z) and the vector B (X, y, z).
Calculate the lengths of those two vectors.

Calculate the cross product using correct formula.

Calculate the dot product needed for the angle between the two vectors.
Calculate the angle between the two vectors in radians and degrees.
Calculate the length of the vector cross product.

Output vectors entered and their lengths.

0o o iSh A B

Output angle between the two vectors, cross product and the length of the vector cross

product.




Rotation about the y axis transformation

Rotation about the y axis transformation can be described as basic rotation about y axis of a

coordinate system. [5]
Formula for the rotation about the y axis:

» Counterclockwise rotation around y-axis

cosfi 0 sinf
R,(p) = 0 1 0
—sinfi 0 cosp

Example for the rotation about the y axis:

Rotate the point A = {3, 4} with an angle of 30 radians, anti-clockwise about the y axis

(3, 4)—(3 cos(30) - 4 5in(30), 4 cos(30) + 3 sin(30))

(3.00, 4.00)—4.41, -2.35)




Figure 16 — Completed function which rotates the point.

Figure 17 — Result for the same point and angle from the online calculator.

Input interpretation

4, 3.3)

rotation 34 radians (counterclockwise)

(0, 0)

Transformed point:

(4, 3.3)—(-5.14025, -0.683951)

The table below displays the test schedule which confirms that the program works correctly.

Actual result shows the values from the completed function which rotates the point, while

expected results values are provided by the online calculator from the wolframalpha.com.

Test number | Point values and | Expected result Actual result Pass/ Fail
angle
1 5,6and 2 -7.536,2.049 -7.536,2.049 Pass
2 2,1and 3 -2.121,-0.707 -2.121,-0.707 Pass
3 1.1,7 and 3.3 0.017,-7.085 0.017, -7.085 Pass
4 15,4 and 6 15.52,-0.350 15.52,-0.350 Pass
5 9,3and 4.6 1.971,-9.279 1.971,-9.279 Pass
6 28,3 7and5 4.342,-1.635 4.342,-1.635 Pass




Figure 18 — Rotation about the y axis transformation function.

Several steps were taken to rotate the point about the y axis:

1. Get input from the user for the point A (x, y).
Get input from the user for the angle needed for rotation.
Calculate new coordinates using correct formula.

Output point entered.

L . o

Output new point after anti-clockwise rotation about the y axis.




Mean, mode and standard deviation

Mean is the sum of all the data entries divided by the number of those entries, can be described

as average.
Mode is the data entry that occurs with the greatest frequency.
Standard Deviation measure variability and consistency of the sample population. [6]

Formula for the Mean:

Population Mean: = N

Formula for the Mode:

Mode=l+h(L)
2f,,__f1_f_‘.-

Formula for the Standard Deviation:

(x— )’

Population Standard Deviation =0 = v

Example for the Mean, Mode and Standard Deviation:

Calculate Mean, Mode and Standard Deviation for the numbers 10, 2, 38,23, 38,23, 21

Standard Deviation, 0 12298996142675  Noan 10+2438+23+38+23+21 _ 155 _ 5 14
Count, N: T ! !

Sum Ix 155

Mean, p 22 142857142857

Variance, 02 151 26530612245 Mode 38, 23, each appeared 2 times
Steps

o2 = Hx- 0P
N
- (10 22.142857142857)2 + . + (21 - 22 1428571428572

T
- 1058.8571428571

7
= 151.26530612245
o= \151.26530612245
= 12.208996142875




Figure 19 — Completed function which calculates Mean, Mode and Standard Deviation.

Figure 20 — Results for the same values from the online calculator.

Mean (Average) |7.1666666666667 Standard Deviation, o: 4.058598553962

Median 6

Count, N 6
Range 11 Sum, Ix 43
Mode All values appeared just once. :‘:;*I:‘w”? 2 :;j?gggg;f;g;;;
Geometric Mean |5.9344494969594 '
Largest 13 Steps
Smallest 2 1 N )
Sum 43 0= \TIZ‘][-M—I!]‘-
Count 6 506 - 2
2 _ !
Sorted Data Set: 2,4, 5,7,12, 13 0 =—x
_ (2 - 7.1666666666667)2 + __+ (13 - 7.1666666666667)
6
_ 98.833333333333
6
= 16 472222222222
0= 16.4722222222722

= 4058598553962

The table below displays the test schedule which confirms that the program works correctly.

Actual result shows the values from the completed functions, while expected results values are

provided by the online calculator from the calculator .net.

Test number Values Expected result Actual result Pass / Fail
1 2,2.3,5 3,2,1.224 3,2,1.224 Pass
2 3,7,8,1,1 4,1,2966 4,1,2.966 Pass
3 1,1,1,3,4.5 2.5,1,1.607 25,1, 1.607 Pass
4 12,3,12,4.5 7.2,12,3969 7.2,12,3969 Pass
5 1.2,4,16,12 2,12,1.166 2,12,1.166 Pass
6 4,6,6,44 5.1,6,0911 5.1,6,00911 Pass




Figure 21 — Mean, Mode and Standard Deviation function.




Several steps were taken to calculate Mean, Mode and Standard Deviation:

[

Get input from the user for the array size and its values.
Sort the array in the ascending order.

Output numbers entered.

Calculate the Mean using correct formula.

Calculate the Standard Deviation using correct formula.
Calculate the Mode using correct formula.

Check how many times number occurs.

Check if Mode exist and remove duplicates.

b A B o

Output Mean, Mode, Standard Deviation and Mode occurrence.




Union and intersection of the two sets

Union of the two sets is a new set that contains all of the elements of both sets.

Intersection of the two sets is a new set that contains all of the elements from the first set that

also belong to the second set. [7]

Formula for the Union:
AUB={z:z€ Aorz € B}

Formula for the Intersection:
ANB={z:zec Aandz € B}.

Example for the Union of the two sets:
Calculate Union and Intersection for the sets A = {10, 8,3,21} and B ={1,21,3,4,23,11, 5}

Result
You have entered the following sets:
A={10,8,3,21}
B={1,21,3,4,23,11,5}
The union of these sets is:

AUB={10,8,3,21,1,4,23,11,5}

Result
You have entered the following sets:
A={10,8,3,21}
B={1,21,3,4,23,11,5}
The intersection of these sets is:

ANB={3,21}




Figure 22 — Completed function which calculates Union and Intersection.

union

* intersection

* union

The table below displays the test schedule which confirms that the program works correctly.

Actual result shows the values from the completed functions, while expected results values are

provided by the online calculator from the mathsisfun.com.

Test number Values Expected result Actual result Pass/ Fail

1 2,3,4and 1,2,3,4,5,6 1,2,3,4,5,6 Pass
5,6,1,6,2 and 2 and 2

2 12,7,2,5and 1,2,3,5,7,8, 1,2,3,5,7,8, Pass
3,1,1,1,8 12 12

3 22,10,3 and 1,2,2.2,3,10 1,2,2.2,3,10 Pass
22,3,3,1,2 and 2.2,3 and 2.2, 3

4 9,9,9and 1,3,4,9 1,3,4,9 Pass
3,3,3.4,1

5 3,33,4and 1,3,33,4,12 1,3,3.3,4,12 Pass
4,4,12, 1,4 and 4 and 4

6 1,2,3 and 1,2,3,8,9 1,2,3,8,9 Pass
3,2,1,8,9 and 1,2, 3 and 1,2, 3




Figure 24 — Union and Intersection of the two sets function.




Several steps were taken to calculate Union and Intersection of the two sets:

1. Get input from the user for the arrays sizes and their values.
Sort the arrays in the ascending order.

Output numbers entered.

Merge two arrays into one.

Sort the merged array in the ascending order.

Remove duplicates from the all arrays.

Check if numbers from the first and the second array are equal.

ol A

Output Union and Intersection of the two sets.
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PAGE 1

PAGE 2

PAGE 3

, Comment 1

we use (..) brackets typically. avoid braces here.

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

PAGE 13

PAGE 14

PAGE 15

PAGE 16




PAGE 17

PAGE 18

PAGE 19

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

@ Comment2

only one instance of an element - no repeations.

PAGE 27

PAGE 28

PAGE 29

GRADING FORM: SMU GENERIC_GJ

DOMINIK KANIA

91.50

RESEARCH-INFORMED LITERATURE

(

f Excellent refs.

4.5



KNOWLEDGE AND UNDERSTANDING

(

y‘ Excellent understanding demonstrated here. See 1 8 5
comments below re set intersections. "

ANALYSIS

[

y‘ Code and test design excellent. Calculations and 1 8 5

methods demonstrated very well.

PRACTICAL APPLICATION AND DEP.

[

y‘ Excellent application - a good set of results and test 46
schedule complete. Comments appropriate. Try to
provide a description of what a function (or method,
should you use OOP) does at the beginning of the
function definition Intersections of sets should have
no repetition of elements common to both - code
appears to work here but fig 24 appears to
contradict. Unclear?.

SKILLS FOR PROFESSIONAL PRAC.

[

y"’ Excellent. good structure - try to be consistent in the 4
number of d.p. s used and use (..) brackets for
vectors (in line with the text books and conventions
adopted here).
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