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LAB 1: Introduction to EXCEL 2007
1.0pening Excel

To open Excel, go to Start/Programs/Microsoft Office/Microsoft Excel

mgﬂ Bienvenue au Centre informatique de génie Welcome to the Engineering Computing Facility
. @ Accessories

@ Internet

es in B102
@ Vigwers 3 [@‘ Microsoft Office Groove 2007 - n - —
@ Internet Explorer @} Microsoft Office InfoPath 200
(b) ‘Windows Media Player @ Microsaft Office Onelate 2007 .
st @ifitee Guilsa: 2007 iilable to the students of the Faculty of
@ Corel Paint Shop Pro % 9, Microsoft Office PowerPoint 2007 ore information can be found here.
7T Corel Painter I Microsoft OFfice Publisher 2007
@ CarelDRAW Graphics Suite X3 Microsoft OFfice Waord 2007 Wireless access is available
[FT) MATLAB Wicrasoft Office Project 2007 everywhere in CBY!
Micrasoft Office visia 2007 ietwork
) Microsoft Visual Studio 2008
I Microsoft Windows SDK v&.04
@ Programming
Web Site Here is the web site for our labs
http://www.ecf.uottawa.ca.

> @ Games
@ Microsoft OFfice Live Add-in
» ) Tools
. 43 national Instruments LabvIEW 8.2.1 Any suggestion/complaints please submit them here:
) Dropbex

@) CodeSlocs email: I o» tior=1)
=

i’ |7 Autodesk

Your email is accessible from a web page:
https://web.uottawa.ca/e-mail/

Docurnents

Settings LI

(Asking a question? Please give us your email address to
Search i3 ion? SVP donnez votre courriel pour une receive an answer.

Run...

&fstart @ Introduction ko Excel.do... | 23] u &SBQ 12:57 PM

Windows XP Professional

Figure 1. Open Microsoft Office Excel 2007.

2.Simple Operations
Task 1

Set C3=1 and D3=2 and E3=C3+D3. You can select the cell instead of entering its address.
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s [ - = d [Cc
( Eg = s Bookl [Cc
Hame Insert Page Layout Formulas Data Review
Ay = "= Record Macro : # [ Properties
£ J.j Use Relative References Y i {J View Code

Visual Macros Insert Design _
Basic I\ Macro Security Mode B Run Dialog

T

Code Controls

SUM + (0 X « fe| =c3+03

=]
FIE= R R )
|

Figure 2. Addition of two cells in Excel.

If you change C3 or D3, E3 will change. For example, if we change C3 to 2, then E3 will
automatically change to 4.

3.Automatic number generation
Task 2

1. Type the numbers 1 and 3 in two separate cells.

2. Select both cells.

3. Place the pointer at the bottom right corner (the pointer will turn to a cross-shaped
figure).

4. Drag down.

| D3 - £l 1 D3 - fo| 1
A B c D E A B c D E

1 1

2 2

3 3 1

4 3 a4 3

5 5 5

6 b 7

. 7 9
Figure 3. Select two cells. = 11

9 H

Figure 4. Automatic number generation.
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4.Absolute and relative address

Excel references a cell using absolute and relative addresses.

e Relative address: does not use $ sign. When a cell is copied into another cell without
using the $ sign, the new cell uses the same formula but not the value of the old cell. See
Figure 5.

e Absolute address: uses $ sign to fix a column, a row or both a column and a row when
referencing a cell, i.e. copying a cell into another cell. See table below.

Table 1. Absolute address.

Reference Meaning
$AS$1 Both the column and the row are fixed. The exact value of cell A1 will be copied in
all cells where you paste it.
$A1 The column is fixed.
A%l The row is fixed.
Task 4Copy E3 to E4, E3=C3+D3 but E4 becomes E4=C4+D4, instead of =C3+D3 (relative
address).
| E4 -
A B C D E F

1

2

3 2 2 4

: [

5

Figure 5. Relative address.

Task 5 Set F3=$C$3+$D$3 (absolute address). If you copy F3 to F4, F4 remains the same as

F3.
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F4 - fe | =3C%3+5D%3
A B G D F G
1
2
3 2 2 a 4
a ul 4_|
5 =]

Figure 6. Absolute address.
Examples of partially absolute address are A$2 (fixing row 2) and $A2 (fixing column A).

Task 6 Generate the Multiplication Table:

To create a table in Excel using absolute and relative address, we follow the following steps:

1. Add the x and y values
2. Use partially relative addresses to create the first cell. First, we add the formula in the

first cell (C5=C$4*$B5). This way, we fix row 4 for the values of x (C$4), and column
B for the values of y ($B5) by using $ signs in front of the row/column to be fixed

. IS - I fe | =csa*$Bs
A Flel w0 | 0 [ k[ L

1

2

3 X
4 1 2 3 4 5 ] 7 8 9 10
5 1I 1 !

6 2

7 3

8 4

9 5

10 B 6

11 7

12 8

13 9

iy
=]

(absolute address). | 14

Figure 7. Creating partially absolute addresses.

3. We drag along the first row.
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Q f | =csa+sBs

#
1

2
3
4
5
i)
7

Figure 8. Dragging the formula to create a row.

4. We drag down to create the rest of the table.

3 X
i 1 2 3 4 3 7] 7 8 9 10
i 1 1 2 3 4 5 5] 7 8 9 10
6 2 4 6
i 3 i) 9
8 | 4 8
9 5
0" d s
11 7
12| 8
13 9
14| 1 10

Figure 9. Dragging the formula to create a whole table.
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4.Assigning a name to a cell

Sometimes it is useful to assign a name to cell so that every time we use that cell, we only need
to type its name without selecting it. The name cannot be a name of an existing cell such as
“Al”. However, it can be “A_1” and “X_12".

To assign a name to a cell follow the following steps:

1. Go to Formulas/Define Name/Define Name...

' I::g = . . - .
~ Home Insert Page Layout Data Review View Developer
ﬁ ¥ AutoSum + ﬁ Logical ~ (4, Lookup & Reference - § |23 Define Name|= f:ﬂ Trace Precedents @Show Fi
[ Recently Used = [[A Text - [i® Math & Trig - = Define Name... =% Trace Dependents ¥§ Error Ch
Insert . MName — .
Function f_ﬂb Financial = ﬁ Date & Time = ﬁ_] More Functions = Manage Tapt Ma & Remnve Arrows v (£ Fualuate
i i Mame cells so that you can refer to
Functi Lib {
HnIG T = them in formulas by that name. k
@ Security Warning Automatic update of links has been disabled Options... For example, you might name the
cells A20 to A40 "Expenses.” k
I B3 2 £ | 1 Names can be used in formulas to L
A B c D E E e y 1 make them easier to understand.
1 (@ Press F1 for more help.
2
3 I 1|
L
a4 2
5

Figure 10. Assigning a name to a cell.

2. Assign a name to the cell in the Name. Click OK.

jj Home Insert Page Layout Farmulas Data Review View Developer
f‘ % AutoSum ~ [P Logical [, Lookup & Reference 2= Define Mame —
L Recently Used ~ [[A Text L@ Math & Trig £~ Use in Formula =
F._[:::;:.tjn [[Z Financial [[ZF Date & Time Maore Functions Mr::?g:, B Create from Selection
Function Library Defined Mames

2]

@ Security Warning Automatic update of links has b

Marne:
I B3 - fe|1 scope:
A B c D Camment: ;I

-
=

Refers toi [ _name of a cell 4B43

oK I Cancel |

P

e = TR

Figure 11. Assigning a name to a cell.
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Task 7 c=a+b.

We assign the name “a” and “b” to two different cells in the way described above.

H IR € £ 2
A B c D E
1
2
3 1
a I 2l
5

Figure 12. Assigning a name to a cell.

Then we assign another cell “a+b”.

T
A B [}
1
2
3 1 I 3!
4 2

Figure 13. Using cell names in formulas.
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5.Using internal functions

Excel has many functions which are already defined. A list of selected useful functions is

shown below:

Table 2. Internal functions of Excel.

FUNCTION DESCRIPTION

ABS Returns the absolute value of a number

ACOS Returns the arccosine of a number

ACOSH Returns the inverse hyperbolic cosine of a number

ASIN Returns the arcsine of a number

ASINH Returns the inverse hyperbolic sine of a number

ATAN Returns the arctangent of a number

ATAN2 Returns the arctangent from x- and y-coordinates

ATANH Returns the inverse hyperbolic tangent of a number

CEILING Rounds a number to the nearest integer or to the nearest multiple of
significance

COS Returns the cosine of a number

COSH Returns the hyperbolic cosine of a number

DEGREES Converts radians to degrees

EVEN Rounds a number up to the nearest even integer

EXP Returns e raised to the power of a given number

FACT Returns the factorial of a number

LN Returns the natural logarithm of a number

LOG Returns the logarithm of a number to a specified base

LOG10 Returns the base-10 logarithm of a number

MDETERM Returns the matrix determinant of an array

MINVERSE Returns the matrix inverse of an array

MMULT Returns the matrix product of two arrays

11


http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624189990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624199990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624209990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624219990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624229990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624239990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624249990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624259990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624269990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624289990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624299990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624309990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624319990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624329990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624339990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624399990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624409990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624419990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100624429990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100698419990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
http://office.microsoft.com/client/helppreview.aspx?AssetId=HP100698429990&lcid=4105&NS=EXCEL&Version=12&CTT=5&origin=HP010079189
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PI
POWER
PRODUCT
QUOTIENT
RADIANS

RAND
RANDBETWEEN
SIN

SINH

SQRT

SUM

TAN

TANH

TRUNC

Returns the value of pi

Returns the result of a number raised to a power
Multiplies its arguments

Returns the integer portion of a division
Converts degrees to radians

Returns a random number between 0 and 1
Returns a random number between the numbers you specify
Returns the sine of the given angle

Returns the hyperbolic sine of a number
Returns a positive square root

Adds its arguments

Returns the tangent of a number

Returns the hyperbolic tangent of a number
Truncates a number to an integer

Task 8 : Type in a cell =COS(3.1415), then press the Enter key.

NOTE: In order to use any Excel function, the equal sign is needed before the name of the
function and the parameters are defined in parenthesis.

Home Insert

e eeEE )

-

Tables

(On) d 9~ F
i

Labl xls [

Page Layout Formulas Data Review

55 0P 2 gl & &

PivotTable Table Picture Clip Shapes SmartArt | Column  Line Pie

Al't - - - -
MNustrations C

| c3 - =C05(3.1415)
A B c D E F
1
2
s —

Figure 14. Using cos(x) function.
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6.Max and Sum functions
Task 9 (Using the data generated in task 2)

The goal is to calculate =MAX(D3:D9)

1. Typeina cell =MAX(

2. Select the cells (in this case D3:D9)
3. Close the parenthesis

4. Press Enter.

Table 3. Using the MAX function.

Tables
| sUmM -
A B
1
2
3 P T’;
a § 3
5 E 5;
& | 7
7 E 9;
g ! 11
9 LS
10 |=max(D3:D9|
11 [ MAX(numberl, [number2], ...] |
12

SUM is used in the same way: =SUM(D3:D9). Sum is also available at the status bar when you

select some data.

There are several other functions (see Table 2).

7.0ther internal functions

1. Select a cell.
2. Type the equal sign =
3. Press the button fx.
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4. There are many functions that you can choose from. There is a group called user defined.
5. Enter the arguments of the function or select the corresponding cells.

Task 10 : Set the cell C3=3.1415 and calculate COS(C3) in C4.

- = =
(0g) =
——/J Home Insert Page Layout Formulas Data Review View Developer

_ Shapes SmartArt m _?|£| h

PivotTahle T B Pirture . < — =
Tables Mlustrg Search for a Function:
SUM A x I | = ype a brief description of what you want to do and then click i
A B C =
1 |= ! Or seleck a category: |Mosk Recently Lsed j
7 Select a function:
3
4
5 HYPERLIMK
6 COUNT
MAX
7 SIN =l
g SuUM{number1,numberz,...)
g Adds all the numbers in a range of cells,
10
11
12
13 Help on this Function e 4 Cancel
14
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8.Simple operations

Task 11: Generate data based on f(x) = x12

1. Set E3=D3(1.2)

2. Drag down to automatically generate other numbers

(Oa) - )~ (Ea H9-wo- s
- Home Insert Page Layout Formulas Data Home Insert Page Layout Formulas Data
o— [ n
% e mll x J B B8 2 ol &
PivotTable Table || Picture Clip Shapes SmartArt || Column  Line Piucut;l'able Table || Picture 'i:rl; Shavpes SmartArt Colgmn Li:TE
Tables Illltustrations Tables Tlustrations
SUM (2 x v E|=D3%1.2) E3 - (- fe | =D37(1.2)
A B C = F A B C D E F
1 1
2 2
3 [ 1)=D3~(1.2) | 3 1 1
4 3 4 3] 3.737193
5 5 0 5 5| 6.898648
6 7 6 7] 10.33041
7 g 7 9] 13.96661
8 11 8 11] 17.76934
. 13 9 13| 21.71361
10 10 =
11 11

15
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9.Plotting
Task 12: Plot the function f(x) = x2

1. Select data generated in Task 11(both columns).
2. Go to Insert/ Scatter / Select one of the options.

:I H ) - [ B Labl.xls [Compatibility Mode] - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Developer
1 TR ke Db ENE
A s SR =R P = A5 5]
‘able Table Picture Clip  Shapes SmartArt | Column  Line Pie Ear Ared ther Hyperlink Text  Header WordAn
Art ~ “ “ “ = S arts - Box & Footer ~
Tables Illustrations Charts £ Links T
H3 - e |
A B C D E F G H 1 J K L
1 1 I !
3 3.737193
5 6.898648
7 10.23041
9 13.96661
11 17.76934
13 21.71361
25

20
10 / =—#=—5Seriesl
5 /

# | Sheetl  Sheet? . Sheetd %1 m
= [ |

Figure 15. Plot a graph in Excel.

3. You can adjust everything in the graph. See table and figures below:

Table 3. Changes to a plot.

Adjustment Path Figure
Change Place mouse on top of graph. Click on right button. Go to Change Figure
graph type Chart Type (e.g. scatter with smooth lines, scatter with straight 16

lines, bar, pie, etc).

16
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Add graph Go to Layout / Chart title/ Choose one of the options. Then double Figure
title click on the title in order to change the name. 17
Change Double click on the graph title.
graph title
Add axis title | Select Chart Area (place the mouse on top of graph) and go to Figure
Layout/Axis Title/Primary Horizontal Axis or Primary Vertical Axis 18
Change axis | Double click on the axis title.
title
Change the | Select Chart Area. Click on right button. Go to Select Data / Edit / Figure
name of Series name 19
series in Figure
Legend 20
Figure
21
Change Select Chart Area. Click on right button. Go to Select Data / Edit / Figure
values of x Series X values 19
Figure
20
Figure
21
Change Select Chart Area. Click on right button. Go to Select Data / Edit / Figure
values of y Series Y values 19
Figure
20
Figure
21
Fit the curve | Select Chart Area. Click on right button. Go to Trend/ Edit / Series Figure
Y values 22
Figure
23
Add new Select Chart Area. Click on right button. Go to Select Figure
series of Data/Add/Series name, Series X values, Series Y values. 24
values
Add data Place mouse on top of plot. Click on right button. Go to Add Data Figure
values Labels. 25

17




CVG2181 Numerical methods in Civil Engineering

zen disabled Options...
#  cut
Ea | Copy
E F G H 1 J K | [ Paste
3.36661 29 Resetto Match Style
7.76934
1.71361
—_—
i
25
21.71360948
0 / }}| 3-D Rotation...
/1?_?5933593 I# | Group
15 -'J__] Ering to Front
13.86661017
/ J___'] Send to Back
10 10.33041213 + Assign Macro...
% Format Chart Area..,
6.898648307 .
5
/‘/3.?3?192319 G E -0 A A~ &
1 -
0 T T T 1
Q 5 10 15
b ik

Figure 16. Change graph type.

-

-

ik
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¥ls [Compatibility Mode] - Microsoft Excel

rmulas Data Review View

os] ] [ | ] |

Developer Design

& Chart Floor 2
Legend Data Data Axes  Gridlines Plot _ Trend
tles = ~  labels~ Table b b Area~ [} 3-DRotation hd
None I Axes Background
Do not display a chart Title
15 by
— Centered Overlay Title
[ﬂﬁ_l Cverlay centerad Title on
— chart without resizing chart
——|| Above Chart i | ] K L
10‘ . Display Title at top of chart ‘
area and resize chart t
1
1 More Title Options... r
21.71361
F 3
5 <
ChartTitle
21.71360948
20 yal
/1?.?6933693
15
1396661017
10 1033041213
=—f=Seriesl
6.898648307
5
/‘/3_?3?192319
1
o4+ T T
0 5 10 15
Tl <t

Figure 17. Change graph title.
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Labl.xls [Compatibility Mode] - Microsoft Excel

‘ Layout Farmulas

@ [

Shapes Text
- Box
Insert

Title

date of links has been disa

Chart Tools

Developer Design

|
Data Axes  Gridlines

- -

Plot
Area~

|®| Chart Floor

Farmat
nart Wall S L
Trendline _
3-D Rotation - t

=]

% |

D

= L T

11
13

3.737193
£.898648
10.23041
13.96661
17.76934
21.71361

Figure 18. Adding axis titles.

None
Do not display an Axis Title

Title Below Axis
| 2 Display Title below Horizontal Axis and
resize chart

More Primary Horizontal Axis Title Options...

35

30

25

20

15

10

a

ChartTitle

]

/

To select the Chart
Area click on top of
the chart.

/ 21.71360948

17.76933693

/3.9555101?
‘|l’\. 3041213

6, 648307

f‘?‘. 371925819

10

d

Expon. (Seriesl)
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= N ]
5.898648
10.33041
1230051 Place the mouse on top of
17.76934 the chart 4 click
21.71361 e chart area and click on
the right button.
25
20 /” ﬁ

—f—Ser

e

) /
10

7

0 +——

Q 5

Figure 19. Select data.

Select Data Source

10 15

Chart data range: |='Plntting in Excel 140434649

Bl ke

(@:I Esmbch Row/fCalumn | I:“D?

Haorizontal (Category) Axis Lab

Series1

/N

= Edit

L I

Hidden and Empty Cells |

Figure 20. Edit a series.

& Cut

53 Copy

ik

&9 Reset to Match Style

A Font.

Assign Macro...

,§' Eormat Chart Area...

Calibri(E~ 10 ~ A" 47 - Z -

Series name:

Series X values:

|='F‘||:|I:I:ing in Excel13043: 4049

Series ¥ values:

Figure 21. Change the name of a series, X

or Y values.
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25

20 ﬁ

. d

Delete
&4 Reset to Match Style

10

i.h Change Series Chart Type...

5
/ E} select Data..

Format Trendline

el s

frendine Options | §f Trendline Options

Line Color ~ Trend/Regression Type
Line Style .l K Exponential
Shadow

=5

" Logarithmic

= fE e

Edit Series

Series name:

ISeries 3

Series X values:

E = Series 3

1 1

3.737193 4.864684 Series Y values:

|=Flotting in Excel$D§3: 3049

B =1,3579..

10.33041 16.47939
13.96661 23.66315
11 17.76934 31.59406 45

1
3
5 5.898648' 10.1511‘3!
7
9

|=Platting in Excelt§F$3:4F 59 == .

e

13 21.71361 40.18634 0 ChartTitle
35 /
30 )

v

25 I)ir
20

¥ 2171360948

== Seriesl
1776933693
sl Series 3

86661017

Expon. (Seriesl)

Axis Title

10 15

Figure 24. Adding a new series of values.
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25

21.71360848
20
Xmsgsssgs

13 Delete
£4  Reset to Match Style

13

|10

.'.h Change Series Chart Type...

£.89864830 54 Select Data..
5
3737192819
| et
0 ! Farmat Data Labels...

0 5 Format Data 5eries...

Figure 25. Add data labels.

10. Other possibilities

Inserting the filename, time and date

Changing the color of a cell

Changing orientation and font of a cell

Freezing some cells

Many other possibilities!

You can also write your own functions and subroutines.

11.Setting the number of digits
Task 13

Method 1: Use the buttons i and 4

Method 2:
e Click on the right button of the mouse

e Select Format Cells / Number to select the number of desired Decimal places. (see the
three figures below)
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- AIT - - - - - - . LNEMS T
Tables Tllustrations Charts (]
E4 - fe | =Dar(1.2)
A B C D E F G H |
1 Calibri =11 ~ A A" $ ~ % » F
2
B 7
3 1 —
i | 3| 3.7
& Cut
a3 3 6.8
& 7 10, S5 Copy
7 9 13. [ﬁ Paste
2 11 17. Paste Special...
9 13 21. Insert...
10 Delete...
11 Clear Contents
12 Filter »
13
Sort »
14
15
:
17 T -
18 Mame a Range...
13 % Hyperlink...
20 5 o

Murnber |.ﬁ.lignment I Farik I Border I Fill I F‘ru:uteu:tiu:unl

Cakteqory:
Accounting ; g
Date Decimal places:
Tirne IJse 1000 Separator ()
Percentage
Fraction Megative numbers:
Scentic T - |
Text. 1234,3210
Special -1234.3210
Custom -1234,3210

[ [

Murnber is used for general display of numbers. Currency and Accounting offer
specialized Formatting For monetary value.

(] 4 I Zancel
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You can also choose the scientific notation by selecting Format Cells / Scientific, e.g.
2.31E+08

Table 4. Scientific format of numbers.

Format Cells 7| x|
Mumber |.ﬁ.lignment| Fontk: | Border | Fill | F'ru:-teu:tiu:unl
Cakeqory:
General ;I arnple
Mumber 3.7372E+00
Currency
Accounting Decimal places: _

Drate
Time
Percentage

T TCCroTT

Scientific

Special
Cuskom

[

12.More TASKS

Task 14: Make a table z=x+y for x=1,2,...,10 and y=1,2,..,10 using partially absolute addresses.

Task 15: Create a table where x are the values from -3.1415 to 3.1415 (step size=0.1), and the
values of y are y= cos(x) without using VB. Plot it. Add a title “y= cos (x)”, the axis titles x
and y, and the legend. Now add another column with values of y=sin(x). Try to add the new
series of values to the plot without plot the graph again (Hint: See “Adding a new series of
values” in 9.Plotting ).

Task 16 (To be submitted with assignment 1): Find the root of f(x) = e ™ — x using the
graphical method up to 1 decimal digits.
Hint: Start from a large interval and then reduce the size of the interval.
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LAB 2: VBA PROGRAMMING IN EXCEL 2007

1. Visual Basic Application (VBA) for Excel

Visual Basic (VBA) is the programming language of Microsoft Excel. VBA can be used to
define functions that will be used several times.

If VBA is used in an Excel file, it needs to be saved as “Excel Macro-Enabled Workbook”
(.xIsm).

2.Enabling Macros

Excel has several levels of Macro Security that can be selected using Developer Macro Security

To enable the use of macros, go to Microsoft Office Button / Excel Options
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H ) Cu H Bookl [Compatibility Moc
l D
Recent Documents A
Mew I
1 Mumerical Modeling_Schedulel.xlsx [=1 i
~ = .
:/ Open 2 pruebal.xlsx l‘a
3 PRUEBA.xlsx [= l.imber
ix 4 Numerical Modeling_Schedule.xls = ==
Convert
5 TEST.dsx = |[F=—
H
6 TEST1.dsx f=1 ({E
H Save
7 TESTL.bxt =
— 8 TEST.bxt =
5 oy 3
Ei aveos 9 2171l =
~ Angle calculations.xls =
/ Open from Office Live » Closed traverse data.xlsx =
profile levelling.xls {=1
H Save to Office Live » hw7 dsx =
Geolabd corrected.udsx =
@ Print > Geolahd xlsx =
LAB 3 - Calculation Tables xls =
@ Prepare » Calculations lab 364 xlsx =
E Send 4
EE’ Publish 3
*
Close
:] Excel Optionsf§ | X Exit Excel ||
22

Figure 26. Go to Excel Options.

In Excel Options / Trust Center, press Trust Center Settings and then select Enable all
macros. Press OK.

Trusted Publishers

Macro Settings

Trusted Locations . . .
For macras in documents not in a trusted location:

Add-ins ™ Disable all macros without notification

. Disable all macros with notification

™ Disable 3 . igjt3 janed m

}‘"Maﬂ'ﬂ Settings "“ * Enable all macros [not recommended; potentially dangerous code can runj

Message Bar

ActiveX Settings

Developer Macro Settings

Ext | Content
Ernati-onten [~ Trust access to the VEBA project abject model

Privacy Options

Figure 27. Enable all macros.
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3.Adding the Developer Tag

The Developer Tag is a way of accessing VBA. In order to have it display in your Excel screen,
go again to Microsoft Office Button / Excel Options / Popular.

Then select the Show Developer tab in the Ribbon check box. Then press OK.

Excel Options ﬂﬂ |
Popular v P . .

[ B l L% Change the most popular options in Excel. |

Farmulas F

Proofing Top options for working with Excel P

Save ¥ Show Mini Toolbar on selection (i

Advanced e
v Show Developer tab in the Ribbon
Customize Always use Clearlype

Add-Ins Color scheme: IBIue vl

Trust Center ScreenTip style: IShowfeaturE descriptions in ScreenTips j

Resources Create lists for use in sorts and fill sequences: Edit Custom Lists... |

When creating new workbooks

Figure 28. Show Developer tab in Excel.

Now the Developer Tag will be displayed in Excel.

el ) u o ad [ ibility M - Mi
{ Eg H { Bookl [Compatibility Mode] - Microsoft Excel
Hame Insert Page Layout Formulas Data Review View
:_51 = Recard Macro |§<§1 - & Properties @ = Map Froperties :;’;]Import |-3i
=22 Use Relative References . L}'ZJ‘Jiew Code 31."_21 Expansion Packs = Fxport =
Visual Macros . Insert Design ! Source . - Document
Basic _ﬁ Macro Security - Maode # Run Dialog “§ Refresh Data Panel
Code Controls XML Maodify
| Al - f |
LA | B C D E F G H I J K
[l
Rl 2

Figure 29. Diplay of Developer Tag.

4.0pening VBA Editor

As mentioned, there are two ways of accessing the Excel VBA programming environment:

1. Alt+F11 0OR
2. Using the Developer tab / Visual Basic
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| = Labl.xls [Compatib

Insert Page Layout Formulas Data Review

Record Macro [ ;?é! % [ Properties
: E Use Relative References @ View Code
Insert Design

- Mode F Run Dialog
Controls

_[‘5 Macro Security
Code

‘*-5 Refresh Data

ty Mode] - Microsof

_?I' Map Properties Dglmport
% Expansion Packs ﬁ_flrj Export

WEA_EEAHMPLE_HachormstF s [

E

=

Sption Explizit
Tunction meckspa (5]

apr ==
apsd = apa ¢ &
Io

= 14+ apml
If y = 4 Ttan Ixit Ba
IC ¥ < 1 TIfR IH1T B0
mpa = mpal
spat = egal g2

ooy

nackmpa = mpa

Ind Faancian

Furceion nmckmpa (x]
pr = =

aprl = mpa {2
¥o

= 14+ apel
If y = 4 Ttan Ixit Da
It < 1 Then Ixit I

wpa = mpal

spal = spEl ¢
Looy
T—— T nmckmps = mps
sl Fight Todalt Faisa Ind Fusotian
Frebieuasriied | RS
[rabhsCakbion T Hus TeakFaarings 0
Krabbscstingg  Fusm Dite g ks Intager
Frebieritable | RS e m
Frabhataaction O~ rchmretam X3HeZ ¥
s Tt Maghca §
Toroldang Incd Oub
fanduticlh  EAD
[rechie: -1 - WBhesnidhie Au WKHoE (Ve ® ks Tnreper]

== =+ 10

Ind Sub

—

Propeities

Figure 31. VBA display.

5.Adding a new module

1. Position the mouse cursor in the VBA project explorer

Vin ¥ i3 dipgle. 298 08 dipgle. epal ks Bingle

Fin v @3 dipgle. e99 §a Fipgle. erai A2 Single

|

Editor

flal
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2. Use contextual menu (pressing the right button) to insert the new module

i Microsoft Yisual Basic - Labl.xls

EEiIe Edit  ¥iew Insert Format

EE-E % BB ™

Project - ¥BAProjeck

Debug PBun Tools Add-Ins  Wing

n @ W& EF Y

Sheetl {sheet1)
SheetZ {Sheetz)
3 (Shesksd

3 (5 |
.38 ThistWorkho View Code

-8 YBAProject (Num

View Object

VBAProject Properties...

Insert » =] arEorm
. | Import File... 42 Module

Export File...

cal
Properties - Sheet3 s ecule

|5heet3 Workshesk
Alphabetic |Categorized| i

Remove Sheet3...
Print...

Sheets | ¥ Dockable

DisplayPageBreak/False | ™= Hide
DisplawRight Tolef False

You can also use the main menu to insert a
new module.

6.Creating a simple function

Task 1
1. Open VBA using ALT +F11
2. Create a New Module
3. Type the following:
Function my_sum(a, b)
my_sum=a+b
End Function
Return to Excel using ALT +Q
Use your function: =my_function(D4,E4)
Save your file as Macro-Enabled (*.xlsm )

ook

=@ Microsoft ¥isual Basic - Labl.xls

© File Edit

View Format Debug Eun

Sheetz (Sheetz)
B sheets (Shest3)
@ Thistorkbook,

@ ¥BAProject (Numerical &
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2@ Microsoft ¥isual Basic - Lab1.xls - [Modulel {Code}] ( I:‘ =, R = Lablxls [Cor
% File Edit View [Inset Farmat Debug PRun  Tools Add-In: Home Insert Page Layout Formulas Data Review
- o . [ g
M-l s c@mdaoe » n o W &FS j Calibri i AL F == &
Project - YBAProjeck R — = -

] ] X I{General} Paste f (B I U~~~ A -l = = =||E = B
E = |3 = ; = )

— Function my sumia, h) Clipboard Font a ]
;ﬁ ¥BAProject {Lab1.xls) my sum = & + b | w2 ~ Q@

E| @ Microsoft Excel Objects End Function
J Sheet1 (Sheet1)
1 Sheetz (Sheetz)
BB sheet3 (Sheetd)
@ Thiswarkbook.

E| @ Mu:u:lules

Flguré 32. Addlng a function in VBA.

A B C

—C.I'I-IEWNI—‘

Figure 33. Using a VBA function.

Task 2:
Define a function: y=x”"1.1 and plot it from zero to 2. Steps:
1. ALT+F11/ Insert/ Module

2. Write the code:
Function my_function(x)
my_function=x"1.1
End Function

DS Whe C N | gU Sisl s OO0 ) T v LA TR I - = = T
Project - YBAProject B | (General)
= = |3 = - :
= Function my function(x)
= E YBAProject (Exrample.xls my function = x *~ 1.1
E| @ Microsoft Excel Objects Ena Function

Sheetl {Feuill)

Sheet? (Feuilz)

Sheetd (Feuil3)

This'Warkbook,

EI @ Madules
L2 Modulel

[]---@ ¥BAProject (Numerical ™

Figure 34. Creating a function in VB.

3. ALT+Q to go back to Excel.
4. Call the function from the first cell C3=my_function(B3).
5. Select C3 and drag down to create the column of y values.
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npoe rurn ‘a AT
| c3 - & | =my_function(B3)
A B C D
1
2 X Y
3 1] 0
1 1 1
5 2] 2.14354693
6 3| 3.348365952]
7 4 4.59479342
8 5] 5.87309472]
9 6 7.17738719
10 7| B8.50369831
11 8] 9.84915531)
12 9] 11.2115785
13 10] 12.5892341
14 11) 13.9807978
15 12] 15.3850662
16 13] 16.8010985
17 14) 18.2280764
18 15] 19.6652913
19 =

Figure 35. Calling a function from a cell.

7.Single and double precision

Task 3:

Computers can show numbers in two different ways: single or double precision. Single
precision shows or stores up to 7-8 decimals, whereas a double precision is 14-16 decimals.

Add the following functions:

Function test_s()

Dim x As Single

x =0.123456789012345
test_s=Xx

End Function

Function test_d()

Dim x As Double

X =0.123456789012345
test d=x

End Function

Now, set D4=test_s() and E4=test_d() as shown below. Increase the number of digits using

% and observe that E4 is wrong after 7 digits. This is because in the function test_s, x id
defined as single and cannot keep more than 7 digits in memory.
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g Microsoft Yisual Basic - Labl.xls - [Module2 {(Code)]
‘g8 File Edit View Inset Format Debug Run  Tools Adddns \

'H & —jlﬁéﬁ ) b ddi%@ﬁ%})\\

Project - YBAProject Ed4

I{General}
= |3

= Function test_s()
=& YBAProject (Lab1.xls) Dim x Az Single
=45 Microsoft Excel Obiects ¥ = 1.234568789012345
Sheet1 {Sheet1) test 8 = X
Sheet2 (Sheet2) End Function
Sheet3 {Sheet3)
38 Thisworkbook Function test_d{)
E@ Modules Dim ® L3 Double
i) Modulet x = 1.23456789012345
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Figure 36. Machine epsilon codes.
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Figure 37. Machine epsilon for double
precision.
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8.Machine Epsilon
Task 4:

Machine or computer epsilon (eps) is the smallest floating point number that
can be added to a floating point 1.000 that yields a result different from 1.000.
It is determined by the following type of algorithm:

Epsilon as Double precision:

Function machineeps_d()
Dim epsi As Double

epsi=1

Do

If 1 + epsi<=1 Then Exit Do
epsi=epsi/ 2

Loop

machineeps= 2 * epsi

End Function

Epsilon as a Single precision:

Function machineeps_s()
Dim epsi As Single
epsi=1
Do
If 1 + epsi<=1 Then Exit Do
epsi= epsi/ 2
Loop
machineeps_s= 2 * epsi
End Function
Find the epsilon of your machine for single and double precisions.
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o - % =
( D‘_g) lﬂ i) Labl
- Haome Insert Page Layout Formulas Data Re

Jﬂikﬂﬁﬁk)ﬂﬁﬂ

PivotTable Table Picture Clip  Shapes Smartart || Column  Line

- Art - - -
Tables NMustrations
| B3 - fe | =machineeps|)
A B C D E
1 |Machine epsilon
2 double precision single precision
3 | 2.220458-161  1.192098-07
4

Figure 38. Machine epsilon double and single precision.

9.The Parachutist Problem

Ex_g_fzwj
dt m
Analytical solution:

(1) == [1— e |

Numerical (Finite Difference) solution:

V(t,) = V(1) +| g —— (1) |- (1, — 1)

m

New value = old value + (slope x step size)

Task 5:
To calculate the analytical solution using Excel:
1. Set up a simple spreadsheet.

-

2. Enter the labels (dt, cd, m, g) and numbers (1, 12.5, 68.1, 9.81) into the

spreadsheet cells.
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3. Attach names to parameters values by selecting the cells and going to
Formulas tab / Define Name and press OK.

- - s
- Home Insert Page Layouf Data Review View Developer
ﬁ % AutoSum T ﬁ Logical = L4, Lookup & Reference - ~=) Define Mame ~ f:C'Trace Pr

[ Recently Used = [A Text - [® Math & Trig - £ Use in Formula =% Trace D
Insert - - ] MName
Function ﬁ_fb Financial ~ iff' Date & Time - ﬁj Maore Functions Manager B Create from Selection ,—;), Remove
Function Library Defined Mames
B2 - £ 1
A B & D 3l New Name 2=l
1 The par Mame:
2 |dt= Scope: j
3 |cd= : - :
arnmenk: -
4 \m= aa.1 a J
5 |g= 9.81
0
7 =
8 Refers to! [_sheetaigrge 5|
9
(o] 4 I Zancel |
10 -

11
Figure 39. Assigning a name to a cell.

NOTE: Once the names are defined, the cell name will be the assigned name
on the Excel screen.

= [r HECENTy USEQ ™ | A IexT ™ @ raatn & ong T
Insert - - ]
Fundtion @? Financial = iff' Date & Time = ﬁﬁ;] Mare Functions -

Function Library

- fe| 125

A B C D E
1 The parachute example
2 |dt= 1
3 |cd= I 12.5!
4 \m= 638.1
5 |g= 9.81
&

FiguFe 40. Display of the cell name.

4. Create the time column: D8=0, D9=D8+dt, Drag down
5. Type the analytical solution in F8 =g*m/cd*(1-exp(-cd/m*D8))
6. Drag down
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7. To find the numerical solution, we will create the v2_parachute function

in a VBA Module:

Function v2_parachute (v1, dt, g, cd, m)
v2_parachute=vl1+(g-cd/m*vl)*dt
End Function

8. Type in cell E9 =v2_ parachute (ES8, dt, g, cd, m) and then drag down.
NOTE: the y(t=0) = 0 in the numerical solution as well.

I ou-fE S A E

|Z= 5| i Merge & Center = ||| $ = % 7 || %8 ;% Conditional Format lZI Explanatory ... | (Inpu

Formatting = as Table =

Font {F] Alignment (Fi Mumber (Fi Styles
e EZ}arachute{E@,dt,g,cd,m}l
C D E F G H | i L M N
£0.00

t MNumerical Analytical

0.0000000000  0.0000000000  0.0000000000 50.00

1.0000000000) ‘3.8100000000. 8.9623181081

2.0000000000 17.8193392070 16.4217205792 40,00

3.0000000000 24.3585353878 22.6302354472

4.0000000000 29.6974385839 27.7976274756 30.00 —B—Analytical
5.0000000000 34.0563668908 32.0984854010 —4—Numerical
6.0000000000 37.6151982251 35.6781206974 20.00

7.0000000000 40.5207932646 38.6574771600

8.0000000000 42.8930558812 41.1372171883 10.00 4

9.0000000000 44.8298811600 43.2011228288

10.0000000000 46.4111951908 44.9189264872 0.00

11.0000000000 47.7022533423 46.3486069517 0.00 5.00 10.00 15.00 20.00

12.0000000000 48.7563331253 47.5386503272
13.0000000000 49.6169327719 48.5290821356
14.0000000000 50.3195662572 49.3534257250
15.0000000000 50.8932288385 50.0395328832

Figure 41. Euler function.

9. Select all three columns (t, numerical, analytical) and plot by going to

Insert / Scatter

Page Layout Formulas Data Review Wiew Developer

bal BB P B il @

PivotTable Table Picture Clip Shapes SmartArt | Column  Line Pie Ear Are
- Art - - - - - -

@ Security Warning Automatic update of links has been disabled Options..,

Tables Tlustrations Charts F]

7]

(A = 2 E <

Q@ 134 7w&
Hyperlink Text Header WordArt Signature Object Symb

Box & Footer = Line -
Links Fext

| D4 - £ |

Ifigure 42. Euler plot.
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10.Other Tasks

Task 6: Create a table where x are the values from -3.1415 to 3.1415, and the
values of y are y= cos(x) without using VB. Plot it. Add a title “y= cos (x)”, the
axis titles x and y, and the legend. Now add another column with values of
y=sin(x). Try to add the new series of values to the plot without plot the graph
again (Hint: See “Adding a new series of values” in 9.Plotting ). Note: Give
your function in VB a special name e.g. my_cos (why?).

Task 7: Define the function y= cos(x) +sin(x) using VB, and plot it from O to
3.1415.

Task 8 (To be submitted with assignment 2): Write a VBA code for the
falling parachute problem assuming that the drag force formula is now FD is
now FD=cV2. Submit a print of all your VBA procedures and a table of v
versus t using the following data: ¢ =0.125kg/s and

(. STUDENT ID-19x10° |
m=35 1+ =
\ 31%10°

S A

kg

[

where is your student number.
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LAB 3 -ERRORS AND THE TAYLOR SERIES

Task 1-True and approximate errors
Calculate the true and approximate relative errors in the (first order) Euler
method for the parachute problem in Lab 2.

Continuing from Lab 2 where you found the analytical and first order numerical
solution to the parachute problem, find the true and relative errors.

To find the true error the following equation can be used
Exact value — Approximate Value

True Error (%) = Exact Value * 100

It can also be expressed as

Analytical solution — Numerical solution

. e oy — 100
rue Error (%) Analytical solution "

The Approximate relative error is the error between each step. The Approximate
Relative Error can be expressed as

Approx Rel Error (%)

Numerical Solution ;y — Numerical Solution (1) 100
— *
Numerical Solution (;

Where i is the step number, i=1,2,3,...

Task 2- Taylor expansion: second order method for the parachute problem
The accuracy of our numerical method for the parachute problem could be
improved using the second order Taylor expansion as following:

v(t + At) = v(t) + #At + %('t)Atz

Where v’’(t) could be calculated as
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V() = g ——v(®)
" (o
v (t) = —Ev’(t)

v%o=—c(g—%wo)

m

Then inserting into the Taylor Series gets

21 | m

v(t+ At) = v(t) + At (g — %v(t)) + A—tzl— ‘ <g — %v(t))]

Calculating the Second Order Numerical Solution in VBA the following
function can be used

Function v2_parachute2nd(v1, dt, g, cd, m)
v2_parachute2nd=v1+(g-cd/m=*vl) *dt+(-cd/m*(g-cd/m=*vl))*dt"r2/2
End Function

All the variables in this function are the same as the function for the 1% order
Function in Lab 2.

Using a time step (At) of 1s calculation the True and Approximate Relative
Errors of the 2" order solution.

Next:

1. Compare the true relative error of the velocity for the first and second
order methods with At =0.1.

2. How much should one reduce At in the original (first order) code to
achieve the same precision as the new (second order) code with At =0.1?
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Changing the step size of the data can be simply done by change the value of dt
on the spreadsheet.

o

Home Insert Page Layout Formulas Data Review Wiew Developer
J\b cut Calibri lu -|A A||||= = =(®-| | SiWraep Text E
=21 Copy — =
Pa‘s'te F Format Painter ||| B I U-|[ii-|d-A-||E = =|E iE| = Merge & Center - |2
i 7] [
H9 - J | =v2_parachute({H8,dt,g,cd,m)
y | A B C D F H
1 The parachute example
2 dt= 0.1
3 cd= 12.5
4 m= 68.1
5 g= 9.81
]
7 t Analytical Mumerical 1st order
8 0.0000000000 0.0000000000 0.0000000000
9 0.1000000000 0.9720515305 0.9810000000 |
10 0.2000000000 1.9264234595 1.9439933921
11 0.3000000000 2.8634373424 2.8893106940
12 0.4000000000 3.7334088859 3.8172763567
13 0.5000000000 4.6860480550 4.7282088759
14 0.6000000000 5.5734591767 5.6224209009
15 0.7000000000 5.4441410433 6.5002193425
16 0.8000000000 7.2989870124 7.3619054779
17 0.9000000000 8.1382851061 B8.2077750543
18 1.0000000000 8.9623181081 9.0381183903

To compare the errors for the numerical 1% order and the numerical 2" order
calculate the difference between them and then

Task 3- Centered Scheme
Another possibility for the parachute problem is a centered scheme:

Therefore

dv _v(t+At) —v(t—At

dt

2At

v(t + At) = v(t — At) + (g — %v(t)) (2At)
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This method is also called the Leap Frog method. Implement this method in
your code and compare with other methods. This method is widely used in
simulations.

As you will see, this method leads to oscillatory results (e.g. for At =2 s). Note:
you cannot use this scheme for the first time step t=At because this method uses
V(t-At). You must calculate the first step using other methods. It is better to use
the second order method developed in Task 2, to be consistent in order of
accuracy since they are both 2nd order accurate.

The VBA code for the centered scheme function is as follows

Function v2_parachute_centered(vO0, v1, dt, g, cd, m)
v2_parachute_centered =v0+2* (g-cd/ m™*vl) * dt

End Function

Task 4-Taylor expansion (to be submitted with assignment 3)

Use the code in page 75 or develop your own code to calculate e How many
terms of the Taylor series are needed to calculate the value of e’ up to an
approximate relative error of &=10"%? Note that to reach such accuracy, you
need double precision variables. A sample code is also provided but you will
need to adjust it.

Sample Code:

Option Explicit

Function my_exp(x)

Dim sum As Double, sum_old As Double, term As Double
Dim i As Integer, max_terms As Integer

term=1
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max_terms = 1000
sum = term
Fori=1To max_terms
sum_old =sum
term =term * x /i
sum = sum + term
If Abs((sum - sum_old)/sum*100) < 0.00000001 Then Exit For
Next i
MsgBox " Number of terms=" & i+ 1
my_exp =sum
End Function

The Code from pg. 75 in the textbook
Option Explicit
Sub my_exp()
Dim term As Single, test As Single
Dim sum As Single, x As Single
Dim i As Integer
I=0:term=1:sum=1:test=0
Sheets("sheet1").Select
Range(*'b1").Select
x = ActiveCell.Value
Range(*"a3:c1003").ClearContents
Range("a3").Select
Do
If sum = test Then Exit Do
ActiveCell.Value = i
ActiveCell.Offset(0, 1).Select
ActiveCell.Value = term
ActiveCell.Offset(0, 1).Select
ActiveCell.Value = sum
ActiveCell.Offset(1, -2).Select
I=i+1
test = sum
term = x i / Application.WorksheetFunction.Fact(i)
sum = sum + term
Loop
ActiveCell.Offset(0, 1).Select
ActiveCell.Value = "Exact value ="
ActiveCell.Offset(0, 1).Select
ActiveCell.Value = Exp(x)
End Sub
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B3 - (> Fe | =my_exp(x)
4 A | B | ¢
1
2 = 10
Eexp[x} Mumerical= | 22(!25.455?948!

4
5 |analytical= 22026.46579348

10 Mumber of terms= 47

Task 5 (Optional) - Communications between Excel and VBA

e Message Box
0 Shows a message to the user
o Example
= Msg “Number of terms= “&i+1

Mim Excel ‘u

Mumber of termz= 47

e Selecting a Sheet:
Sheets(*'sheet1").Select
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o Selecting a Cells: (example: cell B1)
Range(“b1”).Select

o Cell B1 will be the “active cell”

e Reading the Value of an active cell:
x=ActiveCell.Value

o The Value of the Active Cell is copied in the variable x.
Or

x=Range(“b1”).Value

e Setting the Value of an Active Cell
Range(“B1”)=10
o The Value of the cell B1 Will be 10

Range(“B1”)= “Hello World”

o Hello World will Be shown on cell B1
ActiveCell.Value=10

0 The Value of the active cell will be 10
ActiveCell.VValue= “Hello World”

o Hello World will Be shown on the active cell

o Selecting Another Cell
Example:

ActiveCell.Offset(2, -3).Select

o move 2 cells in the downward direction and 3 cells to the left and
then select that cell as the active cell

Another possibility for setting the value of a cell:

Range(“B1”).Offset(2, -3)= "Hello World”

e Clearing contents of a Block of Cells
Range("A3:C10").ClearContents
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o the content of the block A3:C10 will be cleared

e Adding a button
o Write the follow subroutine in VB
Sub Hello()

MsgBox " Hello "
End Sub

0 Create a button in Excel using Developer — Insert
0 Assign the subroutine to the button by right clicking on the edge of
the button —Assign Macro

IONEERGD B SEERes v o *4

—/ Home Insert Page Layout Formulas Data Review WView Developer Add-Ins

5 v i f I Map Properties [ F
g = 3 Record Macra 5 Properties E ¢ Map Properti Cpimport :éju

{===F ==F3 8 Use Relative References : = View Code 5 Expansion Packs ) Export =
L= =
Visual Macros . Dresign . Source: ., Document
Basic _ﬁ Macro Security Maode # Run Dialog j Refresh Data Panel
Code Form Controls | Controls XML Maodify
Al (B =

2 Aa @ ab| 5 BB
%Button [Form ContmﬂJ - & e _1 E | F | G | H ! | 1 1 K
- ActiveX Controls
: ]

= BB g
AeoA@a2R

e e |
VBB (e e~ o v s WM e
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Assign Macro l ? &J
& | Cut Macro name:
| paste -
Edit Text
Grouping 3
Order ]
Assign Macro...
% Format Control...
Macros in: | All Open Workbooks IZ|
Description
QK ] ’ Cancel

e Yes-No Conditions
0 You can use a message box as following

Sub yesno()
Dim Example As Integer
MSG1 = MsgBox("aaaa", vbYesNo, "bbbb?")
If MSG1 = vbYes Then
MsgBox "Hello"
Else
MsgBox "Bye"
End If
End Sub

[ bbbb? o |

ddaa

0 You can run a subroutine from the Run tab or by simply pressing
F5
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LAB 4: Introduction to MATLAB

Start by familiarizing yourself with MATLAB by reading the following sections and
doing the simple examples in MATLAB. Then, apply your new knowledge to solve the
problems at the end of this handout.

The textbook also contains MATLAB relevant material in page 296-299, 903-910, 179-
183

TASK1: Important symbols used in MATLAB

1) The square bracket [ ]
- Used to build vectors and matrices. Ex: A=[123;456;7 8 8]

2) The parentheses ()
- Used to indicate functions. Ex: B = sin(A)
- Used to extract elements. Ex: b = A(1,2) for matrices
- Used to redefine elements. Ex: A(1,2) =-5

3) The semicolon ;
- Used to separate the rows of a matrix. Ex: A=[12; 34]
- Used to place submatrices under one another. Ex: C = [A ; B]
- Used to suppress printing. Ex: A=1[12 3 4];

4) The comma,
- Used to place matrix blocks side by side. Ex: B = [vecl,vec?2]
- Used to extract elements of a matrix. Ex: a = C(2,3)
- Used to separate functions on a line. Ex: a = 1, B = log(3)

5) The colon :
- Used to define series. Ex: -1 to 2 by steps of 0.5: z=-1:0.5:2
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Ex: 5to 1 in decreasing steps of 1: y =5:-1:1

6) The percent sign %
- Used to add comments

TASK2: Relevant commands in MATLAB

Clc Clears the screen

Clear Clears all variables

Clear x,y Clears only variables x and y

Whos Lists all variables currently in the memory
Format Defines the number of decimal places in the output

Long = 14-15, short = 4, short e = 4 decimal places in
scientific notation, long e = 14-15 decimal places in

scientific notation

TASK3: Saving your work in MATLAB

The first step that should be taken when opening MATLAB is to set your path. This is
done by going in menu File, selecting set path, selecting add folder and choosing the
appropriate folder.

One convenient way of saving your work is by using diaries. This .dia file will contain
the commands and output of the session. To open a diary type for example

diary testl.dia
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To toggle the diary type diary off or diary on. Consider the following example:

>> diary testl.dia

>>A=[12;34]

1.0000 2.0000
3.0000 4.0000

>> det_A = det(A)

det A=

>> diary off

If this diary was now opened again, the new commands and output created thereafter
would be stored at the end of the diary. Diaries are useful as they can be edited and/or
printed using a text editor such as Notepad. Open testl.dia in Notepad and observe the
result.

It is also possible to save variables in .mat files. You can either save all currently active
variables or only certain variables in the .mat file. The command save operat saves all

University of Ottawa Department of Civil Engineering
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active variables in a file called operat.mat whereas the command save myfile Al, a
only saves variables Al and a also in a file called myfile.mat. To reload variables saved
in a mat file the command load myfile may be used. Note: myfile is not part of the
command. It is simply the name given to the file in this example. Here’s an example

>> clear clears all variables in the memory (important to avoid
problems)

>>d=3

>>p=2

>> save myfile b

>> clear

>> whos % lists all variables in the memory
>> load myfile

>> whos

University of Ottawa Department of Civil Engineering
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TASK4: Matrix operations in MATLAB

1) Defining a matrix 2) Transpose of a matrix
>>A=[123;456;788] For the matrix A defined in 1)
creates the matrix 1 2 3 >> A’

4 5 6 or

7 8 8 >>B=A’

createsthe matrix 1 4 7
2 5 8
3 6 8

3) Matrix addition and subtraction + -4) Matrix multiplication and division * /

>>S=A+B >S=A-B >>A*B >>A/B
2 6 10 0 -2 -4 14 32 47 -0.3333 0.6667
0

6 10 14 2 0 -2 32 77 116 -3.3333 3.6667
-0.0000

10 14 16 4 2 0 47 116 177 -5.3333 4.6667
1.0000

Equivalent to [B][A]*

5) Matrix left division \ 6) Exponentiation »
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>>A\B >> AN2
-0.3333 -3.3333 -5.3333 30 36 39
0.6667 3.6667 4.6667 66 81 90
0 -0.0000 1.0000 95 118 133
Equivalent to [A]* [B] Equivalent to [A][A]

7) Element by element multiplication .* and division ./ and exponentiation .

>D=A.*B >D=A./B >D=AN
2
1 8 21 1.0000 0.5000 0.4286 1 4 9
8 25 48 2.0000 1.0000 0.7500 16 25 36
21 48 64 2.3333 1.3333 1.0000 49 64 64

8) Defining an identity matrix eye(size)  9) Matrix of ones ones(rows,
columns)

>> W = eye(3) >> R = 0nes(3,5)
1 0 O 1 1 1 1 1
0O 1 O 1 1 1 1 1
0O 0 1 1 1 1 1 1

10) Matrix of zeros zeros(rows, columns) 11) Inverse of a matrix inv(A)
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>> R = zeros(3,5) >>D =inv(A)
0 0 0 O -2.6667 2.6667 -1.0000
0 0 0 O 3.3333 -4.3333 2.0000
0 0 0 O -1.0000 2.0000 -1.0000

11) Determinant of a matrix det(A)

>> det(A)

12) Extracting the diagonal elements of a matrix diag(A), above diag(A,1), and
below diag(A,-1)

>> diag(A) 1 >> diag(A,1) 2 >> diag(A,-1) 4
5 6 8
8

13) Rounding the answer

>> 7 = [-5.6000 5.6000]
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round(z) - matrix of values rounded to the nearest integer
round(z)

floor(z) - matrix of values rounded towards -co

ceil(z) - matrix of values rounded towards +oo

fix(z) - matrix of values rounded towards 0

14) Extracting a submartix

>> pb=a(2:4,3:5)

>>

-6 6

>> floor(z2)
-6 5

>> ceil(z2)
-5 6

>> fix(2)

-5 5

Extracts a submatix (rows 2 to 4, columns 3 to 5) and stores it in another

matrix b.

TASKS: Solving Linear Equations

There are three different ways to solve a system of linear equations such as the

following:

2X—1y+1z=2
Ix+1ly-1z=7
Ix+1ly+2z2=4

The resulting matrix can be entered in MATLAB as follows:
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1. By left dividing A by B (X = A\B which is equivalent to {x}=[A]*{B}):
>>A=[2-11;11-1;11 2]; B=[2;7;4];

>> X=A\B

2. By using the inverse of A:
>> X=inv(A) * B

3
3

3. Using LU (Dolittle) Decomposition
>> [L,U] = lu(A)

returns an upper triangular matrix in U and a permuted lower triangular matrix in L.

L= U=
1.0000 0 0 2.0000 -1.0000
1.0000
0.5000 1.0000 0 0 1.5000
-1.5000
0.5000 1.0000 1.0000 0 0
3.0000
Since L*D=B,D=L\B SinceU*X =D, X=U\D
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>>D=L\B >>X=U\D
D= X =
2 3
6 3
-3 -1

TASK 6: Polynomials

Certain MATLAB functions allow you to operate on arrays as if their entries were
coefficients of roots of polynomial equations. For example, for the polynomial x* + x* +
X+ 1=0, enter:

>>c=[1111]; >> poly(r)
>> r = roots(c) 1.0000 1.0000 1.0000 1.0000
-1.0000 returns the coefficients of the
polynomial
-0.0000 + 1.0000i >> polyval(c, 1.32)
-0.0000 - 1.0000i 6.3624

Two polynomials can also be multiplied symbolically with the convolution function
conv, to yield the coefficients of the product polynomial. For instance (declaring a
second polynomial 2x° - 0.4x - 1) :

>>d=[2-04-11];

>> cd = conv(c,d)
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cd= 2.0000 1.6000 0.6000 0.6000 -1.4000 -1.0000

Another way to locate the roots of polynomials is to use the fzero function of
MATLAB.

fzero(f,x0,options)

Note: to define the function f in terms of x you can use @(x) followed by the function
as explained below:

Defining Functions

Functions are program routines, usually implemented in m-files. We will see them later.
For now, we will use an easy way of defining functions using @ sign.

The @ operator creates a function handle, something that allows you to easily create
and pass around a function call like a variable. A function handle is a MATLAB value
that provides a means of calling a function indirectly.

Example: Constructing a simple Function

The statement below creates an anonymous function that finds the square of a number.
When you call this function, MATLAB assigns the value you pass in to variable x, and
then uses x in the equation x.*2:

sgr = @(X) x.°2;

To execute the sgr function defined above, type
a =sqr(5)
a=
25
Because sqr is a function, you can pass it in an argument list to other functions.
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The “.” operator

7 is used to perform element-by-element Arithmetic operations of vectors or matrices.
Forexample if x =[12 3] andy =[2 3 4] then x.*y =[2 6 12]

In the same way, “~” is used for Matrix power, however, “. is for Array power, etc.
Note that when x and y are both scalar, there is no need to include “.” Operator.

Example: find the root of x*3-5*x+1=0 in the range x=-3 to x= -3.

>>x0=[-3 -2];

>> x=fzero(@(x) x"3-5*x+1, x0)

-2.3301

Example: Now find the root x*3-5*x+1=0 in the range x=-1 to x=1.

>> x0=[-1 1];

>> x=fzero(@(x) x"3-5*x+1, x0)

0.2016
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Example: Alternative way: Find the root of x*3-5*x+1=0 from a guess x=3.

>> x0=3;

>> x=fzero(@(x) x"3-5*x+1, x0)

2.1284

We will see the plotting in Maple later. But for now, try the following:
>> x=-3:0.1:3;
>> y=X."3-5*x+1,

>> plot(x,y)

(note at the point in x.*3, for a member by member exponentiation.)
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15

15 1 1 1 1
-3 -2 -1 0 1 2 3

TASK 7: Problems to be included in assignment 4

1. (a) Solve this system of equations.

X, +3X, —-2X; +4Xx, +7X =4
-3X, +2X, +X; +3X, +5x, =2
ox,  +11x, +2x, +3x, +1x, =1
X, +2X, +4%X; -2X, +2X% =5
3% 45X, +7X +X, +7x =3

(b Change the coefficient of x; in the fifth to 6 (without retyping the whole matrix
or using the up arrow to change the coefficient). This can be done by
A(row#,column#) = new_value. Find the new solution of the system of equations.

(c) Calculate the determinant of the coefficient matrix and its inverse.
(d) Decompose the matrix to LU form
(e) Calculate the Euclidian and infinite row condition numbers
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Note: ¢ = cond(X,p) returns the matrix condition number in p-norm by calculating

norm(X,p) * norm(inv(X),p)

If pis... Then cond(X,p) returns the...

1 1-norm condition number
2 2-norm condition number (the Euclidian norm)
inf Infinity norm condition number

2. Find the roots of the following functions Using MATLAB

f(x)=x>—3x"+2x°*—4x*-5x+2=0

f(x)=x>+e*=0
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LAB 5- NON-LINEAR EQUATIONS WITH EXCEL

Task 1- Goal Seek
Solve the following equation using goal seek.

f(x) = sin(x) + 5 — x?
Goal seek is found in the data tab under the What-if Analysis then Goal Seek

Type your function into a cell and it argument in the next cell.

. : =

M\ A 9D - N

oa) . .
- Home Insert Page Layout Formulas Data Review View Develope
E4 - fe | =SIN(E4)+5-E4%S

A | B c | o | e | _F G H

[ [ &~ ]~

Goal seek can be found under the Data tab then what if Analysis then Goal Seek.

Bookl - Microsoft Excel

35 Data Reviaw View Develaper Add-Ins Acrobat
~, [31] Connedtions | . {< Clear =] P o 4 || L= @rs)
ﬂ l‘“'] % l E ]_]7' - = E”E —0| J‘E :ﬂ!; J:E d
= [ Properties - » Reapply — * & 5 1
‘resh I il Sort Filter \.,' Textto  Remowve Data Consolidate | What-If Group Ungroup St
1~ ‘== Edit Links . Advanced || Columns Duplicates Validation = Analysis = - -
Connections Sort & Filter Data Tools Scenario Manager.., i
+5-E5M5 Goal Seek... B
E Fe 6 | H YV U F— i M Data Table...
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Launch Goal Seek with a target value of 0.

A B L D E F G H

1
2
3
-
II I 1 4.8414?1.
5
6
7
s Goal Seck (o ==
3 __
10 Set cell: F4 2.5
11 To value: 0
12 By changing cell: | E54| %
13
14 oK | | Cancel |

Task 2 - Solver
Solve the following equation using goal seek.

f(x) =sin(x) + 5 — x?

In order to use Solver you have to add it to Excel. This can be done by following these
steps.
1. Go to the excel drop down menu and select excel options
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Recent Documents
HNew
1 Time Sheet =
] i =
Vi Open 2 exp_simple
o 3 parachute =
| I 4 1pt5_test =
Save
5 1pt0_test [=l
= 6 1pts_test [=l
H Save As b
7 14ptD_test =
8 1ptD_test =
@ Bint % ' g gpis test =
Opt5_test [=l
'
/f_ Prepare  » Task 4-Moody diagram {=1
Closed Traverse [=1
Q Send L4 Earthwork =
Pipe Flow Headloss =
. 7 Publish » Information F =
L/ FPublis nformation Form
Pipe Flow Headloss =
" Close Compaction =

3] Excel Options W X Exit Excel

2. The option will open and then on the left side select Add-ins.
3. At the bottom of the Add-ins page select Go.
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Excel Options
Popular - b . .
¢y View and manage Microsoft Office add-ins.
Formulas
Proofing Add-ins
Save Mame Location Type |~
Advanced Active Application Add-ins
ABBYY FineReader 9 MSExcel COM Add-In C\...s\ABBYY FineReader 9.0'FRIntegration.dll COM Add-in
Customize Acrobat PDFMaker Office COM Addin Ch. OWPDFMaken Office\PDFMOfficeAddin.dll COM Add-in
Google Desktop Office Addin Ch..Desktop Search\GoogleDesktopOffice.dll COM Add-in
~addns - Send to Bluetooth C\Windows\System32\btsendto_office.dll COM Add-in
Trust Center Inactive Application Add-ins
Analysis ToolPak analys32.xll Excel Add-in
Resources Analysis ToolPak - VBA atpvbaen.xlam Excel Add-in L
Conditional Sum Wizard sumif.xlam Excel Add-in T
Custom XML Data Ches\Microsoft Office\Officel Z0OFFRHD.DLL  Document Inspector
Date [Smart tag lists) Chiles\microsoft shared\Smart Tag\MOFL.DLL ~ Smart Tag
Euro Currency Tools eurotool.xlam Excel Add-in
Financial Symbol (Smart tag lists) Chiles\microsoft shared\Smart Tag\MOFL.DLL ~ Smart Tag
Headers and Footers C s\Microsoft Office\Officel ZOFFRHD.DLL  Document Inspector
Hidden Rows and Columns C s\Microsoft Office\Officel ZOFFRHD.DLL  Document Inspector
Hidden Warksheets Ches\Microsoft Office\Officel Z0OFFRHD.DLL  Document Inspector
Internat Assistant VBA Chrosoft Office’\Officel 2\Libran\HTMLXLAM  Excel Add-in i
Invisible Content Ches\Microsoft Office\Officel Z0OFFRHD.DLL  Document Inspector
Lookup Wizard lookup.xlam Excel Add-in
Person Mame [Outlook e-mail recipients) Ch.es\microsoft shared\Smart Tag\FNAME.DLL ~ Smart Tag
Solver Add-in solver.xlam Excel Add-in
Add-in: Solver Add-in
Publisher:
Location: solverxlam
Description: Tool for optimization and equation solving
Manage: | Excel Add-ins
[ ok ][ concel

Add-Ins available:

|| Analysis ToolPak

| Solver Add-n

|| Analysis ToolPak - VEA
|| conditional Sum Wizard Cancel
[ Euro Currency Tools
|| Internet Assistant VBA

B -
|| Lookup Wizard s

Automation...

Solver Add-n

Tool for optimization and equation solving

3
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The Solver button will appear in the Data tab

Data Review View Developer Add-Ins Acrobat @J = e K

= &= B |

|| Connections || Detail _'g Data Analysis

3 [7) | o e 2
v |4 = Iy
es b 4% Reapply = T = "2 Dy Salver
1 R ﬁl Sart Filter Y Textto Remove Data Consaolidate What-If Group Ungroup Subtotal
== Edit Links & Advanced || columns Duplicates Validation = Analysis = i i
Connedions Sort & Filter Data Tools Qutline ] Analysis
1

Solver is similar to Goal seek, you can minimize or maximize the function with some
constrains. Your function in solver could have multiple variables. The options button
allows you to adjust the parameters variables.

.'frE!z;\:'- | s Bookl - Microsoft Excel
- _‘?J;/ Home Insert Page Layout Formulas Data Review Wiew Developer Add-Ins Acrobat
Fa - fx | =SIN(E4)+5-E4"5
A | B c | o | e | F G H I J K

1E 4.8414?1]!

Sobver Parameters

Set Target Cell: Solve
Equal To: O Max () Min @ Valueof: |0
By Changing Cells:

34
Subject to the Constraints:

|| [ [

Also in solver you can add a constraint.
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4 1.4305' -2.3E-D?.I
5
6
7 Solver Parameters (3]
] Set Target Cell: \EI
9 Equal To: Max (@ Min Value of: 0

2 = - Close
10 By Changing Cells: \—/
11 SES4 E Guess
12 . i

Subject to the Constraints: .
P ;E; : Options
L=
14 | add |
15 Change
Reset all

= i
17 Help
18

Task 3 - Bisection Method
Write a VBA program for the bisection method and use it to solve

fo) = e —x

Use the starting points 0 and 1, and plot the function from 0 to 1.

Sample Code:
Function Bisection(x1, X2, maxit, eps)

fx1 = my_function(x1)
fx2 = my_function(x2)

For i =1 To maxit

x3=(Xx1+x2)/2
fx3 = my_function(x3)

If (fx3 * X1 < 0) Then

X2 =x3

Else

x1 =x3

End If

If (Abs((x2 - x1) / x1) < eps) Then Exit For
Next i

Bisection = x3
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MsgBox "Number of iterations (BSM) =" & i
End Function

Separately define the function for the equation
Function my_function(x)

my_function = Exp(-X) - X
End Function

| D9 | £ |
A A B £ D E F G
1
2
3 root EXP(-x)-x
4 0.56714329 0.000000000000000000000  found using solver
5
6 x1 x2 Maximum number of iterations Tolerance Root using VBA
7 ] 1 1000 1.0000000000E-08 0.567143287509679
8
9 | |
10 X fix)
1 0 1 e Exp(-x)-x
12 0.1 0.804837418 1
13 0.2 0.618730753 08
14 0.3 0440818221 06 \
15 0.4 0.270320046 \
16 0.5 0.10653066 04 \
17 0.6 -0.051188364 0.2 —#—Seriesl
18 0.7 -0.203414696 0 . . \ . . :
19 0.8 -0.350671036 02 02 0s ?6\. 0B N 12
20 0.9 -0.49343034 \
21 1 -0.632120559 0.4 \
i; 0.6 -
0.8
24

25
W4 > M [ Sheetl | Sheet2 .~ Sheet3 .71 !

Task 4 - The Colebrook-white equation and the Moody diagram

Develop a Visual Basic Application Program for the bisection method and use it to
provide the solution to the equation for the selected values of Re and /D

£
p , 251
3.7 Rex.[f

1
— = —-2.0x*logq

\/7

You can use X;=1.00E-08 and x,=1.00E-01 as starting points.
A sample program is provided.

Function Bisection(x1, X2, maxit, eps, eD, Re)
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fx1 = my_function(xl, eD, Re)
fx2 = my_function(x2, eD, Re)

If (fx2 * fx1 > 0) Then

MsgBox "Change initial bounds"
Stop

End If

For i =1 To maxit

x3=(X1+x2)/2
fx3 = my_function(x3, eD, Re)

If (fx3 * fx1 < 0) Then

X2 = X3

Else

x1 =x3

End If

If (Abs((x2 - x1) / x1) < eps) Then Exit For
Next i

Bisection = x3

End Function
Function my_function(f, eD, Re)

my_function=1/f~0.5+2#* Log(eD /3.7 +2.51/Re/f”"0.5)/ Log(10#)
End Function
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g/D= g/D= g/D= g/D=
Re 0.000005 0.0005 0.005 0.02
5000 0.037398325 0.037948231  0.042612848 0.055477
10000 0.030830628 0.031644236  0.037629862 0.052275
15000 0.027815316 0.028729935  0.035597395 0.05112
20000 0.02583407 0.026946524  0.034470044 0.050522
40000 0.021985972 0.023468732  0.032586534 0.043598
70000 0.019426454 0.021376851  0.031686282 0.043191
100000 0.018016835 0.020327  0.031306383 0.049027
200000 0.015678339 0.01831973  0.030846767 0.048833
S00000 0.013230951 0.017662735  0.030561707 0.048716
1000000 0.011759101 0.01720673  0.030465026 0.048677
5000000 0.009304832 0.01680542  0.03038706 0.048645
10000000 0.008539236 0.016752544  0.030377275 0.048641
0.06
0.05 \M s
0.04 S/D
——0.000005
f 0.03 0 ——m—0.00005
0.005
0.0z 0.02
0.01
I:I T T T
5000 50000 500000 5000000
Re

Task 5 (To be submitted with assignment 4)
Solve the following equation using Excel solver.
x? — 2x = cos(x)

(Only provide the final solution with 10 decimals with your assignment. Note that you
should adjust the parameters in the Solver’s “options”)
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LAB 6:Graphing, Interpolation, and Curve Fitting in MATLAB

Task 1. Graphing
Let’s say we want to plot the sin(x) function. This is accomplished using the
following commands: (Note that the command y = linspace(a,b,n) generates a vector
of n points linearly spaced between and including a and b. It is similar to the colon
operator ™", but gives direct control over the number of points.

>> clear
>> x = linspace(0,2*pi,30)
>>y = sin(x)

>> plot(x,y),title(‘"First Example’)

. Figure 1 =NEEs X .
File Edit View Insert Tools Desktop Window Help a
j_’,jﬂé ks +\-_\-€T?@\'E£' @) 0E =3

First Example
1 T T

0.8

06

0.4

02f

U_

N2

04

N6}

N8}

1

1
0 1

In this case, the plot function creates 30 points between 0 and 27 along the x-axis,
evaluates y at these points, plots these points and joins them with straight lines. For
the second example, let us plot y = sin(x) and z = cos(x) on the same graph and this
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time we will not connect the points. The (X,y) points will be red stars and the (x,z)
points will be blue plus signs:

>> 7 = C0S(X)

>> plot(x,y, 'r* ',X,z, 'b+")

u Figure 1 | S
File Edit View Insert Tools Desktop Window Help N

_hl_qu-i‘? [% *\.'-\-‘i"r?@@_ﬂ' @J DIE EE

08F + * + -
06F * 4
04 * e
02+ e

0+ P
02k + i
04l + + i
06} * :

En
08} + 7

The table below shows the different plotting possibilities.
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Symbol | Color | Symbol | Marker Symbol | Linestyle

b blue : point - solid line
g green 0 circle ; dotted line
r red X Cross -. dash-dot line
c cyan + plus sign -- dashed line
m magenta * asterix
y yellow S square
Kk black d diamond
W white Y triangle(down)

N triangle (up)

< triangle (left)

> triangle (right)

p pentagram

h hexagram

As an exercise, plot y = x> and z = exp(x) from -10 to x = 8 with increments of 0.5.
Only show the data points on the graph and use red diamonds and blue squares as
symbols.

>>x =-10:0.5:8
>> y=x."3;
>> z=exp(X);

>> plot(x,y,'rd" x,z,'bs")

Figure 1 =RECE X
File Edit View Insert Tools Desktop Window Help A

DEde | |ARODEL- S 0H ol

3000 . ‘ . . . ‘ T " 1
2600 -
2000 -
1500
1000
500 4
e’
U[iDDDDDDDDDI{Z}Ig@@@E}E}HEEHEDHHE}IHEE
o

500} o

&
&

-1000
-10

I I I I I I I I
-8 -6 -4 -2 0 2 4 6 8
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Also try other formats
>> plot(x,y,'go',x,z,'b-.")

>> plot(x,y,'m:"x,z,'b--")

Figure 1 | EESS B Figure 1 o (5
File Edit View Insert Tools Desktop Window Help ~ File Edit View Insert Tools Deskiop Window Help F
D de AR ODEL- | 0EH =D NEdde | RO R L-2|0E am
3000 . . : : . . . . 3000
| f
t J 2500 |-
2500 : f
i [
2000} i 2000} 1
/ /
1500} i 1500} {d
/ !
1000 ;o 1000} F
‘,'I j‘
500 ¢ /' F 500 / .»"’v
o )‘/,,/-"
0 - —-— - — - — - — e OO ECER BT cYelcatich 0=
500 B -S00F
-1000 : B J S
-10 8 5 4 7z 0 2 4 3 8 - < < <

Select Edit then Figure properties. Click on a curve. You can then modify your plot
and add labels. Right click on the figure and press show legend. Then double click on
the legend to modify it.

Comparison
3000 . . r
i
......... 3
2000t X
——mexplg
> 1000} k.
J
D | crocenn s cpcmpnnneiins oo e o e e e —_-
1000 L - - -
-0 5 0 5 10
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Task 2. Linear Interpolation
This is accomplished in Matlab through the interpl function. For example, to
linearly interpolate between the values presented in the following table, the
commands presented below could be entered.

x-values 2.1 4.3 6.1 9.4
y-values 6.7 1.2 -0.6 -3.1

>> clear

>>x=[2.14.36.19.4]

>>y=[6.71.2-0.6-3.1]

>> xi = linspace(2.1,9.4) % will create 100 points by default
>> yi = interpl(X,y,xi)

>> plot(x,y, ™' xi,yi)

To estimate the value of y at x = 4.33 : >> value = interp1(x,y,4.33)

Task 3. Curve Fitting using Polynomials

Recall the use of the following functions from LAB 6:

>>p =[1-12 0 25 116] creates the polynomial x* — 12x* + 25x + 116
>> 1 = roots(p) finds the roots of p

>> v = polyval(p,2) evaluates the polynomial at x = 2
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Polynomials are commonly used to fit a curve to measured data. In MATLAB, this
can be accomplished using the function polyfit. For example, a series of data points
are first entered, then polyfit is used to find a quadratic polynomial (n = 2).

>> clear

>>x=0:0.1:1

>>y =[-0.447 1.978 3.28 6.16 7.08 7.34 7.66 9.56 9.48 9.30 11.2]
>>n=2

>> p = polyfit(x,y,n)

Plot the data points and the polynomials:

>> xi = linspace(0,1,100)
>> yi = polyval(p,xi)
>> pIOt(X,y, 'b+ I1Xi1yi1 T- l)

Figure 1 |

File Edit View Insert Tools Desktop Window Help

NEde| |0 DEL- 3 08 a0

12

10

I I I I I I I I I
0 01 02z 03 04 05 06 07 08 09 1
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Now try a degree 10 polynomial:
>>n=10
>> p = polyfit(x,y,n)
>> xi = linspace(0,1,100)
>> yi = polyval(p,xi)
>> plot(x,y, 'b+ ' xiyi, 'r- )

r 7
Figure 1 o | B i
File Edit View Insert Tools Desktop Window Help ]

DEddse|h RAOIVE A2 0B a0

16

14 -

12

10F

Let us also use the cubic spline interpolation in MATLAB:

>> yi = spline(X,y,Xi)

>> plot(x,y, 'b+ 'xi,yi, - ')
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u Figure 1 =NEEl X
File Edit View Insert Tools Desktop Window Help k]

ddHde [ R0 EA- 2 |/0H| 0O

. L L . . . . L .
0 01 02 03 04 05 06 07 08 08 1

Which one looks better ? Spline or degree 10 polynomial ?

Task 4. 2D and 3D plotting

You can create a grid using meshgrid e.g.

>> [X,y]=meshgrid(0:0.1:2,0:0.1:2)

Define z, for example, as

>> 72X % (2-X)+ Y .*(2-y)

Plot a 3D surface using (you can add the legend using the & button)

>> surf(x,y,z)
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r ~
u Figure 1 =NES X
File Edit View Insert Tools Desktop Window Help |

DEEdL | MRANUDLEL- G| =D

Save the figure using the save & button. You can rotate the plot using the button.
Explore other buttons as well.

Plot the contours using

>> contour(X,y,z)

University of Ottawa Department of Civil Engineering



CvG2181 Numerical Modeling in Civil Engineering

B Figure 1 — - (= | B
File Edit View Insert Tools Desktop Window Help N
DEES ARV ODEA- |2 ([ME| =D
2 1
18+ 1 0.8
16 0.6
| |
14 04
12¢ 1 0.2
1 0
08+ 1 -0.2
0.6 -0.4
04 0.6
02¢ 1 -0.8
0 .
0 0.5 1 15 2

Plot a colored contour using

>> contourf(x,y,z)

r o
B Figure 1 =RARCE X
File Edit View Insert Tools Desktop Window Help ]

NEES| IO DEL- |G 0E|aO

2 08
18 G
15 o
1.

02
1.

0

02
0.

04
0.

0 06
0. 08
L -1

0 05 1 15 2

.

na

i

@

o

.

L
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If you want to see the labels as well, e.g. 10 levles, use the following method

>> ¢ = contourf(x,y,z,10);

>> clabel(c)

R Figure 1 — : lecanl o5
Eile Edit View Insert Tools Desktop Windew Help u

NEEdL| kRO DEL- | 30E aD

2

1.8

1.6

14

12

1

0.8

0.6

0.4

poLs

0

Explore other possibilities of plotting in Matlab in

http://www.mathworks.com/access/helpdesk/help/techdoc/creating plots/f10-2524.html
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Task 5. Problems (Submit problem 3 in with assignment 5)
3. Repeat the curve fitting example to generate the coefficients of a 5" and 10" order

polynomial fit.

4. Use the sine function to generate equally spaced f(x) values from 0 to 10. Employ a
step size of 1 so that the resulting characterization of the sine wave is sparse. Then
fit it with (a) linear interpolation, (b) a 5" order polynomial, and (c) a cubic spline.

5. You are asked to fit a second order polynomial to the mean monthly temperature in
Ottawa for 2003. Again, plot the data points and the quadratic polynomial on the
same graph. Also try to fit a 10" order polynomial. Moreover, try spline
interpolation. Does the 10" order polynomial make sense between all the data

points?

Month Mean
Temperature
S

January -18.4
February 2121
March -3.8
April 3.8
May 13
June 18.5
July 20.8
August 21
September 16.8
October 71
November 2.4
December 5.3

Note: you can generate xi by >> xi = linspace(1,12,100)
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APPENDIX:

1.Creating a Plot
The MATLAB environment offers a variety of data plotting functions plus a set of GUI
(Graphical User Interface) tools to create, and modify graphic displays.

The following graphic identifies the components and tools of a figure window:

One of the figure MATLAB Dock figure in
toolbars figure window MATLAB desktop

Fid Edkt View Insert Tools Deskiop Window Help -

Sdde2 | AT EA- 2| 0B D

08

06

st
/I} / \ “ .. . /"\.\ —
B/ N\ I\ Y / ™~ 7]
or /\ Y . ;?f _;/\_ 4

0 2 4 3 8 10 \K lu BN A FIOn
AR

Axes in which Line plots
MATLAB plots data representing data

2.Figure Toolbars

Figure toolbars provide shortcuts to access commonly used features. These include
operations such as saving and printing, plus tools for interactive zooming, panning,
rotating, querying, and editing plots. In the following picture you can see the available
features from the toolbar:

Enable plot Zoom Insert Insert
infout color bar legend

edit mode \ Jl

& = - T sTew - E g = E
e A\

Pan Rotate Data Data Data H-dT,'d T|
3-D cursor brush  link p||c,tetocl,$|)sp ay

You can enable two other toolbars from the View menu:

Camera Toolbar — Use for manipulating 3-D views:

Camera Motion Principal Axis  Scene Projection Reset and
Controls Selector Light Type Stop

— —
MNP ad P ctev v/ 0D LD

University of Ottawa Department of Civil Engineering



CvG2181 Numerical Mode

ling in Civil Engineering

Plot Edit Toolbar — Use for annotation and setting object properties:

Click this button to enable property

editing of graphic objects.

Pin object to
data point

Display the object
alignment tool

DS de |k RAI

O9EL-20ENal

W |7
(]

» 7|AA|B I

FINNRNTOOT N &

[ | | | W |

Fill color Text color, font, Al
and line/ bold or italics
edge color

3.Adding Axis Labels and Titles

Insert lines Insert textarrow,
and arrows text, rectangle
and ellipse

ign text

The xlabel, ylabel, and zlabel commands add x-, y-, and z-axis labels. The title
command adds a title at the top of the figure and the text function inserts text anywhere

in the figure.

Also you can select Arrow from insert menu and draw an arrow from each block of text

to point to the lines:

Figure 1 =RECN X
File Edit View [Insert] Tools Desktop Window Help >
il = Y X Label D ol - |2 D m O
Y Label
Task 1
B0 7 Label I/’fo = =
Title
v  Legend
50T Colorbar + datal| |
Line / dataz
A0+ Arrow 4
Text Arrow
w Double Arrow
ES
Rectangle
20k Ellipse i
H Axes
Light
10 / .
0=z . = L L -]
0 10 20 }j 30 40 50 60
X Axis
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4.Setting Object Properties

After you have enabled plot edit mode, you can select objects by clicking them in the
graph. Selection handles appear and indicate that the object is selected. Select multiple
objects using Shift+click.

Right-click with the pointer over the selected object to display the object's context
menu:

y = 1.5cos(x) + 4670 %cos(x) + €% sin(3x)

- A
5F Cuk

Copy

ot Delete
ey A

0.5
1.0

Line Style
Marker
Marker Size
Show Property Editor 4.0

15}
St oo 5.0
6.0

v v v i

A0k

3.0

5.Using the Property Editor

In plot edit mode, double-clicking an object in a graph opens the Property Editor GUI
with that object's major properties displayed. The Property Editor provides access to the
most used object properties. When you select an object, it updates to display the
properties of whatever object you select.

U V]

15 20 25 30 35
X Axis

Proparty Editor - Linesevies A ox
|

Display Narme: | Plot Type: |E|lne j More Properties...
% Data Source! [ auto L [T ’—;| m T Refresh Data

vDatasowrcer [ <
Marker: [ none | |6.0 | &) £~
Z Data Source: Iﬁ

iy
I

Click to display Property Inspector

6.Types of MATLAB Plots
The following two tables classify and illustrate most of the kinds of plots you can
create. They include line, bar, area, direction and vector field, radial, and scatter graphs.
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They also include 2-D and 3-D functions that generate and plot geometric shapes and
objects. Most 2-D plots have 3-D analogs, and there are a variety of volumetric displays
for 3-D solids and vector fields. Plot types that begin with "ez" (such as ezsurf) are
convenience functions that can plot arguments given as functions.

7.Two-Dimensional Plotting Functions
The table below shows all available MATLAB 2-D plot functions:

Line Bar Graphs Area Direction Radial Scatter
Graphs Graphs Graphs Graphs Graphs
plot bar area feather polar scatter

f\ N (? rouped) m g . i 8@

-

plotyy barh pie quiver rose spy
WA %’“j) ® 1 v
loglog  bar (stacked) fill comet compass plotmatrix
| Lol X L] ¢ Hag
semilogx barh contourf ezpolar
—\ﬂu (stacked) ﬁ 8@

A

semilogy hist

-

stairs pareto

-
-
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http://www.mathworks.com/help/techdoc/ref/semilogy.html
http://www.mathworks.com/help/techdoc/ref/hist.html
http://www.mathworks.com/help/techdoc/ref/image.html
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Line Bar Graphs Area Direction Radial Scatter
Graphs Graphs Graphs Graphs Graphs
contour errorbar ezcontourf
& «

ezplot stem

ezcontour

8.Three-Dimensional Plotting Functions

The table below shows all available MATLAB 3-D and volumetric plot functions. It
includes functions that generate 3-D data (cylinder, ellipsoid, sphere), but most plot
either arrays of data or functions:

Line Mesh Area Graphsand Surface Direction  Volumetric
Graphs Graphsand  Constructive Graphs  Graphs Graphs
Bar Graphs Objects
plot3 mesh pie3 surf quiver3 scatter3
= & @ & 1L L
: : L : i \.-':':-
contour3 meshc fill3 surfl comet3 coneplot
|2 ' y K- ; o= o
L:f,- L:;;ff *’ ~ | « =
contourslice meshz patch surfc ~ streamslice  streamline
& @ 4 BY I
ezplot3 ezmesh cylinder ezsurf streamribbon
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http://www.mathworks.com/help/techdoc/ref/ezplot3.html
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Line Mesh Area Graphsand Surface Direction  Volumetric
Graphs Graphsand  Constructive Graphs  Graphs Graphs
Bar Graphs Objects
: 1 A [T : :
= = ¢ = =
waterfall stem3 ellipsoid ezsurfc streamtube
1 1. . ccacsy : 1
- Wi o oz
bar3 sphere
bar3h
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LAB7 Matrix operations in Excel and Newton’s method for nonlinear systems

Excel is not the best choice for matrix and vector applications. However, due to its
simplicity and availability, it is useful to know the possibilities in Excel for such
applications.

Task 1- Consider the following linear system

4x-y+3z =10
-X+6y-4z=-9
3x-4y+52=3
Write it in Matrix form AX=B

(a) Calculate A using the excel’s internal function MINVERSE. Forexample, in
the following case, write in cell C10

=MINVERSE(C3:E5) and press enter.

Then select the range C10:E12 starting with the formula cell. Press F2, and then
press CTRL+SHIFT+ENTER. The inverse matrix will appear in C10:E12.

SUM = (% X « f | =MINVERSE(C3:ES)
A B C D E F G H
1
2 A B
3 4 1 3 10
4 1 6
5 3 4 5
6
7
2 Alnverse
9

juy
=

|:M|NvER§E{CB:E5}|

11
Univer: 12
13
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(b) Calculate A™*b using MMULT. Type in cell G10
=MMULT(C10:E12,G3:G5) and press enter.

Then select the range G10:G12 starting with the formula cell. Press F2, and then
press CTRL+SHIFT+ENTER. The result will appear in G10:G12.

SUM » (% X « fe| =MMULT(C10:E12,G2:G5)
A B C D E F G H |
1
2 A B
2 a4 -1 3 10
a4 1 o -4 9
3 3 -4 ] 3
]
7
8 Alinverse Ainv *B
9
10 0.666667 -0.33333 -0.066067 | =MMULT({C10:E12,G3:G5)
11 -0.33333  0.52381 0.619048 T
12 -0.66667 0.619048 1.095238
13
14
15

The final result is

University of Ottawa Department of Civil Engineering
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113 - f |

fil B C D E F G H
1
2 A B
3 3 10
4 1 -4
5 5
]
7
8 Ainverse X=Ainv * B
9
10 0.666667 -0.33333 -0.00007 7.0066667
11 -0.33333 0.52381 0.619048 -6.190476
12 -0.66667 0.019048 1.095238 -8.952381
13
14

Task 2- Consider the following linear system
f]_(X]_ , X2)=3 X12 -X22=0

fo(X1, X2)=3 X1 X% = X;°-1=0

1. Set up the above equations and solve using the solver with starting guesses of

(1,1). That is minimize [ 00%)] +[R.0600)]

®1 0.499998029
X2_ 0.866022112
f1_ -2.10231E-07
f2_ -1.15082E-05
minimize 1.17184E-05

2. Repeat with a number of different initial guesses. Do you always converge to the
same answer?
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Task 3- Repeat Task 2 but use VBA to define the functions.

Newton’s method

Consider :
f1(X1’ Xz) =0
fz (Xl’ Xz) =0

Let (x{”, x{) be an initial approximation of the system.
The objective is to identify a correction (5 X, 0 xz)to be applied to
(x?, x?ysuch that :

x99+ x,x¥+5 x,)=0

f,x7+5 x,xP+8 x,)=0

Which can be written in matrix form as follows :

o f o f
o B0 () 2] {fl(xf x;’)}

é) Xl 2 —
d 5 0 0 for0 0@ % | | (%%
0,-, Xl (X17X2) X2 (Xl’XZ)
' Jox=-f
Ox=-J'f

the J matrix is called Jacobian :

of, ot
J= X  OX,
of, 2f,
X OX,

University of Ottawa Department of Civil Engineering
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OX =X =X X =X +0 X

So=

OXy = X3 — Xo X=X+ X,

Task 4- On a separate spreadsheet worksheet set up the Newton’s method to solve the
problem in Task 2.

Recall:
AX =-Jf
where
of, Jf,
j- aX  IX,
| af, ,
dX X

Start from (1,1)

University of Ottawa Department of Civil Engineering
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X Jacobian Inverse of J * F = Delta X
X1= 1 B -2 0.166667 0.055556 2 0.388889
X2= 1 0 6 0 0.166667 1 0.166667
Xnew = Xprevious - Delta X
X Jacobian Inverse of J * F = Delta X
0.6111111 3.0606006067 -1.6666067 0.238554 0.13012 0.4259259 0.107452
0.8333333 0.962962963 3.05555556 -0.07518 0.286265 0.0449246 -0.01916
Xnew = Xprevious - Delta X
X Jacobian Inverse of J * F = Delta X
0.5036591 3.021954485 -1.7049888 0.252447 0.167075 0.0342707 0.003695
0.8524944 1.41922281 2.57619934 -0.13507 0.296127 -0.029667 -0.01355
Xnew = Xprevious - Delta X
X Jacobian Inverse of J * F = Delta X
0.4599641 2.999784726 -1.7320913 0.25 0.166679 -0.000143 -3.6E-05
0.8660456 1.500212766 2.59795047 -0.14437 0.288669 -1.26E-06 2.02E-05
Xnew = Xprevious - Delta X
X Jacobian Inverse of J * F = Delta X
0.5 3 -1.7320508 0.25 0.166667 3.452E-09 1.49E-11
0.8660254 1.49999999 2.59807621 -0.14434 0.288675 -5.09e-09 -2E-09

Task 5-For those of you who are more interested

Repeat task 4 but make it more general by a) creating separate functions for f1(x;, Xy)

and f,(x1, X») using Visual Basic; and b) replacing the partial derivatives by finite
difference approximations (numerical Jacobian).

T (%, %) _ F1 (X + %, %) = F1(X; = 6%, %)

2 (X + %) — (X, — 6%,)

T (%, %) _ F1(X0, X + %) = (X1, X = %))
229 (Xg + ;) — (%o — OX;)

0Ty (X1, %) _ o (Xg + %, %) = T, (X% — 1, %5)
2 (X + %) — (X, — 6%y)

T (%, %) _ T(X0, % + %) = T, (%, %, = 6%y)
TXy (Xg + ;) — (%o — OX;)

where dx; and dx, are small numbers, like 0.0001of x; and X,

Task 6- To be submitted with assignment 5. Solve the system in Task 1 by

minimizing a target function using Solver. Only submit your VBA functions and the

target function.
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LABS8

1.Creating M-File:

M-files are macros of MATLAB commands that are stored as ordinary text files with
the extension "m".

An M-file can be either a function with input and output variables or a list of
commands.

MATLAB requires that the M-file must be stored either in the working directory or in a
directory that is specified in the MATLAB path list.

To change the working directory for example to “D:\my_mfiles” you can type
cd D:\my_mfiles
in the MATLAB command line

You can also add the directory to the path. Permanent addition to the path is
accomplished by editing the \MATLAB\matlabrc.m file, while temporary modification
to the path is accomplished by typing

path," D:\my_mfiles’

in the command line.

To create an M-File you can easily do the following steps:
- File > New > Blank M-File.
- Write the function script.
- And save it as.m file.

dh MATLAD 7.9.,0 (R20096] B e e = |
[Fle| B4t Debug Desktop Windew Help
1 New » Blank M-File CtrleN ramehamma’Desktop Donnloady\ MATLAS docs (Di]\kheradmand = L%

.......

----------

............

Print.

Command Hitory
A-—— /3311 9:46 AM —%
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rEr————— e x
oD e - ARDRN B f BmE S0
St i

ﬁﬁﬁﬁﬁﬁ

......

2.Running an M-file:
To run an m file, open it and press the play button.

Task 1:
Create an m file with the following code and run it.

1
2
=a+h

a
b
c

3.Note:

It is a good idea to include the following three lines at the beginning of all your codes:
close all;

clear;

clc;

close all is used to close all of the figures that have been generated before,
clear deletes all stored variables in your workspace
clc removes all lines in your command window.

Task 2:
Plot the function y = x*° on the interval [0, 10] with Ax=0.5.

close all;
clc;

clear;
x=0:0.5:10
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y=x."1.5
plot(x,y)

4.Loops in MATLAB

The For Loop

The for loop is used to repeat certain commands. If you want to repeat some action in a
predetermined way, you can use for loop. All of the loop structures in MATLAB are
started with a keyword such as "for", or "while" and they all end with the word "end".
The for loop from i=1 to 10 has the following form

for i=1:10

end

Task 3:
Plot the function y = x*° on the interval [0, 10] (Ax=0.5). Add plot title, legend and axis
labels.

close all;

clc;

clear;

dx=0.5

for i=1:10
x(1)=(i-1)*dx;
y(i)=x(i)"1.5;

end

plot(x,y)

5.Saving Figures

Save a figure by selecting Save as from the File menu. This writes the figure to a file,
including data within it, its menus, and all annotations (i.e., the entire window). The
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Save As dialog provides you with options to save the figure as a FIG-file or export it to
a graphics format:

e Deton Wodow ey — —
s e kDR (B ==
PEFC T Suvein | G MATAR Pee — 3] w@cm-
: Harn -~ i P
B ot e o terms match yeus arch
[File] Ede View Insert Tooks Desktop wif | 7wt Flscms .
Hew 2y B
L o J ik
Cles 2 -
| s Cires T
| ;
| L
| Comutee
oo
| a
[o—
7 S|
o ] Carent |
= — |

6.Size
This statement is used to indicate the array dimensions:
[m,n] = size(X)
m is the number of rows and n is the number of columns.

7.Conditional statements

The if command executes statements if the condition is true.
The general form of the statement is:
If expression
statements

end
The if function can be used alone or with the else and elseif functions. When using

elseif and/or else within an if statement, the general form of the statement is:
if expressionl
statementsl
elseif expression2
statements2
else
statements3
end

Task 4:
Write a program to find the maximum value amongst these data (1, 3, 6, 2, 8, 9, 12).
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close all;
clc;
clear;
x=[13628912];
[n,m]=size(x)
my_max=x(1);
for i=2:m
If(x(i)>my_max) my_max=x(i);end
end
my_max

.Creating your own function

- Open a new m-file.

- In this file, type the function as explained below.

- Save the file in your MATLAB Current Directory.

NOTE: The filename must be the same as the function name.

Task 5:
a) Type a function (y=x"°) into a new m-file and save it as “my_first_fucntion.m”
file:

function y=my_first_fucntion(x)
y=x " 1.5;

b) Create a new m-file and repeat task 3 but this time using the function:

close all;

clc;

clear;

dx=0.5;

for i=1:10
x(1)=(i-1)*dx;
y(i)=my_first_fucntion(x(i));

end

plot(x,y)

Task 6:
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Repeat task 5 without loop.

close all;

clc;

clear;

x=[0:0.1:3]
y=my_first_fucntion(x);
plot(x,y)

9.The While Loop

The while loop repeats a sequence of commands as long as a condition is met. The
general form of the statement is:

while expression

end

Task 7:
Repeat Task 4 using the while loop.

close all;
clc;
Clear;
x=[13628912];
[n,m]=size(x);
my_max=x(1);
=1
while i<=m
If(x(1)>my_max) my_max=x(i);
end
i=i+1;
end
my_max
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10.Pause Function

The pause command, stops a function and waits for you to press any key before
continuing.

pause(n) pauses the execution for n seconds before continuing, where n is any
nonnegative real number.

Task 8:

Plot the numerical and analytical solutions of the parachute problem (Lab 2).
Use pause to show the plot as an animation.

Use red solid line for analytical curve, and blue plus sign for numerical curve.
Add plot title, legend and axis labels.

close all;
clc;
clear;
m=68.1;
cd=12.5;
dt=1;
n=50;
9=9.81,;

u_analytical(1)=0;

u_numerical(1)=0;

for i=2:n
t(i)=(i-1)*dt;
u_analytical(i)=g*m/cd*(1-exp(-cd/m*t(i)));
u_numerical(i)=u_numerical(i-1) + (g - cd / m * u_numerical(i-1)) * dt;

plot(t,u_analytical,'r-',t,u_numerical,'b+")
axis([0 60 0 60 ])
pause(0.05);

end

Note:

axis([a b ¢ d ]) means that the range of x is from a to b and the range of y is from c to d.
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LAB9: Numerical Differentiation and Integration using Excel and MATLAB

1. Symbolic (analytical) operations in MATLAB

First introduce the symbolic parameter, for example, x

>> syms X

Then introduce your function. For example

>> g = x"2*cos(x)

Now you can calculate analytical derivatives and integrals.
Integration:

>> f= int(g)

Derivation:
>> f= diff(g,x)

(calculates the first derivative)

In order to calculate higher derivatives, for example the second derivative, type
>> f= diff(g,x,2)

Once you have your function, you can evaluate the value of the function at a given
point.

for example at x=1
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>> subs(g,X,1)

You can have more than one symbolic variable. Let’s add y as a symbolic parameter

>>syms y

Now define your function, for example

>> f=xN2+x*y+y"2

You can now calculate the derivative of f with respect to x or y . for example

>> g= diff(f,y)

2. Numerical Integration

If the function is known then this is accomplished in MATLAB through the quad
function. The syntax is as follows:

quad(‘fun’,a,b)

quad(fun,a,b) tries to approximate the integral of function fun from a to b to within
an error of 1x107 using recursive adaptive Simpson quadrature.

Example: to integrate the function sin(x) from 0 to two type:

>> quad('sin(x)',0,2)
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Example: to integrate the function

T X _2x-5
from 0 to 2, type
>> quad('1./(x."3-2*x-5)',0,2)

Alternatively, we can pass an anonymous function handle F to quad:

>>F = @(x)1./(x."3-2*x-5);
>> quad(F,0,2);

If a function is not available but we have numerical data then we can use the trapz
function. The syntax is as follows:

trapz(x,y)

As the name implies, traps applies the trapezoidal rule to each interval and sums the
results to obtain the total integral. x and y are vectors as explained in section 2,
above.

Example
>> x=[12 3]
>>y=[454]

>> trapz(X,y)
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3. Numerical Differentiation

To differentiate equally or unequally spaced data in x and y we use the diff function,
which merely determines the differences between adjacent elements of a vector:

diff(x)
diff(x,n)

In the above, diff(x) represents the differences between each pair of elements of x,
whereas diff(x,n) represents the nth order difference, same as diff(diff(x)). To
compute the divided difference approximations of the derivative, we perform a
vector division of the y differences by the x differences by entering

diff(y)./diff(x)

For x we can define a vector of values (i.e. >>x=[01 3 .... n];). Likewise we can
define a vector of y values or we can use a function to generate vector y
automatically.

Example:

>>1=0:0.1:1;
>> x1=cos(2*t);

>> y=diff(x1)./diff(t)

Note: Functions are very useful. For example, to use guad we can first write an M-
File to store the function we wish to integrate. For example to integrate the function
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__ 1t
y x*—2x-5
From 0 to 2, we write an M-File fun.m:

function y = fun(x)

y = 1./(x."3-2*X-5);

We then call quad(‘fun’,0,2);
Problems

6. Compute the wind force acting on a 30 foot mast of a sailboat (modified Problem 24.16).

? —z2=30ft

¢ 2502
f = —z/lOdZ »
I 6 +7Z gf.lpport

cables

Mast

g

o

(a)

Prepare a general spreadsheet to calculate the above integral with a) Gauss Quadrature using
1, 2, 3, 4, and 5 points; and with b) Romberg Integration. Use VBA to generalize the
spreadsheet.

7. Repeat problem 1 but using MATLAB.
Answer: type

>> quad('(250 .* x) ./ (6 + X) .* exp(-x ./ 10)',0,30)
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In order to see more digqits, type:

>> format long
and recalculate the integral.

In order to plot the function, type:

>> x=0:0.01:30:

>>y=(250.* x) ./ (6 + X) .* exp(-x ./ 10);

>> plot(xy)

4.Solving ODEs

¢ Analytical solution is obtained using dsolve
e tisthe independent variable.

e Example 1: Solve ax _ o«
Syms X; dt
DE1='"Dx=a*exp(-x)";
dsolve(DE1)

dx
— = —aX

e Example 2: Solve dt

syms X;

DE2='Dx=-a*X';

dsolve(DE2)
X _at
dt
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e Example 3: Solve

Syms X;
DE3='Dx=-a*t’
dsolve(DE3)

5.Solving ODEs with initial condition

e Analytical solution is obtained again using dsolve
e Example 4: Solve Y_ oy y0)=1
symsy dt

DE4='Dy=-2*t*y"2";
dsolve(DE4,'y(0)=1"

6.Numerical solution of ODEs
Matlab has several routines for ODEs:

Solver

Problem Type

Order of Accuracy

When to Use

odedl

Monstiff

Medium

Most of the time. This should be the
first solver you try.

ode23

Nonstiff

Low

For problems with crude error
tolerances or for solving moderately
stiff problems.

odelll

Monstiff

Low to high

For problems with stringent error
tolerances or for solving
computationally intensive problems.

odelis

Stiff

Low to medium

If ode45 is slow because the problem
is stiff.

ode23s

Stiff

Low

If using crude error tolerances to
solve stiff systems and the mass
matrix is constant.

odel3t

Moderately Stiff

Low

For moderately stiff problems if you
need a solution without numerical
damping.

ode23tb

Stff

Low

If using crude error tolerances to
solve stiff systems.

http://www.mathworks.com/access/helpdesk/help/techdoc/ref/ode23.html
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Example:

e Again solve: dt

from t=0 to 1=10 using ode45.

e (Create an M-file function called funl.m including
function yprime=funi(t,y)

yprime=-2*t*y/2
Then in the command line or in another m-file enter:

[tt,yy]=0de45(*funl’,[0 10], 1)

plot(tt,yy)

Try to plot numerical and analytical solutions on the same plot.

LAB 10: Modeling in Civil Engineering and Parameter Optimization Using EXCEL’s
SOLVER

Zero-Dimensional Modeling, single parameter
Solver can be used to estimate the parameters in a differential equation.

Task 1
Consider a simplified system in which nitrogen (N) concentration decreases based on the

following first-order reaction:

ac

—=qac + el
ot

¢ 1s the dissipation rate.

« 1S the conversion rate, the term ac means that the rate of conversion of N to another form is
proportional with the concentration of N.

The initial measured nitrogen concentration in the Rideau River is Co=0.018 mg/L.

University of Ottawa Department of Civil Engineering



CvG2181 Numerical Modeling in Civil Engineering

(@) Consider a = -1.5 and &€ =0 as an initial guess. Determine the variations in nitrogen
concentration during a four-day period using [Jt=0
method to solve the ODE.

(b) Measured data for C are given in the following table:

Time Measured
(day) Concentration
(mg/L)
T=0 0.018
T=1 0.0035
T=2 0.0014
T=3 0.0004
T=4 0.0001

Calculate the difference between measured data and the simulation results of part (a).
Then calculate the squared values of the differences then calculate sum of them:

Error = Z(Cmeasured - Cmodeled )2

Find o and € for the Rideau River using Solver (Fig. 1) by minimizing the above Error

(Fig. 2) .
0.0014 7.94852E-07 .
Solver Parameters g]
Set Target Cell $E430]
Equal Ta: Max @ Mn  OwWalueof: |0
By ChangingALells: |
00004 9,89379E-08
ject ko the Constraints:
. Reset Al
0.0001
sum

Figure 1
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e S CEE = RN S [ver Parameters X
alpha (1/day) 1 1.5 : —
gamma (mg/day) E_ _“____E setTagetCel: ey (5]
Initial Cancentration (mg/day) ‘\D'E&E\ Eq”alTD‘_ CE")s:\—“aX ©rin O Yaloe of; D
Time (day) Concentration m| | $CiaHC Guess
0 0.018 ubiect to the Constraints: i B
0.2 0.0126 e e add 1
0.4 0.00882
0.6 0.0061?4 B
0.8 0.0043218 =
1 0.00202526 B
1.2 0.002117882 — -
Figure 2
Concentration of Organic Nitrogen
0.02
0.018 *
0.016
0.014 \
0.012 *
0.01 4\
0.008 =¢-Modeled
0.006 LY == measured
0.004
0.002
0
0 1 2 3 4 5

Time (day)
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1. Zero-Dimensional Modeling; a system of parameters
Many phenomena in Civil Engineering can be represented by a system of ordinary differential
equations (ODEs). ODEs describe how a certain quantity changes as a function of time or
space, or another variable (called the independent variable). You will see a system of ODEs in
the following task.

Task 2
Consider a simplified system in which Nitrogen is modeled in different forms: organic nitrogen,
ammonia (NHs), nitrite (NO;"), and nitrate (NO3).

N,=Organic Nitrogen

a

N,= Ammonia (NH,)

g

N,= Nitrite (NO,’)

/4

N,= Nitrate (NOy’)
Based on the above diagram, the following system is obtained:

dN,

-

dN,

dr aN; — BN,
dN;

dt = BN, —yN;
dN, _ N

dt = YNN3
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The initial concentration of N1, N,, N3, and N4 in the Rideau River are 0.018, 0.005, 0.005, and
0.02, respectively.
Determine the concentration of Organic Nitrogen (N;), NH3 (N,), NO, (Ns3), and NO3z™ (N)
after 3 days. Use [t=0.2 ¢
(how?)
0=1.047 day™* B=1.083 day”, v=1.047day"

As you see in the provided solution, the concentration of N; decreases in time, since it is
converted to N,. Therefore, the concentration of N, will increase at the beginning. However, by
converting to Ng, it will decrease afterward. Similarly, the concentration of N3 will increase at
the beginning and will decrease afterward. After 3 days in this example, the concentration of N,
will reach the minimum level whereas N, has the maximum concentration.

0.045

X

0.04
0.035 %
0.03

0.025 )X

N1
0.02 =—N2
0.015 N3
0.01 N4

0.005 F¥i %—

0 |
0 1 2 3 4
Time (day)
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2. One-Dimensional Modeling and Advection-Diffusion equation
Any chemical or biochemical parameter in a river is transported by water, and is diffused due to
molecular and turbulent diffusion. The evolution of the parameter can be modeled by the
following equation:

2
@ +U£=Kaf+ aC + ¢
6t aX X CoREr_s‘ion Diss;?;ation
—— —_ ——

temporal variation  Advection Diffusion

where V is velocity in x-direction and K is the diffusion coefficient. Using forward, backward
and central differentiation for temporal variation, advection and diffusion, respectively, one
obtains

N+l ~n n _e/n no_ n n
Ci Ci +U Ci+l Ci =K Ci+1 2C|2 +Ci—l +(ZCin +c
At AX AX
Or
cri—cr YAt (ch,-cl) +—KA2t (Cl—2C! +C/', )+ aALC] + At
AX AX
Task 3

The initial concentration of a contaminant in a river is C=1 mg/L for 400<x<800 and zero
elsewhere.
Simulate the variation of the contaminant concentration for 0<x <2000 using 4x=100 (m), At
=80 (s), V=1 (m/s), K=1 (m%s), [Usk=the folldwirgoboundary conditions:
C=0 at x=0
@zo at x=2000
OX
Use the following subroutine:
Sub Adv_diff()
Dim ¢(10000), cn(10000)

Sheets("'sheet1").Select
Range(*"d7:d1000").ClearContents
dx = Range("c1").Value

dt = Range("c2").Value

U = Range(""c3").Value

D = Range("c4").Value

nstep = Range("c5").Value
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Range("C8").Select

n=0

Do While Not IsEmpty(ActiveCell.Value)
n=n+1
c(n) = ActiveCell.Value
ActiveCell.Offset(1, 0).Select

Loop

For istep = 1 To nstep
Fori=2Ton-1
cn(i) =c()-U*dt/dx*(c(i)-c(i-1))+D*dt/dx*2*(c(i+1)-2*c(i)+
c(i- 1))
Next i
cn(n) =cn(n - 1)

Fori=2Ton
c(i) = cn(i)
Next i

Range('D8").Select
Fori=1Ton
ActiveCell.Value = c(i)
ActiveCell.Offset(1, 0).Select
Next i

Next istep
End Sub

As you see in the provided Excel file, the peak of the concentration reduces and it is diffused as
being transported by water to the downstream.
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=#=Currentconcentration
== Initial Concentration
1.2
1 4T-I-I-I-$
o A
/ \
04 \
0.2 /‘
0
0 500 1000 1500 2000 2500
X(m]}
Task 4 (Optional)

Repeat Task 1 using Fourth order Runge-Kutta (RK4) method.
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